
Display Monitor. All inputs necessary for vector generation are supplied from the graphics calculation 
logic. In general, the inputs supplied from this logic can be broken down into two categories: 

1. X/Y beam position update signals - Before the start of the first graphic instruction in the 
display file, the output of the D I A converter is such that the beam (in the blank state) is 
positioned at the center of the screen. A point instruction can now be executed to position 
the beam at any desired location on the display frame. Point instructions for on screen 
points simply provide new la-bit X/Y position data to update the respective X/Y position 
DAC registers. After the first vector is drawn (and after each drawable vector thereafter), 
the la-bit x and Y positioning signals are received for updating the D AC registers to the 
addressed on screen end point. In this way, the end point of one vector serves as the initial 
position for the next. 

2. Vector drawing signals - Generation of a vector requires the input of four sets of signals as 
follows: 

a. Delta length - This is a la-bit input that defines the length of the major axis. The larger 
of the delta XI delta Y values (conveyed by the vector instruction) is the major axis. 

b. Tangent - This is a 12-bit value that is equivalent to the ratio of the minor axis to the 
major axis. 

c. Major axis sign (+, -). 

d. Minor axis sign (+, -). 

I n addition to the above, certain control and loading signals are received. These are discussed in the 
subsequent paragraphs. 

4.2.17.1 Ramp Generation - The la-bit major axis (delta) length is applied to the delta length D/A 
converter and comparator circuit. Loading is effected by STC4 TRANS DATA �~� VG under control of 
the graphics calculation microprogram. Assertion of the loading signal cannot occur at times when the 
vector generator is busy drawing a vector. This is because the graphics calculation logic microprogram 
constantly monitors the vector generator move-in-process signal (VG I MIP (1) H). When asserted, 
this signal causes the microprogram to withhold loading of the delta length until the VG I MIP (I) H 
signal is negated after drawing a vector. 

Loading of the delta length occurs before the'graphics calculation logic sends the command to begin 
drawing the vector. This means that the output of the delta length D I A converter has time to stabilize 
before drawing of the vector begins. The voltage value developed at the output of the delta length D I A 
converter is directly proportional to the binary input. It also represents the cutoff voltage for the ramp 
generator circuit. 

Generation of a vector is initiated when the graphics calculation logic asserts the STC4 VEC GO L 
signal to the vector generator control logic. This signal is used to trigger a one-shot multivibrator 
which, after a microsecond delay, enables the ramp generator. The latter circuit consists of an 
integrator that generates a positive ramp voltage for as long as it is enabled. This �r�~�m�p� voltage (VG I 
INTEG RATOR OUT) represents the major axis of the vector. A comparator circuit (within the delta 
length D I A converter and comparator block) continuously samples the magnitude of the ramp. When 
the ramp voltage attains the magnitude of the delta length D I A converter, the comparator circuit 
issues a cutoff signal to the vector generator control logic. As a result, the ramp generator is now 
inhibited since the vector drawing process is complete. 
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F or a full display frame vector, the graphics calculation logic presents all 1 s in the la-bit delta length 
value. This in turn results in a 10 v output from the delta length D / A converter. In such cases, the 
ramp generator produces a ramp ranging from 0-10 V before cutoff occurs. 

4.2.17.2 Ramp Slope Control - The vector generator employs a special circuit to control the speed at 
which the ramp is generated. Monitoring of the ramp speed is carried out in the graphics calculation 
logic. Here, a down counter (light pen down counter, loaded with the delta length prior to the start of 
each ramp generating period) is used to determine when the end of a vector should occur. Down 
counting of the lPDC is accurate since the counter clock is crystal controlled. 

Clocking of the lPDC is enabled when signal VG 1 GO 1 H is asserted at the start of th(! ramp 
generation process. Clocking is inhibited when the same signal is negated at the end of th(! ramp 
generation period. If the down counter counts down to zero before signal VGl GO 1 H negates, it 
means that ramp generation is too slow. In such a case, the graphics calculation logic issues signal 
STC8 ClK UP RAMP L. In turn, the ramp slope control changes its output voltage to increase the 
rate of ramp generation. Conversely, if the LPDC contains some value greater than zero when signal 
VG I GO I H is negated, it means that ramp generation is too fast and must be clocked down. Under 
these conditions, signal STC8 CLK DOWN RAMP L is asserted to alter the output voltage of the 
ramp slope control circuit. 

4.2.17.3 Tangent Register and Multiplying D / A Converter Circuit - The second set of inputs re:quired 
by the vector generator in drawing vectors is the tangent. This is loaded into the tangent register by 
signal STC4 TRA NS DATA -+ VG. As stated earlier, the tangent is equal to the ratio of the minor axis 
to the major axis. F or all 45-degree angles, the delta X and delta Y values are equal, and this means 
that a la-bit tangent value of all 1 s is supplied from the graphics calculation logic to the Tangent 
register. 

The IO-bit output from the Tangent register is applied to a multiplying D / A converter that also 
receives the ramp signal from the ramp generator. Note that the output of the multiplying D /A con­
verter is applied to a pair of minor axis amplifiers while the output of the ramp generator is applied 
through a pair of major axis amplifiers. Under conditions where the delta X/delta Y values an! equal 
and a 45 degree angle must be drawn, the output of the multiplying D / A converter is exactly the same 
as that from the ramp generator itself. This means that the X/V deflection voltage inputs to the: VR48 
deflection amplifiers are the same and a vector (regardless of specified length) is drawn at a 45 degree 
angle. 

The reason why the output from the mUltiplying D / A converter is the same as the ramp generator 
input lies in the fact that the Tangent register contains all Is. Put in another way, it means that the 
developing ramp voltage is being mUltiplied by a value of one and therefore no attenuation of the ramp 
voltage occurs. When delta lengths are unequal, the Tangent register is loaded with some value less 
than all 1 s (i.e., some fraction). Consequently, some attenuation of the ramp voltage occurs. Therefore, 
the output from the tangent multiplying D / A converter is produced as a linear ramp that is propor­
tionately smaller than that produced by the ramp generator. 

4.2.17.4 Multiplexer Control Register and X/Y Multiplexer Swiching Logic - The graphics calculation 
logic supplies three signals that select a pair of major/minor axis ramps for transfer through the X/V 
multiplexers to the respective X/V D / A converters. These signals are applied to the Multiplexer Con­
trol register and consist of: 

I. STC2 MA + H - This signal is asserted when the major axis of the vector is positive. 

2. STC2 MI + H - This signal is asserted when the minor axis of the vector is positive. 

3. STC2 X > Y H - This signal is asserted when the delta X value is greater than the delta Y 
value. 

4-90 



A fourth signal (STC5 TRANS DATA L) is also applied to this register. This signal is asserted only 
when the graphics calculation logic is processing vectors. It is used to load the bit pattern presented by 
the preceding three signals and is asserted prior to assertion of the STC VEC GO L signal; that is, 
before the vector generator control logic commands the ramp generator to begin the vector draw 
process. 

One of the four output lines from the Multiplexer control register is used to enable or turn on the X/V 
multiplexer switching logic. The other three outputs are used to effect X/V multiplexer selection 
(switching) and have mnemonics similar to the inputs. That is, VG2 MA + H, VG2 MI + H, and VG2 
X> Y H. 

The X/V multiplexer switching logic samples the latter three inputs to determine the assertion pattern. 
It is this pattern that determines which pair (one for X and one for Y) of eight possible outputs is 
asserted to the X/V multiplexers for major axis (+, -)/ minor axis (+, -) input selection. Figure 4-23 
shows three types of vectors" the input pattern to the X/V multiplexer switching logic, and the inputs 
selected for the X/V multiplexers. 

In the vector shown in part a, both delta X/delta Y components are positive and the delta X magni­
tude exceeds delta Y. This results in the larger or major (positive) ramp being fed through the X 
multiplexer for transfer to the X output summer circuit. The Y delta component, being the smaller, 
causes selection of the minor ramp (also positive) being fed through the Y multiplexer for application 
to the related summer circuit. 

In part b of Figure 4-23, the delta X/V components both remain positive, but now the Y delta magni­
tude exceeds that of X. As a result, the inputs to the X/V multiplexers are now switched. That is, the 
major axis ramp is now fed through the Y leg of the output circuit while the minor axis is fed through 
the X leg. 

Part c of the illustration shows the conditions where one of the negative going input ramps is selected. 
In the part c vector, the Y delta component is negative going and X is greater than Y. As a result, the 
positive going major ramp is selected for transfer through the X leg while the negative going minor 
ramp is fed through the Y leg. 

The outputs of the X/V multiplexers are taken through respective summer circuits which, in turn, 
provide the ramp voltage inputs to the VR48 deflection amplifiers. 

4.2.17.5 XjY Position DAC Registers and XjY Dj A Converters - As mentioned earlier, the X/V 
position DAC registers are updated at the end of each on screen vector to hold the beam at the 
addressed beam end point. The 10-bit X/V position values, when loaded into the X/V DAC registers, 
are converted to proportional analog voltage outputs by the respective D / A converters. The outputs 
from the latter circuits are in turn taken through their respective summer circuits to maintain the beam 
at the addressed end point. 

Loading of the X/V DAC registers is under control of the graphics calculation logic microprogram. 
Loading occurs when signal STC7 LD DAC L is asserted. 

Two processing conditions call for loading these registers as follows: 

1. On completion of drawing an on screen vector - When the vector generator finishes drawing 
a vector, the vector generator control logic issues signal VG 1 LD POS DAC L. In response, 
the graphics calculation logic asserts STC7 LD DAC L to load the X/V position values into 
the X/V position DAC registers. 
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Figure 4-23 Examples of Vector Select Multiplexing 

2. When processing on screen points - Under this conditions, the ramp generating circuits are 
held inoperative while the X/V position DAC registers are updated for every point process­
ed. If the points are within the working surface (displayable), signal STC7 LD DAC L is 
asserted to enter the X/V position data into the respective DAC registers. If the point is 
out.side the viewable area signal STC7 CLR DAC is issued to clear the DAC registers. 
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4.2.17.6 Menu Area Selection - The VT48 incorporates a feature for displaying data to the right of 
the working surface. This feature is program-selectable via the load status A instruction and when 
selected, sets bit 29 in silo memory. Hence, whenever a graphic entity (usually a character) is being 
processed with the menu area selected, signal SS2 SILO 29 H is asserted. This enables the menu control 
circuit whose output in turn alters the reference voltage output of the X output summer circuit. As a 
result, the graphic entity is displayed (drawn) in the menu rather than working surface area. 

4.2.18 Character Generator Simplified Block Diagram Discussion 
Figure 4-24 is a block diagram of the circuits comprising the VT48 character generator. Characters, in 
seven bit ASCII code, supplied from the character register (DSR6) are constantly applied at the input 
address conversion ROMs. This logic samples the incoming character code and provides a 12-bit 
coded output to the Address register/counter. Though every ASCII character is decoded by the 
address conversion ROMs, loading of the 12-bit code occurs only when the timing and control logic 
issues the load (CG2 LOAD L) signal. Generation of this signal is under control of the start character 
generator signal supplied from the graphics calculation logic. The latter logic controls the amount that 
the X/V position D / A converters (within the vector generator) must be updated between characters. 
This is necessary because spacing between characters varies in accordance with the selected character 
scale. It should also be understood that signal STC5 START CHAR G EN L is asserted only for 
drawable characters. This precludes the possibility of unwanted control character patterns being 
loaded into the Address register/counter. 

With the issuance of the CC2 LOAD L signal, the 12-bit pattern, (whose contents represent the start­
ing address for the character to be drawn), is loaded into the Address register/counter. At the same 
time, the timing and control logic asserts the character active signal (CG2 CHAR ACT (1) B L) to the 
graphics calculation logic. This signal is asserted to indicate that the character is being processed and 
remains asserted until after the last stroke in the character has been drawn. 

The 12-address line output of the Address register/counter now selects the starting or first stroke in the 
character to be drawn. A string of strokes is used to draw each character on the VR48 screen. The 
length of the string of strokes is a variable depending on character makeup. The letter X, for example, 
consists of two straight lines allowing the use of longer and therefore fewer strokes. The numeral 8, on 
the other hand, is complex and requires many short strokes for its formation. 

Sequencing through the strokes is accomplished by the increment signal (CG2 INCR H) which is 
issued after processing each stroke until the end-of-character code is detected. This condition is 
detected by the interpreter ROMs which asserts signal CG2 EOC ? H on detection of the end-of­
character code. Signal CG2 EOC ? H is used by the timing and control logic to shut off further stroke 
processing. That is, signal CG 1 INCR H is negated so that incrementing of the character stroke stream 
ROM address is discontinued. Similarly, signal CG2 CHAR ACT (1) B L is now negated to inform the 
graphics calculation logic that processing of the character is now complete. 

For each stroke, the character stroke stream ROMs provide a 6-bit output to the interpreter ROMs. 
Three outputs are for the X coordinate and three are for Y. Each group consists of a 2-bit stroke length 
value and an associated sign bit. 

In addition to detecting the end-of-character code, the interpreter ROMs are used to change the coded 
output in such a way that the character is drawn 90 degrees from horizontal. Such action results only 
when the DSR4 CHAR ROT A TE 00 (l) H signal is asserted. This is supplied from the stat­
us/parameter registers. 

The X and Y buffers are inserted between the interpreter ROMs and the D / A converters to ensure 
zero current flow through the D / A converters between character strokes. That is, at times when the 
buffers are disabled by the timing and control logic after each stroke. The buffers are disabled for a 
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period of 300 ns after each stroke to allow for beam settling. During this period, the output from each 
buffer defines the zero current flow condition. This is an important factor in VR48 beam positioning 
preCISIOn. 

The timing and control logic determines the amount of time that the buffers are allowed to present 
their coded outputs to the 0/ A converters. This in turn means that the amount of time that the 
integrators are permitted to integrate is also governed from the timing and control logic. In effect then, 
the timing and control logic acts to scale individual stroke lengths. This feature is incorporated to 
minimize the number of ROM locations required for the overall character stroke string. It should not 
be confused with the character scale value loaded into the status/parameter registers by the load status 
C instruction. 

The X and Y integrators present their outputs to respective scaling attenuator circuits. These circuits 
receive the 2-bit character scale from the status/parameter registers. The coded inputs make the scaling 
circuits attenuate the ramped voltage outputs from the integrators. In this way, it is possible to select 
four different attenuation levels and consequently four different character sizes on the VR48 screen. 

The summer driver circuits take the voltages from their respective attenuator circuits and amplify them 
so that they can be driven over a control cable to the VR48 Display Monitor. 

4.2.19 Stack/Silo Addressing and Control Logic 
The subsequent paragraphs describe the logic used to address and control the stack/silo memories. 
The stack control logic is activated under the following system conditions: 

1. Execution of JSR and JSR relative instructions 
2. Execution of POP and POP Restore instructions 
3. Addressing of the Stack Status register 

In contrast to the above, the silo memory control logic is activated only during execution of the various 
graphic mode instructions. Thus the two sets of control logic are described separately. 

4.2.19.1 Stack Memory Control Logic - Figure 4-25 shows a block diagram of the stack memory 
control logic. To understand stack memory addressing techniques, it is first necessary to understand 
the makeup of the stack memory itself. The stack memory is 32 bits wide by 16 bits deep - meaning 
that there are 16 possible addressable locations. Because the status data supplied to the stack memory 
contains 64 bits of information, it is necessary to update the stack memory by two (two sequential 
writes/reads) for each JSR/POP instruction. 

Addressing of stack memory locations is effected via the stack pointer, which has a 4-bit address 
output. During initialization, the stack pointer is cleared to the all zeros state while the top of the stack 
detector, consisting of a single flip-flop, is jammed preset. This readies the addressing logic for execu­
tion of the fist JSR/ JSR relative instruction in the display file. 

NOTE 
Should the program attempt to execute a POP/POP 
restore instruction at this time (i.e., with the top of 
stack flip-flop set), the stack violation detection 
would assert the SSCI STACK LTNDERFLOW (1) 
H signal causing an interrupt. 
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Execution of the first JSR/ JSR relative instruction clears the top of stack detector flip-flop and also 
effects the following: 

1. Asserts the output of the JSR instruction detect and stack pointer countdown logic. This 
clocks the stack pointer to 111 b or the first stack memory write address. 

2. Asserts signal SSC1 WE L at the output of the stack write enable logic. At this time, the first 
32 bits of status/parameter data are written into stack memory. 

NOTE 
The timing signals applied to the JSR instruction 
detect and stack pointer countdown logic always 
update the stack pointer (i.e., to the proper address) 
before the output from stack write enable logic is 
asserted. 

3. Asserts the output of the JSR instruction detect and stack pointer countdown logic a second 
time. This clocks the stack pointer to 11102; that is, the address for writing the second 32 bits 
of status/parameter dates. 

4. Asserts the output of the stack write enable logic a second time to write the second 32 bits 
into stack memory. 

NOTE 
The stack multiplexer selects the low-order 32 bits 
when signal DIC8 WORD 1 H is negated. This mul­
tiplexer selects the high-order 32 bits when signal 
DIC8 WORD 1 H is asserted. 

Clearing the top of the stack detector upon execution of the first JSR instruction causes signal SSC1 SP 
TOS (0) H to switch high. This in turn enables the POP instruction detector and stack pointer count up 
logic meaning that this logic is now ready to execute POP/POP restore instructions. 

If the first JSR/JSR relative instruction is followed by additional JSR instructions (with no intervening 
POP /POP restore instruction), the stack is decremented by two for every JSR instruction executed. 

That is, until a maximum of eight JSR instructions have been executed. Following the eighth JSR 
instruction, the stack pointer is sitting at address 00002 - the bottom of the stack. Since the top of the 
stack detector remains cleared at the time (SSC 1 TOS (0) H is high), the bottom of the stack detector is 
enabled. Signal SSC 1 BOS L now asserts to inhibit further processing of JSR/ JSR relative instruc­
tions; that is, until at least one POP/POP restore instruction is executed. 

Should the program attempt to execute another JSR instruction at this time, a two-fold effect would 
result: 

1. The stack violation detector asserts signal SSC 1 STACK OVERFLOW (1) H to set the 
related status bit and cause an interrupt. 

2. Signal SSCI STACK OVERFLOW (0) H switches low to inhibit the stack write enable logic 
from writing into stack memory. 

Whereas, execution of JSR instruction decrements the stack pointer by 2, execution of POP instruc­
tions increments the stack pointer by 2. If the stack pointer is at the bottom of the stack, up to eight 
POP/POP restore instructions can be executed in sequence (no intervening JSRs). On the eighth POP 
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instruction, the stack pointer address is 1111 2. Should the program attempt another POP instruction at 
this time, a carry is developed from the stack pointer to clock set the top of the stack detector. Signal 
SSC 1 SP TOS (0) H now switches low to inhibit the POP instruction detector and stack lPointer 
countup logic. Also signal SSC1 SP TOS (1) H is asserted to the stack violation logic. The latter circuit 
in turn asserts SSCI STACK UNDERFLOW (1) H to set the appropriate status bit and generate an 
interrupt. 

4.2.19.2 Stack Memory Addressing from the Unibus - The VT48 also allows for addressing any loca­
tion in stack memory for status sampling purposes. The particular stack address is supplied over the 
Unibus when writing the Stack Address/Maintenance register (772032). Anyone of the 16 stack point­
er address locations can be selected via Unibus lines UC4 DBOI through UC4 DB04. This sele:cts the 
desired 32 bits of status information for application to the stack status mUltiplexer. Whereas, this 
rn ultiplexer has 32 input lines, but only 16 output lines (going to the read status multiplexer), addition­
al means are required to determine which 16 bits are to be presented to the read status multiplexer. 
This selection is effected by the content of the low-order bit (data bit 00) from the Unibus. When this 
bit conveys a 0, the low-order 16 bits are conveyed to the read status multiplexer. When the bit conveys 
a I, the 16 high-order bits are sent. In this way, the entire contents of the stack memory can be accessed 
for status sampling. 

4.2.19.3 Silo Addressing Control Logic - Figure 4-26 shows a block diagram of the silo mlemory 
control logic. The silo memory is 68 bits wide by 4 bits deep. That is, there are four possible locations 
to write into/read from. The times for both writing and reading are governed by certain system condi­
tions as follows: 

1. Writing - A silo memory location is addressed and written into only during execution of 
graphic data instructions, and at a time after the display instruction control has loaded the 
graphics calculation logic with the graphic data. In other words, as soon as the X/Y delta 
values are passed to the graphics calculation logic for processing, the related sta­
tus/parameter data is entered into silo memory. 

2. Reading - The silo memory read address is updated (for read access) by the graphics calcu­
lation logic just before this logic informs the vector/character generator to commence draw­
ing the graphic entity. In this way, the parameters used to draw the graphic entity 
(intensity /blank) are available to the vector generator during the graphic draw period. Also, 
all status/parameter data is available to the proper registers in the event of a light pen or 
edge transition interrupt. (See discussion on status/parameter routing). 

At initialization, the two flip-flops comprising the write addressing logic are jammed clear to 002. 
Conversely, the two flip-flops making up the read addressing logic are jammed preset to 1 h. This is 
done because the graphics calculation logic always increments the read address after completing the 
calculation process. Given this set of conditions, the write/read addressing sequence is as follows: 

I. The status/parameter data for the first graphic instruction in the display file is written at silo 
address 002 after the graphics calculation logic has been loaded with the X/V data. hnmedi­
ately after this, the graphics calculation logic is informed to begin processing the X/Y data 
and the write address is updated to Ob. The latter action is done in anticipation of process­
ing the next graphic instruction. 

2. The read address remains at 112 during the period that the graphics calculation logic is 
processing the X /Y data. When it is finished (i.e., just prior to commanding the vec­
tor /character generator to draw the graphic entity), it sends a signal to update the silo read 
address. The read address is, in turn, clocked from the 1 h state to the 002 state. The proper 
silo address has now been selected for presenting the status/parameter data to the other 
VT 48 circuits. 
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From the foregoing, it can also be seen that the write address always leads the read address by at least 
one address location. 

The graphic instruction detect logic (Figure 4-26) receives inputs from the instruction function select 
RO Ms and the instruction subfunction select ROMS (Figure 4-5). These inputs have a two-fold signifi­
cance as follows: 

I. The function select inputs indicate that the instruction being executed is a graphic mode 
instruction. 

2. The subfunction select input determines when the graphics calculation logic has been loaded 
with the graphic (X/Y) data. Some instructions present the graphic data to the VT48 in a 
single word, while other instructions require two (or more) words to present the X/Y /Z 
data. For the latter type instructions, the transfer complete signal to the graphics calcUllation 
logic must be delayed until all words conveying the graphic data have been processed. 

Once all graphic data is transferred, the output from the graphic instruction detect logic is asserted. 
This enables both the silo strobe circuit and the transfer complete logic. At TPI time, the silo strobe 
circuit issues SSCI SILO STB L to load the status/parameter data into silo memory. At TP2 time, the 
transfer complete logic issues two signals as follows: 

I. Signal SSCI XFER COMPL H is asserted to the graphics calculation logic to indicate that 
the X/V data has been loaded and is ready for processing. 

2. Signal SSC4 INC WAH is asserted to update the silo write address. 

As discussed earlier, the silo write address leads the read address. Normally the write address leads the 
read address by one, but under certain system conditions the lead may increase to two. When the 
graphics calculation logic is finished processing a graphic entity, it asserts signal STC4 INC RA L to 
update the silo read address and select the proper status/parameter data for the graphic entity about to 
be drawn. 

The silo address resync logic also receives an input (STC5 SLO RESYNC L) from the graphics calcu­
lation logic. This signal is issued at the conclusion of processing light pen and edge interrupts. Its 
purpose is to reinitialize the silo write/read addresses to the 00/11 2 states, respectively. 

4.2.20 Read Status Multiplexer 
The status and parameters of the various information registers within the VT48 are sampled via the 
read status multiplexer (see overall block diagram discussion). A block diagram showing the way in 
which the various registers are addressed for sampling via the read status multiplexer is given in Figure 
4-27. Due to space limitations, not all registers are shown on this illustration. However, their pnesence 
and accessibility are implied under the blocks labeled miscellaneous registers. 

The read status multiplexer itself is capable of accessing anyone of 16 sets of inputs (each set 16 bits 
wide) under control of Unibus address lines UCI AD1 H through UC1 A04 H. The addressing tech­
nique is straightforward. That is, an address of 00002 accesses the contents of the display program 
counter (DPC); an address of OOOh accesses certain miscellaneous status registers; and so on. 

Table 4-4 shows the status data conveyed for each read access address in greater detail. The source of 
all status bits (by source drawing set number) is also indicated. 
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Table 4-4 Summary of Read Status Bits 

ADDRESS IS 14 13 12 II 10 09 08 07 06 OS 04 03 02 01 00 

I DIC5 DPC DICS OPe I GND I 15 H 01 H 
772000 

4 DISPLAY PROGRAM COUNTER ~ 

RSMI DIC7MODE DIC7 MODE DIC7 MODE DIC7 MODE DSR5 INTENSITY DSRS INTENSITY DSR5 INTENSITY RSMI LIGHT RSMI SHIFT STC2 DSR2 ITALICS DSR5 BLINK EDGE DSR5 LINE DSR5 LINE 

STOPH 03 (1) H 02 (I) H 01 (I)H 00 (I) H 02 (1) H 01 (I) H 00 (1) H PEN FLAG OUTH EDGEH (I)H ENA(I) H FLAG (I) H 01 (I) H 00 (I) H 
772002 OOH 

i 4 GRAPHIC MODE ~ 4 INTENSITY ~ .-- LINE TYPE • 

I 
I DSR2GRAPH DSR2GRAPH DSR2GRAPH DSR2GRAPH DSR2GRAPH DSR2GRAPH RM5 X09 RM5 X08 RM5 X07 RM5 X06 RM5 X05 RM5 X04 RM5 X03 RMS X02 RM5 XOI RM5XOO(I)H 

772004 
INC OS (I) H INC 04(I)H INC 03 (I) H INC02(1) H INC 01 O)H INC 00(1) H (I)H (I)H (I)H (I)H (I)H (I)H (I)H (I)H (I)H 

4 GRAPHIC INCREMENT REGISTER ~ .. X POSITION REGISTER .. 
I 

DSR6 CB DSR6CB DSR6CB DSR6CB DSR6CB DSR6CB RM5 Y 09 RMS Y 08 RMS Y07 RM5 Y06 RM5 YOS RM5 Y04 RMS Y03 RMS Y02 RM5 YOI RM5 YOO I 

772006 
05 H O4H O3H 02 H OIH OOH (1)H (I)H (I) H (I)H (I)H (1)H (I)H (I)H (I)H (I)H 

4 CHARACTER CODE .. 4 Y POSITION REGISTER • 
I DIC6 REL DIC6 REL DIC6 REL DlC6 REL DIC6 REL DlC6 REL DIC6 REL D1C6 REL DlC6 REL DlC6 REL DlC6 REL DIC6 REL 

1 
772010 

14 
11 (I) H lO(I)H 09(I)H 08 (I) H 07 (I) H 06 (I) H 05 (I) H O4(I)H 03 (I) H 020) H OJ (I) H 00 (I) H 

1 GND ~ 4 RELOCATE REGISTER ... 
DlC4 BUSY GND RSMI STACK RSMI STACK VPTlME DSR4CHAR DSR4CHAR DSR4CHAR RSMI EXT DSR2 MENU DlC5 DPC DICS DPC DSR4 VEC DSR4 VEC DSR4 VEC DSR4 VEC 

(I)H OVER· UNDER· OUT(I)H ROTATE 00 SCALE 01 SCALE 00 STOP FLAG (I)H 17 H 16H SCALE 03 (I) H SCALE 02 (I) H SCALE 01 (I) H SCALE 00 (I) H 

772012 FLOWH FLOWH (I)H (I)H (1)H H 

.-CHAR SCALE REG. • DISPLAY PROGRAM 
4-COUNTER, BITS 16/17 --. 

4 VECTOR SCALE REGISTER .. 
STC6 X J3 STC6 X 12 RMSX II RMS X 10 RM6XOFF RM6 XOFF 

772014 
(I)H (1)H (I)H (I)H II (I) H OO(l)H 

I 
4 X POSITION 4 HIGH ORDER BITS ~ .. X OFFSET REGISTER • 

i STCY 13 STC6 Y 12 RMS Y II RM5 Y 16 RM6Y OFF RM6YOFF 
; (I)H (I)H (I)H (I)H II (I)H 00 (I) H I 772016 

I 

4 Y POSITION 4 HIGH ORDER BITS ~ 4 Y OFFSET REGISTER ~ 

! ) ? 7LO~0 1-
(WRITE 4_.--------------------------------------------------------------------------------NOTUSED(GND) ----------------------------------------------------------------------------~ .. ~ 

I ONLy) 
! 

! DSR51NT RSMI LIGHT RSMI LPSW RSMI LPSW DSRS LIGHT DSR5 LP DSR51NT RSY.l LIGHT RSMI LPSW RSMI LPSW DSR5 L1GlIT DSRS LP DSRCOLOR DSR2 COLOR 

I 
SCOPE 00 PEN FLAG ON FLAG OFF FLAG PEN INTR SWITCH SCOPE 01 PEN FLAG ON FLAG OFF FLAG PEN INTR SWITCH INTR 01 (I) H OO(l)H 772022 
(I) H OO(I)H OOH OOH 00 (1) H INTRENA (I)H 01 (I) H 01 H 01 H OJ (I) H ENAOI (I)H 

00 (I) H 4--- COLOR REGISTER ~ 

RSMI NAME NOT USED DSR3 SEARCH DSR3 SEARCH NOT USED DSR4NAME DSR4NAME 

772024 
FLAGH 01 (I) H 00 (I) H 10 (I) H OO(I)H 

4 NAME REGISTER ~ 

I 

SS4 STACK SS4STACK 

772026 
STAT IS H STA7 00 H 

! 4 ST ACK MEMORY STATUS ... 

I 

DSR6 CT DSR6CT 

772030 06 (I) H OO(I)H 

4 NOT USED (GND) ~ 4 CHARACTER TERMINATE REGISTER ~ 

DIC8WORD D1C8WORD SSCI TOS SSCI SP SSCI SP SSCI SP SSC! SP SSCI MUX 
STC8MAINT STC8 MAINT DICI MAINT DICI MAINT NOTUSEI> DIC8 OFFSET H D1C8JSRH DIC8 WORD 2 H 1 H OH (I)H 03(I)H 02 (I) H OI(l)H 00 (I) H A (I) H 

772032 
4 (1) H 3 (I) H SW02(1)H SWOl (I)H 

I 
4 STACK POINTER ~ 

i 

I 1 
I 
I 

I 
I 

ZI3(I)H Z02 (I) H 

I 772034 

I 4 NOT USED (GND) ~ I~ Z REGISTER ... 
I I STC3 X 

I 
STC3 Y I Z OFFSET I NOT USED I ZOFF II ZOFF 00 

I OFFSET OFFSET I H : (I) H (I)H 
772036 NEGH NEGH 

~4.----------------------------------------------------Z0FFSETREGISTER----------------------------------------------------------------~. 
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4.2.21 Unibus Transfer Timing 
The timing signals used to implement data transfers between the PDP-II and the VT48 are shown on 
Figure 4-28. 

UNIBUS --.J 
DATA (WRITE) 

UNIBUS ~ 
ADDRESS,Cl 

BUS MSYN L 

ASL DISPLAY 
ENABLE L 

ASL SET SSYN H ----I--~ 

re---- 100 ns -------. 
BUS SSYN L 

ASL START 
H(Cl=1) ----+-...... 

ASL ENABLE BUS 
DATA L (C I =0) 

UNIBUS 
DATA (READ) _____ .....J 

Figure 4-28 Unibus Transfer Timing 

4.2.22 Control Instruction Flow Diagrams 

CP-0569 

Figures 4-29 and 4-30 show flow sequences for the set graphic mode and jump to subroutine (JSR) 
instructions respectively. The sequence for the set graphic mode instruction indicates the way that line 
type, intensity and other parameters are entered into the appropriate registers. Loading of status data 
during load status instructions is accomplished in a similar way. The JSR flow diagram indicates how 
stack data is entered into stack memory and also how the display program counter is updated to 
contain the branch address. 

4.2.23 Vector Generation Circuits, Detailed Block Diagram Description 

4.2.23.1 Types of Input Signals - The vector generator is designed to generate a constant velocity 
vector (line that represents a quantity having direction and magnitude) between two coordinates on a 
VR48 Display Monitor. To accomplish this, the following digital signals are received and then con­
verted to appropriate X and Y analog signals which drive a monitor display: 

• Initial X and Y positions (starting point of the vector). 

• Tangent of the angle ratio of (minor axis length/major axis length) between the major and 
minor axis. The major axis is defined as the one with the greatest change in value. 

• Length of the major axis. 

• Signs (+ or -) of major and minor axis. 
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Dica A WORD 0 H/ 
Dica DATA MODE H/ 
Dlca NPR.TP1 H 
Dlca OP DONE H 

Dica DATA MODE H 

LOAD BITS 07-09 
INTO INTENSITY 
REGISTER (DSR5) 

Dica NPR.TP1 H 

Dica OP DONE H 

BUS DATA 

UC2 0--> NPR H 

DIC2 LD IB H 

DIC2 LD MODE H 

LOAD BIT 05 INTO 
LP INTR ENABLE 
REGISTER (DSR5) 

DIC1 WORD 
COMPLETE H/ 
DIC2LD IB H 

BUS DATA TO 
BUFFERED DATA BUFFER (PRINT DIC1) 

CLEARS NPR FF (PRINT DIC31, NEGATES UC3 NPR H 
AND INITIATES SEQUENCE FOR ENABLING TIMING PULSE GENERATOR 
(PRINT DIC2) 

UPDATES DISPLAY PROGRAM COUNTER BY 2 (PRINT DIC5) 

STROBES WORD FORM BUFFERED DATA BUFFER TO INPUT BUFFER 
(PRINT DIC1) 

LOADS CONTROL/GRAPHIC MODE REGISTER WITH CONTENT OF 
OP CODE/GRAPHIC MODE FIELD (PRINT DIC7) 

ENABLES CLOCKING OF TIM ING PULSE GENERATOR BY 
SIGNAL UC2 5 MHZ CLOCK H (PRINT DIC2) 

LOADS a BIT ADDRESS INTO INSTRUCTION ADDRESS ROM TO 
ASSERT INSTRUCTION SELECT AND INSTRUCTION SUB FUNCTION 
SELECT ROM LINES (PRINT DIC7 AND DICa) 

TIME PULSE GENERATOR ENTERS TPOSTATE 

GRAPHIC PARAMETER CONTltoL 

BITS ARE SAMPLED VIA BUFF'ERED 
INPUT BUFFER (PRINT DSR5) 

LOAD BIT 03 INTO 
BLINK REGISTER 
(DSR5) 

LOAD BITS 00 AND 
01 INTO LINE TYPE 
REGISTER (DSR5) 

YES 

GRAPHIC PARAMETER BITS A,RE 
APPLIED AT REGISTERS VIA SSlB 
(STACK/SILO/INPUT BUFFER 
MULTIPLEXER) SEE PRINT DSR5 

TIME PULSE GENERATOR ENTERS TP1 STATE. Dica NPR. TP1 HANDED 
WITH DIC2 TP1 H SETS NON PROCESSOR REQUEST FLIP-FLOP 
(PRINT DIC3) 

ASSERTS UC3 NPR H AND BUS NPR L (PRINT UC3) 
TO INITIATE NEXT NPR CYCLE 

TIME PULSE GENERATOR ENTERS TP2 STATE. 
Dica OP DONE HANDED WITH DIC2 TP2 H SETS 
OP DONE FLIP-FLOP AND TRIGGERS WORD 
COMPLETE ONE SHOT MV (PRINT DIC1). 
TIME ON FF (DIC2 TIME ON(l) H) ISCLEARED 

1'1 - 4328 

Figure 4-29 Set Graphic Mode Instruction Flow Diagram 
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DICS A WORD 0 H 
DICS INCR ADDR H 
DICS NPR. TPl H 
DICS OP DONE H 
DICS HOLD H 
DICS PC DOWN H 

BUS DATA 

UC2 DATA STR H 

UC2 0--> NPR H 

DIC2 LD IB H 

DIC2 LD MODE H 

DIC2TIME 
ON (1) H 

DIC2 LD ROM 
ADDRESS L 
(ADDR 3568 ) 

BUT TO 
ADDR 3528 

BUS DATA TO BUFFERED DATA BUFFER (PRINT DIC7) 

CLEARS NPR FF (PRINT DIC3). NEGATES UC3 NPR H AND INITIATES 
SEQUENCE FOR ENABLING TIME PULSE GENERATOR (PRINT DIC2) 

UPDATES DISPLAY PROGRAM COUNTER BY 2 (PRINT DIC5) 

STROBES WORD FROM BUFFERED DATA BUFFER TO INPUT BUFFER 
(PRINT DIC1) 

LOADS CONTROL/GRAPHIC MODE REGISTER WITH CONTENT OF 
OP CODE/GRAPHIC MODE FIELD 

ENABLES CLOCKING OF TIME PULSE GENERATOR BY SIGNAL 
UC2 5 MHZ CLOCK H (PRINT DIC2) 

LOADS S BIT ROM ADDRESS INTO INSTRUCTION ADDRESS ROM TO 
ASSERT INSTRUCTION SELECT AND INSTRUCTION SUB FUNCTION 
SELECT ROM LINES (PRINTS DIC7 AND DICS) 

AL TERS ROM ADDRESS TO SELECT ROM LOCATION 3528 
RATHER THAN 3568 SIGNAL DICS JSR H ASSERTS 

------ - - -----.------ --- - --- -- - --- - - - - - -- - --
TIME PULSE GENERATOR 
ENTERS TPO (DIC2 TPO H) 

TIME PULSE GENERATOR 

NO 

ENTERS TPl (DIC2 TPl H) .... --....lI'----""""t 

TIME PULSE GENERATOR 

COUNT DOWN 
STACK 
POINTER/INITIATE 
NEXT NPR CYCLE 

ENTERS ..TP2 (DIC2 TP2 H) STATUS 0 ---> STACK 

MEMORY 
l-->OP DONE 
INCREMENT 
ROM ADDRESS 
TO 3538 

YES 

SSCl STACK OVERFLOW (1) H IS ASSERTED SINCE STACK POINTER IS 
ALREADY AT BOTTOM OF STACK (PRINT SSC1) 

INTERRUPT 
BUS VECTOR 330 

SIGNAL DIC4 VEC 3 H ASSERTS (SEE ALOS PRINT UC4, 

DIC2 TPl HANDED WITH SIGNALS DICS JSR HAND DICS A WORD 0 H 
DECREMENTS STACK POINTER (PRINT SSC1) 
DICS NPR.TPl HANDED WITH DIC2 TPl H SETS NON PROCESSOR 
REQUEST FLIP·FLOP (PRINT DIC3) 

DIC2 TP2 HANDED WITH SIGNALS DICS JSR HAND DICS WORD 0 H 
ASSERTS SSCl WE L TO WRITE 1ST HALF OF STATUS DATA INTO 
STACK MEMORY 

DIC2 TP2 HANDED WITH DICS OP DONE H SETS OP DONE FF 
(DIC2 OP DONE (1) H) TO TRIGGER WORD COMPLETE ONE SHOT MV 
TRAILING EDGE OF DIC2 TP2 H (AND ED WITH DICS ADDR H) 
INCREMENTS INSTRUCTION ADDRESS ROM (DIC7) TO ADDRESS 3538 

11 ·4329 

Figure 4-30 JSR Instruction Flow Diagram, Part 1 
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DICS BEGIN H 
DICS LOAD PC H 
DICS INCR ADDR H 
DlCS PC ADD 10 H 
DICS A WORD 1 H 

TIME PULSE GENERATOR 

ENTERS TPO 

TIME PULSE GENERATOR 

ENTERS TPl 

TIME PULSE GENERATOR 
ENTERS TP2 

9 
UC2 DATA STR H 

DIC2 LD IB H 

DIC2 TIME ON (1) H 

-- ---

COUNT DOWN 
STACK POINTER 

-- -- ---

STATUS 1 ..... STACK 
MEMORY 

--- - -

LOAD CONTENT 
OF INPUT BUFFER 
INTO DPC 

INITIATE NPR 
CYCLE TO FETCH 
WORD AT 
BRANCH ADDRESS 

BUS DATA TO BUFFERED DATA BUFFER 

STROBES WORD (SUB ROUTINE BRANCH ADDRESS) FROM BUFFERED 
DATA BUFFER TO INPUT BUFFER 

ENABLES CLOCKING OF TIME PULSE GENERATOR BY SIGNAL 
UC2 5 MHZ CLOCK H (PRINT DIC2) 

DIC2 TPO HANDED WITH SIGNALS DICS JSR HAND DICS A WORD 1 H 
DECREMENTS STACK POINTER (PRINT SSC1) 

DIC2 TPl HANDED WITH SIGNALS DICS JSR HAND DICS A WORD 1 H 
ASSERTS SSCl WE L TO WRITE 2ND HALF OF STATUS DATA INTO 
STACK MEMORY 

SIGNAL DICS PC ADD 10 H GENERATES DIC6 PC ADD 10 L TO ENABLE 
INPUT BUFFER (VIA SS3 SSlB) INTO DISPLAY PC MUX (PRINT DIC5) 

SIGNAL DICS LOAD PC HANDED WITH DIC2 TP2 H GENERATES DIC6 
LD PC L TO CLOCK WORD FROM INPUT BUFFER INTO DISPLAY 
PROGRAM COUNTER 

DICS BEGIN HANDED WITH DIC2 TP2 L GENERATES DIC6 JUMP + JSR L 
BEGIN L TO SET NPR FLlp·FLOP (PRINT DIC3) 

Figure 4-30 JSR Instruction Flow Diagram, Part 2 

"11 ·4330 

4.2.23.2 X and Y Initial Position Determination (Figure 4-31) - The initial starting position of a vector 
is determined by the digital values contained in the X and Y position registers. These registers hold an 
initial X, Y coordinate before a vector is drawn and during the vector stroke. When a vector is com­
pleted, the position registers are updated to the coordinates of the end of the vector. The output of 
each register is converted by a DAC to an analog signal which is summed into its respective power 
amplifier. The X and Y power amplifiers sum the signals from the position DACs, the X and Y vector 
data inputs, and, in X, the menu offset. The menu offset circuit consists of a special purpose switch 
which offsets the X coordinate system to the right side of the screen to write text beside a picturc~ which 
is being drawn. Whenever vectors are not being drawn, the vector data inputs are held to zero volts. 
The output amplifiers provide the power to drive the VR48 Display Monitor inputs. These arn.plifiers 
also have limiters to protect the VR48 from over voltage. The normal operating range of the outputs is 
±5 V. 
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Figure 4-31 Vector Generator, Detailed 
Block Diagram (Sheet 1 of 2) 
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Figure 4-31 Vector Generator, Detailed 
Block Diagram (Sheet 2 of 2) 
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4.2.23.3 Vector Determination 

Major Axis - The control logic (Figure 4-31) provides the necessary timing and delays to allow settling 
time in the analog circuits and also to provide the control to interface with the rest of the VT48 Display 
Processor. 

When a vector is to be drawn, the graphics calculation logic loads the digital value of the lengths of the 
major axis into the Delta Length register (E50, E51), the tangent of the vector into the Tangent register 
(E41, E42, E43), the control signals (X > Y, MI+, MA+) into the MUX Control register (E25), and 
asserts signal STC4 VEC GO L. 

STC4 VEC GO L sets both the MIP (Move In Progress) and the INR ENA (Integrator Enable) flip­
flops, while triggering a 200 ns one-shot and a 1.7 IlS delay. When the 200 ns one-shot times out, the 
FET switches are turned off with the following results: 

• Q9 and Q 10 activate the ramp generator by removing the short between its input and 
output. 

• Q2 enables the vector data input to the X summing amplifiers while Q3 does the same for the 
Yaxis. 

By this time, the MUX control signals (X > Y, MA +, MI +) have been decoded and the solid state 
switches are enabled that connect the vector data inputs to the proper X and Y input drives. 

When the 1.7 itS delay times out, the GO flip-flop is set enabling the constant current source (Q8) that 
provides the input to the ramp generator (E48). 

The integrating speed of the ramp generator is controlled by the current in Q8. This current is deter­
mined primarily by reference diodes D 12 and D 13, and is adjustable by the integrator slope control 
RIOO. 

The output of the ramp generator provides the major axis output signal. An inverter at the output of 
the integrator generates the complementary signal so both positive and negative values (MA+ and 
MA-) are available. 

The delta length DAC (E54) determines the final voltage level of the integrator and thus the length of 
the vector major axis. This is accomplished by comparing the digital output of the Delta Length 
register with the output of the ramp generator. When they are equal, comparator amplifier E55 trig­
gers and resets the GO flip-flop. 

Minor Axis - While the major axis signal is being developed, the minor axis signal is also being 
generated. The multiplying DAC (E36) attenuates the output of the ramp generator by the amount 
determined by the digital value stored in the Tangent register. 

DAC E36 will not operate linearly if the reference current goes to zero. Therefore, the analog input to 
the multiplying DAC is offset +20 mV by a resistor network and + 10 V source. This 200 mV offset is 
multiplied by the digital input and appears as an error current at the output summing junction. To 
cancel this error, a second multiplying DAC (E34) is used. This DAC effectively multiplies a -200 mV 
offset by the same digital input and sums the equal and opposite error into a summing junction. 

4.2.23.4 Major and Minor Axis Outputs - The major and minor axes have inverting amplifiers so each 
signal and its complement are avallable at the multiplexer inputs. R-C circuits are used to match the 
phase of the + and - signals in each axis. Offset adjustment and precision feedback resistors are used 
to ensure the accuracy of the inverted signals. Phase errors between the major and minor axes are 
nulled by a major-minor phase adjustment circuit at the input of E35. 
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When the GO flip-flop is reset, a 100 ns one-shot is triggered, which in turn, resets the MIP and INR 
EN flip-flops. This action turns on Q2 and Q3, zeroing the vector data inputs, and Q9 and QI0 which 
reset the ramp generator. When the ramp generator is reset, its output goes to a level of -100 mV rather 
than 0 V. This allows the integrator and other amplifiers to get a "running start" before the visible 
portion of a vector is drawn. It also minimizes the effect of a second-order phase errors which occur 
during initial acceleration of the amplifiers. 

4.2.23.5 Z Axis (Intensity) Circuits - Intensity on the VR48 Display Monitor screen is controlled by 
the Z output (Figure 4-32). A 3-bit value for intensity is received and stored in register E8. This digital 
Z information is converted to an analog voltage by DAC E5 and amplifier E2. The result of this 
conversion is applied to a second multiplying DAC (El). This second DAC provides for the modu­
lation of intensity for characters, where constant beam velocity cannot be maintained. The four digital 
inputs to this DAC are developed on the character generator board. The output of EI drives a power 
amplifier (E6, E7) similar to those in the X and Y outputs. The range of the Z output is from 0 to +3 V. 

SS2 SILO 04 (I NTENSITY 00) 
SS2 SILO 05 (I NTENSITY 01) 
SS2 SILO 06 (I NTENSITY 02) 

+5v Z 
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E8 
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Figure 4-32 Z Axis (Intensity) Block Diagram 

4.2.23.6 Voltage Regulators - Voltage regulators are used to generate +5 and + 10 V. The 10 V 
output is used as a reference for the DACs while the + 5 V source provides a logic compatible voltage 
which is referenced to the analog ground system. 

4.2.24 Character Generator Detailed Block Diagram Discussion 
The character generator (Figure 4-33) is designed to display characters and special symbols on a VR48 
Display Monitor. This is accomplished by generating ramped voltages with specific amplitude and 
duration for both the X and Y axes. When these voltages are applied to the corresponding axis on a 
display monitor, a vector with a certain direction and magnitude will result. These vectors, connected 
sequentially, form a pattern which represents the character being drawn. Due to the method of gener­
ation, characters of almost any complexity and size can be drawn, while special symbols can be defined 
as a character and drawn on the screen by addressing the generator with only one ASCII code. 

4.2.24.1 Character Generator Startup - A 7-bit ASCII word that defines the character to be drawn is 
presented to the address converter ROM, which in turn produces a 12-bit starting address for the 
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character ROM sequence required to draw the character. Upon receipt of the start signal (STC5 
START CHAR GEN L), the timing generator issues a signal (CHAR ACT) to enable the integrating 
and intensity logic and to load the output of the address converter ROM into the Address register. The 
address is then applied to the character ROM where it accesses the location of the first stroke (vector) 
of the character. 

4.2.24.2 Character ROM Outputs - The output of the character ROM consist of six bits of data that 
define the X and Y coordinates of the vector. These bits are sent to the interpreter ROM. Two other 
bits of information are also generated by the character ROM. Their functions are as follows: 

Stroke Scale - This signal allows the length of a vector to be doubled. This is beneficial because it saves 
a character ROM location if two sequential and identical strokes are required, while also saving the 
time required to address the second location. For example, the letter X can be drawn with two double 

k . ,/. d f f . I k' ,/ stro es, l.e.,/" ; lnstea 0 our sIng e stro es, l.e.,/" . 

Intensity - This signal is gated by the timing logic to enable both leading and trailing edge delays that 
set and reset the character unblanking flip-flops. This flip-flop determines whether the vector is visible 
on the screen. Invisible vectors are drawn when it is necessary to relocate a stroke's starting position. 

4.2.24.3 Interpreter ROM - The interpreter ROM, in addition to the X and Y information, receives a 
signal (DSR4 CHAR ROT ATE 00) which, when asserted, makes the character appear to be rotated 90 
degrees on the screen. The X and Y outputs of the interpreter ROM are sent to buffer gates. These 
gates, when disabled, condition the X and Y DACs to supply zero current. The buffers are enabled by 
the timing signal STROKE START which controls the amount of time (single or double stroke) the 
DACs are allowed to provide current to the X and Y integrators. 

4.2.24.4 D / A Converters - The DACs are bipolar devices that convert a 3-bit binary input into a 
comparable value of current. Three digital inputs provide the possibility of eight different currents; 
however, only seven of these are used. They are 0, plus 1, 2, and 3 and minus 1, 2, and 3. These 
numbers are directly related to the magnitude and sign of the currents out of the DAC. A potentiome­
ter is provided to adjust the output current of the DAC to zero when all digital inputs are negated. 

4.2.24.5 X/Y Integrators - An analog integrator utilizes the current from the DAC to produce a 
ramped voltage output. The rate at which the voltage increases is directly dependent on the amount of 
current supplied by the DAC. This relatio~ship can be used to control the vector produced on the 
screen. If the input to the DAC causes a zero current, the integrator output will not move, but will stay 
in a hold mode. When the input to the DAC is then changed, and current is presented to the integrator, 
a ramp will result until the DAC is placed back in the hold mode at which time integration stops. 
Consecutive operations of this type appear as vector, hold, vector, hold, and etc. These vectors, there­
fore, define a character on the screen while the holds are needed to allow the scope yoke to settle 
between strokes. 

4.2.24.6 Examples of Character Strokes - As was stated earlier, the current from the DACs deter­
mines the vector on the screen. Let us examine a vector drawn in a positive X direction. This is caused 
by a ramped voltage from the X axis and lt10 voltage at all from the Y axis. If the current from the DAC 
causes a ramp of 1 V per J.l,S and the current presented to the input of the integrator for 1 J.l,S, a 
deflection equal to 1 V would be seen on the screen. If the current were cut in half, a vector half as long 
would result as long as the current was present for the same period of time. Therefore, it can be seen 
that DAC current will vary vector length. The vectors on the screen are directly related in direction and 
magnitude to the ramps out of the integrators, but only when the ramps of both integrators are 
combined vectorially in the scope. 
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The following examples illustrate this. Assume the center of the scope is the starting point of the 
vector. 

X DAC = +3 

Y DAC = 0 

Result: A vector in the X positive direction with a magnitude of 3 units. 

X DAC = 0 

Y DAC = -3 

Result: A vector in the Y negative direction with a magnitude of 3 units. 

X DAC = +3 

Y DAC = +3 

Results: A vector at 45 angle with a magnitude of 1.414 times 3 units. 

4.2.24.7 Scaling Circuits and Drivers - The output of the integrators is routed through a scaling 
circuit that consists of an analog multiplexer. Binary inputs (DSR4 CHAR SCALE 00-01) cause the 
voltages from the integrators to be attentuated. This allows four character sizes to be digitally selected. 

The X and Y drivers receive the scaled voltages and amplify them to the point where they can drive the 
circuits in the monitor. A summing circuit is connected between the drivers that feeds a small p~~rcent­
age of the opposite axis voltage into either the X or Y amplifier when an italicized character is selected 
by the sig11al DSR2 ITALICS. 

It can be seen that quite a number of different vectors are required to be drawn on the screen to make 
up a character. A word for each stroke of the character is sequentialy stored in the character ROM. 
These words are accessed as the timing generator periodically (900 ns, short stroke, 1400 ns, long 
stroke) increments the Address register. The last word in each character sequence is an end of c:harac­
ter word. When this word is detected, the timing generator is initialized and the graphics calculation 
logic is notified, by the signal CG2 CHAR DONE L, that the character has been drawn on the sc:reen. 
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5.1 INTRODUCTION 

CHAPTER 5 
VT48 DISPLAY PROCESSOR UNIT DIAGNOSTICS, 

PREVENTIVE MAINTENANCE, 
AND ALIGNMENT PROCEDURES 

The subsequent paragraphs describe the diagnostics and adjustment procedures to be carried out on 
the VT48. Diagnostic programs are provided to verify proper operation following installation and to 
checkout and align the vector generator and character generator modules periodically. 

5.2 DIAGNOSTIC MAINTENANCE PROGRAMS 
There are five diagnostic maintenance programs available for use in checkout of VT48 operation. 
These programs, designators and equipment they serve to checkout are listed in Table 5-1. 

Table 5-1 Diagnostic Maintenance Programs 

Designation Purpose 

DEC-II-DZVSA Instruction Test, Part I, VT48 only 

DEC-I1-DZVSB Instruction Test, Part II, VT48 only 

DEC-II-DZVSC Instruction Test, Part III, VT48 only 

DEC-II-DZVSD Visual Test, VR48 and VT48· 

DEC-II-DXVSA VS60 DECXll Object Module, System Level Diagnostic 

The three instruction test diagnostics are used to check all modules except the vector and character 
generator modules. The visual test is used to exercise the analog circuits on the vector and character 
generators so that alignment and adjustment procedures can be carried out. The final program is used 
for system level diagnostics. 

5.2.1 Instruction Test Diagnostics Load and Run Procedures 

5.2.1.1 Instruction Test Part I (11-DZVSA) - Proceed as follows: 

1. Load the diagnostic into memory. 

2. Load address 200 octal. 

3. All switches down. Start. 

4. Run for 10 minutes. (Multiple passes.) 
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5. Reference switch settings are: 

15 Halt on error 
14 Loop on test 
13 Inhibit error typeouts 
11 I nhibit iterations 
10 Bell on error 
9 Loop on error 
8 Loop on test in SWR (7:0) 

NOTE 
Pass 1 requires 30 seconds or less. Pass 2 requires 
approximately one minute. 

5.2.1.2 Instruction Test Part II (11-DZVSB) - Proceed as follows: 

1. Load the diagnostic into memory. 

2. Load address 200 octal. 

3. All switches down. Start. 

4. Run for 10 minutes. (Multiple passes.) 

5. Reference switch settings are: 

15 Halt on error 
14 Loop on test 
13 Inhibit error typeouts 
11 Inhibit iterations 
10 Bell on error 
9 Loop on error 
8 Loop on test in SWR (7:0) 

5.2.1.3 Instruction Test Part III (11-DZVSC) - Proceed as follows: 

1. Load the diagnostic into memory. 

2. Load address 200 octal. 

3. All switches down. Start. 

4. Run for 10 minutes. (Multiple passes.) 

5. Reference switch settings are: 

15 Halt on error 
14 Loop on test 
13 Inhibit error typeouts 
11 I nhibit iterations 
10 Bell on error 
9 Loop on error 
8 Loop on test in SWR (7:0) 
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5.2.2 Visual Test Diagnostic Load and Run Procedure 
To load this diagnostic, proceed as follows: 

1. Load the diagnostic into memory. 

2. Load address 200 octal. 

3. Check that index of test patterns appears in the menu area of the VR48 Display Monitor. 

4. Individual test patterns may now be selected for display. 

5.3 MAINTENANCE SWITCH PURPOSES 
Table 5-2 summarizes the design purposes of the four maintenance switches in the VT48. 

Table 5-2 Summary of Maintenance Switch Purposes 

Maint Switch No. 

2 

3 

4 

Purpose 

Used to enter contents of BDB register into display program counter 
(DPC). The contents of DPC can then be sampled to verify display file 
address. 

Used to load the DPC and then execute one NPR cycle. That is, it 
serves to access a single word from PDP-II core memory. 

Affects graphics calculation logic only. Used to load delta length (larger 
axis) into X Position register and to load tangent (minor axis) into Y 
Position register. X/V position registers can then be sampled to verify 
contents. 

U sed to single step the graphics calculation logic. That is, it inhibits 
generation of OP DONE signal to display instruction control until all 
calculation sequences are complete. 

5.4 PREVENTIVE MAINTENANCE 
Preventive maintenance for the VT48 consists of visual checks and periodic alignment of the two 
analog modules (vector generator and character generator). 

5.4.1 Mechanical Checks 
The VT48 should be visually checked periodically for mechanical defects. Check for the following: 

1. Check that the VT48 is secure in its mounting. 

2. Inspect the backplane for bent pins and loose wire wrap. 

3. Check the power harness for opens or shorts. 

4. Check that the cables to both vector generator and character generator are properly secured. 

5. Check for the presence of damaged or charred components on all logic modules. 
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5.4.2 VT48 Alignment Procedures 
The adjustment procedures set forth in the subsequent paragraphs presume that all alignment pro­
cedures specified in the VR48 Technical Manual have already been successfully executed. VR48 Dis­
play Monitor adjustments must precede the VT48 adjustments. 

5.4.3 Vector Generator (A322) Adjustments 
These adjustments require loading of the visual test (VISTEST) diagnostic maintenance program (Par­
agraph 5.2.2). It may be necessary to perform all adjustments a second time (after a second pass 
through the VR48 Display Monitor adjustments) if the system is significantly out of calibration at the 
start of alignment proceedings. The proper sequence of adjustments is as follows: 

1. Minor axis (+) offset adjustment. 

2. Minor axis (-) offset adjustment. 

3. Major axis (-) offset adjustment. 

4. Major axis (+) offset adjustment. 

5. X-Y phase adjustment. 

6. Delta length adjustment. 

7. X position gain adjustment. 

8. Y position gain adjustment. 

9. Minor axis gain adjustment. 

10. Major-minor phase adjustment. 

11. Dynamic offset adjustment. 

12. Light pen start coordinate. 

13. Light pen end coordinate. 

Locations of the adjustment potentiometers to be used in these checks are shown in Figures 5-1 and 5-
2. After having loaded the visual test diagnostic program, execute each checkout procedure in the 
sequence given. 

5.4.3.1 Minor Axis (+) Offset Adjustment (R135, on A322 Module) - To make this adjustment, pro­
ceed as follows: 

1. Select test pattern E; then check that the test pattern shown in Figure 5-3 appears at left 
center of the VR48 Display Monitor. 

2. If the short lines overlap the dots, adjust R138 (A322) to obtain small gaps betwc!en the 
vector ends and dots. 

3. If the vector start points overlap the dots, adjust R 7 on the M7054 to move the vector start 
points out of the way. 

4. Adjust R 135 (A322) so that lines 2,4, and 6 align with the points as shown in Figure 5-3. 
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A322 REV. B ETCH 
SLOT 2 

11 -4320 

Figure 5-1 Vector Generator (Revision B) 
Adjustment Potentiometer Locations 



R46 {9 Y POSITION GAIN 

R35 <D X POSITION GAIN 

R143 0 MAJOR IMINOR PHASE 

R23 (S) MAJOR AX IS (+) OFFSET 

R132 e MINOR AXIS GAIN 

R135 (1) MINOR AXIS (+) OFFSET 

R33 (S) MINOR AXIS (-) OFFSET 

R128 (1) DYNAMIC OFFSET 

(S) R138 (S) DEL TA LENGTH 

MAJOR AXIS (-) OFFSET (1) R7 
(MONITOR 0) 

M7054 A322 REV. C ETCH 
SLOT 8 SLOT 2 

Figure 5-2 Vector Generator (Revision C) 
Adjustment Potentiometer Locations 

11- 4321 

5.4.3.2 Minor Axis (-) Offset Adjustment (R33, on A322 Module) - To make this adjustment, proceed 
as follows: 

1. Select test pattern E; then check that the test pattern shown in Figure 5-3 appears at left 
center of the VR48 Display Monitor. 

2. Adjust R33 on the A322 module so that lines 1, 3, and 5 align with the points. 

3. Check for a straight vertical line of short vectors and dots as shown in Figure 5-3. 

5.4.3.3 Major Axis (-) Offset Adjustment - This adjustment is made using R 7 on the M7054 mlodule. 
Proceed as follows: 

1. Select test pattern E; then observe the VR48 Display Monitor for the test pattern shown in 
Figure 5-4. 
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2. Adjust R 7 for the following conditions as observed on the test pattern: 

a. Line 3 should start directly on top of the line causing a small bright spot where lines 3 
and 1 intersect. 

b. A very small gap exists between lines 5 and 1. That is, line 5 ends just to the left of line 
1. 

NOTE 
If lines 2 and 4 overlap line 1, thereby interfering 
with above procedures, adjust R23 on the A322 mod­
ule to move lines 2 and 4 off to the right. 

2 

3 

4 

5 

6 

7 

,,- 3690 

Figure 5-3 Minor Axis Offset Subpicture, 
Test Pattern E 

5.4.3.4 Major Axis (+) Offset Adjustment - This is a two-pass procedure involving the setting of R23 
on the vector generator. For the first pass of the procedure, proceed as follows: 

1. Select test pattern E; then observe for the test pattern shown in Figure 5-4. 

2. Adjust R23 for the following conditions as observed on the test pattern: 

a. Line 2 should just ove~lap line 1 in the same manner as line 3 in the preceding 
adjustment. 

b. A very small gap exists between lines 1 and 4. That is, line 4 starts just to the right of 
line 1. 

The second pass of this adjustment is performed, if necessary, after all succeeding adjustments have 
been made and serves as a check on the interaction of R23 with the other adjustments. 
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OVERLAP OVERLAP 
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Figure 5-4 Major Axis Offset Subpicture, 
Test Pattern E 

After all other adjustments have been completed, proceed as follows: 

1. Select test pattern E, then observe the VR48 Display Monitor for the test pattern shown in 
Figure 5-5. 

2. Check to see if line pairs (1) and (3) are the same distance apart so that they appear as mirror 
images of one another. If not, adjust R23 for the mirror image effect. 

(4) (1) 

LINE PAIRS 

(3) (2) 

11-3692 

Figure 5-5 Dynamic Offset Subpicture 
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5.4.3.5 X-Y Phase Adjustment - This adjustment is carried out at the VR48 Display Monitor by 
adjusting R32 on the Y deflection amplifier module (phase) and R32 on the X-deflection amplifier 
(bandwidth). Refer to Figure 5-6. This is a two-pass test. For the first pass, proceed as follows: 

I. Select test pattern E; then observe the VR48 Display Monitor for the pattern shown in 
Figure 5-7 (left side of CRT screen). 

2. Adjust bandwidth potentiometer (R32 on X-Defl. Amp.) CCW until oscillation (or ringing) 
is observed on display. Re-adjust potentiometer CW until oscillation disappears. Then 
adjust potentiometer CW an additional 1/8 of a turn. 

3. Adjust R32 Y -Phase potentiometer on the VR48 Display Monitor so that the vector start 
points in all directions are equal in the center. 

F or the second pass, proceed as follows: 

l. Observe the VR48 Display Monitor for the subpicture shown in Figure 5-8. 

2. Observe the diagonal lines in the small square. 

3. Adjust the Y -phase potentiometer (R32 on VR48) so that these lines overlay one another 
without bowing. 
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Figure 5-6 VR48 Monitor Phase Adjustment Location 
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11-3691 11-4336 

Figure 5-7 X-Y Phase Subpicture Figure 5-8 X-Y Phase/Delta Length Subpicture 

5.4.3.6 Delta Length Adjustment - To carry out this adjustment, proceed as follows: 

1. Select test pattern E; then observe the VR48 Display Monitor for the pattern shown in 
Figure 5-8. 

2. Adjust R138 on the vector generator so that the horizontal and vertical lines on both 1boxes 
meet, but do not overlap (criss-cross). 

NOTE 
If the large box side lines fail to meet while the small 
box sh':e H;-iL; ovedap (meaning it is impos;:;ibi\: to 
achieve the conditions defined in step 2), it indicates 
that the VR48 X-Y phase is out of adjustment. 

5.4.3.7 X Position Gain - This involves adjustment of R35 on the vector generator. Proceed as 
follows: 

1. Select test pattern G; then observe the VR48 Display Monitor for the pattern shown in 
Figure 5-9. 

2. Observe the vertical vector on the right side of the screen. 

3. Adjust R35 so that the ends of the horizontal vectors meet the verticai vector on the right 
side of the screen. There should be a slight overlay as indicated by small bright spots where 
the vectors meet. 
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Y POSITION 

Y POSITION 
R96 ON A322 REV 8 
R46 ON A322 REV C 

R35 
X POSITION 

X POSITION 
OUT OF ADJUSTMENT OUT OF ADJUSTMENT 

11-3694 

Figure 5-9 Pincushion Pattern 

5.4.3.8 Y Position Gain - This adjustment involves potentiometer R96 (revision B) or R46 (revision 
C). Proceed as follows: 

1. Select test pattern G; then observe the VR48 Display Monitor for the pattern shown in 
Figure 5-9. 

2. Observe the horizontal vector across the top of the screen. 

3. Adjust the Y -position gain potentiometer so that the ends of the vertical vectors meet the 
horizontal vector at the top of the screen. There should be a slight overlay as indicated by 
small bright spots where the vectors meet. 
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5.4.3.9 Minor Axis Gain - This is a two-pass procedure involving R 132 on the vector generator. The 
first pass is made prior to conducting major-minor phase and offset adjustments (next two para­
graphs). After completing the latter adjustments, the second pass is made. For the first pass, proceed as 
follows: 

1. Select test pattern P; then observe the VR48 Display Monitor for the patterns shown in 
Figure 5-10. 

2. Observe the vectors falling along the 45 degree angle area. 

3. Adjust R 132 so that adjacent 45 degree vectors are parallel and touching. That is, the error 
delta-2 value should equal the error delta-l value. Both should be zero (not separated, and 
not overlapping). 

For the second pass, adjust R 132 so that test pattern P has no discontinuities in the 45 degre1e angle 
area. The vector line pattern should appear uniform from zero through 90 degrees. 

ADJUST R132 
FOR PARALLEL 

TOUCHING LINES 

-CORRECT TOO FAR APART 

Figure 5-10 Vector Fans Test Pattern, Part 1 
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-OVERLAPPING 
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(OVERLAPPING) 

(SEPARATED) 

" -3940 

MINOR AXIS GAIN GAIN 
FIRST PASS: ERROR b.1 SHOULD EQUAL ERROR b.2 

SECOND PASS: b. ERROR SHOULD EQUAL 0 

Figure 5-10 Vector Fans Test Pattern, Part 2 

11- 3693 

Figure 5-11 Examples of Bowed Vectors 

5.4.3.10 Major~Minor Phase Adjustment - This adjustment procedure involves R 143 on the vector 
generator. Proceed as follows: 

1. Select test pattern E; then observe the VR48 Display Monitor for the dynamic offset pattern 
shown in Figure 5-5. 

2. Adjust R143 so that the pairs of lines diverge evenly without bowing. Bowing is most easily 
detected when the pairs of lines are separated slightly. 

3. Adjust R128 to slightly separate the pairs of lines; then observe the pattern for bowing 
effects as shown in Figure 5-11. 

4. Adjust R 143 so the vector pairs diverge evenly without bowing. When properly adjusted, 
both pairs should start at a common center and diverge to approximately 2 line-widths (24 
mils) at the ends. 
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5.4.3.11 Dynamic Offset Adjustment - This adjustment involves R128 on the vector generator. Pro­
ceed as follows: 

1. Select test pattern E; then observe the display monitor for the dynamic offset pattern shown 
in Figure 5-5. 

2. Adjust R128 so that the diagonal line pairs numbered 2, 3, and 4 originate from the center as 
shown in Figure 5-5. 

NOTE 
If lines 1 + 3 do not converge at the center, readjust 
R23 major axis (+) offset to center the point of 
convergence. 

3. Following this adjustment proceed to second pass of minor axis gain procedure under Para­
graph 5.4.3.9. 

5.4.3.12 Light Pen Start Coordinate Ad,justment - This procedure involves rotary switch S 1 on the 
M7053 module. An extender board is required to access the switch. Proceed as follows: 

1. Select the light pen and intensity level test, pattern U. 

2. Observe the VR48 Display Monitor for eight different intensity lines displayed at the left 
side 0 f the screen. 

3. Using the light pen, select the line designated Y = 1400. (The coordinates of the light pen 
may be read at the upper right. side of the screen.) 

4. Move the light pen to the left along the selected line until it reaches the end of the line. 

5. Check for an X coordinate reading of X = 201 (Y = 1400). 

6. Adjust S 1 for an X coordinate reading as close as possible to X = 201. 

5.4.3.13 Light Pen End Coordinate - This procedure involves R 100 on the vector generator module. 
An extender board is required to access this potentiometer. Proceed as follows: 

1. Select the light pen and intensity level test, pattern U. 

2. Observe the VR48 Display Monitor for eight different intensity lines at the left of the screen. 

3. Using the light pen, select the line designated Y = 1400. 

4. Move the light pen slowly to the right end of the line. As the light pen passes over :the last 
1/4 inch, the X coordinate values should increase smoothly from 750s to 1000s. 

5. Adjust R 100 for this condition. 

NOTE 
As the light pen is moved slowly to the right over the 
last quarter inch, the X coordinate readout should 
not skip any coordinate values. Also the X readout 
should not reach X = 1000 before the light pen is at 
the end of the line. 
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5.4.4 Sync Clock Adjustments 
This adjustment is made using R 18 and R 19 on the M7057 module. No diagnostic or test pattern is 
required. Proceed as follows (Figure 5-12): 

I. Extend the M7057 module. 

2. Observe test point E64/p.6 (signal DSR2 30 FPS H) on an oscilloscope. Adjust RI8 on the 
M7057 module for a pulse period of 33.3 ms. 

3. Observe test point E64/p.8 (signal DSR2 40 FPS H). Adjust R 19 on the M7057 module for a 
pulse period of 25 ms. 

4. Replace the M7057 module. 

M7057 

o R19-25ms CLOCI( 

o R18 - 33.3ms CLOCK 

NOTES: 
For adjustment procedure: 

E64p8 R19 

r- 25ms --j 

E64p6 R18 

r-33.3 inS+! 

Refer to VT48 display processor Instruction manual. 
II -3696 

Figure 5-12 Sync Clock Adjustments 

5.4.5 Character Generator Adjustments 
These adjustments require the use of the VISTEST (Paragraph 5.2.2) diagnostic program. In addition, 
a short character display routine must be manually entered from the console. Proceed as follows 
(Figures 5-13 and 5-14): 

I. Extend the A321 module. 
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2. Manually enter the following routine from the console: 

Loc. (Octal) 
001000 
001001 
001002 
001003 
002000 
002001 
002003 
002004 
002005 
002006 

Contents (Octal) 
012737 
002000 
172000 
000001 
114000 
001000 
100000 
000102 
160000 
002000 

3. Observe that a 'B' is displayed on the VR48 Display Monitor. 

R57 R60 

r-- r-'-

X 
ADJ. R55 

y 
ADJ. R56 

A321 
CHARACTER 
GENERATOR 

SCOPE HERE 

>----r-
R4

• -:r1 
\ 4K 8K 8K 

SCOPE HERE 

>---R4-4--'-~4l-=l 
4K 8K 8K 

R55 R56 

c 1 
BERG CONN. 

E6 E1 

D D 

R57 

e 

ADJ. FOR NO BRIGHT SPOT 

R60 

----_e 
II 

ADJ. FOR GAP CLOSURE 

11-3941 

Figure 5-13 Character Generator Adjustments 
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R55 

R56 

SCOPE BASE LINE 

l 
A 

R60 } CLOSE-TOP 
GAP 

R57 
MIN. BRIGHT 

SPOTS 

l 
A 

OUT OK OUT 

x - R55 B B 3 
Y-R56B B 8 

11-3942 

Figure 5-14 Character Generator Waveforms/Display 
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4. Connect the channell oscilloscope probe to the junction of R39/R40/R41 on the A321 
module. 

5. Set the oscilloscope controls to the settings indicated below: 

Control 
TIME/DIV. 
VOLTS/DIY. 
'TRIGGER' SEL SW. 
'INPUT CHAN l' 

SELECTSW. 
'SLOPE' CONTROL 

Setting 
0.5 ~s/DIV. 
0.5 V /DIV. 
Chan 1 
DC 

(-) 

6. Re-adjust controls as necessary to obtain waveform I in Figure 5-14. 

7. Adjust R55 on the A321 module until the lines marked A in the waveform are parallel with 
the grid markings on the oscilloscope. 

8. Reconnect the channell scope probe to the junction of R42/R43 /R44 on the A321 module. 

9. Adjust oscilloscope controls as necessary to obtain waveform II in Figure 5-14. 

10. Adjust R56 on the A321 module until the lines marked B in the waveform are parallel with 
the grid markings on the oscilloscope. 

NOTE 
Steps 7 and 10 above are approximate adjustments 
only. A fine adjustment of R55 and R56 will be made 
along with the R57 and R60 adjustments to follow. 

11. Remove the A321 module extender and re-insert the module in slot 1. 

12. Select VISTEST, pattern M (reload diagnostic if required). 

13. Observe the large Es in the center of the VR48 display. 

14. Adjust R60 on the A321 module to close the gap at the top of the Es as depicted in Figure 5-
14. 

15. Adjust R57 for minimum bright spots at the origin of the vectors as shown in Figure 5-14. 

16. Re-adjust R55 so that the 3 portion of the B touches the vertical (or 1) portion as shown in 
Figure 5-14. (Note that R55 moves the 3 in a horizontal direction.) 

17. Re-adjust R56 so that the 3 portion of the B lines up with the bottom and top of the 1 
portion as shown in Figure 5-14. (Note that R56 moves the 3 vertically.) 

18. Select VISTEST, pattern A. 

19. "Fine tune" R55 and R56 for optimum display characteristics of the characters C, G, 0, and 
B. Additional fine tuning of R57 and R60 may also be necessary at this point. 
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APPENDIX A 
CHARACTER STROKE PATTERNS 

This appendix presents illustrations showing the stroke patterns for all characters generated by the 
character generator. A breakdown of these illustrations is given below: 
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Figure A-I Upper Case Font and Special Symbols 
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Figure A-2 Lower Case Font and Special Symbols 
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FigureA-3 Greek Character Font and Special Symbols 
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Figure A-4 Numeral Font . 
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What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well 

wri tten, etc.? Is it easy to use? 

What features are most useful? ----------------------------------------------------------------

What faults do you find with the manual? 

Does this manual satisfy the need you think it was intended to satisfy? 

Does it satisfy your needs? ___________ _ Why? _______________________________ __ 

Would you please indicate any factual errors you have found. 

Please describe your position. 

Name __________________ Organization 

Street _________________________ Department 

City __________ _ State _____________ _ Zip or Country 



- - - - - - - - - - - Fold Here - - - - - - -- - .- - -

- - - - - -- - - DoNotTear-FoldHereandStaple - - - - - -- - -

BUSINESS REPLY MAIL 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 

Postage will be paid by: 

Digital Equipment Corporation 
Technical Documentation Department 
Maynard, Massachusetts 01754 

FIRST CLAsEJ 
PERMIT NO. 33 

MA YNARD, MASS. 

_____ 1_ 


