

















The character generation logic remains quiescent until the
first character data word following a Set Graphic Mode
instruction asserts MD CHARACTER L. At TD LOAD
PULSE time the two 7-bit characters on the Unibus data
lines are clocked into the Character Register (drawing
M7013-CCL1). (Succeeding data words are treated
identically.) PVCS WORD 1 H is low at this time and
therefore the output [CCL1 B (7:1) H] of the Character
Word Selector is determined by the contents of the first
character on the bus data lines [BDL DB (06:00) H]. The
Character Word Selecter output provides the memory
address for the ROM. Consequently, the intensity infor-
mation for the first character column (of the first of two
characters) is read from the ROM and sent to the Character
Output Shift Register at TD LOAD PULSE time of the data
word. Accessing ROM is the first event in the display of any
character. At the conclusion of the present character
display, the Word flip-flop is toggled by VC2 VEC GEN OP
DONE H (derived from VC1 DONE L) and the second 7-bit
character in the Character Register [BDL DB (14:08) H]
furnishes the memory addresses for the ROM. This switch-
ing from one 7-bit input to the other continues as
successive character data words are read from core memory
(Figure 2-34).

At TD TP 2 time of each character data word the signal
PVCS CHAR GEN GO H is asserted. Unless a space
character is decoded or a control character (codes 000
through 037) is not preceded by Shift Out (CSC SO L),
CSC ENABLE PRINT H is asserted and ANDed with PVCS

TD LOAD PULSE J—|

CHAR GEN GO to generate CSC PRINT CHAR L. The
leading edge of this signal, which must be asserted before
any character can be displayed, sets the Go flip-flop and a
synchronization sequence is initiated. Timing for character
display is derived from the 5 MHz system clock (PCC DIS
CLOCK H) which triggers a J-K flip-flop to assert the
2.5 MHz (400 ns period) signals CCL2 CHAR CLK H and
CCL2 CHAR CLK L. The Init P flipflop is set on the
leading edge of the first CCL2 CHAR CLK L pulse after the
Go flip-flop is set. This marks the point where the
command is synchronized to the character generator clock.
CCL2 INIT P L and CCL2 INIT + INIT P L now clear the
Go flip-flop and trigger the 0.98—1.4 us scope delay
(Paragraph 2.2.12.2) and the character clock single shots.
The 400 ns CCL2 CHAR CLK L signal also steps the
Character Column Counter to an all zero output. This
causes the Character Column Decoder to assert CCL1 CC1
L (Table 2-9) to denote column one is being displayed.

The Run flip-flop is set and the Init P flip-flop is cleared by
the next CCL2 CHAR CLK L signal. CCL2 GO CLK H is
now asserted every 400 ns until the Run flip-flop is reset
after the last column is displayed. CCL2 GO CLK H pulses,
which follow the CCL2 CHAR CLK H pulses, are used to
up count the character bit counter; this operation is now
started. At a point determined by the setting of the scope
delay single-shot, the Step single-shot is triggered to assert
CCL2 STEP X H and the Ramp Y flip-flop is set. The CRT
beam is moved (right) to the bottom of the first character
column and CCL2 RAMP Y (1) H starts the vertical sweep.
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Figure 2-34 Word Selection and ROM Addressing,
Timing Diagram
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The scope delay single-shot is adjusted so that this
repositioning of the beam coincides with the assertion of
CCL2 LOR L; this occurs when the bit counter = 2,,.
Provided a lower-case character is not decoded (ASCII bits
6 and 7 = 1), the Unblank flip-flop is set on the leading
edge of the next CCL2 GO CLK L pulse. On the trailing
edge of the same signal the character intensity single-shot is
triggered if the lower left dot is to be displayed. The beam
is now sweeping up and the Character Output Shift Register
is shifted right; the display of the first character column is
underway.

The Character Bit Counter continues to up count and the
CCL1 CHAR INTENSITY H pulses are asserted when a dot
is to be displayed. Both of these functions occur at a rate
determined by the CCL2 GO CLK pulses (Figure 2-35).
When the bit counter rzaches a count of 7, CCL2 DEFL
DONE is asserted and the 0.98—1.4 us scope delay single-
shot is triggered again in preparation for the second column
display. The signal CCL2 CBC11 L, generated when the bit
counter reaches a count of 11, triggers a 100 ns single-shot
to assert CCL2 CHAR COL CLK L and CCL2 CLK H. The
Character Bit Counter, cleared by this latter signal, now
restarts the 1—11 count sequence,

The signal CCL2 CHAR COL CLK L up clocks the
Character Column Counter to cause the second column
intensity data to be read from ROM; at the same time it
toggles the Mode Control flip-flop in the character intensity
circuit. This results in the Character Output Shift Register
performing a shift-left for each dot position (intensified or
not) in the second column.

The scope delay times out at approximately the same time
that the Character Column Counter is up-clocked. This
causes the signal CCL2 STEP X H to be asserted again,
moving the beam to the right, and the Ramp Y flip-flop is
reset; the downward sweep for the second column is

CCL2 GO CLK H

CLOCK THE BIT
COUNTER AND SHIFT
THE CHARACTER REGISTER

CCL2 GO CLK L

started. The second column intensity pulse stream is
generated in the same manner as when the first column was
displayed except that it emanates from the opposite end of
the Character Output Shift Register because the register is
in a shift-left configuration.

At the end of the second column the Character Column
Counter is clocked again and the third column display
begins. The sequence continues until all six columns have
been displayed at which time the seventh CCL1 CHAR
COL CLK L pulse is ANDed with CCL1 CC6 L to assert
CCL1 CHAR GEN DONE H (Figure 2-36). The first of two
characters contained in the data word has been displayed. A
timed sequence now starts. At the termination of this
sequence the second character (if present) will be displayed.

After a 2.5 us delay to allow time for the yokes to settle,
CCL1 CHAR GEN DONE H causes the assertion of a
100 ns signal, TD RESTART H (drawing M7013-TD). This
signal is only generated after the display of the first of two
characters in a data word when PVCS WORD 0 H is high.
The resultant TD SYNCH UP H synchronizes the system
clock to the timing pulse generation logic and two, as
opposed to the normal four (Paragraph 2.2.6), timing pulses
are asserted. This is because TD RESTART L presets the
74193 4-Bit Binary Counter, Time Cnt Up, to a count of
two. This causes the 74155, 1—4 line demultiplexer S1
input to be high and the SO input to be low. Consequently,
the next two PCC DIS CLOCK H pulses assert TD TP1 and
TD TP2; TD LOAD MODE L and TD LOAD PULSE L are
not generated. At TD TP2 L time the signal PVCS CHAR
GEN GO H is asserted and display of the second character
is initiated with CSC PRINT CHAR L.

When display of the second character is completed the same
termination signals are repeated except that TD RESTART
H (and subsequent signals) is inhibited. However, the NPR
flip-flop is set by VC2 GEN OP DONE H because MD
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Figure 2-35 Character Bit Timing
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Figure 2-36 Character Timing Between Characters in a
Single Data Word

CHAR WORD 1 L went low after the first character was
displayed. The NPR will cause the next character data word
to be read from core memory if additional characters are to
be displayed.

2.2.12.7 Character Spacing — After each character is
displayed the unintensified CRT beam is positioned near
the bottom of column 1 of the next character (Paragraph
2.2.12). This intercharacter positioning sequence begins at
TD TP2 time of each character when PVCS CHAR GEN
GO L is asserted (Figure 2-37). This signal actuates the
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Time Shift Register (drawing M7014Y A-VC1), which out-
puts a pair of timed pulses (VC1 TIME 1 H and VC1 TIME
2 H, Figure 2-38) and loads the Down Count Register (VC1
LOAD DOWN COUNT L) with a character space constant
that represents the distance the beam is to be moved in X
direction.

The constant (always a 14g or 16g unless LF or CR are
specified) is derived from the character spacing logic
(drawing M7014Y A-PCC). Table 2-12 shows the outputs of
this circuit as determined by the jumper configuration (W3,
W4, W5, and W6) on the M7014Y A module.
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Figure 2-38 Time Shift Register, Timing Diagram

(M7014YA-VC1)
Table 2-12
Character Spacing Jumpers
Jumper Characters/Row Rows Asserted Output*
In Place PCC DIS
VR14 VR17 4INH 3INH 2INH 1INH
w3 85 29 39 L H H L
W4 73 29 39 L H H H
w5 73 31 42 L H H H
W6 85 31 42 L H H L

*Unless CR or LF are asserted.

The space constant is loaded into the Down Count Register
via the Graph or Character Multiplexer (drawing A320-DCR
and Figure 2-12) because PVCS GRAPH L is high. After a
delay, VC1 COUNT CLK L simultaneously increments the
X Position Register contents and decrements the constant
in the Down Count Register. This takes place at the 5 MHz
system clock rate. When VC1 DOWN COUNT ZERO L is
asserted (the count = Q) VC1 VEC CLK H goes low and
incrementing of the X Position Register halts. This register
now contains the X component of the starting location of
the next character. No further action occurs in this
operation until the conclusion of the character display
when CCL2 EOC L is asserted. This signal ensures that the
Y ramp is returned to the starting point and, unless LF is
asserted, the Y Position Register remains unchanged. 500 ns
later the trailing edge of CCL1 CHAR GEN DONE H asserts
the 800 ns VC1 LOAD DAC H. (The 2 us settle delay,
whose function was previously mentioned, is also triggered
at this time.) The holding registers and DACs are then
loaded from the X and Y Position Registers on the trailing
edge of VC1 LOAD DAC H. Since this occurs
approximately 1.2 us before VC2 BEC GEN OP DONE L is

assefted, the CRT yokes have sufficient time to settle
before TD RESTART H is asserted or an NPR is issued.

2.2.12.8 Descending Characters — The Descend flip-flop
and the gating necessary to detect a descending lower case
character, i.e., j, g, p, q, and y, constitute the digital portion
of the descend control (drawing M7013-CCL2). ASCII bits
6 and 7 (CCL1 B6 H and CCL1 B7 H) are examined during
character column 1 (CCL1 CC1 L) to determine if a lower
case character is to be printed and then the ROM output is
tested (CRD CB 8 H) for a descending character. If all
conditions are met, the Descend flip-flop is set on the
trailing edge of the first CCL2 GO CLK H pulse. The
portion of the descend circuit on the analog module
(drawing A320-CSG) consists of a resistor and a diode that
form a voltage divider. The voltage at their juncture
provides one of the inputs to the Y summer. When a
descending character is detected {CCL2 Descend (0) H goes
low] the output of the 7417 Buffer forces this point to
ground and effectively shifts the vertical position of that
character downward by the correct amount.
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The method employed to detect a descending lower case sources, respectively. In the positive current source, Zener

character necessitates blanking (deleting) the intensity diode D31, R121 and C72 form a voltage divider and
information contained in the first column of these charac- establish the operating potential on the base of Q34. D31 is
ters. There are two reasons for this. First, as shown in a 5.6V, 5% Zener and essentially establishes the current
Figure 2-39, there is an inherent “‘descend dot” at the through R122 since the emitter-base drop of Q34 nearly
lower-left corner (bottom of column 1) of all descending equals the forward voltage drop across D15. D15 provides
characters that must be blanked; second, during the time temperature stabilization to offset changes occurring in
normally used to display the first column the Y yoke is Q34’s VeE due to temperature variation. The current
shifted for descending characters and needs time to assume through R122 then becomes VZ/ Rg 4 or approximately
the modified starting position before the display begins. 2.06 mA. This current, 6%, is then the collector current
The first column of all lower case characters is therefore for Q34 (actually I, = alpha X IE).

blanked in order that they be displayed uniformly.
Source switching is accomplished by means of R119, R120,

COLUMN 2 D14, and the SN7417 Open-Collector Buffer. When the

.l (X ) o : output transistor of the buffer is turned on, the collector

° . goes to 0.4 V and forces the junction of R119, R120, and

] [ ] D14 to approximately 6 V, D14 is now forward biased and

DESCEND DOT .. ® °: places the emitter of Q34 at approximately 6.6 V. This
(BLANKED) ! : turns Q34 off since the base emitter junction is now reverse

biased with the base setting at approximately 8.8 V. When
the output transistor of the SN7417 turns off, the junction
of R119, R120, and D14 rises at an exponential rate
toward +15V. D14 will again become reverse biased
allowing Q34 to turn on and deliver current to the
2.2.12.9 Y Axis Ramp Generator — This circuit (drawing capacitor. The rise time of the signal on the output of the
A320-CGS) consists of a positive and negative current buffer is less than 100 ns, even with the addition of the
source, an LM302 Buffer, and a OV clamp. The positive scope probe capacitance (less than 13 pF). The fall time is
source is turned on and off by the CCL2 RAMP Y (1) H much less since the point is actively pulled down by the
signal generated in the logic. The negative source provides buffer, less than 20 ns. R123, D16, and D17 form a clamp

CP-0551

Figure 2-39 Descending Character (Ex: Lower Case Q)

one-half the current of the positive source and is adjustable that prevents the voltage on the capacitor from going more
to provide for tolerance variation in the circuits, most negative than O V. 0V was chosen as the clamp point for
notably the 5 percent Zener diodes. Figures 2-40 and 2-41 two reasons. First, no offset would be introduced into the
are simplified schematics of the positive and negative summing amplifier due to the character generator signal.
+15v s
D3I
A 1N752A
s b
yos
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Q34
sR2o ‘ DECE5348
cr2==
rSN7417 —I SRI2I
| | B
i DI7
I | ¥ os64
| | o
_ = CAPACITOR
CcpP-073I

Figure 240 Positive Current Source
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Second, the LM302 Buffer is capable of delivering more
current when operating between 0V and +15 V than when
it operates in the negative :cgion. This allows the use of
smaller resistors in the voltage divider following the buffer
and minimizes the resistance change due to the italics
switch, This rosistance change had to be minimized to
reduce as much as possible the gain change when the
character display alternates between italicized and normal

type.

TO
CAPACITOR

c7l

Q35
MPS6531

—®

RI25

y Di8
4.64K

D664

\d

Y D32
INT52A

»

-5V v
cp-0732

Figure 2-41 Negative Current Source

The negative current source, Figure 2-41, remains on at all
times and supplies one-half the current of the positive
source. When no character is being printed, the positive
source is off and the negative source is on.

The ramp capacitor is discharged until the clamp activates
and delivers the 1.04 mA of current to the capacitor. Half
of this goes to the negative source, while the remaining half
deposits a charge on the capacitor. The charge rate may be
determined from the formula Ae/At = I/C and is about
1.04 V/us. The negative source is identical to the positive
source except for polarities and values. R134 is necessary to
allow for Zener tolerance and provides approximately +12
percent adjustment of the negative current from the
nominal value.

An LM302, Figure 2-42, buffers the voltage appearing on
the capacitors in the X axis and Y axis ramp generators.
The 15K resistor, used in series with the input, protects the
buffer should a short circuit condition exist on its output.
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The output signal is reduced in amplitude by a voltage
divider and summed with other signals in the summing
amplifier. The gain of the summing amplifier with respect
to the character generator signal is approximately unity.

15K w
1000pf

1

TO SUMMING
AMPLIFIER

CP-0334

Figure 2-42 1L.M302 Diagram

2.2.12.10 X Axis Ramp Generator — The X axis ramp
generator is identical to the positive source for the Y axis
ramp generator. The input to it is a 200 ns positive pulse,
CCL2 STEP X H, each time a new character column is to be
displayed. This produces a stair-step voltage on the
capacitor rather than a ramp as in the Y axis. At the
completion of each character, the logic signal, CCL2 RUN
(0) H, goes high turning on the transistor switch across the
capacitor and discharging it to ground.

2.2.12.11 Italics Switch — The italics control consists of
two transistors, four resistors, and three diodes (Figure
2-43). R45, D23, D24, and D25 form a voltage divider that
biases the emitter of Q17 at 1.8 V and allows the transistor
to operate from a TTL level output. A logic 1 on the base
of Q17 turns it off since the emitter is at 1.8 V. With Q17
off, no base current is supplied to Q16 and it is also turned
off. R44 serves to bypass some of the current supplied by
Q17 so that a smaller stored charge is produced, thus
enabling Q16 to turn off more quickly. With Q16 off, the Y
axis deflection is summed with the X axis deflection and
sent to the X summing amplifier. This action produces the
italics effect. A low level on the italics input turns both
Q16 and Q17 on and grounds the Y axis deflection at the
junction of R42 and R43. Figure 243 also shows the
waveforms that appear at various points in the circuit.
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Figure 2443 Italics Control Circuit

2.2.13 Analog Circuits

2.2.13.1 General Description — The digital quantities
generated in the VT11 Display Processor must be converted
to a corresponding analog value for the VR14/VR17 CRT
Display to perform its required function. This operation is
termed digital-to-analog (D/A) conversion. There are several
factors consistent with all D/A conversion methods:

. The conversion must be performed as a bit
parallel operation because at a given instant the
analog equivalent of a binary number available
at the same instant must be produced.

° Conversion always produces an analog voltage

or analog current that is the equivalent of the
digital input.
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The basic method of conversion is to produce
for each 1-bit a voltage (or current) magnitude
that is a function of the proportional weight of
that bit and then add the several voltages
(currents) to produce a summed analog output.

The VT11 A320 module analog circuit uses two LM318
Current Summers (Figure 2-44) to produce the required
analog voltages to the VR14/VR17. The inputs to the
summers are the X and Y DACs, vector generators,
character generators, and the descend circuit. These
circuits, with the exception of the descend and character
analog circuits (Paragraphs 2.2.12.8 through 2.2.12.11) are
described in the following paragraphs.
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Figure 244 'Ana]‘og Circuit, Block Diagram

2.2.13.2 Voltage Regulators — This circuit; provides the
regulated +15 and -15V power for the~analog circuits
(Figure 2-44 and drawing A320-VR). Another output, VR
INTENSITY ENA H, indicating a power-up condition, is
ANDed with the intensity signal (LEI Z AXIS H) to assert
GM INTENSITY OUT L. This signal turns on the CRT to
intensify the beam.,

Input power to the regulators is MC + 22 V RAW and MC
-22V RAW that originates in the VR14/VR17 and is
delivered to the A320 module via the scope cable.

Operation of the +15 Vdc regulator is described below. The
-15 Vdc regulator is functionally identical to the +15 Vdc
reguiator,

A Zener reference, formed by R52 and D28, is applied.by

R53 to the noninverting terminal of amplifier E2. The
output of E2 is buffered by R57 from the current booster
transistors Q18 and Q20. The output of Q20 is fed back,
through current sense resistors R60 and R156, to the
inverting terminal of E2. The feedback signal is attenuated
. by R61 and R62.
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The output voltage will be: V, (1 + 1%%) or approximately
+15 Vdc. Current limiting of the +15 Vdc regulator occurs
whenever the voltage developed by R60 exceeds the base to
emitter turn on voltage (V pgon) of Q21. Once Q21 begins
to conduct, it limits the base drive to Q18 the current
booster transistor. Current limiting occurs when the output
current exceeds 500 mA. A normally reversed biased diode
(D7) is in parallel with the +15 Vdc regulator. In the event
the +15 Vdc output is connected to a current limited
negative voltage, D7 holds the regulator to the current limit
and the output at a point just below ground (ground less
the voltage drop across D7).

The outputs of the 15V regulators are connected by
juriipers to the remaining circuitry on the A320. This allows
for external power supply connections, requirements are:
+15 Vdc #1%@500 mA, and - 15 Vdc £1%@500 mA.

2.2.13.3 Digital-to-Analog Converters (DAC) — The DACs
used in the A320 module analog circuit employ current
summing ladder networks similar in operation to the X and



Y summers (Paragraph 2.3.13.5). A typical 4-bit ladder is
shown in Figure 2-45. The resistor values associated with
each input bit produce binary-weighted currents.

The summing function characteristics are:
VO=I0XR

where IO is the sum of all the currents through R1, R2, R3,
and R4. Thus, if none of the switches are closed,
representing a 0000 digital input, VO is 0 V. When all the
switches are closed, representing a 1111 digital input, VO
approaches the reference supply voltage. Assume that SW1
represents the MSB of the digital input register, the
reference supply voltage is 10V, and the digital input is
1000. As a result, SW1 is closed and the current flow

through R1 is 10/2R. With no other switches closed, this is
the total current through R. Therefore, the output voltage
is:

As a second example of the D/A conversion, assume that
the digital input is 0101, causing switches SW2 and SW4 to
close. Current through R2is 10/4R and current through R4
is 10/16R. As a result, the output voltage is:
vo =10V x R+ 1OV x R =25V + 0625V =
4R 16R
3.125V

The following DAC conversion table lists the 16 possible
outputs that can be generated from a 4-bit input.

Digital Input Analog Output V Digital Input Analog Output V
0000 0.0 1000 5.1
0001 0.625 1001 5.625
0010 1.25 1010 6.125
0011 1.875 1011 6.75
0100 25 1100 7.5
0101 3.125 1101 8.125
0110 3.75 1110 8.75
0111 4.375 1111 9.375
SUMMING
. _ _ POINT AR;'A'
R1 R2 R3 R4
2R 4R 8R 16R
- AW _a8W2 __ASW3 w4 )
1 0
5 . |
CONTROL REFERENCE
LOGIC SUPPLY
CP-0170

Figure 2-45 Typical Current Summing Ladder
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To have good conversion accuracy, resistor values must be
precise and the reference voltage supply must be well
regulated.

The two DACs in the VT11 Display Processor generate a
voltage (current} “eflecting an absolute CRT position that is
summed with the vector or character generator output. The
type A6000 DACs used have a 12-bit input. However, in
this application, they operate as 10-bit input circuits
because the two least significant bits (pins 21 and 22) are
connected to ground and therefore turned off. Operation is
in the bipolar mode because offset pins 1 and 2 are
connected together. The 10-bit inputs (from the X and Y
Position Registers) exercise the DACs from + full output
(+0.5 Vdc) to - full output (-0.5). These outputs are
buffered by type LM310 Voltage Followers and then
applied to the X and Y summing amplifiers.

Specifications for the A6000 are listed in Table 2-13.

2.2.13.4 X and Y Vector Deflection Generators — This
portion of the analog circuit (drawing A320-VG) provides
the X and Y ramps necessary to draw a vector on the CRT
(Paragraph 2.2.10). Inputs to the vector generators are the
BRM ANALOG X H and BRM ANALOG Y H pulses that
are asserted until the Down Count Register = 0 (VC1
DOWN COUNT ZERO L) and PCC ANALOG CLOCK H
which is derived from the system clock.

The X and Y circuits operate identically; only the X Vector
Generator is described in the following paragraphs.

PCC ANALOG CLOCK H, a 10 MHz clock, is applied to
the toggle input of a J-K flip-flop, E48. The J input and Q
output of E48 are connected to a D flip-flop, E49, in such a
fashion as to produce two clocked toggles of E48 following
a preset of E49. (If the vector goes beyond the digital edge
of the CRT flip-flop, E48 is held clear to prevent
unnecessary analog movement outside the screen area.)
When E49 is preset by a 50 ns BRM ANALOG X pulse, the
next two clock pulses generate a 100 ns output pulse. The
100 ns pulse is applied to an inverter E42. The output of
E42 drives the base of Q1. The emitter of Q1 is returned to
ground through R11. R12 and R13 form a voltage divider
that biases Q1’s emitter via D3. When the base voltage of
Q1 exceeds its emitter bias by the base to emitter turn on
voltage, Q1 turns on and reverse biases D3. The magnitude
of QI’s emitter current is (Vg gg~Vpgon)/R11. D1 and
D2 clamp Q1’s collector voltage two diode drops below the
Zener voltage developed by D44 and its bias resistor R152.
Q1 operates in its active region when turned on. The on
voltage of D1 cuts off Q2, reverse biasing Q2’s base to
emitter junction. When Al is turned on and Q2 cut off the

voltage across RS is (VZ_VDIODE) or approximately
+5.6 V. When E2 drives the base voltage of Q1 lower than
the emitter set bias, Q1’s base to emitter junction becomes
reversed biased and Q1 is cut off. When Q1 cuts off, its
collector uses the voltage set by the divider consisting of R4
and R3, turning Q2 on, When Q2’s base-to-emitter becomes
forward biased, D1 becomes reversed biased. When Q2 is
turned on it operates in the active region; its emitter voltage

_is then a base-to-emitter drop below the voltage set at its
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base. When Q2 is on, its output voltage reverse biases D2

and Q2’s current is’ limited by RS5 to
(Vease~Vppon)/R5. When Q1 is cut off and Q2 is
turned on, the voltage across RS5 s

+15V(R3)/(R3+R4)-V, .. or approximately +12V. The
arrangement of Q1 and Q2 is such as to transform the
100 ns.output pulse of E48 from logic levels to a 100 ns
pulse that switches between +5.6 V and +12 V.

D27 and E31 provide a stable Zener reference. R6 and R7
feed back to E31’s inverting terminal an attenuated version
of the voltage at the junction of R6, R8, R9, and R10. E31
tends to correct for voltage variations at this junction, thus
stabilizing the current through R9. With a fixed load across
D27 the bias current through D27 will be stable.

The Zener reference created by D27 is applied to the
inverting terminal of the amplifier composed of E26 and
Q3. Note that this is the noninverting terminal of E26 but
the inverting terminal of the composite amplifier [E26 and
Q3]. The noninverting input of E26 and Q3 is connected
by R15 to a variable offset voltage R131, R17, and R16
from an adjustable attenuator that effectively behaves by
varying the voltage at the inverting terminal end of R14,
thus varying the voltage drop across R14. When the voltage
across R14 is varied the current flowing through R14,
supplied by Q3’s collector, is varied. A forward-biased,
anti-latchup diode (D37) and R19 complete the feedback
loop to Q3’s base. Q3’s emitter is returned to +15 Vdc via
R20, a resistor that is equal in value to R14. The voltage
drop across R20 will be nearly equal to the voltage drop
across R14. Q4’s base is connected to Q3’s base and Q4’s
emitter is returned to +15 Vdc through R21. If the Vppon
drops of Q3 and Q4 match and R21 equals R20, the voltage
drop across R21 will equal the voltage drop across R20
when Q4 is on. Because the voltage drops across R21, R20
and R14 are equal and the resistor values are equal, Q4’s
collector current will be approximately equal to the current
through R14 when Q4 is on. Q4’s emitter is also connected
via D4 to the source of the 100 ns pulse that switches
between +5.6V and +12V. When the pulse level is at
+5.6 V, D4 becomes forward biased and drives Q4’s emitter
voltage lower than its base voltage; this action reverse biases
Q4’s base to emitter junction and cuts off Q4. When the



Table 2-13

Type A6000 DAC Specifications (VT11 Configuration)

Specification

Parameter

Current Qutput

Resolution

Linearity

Voltage Accuracy

Zero Offset

Impedance

Settling Time (to within 1/2 LSB for FS Step)
Power Supply Sensitivity

Temperature Coefficient

Inputs

DC Power

Operating Temperature

Coding (Offset binary)

MSB LSB
1111111111
1000000O0CO0CO
0000000O0O00O

#0.5 mA (offset binary)

10 bits

+1/2 LSB

+1/2 LSB (0.0122% of FSR)*

+1/4 LSB

1k (nominal)

750 ns for 10 bits

0.005% of FSR/1% change in either supply
+25 ppm/°C max of FSR

1 =+2.75 to +5.5 Vdc @ 50 mA max
(current into DAC)

0=0.0to +0.6 Vdc @ 0.8 mA max
(current out of DAC)

+15 Vdc + 1% @ 35 mA max
-15 Vdc @ 25 mA max

+10 to +50°C ambient

+0.5 Vdc
0Vdc (0 mA)
-0.5Vdc

*FSR — Full Scale Resolution.

NOTE

Care should be exercised in maintaining the +15 Vdc supply at
the correct level. This supply should not be operated lower
than 1 percent below its nominal value, i.e., +14.85 Vdc, to
prevent the current switches from saturating. The input logic
levels are a function of the +15 Vdc supply. The worst-case
low logic level varies with the +15 Vdc supply as
follows: maximum logic 0 voltage = 0.75V + (V+ -15V).
Likewise the worst-case high logic level also varies with the
+15 Vdc supply: minimum logic 1 voltage = 2.55V + (V+
-15V).
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pulse level is at +12 V D4 reverse biases and Q4’s base to
emitter junction becomes forward biased; therefore, Q4
turns on. The 100 ns pulse source, together with D4 and
Q4, forms a switchable current source. This switchable
current source drives C32. Each pulse of current linearly
charges C32 a voltage increment that is: V=(I . )X
(Tpulse)/C, or approximately 5 mV. The continuously
incremental charging of C32 is the source of an “X” vector
deflection.

C32 is discharged by three parallel FETs, Q7, Q8, and Q9.
E42 drives the base of Q5. Q5’s emitter is biased by the
voltage divider of R24 and R23, When VC1 UNLATCH H is
not asserted, the output of E42 is high. This causes the
base-emitter junction of Q5 to be reverse biased, and Q5 is
cut off. With Q5 not conducting, Q6 will have =15 V at its
base, and will also be cut off. Diode D5 will be reverse
biased, bringing the gates of the FETs to the same voltage
as their sources. This will allow the FETs to conduct,
thereby discharging C32. When VC1 UNLATCH H is
asserted, it causes Q5 to conduct. This turns on Q6 and
brings its collector voltage to =15 V. This forward biases
D5, and ~15V is applied to the gates of the FETS. Since
the sourées are at ground potential, the FETs will be
pinched off, allowing C32 to charge.

C32, which is the X vector deflection source, is buffered by
a voltage follower, E12. R135 provides for offset trim of
E12, allowing the output voltage of E12 to be set to zero
when the input voltage is zero. The amplifier E10,
following the buffered X vector deflection source, provides
for a means to alter the polarity of the X vector deflection.
FET switches Q12 and Q15 operate in a series shunt
fashion to provide a gain from E10 of either +1 or - 1. Drive
for the anode of D26 and D6 is provided by circuits that
are identical to the drive circuit for the D5 anode. When
D26’s drive forward biases it, D6’s drive holds it reverse
biased. With D26 forward biased, Q12’s gate is at ~15V
while its source is at the same potential as the X vector
deflection (A O to +5 V signal) causing Q12 to be pinched

R3

E3

o
5

R2

[

E2

off. When D26 is forward biased, D6 is reversed biased and
R35 pulls the gate of Q15 to the same potential as Q15’s
source (ground), turning Q15 on. When Q15 is on and Q12
is off, the noninverting terminal of E10 is at ground, and
the X vector deflection signal is applied to E10’s inverting
terminal via R33 with R36 providing feedback from the
output of E10, which operates in the inverting mode with a
gain magnitude of R36/R33 or approximately one. When
D26’s drive reverse biases it, D6’s drive holds it forward
biased. With D6 forward biased, Q15’s gate is at ~15V
while its source is at ground, pinching Q15 off. When D6 is
forward biased D26 is reversed biased and R32 pulls the
gate of Q12 to the same potential as its source, turning Q12
on. When Q12 is on and Q15 is off, the X vector deflection
is applied to both the noninverting terminal via Q12 and
the inverting terminal via R33. R36 provides feedback from
the output of E10, which operates in the noninverting
mode with a gain magnitude of one. The output of E10,
VG VECTOR X, is the horizontal (X) vector deflection
signal.

2.2.13.5 XandY Summing Amplifiers and Output Drivers —
These circuits allow several distinct analog signals to be
“added” to produce a single analog deflection voltage for
controlling the electron beam in the VR14/VR17 CRT. The
X and Y circuits are nearly identical. The Y summer
receives one extra input, CCL2 DESCEND (0) H, which is
used to offset several lower case characters (Paragraph
2.2.12.8). Otherwise, they operate in the same manner;
only the X circuit will be described.

The typical summing amplifier configuration, shown in
Figure 2-46, is a current summing amplifier that is used in
applications where several current sources are monitored to
yield an output voltage that is proportional to the sum of
the inputs. Only three inputs are shown in Figure 2-46 but,
theoretically, an infinite number of inputs could be
summed. (Thus in the case of the VT11, the X summer has
3 inputs and the Y summer has 4 inputs.)

SUMMING

i i POINT
Iz
R3 RO

E1

o T o

Iy

-IN

+IN

Eo

EI“———Ol

Figure 2-46 Summing Amplifier Configuration



If all of the input resistors are of equal value, the circuit
functions as a scaling ladder; by selecting various resistance
values, the circuit can provide an output that is a weighted
average of the inputs. (A description of how the current
summing amplifier is used in digital-to-analog applications is
provided in Paragraph 2.2.12.3.)

Since the +IN is at ground, the -IN input to the op amp is
also virtually at ground. The current drawn by the input is
negligible; thus, the total amount of curment flowing
through R1, R2, and R3 also flows through RO, and the
output voltage is:

EO=I0X RO

Assume that resistors RO, R1, R2, and R3 all have a 1K
value. Also, assume that E1, E2, and E3 are +2 V inputs; I1,
12, and I3 each have a value of 2 mA, and IO has a value of
6 mA (total), With these defined values, a -6 V output will
be present at EO (the sum of E1, E2, and E3).

To illustrate how the inputs can be weighted, assume that’
the resistance values are: R1 = 1K, R2=2K, R3 = 3K, R0

= 1K. Apply +2V at E1, E2, and E3. The result will be: Il

= 2mA, I2 = 1 mA, and I3 = 0.67 mA. Therefore, [0 =

3.67mA and EO=3.67 V.

The X Deflection Summing Amplifier receives inputs from
the X DAC, X vector and character deflection circuits, and
an attenuated version of Y character deflection signal.
These inputs are summed at the inverting input of the
summer, E4 (drawing A320-CSG). The summers output is
buffered by an output driver E3 with feedback provided
(R47) to the summers inverting input. The summers
noninverting input is returned to ground via jumper W3. E4
and E3 function as an inverting mode summing amplifier
and driver. The gain assigned to each summer input is
determined by the ratio of the feedback resistor to the
input resistor as previously described. Table 2-14 lists the
components and gain for each input,

Table 2-14
X Deflection Gain
Summer Input Input Resistor Gain

_ R47 _
X DAC R38 =422Q 3 5

. _ R47 _
X Vector Deflection R37=2k&Q R37 1
X Character Deflection R39 =2kQ R =

Note: Feedback resistor (R47) = 2 k2.
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Corrective maintenance procedures that apply to the \{Tll
Graphic Display Processor are discussed in this chapter; The
most important point in maintenance philosophy is that the
user understand the normal operation of the VT11 as
described in Chapter 2. A thorough comprehension oﬁ this
information, plus the maintenance procedures included in
this chapter, are the best tools the user has to isolate and
correct malfunctions,

3.1 VTI11 DISPLAY PROCESSOR ADJUSTMENTS

3.1.1 Character Display Adjustments

Two adjustments are provided in the character generator.
The first is R9, a 10-turn potentiometer in the E slot of the
M7013 module (drawing D-CS-M7013-0-1, sheet 2). It is
used to adjust the delay from the time the analog Y ramp
and X step circuits are started until the actual intensity
pulse is generated. Optimum linearity of character rows and
columns is obtained with a properly adjusted R9.

The second character display adjustment is the Y ramp
character adjust potentiometer, R134, on the A320 module
(Figure 3-1). This control ensures that the positive and
negative Y ramps will have the same slope (Figure 3-2).

An adjustment procedure for these controls is provided in
the following paragraphs. Although the two adjustments do
not actually interact, they appear to do so on the CRT
screen.

1.  Display a Rubout character (ASCII code 1775,
Figure 3-3) either by running Instruction Test
No. 2, MAINDEC-11-DDGTB (Paragraph 3.2.2)
or by loading the following program into the
PDP-11.

3-1

LOC Contents
1000 12737 MOV

2000 117600

CHAPTER 3
MAINTENANCE

Remarks

2000  Display File Addr to
172000  Display Prog. Cntr
000001 Wait
Non-Intensified Pt, Level 7
01000  (1000,1000)

01000
100000  Character Mode
177 Rubout
160000  Display JMP
2000

Place 1000 in the Switch Register (SR); press
LOAD ADRS (Load Address) and START.

Adjust R9 on the M7013 module until the top
dots in each of the five columns line up
horizontally.

Adjust R134 on the A320 module until the
bottom dots in each of the five columns line up
horizontally.

Repeat steps 3 and 4 until both the top and
bottom dots of the character are lined up
satisfactorily.

Examples of correct and incorrect Rubout
display are shown in Figure 3-4. Additional
information can be found in Paragraph 3.2.3.
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BERG CONNECTOR J1
(SCOPE CABLE P3)

X VECTOR
LENGTH
Y RAMP (R13D X VECTOR
CHAR ADJ OFFSET w3
(R134) (R135)
Y VECTOR
LENGTH
(R133)
Y VECTOR
(@) oFFsET
(R132)

DAC
A2

DAC
A1

Figure 3-1 Adjustment Locations, A320 Module

R134 ADJUSTMENT RANGE
_[;/
CP-0486

Figure 3-2 Y Character Ramp

O 0O 0O 0O 0O 0 0O
o @ 6 0 0 ¢ 0 0O
o 0 &6 00 0 0 o
® & 0 0 ¢ 0 0 o
o & & 06 &6 0 0 0
® & & 0 @ 0 0

CP-0485

Figure 3-3 Rubout Display Pattern
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%

Correct alignment of character dots.

000000
000000
000000
000000
000000

;|

000000

(P) Intensity delay is too long.

(8) Decrease the period of the delay single shot until dots
align. Adjust R9 (M7013 module).

00000

[eNoNoNe]

00000
000000

(o]

=

(o] [0}
6oooco Intensity delay is too short.
00000 ® Y Y
©cooo0o (S) Increase the period of the delay single shot until dots
g 8 g 8 8 align. Adjust R9 (M7013 module).
o Q0
-9-0-0-0-6-
o000O0 » ) )
00000 (P) Positive ramp slope is less than negative slope.
0009%o0 ) i i
090900 (S) Decrease slope of negative ramp using adjustment
09090 provided. Adjust R134 (A320 module).
09090
—-6-60-0-96-6
00000 (P) Positive ramp slope is greater than negative slope (see
00000 Note).
OpOop0O
%9000 g (S) Increase slope of negative ramp using adjustment
8 o g o3 provided. Adjust R134 (A320 module).
o-0

NOTE

Should the difference between the stope of the positive and
negative ramp generators become more extreme than shown,
the character may appear to walk up as shown below.

Key: (P) = Problem; (S) = Solution cp-0754

Character Walks Up

00000000
00000000
00000000
00000000
00000000

Figure 3-4 Incorrect Character Display
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3.1.2 Vector Display Adjustments

There are four adjustments in the vector generator on the
A320 module (Figure 3-1). 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
1-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-11-DDGTC (Paragraph 3.2.3). Dis-
play the Horizontal Vector Length Pattern
(Figure 3-14).

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

3. Display the Vertical Vector Length Pattern
(Figure 3-15). Adjust R133 until the ends of
the vectors meet the horizontal line.

4. Display the Squares Pattern (Figure 3-12).
Adjust R135 until the vectors in the upper right
quadrant meet.

5. Adjust R132 until the vectors in the upper left
quadrant meet.

6. Display the Octagons Pattern (Figure 3-11) and
check for symmetry.

7. Additional information can be found in
Paragraph 3.2.3.

3.2 DIAGNOSTIC MAINTENANCE PROGRAMS

The purpose of diagnostic software is to exercise the VT11
components, to provide the operator with a visual indi-
cation of system capability, to help isolate malfunctions,
and to aid in adjusting the CRT and display processor. 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 3-1) should be run period-
ically. 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 if more detailed infor-
mation is desired when running the programs.

Table 3-1
VT11 Diagnostic Programs

Program

Description

GT40/GT44 Instruction Test 1

(MAINDEC-11-DDGTA)

GT40/GT44 Instruction Test 2
(MAINDEC-11-DDGTB)

GT40/GT44 Visual Display Test with VR14
Display (MAINDEC-11-DDGTC)

GT40/GT44 Visual Display Test with VR17
Display (MAINDEC-11-DDGTG)

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.

Similar to Instruction Test 1, this examines more closely the
registers and interrupt logic; the maintenance switches are not
used. It also displays several patterns on the CRT.

This test causes a series of patterns to be displayed on a VR14
that can be used when aligning and adjusting the display. It
should not be used to make adjustments in conjunction with a
VR17 CRT.

This test causes a series of patterns to be displayed on a VR17
CRT that can be used when adjusting the display. It should not
be used to make adjustments in conjunction with a VR14 CRT.
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3.2.1 Instruction Test 1 (MAINDEC-11-DDGTA)

This test is a preliminary test of the display processor.
Instruction Test 1 makes extensive use of the display stop
and display resume features of the VT11. The program is
automatically executed in the single-step mode. A check is
made of all funciional registers and interrupt vectors in the
alphagraphic display control.

In this test, the maintenance switches on the M7013
module are used; satisfactory single-step execution of this
diagnostic requires that they be correctly positioned. Figure
3-5 shows their location on the M7013 module. The OFF
position of the switches is toward the “top” of the module.
Note that a white dot is visible when a switch is in the OFF
position.

CP-0749

Figure 3-5 Maintenance Switches, M7013 Module

In running Instruction Test 1, the following procedure
should be adhered to:

1. Set the M7013 module maintenance switches as

follows:
Switch Position
1 ON (Maintenance)
2 OFF (Normal)

2. Load Instruction Test 1 into the PDP-11.

3.  With the HALT/ENABLE switch in the HALT
_ position, place 1744 in the SR. This selects the
Basic Logic Test [Bus Request (BR) only] .

Press LOAD ADRS, set the HALT/ENABLE
switch to ENABLE, and press START. Termi-
nation of an error free pass will be indicated by
a tone signal from the Teletype® or LA30
DECwriter; press HALT and perform step 6.

5.  In the event of an error, the program halts with
PC+2 (or PC if the central processor is a
PDP-11/15 or 20) of the failing routine
displayed in the address lights.

° If the operator desires to continue the
test, in order to see what type of errors
the display processor makes, press CONT.
This approach may help isolate the dis-
play processor malfunction.

If the operator desires the program to
restart and loop on the previously failed
test, place SR switch bit 14 to a 1 and
press CONT. The program will loop and
then halt at the same location. This
indicates that the program can success-
fully loop in the failing routine. At this
time insert a NOP (240;) in the ERROR
HALT (000000) location and press
CONT. The program will now loop in the
failing test until HALT is pressed. An
oscilloscope may be used to examine
VT11 internal signals while the CPU is in

the loop.
6.  Set the M7013 module maintenance switches as
follows:
Switch Position
1 OFF (Normal)
2 ON (Maintenance)

7. Place 200g in the SR to select the Complex
Logic Test (BR, NPR, Interrupt).

8. Press LOAD ADRS, set the HALT/ENABLE
switch to ENABLE, and press START.
Completion of an error free pass is indicated by
a tone signal from the Teletype or LA30
DECwriter; press HALT and then position both
M7013 module maintenance switches in the
OFF position.

9.  Refer to step 5 if any errors are encountered.

®Teletype is a registered trademark of Teletype Corporation.



3.2.2 Instruction Test 2 (MAINDEC-11-DDGTB)

This test is an extention of Instruction Test 1. A complex
test, it provides a more detailed examination of the VT11
registers and interrupt operations. Correct positioning of
the maintenance switches should be observed. The
operating procedure is as follows:

1.

Ensure that the M7013 module maintenance
switches (Paragraph 3.2.1) are set as follows:

Switch Position
1 OFF (Normal)
2 OFF (Normal)

Load Instruction Test 2 into the PDP-11.

With the HALT/ENABLE switch in the HALT
position, place 200z in the SR to select the
complex Logic Test (BR, NPR, Interrupt).

Press LOAD ADRS, set the HALT/ENABLE
switch to ENABLE, and press START.
Termination of an error free pass is indicated
by a tone signal from the Teletype or LA30
DECwriter; press HALT switch and perform
step 6.

In the event of an error, the program halts with
PC+2 (or PC if the central processor is a
PDP-11/15 or 20) of the failing routine
displayed in the address lights.

L] If the operator desires to continue the
test, in order to see what type of errors
the display processor makes, press CONT.
This approach may help isolate the
display processor malfunction.

L If the operator desires the program to
restart and loop on the previously failed
test, place SR switch bit 14 to a 1 and
press CONT. The program will loop and
then halt at the same location. This
indicates that the program can
successfully loop in the failing routine. At
this time insert a NOP (240g) in the
ERROR HALT (000000) location and
press CONT. The program will now loop
in the failing test until HALT is pressed.
An oscilloscope may be used to examine
VT11 internal signals while the CPU is in
the loop.

Place 2044 in the SR and press LOAD ADRS to
select the Basic Visual Display Patterns Test.
This is a check of the VT11 analog circuits that
provides a visual indication of equipment
condition. The individual display patterns are
selected by SR switches 00 through 02 as listed
in Table 3-2.

The M7013 maintenance switches should be in
the following positions:

Switch Position
1 OFF (Normal)
2 OFF (Normal)
Ensure that the CRT ON/OFF —

BRIGHTNESS switch is rotated 3/4 of the way
in the clockwise direction. The VR14/VR17
POWER indicator should be lit. If the indicator
does not light, check CRT power connections
and the LINE fuse at the rear of the CRT. If
the fuse is blown, refer to the VR14 and VR17
CRT Display User’s Manual (DEC-12-
HVCRT-D-D).

Table 3-2
Instruction Test 2 Display Patterns
Pattern SR Switches 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
5 1 0 1 Octagon Pattern in Relative Point & Short Vector
6 1 1 0 Character Set
7 1 1 1 Light Pen Test
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10.

11.

F—————————

Set SR switches (00—02) to display pattern O,
set the HALT/ENABLE switch to ENABLE,
and press START. Proceed to step 10 if the
display appears as shown in Figure 3-6.

Set SR switches (00—02) to display patterns 1
through 7. Display pattern 7, the Light Pen
Test, is shown in Figure 3-7.

If any of the patterns do not display, refer to
VTI11 Troubleshooting Procedures, Paragraph
3.3. If the patterns displayed indicate that there
is a need for display adjustments, perform the
adjustments when running the Visual Display
Test (Paragraph 3.2.3).

_———

I ———
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Figure 3-6 Display Pattern O
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Figure 3-7 Display Pattern 7

3-7

12.  With pattern 7 displayed on the CRT screen,

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 above
the three vectors. Press HALT to stop the
program. If a failure in the light pen circuitry is
indicated, refer to the troubleshooting pro-
cedures in Paragraph 3.3.3.

3.2.3 Visual Display Test

This test provides the user with a visual indication of
VT11/CRT functions, and is used in adjusting the VT11
and CRT.

NOTE
The Visual Display Test comes in two versions;
one to be run using a VR14 Display Monitor
(MAINDEC-11-DDGTC); the other for use with
a VRI17 Display Monitor (MAINDEC-11-
DDGTG). Be sure to use the proper diagnostic
when making adjustments,

1. Load the VT11 Visual Display Test.

2. With the HALT/ENABLE switch in the HALT
position, set the SR to 2005.

3. Press LOAD ADRS.

The Visual Display Test diagnostic allows for 3 modes of
display control; with SR switch bits 7 =0 and 8 = 0, the
diagnostic assumes control and will step through all the
display patterns, except Light Pen Follow and Keyboard
Echo, automatically. Each pattern will be displayed
approximately 10 seconds. With SR switch bits 7 =0 and 8
= 1, display patterns may be selected by SR switch bits 00
through 03. With SR switch bits 7 =1 and 8 =0 or 1,
display patterns are selected by the keyboard. Table 3-3
lists the display patterns and the corresponding keyboard
keys and SR switches necessary to call them in.

4, Put the HALT/ENABLE switch in the
ENABLE position and press START. The pro-
gram will commence running. Since the address
2005 is still in the SR switches (bit 7=1, 8 =
0), the Teletype or DECwriter keyboard 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 3-3

Visual Display Test
Test Keyboard Control SR Control
(Press Character) (Set SR Switches to Equal)
Directory A 0004005
Repeatability B 0004014
Box with X (Pincushion) C 0004025
Octagons or Squares D 000403%
Character Set E 0004044
Dash Lines and Blink F 0004054
Horizontal Vector Length G 0004065
Vertical Vector Length H 0004074
Horizontal Phosphor I 0004105
Vertical Phosphor J 0004114
Intensity Levels K 0004124
Edge Test L 0004134
Short Vector and Relative Point M 0004145
Graphplot Increment N 0004154
Light Pen Follow 0 0004165
Keyboard Echo P 0004174
Under keyboard control, pressing RUBOUT 7. Press B to select the Repeatability display
after selecting a test will lock-on the display pattern and RUBOUT to lock it in. Check the
pattern; pressing CR after selecting a test will display (Figure 3-8) for spot jitter and spot size
select a subpicture or stop the display motion. using a spot microscope (type 29-20273 or
Under SR control the display patterns lock-on equivalent). Jitter should be <t} spot
automatically. (There is a short delay, however, diameter.
before the selected pattern appears on the CRT
screen.) Setting SR switch bit 6 = 1 will select a
subpicture or stop display motion. 8. Press C to select the Box with X (Pincushion),
display pattern (Figure 3-9). Press RUBOUT to
a.  Subpictures can be displayed in the lock it in. Using a spot microscope, check the
following tests: display for line closure [overshoot/undershoot
<0.06 in. (0.1524 cm)] and vector noise
®  Octagons or Squares [<0.01 in. (0.0254 cm)]. The vectors should
. Intensity Levels (SYNC) appear as single lines; multiple vectors (Figure
[ Graphplot Increment 3-10) are considered a faulty display.
. Light Pen Follow
b.  Stop display motion is applicable to the Check the.vectors for straightness and curvature
following tests: at the beginning and end.
] Horizontal Vector Length
(] Vertical Vector Length 9. The box should extend to the corners of the
° Horizontal Phosphor screen. On a VR14 the box should be rectan-
o Vertical Phosphor gular, while on a VR17 it should be a square. If

Press A on the keyboard to select the Directory
display and RUBOUT to lock-on the display.
Examine the characters for column and row
continuity.

the box does not extend to the corners of the
screen, check and adjust the following in the
VT11 and VRI14/VR17: (For CRT adjust-
ments refer to the VRI4 and VR17 CRT
Display User’s Manual).
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Figure 3-8 Repeatability Display Pattern
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Figure 3-9 Box with X Display Pattern

NOT WITHIN
SPECIFICATIONS

CP-0752

Figure 3-10 Faulty Box with X Display

10.

11.

12.

13.

a. The yoke must be positioned as far
forward as possible on the neck of the
CRT. If it is not, the electron beam is not
correctly deflected and incomplete
patterns exhibiting a shadow effect are
displayed.

b.  Adjust X and Y gain potentiometers on
the A225 Deflection modules in the
VR14/VR17 to extend the box to the
corners of the screen.

c.  Adjust the X and Y position potenti-
ometers on the A225 Deflection modules
in the VR14/VR17 to center the box on
the screen.

d. Adjust the X (R131) and Y (R133)
vector length potentiometers on the
A320 module (Figure 3-1) if the vectors
are too long or too short. Adjustments
should be made according to the pro-
cedure in Paragraph 3.1.2 to meet VT11
specifications.

e. If multiple vectors (Figure 3-10) are
present, the X (R135) and Y (R132)
vector offset potentiometers on the A320
module also require adjusting. These con-
trols compensate for unwanted voltage
across the deflection yokes so that when
voltage is removed from the yokes they
are not slightly above or below 0 V,

Alternately display Box with X and Repeat-
ability to provide an evaluation of vector
position, length, and crossover.

Press D to select the Octagons test and
RUBOUT to lock on the display (Figure 3-11).
All vectors are drawn counterclockwise; this
should be kept in mind when making adjust-
ments.

Check the display using the criteria described in
step 8 for the Box with X test.

The Squares test (Figure 3-12) can be selected
by pressing CR. Evaluate the display, particu-
larly the center squares, for optimum vector
quality and note any deviation from the specifi-
cations described in step 8.
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Figure 3-11 Octagons Display Pattern

Figure 3-12 Squares Display Pattern

Press E to select the Character Set display; press
RUBOUT to lock on the display. The character
set is divided into four sets of 4 lines each.
Characters are displayed normally on the left
side of the screen, while on the right side they
are italicized.

Check the column and row lineup of all
characters

Rubout (Figure 3-3) is considered to be the
worst case character because all dots in columns
2 through 6 are intensified. To meet VT11
specifications the centers of all dots in any one
column in a character should be less than
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15.

16.

17.

0.02in. (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=ACTUAL

IS IDEAL

The requirement for a row within a character is
similar:

(ol o]
(o] (o}

(o] (o]

(oo} o0—o-

0= 000 6 ) <0.02in
o o

o [e]

(o] o}

O=acTuAL

121 =IDEAL

cr-0s07

Two adjustments, R9 on the M7013 module
and R134 on the A320 module, control char-
acter display. Their function is described in
Paragraph 3.1.1.

Press F to display the Dash Lines test and
RUBOUT to lock on the display. The VTI1 is
capable of displaying four line types: solid,
long dash, short dash, and dot dash. All are
displayed in this test (Figure 3-13).

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.

Press G to display the Horizontal Vector
Length test pattern (Figure 3-14); RUBOUT
locks on the display. This test draws vectors
from the lower corner to the right side of the .
screen. Vector angles vary from 0 to 45°. '
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Figure 3-13 Dash Lines and Blink Display Pattern
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Figure 3-14 Horizontal Vector Length Display Pattern

18.

19.

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.

The following items should be checked:

a. The distance between vectors should be
equal.

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

20.

c.  Display motion can be halted by pressing
CR.

Press H to select the Vertical Vector Length
test; press RUBOUT to lock on the display.
This test, shown in Figure 3-15, 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.

e — 777771

—————————

21.

22.

23.

]

CP- 0493

Figure 3-15 Vertical Vector Length
Display Pattern

Refer to step 19 for observations required to
ensure proper vector adjustments.

Press 1 to display the Horizontal Phosphor test
and RUBOUT to lock on the display. This test
draws a group of vertical vectors (Figure 3-16)
and moves them horizontally across the screen.
Vector motion can be stopped by pressing CR.

Inspect the display for the following discrep-
ancies:

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

b. Digital to Analog Converter (DAC)
(A6000) crossover distortion. This dis-
tortion 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 +0.5 V, nonlinearity
may exist at the OV crossover. This
shows as a slight variation in image
brightness at this point.

I
I
I
I
I
I
I
I
I
I
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24.

25.

26.

CP-0492

Figure 3-16 Horizontal Phosphor
Display Pattern

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 3-17).
Refer to step 23 for required observations.

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 O should be
adjusted so that it is barely visible (Figure
3-18).

Check the following light pen characteristics:

a. A vector light pen hit should be obtained
at intensity levels 4 through 7.

b. A character light pen hit should be
obtained at intensity levels 6 and 7.
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C.

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

NOTE

Light pen hits are obtainable on all vectors,
characters and points in this display, if the
BRIGHTNESS control is turned up high
enough. Do not turn brightness up too high, as
this may damage screen phosphors.

r. - - - 77771

]

C

R S
CP-0491
Figure 3-17 Vertical Phosphor
Display Pattern
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Figure 3-18 Intensity Level

Display Pattern



27.

28.

29.

30.

Check “sync” by pressing CR. The entire
display should become dimmer because a dis-
play instruction, iollowing a Status A instruction
in the display file, is being synchronized with
the line frequency.

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 3-19.
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Figure 3-19 Edge Display Pattern

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

Press M to select the Short Vector and Relative
Point test. RUBOUT will lock on the display
(Figure 3-20).

Make the following observations:

a. In each octagon group, the middle
octagon, formed by the relative points, is
mid-way between the inner and outer
octagons.

b. The vertical vectors are distinct.

¢.  Only one horizontal line (actually a series
of relative points) is displayed.
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Figure 3-20 Short Vector and Relative Point

31.

32.

33.

34.

Display Pattern

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 O
through 77g. The resulting display should
appear as a series of points at an increasing
angle.

Press O to select the Light Pen Follow test and
RUBOUT to lock on the display. A “bug”,
consisting of a cross inside a diamond is
displayed in this test. When a light pen hit is
sensed on any portion of the cross or diamond,
the configuration will move until its common
center is positioned at the point of the light pen
hit. The current location of the “bug”, in raster
units, is displayed in octal on the upper-left
portion of the screen,

Check the following test functions:

a. Light pen hits should be generated
without respect to where on the cross or
diamond the light pen is aimed.

b.  The center of the “bug” should move in
the direction of the light pen hit.

Move the “bug” around the edges of the screen
to determine that correct edge blanking takes
place.



35. Press P to select the Keyboard Echo test. Keys
pressed on the keyboard result in the display of
their respective characters on the CRT screen.
Determine that all characters in Appendix A,
including the 31 special characters (except for
CONTROL C), can be displayed on the CRT.
The octal representation for each character
printed is displayed near the top of the screen.
Exit from the Keyboard Echo test is accom-
plished by pressing CONTROL C.

36. Press HALT to stop the program.

3.2.4 Operational Programming

Although VTI11 programming is not within the scope of
this manual, several examples are presented (Tables 34,
3-5, 3-6, 3-7) to introduce the user to software control of
the VT11. They are limited in the results obtained and are
not meant to illustrate full VT11 capability.

3.2.4.1 Display Large Rectangle — A program that will
draw a large size rectangle is presented in Table 3-4. This
program is also used as the basis for the program extensions
described in Paragraphs 3.2.4.3 through 3.2.4.4. 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 3.2.4.2.

3.2.4.2 Display Large Rectangle with Vector — This is a
modification of the display generated by the program in
Table 3-4. A blinking dot-dash vector is drawn diagonally
from the lower left corner of the rectangle to the upper
right corner. With the basic program still in memory, load
the additional steps (Table 3-5), 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 3.2.4.3.

3.2.4.3 Display Large Rectangle with Vector and Graphic
Data — The program currently in memory is again modified
to display several graphic characters. Load the additional
steps (Table 3-6) and press LOAD ADRS and START with
1000 in the SR. Press HALT if the display is satisfactory
and proceed to Paragraph 3.2.4.4,

3.2.4.4 Display Large Rectangle with Vector, Graphic, and
Graphplot Data — The final modification to the program
started in 3.2.4.1 causes graphplot data to be displayed in
addition to the previously programmed data. Load the
additional steps (Table 3-7) and press LOAD ADRS, and
START with 1000 in the SR. Press HALT if the display is
satisfactory.
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3.3 VT11 TROUBLESHOOTING PROCEDURES
This section provides procedures to help isolate and correct
malfunctions in the VT11 Display Processor. In order to
troubleshoot the VT11, the user should understand the
normal operation of the display processor as described in
Chapter 2.
The following test equipment is required:

] Type 453 Tektronix oscilloscope or equivalent

] Triplett Multimeter, DEC part no. 29-13510 or
equivalent

. Module Extender boards (3). Type W900.
CAUTION

Do not remove or insert cables, fuses, or
modules with power on.

3.3.1 No CRT Picture
1.  Check ON/OFF—BRIGHTNESS control.

a. Turn up brightness.

2. Check the 3 fuses at the rear of the
VR14/VR17.

a. Replace if faulty, and refer to VR14 and
VR 17 CRT Display User’s Manual.

3. Check scope cable.

a.  Ensure that it is properly seated at the
VR14/VR17 and at the A320 module.

4.  Check maintenance switches (Paragraph 3.2.1)
on the M7013 module.

a. Ensure that they are both OFF.

5. Check VTI1 module seatings and Unibus
connections to the VT11 backplane.

a.  Ensure that they are proper.

6. Run Instruction Test 1 diagnostic program
(Paragraph 3.2.1).

a.  Isolate DPU fault and repair.

7.  Run Instruction Test 2 diagnostic — subtest 1
(Paragraph 3.2.2).

a.  Isolate DPU fault and repair.



Tab.le 3-4

Large Rectangle Program
Address Instruction/Data Mnemonic Comments
1000 12737 Move starting address of display file to
1002 2000 MOV#2000,@#172000 Display Program Counter (DPC).
1004 172000
1006 000001 WAIT Wait for interrupt (used here to keep CPU
running)
2000 117224 Set point mode, no blink, solid line, intensity
5
2002 0 Unintensified point at 0,0 X=0
2004 0 Y=0
2006 110000 Set long vector
2010 041777 X =1777g, intensify
2012 000000 Y=0
2014 40000 X =0, intensify
2016 1377 Y =1377
2020 061777 X =-17717, intensify
2022 0 { Y=0
2024 40000 X =0, intensify
2026 21377 Y =-1377
2030 160000 Display JMP to beginning of display file
2032 2000
Table 3-5
Large Rectangle with Vector Program Modification
Address Instruction Data Comments

2030 110037 Long vector, dot-dash, blink

2032 041777 X =1777s, intensify

2034 1377 Y =1377

2036 160000 Display JMP to beginning of display file

2040 2000
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Table 3-6
Large Rectangle with Vector and Graphic Data

Address Instruction Data Comments

2036 114024 Point mode, no blink

2040 1050 Unintensified point, X = 1050

2042 577 Y =577

2044 100000 Character mode, no blink

2046 42506 EF

2050 42105 DE

2052 46440 M (sp)

2054 105 E

2056 160000 Display JMP to beginning of display file

2060 2000

Table 3-7
Large Rectangle with Vector, Graphic, and Graphplot Data

Address Instruction Data Comments

2056 114000 Point mode

2060 40000 X =0, intensify

2062 577 Y =577

2064 174150 Load Status B, increment = 50

2066 124000 GRAPH Y mode

2070 700 Y data

2072 1000 Y data

2074 1100 Y data

2076 1200 Y data

2100 1100 Y data

2102 1000 Y data

2104 700 Y data

2106 600 Y data

2110 160000 Display JMP to beginning of display file

2000
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8.

Run Instruction Test 2 — subtest 2 (Paragraph
3.2.2). Set SR switches to select pattern O.

a. Check that the following signals are
present at the circuit card connector
block of the VR14/VR17 CRT:

° Z input (GM INTENSITY OUT L,
the unblanking signal) at location
VR14/VR17 A4]. A low level is
needed to unblank the CRT.

° X input (X deflection) at location
VR14/VR17 A2B. A changing
voltage (0V »> =~ ~1.75 V) should
be ovserved because a horizontal
line is being displayed.

° Y input (Y deflection) at location
VR14/VR17 A3B. A nonchanging
voltage (=~ -0.56V) should be
observed because a horizontal line
is being displayed. If the 3 signals
are present the fault is isolated to
the VR14/VR17 CRT. Refer to the
VR14/VR17 manual previously
mentioned.

If any of the above signals is absent,
VTI11 failure is indicated. Using the
wire run list (Drawing
K-WL-VT11-0-1), circuit sche-
matics, extender boards, and the
453 oscilloscope, trace back the
signals to isolate the faulty module
and replace.

3.3.2 Faulty Pictures

1.

If all displays generated are in poor focus, have
half or a quarter of the picture missing, or are
affected by picture swim (60 Hz) or oscilla-
tions, CRT problems are generally indicated.
The following may be the causes:

Poor Focus:

Adjustment of focus potentiometer on
G836 circuit board in the VR14/VR17.

Half or Quarter of the Picture Missing:

One or two of the CRT deflection tran-
sistors may be inoperative.
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Swim or Oscillation:

Improper input signal grounding or a
faulty A225 circuit board in the CRT.

Refer to the VR14/VR17 Manuals.

Jitter may be due to an intermittent connection or noise.
Check modules and scope cable for proper seating. Make
sure that the electromagnetic interference shietd (DEC no.
17-00021-00) is in position between the A320 and
M7014Y A modules.

2.

If some displays are faulty while others are
satisfactory, VT11 failure is indicated. Run the
Visual Display Test diagnostic, (Paragraph
3.2.3) and Instruction Test 2 — subtest 2
(Paragraph 3.2.2). Observe the displays to
determine the nature of the fault; do the
vectors distort or “wrap-around”? Are negative
vectors drawn? Are the four line types gener-
ated? Is the problem with vectors and relative
points or absolute points? Are characters gener-
ated? Are italics generated? Does the Graphplot
feature operate?

Once the nature of the problem is determined,
select a faulty pattern for display on the CRT,
and use the wire-run list, circuit schematics,
extender boards, and oscilloscope to check the
implicated circuitry "(Chapter 2). Isolate the
faulty module and replace.

3.3.3 Light Pen Malfunction

1.

Run Instruction Test 1 and Instruction Test
2 — subtest 1, to determine that the VT11
registers and interrupt logic are operating

properly.

Ensure that the scope cable connectors are
properly seated. »nd that the light pen is
plugged into the VR14/VR17 front panel.

Run Instruction Test 2 — subtest 2, selecting
display pattern 7 (Figure 3-7).

Aim the light pen at the top vector and observe
the following:

a. Does “LIGHT PEN HIT” appear above
the top vector?

b.  Does the vector intensity, at the point the
light pen is aimed, increase?



6.

If neither A or B is true, check for light pen
pulses at pin AP2 of the VT11 backplane. The
light pen must be aimed at a sufficiently
intensified point on the screen or other light
source. If no LP pulses are present, check
continuity from pin AP2 to the VR14/VR17
side of the scope cable (pin 19 of the scope
cable connector plug). With continuity con-
firmed, no LP pulses indicates 375 Light Pen or
G840 Light Pen Amplifier failure. Refer to the
light pen engineering drawings listed in Chapter
4. Appendix B contains a description of the
G840 Light Pen Amplifier circuit.

If LP puises are present on the A320 module,
use the wire-run list and the circuit schematics
to trace the pulses down to the failing circuitry.
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Replace the faulty module. Some possible areas:
of failure are:

a.  Light pen hit logic (drawing M7014YA-
LEI).

b.  Light pen hit intensity logic (drawing
M7013-GM).

c. Load DAC logic (drawing M7014YA-
VC1).

d. Interrupt address logic (drawing
M7014YA-BRL).

e.  Signal routing on the backplane and
modules,



CHAPTER 4

VT11 ENGINEERING DRAWINGS
AND RELATED DOCUMENTS

4.1 APPLICABLE ENGINEERING DRAWINGS

A complete set of drawings is supplied with each VT11
Graphic Display Processor. 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 the most accurate
equipment representation.

4.2 DRAWING CODE
DEC’s engineering drawings are coded to designate drawing
type, major assembly, and series. A drawing number such as

D-CS-M7013-0-1 reveals the following information:

D — Drawing Size

CS — Drawing Type (Circuit Schematic)
M7013 — Equipment Type

0 — Equipment Variation

1 — Drawing Number of a Series

4.3 VT11 ENGINEERING DRAWINGS

Table 4-1 lists the major drawings for the VT11. Refer to
the current Drawing Directory for a complete, up-to-date
listing.

Table 4-1
VT11 Engineering Drawings

Drawing Number Title
‘B-DD-VT11-0 Drawing Directory
A-PL-VT11-0-0 VT11 Display Processor Parts List
K-WL-VT11-0-1 VT11 Wire List
D-AR-VT11-0-2 VT11 Configuration
C-1A-7009450-0-0 Wired Assembly
D-1A-7009099-0-0 Power Harness
C-IA-7009248-0-0 Cable Keyed Interlock
D-IA-7009449-10-0 Scope Connector Cable
D-CS-A320-0-1 VT40 Display Generator
D-CS-M7013-0-1 VT40 Display Control

D-CS-M7014-YA-1
D-CS-5410094-0-0
D-SP-GT40-0-2
D-BD-GT40-0-4
D-FD-GT40-0-5 through -14
D-TD-GT40-0-16

Bus Control and Bootstrap
Backplane Circuit Schematic
Base Diagrams

Display Processor Block Diagram
VT11 Flow Diagrams

Character Generator Timing




4.4 RELATED DOCUMENTATION
Table 4-2 lists publications that contain related information
of interest to the VT11 user.

Table 4-2
Related Documentation
Title Number Subject
Light Pen Assembly B-DD-375-0
Drawing Directory
Light Pen Assembly C-UA-375-0-0
Light Pen Amplifier D-CS-G840-0-1
VR14 and VR17 CRT DEC-12-HVCRT-D-D Maintenance
Display User’s Manual
PDP-11 Processor Programming
Handbook
PDP-11 Peripherals Interfacing
Handbook
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APPENDIX A
CHARACTER CODES

7 Bit ASCII Keyboard VT11 Printing VTI11 Printing

(octal) Representation When Preceded By
Shift-Out = 016

000 NUL CTRL @ A

001 SOH CTRL A a

002 STX CTRL B ¢

003 ETX CTRLC z

004 EOT CTRL D &

005 ENQ CTRLE A

006 ACK CTRLF ~

007 Bel CTRLG ¥

010 BS CTRLH Backspace N

011 HT CTRL I (TAB) ¥

012 LF CTRLIJ (LF) Line Feed +

013 VT CTRLK 0

014 FF CTRLL y

015 CR CTRL M (CR) Carriage Return M

016 SO CTRL N £

017 SI CTRL O Shift In

020 DLE CTRLP T

021 DCi CTRL Q I

022 DC2 CTRLR Q

023 DC3 CTRLS o

024 DC4 CTRLT T

025 NAK CTRL U €

026 SYN CTRL V <

027 ETB CTRL W -

030 CAN CTRL X t

031 EM CTRLY .

032 SUM CTRL Z r

033 ESC CTRL [ (ALT) 1

034 FS CTRL\ #

035 GS CTRL ] ~

036 PS CTRL v

037 us CTRL — g

040 SP SPACE BAR Space 1 character

041 ! SHIFT 1 !

042 « SHIFT 2 “

043 # SHIFT 3 #
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7 Bit ASCII Keyboard VT11 Printing VT11 Printing
(octal) Representation When Preceded By
Shift-Out = 016
044 $ SHIFT 4 $
045 % SHIFT 5 %
046 & SHIFT 6 &
047 ’ SHIFT 7 ’
050 ( SHIFT 8 (
051 ) SHIFT 9 )
052 * SHIFT : *
053 + SHIFT ; +
054 , ,
055 - ( minus) - -
056 ) . .
057 / / /
060 0 0 0
061 1 1 1
062 2 2 2
063 3 3 3
064 4 4 4
065 5 5 5
066 6 6 6
067 7 7 7
070 8 8 8
071 9 9 9
072 : : :
073 ; ; ;
074 < SHIFT , <
075 = SHIFT - =
076 > SHIFT . >
077 ? SHIFT / ?
100 @ @ @
101 A SHIFT A A
102 B SHIFT B B
103 C SHIFT C C
104 D SHIFT D D
105 E SHIFT E E
106 F SHIFT F F
107 G SHIFT G G
110 H SHIFT H H
111 I SHIFT I I
112 J SHIFT J J
113 K SHIFT K K
114 L SHIFT L L
115 M SHIFT M M
116 N SHIFT N N
117 0] SHIFT O o)
120 P SHIFT P P
121 Q SHIFT Q Q
122 R SHIFT R R
123 S SHIFT S S
124 T SHIFT T T
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7 Bit
(octal)

ASCII
Representation

Keyboard

VT11 Printing

VT11 Printing
When Preceded By
Shift-Out = 016

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

D> —m N XE<LC

N Xg<g*®»® 200033 xRS Q0T

~

RUB OUT

SHIFT U
SHIFT V
SHIFT W
SHIFT X
SHIFT Y
SHIFT Z

N XELCHLNZTOVOZIOCRST T ZOQOTmWmOUOW»>

SHIFT [
SHIFT \
SHIFT |
SHIFTA
R.O.

D> — - NKXE<LC

B )N < M g < g @ —-:,_Q-c;o::a-—‘w‘—‘—":‘(m - e A6 o

A3






APPENDIX B

LIGHT PEN AMPLIFICATION

The input from the 375 Light Pen that results from
detection of beam intensification is not usable in its analog
form; it must first be converted to a TTL compatible signal.
This is the prime function of the G840 Light Pen Amplifier
module (drawing D-CS-G840-0-1 and Figure B-1).

In relation to the G840, the light pen phototransistor acts
as a variable resistor that presents a low-going signal at the
input (J1, pin 3) to the module when screen intensification
occurs within the light pen’s angle of acceptance. This
negative-going analog signal is inverted by Q1, and peaked

by the circuit at the collector of Q1. The signal, now
positive-going with a greatly decreased rise time (about
1 us), is differentiated before being input to the LM 306
Comparator.

The LM 306 is a high-speed voltage comparator designed to
produce a sharp-edged, TTL compatible output when the
input attains a predetermined threshold voltage. In this
application, the (+) input to the LM 306 (pin 2) is held at
about 400 mV. When the differentiated input at the (-)
input reaches this threshold, a negative-going output signal

% 400my
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Figure B-1 Light Pen Amplifier
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is produced at pin 7, provided the signal GM INTENSITY
OUT L is present at E3 pin 13. This qualifying signal
ensures that all light pen “hits” (LIGHT PEN PULSE L)
from the G840 are valid, inhibiting those hits that might be
generated by spurious noise from the light pen. The LM
306 output occurs about 30 ns after the two input voltages
compare (fall time is approximately 20 ns) and remains low
as long as the (<) input stays above the 400 mV threshold.
This assertion time is indicated in Figure B-1 as t1. Positive
feedback is provided from the output to the (+) input to
assist the input signal comparison.

The negative-going output from the LM 306 triggers one
stage of a 9602 Monostable Multivibrator, which, in this
application, functions as a single-shot to produce a 150 ns
output signal, LIGHT PEN PULSE L. Coincident with this
signal from the O output, the 1 output from the first stage
of the 9602 triggers the second stage, also configured as a

single-shot. The 1 output of the second stage, high for
70 ps, inhibits a second light pen hit immediately following
the first one. Timing for this operation is shown in Figure
B-2. The comparator output assertion time is unimportant
because only the negative-going transition is needed to
initiate LIGHT PEN PULSE L.

In the event of a failure of either the +22V or -22V
supply, deflection ceases and a bright spot occurs on the
CRT resulting in a burn. To prevent this, the circuit on the
G840 module that produces +5V for the W684 intensity
module will be disabled if either the +22 V or -22 V goes
to 0 (in the case of a short circuit or blown secondary fuse).
Referring to drawing D-C3-G840-0-1, if +22V fails, Q3
loses forward bias (at the emitter) and turns off, shutting
down the +5V. If the ~22'V goes to 0, Q2 loses emitter
voltage and the base of Q3 goes high. This causes Q3 to
turn off and +5 V drops.

{(
COMPARATOR IR
OUTPUT (E4-7)
|<—150ns —b‘
{{
LIGHT PEN H
PULSE L (E1-3)
| 270ps »|
(E2-6) . | I
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R
(E2-10)
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INOTE 1 l

1. This output must be low before a second LIGHT PEN PULSE L signal can be asserted.
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Figure B-2 Light Pen Pulse Timing, G840 Module
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