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INTRODUCTION 

1 . 1 SYSTEM OVERVIEW 

The TRS-80 Model 4P Microcomputer is a complete, self-con
tained portable (transportable) version of the popu lar TRS-80 
Model 4 Microcomputer. It p rovides a carrying/protect ive case 
which has a recessed carrying handle, removable f ront cover 
which p rotects the CRT and d isk d rives and serves as a base 
when in the portable conf igurat ion ,  and self-contained key
board conveniently stowed away in a recess in the main case. 
Power cord , f loppy disk and manual storage are p rovided in
side the removable cover/base. All connect ions to peripheral 
equipment are made at the rear of the Model 4P and optional 
feature connect ions are made by removing a rear cover p late.  
Proper care and hand l ing must be observed to prevent damage 
to the computer . 

3 

The Model 4P is 1 00% compat ible with all Model I l l  and Model 
4 disk software. System capability for Model I l l  compatibi lity in
cludes: ZSOA CPU, 2 M Hz operat ion,  p rogrammable RAM to 
emulate ROM for BASIC operat ing system, memory-mapped 
keyboard , memory-mapped video wit h 54-character by 16-l ine 
display, and fu l l  48K Random Access Memory (RAM). Model 4 
compat ibi lity includes: ZSOA CPU ,  4 MHz operat ion, memory
mapped keyboard in upper memory, memory-mapped video in 
upper memory with SO-character by 24-l ine d isp lay, standard 
64K RAM expandable to 1 28K RAM. Other standard features 
of the Modei 4P which were opt ions on the Model l II and Model 
4 are built - in FDC Circuit with two 1 84K Floppy Disk Drives and 
an RS-232-C Serial Communicat ions Interface Ci rcuit. 

1 .2 OPTIONAL FEATURES 

Opt ional features avai lable on the Model 4P include: 640 by 
240 p ixel H igh Resolut ion graphics Board ,  Di rect -connect, 
auto-d ial, auto-answer 300 bps Modem Board. The Model 4P 
does not support cassette operat ion or  external Floppy Disk 
Drive. 
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1 .3 SYSTEM B LOCK DIAGRAM 

The System B lock D iag ram ( Figure 1 .2)  s hows the various internal comp onents and connections  of the Model  4P 
Microcomputer. 

POWER CORD 
#8709475 :[)----,(� 

AC HARNESS #8709455 

POWER 
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SPECIFICATIONS 
2.1 MICROPROCESSOR: 4 MHz ZSOA, 8-bit CPU 

Memory: 

Keyboard: 

Video Display: 

Floppy Disk Drives: 

64K RAM bytes, expandable to 1 28K bytes 4K boot ROM, 2K video memory 

70-key standard typewriter keyboard, including 1 2-key numeric entry keypad . Special keys include 
BREAK, CTRL , CAPS, CLEAR, plus three programmable special function keys (F1 , F2, and F3) .  

High-resolution 9"  black and white display monitor with 64 or 32 characters per l ine by  1 6  l ines in  
Model l I I  mode and 80 or 40 characters per line by  24 l ines in Model 4/4P mode. Displays upper 
and lower case ASCI I  characters, with descenders, 96 special characters, 64 alternate characters, 
64 graphics characters, plus reverse video of all ASCI I  alpha-numeric characters. 

Two bui lt-in single-sided, double-density 5-1 /4" thin-l ine floppy disk drives. Each drive stores up to 
1 84K bytes. Data transfer rate is 250K bits per second .  

2.2 PERIPH E RAL INTERFACES 

Standard : 

Optional: 

1/0 BUS for connection of hard disk and other peripherals. 

Serial I nterface (RS-232-C port) One RS-232-C Serial Communications interface port which allows 
asynchronous and synchronous transmission. Mates with DB-25 connector on back of the Model 
4P. 

Paral lel Printer Interface Connection to a line printer via the 34-pin connector on the back of the 
Modei 4P. 

640 x 240 High-Resolution graphics board 

Auto-answer Modem (300 baud) 

2.3 POWER R EQUIREMENTS 

1 05- 1 30 Vac, 60 Hz 
240 Vac, 50 Hz (Australian) 
220 Vac, 50 Hz (European) 
Grounded Outlet 

Maximum Current Drain: 1 .7 Amperes 

Typical Current Drain :  1 .5 Amperes 

2.4 OPERATING TEM P ERATUR E: 55 to 80° F ( 1 3  to 27" C) 

2.5 DIMENSIONS: 9 .3" H x 1 6.5" W x 1 3.25" D, 26 lbs carrying weight. 
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DISASSEMBLY/ ASSEMBLY 
3.1 OVERVIEW AND CASE 

The Model 4P is modular in construction in  that it can be disas
sembled in  major component blocks after removal of the case 
cover. These major component blocks include the disk drives, 
the power supply, main CPU board, the CRT display, and the 
monitor board. Accessory components such as the power cord, 
additional diskettes , and operating manual can be stored in 
convenient recesses in the removable front cover/base. This 
cover/base provides protection for the CRT and disk drives dur
ing transport. It also serves as the base in  the non-operating po
sition of the computer. 

The cover/base is held in  place with snap locks on each side. 
These locks are positive action with a protective boss to pre
vent accidental opening of the cover/base. To remove, merely 
unsnap the lock and release the catch from the main assembly 
latch. The following procedures are noted in  sequential order 
required to provide access to some of the components. Some 
parts removal does not require previous steps. Those which do 
are noted. For reassembly of unit, reverse order of disassembly 
instructions. 

1 .  The main  assemb ly  of the Model 4 P  has a removable 
cover which al lows access to all internal components when 
removed. Remove all connections to the rear of the unit. 
These include the AC power cord, printer cable, 1/0 port 
connector, and RS-232-C connector. The printer cable and 
1/0 port connectors are edge card type connectors - ex
ercise care in their removal. 

2. Place the unit Bezel/CRT face-down on a soft surface to 
prevent damage to the CRT. 

3. The case is held in place with six screws. Remove two 
screws from either side of the case at the front of the unit. 
To gain access to the last two screws, press down on one 
end of the carrying handle and then lift the handle from its 
recess. The final two case mounting screws are accessible 
under the handle assembly. These two screws attach the 
handle assembly as well as the case to the internal rear 
mounting plate. 

4. After removing all six screws, lift the cover off the computer 
and set it aside for reassembly. Exercise care to prevent 
scratching or damaging the cover. 

3.2 IN TERNAL REAR MOUN TING PLATE 

1. Remove the case from the unit as noted in  Paragraph 3 . 1  

2.  The rear mounting plate serves to provide mounting for the 
case carrying handle and protection for the CRT. There are 
ten mounting screws which attach this plate to the main 
metal chassis of the computer. Four screws (Item 53 on 
exploded view p .  1 44, two on each side) mount the handle 
support ( Item 1 6) and are accessible from the LH and R H  
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side of the unit. With the rear of the unit toward you ,  two of 
these screws are located at the left just in  front of the Disk 
Drive Assembly and accessible from the left side of the 
chassis assembly. The two on the right are accessible from 
the rear of the chassis assembly. 

3. Six other screws are located around the outside edges of 
the rear mounting plate. Remove the plate and set it aside 
for reassembly. 

3.3 FRON T BEZEL 

1 .  The front bezel can be removed from the unit after the case 
and rear mounting plate have been removed as noted in 
Paragraphs 3.1 and 3 .2 .  

2. Pull the brightness and contrast knobs off the pots from the 
front. 

3. The rear mounting plate removal allows access to the six 
bezel-mounting screws. Four screws attach to the outside 
flanges of the metal chassis. The other two screws are lo
cated to the right of the metal partition separating the Disk 
Drives from the CRT section of the unit. Access to these 
two screws is with a long shank 1 /4" nutdriver above and 
below the fan assembly. 

4. Once these six screws are removed, remove the bezel and 
set it aside for reassembly.  Exercise care in handling to 
prevent scratching or marring the surface. 

3.4 TOP COVE R/POWE R  SUPPLY 

1 .  The Power Supply for the Model 4P is located on the un
derside of the top cover. Remove the case and rear ter
minal plate as noted in Paragraphs 3 . 1  and 3.2.  

DISK 
DRIVE 
ASSEMBLY 

SCREWS 

REAR VIEW 

Figure 3-1 .  Bezel Mounting Screws 



2. The cover is attached to the metal chassis with six screws. 
Remove these screws and then flip the cover to the right. 
A convenient arrangement for storing the cover/power 
supply while working on other modules is to reattach the 
cover/power supply to the chassis with two screws, allow
ing the assembly to rest above the disk drive assembly. 

3. The power supply is attached to the top cover with four 
screws. Remove the connectors attached to the power 
supply at the left and then four screws to remove the sup
ply completely from the unit. 

4. When reassembling, ensure that the mylar insulator is po
sitioned between the power supply and the top cover to 
provide proper insulation. 

3.5 CATHODE RAY TUBE 

The CRT is mechanically attached to the metal chassis with 
four screws which are accessible from the front of the unit. 

1 .  Remove the case rear terminal cover, and top cover/power 
supply as noted in Paragraphs 3.1, 3.2, 3.3, and 3.4. This 
allows access to the connections on the CRT. 

2. Disconnect the deflection yoke cable from the CRT PC 
board. 

3 .  Disconnect the  connector on the  rear of  the  CRT neck 
which is attached to a small PC board. 

WAR NING 

The anode of the CRT may have a high voltage charge. 
Before removing the high voltage (anode) lead, discharge 
the CRT as follows to prevent a serious shock. Connect 
one end of a wire to a known good ground and the other 
end of the wire to the metal shaft of an insulated-handle 
screwdriver. Insert the screwdriver blade under the suction 
cup and touch it to the clip holding the high voltage lead. 

4. Disconnect the high voltage lead by inserting a grounded 
screwdriver under the cup. Use the screwdriver to com
press the clip and pull the wire free. 

5. Disconnect the ground wire (fastened at the splice) to the 
CRT neck connector PCB. 

CAUTION: 

If the CRT is dropped, it may implode. To avoid this kind of 
accident, carefully support the CRT when removing it from 
the chassis. Do not handle the CRT by the neck as this 
may cause the tube to break and cause perso'lal injury. 
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6. Remove the four screws and washer from the front of the 
CRT which attach it to the metal chassis. Carefully slide the 
CRT out of the chassis through the front. 

3.6 SWEEP BOARD 

The CRT Sweep Board is accessible after the C�T is removed 
from the unit. It is mounted to the left side of the metal chassis 
with four screws. An insulated plate is located between the PCB 
and the metal chassis.  Make sure th is plate is in p lace on 
reassembly. 

3.7 MAIN LOGIC PCB 

The main logic PCB is a large board nested inside a metal pan 
at the bottom of the main metal chassis. To gain access to this 
assembly, remove unit parts as noted in Paragraphs 3 . 1  and 
3.2. It is not necessary to remove t�e power supply assembly, 
or the CRT and associated PCB. Remove all connectors at the 
rear of the unit. These include the Modem connector, 1/0 port 
edge-card connector, printer edge-card connector, and floppy 
disk edge-card connector. 

1. There are four screws on each s ide of the m etal PCB 
mounting pan which attach the pan to the metal chassis. 
Remove these screws and the board and pan can be re
moved as a subassembly from the chassis. 

2. At the front of the board , remove the four connectors at the 
left front of the board. These include the reset, video, and 
power connectors, and a grounding wire. 

3. Nine screws attach the main logic PCB to the metal pan . 
The board is spaced away from the pan with raised bosses 
stamped into the pan. 

3.8 KEYBOARD ASSEMBLY 

1 .  The keyboard assembly i s  attached to  the Ma in  Logic PCB 
with a connector located at the right rear of the board. The 
PCB must be removed from the pan to allow this connector 
to be removed. Therefore, disassembly procedures for the 
main PCB must be followed. 

2. The keyboard assembly is disassembled by removing the 
7 mounting screws from the underside of the assembly. 
One of these screws is under a cork non-skid strip and care 
should be taken in removing this strip so that it is not ripped 
or punctured. 

3. Remove the top cover, lift the keyboard PCB from its po
s i t i o n i n g  bosses ,  a n d  t h e n  remove the  keyboard 
connector. 



4. If the cable assembly requires replacement, feed the con
nector through the opening in the keyboard base, then in
stall a tiewrap around the cable just before the insulation 
sleeve. This serves as a strain relief for the cable when the 
keyboard is reassembled. Ensure that this tiewrap is in the 
recess between the opening in the case and the clamping 
bosses on the bottom of the case. 

5. Also ensure that on reassembly the PCB is properly posi
tioned on the bosses of the base before attaching the top 
cover. 

KEYBOARD 
CABLE ASSEMBLY 

Figure 3-2. Keyboard Cable Strain Rel ief 

3.9 DISK DRIVE ASSEMBLY 

The disk drive assembly contains two floppy disk drives. It must 
be removed as a subassembly to the main metal chassis before 
the mounting screws for the drives themselves are accessible. 

1 .  There are seven mounting screws which attach this 
subassembly to the main metal chassis, al l  of which are 
accessible from the right side of the unit. Four of these are 
located at the top of the assembly. Two screws are located 
under the disk drive assembly at the front, but accessible 
with a long shank screwdriver from the right side. A sev
enth screw mounts a tab to the metal chassis at the rear of 
the assembly. 

2. After this subassembly is removed from the unit, screws 
which mount the drives in the housing are accessible. 
There are two screws at the top and one at the bottom. 

N OTE : 

Do not p lace a screw in the bottom rear mounting hole 
when reinstal l ing the disk drives into the metal housing. In
stallation of this screw can cause possible flexing of the 
drive and alignment problems. 
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BOTTOM PAN 

D I S K  DRIVE 
SUBASSEMBLY 

Figure 3-3. Disk Drive Assembly 

RH Side View 

3.10 CONTROL MODULE 

The control module is attached to the left front of  the metal 
chassis with two screws. Remove component parts as noted in 
Paragraphs 3. 1 ,  3. 2,  and 3.3 to allow access to the control 
module. 

1 .  The module contains the unit power switch, reset switch, 
and brightness/contrast controls for the CRT display. All 
wiring to the control module is the plug-in kind attached to 
terminals or connectors from the rear of the module. 

2. If the module is to be removed, tag all wiring so that proper 
reassembly is assured. 
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MAINTENANCE/TROUBLESHOOTING 
4.1 INTRODUCTION 

This section is a general guide for use by service personnel. It 
contains the Maintenance and Troubleshooting procedures 
necessary to help isolate the problem area to a faulty board or 
subsystem. After board or subsystem has been identified, refer 
to speci f ic  sect ion for  more  deta i led  t rou b leshoot ing 
information . 

Refer to the schematics and the theory of operation during 
maintenance and troubleshooting for specific checkpoints and 
testing. 

4.2 MAIN TENANCE 

The only part of the Model 4P that requires maintenance is the 
two Floppy Disk Drives. Periodical cleaning of the Read/Write 
Heads are recommended to assure error-free operation . For all 
other maintenance or alignments required, refer to Section 5.3 
Mini-Disk Drives Maintenance Checks and Adjustments. 

4.3 TROUBLESHOOTING 

Please be sure that the power cord is properly connected to AC 
power before starting troubleshooting .  

1 .  Turn Model 4P "ON" by toggling power switch. If power 
light indicator is on then go to 4, if not, go to 2. 

2. Recheck AC power and power cord. If okay go to 3, if bad 
replace or repair. 

3. Check power switch and bulb. If okay go to 1 ,  if bad replace 
power switch or bulb. 

4. Wait a few seconds for CRT to warm up. Adjust brightness 
and contrast at the front of console. If video display comes 
on go to 9, if not go to 5. 

5. Check power switch .  If okay go to 6, if bad replace. 

6. Check for AC power at input to power supply. If okay go to 
7, if bad replace or repair AC wiring harness. 

7. Check power supply for correct output voltages. (Refer to 
Power Supply Section 5.4.) If okay go to 8, if bad refer to 
Power Supply Troubleshooting 5.3.4. 

8. Check for video and sync signals from Main Logic Board at 
J9. (Refer to CPU Board Section and Schematic.) If okay 
refer to CRT Display Adjustment Section 5.5.2, if bad refer 
to CPU Board Troubleshooting Section 5 . 1 . 1 7  or 5.2. 1 7. 

9. Does message "The Floppy Disk Drive Is Not Ready" ap
pear? If yes go to 1 5, if not go to 1 0. 
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1 0. Does message "Close the Floppy Drive Door, And Try 
Again" appear? If yes, go to 17, if not go to 1 1 .  

1 1 .  Does message "The Floppy Disk Drive Is Not Available" 
appear? If yes then go to 1 9, if not go to 1 2. 

1 2. Does message "CRC Error, Try Again Or Use Another 
Disk" appear? If yes then go to 1 9, if not go to 13 . 

1 3. Does message "Seek Error, Try Again Or Use Another 
Disk" appear? If yes then go to 1 9, if not go to 1 4. 

1 4. Does any other message appear? If yes then refer to Ap
pendix B Startup Error Messages in Introduction to Your 
Disk System TRS-80 Modei 4P, if not then go to 5. 

1 5. Insert Write Protected Diskette with TRSDOS 6 . 1 . 1  or later 
into Drive 0, close door and toggle R ESET Switch. Does 
4P boot up to TRSDOS Logo and prompt for date? If yes 
then go to 1 8, if not then go to 1 6. 

1 6 .  Does message "The Floppy Disk Drive Is Not Ready" still 
appear? If yes then go to 17 , if not then go to 1 0. 

1 7. Try to boot again or use another diskette. If okay go to 1 8. 

If still same message then go to 1 9. If another message ap
pears, go to 9. 

1 8. This indicates that the problem area exists on the Main 
Logic CPU Board. Refer to Section 5. 1 . 1 7  or 5.2. 1 7  CPU 
Board Troubleshooting for more detailed troubleshooting 
procedures. 

1 9. This indicates a hardware fai lure of Floppy Disk interface 
or Floppy Disk Drive. Refer to Section 5 . 1 . 1 7  or 5.2. 1 7  
CPU Board Troubleshooting or Section 5.3 Mini-Disk Drive 
Maintenance Checks or Adjustments. 
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4P THEORY OF OPERATION 
5.1  CPU THEORY OF OPERATION 

5.1 . 1  Introduction 

Contained in the following paragraphs is a description of the 
component parts of the Modei 4P CPU.  It is divided into the log
ical operational functions of the computer. All components are 
located on the Main CPU board inside the case housing. Refer 
to Section 3 for disassembly/assembly procedures. 

5.1 .2 Reset Circuit 

The Model 4P reset c i rcu it provides the neccessary reset 
pulses to all circuits during power up and reset operations. R25 
and C21 8 provide a time constant which holds the input of U1 21  
low during power-up. This allows power to be stable to a l l  cir
cuits before the RESET* and RESET signals are applied. When 
C21 8  charges to a logic high, the output of U 1 21 triggers the 
input of a retriggerable one-shot mu ltivibrator ( U 1  ) .  U1 outputs 
a pulse with an approximate width of 70 microsecs. When the 
reset switch is pressed on the front panel, this discharges C21 8  
and holds the input of U 1 21 low until the switch is released. On 
release of the switch, C21 8 again charges up, triggering U 1 21 
and U1 to reset the microcomputer. 

5.1 .3 CPU 

The central processing unit (CPU) of the Model 4P microcom
puter is a Z80A microprocessor. The Z80A is capaqle of run
ning in either 2 M Hz or 4 MHz mode. The CPU controls al l  
functions of the microcomputer through use of its address l ines 
(AO-A 1 5) ,  data l ines (00-07), and control l ines (/M1 , / IOREQ, 
/RO, /WR, /MREQ, and /RFSH). The address l ines (AO-A 1 5) 
are buffered to other ICs through two 74LS244s (U68 and U26) 
which are enabled al l the time with their enables pul led to GNO.  
The control l ines are buffered to other ICs through a 74F04 
(U86). The data lines (00-07) are buffered through a bi-direc
tional 7 4LS245 (U71 ) which is enabled by BUS EN* and the di
rection is controlled by BUSOI R*. 

5.1 .4 System Timing 

The main timing reference of the microcomputer, with the ex
ception of the FOC circuit, comes from a 20.2752 MHz Crystal 
Osci l lator (Y1 ) .  This reference is divided and used for gener
ating all necessary timing for the CPU, video circuit, and RS-
232-C circuit. The output of the crystal oscil lator is fi ltered by a 
ferritte bead (FB5), 470 ohm resistor (R46), and a 68 pf ca
pacitor (C242) . After being filtered, it is fed into U 1 26, a 1 6R6A 
PAL (Programmable Array Log ic) ,  where it is d ivided by 2 to 
generate a 1 0. 1 376 MHz signal ( 1 OM) for the 64 X 16 video dis
play. U 1 26 divides the 20.2752 MHz by 4 to generate a 5.0688 
MHz signal (RS232CLK) for the baud rate generator in the RS-
232-C circuit. The CPU clock is also generated by U 1 26 which 
can be either 2 or 4 MHz depending on the state of FAST input 
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(pin 9 of U 1 26) .  If FAST is a logic low, the 20.2752 MHz is di
vided by 1 0  which generates a 2 .2752 MHz signal. If FAST is a 
logic high, the 20.2752 MHz is divided by 5 which generates a 
4.05504 MHz signal. The CPU clock (PCLK) is fed through an 
active pull-up circuit which generates a fullS-volt swing with fast 
rise and fal l times required by the Z80A. U 1 26, the 16R6A PAL, 
generates all symmetrical output signals and also does not al
low the PCLK output to short cycle or generate a low or high 
pulse under 1 1 0  nanoseconds which the Z80A also requires. 
Refer to System Timing Fig. 5-2. 

5.1 .4.1 Video T iming 

The video timing is controlled by a 1 OL8 PAL (U1 27) and a four
bit synchronous counter U 1 28 (74LS 1 6 1  ). These two ICs gen
erate all the necessary timing signals for the four video modes: 
64 x 1 6, 32 x 1 6, 80 x 24, and 40 x 24. Two reference clock sig
nals are required for the fou r video modes. One reference 
clock, the 1 0. 1 376 MHz signal ( 1 OM),  is generated by U 1 26 and 
is used by the 64 x 1 6  and 32 x 1 6  modes. The second refer
ence clock is a 1 2.672 MHz ( 1 2M) signal which is generated by 
a Phase Locked Loop (PLL) circuit and is used by the 80 x 24 
and 40 x 24 modes. The PLL circuit consists of U 1 47 (74LS93), 
U 1 48 (NE564 PLL), and U 1 49 (74LS90). The original 20.2752 
MHz clock is divided by 1 6  through U 1 47 which generates a 
1 .2672 MHz signal .  The output of U 1 47 is reduced in amplitude 
by the voltage divider network R27 and R28 and the output is 
coupled to the reference input of U 1 48 by C227. 

The PLL (NE564) is adjusted to osci l late at 1 2.672 MHz by the 
tuning capacitor C23 1 . This 1 2.672 MHz clock is then divided 
by 1 0 through U 1 49 to generate a second 1 .2672 MHz signal 
which is fed to a second input of U 1 48.  The two 1 .2672 MHz 
signals are compared internally to the PLL where it corrects the 
1 2.672 MHz output so it is synchronized with the 20.2752 MHz 
clock. 

MOOSEL and 8064* signals are used to select the desired 
video mode. 8064* controls which reference clock is used by 
U 1 27 and MOOSEL controls the single or double character 
width mode. Refer to the following chart for selecting each 
video mode. 

8064* MOOSEL Video Mode 
0 0 64 X 1 6  
0 32 X 1 6  

0 80 X 24 
1 40 X 24 

*This is the state to be written to latch U89. Signal is inverted 
before being input to U 1 27. 



ID .. riD KEYBOARD � 

i -
CRTC -

- AND � VIDEO 
VIDEO PORT 

..... CIRCUIT 
"T1 ce· c::: ... <D f ,lr 
(J1 I -
.... 

s:: 0 a. <D 

RS232 VIDEO � SOUND �� - • -� RAM - PORT 

____. --i SERIAL 
CHIP 

- ! t 
� '"C t 
"T1 1\) c::: .j:>. :I 
() -
c;· :I !!. 

- ... DI SK _I_ 
- .... .. GRAPHICS � 

:. CONTROLLEr 
41t RAM BOARD � PORT ;&� CHIP 

• 
tD - ' 
0 - .. (') 
..... 
c iii" 

...... 
I/O LINE I NTERNAL ... DECODE - PRINTER • --- I/O BUS 

� ,... PORT • PORT 

cc ... S» 3 
T * BUF 

A -
-- ··--A A -- a:; a:; 

___., C -
1>1 c 1>1 EXTERNAL 

TIMING CPU c 1>. 1>. -1>. I/O BUS 0 , r 1>. 
D - D - IIl -D 0 PORT 

- ---- - IIl --
F -

A = ADDRESS LINES -
C = CONTROL LINES � D = DATA LINES 
T = TIMING __!2_ ROM 

-D 

......__ 



"TT !C" 
c: � (I) 
U1 

I !':I 
1\) en 
01 '< 

Ill 
-
(I) 3 
-4 
3" 
::I (Q 

2J,f MC, 2.01 
<0126 PIN 1,2) 

2J,fM 
(0126 PIN 12) 

1J,fM 
{0126 PIN 16) J I I I I I I I I I I L 

1J,fS 
{0126 PIN 15) J I I I I I I I J 

58 
{U126PIN14) 1 I I I I 

2.58 
(0126 PIN 13) J I I I I 

PSET (FAST) 
(0126 PIN 18) J I I I I 

PCLK (FAST) 
{0126 PIN 19) ...J I I ---. I 

PSET (FAST) 
(0126 PIN 18) 

PCLK (FAST) 
<0126 PIN 19) 

RS232CLK 
'0126 PIN 17) _J I I I I ... __ _ 



DCLK, the reference clock selected, is output from U 1 27. DCLK 
is fed back into U 1 27 for internal timing reference and is also 
fed to the clock input of U 1 28 (74LS 1 6 1  ) .  U 1 28 is configured to 
preload with a count of 9 each time it reaches a count of 0.  This 
generates a signal output of TC ( 1 28 pin 1 5) that occurs at the 
start of every character time of video output. TC is used to gen
erate LOADS* (Load Shift Register). OA and QC of U 1 28 are 
used to generate SH I FT*, XADR7* , CRTCLK and LOAD* for 
proper timing tor the tour video modes. QA, QB, and QC which 
are referred to as H, I, and J are ted to the Graphics Port J7 for 
reference timings of Hires graphics video. Refer to Video Tim
ing, Figs. 5-3 and 5-4 for timing reference. 

5.1.5 Address Decode 

The Address Decode section will be divided into two subsec
tions: Memory Map decoding and Port Map decoding. 

5.1.5.1 Memory Map Decoding 

Memory Map Decoding is accompl ished by a 1 6L8 PAL (U1  09) .  
Four memory map modes are available which are compatible 
with the Model l II and Model 4 microcomputers. A second 1 6L8 
PAL (U1 1 0) is used in conjunction with U 1  09 for the memory 
map control which also controls page mapping of the 32K RAM 
pages. Refer to Memory Maps below. 

5.1 .5.2 Port Map Decoding 

Port Map Decoding is accompl ished by three 74LS1 38s (U87, 
U88, and U1 07) . These ICs decode the low order address (AO
A7) from the CPU and decode the port being selected. The IN*  
signal from U 1  08 enables U87 which allows the CPU to read 
from a selected port and the OUT* signal, also from U 1 08, en
ables U88 which allows the CPU to write to the selected port. 
U1  07 only decodes the address and the IN* and OUT* signals 
are ANDed with the generated signals. 

5.1 .6 ROM 

The Model 4P contains only a 4K x 8 Boot ROM ( U70) . This 
ROM is used only to boot up a Disk Operating System into the 
RAM memory. If Model I l l  operation or DOS is required, then 
the RAM from location 0000-37FFH must be loaded with an im
age of the Model l II or 4 ROM code and then executed . A sys
tem program called MODEL A/I l l  is supplied with the Modei 4P 
to provide the ROM image for proper Model I l l  operation. On 
power-up, the Boot ROM is selected and mapped into location 
0000-0FFFH. If the Boot ROM is not required after boot up, the 
Boot ROM must be mapped out by OUTing to port 9CH with DO 
set or by selecting Memory Map modes 2 or 3.  In Mode 1 the 
RAM is write enabled for the fui i 1 4K.  This allows the RAM area 
mapped where Boot ROM is located to be written to while ex
ecuting out of the Boot ROM. Refer to Memory Maps. 
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The Model 4P Boot ROM contains al l the code necessary to 
initialize hardware, detect options selected from the keyboard, 
read a sector from a hard disk or floppy, and load a copy of the 
Model I l l  ROM-Image (as mentioned) into the lower 1 4K of 
RAM. 

The firmware is divided into the following routines: 

* Hardware In itialization 
* Keyboard Scanner 
* Control 
* Floppy and Hard Disk Driver 
* Disk Di rectory Searcher 
* File Loader 
* Error Handler and Displayer 
* RS-232 Boot 
* Diagnostic Package 

Theory of Operation 

This section describes the operation of various routines in the 
ROM. Normally, the ROM is not addressable by normal use. 
However, there are several routines that are available through 
fixed calling locations and these may be used by operating sys
tems that are booting. 

On a power-up or RESET condition, the Z80's program counter 
is set to address 0 and the boot ROM is switched-in. The mem
ory map of the system is set to Mode 0. (See Memory Map for 
detai ls.) This will cause the Z80 to fetch instructions from the 
boot ROM. 

The Initial ization section of the Boot ROM now performs these 
functions: 

1 .  Disables maskable and non-maskable interrupts 
2. Interrupt mode 1 is selected 
3.  Programs the CRT Controller 
4. Initializes the boot ROM control areas in RAM. 
5. Sets up a stack pointer 
6. Issues a Force Interrupt to the Floppy Disk Controller 

to abort any current activity 
7. Sets the system clock to 4mhz 
8 .  Sets the screen to 64 x 1 6  
9 .  Disables reverse video and the alternate character 

sets 
1 0. Tests for < . > key being pressed* 
11 . Clears all 2K of video memory 

* This is a special test. If the < . > is being pressed, then 
control is transferred to the diagnostic package in the 
ROM. Al l  other keys are scanned via the Keyboard 
Scanner. 
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The Keyboard scanner is now called. It scans the keyboard for 
a set period of time and returns several parameters based on 
which, if any, keys were pressed. 

The keyboard scanner checks for several different groups of 
keys. These are shown below: 

Function Group 
<F1 > 
<F2> 
< F3> 
< 1 > 
<2> 
<3> 

<Left-Shift> 
<Right-Shift> 

<Ctrl> 
<Caps> 

Special Keys 
<P> 
<L> 
<N> 

Selection Group 
A 
B 
c 
D 
E 
F 
G 

M ise Keys 
<Enter> 
<Break> 

When any key in the Function Group is pressed, it is recorded 
in RAM and wil l be used by the Control routine in directing the 
action of the boot. If more than one of these keys are pressed 
during the keyboard scan, the last one detected will be the one 
that is used. The Function group keys are currently defined as : 

<F1 > or < 1 > 
< F2> or <2> 
<F3> or <3> 
<Left-Shift> 
<Right-Shift> 
<Ctrl> 
<Caps> 

Will cause hard disk boot 
Will cause floppy disk boot 
Will force Model l I I  mode 
Reserved for future use 
Boot from RS-232 port 
Reserved for future use 
Reserved for future use 

The Special keys are commands to the Control routine which 
direct handling of the Model I l l  ROM-image. Each key is de
tected individually. 

<P> 

<N> 

When load ing  the Model I l l  
ROM- i mage,  the user wi l l  be 
prompted when the disks can 
be swi tched or when  R O M  
B A S I C  c a n  be e n tered b y  
pressing < Break>.  
Instructs the Control routine to 
not load the Model I l l  ROM
image, even if i t  appears that 
the  ope rat ing system be ing 
booted requires it. 
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< L> Instructs the Control routine to 
load the Model l \ \  ROM-image, 
even if it is already loaded. This 
is useful if the ROM-image has 
been corrupted or when switch
i ng  ROM- images.  (Note that 
th is  wi l l  not cause the ROM
image to be loaded if the boot 
sector check indicates that the 
M odel  I l l  R O M  i mage is not 
needed. Press <F3> or <F3> 
and < L> to accomplish that. 

The Selection group keys are used in determining which file will 
be read from disk when the ROM-image is loaded. For details 
of this operation, see the Disk Di rectory Searcher. If more than 
one of the Selection group keys are pressed, the last one de
tected will be the one that is used . 

The Miscellaneous keys are : 

<Break> 

<Enter> 

Pressing this key is s imply re
c o rded by sett i ng  l ocat ion 
405BH non-zero. It is  up to an 
operat ing  system to use this 
flag if desired. 
Terminates the Keyboard rou
tine. Any other keys pressed up 
to that time wil l  be acted upon . 
< Enter> is useful for experi
enced users who do not want to 
wait u nt i l  the keyboard t imer 
expires. 

The Control section now takes over and follows the following 
flowchart. 



Beg i n  

Goto [ 1 ]  
( Hard D i s k  Boot ) 

Goto [ 2 ]  
( F loppy D i s k  Boot ) 

Goto [ 3 ]  
( Mode l  I I I  Boot ) 

Goto [ 4 ] 
( RS - 2 3 2  Boot ) 

t h i s  poi n t , no v a l i d  Function keys 

have been pressed . 

D i s p l ay an er ror 
me s sage . ( ARCNET >---� Boot ROM r equi red 
for ARCNET Boot ) 

Yes 

B 
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Yes 

D is p l a y  

H ar d  D i sk 
Error 

Mes sage 

S top 



® 

D i splay 
F loppy D i sk 
Error 
Mes sage 

Yes 

c 

Yes 

Set Trans f e r  
Addres s t o  
4 3J'lJ'lH 
Not e :  2 

® 
No 

® 

Note : 1 
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Attempt t o  
locate 
ROM Image 
on 
F loppy D i s k  
Not e :  4 

W r i te-enable 
J'l - 3 7 FFH 
( Mode 1 )  

Load ROM 
Image 

Not e :  5 

S e t  Tra n s f e r  
Add ress at end 
of ROM Image 
( Norma l ly 3 ,0 1 5 H )  

Not e :  2 

No 

S et 
T r a n s f e r  
Address to 
3 ,0 1 5 H  
Not e : 2 

Error 
Mes sage 

® 
® 



D i splay 
" ROM Image 
i s  loaded" 
mes s age 

Wait for 
< ENTER> or 
< B REAK> to 
be pressed 

W r i te-protect 
memory ( Mode � )  

Set CPU speed 
to 2 MH z  
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Switch boot ROM 
out of Memory 

Jump to 
Transfer Address 

7 1----->� 

I n i t i a l i z e  
RS - 2 3 2  Port 
Note : 6 

Wait for 
C a r r i er Detect 

D etermine 
Cor rect 
Baud Rate 

Transmit Baud 
Rate Detect 
Mes sage 



l 

Wa i t  f or 
Sync Byte 
( FFH ) 

Load prog ram 
f r om RS- 2 3 2  

Transfer 
control 
to address 
recei ved 

Notes: 

D i splay and 
t r ansmi t er ror 

( 1 ) If the boot sector was not 256 bytes in length , then it is as
sumed to be a Model I l l  package, and the ROM-image wil l 
be needed . I f  the sector is 256 bytes in  length , then the 
sector is scanned for the sequence CDxxOOH . The CD is 
the fi rst byte of a Z80 unconditional subroutine call. The 
next byte can have any value. The third byte is tested 
against a zero. What this check does is test for any refer
ences to the first 256 bytes of memory. Al l Radio Shack 
Model I l l  operating systems, and many other packages al l  
reference the ROM at some point during the boot sector. 
Most boot sectors will display a message if the system can
not be loaded. To save space, these routines use the 
Model l I I  ROM calls to display the message. Several ROM 
calls have their entry points in the first 256 bytes of mem
ory, and these references are detected by the boot ROM. 
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Packages that do not reference the Model I l l  ROM in the 
boot sector can still cause the Model l I I  ROM image to be 
loaded by coding a CDxxOO somewhere in the boot sector. 
It does not have to be executable. At the same time, Model 
4 packages must take care that there is no sequence of 
bytes in the boot sector that could be mis-interpreted to be 
a reference to the Boot ROM. An example of this would be 
sequence 06CDOEOO, which is a LD B,OCDH and a LD 
C,O.  If the boot sector cannot be changed, then the user 
must press the <F3> key each time the system is started 
to inform the ROM that the disk contains a Model l I I  pack
age which needs the Model l I I  ROM-image. 

(2) If you are loading a Model 4 operating system,  then the 
boot ROM wil l  always transfer control to the fi rst byte of the 
boot sector, which is at 4300H. If you are loading a Model 
I l l  operating system or about to use Model l II ROM BASIC, 
then the transfer address is 301 5H .  This is the address of 
a jump vector in the "C" ROM of the Model l II ROM image, 
and this will cause the system to behave exactly l ike a 
Model i l l .  If the ROM-image file that is loaded has a differ
ent transfer address, then that address wil l be used when 
loading is complete. If the image is already present, it wil l 
use 301 5H .  

(3) Two different tests are done t o  insure that the Model I l l  
ROM image i s  present. The first test i s  to check ever third 
location starting at 3000H for a C3H .  This is done for 1 0 lo
cations. If any of these locations does not contain a C3H, 
then the ROM image is considered to be "not present" . 
The next test is to check two bytes at location OOOBH. If 
these addresses contain E9E1 H, then the ROM image is 
considered to be "present". 

(4) See Disk Director Searcher for more information. 

(5) See File Loader for more information. 

(6} The RS-232 loader is described under RS-232 Boot. 

Disk Directory Searcher 

When the Model l I I ROM image is to be loaded, it is always read 
from the floppy in drive 0 .  

Before the operation begins, some checks are made. First, the 
boot sector is read in from the f loppy and the fi rst byte is 
checked to make sure it is either a OOH or a FEH. If the byte 
contains some other value, no attempt wil l be made to read the 
ROM image from that disk. The location of the directory cylinder 
is then taken from the boot sector and the type of disk is deter
mined. This is done by examining the Data Address Mark that 



was picked up by the Floppy Disk Controller (FDC) during the 
read of the sector. If the DAM equals 1 ,  the disk is a TRSDOS 
1 .x style disk. I f  the DAM equals 0 ,  then the disk is a LDOS 5 . 1  I 
TRSDOS 6 style disk.  This is important since TRSDOS 1 .x 
disks number sectors starting with 1 and LDOS style disks 
number sectors starting with 0 .  

Once the d isk type has been determined, an extra test is made 
if the disk is a LDOS style disk. This test reads the Granule Al
location Table (GAT) to determine if the disk is single sided or 
double sided. 

The directory is then read one record at a time and a compare 
is made against the pattern 'MODEL% ' for the filename and 
' I l l '  for the extension. The '%' means that any character wil l  
match this position.  If the user pressed one of the selection 
keys (A-G) during the keyboard scan, then that character is 
substituted in place of the '%' character. For example, if you 
pressed '0', then the search would be for the file 'MODELD ' ,  
with the extension ' I l l ' .  The searching algorithm searches until 
it finds the entry or it reaches the end of the directory. 

Once the entry has been found, the extent information for that 
file is copied into a control block for later use. 

File Loader 

The file loader is actually two modules - the actual loader and 
a set of routines to fetch bytes from the file on disk. The loader 
is invoked via a RST 28H.  The byte fetcher is called by the 
loader using RST 20H . Since restart vectors can be re-directed , 
the same loader is used by the RS-232 boot. The difference is 
that the RST 20H is redirected to point to the RS-232 data re
ceiving routine. The loader reads standard loader records and 
acts upon two types: 

01 Data Load 
1 byte with length of block, including address 
1 word with address to load the data 
n bytes of data, where n + 2 equals the length specified 

02 Transfer Address 
1 byte with the value of 02 
1 word with the address to start execution at. 

Any other loader code is treated as a comment block and is ig
nored. Once an 02 record has been found, the loader stops 
reading, even if there is addition&! data, so be sure to place the 
02 record at the end of the file. 
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Floppy and Hard Disk Driver 

The disk drivers are entered via RST 8H and will read a sector 
anywhere on a floppy disk and anywhere on head 1 (top-head) 
in a hard disk drive. Either 256 or 51 2 byte sectors are readable 
by these routines and they make the determination of the sector 
size. The'hard disk driver is compatible with both' the WD1 000 
and the WD1 01 0 controllers. The floppy disk driver is written for 
the WD1 793 controller. 

Serial Loader 

Invoking the serial loader is similar to forcing a boot from hard 
disk or floppy. In this case the right shift key must be pressed at 
some time during the first three seconds after reset. The pro
gram does not care if the key is pressed forever, making it con
venient to connect pins 8 and 1 0 of the keyboard connector with 
a shorting plug for bench testing of boards. This assumes that 
the object program being loaded does not care about the key 
closure. 

Upon entry, the program first asserts DTR (J4 pin 20) and RTS 
(J4 pin 4) true. Next, "Not Ready" is printed on the topmost l ine 
of the video display. Modem status line CD (J4 pin 8) is then 
sampled. The program loops until it finds CD asserted true. At 
that time the message "Ready" is displayed. Then the program 
sets about determining the baud rate from the host computer. 

To determine the baud rate, the program compares data re
ceived by the UART to a test byte equal to '55' hex. The receiver 
is first set to 1 9200 baud. If ten bytes are received which are not 
equal to the test byte, the baud rate is reduced. This sequence 
is repeated until a valid test byte is received . If ten fai lures occur 
at 50 baud, the entire process begins again at 1 9200 baud. If a 
valid test byte is received, the program waits for ten more to ar
rive before concluding that it has determined the correct baud 
rate. If at this time an improper byte is received or a receiver er
ror (overrun, framing, or parity) is intercepted, the task begins 
again at 1 9200 baud. 

In order to get to this point, the host or the modem must assert 
CD true. The host must transmit a sequence of test bytes equal 
to '55' hex with 8 data bits, odd parity, and 1 or 2 stop bits. The 
test bytes should be separated by approximately 0 . 1  second to 
avoid overrun errors. 

When the program has determined the baud rate, the message: 

"Found Baud Rate x" 

is displayed on the screen, where "x" is a letter from A to P, 
meaning: 

A =  50 baud E = 1 50 I = 1 800 M = 4800 
B = 75 F = 300 J = 2000 N = 7200 
c = 1 1 0  G = 600 K = 2400 0 = 9600 
D = 1 34.5 H = 1 200 L = 3600 p = 1 9200 



The same message less the character signifying the baud rate 
is transmitted to tne host, with the same baud rate and protocol .  
This message is the signal to the host to stop transmitting test 
bytes. 

After the program has transmitted the baud rate message, it 
reads from the UART data register in order to clear any overrun 
error that may have occurred due to the test bytes coming in 
during the transmission of the message. This is because the re
ceiver must be made ready to receive a sync byte signall ing the 
beginning of the command fi le. For this reason ,  it is important 
that the host wait until the entire baud rate message ( 1 6  char
acters) is received before transmitting the sync byte, which is 
equal to 'FF' hex. 

When the loader receives the sync byte, the message: 

"Loading" 

1s displayed on the screen .  Again ,  the same message is trans
mitted to the host, and, again, the host must wait for the entire 
transmission before starting into the command fi le. 

If the receiver should intercept a receive error while waiting for 
the sync byte, the entire operation up to this point is aborted . 
The video display is cleared and the message: 

" Error, x" 

is displayed near the bottom of the screen, where "x" is a letter 
from B to H, meaning : 

B = parity error 
C = framing error 
D = parity & framing errors 
E = overrun error 
F = parity & overrun errors 
G = framing & overrun errors 
H = parity & framing & overrun errors 

The message: 

"Error" 

is then transmitted to the host. The entire process is then re
peated from the "Not Ready" message. A six second delay is 
inserted before reinitial ization .  This is longer than the time re
quired to transmit five bytes at 50 baud, so there is no need to 
be extra careful here. 

If the sync byte is received without error, then the "Loading" 
message is transmitted and the program is ready to receive the 
command file. After receiving the "Loading" message the host 
can transmit the file without nul ls or delays between bytes. 
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(Since the file represents Z80 machine code and all 256 
combinations are meaningfu l ,  it would be disastrous to 
transmit nul ls or other ASC I I  control codes as fillers, ac
knowledgement ,  or start-stop bytes.  The on ly control 
codes needed are the standard command file control 
bytes. )  

Data can be transmitted to the loader at  1 9200 baud with no de
lays inserted. Two stop bits are recommended at h igh baud 
rates. 

See the Fi le Loader description for more information on fi le 
loading. 

If a receive error should occur during file loading, the abort pro
cedure described above wil l  take place, so when attempting re
mote contro l ,  it is wise to mon itor the host receiver during 
transmission of  the fi le. When the host is near the object board, 
as is the case in the factory application, or when more than one 
board is being loaded, it may be advantageous or even nec
essary to ignore the transmitted responses of the object 
board (s) and to manual ly pace the test byte, sync byte, and 
command file phases of the transmission process, using the 
video display for handshaking. 

System Programmers Information 

The Model 4P Boot ROM uses two areas of RAM while it is run
ning. These are 4000H to 40FFH and 4300H to 43FFH. (For 
51 2 byte boot sectors, the second area is 4300H to 44FFH.) If 
the Model I l l  ROM Image is loaded, additional areas are used. 
See the technical reference manual for the system you are us
ing for a list of these areas. 

Operating systems that want to support a software restart by re
executing the contents of the boot ROM can accomplish this in  
one of  two ways. If the operating system relies on the Model I l l  
ROM-Image, then jump to location 0 as you have in the past. I f  
the operating system is a Model 4 mode package, a simple way 
is to code the following instructions in your assembly and load 
them before you want to reset: 

Absolute Location 

0000 
0001 
0003 

Instruction 

Dl 
LD 
OUT 

A,1  
(9CH),A 

These instructions cause the boot ROM to become address
able. After executing the OUT instruction,  the next instruction 
executed will be one in the boot ROM. (These instructions also 
exist in the Model I l l  ROM image at location 0 . )  The boot ROM 
has been written so that the first instruction is at address 0005. 
The hardware must be in memory mode 0 or else the boot ROM 
will not be switched in. This operation can be done with an OUT 
instruction and then a RST 0 can be executed to have the ROM 
switched in .  



Restarts can be redirected at any t ime whi le the ROM is 
switched in. Al l  restarts jump to fixed locations in RAM and 
these areas may be changed to point to the routine that is to be 
executed. 

Restart RAM Location Default Use 

0 none Cold Start/Boot 
8 4000H Disk 1/0 Request 

1 0  4003H Display string 
1 8  4006H Display block 
20 4009H Byte Fetch (Called by Loader) 
28 400CH File Loader 
30 400FH Keyboard scanner 
38 401 2H Reserved for future use 
66 401 5H N M I  ( F l o p py 1 /0 Command 

Complete) 

The above routines have fixed entry parameters. These are de
scribed here. 

Disk 1/0 Request (RST 8H) 

Accepts 
A 
B 

c 

DE 

HL 

Returns 
z 

NZ 

Error Codes 
3 
4 
5 
6 
7 

8 
9 

1 1  
1 2  

1 for floppy, 2 for hard disk 
Command 
In itialize 
Restore 
Seek 
Read 

1 
4 
6 
1 2  (Al l  reads have an im
plied seek) 

Sector number to read 
The contents of the location d isktype 
(405CH) are added to this value before 
an actual read. If the disk is a two sided 
floppy, just add 1 8  to the sector number. 
Cy l i nder  n u mber .  (On ly  E is used i n  
floppy operations) 
Address where data from a read opera
tion is to be stored. 

Success, Operation Completed 
Error, Error code in A 

Hard Disk drive is not ready 
Floppy disk drive is not ready 
Hard Disk drive is not available 
Floppy disk drive is not available 
Drive Not Ready and no Index (Disk in 
drive, door open) 
CRC Error 
Seek Error 
Lost Data 
ID Not Found 
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Display String (RST 1 0H) 

Accepts 
HL 

DE 

Returns 
Success Always 

A 
DE 
HL 

Pointer to text to be displayed. 
Text must be terminated with a nul l  (0). 
Offset position on screen where text is to 
be displayed. 
(A OOOOH will be the upper left-hand cor
ner of the display.) 

Altered 
Points to next position on video 
Points to the null (0). 

Display Block ( RST 1 8H) 

Accepts 
HL 

or 

Points to control vector in the format: 
+ 0 Screen Offset 
+ 2  
nul l  
+ 4  
nul l  

+ n  

+ n  

Pointer to text, terminated with 

Pointer to text, terminated with 

word FFFFH End of control 
vector 

word F F F E H  Next word i s  
new Screen 
Offset 

If Z flag is set on entry, then the first screen offset is read from 
DE instead of from the control vector. 

Each string is positioned after the previous stri ng, un less a 
FFFEH entry is found. This is used heavily in the ROM to re
duce duplication of words in error messages. 

Returns 
Success Always 

DE Points to next position on video 

Byte Fetch (RST 20H) 

Accepts None 
Returns 

z 
NZ 

Errors 

2 

1 0  

Success, byte i n  A 
Failure ,  error code i n  A 

Any errors from the disk 1/0 call and : 
ROM Image can't be loaded - Too many 
extents 
ROM Image can't be loaded - Disk drive 
is not ready 



File Loader (RST 28H) 

Accepts None 

Returns 
z 

NZ 

Errors 

0 

Success 
Failure, error code in A 

Any errors from the disk 1/0 call of the 
byte fetch call and : 
The ROM image was not found on drive 0 

There are several pieces of information left in memory by the 
boot ROM which are useful to system programmers. These are 
shown below: 

RAM Location 
401 DH 

4055H 

4056H 
4057H 

4059H 

405BH 

405CH 

Description 
ROM Image Selected (% for none 
selected or A-G) 
Boot type 
1 = Floppy 
2 = Hard disk 
3 = ARCNET 
4 = RS-232C 
5 - 7 = Reserved 
Boot Sector Size (1 for 256, 2 for 51 2) 
RS-232 Baud Rate (only valid on RS-
232 boot) 
Function Key Selected 
0 = No function key selected 
< F1 > or < 1 >  86 
< F2> or <2> 87 
< F3> or <3> 88 
<Caps> 85 
<Ctrl> 84 
<Left-Shift> 82 
<Right-Shift> 83 
Reserved 80-81 and 89-90 
Break Key Indication (non-zero if 
< Break> pressed) 
Disk type (0 for LDOS/ 

TRSDOS 6 , 1  for 
TRSDOS 1 .x) 

Keep in mind that Model l II ROM image will in itialize these 
areas, so this information is useful only to the Model 4 mode 
programmer. 

5.1.7 RAM 

Two configurations of Random Access Memory ( RAM) are 
avai lable on the Model 4P :  64K and 1 28K. The 64K and 1 28K 
option use the 6665-type 64K x 1 200NS Dynamic RAM, which 
requires only a single + 5v supply voltage. 
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The DRAMs require multiplexed incoming address lines. This 
is accomplished by ICs U 1 1 1  and U 1 1 2 which are 7 4LS 1 57 
multiplexers. Data to and from the D RAMs are buffered by a 
74LS245 (U1 1 7) which is controlled by Page Map PAL, U 1 1 0. 
The proper timing signals RASO*, RAS1 *, M UX*, and CAS* are 
generated by a delay l ine circuit U97. U 1 1 5  ( 1  /2 of a 74S1 1 2) 
and U 1 1 6  (1 /4 of a 7 4F08) are used the generate a precharge 
circuit. During M 1  cycles of the Z80A in 4 MHz mode, the high 
time in MREQ has a minimum time of 1 1 0 nanosecs. The spec
ification of 6665 D RAM requires a minimum of 1 20 nanosecs so 
this circuit will shorten the M REQ signal during the M 1  cycle. 
The resulting signal PMREQ is used to start a RAM memory 
cycle through U 1 1 3  (a 74S64) . Each different cycle is controlled 
at U 1 1 3  to maintain a fast M1 cycle so no wait states are re
quired. The output of U 1 1 3  (PRAS*) is ANDed with RFSH to not 
allow M UX* and CAS* to be generated during a REFRESH 
cycle. PRAS* also generates either RASO* or RAS1 * ,  depend
ing on which bank of RAM the CPU is selecting. GCAS* gen
erated by the de lay l i ne  U97 is l atched by U 1 1 5 (1 /2 of a 
7 4S 1 1 2) and held to the end of the memory cycle. The output 
of U 1 1 5  is ANDed with V IDEO signal to disable the CAS* signal 
from occurring if the cycle is a video memory access. Refer to 
M 1  Cycle Timing (Figure 5-8. and 5-9 . ) ,  Memory Read and 
Memory Write Cycle Timing (Figure 5-1 0.) and (Figure 5-1 1 . ) .  
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Memory Map - Model 4P Mode 1 SELO = 1 = + 5V 
SEL1 = 0 = OV 
ROM = 0  = + 5V 

Mode 0 SELO = 0 = ov 
SEL1 = 0  = ov 0000 - 37FF RAM 1 4K 
ROM = 1 = OV 3800 - 3BFF Keyboard 1 K  

3C00 - 3FFF Video 1 K  
0000 - 0FFF Boot ROM 4K 4000 - FFFF RAM 48K 
1 000 - 37FF RAM (Read Only) 1 0K 
37E8 - 37E9 Printer Status (Read Only) 2 
3800 - 3BFF Keyboard 1 K  Mode 2 SELO = 0 = ov 
3C00 - 3FFF Video 1 K  SEL1 = 1 = + 5V 
4000 - FFFF RAM 48K ROM = X = Don't Care 

0000 - F3FF RAM 61 K 
Mode O SELO = 0 = OV F400 - F?FF Keyboard 1 K  

SEL1 = 0  = OV F800 - FFFF Video 2K 
ROM = 0 = + 5V 

0000 - 37FF RAM (Read Only) 1 4K Mode 3 SELO = 1 = + 5V 
37E8 - 37E9 Printer Status (Read Only) 2 SEL 1 = 1 = + 5V 
3800 - 3BFF Keyboard 1 K  ROM = X = Don't Care 
3C00 - 3FFF Video 1 K  
4000 - FFFF RAM 48K 0000 - FFFF RAM 64K 

Mode 1 SELO = 1 = + 5V 
SEL1 = 0 = ov 
ROM = 1 = ov 

0000 - 0FFF Boot ROM 4K 
0000 - 0FFF RAM (Write Only) 4K 
1 000 - 37FF RAM 1 0K 
3800 - 3BFF Keyboard 1 K  
3C00 - 3FFF Video 1 K  
4000 - FFFF RAM 48K 
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1/0 Port Assignment 

Normally 

Port # Used Out In 

FC - FF FF CASSOUT * MOD IN* 
F8 - FB F8 LPOUT * LPIN* 
F4 - F7 F4 DRVSEL *  (RESERVED) 
FO - F3 DISKOUT * DISKIN * 
FO FO FDC COMMAND REG. FDC STATUS REG. 
F1 F1 FDC TRACK REG. FDC TRACK REG. 
F2 F2 FDC SECTOR REG. FDC SECTOR REG. 
F3 F3 FDC DATA REG. FDC DATA REG . 
EC - EF EC MODOUT * RTCIN * 
E8 - EB RS2320UT * RS2321N * 
E8 E8 UART MASTER RESET MODEM STATUS 
E9 E9 BAUD RATE GEN.  REG. (RESERVED) 
EA EA UART CONTROL AND UART STATUS REG. 

MODEM CONTROL REG. 
EB EB UART TRANSMIT UART HOLDING REG. 

HOLDING REG. (RESET D.R. )  
E4 - E7 E4 WR NMI  MASK REG. * RD NMI STATUS * 
EO - E3 EO WR INT MASK REG. * RD INT MASK REG. * 
AO - DF (RESERVED) (RESERVED) 
9C - 9F 9C BOOT * (RESERVED) 
94 - 9B (RESERVED) (RESERVED) 
90 - 93 90 SEN * (RESERVED) 
8C - 8F GSELO * GSELO * 
88 - 8B CRTCCS * (RESERVED) 
88, 8A 88 CRCT ADD. REG. (RESERVED) 
89, 8B 89 CRCT DATA REG. (RESERVED) 
84 - 87 84 OPREG * (RESERVED) 
80 - 83 GSEL1 * GSEL 1 * 
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1/0 Port Description 

Name: CASSOUT * 
Port Address: FC - FF 
Access: WRITE ONLY 
Description: Output data to cassette or for sound 

generation 

Note: The Modei 4P does not support cassette storage, 
this port is only used to generate sound that was to 
be output via cassette port. The Model 4P sends 
data to onboard sound circuit. 

DO = Cassette output level (sound data output) 

01  = Reserved 

02 - 07 = U ndefined 

Name: MODIN * (CASSIN *) 
Port Address: FC - FF 
Access: READ ONLY 
Description : Configuration Status 

DO = 0  

01 = CASSMOTORON STATUS 

02 = MODSEL STATUS 

03 = ENALTSET STATUS 

04 = ENEXTIO STATUS 

05 = (NOT USED) 

D6 = FAST STATUS 

07 = 0  

Name: LPOUT * 
Port Address: F8 - FB 
Access: WRITE ONLY 
Description : Output data to l ine printer 

DO - D7 = ASC I I  BYTE TO BE PRINTED 
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Name: LPIN * 
Port Address: F8 - FB 
Access: READ ONLY 
Description : I nput l ine printer status 

DO - 03 = (RESERVED) 

D4 = FAULT 

D5 

06 

07 

1 = TRUE 
0 = FALSE 

= UN IT SELECT 
1 = TRUE 
0 = FALSE 

= OUTPAPER 
1 = TRUE 
0 = FALSE 

= BUSY 
1 = TRUE 
0 = FALSE 

Name: DRVSEL * 
Port Address : F4 - F7 
Access: WRITE ONLY 
Description : Output FOG Configuration 

Note: Output to this port will ALWAYS cause a 1 -2 mscc. 
(Microsecond) wait to the Z80. 

DO = DRIVE SELECT 0 

01 = DRIVE SELECT 1 

D2 = (RESERVED) 

03 = (RESERVED) 

04 = SDSEL 

D5 

0 = SIDE 0 
1 = SIDE 1 

= PRECOMPEN 
0 = No write precompensation 
1 = Write Precompensation enabled 

06 = WSGE N  
0 = N o  wait state generated 
1 = wait state generated 

Note: This wait state is to sync Z80 with FDC chip during 
FDC operation. 

07 = DDEN * 
0 = Single Density enabled (FM) 
1 = Double Density enabled (MFM) 



Name: DISKOUT * 
Port Address : FO - F3 
Access : WRITE ONLY 
Description : Output to FDC Control Registers 

Port FO = FDC Command Register 

Port F1 = FDC Track Register 

Port F2 = FDC Sector Register 

Port F3 = FDC Data Register 

(Refer to FDC Manual for Bit Assignments) 

Name: DISKI N  * 
Port Address: FO - F3 
Access: READ ONLY 
Description : Input FDC Control Registers 

Port FO = FDC Status Register 

Port F1 = FDC Track Register 

Port F2 = FDC Sector Register 

Port F3 = FDC Data Register 

(Refer to FDC Manual for Bit Assignment) 

Name: MODOUT * 
Port Address: EC - EF 
Access: WRITE ONLY 
Description: Output to Configuration Latch 

DO = (RESERVED) 

D1 

D2 

03 

= CASSMOTORON (Sound enable) 
0 = Cassette Motor Off (Sound enabled) 
1 = Cassette Motor On (Sound disabled) 

= MODSEL 
0 = 64 or 80 character mode 
1 = 32 or 40 character mode 

= ENALTSET 
0 = Alternate character set disabled 
1 = Alternate character set enabled 
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D4 = E NEXTIO 
0 = External 10 Bus disabled 
1 = External 10 Bus enabled 

05 = (RESERVED) 

D6 = FAST 
0 = 2 MHZ Mode 
1 = 4 MHZ Mode 

07 = ( RESERVED) 

Name: RTCIN * 
Port Address: EC - EF 
Access: READ ONLY 
Description: Clear Real Time Clock Interrupt 

DO - D7 = DON'T CARE 

Name: RS2320UT * 
Port Address: E8 - EB 
Access : WRITE ONLY 
Description : UART Control, Data Control, Modem Control, 

BAG Control 

Port E8 = UART Master Reset 

Port E9 = BAUD Rate Gen. Register 

Port EA = UART Control Register (Modem Control Reg. )  

Port EB = UART Transmit Holding Reg . 

(Refer to Model I l l  or 4 Manual for Bit Assignments) 

Name: RS2321 N  * 
Port Address: E8 - EB 
Access : READ ONLY 
Description:  Input UART and Modem Status 

Port E8 = MODEM STATUS 

Port E9 = (RESERVED) 

Port EA = UART Status Register 

Port EB = UART Receive Holding-Register (Resets DR) 

(Refer to Model I l l  or 4 Manual for Bit  Assignments) 



Name: WRNM I MASKREG * 
Port Address: E4 - E7 
Access: WRITE ONLY 
Description:  Output NMJ  Latch 

DO - D5 = (RESERVED) 

D6 = ENMOTOROFFINT 

D7 

0 = Disables Motoroff NM I  
1 = Enables Motoroff NM I  

= EN INTRQ 
0 = Disables INTRQ NMJ  
1 = Enables I NTRQ NMI  

Name: RDNMISTATUS * 
Port Address: E4 - E7 
Access: READ ONLY 
Description: Input NM I  Status 

DO = 0 

D2 - D4 = (RESERVED) 

D5 = RESET (not needed) 
0 = Reset Asserted (Problem) 
1 = Reset Negated 

D6 = MOTOROFF 

D7 

0 = Motoroff Asserted 
1 = Motoroff Negated 

= I NTRQ 
0 = INTRQ Asserted 
1 = I NTRQ Negated 

Name: WRINTMASKREG * 
Port Address: EO - E3 
Access: WRITE ONLY 
Description : Output ! NT Latch 

DO - D1 = (RESERVED) 

D2 = ENRTC 
0 = Real time clock interrupt disabled 
1 = Real time clock interrupt enabled 

D3 = E N IOBUSINT 
0 = External 10 Bus interrupt disabled 
1 = External 10 Bus interrupt enabled 

D4 = E NXMITINT 
0 = RS232 Xmi t  H o l d i n g  Reg . em pty i n t .  
disabled 
1 = RS232 Xmi t  H o l d i ng Reg .  em pty i n t .  
enabled 
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D5 = E NRECINT 
0 = RS232 Rec. Data Reg. full int. disabled 
1 = RS232 Rec. Data Reg . full int. enabled 

D6 = ENERRORINT 

D7 

0 = RS232 UART Error interrupts disabled 
1 = RS232 UART Error interrupts enabled 

= (RESERVED) 

Name: RDINTSTATUS * 
Port Address: EO - E3 
Access : READ ONLY 
Description: Input INT Status 

DO - D1 = (RESERVED) 

D2 = RTC I NT 

D3 = IOBUS I NT 

D4 = RS232 XMIT ! NT 

D5 = RS232 R EC !NT 

D6 = RS232 UART ERROR ! NT 

D7 = (RESERVED) 

Name: BOOT * 
Port Address: 9C - 9F 
Access : WRITE ONLY 
Description:  Enable or Disable Boot ROM 

DO = ROM * 
0 = Boot ROM Disabled 
1 = Boot ROM Enabled 

D1 - D7 = (RESERVED) 

Name: SEN * 
Port Address: 90 - 93 
Access: WRITE ONLY 
Description: Sound output 

DO = SOUN D  DATA 

D1 - D7 = (RESERVED) 



Name: OPREG * 
Port Address : 84 
Access : WRITE ONLY 
Description: Output to operation reg. 

DO = SELO 

D1 = SEL1 

SEL1 

0 
0 

02 = 8064 

SELO 
0 

0 

0 = 64 character mode 
1 = 80 character mode 

03 = INVERSE 
0 = Inverse video disabled 
1 = Inverse video enabled 

MODE 

0 
1 

2 
3 

04 = SRCPAGE - Points to the page to be mapped 
as new page 

0 = U64K, L32K Page 
1 = U64K, U32K Pc.ge 

05 = EN PAGE - Enables mapping of new page 
0 = Page mapping disabled 
1 = Page mapping enabled 

06 = DESPAG E - Points to the page where new 
page is to be mapped 

0 = L64K, U32K Page 
1 = L64K, L32K Page 

07 = PAGE 
0 = Page 0 of Video Memory 
1 = Page 1 of Video Memory 
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5.1 .8 Video Circuit 

The heart of the video d isplay circuit i n  the Model 4P is the 
68045 Cathode Ray Tube Control ler (CRTC), U85. The CRTC 
is a preprogrammed video controller that provides two screen 
formats: 64 by 1 6  and 80 by 24. The format is controlled by pin 
3 of the CRTC (8064*) .  The CRTC generates all of the neces
sary signals required for the video display. These signals are 
VSYNC (Vertical Sync), HSYNC (Horizontal Sync) for proper 
sync of the monitor, DISPEN (Display Enable) which indicates 
when video data should be output to the monitor, the refresh 
memory addresses (MAO-MA 1 3) which addresses the video 
RAM, and the row addresses (RAO-RA4) which indicates which 
scan line row is being displayed. The CRTC also provides hard
ware scrolling by writing to the internal Memory Start Address 
Register by OUTing to Port 88H. The internal cursor control of 
the 68045 is not used in the Model 4P video circuit. 

Since the 80 by 24 screen requires 1 ,920 screen memory lo
cations, a 2K by 8 static RAM (U82) is used for the video RAM. 
Addressing to the video RAM (U82) is provided by the 68045 
when refreshing the screen and by the CPU when updating of 
the data is performed. These two sets of address l ines are mul
tiplexed by three 74LS 1 57s (U83, U84, and U 1 04) . The multi
plexers are switched by CRTCLK which al lows the CRTC to 
address the video RAM during the high state of CRTCLK and 
the CPU access during the low state. A 1 0  from the CPU is con
trolled by PAGE* which allows two display pages in the 64 by 
1 6  format. When updates to the video RAM are performed by 
the CPU, the CPU is held in a WAIT state until the CRTC is not 
addressing the video RAM. This operation al lows reads and 
writes to video RAM without causing hashing on the screen. 
The circuit that performs this function is a 7 4LS244 buffer 
(U1 03), an 8 bit transparent latch, 74LS373 (U1  02) and a Delay 
line circuit shared with Dynamic RAM timing circuit consisting 
of a 74LS74 (U95) ,  74LS32 (U94) , 74LS04 (U74) , 74LSOO 
(U96) , 74LS02 (U75) , and Delay Line (U97) .  During a CPU 
Read Access to the Video RAM, the address is decoded by the 
PAL U 1 09 and asserts VIDEO* low. This is inverted by U74 ( 1 /  
6 of 74LS04) which pulls one input o f  U96 ( 1 /4 o f  74LSOO) and 
in turn asserts VWAIT • low to the CPU.  RD is high at this time 
and is latched into U95 ( 1 /2 of 74LS74) on the rising edge of 
XADR?*.  XAD R?* is i nverse of C RTC LK which drives the 
CRTC (68045), and the address multip lexers U83, U84, and 
U 1 04. 
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When RD is latched by U95, the 0 output goes low releasing 
WAIT* from the CPU.  The same signal also is sent to the Delay 
Line (U97) through U 1 1 6  (1 /4 of 74F08). The Delay line delays 
the fall ing edge 240 ns for VLATCH* which latches the read 
data from the video RAM at U 1 02. The data is latched so the 
CRTC can refresh the next address location and prevent any 
hashing. MRD* decoded by U 1 08 and a memory read is ORed 
with VIDEO* which enables the data from U1 02 to the data bus. 
The CPU then reads the data and completes the cycle.  A CPU 
write is slightly more complex in operation. As in  the RD cycle, 
VIDEO* is asserted low which asserts VWAIT* low to the CPU. 
WR is high at th is  t ime which is N A N Ded with V IDEO and 
synced with CRTCLK to create VRAMDIS that disables the 
video RAM output. On the ris ing edge of XAD R7* , WR is 
latched into U95 ( 1 /2 of 74LS74) which releases VWAIT* and 
starts cycle through the Delay Line. After 30ns DLYVWR* (De
layed video write) is asserted low which also asserts VBUFEN* 
(Video Buffer Enable) low. VBUFEN* enabled data from the 
Data bus to the v ideo R A M .  Approx imate ly  1 20ns l ater 
DLYVWR* is negated high which writes the data to the video 
RAM and negates VBUFEN* turning off buffer. The CPU then 
completes WR cycle to the video RAM .  Refer to Video RAM 
CPU Access Timing Figure 5-1 2 for timing of above RD or WR 
cycles. 

During screen refresh, CRTCLK is high allowing the CRTC to 
address Video RAM . The data out of the video RAM is latched 
by LOAD* into a 74LS273 ( U 1  01 ). D7 is generated by I N 
VERSE* through U 1 25 ( 1 /6 o f  74S04) ,  a n d  U 1 23 ( 1 /4 of 
74LS08). This decoding determines if character should be al
pha-numeric only (if inverse high) or unchanged ( INVERSE* 
low). The outputs of U1 01 are used as address inputs the char
acter generator ROM (U42).  A9 is decoded with ENALTSET 
(Enable Alternate Set) and 07 of U1 01 , which resets A9 to a 
low if 07 and E NALTSET are high. See ENALTSET Control Ta
ble below. 

ENALTSET 07 06 A9 

0 0 0 0 
0 1 0 0 
0 1 1 1 
1 0 0 0 
1 0 1 1 
1 1 0 0 
1 1 1 0 
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RAO-RA3, row addresses from the CRTC are used to control 
which scan line is being displayed. The Modei 4P has a 4-bit full 
adder 74LS283 (U6 1 ) to modify the Row address. During a 
character display DLYGRAPHIC* is high which applies a high to 
all 4 bits to be added to row address. This wi l l  result in subtract
ing one from Row address count and allow all characters to be 
displayed one scan line lower. The purpose is so inverse char
acters wi l l  appear within the inverse block. When a graphic 
block is displayed DLYGRAPHIC* is low which causes the row 
address to be unmodified. Moving jumper from E 1 4- E 1 5  to 
E 1 5-E1 6  will disable this circuit. 

DLYCHAR* and DLYGRAPH ICS are inverse signals and con
trol which data is to be loaded into the shift register U63. 
When DLYCHAR* is low and DLYGRAPHIC* is high, the 
Character Generator ROM (U42) is enabled to output data: 
when DLYC HAR*  is h i g h  and  D LYG RAPH IC*  is low the 
graphics characters from U41  (74LS1 5) is  buffered by U43 
(74LS244) to the shift register. The data is loaded into the 
shift register on the rising edge of SHIFT* when LOADS* is 
low. Blanking is accomplished by masking off LOADS* so no 
data will be loaded and zero data wil l  be shifted out with the 
serial input of U63, pin 1 ,  grounded. Serial video data is out
put U63 pin 1 3  and is mixed with inverse and/or hires graph
ics information by ( 1 /4 or 74LS86) U 1 43 .  The video data is 
then mixed with a D07 Rate clock, either DOT* and DCLK, 
to create distinct dots on the monitor. DOT* and DCLK are 
inverse signals and are provided to allow a choice to obtain 
the best video results. The video information is fi ltered by 
F34, R45 (47 ohm resistor) , and C241 ( 1 00 pf Cap) and out
put to video monitor. VSYNC and HSYNC are buffered by 
(1 /2 of 7 4LS86) U 1 43 and are also output to video monitor. 
Refer to Video Circuit Timing Figure 5- 1 3, Video Blanking 
Timing Figure 5-1 4. ,  and Inverse Video Timing Figure 5-1 for 
timing relationships of Video Circuit. 

5.1 .9 Keyboard 

The keyboard i nterface of the Model 4P consists of open col
lector drivers which drive an 8 by 8 key matrix keyboard and an 
inverting buffer which buffers the key or keys pressed on the 
data bus. The open col lector drivers (U56 and U57 (7 41 6) are 
driven by address lines AO-A7 which drive the column lines of 
the keyboard matrix. The ROW l ines of the keyboard are pulled 
up by a 1 .5 kohm resistor pack R P2. The ROW l ines are buff
ered and inverted onto the data bus by U58 (74LS240) which is 
enabled when KEYBD* is a logic low. KEYBD* is a memory 
mapped decode of addresses 3800-3BFF in Model I l l  Mode 
and F400-F7FF in Model 4/4P mode. Refer to the Memory Map 
under Address Decode for more information. During real time 
operation , the CPU will scan the keyboard periodically to check 
if any keys are pressed. If no key is pressed, the resistor pack 
RP2 keeps the inputs of U58 at a logic h igh .  U58 inverts the 
data to a logic low and buffers it to the data bus which is read 
by the CPU . If a key is pressed when the CPU scans the correct 
column line, the key pressed wil l pul l  the corresponding row to 
a logic low. U58 inverts the signal to a logic high which is read 
by the CPU. 
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5.1 . 1 0  Real Time Clock 

The Real Time Clock circuit in the Model 4P 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 occurred, the CPU can keep track of the time. The 60 Hz 
vertical sync signal (VSYNC) from the video circuitry is used for 
the Real Time Clock's reference. In the 2 MHz mode, FAST is 
a logic low which sets the Preset input, pin 4 of U22 (74LS74), 
to a logic high. This allows the 60 Hz (VSYNC) to be divided by 
2 to 30 Hz. The output of 1 /2 of U22 is ORed with the original 
60 Hz and then clocks another 7 4LS7 4 ( 1 /2 of U22). If the real 
time clock is enabled (ENRTC at a logic high), the interrupt is 
latched and pulls the I NT* l ine low to the CPU. When the CPU 
recognizes the interrupt, the pulse is counted and the latch re
set by pull ing RTCIN*  low. In the 4 MHz mode, FAST is a logic 
high which keeps the first half of U22 in a preset state (the Q* 
output at a logic low). The 60 Hz is used to clock the interrupts. 

NOTE: If interrupts are disabled, the accuracy of the real 
time clock wil l suffer. 

5.1 . 1 1 Line Printer Port 

The Line Printer Port I nterface consists of a pulse generator, an 
eight-bit latch, and a status line buffer. The status of the line 
printer is read by the CPU by enabling buffer U3 (74LS244). 
This buffer is enabled by LPRD* which is a memory map and 
port map decode. In Model l II mode, only the status can be read 
from memory location 37E8 or 37E9. The status can be read in 
all modes by an input from ports F8-FB. For a listing of the bit 
status, refer to Port Map section. 

After the printer driver software determines that the printer is 
ready for printing (by reading the correct status), the characters 
to be printed are output to Port F8-FB. U2, a 74LS374 eight-bit 
latch, latches the character byte and outputs to the line printer. 
One-half of U1 (74LS1 23),  a one-shot, is then triggered which 
generates an appropriate strobe signal to the printer which sig
nifies a valid character is ready. The output of the one-shot is 
buffered by 1 /6th of the U21  (7 4LS04) to prevent noise from the 
printer cable from !lase-triggering the one-shot. 
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5.1 .1 2 G raphics Port 

The Graphics Port (J?) on the Model 4P is provided to attach 
the optional Graphics Board. The port provides DO-D? (Data 
Lines), AO-A3 (Address Lines) ,  IN* ,  GEN* and RESET* for the 
necessary interface signals for the Graphics Board. GEN* is 
generated by negative ORing Port selects GSELO* (8C-8FH) 
and GSELl* (80-83H) together by ( 1 /4 of 74LS08) U23. The re
sulting signal is negative ANDed with IORQ* by ( 1 /4 of 74S32) 
U62. Seven timing signals are provided to allow synchroniza
tion of Main Logic Board Video and Graphics Board Video. 
These timing signals are VSYNC, HSYNC, DISPEN,  DCLK, H ,  
I ,  and J.  Three control signals from t h e  Graphics Board are 
used to sync to CPU access and select different video modes. 
WAIT* controls the CPU access by causing the CPU to WAIT till 
video is in  retrace area before allowing any writes or reads to 
Graphics Board RAM . ENGRAF is asserted when Graph ics 
video is displayed. ENGRAF also disables inverse video mode 
on Main Logic Board Video. CL 1 66* (Clear 74L 1 66) is used to 
enable or disable mixing of Main Logic Board Video and Graph
ics Board Video. If CL 1 66* is negated high, then mixing is al
lowed in all for video modes 80 x 24, 40 x 24, 64 x 1 6, and 32 x 
1 6. If CL 1 66* is asserted low, this wil l  clear the video shift reg
ister U63, which al lows no video from the Main Logic Board. In  
this state 8064 * is automatically asserted low to put  screen in  
80 x 24 video mode. Refer to Figure 5- 1 6 .  Graphic Board Video 
Timing for timing relationships. Refer to the Model 4/4P Graph
ics Board Service information for service or technical informa
tion on the Graphics Board. 

5.1 . 1 3  Sound 

The sound circuit in the Model 4P is compatible with the Sound 
Board which was optional in the Model 4.  Sound is generated 
by alternately setting and clearing data bit DO during an OUT to 
port 90H . The state of DO is latched by U 1 30 ( 1 /2 of a 74LS74) 
and the output is amplified by 02 which drives a piezoelectric 
sound transducer. The speed of the software loop determines 
the frequency, and thus, the pitch of the resulting tone .  Since 
the Model 4P does not have a cassette circuit, some existing 
software that used the cassette output for sound would have 
been lost. The Model 4P routes the cassette latch to the sound 
board through U 1 42. When the CASSMOTORON signal is a 
logic low, the cassette motor is off, then the cassette output is 
sent to the sound circuit. 

5.1 . 1 4 1/0 Bus Port 

The Modei 4P Bus is designed to allow easy and convenient in
terfacing of 1/0 devices to the Modei 4P.  The 1/0 Bus supports 
all the signals necessary to implement a device compatible with 
the Z80s 1/0 structure. 
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Addresses: 

AO to A? allow selection of up to 256* input and 256 output 
devices if external 1/0 is enabled. 

*Ports 80H to OFFH are reserved for System use. 

Data: 

DBO to DB? allow transfer of 8-bit data onto the processor 
data bus is external 1/0 is enabled. 

Control Lines: 

1 .  M1  * - Z80A signal specifying an M1  or Operation Code 
Fetch Cyc le  or with IOREQ* ,  it specif ies an I nterrupt 
acknowledge. 

2. IN* - Z80A signal specifying than an input is in  progress. 
Logic AND of IOREQ* and WR*. 

3.  OUT* - Z80A signal specifying that an output is in prog
ress. Logic AND of IOREQ* and WR*. 

4. IOREQ* - Z80A signal specifying that an input or output 
is in prog ress or wi th  M 1 * ,  it speci f ies an in terrupt 
acknowledge. 

5. RESET* - system reset signal . 

6. IOBUSINT* - input to the CPU signaling an interrupt from 
an 1/0 Bus device if 1/0 Bus interrupts are enabled. 

7. IOBUSWAIT* - input to the CPU wait l ine allowing 1/0 Bus 
device to force wait states on the Z80 if external 1/0 is 
enabled . 

8. EXTIOSEL * - input to 1/0 Bus Port circuit which switches 
the 1/0 Bus data bus transceiver and al lows and INPUT in
struction to read 1/0 Bus data. 

The address l ine, data line, and all control l ines except RESET* 
are enabled only when the E NEXIO bit in port EC is set to one. 

To enable 1/0 interrupts, the EN IOBUSINT bit in the PORT EO 
(output port) must be a one. However, even if it is disabled from 
generating interrupts, the status of the IOBUSINT* l ine can still 
read on the appropriate bit of CPU IOPORT EO (input port). 

See Modei 4P Port Bit assignments for port OFF, OEC, and OEO. 
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Figure 5-1 6. G raphic Board Video Timing 
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The Modei 4P CPU board is fully protected from "foreign 1/0 de
vices" in that all the 1/0 Bus signals are buffered and can be dis
abled under software contro l .  To attach and use and 1/0 device 
on the 1/0 Bus, certain requirements (both hardware and soft
ware) must be met. 

For input port device use. you must enable external I/O devices 
by writing to port OECH with bit 4 on in the user software. This 
will enable the data bus address l ines and control signals to the I 
1/0 Bus edge connector. When the input device is selected, the 
hardware should acknowledge by asserting EXTIOSEL* low. 
This switches the data bus transceiver and allows the CPU to 
read the contents of the 1/0 Bus data l ines. See Figure 5-1 7  for 
the timing. EXTIOSEL* can be generated by NANDing IN and 
the 1/0 port address. 

Output port device use is the same as the input port device in 
use, in that the external I/O devices must be enabled by writing 
to port OECH with bit 4 on in the user software - in the same 
fashion. 

For either input or output devices, the IOBUSWAIT* control l ine 
can be used in the normal way for synchronizing slow devices 
to the CPU. Note that since dynamic memories are used in the 
Modei 4P, the wait line should be used with caution. Holding the 
CPU in a wait state for 2 msec or more may cause loss of mem
ory contents since refresh is inhibited during this time. It is rec
ommended that the IOBUSWAIT* l ine be held active no more 
than 500 J.LSec with a 25% duty cycle. 

The Model 4P will support Z80 Mode 1 interrupts. A RAM jump 
table is supported by the LEVEL I I  BASIC ROMs image and the 
user must supply the address of his interrupt service routine by 
writing this address to locations 403E and 403F. When an in
terrupt occurs, the program will be vectored to the user-sup
p l ied address if 1/0 Bus interrupts h ave been enabled.  To 
enable 1/0 Bus interrupts, the user must set bit 3 of Port OEOH. 

5.1 .1 5 FDC Circuit 

The TRS-80 Model 4P Floppy Disk Interface provices a stan
dard 5- 1 /4" floppy disk control ler. The Floppy Disk I nterface 
supports both single and double density encoding schemes. 
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 250 nsec and is not 
adjustable. The data clock recovery logic incorporates a digital 
data separator which achieves state-of-the-art reliability. One 
or two drives may be controlled by the interface. All data trans
fers are accomplished by CPU data requests. In double density 
operation, data transfers are synchronized to the CPU by forc
ing 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 re
quest output of the FDC chip. A hardware watchdog timer in
sures that any error condition wil l  not hang the wait l ine to the 
CPU for a period long enough to destroy RAM contents. 
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Control and Data Buffering 

The Floppy Disk Co�troller Board is an 1/0 port-mapped device 
which utilizes ports E4H, F0H,  F1 H, F2H,  F3H,  and F4H. The 
decoding logic is implemented on the CPU board. (Refer to Par
agraph 5 . 1 .5 Address Decoding for more information on Port 
Map) . U31 is a bi-directional, 8-bit transceiver used to buffer 
data to and from the FDC an"d RS-232 circuits. The direction of 
data transfer is controlled by the combination of control signals 
DISKIN* and RS2321 N* .  If either signal is active (logic low), U31 
is enabled to drive data onto the CPU data bus. If both signals 
are inactive (logic high), U31 is enabled to receive data from the 
CPU board data bus. A second buffer ( U 1 2) is used to buffer the 
FDC chip data to the FDC/RS232 Data Bus, (BDO-BD7), U 1 2  is 
enabled all the time and it's d irection controlled by DISKIN* .  
Again, i f  DISKIN* is active (logic low), data is enabled to drive 
from the FDC chip to the Main Data Busses. If DISKIN* is in
active (logic high), data is enabled to be transferred to the FDC 
chip. 

Nonmaskable Interrupt Logic 

Dual D flip-flop U1  00 (74LS74) is used to latch data bits 06 and 
07 on the rising edge of the control signal WRNMIMASKREG*. 
The outputs of U 1 00 enable the conditions which will generate 
a non-maskable interrupt to the CPU.  The NMI  interrupt con
ditions which are programmed by doing an OUT instruction to 
port E4H with the appropriate bits set. If data bit 7 is set, an FDC 
interrupt is enabled to generate an NMI  interrupt. If data bit 7 is 
reset, interrupt requests request from the FDC are disabled. If 
data bit 6 is set, a Motor Time Out is enabled to generate an 
NMI interrupt. If data bit 6 is reset, interrupts on Motor Time Out 
are disabled. An IN instruction from port E4H enables the CPU 
to determine the source of the non-maskable interrupt. Data bit 
7 ind icates the status of FDC i nterrupt request ( I NTRO) 
(0 = true, 1 = false) . Data bit 6 indicates the status of Motor 
Time Out (O = true, 1 = false). Data bit 5 indicates the status of 
the Reset s igna l  (O = t rue ,  1 = fa lse ) .  The control  s igna l  
RDNMISTATUS* gates this status onto the CPU data bus when 
active (logic low). 

Drive Select Latch and Motor ON Logic 

Selecting a drive prior to disk 1/0 operation is accomplished by 
doing an OUT instruction to port F4H with the proper bit set. The 
following table describes the bit allocation of the Drive Select 
Latch: · 

Data Bit 
DO 
01 
02 

Function 
Selects Drive 0 when set* 
Selects Drive 1 when set* 
Selects Drive 2 when set* 

03 Selects Drive 3 when set* 
04 Selects Side 0 when reset 

Selects Side 1 when set 
05 Write precompensation enabled when set, 

disabled when reset 
06 Generates WAIT if set 
07 Selects MFM mode if set 

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

Hex D flip-flop U32 (74L 1 74) latches the drive select bits, side 
select and FM* /MFM bits on the rising edge of the control signal 
DRVSEL*. A dual D flip-flop (U98) is used to latch the Wait En
able and Write precompensation enable bits on the rising edge 
of DRVSEL*. The rising edge of D RVSEL* also triggers a one
shot ( 1 /2 of U54, 74LS1 23) which produces a Motor On to the 
disk drives. The duration of the Motor On signal is approxi
mately th ree 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-se
lects any drives which were previously selected. The Motor On 
one-shot is retriggerable by simply executing another OUT in
struction to the Drive Select Latch. 

Wait State Generation and WAI TIMOUT Logic 

As previously mentioned, a wait state to the CPU can be initi
ated by an OUT to the Drive Select Latch with 06 set. Pin 5 of 
U98 will go high after this operation. This signal is inverted by 
1 /4th of U79 and is routed to the CPU where it forces the ZBOA 
into a wait state. The ZBOA wil l remain in the wait state as long 
as WAIT* is low. Once initiated, the WAIT* will remain low until 
one of five conditions is satisfied. One half of U77 (a five input 
NOR gate) is used to perform this function. INTO, ORO, RE
SET, CLRWAIT, and WAITIMOUT are the inputs to the NOR 
gate. If any one of these inputs is active (logic high) ,  the output 
of the NOR gate (U77 pin 5) will go low. This output is tied to the 
clear input of the wait latch. When this signal goes low, it will 
clear the 0 output (U98 pin 5) and set the 0* output (U98 pin 
6) . This condition causes WAIT* to go high which allows the 
ZBO to exit the wait state. U99 is a 1 2-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 (U99 pin 1 1  ). A logic high on U99 pin 
1 1  resets the counter outputs. U99 pin 1 5  is a divide-by-1 024 
output and is used to generate the signal WAITIMOUT. This 
watchdog t imer  log ic  w i l l  l i m it t he  d u rat ion of a wait to 
1 024JJ.sec, even if the FDC chip should fail to generate a ORO 
or an INTRO. 

If an OUT to Drive Select Latch is initiated with 06 reset (logic 
low), a WAIT is sti l l  generated. The 1 2-bit binary counter wil l 
count to 2 which wi l l  output CLRWAIT and clear the WAIT state. 
This allows the WAIT to occur only during the OUT instruction 
to prevent violating any Dynamic RAM parameters. 

NOTE: This automatic WAIT will cause a 1 -2 JJ.Sec wait each 
time an out to Drive Select Latch is performed. 



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 oscil lator is implemented with two inverters ( 1 /3 of U39) 
and a quartz crystal (Y2) .  The output of the oscil lator is inverted 
and buffered by 1 /6 of U39 to generate a TIL level square wave 
signal. U37 is a 4-bit binary counter which is divided into a di
vide-by-2 and a divide-by-8 section. The divide-by-2 section is 
used to generate the 2 MHz output at pin 1 2. The 2 MHz · is 
NANDed with 4MHz by 1 /4 of U 1 9  and the output is used to 
clock the divide-by-8 section of U37. A 1 MHz clock is gener
ated at pin 9 of U37 which is goo phase-shifted from the 2 MHz 
clock. This phase relationship is used to gate the guaranteed 
Write Data Pulse (WD) to the Write precompensation circuit. 
The 4 MHz is used to clock the digital data separator U 1 8  and 
the Write precompensation shift register U55. The 1 MHz clock 
is used to drive the clock input of the FDC chip (U 1 3) and the 
clock input of the watchdog timer ( U99). 

Disk Bus Output Drivers 

High current open collector drivers U20 and U56 are used to 
buffer the output signals from the FDC circuit to the disk drives. 

Write Precompensation and Write Data Pulse Shap
ing Logic 

The Write Precompensat ion log ic  is comprised of U55 
(74LS1 95), 1 /4 of  U 1 9  (74LSOO) ,  1 /4 of  U74 (74LS04), and 
1 /2 of U77 (74LS260). U55 is a parallel in ,  serial out shift reg
ister and is clocked by 4 MHz which generates a precompen
sation value of 250 nsec. The output signals EARLY and LATE 
of the FDC chip (U1 3) are input to PO and P2 of the shift reg
ister. A third signal is generated by 1 /4 of U75 when neither 
EARLY nor LATE is active low and is input to P1 of U55. WD of 
the FDC chip is NANDed with 2 MHz to gate the guaranteed 
Write Data Pulse to U55 for the parallel load signal SHFT/LD. 
When U55 pin 9 is active low, the signals preset at P1 -P3 are 
clocked in on the rising edge of the 4 MHz clock. After U55 pin 
9 goes high, the data is shifted out at a 250 nsec rate. EARLY 
will generate a 250 nsec delay, NOT EARLY AND NOT LATE 
will generate a 500 nsec delay, and LATE wil l generate a 750 
nsec delay. This provides the necessary precompensation for 
the write data. As mentioned previously, Write Precompensa
tion is enabled through software by an OUT to the Drive Select 
Latch with bit 5 set. This sets the Q output of the 74LS74 (U98 
pin 9) which is ANDed with DDEN which disables the shift reg
ister U55. DDEN disables Write Precompensation in the single 
density mode. The resulting signal also enables U75 to al low 
the write data (WD)" to bypass the Write Precompensation cir
cuit. The Write Data (WD) pulse is shaped by a one-shot (1 /2 of 
U54) _which stretches the data pu lses to approximately 500 
nsec. 
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Clock and Read Data Recovery Logic 

The Clock and Read Data Recovery Logic is comprised of one 
chip U1 8 (FDC92 1 6). The FDC92 1 6  is a Floppy Disk Data Sep
arator (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-time timing corrector and reclocking 
circuitry. The reference clock (REFCLK) is a 4 MHz and is di
vided by the internal clock divider. COO and CD1 of the FDDS 
chip control the div isor which d ivides R EFCLK. With DC1 
grounded (logic low), COO (when a logic low) generates a di
vide-by-1 for MFM mode and when logic high generates a di
vide-by-2 for FM mode. COO is controlled by the signal DDEN* 
which is Double Density enable or MFM enable. The FDDS de
tects the leading edges of RD* pulses and adjusts the phase of 
the internal clock to generate the separated clock (SEPCLK) to 
the FDC chip. The separate long and short term timing correc
tors assure the clock separation to be accurate. The separated 
Data (SEPD*) is used as the ROD* input to the FDC chip. 

Floppy Disk Controller Chip 

The 1 793 is an MOS LSI device which performs the functions 
of a floppy disk formatter/controller in a single chip implemen
tation. The following port addresses are assigned to the internal 
registers of the 1 793 FDC chip: 

Port No. 
FOH 
F1 H 
F2H 
F3H 

Function 
Command/Status Register 
Track Register 
Sector Register 
Data Register 

5.1 . 1 6  RS-232-C Circuit 

RS-232C Technical Description 

The RS-232C circuit for the Model 4P computer supports asyn
chronous serial transmissions and conforms to the E IA RS-
232C standards at the input-output interface connector (J4). 
The heart of the circuit is the TR1 865 Asynchronous Receiver/ 
Transmitter U30. It performs the job of converting the parallel 
byte data from the CPU to a serial data stream including start, 
stop, and parity bits. For a more detailed description of how this 
LSI circuit performs these functions, refer to the TR1 865 data 
sheets and application notes. The transmit and receive clock 
rates that the TR 1 865 needs are supplied by the Baud Rate 
Generator U52 (BR1 941 L) or (BR1 943). This circuit takes the 
5.0688 MHz supplied by the system timing circuit and the pro
grammed information received from the CPU over the data bus 
and divides the basic clock rate to provide two clocks. The rates 
available from the BRG go from 50 Baud to 1 9200 Baud. See 
the BRG table for the complete list. 
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BAG Programming Table 

Transm it/ 
Receive Supported 

Nibble Baud 1 6X by 

Loaded Rate Clock SETCOM 
OH 50 0.8 kHz Yes 
1 H  75 1 .2 kHz Yes 
2H 1 1 0  1 .76 kHz Yes 
3H 1 34.5 2. 1 523 kHz Yes 
4H 1 50 2.4 kHz Yes 
5H 300 4.8 kHz Yes 
6H 600 9.6 kHz Yes 
7H 1 200 1 9 .2 kHz Yes 
8H 1 800 28.8 kHz Yes 
9H 2000 32.081 kHz Yes 
AH 2400 38.4 kHz Yes 
BH 3600 57.6 kHz Yes 
CH 4800 76.8 kHz Yes 
DH 7200 1 1 5 .2 kHz Yes 
EH 9600 1 53.6 kHz Yes 
FH 1 9200 307.2 kHz Yes 

The RS-232C circuit is port mapped and the ports used are E8 
to EB. Following is a description of each port on both input and 
output. 

Port Input Output 
E8 Modem status Master Reset, enables UART 

control register load 
EA UART status UART control register load and 

modem control 
E9 Not Used Baud rate register load enable 

bit 
EB Receiver Holding Transmitter Holding register 

register 

Interrupts are supported in the RS-232C circuit by the Interrupt 
mask register (U92) and the Status register (U44) which allow 
the CPU to see which kind of interrupt has occurred. I nterrupts 
can be generated on receiver data register ful l ,  transmitter reg
ister empty, and any one of the errors - parity, framing, or data 
overrun. This allows a minimum of CPU overhead in transfer
ring data to or from the UART. The interrupt mask register is 
port EO (write) and the interrupt status register is port EO (read). 
Refer to the 10 Port description for a full breakdown of all inter
rupts and their bit positions. 



All Model l ,  I l l ,  and 4 software written for the RS-232-C interface 
is compatible with the Model 4P RS-232-C circuit, provided the 
software does not use the sense switches to configure the in
terface. The programmer can get around this problem by di
rectly prog ramming  the B R G  and UART for the  des i red 
configuration or by using the SETCOM command of the disk 
operating system to configure the interface . The TRS-80 RS-
232C Interface hardware manual has a good discussion of the 
RS-232C standard and specific programming examples (Cat
alog Number 26-1 1 45) .  

Pinout Listing 

The following l ist is a pinout description of the DB-25 connector 
(P1 ) . 

Pin No. 
1 
2 
3 
4 
5 
6 
7 
8 

1 9  
20 
22 

Signal 

PGND (Protective Ground) 
TD (Transmit Data) 
RD (Receive Data) 
RTS (Request to Send) 
CTS (Clear To Send) 
DSR (Data Set Ready) 
SGND (Signal Ground) 
CD (Carrier Detect) 
SRTS (Spare Request to Send) 
DTR (Data Terminal Ready) 
Rl (Ring Indicate) 
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5.1 .17 CPU Board Troubleshooting Guide 

This section is a general guide for service personnel to check 
out and troubleshoot the Modei 4P Main Logic CPU Board. Pro
cedures in section 4 Troubleshooting should be followed before 
proceeding to following steps. This guide will provide step by 
step procedures to help isolate the faulty area on the CPU 
board. Knowledge of each area of the CPU board is necessary 
to determine exact component fai lure. Refer of CPU Board 
Schematics and Theory of Operation during troubleshooting for 
specific check points and testing. 

1 .  No video messages are displayed and correct data does 
not appear at video output connector J9. 
If above condition exists, go to 2 ;  if video okay, but Model 
4P does not boot properly, go to 1 0. 
If video and boot-up is okay, go to 1 5. 

2. Check for video timing signals 1 2 M  and 1 OM and input of 
U 1 27. 
If okay, go to 3; if one or both bad, go to 7. 

3. Check for proper timing signals output from U 1 27 (SHIFT*, 
XADR7*, CRTCLK, POT*, LOAD*, LOADS*, DCLK). 
If okay, then go to 4 ;  if one or more bad, replac� U 1 27 or 
U1 28. 

4. Check if 68046 U85 is working properly and has correct in
put signals. 
If all okay, then go to 5. If bad, replace U85 or check for in
put signals where they originate. 

5. Check for timing and proper signals at U82 and U42. 
If bad, replace as necessary; if okay, go to 6 .  

6. Check shift register and repair. 

7. Check for 20M output of Y 1  pin 8. 
If okay, go to 8; if bad, replace Y1 . 

. 8. Check for outputs of U 1 26 (PCLK, RS232CLK, and 1 OM). 
If okay, then go to 9 ;  if any bad, replace U 1 26. 

9. Check for 1 2M at output of U 1 48 pin 9. 
If okay, then video should work; if bad, check U1 47, U 1 48, 
and U 1 49 and replace if necessary. 

1 0. Run Memory Test in Boot ROM by holding down period ( . )  
and toggling Reset. 
If memory checks okay, then go to 1 1  ; if not, check mem
ory circuit and/or replace RAM chips. 

1 1 .  Check Clock circuit of Floppy Disk Controller. 
If 4MHz, 2MH,  and 1 MHz okay, go to 1 2; if bad, repair or 
replace necessary components. 

1 2. Check for all incoming signals to the FDC chip U 1 3. 
If any bad , repair as necessary; if okay, go to 1 3. 
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1 3. Check all handshaking signals to FDC chip from CPU. 
If okay, go to 1 4 ; if bad , repair as necessary. 

1 4. Check Data Bus and control l ines. 
If okay, then problem still exists in Floppy Disk Circuit or 
Floppy Disk Drive. Refer to each section accordingly. If 
bad, replace as necessary. 

1 5. If unit boots okay, then boot Modei 4P Diagnostics Diskette 
and exe�ute each diagnostic to isolate any m inor problems 
on CPU Board. 
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Parts L i s t  

Mai n  PCB Ass emb ly , Model 4 P  Computer 
======= = = = = = = = = = = = == = =========== = = = = = = = = = = = = = = = = = = == = ========= 

I tem Sym Des c r i p t i o n  Part Number 
======= = = = = = = = = = = = = = == = = ================== = == = == = = = = = = = = = = = = = =  

1 1 PCB , Mai n  Log i c  8 7 � 9 4 2 7  
2 2 1  S tak i ng P i n  8 5 2 9� 1 4 
3 1 Socket , 8 - P i n  D I P  ( 0 7 9 ) 8 5 � 9 � 1 1  
4 1 6  Socket , 1 6 -P i n  D I P  ( 0 1 1 5 - 1 3 � ) 8 5 � 9� � 3  
5 1 Socket , 1 8 - P i n  D I P  ( 0 7 6 ) 8 5 � 9��6 
6 1� Soc ket , 2 � - P i n  D I P  ( 0 3 9 - 4 1 , 8 5 � 9�� 9 

4 7 , 5� , 5 1 , 6 2 , 6 3 , 8 4 , 1 1� ) 
7 3 Soc ket , 2 4 - P i n  D I P  ( 0 1 6 , 2 4 , 4 4 )  8 5 � 9��1 
8 4 S ocket , 4�-P i n  D I P  ( 0 2 6 , 4 3 ,  8 5 � 9� � 2  

0 7 2 , 8 1 )  
9 1 Connector , 4 - P i n  ( J8 ) 8 5 1 9 2 1� 
1� 1 C on nector , 3 - P i n  ( Jl� ) 
1 1  1 C onnec tor , 6 - P i n ( J 9 )  8 5 1 9 2 1 1  
1 2  1 C onnector , Dual 8 ( J6 }  8 5 1 9 1 8 4  
1 3  1 Connector , 3 4- P i n  ( J5 ) 
1 4  1 C onnector , 3 4 - P i n  ( J 7 ) 
1 5  1 C onnector , 2 5 - P i n  ( J 4 )  8 5 1 9 1� 9  

B l  T ransduc er , Sound 8 4 9�� � 3  

Cl  Capac i t or , . 1  mfd , 5�v Mono Axi a l  8 3 7 4 1� 4  
t h ru 
C l l  
C l 3  C apac i t or , . 1  mfd , 5�v Mono Axi a l  8 3 7 4 1 � 4  
C l 5  C apac i t or , . 1 mfd , 5�v Mono Axi a l  8 3 7 4 1 � 4  
thru 
C 2 �  
C 2 2  C apac i t or , . 1  mfd , 5�v Mono Axi a l  8 3 7 4 1 � 4  
t h ru 
C 4 8  
c 5 �  C apac i t or , . 1  rnfd , 5�v Mono Axi a l  8 3 7 4 1� 4  
t hru 
C 6 4  
C 6 6  C apac i t or , . 1  rnfd , 5�v Mono Axi a l  8 3 7 4 1 � 4  
t hru 
C 8 8  
C 9� C apac i tor , . 1  mfd , 5�V Mono Ax i a l  8 3 7 4 1 � 4  
t h ru 
C l 3 $1  



Part s  L i s t  

Mai n  PCB As s emb ly , Model 4 P  Compu ter 
= = = = = = = = = = = = = = = = = = = = = = == = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = == 

I tem Sym D es c r i pt i on Part Number 
= = = = = = = = = = = = = = = = = = = = = = == = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

C l 3 l  
t h ru 
C l 3 8  
C l 3 9 
C l 4,0 
C l 4 l  
C l 4 2  
C l 4 3  
Cl 4 4  
C l 4 5 
C l 46 
C l 4 8  
Cl 4 9  
C l 5 ,0  
t h ru 
C l 5 2  
C l 5 3  
C l 5 4 
C l 5 5  
Cl5 6 
C l 5 7 
C l 5 8 
C l 5 9 
C l 6 l  
C l 6 2  
C l 6 6  
C l 7 2  
C l 7 6  
C l 8 l  
C2,0,0 
C 2 ,0 l  
C 2,02 
C 2 ,0 3  
C 2 ,0 4  
C 2 ,0 5  

CRl 

Q l  
Q 2  

C apac itor , 2 2  mfd , l 6V Elec Rad i a l  8 3 2 6 2 2 1  

C apac itor , 1,0,0,0 pfd , 5,0V Cer D i s k  
C apac i tor , . ,02 2  mfd , 5 ,0 V  C e r  D i sk 
C apac i tor , . ,0 2 2  mfd , 5,0V Cer D i s k  
C apac i t or , 3 3  pfd , 5,0V Cer D i sk 
C apac i tor , 1 5 ,0,0 pfd , 5,0V Cer D i s k  
Capac itor , 1 5,0,0 pfd , 5,0V Cer D i s k  
C apac i t or , . l  mfd , 5,0V Mono Axi a l  
C apac i tor , . l  mfd , 5 ,0V Mono Axi a l  
C apac i t or , 9 - 3 5  mfd , Tr immer 
Capac i t or , . l  mfd , 5,0V Mono Axi a l  
C apac i t or , 1 8,0 pfd , 5 ,0V C . D i s k  Z 5U 

8 3 ,0 2 1,0 4  
8 3 ,0 3 2 2 4  
8 3 ,0 3 2 2 4  
8 3,0,03 3 4  

8 3 7 4 1 ,0 4  
8 3 7 4 1 ,0 4  

8 3 7 4 1 ,0 4  
8 3,0 1 1 8 4 

-C apac i tor , 1,0,0 pfd , 5,0V Cer D i s k  8 3,0 1 1 ,0 4  
C apac itor , 4 7,0 pfd , 5,0V Cer D i s k  8 3,0 1 4 7 4  
C apac i t or , 1 8 ,0  pfd , 5,0V Cer D i s k Z 5U 8 3 ,01 1 8 4  
C apac i tor , 1,0,0 pfd , 5,0V Cer D i s k  8 3,0 1 1,0 4  
C apac i t or , 3 3  mfd , l 6V E lec Rad i a l  8 3 2 6 3 3 1  
C apac i tor , 2,0,0 pfd , 5 ,0V Cer D i s k  Z 5 U  8 3 ,012 2 3  
C apac itor , . l  mfd , 5,0V Mono Axi a l  8 3 7 4 1 ,0 4  
C apac i t or , 1,0 mfd , l 6V Elec Rad i a l  8 3 2 6 1,01 
Capac i t or , 1,0 mfd , l 6V Elec Rad i a l  8 3 2 6 1,01 
C apac i t or , . l  mfd , 5 ,0V Mono Axi a l  8 3 7 4 1 ,0 4  
C apac i t or , . l  mfd , 5,0V Mono Axi a l  8 3 7 4 1 ,0 4  
C apac i t or , . l  mfd , 5 ,0V Mono Axi a l  8 3 7 4 1 ,0 4  
C apac i t or , . l  mfd , 5 ,0 V  Mono Axi a l  8 3 7 4 1 ,0 4  
Capac i t or , . l  mfd , 5 ,0 V  Mono Axi a l  8 3 7 4 1 ,0 4  
C apac i t or , 2 2  mfd , l 6V Elec Rad i a l  8 3 2 6 2 2 1  
C apac i tor , 1 ,0  mfd , l 6V Elec Rad i a l  8 3 2 6 1,0 1  
C apac i t or , . l  mfd , 5 ,0V Mono Axi a l  8 3 7 4 1 ,0 4  
C apac i tor , 1,0 mfd , l 6V Elec Rad i a l  8 3 2 6 1,0 1  
C apac i tor , 1 ,0 ,0  pfd , 5 ,0V C e r  D i sk 8 3,0 1 1,0 4  

D iode , l N4 1 4 8  

T ran s i stor , 2 N 3 9,06 
Trans i s tor , 2 N 3 9,06 

80 

8 1 5,01 4 8  

8 1,0,09,06 
8 1,0,09,06 



Parts Li st 

Mai n  PCB As s embly , Model 4 P  Computer 
= == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = == = = = = = = = = = = = = =  
I tem Sym D es c r i p t i o n  Part Number 
= = = = = = = = = = == = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = = = = =  

Rl 
R2 
R3  
t h ru 
R 5  
R 6  
R 7  
R 8  
R9  
Rll 
Rl2 
Rl3 
Rl4 
Rl5 
Rl 6 
R l 7  
Rl8 
Rl 9 
R2,0 
t h ru 
2 3  
R2 4 
R2 5 
R2 6 
R2 7 
R2 8 
R2 9 
R3,0 
R3 1 
t h ru 
R 3 3  
R 3 4  
R 3 6  
R3 7 
t h ru 
R 3 9  
R 4 2  
R 4 3  
R 4 4  
t hru 
4 6  

RP l 
RP2 
RP3 

Res i stor , 7 5 ,0  ohm , l/ 4W 5 %  
Res i stor , 1,0,0 kohm , l/ 4W 5 %  
Res i s tor , 4 . 7  kohm , l/ 4W 5 %  

Res i s tor , 2 2  ohm , l / 4 W  5 %  
Res i s tor , 2 2,0 ohm , l/ 4W 5 %  
Res i stor , 1 . 2  kohm , l/ 4W 5 %  
Res i stor , 2 . 2  kohm , l/ 4W 5 %  
Res i s tor , 1 ,0,0 ohm , l/ 4W 5 %  
Res i stor , 1 3 ,0  ohm , l/ 4W 5 %  
Res i s tor , 1 3 ,0  oh� , l/ 4W 5 %  
Res i stor , 1 kohm , l/ 4W 5 %  
Res i stor , 1 kohm , l/ 4W 5 %  
Res i s tor , 3 kohm , l/ 4W 5 %  
Res i s tor , 8 2,0 ohm , l/ 4W 5 %  
Res i stor , 2 ,0,0 ohm , l/ 4W 5 %  
Res i s tor , 1 6,0 kohm , l/ 4W 5 %  
Res i stor , 2 7  ohm , l/ 4W 5 %  

Res i stor , 9 1 ,0  ohm , l/ 4W 5 %  
Res i stor , 9 1 ,0  ohm , l/ 4W 5 %  
Res i s tor , 1 5 ,0  ohm , l/ 4W 5 %  
Res i stor , 1 ,0  kohm , l/ 4W 5 %  
Res i stor , 1 ,0  kohm , l/ 4W 5 %  
Res i stor , 2 7,0 kohm , l/ 4W 5 %  
Res i stor , 2,0  kohm , l/ 4W 5 %  
Res i stor , 4 . 7  kohm , l/ 4W 5 %  

Res i stor , 3 . 6  kohm , l/ 4W 5 %  
Res i stor , 1 2 ,0  ohm , l/ 4W 5 %  
Res i stor , 1 5 ,0  ohm , l/ 4W 5 %  

Res i stor , 4 . 7  kohm , l/ 4W 5 %  
Res i s tor , 1 ,0  kohm , l/ 4W 5 %  
Res i stor , 

Res i s tor Pak 2 7  ohm , 1 6 -P i n  D I P  
Res i s tor P a k  1 . 5  kohm , 1 ,0 - P i n  S I P  
Res i stor Pak 1 5 ,0  ohm , 1,0-P i n  S I P  

81 

8 2 ,0 7 1 7 5  
8 2,0 7 4 1 ,0  
8 2,0 7 2 4 7 

8 2,0 7 ,0 2 2  
8 2 ,07 1 2 2 
8 2 ,07 2 1 2  
8 2,07 2 2 2  
8 2 ,0 7 1 1,0 
8 2 ,07 1 1 3  
8 2,07 1 1 3  
8 2 ,0 7 2 1 ,0  
8 2,07 2 1,0 
8 2 ,0 7 2 3 ,0  
8 2 ,0 7 1 8 2  
8 2,07 1 2 ,0  
8 2 ,0 7 4 1 6  
8 2 ,0 7 ,0 2 7  

8 2,0 7 1 9 1  
8 2,07 1 9 1  
8 2,0 7 1 1 5  
8 2 ,0 7 3 1,0 
8 2 ,0 7 3 1,0 
8 2 ,0 7 4 2 7  
8 2 ,0 7 3 2 ,0  
8 2 ,0 7 2 4 7  

8 2 ,0 7 2 3 6  
8 2 ,0 7 1 1 2  
8 2,0 7 1 1 5  

8 2,07 2 4 7  
8 2,07 3 1,0 

8 2 9,0,0 2 7  
8 2 9,0,01 5 
8 2 9,0,01 3 



Par t s  L i s t  

Mai n  P C B  A s s embly , Model 4P Computer 
= = = = = = = = = = = = = == = = = = = = = = = = = = = = = = === = = = = = == = = = = = = = = = = = = = = = = = = = = =  

I tem S ym D es c r i p t i o n  P a r t  Number 
= = = = = = = = = = = = = = = = = = = = == = = = = = = == = = = = = = == = = = = = = = = == = = = = = = = = = = = = = =  

U l  
U 2  
U 3  
U 4  
u s  
U 6  
U 7  
U 8  
U 9  
U l.0 
U l l  
U l 3  
UlS  
Ul6  
Ul7  
Ul8  
U l 9  
U2.0 
U 2 2  
U 2 3  
U 2 4  
U 2 5  
U 2 6  
U 2 7  
U 2 8  
U 2 9  
U 3 .0  
U 3 1  
U 3 2  
U 3 3  
U 3 4  
U 3 5  
U 3 6  
U 3 7  
U 3 8  
U 3 9  
U 4_0 
U 4 1  
U 4 2  
U 4 3  
U 4 4  
U 45 
U 4 6  

IC , 7 4LS 1 2 3 , Mul t iv i brator 
IC , 7 4LS 3 7 4 ,  F l i p  Flop 
IC � 7 4 LS 2 4 4 , Octal Buffer 
IC , 7 4LS 3 8 , Quad 2 - Input NAND 
IC , 7 4LS_0 8 , Quad 2 - Input AND 
IC , 7 4 LS.0 4 , Hex I nverter 
IC , 7 4LS 2 4 5 , Trans cei ver 
IC , 7 4LS 2 4 4 , Octal Buffer 
IC , 7 4LS 3 6 7 , Hex Dr iver 
IC , 7 4LS.0 4 , Hex Inverter 
IC , 7 4LS 7 4 , F l i p  Flop 
IC , 7 4LS_0 2 , 2 - I nput NOR 
IC , 7 4 S 3 2 , Quad 2 - I nput OR 
IC , MCM6 8 A3 1 6 E ,  C haracter ROM 
IC , 7 4LS 2 4 4 , Octal Bu ffer 
IC , 7 4 SLS 1 6 6 ,  8 -B i t  S h i f t  Reg 
IC , 7 4LS 1 7 5 , Quad F l i p  .Flop 
IC , 7 4 S.04 , Hex I nverter 
IC , 7 4LS 1 5 3 , Mu l t i p l exer 
IC , 7 4 LS 2 4 4 , Octal Buffer 
IC , 4_01 6 , 2 K  x 8 RAM Stat i c  
IC , 7 4LS 1 5 7 , Mu lti plexer 
IC , 6 8 .0  4 5 , C RTC 
IC , 7 4LS 2 7 3 , F l i p  Flop 
IC , 7 4LS 3 7 3 , Octal Latch 
IC , 7 4LS 15 7 , Mul t i plexer 
IC , 7 4 LS 1 4 , Hex I nverter 
IC , 7 4LS_02 , 2 - I nput NOR 
IC , 7 4 LS _0 8 , Quad 2 - I nput AND 
IC , 7 4LS _0_0 , Quad 2 - Input NAND 
IC , 7 4LS 1 5 7 , Mul t i plexer 
IC , 7 4LS 5 1 , AND -OR Inverter 
IC , 7 4LS _0_0 , Quad 2 - I nput NAND 
I C , 7 4 LS 8 6 , Quad 2 - Input OR 
IC , 7 4LS 3 6 8 , Hex D r i ver 
IC , 7 4LS 2 4 4 , Octal Buffer 
IC , 7 4LS 2 4 5 , Tran s c e i ver 
IC , 7 4 LS 2 4 4 , Oc tal Buffer 
IC , 7 4 F.0 4 , Hex I nverter 
IC , Z 8_0A , C PU 
IC , MCM 6 8A3 2 2 , Boot ROM 
IC , 7 4 LS 1 3 8 , 1 of 8 D emult i pl exer 
IC , 7 4LS 1 3 8 ,  1 of 8 Demulti pl exer 

82 

8 .0 2 .01 2 3 
8.02.03 7 4  
8.02.02 4 4  
8.02.0.0 3 8  
8 .0 2 .0.0.08 
8.02.0.0.0 4  
8.02.0 2 45 
8.02 .0 2 4 4  
8 .0 2 .0 3 6 7  
8.02.0.0.04 
8 .0 2 .0�7 4 
8.02.0.0.02 
8.01.0.0 3 2  
8 .0 4 9.0�7 
8.02.0 2 4 4  
8.02.01 6 6  
8.02.01 7 5  
8.01.0.0� 4 
8.02.0 1 5 3 
8.02.0 2 4 4  
8.0 4.01 1 6  
8.02.01 5 7  
8 .0 4.0.0 4 5  
8.02 .0 2 7 3  
8 .0 2.0 3 7 3  
8.02.01 5 7  
8 .0 2 .0.0 1 4  
8 .02 .0.0�2 
8 .02 .0.0.0 8 
8 .0 2.0.0.0.0 
8.02.01 5 7  
8 .0 2 .0.05 1 
8 .0 2 .0��� 
8 .0 2 .0.0 8 6  
8 .0 2.0 3 6 8  
8.02.0 2 4 4  
8.02.0 2 45 
8.02 .0 2 4 4  
8_01 5 �.0 4  
8.0 4 7 8 8.0 

8.02.01 3 8  
8.02.01 3 8  



Parts L i s t  

Mai n  PCB Ass embly , Mode l  4 P  Computer 
=== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = =  
I tem Sym D es c r i pt i o n  Part Number 
= == = = = = = = = = = = = = = == = = = == == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

U 4 7  
U 4 8  
U 5 J;f  
U 5 1  
U 5 2  
U 5 3  
U 5 4  
U 5 5  
U 5 6  
U 5 7  
U 5 8  
U 5 9  
U 6 J;f  
U 6 2  
U 6 3  
U 6 4  
U 6 6  
U 6 7  
U 6 8  
U 6 9  
U 7J;f 
U 7 1  
U 7 2  
U 7 3  
U 7 4  
V 7 5  
U 7 6  
U 7 7  
U 7 8  
U 7 9  
U8J;f 
U 8 1  
U 8 2  
U 8 3  
U8 4 
U 8 5  
U 8 6  
U 8 7  
U 8 8  
U 9J;f 
U 9 1  
U 9 2  
U 93 
U 9 4  

IC , PALlJ;fL 8 , Control D ecode 
I C , 7 4LS 9J;f ,  C ounter 
IC , PAL 1 6 R 6 A ,  System T i mi ng 
I C , PALlJ;fL8 , Video T imi ng 
IC , NE5 6 4 , PLL/VCO 
IC , 7 4LSJ;f 4 , Bi nary Counter 
IC , 7 4LS 1 6 1 , Counter 
IC , 7 4LS 1 3 8 , 1 o f  8 Demu l t i plexer 
IC , 7 4 LS 2 4 4 , Octal Buffer 
IC , 7 4 LS 1 7 4 ,  F l i p  Flop 
IC , 7 4LS 2 7 3 ,  F l i p  Flop 
IC , 7 4LS 1 7 4 ,  F l i p  Flop 
IC , 7 4 LS 7 4 , F l i p  Flop 
I C , PAL1 6 LS , Memory Map 
IC , PAL1 6 L8 , P ag e  Map 
IC , 7 4LS 3 2 , Quad 2 - I nput OR 
IC , 1 4 8 8 , D r i v er 
I C , 1 4 8 9 ,  Rec e iver 
IC , 1 4 8 9 ,  Rec e i ver 
IC , 7 4LS 2 4 4 , Oc tal Buffer 
IC , 7 4 LS 3 6 7 , Hex Dr iver 
IC , 7 4LS 2 7 , Tr i ple 3 - I nput NOR 
IC , TR 18 6 5 , UART 
IC , 7 4LS 1 7 4 ,  F l i p  Flop 
IC , 7 4 LS 3 6 7 , Hex Dr iver 
IC , 7 4 LS 1 3 9 , 1 o f  4 Demu l t i p l exe r 
IC , BR1 9 4 3 -J:fJ;f , C lock Generator 
I C , 7 4 LS 3 8 , Quad 2 - I nput NAND 
IC , 7 4LSJ;f 4 , Hex I nverter 
IC , FDC 9 2 1 6 
IC , 7 4LS 2 4 5 , Transceiver 
IC , WD 1 7 9 3  
IC , 7 4 LS 2 6 J:f , 5 - I nput NOR 
IC , 7 4 1 6 , Hex I nverter 
IC , 7 4 LS 2 4 5 , Transceiver 
IC , 7 4LSJ;f2 , 2 - I nput NOR 
IC , 7 4 LS 1 7 4 ,  F l i p  F lop 
IC , 7 4LS J;f 4 , Hex I nverter 
IC , 7 4LS 3 6 8 , Hex Dr iver 
IC , 7 4LS 3 8 , Quad 2 - I nput NAND 
IC , 7 4 1 6 , Hex I nverter 
IC , 7 4 LS 9 3 , B i nary Counter 
IC , 7 4 1 6 , Hex I nverter 
IC , 7 4 LSJ;f8 , Quad 2 - I nput AND 
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8J;f7 5 6 J;f 8  
8J;f2J;fJ:f 9J:f 
8 J;f 7 5 J;f 6 6 
8 J;f 7 5 7J;f 8  
8J;f 4J:f5 6 4  
8J;f2J:fJ:fJ:f 4 
8,02,0 1 6 1  
8 ,02 ,0 1 3 8  
8 ,0 2 J;f 2 4 4  
8,02 ,0 1 7 4  
8,02 ,0 2 7 3  
8 ,0 2 ,0 1 7 4  
8 ,0 2 ,0J;f 7 4 
8,07 5 6 6 8  
8 J;f7 5 5 6 8  
8 ,0 2 ,0J;f 3 2  
8,05 ,0 1 8 8  
8,05 J;f l 8 9  
8 ,0 5 J;f l 8 9  
8 ,0 2 ,0 2 4 4 
8 ,0 2 ,0 3 6 7  
8 J;f2,0J;f2 7 
8 ,0 4,0 8 6 5  
8,02 ,0 1 7 4  
8 ,0 2,0 3 6 7  
8 ,0 2 ,01 3 9  
8 J;f 4J:f 9 4 3  
8 J;f 2 ,0J;f 3 8  
8,02.0J:fJ:f4 
8 ,0 4J;f 2 1 6  
8,02 ,0 2 4 5  
8 ,0 3,0 7 9 3  
8J;f2J;f 2 6 J;f  
8,0J;fJ:fJ:fl 6 
8,02 ,0 2 4 5  
8,02J;f,0J;f2 
8 J;f 2 ,0 1 7 4  
8J;f2,0J;f�4 
8 ,0 2 ,0 3 6 8  
8 ,0 2 ,0J;f 3 8  
8,0,0,0,01 6  
8 ,0 2 ,0J;f 9 3  
8,0�J:f,0 1 6  
8 ,0 2 .0J:fJ:f8 



Par ts L i s t  

Mai n  PCB Ass embly , Mod e l  4P Computer 
=== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = = = � = = = =  

Item S ym D es c r i pt i o n  Part Number 
= = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = ======= = = = = = = = = = = = = = = = = = = = == = =  

U 95 IC , 7 4 LS,0 4 ,  Hex I nve rter 8,02,0fcffcf 4 
U 9 6  IC , 7 4LS!cffcf , Quad 2 - Input NAND 8 fcf2 ,0fcffcffcf 
U 9 7  IC , 7 4LS 7 4 , F l i p  Flop 8fcf2 fcffcf7 4  
U 98 IC , 7 4 LS,0fcf , Quad 2 - I nput NAND 8fcf 2fcffcffcffcf 
U 9 9  IC , 7 4LS 1 9 5 , S h i f t  Reg i ster 8,02,01 9 5  
U lfcffcf IC , 7 4LS 2 4fcf ,  Octa l  Buffer 8fcf2 ,0 2 4fcf 
U lfcfl IC , 7 4LS 3 2 , Quad 2 - Input OR 8,02 ,0fcf 3 2  
U lfcf2 IC , 7 4 LS 7 4 , F l i p F lop 8,02 fcffcf 7 4  
U lfcf 4  IC , Delay L i n e  8 4 2 9 fcf2,0 
U lfcf5 IC , 7 4LS 7 4 , F l i p  Flop 8,02,0fcf 7 4  
U l,06 IC , MC 1 4,0 4fcf , B i nary Counter 8,03,0,0 4 ,0  
U l,07 I C , 7 4LS 12 3 ,  Mul t i  v i brator 8,02,01 2 3  
U lfcf 8  IC , 7 4LS 15 7 ,  Mul t i pl exer 8,02,01 5 7  
U lfcf 9  IC , 7 4LS 1 5 7 , Mul t i pl exer 8fcf2 fcfl 5 7  
U ll,0 IC , 7 4 LS 2 4 5 , Transceiver 8fcf2 ,0 2 4 5  
U l l l  IC , 7 4 8 6 4 ,  AND -OR I nverter 8 fcfl,0fcf 6 4  
U l l 2  IC , 7 4 8 3 2 , Quad 2 - Input OR 8,01,0fcf 3 2  
U l l 3  IC , 7 4 8 1 1 2 , J- K Fl i p  Flop 8fcfl fcfl l 2  
U l l 4  IC , 7 4 Ffcf 8 ,  Quad 2 - I nput AND 8 fcfl 5 fcffcf 8 
U l l 5  IC , MCM6 6 6 5 , 6 4K DRAM , 2,0fcf n s ec 8fcf 4fcf6 6 5  
t h ru 
U l 3 fcf  
U l 3 1  IC , 7 4LS 2 8 3 ,  B i nary Adder 8,02,0 2 8 3  
U l 6 1  IC , 7 4 LS l l , Tr i pl e  3 - Input AND 8 � ? fcffcf l l  

Yl C rystal , 2,0 . 2 7 5 2  MH Z 8 4,0 9fcf 3 2  
Y2 C ry s ta l , 4 MH Z 8 4fcf 9 ,0 lfcf 
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4P GATE ARRAY THEORY OF OPERATION 
5.2 CPU THEORY OF OPERATION 

5.2.1 Introduction 

Contained in the following paragraphs is a description of the 
component parts of the Mode1 4P CPU Gate Array. It is divided 
into the logical operational functions of the computer. All com
ponents are located on the Main CPU board inside the case 
housing .  Refer to Section 3 for d isassemb ly/assembly 
procedures. 

5.2.2 Reset Circuit 

The Model 4P reset circuit provides the neccessary reset 
pulses to all circuits during power up and reset operations. R25 
and C21 4 provide a time constant which holds the input of U 1 21 
low during power-up. This allows power to be stable to all cir
cuits before the RESET* and R ESET signals are applied. When 
C21 4  charges to a logic high,  the output of U 1 2 1  triggers the 
input of a retriggerable one-shot multivibrator (U1  ). U1 outputs 
a pulse with an approximate width of 70 microsecs. When the 
reset switch is pressed on the front panel, this discharges C21 4  
and holds the input of U 1 2 1  low until the switch i s  released. On 
release of the switch, C21 4  again charges up, triggering U 1 21 
and U1 to reset the microcomputer. Another signal POWRST* 
is generated to clear drive select circuit immediately when 
reset switch is pressed. 

5.2.3 CPU 

The central processing unit (CPU) of the Model 4P microcom
puter is a Z80A microprocessor. The Z80A is capable of run
ning in either 2 MHz or 4 MHz mode. The CPU controls all 
functions of the microcomputer through use of its address lines 
(AO-A 1 5) ,  data l ines (00-07), and control lines (/M1 , / IOREQ, 
/RO, /WR, /MREQ, and /RFSH). The address l ines (AO-A 1 5) 
are buffered to other ICs through two 74LS244s (U67 and U27) 
which are enabled all the time with their enables pulled to GNO. 
The control lines are buffered to other ICs through a 74F04 
(U87). The data lines (00-07) are buffered through a bi-direc
tional 74LS245 (U86) which is enabled by BUSEN* and the di
rection is controlled by BUSOIR* .  

5.2.4 System Timing 

The main timing reference of  the microcomputer, with the 
exception of the FOC circuit, is generated by a Gate Array 
U148 and a 20.2752 M Hz Crystal. This reference is inter
nally divided in the Gate Array to generate all necessary tim
ing for the CPU, video circuit, and RS-232-C circuit. The 
CPU clock is generated U 1 48 which can be either 2 or 
4MHz depending on the logic state of FAST input (pin 6 of 
U148). If FAST is a logic low, the U 1 48 generates a 2.02752 
MHz clock.  If FAST is a log ic  h i g h ,  U 1 48 generates a 
4 . 05504 M H z  s igna l .  P C L K  ( p i n  2 3  of U 1 48)  i s  f i l tered 
through a ferrite bead (FB2) and 22!1 Resistor (R9) and then 
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fed to the CPU U45. PCLK is generated as a symmetrical 
clock and is never al lowed to be short cycled. (eg .)  Not al
l owed to g e n e r a t e  a l o w  o r  h i g h  p u l s e u n d e r  1 1 0 
nanoseconds. 

5.2.4.1 Video Timing 

The video timing is also generated by U 1 48 with the he lp of a 
PLL Multiplier Module (PMM) U 1 46 .  These two ICs generate all 
the necessary timing signals for the four video modes: 64 x 1 6, 
32 x 1 6, 80 x 24, and 40 x 24. Two reference clocks are required 
for the four video modes. One reference clock is 1 0. 1 376 MHz. 
It is generated internally to U 1 48, and is used by the 64 x 1 6  and 
32 x 1 6  modes. The second reference clock is a 1 2.672 MHz 
(1 2M) clock which is generated by the PMM U1 46. 1 2M clock 
is used by the 80 x 24 and 40 x 24 modes. A 1 .2672 MHz 
(1 .2M1 6) signal is output from pin 3 of U 1 48 and is generated 
from the master reference clock, the 20.2752 MHz crystal. 
1 .2M1 6  is used for a reference clock for the PMM. The PMM is 
internally set to oscillate at 1 2.672 MHz which is output as 1 2M.  
U 1 48 divides 1 2M by 10  to  generate a second 1 .2672 MHz 
clock (1 .2M1 0) which is fed into pin 5 of U 1 46 (PMM). The two 
1 .2672 MHz signals are internally compared in the PMM where 
it corrects the 1 2.672 M Hz output so it is synchronized with the 
20.2752 MHz clock. 

MOOSEL and 8064* signals are used to select the desired 
video mode. 8064* controls which reference clock is used by 
U1 27 and MOOSEL controls the single or double character 
width mode. Refer to the following chart for selecting each 
video mode. 

8064* 
0 
0 

MOOSEL 
0 

0 

Video Mode 
64 X 1 6  
3 2  X 1 6  
80 X 24 
40 x 24 

*This is the state to be written to latch U85. Signal is inverted 
before being input to U i 48. 
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DCLK, the reference clock selected, is output from U 1 48. U 1 48 
generates SHIFT*, XADR7*, CRTCLK, LOADS*, and LOAD* 
Jor proper tim in� for the four video modes. U 1 49 also generated 
H, I ,  and J which are fed to the Graphics Port J7 for reference 
timings of Hires graphics video. Refer to Video Timing, Figs. 5-
3 and 5-4 for timing reference. 

5.2.5 Address Decode 

The Address Decode section will be divided into two subsec
tions: Memory Map decoding and Port Map decoding. 

5.2.5.1  Memory Map Decoding 

Memory Map Decoding is accomplished by Gate Array 4.2 
(U1  06) .  Four memory map modes are available which are com
patible with the Model l II and Model 4 microcomputers. U1 06 is 
used for memory map control which also controls page map
ping of the 32K RAM pages. Refer to Memory Maps below. 

5.2.5.2 Port Map Decoding 

Port Map Decoding is accomplished by Gate Array 4.2 (U106). 
U1  06 decodes the low order address (AO-A7) from the CPU 
and decodes the port being selected. The IN* signal allows the 
CPU to read from a selected port and the OUT* signal allows 
the CPU to write to the selected port. Refer to 10 Port 
Assignment. 

5.2.6 ROM 

The Model 4P contains only a 4K x 8 Boot ROM (U69). This 
ROM is used only to boot up a Disk Operating System into the 
RAM memory. If Model I l l  operation or DOS is required, then 
the RAM from location 0000-37FFH must be loaded with an im
age of the Model l I I  or 4 ROM code and then executed . A sys
tem program called MODEL A/I l l  is supplied with the Modei 4P 
to provide the ROM image for proper Model I l l  operation. On 
power-up, the Boot ROM is selected and mapped into location 
0000-0FFFH. If the Boot ROM is not required after boot up, the 
Boot ROM must be mapped out by OUTing !o port 9CH with DO 
set or by selecting Memory Map modes 2 or 3.  In Mode 1 the 
RAM is write enabled for the fuii 1 4K. This allows the RAM area 
mapped where Boot ROM is located to be written to while ex
ecuting out of the Boot ROM. Refer to Memory Maps. 

The Model 4P Boot ROM contains al l the code necessary to 
initialize hardware, detect options selected from the keyboard, 
read a sector from a hard disk or floppy, and load a copy of the 
Model I l l  ROM-Image (as mentioned) into the lower 1 4K of 
RAM. 
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The firmware is divided into the following routines: 

* Hardware Initialization 
* Keyboard Scanner 
* Control 
* Floppy and Hard Disk Driver 
* Disk Directory Searcher 
* File Loader 
* Error·Handler and Displayer 
* RS-232 Boot 
* Diagnostic Package 

Theory of Operation 

This section describes the operation of various routines in the 
ROM. Normally, the ROM is not addressable by normal use. 
However, there are several routines that are available through 
fixed calling locations and these may be used by operating sys
tems that are booting. 

On a power-up or R ESET condition, the Z80's program counter 
is set to address 0 and the boot ROM is switched-in. The mem
ory map of the system is set to Mode 0. (See Memory Map for 
detai ls.) This will cause the Z80 to fetch instructions from the 
boot ROM. 

The Initialization section of the Boot ROM now performs these 
functions: 

1 .  Disables maskable and non-maskable interrupts 
2. I nterrupt mode 1 is selected 
3. Programs the CRT Controller 
4. Initializes the boot ROM control areas in RAM. 
5. Sets up a stack pointer 
6. Issues a Force Interrupt to the Floppy Disk Controller 

to abort any current activity 
7. Sets the system clock to 4mhz 
8. Sets the screen to 64 x 1 6  
9 .  Disables reverse video and the alternate character 

sets 
1 0. Tests for < . > key being pressed* 
1 1 .  Clears all 2K of video memory 

* This is a special test. If the < . > is being pressed, then 
control is transferred to the diagnostic package in the 
ROM. All other keys are scanned via the Keyboard 
Scanner. 
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The Keyboard scanner is now called. It scans the keyboard for 
a set period of time and returns several parameters based on 
which, if any, keys were pressed. 

The keyboard scanner checks for several different groups of 
keys. These are shown below: 

Function Group 

<F1 > 
< F2> 
< F3> 
< 1 >  
<2> 
<3> 

<Left-Shift> 
< Right-Shift> 

<Ctrl> 
<Caps> 

Special Keys 
< P> 
< L> 
< N >  

Selection Group 

A 
B 
c 
D 
E 
F 
G 

M ise Keys 
< Enter> 
<Break> 

When any key in the Function Group is pressed, it is recorded 
in RAM and will be used by the Control routine in directing the 
action of the boot. If more than one of these keys are pressed 
during the keyboard scan, the last one detected will be the one 
that is used. The Function group keys are currently defined as: 

<F1 > or < 1 >  
<F2> or <2> 
<F3> or <3> 
<Left-Shift> 
<Right-Shift> 
<Ctrl> 
<Caps> 

Will cause hard disk boot 
Wil l cause floppy disk boot 
Will force Model I l l  mode 
Reserved for future use 
Boot from RS-232 port 
Reserved for future use 
Reserved for future use 

The Special keys are commands to the Control routine which 
direct handling of the Model I l l  ROM-image. Each key is de
tected individually. 

<P> 

<N> 

When load ing  the  Model I l l  
ROM-image, the user will be 
prompted when the disks can 
be switched o r  when  ROM 
BASIC c a n  be e n t e red by  
pressing < Break>. 
Instructs the Control routine to 
not load the Model I l l  ROM
image, even if it appears that 
the o perat ing system being 
booted requires it. 
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<L> Instructs the Control routine to 
load the Model I l l  ROM-image, 
even if it is already loaded. This 
is useful if the ROM-image has 
been corrupted or when switch
ing  ROM- i mages. ( Note that 
this wi l l  not cause the ROM
image to be loaded if the boot 
sector check indicates that the 
Model I l l  ROM image is not 
needed. Press < F3> or < F3> 
and <L> to accomplish that. 

The Selection group keys are used in determining which file will 
be read from disk when the ROM-image is loaded. For details 
of this operation, see the Disk Directory Searcher. If more than 
one of the Selection group keys are pressed, the last one de
tected will be the one that is used . 

The Miscellaneous keys are: 

<Break> 

<Enter> 

Pressing this key is simply re
corded by sett i n g  locat ion 
405BH non-zero. I t  is  up to an 
operating system to use this 
flag if desired. 
Terminates the Keyboard rou
tine. Any other keys pressed up 
to that time will be acted upon. 
< Enter> is useful for experi
enced users who do not want to 
wait until the keyboard timer 
expires. 

The Control section now takes over and follows the following 
flowchart. 



B eg i n  

Goto [ 1 ]  
( Hard D i sk Boot ) 

Goto [ 2 ] 
( F loppy D i s k  Boot ) 

Goto [ 3 ]  
( Mode l  I I I  Boot ) 

Goto [ 4 ]  
( RS - 2 3 2  B oot ) 

t h i s  poi n t , no va l i d  Fu n c t i o n  keys 

have been pressed . 

D i s p l ay an er ror 
mes s ag e . ( ARC NET ,;...--� Boot ROM requi red 
for ARCNET Boot ) 

Yes 

B 
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Attempt t o  
r ead boot 

Yes 

D i s p l ay 

Hard D i s k  
Error 

Mes sage 

Stop 



® 

D i s p l a y  
Floppy D i s k  
Error 
Mes s age 

• 

Yes 

c 

Yes 

Set Transfer 
Addr ess to 
4 3,tl,tlH 
Not e :  2 

® 
No 

® 

Not e :  1 
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Attempt to 
locate 
ROM Image 
on 

F loppy D i s k  
Note : 4 

Wri te-enable 
.tl - 3 7 FF H 
< Mode l l  

Load ROM 
Image 

Not e :  5 

Set Transfer 
Address at end 
of ROM Image 
( Norma l l y  3 ,tl l 5 H )  

Not e : 2 

No 

Set 
Transfer 
Address to 
3 ,tl l 5 H  
Note : 2 

Error 
Message 

® 
® 



D i s play 
" ROM Image 
is loaded" 
me s s age 

W a i t  for 
< ENTER> or 
< BREAK> t o  
be pres s ed 

Wr i t e- protect 
memory ( Mode � )  

S et CPU s peed 
to 2 MH z  

7 
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� 
Switch boot ROM 
out of Memory 

Jump t o  
Transfer Address 

� , 

Ini t i a l i z e  
RS - 2 3 2  Port 
Not e : 6 

W a i t  for 
C a r r i e r  Detect 

Determine 
Correct 
Baud Rate 

Transmi t Baud 
Rate Detect 
Mes sage 

I 



W a i t  f o r  
Sync Byt e  
( FFH ) 

Load program 
f r om RS- 2 3 2  

Trans f e r  
control 
to add ress 
recei ved 

Notes: 

D i s p l ay and 
t ransmi t er ror 

( 1 )  If the boot sector was not 256 bytes in length, then it is as
sumed to be a Model l I I  package, and the ROM-image wil l 
be needed. If the sector is 256 bytes in length, then the 
sector is scanned for the sequence CDxxOOH. The CD is 
the first byte of a ZBO unconditional subroutine cal l .  The 
next byte can have any value. The third byte is tested 
against a zero. What this check does is test for any refer
ences to the first 256 bytes of memory. All Radio Shack 
Model I l l  operating systems, and many other packages all 
reference the ROM at some point during the boot sector. 
Most boot sectors wil l display a message if the system can
not be loaded. To save space, these routines use the 
Model l II ROM calls to display the message. Several ROM 
calls have their entry points in the first 256 8ytes of mem
ory, and these references are detected by the boot ROM. 
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Packages that do not reference the Model I l l  ROM in the 
boot sector can still cause the Model I l l  ROM image to be 
loaded by coding a CDxxOO somewhere in the boot sector. 
It does not have to be executable. At the same time, Model 
4 packages must take care that there is no sequence of 
bytes in the boot sector that could be mis-interpreted to be 
a reference to the Boot ROM. An example of this would be 
sequence 06CDOEOO, which is a LD B,OCDH and a LD 
C,O. If the boot sector cannot be changed, then the user 
must press the < F3> key each time the system is started 
to inform the ROM that the disk contains a Model I l l  pack
age which needs the Model l II ROM-image. 

(2) If you are loading a Model 4 operating system, then the 
boot ROM will always transfer control to the first byte of the 
boot sector, which is at 4300H.  If you are loading a Model 
I l l  operating system or about to use Model l II ROM BASIC, 
then the transfer address is 301 5H. This is the address of 
a jump vector in the "C" ROM of the Model l I I  ROM image, 
and this will cause the system to behave exactly like a 
Model I l l .  If the ROM-image file that is loaded has a differ
ent transfer address, then that address wil l be used when 
loading is complete. If the image is already present, it wil l 
use 301 5H.  

(3) Two different tests are done to insure that the Model I l l  
ROM image is present. The first test is to check ever third 
location starting at 3000H for a C3H. This is done for 1 0 lo
cations. If any of these locations does not contain a C3H, 
then the ROM image is considered to be "not present". 
The next test is to check two bytes at location OOOBH. If 
these addresses contain E9E1 H, then the ROM image is 
considered to be "present". 

(4) See Disk Director Searcher for more information.  

(5) See Fi le Loader for more information. 

(6) The RS-232 loader is described under RS-232 Boot. 

Disk Directory Searcher 

When the Model l II ROM image is to be loaded, it is always read 
from the floppy in drive 0. 

Before the operation begins, some checks are made. First, the 
boot sector is read in from the floppy and the first byte is 
checked to make sure it is either a OOH or a FEH. If the byte 
contains some other value, no attempt will be made to read the 
ROM image from that disk. The location of the directory cylinder 
is then taken from the boot sector and the type of disk is deter
mined. This is done by examining the Data Address Mark that 



was picked up by the Floppy Disk Controller (FDC) during the 
read of the sector. If the DAM equals 1 ,  the disk is a TRSDOS 
1 .x style disk. If the DAM equals 0 ,  then the disk is a LDOS 5 . 1 /  
TRSDOS 6 style disk. This i s  important since TRSDOS 1 .x 
disks number sectors starting with 1 and LDOS style disks 
number sectors starting with 0. 

Once the disk type has been determined, an extra test is made 
if the disk is a LDOS style disk. This test reads the Granule Al
location Table (GAT) to determine if the disk is single sided or 
double sided. 

The directory is then read one record at a time and a compare 
is made against the pattern 'MODEL% ' for the filename and 
' I l l '  for the extension. The '%' means that any character wil l 
match this position. If the user pressed one of the selection 
keys (A-G) during the keyboard scan, then that character is 
substituted in place of the '%' character. For example, if you 
pressed 'D' ,  then the search would be for the file 'MODELD ', 
with the extension ' I l l ' .  The searching algorithm searches until 
it finds the entry or it reaches the end of the directory. 

Once the entry has been found, the extent information for that 
file is copied into a control block for later use. 

File Loader 

The file loader is actually two modules - the actual loader and 
a set of routines to fetch bytes from the file on disk. The loader 
is invoked via a RST 28H. The byte fetcher is called by the 
loader using RST 20H . Since restart vectors can be re-directed, 
the same loader is used by the RS-232 boot. The difference is 
that the RST 20H is redirected to point to the RS-232 data re
ceiving routine. The loader reads standard loader records and 
acts upon two types: 

01 Data Load 
1 byte with length of block, including address 
1 word with address to load the data 
n bytes of data, where n + 2 equals the length specified 

02 Transfer Address 
1 byte with the value of 02 
1 word with the address to start execution at. 

Any other loader code is treated as a comment block and is ig
nored. Once an 02 record has been found, the loader stops 
reading, even if there is additional data, so be sure to place the 
02 record at the end of the fi le. 
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Flop JY and Hard Disk Driver 
L 

The disk drivers are entered via RST 8H and will read a sector 
anywhere on a floppy disk and anywhere on head 1 (top-head) 
in a hard disk drive. Either 256 or 5 1 2  byte sectors are readable 
by these routines and they make the determination of the sector 
size. The hard disk driver is compatible with both the WD 1 000 
and the WD1 01 0 controllers. The floppy disk driver is written for 
the WD1 793 controller. 

Serial Loader 

Invoking the serial loader is similar to forcing a boot from hard 
disk or floppy. In this case the right shift key must be pressed at 
some time during the first three seconds after reset. The pro
gram does not care if the key is pressed forever, making it con
venient to connect pins 8 and 1 0 of the keyboard connector with 
a shorting plug for bench testing of boards. This assumes that 
the object program being loaded does not care about the key 
closure. 

Upon entry, the program first asserts DTR (J4 pin 20) and RTS 
(J4 pin 4) true. Next, " Not Ready" is printed on the topmost line 
of the video display. Modem status l ine CD (J4 pin 8) is then 
sampled. The program loops unti l  it finds CD asserted true. At 
that time the message "Ready" is displayed. Then the program . 
sets about determining the baud rate from the host computer. 

To determine the baud rate, the program compares data re
ceived by the UART to a test byte equal to '55' hex. The receiver 
is fi rst set to 1 9200 baud. If ten bytes are received which are not 
equal to the test byte, the baud rate is reduced. This sequence 
is repeated until a valid test byte is received. If ten fai lures occur 
at 50 baud, the entire process begins again at 1 9200 baud. If a 
valid test byte is received, the program waits for ten more to ar
rive before concluding that it has determined the correct baud 
rate. If at this time an improper byte is received or a receiver er
ror (overrun ,  framing, or parity) is intercepted, the task begins 
again at 1 9200 baud. 

In order to get to this point, the host or the modem must assert 
CD true. The host must transmit a sequence of test bytes equal 
to '55' hex with 8 data bits, odd parity, and 1 or 2 stop bits. The 
test bytes should be separated by approximately 0 . 1  second to 
avoid overrun errors. 

When the program has determined the baud rate, the message: 

"Found Baud Rate x" 

is displayed on the screen, where "x" is a letter from A to P, 
meaning: 

A =  50 baud E = 1 50 I = 1 800 M = 4800 
B = 75 F = 300 J = 2000 N = 7200 
c = 1 1 0  G = 600 K = 2400 0 = 9600 
D = 1 34.5 H = 1 200 L = 3600 p = 1 9200 



The same message less the character signifying the baud rate 
is transmitted to the host, with the same baud rate and protocol .  
This message is the signal to the host to stop transmitting test 
bytes. 

After the program has transmitted the baud rate message, it 
reads from the UART data register in order to clear any overrun 
error that may have occurred due to the test bytes coming in 
during the transmission of the message. This is because the re
ceiver must be made ready to receive a sync byte signalling the 
beginning of the command file. For this reason, it is important 
that the host wait until the entire baud rate message ( 1 6  char
acters) is received before transmitting the sync byte, which is 
equal to 'FF' hex. 

When the loader receives the sync byte, the message: 

"Loading" 

is displayed on the screen .  Again, the same message is trans
mitted to the host, and, again, the host must wait for the entire 
transmission before starting into the command file. 

If the receiver should intercept a receive error while waiting for 
the sync byte, the entire operation up to this point is aborted. 
The video display is cleared and the message: 

"Error, x" 

is displayed near the bottom of the screen ,  where "x" is a letter 
from 8 to H, meaning: 

B = parity error 
C = framing error 
D = parity & framing errors 
E = overrun error 
F = parity & overrun errors 
G = framing & overrun errors 
H = parity & framing & overrun errors 

The message: 

"Error" 

is then transmitted to the host. The entire process is then re
peated from the "Not Ready" message. A six second delay is 
inserted before reinitialization. This is longer than the time re
quired to transmit five bytes at 50 baud , so there is no need to 
be extra careful here. 

If the sync byte is received without error, then the "Loading" 
message is transmitted and the program is ready to receive the 
command file. After receiving the "Loading" message the host 
can transmit the file without nul ls or delays between bytes. 

96 

(Since the file represents ZBO machine code and all 256 
combinations are meaningfu l ,  it would be disastrous to 
transmit nul ls or other ASCI I  control codes as fi l lers, ac
knowledgement, or start-stop bytes. The only control 
codes needed are the standard command file control 
bytes.) 

Data can be transmitted to the loader at 1 9200 baud with no de
lays inserted. Two stop bits are recommended at high baud 
rates. 

See the File Loader description for more information on file 
loading. 

If a receive error should occur during file loading, the abort pro
cedure described above will take place, so when attempting re
mote control, it is wise to monitor the host receiver during 
transmission of the file. When the host is near the object board, 
as is the case in  the factory application, or when more than one 
board is being loaded, it may be advantageous or even nec
essary to ignore the transmitted responses of the object 
board(s) and to manually pace the test byte, sync byte, and 
command file phases of the transmission process, using the 
video display for handshaking. 

System Program mers Information 

The Model 4P Boot ROM uses two areas of RAM while it is run
ning. These are 4000H to 40FFH and 4300H to 43FFH. (For 
51 2 byte boot sectors, the second area is 4300H to 44FFH.) If 
the Model I l l  ROM I mage is loaded, additional areas are used. 
See the technical reference manual for the system you are us
ing for a list of these areas. 

Operating systems that want to support a software restart by re
executing the contents of the boot ROM can accomplish this in 
one of two ways. If the operating system relies on the Model I l l  
ROM-Image, then jump t o  location 0 a s  you have in the past. If 
the operating system is a Mode1 4 mode package, a simple way 
is to code the following instructions in your assembly and load 
them before you want to reset: 

Absolute Location 
0000 
0001 
0003 

Instruction 
Dl 
LD 
OUT 

A,1  
(9CH),A 

These instructions cause the boot ROM to become address
able. After executing the OUT instruction ,  the next instruction 
executed wi l l  be one in the boot ROM. (These instructions also 
exist in the Model I l l  ROM image at location 0.) The boot ROM 
has been written so that the first instruction is at address 0005. 
The hardware must be in memory mode 0 or else the boot ROM 
will not be switched in. This operation can be done with an OUT 
instruction and then a RST 0 can be executed to have the ROM 
switched in .  



Restarts can be redirected at any time while the ROM is 
switched in .  All restarts jump to fixed locations in RAM and 
these areas may be changed to point to the routine that is to be 
executed. 

Restart RAM Location Default Use 
0 none Cold Start/Boot 
8 4000H Disk 1/0 Request 

1 0  4003H Display string 
1 8  4006H Display block 
20 4009H Byte Fetch (Called by Loader) 
28 400CH File Loader 
30 400FH Keyboard scanner 
38 401 2H Reserved for future use 
66 401 5H N M I  ( F l o p py 1/0 C o m m a n d  

Complete) 

The above routines have fixed entry parameters. These are de
scribed here. 

Disk 1/0 Request (RST 8H) 

Accepts 
A 
B 

c 

DE 

HL 

Returns 
z 

NZ 

Error Codes 
3 
4 
5 
6 
7 

8 
9 

1 1  
1 2  

1 for floppy, 2 for hard disk 
Command 
In itialize 
Restore 
Seek 

4 
6 

Read 1 2  (All reads have an im-
plied seek) 

Sector number to read 
The contents of the location disktype 
(405CH) are added to this value before 
an actual read . If the disk is a two sided 
floppy, just add 1 8  to the sector number. 
Cyl inder number. (Only E is used in 
floppy operations) 
Address where data from a read opera
tion is to be stored . 

Success, Operation Completed 
Error, Error code in A 

Hard Disk drive is not ready 
Floppy disk drive is not ready 
Hard Disk drive is not available 
Floppy disk drive is not available 
Drive Not Ready and no Index (Disk in 
drive, door open) 
CRC Error 
Seek Error 
Lost Data 
ID Not Found 
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Display String (RST 1 OH) 

Accepts 
HL 

DE 

Returns 
Success Always 

A 
DE 
HL 

Pointer to text to be displayed. 
Text must be terminated with a nul l  (0) . 
Offset position on screen where text is to 
be displayed . 
(A OOOOH will be the upper left-hand cor
ner of the display.)  

Altered 
Points to next position on video 
Points to the nul l  (0). 

Display Block (RST 1 8H) 

Accepts 
HL 

or 

Points to control vector in the format: 
+ 0 Screen Offset 
+ 2 Pointer to text, terminated with 
nul l  
+ 4  
nul l  

+ n  

+ n  

Pointer to text, terminated with 

word FFFFH End of control 
vector 

word FFFEH Next word is 
new Screen 
Offset 

If Z flag is set on entry, then the first screen offset is read from 
DE instead of from the control vector. 

Each string is positioned after the previous string, unless a 
FFFEH entry is found. This is used heavily in the ROM to re
duce duplication of words in error messages. 

Returns 
Success Always 

DE Points to next position on video 

Byte Fetch (RST 20H) 

Accepts None 
Returns 

z 
NZ 

Errors 

2 

1 0  

Success, byte in A 
Failure, error code in A 

Any errors from the disk 1/0 call and: 
ROM Image can't be loaded - Too many 
extents 
ROM I mage can't be loaded - Disk drive 
is not ready 



File Loader (RST 28H) 

Accepts None 

Returns 
z 

NZ 

Errors 

0 

Success 
Failure, error code in A 

Any errors from the disk 1/0 call of the 
byte fetch call and : 
The ROM image was not found on drive 0 

There are several pieces of information left in memory by the 
boot ROM which are useful to system programmers. These are 
shown below: 

RAM Location 
401 DH 

4055H 

4056H 
4057H 

4059H 

405BH 

405CH 

Description 
ROM Image Selected (% for none 
selected or A-G) 
Boot type 
1 = Floppy 
2 = Hard disk 
3 = ARCNET 
4 = RS-232C 
5 - 7 = Reserved 
Boot Sector Size (1 for 256, 2 for 5 1 2) 
RS-232 Baud Rate (only valid on RS-
232 boot) 
Function Key Selected 
0 = No function key selected 
< F1 > or < 1 >  86 
< F2> or <2> 87 
< F3> or <3> 88 
<Caps> 85 
<Ctrl> 84 
< Left-Shift> 82 
< Right-Shift> 83 
Reserved 80-81 and 89-90 
Break Key Indication (non-zero if 
< Break> pressed) 
Disk type (0 for LDOS/ 

TRSDOS 6 , 1  for 
TRSDOS 1 .x) 

Keep in mind that Model I l l  ROM image will in itialize these 
areas, so this information is useful only to the Model 4 mode 
programmer. 

5.2.7 RAM 

Two configurations of Random Access Memory (RAM) are 
available on the Model 4P :  64K and 1 28K. The 64K and 1 28K 
option use the 6665-type 64K x 1 200NS Dynamic RAM, which 
requires only a single + Sv supply voltage. 
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The DRAMs require multiplexed incoming address lines. This 
is accomplished by ICs U 1 1 0  and U 1 1 1  which are 74LS157 
multiplexers. Data to and from the DRAMs are buffered by a 
74LS245 (U1 1 8) which is controlled by Gate Array 4 .2 (U1 06) . 
The proper timing signals RASO*, RAS1 * ,  M UX*, and CAS* are 
generated by a delay l ine circuit U94. U 1 1 6 ( 1 /2 of a 7 4S 1 1 2) 
and U1 1 7  ( 1 /4 of a 74F08) are used to generate a precharge 
circuit. During M1  cycles of the Z80A in 4 MHz mode, the high 
time in  MREQ has a minimum time of 1 1  0 nanosecs. The spec
ification of 6665 D RAM requires a minimum of 1 20 nanosecs so 
this circuit will shorten the MREQ signal during the M1 cycle. 
The resulting signal PMREQ is used to start a RAM memory 
cycle through U 1 1 4  (a 74S64). Each different cycle is controlled 
at U1 1 4  to maintain a fast M 1  cycle so no wait states are re
quired. The output of U 1 1 4  (PRAS*) is ANDed with RFSH to not 
allow MUX* and CAS* to be generated during a REFRESH 
cycle. PRAS* also generates either RASO* or RAS 1 * ,  depend
ing on which bank of RAM the CPU is selecting.  GCAS* gen
erated by the delay l ine U94 is latched by U 1 1 6  (1 /2 of a 
74S1 1 2) and held to the end of the memory cycle. The output 
of U 1 1 6  is ANDed with VIDEO signal to disable the CAS* signal 
from occurring if the cycle is a video memory access. Refer to 
M1 Cycle Timing (Figure 5-8. and 5-9. } ,  Memory Read and 
Memory Write Cycle Timing (Figure 5-1 0.)  and (Figure 5-1 1 .) .  
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Memory Map - Model 4P Mode 1 SELO = 1 = + 5V 
SEL1 = 0  = OV 
ROM = 0  = + 5V 

Mode O SELO = 0  = OV 
SEL1 = 0  = OV 0000 - 37FF RAM 1 4K 

ROM = 1 = OV 3800 - 3BFF Keyboard 1 K  
3C00 - 3FFF Video 1 K  

0000 - 0FFF Boot ROM 4K 4000 - FFFF RAM 48K 

1 000 - 37FF RAM (Read Only) 1 0K 
37E8 - 37E9 Printer Status (Read Only) 2 
3800 - 3BFF Keyboard 1 K  Mode 2 SELO = 0 = ov 
3C00 - 3FFF Video 1 K  SEL1 = 1 = + 5V 

4000 - FFFF RAM 48K ROM = X = Don't Care 

0000 - F3FF RAM 61 K 

Mode O SELO = 0  = OV F400 - F?FF Keyboard 1 K  

SEL1 = 0  = OV F800 - FFFF Video 2K 

ROM = 0  = + 5V 

0000 - 37FF RAM (Read Only) 1 4K Mode 3 SELO = 1 = + 5V 

37E8 - 37E9 Printer Status (Read Only) 2 SEL1 = 1 = + 5V 

3800 - 3BFF Keyboard 1 K  ROM = X = Don't Care 

3C00 - 3FFF Video 1 K  
4000 - FFFF RAM 48K 0000 - FFFF RAM 64K 

Mode 1 SELO = 1 = + 5V 
SEL1 = 0  = OV 
ROM = 1 = ov 

0000 - 0FFF Boot ROM 4K 
0000 - 0FFF RAM (Write Only) 4K 
1 000 - 37FF RAM 1 0K 
3800 - 3BFF Keyboard 1 K  
3C00 - 3FFF Video 1 K  
4000 - FFFF RAM 48K 
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1/0 Port Assignment 

Normally 
Port # Used Out In 

FC - FF FF CASSOUT * MODIN * 
F8 - FB F8 LPOUT * LPIN * 
F4 - F7 F4 DRVSEL * (RESERVED) 
FO - F3 DISKOUT * DISKI N * 
FO FO FDC COMMAND REG. FDC STATUS REG . 
F1 F1  FDC TRACK REG. FDC TRACK REG. 
F2 F2 FDC SECTOR REG. FDC SECTOR REG. 
F3 F3 FDC DATA REG. FDC DATA REG. 
EC - EF EC MODOUT * RTCIN * 
E8 - E8 RS2320UT * RS2321N * 
E8 E8 UART MASTER RESET MODEM STATUS 
E9 E9 BAUD RATE GEN.  REG. (RESERVED) 
EA EA UART CONTROL AND UART STATUS REG. 

MODEM CONTROL REG. 
EB EB UART TRANSMIT UART HOLDING REG. 

HOLDI NG REG. (RESET D.R. )  
E4 - E7 E4 WR N M I  MASK R EG. * AD NMI  STATUS * 
EO - E3 EO WR I NT MASK REG. * AD INT MASK REG. * 
AO - DF (RESERVED) (RESERVED) 
9C - 9F 9C BOOT * (RESERVED) 
94 - 98 (RESERVED) (RESERVED) 
90 - 93 90 SEN * (RESERVED) 
8C - 8F GSELO * GSELO * 
88 - 88 CRTCCS * (RESERVED) 
88, 8A 88 CRCT ADD. REG.  (RESERVED) 
89, 88 89 CRCT DATA R EG. (RESERVED) 

84 - 87 84 OPREG * (RESERVED) 

80 - 83 GSEL1 * GSEL1 * 
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1/0 Port Description 

Name: CASSOUT * 
Port Address : FC - FF 
Access : WRITE ONLY 
Description: Output data to cassette or for sound 

generation 

Note: The Modei 4P does not support cassette storage,  
this port is  on ly used to generate sound that was to 
be output via cassette port. The Model 4P sends 
data to onboard sound circuit. 

DO = Cassette output level (sound data output) 

D1 = Reserved 

D2 - D7 = Undefined 

Name: MODIN * (CASSI N  *) 
Port Address: FC - FF 
Access: READ ONLY 
Description: Configuration Status 

DO = 0  

D1 = CASSMOTORON STATUS 

D2 = MODSEL STATUS 

D3 = ENALTSET STATUS 

D4 = ENEXTIO STATUS 

D5 = (NOT USED) 

D6 = FAST STATUS 

D7 = 0  

Name: LPOUT * 
Port Address : F8 - FB 
Access: WRITE ONLY 
Description: Output data to l ine printer 

DO - D7 = ASCI I  BYTE TO BE PRINTED 
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Name: LPIN * 
Port Address: F8 - FB 
Access: READ ONLY 
Description: · I nput l ine printer status 

DO - D3 = (RESERVED) 

D4 = FAULT 

D5 

D6 

D7 

1 = TRUE 
0 = FALSE 

= UN IT SELECT 
1 = TRUE 
0 -=  FALSE 

= OUTPAPER 
1 = TRUE 
0 = FALSE 

= BUSY 
1 = TRUE 
0 = FALSE 

Name: DRVSEL * 
Port Address:  F4 - F7 
Access: WRITE ONLY 
Description : Output FDC Configuration 

Note: 

DO 

D1 

D2 

D3 

D4 

D5 

Output to this port will A LWAYS cause a 1 -2 mscc. 
(Microsecond) wait to the Z80. 

= DRIVE SELECT 0 

= DRIVE SELECT 1 

= (RESERVED) 

= ( RESERVED) 

= SDSEL 
0 = SIDE 0 
1 = SIDE 1 

= PRECOMPEN 
0 = No write precompensation 
1 = Write Precompensation enabled 

D6 = WSGE N  
0 = No wait state generated 
1 = wait state generated 

Note: This wait state is to sync Z80 with FDC chip during 
FDC operation. 

D7 = DDEN * 
0 = Single Density enabled (FM) 
1 = Double Density enabled (MFM) 



Name: DISKOUT * 
Port Address: FO - F3 
Access: WRITE ONLY 
Description: Output to FDC Control Registers 

Port FO = FDC Command Register 

Port F1 = FDC Track Register 

Port F2 = FDC Sector Register 

Port F3 = FDC Data Register 

(Refer to FDC Manual for Bit Assignments) 

Name: DISKIN * 
Port Address: FO - F3 
Access: READ ONLY 
Description: I nput FDC Control Registers 

Port FO = FDC Status Register 

Port F1 = FDC Track Register 

Port F2 = FDC Sector Register 

Port F3 = FDC Data Register 

(Refer to FDC Manual for Bit Assignment) 

Name: MODOUT * 
Port Address: EC - EF 
Access: WRITE ONLY 
Description: Output to Configuration Latch 

DO = (RESERVED) 

D1 

D2 

D3 

= CASSMOTORON (Sound enable) 
0 = Cassette Motor Off (Sound enabled) 
1 = Cassette Motor On (Sound disabled) 

= MODSEL 
0 = 64 or 80 character mode 
1 = 32 or 40 character mode 

= ENALTSET 
0 = Alternate character set disabled 
1 = Alternate character set enabled 
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D4 = ENEXTIO 
0 = External 10 Bus disabled 
1 = External 10 Bus enabled 

D5 = (RESERVED) 

D6 = FAST 
0 = 2 MHZ Mode 
1 = 4 M HZ Mode 

D7 = (RESERVED) 

Name: RTCIN  * 
Port Address: EC - E F  
Access: READ ONLY 
Description: Clear Real Time Clock Interrupt 

DO - D7 = DON'T CAR E  

Name: RS2320UT * 
Port Address: E8 - EB 
Access: WRITE ONLY 
Description : UART Control, Data Control, Modem Contro l ,  

BRG Control 

Port E8 = UART Master Reset 

Port E9 = BAUD Rate Gen. Register 

Port EA = UART Control Register (Modem Control Reg .) 

Port EB = UART Transmit Holding Reg. 

(Refer to Model I l l  or 4 Manual for Bit Assignments) 

Name: RS2321 N  * 
Port Address: E8 - EB 
Access: READ ONLY 
Description: I nput UART and Modem Status 

Port E8 = MODEM STATUS 

Port E9 = (RESERVED) 

Port EA = UART Status Register 

Port EB = UART Receive Holding Register (Resets DR) 

(Refer to Model l I I  or 4 Manual for Bit Assignments) 



Name: WRNMIMASKREG * 
Port Address: E4 - E7 
Access : WRITE ONLY 
Description : Output NMI  Latch 

DO - D5 = (RESERVED) 

D6 = ENMOTOROFFINT 

D7 

Name: 

0 = Disables Motoroff NMI  
1 = Enables Motoroff NMI  

= EN INTRQ 
0 = Disables INTRQ NMI  
1 = Enables INTRQ NMI  

RDNMISTATUS * 
Port Address: E4 - E7 
Access: READ ONLY 
Description: Input NMI  Status 

DO = 0 

D2 - D4 = (RESERVED) 

D5 = RESET (not needed) 
0 = Reset Asserted (Problem) 
1 = Reset Negated 

D6 = MOTOROFF 

D7 

0 = Motoroff Asserted 
1 = Motoroff Negated 

= I NTRQ 
0 = INTRQ Asserted 
1 = INTRQ Negated 

Name: WRINTMASKREG * 
Port Address: EO - E3 
Access : WRITE ONLY 
Description: Output I NT Latch 

DO - D1 = (RESERVED) 

D2 = ENRTC 
0 = Real time clock interrupt disabled 
1 = Real time clock interrupt enabled 

D3 = ENIOBUSINT 
0 = External 10 Bus interrupt disabled 
1 = External 10 Bus interrupt enabled 

D4 = ENXMITINT 
0 = RS232 Xmit Holding Reg. empty 
disabled 
1 = RS232 X mit Holding Reg. empty 
enabled 

int. 

int. 
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D5 = ENR ECINT 
0 = RS232 Rec. Data Reg. ful l int. disabled 
1 = RS232 Rec. Data Reg. full int. enabled 

D6 = ENERRORINT 

D7 

0 = RS232 UART Error interrupts disabled 
1 = RS232 UART Error interrupts enabled 

= (RESERVED) 

Name: RDINTSTATUS * 
Port Address: EO - E3 
Access : READ ONLY 
Description: Input I NT Status 

DO - D1 = (RESERVED) 

D2 = RTC I NT 

D3 = lOBUS INT 

D4 = RS232 XMIT INT 

D5 = RS232 REC I NT 

D6 = RS232 UART ERROR INT 

D7 = (RESERVED) 

Name: BOOT * 
Port Address: 9C - 9F 
Access: WRITE ONLY 
Description : Enable or Disable Boot ROM 

DO = ROM * 

0 = Boot ROM Disabled 
1 = Boot ROM Enabled 

D1 - D7 = (RESERVED) 

Name: SEN * 
Port Address: 90 - 93 
Access : WRITE ONLY 
Description: Sound output 

DO = SOUND DATA 

D1 - D7 = (RESERVED) 



Name: OPREG * 
Port Address: 84 
Access: WRITE ONLY 
Description: Output to operation reg. 

DO = SELO 

01  = SEL1 

SEL1 

0 
0 

02 = 8064 

SELO 

0 

0 

0 = 64 character mode 
1 = 80 character mode 

03 = I NVERSE 
0 = I nverse video disabled 
1 = Inverse video enabled 

MODE 

0 

2 
3 

04 = SRCPAGE - Points to the page to be mapped 
as new page 

0 = U64K, L32K Page 
1 = U64K, U32K Page 

05 = EN PAGE - Enables mapping of new page 
0 = Page mapping disabled 
1 = Page mapping enabled 

06 = DESPAGE - Points to the page where new 
page is to be mapped; 

0 = L64K, U32K Page 
1 = L64K, L32K Page 

07 = PAGE 
0 = Page 0 of Video Memory · 
1 = Page 1 of Video Memory 

1 1 1  



5.2.8 Video Circuit 

The heart of the video display circuit in the Model 4P is the 
68045 Cathode Ray Tube Controller (CRTC),  U42. The CRTC. 
is a preprogrammed video controller that provides two screen 
formats : 64 by 1 6  and 80 by 24. The format is controlled by pin 
3 of the C RTC (8064*). The CRTC generates all of the neces
sary signals required for the video display. These signals are 
VSYNC (Vertical Sync) , HSYNC (Horizontal Sync) for proper 
sync of the monitor, DISPEN (Display Enable) which indicates 
when video data should be output to the monitor, the refresh 
memory addresses (MAO-MA 1 3) which addresses the video 
RAM, and the row addresses (RAO-RA4) which indicates which 
scan line row is being displayed. The CRTC also provides hard
ware scrol ling by writing to the internal Memory Start Address 
Register by OUTing to Port 88H. The internal cursor control of 
the 68045 is not used in the Model 4P video circuit. 

Since the 80 by 24 screen requires 1 ,920 screen memory lo
cations, a 2K by 8 static RAM (U82) is used for the video RAM. 
Addressing to the video RAM (U82) is provided by the 68045 
when refreshing the screen and by the CPU when updating of 
the data is performed. These two sets of address lines are mul
tiplexed by three 74LS1 57s (U41 , U61 , and U81 ) .  The multi
plexers are switched by CRTCLK which allows the CRTC to 
address the video RAM during the high state of CRTCLK and 
the CPU access during the low state. A 1 0  from the CPU is con
trolled by PAGE* which allows two display pages in the 64 by 
1 6  format. When updates to the video RAM are performed by 
the CPU, the CPU is held in a WAIT state until the CRTC is not 
addressing the video RAM. This operation allows reads and 
writes to video RAM without causing hashing on the screen. 
The circuit that performs this function is a 74LS244 buffer 
(U84), an 8 bit transparent latch, 74LS373 (U83) and a Delay 
line circuit shared with Dynamic RAM timing circuit consisting 
of a 74LS74 (U98), 74LS32 (U96), 74LS04 (U95), 74LSOO 
(U92), 74LS02 (U69), and Delay Line (U94) . During a CPU 
Read Access to the Video RAM, the address is decoded by the 
GA 4.2 and asserts VIDEO* low. This is inverted by U95 ( 1 /6 of 
74LS04) which pul ls one input of U92 ( 1 /4 of 74LSOO) and in 
turn asserts VWAIT * low to the CPU. AD is high at this time and 
is latched into U98 ( 1 /2 of 74LS74) on the rising edge of 
XADR7*, inverse of C RTCLK. 
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When RD is latched by U98, the Q output goes low releasing 
WAIT* from the CPU. The same signal also is sent to the Delay 
Line (U94) through U1 1 7  ( 1 /4 of 74F08). The Delay line delays 
the falling edge 240 ns for VLATCH* which latches the read 
data from the video RAM at U83. The data is latched so the 
CRTC can refresh the next address location and prevent any 
hashing. MRD* decoded by U 1  06 and a memory read is ORed 
with VIDEO* which enables the data from U83 to the data bus. 
The CPU then reads the data and completes the cycle. A CPU 
write is slightly more complex in  operation. As in the AD cycle, 
VIDEO* is asserted low which asserts VWAIT* low to the CPU. 
WR is high at this t ime which is NANDed with VIDEO and 
synced with CRTCLK to create VRAMDIS that disables the 
video RAM output. On the rising edge of XADR7*, WR is 
latched into U98 ( 1 /2 of 74LS74) which releases VWAIT* and 
starts cycle through the Delay Line. After 30ns DLYVWR* (De
layed video write) is asserted low which also asserts VBUFEN* 
(Video Buffer Enable) low. VBUFEN* enabled data from the 
Data bus to the v ideo R A M .  Approx imate ly 1 20ns later 
DLYVWR* is negated high which writes the data to the video 
RAM and negates VBUFEN* turning off buffer. The CPU then 
completes WR cycle to the video RAM .  Refer to Video RAM 
CPU Access Timing Figure 5-1 2 for timing of above RD or WR 
cycles. 

During screen refresh, CRTCLK is high allowing the CRTC 
to address Video RAM. The data out of the video RAM is 
latched by LOAD* into Gate Array 4.3 ( U 1  02) . I NVERSE* 
determines if character should be alpha-numeric only ( I N
VERSE* high) or unchanged ( INVERSE* low). A9 is de
coded with ENALTSET (Enable Alternate Set) and 7, which 
controls the alternate set in the character generator ROM. 
See ENALTSET Control Table below. 

ENALTSET Q7 Q6 A9 
0 0 0 0 
0 1 0 0 
0 1 1 1 
1 0 0 0 
1 0 1 1 
1 1 0 0 
1 1 1 0 
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RAO-RA3, row addresses from the CRTC are used to control 
which scan line is being displayed. The Modei 4P has a 4-bit full 
adder 74LS283 (U1 01 )  to modify the Row address. During a 
character display DLYGRAPHIC* is high which applies a high to 
all 4 bits to be added to row address. This will result in subtract
ing one from Row address count and allow all characters to be 
displayed one scan l ine lower. The purpose is so inverse char
acters wil l appear within the inverse block. When a graphic 
block is displayed DLYGRAPHIC* is low which causes the row 
address to be unmodified. Moving jumper from E 1 4-E1 5 to 
E 1 5-E 1 6  will disable this circuit. 

DLYCHAR* and DLYGRAPHICS are inverse signals and control 
which data is to be loaded into the internal shift register of U1 02. 
When DLYCHAR* is low and DLYGRAPHIC* is high, the Char
acter Generator ROM (U1  03) is enabled to output data. When 
DLYCHAR* is high and DLYGRAPHIC* is low the graphics char
acters are internally buffered to the shift register. The data is 
loaded into the internal shift register on the rising edge of 
SHIFT* when LOADS* is low. Serial video data is output 
U1 02. 1 9. The video information is inverted by U 1 42 and F83, is 
filtered by R 1 4  (47 ohm resistor), and C227 (1 00 pf Cap) and 
output to video monitor. VSYNC and HSYNC are buffered by (1 I 
2 of 74LS86) U 1 43 and are also output to video monitor. Refer 
to Video Circuit Timing Figure 5-30 and Inverse Video Timing 
Figure 5-1 9 for timing relationships of Video Circuit. 

5.2.9 Keyboard 

The keyboard interface of the Model 4P consists of open col
lector drivers which drive an 8 by 8 key matrix keyboard and an 
inverting buffer which buffers the key or keys pressed on the 
data bus. The open collector drivers (U57 and U77 (741 6) are 
driven by address lines AO-A7 which drive the column lines of 
the keyboard matrix. The ROW lines of the keyboard are pulled 
up by a 1 .5 kohm resistor pack R P2.  The ROW l ines are buff
ered and inverted onto the data bus by U78 (74LS240) which is 
enabled when KEYBD* is a logic low. KEYBD* is a memory 
mapped decode of addresses 3800-3BFF in Model I l l  Mode 
and F400-F7FF in Model 4/4P mode. Refer to the Memory Map 
under Address Decode for more information. During real time 
operation, the CPU will scan the keyboard periodically to check 
if any keys are pressed. If no key is pressed, the resistor pack 
RP2 keeps the inputs of U78 at a logic high. U78 inverts the 
data to a logic low and buffers it to the data bus which is read 
by the CPU. If a key is pressed when the CPU scans the correct 
column line, the key pressed wi l l pul l  the corresponding row to 
a logic low. U78 inverts the signal to a logic high which is read 
by the CPU. 
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5.2.1 0 Real Time Clock 

The Real Time Clock circuit in the Model 4P 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 occurred, the CPU can keep track of the time. The 60 Hz 
vertical sync signal (VSYNC) from the video circuitry is used for 
the Real Time Clock's reference. In the 2 MHz mode, FAST is 
a logic low which sets the Preset i nput, pin 4 of U23 (74LS74), 
to a logic high. This allows the 60 Hz (VSYNC) to be divided by 
2 to 30 Hz. The output of 1 /2 of U23 is ORed with the original 
60 Hz and then clocks another 74LS74 ( 1 /2 of U23). If the real 
time clock is enabled (ENRTC at a logic high), the interrupt is 
latched and pulls the I NT* l ine low to the CPU. When the CPU 
recognizes the interrupt, the pulse is counted and the latch re
set by pull ing RTCIN*  low. In the 4 MHz mode, FAST is a logic 
high which keeps the first half of U23 in a preset state (the Q* 
output at a logic low). The 60 Hz is used to clock the interrupts. 

NOTE: If interrupts are disabled, the accuracy of the real 
time clock wil l  suffer. 

5.2.1 1 Line Printer Port 

The Line Printer Port I nterface consists of a pulse generator, an 
eight-bit latch, and a status l ine buffer. The status of the line 
printer is read by the CPU by enabling buffer U3 (74LS244). 
This buffer is enabled by LPRD* which is a memory map and 
port map decode. In Model i l l  mode, only the status can be read 
from memory location 37E8 or 37E9. The status can be read in  
a l l  modes by an input from ports F8-FB. For a listing of  the bit 
status, refer to Port Map section. 

After the printer driver software determines that the printer is 
ready for printing (by reading the correct status), the characters 
to be printed are output to Port F8-FB. U2, a 74LS374 eight-bit 
latch, latches the character byte and outputs to the line printer. 
One-half of U1 (74LS1 23), a one-shot, is then triggered which 
generates an appropriate strobe signal to the printer which sig
nifies a valid character is ready. The output of the one-shot is 
buffered by 1 /6th of the U51 (7 4LS04) to prevent noise from the 
printer cable from false-triggering the one-shot. 
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5.2.1 2  Graphics Port 

The Graphics Port (J7) on the Model 4P is provided to attach 
the optional Graphics Board. The port provides DO-D? (Data 
Lines), AO-A3 (Address Lines) ,  IN* ,  GEN* and RESET* for the 
necessary interface signals for the Graphics Board. GEN* is 
generated by negative ORing Port selects GSELO* (8C-8FH) 
and GSELl* (80-83H) together by ( 1 /4 of 74LS08) U4. The re
sulting signal is negative ANDed with IORQ* by ( 1 /4 of 74S32) 
U24. Seven timing signals are provided to allow synchroniza
tion of Main Logic Board Video and Graphics Board Video. 
These timing signals are VSYNC, HSYNC, DISPEN, DCLK, H ,  
I ,  and J .  Three control signals from the Graphics Board are 
used to sync to CPU access and select different video modes. 
WAIT* controls the CPU access by causing the CPU to WAIT til l 
video is in retrace area before allowing any writes or reads to 
Graphics Board RAM. ENGRAF is asserted when Graphics 
video is displayed. ENGRAF also disables inverse video mode 
on Main Logic Board Video. CL 1 66* (Clear 7 4L 1 66) is used to 
enable or disable mixing of Main Logic Board Video and Graph
ics Board Video. If CL 1 66* is negated high, then mixing is al
lowed in all for video modes 80 x 24, 40 x 24, 64 x 1 6, and 32 x 
1 6. If CL 1 66* is asserted low, this will clear the video shift reg
ister U63, which allows no video from the Main Logic Board. In 
this state 8064* is automatically asserted low to put screen in 
80 x 24 video mode. Refer to Figure 5-1 6 .  Graphic Board Video 
Timing for timing relationships. Refer to the Model 4/4P Graph
ics Board Service information for service or technical informa
tion on the Graphics Board. 

5.2.1 3 Sound 

The sound circuit in the Model 4P is compatible with the Sound 
Board which was optional in the Model 4. Sound is generated 
by alternately setting and clearing data bit DO during an OUT to 
port 90H .  The state of DO is latched by U 1 29 ( 1 /2 of a 74LS74) 
and the output is amplified by 02 which drives a 8!1 speaker. 
The speed of the software loop determines the frequency, and 
thus, the pitch of the resulting tone. Since the Model 4P does 
not have a cassette circuit, some existing software that used 
the cassette output for sound would have been lost. The Model 
4P routes the cassette latch to the sound board through U1 09. 
When the CASSMOTORON signal is a logic low, the cassette 
motor is off, then the cassette output is sent to the sound circuit. 

5.2.1 4  1/0 Bus Port 

The Model 4P Bus is designed to allow easy and convenient in
terfacing of 1/0 devices to the Model 4P.' The 1/0 Bus supports 
all the signals necessary to implemen\ a device compatible with 
the Z80s 1/0 structure. 1 
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Addresses : 

AO to A7 allow selection of up to 256* input and 256 output 
devices if external I/O is enabled. 

*Ports 80H to OFFH are reserved for System use. 

Data: 

DBO to DB? allow transfer of 8-bit data onto the processor 
data bus is external I/O is enabled . 

Control Lines: 

1 .  M 1  * - Z80A signal specifying an M 1  or Operation Code 
Fetch Cycle or with IOREQ*, it specifies an Interrupt 
acknowledge. 

2. IN* - Z80A signal specifying than an input is in progress. 
Logic AND of IOREQ* and WR*. 

3. OUT* - Z80A signal specifying that an output is in  prog
ress. Logic AND of IOREQ* and WR*. 

4. IOREQ* - Z80A signal specifying that an input or output 
is in progress or wi th  M 1  * ,  i t  s peci f ies an i nterrupt 
acknowledge. 

5. RESET* - system reset signal. 

6. IOBUSINT* - input to the CPU signaling an interrupt from 
an 1/0 Bus device if 1/0 Bus interrupts are enabled. 

7. IOBUSWAIT* - input to the CPU wait l ine allowing 1/0 Bus 
device to force wait states on the Z80 if external 1/0 is 
enabled. 

8. EXTIOSEL* - input to 1/0 Bus Port circuit which switches 
the 1/0 Bus data bus transceiver and allows and INPUT in
struction to read 1/0 Bus data. 

The address line, data l ine, and all control l ines except RESET* 
are enabled only when the E NEXIO bit in  port EC is set to one. 

To enable 1/0 interrupts, the ENIOBUSINT bit in  the PORT EO 
(output port) must be a one. However, even if it is disabled from 
generating interrupts, the status of the IOBUSINT* line can still 
read on the appropriate bit of CPU IOPORT EO (input port). 

See Modei 4P Port Bit assignments for port OFF, OEC, and OEO. 
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The Modei 4P CPU board is fully protected from "foreign 1/0 de
vices" in that all the 1/0 Bus signals are buffered and can be dis
abled under software control. To attach and use and 1/0 device 
on the 1/0 Bus, certain requirements (both hardware and soft
ware) must be met. 

For input port device use, you must enable external I/O devices 
by writing to port OECH with bit 4 on in the user software. This 
will enable the data bus address l ines and control signals to the 
1/0 Bus edge connector. When the input device is selected, the 
hardware should acknowledge by asserting EXTIOSEL* low. 
This switches the data bus transceiver and allows the CPU to 
read the contents of the 1/0 Bus data lines. See Figure 5-1 7 for 
the timing. EXTIOSEL* can be generated by NANDing IN and 
the 1/0 port address. 

Output port device use is the same as the input port device in 
use, in that the external I/O devices must be enabled by writing 
to port OECH with bit 4 on in the user software - in the same 
fashion. 

For either input or output devices, the IOBUSWAIT* control l ine 
can be used in the normal way for synchronizing slow devices 
to the CPU. Note that since dynamic memories are used in the 
Modei 4P, the wait l ine should be used with caution. Holding the 
CPU in a wait state for 2 msec or more may cause loss of mem
ory contents since refresh is inhibited during this time. It is rec
ommended that the IOBUSWAIT* l ine be held active no more 
than 500 J-lSec with a 25% duty cycle. 

The Model 4P will support Z80 Mode 1 interrupts. A RAM jump 
table is supported by the LEVEL I I  BASIC ROMs image and the 
user must supply the address of his interrupt service routine by 
writing this address to locations 403E and 403F. When an in
terrupt occurs, the program will be vectored to the user-sup
plied address if 1/0 Bus interrupts have been enabled. To 
enable 1/0 Bus interrupts, the user must set bit 3 of Port OEOH. 

5.2. 1 5  FDC Circuit 

The TRS-80 Model 4P Floppy Disk Interface provices a stan
dard 5-1 /4" floppy disk controller. The Floppy Disk Interface 
supports both single and double density encoding schemes. 
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 1 25 nsec and is not 
adjustable. One or two drives may be controlled by the inter
face. All data transfers are accomplished by CPU data re
quests . I n  doub le  dens ity operat ion , data transfers are 
synchronized to the CPU by forcing a wait to the CPU and clear
ing the wait by a data request from the FDC chip. The end of the 
data transfer is indicated by generation of a non-maskable in
terrupt from the interrupt request output of the FDC chip. A 
hardware watchdog timer insures that any error condition will 
not hang the wait l ine to the CPU for a period long enough to 
destroy RAM contents. 

1 20 



I nput or Output Cycles. 

T ,  T2 Tw
" TJ 

_j � L____, � 
At · A7 

-[X PORT ADDRESS 
-

IORQ" 

RD• 

DATA BUS 
IN 

- t- - - - -� - - - - � -1- - - - -
- - - - - f- - - - - - - - - -

WAIT" 

WR" \ I 
DATA BUS OUT 

"lnsenod by ZSO CPU \ 
I nput or Output Cycles with Wait Statee. 

r, 

· I ·  

At - A7 

I ORO" 

DATA BUS 

R D "  

WAIT" 

DATA BUS OUT 

W R "  

tEXTIOSEL • 

"lnoenod by ZSO CPU 

tCoinctdtnt wrth lORa• only on INPUT cycle. 

Figure 5-34. 1/0 Bus Timing Diagram 

1 21 

r ,  

- - -
- - -

\ I 

READ 
CYCLE 

W R IT E  
CYCLE 

READ 
CYCLE 

W R ITE 
CYCLE 



Control and Data Buffering 

The Floppy Disk Controller Board is an 1/0 port-mapped device 
which utilizes ports E4H, F0H,  F1 H, F2H ,  F3H, and F4H. The 
decoding logic is implemented on the CPU board. (Refer to Par
agraph 5 . 1 .5 Address Decoding for more information on Port 
Map). U70 is a bi-directional, 8-bit transceiver used to buffer 
data to and from the FDC and RS-232 circuits. The direction of 
data transfer is controlled by the combination of control signals 
DISKIN*, RS2321N* ,  RDINT*, and RDNMI* .  I f  any of these sig
nals is active (logic low), U70 is enabled to drive data onto the 
CPU data bus. If both signals are inactive (logic high), U70 is 
enabled to receive data from the CPU board data bus. A sec
ond buffer (U36) is used to buffer the FDC chip data to the FDC/ 
RS232 Data Bus, (BDO-BD7), U36 is enabled all the time and 
its direction controlled by DISKIN*. Again, if DISKIN* is active 
(logic low), data is enabled to drive from the FDC chip to the 
Main Data Busses. If DISKIN* is inactive (lo·gic high), data is en
abled to be transferred to the FDC chip. 

Nonmaskable Interrupt Logic 

Gate Array 4.4 (U1 8) is used to latch data bits D6 and D7 on the 
rising edge of the control signal WRNMI*. This enables the con
ditions which will generate a non-maskable interrupt to the 
CPU. The NMI  interrupt conditions which are programmed by 
doing an OUT instruction to port E4H with the appropriate bits 
set. If data bit 7 is set, an FDC interrupt is enabled to generate 
an NMI interrupt. If data bit 7 is reset, interrupt requests request 
from the FDC are disabled. If data bit 6 is set, a Motor Time Out 
is enabled to generate an NMI interrupt. If data bit 6 is reset, in
terrupts on Motor Time Out are disabled. An IN  instruction from 
port E4H enables the CPU to determine the source of the non
maskable interrupt. Data bit 7 indicates the status of FDC in
terrupt request ( INTRQ) (0 = true, 1 = false). Data bit 6 indicates 
the status of Motor Time Out (O = true, 1 = false). Data bit 5 in
dicates the status of the Reset signal (0 = true, 1 = false). The 
control signal RDNMI*  gates this status onto the CPU data bus 
when active (logic low). 

Drive Select Latch and Motor ON Logic 

Selecting a drive prior to disk 1/0 operation is accomplished by 
doing an OUT instruction to port F4H with the proper bit set. The 
following table describes the bit al location of the Drive Select 
Latch : 

Data Bit 
DO 
D1 
D2 
D3 
D4 

Function 
Selects Drive 0 when set* 
Selects Drive 1 when set* 
Selects Drive 2 when set* 
Selects Drive 3 when set* 
Selects Side 0 when reset 
Selects Side 1 when set 

D5 Write precompensation enabled when set, 
disabled when reset 

D6 Generates WAIT if set 
D7 Selects MFM mode if set 

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

Hex D flip-flop U54 (74L 1 74) latches the drive select bits, side 
select and FM* /MFM bits on the rising edge of the control signal 
DRVSEL*. Gate Array 4.4 (U1 8) is used to latch the Wait Ena
ble and Write precompensation enable bits on the rising edge 
of DRVSEL*. The rising edge of DRVSEL* also triggers a one
shot ( 1 /2 of U54, 74LS1 23) which produces a Motor On to the 
disk drives. The duration of the Motor On signal is approxi
mately three 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-se
lects any drives which were previously selected. The Motor On 
one-shot is retriggerable by simply executing another OUT in
struction to the Drive Select Latch. 

Wait State Generation and WAITIMOUT Logic 

As previously mentioned, a wait state to the CPU can be initi
ated by an OUT to the Drive Select Latch with D6 set. Pin 1 8  of 
U 1 8  wi l l  go high after this operatio�. This signal is inverted by 
1 /4th of U 1 5  and is routed to the CPU where it forces the Z80A 
into a wait state. The Z80A will remain in the wait state as long 
as WAIT* is low. Once in itiated, the WAIT* wil l  remain low until 
one of five conditions is satisfied . If I NTRQ, DRQ, and RESET, 
inputs become active (logic high), it causes WAIT* to go high 
which allows the Z80 to exit the wait state. An internal timer in 
U 1 8  serves as a watchdog timer to insure that a wait condition 
will not persist long enough to destroy dynamic RAM contents. 
This internal watchdog timer logic will limit the duration of a wait 
to 1 024!-lsec, even if the FDC chip should fail to generate a 
DRQ or an INTRQ. 

If an OUT to Drive Select Latch is initiated with D6 reset (logic 
low), a WAIT is still generated. The internal timer in U 1 8  will 
count to 2 which wil l clear the WAIT state. This allows the WAIT 
to occur only during the OUT instruction to prevent violating any 
Dynamic RAM parameters. 

NOTE: This automatic WAIT will cause a .5-1 Jl.Sec wait each 
time an out to Drive Select Latch is performed. 



Clock Generation Logic 

A 1 6  MHz crystal oscillator and a Gate Array 4.4 (U1 8) are used 
to generate the clock signals required by the FDC board. The 6 
MHz oscillator is implemented internal to U 1 8  and a quartz 
crystal (Y2). The output of the osci l lator is divided by 2 to gen
erate an 8 MHz clock. This is used by the FDC 1 773 for all in
ternal t iming and data separation. U 1 8  further divides the 1 6  
MHz clock to drive the watchdog timer circuit. 

Disk Bus Output Drivers 

High current open collector drivers U 1 5  and U34 are used to 
buffer the output signals from the FDC circuit to the disk drives. 

Write Precompensation and Write Data Pulse Shap
ing Logic 

All Write Precompensation is generated internal to the FDC 
chip 1 773 (U1 7) .  Write Precompensation is enabled when 
W6 goes high and Write Precompensation is enabled from 
softWare. This signal is multiplexed with ROY by W6 is fed 
into pin 20 of U1 7. Write Data is output p in 22 of U 1 7  and is 
shaped by a one-shot ( 1 /2 of U56) which stretches the data 
pulses to approximately 500 nsec. 
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Floppy Disk Controller Chip 

The 1 773 is an MOS LSI device which performs the functions 
of a floppy disk formatter/controller in a single chip implemen
tation. The following port addresses are assigned to the internal 
registers of the 1 773 FDC chip: 

Port No. 
FOH 
F1 H 
F2H 
F3H 

Function 
Command/Status Register 
Track Register 
Sector Register 
Data Register 

5.2. 1 6  RS-232-C Circuit 

RS-232C Technical Description 

The RS-232C circuit for the Model 4P computer supports 
asynchronous serial transmissions and conforms to the EIA 
RS-232C standards at the input-output interface connector 
(J4). The heart of the circuit is the TR1 865 Asynchronous 
Receiver/Transmitter U33. It performs the job of converting 
the parallel byte data from the CPU to a serial data stream 
including start, stop, and parity bits. For a more detailed de
scription of how this LSI circuit performs these functions, re
fer to the TR1 865 data sheets and application notes. The 
transmit and receive clock rates that the TR1 865 needs are 
supplied by the Baud Rate Generator U73 (BR1 943). This 
circuit takes the 5.0688 MHz supplied by the system timing 
circuit and the programmed information received from the 
CPU over the data bus and divides the basic clock rate to 
provide two clocks. The rates available from the BRG go 
from 50 Baud to 1 9200 Baud.  See the BRG table for the 
complete list. 
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BAG Programming Table 

Transmit/ 

Receive Supported 

Nibble Baud 1 6X by 

Loaded Rate Clock SETCOM 

OH 50 0.8 kHz Yes 
1 H  75 1 .2 kHz Yes 
2H 1 1 0  1 .76 kHz Yes 
3H 1 34.5 2 . 1 523 kHz Yes 
4H 1 50 2.4 kHz Yes 
5H 300 4.8 kHz Yes 
6H 600 9.6 kHz Yes 
7H 1 200 1 9.2 kHz Yes 
8H 1 800 28.8 kHz Yes 
9H 2000 32.081 kHz Yes 
AH 2400 38.4 kHz Yes 
BH 3600 57.6 kHz Yes 
CH 4800 76.8 kHz Yes 
DH 7200 1 1 5.2 kHz Yes 
EH 9600 1 53.6 kHz Yes 
FH 1 9200 307.2 kHz Yes 

The RS-232C circuit is port mapped and the ports used are E8 
to EB. Following is a description of each port on both input and 
output. 

Port Input Output 

E8 Modem status Master Reset, enables UART 
control register load 

EA UART status UART control register load and 
modem control 

E9 Not Used Baud rate register load enable 
bit 

EB Receiver Holding Transmitter Holding 
register register 

Interrupts are supported in the RS-232C circuit by the Interrupt 
mask register and the Status register internal to GA 4.5 (U31 ) 
which allow the CPU to see which kind of interrupt has oc
curred. Interrupts can be generated on receiver data register 
ful l ,  transmitter register empty, and any one of the errors - par
ity, framing , or data overrun. This allows a m inimum of CPU 
overhead in transferring data to or from the UART. The interrupt 
mask register is port EO (write) and the interrupt status register 
is port EO (read). Refer to the 10 Port description for a full break
down of all interrupts and their bit positions. 



All Model l ,  I l l ,  and 4 software written for the RS-232-C interface 
is compatible with the Model 4P RS-232-C circuit, provided the 
software does not use the sense switches to configure the in
terface. The programmer can get around this problem by di
rect ly prog ramming  the  B R G  and UART for the desi red 
configuration or by using the SETCOM command of the disk 
operating system to configure the interface. The TRS-80 RS-
232C Interface hardware manual has a good discussion of the 
RS-232C standard and specific programming examples (Cat
alog Number 26- 1 1 45). 

Pinout Listing 

The following l ist is a pinout description of the DB-25 connector 
(P1 ) .  

Pin No. 
1 
2 
3 
4 
5 
6 
7 
8 

1 9  
20 
22 

Signal 
PGN D  (Protective Ground) 
TD (Transmit Data) 
RD (Receive Data) 
RTS (Request to Send} 
CTS (Clear To Send) 
DSR (Data Set Ready) 
SGN D  (Signal Ground) 
CD (Carrier Detect) 
SRTS (Spare Request to Send) 
DTR (Data Terminal Ready} 
Rl (Ring Indicate) 
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5.2. 1 7  CPU Board Troubleshooting Guide 

This section is a general guide for service personnel to check 
out and troubleshoot the Modei 4P Main Logic CPU Board. Pro
cedures in section 4 Troubleshooting should be followed before 
proceeding to following steps. This guide will provide step by 
step procedures to help isolate the faulty area on the CPU 
board. Knowledge of each area of the CPU board is necessary 
to determine exact component failure. Refer of CPU Board 
Schematics and Theory of Operation during troubleshooting for 
specific check points and testing. 

1 .  No video messages are displayed and correct data does 
not appear at video output connector J9. 
If above condition exists, go to 2 ;  if video okay, but Model 
4P does not boot properly, go to 1 0. 
If video and boot-up is okay, go to 1 5. 

2. Check for video timing signal DCLK from Gate Array 4. 1 
( U 1 48) in 64 x 1 6  and 80 x 24. 
If okay, go to 3; if one or both modes bad, go to 7. 

3. Check for proper timing signals output from U 1 48 (SH IFT*, 
XADR7*, CRTCLK, POT*, LOAD*, LOADS*). 
If okay, then go to 4 ;  if one or more bad, replace U 1 48 or 
U 1 28 .  

4. Check i f  68046 U42 is  working properly and has correct in
put signals. 
If all okay, then go to 5. I f  bad , replace U42 or check for in
put signals where they originate. 

5. Check for timing and proper signals U1 02. 
If bad, replace as necessary; if okay, go to 6. 

6. Check output of pin 4 of U 1 42 and repair as necessary. 

7. Check for 20M clock at pin 2 of U 1 48.  
I f  okay, go to 8 ;  if bad, replace Y1 or U 1 48.  

8 .  Check for outputs of  U 1 48 (PCLK, RS232CLK). 
I f  okay, then go to 9 ;  if any bad, replace U 1 48. 

9. Check for 1 2M at output of U 1 46 pin 8 .  
I f  okay, then video should work; if bad , replace 1 46. 

1 0. Run Memory Test in Boot ROM by holding down period ( . )  
and toggling Reset. 
If memory checks okay, then go to 1 1 ;  if not, check mem
ory circuit and/or replace RAM chips. 

1 1  . Check Clock circuit of Floppy Disk Controller. 
If 1 6M Hz and 8 MHz okay, go to 1 2 ;  if bad, repair or replace 
necessary components. 

1 2. Check for all i ncoming signals to the FDC chip U 1 7. 
If any bad, repair as necessary; if okay, go to 1 3. 
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1 3. Check all handshaking signals to FDC chip from CPU. 
If okay, go to 1 4 ;  if bad , repair as necessary. 

14 .  Check Data Bus and control lines. 
If okay, then problem still exists in Floppy Disk Circuit or 
Floppy Disk Drive. Refer to each section accordingly. If 
bad, replace as necessary. · 

1 5. If unit boots okay, then boot Modei 4P Diagnostics Diskette 
and execute each diagnostic to isolate any minor problems 
on CPU Board. 
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U57 
7416 
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Parts L i s t  

Model 4 P  Gate Array P C  Board 
=========== = = = = = = = = = = == == = = ========= = = = = = = = = = = = = = = = = = = = = ====== 

Sym D e s c r i pt i o n  Part Number 
====== = = = = = = = = = = = = == = ============== = = = = = = = = = = = = = = = = = ======= === 

Cl- 6 
C 9- 1 8  
C 2 2 - 2 4  
C 2 7 - 3 1  
C 3 3  
C 3 4  
C 3 6  
C 41 
C 4 2  
C 45 
c s o  
C S S - 5 7  
C 6 1  
C 6 7  
C 6 9  
C 7 0  
C 7 2  
C 7 3  
C 7 7  
C 7 8  
C 8 1 - 8 9  
C 9 1 
C 9 2  
C 9 4 - 9 6  
C 9 8  
Cl O l- 10 6 
C l 0 8 - l l l  
Cl l 4- 1 1 8  
Cl 2 1  
C l 2 4 
Cl 2 5  
C l 2 9  
C l 3 3 - 1 4 0 
C l 4 2  
C l 4 3  
C l 4 6  
C l 4 8  
C l 5 3 - 1 6 0  
C 2 0 1 - 2 1 1  
C 2 1 2  
C 2 1 3  
C 2 1 4  
C 2 1 5  
C 2 1 6  
C 2 1 7 , 
C 2 1 8  
C 2 1 9  

C 2 2 0  

C apac i t or 
Capa c i t or 
C apaci tor 
Capa c i tor 
C apa c i tor 
C apac i t or 
C apac i t or 
Capac i tor 
C apac i t or 
C apac i t or 
C apac i t or 
Capa c i t or 
Capa c i t or 
Capac i t or 
C apac i t or 
Capac i t or 
Capa c i tor 
Capac i t or 
Capa c i tor 
C apac i t or 
C apac i t or 
C apac i t or 
C apac i t or 
C apac i tor 
Capac i t or 
C apac i t or 
Capa c i tor 
C apac i t or 
Capac i t or 
C apac i t or 
C apac i t or 
Capac i t or 
Capa c i tor 
C apac i t or 
C apa c i t or 
C apac i tor 
Capa c i t or 
C apac i tor 
C apac i t or 
C apac i t or 
C apac i t or 
Capac i t or 
C apa c i tor 
C apac i tor 
C apac i t or 
Capac i t or 
Capac i t or 

Rad 
Capac i t or 

. 1  mfd S O V  Mono Axi a l  

. 1  mfd S O V  Mono Axi al 

. 1  mfd S OV Mono Axi al 

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S O V  Mono Axi a l  

. 1  mfd S O V  Mono Axi a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axial 

. 1  mfd S OV Mono Axi al 

. 1  mfd S O V  Mono Axi a l  

. 1  mfd S OV Mono Axi al 

. 1  mfd S OV Mono Ax i a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi al 

. 1  mfd S OV Mono Axi al 

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Ax i a l  

. 1  mfd S OV Mono Ax i a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi al 

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Ax i a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S O V  Mono Axi al 

. 1  mfd SOV Mono Axial 

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axial 

. 1  mfd S OV Mono Ax i a l  

. 1  mfd S OV Mono Axi a l  

. 1  mfd S OV Mono Axi al 
2 2  mfd 1 6V Elec . Rad 
1 0 0 0  pfd S OV C .  D i sk Rad 
. 0 2 2  mfd S OV C .  D i sk 
. 0 2 2  mfd S OV C .  D i sk 
1 0  mfd 1 6V E l ec . Rad 
3 3  pfd S O V  c .  D i sk Npo Ax 
2 2  pfd S OV C .  D i sk NPO Ax 
. 1  mfd S OV Mono Axi al 
2 0 0  pfd S OV C .  D i s k  z s u  

8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 41 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4 
8 3 7 4 1 0 4  
8 3 7 4 1 0 4 
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 4 1 0 4  
8 3 7 41 0 4  
8 3 7 4 1 0 4  
8 3 2 6 2 2 1 
8 3 0 2 1 0 4  
8 3 0 3 2 2 4  
8 3 0 3 2 2 4  
8 3 2 6 1 0 1  
8 3 0 0 3 3 4  
8 3 0 0 2 2 4  
8 3 7 4 1 0 4  
8 3 0 1 2 2 3  

2 2  pfd S O V  C .  D i sk NPO Ax 8 3 0 0 2 2 4  
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Parts L i st 

Model 4 P  Gate Array PC Board 
= = = = = = = = = = = = = = = = = = = == = =================== = = = = = = = = = = = = = = = = = = = = =  

Sym Des c r i pt i o n  Part Number 
= = = = = = = = = = = = = = = = = = = ========== ======== = = = = = = = = = = = = = = = = = = = = = = = = = 

C 2 2 l  
C 2 2 2  
C 2 2 3  
C 2 2 4  
C 2 2 6  
C 2 2 7  
C 2 2 8  

CRl 

El- 8 , 1 4 - 16 

FB l - 4  

J 4  
J 5  

J 6  

J 7  
J 8  
J 9  
J l O  

Ql 

Rl 
R2 
R 3 - 5  
R6 
R8 
R9 
R l O  
Rll 
Rl2  
R l 3  
R l 4  
Rl5 - l 7  
Rl8 
Rl 9 
R2 0 
R2l- 2 3  
R2 4 
R2 5 
R 2 6  
R2 7 
R 2 8  
R2 9 
R 3 0  

C apac i t or 
C apac i t or 
C apac i t or 
C apac i t or 
C apac i t or 
C apac i t or 
Capac i tor 

2 2  pfd 5 0V C .  D i sk NPO Ax 
1 0 0  pfd 5 0V C .  D i sk Ax 
1 0 0  pfd 5 0 V  C .  D i sk Ax 
. l  mfd 5 0V Mono Axi a l  
1 0 0  p f d  5 0V C .  D i sk Ax 
1 0 0  pfd 5 0V C .  D i sk Ax 
. l  mfd 5 0V Mono Axi al 

D iode lN 4 1 4 8  

S tak i ng P i n s  

Ferr i te Bead 

Connec t or , 2 5 - P i n  ( RS 2 3 2 ) D B 2 5  
Con nec t or , 3 4 - P i n  ( F loppy D i sk )  

Header 
Connec tor , Dual 8 ( Keyboard ) 

H eader Rt . Ang l e  
Connector , 3 4 - P i n  ( G raph i c s ) Header 
Connector , 3 - P i n  ( Res et ) Header 
Connec tor , 6 -P i n  ( Video ) Header 
Connec tor , 4 - P i n  ( Power ) Header 

Tran s i s tor 2 N3 9 0 6  

Res i stor 2 0  kohm l/ 4W 5 %  
Res i stor 1 6 0  kohm l/ 4W 5 %  
Res i s tor 4 . 7  kohm l/ 4W 5 %  
Res i stor 4 . 7  Meg ohm l/ 4W 5 %  
Res i stor 4 . 7  kohm l/ 4W 5 %  
Res i stor 2 2  ohm l/ 4W 5 %  
Res i stor 4 7  ohm l/ 4W 5 %  
Res i s tor 5 6  ohm l/ 4W 5 %  
Res i s tor 4 . 7  kohm l/ 4W 5 %  
Res i s tor 2 7  ohm l/4W 5 %  
Res i s tor 4 7  ohm l/ 4W 5 %  
Res i s t or 1 5 0  ohm l/ 4W 5 %  
Res i s tor 3 . 6  kohm l/ 4W 5 %  
Res i stor 2 2  ohm l/2W 5 %  
Res i stor 4 . 7  kohm l/ 4W 5 %  
Res i stor 2 7  ohm l/ 4 W  5 %  
Res i stor 2 . 2  kohm l/ 4W 5 %  
Res i stor 1 0 0  kohm l/ 4W 5 %  
Res i s tor 7 5 0  ohm l/ 4W 5 %  
Res i stor 4 . 7  kohm l/ 4W 5 %  
Res i stor 1 0  kohm l/ 4W 5 %  
Res i stor 1 0  kohm l/ 4W 5 %  
Res i stor 1 5 0  ohm l/ 4W 5 %  
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8 3 0 0 2 2 4  
8 3 0 1 1 0 4  
8 3 0 1 1 0 4  
8 3 7 4 1 0 4  
8 3 0 1 1 0 4  
8 3 0 1 1 0 4  
8 3 7 4 1 0 4  

8 1 5 0 1 4 8 

8 5 2 9 0 1 4  

8 4 1 9 0 1 4  

8 5 1 9 1 0 9  
8 5 1 9 1 2 0  

85 1 9 1 8 4 

8 5 1 9 1 2 0 
8 5 1 9 2 1 5  
8 5 1 9 2 1 1  
8 5 1 9 2 1 0  

8 1 0 0 9 0 6  

8 2 0 7 3 2 0  
8 2 0 7 4 1 6  
8 2 0 7 2 4 7  
8 2 0 7 4 5 7  
8 2 0 7 2 4 7  
8 2 0 7 0 2 2  
8 2 0 7 0 4 7  
8 2 0 7 0 5 6  
8 2 0 7 2 4 7 
8 2 0 7 0 2 7  
8 2 0 7 0 4 7  
8 2 0 7 1 1 5  
8 2 0 7 2 3 6  
8 2 1 7 0 2 2  
8 2 0 7 2 4 7  
8 2 0 7 0 2 7  
8 2 0 7 2 2 2  
8 2 0 7 4 1 0  
8 2 0 7 1 7 5  
8 2 0 7 2 4 7  
8 2 0 7 3 1 0  
8 2 0 7 3 1 0  
8 2 0 7 1 15 



Par t s  L i st 

Model 4 P  Gate Array PC Board 
= = = = = = = = = = = == = = = = = = = = = = == == = = = = = = = = = == = = = = = = = = = = == = = = = = = = = = = = =  

Sym Des c r i pt i o n  Part Number 
= == = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = =  

RPl 
RP 2 
RP 4 

S l  

U l  
U 2  
U 3  
U 4  
u s  
U 6  
U 9  
U l O  
Ull 
Ul2  
U l 3  
U l 4 
U l 5  
U l 6  
U l 7  
U l 8  
U 2 2  
U 2 3  
U 2 4  
U 2 7  
U 2 8 - 3 0  
U 3 1  
U 3 3  
U 3 4 
U 3 6  
U 4 1  
U 4 2  
U 4 5  
us o 
U 5 5  
U 5 6  
U5 7 
U 6 1  
U 6 7  
U 6 9  
U 7 0 * 
U 7 2  
U 7 3  
U 7 7  
U 7 8  

Res i stor P ak 2 7  ohm D I P  1 6 - P i n  
Res i s tor P ak 1 . 5 kohm S I P  1 0 - P i n  
Res i s tor Pak 1 5 0  ohm S I P  1 0 - P i n  

Speaker 8 ohm 

IC 7 4 LS 1 2 3 Mul t i v i b rator 
IC 7 4 LS 3 7 4 F l i p  Flop 
IC 7 4 LS 2 4 4  Octal Buf fer 
IC 7 4 LS 0 8  Quad 2 - In AND 
IC 7 4 LS 0 4 Hex I nverter 
IC 7 4LS 2 4 5  Tranceiver 
IC 7 4 LS 2 4 4  Octal Buffer 
IC 7 4LS 3 6 7  Hex Dr iver 
IC 1 4 8 9  Rec e iver 
IC 1 4 8 8  D r i ver 
IC 1 4 8 9  Rec e iver 
IC 7 4 1 6  Hex I nverter 
IC 7 4 1 6  Hex I nverter 
IC 7 4LS 3 6 7  Hex Dr iver 
IC WD 1 7 7 3  
I C  4 . 4  F loppy Suppor t Ar ray 
IC 7 4 LS 0 2  2 - I n  NOR 
IC 7 4LS 7 4  Fl i p  Flop 
IC 7 4 LS 3 2  Quad 2 - I n  OR 
IC 7 4LS 2 4 4  Oc tal Bu f fer 
IC 7 4LS 1 3 8  Quad 2 - In NAND 
IC 4 . 5  RS 2 3 2C Support Ar ray 
IC TR1 8 6 5  UART 
IC 7 4LS 1 7 4  Hex Fl i p-Flop 
IC 7 4LS 2 4 5  Tranceiver 
IC 7 4 LS 1 5  7- Mul t i plexer 
IC 6 8A0 4 5 C RTC 
IC Z 8 0A -c pu 
IC 7 4LS 2 1  Dual 4 - I n  AND 
IC 7 4 LS 0 8  Quad 2 - I n  AND 
IC 7 4 LS 1 2 3 Mul ti v i brator 
IC 7 4 1 6  Hex I nverter 
IC 7 4LS 1 5 7  Mul t i pl exer 
IC 7 4LS 2 4 4  Oc tal Bu f fe r  
IC 6 8A3 3 2  4K X 8 3 0 0NS ROM 
IC 7 4LS 2 4 5 Tranceiver 
IC 7 4 LS 2 4 4  Oc tal Buf fer 
IC B R1 9 4 3  Clock Gen . 
IC 7 4 1 6  Hex I nverter 
IC 7 4LS 2 4 0 Octal Bu f fer 

* NOTE : Starred ( * )  IC t o  be socketed 
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8 2 9 0 0 2 7  
8 2 9 0 0 1 5  
8 2 9 0 0 1 3  

8 4 9 0 0 0 8  

8 0 2 0 1 2 3  
8 0 2 0 3 7 4  
8 0 2 0 2 4 4  
8 0 2 0 0 0 8  
8 0 2 0 0 0 4  
8 0 2 0 2 45 
8 0 2 0 2 4 4 
8 0 2 0 3 6 7  
8 0 5 0 1 8 9  
8 0 5 0 1 8 8  
8 0 5 0 1 8 9  
8 0 0 0 0 1 6  
8 0 0 0 0 1 6  
8 0 2 0 3 6 7  
8 0 4 0 7 7 3  
8 0 4 0 5 4 4 
8 0 2 0 0 0 2 
8 0 2 0 0 7 4  
8 0 2 0 0 3 2  
8 0 2 0 2 4 4  
8 0 2 01 3 8  
8 0 4 0 5 4 5  
8 0 4 0 8 6 5  
8 0 2 0 1 7 4  
8 0 2 0 2 45 
8 0 2 0 1 5 7  
8 0 4 0 0 45  
8 0 4 7 8 8 0  
8 0 2 0 0 2 1  
8 0 2 0 0 0 8  
8 0 2 0 1 2 3  
8 0 0 0 0 1 6  
8 0 2 0 1 5 7  
8 0 2 0 2 4 4  
8 0 7 5 3 3 2  
8 0 2 0 2 4 5 
8 0 2 0 2 4 4  
8 0 4 0 9 4 3  
8 0 0 0 0 1 6  
8 0 2 0 2 4 0  



Parts Li s t  

Model 4 P  G a t e  Array PC Board 
= = = = = = = = = = == == = = = == = = == = = = == = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = =  

Sym Des c r i pt i o n  Part Numbe r  
= = = = = = = = = = = = == = = = = = = = = = = = = = == = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = =  

U 8 1  
U 8 2  
U 8 3  
U 8 4  
U 85 
U 8 6 * 
U 8 7  
U 8 8  
U 8 9  
U 91 
U 9 2  
U 9 4  
U 95 
U 9 6  
U 9 8  
U l O l  
U l 0 2  
U l 0 3  
U 1 0 4  
U l 0 5  
U l 0 6  
U l 0 8  
U l 0 9  
U l l O  
U l l l  
U l l 4  
U l l 5  
U 1 1 6  
U l l 7  
U 1 1 8  
U 1 2 1 
U l 2 4 
U l 2 5  
U l 2 9 
U l 3 3 - 1 4 0  
U l 4 2  
U l 4 6  
U l 4 8  

I C  7 4LS 1 5 7  Mul t i pl exer 
IC 4 0 1 6  2K X 8 RAM Stat i c  2 0 0NS 
IC 7 4LS 3 7 3  Oc tal Latch 
IC 7 4 LS 2 4 4  Oc tal Bu f fer 
IC 7 4LS 2 7 3  Oc tal F l i p- Flop 
IC 7 4LS2 4 5  Tranceiver 
IC 7 4F 0 4  Hex I nverter 
IC 7 4LS 1 1  Tr i pl e  3 - In AND 
IC 7 4 LS 2 7  T r i p l e  3 - In NOR 
IC 7 4LS 0 4  Hex I nverter 
IC 7 4 LS 0 0  Quad 2 - In NAND 
Delay L i ne 
IC 7 4LS 0 4  Hex I nverter 
IC 7 4 LS 3 2 Quad 2 - I n OR 
IC 7 4LS 7 4  Fl i p  Flop 
IC 7 4LS 2 8 3  B i nary Adder 
IC 4 . 3  V ideo Suppor t Array 
IC MCM6 8A3 1 6 E  Character ROM 
IC 7 4 LS 0 4  Hex I nverter 
IC 7 4LS 3 2 Quad 2 - I n  OR 
IC 4 . 2  Addres s Decode Ar ray 
IC 7 4LS 5 1  AND -OR Invert 
IC 7 4LS 0 2  2 - In NOR 
IC 7 4 LS 1 5 7  Mul t iplexer 
IC 7 4L S 1 5 7 Mul t i pl exer 
IC 7 4 S 6 4 AND -OR- Inver t 
IC 7 4S 3 2  Quad 2 - In OR 
IC 7 4S 1 1 2 J-K F l i p  Flop 
IC 7 4 F 0 8  Quad 2 - In AND 
IC 7 4LS 2 4 5  Tranc e i v er 
IC 7 4LS 1 4  Hex I nverter 
IC 7 4LS 1 7 4  Hex Fl i p-Flop 
IC 7 4LS 2 4 4  Oc tal Bu f fer 
IC 7 4LS 7 4  Fl i p  Flop 
IC MCM6 6 6 5  6 4K DRAM 2 0 0NS 
IC 7 4LS 0 2  2 - I n  NOR 
IC PLL Mu1 t i modul e  
IC 4 . 1  Sys tem T i ming Array 

* NOTE : S t arred ( * ) IC to be socketed 
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8 0 2 0 1 5 7  
8 0 4 0 1 1 6  
8 0 2 0 3 7 3  
8 0 2 0 2 4 4  
8 0 2 0 2 7 3  
8 0 2 0 2 45 
8 0 1 5 0 0 4  
8 0 2 0 0 1 1  
8 0 2 0 0 2 7  
8 0 2 0 0 0 4  
8 0 2 0 0 0 0  
8 4 2 9 0 2 0  
8 0 2 0 0 0 4  
8 0 2 0 0 3 2  
8 0 2 0 0 7 4  
8 0 2 0 2 8 3  
8 0 4 0 5 4 3  
8 0 4 9 0 0 7  
8 0 2 0 0 0 4  
8 0 2 0 0 3 2  
8 0 4 0 5 4 2  
8 0 2 0 0 5 1  
8 0 2 0 0 0 2  
8 0 2 0 1 5 7  
8 0 2 0 1 5 7  
8 0 1 0 0 6 4  
8 0 1 0 0 3 2  
8 0 1 0 1 12 
8 0 1 5 0 0 8  
8 0 2 0 2 45 
8 0 2 0 0 1 4  
8 0 2 01 7 4  
8 0 2 0 2 4 4  
8 0 2 0 0 7 4  
8 0 4 0 6 6 5  
8 0 2 0 0 0 2  
8 4 0 9 0 3 6  
8 0 4 0 5 4 1 



P a r t s  L i s t  

Model 4 P  Ga te Ar ray P C  Board 
= = = = = = = = = = = == = = = = = = = = = = == == = = = = = = = = = = = = = = = == = = = = = = = == = = = = = = = = =  

Sym Des c r i pt i o n  Part Number 
======= = = = = = = = = = = = = = = == == == == = = = = == = = = = = = = = = = = = = = = = = = = = = == = = = =  

U l 7  Socket 2 8 -P i n  D I P  8 5 0 9 0 0 7  
U l 8 , Soc ke t  2 4 -P i n  D I P  8 5 0 9 0 0 1 
U 3 1  Socke t  4 0 -P i n  D I P  8 5 0 9 0 0 2 
U 3 3  Socket 4 0 -P i n  D I P  8 5 0 9 0 0 2  
U 4 2  S oc ket 4 0 -Pi n D I P  8 5 0 9 0 0 2  
U 4 5  S oc ket 4 0 -Pi n D I P  8 5 0 9 0 0 2 
U 6 9 ,  S oc ket 2 4 -Pi n  D I P  8 5 0 9 0 0 1 
U 7 0  S oc ket 2 0 -P i n  D I P  8 5 0 9 0 0 9  
U 7 3  Socket 1 8 -P i n  D I P  8 5 0 9 0 0 6 
U 8 2 , Socket 2 4-P i n  D I P  8 5 0 9 0 0 1 
U 8 6  Socket 2 0 -Pi n D I P  8 5 0 9 0 0 9 
U l 0 2  Soc ket 4 0 -P i n  D I P  8 5 0 9 0 0 2  
U l 0 3 S oc ket 2 4-Pi n  D I P  8 5 0 9 0 0 1  
U l 0 6  Socket 4 0-Pi n D I P  8 5 0 9 0 0 2  
U l 3 3 - 1 4 0 , Socket 1 6 -P i n  D I P  8 5 0 9 0 0 3  
U l 4 8  Socket 2 4 - P i n  D I P  8 5 0 9 0 0 1  
U l 5 3 - 1 6 0 , Socket 1 6 -P i n  D I P  8 5 0 9 0 0 3  

Y l  Crystal 2 0 . 2 7 5 2  MH Z ( 2  Lead ) 8 4 0 9 0 3 1  
Y 2  C rystal 16  MH z Para l l e l  Resonant 8 4 0 9 0 3 8 

Low Cost Model 4P PC Board Sub 8 8 5 8 0 1 1  
A s sy . 

Low C o s t  Model 4P Board Rev . II II 8 7 0 9 5 2 4  
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5.3 MINI-DISK DRIVES 

The Model 4P utilizes two 5-1 /4" Flexible Disk Drive assem
blies. These drives are internally mounted with Drive 0 at the 
left and Drive 1 at the right when facing the CRT display. They 
are compact, low profile drives that require only half the space 
normally required. The drives use an ANSI-compatible, Indus
try Standard, 5-1 /4 inch diskette and contain 48 tracks per inch. 

Two different types of drives are used in the Model 4P. One is 
a double-sided recording device. Both are capable of reading 
and writing in single-density format on a diskette. The drives 
have double density capability when a Modified Frequency 
Modulated (MFM) or other appropriate recording technique is 
used. Encoding and decoding of the data is done by the user's 
controller. 

Service information and schematics for the Mini-Disk Drive are 
contained in the Manufacturer's Operating and Service Manual 
at the rear of this manual. 

Vin 

5.4 POWER SUPPLY ASSEMBLY 

5.4.1 Power Supply 

Basic Principle 

A switching power supply circuit employs a high-speed semi
conductor switch to control 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 ca
pacitor and a DC voltage source. 

An arrangement well-suited for economical power supplies with 
rated power outputs under 1 00 watts is the FLYBACK CON
VERTER shown in Figure 5-35. The waveforms in Figure 5-36 
are used to describe the operation of the Flyback Converter cir
cuit. For the purpose of this d iscussion we will assume that the 
duration of the "ON" time equals the duration of the "OFF" time 
and Vo = rated output voltage. 

+ 
c 

Figu re 5-35. Basic Flyback Converter 
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Figure 5-36. 

When the switch is closed (ON) at t ime ta, Vin is impressed 
across the primary winding of inductor L and the current lsw in
creases linearly from zero until the switch opens (OFF) at time 
tb. Note that lsec is zero while the switch is closed. This is be
cause Vsec is negative with respect to Vo thus reverse-biasing 
diode D. Note that Vsw is also zero while the switch is closed. 

When the switch opens at time tb, the magnetic field of L in
stantly collapses and reverses polarity. At this moment, Vsw is 
equal to Vin plus the voltage across L j ust before the switch 
opened (also equal to Vin). Therefore, at the instant the mag
netic field reverses polarity, Vsw = 2Vin. 
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During the interval when the switch is open (tb to tc), the sec
ondary 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: 

Vsec x n > Vo 

This biasing replenishes the charge in capacitor C that was de
livered to the load R during the ta-tb interval. This is the "fly
back" 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 il lustrated by the waveforms of Figure 5-
36. 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 lsw increases l inearly 
with time and that the ON and OFF time periods are equal (50% 
duty cycle), the average current in the primary, lsw (av), is 1 /4 
the peak current lsw. Also, the average current in the second
ary, 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 ful l cycle at its lowest value to the maxi
mum permissible output voltage, Vo. The lowest Vsw value oc
curs 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. 

AC Line ! 
fuse & EMI input DC 
surge I-- f i lter I-- supply --.-l imi t ing 

I 
I 
I 
I 
I rl auxi l l ary 

power supply ( +1 2 V l  

I 
I 
I 
I 

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 oscillatiion 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. 

Block Diagram 

The basic circuit i l lustrated in  Figure 5-35 can be divided into 
three functional blocks: Input DC supply, primary, and second
ary. 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 5-37. 
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load sense 
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Figure 5-37. Power Supply Block Diagram 
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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 l ine 
voltage or output load current. This is accomplished by feeding 
back a signal from the output terminals and 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 capaci
tor to become fully charged before power is applied to the con
trol sect i o n .  After the  control  sect ion c i rcu i t  starts and 
secondary voltages reach their regu lated output levels, the 
auxiliary power supply provides the required DC voltage to op
erate the control section. The latch is reset when the current 
limit or under-voltage sensors operate, thus removing DC volt
age to the Control IC. 

There are four secondary or output voltages in addition to the 
auxiliary supply: + 5.05 volt, + 1 2  volt CRT, + 1 2  volt Disk, and 

- 1 2  volt. The + 5.05 and + 1 2  DISK voltages are regulated by 
the control c ircuit response to the frequency compensated 
feedback control signal which comes from the load sense sec
tion. Since the load sensing occurs on the secondary side, an 
optical coupler circuit is necessary to provide safety isolation 
between the primary side common ground and the secondary 
side common ground. 

All secondary voltages, i ncluding the auxil iary + 1 2  voltage, 
share the same magnetic flux l inkage in the transformer core 
and are controlled by the flyback inductor. Any change in sec
ondary load currents cause a change in the shared magnetic 
flux. This change in the f lux 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 deliv
ered to the load remains constant. 
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The output filters reduce the remain ing ripple voltage compo
nents of the AC l ine and switching frequencies to levels low 
enough to prevent interference with the circuits operated by the 
supply. Switching frequency components that could be con
ducted out the AC input terminals are suppressed by the EMI 
filter to avoid interference with other equipment connected 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 l imiter at the AC line input prevents the input filter ca
pacitor in-rush current surge from exceeding component rat
ings or unnecessarily tripping external fuses. 



5.4.2 Technical Specifications 

Environment: 

Temperature; Operating Storage 0 to 50 C (32 to 1 22 F) 

Humidity; Operating Storage 
- 40 to 85 C ( - 40 to 1 85 F) 
85% r.h .  @ 35 C (95 F) max. 
95% r.h . @ 55 C ( 1 3 1 F) max. 

Input Voltage: 
90 to 1 35 VAC rms, 47 to 63 Hz 

Input Surge Current: 
48 amps max. 

Efficiency: 
70% min. at full load with 1 1 5  VAC rms input 

Output Voltages: 
V1 , + 5.05 VDC 
V2, + 1 2  VDC CRT 
V3, + 1 2  VDC DISK 
V4, - 1 2 VDC 

Output Power: 
continuous 65 watts max. 

Output Current: 

Output 
V1 

Condition 1 V2 
(Model I l l  use) V3 

V4 
Condition 2 V1 

(Hard Disk use) V3 
V4 

Load 
Min.  

1 .35 A 
0.60 A 
0.40 A 
0.005 A 
2.5 A 
0.75 A 
0.005 A 

Max. 
4.0 A 
1 .5 A 
2 . 1  A 
0. 1 0  A 
5.0 A 
2.0 A* 
0. 1 0  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 with in  specified regulation 
when this surge decays to 4.0 A. 

Output Ripple Voltage: 
V1 (5.05 VDC) 
V2 ( + 1 2  VDC) 
V3 ( + 1 2  VDC) 
V4 ( - 1 2 VDC) 

50mV p-p 
1 50mV p-p 
1 50mV p-p 
1 50mV p-p 

NOTE: Ripple is the composite 1 0011 20 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 osci l loscope connections 
should be ignored. 
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Output Voltage Regulation : 
After in itially setting V1 , output voltage tolerances under all 
conditions of rated l ine, load , and temperature should re
main within the following l imits: 
V1 ( + 5.05 VDC) + I - 3% 
V2 ( + 1 2  VDC) see *NOTE 

V3 ( + 1 2  VDC) + I - 5% 
V4 ( - 1 2 VDC) + 25%, - 8.3% 

*NOTE: a) The i n itial value of V2 must not change by 
more than + 1 - 1 oomv under the following 
load conditions of V3: 
- A step increase in output current from 0.4 

A ( i n it ia l  condit ion) to 2 . 4  A, decaying 
withi n  60 msec to 2.1 A. 

- A step decrease in output current from 2 . 1  
A (initial condition) to  0 .4  A .  

b) V2 output voltage may vary + I - 5% under all 
other conditions of rated line, load, and tem
perature as defined in  the specification . 

Over-Current Protection :  
Power supply wi l l  shut down before total power exceeds 
the point where damage would result. No damage will re
sult when any output is short circuited continuously with 
1 00 mil l iohms or less. 

Over-Voltage Protection : 
The + 5.05 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 1 6  mSec minimum 
Low Line 1 0 mSec minimum 



5.4.3 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 wil l be analyzed and 
later these sections wi l l  be connected to i l lustrate the signal 
flow in the power supply. 

AC Input 

A conventional bridge rectifier and a filter capacitor are con
nected directly across the AC line to provide the DC input volt
age to the power supply. 

Fl 
3 amp 

9 0  to 1 3 5  VAC 
50/60 Hz 

R38 

N o------.l'vv------!.1-_... __ ____J 
L _ _ _ _ _ _  _ 

Figure 5-38. Input AC Supply 
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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 l ine. C30 and C31 provide 
a low impedance to the earth ground terminal for signals com
mon 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 l ine. T2 blocks RF signals common 
to both sides of the l ine and reflects them back toward the lower 
impedance elements near the rectifier. T2 also helps block dif
ferential (across-the-line) signals by using the EMF set up by 
the signal current on one side of the l ine to oppose the signal 
current flowing in the other side. C33 serves as a transient by
pass capacitor to protect the power supply from large transient 
voltages that appear on the AC power l ine. C33 also improves 
the efficiency of the RFI filter choke T2 by terminating the line 
in a low impedance to absorb and dissipate any remaining dif
ferential RF energy. 

R38 is a negative-temperature-coefficient-thermistor which l im
its the turn-on surge current of the power supply filter capacitor 
C29. The resistance of this thermistor when "cold" is approxi
mately 1 0 ohms. As the filter capacitor charges toward the peak 
value of the AC input voltage, it draws less current from the l ine. 
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  tu rn-off, to  l imit the turn-on surge after only 
a few seconds cool-down. 

( a )  Latch Circuit 

+l60v 

R26 

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 
abnormal ly high current that would result from a component 
failure in the DC input supply or current l imiting circuits. 

Auxil iary Power Supply 

The auxil iary power supply is operational when the main supply 
is on and not in  a shut-down condition. This power supply con
sists of winding 2-3 on T1 , half-wave rectifier CR4, and filter ca
pacitor C 1 4. The voltage output is approximately + 1 5  volts 
under normal conditions but momentarily reaches about + 31 
volts during start-up. 

Kick Start Latch 

Start up of the circuit is in itiated by the kick start latch. This latch 
is shown in simplified form in Figure 5-39 (a) along with the ac
companying waveforms in Figure 5-39 (b). When power is ap
plied, C 1 4  charges toward Vin = + 1 60 volts through R26 with 
a time constant of approximately RC or 37.5 seconds. How
ever, as we'll see, the kick start latch turns on in 2 or 3 seconds, 
the time required for the voltage across C 1 4  to reach 30 + 
Vbe4 = 30.7 volts. At this point 04 turns on and develops a 
bias across R21 which turns on 05. 

Referring to Figure 5-39b,  as C 1 4  dumps its charge into C1  be
ginning at time t2, the voltage across C 1 4  starts to decrease to
ward a level that wil l be determined by the load composed of U 1 
and the base drive circuit. Notice that the voltage across C1 
momentarily approaches the ful l 31  volts at time t3 before it 
drops down under load to about + 1 5  volts at time t4. 

C b )  waveforms 

vc5 

vc7 

+---e: 15 - - - - -o I 
tl t 2 t 3  t 4  

tl : Power appl ied 
t2: Latch turns ON 
t 3 :  Cl peak charge 

time 

t 4 :  Cl voltage at loaded value 
Vin = 1 6 0  volts 

Figure 5-39. Kick-Start Latch 
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With C1 charging rapidly through the low resistance of a satu
rated Q4 via Vbe5, 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  p in 1 0 . A l l  that remains is to  start up  the 
pulse generator so that the supply operates and replenishes 
the charge in C 1 4  on each cycle, thus maintaining a DC source 
for U1 of about + 1 5  volts. Completion 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 IC, 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 am
plifier 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 ex
cept for its output transistors. 

The pulse generator section of the control IC has four major 
parts: (a) sawtooth oscillator; (b) wave-shaping and output cir
cuit; (c) regulating comparator; (d) dead-time comparator. Fig
ure 5-40 il lustrates the sawtooth oscillator and output circuit 
waveforms and the approximate levels of the DC control volt
ages applied by the comparators to the wave-shaping logic. 
The oscillator frequency is set by the values of R3 and C7 
shown in Figure 5-41 . 

The amplitude of the sawtooth is set at 3.0 volts (approximately 
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 out
put voltages as sensed by U3 and coupled through U2. Notice 
that these voltages wil l vary because of changes in output load
ing, AC input voltage, and also because of the residual 1 20 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 
wi ll be at least 50% of the sawtooth period. This allows ade
quate 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. 
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A concept known as duty cycle was introduced in earlier para
graphs. 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 
duty cycle d = 

Vosc, pk T period 

There are three possible conditions of the duty cycle : 

d = 0 

d = 50% 

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

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. 

The dead-time control voltage is used in one other important 
way. Notice.the 4.7 ufd capacitor, C2, connected across R4 in  
Figure 5-41 . When power is first applied to the supply, the volt
age 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 R5 and C2 as t = 5x1 5k ohm 
X 4.7 ufd = 1 /3 second. As Vdt decreases past Vosc,pk, very 
narrow pulses begin appearing at pin 8 of U 1 .  The pulses be
come successively wider until Vdt is less than Vreg. C2 contin
ues 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. 
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Figure 5-40. Oscil lator, Pulse Generator Waveforms 
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Frequency stabil ity of the sawtooth oscillator is provided by the 
2% tolerance and polyester construction of the timing capaci
tor, C7, and the 1 00 parts-per-mil l ion temperature stability and 
1 %  tolerance of R3. Voltage stability of the DC control voltages 
is provided by the + I - 2 1 /2 percent stability of the 5.0 volt 
reference. 

The control section consists of two error amplifiers in U 1 ,  the 
primary half of U2, and associated circuitry shown in Figure 5-
41 . 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. This current is a replica of the current developed by U3 in 
response to the condition of the output voltage at the + 5. 1  v 
and + 1 2v outputs. This amplifier has a. gain of about 1 0  deter
mined by: 

R8 22k ohm 
A =  = 1 0  

R9 R6 2.35k ohm 

The other error amplifier in U1 serves as a shut-down compar
ator. The positive terminal, pin 1 4, is set at the + 5.0 volt ref
erence and pin 1 3, the negative terminal or shut-down pin, is 
tied to the current l imit latch. The output of this error amplifier 
(equal to Vreg since both error amplifier outputs are tied to the 
wave-shaping logic) wi l l  rapidly increase toward the + 5.0 volts. 
Recall that if Vreg exceeds the peak sawtooth voltage, pulses 
are inhibited and the power supply shuts-down. 

+15V 

Base Drive 

Figure 5-42 i l lustrates the BASE DR IVE circuitry which turns 
switching transistor 07 on and off in response to the output 
of the pulse generator portion of U 1 . The "ON" circuit is 
shown in Figure Sa and the "OFF" circuit is shown in Figure 
8b. Waveforms for these circuits appear i n  Figure 5-43. 

The output transistor of U1 combined with 03 forms a Darling
ton pair. This circuit provides the relatively large current nec
essary (through coupling capacitor C8) to turn on 07. R23 1imits 
this base current to a value large enough to turn on 07 quickly, 
but not so large that it wi l l  exceed the ratings of 03, C8, or the 
base emitter junction of 07, or so large that the turn-off time of 
07 is excessive. 

As 03 turns on, C8 charges to approximately + 5 volts and 07 
is driven into saturation. Energy is stored in the primary winding 
of T1 as the collector current of 07 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 01 
and 02 are in it ia l ly at the + 6 volt level determined by the 
charge on C8, the Vbe drop of 07, and the drop across R37. 
Both base-emitter junctions of the 01 -02 Darlington pair are 
biased ON and the positive terminal of C8 is clamped to near
ground by the saturating 01 . At this point, C8 still has most of 
its charge and the base voltage of 07 is approximately - 4.5 
volts with respect to ground. 

( a )  Turn Q7 ON 

+l 6 0 V  

( b )  Turn Q 7  OFF 

Figure 5-42. Base Drive Circuit 
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V Q7 Base 

10 

5 
+lV 

0 

- 5  - 4 . sv 
- 1 0  !---T=25usec � 

Figure 5-43. Q7 Base Voltage Waveform 

With the strong reverse polarity provided by C8 across the base 
emitter junction of 07, the "forward" charge stored in the junc
tion capacitance is quickly swept out and 07 is turned off. C8 
continues to discharge through R24 to prepare for the next 
"ON" cycle. R1 9 l imits the in itial discharge of CB while 07 is 
turning off. 

Notice the symmetry in the base drive circuit and the key role 
played by C8 in both the turn-on and turn-off sequences. Be
cause of this crucial role in the circuit, this capacitor is specified 
as a h igh temperature ,  low-equivalent-series-resistance 
component. 

I 
+ l 6 0 V  I 

I 
I 
I 
I 

T2 R4 0 1  

prim�ry 
I 
I I c31 I I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 

Q7 I 
I 

( a )  Primary ( b )  Snubber 

Primary Circuit and Current Limit Shutdown 

The Primary Circuit 

The Primary circuit, shown in Figure 5-44 (a), functions exactly 
as described earlier in the "Basic Principle" section. That is, the 
switch (07) is controlled by the base drive waveform developed 
by the control section .  

k i ck-start 
shut-down 

reset 
control 

CRl 
Control Bus 

CR2 

R 3 3  

\ Latch 

i J 
R 3 5  Q9 

R37  C22 R36 \_ Detector 

( c )  Current L imit Sen s e  

Figure 5-44. Primary Side Protection 
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The Snubber Circuit 

Practical transformers cannot couple 1 00% of the stored en
ergy from the primary to the secondary since all of the flux from 
the primary fails to l ink 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 trans
former, but instead placed apart from the primary and in series 
with it. This small , separately-acting inductance does not par
ticipate in the transformer action and is . called the leakage 
inductance. 

If the resonant circuit, consisting of this leakage inductance and 
the stray capacitance in the adjacent circuit, has sufficient 0 
(relatively low resistance losses), a damped oscillation will oc
cur in this resonant circuit when the transistor switch opens. 
The peak value of this oscillation will add to the Vee = 2 x Vin 
which appears across the transistor switch just after turn-off. 
The combined peak Vee may exceed the transistor breakdown 
rating if not damped out by the action of a snubber circuit. 

When 07 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 l imit the 
peak value of the 07 turn-off voltage.) If there were no resist
ance in this series connection of C37-plus-parasitics and leak
age inductance, they would exchange this energy back and 
forth indefinitely. R40 is used to damp this oscillation without 
excessively slowing the turn-off voltage spike at the collector of 
07. 

Current Limit Circuit and the Shut-Down Sequence 

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

The current limit circuit shown in Figure 5-44(c) 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 con
ducts the current l imit signal to control pin 1 3  and to the reset 
point in the kick start latch circuit. Diodes CR2 and CR3 steer 
this signal. 

The normal maximum peak current i n  switching transistor 07 is 
3 amps. The detector transistor 08 is biased to turn on by the 
divider action of R35 and R36 whenever the 07 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. 
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As soon as 09 turns on, its collector current develops the turn
on bias for 08 across R33, and the 08-09 pair "latches" in the 
"ON" state unti l the DC source for the latch is removed . Re
moval of this DC source occurs when C1 discharges through 
CR1 , thus removing DC voltage from the controi iC. Notice also 
that the kick start latch, 04 and 05, is still in the "ON" state and 
thus provides a discharge path for C 1 4. When the decreasing 
voltage across C1 4 is less than approximately one volt, the 04-
05 1atch also switches off. 

At this point in time, all circuits are in an OFF condition except 
the input DC supply. C1 4 now begins to re-charge toward the 
input DC supply to restart the power supply. If a fault remains, 
the kick start and current l imit 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 tu rned-off. 

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 1 3, set by the divider action of 
R27 and R25, diminishes to a level below the i nternal reference 
supply of the control IC. Pu lses are inhibited immediately and 
because the DC supply to the Control IC is no longer replen
ished by the auxi l iary supply, it discharges toward zero. 

Why is it important to shut down the supply if the input AC l ine 
drops below 90 volts? The answer wi ll 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 on ly way the DC supply can deliver 
more current is to draw it from the AC l ine .  So the negative 
change in AC i nput 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 l in  = constant. 

Thus if V decreases, I will increase, and vice versa. The supply 
will thus draw more and more current from the AC l ine if the AC 
voltage continues to decrease. I n  order to l imit the average cur
rent to a safe value, the control circuit senses the input voltage 
and shuts down the supply before the AC voltage level be
comes 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 po
larity 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 - 1 2  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 dam
age to the - 1 2 volt circuit. Therefore, a three terminal regulator 
with its own current l imiting circuit is used to protect the - 1 2  
volt output. 

All of the 1 2-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 min imizes dissipation resu lt ing in maximum efficiency. 
Each of the positive outputs has a bleeder resistor. 

+ 

5 Vol t 
I nput 

R22 

L l  

�2 

Rll Rl 2 

U2A 

C4 

U3 

The reason for two separate + 1 2  vo!t outputs is to provide suf
ficient isolation between different types of loads. It is easier to 
regulate the + 1 2  volts if the load which contains the DC motors 
in the disk drives is separated from the rest of the loads. In ad
dition, the + 1 2  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 + 1 2  volt outplfl (V2) during the 
severe V3 transitions. 

Load Sense and Feedback Signal Development 

The circuit of Figure 5-45 has three parts. In part (a) , the IC's 
U2 and U3 are biased ON by resistors R 1 1 and R22. These re
sistors also sense the changes in AC line input voltage to pro
vide l ine regulation. U2A is the LED half of an optocoupler 
which serves to isolate the DC ground circuits of primary and 
secondary while coupl ing the AC feedback signal via optical 
coupling. U3 serves as both a stable DC reference voltage 
which the output voltages are compared against and as an er
ror amplifier which provides the gain necessary for adequate 
sensitivity of the control IC to load changes. 

+12V 
I nput 

Rl 4 Cl 3 

c s  

Rl 3 

+12V 
Output 

R29 

Rl5 

Rl6 

+ 

5 Vol t  
Outpu.t 

( a) Feedback 
Signal Proces sor 

( b) Freque n cy 
Res pon s e  

( c )  Loa d Sen s e  

Figure 5-45. Feedback Signal Development 
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Each of the passive components in the load sensing network is 
a high stability ( + I - 1 OOppm) part to assure stability of the net
work over the operating temperature range of the power supply. 

Part (b) of Figure 5-45 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 R1 4/C5 
and R1 3/C4, also determines the stability of the power supply 
by ensuring that the power supply control circuit has no tend
ency to oscillate. 

Part (c) i l lustrates the load sensing network. Equal currents 
through R 1 5 are supplied from the + 1 2V DISK and + 5.05V 
outputs by R29 and R30. In addition, a portion of the transient 
signal occurring on the + 1 2V CRT output (when the motors 
turn on or off) is fed to R 1 5  by C 1 7. The wiper of R 1 5 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 (07) ON time to adjust the output voltages 
as necessary. R 1 5  is adjustable to provide the initial set-up of 
the + 5.05V output when it is installed in a computer. 

o-----r------___,e-------o + 

'2� VR2 

\7 Q6 R 1 8  

Rl7 t C6 

Figure 5-46. Overvoltage Crowbar 

Overvoltage Crowbar 

5 Volt 
Output 

Some of the circuits suppl ied by the + 5 volt output are quite 
sensitive to voltages in excess of 7 volts. Since some circuits 
require both + 5 and + 1 2  volts, a fai lure in those circuits could 
apply + 1 2  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, 06, is used to "crowbar" or short-circuit 
the + 5.05 volt output to the secondary ground bus. This short 
circuit triggers the current l imiting circuit and the supply shuts 
down until it tries to restart. 

Referring to Figure 5-46, VR2 sets the turn-on point of the SCR 
and R1 7 develops the gate signal when VR2's Zener break
down voltage of 5.6 volts is exceeded. C6 and R 1 7  provide cur
rent limiting for VR2 and filter the gate signal so 06 won't 
respond to transient signals. 
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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 i nto the secondary through 
the flyback transformer action. The energy is then stored in the 
input filter capacitor at a voltage determined by the transformer 
turns ratio. Notice that the turns ratio determines the ratio of col
lector voltage to secondary voltage, both of which are alternat
ing voltages.  The ratio of i n p ut-to-output  DC voltage is  
determined by the duty cycle and the turns ratio together. 

For example, let's look at the + 5 volt output of Figure 5-31 at 
normal loading and approximtely 1 20 VAC input. Under these 
conditions, the DC input voltage is 1 68 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 
1 68 or 67.5 volts. Dividing this average DC voltage by the turns 
for the 5 volt secondary (54 : 4 = 1 3.5) gives us 5.0 volts. 

bas e  drive 

67.5V 
- - - - - = 5V 
1 3.5 

+1 6 8  VDC 

4 Tl 

5 4 t  I I  
CRS 

Figure 5-47. Power Chain 

+ S VDC 

Cl O 

-



Control Chain 

Imagine the load end of the feedback path disconnected from 
the + 5.05 volt output terminal and unfolded so that the load 
sense network is now at the "input". The secondary rectifier 
(CR5) and filter (C1 O-C 1 2, L 1 ,) remain as the output. The circuit 
as it now appears, redrawn in simplified form in Figure 5-48, 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 de
creasing 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 pho
totransistor of U2B, develops a reduced voltage across R7 at 
the non-inverting input of the regulator error amplifier in U 1 . 

+ oJ�r--1r------.--� 

+5 . 1V 
Output 

R 3 0  

R l S  

Rl6  

R l 4  
C4 R 3 1  

I 
I 

c>----4--------.--------< b 'l I 

The regulator error amplifier in U 1  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 er
ror amplifier output is Vreg. Since we established earlier that a 
negative-going Vreg increases the length of the base drive 
pulse, 07 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 C1 0,  C1 1 dur
ing 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 compar
ator input. 
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Figure 5-48. Control Chain Simplified Schematic 
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5.4.4 Troubleshooting Chart for 65 Watt Power Supply 

Trouble 
open fuse 

Current l imit cycle 

no pulses at pin 8 of U 1 , 
( i .e . ,  supply shut down) 

Cause 
shorted l ine input filter capacitor 
shorted bridge 
shorted filter capacitor 
shorted switching transistor 

single rectifier open in bridge 
open filter capacitor 
shorted snubber capacitor or resistor 
open opto-coupler 
shorted supply output 

shorted output rectifier 
open or shorted output filter capacitor 

defective crowbar 
no aux. DC supply 
no "kick start" 
no base drive 
dead-time control divider malfunction 
under-voltage protect divider 
malfunction 
PWM feedback malfunction 
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Remedy 
check and/or replace C33, C32, C31 , C30 
check BR1 
check C29, C26,  R39 
check 07, C37, R40, C26, T1 pri . ,  03, 
01 , R37 
check and/or replace BR1  
check C29 
check C37, R40 
check U2 
check computer for short on + 5V, + 1 2V 
CRT, + 1 2V D I S K ,  - 1 2V outputs and 
clear shorted condition 
check CR5, CR6, CR7, CR8 
check C 1 6 , C 1 8 , C25, C23, C 1  0, C 1 1 ,  
C 1 2, C 1 9, C20 

.check 06 
Check and/or replace CR4, C 1 4, T1  aux. 
check R26, 04, 05, VR1 , C R 1 , C 1  
check U 1 , 03, R23, CB, R24 
check C2, R4, R5, U 1  (for V ref. )  
check R27, R25, C9, 09 

check and/or replace U 1 , U2, C3 



5.4.5 Testing and Adjustments 

The following tests should be performed to guarantee correct 
operation of the power suply 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 

1 .  Apply + 35 volts DC via 1 70 ohm, 5 watt resistor from 04 
emitter to the primary side of ground. Primary side ground 
is the point labeled 1 on the schematic. Also apply 35 
volts DC via a 1 20k ohm resistor and a normally closed 
SPST switch from Pin 1 3  of U 1  to primary ground. Observe 
the voltage across C 1 4 as it charges. As it reaches a value 
near + 31 volts, it should drop to near + 1 6  volts as 05 and 
U1 turn on. 

2. Check U1 pin 8 and/or 07 base for a base drive pulse: a 40 
kHz square wave of 8/4 volts respectively. 

3. Switch the SPST switch connecting the 1 20k ohm resistor 
from Pin 1 3  of U 1 and check for loss of base drive pulses 
on 07. 

Operational, Checks T2, U 1 , U2 

APPLY AC POWER 

1 .  Apply rated maximum loading for condition 1 (Model I l l  
use) o r  condition 2 ( 5  1 /4" Hard Disk use). 

2. Apply 1 20 VAG input voltage and observe 07 current (via 
loop on PCB) and voltage (at TP2). Supply should start in 
two to four seconds. 

3. Observe the + 5.05 olt output and adjust R 1 5 until the out
put is exactly + 5.05 volts DC. 

4. Measure + 1 2V and - 1 2V outputs. 

5. Check all outputs at Vin = 90 VAG and 1 35 VAG at: 
(a) minimum and maximum loads 
(b) check + 1 2V CRT when + 1 2V DISK varies in transient 

test. 

6. Measure ripple. See Measurement Techniques below. 

7. Measure efficiency. See Measurement Techniques below. 

8. Test operation of current limit and over-voltage protection 
circuits by applying + 7.0 volts to the + 5 volt output. 
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Measurement Techniques 

1 .  Ripple - Unit connected to full load at low l ine. One end of 
50 ohm coaxial cable connected to output terminals. Other 
end of cable (terminated with 0.01 uF ceramic cap in series 
with 51 ohm resistor) connected to scope using BNC T-fit
ting. Two components at 1 20 Hz and 40 kHz. 

2. Eff ic iency - Use D iego System s  Ser ies 200 power 
monitor. 

Power Out 
Efficiency = -----

Power In  
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PARTS L I S T  

Power Supply As s embly 8 7 9 0 0 4 9 , 6 5W 

= = = = == = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = == = = =  

I tem Sym Des c r i p t i o n  Part Number 
= = = = = = = = = = = = = = = = = = == == == = = = = == = = == = = = = = = = = = = = = = = = = = = = = = == = = =  

l 

1 

1 

Jl 
BRl 

C l  
C2  
C3  
C4  
c s  
C 6  
C 7  
C 8  
C 9  
C l O  
C l l  
C l 2  
C l 3  
C l 4  
C l 5  
C l 6  
C l 7  
C l 8  
C l 9 
C 2 0  
C 2 1  
C 2 2  
C 2 3  
C2 4 
C 2 5  
C 2 6  
C 2 7  
C 2 8  
C 2 9  
C 3 0  
C 3 1  
C 3 2  
C 3 3  
C 3 4  
C 3 5  
C 3 6  
C 3 7  
C 3 8  

P r i n t ed C i r cu i t  Board 

Fan Output 2 -p i n  ver t i c l e  
B r id ge , 2 A ,  6 0 0 PIV 

l O � F , 3 5 V ,  el ect . ,  rad i al 
4 . 7� F ,  S OV ,  e l ec t . ,  rad i al 
0 . 0 4 7� F ,  5 0/6 3V s tacked me tal 
0 . 4 7� F ,  5 0/ 6 3V stacked metal 
0 . 0 6 8� F ,  5 0/ 6 3V s tacked me tal 
l� F ,  5 0 , e l ec t . ,  rad i al 
O . O O l� F , 6 3V poly 
4 7� F ,  2 5 V ,  e l ec t . ,  rad i al 
l� F ,  S O V ,  e l ec t . ,  rad i al 
2 2 0 0� F ,  l OV ,  e l ec t . ,  rad i al 
2 2 0 0� F ,  l OV ,  e l ec t . ,  rad i al 
2 2 0 0� F ,  6 . 3V ,  e l ec t . ,  rad i al 
O . O l� F ,  5 0/ 6 3V stacked metal 
l O O� F , 3 5V ,  e l ec t . ,  rad i al 
l O O O pF ,  l O OV ,  cerami c d i s c  
2 2 0 0� F ,  1 6 V , e l ec t . ,  rad i al 
O . l� F ,  5 0/6 3V s tacked metal 
3 3 0 0� F , 1 6V ,  e l ec t . ,  rad i al 
l O O� F ,  3 5V ,  e l ec t . ,  rad i al 
l O O� F ,  2 5V , elect . ,  rad i al 
. 0 4 7� F ,  5 0/ 6 3V stacked metal 
. O l� F ,  5 0/ 6 3V stacked metal 
4 7 0� F ,  1 6 V , e l ec t . ,  rad i al 
O . l� F ,  2 5 0VDC me tal poly 
2 2 0 0� F ,  1 6 V , e l ec t . ,  rad i al 
2 2 0 � F , 2 0 0V ,  el ect . ,  rad i al 
Not U s ed 
4 7 0 0  pF , 1 2 5VAC , cerami c d is c  
2 2 0� F ,  2 0 0V ,  elect . ,  rad i al 
4 7 0 0 pF , 1 2 5VAC , cerami c d i s c  
4 7 0 0 pF , 1 2 5 VAC , cerami c d i s c  
. 2 2� F ,  1 2 5VAC , c erami c d i sc 
. O l� F ,  2 5 0VAC , me tal paper 
Not U s ed 
Not U s ed 
. O O l� F ,  5 0/6 3V s tacked metal 
. O O l� F ,  6 3 0 V ,  poly 
. 0 2 2 � F , 6 3 V ,  poly 
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8 7 0 9 3 6 5  

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

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

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

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



PARTS L I S T  

Power Supply A s s embly 8 7 9 0 0 4 9 , 6 SW 

============================================================ 
I tem Sym Des c r i pt i o n  Part Number 
============================================================ 

C 3 9  

CRl 
CR2 

CR3 
CR4 
CRS 
CR6 
CR7 
CR8 
CR9 
CRl O 
CRl l 

F l  

Ll 
L2 
L 3  
L 4  
LS 

Q l  
Q 2  
Q 3  
Q 4  
Q S  
Q 6  
Q 7  
Q8  
Q 9  

U l  

U 2  
U 3  

R l  
R2 
R3 
R4 
RS 

. 0 2 2� F , 6 3V ,  poly 

D iode , l N 4 1 4 8 , swi tching 
D iode , l N 4 0 0 2 , lA/S O PIV 

D iode , lN 4 0 0 2 , lA/S O PIV 
D iode , l N 4 9 3 4 ,  l A/ l O O PIV 
D iode , MBR1 0 3 S , 8/l O A ,  3 SV ,  T0- 2 2 0  
D iode , MUR8 1 0 , 8A/ l 0 0 P IV , T0- 2 2 0  
D iode , lN4 9 3 4 , 8A/ l 0 0 PIV 
MUR8 1 0 , 8A/ 1 0 0 P IV , T0- 2 2 0  
Not U s ed 
D iode , lN 4 0 0 2 , lA/S O PIV 
D iode , lN 4 0 0 2 , lA/S O P IV 

3 amp , AGC 

I nduc t or , S . O � h ,  l OA 
Induc tor , 3 0� h , SA 
Not U s ed 
Induc tor , 3 0� h , S A  
I nductor , l O O� h ,  3 A  

Trans i stor , MPSU S lA ,  PNP , T0- 2 0 2  
Trans i stor , MP SAS S ,  PNP , T0- 9 2  
T r a ns i st or , MP SU O lA ,  N PN , T0- 2 0 2  
Trans i stor , MP SUS lA , PNP , T0- 2 0 2  
Trans i stor , MP SU O lA ,  NPN , T0- 2 0 2  
SCR , 8A/ S O P IV , T0- 2 2 0  
Transi stor , MJE1 3 0 0 6 , NPN , 8A , 4 0 0V 
T r a n s i stor , MPSAS S ,  PNP , T0- 9 2  
Trans i stor , MP SAO S ,  NPN , T0- 9 2  

IC , MC 3 4 0 6 0  Swi tch ing Regulator o r  
IC , � A/TL 4 9 4  Swi tching Regulator 
IC , Opto- i solator , 4N3 S 
IC , � A/TL 4 3 1 ,  Po s it ive Shu nt Reg . 

Res i stor , lK , l / 4 W ,  S %  
Res i s tor , 6 8  ohm , l/ 4W ,  S %  
Res i stor , 2 8 K ,  l/ 4W ,  1 %  
Res i stor , 3 9K ,  l / 4 W ,  S %  
Res i stor , l S K , l/ 4W ,  S %  
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8 3 9 3 4 2 2  

8 1 5 0 1 4 8  
8 1 S 0 0 0 2  

8 1 S 0 0 0 2  
8 1 S 0 9 3 4 
8 1 S 0 0 3 S  
8 1 S 0 8 1 0  
8 1 S 0 9 3 4  
8 1 S 0 8 1 0  

8 1 S 0 0 0 2  
8 1 S 0 0 0 2  

8 4 7 9 1 0 4  

8 4 1 9 0 0 6  
8 41 9 0 0 8  

8 4 1 9 0 0 8  
8 4 1 9 0 0 9  

8 1 0 0 0 S l  
8 1 0 0 0 S S  
8 1 1 1 0 0 1  
8 1 0 0 0 S l  
8 1 1 1 0 0 1  
8 1 4 0 1 2 2  
8 1 1 0 0 0 6  
8 1 0 0 0 S S  
8 l l O O O S  

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

8 2 0 7 2 1 0  
8 2 0 7 0 6 8  
8 2 0 0 3 2 8  
8 2 0 7 3 3 9  
8 2 0 7 3 1S 



PARTS L I ST 

Power Suppl y As s embly 8 7 9 0 0 4 9 , 6 5W 

= == = = = = = = = = = = = = = = = = = = = = == = = == = = = = = = = = = = = = = = = = = = = == = = = = = = = = == 

I tem Sym Des c r i pt i on Part Numb e r  
= == = = = = = = = = = = = = = = = = = = = = == = = = = = == = = = = = = = = = = = = = = = = = = == = = = = = = = =  

R6 
R7 
R8 
R9 
R l O  
R l l  
Rl2 
Rl 3 
R l 4  
Rl 5 
Rl 6 
Rl 7 
Rl8 
Rl 9 
R2 0 
R2 1 
R2 2 
R2 3 
R2 4 
R2 5 
R2 6 
R2 7 
R2 8 
R2 9 
R 3 0  
R 3 1  
R 3 2  
R 3 3  
R3 4 
R 3 5  
R3 6 
R 3 7  
R 3 8  
R3 9 
R 4 0  
R 4 1  
R4 2 

Tl 
T2  

VR2 
VR l 
VR3 

Res i s tor , 4 . 7 K ,  l / 4W ,  5 %  
Res i stor , l OK ,  l/ 4W ,  5 %  
Res i s tor , 2 2K ,  l/ 4W ,  5 %  
Res i s tor , 4 . 7 K ,  l/ 4W , 5 %  
Res i s tor , 4 . 7 K ,  l/ 4W , 5 %  
Res i s tor , 1 0 0  ohm , l/ 4W , 5 %  
Not U s ed 
Res i s t or , 1 8K ,  l/ 4W ,  5 %  
Re s i s tor , 3 3 0  ohm , l / 4W ,  5 %  
l K , 2 0 % ,  l i near Pot . 
Res i s tor , 3 . 3 2K ,  l / 4W ,  1 %  
Res i stor , 1 0 0  ohm , l/ 4W , 5 %  
Re s i s tor , 1 0  o hm ,  l / 4 W ,  5 %  
Res i s tor , 1 ohm , l / 4 W ,  5 %  
Re s i s t or , l OK ,  l/ 4W , 5 %  
Re s i s t o r , 1 5 0  o hm ,  l / 4 W ,  5 %  
Res i s tor , 3 3 0 ohm , l/ 4W ,  5 %  
Res i stor , 2 7  o hm ,  2W , 1 0 %  
Res i s tor , 2 2  ohm ,  l/2W , 5 %  
Res i stor , 2 2K , l / 4W , 5 %  
Res i s tor , 5 6 K ,  lW , 5 %  
Res i s tor , 3 9 0 K , l/ 4 W ,  5 %  
Res i stor , 2 2  ohm , l/ 4 W ,  5 %  
Res i stor , 2 8 K ,  l/ 4W , 1 %  
Res i stor , 6 . 6 5 K , l/ 4 W ,  1 %  
Not U s ed 
Res i stor , lK , l/4W , 5 %  
Res i stor , 1 0 0  ohm , l/ 4 W ,  5 %  
Res i stor , l K , l/ 4 W ,  5 %  
Res i stor , 6 8  ohm , l/ 4 W ,  5 %  
Res i s to r , 1 0 0 ,  l/4W , 5 %  
Res i stor , 0 . 2 2 ohm , 2W , 1 0 %  
The rmi s t or 1 0  ohm 2 5 c  
Res i s tor , 5 6K ,  lW , 5 %  
Res i s tor , 8 2  ohm , 5 W ,  5 %  
Res i stor , 5 6 K ,  l/4W , 5 %  
Res i stor , 4 . 7 K ,  l / 4 W ,  5 %  

T rans former , Power , 6 5 W  flybac k 
Line Choke , 5 . 5mH/ s ide , 2A 

Zener , 1 N5 2 3 2B , 5 . 6V 
Zener , 1 N 5 2 5 6 B , 3 0V 
Voltage Regula t or 7 9 Ml2 - 12V 
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8 2 0 7 2 4 7  
8 2 0 7 3 1 0  
8 2 0 7 3 2 2  
8 2 0 7 2 4 7 
8 2 0 7 2 4 7  
8 2 0 7 1 1 0  

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

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

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

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



MI SC ELLANEOUS HARDWARE 

2 C li p ,  Fus e , PC Mount 1/ 4 "  Fus e ( F l l  8 5 5 9 0 4 2  
1 Connec tor , 2 P i n , Vert . ( Jl l  8 5 1 9 2 1 4  
1 C on nector , 3 P i n  ( J3 l  8 5 1 9 1 5 3  
1 C on nector , 1 3  P i n  ( J2 l  8 5 1 9 1 5 4 
1 B racket , Heats i nk , T0- 2 2 0  ( CR5 , 6 , 8 l 8 7 2 9 1 6 7  
1 Heat s i nk , Trans i s tor , T0- 2 2 0  ( Q7 l  8 5 4 9 0 0 3  
4 I n s u lator , T0- 2 2 0 ,  Mica ( Q7 , C R5 , 6 , 8 l 8 5 3 9 0 0 3  
4 Nut , KEP S , # 4 - 4 0  ( Q7 , CR5 , 6 , 8 l 8 5 7 9 0 0 3  
4 S c r ew , # 4 - 4 0 x 3 / 8 " ( Q7 ,  CR5 , 6 , 8 ) 8 5 6 9 0 0 2  
4 Wash e r , S hou lder ( Q 7 , CR5 , 6 , 8 l 8 5 8 9 0 2 6  
4 Wire , Jumper 2 0  Ga . ( Wl , 2 , 5 , 6 l  . 5 "  
1 Wire , Jumper 2 0  Ga . ( W7 l  
1 Wir e , Jumper 2 0  Ga . ( W4 l  
1 Wi r e , S tr anded 6 0 0V ( W3 l 8 4 3 3 0 0 6  
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5.5 CRT DISPLAY 

5.5.1 Specifications 

The supply voltage is 1 2.000 DC, + I - 0. 1 OV, from a regulated power supply. The room temperature is 25 degrees C. 

Power Input (1 K = 30uA) , 1 2V 
Input Level 

Horizontal (Positive-going Sync) 
Vertical (Negative-going Sync) 
Video (Positive-White) 

Video Bandwidth ( 1 0Hz - 1 2M Hz) 
Horizontal Retrace 
Vertical Retrace 
Scanning Frequency 

Horizontal 
Vertical 

Resolution at Center 
Resolution at Corner 
Geometric Distortion 
Pin/Barrel distortion on top/bottom 

Trapezoidal Distortion top/bottom 

Parellogram Distortion 
Raster Tilt 
Linearity 
Vertical Size 

Video (24 rows) 
Horizontal Size 

Video (80 characters/Row) 

on Sides 

left/right 

Unit 
(A) 

(V) 
(V) 
(V) 
(dB) 
(f.1Sec) 
(f.1Sec) 

(Hz) 
(Hz) 
(Lines) 
(Lines) 

( Inch) 
( Inch) 
( Inch) 
( Inch) 
( Inch) 
(Degree) 
(%) 

( Inch) 

( Inch) 
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Nominal 
0.85 

8.2 
700 

1 5,840 

4.5 

6 

Limit 
1 .0 

TTL Compatible 
TTL Compatible 
TTL Compatible 
+ 1 - 3  
9.5 
1 ,000 

+ / - 500 
47 - 63 
800 
680 

+ 1 - 0.05 
+ / - 0.038 
0. 1 50 
0. 1 00 
0 . 1 00 
+ I  - 1 .0 
+ / - 1 0  

+ 1 - 0.20 

+ 1 - 0.20 



., ce· r::: ... CD 
U'l 

I � CD 
< c: CD 0 
3: """' 0 0 � ;:; 0 ... 
� CD 0 0) ... (.,) 
-0) ... I\) -

0 10 1  (TRIO I )  0 102 (TRI02 ) 0 103 < TR103 ) 

R AW V I DEO IN <<J 2 

.. 1 V I D EO H V I D EO H V I D EO 

CONTROL D R I V E  OUT I .. c 

C R T50 1 ( V T 50 1 )  

" 9 " P I CTURE T U BE 

DC CONTROL (<] 8 � 
VERTICAL P RO C E S S  I C 2 0 1  I 0

I I K V� r - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 
I I 

V E R T I CA L  I I 
D R IVE 9 I VERTICAL VERTICAL VERTICAL FL YBACK I 

I OSCILATOR D R I V E  OUT GENERATOR 1 I I I I L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _j 

FLYBACK f.
TRANS 

G N D  HOR IZONTAL PROCESS IC 30 1 , - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  
G N D  I : 
HOR I ZONTAL I 

HORIZONTAL HORIZONTAL II DR IV E I 1---_!.._----4� I OSCILATOR DRIVE I L-------1 I DETECTOR 1 
I 1 0302 (TR302 ) 

+ B  ::���T :�
CC

L _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - _j ,  

F 40 1  ( FU 401 ) 

BRT W I P E R  (<] 3 
., TO I N T  BRT 

B R T  LOW <� 



5.5.2 Adjustment Procedures 

Horizontal Synchronization Adjustment (Figures 5-50 thru 5-
52) 

When there is a pattern on the CRT as shown in Figure 5-50, 5-
51 , adjust VR301 to terminate scrol l ing, and then do VR301 
slightly to move the video into the center of the raster as il lus
trated in Figure 5-52. 

Figure 5-50. 

Figure 5-51 . 

Figure 5-52. 
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Vertical Synchronization Adjustment (Figures 5-53, 5-54) 

Adjust VR201 to stop scrol l ing, when video is rolling upward or 
downward as shown in Figure 5-53. By turning VR201 clock
wise and counter-clockwise, the initial points of scrolling can be 
confirmed. Consequently, set VR201 at the center between the 
confirmed points. 

Figure 5-53. 

V - H OL D  
PULL I N  RAN GE 

VR 201  
Figure 5-54. 

Vertical Size Adjustment (Figure 5-55) 

Generate a full white screen on the CRT, and adjust the video's 
vertical size to be 4.5". 

,- � 
-- i--V I D EO 

1--RASTER 
\. - -

Figure 5-55. 



Horizontal Size Adjustment (Figure 5-56) 

Generate a full white screen on the C RT. Adjust video's hori
zontal size with L302 to be 6.0". 

( --" 

\ 

---

� 

HORIZONTAL 
W I DTH 

-

1-

1-, 
} 

Figure 5-56. 

Focus Adjustment (Figure 5-57) 

-VIDEO 

'- RAST ER 

Display a ful l  screen of the character "H" and adjust VR303 so 
that al l  the characters are the same size and shape and in sharp 
focus. While adjusting, observe both peripheral and central 
areas of the display. 

HH - - - - - - H H  
HH - - - - - - H H  

Figure 5-57. 
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Raster Tilt Adjustment (Figures 5-58, 5-59) 

Form a series of " - " characters along the horizontal center line 
as shown in Figure 5-58. Adjust the center line to make A 1 = A2 
by turning the deflection yoke left and right. 

,.....--.. -, '{ 0 
0 
D 

- - - - - - - · -

A I  A2 

"'/ 

CJ )J �-

I C  ) ( D 
If c.,J 

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  

Figure 5-58. 

Note: Loosen the cramp screw on the deflection yoke for tilt ad
justment as shown in Figure 5-59. 

Figure 5-59. 

CLAMP 

V I D E O  
C E N T E R I N G  
M A G N E T S  



Video Centering Adjustment (Figure 5-60) 

Display a white screen or a full screen of the character "H" and 
adjust the centering magnet on the deflection yoke to make 
L = R  and T = B. 

,- f T  --, • 
L R ��- ...... 

\. • ) - •s -
Figure 5-60. 

Internal Brightness Adjustment (Figure 5-61 ) 

Set the remote brightness control to the center position, and ad
just VR302 to hold the raster at the point at which it is fi rst 
visible. 

,-

\. -

,.....,.,. ' 

' J � --

\ V�EO RASTER 
Figure 5-61 . 

Video Distortion Adjustment (Figures S-62, 5-63) 

Insert a video distortion-correcting magnet onto the magnetic 
holder if required, and rotate it for adjustment. 

Pincushion/Barrel Correction (Top, Bottom and Sides) 

Perform this adjustment if the CRT exhibits the abnormal ef
fects shown in Figure 5-62. 

Step 1 .  Push the magnet on the yoke mounting pin as shown 
Figure 5-63. A magnet should be placed only on the 
pin that corresponds to the affected area. 

Step 2. Rotate the magnet to obtain the desired video display 
labeled "NORMAL" on Figure 5-62. 

Step 3. If the desired video display cannot be obtained, replace 
with a proper magnet. 

1 73 

- - -

I 

'--- ----t) I 
I 
I 

I I 
I I 
1 I 

-
- - - -- --- , ,  

I \  
I I 
I \ 
I I 
I I 
I 
I 
I 
' 
I I 
I I 
, , 

I 

- - - - - - - --
- -- - - - - - - - - - - - -- -

Figure 5-62. 

Trapezoidal Correction (Corners) Procedure 

NORMAL 

Perform this adjustment if the CRT exhibits the abnormal ef
fects as shown in Figure 5-63. 

Step 1 .  Push a magnet onto the yoke mounting pin as shown 
in Figure 5-63. Magnet should be placed only on the 
pin that corresponds to the affected area. 

Step 2. Rotate the magnet to obtain the desired video display, 
labeled "NORMAL" in Figure 5-63. 

Step 3. If the desired video display cannot be obtained, replace 
with a proper magnet. 

-- - - -- - - - ---\ �----------�-�----�-�---------� � 
\ I ', ,' I I 

)( ',,:�n::/ ); "'"" 
I \ ,,' ',, I I 
1 I ,' ', I I 
I ' ' I 
I - -- - --- I 

- - - - - -
- - - - - -

Figure 5-63. 



5.5.3 Theory of Operation 

Video Control 
The DC controll ing voltage from P8 determines the level of TIL 
compatible, positive and non-composite video signal which is 
provided by the CPU.  

Video Drive and Video Out 
01 02 and 01 03 are connected in  a cascade configuration. The 
video signal, of which the level is subject to the video control as 
stated above, comes into the base of 01 02. C 1 02 and R 1 05 
compensate high frequency. The video out signal (with flat re
sponse) is amplified via 01 03 and provided to the cathode of 
CRT501 .  

The Vertical Control Process 
The vertical control process consists of four stages: Vertical 
Oscillator, Vertical Drive, Vertical Out and Flyback Generator. 
These four stages are processed by IC201 . 

Vertical Oscillator 
A sawtooth wave pattern is generated through C204, R204, 
VR201 and an oscillator circuit, and synchronized with the neg
ative-going vertical sync signal which is appl ied to pin 1 of 
IC201 . 

Vertical Drive 
A vertical sawtooth wave is AC coupled to the vertical drive amp 
for linear amplification via C207. 

Vertical Out 
The vertical drive is l inked to vertical out within IC 201 . Vertical 
output from Pin 8 of IC201 is applied to DY501 ,  and is AC cou
pled by C209. Part of the output power at R206 is returned to a 
vertical drive by the N F  loop which is made up of C205, C206, 
R207, and VR202, providing l ineality compensation to the elec
tric current which passes across the deflection yoke. 

Flyback Generator 
A pulse that exceeds the source voltage ( = 20V) is generated 
at the vertical output terminal, Pin 8 of IC201 , during retrace. 
The Flyback pulse generator which consists of D201 , C21 1 and 
a part of IC201 boosts the source voltage for that period 
accordingly. 

Horizontal Sync Amp 
A TIL compatible, positive-going horizontal drive signal from P-
6 is wave-shaped by C301 and R301 , amplified by 0301 and 
applied to the Pin 1 of IC301 . 

1 74 

Phase Detector 
The negative-going horizontal pu lse is applied to a filter that 
consists of R306, C306 and C31 0, used as a sawtooth wave for 
comparison and is AC coupled via C305 and flows to Pin 3 of 
IC301 . The retrace part of horizontal sawtooth wave and the 
horizontal sync signal are applied to a phase detector and exist 
on Pin 4 of the phase detector. This output is used for the phase 
control of DC through the filter, consisting of C307, C308 and 
R305. 

Horizontal Oscillator 
A horizontal pulse is provided through the horizontal oscillator 
circuit consisting of C31 1 and IC301 . This oscil lator signal is 
phase-controlled according to the signal from the phase detec
tor out (Pin 4 of IC301 ). The horizontal oscil lator frequency is 
adjusted by VR301 . 

Horizontal Drive 
The horizontal oscillator output (which is phase-controlled as 
stated above) , is applied to the horizontal drive buffer for am
plification through IC301 , and goes out on Pin 7 of IC301 . 

X-Ray Protection 
When supplied with excessive source voltage (more than about 
1 4V), the X-ray protection of IC301 works to terminate the hor
izontal oscillator to prevent the CRT from emiting X-rays over 
the regulated amount. High voltage causes CRT's to emit more 
X-ray radiation than allowed. 

Horizontal Out 
Output power at Pin 7 of the horizontal control process IC is ap
plied to 0303 through T301 . 0303 operates a switching func
tion with about 21 fL sec OFF and 42�-L sec ON.  An electrical 
current of sawtooth waves comes to DY501 through 0303 ac
tuating a switching function and a dumper-diode, which helps to 
deflect the electron beams. 

Electrical current passes across DY501 .  This pulse voltage is 
enhanced by the FBT, rectified, and used as the anode voltage 
(1 1 kV), focus voltage (450V) or video voltage (60V). 

The output pulse at the collector of 0303 is rectified to be dou
bled ( - 1 60V) and provided as the voltage for internal bright
ness and focus. 
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Parts L i s t  

9 "  Video Mon i t or 8 7 9,06 1 2 , Model 4 P  Computer 
========================== ==================================== 
Item Sym Des c r i pt io n  Part Number 
====================== ======================================== 

1 
1 
1 
1 
1 
1 
1 
1 
1 

Cl,01 
Cl,02 
Cl,03 
Cl,04 
Cl,05 
C2,01 
C2,02 
C2,03 
C 2 ,0 4  
C 2,05 
C2,06 
C2,07 
C2,08 
C2,09 
C2 1,0 
C 2 1 1  
C 2 1 2  
C3,01 
C3,02 
C 3,0 3  
C 3 ,0 4  
C 3 ,0 5  
C 3,06 
C 3,07 
C3,08 
C 3 ,0 9  
C 3 1,0 
C 3 1 1  
C 3 1 3  
C 3 1 4  
C 3 1 5  
C 3 1 6  
C 3 1 7  

PCB A s s embly , CRT 
C l i p , Fus e  
Connector , P i n  
Fus e , 2A 2 5 ,0V 
Spr i ng , Tens ion 
Socket , P i n  
Socket , Cyl i nd r i cal 
Cord , Termi nal 
Cord , Termi nal 

C apac i tor , 4 . 7  u F ,  5,0V Elec 2 ,0 %  
C apac i t or , 1 2 ,0  pF , 5,0V Cer 1 ,0 %  
C apac i t or , ,0 . 1  uF , 5,0V Mylar 1 ,0 %  
C apac i t or , 2 2  u F ,  1,0,0V E l ec 2 ,0 %  
C apac i tor , ,0 . ,0,0 2 2  u F ,  5,0,0V Cer 
C apac i tor , ,0 . ,02 2 uF,  5,0V Mylar 1 ,0 %  
C apac i t or , ,0 . ,02 2 u F ,  5 ,0V Mylar 1,0 % 
C apac i tor , ,0 . ,0 1  u F , 5 ,0V Mylar 1,0 % 
C apac i tor , ,0 . 3 3 u F ,  1 6V Tant 1,0 % 
C apac i tor , 4 . 7  u F ,  1 6V Tant 1,0 % 
C apac i tor , 4 . 7  u F ,  16V Tant 1,0 % 
C apac i t or , 3 3  u F , 1 6V Elec 2 ,0 %  
C apac i tor , 3 3  u F , 1 6V Elec 2 ,0 %  
C apac i t or , 3 3,0 u F , 3 5V Elec 2 ,0 %  
Capac i t or , ,0 . ,0 3 3  u F ,  5 ,0V Mylar 1,0 % 
Capa c i tor , 2 2,0 u F , 16V Elec 2 ,0 %  
C apac i t or , 1,0,0 u F ,  1 6V Elec 2 ,0 %  
C apac i t or , 2 2,0 pF , 5,0V C e r  1 ,0 %  
C apac i t or , ,0 . 4 7 u F , 5,0V E l e c  1 ,0 %  
Capac i t or , 1 ,0 ,0  pF , 5,0V Cer 1 ,0 %  
C apac i t or , ,0 . ,02 2 u F ,  5,0V Mylar 1 ,0 %  
C apac i t or , ,0 . ,0 1 8  uF , 5 ,0 V  Myl a r  1 ,0 %  
C apac i tor , ,0 . ,0 1 8  uF , 5 ,0 V  Mylar 1 ,0 %  
C apac i tor , 4 . 7  u F ,  5 ,0V Elec 2 ,0 %  
Capac i t or , ,0 . ,01  u F ,  5 ,0V Mylar 1,0 % 
C apac i tor , 2 2,0 u F , 1 6V E lec 2 ,0 %  
Capac i tor , 1,0,0 pF , 5,0V C e r  NPO 
C apac i t or , ,0 . ,0,0 4 7  uF , 5 �V Poly 5 %  
C apac i t or , 1,0�� uF , 2 5V Elec 2 ,0 %  
C apac i t or , ,0 . ,0 3 3 u F ,  4,0,0v Poly 5 %  
C apac i tor , ,0 . ,0 4 7  u F ,  4,0,0V Poly 1 ,0 %  
C apac i t or , 1 u F ,  2 5 �V Elec 2 ,0 %  
C apac i tor , ,0 . ,01 u F ,  6 3,0V Poly 1,0 % 

1 8 1  

0 3 1,0,05 
1 9 7 3 ,0 3 ,0 8,0A 
1 9 4 1 1,07 8,0A 
2 5 1,0,0,0 7 9,0A 
4 3 4,01,01 2 ,0A 
1 9 4 ,0 1 ,0 3 7,0A 
1 9 6 3 1_0',01,0A 
3 1 6,01,01 5,08 
3 1 6,01,01 4,0A 

C E,0 4 ( RB ) 4 7 5 M5 �V 
C K 4 5 B 1 Hl 2 1K 
CQ 9 2 Ml H 1,0 4 K  
C E,0 4 C 2  2 6  Ml,0,0V 
C K 4 5 E 2 H 2 2 2 P  
CQ 9 2 MlH 2 2 3 K  
CQ 9 2 Ml H 2 2 3 K 
C Q 9 2MlH1,0 3 K  
C S 1 5 ElC 3 3 4 K 
C S 1 5 El C 4 7 5 K  
C S 1 5 ElC 4 7 5 K  
C E,0 4C 3 3 6  Ml 6V 
C E,0 4C 3 3 6 Ml 6V 
C E,0 4C 3 3 7 M3 5V 
C Q 9 2Ml H 3 3 3 K  
C E,0 4C 2 2 7 Ml6V 
C E,0 4C l,0 7 Ml 6V 
C K 4 5 B lH2 2 1 K  
C E,0 4 ( RB ) 4 7 4K5�V 
C K 4 5 B lH1,01K 
C Q 9 2 Ml H 2 2 3 K  
CQ9 2 M1H l 8 3 K  
CQ 9 2 Ml H1 8 3 K  
C E,0 4C 4 7 5 M5,0V 
CQ 9 2 MlH1,03K 
C E,0 4C 2 2 7 Ml 6V 
CC 45CH1Hl,01J 
CQ 9 2 P l H 4 7 2J 
C E,0 4 C l ,0 8 M2 5 V  
CQ9 2 P 2 G 3 3 3 J  
CQ 9 2P 2 G 4 7 3 K  
CE,0 4C l,05M2 5,0V 
C Q 9 2 P 2 Jl,0 3 K  



Parts L i s t  

9 "  Video Mon i tor 8 7 9 �6 1 2 , Model 4 P  Computer 
============ ============== ===============================�==== 
I t em S ym Des c r i pt i o n  P a r t  Number 
============================================================== 

C 3 1 8  
C 3 1 9  
C 3 2 �  
C 3 2 l  
C 3 2 2 
C 3 2 3  
C 3 2 4  
C 3 5 �  
C 4,0l 
C5�l 

O l�l 
0 2�1 
0 2�2 
0 2,03 
0 3�2 
0 3 � 3  
0 3 � 4  
0 3�5 
0 3�6 

Capac i tor , � . ,01 u F ,  6 3,0V Poly 1 � %  
C apac i t or , � . �� 4 7  uF , l,0��V Cer 
C apac i tor , � . ,0� 2 2  u F ,  5 ��V Cer 
C apac i t or , � . ,0� 2 2  u F , l.0��V Cer 
C apac i t or , 1.0 u F ,  2 5V Elec 2 � %  
C apac i t or , � .�� 2 2  u F ,  5,0�v Cer 
C apac i t or , � . ,0� 2 2  u F ,  5 ��V Cer 
Capac i tor , � . ,0� 8 2  u F , 4��V Poly 5 %  
Capa c i tor , 2 2 �  u F , l6V Elec 2 ,0 %  
C apac i t or , ,0 . ,0� 1  u F , l���v Cer 

D iode , l�E-1 , S i l i con 
D iode , l.0E- l , S i l i con 
D iode , VD1 2 2 l ,  Var i stor 
D iode , VD 12 2 l , Var i stor 
D iod e , B BT 4 ,  S i l i con 
D iode , BBT 4 ,  S i l i con 
D iode , BBT 4 , S i l i con 
D iode , BBT l� , S i l i con 
D iode , BBT 4 ,  S i l i con 

OY5 � l  De f l ec t i o n  Yoke 

IC2,0l 
I C 3 � l  
L 3 � l  
L 3 � 2  

Rl�l 
Rl�2 
Rl,03 
Rl,04 
Rl�5 
Rl�6 
Rl�7 
Rl,08 
Rl�9 
Rll� 
Rlll  
R2�l  
R2�2  
R2�3  

IC , AN 5 7 6 3 , Li near V-Proces s or 
IC , AN5 7 6 3 , L i n ear H-Proc es sor 
C oi l ,  l �  uH , L i nearity 
C oi l ,  3,0  uH , Width 

Not u s ed 
Res i s tor , 
Res i s tor , 
Res i s tor , 
Res i s tor , 
Res i s tor , 
Res i stor , 
Res i s tor , 
Res i st or , 
Res i s t or , 
Res i s tor , 
Res i stor , 
Res i s tor , 
Res i stor , 

1 5  kohm , l/ 4W 5 %  Carbon 
l Mohm , l/ 4W 5 %  Carbon 
2 2� ohm , l/ 4W 5% Carbon 
3 3  ohm , l/ 4W 5 %  Carbon 
91 ohm , l/4W 5% Carbon 
47 kohm , l/ 4W 5 %  Carbon 
l kohm , l / 4W 5 %  Carbon 
l kohm , l/ 4W 5 %  Carbon 
1 . 5 kohm , 3W 5 %  Met Oxide 
5 . 6  kohm , l/ 4W 5 %  Carbon 
4 . 7  kohm , l/ 4W 5 %  Carbon 
4 . 7  kohm , l/4W 5 %  Carbon 
l�� ohm , l/ 4W 5 %  C arbon 
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CQ 9 2P 2 J l � 3 K  
C K 4 5 E3A4 7 2 P  
C K 4 5 E 2 H 2 2 2 P  
C K 4 5 E3A2 2 2 P  
CE� 4 ( RP ) l,06 M2 5V 
C K 4 5 E2H2 2 2 P  
C K 4 5 E2H2 2 2 P  
CQ 9 2 P 2 G 8 2 2 J  
C E,0 4C2 2 7 Ml 6V 
C K 4 5 E3Al� 2 P  

l�E-1 
l�E-1 
VD 12 2 l  
VD 1 2 2 l  
BBT 4 
BBT 4 
BBT 4 
BBT 1,0 
BBT 4 

5 8 1 5 1��3�A 

AN5 7 6 3  
AN5 7 6 3  
l 4 3 4 1��4�A 
l 4 3 3 l�l 4�A 

RD l/ 4 MB ( S ) l5 3 J  
RD l/ 4MB ( S ) l� 5 J  
RD l/ 4MB ( S ) 2 2 lJ 
RD l/ 4MB ( S ) 3 3 �J 

RD l/ 4 MB ( S ) 4 7 3 J  
RD l/ 4MB ( S ) l� 2 J  
RD l/ 4MB ( S ) l � 2 J  
RSM 3 P l 5 2 J  
RDl/ 4 MB ( S ) 5 6 2 J  
RD l/ 4MB ( S )  4 7 2J 
RD l/ 4MB ( S ) 4 7 2J 
RD l/ 4 MB ( S ) l�l J 



Parts L i s t  

9 "  Video Mon i tor 8 7 9 ,0 6 1 2 , Model 4 P  Computer 
============================================================== 
Item Sym Des c r i pt i o n  Part Number 
============================================================== 

R2 ,0 4  
R2,05 
R2,06 
R2,07 
R2,08 
R2,0 9  
R21,0 
R2 1 1  
R2 1 2  
R2 1 3  
R3,01 
R3,02 
R3,03 
R3,04 
R3,05 
R3.06 · 
R3,07 
R3,08 
R3,0 9 
R3 1 3  
R 3 1 4  
R 3 1 5  
R3 1 6  
R3 1 7  
R3 1 8  
R3 1 9  
R 3 2 ,0  
R3 2 1  
R3 2 2  
R5,01 
R5,02 
R5,03 
R5,04 
R5Yf5 

T3,01 
T3,02 

Res i stor , 5 6  kohm , l/ 4W 5% Carbon 
Res i s tor , 6 . 8  ohm , l/ 4W 5 %  Carbon 
Res i s tor , 1 . 2  ohm , l/2W 5 %  Car bon 
Res i stor , 4 . 7  kohm , l/ 4W 5 %  Carbon 
Res i stor , 2 2.0 kohm , l/ 4 W  5% Carbon 
Res i s tor , 3 3.0 ohm , l/ 4W 5% Carbon 
Res i s tor , 8 . 2  ohm , l/ 4W 5 %  Carbon 
Res i stor , 1.0 kohm , l/4W 5 %  Carbon 
Res i stor , 6 8  kohm , l/4W 5 %  Carbon 
Res i s tor , 1 ohm , l/2W 5% Carbon 
Res i stor , 1.0 kohm , l/ 4W 5% Carbon 
Res i stor , 1 . 2  kohm , l/ 4W 5% Carbon 
Res i stor , 2 . 2  kohm , l/ 4W 5 %  Carbon 
Res i stor , 1.0 kohm , l/ 4W 5 %  Ca rbon 
Res i st or , 3 . 3  kohm , l/ 4W 5 %  Carbon 
Res i s tor , 22 kohm , l/ 4 W  5 %  Carbon 
Res i s t or , 15 kohm , l/4W 5 %  Carbon 
Res i s t or , 1.0.0 ohm , 2W 5 %  Met Oxide 
Res i stor , 2 . 7  kohm , l/ 4W 5 %  Car bon 
Res i stor , 5 6  ohm , 2W 5 %  Met Oxide 
Res i s tor , 82  kohm , l/ 2W 5 %  Carbon 
Res i stor , 15,0 kohm , l/2W 5% Car bon 
Res i stor , 2 2 .0  kohm , l/2W 5 %  Carbon 
Res i s t or , 1 Mohm , l/ 4W 5% C ar b on 
Res i stor , 2 2.0 kohm , l/ 4W 5 %  Carbon 
Res i s tor , 2 2.0 kohm , l/ 4W 5 %  Carbon 
Res i stor , 2 7.0 kohm , l/ 4W 5 %  Carbon 
Res i s tor , 1 5 .0  ohm , l/ 4W 5 %  Carbon 
Res i s tor , 1 5 .0  ohm , l/ 4W 5% Carbon 
Res i stor , 1.0.0 kohm , l/2W 1,0% Soli d 
Res i s tor , 4 7.0 ohm , l/2W 1,0% S o l i d  
Res i stor , 4 7 .0  ohm , l / 2 W  1,0% S o l i d  
Res i s tor , 5 6  kohm , l / 2 W  1,0% S o l i d 
Res i s tor , 5 6  kohm , l/2W 1,0% S o l i d  

Tran s f or me r , 1 5 . 75 K H z  Dr ive 
T r a n s f ormer , 1 5 . 7 5 KHz Flyback 

TR1,01 IC , 2 SA7 3 3 ( P ) , PNP S ig nal Amp 
TR1,02 IC , 2 SC 1 3 1 3 ( G ) , NPN , S i gnal Amp 
TR1,0 3 IC , 2 SC 2 2 2 8 Y ( E ) , NPN 
TR3,01 IC , 2 SC 5 3 6 ( F ) , NPN , S ig nal Amp 
TR3 ,0 2  I C , 2 SC 2 3 7 3 ( K , L ) , NPN , Hor Output 
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RD 1/ 4MB ( S ) 5 6 3J 
RD l/ 4MB ( S )  6 R 8 J  
RD l/ 2 MB ( S ) lR 2 J  
RD l/ 4MB ( S )  4 7 2J  
RD 1/ 4MB ( S ) 2 2 4J 
RD 1/ 4MB ( S ) 3 3 1J 
RD 1/ 4MB ( S ) 8R2J 
RD 1/ 4MB ( S ) l,0 3 J  
RD 1/ 4 MB ( S ) 6 8 3 J 
RD l/ 2 MB ( S ) lR,0J 
RD 1/ 4MB ( S ) l,0 3 J  
RD 1/ 4MB ( S ) l2 2J 
RD 1/ 4 MB ( S ) 2 2 2 J 
RD 1/ 4 MB ( S ) l,0 3 J  
RD 1/ 4MB ( S ) 3 3 2 J  
RD 1/ 4MB ( S ) 2 2 3 J  
RD 1/ 4MB ( S ) l 5 3J 
RSM 2 P l ,0 1 J  
RD 1/ 4MB ( S ) 2 7 2 J 
RSM2P 5 6 ,0 J  
RD 1/ 2 MB ( S ) 8 2 3 J  
RD 1/ 2 MB ( S ) l 5 4J 
RD 1/ 2 MB ( S )  2 2 4J 
RD 1/ 4MB ( S ) l,05J 
RD 1/ 4 MB ( S ) 2 2 4 J 
RD 1/ 4MB ( S ) 2 2 4J 
RD 1/ 4MB ( S ) 2 7 4J 
RD 1/ 4MB ( S ) l 5 1J 
RD 1/ 4MB ( S ) l 5 1 J  
RC 1/ 2GF 1,0 4K 
RC 1/ 2 GF 4 7 1K 
RC 1/ 2 GF 4 7 1K 
RC 1/ 2GF 5 6 3 K 
RC 1/ 2 GF 5 6 3K 

1,0 8 5 1,0,01MA 
1,08,01 ,0,0 3 YA 

2 SA7 3 3 ( P )  
2 SC 1 3 1 3 ( G )  
2 SC 2 2 2 8 Y ( E ) 
2 SC 5 3 6 ( F )  
2 SC 2 3 7 3 ( K , L )  



Parts L i s t  

9 "  Video Mon i tor 8 7 9,0' 6 1 2 , Model 4 P  Computer 
============================================================== 
I tem Sym Desc r i pt i o n  P a r t  Number 
============================================================== 

VR2 _0' 1  Var Res i s tor , 1,0',0' kohm 1 7 5 1 1,0'1 3 9 A  
VR2_0'2 Var Res i stor , 2 ,0'  kohm 1 7 5 1 1,0'1,0,0'A 
VR2_0'3 Var Res i s tor , 1,0',0' kohm 1 7 5 1 1_0'1 3 9A 
VR3,0'1 Var Res i stor , 1 kohm 1 7 5 1 1,0',0'5 ,0'A 
VR3_0'2 Var Res i s tor , 5 ,0',0' kohm 1 7 5 1 1,0'1 6 _0'A 
VR3_0'3 Var Res i stor , 2 Mohm 1 7 6 9 1,0' 9 3_0'A 

VT 5,0'1 C at hode Ray Tube 5 5 9,01_0'_0' 4_0'A 

1 84 



Parts L i s t  

9 "  Video Mon i tor 8 7 9 ,0 6 1 3  ( Green S c reen ) ,  Model 4 P  Computer 
===== = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ======== 
Item Sym Desc r i pt i o n  P a r t  Number 
============== = = = = = =========== ============ = = = = = = = = = =========== 

1 
1 
1 
1 
1 
1 
1 
1 
1 

Cl,01 
Cl,02 
Cl,03 
Cl,04 
Cl,05 
C2,01 
C2,02 
C2,03 
C2,04  
C 2,05 
C2,06 
C2,07 
C2,08  
C 2 ,0 9  
C 2 1,0 
C 2 l l  
C 2 1 2  
C 3,0l 
C 3 ,0 2  
C3,03  
C3,04  
C3,05  
C3,06 
C 3 ,0 7  
C 3 ,0 8  
C 3 ,0 9  
C 3 1,0 
C 3 l l  
C 3 1 3  
·c 3 1 4  
C 3 1 5  
C 3 1 6  
C 3 1 7  

PCB A s s embly , CRT 
C li p , Fus e 
Connec tor , P i n  
Fus e , 2 A  2 5,0V 
Spr ing , Tens ion 
Soc ket , P i n  
S oc ket , Cyl i nd r i c a l  
Cord , Terminal 
Cord , Termi nal 

C apac i t or , 4 . 7  u F ,  5,0V Elec 2 ,0 %  
Capac i t or , 1 2 ,0  pF , 5 ,0V C e r  1 ,0 %  
C apac i tor , ,0 . 1  u F ,  5,0V Myl a r  1 ,0 %  
Capac i tor , 2 2  u F ,  l,0,0v Elec 2 ,0 %  
C a pa c i tor , ,0 . ,0,0 2 2  u F , 5 ,0,0V Cet 
C apac i tor , ,0 . ,0 2 2  uF , 5 ,0V Myl a r  1 ,0 %  
Capa c i t or , ,0 . ,02 2 uF , 5,0V Mylar 1 ,0 %  
C apa c i tor , ,0 . ,01  u F , 5 ,0V Mylar 1 ,0 %  
Capac i t or , ,0 . 3 3 u F ,  1 6V T a n t  1 ,0 %  
C apac i t or , 4 . 7  u F , l6V Tant 1 ,0 %  
Capa c i tor , 4 . 7  u F ,  l6V Tant 1 ,0 %  
Capac i tor , 3 3  u F , l6V E l e c  2 ,0 %  
Capa c i tor , 3 3  u F , l6V Elec 2 ,0 %  
Capa c i tor , 3 3,0 u F , 3 5V Elec 2 ,0 %  
Capa c i tor , ,0 . ,0 3 3 uF , 5 ,0V Myl a r  1 ,0 %  
Capac i tor , 2 2,0 uF , 1 6V Elec 2 ,0 %  
C apa c i tor , 4 . 7  u F , 5 ,0V Elec 2 ,0 %  
C apac itor , 2 2,0 pF , 5 ,0V Cer 1 ,0 %  
C apa c i tor , ,0 . 4 7 u F , 5 ,0V E l ec 1 ,0 %  
C apac i t or , 1,0,0 pF , 5,0V C e r  1 ,0 %  
C apac i tor , ,0 . ,02 2 u F ,  5 ,0V Mylar 1 ,0 %  
C apac i tor , ,0 . ,01 8  uF , 5,0V Mylar 1,0% 
C apa c i tor , ,0 . ,0 1 8  uF , 5 ,0V Mylar 1 ,0 %  
C apa c i t or , 4 . 7  u F , 5 ,0V E l e c  2 ,0 %  
C apac i tor , ,0 . ,01  u F ,  5 ,0V Mylar 1 ,0 %  
Capac i t or , 2 2 ,0  u F , l6V Elec 2 ,0 %  
Capa c i t or , 1 ,0 ,0  pF , 5 ,0V Cer NPO 
Capac i t or , ,0 . ,0,0 4 7  uF , 5 ,0V Poly 5 %  
Capa c i tor , 1,0,0,0 uF , 2 5 V  Elec 2 ,0 %  
C apac i t or , ,0 . ,0 3 3 uF , 4,0,0V Poly 5 %  
C apac i t or , ,0 . ,0 4 7  u F ,  4,0,0V Poly 1 ,0 %  
Capac i tor , l uF , 2 5 ,0V Elec 2 ,0 %  
Capac i tor , ,0 . ,01 u F ,  6 3 ,0V P o l y  1 ,0 %  
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0 3 1,0,05 
l 9 7 3 ,0 3 ,08,0A 
1 9 4 l l,07 8,0A 
2 5 1,0,0,0 7 9,0A 
4 3 4,01,012,0A 
l 9 4,01,03 7,0A 
1 9 6 3 1,0,01,0A 
3 1 6,01,01 5 ,08 
3 1 6 ,01,01 4,0A 

C E,0 4 ( RB ) 4 7 5 M5 ,0V 
CK 4 5 B lH l 2 lK 
CQ9 2 MlH1,04K 
C E,0 4 C 2 2 6 Ml,0,0V 
C K 4 5 E 2 H 2 2 2P 
CQ 9 2 Ml H 2 2 3 K  
C Q 9 2MlH2 2 3 K  
C Q 9 2 MlH1,0 3 K  
C S l 5 ElC 3 3 4K 
C S l 5 ElC 4 7 5 K  
C S 1 5 ElC 4 7 5 K  
C E,0 4 C 3  3 6 Ml6V 
C E,0 4C 3 3 6 Ml6V 
C E,0 4 C 3 3 7 M35V 
CQ 9 2 Ml H 3 3 3 K 
C E,0 4 C 2 2  7 Ml 6V 
C E,0 4C 4 7 5 M5,0V 
C K 4 5 B lH2 2 lK 
C E,0 4 ( RB )  4 7 4 K5,0V 
C K 4 5 B l H l,0lK 
CQ 9 2 MlH2 2 3 K  
CQ 9 2 MlHl8 3 K  
CQ 9 2 MlH18 3 K  
C E,0 4 C 4  7 5 M5,0V 
C Q 9 2MlH1,03 K 
CE,0 4 C 2 2 7Ml6V 
CC 4 5 CHlHliJlJ 
CQ 9 2 Pl H 4 7 2 J 
C E,0 4Cl,0 8 M2 5V 
CQ 9 2 P 2 G 3 3 3 J  
CQ 9 2P 2 G 4 7 3 K  
C E,0 4Cl,05M2 5 ,0V 
CQ 9 2 P 2 Jl,03K 



P arts L i s t  

9 "  Video Mon i tor 8 7 9 ,0 6 1 3  ( G reen Sc reen ) ,  Model 4 P  Computer 
= ============================================================= 
I t em Sym Des c r i pt i o n  Part Numbe'r 
============== ================================================ 

C 3 1 8  
C 3 1 9  
C 3 2,0 
C 3 2 l  
C 3 2 2  
C 3 2 3  
C 3 2 4  
C 3 5,0 
C 4,0l 
C 5,0 l  

D l,0 l  
D 2,0l 
D2,02 
D 2,03 
D3,02 
D3,03  
D 3 ,0 4  
0 3,05 
D 3 ,0 6  

Capa c i tor , ,0 . ,01 u F , 6 3 ,0V Poly 1 ,0 %  
C apac i tor , ,0 . ,0,0 4 7  uF , l,0,0,0V C e r  
Capa c i tor , ,0 . ,0,0 2 2  uF , 5 ,0,0v C e r  
Capa c i tor , ,0 . ,0,02 2 uF , l,0,0,0v C e r  
Capa c i tor , 1 ,0  u F , 2 5V Elec 2 ,0 %  
C apac i tor , ,0 . ,0,02 2 uF , 5 ,0,0V C e r  
Capac i t or , ,0 . ,0,02 2 uF , 5 ,0,0v Cer 
Capa c i tor , ,0 . ,0,0 8 2  uF,  4,0,0v Poly 5 %  
Capac i tor , 2 2,0 uF , l 6V Elec 2 ,0 %  
C apac i tor , ,0 . ,0,01 uF , l,0,0,0V Cer 

D iode , 1,0E- l ,  S i li con 
D iode , l,0E- l , S i l i con 
D iode , VD 1 2 2 l , Var i stor 
D iode , VD 1 2 2 l , var i stor 
D iod e , BBT 4 ,  S i li con 
D iode , BBT 4 ,  S i l i con 
D iode , BBT 4 ,  S i li con 
D iode , BBT 1,0 ,  S i l i con 
D i ode , BBT 4 ,  S i l i con 

DY5 ,0l D e f l ec t i o n  Yoke 

IC2,0l 
IC3,0l 
L3,0l 
L3,02 

Rl,0l 
Rl,02 
Rl,03 
Rl,04 
Rl,05 
Rl,06 
Rl,07 
Rl,08 
Rl,0 9 
Rll,0 
Rl l l  
R2,0l 
R2,02 
R2,03 

IC , AN5 7 6 3 , Li near V-Proc e s s or 
IC , AN5 7 6 3 , Linear H-Proc es sor 
C oi l , 1,0 uH , L i near ity 
Co i l , 3,0  uH , Width 

Not Used 
Res i s tor , 
Res i s tor , 
Res i s tor , 
Res i stor , 
Res i stor , 
Res i s tor , 
Res i stor , 
Res i stor , 
Res i stor , 
Res i s tor , 
Res i stor , 
Res i s tor , 
Res i s tor , 

1 5  kohm , l/ 4W 5 %  Carbon 
l Mohm , l/ 4W 5% C arbon 
2 2 ,0  ohm , l/4W 5 %  Carbo n  
3 3  ohm , l / 4 W  5 %  Carbon 
9 1  ohm , l/4W 5 %  Carbon 
4 7  kohm , l/4W 5 %  Carbon 
l kohm , l/ 4W 5% Carbon 
l kohm , l/4W 5 %  Carbon 
1 . 5  kohm , 3W 5 %  Met Oxide 
5 . 6  kohm , l/ 4W 5% Carbon 
4 . 7 kohm , l / 4W 5% Carbon 
4 . 7  kohm , l / 4W 5 %  Carbon 
1,0,0 ohm , l/4W 5 %  Carbon 
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CQ 9 2 P 2 J l ,0 3 K  
C K 4 5 E3A4 7 2 P  
C K 4 5 E2H 2 2 2 P  
C K 4 5 E3A2 2 2 P 
C E,0 4 ( RP ) l,06 M2 5 V  
C K 4 5 E2 H 2 2 2 P  
C K 4 5 E2H2 2 2 P  
CQ 9 2 P2G8 2 2 J  
C E,0 4 C 2 2 7 Ml 6V 
C K 4 5 E3Al,0 2 P  

l,0E- l 
l,0E- l 
VD 1 2 2 l  
VD 12 2 1  
BBT 4 
BBT 4 
BBT 4 
BBT 1,0 
BBT 4 

5 8 1 5 1,0,0 3 ,0A 

AN5 7 6 3  
AN5 7 6 3  
l 4 3 4 1,0,0 4 ,0A 
l 4 3 3 1,01 4,0A 

RD l/ 4MB ( S ) l 5 3 J  
RD l/ 4MB ( S ) l,05 J 
RD 1/ 4MB ( S ) 2 2 1 J  
RD 1/ 4MB ( S ) 3 3 ,0J 

RD 1/ 4MB ( S ) 4 7 3 J  
RD l/ 4MB ( S ) l,02J 
RD l/ 4MB ( S ) l,0 2 J  
RSM3 P l 5 2 J  
RD 1/ 4MB ( S ) 5 6 2J 
RD l/ 4MB ( S ) 47 2 J 
RD l/ 4MB ( S ) 4 7 2 J  
RD l/ 4MB ( S ) l,0 l J  



Parts L i s t  

9 "  Video Mon i tor 8 7 9 ,06 1 3  ( Green S c r een ) , Model 4 P  Computer 
= = = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = =  
I tem Sym Des c r i p t i o n  Part Number 
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R2,04 
R2,05 
R2,06 
R2,07 
R2 ,08 
R2,0 9  
R2 1,0 
R2 1 1  
R2 1 2  
R2 1 3  
R3,01 
R3,02 
R3,03 
R3,04  
R3,05 
R3,06 
R3,07 
R3,08 
R3,0 9  
R3 1 3  
R3 1 4  
R 3 1 5  
R3 1 6  
R3 1 7  
R3 1 8  
R3 1 9  
R32,0 
R3 2 1  
R3 2 2  
R 3 5 ,0  
R5,01 
R5,02 
R5,03 
R5,04 
R5,05 

T 3 ,01 
T3,02 

Res i stor , 56  kohm , l/4W 5 %  Carbon 
Res i s tor , 6 . 8  ohm , l/4W 5 %  Carbon 
Res i stor , 1 . 2  ohm , l/2W 5 %  Carbon 
Res i s t or , 4 . 7  kohm , l/ 4W 5 %  Carbon 
Res i stor , 22,0 kohm , l/4W 5 %  Carbon 
Res i stor , 3 3,0 ohm , l/ 4W 5% C arbon 
Res i stor , 8 . 2  ohm , l / 4W 5 %  Carbon 
Res i stor , 1,0 kohm , l/4W 5 %  Carbon 
Res i s t or , 68 kohm , l/ 4W 5 %  Carbon 
Res i s tor , 1 ohm , l/2W 5% Carbon 
Res i stor , 1,0 kohm , l/ 4W 5 %  Carbon 
Res i s tor , 1 . 2  kohm , l/4W 5 %  Carbon 
Res i stor , 2 . 2  kohm , l/ 4W 5 %  Carbon 
Res i stor , 1,0 kohm , l/ 4W 5 %  Carbon 
Res i s tor , 3 . 3  kohm , l/4W 5 %  Carbon 
Res i s tor , 22 kohm , l/4W 5 %  Carbon 
Res i stor , 1 5  kohm , l/4W 5% Carbon 
Res i stor , 1,0,0 ohm , 2W 5 %  Met Oxide 
Res i s tor , 2 . 7  kohm , l/ 4W 5 %  Carbon 
Res i s tor , 5 6  ohm , 2W 5 %  Met Oxide 
Res i s t o r , 8 2  kohm , l/2W 5 %  Carbon 
Res i s tor , 15,0 kohm , l/2W 5 %  Carbon 
Res i s tor , 2 2 ,0 kohm , l/2 W  5 %  Carbon 
Res i s tor , 1 Mohm , l/4W 5 %  C arbon 
Res i s t or , 22,0 kohm , l/ 4W 5 %  Carbon 
Res i s tor , 2 2,0 kohm , l/ 4W 5% Carbon 
Res i s tor , 1 5 ,0  kohm , l/ 4W 5 %  Carbon 
Res i stor , 1 5 ,0  ohm , l/ 4W 5 %  C a rbon 
Res i stor , 1 5 ,0  ohm , l/ 4W 5 %  C a rbon 
Res i stor , 1 ohm , 2W 5 %  Met a l  Oxide 
Res i stor , 1,0,0 kohm , l/ 2 W  1 ,0 %  S o l i d  
Res i s tor , 4 7,0 ohm , l/ 2 W  1 ,0 %  S o l i d 
Res i stor , 4 7 ,0  ohm , l/2W 1,0'% S o l i d  
Res i stor , 5 6  kohm , l / 2 W  1 ,0 %  S o l i d  
Res i s tor , 5 6  kohm , l/ 2W 1 ,0 %  S o l i d  

Trans forme r , 1 5 . 7 5 K H z  D r i v e  
Trans forme r , 1 5 . 75 K H z  Flyback 

TR1,01 IC , 2 SA 7 3 3 ( P ) , PNP S i g nal Amp 
TR1,02 IC , 2 SC 1 3 1 3 ( G ) , NPN , S ig na l  Amp 
TR1,03 IC , 2 SC 2 2 2 8 Y ( E ) , NPN 
TR3,01 IC , 2 SC 5 3 6 ( F ) , NPN , S ignal Amp 
TR 3,02 IC , 2 SC 2 3 7 3 ( K , L ) , NPN , Hor Output 
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RD 1/ 4MB ( S ) 5 6 3 J 
RD 1/4MB ( S ) 6 R8 J  
RD l/ 2 MB ( S ) lR2J 
RD 1/ 4MB ( S ) 47 2 J  
RD 1/ 4MB ( S ) 2 2 4J 
RD 1/ 4MB ( S ) 3 3 1J 
RD 1/ 4MB ( S ) 8R2J 
RD 1/ 4MB ( S ) l,03J 
RD 1/ 4MB ( S ) 6 8 3 J  
RD l/ 2 MB ( S ) lR,0J 
RD 1/ 4MB ( S ) l,0 3 J  
RD 1/ 4MB ( S ) l2 2 J 
RD1/ 4 MB ( S ) 2 2 2 J  
RD 1/ 4MB ( S ) l,0 3 J  
RD 1/ 4MB ( S ) 3 3 2J 
RD 1/ 4MB ( S ) 2 2 3J 
RD 1/ 4MB ( S ) l5 3 J  
RSM 2 P l,0 1 J  
RD 1/ 4MB ( S ) 2 7 2 J 
RSM 2P 5 6 ,0J 
RD 1/ 2 MB ( S ) 8 2 3 J  
RD 1/ 2 MB ( S ) l 5 4J 
RD 1/ 2 MB ( S ) 2 2 4J 
RD 1/ 4MB ( S ) l,0 5 J  
RD 1/ 4MB ( S ) 2 2 4J 
RD 1/ 4MB ( S ) 2 2 4J 
RD 1/ 4MB ( S ) l 5 4J 
RD 1/ 4MB ( S ) l 5 1 J  
RD 1/ 4MB ( S ) l 5 1J 
RSN 2 P l R,0J 
RC 1/ 2 GF 1 ,0 4 K  
RC 1 / 2 GF 4 7 1K 
RC 1 / 2 GF 4 7 1K 
RC 1 / 2 GF 5 6 3K 
RC 1/ 2 GF 5 6 3 K  

1 ,0 8 5 1,0,01MA 
1,08,01,0,0 3 YA 

2 SA 7 3 3 ( P )  
2 SC 1 3 1 3 ( G )  
2 SC 2 2 2 8 Y ( E ) 
2 SC 5 3 6 ( F )  
2 SC 2 3 7 3 ( K , L )  
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I tem S ym Des c r i pt i o n  Part Number 
= = = = = = = = = = = = = = = = = = = = = = = = = = = == = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = =  

VR2 ,0 1  Var Res i stor , 1,0,0 kohm 1 7 5 1 1 ,01 3 9A 
VR2 ,0 2  V ar Res i s tor , 2 ,0  kohm 1 7 5 1 1,01 ,0,0A 
VR2 ,0 3  Var Res i s tor , 1,0,0 kohm 1 7 5 1 1,01 3 9A 
VR3 ,01 Var Res i s tor , 1 kohm 1 7 5 1 1,0',05 ,0A 
VR3,02 Var Res i stor , 5 ,0,0 kohm 1 7 5 1 1,0'1 6 ,0A 
VR3 ,0 3  Var Res i stor , 2 Mohm 1 7 6 9 1 ,0' 9 3 ,0'A 

VT 5,01 Cathode Ray Tube 5 5 9,01,0,07,0A 
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5.6 0PTIONS 

5.6.1 Graphics Board 

Introduction and Programming Information 

The Model 4 graphics board provides a low cost method of add
ing an advanced graphics function to your Model 4 CPU.  The 
graphics board is software compatible with the Model J graph
ics board, but is also capable of several advanced features not 
found on the Mbdel 3 board. 

The Model 4 graphics board provides 640 x 240 or 5 1 2  x 1 92 
dot graphics. The 640 x 240 dot graphics may be displayed as 
an independent display s imi lar to the Model J ,  or it may be 
mixed with the 80 x 24 text display. The 51 2 x 1 92 dot graphics 
is always mixed with the 64 x 1 6  display. 

The Model 4 graphics board uses a 32K byte memory. How
ever, the graphics display uses a maximum of 1 9K on screen .  
The remaining memory is not normally visible on screen. This 
32K byte memory is organized as an X - Y matrix of 1 28 x 256. 
To access the memory the CPU must set up the X and Y ad
dress register and then read or write to the desired location. 
However, the options control register allows the programmer to 
set the graphics board for automatic incrementing or decre
menting of memory addresses. This makes it easy to use only 
2 single accesses to memory for most situations. 

A new feature provided by the Model 4 graphics board is the 
ability to scroll in a vertical or horizontal direction .  Scrol l ing in 
the horizontal direction is contro l led by the X offset register. 
This register scrolls one character (8 bits) for each increment or 
decrement of value. Scrol l ing in the vertical d i rection is con
trolled by the Y offset register. This register scrolls one line for 
each increment or decrement of value. 

The following summarizes the features of the board in an 1/0 
map format. 

Port Addressing 

Hex Address Decimal Function 

80 1 28 Write the X register address 
(0-1 27) 

81 

82 

83 

1 29 

1 30 

1 3 1  

Write the Y register address 
(0-255) 

R e ad/wr i te  to t h e  g ra p h ics  
memory specified by the X and 
Y address register 

Wr i te  to the  op t ions  contro l  
register 

1 89 

8C 1 40 Write to the X add ress offset 
register 

8D 1 4 1  Write t o  the Y address offset 
register 

BE 1 42 Write to the i ntermix control 
register 

Options Control Register Description 

Hex Address 83 

Bit 0 
Bit 1 

0 = Graphics OFF 
0 = Waits OFF 

= Graphics ON 
= Waits ON 

Bit 2 0 = Increment x Reg. = Decrement x Reg. 
Bit 3 0 = Increment Y Reg. = Decrement Y Reg. 
Bit 4 0 = Read RAM & Clock X 1 = Read & Hold X 
Bit 5 0 = Read RAM & Clock Y 1 = Read & Hold Y 
Bit 6 0 = Write RAM & Clock X = Write & Hold Y 
Bit 7 0 = Write RAM & Clock Y 1 = Write & Hold Y 

Notes: 

1 .  Bit 1 should be set h igh all of the t ime, otherwise correct 
memory refresh is not guaranteed. 

2. Bits 2 - 7 control the auto Increment/auto Decrement func
tion, allowing a fast automatic updating of the RAM address. 

3. This register is cleared on reset. 

Intermix Control Register Description 

Bit O 

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

HEX Address BE 

0 = Mixing of text and graphics is not possible, and 
the video d isp lay is forced into a 640 x 240 
mode of operation. 
Text and graphics will be mixed, and the normal 
Model 4 control register will allow switching be
tween 640 and 240 graph ics and 5 1 2 x 1 92 
graphics. 
No connection 
No connection 
No connection 
No connection 
No connection 
No connection 
No connection 



Graphics Theory of Operation 

The Model 4 graphics board is designed to be a minimum chip 
solution for the addition of graphics to the Model 4 CPU board. 
The design is composed of three major elements, the dynamic 
RAM, the timing logic, and a gate array. Figure 5-65 shows a 
block diagram of the graphics board. The details of the gate ar
ray logic are shown in Figure 5-66. 

A general overview of the operation of the graphics board is as 
follows: 

The timing logic provides all of the dynamic memory timing 
signals and high speed timing for the other logic. The large 
bulk of the work is provided by the gate array device. As 
shown in Figure 5-66 this gate array interfaces to the CU 
for memory read or write cycles. The gate array also uses 
video timing signals from the Model 4 CPU board to gen
erate X and Y video addresses, and multiplexes the video 
addresses with the CPU X and Y counter addresses to 
drive the RAM address bus. The remaining logic on the 
board is the dynamic RAM and the shift register logic. The 
RAM is organized as 64K x 4; however, this organization 
is translated to 32K x 8 by the gate array. From the output 
at the RAM, the video data is latched for time synchroni
zation and then turned into serial video data by the shift 
register. 

C P U  
DATA BUFFER 
BUS 

CHIP SELECT ! 
R/W 

AO-A2 
HS vs 

D I S P LAY ENABLE 
CLOCK 

, 

� 

MODEL 4 

T I MING 
� RAS � CAS 

S IGNALS TIMING � MUX 

The timing logic is composed of a PALIOL 8 and a 74LS74 dual 
flip-flop. This logic generates RAS*, CAS*, and MUX for the dy
namic RAM. It also generates timing synchronization signals 
XADR?, STROBE 1 , and STROBE2. Figure 5-67 shows a tim
ing diagram for these signals. The input signals are provided by 
the Model 4 CPU board and change, depending on the mode of 
operation. DCLK is 1 O.xxx MHz for 51 2 x 1 92 graphics. H ,  I ,  and 
J are the outputs from a counter clocked by DCLK. Figure 5-68 
shows the equations for the PALIOL8. 

CPU WAI T *  
DATA 
I/0 - CLEAR CPU S H I F  

reg i ster 
T 

GRAPHICS 

DATA 

ARRAY 
6 4 K  X 4  

ADDRESS MAfl- 7 DYNAMIC 
RAM 

MEMORY 7[ DATA 
DATA i'v- R !51f- 3 
I/0 l DATA I N  

OUT 

'-- BU FFER 

r LATCH 

� S/L 
LOGIC � DOTCLK I SH IFT � STROBE 

Figure 5-65. Model 4 Graphics Controller 
Block Diagram 
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REGI STER �G RAPHICS 
VI DEO 



:P  

�AY 

S ELECT 

R/W 

AO-A2 

HS 

VS 

ENABLE 

CLOCK 

MUX 

CPU 
DATA 
BUS 

XA 7 -------l 

VIDRAMWR* 
OPTIONSWR* 

DECODE XOFFSETWR* 
LOG IC YOFFSETWR* 

MA,il 3WR* 
VI DRAMRD * 

TIMING BHS 
CPU/VI DEO* 

& CONTROL 
XCLK 

LOG I C  YCLK 

CHARCLK 

Figure 5-66. Block Diagram 
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WAI T  
CLEAR 
CPU S H I FT 
REG IS TER 

GRAP H ICS/ 
ALPHA* 

RAM 
1---:(""'87) - MEMORY 

ADDRESS 



DCLK 

.____ MUX 

'--_ ..... n._ ___ _. ...__ _ _.n ... ___ _. I CAS 

,....--- XADR7 

u u ur------,ur-------,ur---- STROBE l 

___ ____.rl ... ___ ...,�ll._ ___ _.n._ ___ ...,�n ... ____ n STROBE2 

Figure 5-67. Model 4 Graphics Timing Diagram 

PALIOL8 

# Inputs # Outputs 
1 DCLK 1 2  CAS* 
2 J  1 3  RAS* 
3 1  1 4  VIDRAMWR 
4 H  1 5  Dl 
5 801 16 STRB1 *  
6 GEN* 1 7  CLK 
? l iN* 1 8  STRB2* 
8 BCLK 1 9  XADR7 
9 DJ 

1 1  · -

Equations 

CAS* (I* + H*BDI*DJ)* 
RAS* (J + /J X I)* 
VIDRAMWR (GEN*IIN)* 
Dl I 
STRB1 * (H*BDI* * DCLK*)* 
CLK DCLK 
STRB2* (H * BDI)* 
XADR7 ( I * DJ + I**J*)* 

Figure 5-68 
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One unusual feature of the system timing is the CAS* signal. 
CAS* is clocked twice for each RAS* cycle. This al lows eight 
bits of data to be read from memory du ring each RAS* cycle. 
The only change from the first CAS* clock to the second CAS* 
is the XADR7 signal. This signal is used as a column address 
to allow double access of RAM during each RAS* cycle. 

The other signals provided by the timing logic are STROBE1 , 
STROBE2, and CLK. STROBE1 latches data from the RAM . 

STROBE2 is the shift register shift-load signal .  CLK is a de
layed version of DCLK. 

To minimize the amount of logic on the board, the gate array 
performs the bulk of the work. During a CPU read or write op
eration, the gate array timing logic forces the CPU to wait until 
horizontal or vert ical  sync.  T h i s  prevents h a s h i ng on the 
screen .  The graphics board does have a mode of operation 

with no waits; however, this mode is not recommended due to 
the possibility of memory loss. During a read cycle the first 4 bits 
of data are latched, then all 8 bits are latched and placed on the 
CPU data bus. During a CPU write cycle, 4 bits are written by 
the first CAS* and the last 4 are written by the second CAS*. 

The Model 4 video logic provides the dot clock, horizontal sync, 
vertical sync, and display enable. Using these signals, the gate 
array generates X and Y video addresses. The start address for 
the X or Y counter may be changed from 0 by loading the ap
propriate offset register. This allows scrol l ing of the picture and 
display of all of the 32 K of memory. 

The gate array also provides X and Y address counters for the 
CPU . These address cou nters may be loaded before each 

RAM access, or they may be programmed to automatically in
crement or decrement after each memory access. The outputs 
from the CPU X and Y address counters are mu ltip lexed with 

the X and Y video address counter outputs to generate the dy
namic memory addresses. 

The remaining logic on the graphics board is composed of 4 de
vices. A 74LS245 is used to buffer CPU data into and out of the 
gate array. A 74LS367 is used to strobe RAM read data into the 
gate array. A 74LS 1 34 is used to synchronize data from the 
RAMs. A 74LS 1 66 transforms the parallel video data into serial 
video data which is mixed with the Mode1 4 CPU video. 
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EXPLODED VIEW/PARTS LISTS 
Contained in this section are exploded views and correspond
ing parts lists for the major assemblies of the Modei 4P Portable 
Computer. These exploded views are divided into four major 
assemblies: 

Case Assembly 

Main Chassis Assembly 
Disk Drive Assembly 

Keyboard Assembly 
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Case Assembly 

Model 4P Computer 
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Parts L i s t , C a s e  Ass embly 

Model 4P Computer As s embly 

= == = = = = = = = = = = = = = = = = = = = = = = = = ======= = = = = = = = = = = = = = = = = = == = = = = ==== 

I t em Qty D e s cr i pt i o n  Part Number 
========= ================ = ======== = = = = = = == = = = = = = = = = = = = = = = = = = =  

1 
2 
3 
4 
5 
6 
7 
8 
9 
1,0 
1 1  
12  
13  
14  
1 5  
1 6  
1 7  

1 
1 
2 
2 
1 
1 
1 
2 
1 
2 
4 
2 
1 
1 
1 
5 
2 

Cas e Hou s i ng 
Cover , Fr ont 
C lawbol t  
Lat c h  Guard 
Keyboard Stop , Cover 
Pocket , I n s  ide 
Handl e , C a s e  
Rivet , B l i nd 
Power Cord 
C li p ,  Cord 
S c r ew ,  8 - 3 2  x 1/ 2 "  Tru s s  Head 
S c r ew ,  # 1� - 3 2  x 1/ 2 "  PPH 
Labe l , Hand le 
D oor , Rear Pan e l  
Reta i ner , Door 
Fastener , Spr i ng r i p  
Rivet , B l i nd 
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8 7 1 9 3 4 6  
8 7 1 9 3 4 8 
8 5 6 91 9,0 
8 7 1 9 4,0 6  
8 7 7 9 1 8 6  
8 7 1 9 3 4 8  

8 5 7 9,0 4 9  
8 7,0 9 4 7 5  

8 5 6 9 2,0 3  
8 5 6 9 2,0 2  

8 7 1 9 3 4 9  
8 7 2 9 2 5 2  
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Parts L i s t , Chas s i s  As s embly 

Model 4P Computer Ass embly 

============================================================= 
Item Qty Des c r i pt i o n  Part Number 
============================================================= 
l 
2 
3 
4 
5 
6 
7 
8 
9 

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

5 �  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7 *  
5 8  
5 9  
6 �  
6 1  

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
8 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 

2 2  
4 
4 
4 
6 
2 
2 
2 
8 

2�  
2 
2 

Chas s i s  Wel dment 
Connector , Power Cord 
Fan , 1 2  VDC 
B racket , Swi t c h  Mount 
Potent i ometer , 5 �� ohm Contrast 
Potent i ometer , 5 �� kohm B r i ghtnes s 
Power Swi t c h , 1 2 5V 
Res et Swi tch 
CRT/Sweep PC B Ass emb ly , B/W 
CRT/Sweep PCB As s embly , Green 
I ns u lator , Sweep PCB 
C li p ,  S tandoff 
Mou n t , Power S upply 
I nsu lator , Power Supply 
Power Supply PCB As s embly 
Cover , Back 
Suppor t ,  Hand l e  
B e z e l  
C lawbo lt Top 
S t i f fe ner , Be z e l  case 
Knob , Potent iome ter 
Logo , Model 4 P  
Ma i n  PCB As s embly 
P an As s embly , PCB Support 
Cover P l ate ( Blank ) 
Cover Plate ( I/O Port ) 
Lab el , FCC Part 1 5  C l a s s  A 
Lab e l , FCC Part 1 5  C l a s s  B 

S c r ew ,  # 6  x 1/ 4 "  Ro lok 
S c r ew ,  # 8 - 3 2  x 1/2 " Washer Hd 
Was her , # 8  I nternal Lock 
S c r ew ,  # 8 - 3 2  x 3 / 8  PH 
S c r ew ,  #8 Hex Was her H ead Thd Form 
S c r ew , # 4 - 4� x 3 / 4 "  PH C h r ome 
Nut , # 4 - 4� Lock 
S c r ew ,  # 1�- 3 2  x 1/ 2 "  P PH 
S c r ew , # 6 - 3 2  x 3 / 8 " P PH 
S c r ew , # 6  x 1/ 4 "  Hex Hd Torque Brk 
S c r ew ,  #1� x 1/ 2 "  H ex Hd Thd Form 
S c r ew , # 4 - 4� x 1/4 P PH Mac h  

*Noted o n  Case As s embly a l s o  
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8 8 5 9� 2 8  
8 5 1 9� 1 3  
87 9� 4�6 
8 7 1 9 3 6 3 
8 2 6 1 1 5 �  
8 2 6 2 45 �  
8 4 8 9� 7 3  
8 4 8 9� 7 1  
8 7 9� 6 1 2  
8 7 9�6 1 3  
8 5 3 9� 5 �  
8 5 8 9 � 8 4  
8 7 2 9 2 4 6  
8 5 3 9� 4 9  
8 7 9 �� 4 9  
8 7 2 9 2 4 3  
8 7 2 9 2 4 2 
8 7 1 9 3 4 1  
8 5 6 9 1 9� 
8 7 2 9 2 8 �  
8 7 1 9 3 6 2  
8 7 1 9 3 6 7  

8 7 2 9 2 4 5  
8 7 2 9 2 5 3  
8 7 2 9 2 8 7  

8 5 6 9 1 2 8  
8 5 6 9 2� 3  

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



Disk Drive Assembly 
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Parts L i s t , D i sk Dr ive As s embly 

Model 4P C omputer As s embly 

=================== ========================================== 
I tem Qty Des c r i pt i o n  Part Number 
============================================================= 
1 1 Weldment , Suppor t 8 8 5 9,0 2 9 
2 2 D i s k  D r i ve , Tandon TM 5,0- 1 8 7 9 ,01 2 1  
3 1 C ab l e  As s embly , FDC 8 7 ,0 9 4 5  
4 1 C ab l e  As s embly , DC Harnes s 8 7 ,0' 9 4 5 6  
5 2 Handl e , D i s k  Dr ive 8 7 1 9 3 5 3  
6 7 S c r ew , 6 x 1/ 4 "  Rolok 8 5 6 9 1 2 8  
7 6 S c r ew , 6 - 3 2  X 1/ 4 "  PPH Mach C S RS 
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Keyboard Assembly 

Model 4P Microcomputer 
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Parts L i s t , Keyboard As s embly 

Model 4P Computer As s embly 

============================================================= 
Item Qty Des c r i pt io n  Part Number 
============================================================= 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
1 
1 
1 
4 
2 
1 
1 
8 

B ot tom , Keyboard C a s e  
Keyboard As s embly 
Top , Keyboard C a s e  
C ab l e  As s embly , Keyboard 
Spr i ng , Keyboard Support 
S uppor t ,  Keyboard 
C ab l e  T i e  
N ameplat e ,  Keyboard 
S c r ew , # 6  x 1/ 2 "  Thd Formi ng 
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8 7 1 9 3 4 2 
8 7 9�5 3 �  
8 7 1 9 3 4 3  
8 7 1 9 4 6� 
8 7 1 9,0'1 4 
8 7 1 9 3 3 6  
8 5 5 9,0' 2 7  
8 7 1 9 3 6 7  
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NOT I C E  

Th i s  d o c ume n t , a nd t he i n f orma t i on con t a i ne d  h e r e i n , i s  c o py r i g ht b y  
Tandon C o r pora t i on a n d  may no t be d up l i c a te d  o r  re p rod u c e d , i n  wh o le 
or i n  p a r t , w i tho u t  t he p r i or wr i t t en a pp ro v a l  o f  Ta nd on C o r p o r a t i on .  

Th i s  do c um e n t  i s  i n t e n d ed to prov i d e  the use r w i th d e t a i l e d  
i n f orma t i o n  a d e qu a te f or the e f f i c i e nt i n s ta l l a t i on ,  ope r a t i on , and 
s e r v i ce of th e equ i pm en t i n v o l ved . 

Howev e r , wh i le e ve r y  e f f o r t  has be e n  made to keep the i n f o r ma t ip n  
co n t a i n e d  h e r e i n  c u r re n t  a nd a c cura te a s  o f  t he d a te o f  p ub l i c a t i on , 
no g u a r a n t e e  i s  g i v e n  o r  i mp l i ed a s  to i t s ac c u r ac y . 
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S E CT I ON 1 

G E N E RAL D E S CR I P T I ON 

I NTRODUC T I ON 

Th i s  doc ume n t  p ro v i d e s  req u i re d  i n f ormat i on i n  orde r t o  e v a l ua te 
and i nc orpo r a t e  T a n d o n ' s  d i sk d r i ve i n to a s y s te m .  

T a n don Corpora t i on ' s  Mode l Numbe r TM5 0 - l  a n d  TM 5 0 - 2 ,  5 - 1 / 4 - i nch 
f le x i b l e  d r i ves  a re comp a c t , low p ro f i le d r i v e s  t h at may be i n s ta l le d  
i n  on l y  o n e - h a l f  t h e  sp a c e  norma l l y re qu i re d . T h ey a re comp a c t  d at a  
s to ra g e  d e v i c e s  t h a t u s e  a n  AN S I -c omp a t i b le , i nd u s t ry s t a n d a rd , 5 - 1 / 4 -
i n ch d i s k e t t e . 

Mod e l N umbe r TM5 0 - l  a n d  T M5 0 - 2  d r i ve s  ea c h  4 8  t ra c k s  pe r i n c h . The 
T M 5 0 - 2 is a dou b l e - s i de d  re cord i ng de v i ce . 

Both dr i ve s  are c a p a b l e  o f  re a d i n g a n d  w ri t i n g  in s i n g le - d e n s i ty 
f orma t on  a d i s k e t te , u s i ng a p rop r i e t ry r e a d /w r i te head p a t e n ted by 
Tan don . The dr i ve s  ha ve a do u bl e  de n s i ty ca pa b i l i t y whe n  a Mod i f i e d  
F re qu e n c y  Modu l a ted ( MF M ) or  o t h e r  app rop r i a te r e c o rd i ng t e c h n i que i s  
u s e d . E n cod i n g  a n d  de c o d i ng o f  the d a t a  i s  d o n e  by the 
us e r ' s  c o n-t r o l l e r .  

1 . 1  SCOPE O F  T H E  DOCU M E N T  

Th i s  doc ument co n t a i n s the ma j o r  fe a t u re s , p h y s i c a l  a n d  fu n c t i on a l  
spec i f i c a t i ons , mou n t i ng a n d  power re qu i reme n t s , t he i n te r f a ce , and 
typ i c a l  t i m i n g  cha r a c t e r i s t i c s  of  the TM5 0 - l a nd T M 5 0 - L d r i ve s . 

I n  add i t i o n , t h e re i s  a t he ory of  ope r a t i on ,  c h e c ks a nd a d j u stme n t  
proc e d u re s , re p la ce me n t  pro c e d u re s , as s emb l y  dr a w i ng �  a n d  s chema t i c s . 

1 . 2  PURPOSE O F  T H E  DR I VE 

The TM5 0 - l  and T M 5 0 - 2 d r i ve s  are ro t a t i ng d i s k  memor i e s  de s i g ne d  for 
random a c c e s s  d a t a  e n t ry , s t o ra g e , and r e t r ie v a l  a pp l i c a t i o n s . 
Typ i c a l  app l i ca t i on s  i n c l u de i n t e l l i g e n t  te r m i na l c o n t ro l l e rs , 
mi c ro compu t e r s , w o rd p roc e s s i ng s y s tems , d a ta commu n i c a t i on s y s tems , 
e r ro r  lo gg i n g , pro g ram loa d i n g , an d po i n t -o f - s a le te rmi n a l s . 

1 . 3  MAJOR F EATURES 

Wr i t e P r o t e c t  

When a w r i t e  p ro t e c t e d  d i s k e t t e i s  i n s e r t e d  i n t o  the dr i ve , the wr i t e 
e le c t ron i c s a re d i s a b le d .  
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Da i sy C h a i n  C apa b i l i ty 

The d r i ve p rov i de s  the addre s s  s e l e c t i o n  a n d  g a t i ng f u n c t i on s  
ne c e s s a ry t o  d a i sy ch a i n  a max i mum of  f o u r  un i t s a t  t he u s e r ' s  o p t i on . ·  
T h e  l a s t d r i ve o f  t h e  da i sy ch a i n  t e rm i n a t e s  the i n t e r f a c e . The 
t e rm i n a t i o ns are a c c omp l i shed by a re s i s t or a r ray p l u gg ed i n to a D I P  
s o c k e t .  

I n t e rn a l  T r i m  E r a s e  

T h e  d r i ve p r ov i de s  the c o n t ro l s i g n a l s  ne c e s s a ry f o r  p rope r  t r im 
e r a s u re o f  d a t a . 

I nd u s t ry S t an d a r d  I n t e r f a c e  Compa t i b i l i ty 

The d r i ve i s  comp a t i b le w i th c o n t ro l l e rs t h a t  u se an i nd u s t ry s t a n d a rd 
i n t e r f a c e . 

T ra c k  0 S e ns o r  

T h e  T r a c k  0 s e n s or i s  pro v i de d  to ge ne r a t e  a log i c  le ve l a t  th e d r i ve 
i nt e r f a c e , i nd i c a t i ng t h at the read/w r i te h e a d  i s  p os i t i o n e d  a t  the 
o u t e rmos t t r a c k . 

I nd e x  S e ns o r  

A n  i n de x se n s or i s  pro v i de d  t o  ge n e r a t e  e l e c t r i c a l  pu l s e s  at the dr i ve 
i n te r f a ce c o i n c i d e nt w i th s e n s i n g  I ndex/Se c t or h o l es on t he d i s k e t te . 

Ac t i v i ty I nd i c a t o r  

A n  a c t i v i t y  i n d i ca t or , loc a t e d  on the f r o n t  pa ne l ,  i s  au t oma t i c a l l y 
i l l um i n a t e d  w h e n  the d r i ve is  s e l e c te d . 

Compa c t  S i z e 

The re d u c e d  he i g h t  of  the dr i ve ena b l e s  it  to oc c upy on l y  one - h a l f  the 
mou n t i ng s p a ce re qu i red f or a conv e n t i onal  d r i ve . 

1 . 4  F U N C T I ONAL D E S C R I P T I ON 

The dr i ve s  are fu l l y  se l f - c o n t a i ne d , and re qu i re no ope ra t or i n t e r v e n 
t i on du r i ng norma l ope ra t i on .  Each d r i ve c o n s i s ts of  a s p i nd le d r i ve 
s y s t e m ,  a he a d  pos i t i o n i ng sy s te m ,  and a re a d/w r i t e  sy s te m .  
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When the f ro n t  l a t c h  is  opene d ,  ac c e s s  is prov i de d  for ins e r t i o n  of 
a d i s k e t t e . The d i s k e t te i s  h e l d  i n  p l a ce by p l a s t i c g u i de r a i l s . 
I t s loc a t i on i s  e n s u re d  whe n  the di s k e t t e i s  ins e r t e d  un t i l  a ba c k  
s top i s  e n cou n t e red a nd t he e j e c t i on mec h a n i s m  l a t c he s . 

C lo s i n g the f ro n t  l a t c h  ac t i v a t e s  
re s u l t i ng i n  a c c u r a te c e n t e r i ng and 
d r i ve hu b is  he l d  at a con s t a n t  sp eed 
D .  C .  mot o r . T he h e a d ( s )  rema i n  i n  
u nt i l  t h e  f ro n t  l a t c h  is  op ene d .  

the cone c l amp i n g me c h a n i s m ,  
c l a mp i n g  of  t h e  d i s k e t te . T he 

of 3 0 0  RPM by a se rvo-con t r o l l e d  
c o n t a c t  w i th t he r e c o rd i ng med i a  

T h e  he a d s  are pos i t i on e d  ove r  t h e  de s i re d  tr a c k  b y  me a n s  of a fou r
p h a s e  s t epper mo t o r / b a nd a s sembly a n d  i ts a s s oc i a t ed e l ec t ron i cs . 
Th i s  pos i t i one r u s e s  a one - s tep r o t a t i o n  t o  cau s e  a one t r a c k  l i ne a r  
moveme n t . 

Da t a  r e c o v e ry 
d i f f e re n t i a t o r ,  
d a t a  decod i n g  

e l e c t ron i c s  
z e ro c ro s s ov e r  
c a p a b i l i t i e s  

i n c lu d e  a low- l e ve l r e a d  amp l i f i e r ,  
d e t e c t or , and d i g i t i z i ng c i rc u i t s . No 

are p ro v i de d . 

The d r i ve h a s  t he f o l l ow i ng s e ns o r s : 

1 .  A Tra c k  0 s e n s or de t e c t s  whe n  the he a d/ c a r r i a g e  as s e mb l y  is 
p o s i t i oned a t  T r a c k 0 .  

2 .  An i n d e x  se n s or is  pos i t i on e d  to ge ne r a t e  a di g i t a l  s i g n a l  
w h e n  an  i n d e x  h o l e  o n  t he d i s k e t te i s  d e t e c t e d . T he i nd e x  
s e n s or d i s t i n g u i s he s  inde x a n d  se c t or ho l e s  i n  a ha r d 
s e c t ored d i sk e t te . 

3 .  A w r i t e  prote c t  se n s or di s a b l e s  the w r i t e  e l e c t ron i c s whe n  
a w r i te p ro t e c t  t a b  i s  app l i ed to t he d i s k e t te . 

4 .  A m o t o r  co n t ro l  sw i t ch . 

1 . 5  PHYS I CAL DE S C R I PT I ON 

A re p re s e n t a t i ve dr i ve is  s hown i n  F i g u re l - 1 . 
mou n t e d  i n  a v e r t i c a l  or h o r i z on t a l  p l a ne . Howe v e r , 
boa r d  mu s t  be on the upp e rmo s t  s i de whe n t h e  
h o r i z o n t a l ly .  

The dr i ve ca n be 
t he log i c  c i rc u i t  

dr i ve i s  mou n t e d  

The sp i nd l e  i s  be l t  dr i ve n  b y  a D .  
t a c home t e r .  The s e r vo c o n t r o l  c i rcu i t  
s p e e d  o f  the sp i n d l e . 

C .  motor w i th an i n t e gra l 
a n d  t a c home ter c on t rol  the 

The re a d/w r i t e 
mou n t e d  t o  a 
f e r r i t e / ce r a m i c 
h o u r s . 

he a d  as s emb l y  is pos i t i on e d  by a sp l i t  ba nd pos i t i on e r  
s te pp e r  mot o r . T he read/w r i te h e a d s  a re g l a s s - bonded , 

s t r u c tu re s  w i t h  a l i f e  expe c t a n c y  of 2 0 , 0 0 0  o p e ra t i ng 

Ope r a t o r  ac c e s s  f o r  d i s k e t te loa d i ng i s  prov i d e d  v i a  a ho r i z o n t a l  s l ot 
l o c a t e d  at t he f ro nt of t he d r i ve . 

The e l e c t ro n i c  comp one n t s  o f  the dr i ve are mou n t e d  on two pr i n t e d  
c i rcu i t  b o a rd s . The l og i c  c i rc u i t  bo a rd is  mou n ted a bove t he c h a s s i s . 
The mot o r c o n t ro l  c i rc u i t  boa rd i s  mou n t e d  

·
on the bot tom of the 

c h as s i s . Powe r a n d  i n t e r f a ce s i g na l s  a re rou t ed t h ro u g h  c o n nec tors 
p lugg i n g  d i re c t ly i n t o  the log i c  ci r c u i t  boa rd . 
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FIGURE l - 1 
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S ECT I O N  2 

P RODUCT S P EC I F I CATI ON S  

I NTRODUCT I ON 

Th i s  se c t i o n  c o n t a i ns the me c h a n i c a l , e l e c t r i c a l  a nd o p e r a t i on a l , 
re l i ab i l i ty ,  a n d  e nv i ronme n t a l  spe c i f i c a t i o n s  f o r  t he TM 5 0- l  a nd 
TM 5 0- 2  d r i v e s . 

2 . 1  M EC H AN I CAL S P EC I F I CAT I ONS 

The p h y s i c a l  d i men s i ons of t he d r i ve a re l o c a t e d  i n  
F i g u re 2 - l .  

2 . 2  E L E C T R I CAL AN D O P E RAT I ONAL S P EC I F I CAT I O N S  

T h e  e l e c t r i c a l  a n d  ope ra t i on a l  sp e c i f i ca t i on s  a r e  loc a t e d  
i n  T a b l e  2 - l .  

2 . 3  R E L I AB I L I T Y  S PEC I F I CAT I ONS 

The re l i a b i l i ty s p e c i f i c a t i ons a re l o c a ted i n  T a b l e  2 - 2 .  

2 . 4  E N V I RONM E NTAL S PE C I F I CAT I ONS 

The e n v i ronme n t a l  s p e c i f i c a t i ons a re l o c a t e d  i n  T a b l e  2 - 3 . 

TAN DON CORPORAT I ON , CHAT S WORTH , CA LI FORN I A  9 1 3 1 1  
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TAB LE 2 - l  

E LE C T R I CAL A N D  OPERAT I ONAL S P E C I F I CAT I O N S  

Med i a  

Me d i a  L i f e  ( f or re f e re n ce on ly ) 

T ra c k s  P e r  I n c h  

Tra c k s  P e r  D r i ve 

TM5 0 - l  

TM5 0 - 2  

T ra c k  S p a c i n g  

H e a d  L i f e 

D i s k  Ro t a t i on a l Sp eed 

Ave rag e Ro t a t i o na l L a t e n c y  

I n s t a n t a neou s Spee d V a r i a t i on ( I SV ) 

Mot o r  S t a r t  T i me 

S e e k  T i me , t r a c k  to t ra c k  

F a s t S tep Mot or ( Op t i o n a l ) 

Hea d S e t t l i n g  T i me 

Fas t S t e p  Mot or ( Op t i o na l ) 

Ave rag e T r a c k  Ac ce s s  T ime , 
i nc l ud i n g  he a d  se t t l i n g  t i me 

F a s t  S t e p  Mot or ( Op t i on a l )  

Typ i c a l  R e c o r d i n g  M o d e s  

D a t a  T ra n s f e r  R a t e  

AN S I - comp a t i b l e , 
5- 1 / 4 - i n c h  d i s k e t t e 

4 X 1 0 6 p a s s e s  pe r tr a c k  

4 8  T P I , bo t h  dr i ve s  

4 0  Tra c k s  

8 0  Trac k s  

0 . 5 2 9  m i l l i me t e r s , 
2 0 . 8  m i l i nc he s  

2 0 , 0 0 0  med i a  c o n t a c t  hou r s  

3 0 0 RPM � 1 . 5  p e r c e n t  

1 0 0  m i l l i s e c o n d s  

+ 3 p e r c e nt 

O ne s e cond , ma x i mum 

2 0  m i l l i s e c o n d s  

6 m i l l i se c o n d s  

2 0  mi l l i s e co n d s  

1 5  m i l l i se co n d s 

2 8 7 m i l l i s e co n d s  

9 5  m i l l i s e c o n d s  

FM , MFM , MMF M  

2 5 0 , 0 0 0  b i t s  pe r se c o n d  
dou b le d e n s i ty 

TANDON CORPORAT I O N , CHAT S WORTH , CA L I FORN I A  9 1 3 1 1  I 1 7 9 DD D- 0 0 1  
REV . A 
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TAB LE 2 - l ( CONT I NU E D )  
ELECTRI CAL AN D OP ERAT I ONAL SPEC I F I CAT I O N S  

F lu x  Re v e r s a l s P e r I nc h  ( FR P I ) ,  
i n s i de t r a c k  

B o t h  mod e l s , S i de 0 

TM5 0 - 2 , S i de l 

U n f orma t te d Re c ord i n g  C a p a c i ty 

T M 5 0 - l  

T M 5 0 - 2  

D .  c .  Vol t age and 
Cu r re n t  Re qu i reme n t s  

+ 5  v o l t s  D .  C .  P ow e r  

+ 1 2  v o l t s  D .  c .  Pow e r  

S h i pme n t  

' 

5 , 5 3 5  F R P I 

5 , 8 7 7  F R P I  

2 5 0  k i l oby t es p e r  d i s k  

5 0 0  k i l oby t es p er d i sk 

+ 5  vo l t s + 0 . 2 5 v o l t  a t  8 0 0  
m i l l i ampe re s , m a x i mu m , w i t h  
l e ss t h a n  1 0 0  m i l l i vo l t s  
pe a k - t o-pe a k  ri p p le . 

+ 1 2  v o l t s  + 0 . 6 v o l t , 1 . 3  
amp e res , max i mu m ,  s u rge f or 
5 0  m i l l i se co nd s , 8 0 0  
m i l l i a mp e res a v e rag e . 

When p re p a red f or s h i pm e nt by 
Tandon , the dr i ve mee t s  the 
re qu i reme n ts o f  N STA p re s h ip 
ment te s t  proce d u re 
P ro i e c t  l A .  

TAB LE 2 - 2  
RE L I AB I L I TY SPEC I F I CAT I ON S  

E r r o r  R a t e s , e x c l us i ve of 
e x t e r n a l  s ou r c e s , e .  g . : 
e l e c t ron i c s ,  d e f ec t i ve and 
c o n t am i n a t e d  d i sk e t te s  

So f t  E r r o r s ( Re cov e ra b le ) 

H a r d  E r ror s ( N o n re co v e r a b l e ) 

See k E rr o r s  

Me a n  T i me B e t w e e n  F a i l u re s  

Mea n  T ime To R ep a i r  

O ne i n  1 0
9 

b i ts 

O ne i n  1 0 1 2  b i ts 

One i n  1 0 6 s ee k s  

8 , 0 0 0  hou r s , 
2 5  p e r c e n t  duty cy c l e  

3 0  m i n u t e s  

TANDON CORPORAT I ON , CH ATSWORTH , CAL I FORN I A  9 1 3 1 1  
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TAB LE 2 - 3  

ENVI RON M E NTAL S P EC I F I CAT IONS 

Tempe r a tu re 

Ope r a t i n g , med i a  d e p e n d e n t  

Nonop e ra t i ng 

Re l a t i ve H um i d i ty 

Ope ra t i n g ,  non co n de n s i ng ,  
me d i a  dep e nd e nt 

Nonop e ra t i n g , n o n c o n d e n s i ng 

A l t i t u de 

Ope r a t i n g  or N onope r a t i ng 

1 0 °C t o  4 6 °C ,  5 0 °F t o  l l 5 °F 

- 4 0 °C t o  7 1 °C ,  - 4 0°F t o  1 6 0 °F 

2 0 - to- 8 0 p e r c e n t  

5 - t o - 9 5 p e r c e nt 

1 5 2 . 4  met e r s , 5 0 0  f ee t , be low se a le ve l , 
to  1 5 , 2 4 0  me t e rs , 5 0 , 0 0 0  f e et , a bove 
se a le ve l 

TANDON CORPORAT ION , CHAT S WORTH , CA L I FORN I A  9 1 3 1 1  I 1 7 9 000-0 0 1  
REV . A 
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SECT I ON 3 

OP E RAT I ON 

I NTRODUCT I ON 

Th i s  s e c t i o n  co n t a i n s i n f ormat i o n  on how to unp a c k ,  che c k  ou t , in
s t a l l ,  a nd ope r a te t h e  T M 5 0- l a n d  T M S 0 - 2 d r i v e s . 

3 . 1  U N P ACK I NG T H E  DRIVE 

The dr i ve s  are sh i pp e d  i n  p ro t e c t i ve con t a i ne r s to m i n i m i z e  t h e  
pos s i b i l i ty o f  damage du r i ng s h i pme n t .  The f o l l ow i ng l i st i s  the 
re comme n d e d  p ro c e d u r e  for  unp a c k i n g  th e dr i ve . 

l .  P l a ce the c o n t a i ner on a f l at work su r f a ce , t op s i de u p . 

2 0 C u t  the tape th a t  ho l d s  the tab i n  the s l o t  on the f r o n t  s i de 
o f  t he c o n t a i ne r .  

CAUT I O N  

Con t a i n e r  may sp r i ng open when t he t ape is c u t . 

3 .  Remove the dr i ve f rom i t s  p l a s t i c  ba g .  

4 .  I n spe c t  the d r i ve f or po s s i b le damag e .  

5 .  N o t i f y the ca r r i e r  imme d i a t e l y  i f  any damage is found . 

6 0 S a v e  the s h i pp i ng c o n t a i ne r  f or f u tu re u s e . 

3 . 2  PRE I N STALLAT I ON C H E C KOUT 

B e f ore app l y i n g  p ow e r  t o  the dr i ve , th e f o l l o w i ng i n s p e c t i on shou l d  
be c o n du c te d : 

l .  Che c k  to e n s u re th e f r o n t  l a t c h  ro t a t e s  ea s i ly .  I t  
s ho u ld rem a i n  i n  t he open p o s i t i on when ro t a ted fu l ly 
c o u n t e r c l o c kw i s e  ( h o r i z on t a l  to f r o n t  pa ne l ) .  

NOTE 

Whe n th e l a t c h  is  moved to an ope n  pos i t i o n ,  
the h e a d  a rm r a i s es . 

2 .  Remove the ca r d b o a r d  sh i pp i ng i n s e r t , and re t a i n  fo r 
f u tu re s h i pme n t . 

3 .  E n s u re th e f ro n t  pane l is se c u re . 
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4 .  8 n s u re the dr i ve be l t  is  i n  p l ace . 

5 .  Manu a l ly r o t a te t he d r i ve hu b .  I t  s hou ld ro t a te f re e l y .  

6 • E n s u re bo t h  c i r c u i t  boa rd s  are se c u re . 

7 • E n s u re the c o n n e c t ors a re f i rmly s e a t e d . 

3 .  3 MOU N T I NG T H E  DRIVE 

T h e  dr i ve ha s be e n  de s i g n e d  to be mou n t e d  ho r i z on t a l l y or  ve r t i c a l l y .  
Whe n mou n t e d  h o r i z o n t a l l y , t he lo g i c  c i r cu i t boa r d  s i de o f  the d r i ve 
mu s t  be t he t op s i de . 

Tapped mou n t i ng h o l e s  a re prov i ded on e a c h  s i de and t h e  b o t t om o f  t he 
d r i ve f o r a t t ac hme n t  to u s e r- s upp l i ed mou n t i ng brac k e t s  ( f i g u re 2- l ) .  
When i n s t a l l e d  i n  e i t h e r  p lane , hor i z on t a l  or  ve rt i c a l ,  on l y  tw o 
moun t i ng s c r ews a re r equ i re d  to s e c u re ly h o ld t he d r i ve i n  p l a ce . 

Two d r i ve s  may 
3 . 2 5 - i n ch e s  h i g h .  
f o r  mou n t i ng i n  a 

be mou n t e d i n  a s i ng l e , f u l l - s i z e  d r i ve e n c l o s u r e , 
A two - h o l e  mou n t i ng s c heme p e r  d r i ve is  re c omme nded 

two d r i ve c o n f i g u ra t ion . 

Any moun t i n g  s c heme i n  w h i c h  the d r i ve i s  p a rt o f  t he s t ru c tu ra l 
i n t eg r i t y  o f  t h e  e n c l o s u re is  no t pe rm i t t e d . Mou n t i n g  s c h e me s  sho u l d  
a l l ow f o r a d j u s t a b l e  b r a c k e t s  or  i n corp o r a t e  re s i l i e nt memb e r s  t o  
a c commo d a t e  t o l e r a n ce s . I n  add i t i on , i t  is  re c omme nde d t h a t  m o u n t i n g 
s c hemes i n c l u de no mo re t h an two mou n t i ng su r f a c e s . 

The dr i ve i s  man u f a c tu re d  and te s te d  w i t h some cr i t i c a l  i n t e r n a l  
a l i g nme n t s  t h a t  mu s t  b e  ma i n t a i ne d .  H e n c e , i t  i s  i mp o r t a nt t h a t  
mou nt i n g hardware no t i n t roduce s i g n i f i c a n t  s t r e s s  on the ch a s s i s . 

Du s t  Cove r 

The de s i g n  o f  an  e n c l o s u re shou ld i n c o rpora t e  a me a n s  to pre v e n t  
c on t am i n a t i o n  f rom l oo s e  i te ms , e .  g . , d u s t , l i nt , a nd p a p er c had 
s i n c e  the d r i ve doe s  no t have a dus t cove r . 

C o o l i ng 

H e a t  d i s s i p a t i on f rom a 
h ou r ,  u n d e r  h ig h  l oad 
c omp one n ts h a ve a c c e s s  
c oo l i ng a l l ow s  ope r a t i on 

s i n g l e  dr i ve is  norma l l y  1 5  w a t t s , 5 1  BTU p e r  
cond i t i ons . W h e n  t he d r i ve is mou n t ed so t h e  

to  a f re e  f low o f  a i r ,  norma l con ve c t i o n  
w i th i n t he spec i f i e d  t e mp e ra tu re r a n g e . 

Whe n f o r c e d  a i r  i s  u s e d , ai r f low mus t  be d i re c t e d  ou tward f rom the 
d r i v e . Do n o t  i n t a k e  a i r t h ro u g h  the d r i ve or � ea d s  a nd d i s k e t t e s . 

The u s e  o f  f o r c e d  a i r f low is  re c ommended whe n two dr i ve s  are mou n t ed 
w i th i n  a s i n g le e n c l o s u re . 
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3 . 4  I NT E RFACE CON N ECT I ON S  

I nt e r f a ce con ne c t i on s  f o r  the T M5 0 - l  a n d  T M5 0 - 2  d r i ve s  are made v i a  
a u s e r- s upp l i e d ,  t h i r ty - f our p i n ,  f l a t  r i bbon c o n n e c t or , 3 M  P a r t  
N umbe r 3 4 6 3 - 0 0 0 1  o r  AM P P a r t  Numbe r 5 8 3 7 1 7 - 5 , us i ng co n t a c t  P a rt 
N umbe r 1 - 5 8 3 6 1 6- 1  f or tw i s te d  p a i r  o r  i t s e qu i va l e nt . T h i s  
conne c to r  m a t e s d i re c t l y w i t h the c i rc u i t  boa rd co n n e c t or a t  the 
re a r  o f  t h e  d r i ve . The D .  c .  pow e r  c o n ne c t or h as f our p i ns a nd i s  
loc a t e d  a t  t h e  re a r  of th e d r i ve . T h e  i n t e r f a ce de s c r i p t i o n  o f  
t h e  c o n ne c t o r s , a n d  t h e  l o ca t i o n  o f  e a c h  o ne , i s  c o nt a i n e d  i n  t h i s  
s e c t i on . I n t e r f a ce l i n e s  are l o c a t e d  i n  T a b l e  3 - 1 .  D .  C .  power 
conne c t or p i n  a s s i g nm e n ts a re l o c a ted i n  T a b l e  3 - 2 .  

The 
typ e , 
u s e d . 

s i g na l w i re ha r n e s s  shou ld be of the f l a t  ri b bo n  or tw i s te d  pa i r  
2 6 - t o- 2 8  g a u g e  condu c t or , comp a t i b le w i th t he c o n n e c t or to be 
The re comm e n d e d  ca b l e  le n g t h  is te n fe e t  ma x i mum .  

TAB LE 3 - 1  

D R I V E  I NTE RFACE L I N ES AND P IN ASS I GNM ENTS 

I npu t Con t ro l  L i ne s : 
C o n t ro l l e r -To- D i s k D r i v e  

G r o u n d  P i n  S i g n a l  
--

1 2 Con n e c t o r  C l amp 
3 4 S p a re 
5 6 Dr i ve S e l e c t  3 
9 1 0  D r i v e S e l e c t  0 

1 1  1 2  D r i ve S e l e c t  1 
1 3  1 4  D r i v e  S e l e c t 2 
1 5  1 6  Motor O n  
1 7  1 8  D i re c t i o n  Se l e c t  
1 9  2 0  S te p  
2 1  2 2  Compo s i te W r i t e  D a t a  
2 3  2 4  Wr i te E na b l e  
3 1  3 2  S i d e  S e l e c t  

Ou tpu t Con t ro l  L i n e s : 
D i sk D r i ve-To- C on t r o l l e r  

G r o u n d  P i n  --
S ign a l  

7 8 I nde x/S e c t o r  
2 5  2 6  T ra c k 0 
2 7  2 8  Wr i t e P ro te c t  
2 9  3 0  Compo s i t e  Rea d  Da t a  
3 3  3 4  Conne c t or C l amp 
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I npu t  Con t ro l  L i ne s  

Dr i v e  S e l e c t L i ne s  

T h e  D r i ve S e le c t  l i ne s  p ro v i de a mea n s  o f  se l e c t i n g  a n d  de s e le c t i n g  a 
d r i v e . The se f ou r  l i n es s e l e c t  o ne of t he f o u r  d r i v e s  a t t a c hed to the 
con t ro l l e r . 

Whe n t h e  s i g na l log i c  le ve l is  true ( low ) , the dr i ve e l e c t ron i c s  are 
a c t i v a t e d ,  a n d  the d r i ve is cond i t i oned to re sp ond to S tep or Read/ 
W r i t e  comm a nd s . A Dr i ve S e l e c t  l i ne mus t  rema i n  s t a b l e  i n  the tr ue 
( l ow )  s t a t e  u n t i l a S tep o r  Read/W r i te comm a nd i s  comp l e te d . When 
the s i g n a l  l i n e  log i c  le ve l is  fa l se ( h i gh ) , the  inpu t con t ro l  li nes  
a n d  ou t p u t  s t a t u s  l i nes  a re d i s a b le d .  

The dr i ve addre s s  i s  de t e rm i ne d  by a se l e c t  s h u n t  on the log i c  ci r c u i t  
boa r d . D r i ve Se l e c t  l i ne s  0 t h rough 3 p rov i de a me a ns o f  d a i s y  
c h a i n i ng a ma x i mum of fou r dr i ves to a con t ro l l e r . On l y  one ca n be 
t ru e  ( l ow ) a t  a t ime . An u nde f i ned ope r a t i on re su l ts i f  two or 
more d r i ve s a re as s i g n e d  the same addre s s  or if two or mo re D r i ve 
S e l e c t  l i n es  a re i n  t he true ( l ow ) s t a te s i mu l t a neous l y . 

Motor O n  

Whe n th i s  s i gn a l  
nom i n a l  s p e e d  o f  
one s e con d .  Whe n 
d r i ve d e c e l e r a t e s  
D r i ve S e l e c t . 

i s  t r u e  ( low ) , the dr i ve mo tor ac ce l e r a t e s  to i t s  
3 0 0 R P M ,  a nd s t ab i l i z es a t  t h i s  s p e ed i n  l e s s  t h a n  
t h e  s i g n a l  l i ne log i c  le ve l goe s  fa l se ( h i g h ) , the 

to a s top . Th i s  s i g na l  is n ot g a t ed w i t h  

D i re c t i on S e l e c t  and S te p  L i ne s  ( Two L i ne s ) 

Whe n  t he d r i v e  i s  s e l e c te d , a t rue ( low ) pu l se on t h e  S t ep l i ne , 
w i t h  a t i me du ra t i on gre a te r  than 2 0 0  n a n o s e co n d s , i n i t i a t e s  the 
a c c e s s  mot i o n . The d i re c t i o n  of mo t i on i s  d e t e rm i ned by t he l og i c  
s t a t e  o f  t h e  D i re c t i on S e l e c t  l i ne whe n a s te p  pu l s e  is  i s s u e d . 
Th e mo t i on i s  t ow a rd t he c e n t e r  of t he d i sk  i f  t h e  D i re c t i on S e l e c t  
l i ne is  i n  the t r u e  ( low ) s t a t e . The d i re c t i on o f  mo t i o n  is  away from 
t h e  c e n t e r  o f  t he d i sk i f  t h e  Di rec t i on S e l e c t  l i ne i s  i n  t he f a l se 
( h i gh ) s t a te . 

To e n s u re p rope r pos i t i on i ng ,  the D i re c t i o n  S e l e c t  l i ne shou l d  be 
s t a b l e  a t  l e as t 1 0 0 n a no s e conds p r i or to i s su i ng a c o r re sp ond i ng s tep 
pu l s e , and re ma i n  true ( low ) 1 0 0  n a no s e con d s  af t e r  i t . 

The a c c e s s  mo t i on i s  i n i t i a ted on t he t ra i l i ng e dge o f  t he s tep pu l se .  
The t i me pe r i od be t w e e n  con s e c u t i ve t ra i l i ng ed g e s  of s t e p  pu l s e s  
s hou l d  b e  a t  l e a s t 2 0  m i l l i s e cond s . 
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The d r i ve e l e c t ron i c s  i g nore s t ep pu l s e s  w h e n  one 
con d i t i o n s  e x i s t s : 

l .  The w r i t e e n a b l e  i s  t r u e  ( l ow ) . 

o f  t h ree 

2 .  The d i re ct i o n  s e l e c t  i s  f a l s e  ( h i g h ) ,  a nd the h e a d  i s  
pos i t i o n e d  a t  T r a c k  o .  

3 .  The d r i ve i s  not s e l e c te d . 

Comp o s i t e Wr i t e D a t a  

When the dr i ve i s  se l e c t e d , th i s  i n t e r f a ce l i ne prov i d e s  the bi t 
s e r i a l  comp o s i te w r i te d a ta pu l s es t h a t  c o n t r o l  t he sw i t c h i ng of  the 
w r i t e  c u r re n t  i n  the s e l e c te d  he a d .  The w r i t e  el e c t ron i c s  mus t  be 
cond i t i on e d  f or w r i t i ng by t he Wr i t e E na b le l i ne .  

For  e a c h  h i g h- t o - l o w  t r a n s i t i on on the Compos i t e Wr i t e  D a t a  l i ne , a 
f lu x  c h a ng e i s  p rodu c e d  at the w r i te h e ad g ap .  Th is  c a u s es a f l u x  
c h a n g e  t o  be re c o r d e d  o n  the me d i a .  

Whe n  a s i n g l e -d e n s i t y ( FM )  type encod i ng te c h n i q ue i s  u s e d  i n  wh i c h  
d a t a  a n d  c lo c k  f orm t he comb i ned Wr i t e  D a t a  s i g n a l , i t  is  re commended 
t h a t  the re p e t i t i on of the h i g h- t o- l ow tra n s i t i o n s , wh i l e w r i t i ng  al l 
z e ro s , be e qu a l  to o n e - h a l f  p e r ce nt , and the rep e t i t i on of  t he h i g h 
to- low t r a n s i t i on s , w h e n  w r i t i n g  a l l  one s , be equa l to the ma x i mum 
d a t a  r a t e , 2 5 0  k i l o h e r t z � 0 . 1  p e r c e n t . 

Hos t con t ro l l e r s  may i mp leme n t  w r i t e  pre c ompe n s a t i on c i r c u i t s th at 
recog n i z e  wor s t  c a s e  p a t t e rn s  and a d j u s t  t he w r i te d a ta wave f orm .  
A l t h ou g h  a va l u e  ca n n o t  be sp e c i f i e d  for w r i t e  p r e compe n s a t i on , Tandon 
s ugg e s t s  a va l u e  of 2 5 0  n a nose cond s f or s y s tems u s i n g  MFM dou b l e  
d e n s i t y  re c o r d i n g  f o r ma t . 

Wr i t e  E na b l e  

When th i s  s i gn a l i s  t r u e  ( low ) , the w r i t e  e l e c t ron i c s  are pre p a re d  for 
wr i t i ng d a t a  and t he read e l e c t ro n i c s  a re d i s a b l e d . T h i s  s i g na l  tu rn s  
on  w r i t e  cu r r e n t  i n  t h e  se l e c te d  re a d /w r i t e he a d .  Da t a  i s  wr i t t e n  
u nde r t h e  c o n t ro l  o f  t h e  Compo s i te W r i t e  D a ta a n d  S i de S e l e ct i n pu t 
l i n e s . Whe n t h e  Wr i te E n a b l e  l i ne i s  f a l se ( h i gh ) , al l w r i t e  
e l e c t ron i c s  a re d i s a b l e d . 

d i s k e t te i s  i n s t a l l e d  i n  a dr i ve , the w r i te  
i r respec t i v e of  t h e  s t a te of  t he W r i te 

Whe n a w r i t e p r o t e c t e d  
e l e c t ron i c s  a r e  d i s a b l e d , 
E n a b l e  or S i de S e l e c t  l i ne s . 

S i d e Se l e c t , T M 5 0 - 2 

The S i de Se l e c t  i n t e r f a ce l i ne de f i ne s  w h i c h s i de of a two- s i ded 
d i sk e t te is u s e d  f or i n f o rm a t i on t ran s f e r . 
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A f a l se ( h i gh )  le ve l on th i s  l i ne se l e c t s  the re a d /w r i t e he a d  on s i de 
z e r o , t h e  low e r  h e a d , of t he d r i ve . A true ( low ) l e v e l  on t h i s l i ne 
se l e c t s  the re a d /w r i t e  head on s i d� one , the upp e r  he ad , of 
the  d r i v e . 

O u tpu t Con t ro l  L i n e s  

I nde x/Se c t or 

The i n de x/ s e c tor 
se c tor s i g n a l s .  

s i g na l i s  a compos i t e  of  the index pu l s e  and 

An i n d e x  p u l s e  is prov i de d  once every re vol u t i o n , 2 0 0  m i l l i s econd s 
nom i n a l ,  to i nd i c a te t he beg i n n i ng of  a t r ack to t he c o n t r o l l e r . The 
l e a d i n g  edge of  th i s  s i g n a l  mu s t  a lw a y s  be used t o  e n s ure t im i ng 
a c c u r ac y . The i nd e x / s e c tor l i ne rema i ns i n  the  t rue ( l ow ) s t a t e  for 
the du ra t i on of the i n de x pu l se , wh i c h  is nom i n a l l y fou r  mi l l i s e cond s . 

The s e c t o r s i g na l  
s e c tore d d i s k e t t e s . 

Tra c k  0 

p or t i on app e a r s  o n l y  w h e n  u s i ng h a rd 

Whe n t h e  d r i ve i s  se l e c te d ,  the T r a c k  0 i nt e r f a c e  s i g n a l ,  wh e n  true 
( l ow ) , i nd i c a t e s  t o  the c o n t ro l l er that t he read/w r i te head ( s )  a re 
pos i t i on e d  a t  Tra c k  0 .  Th i s  s i g na l re ma i n s true ( low ) u n t i l  the 
h e a d s  a re moved f rom T ra c k 0 .  

Wr i t e P ro t e c t  

P ro t e c t  l i ne goe s true ( low ) , the d i s k e t te is  wr i t e 
t he w r i te e l e c t r o n i c s  a re d i s a b l e d . I t  is  re comm e n d e d  

no t i s s u e  a Wr i t e  command whe n t h e  Wr i t e  P ro t e c t  s i g n a l  

Whe n t h e  Wr i t e  
p rote c t e d  a n d  
the con t ro l l e r  
i s  t r u e  ( l ow ) . 

When t h e  Wr i t e  Pro t e c t  l i ne i s  fa l s e  ( h i gh ) , the w r i t e  e l e c t ron i c s  
a re e n a b le d .  

Compos i t e  Re a d  D a t a  

Th i s  i n t e r f a c e  l i ne t r a n sm i t s  the re a d b a c k  da t a  t o  the con t ro l l e r  wh e n  
the d r i v e i s  s e l e c te d . I t  p rov i d es a pu l se f or e ach f l u x  t ra n s i t i on 
de t e c t e d  f rom the d i s k e t te . The Compos i t e Re a d  D a t a  ou tpu t l i ne goes 
t r u e  ( l ow ) f or a du r a t i on of l + 0 . 2 5 m i c ro s e conds f or e a ch f l u x  
c ha n ge de t e c t e d  f rom th e d i s k e t te . 

The l e a d i n g e d g e  o f  the Compos i te Re a d  D a t a  ou t p u t pu l s e  rep re s e n t s  
t h e  t ru e  p o s i t i on o f  t he f l u x  t ra n s i t i ons on t he d i sk e t t e ' s  s u r f a ce . 
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Typi c a l  I n te r f a ce C h a r a c te r i s t i c s 

L i n e s  be t wee n the co n t ro l l e r  and the d r i ve h a ve the f o l l o w i ng 
c h a r a c te r i s t i c s : 

Vo u t  True = + 0 . 4 v o l t  ma x i mum at r o u t  = 4 8  m i l l i ampe r e s , 
ma x i mu m  

Vo u t  Fa l s e  = + 2 . 4  v o l ts m i n i mum o p e n  co l l e c t or a t  r o u t  
= 2 5 0  m i c roampe res , max imum 

F i gu re 3 - 1  con t a i ns 
F i gu re 3 - 2  con t a i n s 

t h e  c h a ra c te r i s t i cs of t he e l e c t r i ca l  i n t e r f a c e . 
the c o n t r o l  a nd da t a  t im i ng requ i re me n t s . 

� - - - - - - - l 
I I 

+5 VOLTS 

1 50 O H M S  

+ TRUE _ ___.1-------1 >o¥--+-!----------+-----,.___.q 
I TRANSM ISSION 

I 
-

I I LINE ;:;;; 1 0 FEET 

ll��t�v'!�ENT I I 
_ _ _ _ _ _ _ _J 

DRIVER 

f i GU RE 3 - 1  

I 
I 
I 
I 
I 
1 RECEIVER 
I 

E LE CTR I CA L  INTERFACE CHARACT E R I ST I CS 

3 . 5  D .  C .  POWER 

+ TRUE 

D .  C .  powe r is s u pp l i e d t o  t h i s  d r i ve v i a  a f o u r- p i n  AMP con ne c tor , 
J 7 , c o n ne c te d  to t he re a r  o f  t h e  d r i ve . The m a t i ng c o n n e c t or , not 
supp l i e d , i s  AMP Pa r t  N umbe r 1 - 4 8 0 4 2 4 - 0 , u s i ng AMP con t a c t  P a r t  N umbe r 
6 0 6 1 9 1 - 1 . P i n a s s i g nme n ts a r e  fou n d  i n  T a b l e  3 - 2 . 

The c h as s i s  s h o u l d  
p rop e r  ope r a t i on .  

be con ne c te d  

3 - 7  
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TAB LE 3- 2 
D .  c .  POWER CONNECTOR P I N 

AS S I GNMENTS 

P i n  S upply Vo l t age 

1 + 1 2  vol t s  D .  c .  
2 1 2  v o l ts re t u rn 
3 5 v o l ts  r e tu rn 
4 + 5  v o l t s  D .  c .  

P i n  S ign a l  

G rou nd l u g  
3 / 1 6 - i n c h  
qu i c k  
d i s co n ne c t  Chas s i s grou nd f r om 

c o n t rol l e r  

3 . 6  DR I VE A DDRES S  A N D  O PT I ON PATC H I NG 

The dr i ve a d d r e s s  and op t i on p a t c h i ng i s  de t e rm i ne d  by the 
p rog rammab le s hu nt , l o c a ted a t  U l 9  o n  t he l og i c  c i rc u i t board . The 
D S O  t h roug h DS3  j ump e r s  de t e rm i ne the dr i ve ad dre s s . The MX j umpe r is  
used on ly in  s i n g le d r i ve s y s tems . D r i ve a dd re ss a nd o p t i on p at c h i ng 
j ump e r s  are lo c a t e d  in F i gu re 3 - 3 . 

The prog ram s h u n t  is  AMP Pa r t  Numbe r 4 3 5 7 0 4 - 7 . The shu n t  pos i t i o n s  
c a n  be c u t  u s i n g  AMP ' s  t oo l , P a r t  Numbe r 4 3 5 7 0 5 . T h e  s hu nt i s  i n 
s t a l l e d  i n  a D I P  s oc k e t . A t  the us e r ' s  op t i o n , i t  ca n be removed and 
rep l a c e d  by a D I P sw i t c h . 

DS O Through DS 3 Jumpe r s  

Whe n d a i s y  c h a i n i n g  t w o  o r  more dr i ve s  t o  a con t ro l l e r , the D r i ve 
S e l e c t  ( OS )  j umpe r s  p a t c h  t he d ri ve s e l e c t  c o n t rol  s i g n a l  to e na bl e  
the log i c  o f  t h e  p rope r dr i ve . Norma l l y ,  al l t h e  shu n t  j umpe r s  wou ld 
be c u t , e xc e p t  f or t h e  O S  j ump er that a d d re s s es e a ch i nd i v i du a l  d r i ve 
i n  the da i sy ch a i n .  The term i n a tor pa c k , 2 F ,  lo c a t e d  on the 
l og i c c i rc u i t  board s hou ld be i n s t a l le d  i n  t he l a st d r i ve of the 
d a i s y ch a i n . 

M X  Jumpe r 

The M u l t i p l e x  
whe n t h e  u s e r  
I f  th e dr i ve i s  
i s  n o t  c u t , 
L .  E .  D .  is  n o t  
d r i ve s y s tem . 

( MX )  j umpe r  
re qu i res t he 

no t se l e c te d  
the d r i ve 

on . The 

i s  u s e d  on l y  i n  s i ng le dr i ve sy s tems 
d r i ve log i c s  to be e n a b l e d  at a ll t i mes . 
th rough the O S  j umpe r , and the MX j umpe r 
log i c s  a re e na b led b u t  t he f ront p a ne l 

MX j umpe r mus t  be c u t  i n  a mu lt i p le 
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P O W E R  O N  

D R I V E  S E L ECT 

M OTOR ON  

I N D E X  

T R A C K  ¢ 

-; 1 SEC O N D  .I M I N I M U M  

250 M I L L I S E C ONDS � 
M A X I M UM 

� 2 o o  ! 3 I I M I L L I S E C O N D S  

u � * --J � 4  M I L L I S E CONDS 

---j r--- 500 NANOSE C O N D S  
---------------------, 

M A X I M U M  

---j r--- 500 N A N O SECONDS 
W R I T E  P R OT E CT--------------------, M A X I MUM 

S I D E  S E L E C T  

D I R E C T I O N  

S T E P  

W R I T E  GATE  

L...__ _____ ____, .J --j I 0 0 NANOSECONDS r-
l I ! M I N I M UM .·� 
I 

2 0 MI L L I SEC ONDS_j � 
M I N I M UM

!
* *  100 NANOSECONDS____j � 200 NANOSECONDS M I N I M UM 

--------------------�M�I N�I�M�U�M���=== ��---------' � r------

: LJlJ u 
100 NANO SECONDS __j � � � 
M I N I M UM I 

I 40 M I L L I SECONDS 

I M A X I M U M * * * 

L_ ___ k5o M I L L I S E C O N D S----=! , .J ,---------
M I N I M U M ' 

: 900 MI C R OSECONDS!_j 
I 390 M I CROSECONDS� I I 

E R A S E  G A T E  
(T UNN E L  E R A S E) 2 00 NANOSE C O N D S  I =+, �� M I N I M U M  1 2 100 NANOSECONDS I •j 4 M ICROSECONDS 
W R I T E  DATA 

R E A D  DATA 

----------------------�:M�A�X�I M�U�M�--------
-,
LflJlJr � 

1 00 M I C RO S E C O N D S ! r- --1 1-- 8 M I C ROS E C O N D S  M I N I M U M  j --j f- 4  M I C R O S E C ON D S  

� �  
2 5 0  M I L L I S E C O N D S --1 1 
M I N I M UM 

8 M I C R O S E C O N D S  l _j f.-- 1 M I C R OS E C O N D ± 2 5 0  
N A N O S EC O N D S  

NOTES : • F O R  R EF E R E N C E  O N LY 
6 M I L L I S E C O N D S  F O R  FAST S T E P  M O T O R  ( O P T I O N A L )  
2 1  M I L L I S E C O N D S  F O R  F A S T  S T E P  M O T O R  ( O P T I O N A L) 

F I G U RE 3- 2 

C ON TROL AND DATA T I M I NG REQUI REH E N TS 

3 - 9  



U 1 9  

N O T  U S E D  

2 D S O  

3 O S  I 

4 D S 2  

5 O S  3 

6 M X  

7 NOT U S E D  

8 M T R  S E L  

0 - - - -, 3!! -·-' L__ ______ ___ 

0 

1 6  

1 5  

14  

1 3  

1 2  

1 1  

1 0  

9 

F I GU RE 3- 3 

,_, _ _ _  - ·  !..•- ! • •  ..0 - "  
:: :: 

LOG I C  BOARD W I TH P ROGRAM MABLE SHUNTS A ND OP T I ON PATC H I NG LOCATI ON S  
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M o t o r  Se l e c t  Jumpe r 

The Mo t o r  S e l e c t  j ump e r , MTR SEL , shou l d  be co n n e c te d  whe n  the sp i nd l e  
mot o r  i s  t o  b e  tu rne d  on u s i ng D r i v e  S e l e c t  or  M o t o r  O n  C o n t r o l  
l i ne s . 

NOTE 

The f o l l ow i ng j ump e rs a re l o c a ted on t he read /w r i t e 
con t r o l  bo a rd . 

X = Co n n e c t e d  
= N o t  C on n e c t ed 

Wr i t e P r o t e c t  ( Wl ) 

The s ta nd a r d  w r i t e  p ro t e c t  f e a t u re i s  Wl  remove d . Wr i t e p ro t e c t  
c o n t r o l  i s  i nh i b i te d  w i t h Wl  i ns t a l l e d . 

W l  

X 

Wr i t e Prote c t  

Wr i t e P ro t e c t  co n t ro l , i n  re s p o n s e  to a w r i te 
p ro t e c ted d i sk e t te , i nh i b i ts W r i te G a te , t hu s  
d i s a l l ow i n g  the f low o f  wr i t e da t a  t o  the 
read /w r i te h e a d s . 

Wr i t e P ro te c t  Con t ro l  is  inh i b i te d . 

H e a d  Type . ( W 2 , W 3 ) 

Th i s  op t i on se l e c t s  the typ e  of he a d  use d .  

W 2  W 3  H e ad Type 

X T u n n e l e r a s e . 

X S t ra dd le e rase ( op t i o n a l ) .  

W4 Through W 8  

W4 t h ro u g h  W 8  a re not us e d . 

S i de S e l e c t  ( W9 ) 

For u s e  i n  do u b l e - s i de d  dr i ves . 

W 9  S i d e  S e l e c t  

For use  i n  s i n g l e - s i de d  dr i ve s , TM S U - 1 .  
X For u se i n  dou b l e - s i ded d r i v e s , T M 5 0 - 2 .  

NOTE 

The f o l l ow i n g  j umpe r  is  lo c a t e d  on the mo t o r  con t r o l  boa rd . 
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M o t o r  on ( W l ) 

The s t a n d a r d  
mot o r . The 
i s  i n s ta l l e d . 

W l  

X 

opera t i on h a s  a Motor O n  s i gn a l  con t ro l l i n g  the dr i ve 
d r i ve mot or c an be c o n t ro l l ed by D r i v e  S e l e c t  w hen Wl 

M o t o r  I s  Con t r o l l e d  By 

M o t o r  On J S- 1 6 .  
M o t o r  O n  or D r i ve S e l e c te d .  

3 . 7  D I S KETT E S  

T h e  TM5 0 - l  a n d  TMS 0 - 2  dr i ve s  u s e  an  ANS I - c ompa t i b le 5 - l /4 - i nc h  
w i t h a s i n g l e i nd e x  h o le o r  d i sk e t t e . D i sk e t t e s  a re a v a i l ab l e  

w i t h mu l t i p le ( i n d e x and se c tor ) h o le s . 

D i s k e t t e s  w i th a s i n g l e  h o l e  a re u s e d  when s o f t  s e c t or f orma t  
i s  re qu i re d . M u l t i p le hole d i s k e t t e s  p rov i de se c t o r  i n f orma t i o n  
t h r o u g h  t h e  u se o f  a n  i nd e x  s e n s or and e l e c t ron i c s . 

F i gu re 3 - 4  c on t a i ns the d i s k et t e  use d  w i t h  the dr i ve .  Th i s  re c o rd i ng 
me d i a  i s  a f le x i b l e  d i sk e t te e n c lo s e d  i n  a p ro t e c t i ve j ac k et . The 
p ro te c te d  d i s k e t t e , f ree to ro t a t e  w i t h i n  the j ac k e t , is  con t i nu ou s ly 
c l e a n e d  by i ts s o f t  f a b r i c  l i n i ng dur i ng normal op e ra t i on .  

Load i ng The D i s k e t t e 

The d r i ve i s  l o a d e d  by i n s e r t i n g  the d i s k e t t e , he a d  ap e r t u re 
f o rwa r d , i n t o  the f ro n t  s lot of  t he d r i ve . Ac c e s s  to t he d i sk e t te 
l oa d i n g  s lo t  i s  ob t a i ne d  by ope n i n g  the f r o n t  la t c h . 

The d i sk e t te s hou ld be c a re fu l ly i ns e rted u n t i l  i t  i s  s o l i d l y  a g a i n s t  
the ba c k  s t op . 

I 
r 6.30 -:: 0 . 2 5  MM 

......---1---h\ __I" (0. 2 5  -:: 0.01 INCH) 

1 33.4 MM +--1-t 
(5 .25 1NCH) 

L 

SEALED 
PROTECTIVE 
JACKET 

L 

F I G U RE 3 - 4  

SPINDLE 
ACCESS HOLE 

HEAD 
APERTURE 

RECORD I NG M E D I A  
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CAUT I ON 

Damage t o  t h e  c e n t e r  of  the d i sk e t te may r e s u l t  i f  t he door 
is  c lo s e d  when t h e d i s k e t te is  no t prope r l y  i n s e r t e d . 
Th i s  p re v e n t s  re l i a b le recovery o f  r e c orded d a ta . 

Wr i te P ro t e c t  Tab 

The dr i ve i s  equ i p p e d  w i t h  a wr i te pro t e c t se n s o r  as s emb l y . Th i s  
s e ns o r  ope r a t e s  i n  con j u n c t i on w i th a d i s k e t te t h a t  h a s  a s lot c ut i n  
t h e  p ro t e c t i ve j ac k e t . 

Whe n the s lo t  i s  c o v e r e d  w i t h an  opt i c a l l y  opaque , se l f - a d he s i ve 
t a b ,  t he d i sk e t te i s  w r i te p ro t e c t e d . T he t a b  mu s t  be removed t o  
w r i t e on the d i s k e t t e . F i gu re 3 - 5  c o n t a i n s i n f orma t i o n  o n  how to 
i ns t a l l  a t a b  to cov e r  t he s l o t . 

D i s k e t t e  H a nd l i ng a n d  S t o r age 

I t  i s  i mp or t a n t  the d i s k e t t e  be hand l e d  and s t o r e d  co r re c t ly so the 
i n te g r i ty of t he re c o rd e d  d a ta is ma i n t a i ne d .  A dama g e d  or c o n tam i na 
t e d  d i s k e t t e  c a n  i mpa i r  o r  p re v e n t  r e c o v e r y  o f  d a t a , a nd ca n re s u lt 
i n  dama g e  to t he read /w r i te h e a d s . 

F i g u re 3 - 5  c o n t a i n s an i l l u s t ra t i on of the phy s i c a l  con f i g u r a t i o n  of 
the d i s k e t t e . The 5 . 1 2 5 - i nc h  d i s k e t t e i s  o x i de - c oa t e d , f l e x i b le 
my l a r . I t  is  e nc los e d  in a 5- l / 4 - i n c h  s qu a re p ro t e c t i ve j a c ke t .  
I n  a dd i t i on ,  o p e n i n g s  f o r  the d r i v e  hu b a nd d i s k e t t e  i nde x 
hole are prov i de d . 

WRITE PROTECT TAB 

\_ WRITE PROTECT TAB 

3.56 MM r (0. 1 4  I N C H )  

6.30 MM ,-----+;__[ (0.25 I N C H )  

I N D EX ACCESS HOLE 

F I G U RE 3- 5  

WR I TE P ROTECT TAB 
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F i gu re 3 - 6  p ro v i de s  s ome he l p f u l h i n t s  on the ca re and hand l i ng of 
the  d r i ve . a nd d i s k e t t e s . I n  add i t i on ,  to  e n s u re t rou b l e - f ree 
ope ra t i o n  and to e n h a n c e  th e s e rv i ce l i f e of the d i s k e t te , t he f o l l ow
i n g  h a n d l i ng p �o c e du �es s hou ld be obse rved . 

DO N OT W R I T E  O N  T H E  
J A C K E T  W I T H  P E N  O R  
P E N C I L .  U S E  A F E LT 
T I P P E D  P E N .  

DO N OT TO U C H  P R E C I 
S I O N  S U R FA C E  W I T H  
Y O U R  F I N G E R S .  

T O  AVO I D  D A M A G E  TO 
T H E  D I S K ETTE A N D  TO 
Y O U R  D R I V E ,  I N S E R T  
D I S K ETTE C A R E FU L LY 
U N T I L  T H E  BACK S TO P  
I S  E N C O U N T E R E D .  

R ETU R N  T H E  D I S K ETTE 
TO ITS J A C K E T  W H E N 
N OT I N  U S E .  

K E E P  T H E  D I S K E T T E  
AWAY F R O M  M A G 
N ET I C  F I E L D S .  

D I S K E T T E S  S H O U L D  
B E  STO R E D  AT 

1 o·c to 52"C 
SO"F to 1 25"F 

F I GURE 3 - 6  

H A N D L E  W I T H  C A R E ;  
B E N D I N G  A N D  F O L D 
I N G M AY D A M A G E  
D I S K ETTE. 

D I S K ETTE CARE AN D HANDL I NG 

l .  Re t u rn the d i s k e t te to the pro t e c t i ve j ac k e t  wh e n  not i n  use . 

2 .  Avo i d  e xp o s i ng t he d i sk e t te to any mag ne t i z i ng f o rce i n  
e xc e s s  of 5 0  o e r s t e d . 

N o t e  

The 5 0 - oe r s te d  l e v e l  mag ne t i z i ng f o r ce i s  r e a c h e d  a t  a 
d i s t a n c e  of app rox i mate l y  th ree i n ch e s  f rom a ty p i c a l  s ou rc e , 
e .  g . , mo t or s ,  g e ne r a t o r s , o r  t r a n s f o rme r s . 

3 .  To avo i d  w a rp i ng , do no t s tore the di s k e t t e  i n  
d i re c t  s un l i gh t .  

4 .  Do n o t  u s e  a l e a d  pe n c i l  or a ba l l po i nt pe n to w r i t e  on the 
l a be l .  U s e  a f e l t t i pped p e n , a nd mark  l i g ht ly on t he l a be l . 
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S E CT I ON 4 

TH EORY OF O P E RAT I ON 

I NTRODUCT I ON 

Th i s  se c t i on con t a i n s a de s c r i p t i o n  on the t h e o r y  of ope ra t i on of the 
d r i v e . The d i s cu s s i on beg i n s  w i th a g e ne r a l  s u mm a ry of mag n e t i c d a t a  
record i n g , f o l lowed by a des c r i p t i o n  o f  ea c h  ma j o r  fu n c t i o n  of the 
d r i ve . 

C i rc u i t  b l o c k  d i a g ra ms and s chemat i c s  are loc a t ed i n  the app e n d i ce s . 
They a r e  u s e f u l to s how t he i nt e r co n n e c t i o n s  be twee n the e l e c t r on i c  
c i rcu i t s  and t he me ch a n i c a l  c ompo ne nt s . 

4 . 1  DATA R E CORDI NG 

D i g i t a l  i n f ormat i on i s  re p re s e n t e d  by a se q u e n c e  of bi t s : e i t h e r  
0 or  1 .  Sma l l  a re a s  o f  t he me d i um i n  w h i ch s u c h  b i n ary i n f orm a t i on i s  
s t ore d ,  f or e xamp le the i r o n  ox i de coa t i n g o f  a mag ne t i c  d i s k , mus t  
be pu t i n  o ne s t a te or t he o t h e r  to rep re s e n t  t he d a ta . 

Re c o r d i n g  o f  d a t a  on  a mag ne t i c  me d i u m  i s  b a se d  o n  t he p r i nc i p l e s  
o f  e l e c t romag n e t i c s . Whe n  c u r r e n t  f lows i n  a c o i l  o f  w i re i t  p rodu ces 
a mag ne t i c  f i e ld . The f i e l d is  co n f i n e d  i n  a c o r e  of ma g ne t i c  
ma te r i a l a r ou nd w h i ch t h e  w i re i s  wou n d . A n a r r ow s lo t , c a l l e d  the 
a i r  g a p , i s  p l a c e d  in the core loc a t e d  c l o s e s t  to the me d i a .  I t  
i s  the mag n e t i c  f i e l d  i n  t he v i c i n i ty o f  the a i r  g ap t h at mag n e t i z e s 
the m a g ne t i c  me d i um ( F i g u re 4 - 1 ) . Whe n t he c u r r e n t  is  re v e r s e d , the 
po l a r i ty o f  mag ne t i z a t i on is re v e r se d .  

I n f or ma t i on c a n  be re c o r d e d  on the d i s k e t t e b y  u s i n g a dou b l e 
f re que n cy code . The mag ne t i z a t i on p ro f i l es i n  e a c h  b i t c e l l  f or t he 
numbe r s e q u e n c e  shown for FM  re cord i n g  are shown i n  F i g u re 4 - 2 .  

Whe n  d a t a  
d a t a  s t or e d  
t h e  f i r s t  
re p re s e n t s  
rep re s e n t s  

i s  re a d , t he same head t h at w r i t e s  t he 
i s  a d i g i t a l  b i t re p re s e n t i n g  a 0 o r  1 .  
f l u x  re v e r s a l  rep re s e n ts a c l o c k  b i t . 

a s t ore d b i t  1 .  The a b s e n c e  �f  
a b i t  0 .  

d a ta i s  u s e d . The 
I n  eac h  bi t ce l l ,  
A s e c ond re v e r s a l  

a s e c o n d  re ve r s a l  

/'"'""--- ELECTROMAG N ETIC CORE 

ELECTRIC ___ --_:) ___ .Q_I 
C U R R ENT � 

F I G U RE 4- 1 

E L ECTROMAGNETI C CORE 
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F I GURE 4 - 2  

F M  R ECORD I NG MAGN ETI Z AT I O N  P RO F I L E S  

A s  the d i s k  sp i n s , the magne t i c  f i e l d s  o f  the s t o r e d  da t a  pa s s  
s u c ce s s i ve ly u n d e r  the hea d .  T he c h ang i ng f i e l ds i nd u c e ,  i n  t h e  h e a d , 
an  A .  c .  vo l t a g e  s i g n a l  w h i c h  i s  t h e n  amp l i f i e d  a n d  f i l t e re d , 
d i f f e re n t i a t e d , a nd d i g i t i z e d  ( F i gu re 4 - 3 ) .  

The comp a r a t or and the d i g i t i z e r  ci r c u i t ry g e n e r a t e  a on e m i c r o s e c o n d  
Rea d  D a t a  pu l se , c o r re sp on d i ng to e a c h  p e a k  o f  t h e  R e a d  s i g na l . T he n ,  
the comp os i te re a d  da t a  s i g na l i s  se nt to the us e r  sy s te m  v i a the R e a d  
Da ta i n t e r f a ce l i n e . 

UNDR OUTPUT PROM JI1LTD 

OUTPUT JIROM DIPnR!NT1ATOR 

RUD DATA INTDPAC! 

F I GURE 4 - 3  
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.. P 6  

P 5  .. 

J 6  
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READ/WR I TE 
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EMITTER SENSOR _ r------------+--4-e-.:.::=..:.:..� p 1 2  J J. 2 
WRITE ( 1 - 4 )  

r-r------------+--+-4�P�R�O�T�E�C�T� ..,.. P 1 l  J" J. 1 
1-----1 ( 1 - 2 ) 

D . C .  DRIVE C MOTOR 

N I+-
� P 7  J 7  

( 1 - 4) 

I /0 
I NTERFACE 

J 8  
( l- 3 4 )  

?0\-IE� •+-----------------!CONNECTOR 
( 1 - 4 )  

-

S P I NDLE 
MOTOR 

P 1  J 1  
ACT I VITY !--:f"l 
LED --� 1-----1 ( 1 - 4 ) 

'-� P 2  J 2  
( 1 - 4 )  

DRIVE MOTOR 
S TEPP E R  MOTOR L----------------4�-H P 3  J 3  SERVO 

CONTROL 

D I SKETTE LOADED 

1-----1 ( 1 - 6 )  C I RCU I T  

· 4 P 4  J 4  
( 1 - E  l 

1-----1 
P 5  J 5  ( 1 - 2 )  

BOARD 
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4 . 2  COMPON E N T S  O F  T H E  DRIVE 

T h e  dr i ve con t a i n s th e e l e c t r i ca l  and me c ha n i c a l  comp one n t s  re qu i re d  
to p e r f orm f ou r  ma j or fu nc t i on s : 

1 .  Gene r a t e  and i n t e rp re t  con t ro l  s ig n a l s .  

2 .  P o s i t i on t he read/w r i te head ( s )  t o  t h e  d e s i re d  t r ac k .  

3 .  Wr i t e a n d  r e a d  da t a . 

4 .  C o n t r o l  t he sp i n d l e . 

The e l e c t r i c a l  a n d  me c h a n i c a l  compone n t s  of the dr i ve are con n e c t e d  
t og e the r v i a  mu l t ip l e p i n c o n n e c t o r s . Th i s  a l lows t he i nd i v i du a l  
a s s emb l i e s  t o  be re moved ( F i g u re 4 - 4 ) .  

4 . 3  G E N E RATE AN D I NT E RP RET CONTROL S I GNALS 

The c ompon e n t s  of t h e  d r i ve re qu i re d  t o  g e ne ra t e  a nd i n t e rp r e t  the 
c on t r o l  s i g n a l a re : 

l .  I nd e x  S e n s or 

2 .  Wr i t e  P r o te c t  Sw i t c h 

3 .  T ra c k  0 S e n s or 

4 .  Dr i v e Se l e c t  

I nd e x  S e n s o r  

T h e  I n d e x  s i g n a l  i s  de r i ve d  f rom a n  i n f r a r e d L .  E .  D .  and photo
t ra n s i s t o r  d e t e c t o r . When the i ndex/s e c t or h o l e  in  t he d i s k e t te 
p a s s e s  t h ro u g h  t h e  i nde x s e n sor , t h e  l i g h t  f rom t he L .  E .  D .  i s  
a l l owed t o  t u r n  o n  t h e  i nd e x  de te c t o r ,  p r o d u c i ng a pos i t i ve p u l s e  on  
J l 2 , P i n  4 ( F i g u re 4 - 5 ) . 

Th i s  s ig n a l  i s  s h a p e d  by a n  i npu t bu f f e r , U 9 , a n d  s up p l i e d  t o  i nv e r t e r  
I C  U l 7 . The n i t  i s  g a t e d  w i th Dr i ve Se l e c t  f or an ou t p u t  con t ro l  
s i g n a l  a t  the i n te r f a c e  J 8 , P i n  8 .  

4 - 4  



TUTPOINT 7�� l.....__ ___ n_ I.--4111WoacONDS AYIIIAGI 

F I G U RE 4- 5 

SO fT S ECTORED I N DEX P U L S E  

Wr i t e P r ot e c t  Sw i t ch 

The Wr i t e P ro t e c t  s i g na l i s  de r i ve d  f rom a me c h a n i c a l  sw i t c h 
i n teg r a t e d  i n t o  t he d r i ve , t he sw i t ch is d e a c t i v a t e d , c a u s i ng a h i g h  
s i g n a l o n  J l l , P i n  5 .  The n , i t  i s  bu f f e re d  and i n v e r t e d  to d i s a b l e  
t h e  Wr i t e E n a b l e  s i g na l .  I t  is  a l s o  g a t e d  w i th d r i ve se l e c t , 
produ c i n g an ou t p u t s i g n a l  on  the i n t e r f a c e . 

Track  0 S e n s o r  

The T r a c k  0 s e n s or s i g n a l is  de r i ve d  f rom a n  i n f r a r e d  L .  E .  D .  a n d  
photo t r a n s i s t o r  i n te r n a l t o  the d r i ve . A s  t he h e ad c a r r i a ge mov es 
b a c k  tow a r d  T r a c k  0 ,  the se n s or is  ac t i va t e d  be tween T r a c k s  0 a nd 2 .  

Th i s  l ow a c t i v e s i g na l  comes in v i a  J 9 , P i n  4 .  I t  is  i n v e r ted by 
I C  U 9 . The comb i n a t i o n  o f  the T ra c k  0 s e n s o r be i ng ac t i v a t e d  and the 
p rope r s t e p p e r  motor p h a se ( Ph a s e  0 )  p rodu ces a low ou t p u t  at IC U S , 
P i n  6 ( Te s t  P o i n t  1 0 ) .  T h i s  s i g n a l  is  bu f f e re d  th r o u g h  I C  U l 7 , P i ns 9 
and 8 ,  to be g a t ed w i th d r i ve se l e c t  a t  I C  U l 8 ,  P i n s  9 a n d  1 0 ,  to g i ve 
a T r a c k  0 o u t p u t to P i n  2 6  o f  th e i n t e r f a c e . Af t e r  I C  U l 7 , P i n 8 ,  
t h i s  s i gn a l  i s  g a te d  w i th d i re c t i o n  ( I C U 7 , P i n  1 2 ) a t  I C  U 6 , P i ns 1 2  
and 1 3 . 

I C  U6 , P i n  l l , whe n t r u e  low i n h i b i t s  st epp i n g  to T r a c k  0 m i n u s  l .  
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F I GURE 4 - 6  

TRACK 0 TI M I NG 

The D r i ve S e l e c t  s i g n a l  i s  de r i ve d  f rom the ho s t  co n t ro l l e r  th r o u g h  
t h e  i n te r f a ce c o n ne c t o r . 

R 3 9 h o l d s  the o u t p u t o f  the ap p rop r i a t e  se l e c t  l i ne h i g h  un t i l  the 
l i ne i s  d r i ve n  l ow . The s i g n a l  is bu f f e red t h rou g h  I C  U 1 7 ,  w h i c h  
e n a b l e s  the dr i ve ' s  e l e c t r on i c s . 

s e r v o  
P i n s 
a t  

f ro n t  pane l L .  E .  D . , phy s i c a l l y loc a t e d  on the dr i ve mo t o r ' s ,  
c i rc u i t  boa r d , i s  d r i ven by t he s e l e ct log i c  t h rou g h  I C  U l 7 , 

5 a n d  6 ,  and I C  U 7 , P i n s 1 1  a nd 1 0 ,  to p rov i de the N S E L  s i gn a l  
J l O ,  P i n  5 ,  t o  t he se rvo c i rcu it  boa rd o n  J 4 , P i n  5 .  T h is s i g n a l  

i s  bu f f e re d  a n d  i nve r t e d  t o  a c t i va t e  th e f ro n t  p a n e l L .  E .  D .  

The 

I f  the d r i ve is not s e l e c ted t h ro u gh t h e  s e l e c t  j umpe r s  a n d  the MX 
j umpe r  i s  no t c u t , U 1 9 ,  P i ns 6 to 1 1 , t h e  d r i ve e l e c t ron i c s  are a c t i ve 
bu t t h e  f ro n t  p a n e l  L .  E .  D .  i s  not on . 
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4 . 4  READ/W R I T E  H EAD POS I T I ON E R  

T h e  comp one n t s  o f  t h e  dr i ve re qu i re d  t o  pos i t i o n  the re a d/w r i t e  
h e a d ( s )  a t  t h e  d e s i re d  t ra c k  a re : 

1 .  S t e p  and d i re c t i o n  c i r c u i t s 

2 .  S tepper m o t o r  c o n t r o l  c i rcu i ts 

3 .  S te pp e r  mo t o r  

S t ep a n d  D i re c t i on 

The S t e p  a n d  D i re c t i on s i g n a l s  are de r i ve d  f r om the ho s t  con t ro l l e r  
v i a  i n t e r f a ce c o n ne c t o r  J 8 , P i n  2 0 ,  a n d  J 8 ,  P i n  1 8 ,  re sp e c t i ve l y . 

The d i re c t i on l i ne i s  bu f f ered a n d  i n ve r t e d  on the con t ro l  and 
r e a d /wr i te c i rc u i t  b o a rd a nd s e nt to t he mot or c o n t r o l  c i rc u it  board 
v i a  J l O , P i n  1 .  On th e mo t o r  con t ro l  c i r c u i t  boa r d , it  i s  used as the 
D i npu t o f  I C  U 6 , P i n  1 2 ,  t he d i rec t i on f l i p - f lop � 

The s t e p  pu l s e s  a r e  b u f f e r e d  by I C  Ul 7 ,  P i n s 1 a nd 2 ,  and g a t e d  
w i th  Dr i v e  Se l e c t a t  I C  U 8 , P i n s  9 a n d  1 0 .  I C  U 8 , P i n  8 ,  i s  i nv e rted 
by IC  U 7 , P i n s  1 a nd 2 .  Te s t  P o i n t 1 1  c an be us e d  to  mon i t o r  the step 
i npu t ,  wh i c h  i s  o u t p u t  a t  J l O , P i n  3 ,  to t he mo t or c o n t rol c i rcu i t  
boa rd . 

On the mot o r  co n t ro l  c i rc u i t  boa rd , the s t e p  pu l s e s  are u s e d  to c l o c k  
t h e  d i re c t i on f l ip f lop I C  U 6  a t  P i n  1 1  a n d  t he s t ep one s h ot f l i p 
f lop ( t i me i s  two m i c r o s e c on d s ) a t  I C  U 8 , P i n  1 0 .  

G e ne ra t i on o f  c o n t ro l l i n g  s i g na l s  f or c o r re c t  s tepp i ng p h a s es i s  
a ccomp l i s he d  v i a  I C  U 7 . The d i re c t i on f l i p f lop co n t ro l s  the up or 
down cou n t i n g  o f  t h e  s tep pu l s e s  ( two pu l s es p e r  t r a c k ) u s ed by I C  
U 7 . 

I C  U 8 , P i n  1 2 , whe n c l o c k e d  by a s t e p  pu l s e  w i l l  c l o c k I C  U 7  a t  P i n  
1 4 ,  t h u s  P i n  3 o f  I C  U 7  w i l l  t r i gg er a 1 0 -m i l l i s e c o nd o ne s hot a t  I C  
U B , P i n  2 ,  wh i c h  re t r i gg e r s  the two m i c ro s e c o n d  s t e p  f l i p f lop I C  U 8 , 
P i n  9 .  I C  U 7  i s  c l o c k ed a g a i n  to comp l e te a s i n g le p h a se ro t a t i on o f  
t h e  s t e pp e r  mot o r  th roug h log i c  dr i ve r  I C ' s  U l  a nd U 2 .  

NOTES 

THE TI MES IN TH E ABOVE DE SCR I PT I ON ARE FUR TH E 
2 0 - M I LL I S ECOND STE PP ER MOTOR . FOR A DD I � I ONAL 
I N fORMAT I ON , SE E TABLE l ,  S H E ET l OF 3 ,  MOTOR 
CONTROL S C H E MAT I CS FOR COMP O N E N T  VA LU ES A N D 
C H AN G E S  FOR S I X- M I L L I SE CON D ST E PP ER MOTO R S . 

P H A S E  0 O F  THE STE PP ER MOTOR I S  AC T I VE ON ALL 
EVEN TRAC K S : 0 ,  2 ,  4 ,  6 .  
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S t eppe r M o t o r  Con t r o l  

T h e  s t e pp e r  mo t o r  co n t ro l  c i rcu i t s  g e n e r a t e  th e two p h a s e s  o f  the s t ep 
s e q u e n c e  b a s e d  on i n f orma t i o n  f rom t h e  s t ep a nd d i re c t i on i npu t s . 
T he s e  two p h a s e s  are f e d  to the stepp e r  mo t o r  dr i ve rs , wh i c h  p r od u ce 
the cu rre nt t h ro u g h  t h e  motor ' s  c o i l s . 

S teppe r M o t o r  

T h e  s tepper mo t o r  i s  a s i n g l e  pha s e  mo tor , wh i c h rot a t e s  3 . 6 d e g r e e s  
f o r  e a c h  p ha s e . T he c a p s t an and sp l i t b a nd t ra n s l a t e s  th i s  r o t a t i on 
t o  a one tr a c k  l i ne a r  moveme n t  of the he a d  ca r r i a g e  as s e mb l y . 

4 . 5  READ/WR I T E  DATA 

The compone n t s  of the dr i ve re qu i re d  to re a d  and w r i te  da t a  are : 

l .  Re a d /Wr i t e  H e a d As sembly 

2 .  S i de S e l e c t  c i rc u i t s 

3 .  Wr i t e / E r a se c i rc u i ts 

4 .  Re a d  D a t a  c i rc u i t s  

Re ad/W r i te H e a d  A s s em b ly 

The re a d/w r i t e  he a d ( s )  a re g l a s s  bo nde d ,  fe r r i t e  co res mou n t e d  i n  
a c e ram i c  s t r u c tu re . T he lower head s t ru c tu re i s  mou nted i n  a f i xe d  
p os i t i on t o  a p la s t i c  ca r r i age . T h e  upp e r  h e a d  i s  mou n t e d  to a 
g i mba l l e d  f l e xu re to c o n f orm to t he d i sk e t te . 

The he a d  ca r r i a g e  as s emb l y  is at t a c hed to the ch as s i s  on gu i de ra i l s .  
I t  i s  p o s i t i on e d  by a sp l i t b a nd at tac hed to t he s te pp er mo t or . 

S i de S e l e c t  C i r c u i t s 

The S i de Se l e c t  s i g na l i s  de r i ve d  f rom the ho s t  con t ro l l e r  v i a the 
i n t e r f a c e  c o n ne c t or J S , P i n  3 2 .  Th is  s i g na l  is b u f f e re d . I f  the 
s i g n a l is h i gh a t  t h e  i n t e r f a ce , S i de 0 i s  se l e c te d  b y  app l y i ng 
a v o l tag e p o t e n t i a l  on t he ce n t er t ap o f  H e a d 0 ,  and  a l l ows c u r re n t  
t o  f low i n  t h e  co i l s o f  H e a d  0 .  I f  t h e  s i gn a l  at t h e  i n t e r f a c e i s  
l ow ,  S i d e l i s  s e l e c t e d  by app ly i ng a v o l tage p o t e n t i a l  o n  t he c e n t e r  
t ap o f  H e a d  l ,  a l l ow i ng cu rre n t  t o  f low i n  the co i l s of H e a d  l .  
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I n  the  re a d  mod e , a pot e n t i a l  of + 5  v o l t s  D .  c .  is  app l i ed to the 
s e l e c ted head d i od e  m a t r i x .  The wr i te mode i nc re a s e s  t he v o l tage 
app l i e d  to  the se l e c te d  head d i od e  ma t r i x  to + 1 2 vo l t s  D .  c .  f rom 
t he beg i n n i ng o f  Wr i t e  E na b le u n t i l  t he e nd o f  I n t e r n a l  Wr i te B u s y . 

Wr i t e / E r a se C i r c u i t s  

The wr i te e l e c t r o n i c s  co n s i s t  of a wr i t e cu r r e n t  so u rce , a wr i t e 
wa v e f orm g e ne ra t o r , an  e r a se c u rre nt sou rce , the t r im e r a se c on t ro l  
lo g i c ,  and the s i d e se l e c t log i c  ( F i g u re 4 - 7 ) . 

The s i g n a l s  requ i r ed 
h o s t  c o n t r o l l e r  are : 

to  c o n t r o l  the d a ta e le c t ron i c s p rov i d ed by the 

l . D r i ve S e l e c t  

2 . Wr i t e  E n a b l e  

3 • Wr i t e  D a t a  

4 . S i d e  S e le c t  

The w i nd i ng o n  the he a d  i s  ce n t e r  tapp ed . Du r i n g  a wri t e  ope ra t i o n , 
c u r r e n t  f rom t he w r i te c u r re n t  sou rce f lows i n  a l t e r n a te ha l v es o f  t he 
w i nd i ng , u nd e r  co n t r o l  o f  the wr i te wave f o r m  ge ne r a t o r . 

Whe n  the d r i v e  i s  s e l e c ted a nd wr i te p ro te c t  i s  f a l se ,  N 0 r i te E n a b l e  
i n i t i a te s the w r i t e  l og i c . s e v e n  eve n t s  th a t  oc c u r  a re ( F i gu re s  4 - 7  
a n d  4 - 8 ) :  

l .  The p re - e r a s e  d e l ay one shot is  s t a r te d , 3 9 0 m i c ro s e co nd s . 

2 .  T h e  p o s t-e r as e  de l ay one shot i s  s t a r t e d , 9 0 0  m i c ro se c o nd s . 

3 .  The p o s t� e ra s e  d e l a y  one s ho t  o u t pu t s  a s i g na l : N I n t e r n a l  
W r i te  B u s y . I t  i s  u s ed to d i s a b l e  t h e  Rea d  D a ta ou t pu t  
c i r c u i t , N WRT t o  i nc r e a s e  the re ad/wr i t e d i ode m a t r i x  vo l t age 
f r om 5 vo l t s  D .  C .  to  1 2  vol t s  D .  C .  v ia t he s i de s e l e c t  
l og i c  du r i ng a wr i te ope ra t i o n . 

4 .  The wr i te cu r re nt sou r ce is  e n a b l ed v i a  U 4 . 

5 .  The w r i t e w a v e f orm g e n e r a tor ha s i t s  pre s e t  and c l ea r inpu t s  
s e t  t o  + 5  v o l t s  D .  c .  i n s tead o f  g ro u nd ( op t i o na l ) .  

6 .  I npu t d i od e s  to the re ad amp l i f i e r  a r e  re v e r s e  bi a s e d  by 
N Wr i te to p ro t e c t  t he read amp l i f i er d u r i ng t he 
w r i t e  ope ra t i on . 

7 .  The w r i t e  da t a  inpu t is  inve r t e d  and u s e d  to c lo c k  the 
wav e f orm g e ne ra t or wh i ch se l e c ts a w r i te d r i v e r ,  t hus  
p ro v i d i ng a g r o u nd to  forwa rd b i a s  a d i od e , a l l ow i ng curr e n t  
t o  f l ow t hrou g h  t he c o i l .  
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Whe n t h e re i s  a p re -e ra s e  de l ay 3 9 0 -m i c r o s e c o n d  t i me ou t ,  the e r a s e  
cu r r e n t  s o u r ce i s  tu r ne d  on . 

The c l o c k i n g  of  the wave f orm ye ne rator dur i n g w r i te  op e r a t i o n  prov i des 
a t r i gg e r  t o  t he p o s t -e r ase de l ay one s h o t , a nd d oes not a l low i t  to  
t ime out unt i l  a l l dat a is  wri t t e n . 

N I n t e rna l W r i t e Busy is ac t i ve unt i l  the end of the pos t - e r a s e  de lay , 
a n d  k ee p s  + 1 2  v o l t s  D .  C .  on t he read/wr i te d i ode ma t r i x  d u r i ng the 
e r a s e  t i me .  

The du ra t i on of  a w r i te  op e r a t i on is from the true yo i n g  edg e  of W r i te  
E n a b l e  t o  the f a l se g o i n g  edge o f  T r i m E r a s e . T h is  is  i nd i c a ted by 
t h e  I nt e r n a l Wr i t e Busy wave f o rm ( F ig u re 4 - 8 ) .  

Re ad D a t a  C i rc u i t s  

The re a d  e l e c t ro n i c s con s i s t  of : 

l .  Rea d  O n ly a n d  S i d e  Se l e c t  c i rcu i ts 

2 .  Re a d  Amp l i f i e r  and L i ne a r  P h a s e  F i l te r  

3 .  D i f f e re n t i a t o r  

4 .  Comp a r a t o r , T i me Doma i n  F i l te r , a n d  D i g i t i z e r  

The Re a d  O n ly c i rc u i ts a re u s e d  t o  i s o l a te t he read amp l i f i er f rom t he 
vo l t a g e  e xc u rs i on a c r o s s  the he ad du r i ng a wri te ope ra t i on . The 
s i de s e l e c t  i s  u s e d  to e na b le o ne of t he r e a d /w r i te h e ad ( s ) . 

The dr i ve mu s t  be se l e c te d  by the use r • s  sy s te m  be f o re re a d i ng ca n 
beg i n .  I n  a dd i t i on to t he re qu i reme n ts e s ta b l i s hed i n  t h i s  s e c t i on , a 
1 0 0  m i c r o s e c o n d  de l ay mu s t  ex i s t  f rom the t r a i l i n g  edg e  of the T r i m  
E r a s e  s i g n a l  t o  a l l ow t he read amp l i f i e r  t o  s e t t le  a f te r  t he 
t ra n s i e n t  c a u s e d  by t h e  Re a d  O n l y  c i rc u i t  re t u rn i ng t o  the Read 
mod e .  

The outpu t s i g na l f rom the re ad/w r i t e  hea d  is amp l i f i e d  by a re a d  
a mp l i f i e r ,  a n d  f i l te re d  b y  a l i ne a r  p h a se f i l te r  t o  remove n o i s e . 
The l i ne a r  ou tpu t f rom t h e  f i l t e r  i s  pa s s e d  to the d i f f e re n t i a t o r , 
wh i c h  g e n e r a t e s  a w a v e f orm whose z e ro c ro s s o v e rs c o r re sp ond t o  
t he p e a k s  o f  t h e  Rea d  s i gna l .  The n , t h i s  s i g n a l i s  fe d t o  the 
comp a r a t o r , t ime dom a i n  f i l te r ,  a nd d i g i t i z er c i rc u i tr y  ( F i gu re 4 -9 ) .  

4 . 6  S P I N DL E  CONTROL 

The comp on e n t s  o f  the dr i ve re qu i re d  to con t ro l  the sp i nd l e  are : 

l .  Sp i n d le Mot or a n d  Sp i n d l e  Assembly 

2 .  Sp i n d l e  Mot o r  E na b l e  c i r c u i t  

3 .  Sp i nd le M o t o r  C o n t r ol c i rcu i t  

4 .  D i s k et t e  E na b l e  S w i t ch 
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Spi nd l e  M o t o r a n a  Sp i nd l e  A s s embly 

The S p i nd l e  A s s em b l y  i s  d r i ve n  by a be l t  at t a c he d  be t w e e n  two pu l l e y s . 
The d r i ve m o t o r  pu l l e y  i s  t u r ned by a D .  C .  mo t o r  w i t h  a b u i l t i n  
i n te g r a l  

'
t a c home t e r . T h e  s p i nd l e  pu l l e y  c o n n e c t s  t o  a hu b t h a t  

r o t a t e s  a c l am p ed d i s k e t te . 

Spi nd l e  Mo t o r  E n a b l e  C i r c u i t  

The Mo t o r  O n  s i g n a l i s  de r i ve d  f rom the ho s t  con t ro l l e r  to the i n t e r 
f a c e  c o n ne c t o r  v i a  J 8 , P i n  1 6 . Th i s  s i g na l  i s  b u f f e red a nd s u pp l i ed 
t o  t h e  se r vo c i r c u i t  bo a rd , wh i c h us e s  i t  to e na b l e  the mo t o r  cu r r e n t  
c i r cu i t  o f  t he s p i nd le mo t or c o n t rol v i a  J l O ,  P i n  6 .  
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Spi n d l e  M o t o r  Con t r o l  C i rc u i t  

The S p i nd l e  Motor E n a b l e  s i gn a l  is i n p u t  v i a  J 4 ,  P i n  6 ,  of the mo t o r  
c o n t r o l  c i rc u i t  b o a rd t o  g a te t he sp i n d le mot or c u r r e nt ( F i gu re 4 - 1 0 ) .  
Th i s  c u r r e n t  i s  con t ro l le d  by an i n t e g r a t e d  re g u l a t o r  c i r c u i t  whe n  the 
s p i n d l e  mot or i s  e na b le d .  The p o te n t i a t o r  p ro v i d e s  an a d j u s t a b l e  
D .  c .  vo l ta g e  re f e re n ce to the re g u l a t o r  ci r c u i t  fo r sp i nd le spe ed 
ad j u s tme n t . The t a c home t e r  s i g na l  p rov i d es f ee db a c k  f rom t he mot o r  
v i a  P i n s  3 a n d  4 o f  J l  o f  t h e  motor con t ro l  c i rc u i t  boa rd t o  ma i n t a i n  
a c o n s t a nt s p e e d  o f  3 0 0  RPM . Th i s  s i g n a l  i s  1 2  v o l t s  A .  C .  

D i s k e t t e  E n a b l e d  Sw i t c h  ( Door Le ve r ) 

W i t h  p owe r a pp l i e d  t o  the d r i ve u n i t a nd t he mot or e n a b le f a l s e , 
i n s e r t i n g  a d i s k et t e  i n t o  the dr i ve dnd c l o s i n g  the doo r  le ve r tu rns 
on  the mot o r  f or f i ve se cond s . Th i s  f e a tu re e n su res t he p rope r 
c l amp i ng of  the d i s k e t te to the sp i nd l e  hu b and the ce n te r i ng cone . 

Mot o r  c on t ro l  c a n  be a c comp l i s hed by d r i ve s e l e c t  w i th Wl  i ns ta l l e d . 

1 P l l P 2  P 3 1 
l i  -� T��-�-� iTTf 

n 
z z  H H  
0. 0. 

·, 

\ I \ 

S P I NDLE S P EED CON TROL 
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S 8 CT I ON 5 

M A I N T ENAN CE CH ECKS AN D ADJ U STMEN TS 

I NTRO DUC T I ON 

Th i s  s e c t i o n  i s  for  t h e  u se of  the O E M  Rep a i r  and S e r v i ce D ep a r t me n t s . 
I t  con t a i n s  t h e  m a i n t e n a n ce c h e c k s  a nd a d j u s tme n ts u s ed d u r i ng t he 
n o rma l l i fe of the dr i ve . The p u rpose of th i s  se c t i o n  i s  to ou t l i ne 
the s te p s  n e ce s s ary to v e r i fy the ope r a t i on o f  the d r i ve du r i ng 
t ro u b l e s h oo t i ng ,  o r  a f t e r  re p l ac i ng a pa r t  or as s e mb l y .  

I f  a f a u l t i s  
ad j u s tme n t s  i n  
a re a .  Howe ve r ,  
p re ce d i ng ch e c k s 

s u s pe c te d  w i th a d r i ve , f o l l ow i ng t he c he c k s  and 
the o r de r pre s e n t e d  w i l l  he l p  to i s o l a t e  the problem 

i f  a s p e c i f i c  check a nd a d j u stme nt is  re qu i red , the 
do no t ne c e s s a r i l y  n e e d  to be p e r f o rmed . 

The va l ue s  and t o l e r a n c e s  s t a te d  i n  t h e  c he c k s  a n d  a d j u s tme n ts a re 
typ i c a l  v a l u e s  for work i n g  dr i ve s . I f  the va l u e s  mea s u r e d  are w i t h i n  
t o l e ra nc e s  o r  c lo s e  t o  t he l im i ts , t he s u sp e c t e d  f au lt i s  n orma l l y  
c a u s e d  b y  s ome ot h e r  prob l e m .  Comp le t i n g ot h e r  che c k s  a n d  ad j u s tme n t s  
m a y  d i s c l o s e  t h e  a c tu a l  p r o b le m .  

Re f e r  t o  the s c h e ma t i c s i n  th e appe n d i ce s  and t h e  theory o f  o p e r a t i o n  
i n  Se c t i on 4 f or c i rc u i t  d es c r i p t i o n s . T e s t  p o i n t  l o c a t i o n  i s  
i l l u s t ra t e d  i n  F i gu re 5- l .  

5 . 1  VI S UA L  I NS PE C T I ON 

Be f ore app ly i n g  p ow e r  to the dr i ve , or  do i ng any 
ad j u s tme n t s , v i s u a l ly i n sp e c t  t he d r i v e : 

l .  Che c k  for loo s e  or mi s s i n g  hardware . 

c h e c k s  or 

2 .  E n s u re t he f ro nt l at c h  ope ns a nd c lo s e s . T he h e ad a rm r a i s e s  
whe n the doo r  i s  ope ne d .  

3 .  E n s u re t he f ro n t  p a n e l  i s  s ecu re . 

4 .  M an u a l l y  ro t a t e  the dr i ve hu b .  I t  sho u l d  rot a t e  f r e e l y .  

5 .  E n s u re t he c i rc u i t  boa rds a re s e c u re . 

6 .  E n s u re the con ne c t or s  are f i rml y se a t e d , and 
i n s ta l l ed c o r r e c t ly .  

7 .  C he c k  for dama g e d  or m i s s i n g  compone n t s  on the ci r c u i t  boa rd s . 

8 .  E n s u re t h a t  a d i s k e t te c an be i n s e r t e d  a nd removed e as i l y .  
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5 . 2  E QU I PMENT REQU I RE D  

The f o l l o w i n g  equ i pmen t  is  re qu i re d  for che c k s  and ad j u s tme n t s . 

1 .  A d u a l - c h a n ne l ,  w i d e b a nd o s c i l los cope , Hew l e t t P ac k a rd Mod e l  
1 7 4 0A o r  equ i va l e n t . 

2 .  An e x e r c i s e r ,  AVA Mode l  l 0 3 C  or  equ i va le n t , or a so f t w a r e  
rou t i ne c ap a b le o f  s te pp i ng t he d r i ve to any t rac k ,  s e l e c t i n g  
t h e  upp e r  or lower he a d ,  an d w r i t i n g  a l F ,  al l z e r o s  i n  FM , 
o r  2 F , a l l o n e s  i n  F M ,  p at te rn . 
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3 .  A pow e r  supp ly . 

4 .  A ce r t i f i e d  a l i gnme n t  d i s k e t t e , D y s a n  M od e l 2 2 4 / 2A 
o r  equ i va l e n t .  

5 .  A ce r t i f i e d  ou t p u t  d i s k e t t e , wr i te prot e c t e d , Dys a n  Mode l 
1 0 4/2 D w i th t a b  or e qu i va l e nt . 

6 .  A c e r t i f i e d  ou tpu t d i s k e t t e , nonw r i t e  prot e c t e d , Dys a n  
Mode l 1 0 4 /2 0 or e qu i v a l e n t . 

7 .  As s oc i a t e d  pow e r  and i n t e r f a ce c ab l e s . 

8 .  A numbe r 1 P h i l l i p s  s c rewdr i ve r .  

9 .  Jewe l e r  S c rewdr i ve r  ( sp e e d  ad j u s t ) 

1 0 . Sp r i ng i n s e r t e r/ remove r 

1 1 .  A f l a t  b l a d e  sc rewd r i ve r  3 / 1 6 - i nc h  t i p . 

Te s t  eq u i pme n t  mus t  be i n  c a l i br a t i on . T h i s  may be v e r i f i ed by 
obs e r v i n g  the ca l i br a t i on due date on the ca l i br a t i o n  s t i ck e r  a f f i xe d  
t o  t h e  equ ipme n t . 

5 . 3  POWER/DRIVE S E LECT C H E C K  

T h e  d r i ve se l e c t  c h e c k  ve r i f i e s  t he a c t i v i ty L .  E .  D .  ca n be 
i l l um i nat e d , a nd p ow e r  i s  s u pp l i e d  to t he d r i ve .  I f  t he c h e c k  f a i l s , 
measu re the pow e r  su pp ly vo l t a ge s  to en s u re t h ey are cor re c t . 

1 .  Tu r n  o f f p ow e r  t o  t he d r i ve .  

2 .  Conne c t  t h e  i n t e r f a ce ca b l e  tha t  goe s  f rom t h e  e xe r c i s e r  to 
t he d r i v e . 

3 .  App ly powe r t o  the dr i ve .  

4 .  Ve r i fy p o w e r  s up p l y  vo l t ag es a re w i t h i n  t o l e ra n c e s . 

5 .  E n s u re a dr i ve se l e c t  j umpe r  i s  i n  p l a c e . 

6 .  S e l e c t  t he d r i ve . 

7 .  Ver i fy the f ro n t  pa ne l L .  E .  D .  is  i l l um i na t e d . 

8 .  D e s e l e c t  t h e  d r i ve . 

9 .  E n s u re the f r o n t  pa ne l L .  E .  D .  e xt i ngu i s h e s . 
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5 . 4  WRI T E  PROTECT S W I TCH C H E C K  AND ADJUSTMENT 

The w r i te p ro t e c t  sw i t ch c he c k  and a d j u s tme nt e s ta b l i s h es the c o r re c t  
o p e r a t i o n  o f  the w r i t e  p ro te c t  s w i tch , i .  e .  the wr i t e  e l e c t ro n i c s  a re 
d i s ab l e d  w h e n  a w r i te p ro t e c ted d i s k e t t e  i s  u s ed . 

Wr i te P ro t e c t  Sw i t c h  Che c k  

1 .  C o n n e c t  the dr i ve to a n  exe r c i s e r  or comp u t e r  w i t h  a di r e c t  
mon i t or o f  t he w r i te p ro te c t  ou t p u t  ( J 8 ,  P i n  2 8 ) o r ,  w i th no 
p ow e r  to the dr i ve , d i s conne c t  P l u g  1 1 ,  and che c k  the 
c on t i nu i ty w i th an ohme t e r . 

2 .  W i t h  a non w r i t e p ro t e c t e d  d i s k e t te i n s e r t e d , ve r i f y  the re i s  
c on t i nu i ty b e t w e e n  t he t w o  w i res  o f  P l u g  1 1  or the re is a 
n o n w r i t e pro t e c t e d  ou tpu t to the e x e rc i s e r , i .  e . , a h i g h  at 
J 8 , P i n  2 8 .  

3 .  W i t h  a w r i t e  prot e c te d  d i s k e t te i ns e rt e d , ve r i fy there 
i s  no c o n t i n u i ty between t he two w i res  o f  P l u g  1 1  or t h a t  
t h e re i s  a wr i t e pro t e c t  true ou t p u t  t o  t h e  con t r o l l e r  or 
e xe rc i se r , i .  e . ,  a low a t  J 8 , P i n  2 8 .  

NOTE 

A DE F E CT I VE C I RC U I T  BOARD CAN BE RE S PON S I BLE FOR A WR I T E  
P ROTECT P ROB L E M . TEST P O I NT 2 SHOULD B E  LOW F OR A W R I T E  
P ROT E C T E D  DI S K ETTE , H I G H  FOR A NON WR I T E  PROTEC T E D  
D I S K ETTE . 

Wr i t e Pro t e c t  Sw i t c h  Adju s tme n t  

1 .  Loo s e n  t h e  s c r e w s  ho l d i ng i t  to the bra c k e t  o n  the s i de 
ne a re s t  to the f ront o f  t he d r i ve ( F i gu r e  5 - 2 ) .  

2 .  Move the sw i t ch up or dow n , as re qu i re d , and re c he c k  i t . 

5 . 5  DRI VE MOTOR S PE E D  C H E C K  AND ADJUSTM ENT 

The lon g - t e rm dr i ve mot o r ' s  speed ad j us tme n t  e n s u re s  the spe e d  i s  
w i th i n  t he spe c i f i e d  t o l e ra n c e . The mot or speed t o l e ra n ce i s  3 0 0 RPM 
+ 1 . 5  p e r c e n t . 

Dr i ve M o t o r  C h e c k  

1 .  Ver i f y pow e r : + 1 2  v o l ts D .  C .  + . 6  v o l t  
+ 5  vol t s  D .  C .  + . 2 5 v o l t  

2 .  App ly p ow e r  t o  t he d r i ve . 
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F I G U RE 5- 2 

WR I TE P ROTECT SWI TCH ADJ U STM ENT 

3 .  Ac t i v a te t he d r i ve mot o r . 

4 .  I ns e r t  a wor k d i s k e t t e . 

5 .  Obse r ve the sp e e d  d i s k  on the sp i nd l e  pu l l e y  unde r amb i e n t  
f l ou r e s ce nt l i g h t i n g . 

6 .  Ve r i f y  the 6 0  He r t z  ou t e r  ri ng  is  s t a t i o n a ry . 

D r i ve M o t o r  Adj u s tme n t  

l .  Ad j u s t  R l 5 , lo c a t e d  on the S e r vo ci r c u i t  boa r d , u n t i l  the spe ed 
d i s k  is s t a t i on a r y  ( F i gu re s  5-3 a n d  5 - 4 ) .  
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5 . 6  RAD I AL TRACK AL I GNMENT C H E C K  AN D ADJ U STMENT 

Th e Rad i a l  T r a c k  a l i g nme n t  p rocedu re l o c a t e s  t he read /w r i te head at 
the proper rad i a l  d i s t a nce on the hu b ce n t e r  l i ne , ens u r i n g the tr a c k  
l o c a t i on i s  a c c u r a t e  ( F i gu re 5 - 5 ) .  Ad j u s tme nt i s  n e ce s s a ry o n l y  a f t e r  
s e r v i c i ng o r  i f  d i s k e t t e  i n t e r ch a nge p r o b l e ms a r e  s u s p e c t e d . 

l'P l  
'l'P 2  

• 
• 

F I GU RE 5- 3 

• TP 3  

LOCAT I O N  O F  R l 5  S P E E D  CONTRO L POT E N T I OMET E R  

INNI!It Lt.ltS ON 
T1MINQ OISX 
nMtNG .IIINQ USE! � .. !0 H3 

f i GURE 5 - 4  

BOTTOM V I EW O F  DRI V E  

5 - 6  



"-�-- �ACX , e 
�n !'Y! J:tATTDIN 

"-�--- �ACx �• 
.ulMUT'H 

F I G U RE 5- 5 

H U B  C ENTER L I NE AND TRACK LO CAT I ON 

NOTE 

THE A L I GN M E NT D I S K ETTE AND DRIVE MU ST BE A L LOWED TO 
STAB I L I Z E  AT ROO M  TE MPERATU RE FOR ON E HOU R  BE FORE 
C H ECKS AND ADJ U STM ENTS ARE P E RFORM E D . 

Rad i a l  T r a c k  Al ignme n t  Che c k  

1 .  S e t  up o s c i l los cope 

C h a n ne l A :  Te s t  P o i n t  4 

C h a n ne l B :  Te s t  Po i n t  5 

G r o u nd : Te s t  P o i n t H o r  1 4  

Re a d  D i f f e re n t i a l l y : A p l us B ,  B i n v e r t e d  

T i me B as e : 2 0  m i l l i s e co n d s  pe r d i v i s i on 

E x t e r n a l T r i gg e r :  Te s t  P o i n t  1 2 ,  p o s i t i ve e d g e  

Ad j us t  amp l i t u de f o r  a t  le a s t  fou r d i v i s i on s  on 
t he o s c i l l o s cope , A .  C .  coup l e d .  

2 .  App ly pow e r  to the dr i ve . 
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CATS EYE PATTERNS 
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NOTE 

T H E  TRAC K 1 6  RAD I U S  I S  1 . 9 1 6 7  I NC H E S  F ROM T H E  C E NTER OF TH E 
H U B . OTH ER TRACK LOCAT I ONS ARE COMPUTED BAS ED U P ON 4 8  T P I . 

3 .  Se l e c t  the dr i ve . 

4 .  I n s e r t  a ce r t i f i e d  a l i g nme nt d i s k e t te , Dy s a n  N umb e r  2 2 4 / 2 A , 
i n to t he d r i v e . 

5 .  Se l e c t  H e a d  0 ,  the l ow e r  h e a d . 

6 .  Rea d  T r a c k  1 6  f o r  Rad i a l  Track  a l i g nme nt o f  t he lowe r he ad . 

7 .  Ad j u s t  the os c i l l o s cope to ob s e r ve a C a t s  Eye pa t te rn 
( F i gu re 5 - 6 ) . 

8 .  Ver i f y the sma l l e r  of  the two C a t s  Eye pat t e r n s  is not le s s  
t h a n  7 5  p e r c e nt i n  amp l i tude o f  t he o t her o ne . 

NOTE 

THE 7 5  PERCENT F I G U RE IS  FOR USE WITH AN AL I G N MENT DI S K ETTE 
VERI F I ED AGA I N ST A STANDARD ALIGNM E NT D I S K ETTE . 

9 .  S t ep the dr i ve to T r a c k  0 ;  t h e n , s t e p  it  ba c k  to T r a c k 1 6 .  

1 0 . Ve r i fy t he C a t s  Eye p a t te r n . 

l l . S t e p  the dr i v e  to T r a c k  2 6  o r  h i g he r ; t he n , s t e p  i t  ba c k  
t o  Tra c k 1 6 . 

1 2 . Ver i f y the C a t s  Eye pa t t e rn . 

1 3 .  S w i t c h  to He ad l ,  t h e  uppe r head . 

1 4 . Read T r a c k  1 6  t o  v e r i f y  t he a l i g nme n t  o f  the u pp e r  h ead , 
i f  a p p l i c a b l e . 

1 5 . Ve r i f y the C a t s  Eye pa t t e r n . 

1 6 . S t ep t he d r i ve t o  Trac k 0 ;  t h e n , s t ep it  b ac k  t o  Trac k 1 6 . 

1 7 . Ver i f y the C a t s  Eye pa t t e r n . 

1 8 . S t ep t he d r i ve t o  Tra c k 2 6  or h i g he r ; t h e n , s tep it  b ack  to 
T r a c k  1 6 .  

1 9 . Ver i f y the C a t s  Eye pa t t e r n . 

2 0 . I f  a l l t he c he c k s  v e r i f y ,  t he rad i a l  t r ack  a l i g nm e n t  
i s  ac c e p t a b l e .  

2 1 . I f  any chec k doe s  no t ve r i f y , the s t epp e r  mo t o r  mus t  
be ad j u s te d . 
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Rad i a l  T r a c k  A l ignme n t  Adj u s tme n t  

1 .  Loo s e n  t he t w o  N umbe r 1 Phi l l i p s  re t a i n i n g s c re w s  o n  
s t e pp e r  mo t or ( s ee F i g u re 5 - 7 ) .  

2 .  U s i ng a f l a t  b l a de s c rewd r i ve r  be twe e n  t he c h a s s i s c a mm i ng 
b a r  and the s t epp e r  mo t or , ro t a te th e s t e pp e r  mo t o r . 

3 .  O b se rve t he C a ts Eye p a t t e rn of  t he h e ad f a r t h e s t o u t  
o f  a l i g nmen t .  

4 .  Ad j u s t  u n t i l  the C a t s  Eye pa t t e r n s  are eq u a l i n  amp l i tu de 
( F i gu r e  5 - 6 ) . 

5 .  T i g h t e n  the s t e p p e r  mo tor re t a i n i ng s c r ew s . 

6 .  Re c h e c k  t h e  Ra d L  l T rack  a l i gnme n t . 

BA R 

# 1  PH I LL I P S  

RETA I N I NG 
SCREWS 

STEPPER 
MOTOR 

I 

0 
BOTTOM OF DR IVE 

0 u 

F I GU RE 5 - 7  

ST EPP E R  MOTOR RETA I N I NG S C REWS AND CAMM I NG BARS 

5 . 7  I NDEX C H E C K S  AN D ADJ U STMENT 

The i nde x 
t h e  s t a r t  
s hou l d  be 
i n t e rc h an g e  

a d j u s tme n t  c h a ng e s  t he t ime p e r i od from t h e  i n d e x  pu l s e  to 
o f  t h e  d a t a  in h a rd s e c t ored d i s k e t te s . T he a d j u s tm e n t  
c he c k e d  a f t e r  t h e  dr i ve h a s  be e n  al i gn e d  o r  whe n  d i s k e t t e  
e rr o r s  a re s u s p e c te d .  
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I nd e x -T o - Da t a  Pu l s e  C he c k s  

1 .  S e t  up o s c i l los cope 

C h a n ne l A :  Te s t  P o i n t  4 

C h a n ne l B :  Te s t  P o i n t  5 

G ro u n d : Te s t  P o i n t  8 o r  1 4  

Re ad D i f f e re n t i a l l y :  A p l us B ,  B i n ve r t e d  

T ime B a s e : 5 0  m i c ro s e conds p e r  d i v i s i on 

E x t e r na l T r i gg e r :  Te s t  Po i n t  1 2 ,  neg a t i ve e d g e  

NOT E 

T H �  TOL E RAN C E  I S  2 0 0 + 1 0 0  M I C RO S E C ON D S . 

-
... 
-

-
-
• 

-± 
-

· e l i1 C:  SC A L E : 5 0  M I CRO S E CO N DS P E R  D I V I S I ON 

F I GU RE 5 - 8 

I N DEX-TO- DATA PU L S E  

2 .  Ad j u s t  a mp l i tu de f or at l e a st two d i v i s i ons on 
the os c i l lo s co p e . 

3 .  App l y  p ow e r  t o  t he d r i ve . 

4 .  Se l e c t  the dr i ve w i th the con t ro l  log i c . 

5 .  C h e c k  t he s p e e d  o f  t he d r i v e ' s  mot or . 

6 .  I n s e r t an a l i g n me n t  d i s k e t te . 
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7 .  S e e k  the ca r r i ag e  to T r a c k  1 .  

8 .  S e l e c t H e a d  0 .  

9 .  Re a d  the t r i gg e r  po i nt to the s t a r t  of the f i r s t  da t a  pu l s e  
w i d t h  ( F i gu re 5 - 8 ) . 

1 0 . For  do u b l e -s i de d  dr i ve s , i f  He a d  0 ,  the lowe r he a d ,  mee t s  the 
t o l e r a n c e , c h e c k  t he upper hea d . 

NOTE 

H EAD 1 SHOU LD M E ET THE SAME TOL E RAN C E .  

1 1 .  I f  e i t h e r  he a d  doe s  no t mee t  the to l e r a n c e , ad j u s t  the 
i ndex s e ns o r . 

1 2 . Re c he c k  bo t h  i n d e x e s  af t e r  the y  are ad j us te d . 

1 3 .  When b o t h  i nd e x  m e a su reme n ts on a dou b l e - s i ded d r i ve or the 
one i n d e x  mea s u re me n t  on a s i ng l e - s i de d  dr i ve mee t  the 
t o l e ra n ce , c he c k  t he i ndex on T ra c k 3 4 .  

1 4 . For  do u b l e - s i de d  dr i ve s , che c k  He a d s  0 a nd 1 .  

NOTE 

I F  ANY IN DEX M EAS U RE MENT DOES NOT ME ET TH E TOL E RAN C E , 
T H E  I N DEX S EN SOR MU ST BE ADJ U STED . 

I NDEX AS SEMBLY 
BELOW S ERVO 
C I RC U I T  BOARD 

F I GU RE 5- 9 

I N DEX S EN SOR ' S  RETA I N I NG S C REW AND ADJ U STM ENT 
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1 5 . Re c he c k  a l l i n d e x e s  a f t e r  ea c h  ad j u s tme n t . 

I nd e x  S e n s o r  Adju s tme n t  

1 .  F r om the bo t t om o f  the cha s s i s , loo s e n  the i nd e x  
s e n so r ' s  r e t a i n i n g s c rew c o u n te r c l o c kw i se o n e - qu a r t e r  
t u r n  ( F i g u re 5 - 9 ) , t h ro u g h  the ac ce s s  ho l e  i n  the Se rvo 
c i r cu i t  b o a r d . 

2 .  Ad j u s t  the i n d e x  s en s o r  w i th a f l a t bl a d e  sc rewd r i ve r  u n t i l  
t he d a ta pu l se beg i n s  2 0 0  m i c r os e c o n d s  + 1 0 0  m i c ro s e c ond s 
f rom the tr i gg e r  poi n t , t hrou g h  the ac ces s  ho l e  in the servo 
c i r cu i t  boa rd . 

3 .  T i g h t e n  t he i nd e x  s e n s o r ' s  r e t a i n i ng s c rew . 

4 .  Rec he c k  t he i nd e x- to-d a ta pu l se . 

5 . 8  AZ I MUTH C H E C K  

Az imu th c he c k s  t h e  read/w r i t e  head ' s  re l a t i v e  ang l e  to t he ce n t e r  
l i ne o f  t he d i sk e t t e . T h e  Dy s an 2 2 4 / 2 0 a l i g nm e n t  d i s k e t t e  h a s  
t h ree a z imu t h  b u r s t s , the f i r s t  one ha v i ng ac c e p t a b l e  l i m i t s  o f  1 2  
m i n u t e s ; t h e  s e c o nd o n e , 1 5  m i nu t e s ; a nd t he t h i rd o ne , 1 8  m i n u te s .  
The th i rd bu r s t  o f  1 8  m i nu te s  shou l d  be u sed f or the chec k .  

The h e a d ' s  a z i mu th i s  not ad j u s tab l e . I f  t he h e ad ( s )  f a i l  the a z imuth 
c he c k , re p l ac e  t he he ad ca r r i a g e  a s s emb l y . 

1 .  S e t  u p  t he o s c i l l os c ope 

C h a n ne l A :  Te s t  P o i n t 4 

C h a n ne l B :  Te s t  P o i n t 5 

G ro u nd : Te s t  P o i n t  8 o r  1 4  

Rea d  D i f f e re n t i a l l y : A p l us B ,  8 i nv e r ted 

T ime Bas e : 0 . 5  m i l l i s e cond pe r d i v i s i on 

E x t e r na l T r i gg e r :  Te s t  Po i n t  1 2 ,  p o s i t i ve e d g e  

Ad j u s t  the amp l i t u de for at le a s t  fou r d i v i s i o n s  on 
t he o s c i l lo s cope . 

2 .  Se e k  to T ra c k  3 4 . 

3 .  Se l e c t  H e a d  0 ,  and ob se rve the th i rd pu l se burs t on 
t he o s c i l l o s cope . 

4 .  Ver i f y the he ad a z imu t h  is  no g re a t e r  tha n + 1 8  m i nu te s  by 
comp a r i ng t h e  t h i rd s et o f  pu l se b u r s t  to tho se i n  
F i gu re s  5 - 1 0 , 5 - 1 1 , and 5 - 1 2 . 
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5 .  Se l e c t  H e a d  1 ,  and ve r i fy the head a z imu th . 
d e p ic ts a n  a z imu th o f  e x ac t ly z e ro m i n u t e s . 
o p t i mum he ad a z imu th al i g nmen t . 

1 4 

--- � � -- � 

F I GU RE 5- 1 0  

OPT I M U M  HEA D AZ I M UTH AL I GNMENT 

F i g u re 5 - 1 0  
Th i s  i s  the 

F i g u r e  5 - l l  d e p i c t s  an a z imu th o f  e x ac t ly m i n u s  1 8  m i n u te s . Th i s  
i s  the lowe r l im i t  o f  a l l o wa b l e  a z imu th e rro r . 

1 2 

4 

--- � � � � 

F I GURE 5- l l  

H EA D  AZ I M U TH AL I GNMENT OF ACC EPTAB L E  LOWE R  L I M ITS 

F i gu r e  5- 1 2  d e p i c t s  an a l i g nme n t  of  e x ac t ly p l u s  1 8  m i n u te s . 
Th i s  i s  the  upp e r  l im i t  o f  a l l owab l e  a z imu th error . 
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f i G URE 5- 1 2  

H EAD A Z I M UTH A L I G NMENT OF ACC EPTA BLE U PP E R  L I M I T S  

5 . 9 TRACK 0 S EN SOR C H E C K  AN D ADJUS TM ENT 

The T r a c k  0 s e n s o r  c i r c u i t r y  prov i d e s  a s i g na l  i de n t i f y i ng T r a c k  0 t o  
the log i c  e l e c t ron i c s . T h e  e l e c t ron i c s  d i s a b l e  th e s te p -ou t f u n c t i on 
whe n T ra c k  0 i s  re a c he d .  I n  a d d i t i o n ,  a T r a c k  0 s i g n a l  i s  s e n t  to the 
con t ro l l e r  on P i n  26  o f  the i n t e r f a c e . 

T r a c k  0 S e n s or C h e c k  

l .  S e t  u p  t he os c i l l o s cope 

C h a n n e l A :  Te s t  P o i n t  4 

C h a n n e l B :  Te s t  P o i n t  5 

Grou nd : Tes t P o i n t  8 or  1 4  

Re a d  D i f f e re n t i a l l y :  A plus  B ,  B in v e r t e d  

T i me B a s e : 2 0  m i l l i se conds p e r  d i v i s i o n  

E x te rn a l T r i gg e r : Te s t  P o i n t  1 2 ,  pos i t i ve edg e  

Ve r t i ca l  D i s p l ay : 0 . 1 v o l t p e r  d i v i s i on 

2 .  App ly pow e r  to the dr i ve . 

3 .  I n s e rt a c e r t i f i e d  a l i g nme nt d i sk e t t e  i n to t he d r i ve . 

4 .  C lo s e  th e f r o n t  la t ch . 

5 .  S t e p  the ca r r i a g e  to the ra d i a l  a l i g nme n t  tra c k . 
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6 .  C o n f i r m  t h e  p o s i t i o n by o b s e r v i n g  t h e  C a t s  E y e  pa t t e r n . 

7 .  S e t up t h e  o s c i l l o s c ope t o  m o n i t or t h e T TL s i g na l  a t  I C  U 8 , 
P i n  4 .  

8 .  S t e p  t h e  c a r r i a g e  ba c k  to T ra c k  1 .  
9 .  E n s u re t he s i g n a l  a t  T r a c k  1 i s  a t  l e a s t 2 . 5  v o l t s .  

1 0 . S t e p  t h e  ca r r i a g e ou t to t h e  ra d i a l a l i g n m e n t  t r a c k . 

1 1 .  S t e p t he c a r r i a g e  b a ck t o  T r a c k  2 .  
1 2 . V e r i f y t h e  l o g i c  le v e l a t  I C  U8 , P i n  4 ,  i s  le s s  t h a n 

0 . 8  v o l t .  

1 3 . I f  a l l  o f  t h e s e  ch e c k s  a r e  s a t i s f a c t o r y , no ad j u s t me n t  
i s  r e q u i r e d . 

1 4 . I f  a n y  o f  th e s e  ch e c k s  1 s  un s a t i s f a c t o r y , ad j u s t  t h e  
T r a c k  0 S e n s o r . 

T r a c k  0 S e ns o r  A dju s t me n t  

1 .  L o o s e n  t h e  re t a i n i n g s c r e w s  on t h e  ba s e  of t h e  
T r a c k  0 s e n s o r . 

2 .  R e t i g h t e n  t h e  s c r Eiw on t h e  sp i n d l e  s i d e o f  t h e  se n s o r to 
p r o v i de s o me f r i c t i on on i t .  T h e  s c r e w a t  t he r ea r  o f  t h e 
s e n s o r i s  f o r  t h e  T r a c k  0 s t o p  ( s e e  F i g u r e  5 - 1 3 ) .  

3 .  M o v e  t he s e n s or t o  t he r e a r  o f  d r i ve a s  f a r  as i t  w i l l g o . 

4 .  S t e p  t h e  ca r r i a g e ba c k  f r o m  t h e  ra d i a l  a l i g n me n t  t r a c k  to 
T r a c k  1 ,  b u t  do n o t  r e s t o re i t  t o  T r a c k  0 .  

5 .  S l i d e t h e  T r a c k  0 s e n s o r t o w a r d  t h e  sp i n d l e  ve r y  s l o w l y  
u n t i l  t he s i g n a l  a t  I C  U 8 ,  P i n 4 ,  i s  a t  l e a s t  2 . 5 v o l ts a t  
T r a c k  1 a n d le s s  th a n  0 . 8 v o l t  a t  T r a c k  2 .  C h a s s i s .  ca rom i n g  
ba rs a re l o c a t e d a t  t he f r o n t  a n d t he r e a r  o f  t he s e n s o r . 

6 .  R e t i g h t e n  . t h e  s c r e w  on t h e  sp i n d l e  s i d e o f  t h e  se n s o r . 

7 .  R e p e a t  t h e  T r a c k  0 s e n s or c h e c k to e n s u re t he c o r r e c t  
s e t t i n g ha s be e n  a t t a i n e d . 

5 . 1 0  T R A C K  0 S T O P  A D J U S T M E N T  

T h e  T r a c k  
h a s  be e n  
T r a c k  0 .  

0 s t o p s c r e w  s h o u l d be ad j u s t e d  a f t e r  t h e  C a t s  E y e  pa t t e r n  
a d j u s t e d , o r  w h e n  t he c a r r i a g e s e e k s t o  a t r a ck l ow e r  t h a n  
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l .  Se t u p  the os c i l l o s cope 

C h a n ne l A:  T e s t P o i n t  4 

C ha n n e l B :  Te s t  P o i n t 5 

G r ou n d : T e s t P o i n t 8 o r  1 4  

Re a d  D i f f e re n t i a l ly : A p lu s  B ,  B i nve r t e d  

T ime B a s e : 2 0  m i l l i s e conds pe r d i v i s i on 

E x t e r n a l  T r i gg e r :  Te s t  P o i n t  1 2  

2 .  App ly p ow e r  t o  t he dr i ve . 

3 .  Se l e c t  the dr i ve .  

4 .  I ns e r t  a n  a l i g nme nt d i sk e t te . 

5 .  Loo s e n  N umbe r 1 Ph i l l i p s  s c re w  at re a r  of  T r a c k  0 s e n s or . 
Tra c k  0 s top b l ock  s l i d e s  i n s i de o f  T r a c

·
k 0 s e n s or . S ee 

F i gu re 5 - 1 3 . 

6 .  S t e p  the c a rr i ag e  to T r a c k  0 ,  an d obs e rve the wave f or m .  

7 .  S l ow l y  p u s h  t h e  T r a c k 0 s top b l oc k i n t o  T r ac k 0 s e n s or u n t i l  
t h e  ou t p u t amp l i tude be g i ns to de c r e a s e  on the os c i l l o s cope . 

8 .  S l ow l y  r e t ra c t  t h e  T r a c k  0 s top b l oc k  u n t i l  amp l i tu de s to p s  
i n cr e a s i ng .  Re t ra c t  i t  a n  add i t i on a l l / 3 2 o f  a n  i n c h . 
T i gh t e n  t h e  T r a c k 0 s top b lock  s c re w .  

5 . 1 1 H EAD OUTPUT C H E C K  

The he ad ou t p u t  c h e c k  me a s u re s  the he a d ' s  ou tpu t amp l i t ud e  re l a t i v e  
t o  t h e  d i sk e t t e  be i ng u s e d . W h e n  u s i n g  ce rt i f i ed ,  q u a l i ty me d i a ,  
typ i c a l  v a l u e s  w i l l be 2 0 0  m i l l i vo l t s  pe a k - t o- p e a k  or  grea t e r . 
H owe ve r ,  v a l u es may be s i g n i f i c a n t ly l e ss , 1 0 0  m i l l i vo l ts p e a k - t o-peak 
typ i ca l ,  i f  i n f e r i or or de f e c t i ve med i a  is  us e d , and doe s  no t i nd i c a te 
a f au l ty hea d .  

H e a d  amp l i t u de c a n  be v e r i f i e d  by es t a b l i s h i ng a nom i na l  va l ue of 
amp l i t ude f o r  t h e  d i s k e t te on a k nown work i ng d r i ve . I n  a l l c a s e s , 
amp l i t u d e s  g re a t e r  t h a n  2 0 0  m i l l i vo l t s  pe a k - t o- p e a k  are ac c e p t a b l e . 
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TRACK 0 
S EN S O R  

CHAS S I S  CAJA..MI NG 

... G � � '  
� · � ' 

"'-... 

TRACK 0 S TOP� 
BLOCK 

F I G U RE 5 - 1 3  

TRACK 0 STOP 

i 

1 .  Remove th e al i g nme n t  d i s k et te , and i n s e r t  a no n wr i t e 
p r o t e c ted d i sk e t te i n to the d r i v e . 

2 .  Se t up th e os c i l l o s co pe 

Ch a nn e l A :  Te s t  Po i n t  4 

C h a n ne l B :  Te s t  P o i n t  5 

ve r t i c a l  Amp l i tud e : 5 0  m i l l i v ol ts p e r  d i v i s i o n  

Gro u nd : Te s t  P o i n t  8 o r  1 4  

Re a d  D i f f e r e n t i a l l y : A p l us B ,  B i n v e r t e d  

T ime Ba s e : 2 0  m i l l i se c ond s pe r d i v i s i o n  

Ex t e r n a l Tr i g g e r :  Te s t  Po i n t  1 2  

3 .  Se e k  to T r a c k  3 9 .  

4 .  Wr i te a 2 F , al l on e s , pa t t e rn on H e a d  0 .  

5 .  ve r i fy the amp l i t ude i s  2 0 0  m i l l i vo l ts or g re a te r , 
p e a k - t o - pe a k . 

6 .  Wr i te a 2 F , a l l  on e s , pa t t e rn on H e a d  1 .  

7 .  ve r i fy the a mp l i tu d e  i s  2 0 0  m i l l i v o l ts or g re a t e r , 
p e a k - to-pe a k . 
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5 . 1 2 CON E C E N T E R I N G  C H E C K  

Cone c e n t e r i ng i s  t h e  a b i l i ty o f  the cone c l amp i n g me c h a n i s m  to ce n t e r  
t h e  d i s k e t t e on  t h e  hu b ,  c a u s i ng i t  to ro t a te c o n c e n t r i ca l l y . Th i s  
c h e c k  and ad j u s tme n t  shou l d  be made whene ve r the upp e r  p l a t e as s emb l y  
h a s  be e n  remo v e d  or  rep l a c e d . I f  t h e  c o n e  c e n t e r i ng c a n not be 
ad j u s te d , ve r i fy t h e  me a s u reme n t  w i t h  a se c o n d  d i s k e t t e . 

1 .  S e t  up the o s c i l los cope : 

C h a n n e l A :  Te s t  P o i n t 4 

C h a nne l B :  T e s t Po i n t 5 

Ve r t i c a l  Amp l i t ude : 1 0 0  m i l l i vo l t s pe r d i v i s i on 

Grou n d : T e s t Po i n t  8 or 1 4  

Re a d  D i f f e re n t i a l l y : A a nd B ,  B i n ve r t e d  

T ime B as e : 2 0  m i c ro s e c onds per d i v i s i on 

E x te r na l T r i gg e r : Te s t  Po i n t  1 2 ,  pos i t i ve edg e  

2 .  App l y  p ow e r  to t he d r i v e . 

3 .  Se l e c t  the dr i ve . 

4 .  S e e k  t o  T r a c k 0 .  

5 .  Wr i t e  a 2 F  p a t t e r n on H e a d  0 .  

6 .  Mea s u r e  t h e  amp l i tu de o f  the s i g n a l  by p os i t i o n i n g  t he 
d e e pe s t  d i p  i n  the s i g n a l  o n  t he c e n t e r  v e r t i c a l  g r a t i c u le . 

7 .  Re l ea se t he f ro n t  l at c h , a nd remove t he d i sk e t te . 

8 .  Re i n s e r t  the d i s k e t t e , and c l o s e  the f r o n t  la t c h . 

9 .  Rep e a t  S t e p s  7 a n d  8 u n t i l  t he d eepe st  d ip i n  t he w a v e f orm 
i s  p rod u ce d . 

1 0 .  Me a s u re the amp l i t u de of the de e p e s t  d i p . 

1 1 .  D i v i de t h i s  me a su rement by t he me a su reme nt i n  S t e p  6 ,  a nd 
mu l t i p ly i t  by 1 0 0 .  Th i s  re s u l t  s h o u l d  be abov e  8 5  p e rc e n t . 

1 2 .  The s i g na l  a mp l i tu de s hou ld not d e c r e a se be low 8 5  p e rc e nt o f  
t he ave r a g e  amp l i t u de a t  a n y  po i n t  o n  t h e  t r ac k . 
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5 . 1 3 COM P L I AN C E  C HECK AND ADJUSTMENT ( S I NG L E -S I DE D  D R I V� ) 

Comp l i an ce i s  t h e  ma x im i z ed ou tput of t he h e a d  w h e n  t he p re s su re of 
t h e  f e l t  pad is ce n t e r e d  ove r  the re a d /w r i t e  gap . F o r  dou b l e - s i de d  
d r i ve s , a comp l i a n c e  c he c k  and a d j u s tme n t  mu s t  b e  m a de at t h e  
f ac t ory . 

Compl i a n c e  Che c k  

l .  S e t  up the os c i l lo s cope : 

C h a n ne l A :  Te s t  P o i n t  4 

C h a n n e l B :  Te s t  P o i n t  5 

Ve r t i c a l  Amp l i tu de : 1 0 0  m i l l i vo l t s  pe r di v i s i o n  

G rou n d : Te s t  P o i n t 8 o r  1 4  

Re a d  D i f f e r e n t i a l l y : A and B ,  B in ve r t e d  

T ime B as e : 1 0  m i c ro s e c onds p er d i v i s i on 

E x te rn a l T r i gg e r : Te s t  P o i n t  1 2 ,  pos i t i ve edg e  

2 .  App ly p ow e r  t o  t he d r i ve . 

3 .  Se l e c t  the dr i ve . 

4 .  I n s e rt a nonw r i te p ro t e c ted d i sk e t t e . 

5 .  Wr i t e a l F  pa t te rn on T r a c k  3 4 .  

6 .  O b s e r v e  t he ou tput w a v e f orm vol tage . 

7 .  W i th a g r a m  g a u g e , ca re f u l l y  app l y  f i f te e n  gr ams pre s s u re to 
t he upp e r  arm . 

NOTE 

F I F T E EN G RAMS IS ABOUT THE WE IGHT OF A QUART E R . 

8 .  I f  the outpu t s h own on the os c i l l o s cope i n c re a s e s  by more 
t h a n  ten p e r ce nt , a d j u s t t he comp l i an ce . 
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Compl i an c e  Adj u s tme n t  

Comp l i a nce i s  ad j u s te d  b y  u s i ng the s ame proce d u re u s e d  i n  th e 
c omp l i a n ce c he c k . 

I n  add i t i on : 

l .  The sp r i ng te n s i on for the pad arm ha s th ree pos i t i on s  for 
the sp r i ng e n d  in t he l owe r po r t i on on t he h ead c a r r i a g e  
a s s em b l y  ( s e e  F i g u r e  5 - 1 4 ) . 

2 .  Wh i l e  mon i t or i ng the osc i l l o s c op e , c h a n g e  t he s pr i ng t e n s i o n  
p o s i t i o n . I f  o u tput amp l i tude i s  not a f f e c ted b y  d i f f e r e n t  
pos i t i on s  of t h e  sp r i ng , rep l ace i t . 

3 .  I f  t he pad i s  worn , rep l a ce i t . 

::: LT ?AD SNAPS INTO ARM ASSEMBLY 

-· ' 

COMP LI AN CE SP RING 

COMP L I AN CE SPRING liAS TrlREE 

TE N S �ON POS ITIONS , ANGLE OF 

S LO ':  JETE!U1INES SPRING TENS I ON 

I 
/ /  

./ ·' '  

F I G U R E 5- 1 4  

i '  
' ; 

U PP ER ARM AND COMP L I AN CE S P R I NG 
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S E C T I O N 6 

R E MOVAL AN D I N S TALLAT I ON 

Remova l a n d  i n s t a l l a t i o n  i ns t ru c t i o n s  are i n c l u d e d  i n  th i s  se c t i o n . 

1 .  C o n t r o l  a n d  Data C i r c u i t  Board 

2 .  S e r vo C i r c u i t  Boa rd 

3 .  C h a s s i s  S h i e l d 

4 .  D i s k e t t e  L e v e r  A s s e mb l y  

5 .  F r o n t P a n e l 

6 .  Pow e r  I np u t  P l u g  a n d  B r a c k e t  

7 .  Wr i t e  P r o t e c t  Sw i t c h  

8 .  Wr i t e P ro t e c t S e n s o r 

9 .  S t e pp e r  B a n d  

1 0 . S t e p p e r  M o t o r  

1 1 .  U pp e r  P l a t e  A s s e m b l y  

1 2 . Tra c k  0 S e n s or a n d  S t op B l o c k 

1 3 .  H e a d  Mod u l e  

1 4 . Dr i ve Be l t  

1 5 .  D r i ve Mo t o r  
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CONTROL AN D DATA C I RC U I T  BO ARD 

Remo v a l  

1 .  D i s co n n e c t  a l l  ca b l e  p l u g s  from the c i r c u i t  boa r d l o c a t e d 
on top o f  t he d r i v e . 

2 .  Remove two N umbe r 1 Ph i l l i p s  s c re w s  at the re a r  of the 
c i r c u i t  boa r d . 

3 .  L i f t  o f f the dr i ve . 

I n s t a l l a t i o n 

1 .  P o s i t i o n th e c i r c u i t  bo a r d  on top of the dr i ve . 

2 .  S e c u re t he c i rc u i t board w i th t he two p re v i o u s l y  
s a v e d  s c r e w s . 

3 .  C o n n e c t  al l ca b l e  p l u g s  ( f i g u re 6 - 1 ) .  

S E RVO C I RC U I T  BOARD 

Remo v a l  

l .  Pos i t i on dr i ve w i t h dr i ve be l t  on top ; d i s c o n n e c t  al l ca b le 
p l u g s  f rom t he c i rc u i t  boa r d . 

2 .  Remove the N umbe r l Ph i l l i p s  s c re w  at the le f t  f r o n t  and the 
N umbe r l P h i l l i ps s c rew g o i ng t h ro u g h  t he h e at s i nk on t h e  
c i r c u i t  bo a rd . 

NOTE 

T H I S  I S  LONG ER THAN THE OTH ER S C REW REMOV E D . 

3 .  Whe n  re mo v i n g th e c i r c u i t  bo a rd , do not bre a k  of f 
t h e  L .  E .  D .  a t t a c he d  to t he e dg e  o f  i t , a nd do not s t re t c h 
t h e  dr i ve be l t . 

I n s t a l l a t i on 

NOTE 

I F  T H E  WR I TE P ROTECT C I RC U IT I S  A S EN SOR 
ATTAC H E D  TO TH E C I RC U I T  BOAR D , USE CAR E  WH E N  
RE MOV I NG I T . 

1 .  P o s i t i on the c i r c u i t  boa r d  w i t h  th e L .  E .  D .  l i ne d  up to 
t h e  re t a i n i ng c a v i ty on the f r ont p a ne l . I n s e rt t he 
L .  E .  D .  an d mo ve the be l t  s l i g h t l y to pos i t i o n t h e  
c i r c u i t  bo a r d . 
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2 .  Se c u re t h e  c i r c u i t  bo a rd us i n g  the s h o r t  N umbe r 1 Ph i l l i p s  
s c rew t h ro u g h  t he mou n t i n g  h o le a t  t he f ro n t . T he l ong e r  
N umbe r 1 P h i l l i p s  s c rew i s  us e d  th r o u g h  t h e  he a t  s i n k 
on t h e  c i r c u i t  b o a r d . 

3 .  Con n e c t  a l l  c a b l e  p l u g s  ( F i g u r e  6 - 2 ) .  

C H AS S I S  S H I E LD ,  C O NT RO L  A N D  DATA C I RC U I T  BOARD 

Remo v a l  

1 .  Remove the co n t ro l  and da t a  c i r c u i t  boa r d . 

2 .  Remove t h e  N um b e r 1 P h i l l i ps s c rew ' s  re t a i n i ng s h i e ld . 

NOT E 

H EA D  CAB L I NG IS AT TH E FRONT OF TH E DR I VE . 

3 .  L i f t t he s h i e l d f rom t he c h a s s i s . 

I n s t a l l a t i o n  

1 .  P o s i t i on t h e  he a d  ca b l e s  a l o n g  the cha s s i s  t o  ex i t  the s lo t  
o f  t he s h i e l d a t  t he f ront o f  t he d r i ve . 

2 .  P o s i t i on the sh i e l d , se c u r i n g  i t  w i t h  a N umbe r 1 Ph i l l i p s  
s c rew t h ro u g h  t he mou n t i ng h o l e . 

3 .  Re p l a ce the c i r c u i t  bo a r d . 

DI SKET T E  L EV E R  A S S E MB LY 

Remo v a l  

1 .  U s i n g a f l a t  b l a d e  s c r ewdr i ve r , p r y  of f the p l a s t i c  doo r  
h a n d l e  ( F i gu re 6 - 3 ) .  

2 . Remove the s t u d  f rom the do or sh a f t .  

I n s t a l l a t i o n  

1 .  Re p l a c e  the s t u d  i n  the do or sh a f t . 

2 .  P o s i t i on t he d o or h a n d le over t he s h a f t a n d  s tu d . 

3 .  P re s s  i n  u n t i l  the s t u d  is co ve re d by the door ha n d l e . 
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FRONT PAN E L  

Remova l 

l .  Remove t h e  d i s k e t t e  le v e r  as s e mb l y . 

2 .  The f r o n t  p a n e l  i s  he ld i n  p l a ce by sma l l  p l a s t i c r i dg e s . T o  
r e move t h e m  f rom the bo t t om , pu l l  dow n  and ou t .  To re mo ve 
t hem f rom t he · t op , u p p e r  p l a te a s s e m b l y ,  pu l l  up a nd o u t , a n d  
s l i de t h e m  o f f  of th e doo r  sh a f t .  

I n s t a l l a t i o n  

l .  Pos i t i on t h e  f r o n t pane l ov e r  t h e  do o r  s h a f t  and ac t i v i t y 
L .  E .  D . , a n d  p u s h  i t  h a r d . The f r o n t  p a n e l  s n a p s  o n to t h e  
c h a s s i s  and up p e r  p l a t e  as s emb l y . 

POWER I N PUT P LUG AND BRAC K ET 

Remov a l  

l .  Remove t h e  co n t ro l  and da t a  c i r c u i t  boa r d . 

2 .  Remove t he c h a s s i s s h i e l d . 

3 .  Remove t h e  N umbe r l Ph i l l i p s  s c r e w  f r om the pow e r  i np u t 
re t a i n i ng b r a c k e t  ( F i gu r e 6 - 4 ) .  

F I G U RE 6- 4 

POWER I N PUT P LUG AND B RAC K E T  
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4 .  P u s h  the bra ck e t  to the f ro n t  of th e d r i v e , a nd remove i t . 

5 .  The p ow e r  i n p u t  p l ug h as 
N umbe r 2 i s  to the s e r vo 
d r i v e ; P l u g  N umbe r 7 ,  on 
a n d  da t a  c i r c u i t  bo a rd . 
t hem f rom t he d r i v e . 

two cab l e s  r u n n i ng f r o m  i t :  p l u g  
c i rcu i t  boa r d  o n  the bo t t om o f  
top o f  t he d r i v e , i s  to t he c o n t ro l  
D i s co n n e c t  bo t h  p l u g s  a n d  remove 

I n s t a l l a t i o n  

1 .  P o s i t i o n t h e  pow e r  inpu t p l u g  on the c h a s s i s  w i t h  ro u n d e d  
c o r n e r s  to t h e  t op a nd ne x t  to t he c h a s s i s re t a i n i ng f orms . 

2 .  Rou t e  ca b l e  p l u g  N umbe r 2 t h r o u g h  the ho l e  i n  the ch a s s i s  to 
t he b o t tom o f  d r i v e . C a b le p l u g  N umbe r 7 rema i ns on t he s a me 
s i de as the pow er i n p u t  p l u g . 

CAUT I ON 

TH E S E  CAB LE PL U G S  CAN NOT BE RE V ERS E D .  POWER 
A P P L I 8 D IS N OT THE SAME P IN OUTS ON T H E  
C I RC U I T  BOARD . 

3 .  Pu t the bra c k e t  ov e r  the ho l e  in  the ch as s i s , and l i n e i t  up 
w i th t he p ow e r  i n p u t  p l u g . T he b r a c k et mu s t  e n g a ge w i th the 
c h a s s i s  th r o u g h  th e ho l e . The power i n p u t  p l u g  go e s  ag a i n s t  
t he c h a s s i s  r e t a i n i ng f orms . 

4 .  S e c u re the br a c k e t  w i t h  a N umbe r l Ph i l l i p s  s c r e w  i n t o  the 
c h a s s i s  s t a n do f f . 

5 .  Re p l a c e t h e  c h a s s i s  sh i e l d . 

6 .  Re p l a ce t he c o n t r o l  a nd d a ta c i rc u i t  b o a r d . 

WR I T E  PRO T E CT $W I T C H  

Remov a l  

l .  Remove P l l  f rom the co n t ro l  and da t a  c i r c u i t  boa r d . 

2 .  C u t  t he t i e w r a p s , as re qu i re d , t o  rou t e  P l u g  P l l  t h ro u g h  the 
h o l e  i n  the ch a s s i s  to the bo t t om o f  the dr i ve .  

3 .  Remove t h e  s e r vo c i r c u i t  boa rd . 
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4 .  A t  th e l o w e r  le f t  f r o n t  s i de of the dr i ve ,  l oo s e n  the tw o 
N umb e r  l P h i l l i ps s c rews re t a i n i ng t he w r i te p ro t e c t s w i t c h , 
a c t u a t i n g arm , a n d  s c r e w  re t a i n i ng p l a t e . 

5 .  S l i de t h e  a s s e m b l y  o f f  o f  t he c h a s s i s . 

I n s t a l l a t i on 

l .  A f t e r  pos i t i on i n g th e w r i t e  pro t e c t  sw i t c h  and ac t u a t i ng 
a r m , s c re w  t he r e t a i n i ng p l a te i n to t he c h a s s is s l o t . 

2 .  A f t e r  e n s u r i n g  the ac tu a t i n g arm i s  i n  the ch as s i s ' s lo t , 
t i g h t e n  the two s c rews . 

3 .  Ro u t e  ca b l e  p l u g  P l l t h ro u g h  th e ho l e  i n  the ch a s s i s tow a r d  
t h e  r e ar o f  the d r i v e , a rou nd t he o u t s i de o f  t he d r i ve m o t o r  
t o  th e con t ro l  and da t a  ci r c u i t  bo a r d . 

4 .  Rep l a ce t h e  t i e w rap . 

5 .  Re p l a c e  the se r vo c i r c u i t  bo a r d . 

WRI T E  P RO T E CT S E N SOR 

Remov a l  

l .  Remove the se r vo c i r c u i t  boa rd . 

NOTE 

ON E - H A L F  OF THE S EN S OR IS ATTAC H E D  TO 
THE PHOTOTRAN S I STOR . 

2 .  At the top le f t -h a n d  f ro n t  of the dr i ve ,  the w r i t e p r o t e c t  
s e n s o r ' s  d i ode mou n t i ng b l oc k  i s  r e t a i ne d  b y  a N umber 1 
P h i l l i p s  s c re w .  Remo v e  th e s c r e w  and c u t  the t i e  wrap s , as 
re qu i re d ,  t o  remo v e  P l u g  P l l f rom t he c o n t r o l  a nd d a t a  
c i r c u i t  bo a r d . 

3 .  Remove t he s e n s o r ' s  d i ode . 

I n s t a l l a t i on 

l .  Re p l a c e  th e se r vo c i r c u i t  boa r d . 
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2 .  A l i g n  t h e  mou nt i n g b l o c k w i t h  the se n s or ov e r  th e ho l e  on the 
t o p , l e f t - h and f ront of t he d r i ve , a nd s e c u re i t  w i th a 
N umbe r 1 Ph i l l i p s  s c re w . 

3 .  Rou t e  the ca b l e s  and p l ug P l l  i nt o  the co n n e c t o r  on th e 
c o n t r o l  a nd d a ta c i r c u i t  board . 

4 .  Wrap the ca b l e s , as re qu i re d .  

S T E P P E R  BAND 

Remo v a l  

1 .  Remove t h e  co n t ro l  and da t a  c i r c u i t  boa r d . 

2 .  Remove the c h a s s i s  s h i e l d .  

3 .  Remove the pow e r  i n p u t  p l u g . 

4 .  Loo s e n  th e N umbe r 1 Ph i l l i p s  s c r e w  on the s t e pp e r  mo t o r  sh a f t  
( F i gu re 6 - 5 ) . 

CAUT I ON 

WH I LE H O LD I NG T H E  H EAD AS S E M B LY DU R I NG REMOVAL 
O F  THE ST E PP ER BAN D ,  TAKE CARE TO PROTECT TH E 
U P P E R  HEAD A S S E M B LY . 

5 .  H o l d i n g  the he a d  as s emb l y  toward the re a r  of the dr i ve ,  
dep re s s  t he sp r i ng t e n s i on p l a t e  at t he r e a r  o f  t he h e a d  
a s s e mb l y  tow a r d  t h e  s t e p p e r  sha f t  t o  t h e  f r o n t  o f  t h e  dr i ve . 
The s t e p p e r  b a n d  w i l l de t ach f rom t he c l ip p o r t i on o f  t he 
t e n s i on p l a t e . 

CAUT I ON 

DO N OT B E ND THE STE PP ER BAND . 

6 .  Re move the te n s i o n  p l a t e  and the sp r i n g f r om the he a d  
a s semb ly . 

7 .  Remove th e s c r e w  f rom the s t e p p e r  mo t o r  s h a f t .  

CAUT I ON 

DO NOT BE N D  TH E ST E PP ER BAN D .  

8 .  L i f t  t he s t e p p e r  b a nd f rom the s tud at t he f ro nt o f  t he h e ad 
a s s emb l y  and f rom the s t e p p e r  sh a f t .  
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I n s t a l l a t i o n  

1 .  P l a c e  t h e  s t e p p e r  ba nd w i t h  i t s  s i n g l e pa r t  to w a r d  the 
f ro n t  o f  t he h e a d  a s sem b l y . 

2 .  P l a ce a loop a r o u nd the s t e p p e r  s h a f t  w i t h  i t s  dua l po r t i o n  
t ow a rd the r e a r  o f  the d r i v e . 

3 .  P l a c e  the s t e p p e r  ba nd on t h e  s t u d  of the he a d  as s e mb l y .  

4 .  Ro t a t e the s t e pp e r  mot or u n t i l  t he c e n t e r h o l e i n  t he s t e p p e r  
b a n d  an d the ho le in  th e sha f t  l i ne up to g e t h e r . 

5 .  I n s t a l l  the s c rew a n d  w a s h er i n to t he s t e pp e r  s h a f t but do 
n o t  t i g h t e n  the s c r e w . 

6 .  I n s t a l l  t h e  s p r i ng a n d  t e n s i on p l a te o n to t h e  
he a d  as s e mb l y . 

7 .  H o l d i n g  the he a d  as s emb l y  toward the re a r  of the dr i ve , 
d e p r e s s  t he t e n s i on p l a t e tow a rd t he f r o nt o f  t he d r i v e . 

8 .  A f t e r  se t t i n g the en d of th e s t e p p e r  ba n d  on t o  the te ns i o n  
p l a t e , remo ve t he p r e s s u re f rom t he p l a t e . T he· s t e p p e r  b a n d  
s e a t s  i t s e l f  ar o u n d  t h e  s t e p p e r  mo t o r  s h a f t .  

9 .  Move t he h e a d  a s semb ly to ob t a i n t he ma x i mum l e ng th of t ra v e l  
w h i l e wa t c h i n g  t h e  s t e p p e r  ba nd o n  t h e  s t e p p e r  mo t o r  s h a f t .  
I f  i t  ma i n t a i ns a s t r a i g ht p a th , i t  i s  o .  k .  I f  not , re l a x  
t h e  te n s i o n  p l a t e , and try to smoo t h  ou t th e s t e pp e r  ba nd . 

CAUT I ON 

T I G H T E N I N G TH E SC k E W  TOO T I G HT W I L L  BE N D  TH E 
S T E PP ER BAN D ,  CAU S I NG IT TO N E E D  RE PLAC I NG .  

1 0 . Whe n s a t i s f i e d  w i t h  s t e pp e r  ba n d  op e r a t i o n , s n u g  up the 
s te pp e r  mo t or s h a f t  s c rew to f ou r- i nch o u n c e s  of t orque . 

1 1 . Re p l a ce the pow e r  i n p u t  p l u g . 

1 2 .  Rep l a ce t h e  c h a s s i s  s h i e l d . 

1 3 . Re p l a ce th e co n t ro l  and da t a  c i r c u i t  bo a r d . 
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F I G U RE 6- 5 

STE PP ER BAN D 

S T E P P E R  MOTOR 

Remo v a l  

1 • Remove the con t ro l  and da t a  c i r c u i t  boa r d . 

2 .  Remo v e  t he c h a s s i s  s h i e l d .  

3 • Remove t h e  s t e pp e r  ba n d . 

4 • Re move the s t e pp e r  mo t o r  ca b l e  p l u g , P 3 , from the se r v o  
c i r c u i t  b o a r d . 

5 .  Remove the two N umbe r 1 Ph i l l i p s s c r e w s  on the bo t t om of the 
d r i v e , o ne at e a c h  e nd of t he s te pp e r  mot o r . 

6 .  The s c re w tow a r d  the f ro n t  of dr i ve has a w i re wrap co v e re d  
w i th s h r i n k t i g h t a nd two t ie w raps .  C u t  t he two t ie w r ap s .  

7 .  Remove t h e  s t e pp e r  mo t o r  f rom the ch a s s i s . 

I n s t a l l a t i on 

1 .  P o s i t i on the s t epp e r  mo t o r  sha f t  t h r o u g h  th e ho le i n  
t he c h a s s i s . 

2 .  I n s e r t  re t a i n i n g s c re w s  and was he r s . The re t a i n i n g s c r e w  
t ow a rd t h e  f ro nt o f  t he d r i ve h as a w i re w r ap cov e re d  w i th 
s h r i n k  t i gh t . 

3 .  Rou t e  e x c e s s  w i r i n g f rom the s t epp e r  mo t o r  to the s i d e of 
t he c h a s s i s . 
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4 .  I n s e r t  s t e pp e r  mo t o r  ca b l e  p l u g  P 3  i n t o  the se r v o  
c i r cu i t  boa r d . 

5 . T i e  wrap th e ca b l e s . 

6 .  Rep l a c e  t h e  s t e p p e r b a n d . 

7 .  Rep l a c e  the c h a s s i s  sh i e l d .  

8 .  Rep l a c e  t h e  c o n t rol a nd d a ta c i rc u i t  b o a rd . 

t l  PHILLIPS 
RETAINING 
sc� 

0 
STEPPER 

� MOTOR 

BOTTOM OF DR I VE 

F I G U RE 6 - 6 

STE PP ER MOTOR 
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U P P E R  PLAT E AS S E MB LY 

T h e  upp e r  p l a t e  a s s emb l y  i n c l u de s  the doo r  sw i t c h , the upp e r i nd e x  
s e n s o r ,  t he c o ne l e v e r  a s semb l y ,  t he d i s k e t te e j e c t or ,  t he l i f t p l a t e , 
a n d  t h e  d i s k e t t e le ve r as s e mb l y , as we l l  as the w r i t e  prot e c t  se n s o r , 
i f  app l i c a b l e . 

Remo v a l  

l .  Remove the co n t ro l  and da t a  c i r c u i t  boa rd . 

2 .  Remove t he c h a s s i s s h i e l d .  

3 .  Remove th e d i s k e t t e  le v e r  as s emb l y .  

4 .  Remove t he f r ont p a ne l .  

5 .  Remove th e se r v o  c i rc u i t  bo a r d . 

6 .  Remove t h e  bo t t om i n dex s e ns o r . 

7 .  C u t  th e t i e  wra p s  on the ca b l e s  f o r  the doo r  sw i t c h , 
P l u g  5 ,  t h e  i nd e x  a s semb l y , P l u g  1 2 ,  a nd w r i te p ro t e c t ,  
P l u g  l l ,  i f  the se n s or i s  mo u n t e d  on the upp e r  
p l a t e  a s semb l y  ( F i g u r e 6 - 7 ) .  

NOT E 

O N E - HALF O F  T H E  I N DEX A S S E MB LY I S  ON THE BOTTOM OF 
T H E  DR I VE . TH E I N DEX AS S E MB L Y  SHOU LD BE RO U T E D  TH ROUGH 
A HOLE IN T H E  C H AS S I S  B E F O RE RE MOV I NG THE U P P E R  
P LAT E AS S E MB LY .  

8 .  Remove the sp r i n g f rom the l i f t  p l a t e . 

9 .  Remo ve t h re e N umbe r l P h i l l i ps s c rews f rom t he u p p e r  p l a t e  
a s s emb l y . Two are at the f ron t of the dr i ve ,  and one i s  on 
the d r i ve mo t or s i de of t he c h a s s i s . 

CAUT I ON 

WH EN RE MOV I NG THE U PP ER PLATE AS S E MB LY , DO N OT B E ND T H E  
U P P ER ARM OF TH E H E A D  AS S E MB LY SI N C E  DAMAGE CAN RE S U LT . 

I n s t a l l a t i on 

1 .  P o s i t i on the upp e r  p l a t e  as s emb l y  w i t h  the l i f t  p l a t e  un de r 
t h e  upp e r  a rm o f  t he head a s sem b l y ,  a nd t he mou nt i ng h o l e s  
l i ne d  u p  t o  t h e  cha s s i s . 
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2 .  I n s e r t  t h r e e  N u mbe r 1 Ph i l l i p s  s c r e w s , two at the f r o n t  of 
the d r i v e , a nd o ne at t he rear of t he d r i ve by the 
d r i ve mo tor . 

3 .  App l y  fo u r - i n c h  po u n d s  torque , ma x i mum , to the s c re ws . 

NOTE 

L E AVE THE MOU N T I NG HOLE ON THE POWER I N P U T  
P L U G  S I D E  OF TH E UP P ER PLAT E AS S E MB LY EM P T Y . 
T H E  C HAS S I S S H I E L D I NG RETA I N I NG S C REW U S ES 
TH I S  HO L E . 

3 .  Re p l a c e the sp r i n g on t h e  l i f t  p l a t e . 

4 .  Rou te t h e  l ow e r i nd e x  as s e mb l y  t hr ou g h  a h o l e  i n  the c h a s s i s , 
a n d  mo u n t  i t  on the bo t t om of the dr i ve . 

5 .  Rou t e  t he c a b l i n g ,  u s i ng t he t ie w r aps p rov i d e d . 

6 .  Rep l a c e the 

7 .  Rep l a ce t he 

8 .  Rep l a c e  the 

9 .  Rep l a c e  the 

1 0 .  Rep l a c e  the 

se r vo c i r c u i t  boa rd . 

f r o n t  p a n e l .  

d i s k e t t e l e ve r a s s e mb l y .  

ch a s s i s  s h i e l d i n g . 

c o n t r o l  a n d  da t a  c i r c u i t  

MOUN T I NG SCREWS 

F I GU R E  6 - 7  
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TRAC K 0 S E N SO R  AN D  TRAC K 0 STO P BLOCK 

Remo v a l  

1 .  Remo ve ca b l e  P l u g  P 9  f rom the co n t ro l  and da t a  
c i r c u i t  bo a r d . 

2 .  Remove the t i e  wra p s , as re qu i re d ,  to f re e  the ca b l e  to 
t he s e n s o r . 

3 .  Move t h e  he a d  as s e mb l y  toward the sp i n d l e . 

4 .  Remov e  t w o  N um b e r  l P h i l l i ps s c rews f rom t h e  T r ac k 0 s e n s or 
( F i g u re 6 - 8 ) .  

I n s t a l l a t i on 

NOTE 

THE S C RE W  TOWARD THE REAR O F  THE D R I V E  IS GO I N G 
T H RO UG H  TWO P I E C E S , ON E I S  TH E TRAC K 0 S E N S O R , 
T H E  S ECOND ONE I S  T H E  TRAC K 0 STOP B LOCK . 

l .  P o s i t i on the T ra c k  0 s e n s o r  ov e r  the re t a i n i n g ho l e s  i n  
t he c h a s s i s . 

2 .  I n s e r t  t h e  re t a i n i n g sc rew i n t o  th e se n s o r t ow a rd t h e  
f ro n t  o f  t h e d r i ve . 

3 .  I n s e r t the s c r e w  th rou g h  the T r a c k  0 s to p  b l o c k  and i n t o  th e 
re a r  r e t a i n i n g s l o t  o f  the T r a c k  0 s e n s o r . 

4 .  S l i de t h e  T ra c k  0 s t op b l o c k  tow a r d  the re a r  be f ore 
t i g h t e n i ng t he s c re w .  

5 .  Ro u t e  the ca b l e  for the T ra c k  0 s e n s or ba c k  to the co n t ro l  
a nd d a t a c i r c u i t  b o a r d . 

6 .  App l y  t i e  w r a p s , as re qu i re d . 
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TRACK 0 
SENSOR 

CHASSIS  C.Al-'.MUTG TRACK 0 
BLOCK 
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HEAD MODU L E  

Remo v a l  

1 .  Remove the d a t a and con t ro l  c i r c u i t  boa rd . 

2 .  Remove t h e  c h a s s i s s h i e ld i n g . 

3 .  Remove the pow e r  i n p u t  p l u g . 

4 .  Remove t he s t e pp e r  b a n d . 

5 .  Remove th e T r a c k  0 s e n s or . 

6 .  At th e re a r  o f  the dr i ve ,  re move the V s p r i n g wh i c h  ho l d s  two 
g rooved r a i l s . 

7 .  Ra i s e the he a d  as s emb l y  s l i g h t l y , remov i ng i t  tow ard the re a r  
o f  t he d r i v e . 

NOTE 

F ROM TH E REAR OF TH E DR I V E , TH E RA I L  ON TH E LE FT
HAND S I DE IS ENCASED B Y  THE H EAD AS S E M B LY CAST I NG , 
TH E � I L - H AN D  S I DE ON TH E R I G H T  I S  RI D I NG ON 
THE G U I DE . 

I n s t a l l a t i o n  

1 .  P o s i t i on the he a d  as s emb l y  t o  s l i de ov e r  and aro u n d  t h e  gu i de 
r a i l s  i f  t h e  V sp r i ng c l ip s t i l l has t he f ro nt o f  t he g u i d e 
r a i l s at t a c h e d  to th e ch a s s i s . 

2 .  I n s e r t t h e  c l ip i n to t he g rooves o f  t he r a i l s  and t h e  
re t a i n i n g b l o c k on t h e  ch a s s i s . 

3 .  S l i d e t he h e a d  a s sembly s e v e r a l  t i mes on i ts ra i l s to e n su re 
i t  doe s  no t b i n d . 

4 .  Rep l a ce t h e  T ra c k  0 s e ns or . 

5 . Re p l a c e  th e s t e pp e r  ba nd . 

6 .  Rep l a ce t he p ow e r  i n put p l ug . 

7 .  Re p l a ce the ch a s s i s  sh i e l d i n g . 

8 .  Rep l a ce t he d a ta a nd c o n t rol c i rc u i t  b o a rd . 
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DRIVE BELT 

Remo v a l  

l .  Remove the con t ro l  and da t a  c i r c u i t  bo a rd . 

2 .  Remove t he c h a s s i s  s h i e l d .  

3 .  Remove the d i s k e t t e  le v e r  as s emb l y . 

4 . Remove the f r o n t  p a ne l .  

5 .  Remove the se r v o  c i r c u i t  bo a rd . 

6 .  Remo ve t h e  bo t t om i n d e x  s e n s o r . 

7 .  Remo ve the upp e r  p l a t e  as s e mb l y . 

8 .  U n l oop t he d r i ve be l t  f rom t he d r i ve mo t or pu l l e y .  

9 .  L i f t  ou t the dr i ve be l t  th r o u g h  th e s l o t  i n  the ch a s s i s . 

I n s t a l l a t i on 

l .  Tw i s t  the be l t  so the sh i ny s i de is  i n w a r d . 

2 .  P u s h  the new be l t  th ro u g h  t he s l o t  i n  t he c h a s s i s , l oop i n g 
t h e  be l t  a r ou n d  th e sp i n d l e  pu l l ey . 

3 .  Wh i l e t u r n i n g t he sp i nd l e  pu l l ey , l oop t he ot h e r  e n d o f  t h e  
be l t  ar o u nd the dr i ve mo t or pu l l e y . 

4 .  E n s u re t h e  s p i n d le pu l l e y , d r i ve be l t ,  a nd d r i ve mo t o r  
r o t a t e  f re e l y . 

5 . Re p l a c e  t h e  upp e r  p l a t e  as s emb l y . 

6 .  Rep l a ce t h e  bo t t om i n dex s e n s o r . 

7 • Re p l a c e  the se r v o  c i r c u i t  boa rd . 

8 .  Re p l a ce t h e  f ro nt p a ne l .  

9 .  Rep l a ce the d i s k e t t e  le ve r as s emb l y . 

1 0 . Rep l a ce t h e  c h a s s i s  s h i e l d . 

l l . Re p l a ce t h e  co n t r o l  and da t a  c i r c u i t  boa r d . 
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D R I V E  MOTOR 

Remov a l  

l .  O n  the se r vo c i r c u i t  bo a rd , re mo ve ca b l e  P l u g  P l . 

2 .  C u t  t he t i e w r ap at the f ront o f  t he s t e pp e r  mo t o r  
( F i g u re 6 - 9 ) • 

3 .  C u t  the t i e  wra p s  by th e dr i ve mo t o r  on the bo t t om of the 
d r i v e , one in t he c o r n e r  of t he c h a s s i s . 

4 .  Rou te ca b l e  P l u g  P l  t h rough th e ho l e  i n  the ch a s s i s . 

5 .  Remove t he be l t  f rom t he mo t or pu l l ey . 

6 .  Remove the two N umbe r l Ph i l l i p s  s c r e w s  f r om the bo t t om of 
t he d r i ve be low t he mo tor . 

7 .  L i f t  ou t th e mo t o r . 

I n s t a l l a t i o n 

l .  I n s e r t  the ne w d r i ve mo tor·  th rough th e ho le i n  the ch a s s i s . 

2 .  L i ne up t he re t a i n i ng s c rew h o l e s . 

3 .  The w i re s  f rom th e mo tor go to the re a r  of the ch a s s i s . 

4 .  I n s e rt a nd t i g h t en the two r e t a i n i ng s c rews . 

5 .  Rou te dr i ve mo tor ca b l e  P l u g  P l  t h ro u g h  th e ho l e  i n  the 
c h a s s i s  t o  t he s e r vo c i rc u i t  b o a r d . 

6 .  C o n n e c t .  the ca b l e to the c i r c u i t  boa rd . 

7 .  I n s t a l l  the t i e w ra p s , as requ i re d . 

8 .  At t a c h  the dr i ve be l t  to the dr i ve mo t o r  pu l le y . 

9 .  E n s u re t he d r i ve m o t o r , d r i ve be l t , and s p i n d le pu l ley a re 
r o t a t i n g f re e l y . 

6 - 1 8  



MO TOR 
MOUN T I NG 
S CREWS 

(b 0 41 \ 
\. ) 

__ .,.;,1' 

WRAPS 

BOTTOM OF DRIVE 

F I G U RE 6- 9 

D R I VE MOTOR 

6- 1 9  





APP EN D I X  A 

RECOMMENDED S P ARE PARTS AND MAJ OR A S S E MB L I ES 

Th i s  app e n d i x  co n t a i n s th e re comme n d e d  sp a re pa r t s  l i s t  and the ma j or 
a s s emb l i e s . P a r t  n um b e r s  on th i s  l i st s hou ld be u s ed f or o rd e r i n g . A 
s p a re p a r t s  l i s t  w i t h  p r i ce s  for pa r t s  and se r v i c e s  is  ava i l a b l e  from 
Tandon Corpo r a t i o n .  

P a r t  N umbe r 

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

De s cr i p t i o n  

F r on t P a ne l A s s e m b l y  
D i s k e t t e  L e ve r  
W r i t e  P ro t e c t  A s semb l y  
Wr i t e P ro t e c t  A s s e mb l y  ( F as t See k ) 
U pp e r P l a t e  A s s e m b l y  
Re a d  W r i t e  P CBA 4 8  T P I  
D r i ve M o t o r  A s s e m b l y  
Tra c k  0 0  S e n s o r  A s s e mb l y  
B a n d  A s s e m b l y  
Head C a r r i a g e  A s s e mb l y  SSR 
Head C a r r i a g e  A s sembl y D S R  
I n d e x  S e n s or A s s e mb l y  
S t e pp e r  A s se m b l y  
S t e p p e r  A s s e mb l y  ( F as t See k ) 
D r i v e  B e l t  
Mot o r  Con t r o l  P CBA 
Mot or C o n t ro l P C B A  ( F a s t  S e e k ) 
Dr i ve H u b  A s s e mb l y  

A- 1 



R E A D / W R I T E CON T R O L  B O A R D  ( E )  

UPPER P L A T E  ASSY ( 0 )  
DR I V! MOTOR ASSY ( F )  

W R I T E  PROT E C T  S W I TC H  ASSY ( C ) T R A C K  00 S E N SO R  A S SY ( c ) 

D I SK ETTE L E V E R  ASSY ( B )  

F RO N T  B E ZE L AS S Y  ( A ) 

BAND ASSY ( K )  

I N D E X  S EN S O R  ASSY ( J )  
K! A D  CARRIAGE ASS! 

A- 2 



D R I VE B E L T  ( L )  

STE PPER MOTOR ASSY ( K )  

A- 3 

M O T O R  CONTROL BOARD ( H ) 

D K I VI HUB AS S ( H ) 





Th i s  a p p e n d i x  
s c h ema t i c s  a n d  
d r i ve s . 

D r aw i ng N umb e r  

APP EN D I X  B 

C I R CU IT BOARD S CH E MAT I CS AND D RAW I N G S  

c on t a i n s 
c i rc u i t  

T i t l e 

a l i s t i ng o f  
b o a r d  d r aw i ng s  

t h e  
f o r  

c u r re n t  c i r c u i t  boa rd 
t h e  T M S 0 - 1 a n d  T M 5 0- 2 

Page N umbe r 

2 1 0 4 4 1 , · Re v i s i o n  J Re a d /Wr i t e  Log i c  C i rc u i t  
Boa r d  S c h e ma t i c  

2 1 0 4 3 9 ,  Re v i s i o n  H Mo t o r  C o n t ro l C i rc u i t  B o a r d  
S c h e ma t i c  

B - 1  

B - 1 , B- 2 , B- 3 , 
B - 4  

B- 5 ,  B- 6 ,  B- 7 





- - .. -

D 

-

c 

___. 

B 

-

A 

4 I 3 j 2 

I .  C . TABLE P I N L 1 5  T 
U l  N E 5 9 2  C ONN • NA fVI E.  # OP PIN5 US£ 
U 2  74-0� ..J 6 10 J./ EA D  
U3 IVI FUZ907 ..J 7 4 PO W£R. 
U4 CA 3 1 4 G  ..J 8 3 4  rjo 
U5 74 06 ..J 9 4 TK OO 
U6 74 00 ..J 1 0  6 MDTO� CN TL  .!NT. PAC£ 
U 7  74 04 ..J I I  2 WPR T 
UB 7400 .J I Z  4 I N DEX 

U9 L M 3 9 3  
U I D  754 b 3  S PA RE GA TES L A S T  USED U l l  N £ 592 
U /2 L M 3 / /  I .  C .  QTY. U / 9 C 37 

U /3 7486 U 2  I R .3 9 R.P I I  
U / 4  7474 TP / 3  L 3  

U / 5  74?.2. 1 U4 I CR 20 W9 
us I U / 6  74 / 2 3  

U / 7  U/3 I 74 1 4-
U /8 74 38 I I I U / 9 51-lUN T 

A PPLICABLE P. C. B  REV .  LEVEL 

* 5 PIN DIP I APPL ICABLE ASS Y. KEV. Lt. VEL I : 

6 .  COLORS RE.F£R ro HARNESS WIRING . 

5 .  A L L  DIODES AR£ 
4 .  C A PA C I TORS ARE IN 
.3 .  ALL 1 6J. RE515TORS 
z .  ALL RES IS TORS AK£ 

ffi A LL ODD NUMBERED 

NOTES: UNLESS O T H E RWISE SPE C I F I E D  

- - - · · - . 

1 N 4 4 4 6 .  
,#� ± /0 "lo , 

AR£ 'IB W. 
IN OHMS/ 

PINS AR£ 

1 04(  �li()H C()foi1AIIIIE.0 ....vl(()H IS lH( PRO 
PEIII"n 01 TAHOOH �TI()foj ...:) POATIOtol ()I 
TICS (lr,A. T A !ifoe-'l..J.. 8l AU .. £AS£0 QrSCU)$U) US£.0 fJi'l 
Dli\..JCAJU) f'O" VSI:  .... � Ofl: �  
'AC'TUiWCJ MTHQVT IP'f:OIIC WRITTIN � 
RIC* T� C(IA�TI()t<o 

114 w/ .s %  . UNLESS OTHERWISE SPECIFIED 

DIMENSIONS ARE IN INCHES 

TOLERANCES 
..XX = ANGUlAR 

XXX :: � 11"7 
X J CONNECT£D TO GROUND . X 

BREAK AU SHARP CORNEAS 

APPROX 010 

FINISH: -------

REV 

A 
6 
c 
D 
E. 
F' 
G 
H 
J 
K 
L 

M 

I 1 
R E V I S I O N S  

D E S C R I P T I O N  

PR£ L / M INA RY' !?£LEA S £  

PRt: - P R o o. F?.-=-'-cA S E  Pe-R. E. o .  1 2.  7 ; , _ _ 
PR E - PROD REL £A S E  P£R t=. o. 128 / 0  
R E V  PER E O  1 2  9s-o 
ReV Pt=R EO 12970 
R E V  PER t=o /304-� 
RE V Pt:: R cO 132 3 8  
RE V  PER EO 1 3 2 54-
� E: V  P E. ,e.  EO t 'B 3 0  I 
eEV PE R EO 4035� 
INCORP. EO. "10.381 
!NCORP EO. -90 3 '6 '3  

DATE DR CHK APPR 

W_.f� !�P �� .!L .!Jl � w.t � >' fj'\.. f7.uj.(J .J.oC � -e;A l/.¥4d �( rQ ��� D 
I�J �( � lt/6 �· ;#._...( � If;, '3JS}f3? I� ;:. � ") 'IAhJ ��� h.. �ii ��!!> � .  '...d/) �Pi 
9/zs/81 'Ill/ Lf_f'f lff'r j/28.£ JH �f'r tfP'r 

,.__ 

c 

,.__ 

B 

,____. 

J'�ATURES I DATE 

�� · 

CH< C c A/f-. :m-'1/ah'l. 
D£5 
ENGR 

PROJ ENGRif!'-6/1. !f'ttfiL 

MATL: 

-------

la ncii'ri 
CORPORATION 

TITLE 

M ODEL TM - 50 R£A D /  WRI T£ BOARD 
SCJ.l£M A TIC 

DOU8LE S I D£D Sc rOE IDENT NO 

SCALE -

DWG NO 

2 1 0 4 4 1 
DO NOT SCALE DWG I SHEET 

RFV 
M 

I OF 4 

A 



D 

c 

8 

A 

4 

RED 

I N DEX YEL 

�� �  G R. N  

BLU 

WR I T  E PR OTECT 
s W / TC. H  

(BLK) NC 

(BLU) COM 

R ED 

YEL 

GRY 

BW 

N S TE. P  
DI R 

H I : S TE. P O U T  
NDS H 

N DS I 

NDS 2. 

N OS .3 

J IL. 
-

+ S V  
3 

R P 2 
I SO 

3 2 

REV 

R E V I S I O N S  

D E S C R I P T I O N  

so; S I-4 T  I 

1 

DATE DR CHK APPR 

4 

.3 r--- + S V  

+ 5 Y  0 16 +5 � �ZOOms� 
�h (> R P 7  TP i c  

J 8  

4 �----�7�----�--�6���7--��4�?�4_;�����7��/2�--------+-i -----�------�--------3-.7-M-�----------------------------� R P /  } C /O 'T]_ �i.; /LM393 7414 
I h z I U IB .-- 3* 

;----

2 f-- ZZ K ..;'>  .00 / V -
8 � 26  

8 N INDEX 743B 
4 701< 3 � IZ J 5 RP I 6 ../Y'V 

Vop 2'C. K I u 7�LS04 T P I O 
.,.,. ,  13 1 U IB r 28 N WRTPROT 

J l l 
.-----

I z n_  
1......-- -=-

+S V Rib't TP2 2.D K ::S04; 1 
W I 
_i -

lQ : W R ITE PR.DTEC.T U / 7  
I 2. 

J5·2 u XJ.---+-. 
2/A-4 74 14 

4 

� 6 U B  ""' 
74 00 

l r-\._ z I u B 3 
7400 

9 8 o-::::.._ ____ l----lU7 x..._.-c��_, 
74J... ..,..,.. -

tD rL-....+--<.__--___, 

j U/7 
9 � u 74 14 

+ S V  
I 

t3 r
,__ 

__ ...;:/2.'-lj U B t:.,.,.,..:...l.:...l ------+-�.. N W RT 
8 I 2 

L__-- r:7->-4-0-0--l U I 74 L�0-1 
� 

9 u s  ·-----------------1---4��--�� 

J 9  � f'?. P 2  ,....---- > 1 5 0  

- 74 00 ( 3/8-3 ) 

I .,.....__ z 

(�/A - 4 ) (4/ 8 -2) 
{f  j D- 4 )  (4/B- 1) .J B - 1 8 �A -4 

.3 1-- + S V 
2 +5V 1'RP7 

4 1------.-2--j_----==-i� I 2 f 4 . 7 K 
RP I C 9 U 9 2 

2. f-- � K .DOl ..-2-[£/f'M3�3 l 
1 R 25 

'---- 4 70K 
......... 3 RfJ.. 4 v ZZK DP 

U l 7  

:SE L •  HI 
.__._. S£L (3)8-1) 

I \ U/3 
+ S V  

15 10 t-----� t-z.=-..--..,_ ___ -.-s-1 u ')(�'),_---4---+--...J 

7486 

+5 V l RP2 
....__5._., 1\,H A 6 -.,. v  

!50 

VDP 
R P2 l 

7 A�  
/50 

l - 74 38 

9 
\,-.B -.J 10 I U /8 26 

I 7438 
'-----

J IO 
,....----

4 

.3 
U/7 

3 tl: .)40------..----1 I 4 14 

RP2 10�1 /50 

+ 5 V 

tR 1 7 

I K  

2. 
'-----

J I O -

6 

5 
'-----

N TR Z ERD 

N S TEPEN (ORN ) 

STE.P (BP.N) 
N D!R£ CTION 

f W H T) 

cp Y£LLO W  (YEL)  

N �OIDR ON Y / 0 .) 
N 5EL (GRN) 

Iand o n  
CORPORATION 

IZ 14 U/9 3 f----< 
l 74 14 

UNLESS OTHIERWIS£ SPEOFIED 

OIMENSKJHS ARE tN NO-ES 
TOLERANCES I-D£-5-----+-4 TI TLE M O D E L  TM -50 

14 

6 

13 5 H UAJT 4-
t---__.::...::..; 

12 
U / 9 

.,_-'1.'-"'6'-4 51W NT . 1 � 

8 

--= 

X X  ::. 

XXX ::. 

X X = 
BREAK AU SKNW' c.c::»RHERS 
APPAOX 010 

EHGR 

= 1.?' 
PROJ. ENGA READ/WRIT£ BOA RD 

5 CJ-1 £ NIAIIC 
DOUBLE 5JDED 

....____ SIZE FOE IDENT NO DWG NO. F I N ISH: ------- MATL� REV 
NOTES: U N L ESS O T H E R W I S E  SPEC I F I E D  c 

SCALE 4 

D 

c 

8 

A 



D 

c 

B 

A 

4 

J 6  
SH IELD 

(BLK) P.. W I B 

(BLU ( C T  I YEL) 7 

(WHT) R W  I 

(RED) ERA S£  I s 

(BLK ) RW¢ 3 

(BLU � C Tyi 2 Y£L) 

(WHT) R W  ¢ 

511/ELD 

J 7  
+ 1 2  v 

-+5V 4 

GND 

CR 9 

U 3 - l  (4/C- 1 )  
C.R 7 

Cl? 6 

U3 - 7  (4/C -2. ) 

C.R 3 

C.R I 

C R 5  

R 9  
150) 2 

3 

C R / 1  

C. /  
47 pF 

C. R / 2  

+ 12 VF 

+ 1 2 VI= 

R 5  

R3 
15 1< 
I 'J, 

+5V 

+ 12. VF 

+SV 
R .32 
IOK 

7 5 4 6 1  

l l._ N W R T  (z;c3 ) 
1/CZ.) 

f1jcz) 
+ 5 V  

(2/52. ) H I  ( 3/C2 )  ( 3jB2) K 30 
I K 

TP I 

�-------- � 12 VF 

C.30 
• I 

C 3 3  
• I 

NOT E S :  U N L ESS O T H E R W I S E  SPEC I F I E D  

2 1 
R E V I S I O N S 

REV D E S C R I P T I O N  DATE DR CHK APPR 

S££ SHT 

+ IZ VI=" 
(J TP-4 

RP8 
I K  

+ I Z VF 

+5V  

7 
R P 9  

I I<  

TP �  
o z.�v� 

TP B  
0 l 

R 31 I ,JJ Sec . 

2 D Q �--=------=--4 

3. 0':J K. ,  I '7., 
7 J8 

Q 1-=5_...._� 
U 14 

74 74 
U /5 

7 4 2 2 1  
N I<EAD 

DATA 

+12 VF 
N I N T W!( TB S Y  (4/A-3 ) 

TH£ .... ,ORUATI()H �1AIN[0 HU![Qto IS ,..._ PRQ- I' DATE =��;.:_..���'�sa�� � .__,..f-y--+---+---i 
lll.JP\.JC.ATED FOA UM IN �UIEKT CIA � ��T�u:,c;.:cWW!TTEN� 1---)A.c:Z..L.J...J.L.��::....._+----l 

UNLESS OTHERWISE SPECIFIED 

DI�ENSIONS ARE IN INCHES 

TOlERANCES 

XX :: ANGULAR 

JCXX =. :: 1./'Z" 

X 

BREAK AU SHARP CORNERS 

APPROX 010 

F IN ISH. 

ocs 

MAlL. 

Q 12 

5£L -= H I  (2jl3-3) 
J8 

lanCI'iin 
CORPORATION 

TITLE 

c 
SCALE 

M ODEL TM - 5 0  
REA D / WRITE BOARD 

SCH �M A T IC 
D O U B LE - 5 1  DED 

R E V  

D 

c 

B 

A 



D 

c 

B 

A 

4 

NWl I<T 
'=' r -;  '- � -

+SV 

J 8  

N 5 1  D E  Q 9o-10-+--i 

O N E  [J �W 

N WR T  
DA TA 

+ 5 V  

R.Pf> 
I K  2 

N W R. T  (2/C-3)  

NOTES: U N L E SS OTH E RW I SE SPECI F I E D  

10 
9 

+5V 

+SV 

R 24 
II< 

I I  

10 
+ 5 V  IZ Q. 

U /4 
74 74 II 

Q 

/3 

+ 5 V  

C. 3 1  
• I 7 

Q 5 
U l6 

74 1 23 IZ Q 

I I  

3 

13 / 2  

9 

8 

2 

+ 1 2 VS 

3 R P 3  4 2 

750 

RP3 
2 750 1 

6 

+5V 

C I< B - C A T H OD £ (3 / C - 4- ) 
.ty 

+ 5 V  

U4 
CA 3 / 46 

R l 3 n..J z 7{,8 ,  l 7o 

R /4 
7G.B ) I 'l. 

R IZ. 
270 

C. 3C: 
• I 

1 3 

+ 1 2 VS 

Q. f--------l U16 
74 / 23 4 

R P4 
3 90 

Q N I N TW RT BSY (3/B - I )  
3 

2 1 
R E V I S I O N S  

REV D E S C R I P T I O N  DATE DR CHK APPR 

+ 1 2VS 5££ 5 HT 

+6V 

U 3  1 0  3 6 0  
MPQ 20J07 C R I 9  

9 
3 RP4 4 5 C.R 13 

390 C34 R 35 C4 f, . 2  v .Of,.f I K  .DIJJf IN52�4B 
U3 6 

MPQ 2. 9 0 7  7 -

C T I J 6 - 7 (3/0· 4) 
RZ.O C T  ..J 6 - 2 (3/C · 4) 

-- -

+ 1 2VS 

CR /8 
4.7 �5% 
IN 5Z30B 

NWR.T --+o (2/C3) IV6 

4 

R 23 
1.1 1<, 1 7.  

W7 

6 

R / 1  
3 . 9 1< 

C R /4-

N WR T •----o 

9 

(2/C - 3) W 2  
o-- NE�AS£ 

o----------------------o W3 (3j B� ) 
W3 " TUN NEt. £/?ASE 
WZ. � STRA DDL£ EI?AS£ 

DATE ,,. �()A.WATI()H CQNlAINE.D 1-!lREQN 1$ TH( PA0-
P£Jt'T't' 0# T#oH� COAPORATIOH NO I'ORTIC* Of 
tt-a04lA SHAl..L I!SE REL£ASED OISCt.Oat:O u&ED Of' t-"""/'9-7-�------1----1 
�TEO 1011 USE IN F'A()C;UII.E..WEH'f ()A �  �=T==1�teWRJTTEM � 1--"<.:--f.,_,..'""-'<=,.1'---J----J 

UNLESS OTHERWISE SPECIFIED 

DIMENSIONS ARE IN INCHES 

TOLERANCES 

X X  = ANGULAR 

..xxx = :1 trr 
i :  J BAE.AX AU.. SHARP CORNEAS 

APPROX 010 

FI N ISH: 

------

DES 
EHGR 

PAOJ. ENGR 

MATL: 

lanciiii 
CORPORATION 

TITLE 

M OD E L TM - 50 READ/ WRI TE BOARD 
5 C H EM A TI C  

DOUBL£ - S/D£0 
SIZE ODE I DENT NO DWG NO. 

c 2 1 0 4 4 1  
SCALE 

REV 
M 

D 

c 

B 

A 



D 

-

c 

B 

-

A 

I 
REV 

A 
13 

I 
R E V I S I O N S  

D E S C R I P T I O N  DATE DR CHK APPR 

PR.£. L / M I NA RY' RELEAS E.  W,f� i..JP 
I .  C . TABLE P I N L I 5 T c 

R e V  PeR. EO I .2 9s-o 1-u./.fJ llO(pt"'� �� 

6 . 
5 .  
4 .  
3 .  
2 .  

ffi 

U l  N E 5 9 2 

u 2 740ta 

U 3  M PQ 'Z.907 

U 4  CA 3 / 4 G  

U5 74 06 
U6 74 00 

U 7  74 0 4  

U B  7400 

U9 L M 3 9 3  
U I D  754 6 3  
U I I  N /;. 5 9 2  

U l2 L M 3 1 1  
U / 3  748 6  

U l 4  7474 
U l 5  7422.. 1 
U/6 74 1 2 3  
U / 7  74 14 

U IB 74 38 

U / 9 5 1-W N T  I 

C ONN . N A fv1 E  # OF PINS 
-.I 6 10 
-.I 7 4 

....1 8 3 4  
.J 9 4 
J I O 6 

--1 I I  2 

J I Z  4 

S PA RE. GA TES 
I .  C .  G.T Y. 
U 2  I 

U4 I 
U 5  I 
Ul3 I 

A PPL ICABLE P. C. B REV .  LEVEL 

* 5 PIN DIP I APPL ICA B L E  A S S  Y. REV . Lt;.VEL 

CDL ORS R E. F£ R  7V HARNESS WIRI N G . 
A L L OIOD£5 AR£ l N  4 4 4  6 .  
CAPA C I TORS ARE IN ,)4� i: 10 '7o . 
A L L  I U'/., R€ 5 1 5 TORS AR� '18 W. 
A L L  R£5 1 5 /0RS A R£ IN OHM51 1/4 W1 5 � .  

A L L ODD NUMB ERED PIN5 AR� CONN E C tED TO GRO UND . 

N O T E S :  U N L ESS O T H E R W I SE SP E C I F I E D  

D 
US£ �-F' 

H E A D  �-PO W€R. H 

rjo J 
K 

TK OO L 
M 

R t= V  PeR EO 1217.Q_ 
___ ___ __ ____ ..,.,�r-L=.f5+ � ��� ;:M_ 0 

R£V PEl? /:0 /304& �,-'.13 J'i(�R_.[� RtE V P€: R cO !3.2 38 
. . .. _ _ _ ��3.�9;;�,6· ���_Lfi1J. REV PER EO I 3 2 54- '1'�1' 1 "'T'''<:7[ � � 'f10 R E V P 1: ,e. E.. 0 I 'B 3 0 I '/;.;d_, hni � �E\1 PE R £ o 4o 35c. 1 r�J. -n . w PI 

INCORP. EO. <70381 9/HIBI "Jrf.ll.:ff"'l.f?r 
MDmR. CN TL .INT. FAC£ N 

!NCORP. EO. '90 3 6 9  j/281i. JH b'f'r �r 

I 
I 

WPR T 

I N DEX 

L A S T  U S ED 
U l 9 
R -3 9 

TP / 3  
CR 20 

c 37 
RP / 1  

L 3  

W9 

I 
I 

THE INfOAWATION CONTAINED HlHfOH IS THE PRO �ATUAES ?
_

AT ___ E 
P(AIY Of TANOON CORPORATION NO POAHON Of _ I HIS OATAStlAll BE R H l ASfD.OISClO:IEO USfO OR ftj OVPI ICAHO fOR uSE IN PAOi,;UR[Iol[t41 OR MANU· 1 L � 1,7128 
fAC TURINO WitHOUT !>PfCiftC WA•TTEN PEAMI3SIOII .1.:.. .- .. _ _ 8'L 
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UNLESS OTHERWI SE SPECifiED I-----'--;0::-:71M:.;:-:EN':-='SI::-:'ON:::-'S A-:7RE:'-':IN�IN:":::C:-:::HE7'S --f DES 

TOLERANCES 
X X  I 

XXX I 

X - I 
X 

BRE:.AK All SHARP CORNERS 

APPAOX 0 10  

ANGULAR ENGA 

J 1/2° 

MATL: 

l a nCiiiii 
CORPORATION 
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SCALE 

M ODEL TM - 50 
REA D I WRI T£ BOARD 

5 C J-l £M A T/C 
DOU!3LE S/ D£0 

00 NOT SCALE OWG !SHEET IN I O F  4 

c 

B 
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D 

c 

8 

A 
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I N DEX YEL 

� � � G R N  

BLU 

WR I T  E PR O T£CT 
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(BLK) NC 
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R ED 

Y£L 
TR. 00 �� � V 
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N S T£ P  
D I R 

H I = S T e P  O U T  
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+ S V  
3 
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4 
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3 r- + S V  

4 

+ 5 V  
C / 6 �h 

+ 5 V  
3 ? S R P 7  TP i c  
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D E S C R I P T I O N  

5££ S J.I T  I 

J 8  
r--

DATE DR CHK APPR 

6 �"-.... 8 < 4 . 7 K  i r----:7..----.....-T ---=-il...:_ � 4 1 3 Ul7 
> -L U 9 �7--.-+--4 U ��'2�-------+-----------------------�------------�/�I 

2 
R P /  > c /0 1T s l; AM393 7414 z u 1B );:) 3* 8 N INDEX 

,____ 2Z K ?8 .oo 1 I V - R c6 $ L___ 743B 

L-- -- 4 701<. f 5 
J I I  +S V 

Rf,..' 6 vvv Vop ZZ K 
3 7 4 I Z. "\ I..----------------------------1U 7zt}-L-S_0_4---11--_.:.;I 3=-l U I B 'n./ � ZB N W R T PRO T 

T P I 0 .____:.:::..tl h4 38 � U 17  
.----

R / 6
:
t 7P2 

LO : W R IJE PROTECT U / 7  � , U 8 JC'��6---+-l ----9--tU"")a;:::8�--.---+--__;;9--t- B • ,...-,L.__�h400 4 1 4 1 0 U IB ,._. 26 N TR Z E. RD 

I 

.z n_ L-- -

2.0 K 74LS()4 ;l 
5 U 7 W I  

1 

+ S V  
I J 9 � I'( P 2  

� � / 50 
I f----1 2 

3 r-- + 5  v 

4 2 lC 9 RP I 
2. ,___ e.z K . 001 

I -
-= -

20 
IB 

1 0  15 

I Z  1----'1'-'4-l u 1 9  � 
14 

13 SHUNT 4 
1------"-l 

I r--
z l  u B 

13 

+ 5V 

� R3'l <.> 150 

Tr 

J5-2 1 n ;u---+--. 2/A-4 74 /4 
�--. 3 ':} 8 o--:=---------+----=-.ju7 }--

L.....__./ 7438 I J 3 r 
u 6 \L.ol,__l --.... 

L--

13 u 7 .)01 � __ '----121__;.� ' -
7400 74 '-so4 74 LSD 4 --=-:-:-:L_7_4_0__,0 J IO 

5 

T 
II  
8 
16 

ID g j U 8 D"' 
8
�-41 

U 7 "X>-2----. 
y l'--1.;.....1 ---:�=-----------+--1--t------l - 7400 74-LSO'I 
,.... - N WR T  

7400 ( 3/8-3 ) .-------------4----1 
(1/A - 1 ) 

z. �  
I U 6  

.._____ 

U/1 
3 u· "!.. 

r--
� 4 N S TEPEN 

74 00 (ORN)  

Tf /� 3 STEP {BRN) 
I N DIR..E. CTIDN 

(4/ 8 -2) (<f / D- 1 )  (418 - 1) J B - 1 8 o/A ·4 4 14 (WHT) 

U l 7  
u "'-/ 

74 14-

_J 
U / 9 9 "  

5 H U NT . /  

+5 V 

I \ 

� U/3 

VDP 
RP2 R P2 1 RP2 

5 r-=6 _...s.7-J A...8 10 
150 1 50 /50 

� cjJ YE.LLD W (YEL) -

IL.__ ' __ __... H/(3/A - 1) 7486 + 5 V 
T P  3 I � R  1 7  J I O l I K  ;---

6 N MOID� ON (V I D .  - -

UNLESS OTHERWISE SPECIFIED 

DIMENSIONS ARE IN INCHES 
TOLERANCES 

X X  I ANGULAR 

X X X  J 

i I .j 
BREAK ALL SHARP CORNEAS 

APPAOX 010 

5 N 5 EL 
1.- (GRN) 

lanaan 
CORPORATION 

t-oe_s -----+---t TITLE M 0 0 E L T M -50 
ENGA 

PAOJ ENGA 
REA D/WRIT£ BOA RD 

5 C.�/ £  NlATIC 
DO UBLE SI DED 

N O S 3 6 -= � 
F I N ISH: .- MATL� SIZE fODE IOENT NO DWG NO. RFV L--

NO T E S :  U N L E SS O T H E R W I S E  SPE C I F I E D  
c --------- SCALE 

N 

D 

c 

8 

A 



0 

c 

B 

A 

J 6  
S H I E L D  

(BLK) R W  I 8 

(BLU I c T I 7 YEL )  
(WHT) R W  I 6 

(RED) ERA S£ I 5 

(BLK ) RW¢  3 

(BLU e C Tyf 2 Yf.L) 

(WHT) R W  ¢ 

(t<ED) E�A SE ¢ 4 

SHIELD 

J 7  
+ I Z  V 

-+5V 4 

GND 

CR 9 

U � - 1  (4/C. - 1 )  
C R 7 

U .3 - 7  (4/C - Z )  

C. R  3 

CR I 

C R S  

R 9  
150> 2 W  

7 5 4 6 1 

(2jB2. ) H I ( 3/C 2 ) ( 3/ 82)  1", 30 I K  

fijcz) 

N O T E S :  U N L E S S  O T H E R W I S E  SPE C I F I E D  

1/CZ) 

C R I I  

C l  
4 7  f-F 

C R I 2  

+ 12 VF 

N W R T  (z;c..3 )  

T P I 

+ 1 2 VF 

R. 5  

R3 
15 1< J 'Jo 

+ I Z VF .68�-F 

+5V  

P:.�9 
750 

+5V 
R 32 
I O K  

Q. 1 3 
U /5 

'--------- +-12 VF 100 }Ah 

C 3 3 
. I 

REV 

+ / ZV!="" 

R E V I S I O N S 

D E S C R I P T I O N 

5€:£ 5HT 

+ IZ VF 
DATE DR CHK APPR 

� TP4 
RP8 

TP � 
o 2 .�vrx.W I K  

I K  

-1-!Z VF 

Z70J-t /;  

+5V  
R 31 I /-I sec . 

N J N T WP.. TB S Y  (4/A-3 ) 

Q J-.::5_..._--1 
U /5 

74 2 2 1  
Q 1 2  

DATE !Hl INfORI.IATION COIHAINEO HEREON I S Ttll PAO 
PEATY OF TANOON CORPORATION NO PORTION 0' 
hilS O"TA.SHAtl BE R£L£A5[0 DISClOSED U�£0 OR 1-----r'-/---r-+----1------1 
OVPUCATEO FOR US£ /P., PAOCUA£1,1Et0 OR U ANU· 
:��:u:;:�;� ��g�:Os:A£��:4C WAI1 1 ( N  P(AUI SSIQN �"<::l-__f_....d.C�fq..--1----1 

UNLESS OTHERWISE SPECIFIED 

TITLE 

0 

lanCJ'iin 
CORPORATION 

DIMENSIONS ARE IN INCHES 

TOLERANCES 

" I ANGlH AR 1-, N

-

GR

----1--� M 0 ll £. L TM - 5 0 

]7:} 8  

l 

N READ 
DATA 

XXX I I 112• 

i l J PROJ fNGA REA D I WRI T£ BOA RD 
BREAK A l l  SHARP CORNEAS 

APPAOX 0 10  

F I N ISH: MATL: 

c 
SCALE 

S C H ENI A T I C  
D O UI3 L {;  - 5 / D E D  

REV N 

0 

c 

B 

A 



0 

c 

8 

A 

NWl RT 
2 C 3  

J 8  
+ 5V 
7 RP / 1  

I S O  

N �:if &wgo-'o---4 

+ 5 Y  
6 

N WR I  
DA TA 

+ 5 V  

f<P6 
I I<  

2 1 0  

9 
N W R. T  (2/( -3) 

N O T E S :  U N L ESS O T H E R W I S E  S P EC I F I E D  

+ 5 V  
4 

+ SV 

+5V 
I 
RP9 
IK 

Z pu 

R 24 II<. 

I I  

1 0  

IZ. Q. 
U /4 

74 74 
II 

Q 

13 

+ 5 V  

1 3. 3 K 1 l 7. 

c. 3 1  
. I  

7 

Q 5 
U / 6  

74 / 23 
Q 

I I  

9 

8 

2 

+ l 2 V5 

2 3 R P 3 4 
f\r----. 750 

R. P 3  
2 750 
5 6 

RP3 
750 

+SV 

CR 8 - C A TH DD €.  (3 / C - 4- )  
Jy 

U 4  
C A  3 / 4 6 

R /4 
7k. B 1 1 '1. 

R IZ. 
270 

L.fl 

+ 1 2 V5 

C. 32 
. I 

/ 3  Gl. �------------' V / 6  
74 1 Z3 

R P4 
3 90 

4 Q. N I NTWRT/ BSY (3  B - 1 )  
3 

REV 

+ l 2 VS 

R E V I S I O N S  

D E S C R I P T I O N  

SEE 5 1-/ T  

+ 6 V  

DATE DR CHK APPR 

U .3  
MPQ 2."J07 C R / 9  

3 � 0  

C. R  13 C34 R 35 C4 � . 2  v . olrf I K  .Dif f /N5234B 
z U3 6 

MPQ 2.907 7 -

R 20 
C T I J 6 - 7  (3/D- 4) C T  j 6 · 2  (3/C - 4)  

CR /8 
4.7 11,5% 
IN 52308 

-
- -

+ 1 2. VS 

R 2.3 
!. II<, I '7. R. / 1  

3 . 9 1<. 

C R /4-

R P 6  
I K  

NWR.T ---+o o----�� (2/C3) W6 U6 8 
W 7  

7400 

9 

5 

N WRT •------.o 

4 
(2/C - 3) W 2  

o-- NE�AS� 
5 �------------------------------0 

W3 (3/ B-<f ) 
W3 "' TUNNEL £�SE 
W Z -= STRA DDLE EI?AS£ 

DATE THE INfOAUATtON CONTAI�EO HEREON 15 THE PRO
PEAT'!' OF TANOON CORPOI\ATION HO POAHON Of 
THIS OATA SHALL 6E RElEASED. OISCLOSCO USED 0A t----r<f+�-----1f---� 
OUP\ICAff:O fOR USE IN PROCUREUENT OR LtAilU· 
:���u:�:��T;g�;

O
s::T���C WAlt tEN P£AMISSION ��-F---'-""-"'""SF----1'--� 

UNLESS OTHERWISE SPECIFIED 

DIMENSIONS ARE IN INCHES 
TOLERANCES 

.XX .t 
)()()( 1 

ANGULAR 

X I X 1 V 
BREAK All SHARP CORNEAS 

APPAOX 010 

F I N ISH: 

ENGR 

PAOJ ENGR 

MATL: 

TITLE 

la naii'n 
COAPOAATION 

M O D E L TM - 50 READ/ WRI TE BOARD 
S C H EM A TI C  

DOUBL£ - 5 / D£.D 
SIZE ODE !DENT NO DWG NO. 

c 2 1 0 4 4 1  
SCALE 

A P-' IN 

0 

c 

8 

A 



D 

-

c 

_____. 

8 

-

A 

4 I 3 

� TABLE I. 

VERSI ON vERS I O N  CHARACT'ER. ISllC 
- 00 1  STA N DARD 
- CXY2  wj WR"r �-n:-<:� LE D 
- 00'3 FAST SEEK S I E I=='PE 14.. M01t:R, 
- 004 W /WRT PROTE:C.T 

LE:D/ACCE55 �AT�IX 

I . C . TA 8L E 
U l  lJON571 2M  
U 2.  UPN571 2.M 
U 3  LM '2.'3 1 l  
U 4  740f> 
u s  7404 
U G  7474-
\) 7  7 4 1 9 1  
u e  742..2. 1  
u g  l 5 � 4-
U \ 0 L M  5'55 

� �c:::Q. �RT NUN\BER 1 VAL...UE' 4 USAGE=- 0 1=  c.ctv\!='!:::NENI'S 
AR=Gc::.TEO BY 'vERSION NUMBER 1 SEE: !A BLE: :C 

5. C \ 2.  uc::EO FClR TEMP COMP. 
4. A LL DIDCES A�E. I N  4-4- 4-<C:. 
3 .  C AR\CIIDR'S 1\ RE 1 N .)Jf=1 ± 2.0"Y"' 
2 .  l %  I<ES IS'1l:li<C::. ],g 'W 
I .  ALL RE'SIS'TORS ARE IN 01-\MS, Y4- W ,  '5 �  

N O T E S :  U N L E SS O T H E R W I S E  SPECI F I E D  

CR?, p.2..4-1 so .n- Y4 w, 5"'/., 
<T7'5CO I -00 <:3 13000 - 15 I 

O M IT OM I I  
US& v SE 
u SE  L)SE 

U SE. U S E:.  

S PA R E  GATE S 
I .  C .  QT Y 

U 6  I 

LA ST U S E D  
\) \ 0  C.R 3 1=< 2.4-

Q 2.  C '?..4- TP 3 

C 2  I 

I UF 
I U F 

.47 L)F 
I IJF 

2 I 1 
R E V I S I O N S  

REV D E S C R I P T I O N  DATE DR CHK APPR 

R 1 8  C l� 
1 4-.3 K 1 %  Cl-11T 
14.3 K  l i'· OVJ IT 
I I . o  K I r. OM I T  
\ 4 .3 K 1 %  . 41 Uf 

E F 
6 
H 

C O N N  

R EVI SED F'CR E 0 1 3 0q4-
REV I S E:. lJ PER E 0 I j I g 1:) B 
REV I S E D  PER EO 1 320G 
REV ISED PE R EO \ 3?$b 

P I N  L I S  I 
NA ME -#- Of=. PI NS use 

,�., 21rr� 
13\1� �..if? 

J I + SP I NDLE MOTOR 
J 2 4- F'Ovv'8< 
J 3 G STE PPER 
J 4 G CONTROL 
J 5 '2. D I SKETTE LOADED 

la naon 
CORPORATION 

UNLESS OTHERWISE SPECIFIED 

D-;7 I TITLE 

'1tG-
E'-� a 

��-l1 k:: G () 

DIMENSIONS ARE I N  INCHES �<'--+-------,--;;----+----J r�;E:ANCES 
ANGULAR � /2,_ 2/1/� XXX .t 

X 
X ! 

BREAK All SHARP CORNEAS 
APPAOX 010 

1 1/2° - ,/ J PAOJ ENGR f/ 
MODE L TM-50 

MOIDR CON �L 
SC..HEMATlC. 

F I N ISH: MATL: Sc �ODE IDENT NO DWG N02. \ 0 4-'3 9 

(I_ lhJ..., 
Jt'IA � � 

� � 

REV 
1-l 

SCALE �lONE DO NOT SCALE OWG l SHEET OF 3 

D 

1---

c 

._ 

8 
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D 

c 

B 

A 

4 

J 2  
+ S V  

+ 1 2 V  4 

GND 2. 

J I 

(GRY) -TA C H  3 

(YEL) + TA C H  4 

DISKETTe 
ENA B L£  
S W ITC H 

(G!?N) N5£.L 

NMOTOR ON ( V I O )  

+S V 

H I  

RZI 
....,-;( 

TPZ 

TP I 

--

3 

U6 - 1 0 1 15 
U B - I  I I .3 (zjD- 4 , c - .3 ,  a - ..s) SPINDL E  M OTOR 

+ I Z V  

R9 
TM 

+5V 
I 

C /4 
.01 

C5 
-4 7  

Cf:5 
I + 

RZ. 
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R:J 
TK 

�-------

I I  

IZ 

2 
RPZ 

U 3  
L M  2 9 1 7 

C l 2  
]5I 

Rl' 
/001< 

4 

' 

Z.7K 7 
I 

2 

R / 7  
.39 K + C I B 1 47 

- -- -

SPIN 

9 

.022 

8 
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U /0 
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TRIG 
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R l2... 
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5 

RP3 
I K  

3 
7 
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TIMER 

C 9  I �  

(2.jD -3 ) 

8 

2 1 
R E V I S I O N S  

C ON TRO L REV D E S C R I P T I O N  DATE DR CHK APPR 

I 1 '/t W 

R7 
Z.2K 

CR I 
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J l  
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1 
I 
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I 

l 
I 
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I 
I 
I 

H._[ INF�t,IA liON CONTAIN(Q t;[AEON IS THE PRO· 
PERT'!' OF TANDON CORPORATION ...0 �liON OF 

THISOATASHAll !!IE RHUSEO. OISClOSEO USED OR 
OUP\.ICATED fOR USE IN PROCuREWENT OR WAHU· 

fACTURI ... O 'o'I'ITHOUT SP[Cir!CWRifTEN PlRWIS.SI� 

UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE IN INCHES 

TOLERANCES 
XX 1 

XXX � 

� ' X 
BREAK All SHARP CORNERS 
APPROX 010 

F I N I S H :  

ANGULAR 
:t l /2" 

MATL: 

lanCiiiii 
CORPORATION 

M O D E L  TM - 50 
M OTO R CON TROL 

5 C. I-l �MAT I C 
SIZE DOE IOENT NO DWG NO. 
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SCALE NONE 

REV 
H 

D 

c 

B 
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D 

-

c 
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B 

-

A 

4 
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J 4  � 1 0 __c I I  
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(o 
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2 
U 6  UP U 7 
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C + 5 V QC !-=---+--' 

I 

U 9  5 � 
75464 

U 9  \r\.3 / 754 "4 

TP 3 
@ H I  ( 1/D - 4) ��� j_ 
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3, f 1s l 1 _yo 9J t 4 �lO B 

04 
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NS TEP E N  4 ORN r--
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U 8  10 74221_ 12 �+-� Q �---� 
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2. 
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I 

2 
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R E V I S I O N S  

REV D E S C R I P T I O N  DATE DR CHK APPR 
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+SV 
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I K  J 4  
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+5V 
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N OTE : C O LORS R £ FER 
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3 � U5 � 
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¢ 4  ON 
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YEL BLI< 
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7 

��A I 

SING L E:  PHASE 
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B L I< B RN 
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-

U 2  ..___ 
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5 7 / Z M  � + J. c z  6 p �/ � 

4J_ -- -

�- - - - - - - - - ,  
I + SV � ;I Wf<l ��CT I I I R 2A- d 
I 

.....___ _ ___,� � � � J '- - -- C02. VER'=> I ON ONL.Y 

UNLESS OTHERWISE SPECIFIED L DES 
DIMENSIONS ARE IN INCHES 

TOLERANCES 

X X  : ANGULAR E N G R  
/ 

XXX : t \ 12" .-----/�"----------t------t 
PROJ ENGR � '  .j / BREAK ALL S:iARP CORNERS 

APPROX 010 / 

T I T L E  

lanCI'Dii CORPORA TtON 
M O D E L  TM - 50 

M O TO I<. C OI\J TR O L  
5 C H ENIATI C 

FIN ISH : MATL: 
sc: rOE IDENT NO DWG NO C I 0 4 3 9 1 jqHV SCALE NONE DO NOT SCALE DWG I SHEET '3 OF :::s 
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r---

c 
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B 

A 



D 

-
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B 

-
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� TAB LE I. 
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5. 
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VE:RSI ON VERS ION CHARAc-n:::=R. 1'5TlC 

- 00 1 STA N DARD  
- 00'2 wj WRT P'ROIC--C"T LE D 
- 003 FA5T SEEK sn:� MOltiR 
- 004 W /WR.T PROTE:C.T LE:D/ACC.E55 .tt1AT�IX 

I . C . TA BL E 
IJ \  lJON571 2M 
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!=OR. �RT NUMBER VALUE a USAGE- OF COv\�EN\'5 I \ AI=FE cTED BY vEF<SI ON NUMBER 1 SEE 17\ BLE I. 

C \ 2. L)c::£ 0 FOR -rt=M P COMP. 

A LL DIDI:C5 A. I=<E I N  4-4 4-'"" 
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2. .  I %  RES I STORS � VJ 
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N O T E S :  
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U N L E SS O T H E R W I S E  S P E C I F I E D  
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U SE 
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