














































































































































































































































































































































































CAUTION: 
REMOVE AC POWER CABLE FROM 
AC POWER SOURCE BEFORE 
SLIDING THE POWER SUPPLY 
ASSEMBLY OUT OF THE COMPUTER 
ASSEMBLY 

M-7001 

110 VAC TERMINALS 

Figure 4-3. Sliding the Power Supply Assembly Out of the Card Cage Assembly 
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Figure 4-4. Pivoting the Power Supply Assembly on Its Hinge 
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BLACK AND WHITE 
WIRES 

INTERFACE CABLE THAT 
CONNECTS TELETYPE 
TO COMPUTER 

RED AND WHITE 
WIRES 

Figure 4-5. ASR-33 Teletype Interface Card Location 
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2. Connect the cable with the black and white 
wires to the connector located directly below the connec­
tor mentioned in step 1. 

3. Connect the cable with the black and blue 
wires to the connector located at the top left-hand side 
of the interface card. 

d. Set the LINE/OFF/LOCAL switch on the Teletype 
control panel to OFF (see figure 4-6). 

e. Press the paper tape punch OFF pushbutton 
switch on the Teletype control panel. 

f. Bring the interface cable and the Teletype power 
cable out through the rear of the unit. 

g. Refer to figure 4-7. Connect the interface cable 
to either of the computer's I/O connectors (J69 or J70). 

ON 

REL 

PAPER TAPE 
PUNCH ASSEMBLY 

START/STOP/FREE 

h. Connect the Teletype and RC 70 Computer power 
cables to 11 7V ac power sources. 

i. Set the LINE/OFF /LOCAL switch on the Tele­
type control panel to LINE. 

j. Press the POWER pushbutton switch on the com­
puter control panel. The switch indicator goes on. 
Pressing this switch applies power to both the RC 70 
Computer and the ASR-33 Teletype. 

k. Normally the computer is shipped to the customer 
with the RC 70 diagnostic program loaded in memory. 
If the RC 70 diagnostic program is stored in memory, 
set the switches on the interface card as follows: 

Switch 0: up 

Switch 1: down 

LINE/OFF/LOCAL 

PAPER TAPE 
READER ASSEMBLY 

Figure 4-6. ASR-33 Teletype Control Panel 

4-8 



M-7001 Paragraph 4. 8 

Switch 2: up reload the diagnostic program paper tape into the paper 
tape reader, and repeat this procedure. 

Switch 3: up 

Switch 4: up 

1. Replace the rear panel of the Teletype. 

m. If the RC 70 diagnostic program is not resident 
in memory, load the program as follows: 

1. Remove the rear panel of the Teletype, and 
place the switches on the interface module in the follow­
ing positions: 

Switch 0: up 

Switch 1: up 

Switch 2: up 

Switch 3: down 

Switch 4: up 

2. Replace the rear panel of the Teletype. 

3. Load the RC 70 diagnostic program paper 
tape into.the paper tape reader. 

4. Set the START/STOP/FREE switch on the 
Teletype control.panel to START. 

5. Position the diagnostic program tape so that 
approximately 6 to 10 inches of blank leader tape occur 
before the first loader data bit. 

6. Place each of the data switches on the 
processor control panel in the lower position, except 
switches 12, 13, and 16. These switches are placed 
in the upper position. 

7. Set the register select switch on the proc­
essor control panel to L. 

8. Press the RESET pushbutton switch on the 
processor control panel. 

9. Press the FILL pushbutton switch on the 
processor control panel. The C indicator on the proc­
essor control panel goes on. 

10. Set the STOP/START/FREE switch on the 
Teletype control panel to START. The paper tape reader 
should read all of the data on the tape into memory. 
When the reader reads the first character on the tape, 
the register display follows a binary count. A halt 
should not occur until all the data on the tape has been 
processed by the computer. If a halt does occur, a 
checksum error is the probable cause. Therefore, 

11. If the paper tape reader fails to operate, 
perform steps mll through m16 of this procedure. If 
the paper tape reader is functioning in a normal manner, 
continue to step n. 

12. Place each of the data switches on the proc­
essor control panel in the lower position, except switches 
1, 2, 4, 7, and 12. These switches are placed in the 
upper position. 

13. Set the function switch on the processor 
control panel to SING INST. 

14. Press the SINGLE CYCLE pushbutton 
switch on the processor control panel. 

15. Press the START pushbutton switch on the 
processor control panel. The I/O bus is now reset. 

16. Press the SINGLE CYCLE pushbutton 
switch on the processor control panel. The machine is 
now operating in the compute mode. 

17. Repeat steps m6 through mlO of this 
procedure. 

n. Note' the reading on the ELAPSED TIME indicator 
for future reference. 

4. 8 CHECKOUT PROCEDURES 

The computer checkout procedure is given below. Unless 
otherwise indicated, all the controls in this procedure 
are located on the processor control panel. 

a. Set up the computer and the ASR.-33 Teletype in 
accordance with the procedure given in paragraph 4. 7. 

b. Set the LINE/OFF /LOCAL switch on the Tele­
type control panel (figure 4-5) to LINE. The Teletype 
activates. 

c. Place each of the eight sense switches in the 
lower position. These toggle switches are labeled 1 
through 8. 

d. Set the register select switch to L. 

e. Set the function switch to COMPUTE. 

f. Place the CONT toggle switch in the lower 
position. 

g. Place the PROTECT MEM toggle switch in the 
lower position. 

h. Place each of the BLOCK toggle switches in the 
lower position. 
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i. Place the INHIBIT INTRP toggle switch in the 
lower position. 

j. Place the PARITY H LT toggle switch in the 
lower position. 

k. Place the B-E TEST toggle switch in the lower 
position. 

1. Place each of the data toggle switches, labeled 0 
through 16, in the lower position, except data switch 5. 
It is placed in the upper position. 

m. Press the RESET pushbutton switch. The con­
tents of the data switches, representing instruction 
X'0800' are loaded into the L-register. 

n. Press the START pushbutton. Since the diag­
nostic program is resident at location X '0800 ', the 
program is executed by the machine. At the same time, 
the C indicator goes on, indicating that the computer is 
functioning normally. 

Note 

The status of the register display indi­
cators are meaningful only when the 
computer is in the idle mode of operation. 

o. Permit the computer to operate for two minutes. 
If the C indicator does not go out, proceed to the next 
step. However, if the C indicator does go out, refer to 
the RC 70 diagnostic troubleshooting procedure in 
section V. 

p. Place sense switch 1 in the upper position. The 
computer halts, and the C indicator goes out. 

q. Place sense switch 3 in the upper position. 

r. Place sense switch 6 in the upper position. 

s. Press the ON pushbutton switch on the paper 
tape punch control panel. 

t. Place sense switch 1 in the lower position. 

u. Press the START pushbutton switch. The paper 
tape punch activates. Data, which is being read out of 
memory, is punched into the tape and recorded by the 
Teletype. 

v. Place sense switch 1 in the upper position. The 
diagnostic program halts at the end of one type cycle. 

w. Place sense switch 1 in the lower position. 

x. Place sense switch 7 in the upper position. 

M-7001 Paragraphs 4. 9 to 4.10 

y. Load the paper tape, which has just been punched, 
into the paper tape reader. The first punched character 
should be directly over the reader pins. 

z. Press the RESET pushbutton switch. 

aa. Set the register select switch to L. 

ab. Place data switch 5 in the upper position. 
Place each of the remaining data switches in the lower 
position. 

ac. Press the START pushbutton switch. 

ad. Place the START/STOP/FREE switch on the 
Teletype control panel in the START position. 

ae. The paper tape reader reads the first character 
on the tape. The data is transferred into memory, where 
it is compared to data in a table. After the comparison 
is made, the computer outputs the character just read to 
the Teletype. This sequence is repeated as each char­
acter is read by the paper tape reader and continues to 
be read until an error occurs or until sense switch 1 is 
placed in the upper position. 

af. If there is a difference in the data stored in the 
tape and the data recorded by the Teletype, the diagnostic 
program halts, and X'C9' is displayed by the register 
display. (The 8 and the 4 indicators in the extreme left­
hand column of the register display are on. The 8 and 
the 1 indicators in the next column to the right are on. 
All of the remaining indicators are out.) This error 
message is transmitted to the Field Service Engineer if 
the register select switch is in the I position. 

4. 9 PREVENTIVE MAINTENANCE 

Preventive maintenance consists of procedures to check 
out the electronic and mechanical operation of the RC 70 
Computer. Preventive maintenance for the electronic 
circuits includes periodically checking the computer 
clock, running the RC 70 diagnostic program, and check­
ing the voltage levels of the power supplies at the com­
puter backplane. The fans and the control panel switches 
are checked mechanically. In addition, the machine 
should be cleaned at regular intervals. 

It is recommended that a log showing the power supply 
voltages and the pulse widths of the one-shot circuits be 
maintained. Such a log may prove helpful in anticipating 
or locating malfunctions. 

4.10 CHECKING THE COMPUTER CLOCK 

The computer clock should be checked once every three 
months. This check ensures that the switching times of 
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the clock are not drifting. To check the operation of the 
computer clock, perform the following procedure: 

a. Place the horizontal sweep control on the 
oscilloscope in the . 1 µs position. 

b. Place the vertical gain control on the oscillo­
scope in the 2 volts position. 

c. Press the POWER pushbutton switch on the 
processor control panel. The switch indicator lights. 

d. Place each of the toggle switches on the proces­
sor control panel in the lower position. 

e. Set the function switch on the processor control 
panel to COMPUTE. 

f. Press the RESET pushbutton switch on the 
processor control panel. 

g. Connect the sync probe of the oscilloscope to 
test jack Xl on the computer control panel. Use an 
externally or internally generated negative trigger. 

x, 1 

X2 

X3 

X4 

X5 

X5 

X7 

CLK 
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h. Connect the test probe of the oscilloscope to 
test jacks X2 through X7 and to test jack CLK. Observe 
the waveforms shown in figure 4-8. 

Note 

The time values of the waveforms 
shown in figure 4-8 may vary from 
machine to machine. These variations 
occur because the computer clock is 
RC time constant controlled, not 
crystal controlled. 

4. 11 RUNNING THE RC 70 DIAGNOSTIC PROGRAM 

The RC 70 diagnostic program should be performed once 
every three months. Executing the program ensures that 
the machine's input/output unit, arithmetic unit, control 
unit, and memory are operating normally. The program 
also ensures that the switches on the processor control 
panel are operational. Inspect the toggle switches; they 
should not be bent or loose. Also check the other switch­
ing assemblies on the computer control panel. They 
should be mechanically functional and secure. 

L 

Figure 4-8. Computer Clock Signals 
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4.12 CHECKING THE POWER SUPPLY ASSEMBLY 

The power supply assembly, consisting of four power 
supplies, should be checked once every three months and 
before the Field Service Engineer troubleshoots the com­
puter. All power supply outputs must be within ±5% of 
the values specified in the following procedure: 

a. Place the black probe of a VOM (volt-ohmmeter) 
on pin 79 of connector J3 . This connector, as well as 

REAR VIEW 
UPPER 
MODULE 
TRAY 

PIN 80 

POWER BUS 
INTER­
CONNECTION 

REAR VIEW 
LOWER 
MODULE 
TRAY 

PI N 79 

)\ 
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the other connectors mentioned in this procedure, is 
located on the backplane of the computer (figure 4- 9). 

b. Place the red probe of the VOM on pin 40 of J3. 
Observe a meter reading of +5 (±0. 25)V. 

c. Place the red probe of the VOM on pin 71 of J3. 
Observe a meter reading of +12 (±0. 60) V. 

d. Place the red probe of the VOM on pin 79 of J3 . 

POWER 
BUS 

POWER 
BUS 

Figure 4-9. Computer Backplane 
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e. Place the black probe of the VOM on pin 55 of J3. 
Observe a meter reading of -6 (±0. 30)V. 

f. Place the black probe of the VOM on pin 78 of J4. 
Observe a meter reading of -27 (±1. 35)V. 

Note 

The voltage measured in step f may 
vary a volt or two because the voltage 
is temperature compensated. The -27V 
power supply accomplishes this control 
using diodes as temperature sensors. 

4.13 CHECKING THE FANS 

There are two fans mounted on the bottom of the com­
puter assembly. These fans should be checked once 
every six months to ensure that they function properly. 

4.14 CLEANING 

In order to reduce the cost of repairs and keep computer 
downtime to a minimum, the general area in which the 
computer is operated should be kept clean, neat, and 
orderly. 

It is recommended that good housekeeping regulations 
be set up and observed. For example, once every 
six months vacuum and blow out the dirt collected by the 
fans. If the environment is not clean, dirt collects on 
the upper and lower row of the printed circuit modules, 
blocking the flow of air. The reduced airflow causes 
excessive heat in the circuit modules. The heat, in 
turn, reduces component life. 

Doors and panels should be kept closed or secured. Dust 
covers, when available, should be used on the equipment 
when it is not in service. 

4.15 LUBRICATION 

Since there are very few moving parts in the computer, 
no special lubrication procedures are required. The 
fans have sealed bearings. All hinges, rollers, pins, 
and similar type hardware may be lubricated using any 
lightweight oil. 

4. 16 CORRECTIVE MAINTENANCE 

Subsequent paragraphs provide adjustment, removal 
and replacement, and repair procedures. 

4.17 POWER SUPPLY VOLTAGE ADJUSTMENTS 

All the power supply voltage adjustments are made on the 
voltage regulator printed circuit cards. These cards are 
housed in the power supply assembly (see figure 4-2). 
There are three types of voltage regulator cards: The 
first type has three potentiometers; the second type has 
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two potentiometers; and the third type has one potenti­
ometer. Each control is accessible from the front of 
the power supply assembly. 

The number of potentiometers that exist on a card does 
not affect the manner in which the adjustment procedure 
is performed. If the voltage regulator card has three 
controls, use the middle potentiometer during the pro­
cedure. If the card has two potentiometers, use the top 
one. If there is only one potentiometer on the card, 
that is the control that is adjusted during the procedure. 

To adjust the outputs of the power supply assembly, 
perform the following procedure: 

a. Press the POWER pushbutton switch on the 
processor control panel. The switch indicator goes on. 
Permit the machine to operate for 30 minutes so that 
the operating temperature of the computer stabilizes. 

b. Place the red and black probes of the VOM on 
the pin locations listed in table 4-1. All voltage meas­
urements are taken at the computer backplane (figure 4-9). 
This action eliminates the need to compute the voltage 
drop between the output of the power supply and the back­
plane connector. 

Note 

If a digital voltmeter is available, use 
it for all voltage measurements. 

c. Adjust the proper control on the proper voltage 
regulator module, obtaining the voltages listed in 
table 4-l. 

4. 18 COMPUTER CLOCK ADJUSTMENT 

The adjustments made in the following procedure are 
made only when a defective component has been replaced 
in the computer clock circuit or when the clock drifts 
out of tolerance. All measurements and adjustments 

Table 4-l. Voltage Regulator Adjustments 

Slot 
Black Probe Red Probe Voltage Reading 

Designator 

Al J3, Pin 79* J3, Pin 71 +12 (±0. 60)V 

A2 J3, Pin 79 J30, Pin 40 +5 (±0. 25)V 

A3 J3, Pin 55 J3, Pin 79 -6 (±0. 30)V 

A4 J4, Pin 78 J3, Pin 79 -27 (±1. 35) v 

*This pin is ground. 
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are made on the computer clock printed circuit card 
(see figure 4-10). The card is housed in slot J32 (533). 
To adjust the computer clock, proceed as follows: 

a. Press the POWER pushbutton switch on the 
computer control panel. The switch indicator is off. 

b. Disconnect the computer ac power cable from 
the 117V ac power source. 

c. Remove the two screws that hold the power 
supply assembly in place. These screws are located on 
the rear of the processor assembly (figure 4-2). Using 
a crescent wrench, loosen the nut on the screw that is 
located on the right-hand side of the power supply 
assembly. 

d. Grasp the bottom of the power supply assembly 
and slide it back (figure 4-3). Pivot the power supply 
assembly on its hinge (figure 4-4) so there is complete 
access to all of the computer's card assemblies. 

T5RD 

e 
F T1RD 

112 II 113 

0 
G 

17 

e. Remove the computer clock printed circuit card 
from slot J32. 

f. Insert a card extender assembly into slot .J32. 

g. Connect the computer clock circuit card to the 
card extender. 

h. Place each of the toggle switches on the proc­
essor control panel in the lower position. 

i. Set the function switch on the processor control 
panel to COMPUTE. 

j. Connect the computer ac power cable to the 
ll 7V ac power source, and press the POWER push­
button switch on the processor control panel. The 
switch indicator goes on. 

k. Press the RESET pushbutton switch on the 
processor control panel. 
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§103 84 203 
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T2RD 

0 @ 
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I ©0oT3R 
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Figure 4-10. Computer Clock Printed Circuit Module 
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1. Place the horizontal sweep control on the 
oscilloscope in the . 1 µ.s position. 

m. Place the vertical gain control on the oscillo­
scope in the 2 volts position. 

n. Connect the input probe of the oscilloscope to 
pin 6 of component 19. 

o. Adjust potentiometers TR4 and TR5 to obtain 
the waveshape shown in figure 4-11. 

p. Remove the input probe of the oscilloscope from 
pin 6 of component 19. 

M-7001 

q. Press the POWER pushbutton switch on the proc­
essor control panel. The switch indicator goes out. 

r. Disconnect the computer power cable from the 
117V ac power source. 

s. Remove the computer clock card assembly from 
the extender, and remove the extender from the slot. 

t. Insert the computer clock card into slot J32. 

u. Pivot the power supply assembly on its hinge 
and slide the assembly back into its proper position. 

v. Replace the screws that were removed in step c 
of this procedure. Tighten the nut that was loosened in 
step c. 

4. 19 ONE- AND TWO-MILLISECOND 
CLOCK ADJUSTMENT 

The following adjustments are made only when a defective 
component has been replaced in the 1- and 2-millisecond 
clock circuit or when the clock drifts out of tolerance. 
The clock has a ±20% tolerance. 

To adjust the 1- and 2-millisecond clock, perform the 
following procedure: 

a. Perform steps a through k of the procedure 
given in paragraph 4.18. 

Figure 4-11. Computer Clock Output 
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b. Place the sweep control of the oscilloscope in 
the . 2 µ.s position. 

c. Place the vertical gain control of the oscillo­
scope in the 2 volts position. 

d. Connect the input probe of the oscilloscope to 
pin 3 of component I3 (see figure 4-10). 

e. Adjust potentiometers TRl and TR2 to obtain 
the waveshape shown in figure 4-12. 

f. Remove the input probe of the oscilloscope from 
pin 3 of component I3 and connect it to pin 3 of compo­
nent 112. 

g. Adjust potentiometers TRl and TR2 to obtain 
the symmetrical waveshape shown in figure 4-13. 

h. Remove the input probe of the oscilloscope from 
pin 3 of component I12. 

i. Since potentiometers TRl and TR2 are both used 
to obtain CKlM and CK2M, repeat steps d through g of 
this procedure to ensure that the clocks meet the desired 
requirements. 

j. Perform steps q through v of the procedure 
given in paragraph 4. 18. 

4. 20 POWER FAIL-SAFE ADJUSTMENT 

The following procedure is provided to adjust the power 
fail-safe circuit on the computer clock card assembly. 

a. Disconnect the computer ac power cable from 
the 117V ac power source. 

CK1M 

-I 1--1.5µ.S I 
~lms-J 

Figure 4-12. One-Millisecond Clock 

CK2M_Il_JL 

~2mS~ 

Figure 4-13. Two-Millisecond Clock 



b. Connect a Variac to the 117V ac power source. 

c. Rotate the voltage selector control on the Variac 
to the ll 7V ac position. 

d. Connect the computer ac power cable to the 
Variac. 

e. Connect an ac voltmeter across the 117V ac 
power source. 

f. Perform steps a through g of the procedure 
given in paragraph 4.18, except disconnect the computer 
ac power cable from the Variac. 

g. Connect the computer ac power cable to the 
Variac. 

h. Connect the red probe of a VOM to pin 79 of 
connector J32. The connector is located on the com­
puter backplane (figure 4-9). 

i. Connect the black probe of the VOM to pin 14 
of J32. 

j. Observe a positive reading on the VOM. 

M-7001 

k. Using the voltage selector control on the Variac, 
slowly decrease the Variac's output. When this voltage 
reaches a potential of 90V ac, a OV de reading should be 
observed on the VOM. If this reading is not obtained 
when the output of the Variac is 90V ac, adjust TR3 until 
it is. 

1. Disconnect the ac voltmeter from the 117V ac 
power source. 

m. Disconnect the VOM probes from pins 79 and 14 
of J32. 

n. Press the POWER pushbutton switch on the com­
puter control panel. The switch indicator goes off. 

o. Disconnect the ac power cable of the computer 
from the Variac and disconnect the Variac's power cord 
from the 117V ac power source. 

p. Perform steps s through v of the procedure 
given in paragraph 4.18. 

4. 21 REPLACEMENT OF DEFECTIVE POWER 
SUPPLY SEMICONDUCTORS 

The following procedure is provided to remove and 
replace a defective semiconductor on the power supply 
assembly: 

a. Perform steps a through d of the procedure 
given in paragraph 4.18. 

Paragraphs 4. 21 to 4. 22 

b. Remove the six Phillips screws and two 
standard single slot screws that secure the rear plate 
to the power supply assembly. The rear plate is oppo­
site the side of the power supply assembly that has the 
terminal boards (figure 4-2). 

c. To remove a heat sink which is located adjacent 
to the rear plate, remove the two outside screws (fig­
ure 4-14) using a Phillips screwdriver and a crescent 
wrench. 

Note 

The plastic spacers are used as 
electrical insulators. They should be 
handled carefully. 

d. Slide the heat sink out of the power supply 
assembly, and remove the defective transistor. 

e. To remove a heat sink located in the interior of 
the power supply assembly, remove the right-hand plate 
of the assembly (see figure 4-15). This step requires 
that one man hold the side plate, while another man 
removes the five screws that secure the plate to the 
power supply assembly (figure 4-14). 

Note 

Once the side plate has been removed, 
the plate is still attached to the power 
supply by a cable. 

f. Using a 5-inch socket extender and socket, 
remove the outside screws that secure the heat sink 
upon which the defective transistor is mounted. 

g. Remove the heat sink, and replace the defective 
transistor. 

While removing a defective component, 
do not touch the electrolytic capacitors 
or the choke located at the bottom of 
the power supply assembly. A capaci­
tor may still be charged if its associ­
ated bleeder resistor is defective. 

4. 22 REGISTER DISPLAY INDICATOR REPLACEMENT 

To remove a defective register display indicator, pro­
ceed as follows: 

a. Disconnect the computer ac power cable from 
the 117V ac power source. 
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Figure 4-14. Removing a Power Supply Heat Sink 
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HEAT SINKS 

Figure 4-15. Disassembling the Power Supply Assembly 

b. If the computer is mounted in a rack and the 
control panel is mounted in the front panel, open the 
front panel. 

c. Remove the three screws that secure the register 
display assembly to the control panel (see figure 4-16). 
The defective indicator lamp is now accessible. 

Note 

Do not misplace the fiber insulated 
washers used on the screws. 

d. Remove the defective indicator from its socket. 

e. Place the indicator in. the empty socket. 

f. Secure the register display assembly to the 
control panel. Do not tighten the screws excessively. 

g. Close the front panel of the computer. 

h. When the machine is housed in a desk, the con­
trol panel is mounted on top of the desk. To gain access 
to the register display assembly, remove the 10 Phillips 
screws around the perimeter of the control panel. 

i. Slide the control panel out of its housing. 

j. Repeat steps c through f of this procedure. 
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STANDOFF 

Figure 4-16. Removing a Defective Register Display Indicator 

4. 23 REPLACING CIRCUIT COMPONENTS 

The computer uses printed circuit cards that are 
manufactured using the REDCOR NT-1 process. The 
NT-1 process consists of coating the surface of a printed 
circuit card with a layer of epoxy, before holes are 
drilled into the card. The epoxy coating is rugged and 
provides excellent protection for the printed circuit etch. 

Due to the special characteristics of the NT-1 process, 
field repair of a printed circuit card is possible only 
with special tools. All repair, without these tools, is 
considered by REDCOR as an emergency repair. It is 
therefore suggested that defective circuit cards be 
returned to REDCOR for repair. Each district office is 
equipped with the special tools and replacement parts. 
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If emergency repair of a printed circuit card is required, 
then refer to the procedures presented in the following 
paragraphs. 

4. 24 REPLACING MICRO ELEMENTS 

The following is a recommended emergency procedure 
for removing and replacing a defective micro element. 
No special equipment is required to perform the 
procedure. 

a. Cut the leads of the defective micro element as 
shown in figure 4-17a. 

b. Cut the stems of the replacement micro element 
as shown in figure 4-17b. 
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DEFECTIVE MICRO ELEMENT 

CUT LEADS AT TOP 

PRINTED CIRCUIT CARD 
(a) 

CUT STEM 
OFF CLEANLY 

/~-
(b) 

OVERLAP 

SOLDER IN PLACE 

END VIEW 

(c) 

Figure 4-17. Replacing Defective Micro Element 

c. Mount and solder the new micro element in place 
as shown in figure 4-17c. 

4. 25 REPLACING DIODES, RESISTORS, 
OR CAP AC ITO RS 

The following is a recommended emergency procedure 
for removing and replacing a defective diode, resistor, 
or capacitor. No special equipment is required to per­
form the procedure. 

a. Cut the leads of the defective part as shown in 
figure 4-18a. 

b. Straighten the leads. 

c. Wrap the leads of the new part around the 
straightened leads as shown in figure 4-18b, and solder. 

4. 26 REPLACING TRANSISTORS 

The following is a recommended emergency procedure 
for removing and replacing a defective transistor. No 
special equipment is required to perform the procedure. 

a. Cut the leads of the defective transistor as 
shown in figure 4-19a. 

b. Using a soldering iron, heat each of the remain­
ing leads and remove the leads as shown in figure 4-19b. 

4.27 

Use the soldering iron and the lead 
itself to clean out the hole left by the 
lead. Do not drill out the hole as this 
will damage the printed circuit card. 

c. Solder the new transistor into place. 

WIRING WRAPPING 

A wire-wrap tool (Gardner-Denver No. 1411-lC or 
equivalent) is required to make solderless connection 
to terminal posts on the printed circuit card mounting 
receptacles (see figure 4-20). To assure reliable 
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DEFECTIVE COMPONENT NEW COMPONENT 

CUT LEADS AT""' WRAP AND n .------i1l"W'1 ~/STRAIGHTEN LEAD AND 
THIS POINT ""- SOLDER~~ TIN WITH SOLDER 

re 111 tJJ II " 
i~~~~~~~~~~s~ ~~~~~~~~~____. 

PRINTED CIRCUIT CARD/ 

(a) (b) 

Figure 4-18. Replacing Defective Diode, Resistor, or Capacitor 

DEFECTIVE TRANSISTOR 

PRINTED CIRCUIT CARD 
(a) 

CUT LEADS AS CLOSE TO THE 
TRANSISTOR AS POSSIBLE 

Figure 4-19. Replacing Defective Transistor 

(b) 

SOLDERING 
IRON 

connections, the following general requirements should 
be observed: 

TERMINAL POST a. Do not wrap the end of a wire a' second time. 
Always cut away the used wire end. 

AVAILABLE 
WRAPPING AREA 
(3 CONNECTIONS) 

b. Do not make any connections with fewer than the 
minimum number of turns specified in table 4-2. 

~W'"E Table 4-2. Wire-Wrap Turns 

BARE INSULATED 
WIRE INSULATION WIRE WIRE TURNS WIRE TURNS 

GAUGE 
Maximum Minimum Maximum Minimum 

30 10 7 1-1/2 1 

CARD RECEPTACLE 
28 8-1/2 7 1-1/2 1 

26 7 5-1/2 1-1/2 1 

24 6 4-1/2 1-1/2 1 

22 6 4-1/2 1-1/2 1 
Figure 4-20. Printed Circuit Card Receptacle 
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c. Do not wrap more than two connections on any 
one terminal post. 

d. Route the wire to the wrapped connection with 
sufficient slack to prevent strain on the post and in a 
direction that will tend to prevent unwrapping of the 
connection. 

4. 28 Solid Wire-Wrap Procedure 

The following procedure explains the steps required to 
install a connection to a printed circuit card receptacle 
using insulated solid conductor wire: 

a. Strip the insulation from the end of the wire, 
exposing a sufficient length of bare wire to permit the 
number of turns specified in table 4-2. 

M-7001 

b. Insert the stripped end of the wire into the wire 
funnel of the wire-wrapping tool (see figure 4-21). The 
wire funnel will accept a sufficient length of the insulated 
wire to fulfill the insulated wire-wrapping requirements. 

c. Route the wire through the anchor notch and 
back alongside the tool (B, figure 4-21). 

Note 

When wrapping insulated wire, include 
at least one turn of insulated wire in the 
connection in addition to turns of bare 
wire specified in table 4-2. 

B 

TIPOF 
WIRE WRAP 

TOOL 

A 

D 

Paragraphs 4. 28 to 4. 29 

d. Place the tool over the terminal post with the 
post inserted into the rotating spindle (C, figure 4-21). 

e. While applying only the minimum force required 
to hold the tool in position, squeeze the trigger to make 
the wrap connection. 

4. 29 Stranded Wire-Wrap Procedure 

The following procedure explains the steps required to 
install a connection to a circuit and to a receptacle using 
insulated stranded conductor wire: 

a. Strip approximately one-half inch of insulation 
from the end of the stranded wire to be connected. 
Thoroughly tin the clean stranded wire end. 

b. Prepare a length of solid wire for wrapping as 
described in the preceding paragraph. Strip sufficient 
insulation from the solid wire so that when the wire is 
inserted into the wire funnel no insulation will be on the 
wire funnel side of the anchor notch. 

c. Insert the stripped and tinned end of the stranded 
wire into the rotating spindle of the wire-wrap tool. 

d. Hold the stranded wire in place in the rotating 
spindle and, with the solid wire inserted in the wire 
funnel, position the tool over the terminal post and make 
the connection. 

WIRE FUNNEL 

c 

ROTATING 
SPINDLE 

TERMINAL 
POST 

Figure 4-21. Termination of Solid Wire 
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e. Cut away the solid wire leading away from the fulfills all of the requirements for solid wire 
connection. connections. 

f. Solder the connection. 4. 30 RECOMMENDED CARD ASSEMBLY SPARES 

g. Inspect the connection for conformance to fig­
ure 4-22. Also check that the solid wire connection 

Table 4-3 lists the recommended number of spares for 
each card assembly used in the computer. 

Card 
Assembly 

453 

501 

502 

503 

504 

505 

506 

507 

508 

509 

510 

511 

512 

514 

515 

516 

519 

WRAP 
POST 

TOP VIEW 

Part Number 

400453 

400501-2 

400502 

400503 

400504 

400505 

400506 

400507 

400508 

400509 

400510 

400511 

400512 

400514 

400515 

400516 

400519 

TINNED 
STRANDED 
WIRE 

SOLID WIRE 

SIDE VIEW 

Figure 4-22. Termination of Stranded Wire 

Table 4-3. Spare Card List 

Quantity Recommended Card 
Part Number 

Used Spares Assembly 

1 0 520 400520 

1 0 521 400521 

1 0 523 400523 

1 0 524 400524 

1 1 525 400525 

1 1 526 400526 

1 1 527 400527 

1 1 528 400528 

1 1 530 400530 

8 2 532 400532 

2 1 533 400533 

1 1 534 400534 

1 1 542 400542 

1 0 545 (Option) 400545 

1 1 546 (Option) 400546 

1 1 547 400547 

1 1 548 400548 

Note: Card assemblies 547 and 548 are housed in slots J48 and J42, respectively. 
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WRAP POST 

INSULATOR 

Quantity Recommended 
Used Spares 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

2 1 

2 1 

1 1 

1 1 

1 1 
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SECTION V 
PERFORMANCE TESTING AND TROUBLE ANALYSIS 

5.1 INTRODUCTION 

This section contains information pertaining to testing 
and troubleshooting the RC 70 Computer. The perform­
ance testing portion of this section describes, in general 
terms, the diagnostics used to check out the operation of 
the machine. The trouble analysis portion of this section 
presents the diagnostics and explains how they are used 
in isolating malfunctions. In addition, the tests that con­
stitute the diagnostics are described in detail. Trouble­
shooting aids are also referenced. 

5. 2 PERFORMANCE TESTING 

Two diagnostic programs are used to test the perform­
ance of the RC 70 Computer. They are the RC 70 diag­
nostic program and the memory tests diagnostic program. 

The RC 70 diagnostic program consists of two parts: 
automatic mode tests and manual tests. The automatic 
mode tests include: 

a. A checksum test 

b. An arithmetic test 

c. A memory test 

d. A panel and buffer test 

e. A 2-millisecond interrupt test 

f. A basic input/output test 

The manual mode tests consist of: 

a. Keyboard and typewriter input tests 

b. A memory protection test 

c. A memory parity error detection test 

d. A basic input/output test 

The memory tests program contains a memory parity 
test, memory test 1, and memory test 2. The memory 
parity test checks each word of the memory for correct 
parity. Memory test 1 tests 4096 words of memory by 
comparing the preloaded contents of each location with a 
similar bit configuration. This test is performed using 
two bit patterns. 

Memory test 2 determines if a one can be written into 
and read out of each bit position in memory locations 
X'006B' through X'OFFF'. This test also checks the 
parity bit. 

5. 3 TROUBLE ANALYSIS 

The RC 70 diagnostic program and the memory tests 
diagnostic program can be used to troubleshoot the 
RC 70 Computer. Other troubleshooting aids are also 
available in volume II of this manual. These aids con­
sist of an RC 70 diagnostic program listing, a memory 
tests diagnostic program listing, an illustration of each 
computer printed circuit card together with a parts list, 
assembly drawings, logic diagrams, and power supply 
drawings. 

A sort-by-name listing is also presented in volume II. 
This listing enables the Field Service Engineer to trace 
each logic function from its origin to its destination. It 
lists, in alphabetical order, every computer signal. If 
the complement of a signal is listed, an asterisk (*) 
appears to the right of the signal mnemonic. 

Adjacent to a signal name are two entries. An entry 
consists of a jack designator and a pin reference. If an 
asterisk appears to the right of an entry, it indicates 
that the signal is generated at that location. For example: 
J33/78* indicates that signal X is generated at pin 78 of 
connector J33. 

A discussion on how to interpret the REDCOR logic 
symbols is provided in appendix A of this volume. Sup­
plementing this discussion is a table converting REDCOR 
symbols into the more familiar MIL-STD-806B logic 
symbols. 

Before the RC 70 diagnostic program is described, the 
troubleshooting process is discussed. 

5. 4 TROUBLESHOOTING PROCESS 

The proper method for troubleshooting consists of four 
steps: 

a. Localization. In servicing a defective piece of 
digital equipment, localize the trouble by tracing the fault 
to the component responsible for the existing problem. 

b. Isolation. Isolate by tracing the trouble to the 
defective printed circuit card responsible for the 
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defective condition. Some malfunctions can be located 
by sight, smell, or hearing; others must be isolated by 
checking voltages, waveforms, and timing relationships. 

can also be used for computer checkout prior to running 
a program. 

c. Inspection. Inspect the problem area visually to 
locate any trouble such as loose, broken, or charred 
parts. Through this inspection, the Field Service Engi­
neer frequently discovers the trouble or determines the 
circuit in which the trouble exists. 

Although the diagnostic program does not test the 
machine on a state-by-state basis, a high degree of 
confidence can be placed in any RC 70 Computer that 
successfully completes the tests. 

d. Repair. The final step of the troubleshooting 
process is repair. Take the necessary steps to correct 
the malfunction. 

If a halt occurs during the program, refer to table 5-1. 
Table 5-1 lists the halts that may occur during a given 
test of the program. It also directs the Field Service 
Engineer to a paragraph that describes that portion of 
the diagnostic in which the halt has occurred. This 
paragraph not only describes the test in detail, but also 
lists all the instructions executed during the test and 
the paragraphs in section III where the instructions 

5. 5 RC 70 DIAGNOSTIC PROGRAM 

The RC 70 diagnostic program is used to diagnose any 
malfunction that may occur in the RC 70 Computer. It are explained. 

5-2 

Error Halt* 

1C903 

1C901-1C913 

1C914-1C92C 

lC92D-lC935 

1C936-1C946 

1C947-1C94D 

1C94E-1C951 

1C956, 1C957 

lC958-lC95E 

1C95F-1C962, 1C9F9-1C9FD 

1C963-1C973 

1C974-1C98C 

1C930-1C933 

1C936, 1C937, 1C9BB 

1C904 

lC906-lC90A 

1C90B, 1C90C 

1C910-1C913, 1C918 

1C914-1C917, 1C919 

1C919 

1C9C5-1C9C7 

Table 5-1. Error Halts 

Test 

Checksum 

Conditional Branches, KU, KS 

Binary Adder 

Branch No Overflow 

Operand Address Selection 

Paged Addressing 

Exchange (B), (UBA) 

Binary Logical Product 

Branch and Save (BLK, BPT, and BBK) 

Binary Shifting 

Binary Multiply 

Binary Divide 

MM Start 1 

MM Start 2 and MM Start 3 

Memory Parity Error Detection 

Two-Millisecond Interrupt 

I/O Buffer 

Typewriter 

Reader 

Teletype 

Manual Mode Parity Error Detection 

*The register display portrays the error halt when the register select switch is set to I. 

Test Description 

Paragraph 5. 9 

Paragraph 5. 11 

Paragraph 5.12 

Paragraph 5. 13 

Paragraph 5. 14 

Paragraph 5. 15 

Paragraph 5. 16 

Paragraph 5. 17 

Paragraph 5. 18 

Paragraph 5.19 

Paragraph 5. 20 

Paragraph 5. 21 

Paragraph 5. 26 

Paragraph 5. 27 

Paragraph 5. 30 

Paragraph 5. 31 

Paragraph 5. 32 

Paragraph 5. 34 

Paragraph 5. 36 

Paragraph 5. 37 

Paragraph 5. 42 



5. 6 PROGRAM LOADING 

The RC 70 diagnostic program is loaded by performing 
the procedure given in paragraph 4. 8, steps b through n. 

5. 7 PROGRAM CONTROL 

The RC 70 diagnostic program is controlled by sense 
switch settings. The switches and their functions are 
listed in table 5-2. 

5. 8 AUTOMATIC MODE TESTS 

The automatic mode tests are discussed in order of 
their occurrence. Note that the console keyboard light 
is not on in the automatic mode. 

5. 9 Checksum Test 

When the checksum test is being performed, program­
mable register display lamp 1 should be on. 

The binary sum of all instructions and constants used by 
the program is calculated and added to the checksum 
constant. The result should be zero. Failure to sum 
to zero results in an error halt. 

The following instructions are used during this test: 

Instruction Description 

·LDX Paragraph 3. 96 

LDB Paragraph 3. 94 

ADB Paragraph 3. 79 

BXB Paragraph 3. 87 

BEQ, BUC Paragraph 3. 84 

HLT Paragraph 3. 92 

5.10 Arithmetic Tests 

There are 16 arithmetic tests. During each of these 
tests, lamp 2 of the programmable display should be on. 
Subsequent paragraphs describe the arithmetic tests. 

5. 11 Conditional Branches - KU, KS Test 

The three obtainable combinations of flip-flops KU and 
KS (00, 10, or 11) are established using the Load 
instruction (LDB) and appropriate constants. Condi­
tional branch instructions, excluding the Branch No 
Overflow instruction (BNO) follow each LDB instruction. 
The branch instructions should be executed in accord­
ance with the settings of KU and KS. 

M-7001 

Sense 
Switch 

1 

2 

Paragraphs 5. 6 to 5. 11 

Table 5-2. Sense Switch Functions 

Functions 

When sense switch 1 is in the lower position, 
the START pushbutton switch causes the pro­
gram to cycle continuously through the auto­
matic mode tests. If sense switch 1 is up, 
the program completes one cycle through the 
automatic mode tests and then halts. When 
this halt occurs, the program is put into the 
manual mode by pressing the START push­
button switch. If the program is running and 
it is necessary to change sense switch set­
tings, the program must first be halted by 
setting sense switch 1 in the upper position. 
When the program halts, set the sense 
switches as desired, and then press the 
RESET and START pushbutton switches in 
that order. 

In the automatic mode, setting sense switch 2 
in the upper position causes the program to 
repeat each automatic mode test for approxi­
mately 15 seconds before proceeding to the 
next test. In the manual mode, sense 
switch 2 halts the program at the memory 
protection test. 

3 Setting sense switch 3 in the upper position 
selects the Teletype tests in both the auto­
matic and manual modes. Sense switches 6 
and 7 are used with sense switch 3 to select 
the Teletype punch and reader, respectively. 

4 Setting sense switch 4 in the upper position 
selects the basic I/O tests in both the auto­
matic and manual modes. Sense switches 5, 
6, and 7 are used with sense switch 4 to 
select the typewriter, punch, and reader, 
respectively. 

5 

6 

7 

8 

Setting sense switch 5 in the upper position 
selects the typewriter tests in both the auto­
matic and manual modes. 

Setting sense switch 6 in the upper position 
selects the punch tests in both the automatic 
and manual modes. 

Setting sense switch 7 in the upper position 
selects the reader tests in both the automatic 
and manual modes. 

In the automatic mode, setting sense 
switch 8 in the upper position selects the 
automatic power shutdown test. In the 
manual mode, sense switch 8 must be in 
the lower position. 
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The following instructions are used during this test: 

Instruction 

LDB 

HLT 

BUC, BLE, BEQ, BGE, 
BLT, BNE, BGT 

5. 12 Binary Adder Test 

Description 

Paragraph 3. 94 

Paragraph 3. 92 

Paragraph 3. 84 

M-7001 

A 1 is loaded into the low end of the B-register. The 
contents of the B-register are put in temporary storage, 
then added to the B-register. The resultant carry 
should leave a 1 in the next most-significant bit position 
of the B-register. The store, add, and carry operations 
are repeated until each bit position in the B-register has 
been checked. This test also contains a series of addi­
tions which checks the binary adder logic. 

The following instructions are used during this test: 

Instruction Description 

LDB Paragraph 3. 94 

BGT, BEQ Paragraph 3. 84 

HLT Paragraph 3. 92 

STB Paragraph 3. 100 

ADB Paragraph 3. 79 

CMB Paragraph 3. 88 

SBB Paragraph 3. 99 

5. 13 Branch No Overflow Test 

Several additions are performed that should result in a 
series of overflow and no overflow conditions for the 
binary adder. The Branch No Overflow instruction 
(BNO) monitors the results of these operations. 

The following instructions are used during this test: 

Instruction Description 

LDB Paragraph 3. 94 

BNO, BUC, BGT, BLT Paragraph 3. 84 

HLT Paragraph 3. 92 

ADB Paragraph 3. 79 
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5.14 Operand Address Selection Test 

The indirect, relative, and indexed operand address 
selection options are tested for short instructions, long 
instructions, and conditional branches. The various 
options are checked individually and in combination. 

The following instructions are used during this test: 

Instruction Descri;etion 

ADB Paragraph 3. 79 

BEQ, BLT, BGT, BUC Paragraph 3. 84 

HLT Paragraph 3. 92 

LDB Paragraph 3. 94 

CMB Paragraph 3. 88 

LDX Paragraph 3. 96 

5. 15 Paged Addressing Test 

Paged operand address selection is verified during this 
test. The page register is loaded with bit patterns that 
check each bit position with a 1 and a 0. The I-register 
is loaded with the eight low-order bits of the operand 
address during the long instruction and during indirect 
operand address selection. 

A Load Page instruction (LDP) is used to load the page 
register. The tests for LDP are done using long, and 
long indirect operand address selection to verify that 
the I-register is being loaded correctly. 

The following instructions are used during this test: 

Instruction Description 

LDB Paragraph 3. 94 

BEQ, BUC, BGE Paragraph 3. 84 

CMB Paragraph 3. 88 

HLT Paragraph 3. 92 

LDP Paragraph 3. 95 

SSB Paragraph 3. 99 

BXB Paragraph 3. 87 

LDX Paragraph 3. 96 

5.16 Exchange (B), (UBA) Test 

Known values are loaded into the B- and UBA-registers. 
These values are exchanged, and the 17-bit exchange 



is verified. The following instructions are used 
during this test: 

Instruction Description 

LDB Paragraph 3. 94 

STB Paragraph 3. 100 

XMB Paragraph 3. 101 

CMB Paragraph 3. 88 

HLT Paragraph 3. 92 

BEQ, BNO, BUC Paragraph 3. 84 

5. 17 Binary Logical Product Test 

Binary logical products are checked using the four 
possible bit patterns for each bit (Bl through Bl6) of 
the B-register. The following instructions are used 
during this test: 

Instruction Description 

LDB Paragraph 3. 94 

ANB Paragraph 3. 81 

CMB Paragraph 3. 88 

BEQ Paragraph 3. 84 

HLT Paragraph 3. 92 

5.18 Branch and Save (BLK, BPT, and BBK) Test 

M-7001 

A subprogram using Branch and Link (BLK), Load (LDB), 
and Branch Back (BBK) instructions is executed. Failure 
to branch or failure to load the B-register properly 
causes an error halt. 

A subprogram using Branch and Put (BPT) and BEK 
instructions is executed. The index register, the indi­
cators, and the page register are set up before the BPT, 
changed after the BPT, and checked for the original 
values after the BEK. 

The following instructions are used during this test: 

Instruction Description 

LDB Paragraph 3. 94 

STB Paragraph 3. 100 

BUC, BEQ, BNO Paragraph 3. 84 

BBK Paragraph 3. 83 

Paragraphs 5. 1 7 to 5. 20 

Instruction Description 

CMB Paragraph 3. 88 

LDX Paragraph 3. 96 

ADE Paragraph 3. 79 

LDP Paragraph 3. 95 

BPT Paragraph 3. 86 

HLT Paragraph 3. 92 

ELK Paragraph 3. 85 

5.19 Binary Shifting Test 

An End Left instruction (E LB) specifying a 15-bit shift 
is performed. The value shifted fully exercises both 
the one-bit and four-bit shifts for various bit patterns. 
Fifteen-bit shifts are executed using a Logical Right 
instruction (LRB), then an Arithmetic Left instruction 
(ALB). Finally, a series of Arithmetic Right instruc­
tions are performed using first a negative constant, 
then a positive constant. 

The proper settings of indicators KU and KS are verified 
for the shifts. The following instructions are used during 
this test: 

Instruction Description 

LDB Paragraph 3. 94 

ELB Paragraph 3. 90 

BGT, BEQ, BLT Paragraph 3. 84 

HLT Paragraph 3. 92 

CME Paragraph 3. 88 

LRB Paragraph 3. 97 

ALB Paragraph 3. 80 

ARB Paragraph 3. 82 

5. 20 Binary Multiply Test 

Binary multiplications are performed using constants 
selected to exercise all of the logical paths within the 
multiplication algorithm. The following instructions 
are used during this test: 

Instruction Description 

Paragraph 3. 94 

Paragraph 3. 88 
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Instruction Description 

MPB Paragraph 3. 98 

BEQ, BGT, BLT Paragraph 3. 84 

HLT Paragraph 3. 92 

5. 21 Binary Divide Test 

Binary divisions are performed using constants selected 
to exercise all of the logical paths within the division 
algorithm. Whenever the dividend is less than or equal 
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to the divisor, KO is set and the division is not attempted. 
The following instructions are used during this test: 

Instruction Description 

LDB Paragraph 3. 94 

STB Paragraph 3. 100 

DVB Paragraph 3. 89 

BNO, BUC, BGT, Paragraph 3. 84 
BEQ, BLT 

HLT Paragraph 3. 92 

XMB Paragraph 3.101 

CMB Paragraph 3. 88 

5.22 Inclusive Or Test 

The inclusive Or operation is verified for the possible 
bit patterns for each bit of the B-register. (See the 
RC 70 fixed listing at the end of the RC 70 diagnostic 
program listing in volume II.) 

5. 23 Exclusive Or Test 

The exclusive Or operation is verified for the possible 
bit patterns for each bit of the B-register. (See the 
RC 70 fixed listing at the end of the RC 70 diagnostic 
program listing in volume II.) 

5. 24 End Around Double Length Shift (Left) Test 

The shift operation is verified in both the B- and 
DEA-registers. (See the RC 70 fixed listing at the end 
of the RC 70 diagnostic program listing in volume II.) 

5. 25 Memory Test 

The memory test is the third automatic mode test. It 
verifies that both O's and l's can be written into and 
read out of memory locations 0 through 6 and from 
memory location 20 through the highest address of 
available unprotected memory. 
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Locations 7 through 19 are used frequently during the 
remainder of the program and, therefore, are not 
included in this test. In particular, power shutdown 
locations 10 through 17 must remain free at all times. 

During the memory test, lamp 3 of the programmable 
display should be on. 

5. 26 MM Start 1 Test 

This test consists of two parts: First, all O's are written 
into, then read out of memory locations 0 through 6. 
Second, all l's are written into, then read out of the 
same locations. These locations are used for temporary 
storage during the remainder of the memory test. The 
following instructions are used during this test: 

Instruction Description 

LDP Paragraph 3. 95 

LDB Paragraph 3. 94 

STB Paragraph 3. 100 

CMB Paragraph 3. 88 

BEQ, BNO, BNE Paragraph 3. 84 

HLT Paragraph 3. 92 

LDX Paragraph 3. 96 

BXB Paragraph 3. 87 

BLK Paragraph 3. 85 

5. 27 MM Start 2 and MM Start 3 Tests 

The instructions contained in tests MM start 2 and 
MM start 3 are essentially identical. The contents of 
the locations under test are temporarily inverted, 
thereby making it impossible to check locations contain­
ing the instructions used during the test. Therefore, 
the instructions used in the MM start 2 test are used to 
check the area occupied by MM start 3, and the instruc­
tions in the MM start 3 test are used to check the area 
occupied by MM start 2. 

The contents of each location are read and stored in 
location X'OOOl'. The original value is inverted, stored 
in X'0002', and written into the test location. The 
inverted value is read out of the test location, stored in 
X 1000 31, and then complemented and stored in X '0004'. 
The contents of X'0004' are compared with the original 
value, then returned to the test location. If the com­
parison is not successful, an error halt occurs. If 
an error halt does occur, the index register contains 
the address of the test location, X'0001' contains the 
original value, and X'0002' contains the error value. 
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The RC 70 diagnostic program starts loading at X'0800 '. 
Therefore, if a 4096-word memory is used, the end of 
memory is reached before the program is loaded. The 
memory wraparound feature compensates for this. This 
feature causes that portion of the program having 
addresses above X'OFFF' to load into memory locations 
with addresses 1000 less than the addresses specified in 
the program. Thus, the instruction loaded into loca­
tion X'lOOO' is actually loaded into location X'OOOO '. The 
test is terminated at the highest available address in 
unprotected memory. The last address of the program 
cannot be reached. 

With memories larger than 4096 words, each location 
beyond the last word of the program is loaded into the 
address specified in the program. The normal memory 
test is performed on these locations. In addition, the 
content of each of these locations is compared with the 
location address. If an error results, a halt occurs. 
The index register then contains the original value of the 
location, and the B-register contains the error value. 

The following instructions are used during this test: 

Instruction Description 

ADE Paragraph 3. 79 

STE Paragraph 3. 100 

LDB Paragraph 3. 94 

ELK Paragraph 3. 85 

CME Paragraph 3. 88 

BEQ, BLT, BGT, Paragraph 3. 84 
ENE, BUC, ENO 

SSE Paragraph 3. 99 

BEK Paragraph 3. 83 

XMB Paragraph 3.101 

HLT Paragraph 3. 92 

5. 28 Panel and Buffer Test 

The panel and buffer test is the fourth automatic mode 
test. During the test, lamp 4 of the programmable dis­
play should be on. 

5. 29 Data Switches Test 

The contents of the data switches on the computer control 
panel are loaded into the B-register by a Parallel Input 
instruction (PIP). Whenever any of the 17 bits stored in 
the data switches differs from the bit configuration in 
location X'0800 ', lamp 8 of the programmable display 
goes on. 

Paragraphs 5. 28 to 5. 31 

The latch circuit that drives lamp 8 is reset when the 
test following the panel test occurs. Therefore, it is 
necessary to place sense switch 2 in the upper position 
to continue the panel test. This action is required to 
determine the state of lamp 8. Sense switch 2 causes 
each automatic mode test to cycle for approximately 
15 seconds before proceeding to the next test. 

The following instructions are used during this test: 

Instruction Description 

LDP Paragraph 3. 95 

LDB Paragraph 3. 94 

STE Paragraph 3. 100 

PIP Paragraph 3. llS 

ENO, BUC, ENE Paragraph 3. 84 

CME Paragraph 3. 88 

POP Paragraph 3. ll9 

HLT Paragraph 3. 92 

5. 30 Memory Parity Error Detection Test 

The memory parity error flip-flop is sensed to determine 
if a parity error has occurred. The following instructions 
are used during this test: 

Instruction Description 

SNS Paragraph 3. 120 

HLT Paragraph 3. 92 

BEQ, ENE Paragraph 3. 84 

5. 31 Two-Millisecond Interrupt Test 

The 2-millisecond test is sensitive to real time and, 
therefore, is skipped if sense switch 8 is in the upper 
position. During this test, the INHIBIT/INTRP switch 
on the computer control panel must be in the INTRP 
position. 

An interrupt forces an indirect Branch and Put instruc­
tion (BPT) from location X'OOOF'. For the purpose of 
this test, the BPT instruction causes the program to 
branch to a particular subroutine. This subroutine 
decreases the contents of the roll-arrow register by a 
count of three and causes the program to branch to or 
around error halts, depending upon the feature being 
checked. 

Initially, interrupt enabled latch OKIRP is reset. A test 
is made to verify that no interrupt occurs within a 
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2. 4-millisecond period. Latch OKIRP is then set, and The following instructions are used during this test: 
a test is made to verify that an interrupt does occur 
within 2. 4 milliseconds. This interrupt takes the pro­
gram directly into a test that verifies that a second 
interrupt does not occur within 1. 6 milliseconds, but 
does occur within 2. 4 milliseconds. Finally, OKIRP 
is reset and a test is made verifying that an interrupt 
has not occurred within the following 2. 4-millisecond 
period. 

The following instructions are used during this test: 

Instruction Description 

LDE Paragraph 3. 94 

STE Paragraph 3. 100 

SEE Paragraph 3. 99 

EGT, EUC Paragraph 3. 84 

SET Paragraph 3.121 

HLT Paragraph 3. 92 

5.32 I/O Buffer Test 

During this test, a buffer tester box is connected as an 
I/O device to the machine. The presence of the tester 
can be sensed and, if it is not attached, the panel test 
is complete. 

The tester has a 14-bit address register and a 17-bit 
data register. Each of these registers has a parallel 
output and a parallel input address associated with it. 
A series of Parallel Input (PIP) and Parallel Output (POP) 
instructions are performed to verify that the registers 
can be loaded correctly. 

Once the registers are checked, they are used with the 
necessary Set instructions to exercise the direct mem­
ory access (DMA) capability. The address register 
supplies the DMA addresses and the data register sup­
plies or receives the memory data. When writing, the 
POP instructions are used to output the addresses and 
data to the tester. When reading, the POP instructions 
provide the address register with addresses, and a 
PIP instruction retrieves the data word from the 
data register. 

The external interrupt is tested during the I/O buffer 
test. A Set instruction indirectly activates the tester, 
generating an external interrupt. This interrupt is 
similar to the interrupt described in paragraph 5. 31. 
The successful operation of the interrupt results in 
branching past an error halt. 
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Instruction Description 

SNS Paragraph 3 . 120 

BEQ, BUC, BNO, BNE Paragraph 3. 84 

LDB Paragraph 3. 94 

STB Paragraph 3. 100 

POP Paragraph 3. 119 

PIP Paragraph 3. 118 

BLK Paragraph 3. 85 

SET Paragraph 3. 121 

CMB Paragraph 3. 88 

BEK Paragraph 3. 83 

SBB Paragraph 3. 99 

HLT Paragraph 3. 92 

5. 33 Basic Input/Output Test 

The input/output test is the fifth automatic mode test. 
Independent selection of those portions of the test which 
exercise the various devices and their associated logic 
is made by setting the sense switches. When the follow­
ing tests are performed, refer to table 5-2 for the 
proper sense switch settings. 

The I/O devices (typewriter, reader, and punch) can be 
operated singly or together. An I/O unit can be tested 
by addressing it properly. To address the unit, perform 
the following procedure: 

a. Disconnect the I/O power cable from the 117V ac 
power source. 

b. Remove the two sheet metal screws that hold the 
rear panel of the I/O unit in place. 

c. Refer to figure 4-5. Set the switches on the 
interface card as follows: 

Switch 0: up 

Switch 1: down 

Switch 2: up 

Switch 3: up 

Switch 4: up 



d. Replace the rear panel of the I/O unit. 

e. Connect the I/O power cable to the ll 7V ac 
power source. 

f. Proceed with the input/output test. 

5. 34 Typewriter Test 

M-7001 

The typewriter is sent 130 characters consisting of all 
output characters, as well as functions, such as carriage 
return, tab, backspace, and so forth. Each output char­
acter is used with the typewriter set for both lower and 
upper case. The characters are transmitted to the type­
writer output latch circuits by means of Parallel Output 
(POP) instructions. 

As the typewriter acts on this information, the typewriter 
input latch circuits are loaded with the typed characters. 
Parallel Input instructions (PIP) return the contents of 
the characters, thereby checking the typewriter input 
capability. 

A series of tests are performed to verify that the type­
writer can shift from lower case to upper case, from 
upper case to upper case, from upper case to lower case, 
and from lower case to lower case. 

The following instructions are used during this test: 

Instruction Description 

LDB Paragraph 3. 94 

STE Paragraph 3.100 

BUC, ENE, BEQ, BGT Paragraph 3. 84 

LDP Paragraph 3. 95 

SNS Paragraph 3. 120 

POP Paragraph 3.119 

LDX Paragraph 3. 96 

ELK Paragraph 3. 85 

ALB Paragraph 3. 80 

BXB Paragraph 3. 87 

HLT Paragraph 3. 92 

SBB Paragraph 3. 99 

SET Paragraph 3. 121 

ANB Paragraph 3. 81 

PIP Paragraph 3.118 

CME Paragraph 3. 88 

LRB Paragraph 3. 97 

ADE Paragraph 3. 79 

BEK Paragraph 3. 83 

Paragraphs 5. 34 to 5. 36 

5. 35 Punch Test 

During this test, 130 characters are transmitted to the 
paper tape punch. Each character is recorded on paper 
tape. In addition, a second set of 32 characters is sent 
to and punched by the paper tape punch. Both sets of 
characters are used in the reader test described in 
paragraph 5. 36. The punched paper tape is easily veri­
fied using the reader test. 

5. 36 Reader Test 

The paper tape reader is tested by reading the tape 
generated during the punch test. Care must be taken to 
synchronize the punch output frames with the reader 
input tape frames. To accomplish this, punch a suffi­
cient amount of tape to reach the reader; then set sense 
switch 1 in the upper position. With sense switch 1 in 
this position, the program stops after the punch test has 
been completed. 

The first punched tape frame must then be positioned 
over the read pins. With both the punch and the reader 
selected, the program is restarted by pressing the 
RESET and START pushbutton switches on the processor 
control panel. The characters being read back are com­
pared with the characters being supplied to the punch. 
Thirty-two characters with alternately correct and 
incorrect parity are included in those being punched and 
read back. A series of tests verifies that the input parity 
checking logic can be disabled and that, when enabled, 
the parity check is correct. 

The following instructions are used during this test: 

Instruction Description 

LDB Paragraph 3. 94 

STE Paragraph 3. 100 

BUC, BEQ, ENE Paragraph 3. 84 

LDX Paragraph 3. 96 

SNS Paragraph 3. 120 

SET Paragraph 3. 121 

ELK Paragraph 3. 85 

ALB Paragraph 3. 80 

BXB Paragraph 3. 87 

ANB Paragraph 3. 81 

PIP Paragraph 3. 118 

POP Paragraph 3. 119 

CME Paragraph 3. 88 

LRB Paragraph 3. 97 

ADE Paragraph 3. 79 

HLT Paragraph 3. 92 

BEK Paragraph 3. 83 
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5. 37 Teletype Test 

The Teletype test is similar to the basic I/O punch and 
reader tests. The only exceptions are that a separate 
set of characters is used and that the input parity tests 
are not repeated. The character set includes all of the 
output characters and the function characters used by 
the Teletype. The characters are typed or otherwise 
used by the Teletype typewriter as they are punched. 

Sense switch 7 must be in the upper position to select 
the reader during the Teletype test. The reader is 
enabled and disabled by Set instructions (SET). The 
reader reads one frame after it is disabled; therefore, 
it is enabled only every other frame. Failure to read 
the extra frame or the reading of more than one extra 
frame results in an error halt. 

The following instructions are used during this test: 

Instruction Description 

SNS Paragraph 3. 120 

BEQ, ENE Paragraph 3. 84 

PIP Paragraph 3. 118 

SET Paragraph 3.121 

CME Paragraph 3. 88 

LRB Paragraph 3. 97 

ADE Paragraph 3. 79 

HLT Paragraph 3. 92 

BEK Paragraph 3. 83 

LDP Paragraph 3. 95 

LDB Paragraph 3. 94 

STE Paragraph 3. 100 

LDX Paragraph 3. 96 

ELK Paragraph 3. 85 

ANB Paragraph 3. 81 

POP Paragraph 3. 119 

ALB Paragraph 3. 81 

EXE Paragraph 3. 87 

BUC Paragraph 3. 84 

5. 38 Power On-Off Test 

M-7001 

The power on-off test is selected by setting sense switch 8 
in the upper position. During this test, lamp 7 of the pro­
grammable display should be on. 

When a power shutdown occurs during the program, the 
contents of the computer's volatile registers and the 
states of various flip-flops are stored in locations X 10010' 
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through X'OOl 7'. On the next pass through the test, the 
contents of these memory locations are typed out. The 
typeout includes letters that identify the registers from 
which the locations were loaded. The identifiers and 
data format are shown in figure 5-1. 

Power shutdowns can be simulated at a rate of one every 
16 milliseconds by placing the B-E TEST switch on the 
processor control panel in the B-E position. Sense 
switch 8 must be placed in the upper position before 
setting the B-E TEST switch. 

5. 39 MANUAL MODE TESTS 

The manual mode is entered by setting sense switch 1 in 
the upper position and, after the program halts, by 
pressing the START pushbutton switch. In the manual 
mode, sense switch functions and indicator meanings are 
different from those in the automatic mode. Once in the 
manual mode, the program can be halted by setting sense 
switch 1 in the lower position. 

This halt feature must be used if it is desired to change 
sense switch settings. The program can then be returned 
to the automatic mode by pressing the RESET and START 
pushbutton switches in that order, or continued in the 
manual mode by setting sense switch 1 in the upper posi­
tion and by pressing the START pushbutton switch. 

5. 40 Keyboard and Typewriter Input Tests 

These tests are performed with sense switches 2 
through 8 in the lower position. In addition, the I/O unit 
is addressed by setting the switches on the interface card 
in accordance with the procedure given in paragraph 5. 33. 
Note that the console keyboard indicator lamp is on during 
these tests. 

A character generated at the console, typewriter, or 
Teletype keyboards is displayed by lamps 3 through 8 of 
the programmable display. When using the console key­
board, a count (modulo 4) is also displayed by lamps 1 
and 2 of the same display. This feature is a check for 
switch contact bounce. The count should advance by one 
each time a console keyboard key is pressed. 

5. 41 Memory Protection Test 

The memory protection test is entered by setting sense 
switch 2 in the lower position. This action halts the 
program. The memory protect BLOCK switches and the 
PROTECT MEM switch should be set as desired. 

If the PROTECT MEM switch is placed in the lower posi­
tion, none of the memory is protected. Pressing the 
START pushbutton switch turns on lamp 5 of the program­
mable display. If the PROTECT MEM switch is placed 
in the upper position, pressing the START pushbutton 
switch causes lamps 6, 7, and 8 of the programmable 
display to match the settings of the BLOCK switches. 
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IDENTIFIER STORAGE/TYPED FORMAT CELL 

BIT 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

x 0 X7, X6, X5, X4 I X3, X2, Xl, YC I YB, YA, Vl, V2 I V3, 0, 0, 0 10 16 
p KO I KS,KU, Pl, P2 I P3, P4, P5, P6 I KK,KC,KB,KA I 1116 

T 0 I 0 0 0 0 I 0 0 0 0 I 0 0 0 0 I T Reg. 1216 

IO I I Reg. I I I 1316 

L * I L Reg. I I I 1416 

B BO I B Reg. I I I 1516 

D DO I D Reg. I I I 1616 

N 0 I N Reg. I I I 1716 

*INTERRUPT ENABLE LATCH 

Figure 5-1. Power Shutdown Typeout 

The program then halts and waits for new switch settings 
and for the START pushbutton switch to be pressed. The 
test can be terminated by placing sense switch 2 in the 
lower position and by pressing the START pushbutton 
switch. 

5. 42 Memory Parity Error Detection Test 

The memory parity error flip-flop is sensed to 
determine if a parity error has occurred. A Branch 
and Link (ELK) instruction activates the diode memory, 
generating instruction X'8013'. The instruction is routed 
to the I-register, decoded, and produces signals that 
represent a Branch Back (BEK) instruction with incorrect 
parity. The detection of this parity error is verified. A 
third parity error check ensures that the parity error 
flip-flop is reset by the parity error Sense (SNS) 
instruction. 

The following instructions are used during this test: 

Instruction Description 

SNS Paragraph 3. 120 

BEQ, ENE Paragraph 3. 84 

ELK Paragraph 3. 85 

HLT Paragraph 3. 92 

5. 43 Basic Input/Output Test 

The basic input/output test is similar to the automatic 
mode test and to those portions of the automatic mode 

typewriter, punch, and reader tests that use the set of 
130 typewriter test characters. 

The difference between the two modes of operation is 
that while the automatic tests use a sense device ready 
and response approach, the manual mode assumes 
device readiness at timed intervals. While a malfunc­
tioning sense loop may leave the program waiting, the 
timed approach allows repetition of the operations, right 
or wrong, for observation. 

In the manual mode, the typewriter outputs are typed 
and the various punch and reader characters are por­
trayed by the register display. The Teletype reader 
test does have a sense loop in addition to a time delay. 
The Teletype reader is enabled for every other charac­
ter, and the sense loop allows time for the reader 
enabling relay to operate. 

5. 44 MEMORY TESTS DIAGNOSTIC PROGRAM 

The memory tests diagnostic program consists of three 
tests: memory parity, memory test 1, and memory 
test 2. If an error halt occurs during any of these tests, 
the register display portrays the error word. To cor­
rect a malfunction, refer to the paragraphs listed in the 
test description that describes the instructions used 
during the test. Then use the necessary steps to localize, 
isolate, and repair the defective component that caused 
the error halt. 
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5. 45 MEMORY PARITY TEST 

The memory parity test checks each word of the memory 
for correct parity. The index register is loaded with 
address X'8000', and a load B-register indexed (LDBX) 
instruction is used to address locations X '0000' through 
X'FFFF'. If a parity error exists, the computer halts 
with the address in the index register. Note that because 
of the wraparound feature of the memory, a parity error 
in location X'OlOO' of a 4096-word memory would cause 
halts at address X'8100', X'9100', X'AlOO', ... X'ElOO', 
and X'FlOO '· The following instructions are used during 
this test: 

Instruction Description 

LDX Paragraph 3. 96 

LDB Paragraph 3. 94 

SNS Paragraph 3. 120 

BEQ, BUC Paragraph 3. 84 

HLT Paragraph 3. 92 

EXE Paragraph 3. 87 

To perform the parity test, proceed as follows: 

a. Place the program tape in the paper tape reader. 

b. Set the LINE/OFF /LOCAL switch on the I/O unit 
control panel to LINE. 

c. Place each of the sense switches in the lower 
position. 

d. Set the register select switch to X. 

e. Set the function switch to COMPUTE. 

f. Place the CONT toggle switch in the lower 
position. 

g. Place the PROTECT MEM toggle switch in the 
lower position. 

h. Place each of the BLOCK toggle switches in the 
lower position. 

i. Place the PARITY HLT toggle switch in the 
upper position. 

j. Place the INHIBIT INTRP toggle switch in the 
lower position. 

k. Place the B-E TEST toggle switch in the 
upper position. 
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1. Press the RESET pushbutton switch. 

m. Press the FILL pushbutton switch. After the 
tape is loaded, the program starts running automatically. 

n. If there are no parity errors, the machine stays 
in the compute mode (C indicator lit) of operation. If an 
error exists, the computer halts and the register display 
portrays the error word. The parity latch is reset when 
it is sensed; therefore, the parity lamp is off when the 
halt occurs. 

o. The test is continued by pressing the START 
pushbutton switch. 

5. 46 MEMORY TEST 1 

Memory test 1 tests 4096 words of memory and is in the 
diode memory bootstrap format. It initially stores pat­
tern 1 (10000) in locations X'0050' through X'OFFF'. 
The program then tests each location from X'OFFF' with 
the Compare instruction. If the contents of the location 
under test match pattern 1, pattern 2 (lFFFF) is then 
stored in that location. 

When location X'0050 1 has been tested, the program 
returns to location X'OFFF' and begins comparing each 
location for pattern 2. If the contents of the location 
under test match pattern 2, pattern 1 is again written 
in the location. 

If an error occurs, the program halts with the error 
address in X'OOOl' and the data for that word in the 
B-register. The following instructions are used during 
this test: 

Instruction Description 

LDB Paragraph 3. 94 

STE Paragraph 3. 100 

LDX Paragraph 3. 96 

EXE Paragraph 3. 87 

CME Paragraph 3. 88 

BEQ, BUC Paragraph 3. 84 

ADE Paragraph 3. 79 

HLT Paragraph 3. 92 

To perform memory test 1, proceed as follows: 

a. Perform steps a through m of the procedure 
given in paragraph 5. 45, except for the following 
differences: 

1. Set the register select switch to Al. 

2. Place the PARITY HLT toggle switch in 
the lower position. 
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b. If there are no errors, the machine stays in the The following instructions are used during this test: 
compute mode of operation. If an error occurs, the com­
puter halts with the error address in X'OOOl' and the data 
in the B-register. The register display portrays the data. 

c. The program is continued by pressing the START 
pushbutton. 

5.47 MEMORY TEST 2 

Memory test 2 determines whether or not a 1 can be 
written into and read out of each bit position in memory 
locations X'006B' through X'OFFF'. This test also 
checks the parity bit. 

First, a 1 is written into each location, beginning with 
X'OFFF' and proceeding in descending order to X'006B'. 
The bit positions of the l's are: bit 16 in X'OFFF'; 
bit 15 in X'OFFE'; bit 14 in X'OFFD'; and so on. All O's 
are written into X'OFEE' so that parity can be checked. 
This pattern is repeated through location X'006B'. 

The read cycle is activated and the bit patterns are 
compared with the contents of an independent register. 

Upon coi;npletion of the read cycle, a write cycle occurs. 
During this cycle, the l's are shifted one bit position to 
the left. Those locations which have a 1 in bit position 0 
prior to the shift contain all O's after the shift. Those 
locations which contain all O's prior to the shift have a 1 
in bit position 16 after the shift. 

The read and write cycles continue repetitively until a 
comparison error is encountered. If an error occurs, 
the program halts with the error address in X'OOOl'. 
The correct word appears in the B-register, and the 
error word is stored in location X'0002'. 

Instruction Description 

LDX Paragraph 3. 96 

LDB Paragraph 3. 94 

STB Paragraph 3. 100 

BLK Paragraph 3. 85 

BXB Paragraph 3. 87 

BNO, BEQ, BUC Paragraph 3. 84 

CMB Paragraph 3. 88 

ADB Paragraph 3. 79 

HLT Paragraph 3. 92 

ELB Paragraph 3. 90 

BBK Paragraph 3. 83 

To perform memory test 2, proceed as follows: 

a. Perform steps a through m of the procedure 
given in paragraph 5. 45, except for the following 
differ enc es: 

1. Set the register select switch to L. 

2. Place the PARITY HLT toggle switch in 
the lower po,sition. 

b. When the tape stops, the register display 
portrays X'0019'. 

c. Press the START pushbutton switch to begin 
the program. 

d. If an error halt occurs, the register display 
portrays X '004B'. 

e. To continue the program after an error halt, 
press the START pushbutton switch. 
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APPENDIX A 
ENGINEERING DRAWING REFERENCE DATA 

A.1 INTRODUCTION 

Appendix A provides engineering drawing information. 
This information consists of engineering drawing num­
bering schemes, logic element symbology, symbology 
conversion information, and equation usage. 

A. 2 ENGINEERING DRAWING NUMBER SCHEMES 

The engineering drawings presented in volume II of this 
manual have two types of numbers: a 500 number or an 
800 number. A drawing which has a 500 number is either 
a schematic or a logic diagram or a combination of the 
two. A drawing which has an 800 number is an assembly 
drawing. 

For example, drawing 400§33 is a schematic and logic 
diagram of the computer clock; whereas, drawing 400§33 
is the computer clock printed circuit card assembly 
drawing. 

A. 3 LOGIC ELEMENT SYMBOLOGY 

The following paragraphs describe the REDCOR gating, 
flip-flop, and inverter symbols. 

A.4 GATING SYMBOLOGY 

The basic logic element of the RC 70 Computer is the 
Nand gate. The symbol used for this gate is a half-moon 
configuration (see figure A-1). The inputs to the gate 

are shown entering the flat side of the symbol, and the 
output of the gate is shown leaving the convex portion of 
the symbol. 

The numbers inside the circles are the micrologic 
element pin numbers. Pins 1 and 2 are the input pin 
numbers of the element, and pin 3 is the output pin num­
ber. An 16 is shown within the periphery of the half 
moon. It is the micrologic element number and is found 
on both the assembly and logic drawings. 

The X below the 16 indicates that the output transistor of 
the gate does not have a pull-up resistor in its collector 
circuit. The star shown to the right of the Nand gate 
symbol means that the resistor connected to pin 3 is 
shared with another circuit on a different assembly. 

A. 5 FLIP-FLOP SYMBOLOGY 

Figure A-2 shows the REDCOR flip-flop logic symbols. 
The symbol used is a rectangle. A micrologic element 
number is shown within the periphery of the rectangle. 

The flip-flop shown in figure A-2a has a single input. 
A signal, representing some function, is applied to pin 2. 
Pin 3 is the clock input. If a +5V signal is transmitted 
to pin 2 and the voltage at pin 2 goes from a OV level 
to a +5V level, the flip-flop sets. However, if a OV sig­
nal is applied to pin 2 and clock input goes high, the 
flip-flop resets. 

.MICROLOGIC ELEMENT PIN NUMBER 

Figure A-1. Nand Gate Symbol 
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3 
CLOCK INPUT_.-

(a) SINGLE INPUT FLIP-FLOP 
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14 

1 
-._CLOCK 

(b) GATED FLIP-FLOP 

Figure A-2. Flip-Flop Symbols 

Pins 4 and 1 are the direct set and the direct reset inputs, 
respectively. These inputs are sensitive to negative 
voltage changes. The true output (Q) of the flip-flop 
appears at pin 5; the false output (Q) at pin 6. 

The flip-flop shown in figure A-2b is gated. It has a set 
input And gate and a reset input And gate. When the set 
input And gate is activated and the clock input goes high, 
the flip-flop sets. When the reset input And gate is acti­
vated and the clock occurs, the flip-flop resets. 

Pin 5 of the micrologic element shown in figure A-2b, as 
well as pin 9, requires a OV signal at that pin to enable 
or prime the gate. An inverter, which is not shown on 
the logic symbol, exists between pin 5 and the input of 
the gate associated with that pin. Thus, to set the flip­
flop, a OV signal must be applied to pin 5, +5V signals 
must be supplied to pins 3 and 4, and the signal applied 
to pin 12 must go high. 

Pins 2 and 13 are the direct reset and the direct set 
inputs of the flip-flop. These inputs are sensitive to 
negative changes. The true output of the flip-flop 
appears at pin 8; the false output at pin 6. 

A. 6 INVERTER SYMBOLOGY 

The symbol used for an inverter is the same as the one 
used for a Nand gate, except the input pins are tied 
together (see figure A-3). 

A. 7 SYMBOLOGY CONVERSION INFORMATION 

The logic diagrams presented in the engineering drawings 
in volume II use REDCOR logic symbols. Table A-1 is 
provided as a means of translating the REDCOR logic 
into the more familiar MIL-STD-806B logic. 
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A 

Figure A-3. Inverter Symbol 

A. 8 EQUATION USAGE 

The equations used in this manual conform to the follow­
ing conventions. Logic inversion of a signal is denoted 
by a bar over the simplified logic term. For example: 

An inversion of AB would be AB. 

The Or function is noted by a + sign between two logic 
terms. For example: 

A Or Bis noted A+B. 

The And function is indicated by a simple conjunction of 
terms or by the use of parentheses between two logic 
terms. For example: 

A And B are noted A B or (A) (B). 

A flip-flop requires two equations to define its operation: 
a set equation and a reset equation. The reset equation 
always follows the set equation. For example: 

CK2MS 

CK2MS 

REVB + CLK CK2M CK2ML 

REVB + CLK OV CK2ML 
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Table A-1. Conversion of REDCOR Logic to MIL-STD-806B Logic 

REDCOR SYMBOLS 

Q 

So Ro 

a 

Q 

c 

So Ro 

Q 

.a 

c 

EQUATION 

A~A 

O=A·B·C 
OR Q = A• B· C 
OR Q = A+B+C 

a= A· 8 
OR Q =A+ B 

Q = So+ (S • C) 

a= Ro+ (s. ci 

Q = So + (ABCD) 

Q = Ro + (EFGC) 

MIL-STD-806B EQUIVALENT 

A 

B 

So 

s Q 

c 

Q 

Ro 

A So 

B Q 

D 

c 

E 

F a 
G Ro 

NOTES: 
1. THE GATES SHOWN ARE ON THE SAME 

CARD AS THE FLIP-FLOP. 

2. C IS THE RISING EDGE OF THE CLOCK. 

3. So IS THE FALLING EDGE OF THE DIRECT SET PULSE. 

4. Ro IS THE FALLING EDGE OF THE DIRECT RESET PULSE. 

5. THE SYMBOL~ MEANS IMPLIES. 
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