




























































































































































































































































































































4.2.5.2 Vector Display Adjustments.-There are four adjustments in the vector generator on the A320 module 
(Figure 4·1). Two are for corrections in the X axis and two are used to correct Y axis problems. In each axis a 
10-turn potentiometer adjusts the vector length and a l·turn potentiometer adjusts the offset value of the analog 
switch. An adjustment procedure for both vector axes follows. 

1. Load and start the Visual Display Test, MAINDEC·l1·DDGTC·A (Paragraph 4.2.6.5). Display the 
Horizontal Vector Angle Pattern (Figure 4-14). 

2. Adjust R131 until the ends of the vectors meet the vertical line. 

3. Display the Vertical Vector Angle Pattern (Figure 4·15). Adjust Rl33 until the ends of the vectors meet 
the horizontal line. ' . 

4. Display the Octagons Pattern (Figure 4-12). Adjust R135 until the vectors in the upper right quadrant 
meet. 

5. Adjust RI32 until the vectors in the upper left quadrant meet. 

6. Additional information can be fQund in Paragraph 4.2.6.4. 

4.2.6 Diagnostic Maintenance Programs 

The purpose of diagnostic software is to exercise the GT40 components and to provide the operator with a visual 
indication of system capability. The available software is divided into several functional tests, some operating 
automatically, once started, while others require operator intervention during the program run. 

The applicable programs (Table 4-3) should be run periodically. General operating instructions are contained in the 
following paragraphs; however, they may not reflect current procedures due to program operational' changes. 
Therefore, it is recommended that the more complete instructions contained in the program write-ups be referred to 
if difficulty is encountered, or more detailed information is desired, when running the programs. 

Program 

NOTE 
The Cinch connector on the BC05-C-25 Communication Cable 
should be disconnected from the modem and connected to a 
modem test connector prior to running any diagnostic 
programs. Reconnect the Cinch connector to the modem after 
testing is completed. 

Table 4-3 
GT40 Diagnostic Programs 

Description 

GT40 Quick Verify 
(MAINDEC-11·DDGTE-A) 

This program is a quickly run reliability check of the GT40. The 
program starts the display and then initiates the communication 
line; any problem in the system is promptly identified. A ROM 
verify test and a worst-case noise test are also performed. 

GT40 Instruction Test 1 
(MAINDEC-I1-DDGTA.A) 

Using the two maintenance switches on the M7013 module, this 
logic test evaluates all functional registers and interrupt vectors. 
Consisting of two parts, it performs both basic and complex logic 
tests in an automatic single-step mode. 
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Program 

GT40 Instruction Test 2 
(MAINDEC·ll.DDGTB-A) 

GT40 Visual Display Test 
(MAINDEC-ll-DDGTC-A) 

DLll·E, C/D Off·Line Test 
(MAINDEC·ll·DZDLA) 

ROM Bootstrap Loader Test 
(MAINDEC·ll.DDGTD-A-D) 

GT40/GTP Overlay Program 
(MAlNDEC·ll·DDGTF) 

DLlt, BCOS-C.2S, LK40 and 
ROM Bootstrap Quick Verifi· 
cation Test (Character Echo) 

Table 4-3 (Cont) 
GT40 Diagnostic Programs 

Description 

.' 
Similar to Instruction Test 1, this test examines more closely the 
registers and interrupt logic; the maintenance switches are not 
used. 

This test causes a series of patterns to be displayed on the CRT 
that can ~ used when aligning and adjusting the display. 

This test provides a complete check of DLll interface functions. 

A data reliability check of the ROM Bootstrap Loader, this test 
can be used in troubleshooting the ROM Bootstrap hardware in 
theGT40. 

A systems check of the GT40 with other devices. 

This test uses the ROM Bootstrap Loader program to exercise the 
keyboard and interface circuits. 

4.2.6.1 Loading Maintenance Prop-ams into the PDP·II/OS - The GT40 is often used in equipment configurations 
that do not include a teletypewriter. This necessitates the use of the Field Service Cassette Recorder (PMK02A, 
PMK02C) and a PDP·1l/0S, 11/45, M7800 Adapter Cable to provide the ability to load programs used during 
installation and maintenance periOds. The adapter cable is terminated in a SO·pin Cinch connector and a 4O-pin Berg 
connector. 

Use the following procedure to program load the GT40. 

1. Turn off the GT40 with the PDp· I 1/05 front panel key switcH. 

2. Disconnect the 4O-pin Berg connector on the scope cable (7008993) from the PDP·llfOS SCL 
connector. 

3. Connect the 50-pin Cinch connector on the adapter cable to the cassette recorder and the 4O-pin Berg 
connector on the same cable to the PDp· I 1/05 SCL connector. 

4. Turn the PDP·It/OS front panel key switch to the POWER position. When the 4O-pin Berg connector on 
the scope cable was removed from the PDP·11/0S SCL connector (step 2), the +ISV energizing voltage 
for the relay in the VR14 Power Contro~ Box was also disconnected. This relay is the means whereby ac 
power is input to the VRI4. Therefore, since the relay can no longer be energized, power is not brought 
up in the VR14 when PDP· I 1/05 power is turned on. 

NOTE 
Do not connect the PDP-ll/OS cabinet power cord to the 

- VR14 outlet. To do so may result in fuse fallure. 
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S. Reconnect the power cable that was disconnected in step 1 and turn on the PDP-II/OS. 

6. Load the desired program from the Field Service Cassette Recorder into the PDP·11/0S, press HALT, 
and turn off the PDP·II/OS. 

7. Remove the PDP·II/OS, II/4S, M7800 Adapter Cable and reconnect the 7-wire, 40'pin Berg connector 
to the PDP-II/OS SCL connector; the 20 rnA current loop from the LK40 Keyboard is now connected 
to. the PDP.II/OS. The LK40 Keyboard ON/OFF switch (rear panel) should now be placed in the ON 
pOSition. 

8. Turn on the PDP.II/OS. The VRI4 should also come on at this time because the +ISV from the 
PDP·II/OS is again available to energize the relay in the VRI4 Power Control Box. 

NOTE 
Because there is no hard copy output device supplied with the 
GT40, aU typeouts must be inhibited (SR bit 13 = 1) when 
executing any program. If the program is directed to stop on 
an error (SR bit IS = 1), the failing routine (PC + 2) will be 
displayed in the address/data lights when the program haits, 
i.e., an error halt. 

9. If the program makes use of a common error halt routine the procedure below should be followed: 

• Change SR switches to: 

Bit IS = 0 (Inhibit error halt) 
Bit 14 = 1 (Loop on error) 
Bit 13 = 1 (Inhibit error printout). 

• Press HALT and CONT. 

• Follow the program procedure until the failing test is found and then use the program 
write-up to isolate the failing instruction. 

4.2.6.2 GT40 Quick Verify (MAINDEC.ll·DDGTE-A) - This test provides a fast go·no go evaluation of the GT40. 
The display (Figure 4-S) and use of the light pen quickly identify any problem in the system. Two background tests 
verify the ROM Bootstrap data and provide a worst case memory nois~ test. 

1. Load the program into the PDP·Il/0S (Paragraph 4.2.6.1). 

2. Determine that the two maintenance switches on the M70l3 module are in the OFF pOSition (Figure 2·3 
shows their location on the module). Select the starting address for the prograJl.l by placing 2008 in the 
SR. 

3. Press LOAD ADRS and START. The program should now be .running. The different CRT patterns are 
displayed automatically during the repetitive 10 second program passes. An LK40 speaker tone Signifies 
the completion of each pass. 

4. The display provides a visual test of all GT40 display capabilities: different line type, the character set 
(normal and italics), different intensity levels, communication line data (echoed), and light pen 
interaction. 
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Figure 4-5 Quick Verify Display Pattern 

Figure 4-5, as well as the other drawings of CRT displays in this chapter, is a Simplified rendition of the 
actual screen display and is meant to be used only as a guide, not as an accurate portrayal of what the 
operator should see. Program modifications may also result in a somewhat different display. 

5. Observe the data on the screen to the right of the words COM OUTPUT. It should compare with the 
data to the right of the words COM INPUT. 

6. Aim the 375 Light Pen at a line or character. LIGHT PEN HIT should be displayed near the center of 
the screen. However, a light pen hit should not be generated from the vectors in the largest octagon. 

7. The GT40 Quick Verify also reads out the Bootstrap ROM to verify ROM data and performs a worst 
case noise test of all existing core memory. These tests do not generate specific displays. 

4.2.6.3 GT40- Instruction Test 1 (MAINDEC-I1-DDGTA-A) - This test is used in those situations where 
Instruction Test 2 proves to be an inadequate means for troubleshooting the display processor. Instruction Test 1 
makes extensive use of the display stop and display resume features of the GT40. The program is automatically 
executed in the single-step mode. A check is made of all functional registers and interrupt vectors in the alphagraphic 
display control. The maintenance switches on the M7013 modules are used; satisfactory single-step execution of this 
diagnostic requires that they be correctly positioned. The following procedure should be adhered to: 

1. Load Instruction Test 1 into the PDP-II/OS (Paragraph 4.2.6.1). 

2. Place 1748 in the SR. This selects the Basic Logic Test (Bus Request (BR) only] . 
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3. Set the M7013 module maintenance switches as follows. (Figure 2·3 shows their location on the M7013 
module): 

Switch 
1 
2 

Position 
ON (Maintenance) 
OFF (Normal) 

4. Press LOAD ADRS and START. Termination of an error free pass will be indicated by a tone signal 
from the LK40 Keyboard; press HALT and perform step 6. 

5. In the event of an error, the program halts with PC + 2 of the failing routine displayed in the 
address/data lights. If the operator desires the program to restart and loop on the failing test, place SR 
switch bit 14 to a 1 and press CONT. The program will then halt at the same location. This indicates that 
the program can successfully loop in the failing routine. At this time insert a NOP (2408 ) in the ERROR 
HALT location (000000) and press CONT. The program will now loop continually in the failing test 
until HALT is pressed. 

6. Place 2008 in the SR to select the Complex Logic Test (BR, NPR, Interrupt). 

7. Set the M7013 module maintenance switches as follows: 

Switch 
1 
2 

Position 
OFF (Normal) 
ON (Maintenance) 

8. Press LOAD ADRS and START. Completion of an error free pass is indicated by a tone signal from the 
LK40 Keyboard; press HALT, and then position both M7013 module maintenance switches in the OFF 
position. 

9. Refer to step 5 if any errors ar~ encountered. 

4.2.6.4 Instruction Test 2 (MAINDEC.l1·DDGTB.A) - This test is an extension of Instruction Test 1. A complex 
test, it provides a more detailed examinlltion of the GT40 registers and interrupt operations. Correct positioning of 
the maintenance switches should be observed. The operating procedure is as follows: 

1. Load Instruction Test 2 into the PDP· 1 I /05 (Paragraph 4.2.6.1). 

2. Place 2008 in the SR to select the complex Logic Test (BR, NPR, Interrupt). 

3. Set the M7013 module maintenance switches as follows. (Figure 2·3 shows their location on the M7013 
module): 

Switch 
1 
2 

Position 
OFF (Normal) 
OFF (Normal) 

4. Press LOAr? ADRS and START. Termination of an error·free pass is indicated by a tone signal from the 
LK40 Keyboard; press the HALT switch and perform step 6. 

5. In the event of an error, the program halts with PC + 2 of the failing routine displayed in the 
address/data lights. If the operator desires the program to restart and loop on the failing test, place SR 
bit 14 to a 1 and press CONT. The program will then halt at the same location. This indicates that the 
program can successfully loop in the failing routine. At this time, insert a NOP (2408 ) in the HALT 
location (000000) and press CONT. The program will. now loop continually in the failing test until 
HALT is pressed. Depending on the particular situation, the operator can single-step through the failing 
test and observe various hardware signals on an oscilloscope at the same time. 
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6. Place 2048 in the SR to select the Basic Visual Display Patterns Test. This is a check of the GT40 analog 
circuits that provides a visual indication of equipment condition. 

7. The M7013 maintenance switches should be in the following positions: 

Switch 
1 
2 

Position 
OFF (Normal) 
OFF (Normal) 

8. Press LOAD ADRS and START. The individual display patterns are selected by SR switches 00 through 
02 as listed in Table 44. 

Table 44 
Instruction Test 2 Display Pattems 

Pattern SRSwitches Display 
02 01 00 

0 0 0 0 Positive Horizontal Line From Screen Center 
1 0 0 1 Negative Horizontal Line From Screen Center 
2 0 1 0 Positive Vertical Line From Screen Center 
3 0 1 1 Negative Vertical Line From Screen Center 
4 1 0 0 Rectangle Around Screen Edge 
5 1 0 1 Octagon Pattern in Relative Point & Short Vector 
6 1 1 0 Character Set 
7 1 1 1 Light Pen Test 

9. Set the SR switches to display pattern 0 and press START. Proceed to step 13 if the display appears as 
shown in Figure 4-6. 

r-----~----I 

I I . I 
I I 
I I 
I I 
I I 
I I 
I I 
I I L __________ ..J 

CP'0488 

Figure 4-6 Display Pattern 0 

10. Check the following if no vector is visible on the screen: 

a. VR14 front panel ON/OFF BRIGHTNESS control is ON and BRIGHTNESS is turned up 
( clockwise). 
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b. Check the following signals: 

• Z input (GM INTENSITY OUT L, the unblanking signal) at location VR14 A4J. A low level 
is needed to unblank the CRT. 

• X input (X deflection) at location YRI4 A2B. A changing voltage (OY -+ - V) should be 
observed because a horizontal line is being displayed. 

• Y input (Y deflection) at location VR14 A3B. It nonchanging voltage (~V) should be 
observed because a horizontal line is being displayed. 

II. If the above signals (step 10) appear to be correct, turn the YRI4 ON/OFF switch to OFF. 

12. Check the three (3) fuses on the VR14 rear panel. If any are bad, replace and refer to the document 
"VR14 and VR20 Troubleshooting Procedures" which lists step by step procedures for locating the 
cause of a VRI4 failure. If all-the fuses are good, check all scope cables for poor solder connections and 
all connectors for proper seating in the correct receptacles. (Additional YR14 troubleshooting 
information is contained in Paragraph 4.3.3.) 

13. Set the SR switches to display pattern 1 and press START. If a negative horizontal line from the center 
of the screen is observed, proceed to step 15. 

14. Check the following signals if no vector is visible on the screen: 

a. Z input (GM INTENSITY OUT L, the unblanking signal) at location VR14 A4J. A low level is 
needed to unblank the CRT. 

b. X input (X deflection) at location YR14 A2B. A changing voltage (OY -+ +V) should be observed 
because a horizontal line is being displayed. 

c. Y input (Y deflection) at location VR14 A3B. A nonchanging voltage (~OV) should be observed 
because a horizontal line is being displayed. 

15. Set the SR switches to display pattern 2 and press START. If a positive vertical line from the center of 
the screen is observed, proceed to step 17. 

16. Check for the presence of the following signals: 

a. Z input (GM INTENSITY OUT L). A low level at location VR14 A4J is needed to unblank the 
CRT. 

b. X input (deflection) voltage at location VR14 A2B should be nonchanging (~V) because a 
vertical line is being displayed. 

c. Y input (deflection) voltage at location YR14 A3B should be a changing voltage (OV -+ - V). 

17. Set the SR :.witches to display pattern 3 and press START. If a negative vertical line from the center of 
the screen is observed, proceed to step 19. 

18. Check the Y input (deflection) voltage at location VR14 A3B. A changing voltage (OY -+ +V) should be 
observed because a vertical line is being displayed. 
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21. Set the SR switches to display pattern 6 and press START. Rubout (Figure 4.3) is considered to be the 
worst case character because all dots in columns 2 through 6 are intensified. To meet GT40 
specifications the centers of all dots in anyone column in a character should be less than 0.02 in. 
(0.0508 cm) from a line running through the center of an ideal display of the same column. This is 
illustrated below. 

-, " 
<0.02 in. 

O'ACTUA~ 

':.= IDEAL. 

The requirement for a row within a character is similar: 

00 
o 0 

g 0 a ~ 1 . 
o .:. 0 .:' 0 a-,-- <0.02 ,n. 

o 0 I 
o 0 
o 0 

o :ACTUA~ 
.;. = IDEAL 

23. Two adjustme~ts, R9 on the M7013 module and R134 on the A320 module, control character display. 
Their function is descnbed in Paragraph 4.2.5.1. 

24. Set the SR switches to display pattern 7. Three horizontal vectors are displayed (Figure 4·8). 

r-------------. 

L ____________ ...J 
cp- o~oo 

Figure 4·8 Display Pattern 7 
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25. Turn up the front panel BRIGHTNESS control a moderate amount and point the 375 Light Pen at each 
vector in succession. Light pen hits should be obtained only from the top two vectors; any additional 
hits are the result of a failure condition. A light pen hit is indicated by the words LIGHT PEN HIT 
appearing to the right of the vector generating the hit. Press HALT to stop the program. 

4.2.6.5 Visual Display Test (MAINDEC.ll·DDGTC·A) - This test provides the user with a visual indication of the 
different GT40 functions. Refer to Paragraphs 4.2.5.1, 4.2.5.2, and 4.2.6.4 (step 20) for the analog adjustments. 

1. Load the GT40 Visual Display Test. 

2. Set the SR to 2008 • The LK40 Keyboard switch should be in the OFF position at this time. 

3. Press LOAD ADRS and START. 

4. .The program will commence running all tests. 

5. Turn the switch on the LK40 Keyboard to the ON position. 

6. The LK40 can now be used to select the individual tests that make up the Visual Display Test; each test 
displays a distinct pattern on the CRT. Table 4·5 lists these display patterns and the corresponding LK40 
key necessary to call it in. 

Test 

Directory 
Repeatability 
Box with X 
Octagons or Squares 
Character Set 
Dash Lines and Blink 
Horizontal Vector Angle 
Vertical Vector Angle 
Horizontal Phosphor 
Vertical Phosphor 
Intensity Levels 
Edge Test 
Short Vector and Relative Point 
Graphplot Increment 
Light Pen Follow 
Keyboard Echo 

Table 4-5 
Visual Display Test 

Keyboard Control 
(Press Character) 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
o 
P 

SRControl 
(Set SR Switches to Equal) 

0004008 

000401 8 

0004028 

0004038 

0004048 

000405 8 

0004068 

0004078 

0004108 

0004118 
0004128 

0004138 
0004148 

000415 8 

0004148 

0004178 

7. Pressing RUBOUT after selecting a test williock-on the display pattern; pressing CR after selecting a test 
will select a subpicture or stop display motion. 

a. Sub pictures can be displayed in the following tests: 

• Octagons or Squares 
• Intensity Levels (SYNC) 
• Graphplot Increment 
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b. Stop display motion is applicable to the following tests: 

• Horizontal Vector Angle 
• Vertical Vector Angle 
• Horizontal Phosphor 
• Vertical Phosphor 

8. To continue to another display after pressing RUBOUT or CR, press the key for the desired test (Table 
4-5). 

9. An error condition may exist if the key actions listed in steps 6, 7, and 8 do not produce the anticipated 
results or generate a faulty display. 

10. 

11. The we uRI b d J 11 1 1 ZS! liz dw* that must be wrsb'Sjzsd mah tkg Sk)(ii on the right 
side of the iPP 11 WS ) '7268 Rpt RUb 'iOd'J!p. This J J • i J. J! 9 f the me.! 1 'Os 
J I i J Steps 12 and 13 describe the procedure to set up the LK40 Keyboard by synchronizing the 
two clocks. 

12. Select the n j J t F' Ii J i W iD I yge !,tu Eel'W' *irnes Observe the screen to see if the 
selected character is displayed. If the character is not displayed properly, ; :] 2 sis ! ; I?? t. 
}I 72 (6 I J (' 16tg" r biB if nccesS&i1) . uM ') i f I I r jF e*~ned. 

13. While repeatedly striking the key, turn the clock control on the M7260 clockwise until a faulty display 
results. Then turn the control counterclockwise until the display again becomes faulty. Set the control 
midway between these two positions. Recheck the display. 

14. If the selected character is never displayed at any clock control setting, check the pOSition of the 
ON/OFF switch on the LK40 Rear Panel. A problem exists in the keyboard if the switch is in the ON . • position. 

15. Set SR bits 7 = 01 and 8 = 00. Press A on the LK40 to select the Directory display and RUBOUT to lock 
on the display. Examine the characters for column and row continuity. 

16. Press B to select the Repeatability display pattern. Check the display (Figure 4-9) for spot jitter and spot 
size. 

17. Press C to select the Box with X display pattern, shown in Figure 4-10. The display is composed of eight 
vectors drawn in the folloWing sequence: 

A ~ B, A ~ C, B ~ D, B ~ C, C ~ A, D ~B, C ~ D, and D ~ A. 

18. Check the display for line closure [overshoot/undershoot < 0.06 in. (0.1524 cm)] and vector noise [< 
0.01 in. (0.0254 cm)]. The diagonal vectors should appear as single lines, i.e., C ~ A should be 
superimposed on A ~ C and D ~ B should be superimposed on B ~ D. Multiple vectors (Figure 4-11) are 
considered a faulty display. 

19. Check the vectors for straightness and curvature at the beginning and end. 
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Figure 4-9 Repeatability Display Pattern 

NOT WITHIN 
SPECIFICATIONS • 

CP-0497 

Figure 4-11 Faulty Box with X Display 

L ________ .... ___ ..J 
CP-04 •• 

Figure 4·10 Box with X Display Pattern 
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CP - 0496 

Figure 4·12 Octagons Display Pattern 

20. Alternately display Box with X and Repeatability to provide an ewluatiol'l of vector position, length. 
and crossover. 

21. Press D to select the Octagons test and RUBOUT to lock on the display (Figure 4.12). All vectors are 
drawn counterclockwise; this should be kept in mind when making adjustments. 

22. Check the display using the criteria described in steps 18 and 19 for the Box with X test. 

23. The Squares test can be selected by pressing CR. Evaluate the display. particularly-the center squares, for 
optimum vector quality and note any deviation from the speCifications described in steps 18 and 19. 

24. Press E to select the Character Set display; press RUBOUT to lock on the display. The character set is 
divided into four sets of two lines each. Characters are displayed normally on the first line of each set 
while on the second line they are italicized. 

25. Check the column and row lineup of all characters. 
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26. Press F to display the Dash Lines test and RUBOUT to lock on the display. The GT40 is capable of 
displaying four line types: solid, long dash, short dash, and dot dash. All are displayed in this test 
(Figure 4-13). 

27. Two sets of the four line types are shown on the screen. The right-hand set flashes on and off as a test of 
the BLINK function. 

28. Press G to display the Horizontal Vector Angle test pattern (Figure 4-14); RUBOUT locks on the 
display. This test draws vectors from the lower left corner to the right side of the screen. Vector angles 
vary from 0 to 45°. 

29. A vertical vector is drawn from point B to point C to assist in the adjustment of the X vector length; a 
negative horizontal vector is displayed from pOint C to point D as an aid in adjusting X offset. 

30. The following items should be checked: 

a. The distance between vectors should be equal. 

b. The horizontal vectors should not overshoot or undershoot the vertical vector more than 0.06 in. 
(0.1524 cm). 

c. Display motion can be halted by pressing CR. 

31. Press H to select the Vertical Vector Angle test; press RUBOUT to lock on the display. This test, shown 
in Figure 4-15, draws vectors from the lower left Corner to the top of the screen. Vector angles vary 
from 90 to 45°. The horizontal vector (C to D) is used to assist in the adjustment of the Y vector length; 
the vertical vector from C to B aids in adjusting the Y offset control. 

32. Refer to step 30 for observations required to ensure proper vector adjustments. 

33. Press I to display the Horizontal Phosphor test and RUBOUT to lock on the display. This test draws a 
group of vertical vectors (Figure 4-16) and. moves them horizontally across the screen. Vector motion 
can be stopped by pressing CR. 

34. Inspect the display for the following discrepancies: 

a. Burn spots, glass defects, etc. Note and report any deficiencies. 

b. Digital to Analog Converter (DAC) (A6000) crossover distortion. This distortion is evident at the 
horizontal and vertical centers of the screen as a variation in intensity. The unit should be rejected 
if the intensity increases by a factor of two or more at any point on the screen where the intensity 
should be constant. Since the DACs are bipolar, ranging from -0.5 to +O.SV, nonlinearity may 
exist at the OV crossover. This shows as a slight variation in image brightness at this point . 

. 
35 . . Press J to display the Vertical Phosphor test. Press RUBOUT to lock on the display. This test draws a 

group of horizontal vectors and moves them vertically up the screen (Figure 4-17). Refer to step 34 for 
required observations. 

36. The Intensity Levels test is initiated by pressing K. Pressing RUBOUT locks on the display. Characters, 
vectors, and relative points are drawn by this test; intensity 0 should be adjusted so that it is barely 
visible (Figure 4-18). 
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37. Check the following light pen characteristics: 

a. A vector light pen hit should be obtained at intensity level 4. 

b. A character light pen hit should be obtained at intensity level 6. 

c. A point light pen hit should be obtained at intensity level 7. 

38. Check GT40 "sync" by pressing CR. The entire display should become dimmer because a display 
instruction, following a Status A instruction in the display me, is being synchronized with the line 
frequency. 

39. Press L to select the display pattern for the Edge test. RUBOUT will lock on the display. In this test a 
rectangle is drawn around the screen edges. Smaller rectangles are then superimposed symmetrically on 
each leg of the larger rectangle as shown in Figure 4·19. 

40. Those portions of the four smaller rectangles that are outside the larger rectangle should be blanked. 

41. Press M to select the Short Vector and Relative Point test. RUBOUT will lock on the display. The test is 
divided into two sections. Ouring the first section a series of short vertical vectors and horizontal relative 
points (unintensified) are drawn. The sequence is as follows: 

Positive short vertical vector 

Positive horizontal relative point (nonintensified) 

Negative short vertical vector 

Negative horizontal relative point (nonintensified), etc. 

This sequence is continued until the upper left quarter of the screen is covered with intensified. 
short vectors (Figure 4-20). 

r ---------- .... .., r---..., 
I I I I 

r----------.., 
I I . 

I --ll 
I II 
I II Ir-- __ J 1 
II I 
II 
IL-- I 
I' r I I 

I I I L L ___ ...J....J ----------CP-0489 

Figure 4·19 Edge Display Pattern 
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Figure 4·20 Short Vector and Relative Point Display Pattern 
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37. Check the following light pen characteristics: 

a. A vector light pen hit should be obtained at intensity level 4. 

b. A character light pen hit should be obtained at intensity level 6. 

c. A pOint light pen hit should be obtained at intensity level 7. 

38. Check GT40 "sync" by pressing CR. The entire display should become dimmer because a display 
instruction, following a Status A instruction in the display file, is being synchronized with the line 
frequency. 

39. Press L to select the display pattern for the Edge test. RUBOUT will lock on the display. In this test a 
rectangle is drawn around the screen edges. Smaller rectangles are then superimposed symmetrically on 
each leg of the larger rectangle as shown in Figure 4·19. 

40. Those portions of the four smaller rectangles that are outside the larger rectangle should be blanked. 

41. Press M to select the Short Vector and Relative Point test. RUBOUT will lock on the display. The test is 
divided into two sections. During the first section a series of short vertical vectors and horizontal relative 
pOints (unintensified) are drawn. The sequence is as follows: 

Positive short vertical vector 

Positive horizontal relative point (nonintensified) 

Negative short vertical-vector 

Negative horizontal relative point (nonintensified), etc. 

This sequence is continued until the upper left quarter of the screen is covered with intensified 
short vectors (Figure 4·20). 
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42. The sequence in step 41 is repeated. However, this time the short vertical vectors are unintensified and 
the lower (negative) relative points are intensified. The result appears as a straight line of dots. 

43. Press N to select the Graphplot Increment test and RUBOUT to lock on the display. A series of points 
are plotted at each possible value in the Graphplot Increment Register from 0 through 778 • The resulting 
display should appear as a series of points at an increasing angle. 

44. Press 0 to select the Light Pen Follow test and RUBOUT to lock on the display. Two octagons are 
displayed in this test, one inside the other. When a light pen hit is sensed on any portion of either 
octagon, both octagons move until their common center is positioned at the point of the light pen hit. . 

45. Check the following test functions: 

a. Light pen hits should be generated without respect to where on either octagon the light pen is 
aimed. 

b. The common center of both octagons should move in the direction of the light pen hit. 

46. Move the octagons around edges of the screen to determine that correct edge blanking takes place. 

47. Press P to select the Keyboard Echo test. Keys depressed on the LK40 Keyboard result in the display of 
their respective characters on the VR14 screen. Determine that all characters in Appendix C, including 
the 31 special characters (except for CONTROL C), can be displayed on the CRT. Except for +-, the 
eight keys on the small keyboard have no affect in this test. Exit from the Keyboard Echo test is 
accomplished by pressing CONTROL C. 

48. Press HALT to stop the program. 

4.2.6.6 DL11-E, C/D Off-Line Test (MAINDEC-II-DZDLA) - This program is a full EIA data set control check of 
the DLt1. To run this program, use the following procedure: 

1. Turn the front panel key switch to the OFF position. Pull the M7800 module (slot 4 iIi the PDP·ll/05) 
out far enough so that the following steps can be accomplished. 

2. Note the present positions of the transmitter and receiver clock switches on the M7800 module (Figure 
3·51). Turn the switches fully clockwise (position 10) and then counterclockwise two pOSitions to 
position 8. Switch position 8 generates the highest baud rate possible within the M7800 module. 

3. Determine that a priority levelS jumper is installed in the M7800 module; the DLlI operates at priority 
level BR5 in the GT40. 

4. Reinsert the M7800 module and check for proper seating. 

5. Place a modem test connector on the BC05-C·25 Modem Cable; check the Berg connector on the other 
end of the cable for proper seating on the M7800 module. Tum the front panel key switch to the 
POWER position. 

6. Load the DLlI·E, C/D Off-Line Test (MAINDEC.I1-DZDLA). 

7. Change the contents of location 1300 from 040377 to 050377. This allows the program to be run at 
priority levelS. ' 
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8. The DLll is constructed as a model DLll·E. However, jumper J5 is cut prior to shipment to allow the 
GT40 ROM Bootstrap to run properly. This, in turn, requires two program changes to inhibit setting the 
Break bit in the CSR: change the contents of locations 6254 and 13360 from 104003 to 000240. 

9. Place 200s in the SR and press LOAD ADRS. 

10. Set SR 02 = 0 to select program O. 

11. Press START. The program will type the following and halt: "Prg.O - Input Output Logic Tests. 
Disconnect Dll-E from modem and connect jumper to cable." (If there is no TTY, the program will 
simply come to a halt.) 

12. Press CONT. The program will type the following and halt: 

"Set desired SR options. Normal operation is with SR = 000000." 

13. If there is no console TTY, place 1200008 in the SR (bit 15 = 1 results in a halt when an error is 
detected; bit 13 = 1 inhibits all printouts). 

14. Press CONT. The program will complete one pass in about one minute. 

15. Turn the ON/OFF key switch on the PDP-II/OS to the OFF position after approximately 2 minutes. 
Wait for the fans to stop and then turn the switch to the POWER position. One of two things will 
happen: 

a. the program will continue running the test, or 

b. the program will halt. 

16. If the program halts, press CONT. (The program had been executing a RESET instruction at the time of 
power fail, i.e., when the switch was turned to OFF.) 

17. Allow the program to run for 10 minutes. No errors are permitted. 

18. After testing, press HALT and turn the front panel key switch to the OFF position. Reposition the 
receiver and transmitter clock switches to their original positions (steps 1,2 and 4). The switch positions 
must compare with the baud rate indicated on the key sheet. If no baud rate is specified, a baud rate of 
300 (switch position 4) is selected at the factory. 

19. Remove the modem test connector that is attached to the modem cable (step 5) and reconnect the cable 
to the data set. Check the seating of all modules and connectors. 

4.2.6.7 ROM Bootstrap Loader Test (MAINDEC·II·DDGTD-A·D) - This diagnostiC provides a reliability check of 
the ROM Bootstrap Loader. ROM addressability and data are verified when the four subroutines of program 0 (ROM 
logic test) are run. 

I. Load the ROM Bootstrap Loader Test (Paragraph 4.2.6.1). 

2. Set the SR to 2008 , 

3. Press LOAD ADRS and START. Program 0 will now run continuously. 

4. Allow the program to run for at least ten minutes. 
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5. If a data dump to the console teletypewriter is desired, press HALT and set the starting address for 
Program 1 (204s) in the SR. This program halts automatically. A single ROM address is continuously 
read when the starting address (210s) for Program 2 is placed in the SR. 

6. Press HALT to stop the program. 

4.2.6.8 DLll, BCOS-C-2S, LK40, and ROM Bootstrap Quick Verification (Character Echo) - This check procedure. 
verifies the operational capability of a GT40 that is used with a null medem and a local EIA terminal. The ROM 
Bootstrap Loader is used to conduct the check; no diagnostic program is required. 

} 
(SP) 
B 
7 
@ 

@ 

1. Turn the front panel key switch to the OFF position. 

2. Pull the M7800 module out (of slot 4 in the POP-U/OS) far enough that the following steps can be 
accomplished. Determine that a priority levelS is installed in the M7800 module. 

3. Note the present position of the receiver and transmitter clock switches. Tum these switches to position 
8. Position 8, two positions less than fully clockwise, generates the highest baud rate possible in the 
OLll. 

4. Re-insert the M7800 module (slot 4 C, 0, E and F); check the seating. 

5. Disconnect the BCOS-C-2S Modem Cable from the null modem. Place a modem test connector on this 
end of the cable. 

6. Check the Berg connector on the BCOS-C-2S cable for proper seating on the M7800 module. 

7. Tum the LK40 Keyboard ON/OFF switch to the ON position. Turn. the POP-II/OS key switch to the 
POWER poSition. 

8. , Set the SR to 1660008 • This is the starting address of the ROM Bootstrap program. Press LOAD ADRS 
and START. 

9. The ROM Bootstrap program and the modem test connector function to echo data transmitted from the 
LK40 Keyboard to the GT40; when a key is pressed, the character it represents will be displayed on the 
VR14. Verify this operation by pressing any key on the keyboard and observing the display. 

10. Additional verification of the ROM Bootstrap, OLll, BCOS-C-2S, and LK40 can be obtained by typing 
the program listed in step 11. 

11. 

R 
@ 

P 
E 
@ 

C 

NOTE 
Nothing wiD be displayed on the screen after } R until ) is 
typed. 

Type the following exactly: 

} L @ @ @ @ @ @ 0 
@ @ @ B X @ @ @ @ 

@ 0 H @ @ (sp) C (sp) @ 

P @ @ / L A @ J 
@ @ @ @ @ A @ @ X 
) 

(sp) = space 
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12. At this time a vector (Figure 4.21) is drawn on the CRT providing there were no typing errors. Retype 
the program if the display is incorrect. 

r------------, 
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cP- osos 

Figure 4·21 DL11, BCOS-C·2S, LK40, and ROM Bootstrap Quick Verification Display 

13. Press HALT and turn the front panel key switch to the OFF position. Reposition the transmitter and 
receiver clock switches at their original positions (steps 2, 3, and 4). Remove the modem test connector 
from the BCOS-C·2S Modem Cable and reconnect the cable to the null modem. Check all cable 
connectors and modules for secure connections. 

14. Tum the front panel key switch to the POWER position. 

4.2.7 Operational Programming . 
Although GT40 programming is not within the scope of this manual, several examples are presented (Tables 4-6, 4·7, 
4·8,4-9, and 4-10) to introduce the user to software control of the GT40. They are limited in the results obtained 
and are not meant to illustrate full GT40 capability. 

4.2.7.1 Display Full-$ize Rectangle - A program that will draw the largest possible size rectangle is presented in 
Table 4-6. This program is also used as the basis for the program extensions described in Paragraphs 4.2.7.2 through 
4.2.7.4. Load the program and place 1000 in the SR; press LOAD ADRS and START. Press HALT if the display is 
satisfactory and proceed to Paragraph 4.2.7.2. 

4.2.7.2 Display Full-Size Rectangle with Vector - This is modification of the display generated by the program in 
Table 4-6. A blinking dot-dash vector is drawn diagonally from the lower left corner of the rectangle to the upper 
right comer. With the basic program still in memory, load the additional steps (Table 4-7),place 1000 in the SR, and 
press LOAD ADRS and START. Note that the display jump in the previous program was deleted; however, the 
program still concludes with a jump instruction. Press HALT if the display is satisfactory and proceed to Paragraph 
4.2.7.3. 
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4.2.7.3 Display Full-Size Rectangle with Vector and Graphic Data - The program currently in memory is again 
modified to display several graphic characters. Load the additional steps (Table 4-8) and press LOAD ADRS and 
START with 1000 in the SR. Press HALT if the display is satisfactory and proceed to Paragraph 4.2.7.4. 

Address 

1000 
1002 
1004 

1006 

2000 

2002 

2004 
2006 
2010 
2012 
2014 
2016 
2020 
2022 
2024 
2026 

2030 
2032 

Table 4-6 
Large Rectangle Program 

Instruction/Data Mnemonic Comments 

12737 
2000 

172000 

000001 

117224 

0 

0 
110000 
041777 
000000 
40000 

1377 
061777 

0 
40000 
21377 

160000 
2000 

Address 

2030 
2032 
2034 
2036 
2040 

Move starting address of display file to 
MOV (7) +,@(7)+ Display Program Counter (DPe). 

WAIT Wait for interrupt (used here to keep CPU 
running) 

Set point mode, no blink, solid line, intensity 
5 

Unintensified point at 0,0 X=O 

y=o 
Set long vector 
X = 1777 8, intensify 
Y=O 
X = 0, intensify 
Y = 1377 
X = -1777, intensify 
Y=O 
X = 0, intensify 
Y=-1377 

Display JMP to beginning of display file 

Table 4-7 
Large Rectangle with Vector Progral"Jl Modification 

Instruction Data 

110037 
041777 

1377 
160000 

2000 

Comments 

Long vector, dot-dash, blink 
X = 17778 , intensify 
Y = 1377 
Display JMP to beginning of display file 
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Address 

2036 
2040 
2042 
2044 
2046 
2050 
2052 
2054 
2056 
2060 

Address 

2056 
2060 
2062 

2064 

2066 
2070 
2072 
2074 
2076 
2100 
2102 
2104 
2106 

2110 

Address 

1000 
1002 
1004 

1006 
1010 

Table 4-8 
Large Rectangle with Vector and Graphic Data 

Instruction Data 

114024 
1050 
577 

100000 
42506 
42105 
46440 

105 
160000 

2000 

Comments 

Point mode, no blink 
Uniritensified point, X = 1050 
Y=577 
Character mode, no blink 
EF 
DE 
M(sp) 
E 
Display JMP to beginning of display file 

Table. 4-9 
Large Rectangle with Vector, Graphic, and Graphplot Data 

Instruction Data Comments 

114000 Point mode 
40000 X = 0, intensify 

577 Y=577 

174150 Load Status B, increment = 50 

124000 GRAPHYmode 
700 Ydata 
800 Ydata 
900 Y data 

1000 Y data 
900 Y data 
800 Y data 
700 Y data 
600 Y data 

160000 Display JMP to beginning of display file 
2000 

Table 4-10 
Ring Keyboard Bell Program 

Instruction/Data 

12737 
o 

172002 

137 
1000 
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Comments 

Attempt write (0) to 
Status Register 

JMPto 1000 



4.2.7.4 Display Full·Size Rectangle with Vector, Graphic, and Graphplot Data - The final modification to the 
program, started in Paragraph 4.2.7.1, causes graphplot data to be displayed in addition to the previously 
programmed data. Load the additional steps (Table 4·9) and press LOAD ADRS and START with 1000 in the SR. 
Press HAtT if the display is satisfactory. 

4.2.7.5 Program to Ring Keyboard Bell- This short program (Table 4-10) causes the keyboard bell to sound 
repeatedly. It is accomplished by attempting to write into the GT40 status register. 

4.3 FAULT ANALYSIS AND REPAIR 

4.3.1 Introduction 

It is not possible to categorize and list all conceivable malfunctions that could occur in the GT40. However, the 
more obvious problems and their solutions can be stated. The fact that the majority of equipment failures result 
from the most likely causes shOUld be considered when analyzing a problem. Finally, as noted previously, the best 
corrective maintenance tool is a thorough understanding of the physical and electrical characteristics of the GT40. 

4.3.2 Procedures and Equipment Required 

If a malfunction occurs, the condition should be analyzed, isolated, and corrected as prescribed in the following 
paragraphs. No special test equipment or tools are required other than a Type 453 Tektronix oscilloscope, or 
equivalent, and a standard multimeter. 

Table 4-11 lists common GT 40 malfunctions and their repair. 

CAUTION 
Do not remove cables or modules with power on. 

4.3.3 VR14 CRT Display Malfunctions and Repair 

CAUTION 
Due to the presence of high voltage, use extreme care when 
working on VR14 circuits. 

4.3.3.1 No CRT Display - Probably the most common failure mode with this type of eqUipment is "no picture". 
Unfortunately, this condition can be caused by almost any malfunction such as a loss of input intensity pulse, 
incorrect input deflection signals driving the beam off the screen, a power supply fuse, or fan failure (thermal 
cutout). The following sequence of events leads to the isolation of the fault(s): 

1. Check fuses. If they are in good condition, continue. If not, replace any that are blown and then 
continue. (If a blown fuse is replaced, leave power on only long enough to complete each check in this 
procedure.) 

2. Remove all input signals at the rear of the unit and all modules except W684 and G836. 

3. With a voltmeter (or oscilloscope) measure the +20 Vdc (20 Vdc to 22 Vdc is acceptable). This can be 
measured between BOI-V (red wire) and B01·M, which is ground. Momentarily apply and shut down 
power. If the +20V is above +22V, the ~egulator has a fault (Paragraph 4.3.3.3). If OV or below +20 Vdc 
occurs, the +20V is overloaded; continue to the next step. 

4. Set up to measure -20V. This can be found between BOl·R (blue wire) and BOI·M, which is ground. 
Momentarily apply and shut down power. If the -20 Vdc is above -22 Vdc, the -20V regulator has a 
fa~t (Paragraph 4.3.3.3). IfOV or below -20 Vdc, the -20V is overloaded; continue to next step. 
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Fault 

No picture on CRT 
monitor 

Keyboard not working 

Table 4-11 
Fault Analysis and Repair 

Procedure 

1. Check the rear panel circuit 
breaker. 

2. Ensure proper CPU operation by 
running appropriate CPU diagnos­
tics. 

3. Ensure proper DPU logic operation 
by running instruction tests. 

4. Ensure proper DPU analog opera­
tion by running Visual Display test 
(MAINDEC-ll-DDGTC-A) and ob­
serving the analog waveforms on 
pins B (eGS Y OUT) and J (CGS X 
OUT) of the Berg connector on the 
A320 (drawing A320-MC). 

5. Check CRT monitor operation 
(paragraph 4.3.3). 

1. Check ON/OFF switch on rear of 
keyboard. 

2. Check cables on the VR14 rear 
panel. 

3. Open the LK40 and check for +5V 
on the M7011 module. 

4. Measure for - 22V on the M7011 
module. 

5. Measure -12V on pin 2 of the 
UART on the M701 I module. 

6. Check serial data line for data when 
key is pressed. 

7. Check TTY clock in the CPU and 
LK40. 

8. Strike a "Shift A" on the keyboard. 
Check location 1775628 for a 3018 
code. 
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Repair 

1. Reset the circuit breaker if it is 
tripped. 

2. Replace or repair CPU boards. 

3. Replace or repair DPU boards. 

4. Replace or repair the A320. If Z axis 
(GM INTENSITY OUT L) is not cor­
rect, check intensity logic in the 
M7014 module. (This signal is also 
routed through the M7013 module.) 

5. Replace or repair as required. 

1. Switch to ON position. 

.2. Seat cables properly. 

3. Check cables run back to the CPU 
box. 

4. Check cable run to VR14. 

5. Check Zener diode D2 on the M7011 
module. 

6. Check continuity back to the CPU 
box. 

7. Adjust for proper timing. 

8. Check CPU for proper operation. 



Fault 

CRT monitor does 
not tum on with 
system (red front 
panel light is oft) 

Light pen does not 
operate 

No communication 
with host computer 

Table 4-11 (Cont) 
Fault Analysis and Repair 

Procedure 

1. Ensure ON/OFF switch on the 
front panel is on. 

2. Ensure AC plug is securely seated in 
AC receptacle. 

3. Check 5 amp SB fuse (115V sys· 
tems) on rear chassis of CRT moni~ 
tor (3 ASB for 230V systems). 

4. Check lOA (SA for 220V) fuse on 
the VRl4 power control box. 

5. Ensure Berg connector is securely 
seated in TTY connector on the 
processor box. 

6. Check for + 15V at pin U of the 
TTY Berg connector. 

I. Check for tight connection of the 
light pen, cable, and front panel 
jack. 

2. Load Instruction Test 2 
(MAINDEC-II·DDGTB-A) and dis· 
play pattern 7. Aim light pen at the 
top line (intensity 7) and check for 
pulse at pin 11 (GM INTENSITY 
OUT L) of the Berg connector on 
the A320 module. 

3. Check for light pen flag (drawing 
M7014·LEI). 

1. Ensure transmit and receive baud 
rate switches on the DLll module 
are set properly. 

2. Set 1660008 into the SR. LOAD 
ADRS and START. Ensure CPU is 
running. 

3. Check ROM Bootstrap program by 
comparing memory contents with 
Appendix D. 
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Repair 

1. Tum to the Power position. 

2. Seat AC plug. 

3. Replace fuse. 

4. Replace fuse. 

5. Properly seat Berg connector. 

6. Trace power from supply to cable in 
processor box. 

1. Seat connectors properly. 

2. Check tile G840 module in the VRl4. 
Check scope cable (Figure 3.70). 

3. Check and repair the light pen 
circuitry in the DPU. 

1. Set switches to equal line baud rate. 

2. Run CPU diagnostics. 

3. Check bootstrap logic on M7014. 



Fault 

No communication 
with host computer 
(cont) 

Table 4-11 (Cont) 
Fault Analysis and Repair 

Procedure 

4. Set transmit and receive switches to 
same ba ud rate. Disconnect 
BC05-C·25 cable from modem and 
place a modem test connector on 
the end of the cable. Perform the 
Character Echo Check (Paragraph 
4.2.6.7). Type on LK40; characters 
should appear on the screen. 

Repair 

4. Run DLII diagnostics. Check 
BC05·C·25 cable. Check LK40. 

5. With an oscilloscope or meter, measure ±2.2V maximum at A02·A with respect to ground (BOl·M). This 
point (A02.A) is the X axis deflection coil current sample. Because coil current flows through a 0.5 ohm 
resistor, voltage measured at A02·A multiplied by two equals the current flowing. With the A225 circuit 
cards removed, no coil current should flow. Momentarily turn on power to the VR14. If A02·A has any 
voltage plus or minus (Paragraph 4.3.3.4), a deflection power transistor is shorted. 

6. Measure the same as in step 5 for the Y axis deflection coil current at A03·A with respect to ground 
(BOI.M). Again, momentarily turn VR14 power on and off. No voltage should be read; this indicates no 
Y axis deflection coil current is flowing. If any voltage is observed, refer to Paragraph 4.3.3.4, since a Y 
axis deflection transistor is probably shorted. 

7. Replace the G840 circuit into AOl and the A225 circuit into A02. (Still leave' the Y axis, A03 board 
out.) Measure less than ±2.2V at pin A02·A with respect to ground (BOl·M). Momentarily apply power. 
If the voltage is within safe limits (less than ±2.2V), leave power on and adjust the position 
potentiometer on the A225 circuit. Doing this should change the voltage reading on A02·A, proving the 
A225 indeed is controlling the coil current. Return the position potentiometer to its original position. If 
the voltage at A02·A is beyond ±2.2V, shut down immediately. Because the position potentiometer on 
the A225 can drive more current than the ±2.2V limit, it is possible that it (the position potentiometer) 
has been adjusted to one extreme or the other. To prove whether this is the case or if the A225 circuit 
board is faulty, turn the position potentiometer as follows: clockwise if the voltage at A02·A was very 
negative; counterclockwise if the voltage at A02·A was very positive. If no change is noted at A02·A 
after adjusting the position potentiometer, the A225 board is faulty and should be replaced or repaired 
(Paragra ph 4.3.3 .5). 

8. Repeat the same tests as in step 7 for the Y axis deflection circuit A225 plugged into A03. Monitor 
A03·A. Refer to Paragraph 4.3.3.5 for A225 repair. 

9. If the fault has not been isolated, the intensity circuit, W684, the electrode voltages, and the high voltage 
supply are suspect. The output of the W684 drives the cathode. At rest, it should be +60V and, when 
triggered, go to approximately OV. Apply a proper input to the W684 (+3V to OV transitions) and check 
to see that th~ signal reaches A04·]. See that +5V is being supplied to A04·A. If A04·A is less than +4V, 
replace or repair the G840 module as this is where the +5V is developed. If the. two preceding 
measurements are good and the W684 output (measured at B04.L) is not going from +60V to OV for at 
least 300 ns, repair or replace the W684 module. 

10. Measure 6.3 Vac between B04·A and B and observe the flowing filament on the CRT. No 6.3 Vac can be 
traced back to the G836 circuit which routes the 6.3 Vac from the transformer. 
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11. Measure the grid 1 voltage at B04-F. It should vary from -80 Vdc to between -20V and OV when the 
front panel brightness control is varied. The -80 Vdc comes from the G836 board. Trace back to the 
G836. 

12. Measure G2 at B04-D. it should be at least +300V. Trace back to the G836. 

13. The final problem source for a no picture condition is the high voltage supply itself. Generally, all other 
measurements should be made before considering the high voltage, since the majority of "no picture" 
conditions will not be caused by the high voltage supply. Measuring the high voltage is extremely 
dangerous and not recommended. Instead, a quick method is to take a long screwdriver and ground the 
blade with two separate clip leads for safety. Tum the VR14 on for 5 seconds and then SHUT IT OFF. 
After it is off, ground out the anode cap on the CRT with the GROUNDED screwdriver. If done within 
5 to 10 seconds after power is turned off, an arc, to the screwdriver, should occur, indicating that the 
CRT was charged with high voltage. If no arc oC,curs, replace the high voltage supply. 

4.3.3.2 Faulty Picture -

a. No Focus - Check the range of the focus potentiometer on the G836 by monitoring the focus voltage at 
B04-J while adjusting the focus potentiometer through its range. Minimum range is +350 Vdc to -60 
Vdc. See G836 for repair. 

b. Half or Quarter of the Picture Missing - Generally, this condition represents the fact that one of the two 
deflection transistors is not working; thus, only half deflection is available. The transistor in question can 
be identified by observing which side of the screen is not working. The left and bottom portions of the 
screen are controlled by the PNP (2N4399) power transistors on the deflection heat sink. These are the 
two lower transistors; the left side of the screen is controlled by the left lower transistor (if the 
deflection heat sink is viewed from the front of the VR14), the lower part of the screen is controlled by 
the right lower power transistor. Of course, the upper and right are controlled by the NPN (2N5302), 
the right side of the heat sink controlling the upper screen, the left side of the heat sink controlling the 
right screen. 

c. The remaining possible faulty picture patterns such as picture swim (60 Hz), oscillations, distortion, etc., 
will be restricted generally to improper input signals (especially grounding techniques) or faults on the 
A225 circuit board. If input signals are not suspected, a faulty A225 may be isolated by swapping X and 
Y A225s with one another to see if the problem changes axis. 

d. If a weak picture that is deflected off the screen on all sides is encountered, with excessive jitter and 
ripple, replace the high voltage supply. 

4.3.3.3 Power Supply and Regulator Troubleshooting -

NOTE 
The power regulator heat sink contains a thennal cutout 
conne<:ted to the input line voltage. Always remove the line 
cord before handling the heat sink. 

Generally, if the ±20V reads' above ±25V, one or both of the regulator transistors has shorted. The +20V is 
controlled by the PNPs (2N4399) that are the front set of transistors on the regulator heat sink (as viewed from the 
front of the VRI4). The -20V is controlled by the NPNs (2N5302) on the rear section of the regulator heat sink. If, 
after replacing the power transistors, the problem is not corrected, the G836 board itself is suspect. If the regulator 
circuits are not working, the output could be beyond its nominal value. The MC1709 is most likely suspect. followed 
by the drive transistors, 2N4923 for +20V and 2N4920 for -20V. 

4-33 



If, on the other hand, the ±20V reads zero, the same power transistors are still suspect (they may be open). Also, in 
this case, if the two IN4001 diodes used as current limiting for the power transistors are shorted, the power 
transistors cannot receive base current and thus will not turn on, rendering their output OV. To check for this 
condition, turn off the power and measure resistance with a YOM set at RXI across DIS and D16 if the +20V was 0, 
and Dl3 and Dl4 if the -20V was O. The resistance with the YOM lead connected either way should always be 
above SQ. 

4.3.3.4 Deflection Power Transistors Troubleshooting - When the deflection circuit cards (A22S) are removed, 
their respective power transistors receive no drive and, therefore, are off. When monitoring A02·A (X yoke current 
sample) and A03·A (Y yoke current sample) no reading should be observed. Any voltage at these points indicates a 
power transistor is on by itself. Generally this transistor is shorted. To determine which transistor is faulty, observe 
which pin, A02·A or A03·A, has voltage. The A02·A (X axis) transistors are on the right side of the heat sink 
assembly when viewed from the front of the VR14; A03·A (Y axis) transistors are on the left side. In both cases, a 
plus voltage at A02·A or A03·A means the PNP (2N4399) is at fault. This is the lower transistors on both sides. If 
the voltage at A02·A or A03·A is minus, the NPNs (2NS302) are faulty. These are the upper transistors on both 
sides. 

If no readings are observed at A02·A or A03·A when the A22S boards are removed, then the deflection fault is on 
the boards themselves (assuming, of course, proper input signals are applied and all power supply voltages are 
nominal). If the yoke 'current goes full negative only when the A22S card is plugged into that axis, the most likely 
suspect is the 2N2904A, Q2. If one axis is faulty, a quick check can be made by swapping the X and Y deflection 
boards (A22S) to see if the faulty axis follows the circuit board in question. 

4.3.3.5 Deflection Amplifier (A225) Troubleshooting - After the power supply and deflection power transistors 
have been proven sound, incorrect deflection coil current readings may be isolated to the A22S circuit board itself. 
If, when the A22S is plugged in, the deflection current goes full negative (about -4V as measured at A02·A for X, 
A03·A for Y) and not controllable, Q2 has probably opened and should be replaced. If only half deflection is 
working (no positive current or no negative current capability) and the power transistors are operating properly, Q3 
should be replaced for no positive current and Q4 for no negative current. Also, check R26 and R27 for burns. 
These resistors overheat if the deflection amplifier is operated in the fault current limit condition for any length of 
time. Finally, if C9 or CIO become shorted, R9 or RIO, respectively, will burn out. Check C9 or CIO with an 
ohmmeter to verify this type of failure. 

4.4 ASSEMBLY REPLACEMENT INSTRUCTIONS 

4.4.1 VR14 CRT Display 

Other than the G840, A22Ss, and W684 circuit modules, most repair and replacement will involve the G836 
Regulator Subassembly; the regulator heat sink assembly; and the deflection heat sink assembly; and, in rare cases, 
the high voltage assembly, yoke, and CRT. It cannot be stressed too strongly that the VR14 line cord be removed 
from the line before doing any maintenance. Turning power off or removing fuses does not render the unit safe from 
shock hazards, since the power switch and fuse interrupt only one side of the ac input line voltage, the other side is 
permanently connected as long as the line cord is plugged in. Do not take chances, unplug the line cord. 

NOTE 
Although the accompanying photographs (Figures 4-22, 4-24. 
and 4-25) show a VR14 without GT40 modifications, they are 
still applicable to these procedures. 

~ 

4.4.2 Deflection Heat Sink Removal (Figure 4-22) 

To remove the deflection heat sink. proceed as follows: 

1. Remove the line cord and all circuit modules above the deflection heat sink assembly (G840, A22S, 
A22S, W684). 

2. Remove the four 6-32 screws that hold the heat sink assembly to the rear chassis plate. 
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a. Remove circuit boards and th~ four 6-32 screws 
holding the deflection heat sink to the rear panel. 

b. RemdVe heat sink assembly (and its connectors, if 
necessary) and remove faulty power transistor. 

Figure 4·22 Deflection Heat Sink Removal 
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3. Lift the assembly out to make room for removing the assembly cable connector. The I5·pin connector is 
removed by squeezing the retaining tabs on each side of the connector so that when the connector is 
pulled, the tabs pass through square holes that they were butted against. Do not pull the connector by 
its wires, only by its plastic body. 

4. To remove a faulty transistor, unscrew the two 6·32 screws that hold the transistor down. Then pull the 
transistor straight out from the socket. Apply an even coat (approximately 1/32 in. thick) of thermal 
compound to all mating surfaces of the new transistor. Replace the new transistor, making sure that the 
base and emitter pins are oriented properly; otherwise, the transistor case will not align with the two 
screw holes. Also, ensure that the insulating washer is between the transistor and the heat sink and each 
mounting screw has a star washer. 

4.4.3 7007165 Power Regulator Assembly Removal 

The 7007165 Power Regulator Assembly comprises a G836 regulator printed circuit board with a mounting frame 
for 11,12,13, and 14. To remove the 7007165 Power Regulator Assembly proceed as follows: 

1. Remove the line cord and all circuit modules (G840, A225, W684). 

2. Remove all four cable connectors (Figure 4·23) coming into the connector bracket on the 7007165 by 
squeezing the two locking tabs on the sides of each connector, while pulling the connector straight up, 
allowing the locking tab to pass through the square holes they were butted against. Do not pull the 
connector by its wires; only by its plastic body. 

TO VRt4 

Jmmb 
I J4 

G836 
REGULATOR 

I J2 I 

TO 
TRANSFORMER 

BOARD 

I 

I J1 I 

TO DIODES 
AND FILTERS 

I-

~ 
TO 
POWER 

J3 SuppLy 
HEAT 
SINK 

r-

12-0331 

Figure 4·23 7007165 Power Regulator Assembly 

3. Remove the two mounting screws for the 7007165 from the opposite side of the 7007165 chassis wall. 

4. The 7007165 is now free and can be pulled straight out. 
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NOTE 
When placing the 7007165 back into the unit, ensure that the 
bottom of the circuit board rests in the slotted groove 
insulator block provided on the bottom chassis. 

5. For troubleshooting, the 7007165 may be operated outside its normal mounted position by laying the 
board flat and reconnecting the four cable connectors. Ensure that the etch side of the module does not 
touch the chassis causing short circuits by insulating the board with a book or a piece of cardboard as 
shown in Figure 4·24b. 

NOTE 
The 7007165 has +SO Vdc, -SO Vdc, and +400 Vdc available. 
Use extreme caution when troubleshooting the board. Also, 
these voltages do not disappear immediately when power is 
shut off. 

4.4.4 Regulator Heat Sink Removal (Figure 4-25) 

To remove the regulator heat sink, proceed as follows: 

1. Remove the 7007165 (paragraph 4.4.3). 

2. Remove the four heat sink mounting screws on the right chassis wall (when viewed from front). 

3. Lift the heat sink assembly straight out. 

4. To remove a faulty transistor(s), unscrew the two 6-32 screws holding the transi&tor(s) down; then pull 
the transistor(s) straight out from the socket. Apply an even coat (approximately 1/32 in. thick) of 
thermal compound to all mating surfaces of the new transistor. Replace the new transistor, ensuring that 
the base and emitter· pins are oriented properly; otherwise, the transistor case will not align with the two 
screw holes. Also, ensure that the insulating washer is between the transistor and the heat sink and that 
each mounting screw has a star washer. 

4.4.5 Yoke and CRT Removal 

To remove the yoke, proceed as follows: 

1. Remove the line card an4 aU the circuit modules (G840. A225 , W684) along with the plastic CRT socket 
cover. 

2. Carefully remove the yoke cable connector from its mating connector on the inner side of the circuit 
card mounting bracket. 

3. Using a 1/4·in. nut driver, loosen the screw that holds the yoke neck clamp by inserting the nut driver 
through the access slot prOvided in the CRT shield. Loosen sufficiently for the yoke clamp to be slipped 
off the yoke. 

4. Carefully remove the CRT socket connector and 'slide the yoke clamp off the CRT neck. 

5. Slip the yoke connector through the access slot in the CRT shield and pass it, along with the entire yoke 
assembly, off the CRT neck and out the rear. Sometimes the yoke gets stuck at the socket end of the 
CRT because the yoke plastic mounting piece hugs the CRT neck tightly and must be spread to pass over 
the CRT socket. 
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a. Remove power cord and all connectors to the 
7007165. Unscrew mounting screws from the 
opposite side of the vertical chassis wall. 

b. Reconnect connectors and place a cardboard 
under the 7007165 to prevent shorting out the 
circuit against the chassis when troubleshooting 
the board outside the unit. 

Figure 4-24 7007165 Removal 
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a. Remove the 7007165 as shown in Figure 4-4 and 
unscrew the four 6·32 heat sink mounting screws 
from the side chassis. Remove two pin connector 
from high voltage bracket. 

b. Lift heat sink straight out and repair faulty 
transistor. 

Figure 4-25 Regulator Heat Sink Removal 
(Note: Thermal cutouts have 115 Vac on them­

be sure line cord is removed) 
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To remove the CRT, proceed as follows: 

1. Remove the yoke first as described above and double check that the line cord is removed. 

2. With a long-bladed screwdriver, that is grounded to the chassis (a clip lead between the screwdriver blade 
and chassis plus a second clip lead for safety is adequate), slide the blade under the rubber cup on the 
high voltage connection at the CRT and touch the anode connection to discharge any remaining high 
voltage. At the same time, remove the high voltage connection. The connection is made by two stiff 
wires that each have a bend or hook on the end. The connection at the CRT is made by squeezing these 
two wires together so they can fit in the CRT metallic hole. Then these two wires are let go so they can 
expand and grab the inner lip of the CRT with the hooked ends. The connection is removed by 
squeezing the "hook wires" together and, at the same time, pulling them out so that the wires can clear 
the anode hole. 

3. Remove the CRT plastic mask by removing the top and bottom screws from the front bezel casting. 

4. The CRT is held by four screws, one in each corner of its shell bond frame. As each screw is removed, 
support the weight of the CRT. 

CAUTION 
The CRT is under high vacuum and may implode if subjected 
to sharp blows or very rough handling. 

Also, to avoid dropping the CRT aCCidentally, never place your hand over the anode high voltage button 
while picking up or carrying the CRT, in case the CRT has residual charge. The shock is not, in itself, 
dangerous but the surprise may cause the user to drop the CRT. Never hold the CRT by the neck (the 
thin cylindrical portion) alone since it can break off. 

4.4.6 High Voltage Supply Removal 

To remove the high voltage supply, proceed as follows: 

1.' Remove the yoke and CRT as outlined in Paragraph 4.4.5. Ensure that the line cord is unplugged. 

2. Disconnect the two red and two white wires from the high voltage supply from the TBI and TB2 of the 
. right side chassis. 

3. Remove the cast bezel by removing the three right and left retaining screws. 

4. Remove the two side and two bottom high voltage assembly mounting bracket screws and move the high 
voltage assembly out toward the front of the unit. 

440 



POWER 
CONTROL 
BOX 

10ASB 
FUSE 

7Ase 
FUSE 

POS 
fOAFB 
FUSE 

PDP-! t /05 
POWER 
RECEPTACLE 

GT40 
MAINTENANCE 
SWITCHES Sf. S2 

It 5 VAC 

MEMORY 
SHIELD 

/ 
CONSOLE CABLE 

LIGHT PEN SCOPE CABLE 
7008993 PI P2 W684 A225YB CABLE 

Figure 4·26 GT40 Exterior View, Rear 

M930 
TERMINATOR 
OR UNIBUS OUT 

CHARACTER 
DELAY ADJUST 

SERIAL 
COMMUNICATIONS 
LINE CLOCK ADJUST 

Figure 4·27 GT40 Interior View, Left 

441 

G840 

KEYBOARD 
CABLE 
7008959 

REMOTE 
TURNON 
CABLE 

AC 
POWER 
CORD 

DISPLAY 

~~~~PROCESSOR 
:: DLII 

MMI! 

___ ..J KDl1·B CPU 



Y VECTOR 
LENGTH 
ADJUST 

X OFFSET Y OFFSET 
ADJUST ADJUST 

SCOPE CABLE 
CONNECTOR 
(P3J 

PDPU/05 -15,+15 VDC VECTOR H740 VT40 DACS 
CONSOLE FUSES LOGIC POWER 

SUPPLY 
LOGIC 
BACKPLANE 

Figure 4-28 GT40 Interior View, Top 

KEYBOARD 
CABLE 
7008960 

LARGE 
KEYBOARD 
5409949 

96/128 CHARACTER 
SELECT SWITCH 

INTRA-KEYBOARD 
CABLE 7008612 

ENABLE/ DISABLE M7011 SERIAL 
(ON/OFF) SWITCH TRANSMITTER 
1210894 MODULE 

KEY80ARD 
CABLE 
7008959 

BELL SPEAKER 
1210299 

Figure 4-29 LK40 Keyboard Interior View, Rear 

442 

SMALL 
KEY80ARD 
5410229 



PI P2 P3 P4 

[] 7 4 10 7 4 13 to 7 4 

5 2 8 5 2 It 8 5 2 t4 " 8 5 2 

6 3 9 6 3 12 9 6 3 t5 12 9 6 3 HIGH VOLTAGE 
POWER SUPPLY 

7007165 BRIGHTNESS FOCUS ADJ 
(G836 W/CONNECTORS) PRESET ADJ 

Figure 4-30 VR14 CRT Display Interior View, Top 

4-43 









CHAPTER 5 
GT40 ENGINEERING DRAWINGS 

AND RELATED DOCUMENTS 

5.lAPPUCABLE ENGINEERING DRAWINGS 

A complete set of drawings is supplied with each GT40 Graphic Display Terminal. If any discrepancies are noted 
between the description in this manual and the drawings supplied with the equipment, consider the drawing set 
supplied with the equipment as reflecting ttte most accurate equipment representation. 

5.2 DRAWING CODE 

DEC's engineering drawings are coded to designate drawing type, major assembly, and series. A drawing number such 
as D-CS-M70l3.()-1 reveals the following information. 

o Drawing Size 
CS 
M7013 
o 

Drawing Type (Circuit Schematic) 
Equipment Type 
Equipment Variation 

1 Drawing Number of a Series 

5.3 GT40 ENGINEERING DRAWINGS 

Table 5·1 lists the major drawings for the GT40. Refer to the current Drawing Directory for a complete, up-to-date 

Table 5-1 
GT40 Engineering Drawings 

Drawing Number 

D-MU-VT40'()-1 
D-BD-GT40-0-4 
D-IC·GT40.()-3 
D-UA-VRl4-0'() 
D-AD-7008930'(),() 
D-IC-VRI4.Q-l 
D-CS·W684-0-1 
D-CS-G840'()·1 
D-CS·A320'()·1 
D-CS-M7013-O-1 
D-CS·M70 14-0·1 
D-SP-GT 40.()-2 
D-CS·M7800-0-1 
D-TD-GT40.()·16 
D-FD-GT40'()·5 through ·14 
D-UA·LK40'()·0 
D-CA·M7011·0·1 
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Title 

Module Utilization 
GT40 Block Diagram 
GT40 Back Panel Connections 
VR14 Assembly 
VR14 Power Control Box 
VR14 Block Schematic 
VR14 Intensity Module 
Light Pen Amplifier 
GT40 Display Generator 
GT40 Display Control 
GT40-Bus Control and Bootstrap 
GT40 Base Diagrams 
DLlI Asynchronous Interface 
Character Generator Timing 
GT40 Flow Diagrams 
LK40 Keyboard Assembly 
Keyboard Serial Transmitter 



S.4 RELATED PUBLICA nONS 

Table 5-2 lists those publications that contain related information of interest to the GT40 user. 

Title 

Table 5-2 
Related Documentation 

Number 

Paper-Tape Software Programming Handbook 
PDP-II Processor Handbook 

DEC·ll-GGPC·D 

MACRO-II Assembler Program Manual 
GT40 Users Guide 
GT40 Users Manual 
Introduction to Communications 
Peripherals and Interfacing Handbook 

DEC·II-OMACA-A-D 
DEC·ll-HGTGA·A·D 
DEC·I1-GGTGA·A.D 

5·2 

Subject 

Programming 
Programming 
Programming 
Programming and Operation 
Programming 
Communications (Basic) 
Interfacing 



APPENDIX A 
KEYBOARD CONFIGURATION 
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CDCJCJCTICDGJ8JCJGJCJ000CD 
BB8000~8G8G0w0G 
EJQ000080008CDCD@D 

80080000CDOCDBCD 
(~ ______________ ~SP_A_CE ________________ ~) 

Figure A-I Keyboard Key Configuration 

[TJSC [D' CD' CD [IJ my. CD [IJ CD rn []] 0-[[Js [I)s ESC I 2 3 4 5 6 7 8 9 0 - US GS 
{ ! .. #" $ % 6' ( ) 0 = - } 
r I 2 345678 90 - - ) 

[]]T mCI (!)TB [TIN 
0 

[!JC2 [jJC4 [!JM [!]AK [IJT Wi [!]LE mUL [[)F (]]R HT DCI ETB ENO DC2 DC4 EM NAK HT S IDLE NUL LF CR 
HT 0 W E R T Y U lOP \ LF CR 
HT ESC q ... e r t y u i 0 p IQ) LF CR 

O Ws (!JoH [!)C3 [!JOT (!JCK (iJEL wS 
[JF wT wF []J CD RS SOH DC3 EOT ACK BEL BS LF VT FF ; : 

"" AS 0 F G H J K L + '* 
A. a s d f h k I ; : DEL 

00 [!JUB mAN (!]TX rnYN 
[1JTX rn° (I)R 0] CIJ [D' oms SUB CAN ETX SYN STX SO CR ' • I FS 

Z X C v B N M < >? \ 
z X c vb n m , • 'I \ 

[ 
LEGEND: 

CONTROL 6 SHIFT 
CONTROL 
SHIFT 
UNSHIFT 

SP 
SP 
SP 
SP 

Figure A-2 128-Character Keyboard (Position I) 
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HOME LOCK) 
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SUB VT 
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BS CAN 
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RS 
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GS 
GS 

CP-0609 



( ~fg) (] OJ ( I ) OJ ( i) CD CD (]] OJ rn ( ~ ) ( ~ ) ( ~J~ ) 
[IDT CD ITJc IT] ITJQ (TIC2 [!JC4 rn (!JAK (I) (]J l!]L (l)UL (][) (!J HT • OC I . ETB ENQ OC2 OC4 EM NAK HT S I OLE NUL LF CR 

HT } Q W E R T Y U lOP IQ) LF CR 
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Figure A-3 64-Character Keyboard (Position 2) 
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000000 

000 377 
017 777 
020 000 

037 777 
040 000 

057 777 
060 000 

077 777 
100 000 

117 777 
120 000 

137 777 
140 000 

157 .777 
760 000 

777 777 

BASIC 4K(WORDI 
--~----- ~-----

MEMORY BLOCK 

4K MEMORY 

4K MEMORY 

4K MEMORY 

4K M,EMORY 

4K MEMORY 

4K MEMORY 

4K DEVICE 
REGISTER 

ADDRESSES 

000000 

000037 
000040 

000057 
000060 

000077 
000100 

000 170 
000 177 
000200 

000270 
000217 
000300 

000374 
00377 

760 000 

763 777 
764 000 

767 777 
770 000 

773 177 
774 000 

777 550 

777 777 

-

APPENDIX B 
ADDRESS MAPPING 

0 

TRAP VECTORS 4 ERROR 
10 RESERVED 

SYSTEM SOFTWARE 14 TRACE 

COMMUNICATION WORDS 20 lOT 
24 PWR FAIL 

TTY AND PAPER TAPE 30£MT 
INTERRUPT VECTORS 34 TRAP 

INTERRUPT VECTORS 60 TELETYPE KEYBOARD 
64 TELETYPE PRINTER 
70 PAPER TAPE READER 
74 PAPE R TAPE PUNCH 

RESERVED FOR CUSTOMER 
INTERRUPT VECTORS DEVICES 

(000170 0001741 
(000 270 0002741 

INTERRUPT VECTORS 

NOT PRO TECTEO 

t========Y---l AGAINST STACK 0 VERFLOW 

TELETYPE AND PAPER I UNASSIGNED 

/ 
777550 

RESERVED FOR 
USER DEVICES 

RESERVED FOR 

DEC DEVICES 

RESERVED FOR 
---------------

OEC OEVICES 

777 567 

777577 

777700 

777710 

777 720 

777 775 

777 777 

TAPE DEVICE ADDRESSES 

RO-R7 

TEMP-SOURCE-ETC 

Figure B·l Address Mapping 
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777554 PI'S 
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777 564 TPS 
777 566 TPB > TELETYPE PRINTER 

717 570 a 777 571 ARE SWITCH REGISTER 
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R6 IS STACK POINTER 
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7 Bit ASCII 
(octal) Representation 

000 NUL 
001 SOH 
002 STX 
003 ETX 
004 EOT 
005 ENQ 
006 ACK 
007 BEL 
010 BS 
011 HT 
012 LF 
013 VT 
Q14 FF 
015 CR 
016 SO 
017 SI 
020 DLE 
021 DCI 
022 DC2 
023 DC3 
024 DC4 
025 NAK 
026 SYN 
027 ETB 
030 CAN 
031 EM 
032 SUM 
033 ESC 
034 FS 
035 GS 
036 RS 
037 US 
40 SP 
41 ! 
42 " 
43 # 

Keyboard 

CTRL@ 
CTRLA 
CTRLB 
CTRLC 
CTRLD 
CTRLE 
CTRLF 
CTRLG 
CTRLH 
CTRL I (TAB) 
CTRLJ (LF) 
CTRLK 
CTRLL 
CTRLM(CR) 
CTRLN 
CTRLO 
CTRLP 
CTRLQ 
CTRLR 
CTRLS 
CTRLT 
CTRLU 
CTRLV 
CTRLW 
CTRLX 
CTRLY 
CTRLZ 
CTRL [(ALT) 
CTRL\ 
CTRL] 
CTRL-
CTRL-
SPACE BAR 
SHIFT 1 
SHIFT 2 
SHIFT 3 

Col 

APPENDIX C 

CHARACTER CODES 

GT40 Printing GT40 Printing 
When Preceded By 
Shift-Out :.;016 

A 
a 
IjJ 
~ 

0 
~ 
"'1.. 

1 
Backspace n 

t/J 
Line Feed 

0 

.. 
Carriage Return Jl 

£. 
Shift In 
1T 

" II 
n 
a 
T 
€ 

~ 

~ 

t 
,\. 

r 
1 
=1= 
~ 

V 
0 

Space 1 character 
! 
" 
# 



7 Bit ASCII Keyboard GT40 Printing GT40 Printing 
(octal) Representation When Preceded By 

Shift-Out = 016 

44 $ SHIFT 4 $ 
45 % SHIFT 5 % 
46 & SHIFT 6 & 
47 , 

SHIFT 7 , 

50 ( SHIFT 8 ( 
51 ) SHIFT 9 ) 
52 • SHIFT: • 
53 + SHIFT; + 
54 , , , 
55 - (minus) - -
56 
57 / / / 
60 0 0 0 
61 1 1 1 
62 2 2 2 
63 3 3 3 
64 4 4 4 
65 5 5 5 
66 6 6 6 
67 7 7 7 
70 8 8 8 
71 9 9 9 
72 
73 , , , 
74 < SHIFT, < 
75 = SHIFT - = 
76 > SHIFT. > 
77 ? SHIFT / ? 
100 @ @ @ 

101 A SHIFT A A 
102 B SHIFT B B 
103 C SHIFTC C 
104 D SHIFT D D 
105 E SHIFTE E 
106 F SHIFT F F 
107 G SHIFTG G 
110 H SHIFT H H 
111 I SHIFT I I 
112 J SHIFT J J 
113 K SHIFTK K 
114 L SHIFT L L 
115 M SHIFTM M 
116 N SHIFTN N 
117 0 SHIFT 0 0 
120 P SHIFTP P 
121 Q SHIFT Q Q 
122 R SHIFT R R 
123 S SHIFT S S 
124 T SHIFTT T 
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7 Bit 
(octal) 

125 
126 
127 
130 
131 
132 
133 
134 
135 
136 
137 
140 
141 
142 
143 
144 
145 
146 . 
147 
150 
151 
152 
153 
154 
155 
156 
157 
160 
161 
162 
163 
164 
165 
166 
167 
170 
171 
172 
173 
174 
175 
176 
177 

Function Key Codes 

ASCII 
Representation 

U 
V 
W 
X 
Y 
Z 
[ 
\ 
] 

A . 
, 

a 
b 
c 
d 
e 
f 
g 
h 
i 
j 
k 
I 
m 
n 
0 

P 
q 
r 
s 
t 
u 
v 
w 
x 
y 
z 

-
RUB OUT 

.-10 
-+- 30 

Keyboard 

SHIFTU 
SHIFT V 
SHIFTW 
SHIFT X 
SHIFTY 
SHIFTZ 
[ 
\ 
] 
1\ . 
SHIFT@ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z -
SHIFT [ 
SHIFT \ 
SHIFT] 
SHIFT/\. 
R.O. 

t 32 
-1-33 

C-3 

GT40 Printing 

U 
V 
W 
X 
Y 
Z 
[ 
\ 
] 

./\ . 
, ( 

a 
b 
c 
d 
e 
f 
g 
h 
i 
j 
k 
I 
m 
n 
0 

P 
q 
r 
s 
t 
u 
v 
w 
x 
y 
z 
{ 
I 

L 
• 

Home 35 
EOL 36 

GT40 Printing 
When Preceded By 

Shift-Out = 016 

EOS37 




