













































































































































































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 NA7 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 KO0 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 DS0 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 cloek 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 write 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.

QfF——> )
C > QlF——
SPLL Data o M al—
(From PLL) Qb 8085
1 Ma Ql—— [ DataBus
—2 1Y al—s
3 »{ O Qp——
1 Q—>
B A > S1
2 A
p— —J3 a2y
bSO —m8m—J B A
DS1 ] CRC
DSO | D QF—
\ ERR
S1 825129
Q AL I
Q A To R/WC
Q A
Q A 0
Q A 0t—
Q A
Q A or—
7415299 A 0 b—
L8
PRE 0 L —

TP152/81

Figure 3-30. Read Serial Data Path
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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 distinet 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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Figure 3-31. Generation of DEC-Modified Area Of MFM Coding

Write Precompensation Circuitry

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 precompensation 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, T0, 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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Figure 3-32. Write Precompensate Circuit
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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.

3-47



Table 3-9. Coder/Decoder PROM Logic Equations

OUTPUT 1

Data Decode = DD3 + DD1 . DD2 + DD4 . DD5
(Data=1)

OUTPUT 2

DEC-Modified Mark Required = DD2 . DD3 . DD4 . DD5 . DD6 . DD7
OUTPUT 3

Not Used
OUTPUT 4

MFM Clock = PREO (L) . DD7
(Cloek=1)

3.7 Phase-Lock-Loop Circuitry

In order to construct a phase-locked-loop with the most stable possible characteristies, it
is necessary to construet 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 8085 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 500 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 VCO output. The VCO output from the VCO at IC location P1 is delayed from going low
for 1.4 cycles. Since the UP and DOWN flip-flops have been clamped, the VCO output is very
close to the nominal preamble frequency. After a delay of 1.4 cycles, the VCO output starts
clocking the VCO counter. Since it was loaded with one count less than normal, the output of
the VCO counter will only be off by .4 VCO output cycles, which is 1/16 of the nominal
double-density clock. This can be calculated to be a 2.5 percent basic phase error when the
PLL is initially synchronized.

3-48



6v-¢

Disk
Data

Pseudo-
Data
(1 MHz)

Pseudo-
Data
(2MHz)

K2
10 | 74LS221 |5 13 748153
——> IC3
12
1.0 ps » Ic2
1-Shot et T
-Sho 10
Ico PUP5
A B
2 13
.5 us Reset R/WC L
1-Shot Clamp EN (1C)
DD/SD —

PLL Read EN ———Jy

L

PUP 5

74802

—2 VCO

Input Data Delay

1-Shots

Selection MUX

12

11

Out L

L

74S74

> 74S00
— 3
1
—
Clamp
EN
(3C)

*— Down

Clamp Flip Flops

Up/Down Flip Flops

Figure 3-34. Phase Comparator

Phase Comparator

TP156/81



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 VCO counter provides a pulse based on the VCO output. The outputs of
these two flip-flops are fed, via transistor driver/isolators, to the VCO filter. The VCO filter
is comprised of the operational amplifier and associated circuitry located at P1. When the UP
flip-flop is asserted, the filter integrates, and the output to the VCO rises. When the DOWN
flip-flop is asserted, the filter output voltage decays. The range of the VCO 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 VCO at location N1. The VCO output is
fed into the synchronized VCO counter at IC location L1. The counter is normally connected
to provide a divide by 8 or 16 output, based on the VCO output. The outputs of the VCO
counter are fed to the input data selection MUX, various points in the PLL, and to the R/WC.

The rising edge of the VCO 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 VCO 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 VCO 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 +5%.
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 (+10%) 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 10% components are sufficient. The VCO base frequency should
be accurate. Therefore, a 39 pF silver mica capacitor was selected for use.

Charge Pump Circuit: The charge pump circuit, shown in Figure 3-36, provides the +7
volts required by the CA3130 (location P1) 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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3.8 DC Power Sensing Circuit

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.

R6 adds hysterisis to the circuit to stabilize it. This is needed, because when SYS RESET
first negates, all the logic starts elocking away. This, typiecally, draws more current from the
+5 supply, and causes it to drop slightly in voltage. R6 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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Reset Circuits: SYS RESET L, generated by the power sensing cirecuit, 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 +4.85V
(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 +4.75V).

NOTES:

e RESET IN is latched every clock.

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

e If it is asserted, the microprocessor will assert RESET OUT at the beginning of the

next state.

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

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

NOTE:

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,
mieropogrammed 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 de 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:



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
e Digital, Model W987A, 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 de 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 Power Supply Chassis
+5V R3 +5V Adjust

Power Distribution Panel R12

+24V Adjust

TP162/81

Figure 4-1. Other Test Point Locations




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 +5.05V +0.05 volts
+24 volts DC Voltmeter R12 +24V +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 +24V and COM test points on the power distribution panel
(see Figure 4-1.). Observe meter polarity.

(e) Turn both the system and the voltmeter power to ON.
(d) If required, adjust R12 for meter indication of +24V, +0.5 volts.

(e) Disconnect meter and reconnect to the +5V 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
Vde +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.



PLL Circuit VCO 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

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

(@ 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.

J29A [T 4] Jumper In Normal Position

J29A [T ] Jumper In Test Position

Test Points
Collector

L:n:lumluns

Al e TTTTTTT e LA
o, et - S

S Oy
R29 R32

=
m
X
U

R32

T1A,T2

DSD 804840
Version -01 480 System

Version -02 440 System

TP163/81

Figure 4-2. Controller Board Test Points and Jumpers
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Setting threshold voltage on de 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.

(e) 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
cireuit.)

(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.



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
repeated in this manual.

NOTE

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

Controller Board
y'd /— Controller LEDs
L—J‘\ Green LED
] {
Drive O Drive 1 \\®OOOOOOOO
@ @ A A - ~ g
Error Class

Read (7)

Top View

Write

/—@),@

¥
l [e] I
L

Front View

4

[o] Wait For I/F
X
\ Normal Mode (6)

Drive Activity
LEDs (In Handle)

TP164/81

Figure 4-3. Reference Notes




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:

e 2drives

e Diskette in drive 0

e Doors closed

e Cover off

e Power applied

e I-Bus connected to live CPU
e Everything healthy

e 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-11 or PDP-11 system.

(a)

(b)

(e)

(d)

(e)

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.

If the system is now halted, or has been halted because of a loop, record the address
displayed on the terminal (on LSI-11), or record the address displayed in LEDs (on
PDP-11).

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.

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

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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C INIT )
Y

Status LEDs On Controller
Board Flicker (1/10 see)
LED Status Light Sequence:
FF—= 00 —=08—= 09— 00

e———————

| This Takes ~1/10 |
<« — —{ Second To |
| Complete |

1 i ——

[

"Normal Mode LED"
Comes On At
This Time

6
\
Drive 1 Steps In
10 Tracks (=1 inch) €\
Head Loads \ pm————— 'i
2\l Drive1 "Activity
| LED" Comes On |
/| Briefly (=1/4 sec) |
Drive 1 Steps Out To /e -3
Track 0 </
Head Loads
2
/
Drive 0 Steps In
10 Tracks (=1 inch) <€

Head loads

\ Fm——————n

\

4 \\I Drive 0 "Activity |
A LED" Comes On

Drive 0 Steps Out
To Track 0
Head Unloads

/ | Briefly (=1/4 sec) |
2 T

</

4

Y
( Read Boot )

/
Drive 0 Steps
To Track 1 <
Head Loaded \
4 \
Y
Controller "Read
LED" Comes On |« —
(Read Track 1,
Sector 1)
7
A
Controller "Read /
LED" Goes Off |z J

Controller "WAIT FOR

IF LED" Comes On

Figure 4-4. INIT Sequence

/

INIT
Done

\p——————-

\ This Sequence
Requiresx1/2 sec
/l To Complete

]
|
I
!
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6-¥

Set-Up
Stack

Set LEDs For
CPU Test

No
Yes Halt

Set LEDs For
CHECKSUM
Test

PROM
CHECKSUM
Okay?

No

Yes Halt

Set LEDs
For 8155
1/0 Test

8155 No

1/0 Okay ?

Halt

Set LEDs
For RAM
Test

RAM
Test Okay ?

No

Halt

]

Set LEDs
For 8155
Timer Test

Test Parity
And Latched
INIT FF

Parity
FF Okay ?

Y

Register
Okay ?

DTERR 47
Test I/F
Shift
Register
I/F Shift No

DTERR 45

Test 8253
Timers

8253
Timers
Okay?

Yes

No

DTERR 41

Figure 4-5. INIT Sequence in Microcode
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Initialize
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Variables

!

Set 81565
Step Rate
Timer

!
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End Of Self-
Tests By
Turning Off
LED 1

!

Set Drive
Parameters

No

Y

Hyper Mode ?

Set Flags
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!

Turn On
Normal
LED

!

Re-Map
Drives If
Required

!

Test
R/W
Controller

(

Test CRC
Generator

!

Home
Drives

Drive O
Ready ?

Read Track
1, Sector 1
Into Buffer

Y

Set Timer
For
Watchdog

Go To
Handler

RXO1 RX02 RX03(IBM)
Command Command Command
Handler Handler Handler

!

Enable
Interrupts

|
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XXX002

XXX156
XXX204

XXX252

Error:

Possible cause:

Troubleshooting:

Error:

Possible cause:

Troubleshooting:

Error:

Possible cause:

Troubleshooting:

Table 4-2. Bootstrap Halt Errors

Bootstrap does not respond.

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.

Check setup on interface jumpers, boot address range, and
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.

Run DEC memory diagnosties to verify error.

Check if memory location can be accessed.

Check if refresh is okay. Write 125252g in loeation and
wait two minutes. Verify contents are unchanged.

Memory error (if REG #5 = Boot Base Address
+112g, stack pointer (R6) = 5002).

Fill empty error (if REG #5 = Boot Base Address
+522g, stack pointer (R6) = 5000).

Interface and controller are not in same mode.

INHIBIT INCR ADR jumper on interface is installed.

In RX02 mode, KD11-F is being used to refresh external
RAM from CPU.

Replace interface.

Run memory tests.

If using KD11-F, refresh memory using REV-11 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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Table 4-2. Bootstrap Halt Errors (Cont)

XXX324 Error:

Possible cause:

Troubleshooting:

XXX342 Error:
Possible cause:
Troubleshooting:
XXX364 Error:
Possible cause:
Troubleshooting:
XXX774 Error:

Possible cause:

Troubleshooting:

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

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).

INIT DSD 440 System using front panel, or by writing
40000g into RXCS. If Error Flag is still on, check:

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)

RXCS register error (interface bad).

Service interface PCB assembly.

RXDB latched bit error.

RXDB bad (interface bad).

Service interface PCB assembly.

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-11, or Control Cont on PDP-11
will result in next drive being used to boot.

Swapping drives.

Insuring bootable disk in drive 0.
Inserting disk correctly.
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XXX314

XXX400-402
XXX414-416
XXX452-454

XXX576-600
XXX604-606
XXX652-654
XXX666-670

XXX742-746

Error:

Possible cause:

Troubleshooting:

Error:

Possible cause:
Troubleshooting:

Error:

Possible cause:
Troubleshooting:

Error:

Possible cause:

Troubleshooting:

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
selected.

I/F cable loose or disconnected.

Interface not working correctly.

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.

Transfer request error during a fill empty routine.

Bad interface or controller.
Service interface PCB and/or controller

Transfer request error during the actual bootstrap
operation.

Bad interface or controller.

Service interface PCB and/or controller.

device

Wait routine hangup (for Done, Transfer Request, or Error

flags).

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).

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)
2)
3)

4)

5)

Do not initialize the system (the RXs and error status will be lost).
Enter the program given below starting at location 002000.

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

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

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 0.
This information is explained in the User's Manual.

RXCS=177170
RXDB=177172

Enter
This
012700 START: MOV #RXDB, RO s RO=RXDB
177172
010001 MOV RO,R1 ;s R1=RXDB
011003 MOV (RO),R3 s R3=RXES before DEF ERR
012741 MOV #17, «(R1) ;s R1=RXCS, command=#17
000017
105711 1$: TSTB (R1) s Wait for TRREQ
100376 BPL 1$
005010 CLR (r0) ; Error buffer at LOC 0
132711 2%: BITB #40, (R1) ; Wait for Done
000040
001776 BEQ 2%
013704 MOV Q#0,R4 s Move DEF ERR to R4
000000
000000 HALT s Done

, END START.
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RX01

steps:

Mem
Addr

2000
2002
2004
2006
2010
2012
2014
2016
2020
2022
2024

1)

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 s RO=RXDB
177172
010001 MOV RO, R1 s R1=RXDB
011003 MOV (RO), R3 ; R3=RXES before DEF ERR
012741 MOV #17, -(R1) ; R1=RXCS,
000017 ;s 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 ;s DONE
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5.0 MAINTENANCE DOCUMENTS

5.1 Tllustrations

This section provides the diagrams, schematies, and parts lists for the DSD 440 and 480
Systems. It contains system power distribution diagrams, and schematies 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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ITEM PART NO.

DSD

GV > O DN =

(=7}

10
11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

080046-01
080047-01
080048-01
080049-01
080078-01
080098-01
080079-01
080099-01
080080-01
080120-01
080102-01
080103-01
080104-01
080105-01
300121
290009
300001
300031
300002
300032
300003
300005
300050
300010
300033
300007
300051
300008
300009
300035
300011
300012
300052
300013
300037
300038
300014
300041
300015
300075
300017
300060
300020
300018
300019
300021
300022
300045
300023

PARTS LIST, 4840-01/-02 CONTROLLER MODULE

DESCRIPTION/REMARKS

PROM ASSY, BRD PSTN 9L
PROM ASSY, BRD PSTN 6N

PROM ASSY, BRD PSTN 5C

PROM ASSY, BRD PSTN 5D

PROM ASSY, BRD PSTN 8B (DSD 440)
PROM ASSY, BRD PSTN 8B (DSD 480)
PROM ASSY, BRD PSTN 7B (DSD 440)
PROM ASSY, BRD PSTN 7B (DSD 480)
PROM ASSY, BRD PSTN 6B (DSD 440)
PROM ASSY, BRD PSTN 6B (DSD 480)
PROM ASSY, BRD PSTN 6P

PROM ASSY, BRD PSTN 5P

PROM ASSY, BRD PSTN 3P

PROM ASSY, BRD PSTN 4P

IC, 8111 A-4 RAM (DSD 440)

IC, 2114 RAM (DSD 480)

IC, 74LS00
IC, 74S00
IC, 74LS02
IC, 74S02
IC, 74LS04
IC, 74LS11
IC, 7407
IC, 74LS08
IC, 74508
IC, 74LS32
IC, 7438

IC, 74LS51
IC, 74LS74
IC, 7ALS74
IC, 74LS92
IC, 74LS109
IC, 74109
IC, 74LS112
IC, 745112
IC, 745124
IC, 745138
IC, 745151
IC, 74LS151
IC,74LS153
IC, 74LS161
IC, TALS161A
IC, 74LS193
IC, 7ALS173
IC, 74LS174
IC, 74LS221
IC, 74LS240
IC, 745240
IC, 745244

QTY

DO b= DO = GO GO b= kb DD DD DD b bk b bl DO b DO DD b i ke GO DD b DO DD b e b b bt DO DO DD b b b b b et ek b el et ek ek ek e
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PARTS LIST, 4840-01/-02 CONTROLLER MODULE (Cont)

DSD
ITEM PART NO. DESCRIPTION/REMARKS

g

46 300058 IC, 9334

47 300025 IC, 74LS273
48 300026 IC, 74LS299
49 300027 IC, 74LS373
50 300028 IC, 74LS374
51 300029 IC, 74LS378
52 300059 IC, 7415386
53 330003 IC, 8155

54 330004 IC, 2911A

55 300054 IC, 8837

56 330002 IC, 8085A
57 300055 IC, 8211

58 330001 IC, 8253

59 300057 IC, 9401

60 310003 IC, CA3130E
61 380002 XTAL OSC, 12MHz

62 380001 XTAL OSC, 12.5 MHz, DELAY LINE
63 240002 LED, RED, RIGHT ANGLE
64 240001 LED, GREEN, RIGHT ANGLE

65 340002 TRANSISTOR, 2N4124, TO-92

66 340003 TRANSISTOR, 2N4126, TO-92

67 340001 TRANSISTOR, 2N2369, TO-92 or TO-18
68 240004 DIODE, 1N914

69 340004 TRANSISTOR, MPS 3640, TO-92, SWITCH
70 200007 RESISTOR, 1K, 1/4 W, 5%, CC/CF

71 200017 RESISTOR, 1 MEG, 1/4 W, 5%, CC/CF
72 200015 RESISTOR, 10K, 1/4 W, 5%, CC/CF

73 210004 RESISTOR, 10K, 1/4 W, 1%, MF

74 200016 RESISTOR, 100K, 1/4 W, 5%, CC/CF

75 200006 RESISTOR, 2.2K, 1/4 W, 5%, CC/CF

76 200013 RESISTOR, 2.7K, 1/4W, 5%, CC/CF
77 200021 RESISTOR, 3.3K, 1/4 W, 5%, CC/CF
78 200011 RESISTOR, 330 OHM, 1/4 W, 5%, CC/CF
79 200005 RESISTOR, 47 OHM, 1/2 W, 5%, CC
80 200001 RESISTOR, 4.7K, 1/4 W, 5%, CC/CF

81 210006 RESISTOR, 4.99K, 1/4 W, 1%, MF

82 200012 RESISTOR, 5.1K,1/4 W, 5%, CC/CF

83 210005 RESISTOR, 5.62K, 1/4 W, 1%, MF

84 200014 RESISTOR, 51K, 1/4 W, 5%, CC/CF

85 200018 RESISTOR, 7.5 MEG, 1/4 W, 5%, CC/CF
86 210001 RESISTOR, 82.5K, 1/4 W, 1%, MF

87 210003 RESISTOR, 20K, 1/4 W, 1%, MF
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88 230029 RESISTOR, VARIABLE, 10K

89 230001 RESISTOR, VARIABLE, 500 OHM, .5 W, +20% Factory
Select

90 230013 RESISTOR, SIP,150 OHM, 1.5 W, 2%, 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, 2%, 10 PIN 5
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ITEM PART NO.

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

DSD

93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

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, 100V, MONO, CER, RAD
CAP, 1 Mf, 50V, MONO, CER, RAD
CAP, 100 Pf, 100V, MONO, CER, RAD
CAP, .01 Mf, 50V, MONO, CER, RAD
CAP, .1 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
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PARTS LIST, 4432, LSI-11 INTERFACE MODULE

DSD
ITEM PART NO. DESCRIPTION/REMARKS

2

080032-01 PROM ASSY, BRD PSTN 4H
080033-01 PROM ASSY, BRD PSTN 7C
080034-01 PROM ASSY, BRD PSTN 5C
080035-01 PROM ASSY, BRD PSTN 5A
080036-01 PROM ASSY, BRD PSTN 6A
080037-01 PROM ASSY, BRD PSTN 7H
080038-01 PROM ASSY, BRD PSTN 9H
130001 SHUNT, DIP, 8 PSTN, 16 PIN
130023 SHUNT, DIP, 4 PSTN
300001 IC, 74LS00

300002 IC, 74LS02

300003 IC, 74LS04

300010 IC, 74LS08

300004 IC, 74LS10

300007 IC, 74LS32

300072 IC, 7402

300051 IC, 7438

300035 IC, 74LST74

300009 IC, 741874

300013 IC, 74LS112

300019 IC, 74LS174

300016 IC, 74LS157

300107 IC, 7418195

300073 IC, 74LS197

300024 IC, 74LS257

300025 IC, 7418273

300022 IC, 74LS240

300027 IC, 74LS373

300090 IC, 74LS375

300054 IC, 8837

300053 IC, 8641

300115 IC, 9602

380002 XTAL OSC, 12 MHz

200004 RESISTOR, 120 OHM, 1/4W, 5%, CC
200002 RESISTOR, 220 OHM, 1/4W, 5%, CC
200026 RESISTOR, 390 OHM, 1/4W, 5%, CC
200033 RESISTOR 390 OHM, 1/4 W, 5%, CC
200021 RESISTOR 3.3K, 1/4 W, 5%, CC/CF
200015 RESISTOR, 10K, 1/4W, 5%, CC/CF

230027 RESISTOR, SIP, 180/390, 2.7W, 5%, 10 PIN
200025 RESISTOR, 33K,1/4 W, 5%, CC

230024 RESISTOR, SIP, 3.3K, 1.1 W, 2%, 8 PIN
230011 RESISTOR, SIP, 3.3K, 1.5 W, 2%, 10 PIN
240004 DIODE, 1N 914

250026 CAP, 1 Mf, 50V

250007 CAP, .01 Mf, 50V, CER, RAD

250023 CAP, 820 Pf, 50V

250016 CAP, 3900 Pf, 50V

260012 CAP, 100 Mf, 16V, ALM, ELEC, AXIAL
200016 RESISTOR, 100K, 1/4 W, 5%, CC/CF
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ITEM PART NO.

DSD

WOOo0=-JO0 Ul WD =

080039-01
080040-01
080041-01
130023
130001
300001
300002
300003
300010
300004
300006
300005
300007
300051
300008
300094
300035
300009
300012
300016
300019
300107
300073
300022
300024
300024
300105
330011
300054
300053
300115
380001
200016
200004
200026
200032
200007
200002
200015
230027
230011
250007
260012
250023
250016

PARTS LIST, 4430, PDP-11 INTERFACE MODULE

DESCRIPTION/REMARKS

-»]
—3
=

PROM ASSY, BRD PSTN 4C

PROM ASSY, BRD PSTN 8C

PROM ASSY, BRD PSTN 7C
SHUNT, DIP, 4 PSTN

SHUNT, DIP, 8 PSTN, 16 PIN

IC, 74LS00

IC, 74LS02

IC, 74LS04

IC, 74LS08

IC, 74LS10

IC, 7ALS27

IC, 74LS11

IC, 74LS32

IC, 7438

IC, 74LS51

IC, 74LS54

IC, 7T4LS74

IC, T4LS74

IC, 74LS109

IC, 74LS157

IC, 74LS174

IC, 741LS195

IC, 74LS197

IC, 74LS240

IC, T4LS244

IC, T4LS257

IC, 74LS266

IC, 8160

IC, 8837

IC, 8641

IC, 9602

XTAL OSC, 12.5 MHz, DELAY LINE
RESISTOR, 100K, 1/4W, 5%, CC
RESISTOR, 120 OHM, 1/4W, 5%, CC
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RESISTOR, 1K, 1/4W, 5%, CC/CF
RESISTOR, 220 OHM, 1/4W, 5%, CC
RESISTOR, 10K, 1/4W, 5%, CC/CF
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[uy
= O D) OO QWi =t QO O Wt pd b i ek O = = B DN O = DD WNDN DN DO WN ~I DN = et et =t

>



REVISIONS
ZONE | LTR DESCRIPTION DATE APPROVED
— 4 | PERECOT B (02 N0.CHAIGED Foll 1930-Y4)
DIN BUS |[—| A | PER ECO & 17
(HT 278D [—{p |PeR ECO 314 £ 194 498
1[p Llsia7
3]c
DN Is__T |p 74LSI9S . ‘ig " [_lo ¢ ge
omi4_2lc @D ____SRIS ) DINIZ 4| q
piNa__ OB Qc 13 (SHT,4‘3A) B Qz . gﬁ\\[‘?e B BUS
DiNiz__4|a 1B ga |14 9 ClR Q@ (GH1.3- af
1oe ools WRITE C3 o LOAD SHT.5- BA.BC)
—qeR 9 +[ Tas2dde o enoMa_L @es e dcike
T Z '® e (s4T3-4A, | GE )2 iz W) SpcLki
CJLK R 8 r*lév D'3 45\%‘}‘-{:46; 2 74L305/ ™
3 14 [ 740557 °l 5. [E¥oon BUS 3A.54)
& 12 15 15 o PSHT 2-GD)
N i3 el Y 7 ) 4eb n [Leear
(SHT4-2B 14¢ E 7 Dio DINIO—— — 1D
SHT.G'ZC) \4\\ 1 T 09 DIN 14 > C 78
D8 1 pNi3__ Olg  qp|? BA 15
T DINI2 Yln Qo2 a4
T T Pder a8l BAB
DINII__T]|p L5199 ¢ ;CLCV\D QAS BA 12
PINO_Glc QD)2 SR1I —© ek
] oIN9_ 5B __ qc|® (4T 4 -3A) 8 Heiki
oine_4]a PBqe[i%
Ider @A 19
A JLoysH
CLKHI SR 10 NeLk oiwi_ Mp 7ALSIST
(3HT.G-5D) Tk DIND 3] 4B
Hisi__ & P 4 pNna__©ls  gol'? BAII
(SHT.630 DING il P E N YY)
Bdcr  @pf?  sA9
'dLoap @AlS BAS®
¥ TN
°i CLKI
DN 7 7 D 74L51c|5
DING __%]|C Qo | . ?R7
oINS Ole  qcl3 SHT. 4-3A BIN T i [ raset
DIN‘,{’T A\4-E> Qs [* 8HT.&-4D) NG 5] 58
— O
~ CLR QA IS o[ ezt e o, ' DINS ____% B qp|? BAT
CD/oH _ ) ﬁ;—oe DIN¢ A Qqc|Z BAG
[ NI t— 5 P 1BJek @8l BAS
J K 7415157 2 o= D5 B [P s
IZ 13 Zlaz l4c 5 13C 'I_'D4 G ] CLK 2
5 v2l4 ‘ 15 b3 p
ACLOW__ 2 (B2 7 & Kclk 1
(SHT.3-3B, | SiLB [° D2 P
HT.o-CA T 13 7 DI 1
7c) s E
10 u i_ oo
£
SHTZ-BCCHIZZR | A )2 T SINE) i [g 748197
70, SHT G5, 1 T 3. oB
DIN3 __'|p 74L3195 RX02 . +5v DINZ I.o_c "
12 2-4C,5D, A8 ENSR L DINI______9lp Qb BAS
o —Gég QE 3 20 TATE) (Hre-38) DINO AlA acf? BA2
DIN | __°] Q |
128 RA 3 33K RESET L 15 Q
ono_*|a'*" e[ (GA-S”T‘E'1B.5HT4-25’3HE§¢'\3D) ldfl&io °°r Sé“
RESET L Ider  @afld D BAL q —$
Qe met e o [y TR B
(ST, é'?ssbs;m-zc.ac) of INHIBIT g7 [ESTER -5 L e M
LKLOSR INCR BA ‘ 28
(SR, J K g za.z)cAb
IF DATA Tﬁii—Jﬁ B.cC
(SHT.G -4C, 5 [ONLESS OTHERWISE SPECIFIED CONTRACT NO
DIMENSIONS ARE IN INCHES
TOLERANCES ARE %
FRACTIONS 5§CIMALS LES |
* * APPROVALS DATE
TR ,g;g:c\-c Colbgy :2"7‘1 PCB SGL/EM, 4450, PW'/I
B i INTERFACE
FINISH i 12 SIZE | CODE IDENT NO [DRAWING NO. r-37%
v — 4D 834430 | &8
DO NOT SCALE_DRAWING sce ~ | 1-24-719 Jsweer | of G
BT 5 4
7 6 3 2 1

5-13



DIN BU

(ST 1-3D) S —
Sis 5| i (BADZD Bus DIsL
Sl
D BUSA) | T U
SHT.1-46] R oi4 2| 1 @GEDbus pi4L
12
o o T U TS s e T
(SHT.5- 1) A& _5|aoe pod? _ Dis SHT. 1 GB) READ Dp_3 |741508/ 4 1 TZ2)8US DIAL
ADDR BUS A7 aon ool pia (SHT.3-28, D13 ! 13
(SHT.5-4A.5C) e e SHT.G"3C)
(SHT.C-48) ] ﬁi_i\\gg o 8“2 o2 " ‘ ” @HZDpus pizL
— T i 4:>_+_ DINI5
A3 ADA posl!! _ pio o DIN 14
A2 ADG oo7‘i pa 7‘ BINIZ
Al ADD Dosl!* D& DIN|
— 5[ an 145257 " 9 S
- Z]ap NA -fﬁ~——c ; gzil | &Ni
T ’: A 4y T D5 - -
ER q A 3Y|E D4 —_ =4 T
AT (wtcfpﬁks)_*L’ A )8 clap av|2 ‘2 D13 q DIt 5| [G GHDeus o1t
:D; g (45% DONE =1 508 e ; % wl? b } ci> '
A8_2laoe D038 b7 - J2 28 1 |1
a1_19ror pozl’__pe BHT 32,10, 3HT66C) HO,\GAM ol 18 0 21 | (AJZHsuspioL
Ac 1Thave, postll s SELB  OE | }l 4> |3
A5 _Slac o4l o4 [ 15 i [15
A4_2|a0B Do8l¥ D3 | j 04 14 | CAKZ)BUS DAL
A3 1aoa poi]e o2 tov - [ ~4{:>,_*§__,
Az _'®laoH por|'®_ o1 L RG 33k — "
a “&]so0_coel oo | o [areisesT oo Ll T i GTD s o6t
15 4la ay|T__on —
olalal7]c]s]4
T Q 8 IV A vyl pilo Q | 1 I
RIO2 _ G148 2v|%2  Daq q 9
2 ~.J4 | |COMBHLICE)I 3 v [3 pe o4 SA |
A 13 20 L eet
741508/ 10 4
e
e ot - 5[ | EFZD a3 p7L
EN Rxol : | m |
pasi .~4 >>_hi___
JaA 5@3— z’ B l AVZD gy pe L
TR0 A ST, 1C8) o 111 s De i DD_L D l5
4A 1415257
O O *—]
1 G Ive 2|2 VZC | 19 Us DSL
3[ 745174 ‘:T_Zg °51v5 T a avl2 2 05 ‘45 s AFZDsus 03
14 10| By o4 1v4 5lia av[4_ pe | o
I 12 INTEN . 13 q ) |12
N IF TRRE 48 2v]? _Dp>s G D
gN; 1 ne g [_thi7o) ﬂnamﬂéﬁa—ab MY D4 1| T BUS D4L
3 ¢ TOORE 10 : 10 DIN 7
DING 15 G SHTT-G ZB 0_] DING
4 ST, zs?o DIN
VPR P A 7 | DIN
LS e IHT.-CC) sua Ot —d DIINS
I l ® T A | NG
WRITE
mmxzogiasa) " | %} - 0 | DINO
A\ — 4
(34 ZBBSH'T ©-3D) ryoz ' @‘ 4o Q3 Iv3 14 [2a 7415257 03 sl T @TZDsus D31
45018 7° %2 1vz e o
SHT. 1-GB) ¥ o z |aa 2 : |
—_————— —— S12A  4Yl% _p3 [ |
= [INTERRUPT VECTOR | i lia syt on oz 2] | —@UZD)Bus p2L
U e v sl oo —— T
: }_ﬂ 3 35 ! LDO |l5 m
LOCAT 2 ) 5 BUSD!L
LLocAToN B2 | 1T~ clze o |4l 5
T - éaa ot | > A Lz
|
g v oo - " @D sus voL
ENVECTOR L 7] *— 1 %
ENVECTOR STROBE q 9 1B : | SIZE | CODE IDENT NO |DRAWING NO. .
TROBE DATA L d ; ;
R LI <:£;; ! D 834430 8
i T T soue — | -z4-74% Isveer 2 o ©
ausone 7 6 5 T 4 3 I 2 1

5-14




4
(28.31-6B 312 4BCC 87 060y 1O & z SSYN.
INTEN ___S|uisog, 10D)2 (cHT4,58) 0
| 108 )\, &
(SHT 2,06B) 10 4L508 afop
5 BBSY 4
d LJ— g 9 0z
33YN '3 9DQ |ZD (SHT‘/, SB[ 1 IO-Cﬁ\a 13E 4oy @&S BR4L
(sum 3B 55) —=pash2 5 s 27 ML, R2
D ENVECTOR 12 [K! 1 NC — i ‘L 180
(3C.HT4-TAY | R f 3 _ 3
7 741504 0 oBN d BF2Zgus sR5L
RIO 10E . & 2 _Jng O 5618
L2 9
(4B,5HT.4-1D, 220 4209 AlOb Q2
. SHL.G-4A.5A) ;m\ 8 ? —EE 283 BRGL
8us 564 N (BSZ ) &o# 141508/
c‘H' |
VR v —@D 2 )BuUS BR 7L
BUs 8G 5 NH GPz> (L\cbe\?b | I (L
— . 9B\ {0 5 llo 4 4 7
2 BT31 9 Zip 5 2 b ENVECTOR
aus see i (BMZ D Y3 G @—“ ”|0C4Q 7)@3@ Poc @ TR
TASTA. “ T4L974 <
390 ig_a H N 8 | _.5_> Al urer L] QL8 ENVECTOR L 3 (BR2 pus G5 OUTH
! R SACK L R (OHT 4- BB, M1~ 18 ©
Bus 86 71nH (BK2 ) . gg;: 3 op (3HT 4 -3C) 13 3C.4B) [ SGeT
(ARB. FF) T A9b 2
o o 7 — B 6us 86 G outH
BG4 H
[
C 1 & L2)pus 86 70UTH
AQA J e
8 17 9% 95
86 7H
BG GH
3 BG SH
Bus wr ((BLTD 998}t 5
e 1 8137 me4m BG 4H
——'_“——“—"“—7 RS R13
—> — lzjl—— u<( \|<
sus c1itCF2) 3 B 2B
DATA TO CPU (‘:mm 4B) 7D 'L
B T Zc}—? - dlEhatuper Gange
— c
pyy (CE ASSERT M : CD—F_(Q;?TYE 38,50)
ERT M3YN G- 3B,
MsTiL Y 3)}_7 |
[ !
aus AnLC D T 2 -——{:>—}3 S ENY @@%&?
l (TA SHT 4- R}“ 130 oA
B | - 8B, SHT 5- 7c, RDY _ 54 I DONE
CE2) ‘ 3 | SHT.G-4B) (2A4A HT. T 9 (7D, SHT.1-CB, SHT.2-
Bus Al L 2] 3 ! eel) 44 4B.CL S e- 263
12
| ¢ \ 3 IF DONE  ——14"\ i 2 READ DB
A + | 950 V10 stiecr (BIT4- 304, SD”ATrf 0BLCIO) 15121300 —JEI3)y3 (sHT 240,
BA BUS BA 15 o 24741502 (SHT.&-5C) (3A 5A.3AT.C-4B,5A, ©B) RITE CSL__ I} 741302 SHT. 6-3C)
GTFID ST | BA 4 ull I 8A | -G48, (SHT. |- 2D, T2
1035 Ba i3 \ 5 T oML T8 SHT.C-A)
BAI1Z % - 8chl | m Sﬁfé’ FLWRCYCLE __ L2(58)
lz[‘ —‘ lI 5 33K LS GD) 5 1z
— IO .
sus AsL(CD2 ) Iy }_T 4> I (9 74?&‘:2) )26 o 3 I‘\ZD 2 %43?‘{@#\5% [\0—‘-5-.] Kol Lsam
) oY
o~ | DATA T0 M oMA N (58, sur.e-ec)
us Al LCK T~ ' JIE\ |0 " COMPLETE L -—0 2l - ey PR a
Bus 5] (3048 PR T @ = ;3 (SHT.4-48,8D) < gLFRE L ec? T__ne ‘ BT 1F R
Ba | BT OV vy v 12 ‘B F—cb 24512 1017438 DYL
8us AsL(CKZ ) B{; : SHT.C-3A) 4 AABBGC) 7450 TBENC _pua R 2 741554 K crtgo ROV L (48)
| & sm_ L5 3H4-54. oY __8duzoz (sm 4 50 el PREAD 0B "
| | SHT.G-4A.5A (ZA?B e 150 B) ol
T 4:>7'3 A ' wnevo
aeL(CTT . 12 (SHT 5,3C) K oara 1 RESET RDY L —
A |ees e CC T Al | 4 4A 5 %\8 TO CPU (SHT 6-5¢)
i I ( ABHTC 1/\ 5A 55 C) 10 s (15%56}“54‘\_ l‘;\D?).CC:A
i (SHM 3A i, 2 —— AemoR
MASTER L 71 | SHT.G~5A. D) S 1F TRR %
(%H%, SH}' 4 ;CB—’——I-——Cq A | (ZR’BY L __13[ML308 (3HT. 2'4E5%HT.6~GC) SIZE | CODE IDENT NO nmwoée No.q N = |
5-7h, SHT.© ;:] i
- scae — | 1-24-79 [eer S or @
DR ' 7 | 6 5 T 4 l 3 2 l 1

5-15



2
0B A3
' {7438

)
! (v 1)
DMA 3;,‘}15’4 TG_S e :@—fﬁ"- +5V o 180 BUS NPRL
COMPLETE L ’ Nl AL02
(4B SHT.3 -4A) R 23C O — Ao\ © NPGO EN
10} 731500 o 2ol7238 ® r»—-sus NPGOUTH
3 Té'i%'?f) 2
A c28 e
820pf g;' W
4
+5 RI7
3 t/\’\/j (28,2048 5B L, ek ;\ESERT
10 K
8us NPGINH (AAT o J 15 SHTI- ZAg‘Z’bT)f’ lro 14 .LIO (SHU o) (18)
NPGL EN OB N 13 12 1215 5 g2 2[5 S glo 2[5 5 ola
/8137 873719 q 28 3B 28
330 LA 4574 w5 ' MASTERH
V/ & | [ 3 5% e IL +av (s8)
4 5 P R 54 4 f
13 P 3 L1 2o !
[(aR8 FF) (SACK FF) Iﬁmg (284BOASB.| - 2Cqls o 5 7?5 § 9 OgEN our_"-,'l.b.—n-i’o;“_ oMA 050 L
FF) t3-58) sl L5 2E 3%
30 R -
3 4 2 1
T2E)2
{41500
—5 20\ 12 T Pé\ér%ma‘ 7A 10
_fo742L5827 %STSC:IQ% . DL\TAT il
SHT. 1-44)’ ° ASSERT
———— SSYN (SHT3-5D) ('sl}fé LT R
- _1 LI
P 2A e BBSY (SHT3-5D) :
Bus ssynt (ST ) l D | y PRLABSACE AT -24,
poserr__1| e ssme e e 2o
Sy | — | J;so,, (38,54 70) 13- 58) b ]2>79L510°l (H1-eosHTe-20)
us 8esYL(DD 1) '5{ _C{> lia L 13k 9 (NC.
MASTER L __'2, MASTER H '
40,537 - LOAD MODE L
(40,3473~ AG&SHTSJEA.CSTHOTRGLlea ac; 14| |5HT3 50 (SHT.1-BA,5HT.6-285C) F ESET. L
&3 e S I l5HT3-50 55 T SHT I- 34 DASHT.2 - 7B, SHT.¢- - 3D)
-3C.4B) C 2]y 5 ale
Bus sack L (BTZ ) ad g w6253 AN P i\ STR%)BE 3ly 3 gl
asserT__ 3| ‘{> § o 0T PR oam SHT G- 1D HIFT L ____|O>l66
| | q* < STB L SHT G- 2CGB) Pk rsiz] ‘e
(Gh) =
| | i€ g
BU3 INTRL !
STl | D 5 e :..L 1A COMPLETE L Tls
EN VECTO 2| L #1500, 8D, 31T 3-4A) L3
(SHT. 3 cm i I (HT 3-2A 4B,
3¢.10) SHIL G-
| | 4 Jo e * e
7l | 1 3'2>74Lsnoq ( 433'5?64}:; %Osm 15 J4L33!
qt  Q ) ' L ount
->—q»—d} | (e &”G ) ® €& nUL354
g L—— 8ot | R (34 7G-4034 ) 3 ! j‘:{ >—‘ L1y
- (A3 4A.3HTG 5AA7D) . MLSMEHDM x H
ZB L, SHT.I-2A, SR GHPEE AL T@ €
o4 B L SHT.5- 58) SHI.G~3A) R m— B 2
i ns0s) e |gQ£’—C ONE (4 HT 34 L QONE —— e 0P —d.0am
(3c.42) 508/ - 414804 (ic,2B,58) (4A5an g. I SHT3: 8.5ma>40§59|,1cnm 7 740504 Dé;ﬁ—i 7438 (3HTG-6A)
= (S (%,;L\) (4ASHT3: 4x\smg oATS) 75?.%?0 2 (SgTR'"-fcr | ! | (2C. A, 3HT.3-3A,TB,
OUNTS | —+ HTI-5B3T6-4D) SHT.G-5B. 1D)
(IA.2C 8. 3—3?‘753;;&35;0) ——CJE 2B T) SHT@' ic) 3
eI 705_‘_0& o
(5(1\) (3ASHTI-4DSHT.3- 4A48 3HTG4A5A) OE\.3 SIZE. | CODE IDENT NO "““'""“ No. o
%wg&mné.. Suere — 1]741500 839930 A
7 | 6 l 5 T 4 3 | - SCALE — 1-24-79 [eer dor @ 7
2 1

5-16



5-17

sus aiLC&L1D :ZQ' G[\/I
lo
sus oL CFT— >
|
2| +— I3 1oy .
aus s CRD — >— N[ X
! 1
.,_3)‘}} | _ ADDR BUS 33K
| (4A, SHT 2-8D) —
eus e (CN2ZD 'C{>i 21241° +5v
BAI | N o
BA BUS BA 10 - | Ao | 24 1 4c RB
(SHT.T1D, 5111.3-55)] BA 9 } A9 12 g o2 .| o 33k]33K[33K
BAS | :f’ J7 | 800TSTRA® | 3
9 | PtR-L06ic Ol © 12 cue
9 , ____AG . Cﬁ%& 2 13 Gf of 7 H:I’Hk_gy_ D)
L getl | o™ N 4 1 SEL FLOPP
———————— A4 All |14 15 14 IShre B be)
[_~__ _____.____| —O O | 5 SEL ROM
D S5A . <{> | 10 Ao U 7 48 (5HT.G-5B)
o JJ | ‘ - 7 BiRoMo ” Too DisabLe
| Mo ode 2 CEl
— p—0
le (SHT. 3-6A) A2 8 Tlo
BUS AC,L@ ’ f{> ‘ | A
| | Al
*—| I3 | AQ
Bus AsL (&Y ;4> | S ol Io] va
| | 11 |5, OMeIeo)
- R Ao o im g 85
aus mL CUZD . <{> | ol A
[ !2.0 131p4 vla
BA 7 | o OD | 4183
BA G | { 21 3 "~
| BA S 7 A3 V"0 o B2
BA4  CYR | A2 A3 ]zz 151a2
—— | Al "o o 2|
-~ 20 | FLOPPY DEV. ADDR. A 8
T N , ey [——-——"UUMPER = LOGIC O 3
7
us 45 LCETED >0 ae | {;
| +5\/ A7
| AG
1 l DDR BUS — ¢ A5
BUS AZL @ ' e R9 Al
g I :
P I 3 3 G\
i ! 4 J9
ous a1 L CH D > . a2 _s)
s
— ;
, 3
sus AoLCCHZ ) ;{> |
|
‘/BAS | P—j :
BA 2
BA I I _ Cf : %
' SIZE | CODE IDENT NO |DRAWING NO REV
i el D 839430 A
BISHOP GRAPHICS/ACCUPRESS - SCALE nt l l.z - Im 5 " L
| | i 4 3 2 | 1




-

i

Pl-3

PL-

~

pPI-5

)

pl-12
PI- 13
P1-23

'%

PI-26

WRITE FLOPPY
-Q7 (ZA)IF DONE
I 4D.5B, GG SHT. 3-4B,
<5HT,%-3A HS

@

\ 4

z
o

<
o+
U
<

—

_R7_ T s
180 T

X R
(SHT.3-3A

DATA 1O CPU L __J
(SASHT3-3A1 BSHT.3-2C,5HT.4- TA2C GA)
DATA STROBE.
(sgg 14N, SHTE- 4B

(58,&D) (3H
(58
2
S, O 3
4 74‘&250)'6 l’
(SHT 3-4B) RESET —E‘?’
Tl
IF DONE.
TRngi 3 20 4(4&55.705&13-—/
(14,4A.5A58, l>° 4B SHIA-3R4A) 2
SHT. 3-4A.4B) RDY

I DONE
(HT.-CBSHT 2 4BGC SHT 3-28,10)
IF TRREQ

ACLOW
(GA,SHT. 1=

!
ENDMA L
(5A,5HT. 3-4A.
SHT. 4-3A.4A
SHIFT HIGH BYT

3
2 —C el HisR
1o \2E \,8 (sm.l-ac)
L5009

Gl

gnr 3-3A

SHT4-8D) TOSELECT 2 10] 741532,
. — T}
(4B3AT. 3-5B )~ E\12 2 1

N
(3BSHT346B) ™ 134Lsil
[

16E (SHT.3-58
Ri4 IF DONEL )
1K @D 5A, SHT4-3A 4A)

1 11 10 . 12D
2 Bt oty ¢
£Q Sl :sESA'

Ni4 !
OINi "“Z‘ @»o\> 5
\TEGCs .74L506)
)ﬁ) IN

IF DONE 2
(SBGCID,IHT-3-4B, SHT.4-3A4A) - g
(surl B SHT 4 —
(Sh o3Iy ]
"IF DATA 4]

(58, SHT.1-7A)

?LK LO SR
SHT.I-BA)

74L55!

LS04

|L2E )
— SEL___ 1174300

FLOPPY
(4B,SHT.5-1C)

(38

—d

13

AlL d
(3A,HT.5-5A) |, &0
——

q

EAD DB
SHT.2-4D L
3-28) (SCSHTI-3AMTAB) | Fioap QA

q
5 EN VECT
OR STAT L

(P1-25 )IDMA MODE L
RESET L \/
(3HT.1- 3A 8A,SHT.2- 1B,
SHT 4-2B)

O il
; 7l;% ! (PI-20)1F INIT L

3 I
(SHT.3'£A.4B. d E El4
SHT 4 3B) 1418197
[0 8 QD)

41A Qc
OAD MODEL_IBCLR QB

2
B
3
O
FTL
(c:s;sm.‘rc- p
3B,

(3HT.2-5A)
N

XM 4
SHT.I-GD 178 WZe__ T ERRO
(snr.4~2a) I 5@’_ L ERROR L

I
T DoNEL (PI-21 ) g - * IF DONE
Q (4D -
990 { RI5 IK qsztc‘*?gf‘s)'ifﬂg ®
3 | 4 TA TO cPU
I vATA To (PLIG )— I (7D,SHT 3-3A TB) SHT4-1A,22,6A) 4 2 D
CPuL 180 = 4 9 ap |3 13 2 ASSERT
| (80 12 DATA T cPuL = \.© 10 ) | paLsog SY:
(485A,SHT3-3A4B,SA) 3¢ RoM_ 5 |75 09 .
- 17 | 8 VWle Ve ' ERROR . (ST A0y el Q RII 14504 (SI1.4-7B)
1 eRRORUCPT-2Z ) . I 7 (3HT 2-6C) SN ROt & o cdo
390 2 B2 N0 smer L (SHT.Z-BD) (3¢, 5uT.3-3¢ 12 8205t
180 | { ole- [2C. SHT 4-38) S 4-68)
Rie eE ‘ MASTERL 2,
%—Lz | . L AAA— (SHT.3-GBA SHT4- 4CBRIHT.5TAY 7] &D
1K
T shirT LCPEIS - 3 ' AN DATA 1O —1d
390 I (5A.GB,SHT. 3~
| 74LS240 IndB 54 READ DB L
180 l - (3C)
IO SELECT 5
| | s TRREG (5C3HY.3-58) —]
1rRReqL (PI-19)- * 3L FLoppY. 3] 7E
Q 180 390 ) s i ‘er.s-Yc‘) 3 |
T | (SHT.3-GB) "—*_““Cm 5D \3 o WRITE D TRREQ . 3
4 A \E bATA AL 2o is0z SHT. 3- 3A ! Q%Cr_
rosm L CRETT) S sa0 | (sc SHT1-7A) (g%sm's' S el ey et b
b I DATAL (SHT. 4-1A) R ) I 5 1=34)
R A BN ACLOW A8l s — LRy oS -
1 AcLow L(CPI24 . —q 40 W0 wRITE CS L :
Gzt - 770 (7CSHT. 1- GB, SHT.3-3D) L (4c) 10@"?3%1-525 , SHT.2-78
(@A DA, SHT.3-4B,GD, ’
RIO a La, 10 ST 4-70) SV
L IRREQ 31y 2 ql5  snomaA g S q? seLeyte L
('A-4A.5B'GC-5”T«3"FA‘%T.— 8D GRS 4D, 5HT.5- 51 80 BT Sasina-an RG
DATA TO 7413112 yt TRRE
ceu L & 4,45 (ASASE [ h s 33K
(48,6B, SHT3-—2{* Qe ENDMA L S A S (e '
N BN R (1D, 5HT.3 A BT R 3 4% wRiTE F
1 . 5 SHT.4-3A4%) 4 2 T oY %
v 7415240 ENDMA SIZE | CODE IDENT NO |DRAWING NO. [ &V |
IF DONE L (5A, SHT.T-4D, 9HT. 3- 4A.4B) )
(45,8 ST a3, 40) D 834430 | B
_ SCALE — | 1-24-19 Joneer oor 2o
DI 7 6 [ 5 T 4 ’ 2 [ 1

5-18



ITEM PART NO.

DSD

OO0 -~JO U W

300072
300117
330012
300054
300111
300001
300002
300010
300004
300007
300064
300009
300108
300096
300107
230018
230020
260007
250007

PARTS LIST, 2131, PDP-8 INTERFACE MODULE

DESCRIPTION/REMARKS

IC, 7402

IC, 7439

IC, 8136

IC, 8837

IC, 8838

IC, 74LS00

IC, 74LS02

IC, 74LS08

IC, 74LS10

IC, 74LS32

IC, 74LS42

IC, 74LS74

IC, 74LS76

IC, 74LS93

IC, 74LS195

RESISTOR, DIP, 220/330, 1.75 W, 2%, 16 PIN
RESISTOR, DIP, 3.3K, 1.75 W, 2%, 16 PIN
CAP, 47 Mf, 16V, ALM, ELEC, AXIAL
CAP, .01 Mf, 50V, CER, RADIAL
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QO b b bk QO et bk Q1 DD D) QO W WO
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