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Figure 3-28. YCO Differentiator Conditioner 

8085 - R/WC Yector Handshake Timing: There are two cases to be noted about the 8085 
- R/WC vector handshake. The first case is when the R/WC has completed a function and is 
waiting for the next set of instructions. The R/WC does not time out and the 8085 can wait as 
long as required before the new vector is given. The R/WC will recognize the new vector when 
it samples the 8085 WAITING L line, and sees that the 8085 has given a command and is 
waiting for the R/WC to accept the command by asserting the R/WC Ready line. When R/WC 
READY is asserted, the 8085 can continue and the R/WC can perform its function. 

The second case occurs when the R/WC has been processing a command and expects the 
8085 to be waiting with a new command before the current command is completed. After the 
8085 has given a command to the R/WC, the command is acknowleged by the R/WC asserting 
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the Ready line. When the 8085 receives the READY back, it can continue the processing it 
has. Before the R/WC is finished, the 8085 must have set up a new command. The R/WC can 
check for an overrun by verifying that the 8085 is waiting with a command. This technique is 
used in the read/write code of the 8085 to speed up the storing and checking of pertinent 
variables. In single-density format, the 8085 has approximately 32 microseconds to process 
information and set up the next command. In double-density, this time is reduced to 16 
microseconds. 

Read/Write Controller Status: When an error occurs, the Read/Write Controller normally 
alerts the 8085 by forcing an interrupt. The R/WC also outputs a status to the status register 
at K8. This register is a holding register for the error and allows the 8085 to request the 
status as part of the interrupt handler. The bits used to load the status register are the next 
address bits NA 7 to NA4. The load status enable is provided by one of the output lines of the 
microinstruction decoder. The error type associated with each status code is shown below. 

Status Mnemonic Definition 

0000 KO No error 
0001 K1 R/WC overrun 
0010 K2 48 microsecond time out 
0011 K3 CRC error 
0100 K4 Bad mark (SD or DD) 
0101 K5 Not used 
0110 K6 Bad preamble 
0111 K7 Not used 
1000 K8 Not used 

3.6 Serial Data Path 

The serial data path is the interface between the 8085 controller and the floppy disk 
drive data. The R/WC controls the data flow, depending upon the function selected by the 
8085. 

A simplified schematic of the serial data path is shown in Figure 3-29. The interface to 
the 8085 is done through the serial shift register at location E7. During a write operation, the 
8085 data is written one byte at a time into the serial shift register. When a data byte has 
been written, the R/WC is given the command to write the data onto the diskette. This 
command causes the data to be shifted though the MUX circuits at location M4. From here 
the data is directed into the CRC generator and the encoder circuitry. While the data is being 
written, the CRC is calculated and stored in the 9401 CRC generator for recovery at the end 
of the write operation. Either data or the CRC may be written out to the diskette, depending 
on the MUX input selected by the R/WC lines DSO and DS1. 

The encoder circuit consists of a shift register/buffer, a ROM encoder, and a circuit used 
to create the DEC-modified MFM code. As each data bit is written on the diskette, the 
encoder ROM calculates a clock bit and checks for the 011110 pattern associated with the 
DEC-modified MFM. If the 011110 data pattern has not been detected, the data is alternately 
shifted out with the necessary clock pulses. This clock, data, clock pattern is selected by the 
8:1 MUX at location K9. The MUX data/clock selection is controlled by the R/WC line P20. 
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The DEC-modified MFM coding will only be used if the w~ite operation is on a DEC 
double-density diskette, and the 011110 data pattern is detected. Only then will the MUX take 
the input from the DEC-modified MFM generation circuit. This circuit will force the 
DCDCDCDCDCD pattern from 00101010100 to 01000100010. This prevents marks from being 
detected in the double-density data fields. This same circuit is used in both single- and 
double-density write operations. The difference between the single- and double-density write 
operations is that during the single-density FM format, the clock is always forced to be a 1, 
and the MUX will not select the DEC-modified MFM data. The actual data/clock timing is 
determined by the R/WC PL CLK. Each R/WC instruction takes 333 nanoseconds. The clock 
data/cell is six R/WC instructions or 2 microseconds. 

During a read operation, the serial data path is reconfigured to the circuit block diagram 
in Figure 3-30. Normally, the SPLL data input is shifted into the decoder ROM. The decoder 
PROM is the same ROM used for encoding write data. However, a separate output is used to 
separate the clock/data stream into a useful data stream. The decoded data is then fed 
through the selection MUX into the CRC generation chip and into the 8085 interface shift 
register, where it can be read by the 8085. After the read operation, the error output of the 
CRC generator is checked by the R/WC to verify the data. 

Some other points should be discussed regarding the serial data path. One output of the 
precompensation circuitry is the PREO L line. This line is the data bit that just precedes the 
DD7 input of the encoder ROM during a write operation. PREO L, logically ANDed with DD7, 
is used to generate the clock pulse between DD7 and the data represented by PREO. 
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It is also possible for the R/WC to select the SPLL DATA to be shifted directly to the 
8085 - R/WC shift register interface. This feature is used to read the various disk marks and 
allow the 8085, instead of the R/WC, to decide the mark. The same find mark routine is used 
in the R/WC for all the various disk marks. 

Figure 3-31 shows the timing involved for substitution of the DEC-modified MFM code 
for the normal 011110 data patterns unless two distinct 011110 patterns are repeated. Thus, 
the pattern 011110011110 will result in two consecutive DEC-modified patterns, whereas the 
pattern 01111011110 will result in only one modified pattern. 
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Adjacent magnetic transitions will migrate away from each other, if they are of like 
polarity, and migrate toward each other, if they are of opposite polarity. The more that 
magnetic data drifts away from the exact position where it belongs on the magnetic media, 
the greater the chance the controller will misinterpret a data bit when trying to read the data 
stream back from the media. The write pre compensation circuit decides, when writing a data 
or clock pulse, whether to write that particular pulse on time, slightly late, or slightly early, 
depending on the polarity of the pulses to be on either side of the one currently being written. 
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For example, if the pulse being written was to be a 1" and the pulses on both sides of the one 
being written were of the same polarity (i.e., both 0 or both 1), then the pulse being written 
would be written on time. Any distortion induced by the pulse on the left hand side, would be 
exactly compensated for by the pulse on the right hand side. If we do not have this type of 
pulse polarity symmetry, we would then write the middle pulse slightly late or slightly early. 
The net polarization, caused by the neighboring pulses, will be exactly compensated for when 
all of the pulses are placed on the media. The 440/480 controller only employs the 
precompensation circuitry while writing double-density data, using a special MFM data 
encoding algorithm. When data is being written in single-density format, using the 
conventional FM data encoding algorithm, the data is not packed tight enough to require the 
use of precompensation techniques. The following is a description of the precompensate 
circuits. 

The precompensation network provides the necessary shift for the data going to the 
disk. See Figure 3-32. All write data is sent through this circuit. To determine if the data 
requires compensation, the registers of J3 are configured as a 5-bit shift register. Only the 
data bits are significant. The first, third, and last bits are considered by the MUX at J4; the 
clock bits are ignored. The 5-bit shift register will only shift when pre-enabled by P21 (WRITE 
STROBE ENABLE) and clocked by the R/WC write strobe. This insures synchronization 
between the compensation network and the data/clock stream. 

The MUX at J4 controls the actual data to the disk. It is fed by three inputs, TO, T1, and 
T2. These inputs are derived from a state machine that produces these non-overlapped, clock 
pulses relative to the write strobe pulse. The timing of these pulses is shown in Figure 3-33. 
The MUX at J4 selects the appropriate T(x) pulse according to the following table. Note that 
data strobe to the disk is inhibited if the data/clock is a zero. 

Prior Current Following Clock Used Comments 

0 0 0 NONE (0) No pulse 
0 0 1 NONE (0) No pulse 
0 1 0 T1 On time 
0 1 1 T2 Late pulses 
1 0 0 NONE (0) No pulse 
1 0 1 NONE (0) No pulse 
1 1 0 TO Early pulse 
1 1 1 T1 On time pulse 

The current bit to be written is contained in bit 3 of the 5-bit shift register. This bit 
controls the output enable strobe of the MUX at J4. If the data bit is a zero, the strobe will 
be held high; no transition will be sent to the floppy drive. Also note that the data bit 
following the current bit is sent back to the ROM at location L9. This is the PREO L line on 
the schematic. 

Compensation is enabled, or disabled, by the 8085 circuitry. Normally, only DEC 
double-density coding is precompensated. If IBM double-density or single-density is written, 
the 8085 will disable compensation. 
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Coder-Decoder PROM: The Coder/Decoder PROM located at L9 is a 256 X 4 bipolar 
PROM. This PROM is used in the serial data path to eliminate the necessary logic required to 
detect DEC-modified MFM, generate the DEC modifed MFM, and to supply the DD clock for 
normal MFM. 

This PROM must have an access time of less than 55 nanoseconds to insure the outputs 
have settled before the next PL CLK occurs and changes the shift register. 

The logic equations that relate the input lines to the output lines are shown in Table 3-9. 
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Table 3-9. Coder/Decoder PROM Logic Equations 

OUTPUT 1 

Data Decode = DD3 + DD1 • i5D2 + DD4 • i5i55 
(Data=l) 

OUTPUT 2 

DEC-Modified Mark Required = i5i52 • DD3 • DD4 • DDS. DD6 • Dffi 

OUTPUT 3 

Not Used 

OUTPUT 4 

MFM Clock = PREO (L). i5iYi 
(Clock=l) 

3.7 Phase-Lock-Loop Circuitry 

In order to construct a phase-locked-loop with the most stable possible characteristics, it 
is necessary to construct circuitry to augment the basic PLL. This circuitry is specific to the 
data pattern and timing that will be fed to the PLL. The DSD 440/480 PLL is designed to 
handle the IBM single- and double-density formats and the DEC double-density format. 
External circuitry to the PLL recognizes two bytes of preamble before the PLL is allowed to 
look at the incoming data from the diskette. During the time that the PLL is not connected to 
the diskette data, it is connected to pseudo-data generated from the 808S clock and a 
counter. This provides the PLL with a signal that is nearly identical to the preamble signal 
from the diskette. 

The incoming data from the diskette is fed to a pair of one-shots at IC location K2. 
These one-shots provide a SOO nanosecond or a 1000 nanosecond pulse that are selected for 
double- or single-density operation respectively. These one-shots are referred to as the data 
delay one-shots. The outputs of these one-shots are routed to a 4:1 MUX at IC location L2. 
The MUX provides the selection of either the single- or double-density pseudo-data, or single­
or double-density real data from the floppy via the one-shots. The output of the data selection 
MUX is fed into the phase comparator. See Figure 3-34. The phase comparator is made up of 
four flip-flops. The first flip-flop is located at IC location J1. The SYNC FLIP-FLOP is 
controlled by the R/WC SYNC WITH DATA line. The SYNC flip-flop is set when the SYNC 
WITH DATA line is asserted low. This will clamp the UP and DOWN flip-flops, inhibit the VCO 
output, and load the VCO counter at IC location L1. The counter is loaded with a value that is 
one less than the normal eight count for double-density or 16 count for single-density. When 
the first data/clock bit occurs, the SYNC flip-flop is reset. This enables the VCO counter and 
the V CO output. The V CO output from the V CO at IC location P1 is delayed from going low 
for 1.4 cycles. Since the UP and DOWN flip-flops have been clamped, the V CO output is very 
close to the nominal preamble frequency. After a delay of 1.4 cycles, the V CO output starts 
clocking the VCO counter. Since it was loaded with one count less than normal, the output of 
the V CO counter will only be off by .4 V CO output cycles, which is 1/16 of the nominal 
double-density clock. This can be calculated to be a 2.S percent basic phase error when the 
P LL is initially synchronized. 

3-48 



Disk 
Data 

Pseudo­
Data 
(1 MHz) 

Pseudo­
Data 
(2MHz) 

K2 
L2 

74LS153 
10 74LS221 5 13 

IC3 
12 

1.0 IJs IC2 
11 1Y H> IC1 

1-Shot 10 
r- ICO 

PUP5 

A B 

2 13 --.. -
.5 IJs Reset R/WC L 

1-Shot Clamp EN (1 C) 

-
DD/SD -

PLL Read EN PUP 5 

'---____ 11 ____ ___ 

Input Data Delay 
1-Shots 

Selection MUX 

SYNC 

A4 

PUP 6 
With ~4 Data L 

2 
1 . ......- D 

> 5 5 
2 Q I-- a UP 

K 3 
> 3 

.r- J 
Q ~ M2 

74S74 

,15 
J1 

- 274S00 
3_ 

})H2) 1 ~3 
-Clamp 

~10 74S02 610 EN 
(3C) 

13 12 
,,> '-- D 9 

Q - 9 
12 Q Down 

K M2 
11 

Q --T VCO 
11 74S74 

.r- J > 
Out L 

- 114 ,13 

~----~I~I ____ ~ 
Clamp Flip Flops Up/Down Flip Flops 

Phase Comparator 

TP156/81 

Figure 3-34. Phase Comparator 



The second flip-flop in the phase comparater is the clamp flip-flop. The clamp flip-flop 
is normally set when the initial synchronization is done, and whenever the UP and DOWN 
flip-flops are both set. 

The last two flip-flops in the phase comparator circuit are the UP and DOWN flip-flops. 
The UP flip-flop is set whenever the data delay one-shot provides a pulse. The DOWN flip-flop 
is set whenever the veo counter provides a pulse based on the veo output. The outputs of 
these two flip-flops are fed, via transistor driver/isolators, to the veo filter. The veo filter 
is comprised of the operational amplifier and associated circuitry located at Pl. When the UP 
flip-flop is asserted, the filter integrates, and the output to the veo rises. When the DOWN 
flip-flop is asserted, the filter output voltage decays. The range of the veo input voltage is 
determined by the duration of the UP and DOWN pulses and the circuit parameters. 

The output of the active filter is fed into the veo at location Nl. The veo output is 
fed into the synchronized veo counter at Ie location Ll. The counter is normally connected 
to provide a divide by 8 or 16 output, based on the veo output. The outputs of the veo 
counter are fed to the input data selection MUX, various points in the PLL, and to the R/WC. 

The rising edge of the V CO counter output is used as a boundary between bit cells. The 
falling edge, which occurs in the middle of a data bit cell, is used to clock the DOWN flip-flop. 
The output of the counter, as selected by the veo SD/DD selection multiplexer, is compared 
with the incoming data. 

The interface between the PLL and the read/write bit-slice controller consists of a set 
of three flip-flops. See Figure 3-35. Two of the flip-flops are connected to form an edge 
triggered set/reset flip-flop. These flip-flops provide an active high 333 nanosecond pulse for 
each data pulse that is detected. The output of this interface is fed to the R/WC. 

The active filter and the veo are provided with a filtered +5 volt power distribution 
system. The filter is comprised of several ferrite beads with a base inductance of 
approximately 10 microhenries, and a 1.0 microfarad capacitor. The 3 dB point of this filter is 
approximately 4.8 Kiloherz, and is sufficient to isolate the PLL from the rest of the controller 
board. 

Critical Components: The pulse duration of the input one-shots must be set within :!:,596. 
To obtain this accuracy, there are adjustable resistors provided on the controller for both the 
500 nanosecond and the 1000 nanosecond pulses. The range of adjustment is selected by the 
100 pF (:!:,1096) capacitor at locations C40 and C41. The adjustment pot for the 500 nanosecond 
pulse is located at R32. The adjustement for the 1000 nanosecond pulse is at R29. The 
components of the active filter are selected to approximate a second order system with a 
natural frequency of 60K radians/second and a damping constant of .4. These components are 
not particularly critical; 5 to 1096 components are sufficient. The veo base frequency should 
be accurate. Therefore, a 39 pF silver mica capacitor was selected for use. 

eharge Pump eircuit: The charge pump circuit, shown in Figure 3-36, provides the +7 
volts required by the eA3130 (location pl) in the PLL. The ferrite bead is required to suppress 
noise from the PLL getting into the charge pump circuit. The transistor (Q5) drives switches 
Q6 and Q7. C65 is the primary filter element, and is used as a storage device for the charge 
pump. C64 is the device that actually provides the boosted voltage through D3 into C65. The 
output can be tested using a DVM at test point 10. 
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This circuit generates the SYS RESET L signal, if +5 volt power is not within 25 
millivolts of +5 volts. This signal resets the entire controller board, preventing either 
processor from executing microcode, and preventing the signals, WRT GATE, HEAD LOAD, 
and STEP from being asserted on the drive bus. 

The 8211 takes voltage at pin 8, and using an internal regulator, creates a stable 
operating supply voltage for the internal circuitry whenever pin 8 is above approximately 2 
volts. (See Intersil Specification.) 

When the open collector 8211 is turned off, C1 starts charging through R2. When the 
voltage exceeds two diode drops, Q1 turns on and causes Q1 collector to go low. This turns Q2 
off, and causes SYS RESET L to go high. Figures 3-37 and 3-38 show the circuit and timing for 
the power up/down circuit. 

R3A (1 megohm) resistor provides positive feedback. It is intended to turn Q1 on faster, 
when Q2 first starts turning off. 

RS adds hysterisis to the circuit to stabilize it. This is needed, because when SYS RESET 
first negates, all the logic starts clocking away. This, typically, draws more current from the 
+5 supply, and causes it to drop slightly in voltage. RS helps drive up the threshold voltage 
slightly when Q2 is off to prevent a motor boating effect. 

R3 discharges the base-emitter capacitance voltage in Q1 when power goes low. This 
enables a rapid turn off of Q1. The 8211 output may go low right away, but current won't flow 
backwards through the diode, so R3 pulls current out of the base to turn Q1 off. 
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Figure 3-38. DC Po~ Up/Down Circuit 

Reset Circuits: SYS RESET L, generated by the power sensing circuit, is applied to the 
8085 master processor as RESET IN input, and disables WRT GATE, HEAD LOAD, and STEP 
outputs to the drive. 

The circuit keeps SYS RESET asserted until the +5 volt power has been above +4.85 V 
(adjusted by trim pot) for roughly 30 microseconds. SYS RESET will be asserted as soon as the 
+5 volt power drops below the adjusted tolerance threshold (approximately +4.75 V). 

NOTES: (regarding 8085 RESET IN line, to which SYS RESET L is connected.) 

• RESET IN is latched every clock. 

• If it is asserted, the microprocessor will assert RESET OUT at the beginning of the 
next state. 

• To guarantee proper synchronization of the CPU, RESET IN should always be a 
minimum of 3 clock cycles wide (1 microsecond in this case). 

lAC LOW L tells the host computer interface card whether dc power is present at the 
controller board. The I-Bus signal line driver circuit is shown in Figure 3-39. 

NOTE: The 47 Ohm, current limiting resistor prevents the transistor from overheating if 
P3-24 accidentally is shorted to ground while PWROK is asserted. 
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4.0 MAINTENANCE 

4.1 Introduction 

This section contains SerVICing instructions and related information for field repair of 
subsystem modules of the DSD 440 and 480 Flexible Disk Systems. 

The DSD 440 and 480 Systems are manufactured with field proven disk drives. The 
440/480 Controller module is burned in under extreme conditions to insure trouble-free 
operation. Complete systems are thoroughly exercised and subjected to stringent quality 
assurance standards. 

The service technician attempting field repair of subsystem modules must be thoroughly 
familiar with the contents of this manual, and those related publications listed in Section 1. In 
addition, the technician should be experienced in the maintenance of floppy disk drives, 
micropogrammed controllers, power supplies, and the repair of multi-layer printed circuit 
boards. 

4.2 Preventive Maintenance 

The DSD 440 and 480 Systems are designed to minImIZe the amount of periodic 
maintenance required. The prime factor in maintaining electronic equipment is ensuring it is 
operated within its design parameters and specified environmental limits. Cleanliness should 
be considered as part of the environmental requirement. During any routine or scheduled 
maintenance, the first step should always be a visual inspection. Check for corrosion, dirt, and 
undue wear on moving parts. Check all connector assemblies for proper and firm installation. 

Cleaning of the SA850 drive heads used in the DSD 480 System is not recommended at 
this time. Contact a Customer Service Representative for further information. Addresses and 
phone numbers are provided in Section 1. 

4.3 Servicing of Disk Drives and Power Supply 

Packaged with the System User's Manuals are copies of Shugart Service Manuals for the 
SA800/801 single-sided drives, and the SA850/851 double-sided drives. These are used with the 
DSD 440 and DSD 480 Systems, respectively. For service instructions concerning the drives or 
the electronics associated with them, refer to the appropriate Shugart Manual. 

The HyperDiagnostic routines of the DSD 440/480 controllers are a valuable aid in 
alignment of drives. Refer to System User's Manual for instructions in use of this capability. 

Except for the dc output adjustments contained in paragraph 4.7, all servicing 
information and the schematic diagram for the power supply are contained in Appendix E of 
the Systems User's Manual. 

4.4 Test Equipment 

The following test equipment, or its equivalent, is recommended: 
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• Fluke, Model 8020A, Digital Voltmeter 
• Fluke, Model 1900A, Frequency Counter 
• Phillips, Model 3262, Oscilloscope (with delayed sweep) 
• Paratronics, Model 532, Logic Analyzer, with: 

Model 50, 16-Bit Analyzer Probe 
Model 52, Probe Terminator 

• Digital, Model W984A, Dual Wide Extender Board 
• Digital, Model W987 A, Quad Wide Extender Board 

4.5 Test Points and Jumpers 

The location of test points and jumpers for the DSD controller and interface modules are 
provided in the System User's Manual, and are not repeated here. 

4.6 Other Test Points 

Test points for measurement of dc output voltages of the power supply are located on 
the power distribution panel. These test points are shown in Figure 4-1, and described in Table 
4-1. 

Common --------------------------------, 

-12V------------------------------. 

+24V -----------------------------, r-------- Power Supply Chassis 

+5V--------------------------~ ...------ R3 +5V Adjust 

Power Distribution Panel 
+24V Adjust 

TP162/81 

Figure 4-1. Other Test Point Locations 

4-2 



Table 4-1. Other Test Points 

Value Test Equipment Adjust Pot Measurement 

AC Ripple Scope - 10 millivolt Peak to Peak Max 

+5 volts DC Voltmeter R3 +5.05 V +0.05 volts -
+24 volts DC Voltmeter R12 +24 V +0.5 volts -
-12 volts DC Voltmeter None -9 to -16 volts 

Unreg. 

4.7 Adjustment Procedures 

The following paragraphs provide instructions for the adjustment of the power supply 
output voltages, the PLL voltage control oscillator frequency, and the DCOK threshold voltage 
level. The latter two adjustments are made on the DSD 440/480 controller module. There are 
no adjustments to be made on the interface modules. 

Power supply adjustment procedure: 

WARNING 

Voltage levels, that are dangerous to the technician, are 
present at the input terminals on the transformer 
mounted on the power supply chassis. Observe caution 
when making the following adjustments. 

(a) Remove the top cover of the unit. 

(b) Connect voltmeter to +24 V and COM test points on the power distribution panel 
(see Figure 4-1.). Observe meter polarity. 

(c) Tum both the system and the voltmeter power to ON. 

(d) If required, adjust R12 for meter indication of +24 V, ~0.5 volts. 

(e) Disconnect meter and reconnect to the +5 V and COM test points; observe meter 
polarity (see Figure 4-1). 

(f) If required, adjust R3 on the power supply chassis until the meter indicates +5.05 
V dc +0.05 volts. 

(g) Disconnect the meter leads and reinstall the top cover. 

This completes the adjustment of the power supply voltges. There is no adjustment for 
the -12V supply. 
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PLL Circuit V CO adjustment procedure: 

(The adjustment pots, R29 and R32, are set at the factory and sealed with glyptol during 
final test. Adjustment in the field is normally not required.) 

Figure 4-2 shows the location of referenced test points and jumpers for this adjustment 
procedure. 

(a) Remove the top cover and apply power to the unit. 

(b) Refer to Figure 4-2 and move the Berg jumper on J29A from normal position to 
test position 

(c) With oscilloscope, observe pulse at test point 8, located just to the right of R29. 
(See Figure 4-2.) 

(d) If necessary, adjust R32 for a 500 nanosecond pulse width at TP8. 

(e) Move oscilloscope connection to TP9. 

(f) If necessary, adjust R29 for a 1 microsecond pulse width at TP9 

(g) Disconnect oscilloscope. Reseal both trim pots with glyptol, and replace Berg 
jumper to normal position. 

(h) Replace top cover. 

Collector 

J29A ~ Jumper In Normal Position 

J29A ~ Jumper In Test Position 

Cable Connector 
I·~---...J~~~-'::;"~":::""~ 

R29 

"--~-- T1A, T2 

DSD 804840 

Version -01 480 System 

Version -02 440 System 

Figure 4-2. Controller Board Test Points and Jumpers 
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. / 

Setting threshold voltage on dc power sensing circuit: 

The factory setting for this circuit is: the circuit will disable controller operation at a 
level of +4.75 volts, and restore controller operation when the voltage rises above +4.85 volts. 
Figure 4-2 shows the location of Q2, T1A, and R in the upper left hand corner of the module. 
Note that T1A and the collector of Q2 are at the same dc potential. 

(a) Remove top cover and apply power to the unit. 

(b) Connect oscilloscope and/or de voltmeter to T1A (collector of Q2). Dipswitches 1, 
2, and 3 (at board location C2) should be in closed position. 

(c) If necessary, adjust the trim pot R1 so that the voltage at T1A switches from low to 
high at +4.85 volts (going high). (This allows for 100 millivots of hysteresis in the 
circuit.) 

(d) Readjust power supply. See step 4.7 (e). 

(e) Remove the test equipment. Reseal the trim pot, and replace the top cover. 

4.8 Removal and Replacement Procedures 

With the exception of components on the controller and interface modules, removal and 
replacement of major assemblies and repair of these is straight forward. Extreme care must 
be exercised in removal and replacement of components on the multi-layered printed circuit 
boards. Careless or sloppy de-soldering and re-soldering techniques can cause numerous 
problems, and may render the boards beyond economical repair. (See Paragaph 1.5, Servicing 
Limitations.) 

NOTE 

A cardboard shipping disk was inserted into the drives of 
double-sided disk drives prior to shipment from the 
factory. These cardboard disks should be retained and 
used to prevent damage to the heads during handling or 
shipping. 

4.9 Troubleshooting Techniques 

When a system's reliability is in question, several methods exist to evaluate the possible 
problem(s). The first level of troubleshooting is observation of the DSD 440/480 Normal 
Operation Mode Self-Test. These self-tests are performed each time power is applied to the 
controller, and each time an initialization is activated. If an error occurs during these tests, _ 
the controller board will halt. The error detected will be displayed in the LEDs. Refer to the 
Controller LED Decoding Chart in the Systems User's Manuals for a description of the LEDs 
and their meaning • 
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The second troubleshooting method is the use of the FLPEXR or FRD 440 test program. 
FLPEXR and FRD 440 are described in the User's Manuals. A further interpretation of the 
error codes is found in Appendix I of the DSD 440 manual, and Appendix H of the DSD 480 
manual. The program provides extensive testing and error data collection facilities. It is the 
best method to use for evaluation of intermittent malfunctions. 

The third method is the use of the HyperDiagnostic programs for your system. The 
HyperDiagnostic tests are self-contained on the controller module and provide extensive test 
capability when a host computer is unavailable, or when the system will not boot. These tests 
do not test the interface module, but several drive tests are available. Refer to your System 
User's Manual for further information on the use of HyperDiagnostics. 

There is another troubleshooting tool, the Extended Self Test program. This program's 
use and interpretation are fully described in the instructions accompanying the kit, and are not 
repea ted in this manual. 

Drive 0 

Top View 

Front View 

NOTE 

The circled numbers in Figure 4-3 refer to notes 
indicated on the flow chart that follows. 

Drive 1 

® 

®,® ® 

Controller Board 

Drive Activity 
LEOs (In Handle) 

Controller LEOs 

t ~ass I 

~Read0 
L-------------Wme 

~----------- Wait For ifF ® 

L-_______________ Normal Mode ® 

TP164/81 

Figure 4-3. Reference Notes 
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4.10 Normal Initialization Sequence 

The following two flow charts, Figures 4-4 and 4-5, show the normal initialization 
sequence in detail. The following assumptions have been made in presenting these: 

• 2 drives 

• Diskette in drive 0 

• Doors closed 

• Cover off 

• Power applied 

• I-Bus connected to live CPU 

• Everything heal thy 

• Normal mode 

4.11 Troubleshooting a Failure During Bootstrap 

The following information provides an analysis of possible causes and corrective action 
to be taken if a disk fails to boot in an LSI-ll or PDP-ll system. 

(a) If you have looked at the registers, tried to restart the system, cycled power, or 
tried to initialize the system since the halt or hang; try to reboot. Any of the 
actions mentioned may cause the error register on the floppy to be modified. If this 
happens, the error codes cannot be recovered and troubleshooting cannot be 
continued; try to reboot the disk. 

(b) If the system is now halted, or has been halted because of a loop, record the address 
displayed on the terminal (on LSI-ll), or record the address displayed in LEDs (on 
PDP-ll). 

(c) Go to Paragraph 4.12, How to Obtain Definitive Error Status, and get the definitive 
error returned in R4. Insure that you use the correct program for either an RX01 or 
RX02 system. 

(d) Record the contents of R4 with the halt address previously obtained in step (b) 
above. 

(e) Try to localize the trouble using the information in Tables 4-2 and 4-3 that follow 
this procedure, and the definitive error codes found in Appendix I of the DSD 440 
User's Manual, and/or Appendix H of the DSD 480 User's Manual. 

NOTE 

The bootstrap is contained in Track 1, Sector 1, of any 
bootable disk furnished with the system. Word 0 of the 
bootstrap data should always be 240. 
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( INIT ) 

• r--------, 
• Status LEDs On Controller 

Board Flicker (1/10 sec) 
I This Takes::::: 1/10 I 

• LED Status Light Sequence: ~ - -~ Second To I 

FF - 00 -08 ---. 09 - 00 
I Complete I 

+ 
1 L _______ J 

• "Normal Mode LED" 
Comes On At 
This Time 

t 
6 

• Drive 1 Steps In 
10 Tracks (::::: 1 inch) ~\ 

• Head Loads \ ... -------~ 
2 \ I Drive 1 "Activity I 

+ ~ LED" Comes On I 
/ I Briefly (::::: 1/4 sec) I 

• Drive 1 Steps Out To / L _______ -'3 
Track 0 ~/ 

• Head Loads 

1 
2 

• Drive 0 Steps In 
10 Tracks (:::::1 inch) ~\ 

• Head loads \ r------, 

-. 4 \ I Drive 0 "Activity I 
~ LED" Comes On I 

/ I Briefly (:::::1/4 sec) I 
• Drive 0 Steps Out / 

L ______ ..J 5 

To Track 0 ~.../ 
• Head Unloads 

4 

I 

Figure 4-4. INIT Sequence 

, 
( Read Boot 

~ 
• Drive 0 Steps 

To Track 1 

• Head Loaded 

+ 
• Controller "Read 

LED" Comes On 
(Read Track 1, 
Sector 1) 

t 
• Controller "Read 

LED" Goes Off 

• Controller ''WAIT FOR 
IF LED" Comes On 

• 
IN IT 
Done 

... 
4 

~ 

7 

~ 
8 

"'\ 

\ 
\ 
\ 
\ r-------, 
\ I This Sequence I - i Requires::::: 1/2 sec I 
/ I To Complete I 

/ L ______ ..J 

/ 
I 

J 
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CPUQD 1 }------;~ 

11:>0 
I 

CO 

Initialize 
System 

Variables 

Set 8155 
Step Rate 

Timer 

Indicate 
End Of Self­

Tests By 
Turning Off 

LED 1 

Set Flags 
To Correct 

State 

Turn On 
Normal 

LED 

Re-Map 
Drives If 

Figure 4-5. IN IT Sequence in Microcode 

Test 
R/W 

Controller 

Read Track 
1, Sector 1 
Into Buffer 

Set Timer 
For 

Watchdog 

RXOl RX02 
Command Command 

Handler Handler 

RX03(1BM) 
Command 

Handler 
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XXX002 

XXX156 
XXX204 

XXX252 

Table 4-2. Bootstrap Halt Errors 

Error: • Bootstrap does not respond. 

Possible cause: • Bootstrap disable on interface. 
• Bootstrap start address is not set correctly. 
• Interface not installed into backplane. 
• Computer malfunction. 
• Interface malfunction. 
• Address range of memory board extends into bootstrap 

area. 
• Address conflict with other board in computer. 

Troubleshooting: • Check setup on interface jumpers, boot address range, and 

Error: 

Possible cause: 

computer memory. 
• Insure interface correctly installed into backplane. 
• Verify computer can access 173000 without error. 
• Verify boot enabled. 
• Make sure another device does not respond at boot address 

when interface is removed. 

• Memory error at location contained in register R4. 
• RO has data expected. 

• Bad memory or CPU. 
• No refresh on dynamic RAM. 

Troubleshooting: • Run DEC memory diagnostics to verify error. 

Error: 

• Check if memory location can be accessed. 
• Check if refresh is okay. Write 1252528 in location and 

wait two minutes. Verify contents are unchanged. 

• Memory error (if REG #5 = Boot Base Address 
+1128' stack pointer (R6) = 5002). 

• Fill empty error (if REG #5 = Boot Base Address 
+5228' stack pointer (R6) = 5000). 

Possible cause: • Interface and controller are not in same mode. 
• INHIBIT INCR ADR jumper on interface is installed. 
• In RX02 mode, KDll-F is being used to refresh external 

RAM from CPu. 

Troubleshooting: • Replace interface. 
• Run memory tests. 
• If using KDll-F, refresh memory using REV-ll or on board 

memory refresh. 
• Remove INCR ADR INHIBIT jumper on interface, if 

installed. 
• Put interface and controller in same mode (RX01 or RX02). 
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XXX324 

XXX342 

XXX364 

XXX774 

Table 4-2. Bootstrap Halt Errors (Cont) 

Error: • Error flag set in RXCS after a system INIT (RXES=010). 

Possible cause: • Interface cable disconnect. 
• Interface cable is backward. 
• DSD 440 chassis power is off. 
• Controller error or system error detected by controller. 
• Drive not ready (pulley). 

Troubleshooting: • INIT DSD 440 System using front panel, or by writing 
400008 into RXCS. If Error Flag is still on, check: 

Error: 

1. Interface cable connection. 
2. AC power to DSD 440. 
3. Error shown on 440 controller's LEDs. 

• See if correct pulley is installed on drive 0 and drive 1 (for 
frequency being used). 

• Try swapping logical drives by changing controller switch 
5, then reboot. If drive boots okay, physical drive 0 is bad. 

NOTE: If drive 1 is bad, but you're booting on drive 0, it 
should still boot okay. 

• RXCS has latched bit error (expects 5460) 

Possible cause: • RXCS register error (interface bad). 

Troubleshooting: • Service interface PCB assembly. 

Error: • RXDB latched bit error. 

Possible cause: • RXDB bad (interface bad). 

Troubleshooting: • Service interface PCB assembly. 

Error: 

Possible cause: 

• Floppy read error. 

• No disk in drive being booted. 
• Door open on drive to be booted. 
• Disk inserted incorrectly. 
• Bad disk in drive to be booted. 
• Incorrect pulley for frequency being used. 

NOTE: Typing P on LSI-ll, or Control Cont on PDP-ll 
will result in next drive being used to boot. 

Troubleshooting: • Swapping drives. 
• Insuring bootable disk in drive o. 
• Inserting disk correctly. 
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XXX314 Error: 

Possible cause: 

Table 4-3. Bootstrap Loop Errors 

• Device is not responding where boot expects. 

• Board not correctly jumpered for desired ADDR. 
• Bootstrap not started at correct address for device 

selected. 
• IfF cable loose or disconnected. 
• Interface not working correctly. 

Troubleshooting: • See if device will respond to where address is set. 
• Insure address jumpering is correct. 
• Check I/F cable connection at both ends. 
• Repair interface and/or computer, if necessary. 

XXX400-402 Error: • Transfer request error during a fill empty routine. 
XXX414-416 
XXX452-454 

Possible cause: • Bad interface or controller. 

Troubleshooting: • Service interface PCB and/or controller 

XXX576-600 Error: • Transfer request error during the actual bootstrap 
operation. XXX604-606 

XXX652-654 
XXX666-670 

Possible cause: • Bad interface or controller. 

Troubleshooting: • Service interface PCB and/or controller. 

XXX742-746 Error: • Wait routine hangup (for Done, Transfer Request, or Error 
flags). 

Possible cause: • DMA jumper removed on interface during RX02 mode boot. 
• If LED 4 on controller is on before Halt, may be blank disk 

(formatted, but no boot). 

Troubleshooting: • Known good, bootable disk. 
• Insure DMA jumper installed on interface. 
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4.12 How to Obtain Definitive Error Status 

The two following procedures outline the steps to be taken to obtain the definitive error 
status from the register. Use the appropriate program for the RX01 and RX02 as applicable to 
your system. 

RX02 

When you are using ODT, the definitive error status may be obtained in RX02 mode by 
following these steps: 

Mem 
Addr 

2000 
2002 
2004 
2006 
2010 
2012 
2014 
2016 
2020 
2022 
2024 
2026 
2030 
2032 
2034 

1) Do not initialize the system (the RXs and error status will be lost). 

2) Enter the program given below starting at location 002000. 

3) Enter the number 002000 into the program counter, R7. 
(R7/XXXXXX 002000 CR) 

4) Type P (proceed in ODT), or press CONTROL CONT on a PDP-11. 

5) The program will halt pointing at location 0002036. The status may then be 
obtained as follows: 

A) R3=RX2s(177172) at time of error. 
B) R4=Definitive error code. 
C) The definitive error status information may be obtained starting at location O. 

This information is explained in the User's Manual. 

Enter 
This -

012700 START: 
177172 
010001 
011003 
012741 
000017 
105711 1$: 
100376 
005010 
132711 2$: 
000040 
001776 
013704 
000000 
000000 

MOV 

MOV 
MOV 
MOV 

TSTB 
BPL 
CLR 
BITB 

BEQ 
MOV 

HALT 

RXCS=177170 
RXDB=177172 

#RXDB, RO 

RO,R1 
(RO),R3 
#17, -(R1) 

(R1) 
1$ 
(rO) 
#40, (R1) 

2$ 
@#0,R4 

,END START. 

4-13 

; RO=RXDB 

; R1=RXDB 
; R3=RXES before DEF ERR 
; R1=RXCS, command=#17 

; Wait for TRREQ 

; Error buffer at LOC 0 
; Wait for Done 

; Move DEF ERR to R4 

; Done 



RX01 

steps: 

1) 

Mem 
Addr 

2000 
2002 
2004 
2006 
2010 
2012 
2014 
2016 
2020 
2022 
2024 

While in RX01 mode, the definitive error code may be recovered by following these 

NOTE 

Do not initialize system, or floppy, as this will destroy 
error code in RXES. 

Enter the following program: 

Enter 
This 

012700 START: MOV #RXDB, RO ; RO=RXDB 
177172 
010001 MOV RO, R1 ; R1=RXDB 
011003 MOV (RO), R3 ; R3=RXES before DEF ERR 
012741 MOV #17, -(R1) ; R1=RXCS, 
000017 ; COMMAND=#17 
132711 1$: BIT #40, (R1) ; Wait on DONE 
000040 
001776 BEQ 1$ 
011004 MOV (RO), R4 ; MOV DEF ERR to R4 
000000 HALT ; DONE 
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5.0 MAINTENANCE DOCUMENTS 

5.1 Illustrations 

This section provides the diagrams, schematics, and parts lists for the DSD 440 and 480 
Systems. It contains system power distribution diagrams, and schematics for the controller 
module and interface modules. 

The schematic diagrams for the DSD 440/480 Controller Module have been formatted 
with 8-1/2 inch aprons so that the complete schematic may be unfolded to follow the theory 
discussion contained in Section 3 of this manual. 

5.2 Parts Lists 

Component parts lists have been made an integral part of the applicable illustrations for 
easy reference. 
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PARTS LIST, 4840-01/-02 CONTROLLER MODULE 

DSD 
ITEM PART NO. DESCRIPTION/REMARKS QTY 

1 080046-01 PROM ASSY, BRD PSTN 9L 1 
2 080047-01 PROM ASSY, BRD PSTN 6N 1 
3 080048-01 PROM ASSY, BRD PSTN 5C 1 
4 080049-01 PROM ASSY, BRD PSTN 5D 1 
5 080078-01 PROM ASSY, BRD PSTN 8B (DSD 440) 1 

080098-01 PROM ASSY, BRD PSTN 8B (DSD 480) 1 
6 080079-01 PROM ASSY, BRD PSTN 7B (DSD 440) 1 

080099-01 PROM ASSY, BRD PSTN 7B (DSD 480) 1 
7 080080-01 PROM ASSY, BRD PSTN 6B (DSD 440) 1 

080120-01 PROM ASSY, BRD PSTN 6B (DSD 480) 1 
8 080102-01 PROM ASSY, BRD PSTN 6P 1 
9 080103-01 PROM ASSY, BRD PSTN 5P 1 

10 080104-01 PROM ASSY, BRD PSTN 3P 1 
11 080105-01 PROM ASSY, BRD PSTN 4P 1 
12 300121 IC, 8111 A-4 RAM (DSD 440) 2 

290009 IC, 2114 RAM (DSD 480) 2 
13 300001 IC, 74LSOO 2 
14 300031 IC,74S00 1 
15 300002 Ie, 74LS02 1 
16 300032 IC,74S02 1 
17 300003 Ie, 74LS04 4 
18 300005 IC, 74LS11 1 
19 300050 IC, 7407 2 
20 300010 Ie, 74LS08 2 
21 300033 IC, 74S08 1 
22 300007 IC,74LS32 2 
23 300051 IC, 7438 3 
24 300008 IC,74LS51 1 
25 300009 Ie, 74LS74 4 
26 300035 IC, 74LS74 1 
27 300011 IC, 74LS92 2 
28 300012 IC, 74LS109 2 
29 300052 IC, 74109 1 
30 300013 IC, 74LS112 2 
31 300037 IC,74S112 1 
32 300038 IC,74S124 1 
33 300014 IC, 74S138 1 
34 300041 IC,74S151 1 
35 300015 Ie, 74LS151 2 
36 300075 IC,74LS153 2 
37 300017 IC, 74LS161 2 
38 300060 IC, 74LS161A 1 
39 300020 IC, 74LS193 1 
40 300018 IC,74LS173 3 
41 300019 Ie, 74LS174 3 
42 300021 IC, 74LS221 1 
43 300022 Ie, 74LS240 2 
44 300045 IC, 74S240 1 
45 300023 IC, 74S244 2 
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NOTES: 

5 

OJ RESISTOR R52 INSTALLED ONLY WIl"N IC 8XOI 15 
USED IN PLACE OF q'lOI BOARD LOCATION M3. 

2.. J21 OPEN,JIB AS SHOWN FOR 150.11 PUPS IN RIS. 
3. J21 CLOSED,JI8 TO GND FOR ISO/3qOQ IN R15. 

ffI FOR NORMAL OPERATION POT R3q WilL NOT SE USED. 

@] IC 2111 IS USED 011 440 CONTROLLER Ie 2114UI 
I S USED ON "ISO CONTROLLER BOARD LOCATIONS 
BZ AND B3. 

ro, (XIY'O)-SYMSOL.It..iI)ILb.TE!> A LOI-lNELTIDt-l 
Ot-i ~e.E:T (X) -eoNE:(y<a.). 

4 

DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED CONlRACT NO 'L\Lu 
TOLERANCES ARE :-== ___ - ..... ~-+-----..::!~~~~---~ACT~S ~:C'~A~ ~N~ r-" -APf'ROVALS DATE _-I 

IwM~i'ffiTERiiA['AL~XXX~%~~=-::"7"tDR:A'W"~J~' M~o~lt£~kd PC8 ~4-/EMATIC ,4440/4840 
I-CH"..EC; _"_ED-I(IA-:r:..:s.:.,:. 1>::';''---1'/,-" 5::..:L1.-<-:'i 

)lit. ~ ."~~ DI(;,ITliZED ~T12'O\...LE:12 
1-~u.oc;.<L~u~'Jo\1"-;..t'--.*_I-'-"'"'::i9. 

'N'SH ~ V '.I .... f';J SIZE I CODE 'DENT NO IDRAWIHG NO 
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PARTS LIST, 4840-01/-02 CONTROI~LER MODULE (Cont) 

DSD 
ITEM PART NO. DESCRIPTION/REMARKS QTY 

46 300058 IC, 9334 2 
47 300025 IC,74LS273 3 
48 300026 IC, 74LS299 3 
49 300027 IC,74LS373 1 
50 300028 IC, 74LS374 2 
51 300029 IC,74LS378 1 
52 300059 IC, 74LS386 1 
53 330003 IC, 8155 1 
54 330004 IC,291lA 3 
55 300054 IC,8837 1 
56 330002 IC,8085A 1 
57 300055 IC,8211 1 
58 330001 IC, 8253 1 
59 300057 IC,9401 1 
60 310003 IC, CA3130E 1 
61 380002 XTAL OSC, 12MHz 1 
62 380001 XTAL OSC, 12.5 MHz, DELAY LINE 1 
63 240002 LED, RED, RIGHT ANGLE 7 
64 240001 LED, GREEN, RIGHT ANGLE 2 
65 340002 TRANSISTOR, 2N4124, '1'0-92 4 
66 340003 TRANSISTOR, 2N4126, TO-92 1 
67 340001 TRANSISTOR, 2N2369, T0-92 or TO-18 2 
68 240004 DIODE, 1N914 4 
69 340004 TRANSISTOR, MPS 3640, '1'0-92, SWITCH 1 
70 200007 RESISTOR, 1K, 1/4 W, 5%, CC/CF 3 
71 200017 RESISTOR,l MEG, 1/4 W, 5%, CC/CF 1 
72 200015 RESISTOR, 10K, 1/4 W, 5%, CC/CF 1 
73 210004 RESISTOR, 10K, 1/4 W, 1%, MF 1 
74 200016 RESISTOR, lOOK, 1/4 W, 5%, CC/CF 1 
75 200006 RESISTOR, 2.2K, 1/4 W, 5%, CC/CF 2 
76 200013 RESISTOR, 2.7K, 1/4W, 5%, CC/CF 1 
77 200021 RESISTOR, 3.3K, 1/4 W, 5%, CC/CF 5 
78 200011 RESISTOR, 330 OHM, 1/4 W, 5%, CC/CF 2 
79 200005 RESISTOR, 47 OHM, 1/2 W, 5%, CC 1 
80 200001 RESISTOR, 4.7K, 1/4 W, 5%, CC/CF 1 
81 210006 RESISTOR, 4.99K, 1/4 W, 1%, MF 1 
82 200012 RESISTOR, 5.1K,1/4 W, 5%, CC/CF 2 
83 210005 RESISTOR, 5.62K, 1/4 W, 1%, MF 4 
84 200014 RESISTOR, 51K, 1/4 W, 5%, CC/CF 1 
85 200018 RESISTOR, 7.5 MEG, 1/4 W, 5%, CC/CF 1 
86 210001 RESISTOR, 82.5K, 1/4 W, 1 %, MF 1 
87 210003 RESISTOR, 20K, 1/4 W, 1%, MF 1 
88 230029 RESISTOR, VARIABLE, 10K 3 
89 230001 RESISTOR, VARIABLE, 500 OHM, .5 W, :2096 Factory 

Select 
90 230013 RESISTOR, SIP ,150 OHM, 1.5 W, 296, 10 PIN 1 
91 230007 RESISTOR, SIP, 220 OHM, 1.5 W, 2%, 10 PIN 1 
92 230011 RESISTOR, SIP, 3.3K, 1.5 W, 296, 10 PIN 5 
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ITEM 

93 
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109 

PARTS LIST, 4840-01/-02 CONTROLLER MODULE (Cont) 

DSD 
PART NO. 

230009 
230012 
250007 
260001 
250002 
250013 
250012 
250003 
250009 
250011 
250005 
170001 
130001 
200008 
200031 
200003 
250010 

DESCRIPTION/REMARKS 

RESISTOR, SIP, 180/390 OHM, 2.1 W, 2%, 8 PIN 
RESISTOR, SIP, 1K, 1.5 W, 2%, 10 PIN 
CAPACITOR, .01 Mf, 50V, CER, RAD 
CAP, 22 Mf, 16V, TANT, RAD 
CAP, 39 Pf, 16V, MONO, CER, RAD 
CAP, .33 Mf, 100 V, MONO, CER, RAD 
CAP,l Mf, 50V, MONO, CER, RAD 
CAP, 100 Pf, 100V, MONO, CER, RAD 
CAP, .01 Mf, 50V, MONO, CER, RAD 
CAP,.l Mf, 50V, MONO, CER, RAD 
CAP, 470 Pf, 50V, MONO, CER, RAD 
SWITCH, DIP, 8 POSITION 
SHUNT, DIP, 8 POSITION, 16 PIN 
RESISTOR, 750 OHM, 1/4 W, 5%, CC/CF 
RESISTOR, 470 OHM, 1/4 W, 5%, CC 
RESISTOR, 68 OHM, 1/4 W, 5%, CC 
CAP, .1 Mf, 50V, Z5U, AXIAL 

QTY 

2 
1 
8 
2 
1 
1 
3 
4 
4 
1 
2 
1 
1 
1 
4 
1 

54 
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PARTS LIST, 4432, LSI-11 INTERFACE MODULE 

DSD 
ITEM PART NO. DESCRIPTION/REMARKS QTY 

1 080032-01 PROM ASSY, BRD PSTN 4H 1 
2 080033-01 PROM ASSY, BRD PSTN 7C 1 
3 080034-01 PROM ASSY, BRD PSTN 5C 1 
4 080035-01 PROM ASSY, BRD PSTN 5A 1 
5 080036-01 PROM ASSY, BRD PSTN 6A 1 
6 080037-01 PROM ASSY, BRD PSTN 7H 1 
7 080038-01 PROM ASSY, BRD PSTN 9H 1 
8 130001 SHUNT, DIP, 8 PSTN, 16 PIN 1 
9 130023 SHUNT, DIP, 4 PSTN 1 

10 300001 IC, 74LSOO 1 
11 300002 IC, 74LS02 1 
12 300003 IC, 74LS04 3 
13 300010 IC, 74LS08 4 
14 300004 IC,74LS10 1 
15 300007 IC, 74LS32 1 
16 300072 IC, 7402 1 
17 300051 IC, 7438 3 
18 300035 IC, 74LS74 1 
19 300009 Ie, 74LS74 1 
20 300013 IC, 74LS112 3 
21 300019 IC, 74LS174 1 
22 300016 IC, 74LS157 1 
23 300107 IC, 74LS195 4 
24 300073 IC, 74LS197 6 
25 300024 Ie, 74LS257 8 
26 300025 IC,74LS273 1 
27 300022 Ie, 74LS240 1 
28 300027 IC, 74LS373 1 
29 300090 IC, 7418375 1 
30 300054 IC, 8837 1 
31 300053 IC, 8641 5 
32 300115 IC, 9602 1 
33 380002 XT AL OSC, 12 MHz 1 
34 200004 RESISTOR, 120 OHM, 1/4W, 5%, CC 2 
35 200002 RESISTOR, 220 OHM, 1/4W, 5%, CC 1 
36 200026 RESISTOR, 390 OHM, 1/4W, 5%, CC 4 
37 200033 RESISTOR 390 OHM, 1/4 W, 5%, CC 4 
38 200021 RESISTOR 3.3K, 1/4 W, 5%, CC/CF 8 
39 200015 RESISTOR, 10K, 1/4W, 5%, CC/CF 1 
40 230027 RESISTOR, SIP, 180/390, 2.7W, 5%, 10 PIN 1 
41 200025 RESISTOR, 33K,1/4 W, 5%, CC 1 
42 230024 RESISTOR, SIP, 3.3K, 1.1 W, 2%, 8 PIN 1 
43 230011 RESISTOR, SIP, 3.3K, 1.5 W, 2%, 10 PIN 1 
44 240004 DIODE, IN 914 1 
45 250026 CAP,l Mf, 50V 1 
46 250007 CAP, .01 Mf, 50V, CER, RAD 33 
47 250023 CAP, 820 Pf, 50V 2 
48 250016 CAP, 3900 Pf, 50 V 1 
49 260012 CAP, 100 Mf, 16V, ALM, ELEC, AXIAL 1 
50 200016 RESISTOR, lOOK, 1/4 W, 5%, CC/CF 1 
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PARTS LIST, 4430, PDP-ll INTERFACE MODULE 

DSD 
ITEM PART NO. DESCRIPTION/REMARKS QTY 

1 080039-01 PROM ASSY, BRD PSTN 4C 1 
2 080040-01 PROM ASSY, BRD PSTN 8C 1 
3 080041-01 PROM ASSY, BRD PSTN 7C 1 
4 130023 SHUNT, DIP, 4 PSTN 1 
5 130001 SHUNT, DIP, 8 PSTN, 16 PIN 2 
6 300001 IC, 74LSOO 7 
7 300002 IC, 74LS02 2 
8 300003 IC, 74LS04 3 
9 300010 IC, 74LS08 6 

10 300004 IC,74LS10 2 
11 300006 IC,74LS27 1 
12 300005 IC,74LSll 1 
13 300007 IC, 74LS32 2 
14 300051 IC,7438 2 
15 300008 IC, 74LS51 2 
16 300094 IC,74LS54 3 
17 300035 IC, 74LS74 2 
18 300009 IC, 74LS74 2 
19 300012 IC,74LS109 2 
20 300016 IC, 74LS157 1 
21 300019 IC,74LS174 1 
22 300107 IC,74LS195 4 
23 300073 IC, 74LS197 6 
24 300022 IC,74LS240 1 
25 300024 IC,74LS244 2 
26 300024 IC, 74LS257 4 
27 300105 IC,74LS266 1 
28 330011 IC,8160 1 
29 300054 IC,8837 1 
30 300053 IC,8641 10 
31 300115 IC,9602 1 
32 380001 XTAL OSC, 12.5 MHz, DELAY LINE 1 
33 200016 RESISTOR, lOOK, 1/4W, 5%, CC 1 
34 200004 RESISTOR, 120 OHM, 1/4W, 5%, CC 1 
35 200026 RESISTOR, 390 OHM, 1/4W, 5%, CC 1 
36 200032 RESISTOR, 180 OHM, 1/4W, 5%, CC 3 
37 200007 RESISTOR, 1K, 1/4W, 5%, CC/CF 6 
38 200002 RESISTOR, 220 OHM, 1/4W, 5%, CC 3 
39 200015 RESISTOR, 10K, 1/4W, 5%, CC/CF 1 
40 230027 RESISTOR, SIP, 180/390, 2.7W, 5%, 10 PIN 1 
41 230011 RESISTOR, SIP, 3.3K, 1.5 W, 2%, 10 PIN 3 
42 250007 CAP, .01 Mf, 50V, CER, RAD 48 
43 260012 CAP, 100 Mf, 16V, ALM, ELEC, AXIAL 2 
44 250023 CAP, 820 Pf, 50 V 3 
45 250016 CAP, 3900 Pf, 50V 1 
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I----

A7~ ADI 002. ~D" ':lHT.3 -lB,1D.5HT.<;,-<aC) 
~JI 10 IB 

Arc, --J.!.- AOGel..D05 ~D5 -- 5E.LB OE. 

A'j~ ADC D04 ~D4 
A4~ AOB DOB 

015 
014 
013 011 
o 12. 

II JI5 ~D3 
A5---'-;'" ADA DOl ~D2. +5\1 0"1 

A2.~ ADH 007 ~DI 
AI-----±- ADD OOG rE:-- DO 

:; 

10 

2. ..---. 
\11>- ,3 

I 7+L50e 

EN RXOI .~ rJM 

1'1/\ 10 

b~X02. ~14L~oe 
C, .7A.5Hl,-c.e) -
.3 74L5174 

~ ~ 10 

DIN9~ ~ r/NTEN 116 ~ 15HT.3.70) 
DIN8~ 
01 III "'-'; rL 
DIIIl+~ 

C;'I\ CLR 

WRITE.C5 L._r I 

(SHT.I-W. 5I-IT. S-3BA) 
12.~ RE.Sr.T L :'lIlT.,,-1 

3'~~ (5HT. 1- 3A 8A RXOZ,~" 14L SHT. 4- lB, :lHT.,,- 3D) (~,'5D.7'p_) ~ 
HT. I-lOB 

7 

~ 

10 

~ 
~ 
~ 

~ 
~ 

6 

L R"~ 
~IV~IO '" e 7 " 5 4 

~J4-

7 IV7 
(Q IV'" 
5 IV5 
4 IV4 

..... 3 IV.3 
2. IVZ 

1:--------:-1 
1 It-JTE$RUPT vtCrOR I 
1 JUMPeRS I I JUMPE.R· LOGIC 0 I ~-LL~AT1Q..tJ_~_-.J ~5 

~ --

E.NVf.CTOR l _ 

E.NVE.C.TOR 
STAT L 
(SHT.c;.- .3C) 

5 

'j 4A74L5Z.57 

2. ~ l'lA 
142A 4Y 7 

~ IliA "'1 
RX02. " 4B ZY ~ 

(5Q7A.1B.~HT.I~ 35 IY '"9 
t---

13 2.6 
10 16 

5E.LB Of. 

IIJI5 

14 4A 74L5257 
Z. .3A IZL 
II 2.A 4Y 12-

5 IA .3'1 T 
11' TRRE.Q 13 4B 2.'1 ~ 

(5I1T.3-3A.sm'~ -
35 1'( ~ 

IOQ~t. 10 

~il?JlfBB7DG 
ZB 
16 

:lHT."-c,c) SELB Of. 

II JI5 

14 4A 74/..SZ57 
2. 3A IlL 

5 2A 4Y 12. 

"4 \I IA 3'( 
13 41:> 2.'( 7 
.3 .36 1'( '9 

'-----
(, 1.6 
10 15 

5~LB OE 

J 15 

i 4 

011 
DIO 
D9 
DB 

D7 
010 
05 
D4 

D.3 
D2. 
DI 
00 

D7 

OG 

05 

04 

0.3 

DZ 

DI 

5TRO&OATA 
BUS L 
(SHHdB) 

3 

r---~==T-------+-{~D BU5 DI5L 

1-~-f--+-----+-cnDBU5 014 L 

1-~--~~tt------__/--a:EF"DBU3 D 1.3 L 

DIN 15 
DIN 14 
DIN 13 
DIN 12. 
DIN 11 
DINIO 
B'N q 

IN e 

BU3 D II L 

eus 010 L.. 

K BUS Dq L 

BUS D6L 

M BUS D7L 

BUs DIOL 

BUS D:)L 

eU5 D4L 

DIN 7 
Ollila. 
DIIIl~ 
DIN 
OIN.3 
DIN .. 
DIN I 
DINO 

SU3 D3 L 

BU5 DZL 

BUSDIL 

BUS DOL 

2 
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o 

c 

B 

BlJ~ E\G 4 I N~ CB~5]Z.:::::>---.,.---~4-

Bus BG 5 : ~H CB[EP]2.=>---+-.,-~3 

BU5 5G (, : ~ ~ OB~M3:, IZ =>---+___t---3:.Z~ 

BUS 56 7 I fJH (]B1KJ2.0---t-+-+---1~--- 5G 7 H 
L-----BG "H 

1-------5G .5 H 
L------------5G4H 

BUS eEl 
H.5YfJ L ASSERT ~15YN _-,5"'+-+-r-'), 

(SHT 4-IC) 

BUS A 17 L. ~C~D~I )-----------f.~+::!====:.-_<ir__J 

BUS All;, L(jCITE:::::2D-----_+----Lj-t~===:..---.--J 

4~~i~----I 
5A BUS BA 15 -----~ 

(:'tIT HD,SHT.),- ~iI i~ ----, 
eA) "'A 12 D, 

Bus A:5 LGC~D:::::2D---___t_+_++--J.#.i--_::_::~-__.__d 

BUS AI4 LQC~K;I; )----H_+---~_+-==:::.--_ _J 

BUS Ai3 Lc:C~K[2DI----~H----~-t--.::=::::..-_.__d 

A BUS A 12 Lc:C~CJ!::J----+----W_+===::-.-~r__J 

@6ISIiOPGRAPHICS/ACClJPRESS 
REORDER NO 11.0730 8 7 

SSYJL. 
3 (swrq,5f'» 

L'2 

II 

II 

CI 
(SHT,('-4B) 5 CI L 

(5HT G- Sc.) 

>--+",-AI2. (S~T 5,3C) 

6 

ro 5tL[CT 
(SHT.C,-5C) 

DATA TO 8 
CPUL5)J (3A.4B .5HT .G- ~B .5A.GB ) l E 

5tLBYTE. t: 
(:'JHT.4-5A, 
SHT.c;,-3A) 

5 

13 

R9 
3.3K 

13 

6 

4 

Z D'OCQ 5 

.3 74574._ 
Q "-INTER 

R 5f.CK L 
(5HT 4 -3C) 

~=- ------"-r • +5 

R5 RIZ R 13 
IK II'. IK 

LI (15,25, L2 L3 
SHT 1-2A, SHf (1d),5HT 4}D,SHT (2A.~HT,4-3B. 
4-2)B.ZC.4B.5B.I,-4A,5A) 5HT.CO-2C) 
~C 

I 0.-__ -"'-1 

i 4 

E.NVE.CTOR 
(7D. :,HT 4· 7A) 

E.NVE.CTOR L 
(SHT 4 -M. ~HT."-
oC4B) 

3 

5 

4 

5,~.1.8 
1 

CIDiD&lS 

,--------([fDBUS 
.3 

BR 4 L 

BR51.. 

AIOb t 92. 
'-'-------.,([IDBU5 B R(oL 

~--------~BU5BR7L 

4 
i'------,--QITDBU5 BG40UTH 

3 
5.(0,7,5 

r------,-4--GBLRUZ) BUS BG 5 OUTH 

A9 b Z 
L=...-T--t-t--GB~NIT) BUS 8G CO OU nl 

~-"t-j~Z-+3-t-+--1(]:1:L]2.;) BUS BG 7 OUTH 

A9A 

L[~lH BG C,H 
BG 5H 
BG4H 

I DONE. 
( 70. ~HT.I- C,fl, SHT.2.-
4BG,C. S'IT. G- ('C) 

FL fiR CYCLE 
(5HT.6- B3) 

RESET ROY L 
(SHT 6-.5C) 

2 

READ DB 
(SHT 2'40, 
51-1T. b-3C) 

+5 

DREAD D8 (3A) 

LI (5B) 

~-=-.JIF RDY L 
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o 

c 

B 

A 

DMA RtG 
(SHT 3- ~AA) 

SHT.G, -(dv 

Z 
~~~~~~~~.-~~~~~~~~~~~~~~~~~~----------~~~--~~----~~~--~~~~~~~~~3 ___ ~ __ ~~~ ____________ ~ 

~ +5" CQI.D BUS NPRL 

DMA .3 
COMPLE.TE. L 
(4B 5HT.3 -4A) 

I 
L2. 
(SHT.3-4B,IOD, 
!)In.G,- 4A,5A) 

4 

10 4-

:NTR 5 

SACK L 
(SHT.3-4C) 

~ NPGO EN 
~-------':'~-~~~;"::'--{~A;EBITlI BUS NPGOUTH 

ASStRT 
~ACK 
(16) 

JII 

I Z ::> 5 Q'1--9-'---f---J----=Z=-j D Q\-,5'----i----<t----:=-t 
'36 3B 

~~ __ ~ __ ~~ ____ ~~~ __ ~ ____ ~~ __________ ~ ____ ~ __ ~~~ __ ~ ____________ ~MASTERH 
(Sf» 

BUS 5SY~L GJI 

A55E.RT 
55YN 

(5HT IO- IB) 

BUS BB5YL DOl 

MA5TE.R L 
(4C,5HTO -7A, GB,SHT _5-1A,5HT.IO~ 45 I~ 

E.~ VE.CTOR L 

BUS SACK L 

BU5 INTRL 

I '.HO .. GIlAI'MICSlAcevI"RESS 
1!000DPI NO Mlm 8 

DT2-

DMI 

(';)Il13-3C, ~HT-
(D- ~C.4E» 

AS5E.RT 
:lACK 
lzo) 

E.N VE.CTOR 
(5HT_ 3- 3C.1D) 

i-----ZA-----' 
12 110 
II 

.51 

2 
I 
I 

I 
9 I 
L ___________ ~'AI J 

DATA 5TB L 
( 5B) 

( 3C.4~) 

_a-TA TO LPU 

N.C 

N.C. 

..... +--1:,:.1 ./)745 74(;) e, '" 74$ 7~ c;; 
R R 

13 
(ARB ~F) 

12. 

~I---- 5SYN (SHT3-5D) 

.... ___ BBSY rSHT3-5D) 

MASTER H 

55YNL 
(35,5HT3-7D) 

I 
(SACK FFl 

5 

MASnR L 
- (6B. 5HT,3-7A. 

<:;8.5HT.o-7A, 
.5I-1T_1O -45, 
51-1T. I-A-A) 

LI ....".,,.......-"Irt ~ 
(ZB,2.C 5A,55. 
G,C,SHT_I-ZA 
5HT.3- 55) 

C ..-__ h>--+-~2"-1J 5 QI-'''''--~ ___ ~_DATA 5TROBE. 
(IC,2B.5A) 4- 742L5DI09 (cal\,5HT.I-4A. 

'---+--'tlK Q 7 DATA 
R 5T6 L 

I (~) 

/)MA osc I-

II 
14 J 5 10 ~.c. 

10 
~-+-__ -I-~12::f) J4LSIO'l 

5I-1i.lO- 1D) 

DMA COMPLE.TE. L 
(5D,5HT.3-4A) 

TF RONE. 
(~A, SHT.3 -7C515HT- -
4D,5B,C,C. tOUtJT ~ __ +-__ ~~13~K QI--'l~ ____ -+ __ 5 

(3CC,A) (5~TC;;-IC 
IF DONE. L 

(3A,5~T.G;-,4Q54 ,GB) 
tNDMA L 

(~SHT3-4A.5HT"-5A:rD) 
COUNT5 

(')HT.C,-IC) 

15 

C 
(lc,ZB,5B) 

CL 
(coA) 

(IA,ZC ,SIIT.J-5A,7B,SHT(;--:iA1 D) 
DA-TA 5TROBE. 

(4B,5HTI-4A,~HlG-7D) ~.L----' 
CL 

(511) 

7 6 5 i 4 

-+!;...; 

~ R15 
10K 
C49 

.3 ~o 4 
~--~~--r--r~~ 

74L504 (s$l- 4- 3B, 
5A) 

3QOOpf 

LOAD MODE. L 

DATA TO'--V"--7 
CPU 
(1~,c;,A. 5HT.?>- ?>A. 76, 
Stir."'- 5A1D) 

A5SE.RT 
M5YN 

(SIH. ~-lB) 

(SHII- BA. 5HT.~.CO=--.::..ZC....:. 5:,,:C~ __________ --Lm.L..t:..i2I~~~:.JJ.I..wlJ:1.we.->I.J..u..._---, 

51-1 1FT L ~.+--'<~ 
("Hr.CO- 2C,G,B) N.C. 

2. 
\16 I DATA L 

74L~4, DATA I 74 ~ (~HT,"-~) 
TOCPU L 
(ze. ~A, 5HT.3-3A,1B. 
5HT.C,-58.70) 
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D 

c 

B 

A 

BUS All L eLI 
II 

BU~ AIOL C P I 

BU5 A9L C R I 

BU5 A8L eNZ 
BA II 
BA 10 

BA BUs 
(5HII-ID,3HT.3·eB') BA 9 

Me 

BU5A7LOC~P12=>-+---------~-~----a 

BUSAr;,LOC~UJI=>-+--------+------~-+------~~ 

5USA5LGC~V}I=>-+-----------+~----~-+------~~ 

BUSA4LGC~U]Z=>-+-----------+~i---~-+------~~ 

BU5A3L~C~V~Z[)-+------------------~r---~~~~ 

BU5AZL~CE~JI=>-+----------+-------~-+------~~ 

BU5AILGC~H[[1 )-+----------+~-----f~+-------~~ 

BU5AOLOC~H]Z~-t--------+-ti----tY-+------~ 

.... BISHOP GRAPHICSiACCUI'tlESS 
• ., AEOROER NO A·()7 5 8 

BA.) 
eA2 
8A I 

7 

All 
A 10 

,----__ A 9 
L-___ A8 

_---A 1 1----. 
_--AI;, 

A5 
At\. 

_-----A3 

6 

______ AZ 

AI 
AO 
(t.J .C) 

R6 

_ADDR BUS 
(4A, ~HT Z -(0) 

II 
~ 

Z .3 4 

1---
1 C5 

1'~~ 
~ I BOOT5TRA 

I ADDR_ 
: ceUMPlR"LQ; 

I AIZ 

I All 

-lZ4 
v 12.3 

~ 1 

Icoi l3 
o I 

114 
I 

I AIO 

1 A9 

115 o----r-
I 
1 

1 

1 

1M 
I 
1 A7 

1 AC 
1-0 
I A5 

0 

0 

0 

0 

0 

0 

0 

II" 
I 
I 
1 
117 

115 

I 
1
19 

12.0 
I 
1 ZI 

III 

:'l iO 9 

.-

I FLOPPY DtV, ADDR. 
~ JUMPlR' LOGIC 0 

+5V 

R9 

r~ 
9 6 7 iO S 4 

~DDR BUS 
5C, 5~T. 2. bD) 

" ~,'" ._.3 (" 
4-J liE. AZ sE}P 

74L5Z,,", 

5 i 4 

U 

I 4C 
z 52.51,3r;, 
:3 
C ~~.C, 
Ie; 15 
4 II 
15 14 

~ 
7 J4B 

~ 
DI5 
HIROM 

Cll. C~I 

(SHT3-bAl All _ !-JIO 
Ali_ 

AIO 

A9 

10 &;, G,L 
II /J(O DMOIOO 

(, B5 
~ A5 
12 B4 
13 A4 
4 B3 ~ 9 

.3 A3 
14 B2 

~ A2 
2 51 

~ AI 
5T5 

A6_ ~7 
A7_ 
AC 
AS 
A4 
A3 

3 2 

+5V 

t R5 

"'''r~ 5 10 7;> 

1 . 
HI ROM 
(5HT.l.- e>O) 

r5~l,~K~c) 
SE.LROM 
(5HT."-5B) 

'37 
6 8 

J5~ "' 

OOT 
SABLE 
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D 

c 

B 

A 

/ 

( PI- I 

~ ( PI- Z 

t PI-3 

t PI- 4- (5 
( PI- 5 

{ PI-~ 

( PI- 7 

( PI-B 

( PI- 9 

( PI-IO 

WRITE. FLOPPY 
(ZA) 

IF DONE. 
(4D.5B.<OC. 5\.jl5-4 

:'lHT. 4- 3A. 4A) 

10 HL5'54 

(~Wf3~ fN~ --+---'''-'1 

DATA TO CPu L 
A 5Hl:3-3A ~ B.J.~T.3-2.C,SI1r.4-IA,2C (QA) 
, DA1A STROBE. 

(51-1T 1- 4A, SHT 4 - 4B ~--'-1 

lOA) UIDMA L 
(5A, 5HT.::' -4A. 

SI\TA-3A.4A 
~IFT 

(55.(QD) 
HIGH BYTE. 

(SI-lT_3-'1-B) 
SHin 

(5B.10) ---'--L~'..:? 

~tDMAMODE.L 

?l 
------ ----

----------------CJ5'E?l5) IF IIJIT L 

IF DON<- Z 
(5BU:~D.5~l}~B.5HT.4-:'>MA) -

5" 7 .3 
(5~r.1-5B.5~T.4 -.3A) 

IF DONE.:.. .5 
(5A rPB.SIlT.4-3A.4A) 4-

IF DATA -

HI 51 
(5HT I-le) 

(58.5HT.!-7A) 

t PI-II 

HIGH 5YT)f. L 
(5HT 3-48 

8 RE.5H ROY L 
(5HT. 3- ZA) 

l.3 11 0 E.14 
(SHT. 5-2.A.'"'s', ...... ------,.:;:;"1c 74L504 
S~IT4 38) 10 B 14lSI~DI_'I~Z .... -COUI\lT 8 

COUNT4 e L) 
(5I4T. ·3A 

t PI-IZ 

l PI-13 

PI-2..3 

UEiD---J N.C 

I DONE. 
(SHT.I-c,s,SIlT2-,4B{;.C.5HT 3-.ZB~D) 

IF'TRRE-Q 
(51-1U.-4B.) 
5Hr.3 -3A 74L:,>04-

IO 5E.LECT --'Ze-t---... 

LOAD MODE. L 
(lC. SIll 1- :.;a., 
5HT-oI.- 3B) 

ROO DB 
(SHT.Z-4D 
SHT.3-26) 

+5'1 (4B,5HTM~y~B) I 7E 12. 
(3B,~T.3-<OB) 1314m I-'--'--e----~r::-_:::"I 

CI L -'--+-­
(SHT_3-5B) 

tN llEer 
OR srAT L 
(5HT.Z-~A) 

t DONE L ulJIJ---H----4~~;;;:;_--t--li<l 

ID~A To(fE@C}--T-r-~~~r-----t-r----t~ 
CPu L 

IDhTAL ClP~I-~II7~--t-------~lr~~~-t--~~~ 

I ACLOW L (£P!I-2.[4Df--------,.--~-;::-+---_t~ 
Z2.0 

RIOa. 

19 

7 

IF DONEL 
1'1-0 ,SA, SflT ~ - 3A ,~A) 

~L---~~--~~----I~ooNE 
1'10 IDC "11> S~T 3- qB 

SIiT."- 3.-1,'11'1) 

DATA TO cPu L 
(48,5A,5HT3-3A,'tB,SII\ SE.L ROi"\ 

.... ~=---l-~;:;--~'---------- E.RROR (5HT.5-IC) 
~ (5I-1TZ-iOC) 

SHIF'T L 
(2C,SHT OB) 

E.N ROM L eN Vf.CTOR L 10 
(~HtZ-OD) (3C,5HT.3-3C. II 

5HT.4-BB) .-'-'"0-"" 
MASTE-R L -",2....-----... 

(5ijT.5-GoB.1A ,SIlT.4- 4C.,O~SHT..~ -7 M 60 
~tA TO 74L53Z .... :..:::...--~~---4~------- SHIH 

J' (COD.m) 

~~ _________________________ TRRE.Q 
{ IA.4A.~A.~\ 

5HU- 4AAB} 

>=,-__ 1 F bATA 
('+C S~TI-IA) 

DATA L (SHT.4-IA) 

ACLO'w' 
(7C.SHLI- CoB. SHT.3-3D) 

(IA,4A,5B,",,5Htrfk~ 
bATA TO 
CPU L 

(46, G.B, 5H T.3-
3M8.5A) 

6 

e,NDMA 
('IA. 5HT\ 1-40. 5HT."-

4A.4BJ 
E.NOMA L 
(lD ... !'lHT. ::\ -lA, 

:l1-lJ.4·3A. A) 

5 i 

CPu L 
(5A,~B.5HT."-
3A.4B,oA) RE.A)D DB L 

(3C 

IO 5E.LE..CT 5 

11 E.N SRL 
(5HT.I-5B) 

(:SC.5HT.3-;5B) -3--7-E ..... 
5~C~~~r.?YC) 4- 74LSJI F-~=---~~':;? 

(5HT.,,-~ 

4 

~LB,{TE. L 
(5Ht;) -SA,5HT.4-3A) 

~E.LBYTI;., 
(sHrA-3A) 

3 

4- A G)C 2. COUI\IT 4 (i;14T.4-4A) 
~----;;13;'-tCLR QB q (SHT.4-4A) 

~-_Iu GiA 5 

" CLKl '-5I-t-I,-r-l. ""'e:q)CLK I 
(CDB.,SI-IT. -

38) 

(~T.1-(Qc:>.. '116" 1; E.RROR L NXM~4 
5Hr,4-2B) 7430 

2 
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" LOI.O 8!\ L - 5I1T.I-304) 

& I,j!RITE. CS L . 
(SHT.I-ZD. ~HtZ-7a 
5HT.~-~~) 



PARTS LIST, 2131, PDP-8 INTERFACE MODULE 

DSD 
ITEM PART NO. DESCRIPTION/REMARKS QTY 

1 300072 IC, 7402 1 
2 300117 IC, 7439 3 
3 330012 Ie, 8136 1 
4 300054 IC,8837 3 
5 300111 IC, 8838 3 
6 300001 IC,74LSOO 3 
7 300002 IC, 74LS02 4 
8 300010 IC,74LS08 2 
9 300004 Ie, 74LSIO 1 

10 300007 IC, 74LS32 2 
11 300064 IC, 74LS42 1 
12 300009 IC, 74LS74 5 
13 300108 Ie, 74LS76 1 
14 300096 Ie, 74LS93 1 
15 300107 IC, 74LS195 3 
16 230018 RESISTOR, DIP, 220/330, 1. 75 W, 2%, 16 PIN 1 
17 230020 RESISTOR, DIP, 3.3K, 1. 75 W, 2%, 16 PIN 1 
18 260007 CAP, 47 Mf, 16V, ALM, ELEC, AXIAL 1 
19 250007 CAP, .01 Mf, 50V, CER, RADIAL 40 



(11K.) MAltJT -+---, 

o DOtJE FLA.G 
L1 

c (1/4<-) rmT 
8 

(Z/I.'O) f',TP4- - ______ __' 

(3B) TewS/-'----+--------'-'-t> 

(2/26) 

4-

B 

tJc IOT-3 
( z/ '?'-) 

ODD PA~ITY 

74 LS74 

C:;K..I P LOG I C. 

ERRol<-. 
FLI>-.G 

TRA.t-.lSFE:R 
REQL.lES1' 
FLA.G. 

C! /~) i 0/:'5)-+ ? 

(z/~e.) c.oHMAIJD II 

Lz/ SB) I IJTTC 

(1.{2S)(1/8C)( 1/48) JIJ IT 

~I_""--r_IOTL (2/46) 

REVISIONS 

ZONE L TR DESCRIPTION 

CHAU .... F I -

- A PER ECO #177 

8 BIT 
MODE 
(Z/4,C) 
(I/SS) 

74LS74 
QI-"--..-- HArt-JT (tlIDD) 

74LS74-

~DC~~-'------+---~~---r-------~ 
(Z/~L) 

(lise) 
~D(-1--~q-~, 

(I/X) (z/4.'6) 
mIT ---0 

.. ~BLlfo'((\I("B) 

l~llTv?L 00 

DA.TA I.. (lhB) 

:DATA. L 8 

(Z./I(") STA"I.l~ ~ 
r------+-------------t--------------------~ BuS'1 (2/<;e) 

A 

l'ItIalSHOP GItAPHICS/ACCUPItIESS 
'. AEOItO£It NO A-073.. 8 

(Iju.) 12. Brr HODE ~~"'---'-" 

(ZjID) STATU'i>¢¢--~~iY 

7 6 

IK. 

8 
+3 (l/4C.) 

5 t 4 

>.JOTl':S: .Dt-lLES'S O'l-\E'i2.,"1I5E 5PEC.\FIED 
I. A.LL REc:,\STO~S. AFee OIlMS I 1/4W,'7"10 

~ '-l:'>E "LATU-IEb" OPTION '-NITH 2.140 c.oWleO~LEe:s 
L£VE~ 'l oe. BE~OeE 

3, c'APAG1-r0£S AIZ.E" MlC.li!..oF~O"', (LJF) 1 ,?ov, 

g~f~~IO~~~RR~I~~ ~~~~I:~ED COOTRACT NO 

TOLERA.NCES ARE 
FRACTIONS DECIMALS ANGLES 
±v- XX±../'±../' 

xxx ± ...,-
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