
























































































































ADO 

Figure 4-25. Low Level Controller PWA 

4-37 Required Inputs 

Apply composite video input and reference black video input to the ADO System 
when using the Signal Generator PW A. This PW A receives timing signals from two 
analog PW As. The following three signals must be operational: 

• Comb Filter PW A: VIDEO OUT (pin 26) 

• Input Reference PW A: H (pin 53) 

• Input Reference PW A: Fy (pins 4 7 / 48) 

4-38 Controls and Outputs 

The controls for the Signal Generator PW A consist of three toggle switches and a 
16 position thumbwheel switch (Figure 4-26). The PATTERN SELECT and FLAT 
FIELD SELECT switches determine the signals generated. The CHROMA/KEY and 
LUMINANCE switches determine, independently of each other, which signals are 
applied to the chroma/key system and which are applied to the luminance system. 
The PATTERN SELECT and FLAT FIELD SELECT output signals are described 
below. 

4-39 Pattern Select Signals 

This switch selects one of three patterns: 

1. A digital ramp consisting of a binary countup for Y and chroma/key channels 
(H patterns only). 
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2. Horizontally compressed EIA standard color bars, 100% saturated, 100 IRE 
white, zero pedestal. This pattern includes: 
• Standard 2T pulse (Y channel only). 
• Two modified 20T pulses, one with Y and R-Y components only and one 

with Y and B-Y components only. (The two pulses are not of equal 
amplitude.) 

3. Frequency sweeps for Y and both chroma components, as follows: 
• Y sweep: reference 100 IRE, then +50 IRE, then 0 IRE, then a linear 

sweep from zero to 5 MHz. 
• Chroma sweeps: reference + 100 IRE, then -100 IRE, then 0 IRE, then a 

linear sweep from zero to 1.5 MHz. (To observe a chroma channel, use 
output of D/ A converter.) 

4-40 Flat Field Select Signal 

The flat field values are given in Table 4-4 for the 16 switch positions. 

4-41 TROUBLESHOOTING 

Troubleshooting information is given below for the analog and digital sections of 
the signal system chassis. Control unit troubleshooting usually cannot be done on 
the basis of the system output indications; perform standard PW A-to-PW A trouble­
shooting, from schematics. 
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Table 4-4. Flat Field Values 

Switch y Burst Burst 
Position Amplitude Amplitude Phase 

0 50 100 90 
1 50 100 270 
2 50 100 0 
3 50 100 180 
4 50 50 90 
5 50 50 270 
6 50 50 0 
7 50 50 180 
8 50 0 0 
9 50 0 0 
A 50 0 0 
B 100 0 0 
c 75 0 0 
D 50 0 0 
E 25 0 0 
F 0 0 0 

As an aid to standard troubleshooting methods, a few ADO guidelines are listed 
below: 

• Observe signal system chassis PW A LEDs, described in Table 4-5. 

• Observe system output on video monitor for visual indications listed in 
digital troubleshooting discussion, below. 

• If indications do not point to the digital section or the analog section, 
begin with analog troubleshooting check; digital section troubleshooting 
requires a functional analog system. 

• For luminance problems, the optional ADO Test Probe (luma probe), DT 
1393420, can be used to isolate the fault. 

4-42 Analog Section Troubleshooting 

In the analog troubleshooting flowchart (Figure 4-27), the numbers assigned to the 
blocks correspond to the procedural steps described below. The analog input PW As 
are the comb filter, A/D converter, and input reference. The analog output PW As 
are the D/ A converter, VOP (Video Output Processor), and output reference. 

In general the procedures isolate a problem to the PW A level only. However, in 
some instances they include information on circuit level troubleshooting. Refer to 
Figure 4-27 and perform the following steps. 

STEP 1 During system troubleshooting determine whether an analog problem is 
suspected. 
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Figure 4-27. Analog Troubleshooting Flowchart 
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STEP 2 With power off, remove A/D Converter PW A and install Digital Test 
Signal Ge nerator PW A (1420458) in A/D converter slot. Turn on power. 
On signal generator card, set PA TT SEL (pattern select ) switch to 
position 2. Set CHROMA/KEY switch to PATT, and LUMINANCE switch 
to PATT. (With neither switch at F.F., the FLAT FIELD SELECT switch 
is not enabled.) These settings provide horizontall y compressed full color 
bars, 100% saturation, 100 IRE white, with zero pedestal. 

STEP 3 Connect vectorscope and waveform monitor to system output , connector 
J9. With signal generator card installed, the waveform monitor should 
display the output shown in Figure 4-28. On vectorscope, P>-Y and R-Y 
components should be in their target areas . If system output is correct 
with signal generator card installed, assume analog output PW As are 
good. Proceed to steps 4 through 1 O, which check analog input PW As. 
Note t ha t only a few functions of the analog input PW As are required for 
proper operation of the signal generator card: 

• Comb Filter PW A-VIDEO OUT (pin 26) 

• Input Reference PW A-H (pin 53) and Fy (pins 47 /48) 

If the syste m output is incorrect, check signal generator ca rd inputs and 
outpu t analog PW As, according to steps .!....!. through 26. 

STEP 4 With power off, remove signal generator card. Position A/D Converter 
PW A on extender, reinstall in A/D slot, and turn on power . 

STEP 5 On A/D Converter PW A, use oscilloscope to verify that B-Y level (pin 
60) and R-Y level (pin 64) are both at 800 mVp-p, with approximately 
300 mV de voltage offsets. 

Figure 4- 28. Digital Test Signal Generator Output 
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STEP 6 On A/D Converter PWA, use oscilloscope to verify that Y level (pin 14) 
is 700 m Vp-p. 

STEP 7 If A/D converter luminance input level is incorrect, perform comb filter 
adjustment procedure, paragraph 4-27. If there is no luminance output at 
pin 14 of Comb Filter PW A, or if it cannot be adjusted to proper level, 
replace Comb Filter PW A. (This assumes proper video input to Comb 
Filter PW A has been verified during system troubleshooting.) During 
comb filter Y check, if Y is readjusted to proper level but ADO system 
output is still incorrect, the fault is probably in A/D Converter PW A. 

STEP 8 With power off, remove Comb Filter PWA and place it on extender. 
Reinstall into card rack and turn on power. Connect oscilloscope probe 
to pin 30. Modulated chroma with no luminance on it should be observed. 
If not observed, the fault is probably in Comb Filter PW A. If proper 
chroma signal is observed, the Input Reference PWA should be checked. 

STEP 9 With power off, remove Input Reference PWA, place on extender, and 
reinstall. Turn on power. Connect oscilloscope probe to pin 30. Observe 
whether modulated chroma input is present. Then check for color 
difference outputs B-Y (pin 60) and R-Y (pin 64). With proper chroma 
and video inputs, if color difference signals are not both present the 
fault is in the Input Reference PW A. If both color difference signals are 
present, perform input reference adjustment procedure, paragraph 4-28. 
If this does not correct system output, A/D Converter PW A should be 
checked. 

STEP 10 If A/D Converter PW A is receiving proper Y and color difference signals, 
perform A/D converter adjustment procedure, paragraph 4-29. If system 
output is still incorrect, the fault is probably in A/D Converter PW A. 

STEP 11 With power off, remove Input Reference PWA and place it on extender. 
Reinstall into card rack and turn on power. Use oscilloscope to check for 
presence of the two timing signals required by the signal generator card: 

• 13.5 MHz (input reference pins 47 /48) 

• H (input reference pins 53/54) 

If both timing signals are present, analog output PWAs should be 
checked. If timing signals are not present, check for the presence of 
VIDEO OUT, Comb Filter PWA, pin 26. 

STEP 12 Use oscilloscope to verify video input at input reference pin 26. With 
video input present, if 13.5-MHz and H outputs are not both present, 
Input Reference PW A should be replaced. 

STEP 13 With power off, remove Output Reference PWA and place it on extender. 
Reinstall into card rack and turn on power. LED indicator DS3 should be 
off, indicating that the color phase lock loop is locked up. Use oscillo­
scope to verify presence of COMP SYNC (pins 29/30) and SC (pins 
55/ 56/ 58). If all LEDs are off and all signals are present, sync separator 
circuit is functioning. 
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STEP 14 If any output reference LED is lighted, or if all signals of step 13 are not 
present, use oscilloscope to verify presence of REF BLACK VIDEO IN 
(pin 26). If video input is present, replace Output Reference PW A or 
troubleshoot sync separator circuit. 

STEP 15 With power off, remove VOP PWA and place it on extender. Reinstall 
into card rack and turn on power. Use oscilloscope to check for presence 
of INHIBIT (pin 28) and H RESET (pins 61/62). 

STEP 16 On VOP PWA, use oscilloscope to check for presence of BIT 9 data (pin 
56) and 13.5 MHz CLOCK signal (pin 76). 

STEP 17 Replace VOP PWA or troubleshoot decoder U 1, U6, sequencer U2, U3, 
U7, U8, U9, or video timing counter U5, UlO, U16, U22, U38. 

STEP 18 With power off, remove D/A Converter PWA and place it on extender. 
Reinstall into card rack and turn on power. Use oscilloscope to check BIT 
9 output (pins 55/56) and 13.5 MHz output (pin 66). Check BIT 9 input 
during frame time (pins 69/70) and 13.5 MHz input (pins 59/60), to 
determine whether fault is in D/ A Converter PW A. 

STEP 19 With power off, remove D/A Converter PWA and place it on an extender. 
Reinstall into card rack and turn on power. Use oscilloscope to check 
the following analog output levels: 

• Y (pin 48) - 720 mV p-p 

• KEY OUT (pin 44) - 900 mV p-p 

• R-Y (pin 40) - 1.0 V p-p 

• B-Y (pin 36) - 700 mV p-p 

STEP 20 On D/ A Converter PW A, use oscilloscope to verify that H RESET (pins 
61/62) and Ms DISABLE (pin 31) are present. Then, if analog outputs are 
present but at incorrect levels, perform D/ A converter adjustment 
procedure, paragraph 4-30. 

STEP 21 With power off, remove VOP PWA and place on extender. Reinstall into 
card rack and turn on power. Use oscilloscope to check the two dc­
restore pulses. One is a 1.9 µs positive-going pulse at the leading edge 
of H sync (U29 pin 13). This is used to restore de level in both color 
difference signals. The second pulse is a 3.8 µs positive-going pulse (U29 
pin 5) at color burst time. This is used for clamping Y to zero IRE. 

STEP 22 On VOP PW A, use oscilloscope to verify Y input (pin 78). Then check 
sync separator circuit, Q14, Q15, Q16, Ql7, and U29. Repair or replace 
VOP PWA. 

STEP 23 Connect waveform monitor and vectorscope to system video output, 
connector JlO. Verify signal generator card switch settings: PATT SEL 
at position 2, CHROMA/KEY at PATT, and LUMINANCE at PATT. 
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Check whether waveform monitor displays output shown in Figure 4-28 
and whether B-Y and R-Y components are in target areas on vector­
scope. 

STEP 24 If output is present but at incorrect levels or phases, perform the VOP 
adjustment procedure, paragraph 4-31. If there is not adequate adjust­
ment range for amplitude (adjustment 1 of VOP adjustment procedure), 
and if the video signal is correct, replace VOP PW A. If there is not 
adequate adjustment range for phase (adjustment 3 of VOP adjustment 
procedure), attempt to isolate the problem by checking phase at circuit 
node R247 /R248. Use a Tektronix 465 (or equivalent) oscilloscope with a 
XlO probe, driving the vectorscope from the vertical output. 

STEP 25 To check the VOP DAC circuitry, connect vectorscope to system output, 
connector JlO. On the control unit, enter start-up mode. With menu page 
1 displayed, select burst phase by pressing soft key D, then use joystick 
to vary burst phase. Observe burst phase on vectorscope. Verify that it 
can be rotated 360° by joystick action. This verifies operation of DACs 
U18, Ul9, and associated circuitry. Similarly, select chroma gain in set­
up mode and use oscilloscope to verify changes in pin 42 level while 
exercising joystick. Also check Y gain, verifying changes in pin 40 level. 
These two checks verify DACs U20 and U21, respectively. 

STEP 26 Troubleshoot DAC circuits as needed. Use an oscilloscope to check the 
analog outputs of DAC U 18 (sine value), pins 2 and 4, and DAC U 19 
(cosine value), pins 2 and 4. With control unit in set-up mode and burst 
phase selected, exercise joystick and check for changes in outputs of 
these two DACs. If the outputs do not change, troubleshoot back through 
registers Ul2- Ul5, sequencer U2, U3, U7, U8, U9, decoder Ul, U6, and 
the clock circuit. Similarly, use set-up mode to check for chroma gain 
changes at U21 pin 2 and to check for Y gain changes at U20 pin 2, as 
needed. Perform further troubleshooting as needed. 

4-lf .3 Digital Section Troubleshooting 

The troubleshooting description includes a simplified flowchart, fault isolation 
methods, and luminance troubleshooting. For a suspected digital section fault, first 
check the digital PW A LED indicators listed in Table 4-5 for fault indications. If 
none exist, refer to the flowchart, Figure 4-29, for general troubleshooting 
considerations. 

4-44 Digital Troubleshooting Flowchart 

The flowchart (Figure 4-29) presents only an initial method of approach. Trouble­
shooting of the digital section involves too many factors to be covered in a step by 
step flowchart. 

It is useful to isolate the fault to one of three functions, Y, chroma, or key. If any 
of these functions has proper transformation geometry, the fault is probably in the 
Y, chroma, or key data paths rather than in the LLC, HLC, or address generator 
PW As. If it is not obvious which of the three data paths is at fault, remove the 
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Table 4-.5. Signal System Chassis Indicators 

PWA LED Function Remarks 

Input Reference DSl SYNC Normally OFF 
1420077 PRESENCE 
(Figure 4-19) DS2 HLOOP Normally OFF (but may flicker dimly in 

LOCK normal operation) 

DS3 COLOR Normally OFF 
PLL 
LOCKED 

Output Refer- DSl BURST Normally OFF 
ence 1420369 PRESENT 
(Figure 4-30) DS2 SYNC Normally OFF 

PRESENT 

DS3 COLOR Normally OFF 
PLL 
LOCKED 

Input Control DSl All indicators sequentially blinking 
(Figure 4-31) DS2 means normal cycling of Y memories. 

DS3 
DS4 
DS5 

HLC DSl ON for a downlink message (CPP to HLC) 
1464265 DS2 ON for an uplink message (HLC to CPP) 
(Figure 4-24) DS3 Normally OFF; blinks if input video is not 

phase-locked to reference blank video input. 
DS4 

OFF l Any other pattern in these lights 
DS5 OFF > and DS 10-18 indicates an error 
DS6 OFF in command coding from 

DS7 control unit 
ON 

DS8 ON 
DS9 ON when either DSl or DS2 is ON, 

OFF at other times. If not thus con-
sistent, cable or XMT /RCV 
circuit has hardware fault. 

DSlO- All ON 
18 

LLC DS8, Both normally ON, indicating 
1464320 DS16 proper LLC operation. 
(Figure 4-25) DS15 ON when input Y memories are in normal 

mode (reading out vertically). OFF when 
they are in transpose mode (reading 
out horizontally). 
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Figure 4-29. Digital Troubleshooting Flowchart 
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Figure 4-30. Output Reference PW A 
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PW As as indicated in Figure 4-29, in turn, to determine the source of the fault. 
For example, if the output side color processor is removed, any Y problem would 
still be evident; removing the output side Coefficient Store PW A would remove the 
Y problem, leaving a stable chroma image. Removal of the output side key 
processor would not affect the Y problem. 

CAUTION 

TURN POWER OFF WHEN REMOVING OR INSERTING PWAs. 
WHEN USING EXTENDER BOARDS BE SURE CARD EDGE PINS 
ARE PROPERLY ALIGNED. 

For image-geometry faults affecting Y, chroma, and key functions, the flowchart 
shows two examples of faults that point to the HLC or to the LLC and address 
generator PW As. An overall image-geometry fault is likely to be in the address 
generator PW As or in the control system (control unit plus HLC and LLC). For an 
address generator fault, the video monitor indication occurs in a vertical or 
horizontal direction. Typical geometry problems are a~companied by jumpy rota­
tions around the Z-axis. 

4-4.5 Fault Isolation Methods 

Fault isolation to a given system, as discussed above, can be done by successively 
interrupting the Y, chroma, and key data paths just prior to the Horizontal 
Processor PW A, and noting the effect in each instance. Another useful technique 
is the swapping of identical PW As between the input and output sides of the digital 
section. (See digital processor block diagram, Figure 5-3.) The input and output side 
PW As for most ADO data functions are identical. The switching in/out of vertical 
or horizontal functions, where required, is accomplished by appropriate V and H 
side backplane wiring. · 

A typical image-geometry indication is the presence of horizontal or vertical line 
patterns. The lines are usually limited to one of the three. functions, Y, chroma, or 
key, although this may not be obvious. For vertical lines, suspect output side 
(horizontal) PW As; for horizontal lines suspect input side (vertical) PW As. This is a 
good general rule, but there are excepT1ons. 

The following troubleshooting example, based on definite V or H line indications, 
illustrates this method. Having identified a chroma problem causing horizontal 
lines, suspect the vertical section chroma PW As: chroma/key memory and color 
processor (see Figure 5-3) .... Swap they agd H c;hrowa/key memories (or the V and H 
color processors). If the lines become vertical a fault in the chro~a/key memory 
(or the color processor) now in the H slot is indicated. However, if the lines still 
remain horizontal after swapping both types of PW As, swap the H and V 
perspective I PW As, and then the H and V perspective II PW As. If the lines are still 
horizontal, suspect the Input Control PW A, which provides control signals to the 
input side chroma/key memory and color processor. Since the Control PW A cannot 
be swapped, troubleshooting within this PWA is needed to definitely isolate the 
fault to the PWA. Refer to the appropriate PWA theory discussion, Section 5 of 
this manual. 
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The fine blanking function also provides obvious fault indications. Improper top and 
bottom borders point to the vertical processor or the (V) color processor (Y or 
chroma). Improper left and right borders point to the horizontal processor or the 
(H) color processor (Y or chroma). It can be useful to compress a full size image 
and insert a border, to check this function. Similarly, coarse blanking faults point 
to the coefficient store PWAs (Y), to the color processor coefficient store circuits 
(chroma), or to the key processor (key). 

4-46 Luminance Troubleshooting 

Some characteristic Y fault indications are described below. Also, the use of the 
optional ADO Test Probe (luma probe) is described. 

For a fault in one of the five input side Y memories, a one-in-five field flicker is 
seen on the video monitor. To determine which PWA is at fault, disable each PWA 
in turn. This is done by pressing the white button switch at the bottom front edge 
of each memory PW A; this disables the output latches. Disabling a good PW A 
increases the flicker rate; disabling the PW A at fault causes no change in the rate 
of flicker (though possibly in the degree). Similarly, loss of output from one of the 
two Y memories on the output side causes video monitor flickering on alternate 
fields, which is unaffected by the freeze function. Disable each output side PW A 
in turn to isolate the fault. 

Loss of a group of drive signals to an input side memory is indicated by the 
sequencing DSl-5 LED indicators on the Input Control PWA (Table 4-5); one LED 
remains OFF. If DSl-5 are flashing in sequence, 1 cycle per frame (each indicator 
on for 1/5 frame or 6.67 ms), determine whether the fault is due to a single drive 
signal from the Input Control PWA. To do this, swap a suspected input side memory 
with a memory from the output side. Determine whether this changes the video 
monitor flicker rate from one-in-five to one-in-two. If it does, the suspected PW A 
is at fault. If the flicker rate does not change, suspect a single drive signal from 
the Input Control PWA to the indicated memory PWA location. If the indicators are 
flashing more slowly than 1 cycle per frame, the LLC is probably faulty. 

Interpolation problems are typically characterized by definite amplitude variations 
in the image as viewed on the monitor. These are most easily seen in a flat field 
such as that provided by test signals. For Y problems of this type, swap the H and V 
interpolator PWAs and then the coefficient store PWAs to see which exchange 
causes a change in direction of the fault indication. Either PWA type can cause 
these amplitude variations. 

4-47 Miscellaneous Fault Indications 

Some additional fault indications, and the probable sources, are listed in Table 4-6. 
Also, the PW A block diagrams (Section 5) provide quick references of the functions 
associated with the various digital processor PWAs. 
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Table 4-6. Miscellaneous Fault Indications 

Condition Probable Cause 

Image motion is jerky; Perspective I and II 
effect is accentuated during rotation 

Image completely erroneous HLC 

Alternate fields completely erroneous LLC (one side) 

Fault affects both Y and chroma Perspective I and II 
(chroma effect may not be as noticeable) 

Output sync fault Horizontal Processor 

Alternate field chroma flickering Chroma/Key Memory 

Chroma disappears for 1/2 size image Color Processor 
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SECTION 5 

THEORY OF OPERATION 

5-1 INTRODUCTION 

This section contains descriptions of system, subsystem, and PW A theory. 

5-2 SYSTEM 

ADD 

As shown in the system functional diagram (Figure 5- 0, composite video input is 
processed by three analog input PW As and applied digitally to the digital processor. 
Here the source image data is transformed into target image data, at real time 
video rates. The transformed output, processed by three analog output PW As, is 
reformatted to provide a composite video output. 

Note that the control system includes the HLC (High Level Controller) and the 
LLC (Low Level Controller), along with the control unit. The HLC and LLC PW As 
are located within the same card rack as the digital processor PW As but. are 
functionally part of the control system. 

5-3 SUBSYSTEM FUNCTIONAL DESCRIPTION 

The subsystem is divided into three main functional units (Figure 5- 0: control 
system, analog system, and digital processor. 

5-4 Control System 

The control system consists of the control unit, the HLC, and the LLC. The 
keyboard CPU receives operator selections from the keyboard switch mounting 
PW A and receives analog coordinates from the joystick. It formats the information 
and sends it to the control processor (CPP). The CPP updates the menu monitor 
display, controls the optional floppy disk drive, and passes the operator selections 
on to the HLC, via the 1/0 PW A. The HLC provides smooth interpolations between 
the operator-selected key frame states. It sends commands to the LLC at a field 
rate. 

The LLC implements HLC commands by calculating transformation parameters 
used by the digital processor PW As. The LLC consists of two microcomputers that 
process transformation parameters for alternate fields. These transformation 
parameters are sent to the vertical and horizontal address generator PWAs. The 
LLC also sends commands and control data to most of the other digital processor 
PW As. All this information is sent via a 23-bit computer bus consisting of 16 data 
lines, 6 address lines, and a strobe line. 
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Figure 5-1. ADO System Functional Diagram 
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.5-.5 Analog System 

The analog system is the analog portion of the signal system chassis. It includes 
three input PW As and three output PW As, indicated in Figure 5-1 and shown in 
more detail in Figure 5-2. 

The Comb Filter PW A separates input video into Y and chroma components; any 
trace of chroma left in the Y signal adversely affects picture quality. The Y signal 
is routed to the A/D converter. The chroma signal is applied to the Input Reference 
PWA for demodulation. A 4SC sampling clock is used to provide an exact 90° phase 
separation for the R-Y and B-Y components. The Input Reference PW A uses the 
composite video signal for regenerating various video control signals. A 27-MHz 
crystal-controlled clock, periodically lined up with H-sync, provides 2Fy and Fy. 
Timing for the entire processing system is based on Fy (13.5 MHz) and a frame 
pulse derived from it. 

The A/D converter samples Y at the Fy rate and samples multiplexed R-Y and B-Y 
signals at Fy/4. A digitized 8-bit pixel (picture element) value is produced 
separately for each Y, R-Y, and B-Y sample. The resulting fields are not tied to 
input video timing but only to Fy. Y bytes and multiplexed R-Y/B-Y bytes are sent 
over differential pairs to the digital processor. Also, R-Y, B-Y, and PLL feedback 
signals are sent to the Input Reference PW A, for phase correction. 

The digital processor provides digitized key information, which is multiplexed with 
the chroma signals. The chroma/key sequence, applied to the D/ A converter on 
differential pairs, is: B-Y, key, R-Y, key, and so forth. Also, the digital processor 
adds a ninth bit to the digitized Y signal, extending its range as needed for the H 
sync pulse. During frame vertical blanking the D/ A converter uses the bit 9 channel 
to serially transmit computer information to the VOP (Video Output Processor). Y 
input to the BIT 9 channel is disabled during this time. 

The D/ A converter provides timing delays as needed to line up the digitized Y and 
chroma/key inputs before conversion to analog. Fy, Fy/2, Fy/4, and H RESET are 
used for timing the delays and for D/ A conversions. The resulting Y, B-Y, and R-Y 
signals are applied to the VOP. The key signal is applied directly to the system 
KEY OUT connector, Jll. 

The VOP receives a color subcarrier, SC, modulates it with R-Y and B-Y, and 
combines it with the Y input. This PW A also receives a stream of bit 9 data, which 
includes chroma gain, Y gain, and SC phase values. These values are determined 
during setup mode by control unit inputs. The VOP also includes circuits that 
generate clamp pulses for Y and chroma. Transformed data is reformatted into 
composite video on this PWA, to provide the ADO System output. 

The Output Reference PW A provides a means to synchronize the ADO output to 
the equipment load. It generates a 3.58-MHz subcarrier from a reference black 
video input. This SC signal, applied to the VOP for composite video modulation, is 
phase-locked to the station reference video. 
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.5-6 Digital Processor 

Under direct control of the LLC computers, the digital processor performs the 
following main functions: 

1. Stores then modifies the source image pixel fields as required to provide 
suitable pixel frames. 

2. Performs image transformations each frame on a pixel-by-pixel basis. 

• Interpolates; moves pixels by noninteger multiples of pixel spacing. 

• Moves pixels by distances that vary throughout a frame image. 

3. Generates key data. 

4. Adds blanking, sync, and color burst gate to the fully transformed data. 

ADO special effects include translation, compression, expansion, rotation, perspec­
tive projection, and combinations of these. To accomplish these transformations at 
real time video rates, 13.5 MHz (Fy) clocking is used in conjunction with multiple 
parallel processing paths. As indicated in Figure 5-1, Y data and multiplexed 
chroma data follow separate, parallel processing paths throughout the digital 
processor. Further, each Y or chroma component is separately and sequentially 
transformed in the vertical and horizontal dimensions; while H circuits are 
processing a frame, V circuits are simultaneously processing the succeeding frame. 

Details on the digital processor will be included in a future edition of this manual • 

.5-7 ANALOG SYSTEM PWAS 

The analog system consists of the six PWAs located in the analog section of the 
signal system chassis. Refer to the analog system description, paragraph 5-5, and 
the analog block diagram, Figure 5-2. The analog PWAs are described below • 

.5-8 Comb Filter 

The function of the Comb Filter PWA is to separate the input video into Y and 
chroma components. The PWA consists of two main circuit sections: lH delay paths 
(including input processing circuits) and Y and chroma matrices. Separate block 
diagrams are presented for the descriptions of these two functions. Also, a brief 
description of comb filter theory, as it applies to this PW A, is given • 

.5-9 Comb Filter Theory 

Comb filtering is based on the spectral distributions of the Y and chroma 
components of a television signal. The principal Y frequency components occur at 
the horizontal scanning rate and its harmonics. The principal chroma components 
occur at the color subcarrier rate and within sidebands due to modulation of the 
subcarrier by the scanning rate and its harmonics. Therefore, in the chroma region, 
Y frequencies (dotted lines) and chroma frequencies (solid lines) are interleaved as 
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shown in Figure 5-3a (for partial chroma region). Comb filtering uses lH delays in 
conjunction with summing matrices to undo this interleaving, providing separate Y 
and chroma outputs. The highly simplified spectral distribution of Figure 5-3a 
includes the principal components only. However, the comb filter response is broad 
enough to handle sideband frequencies that occur at each of these spectral lines. 

Figure 5-3b shows the lH delay configuration for the Comb Filter PWA. The 
schematic notations Lt, Lm, and Lb (top, middle, and bottom lines of sheet 2 of 
schematic 1420126) are used. Figure 5-3c shows the basic Y and chroma matrix 
configurations for this PWA. The resistor values provide weighting factors of 1/4, 
1/2, and 1/4 for Lt, Lm, and Lb values at the output summing point. 

For the Y matrix, Y values are all additive, as the three lines are all in phase. 
That is, for 15.734 KHz and all multiples, the phase of the delayed signal is 
maintained for lH and 2H delays. Note that this matrix affects the Y vertical 
resolution, since Ym values are modified by Yt and Yb values. Weighted chroma 
values applied to the Y matrix cancel out to zero since the Cm chroma signal is 
180° out of phase with both lines adjacent to it. For the subcarrier frequency and 
all other odd multiples of half the line rate, the 180° phase difference between 
adjacent lines is maintained for lH and 2H delays. 

The chroma matrix uses a circuit inversion for the summed Lt and Lb inputs, 
making the chroma values additive for all three lines and causing the Y values to 
cancel to zero. In the Comb Filter PWA, additional circuits are added to the basic 
matrices to accommodate special conditions and to retain as much as possible of 
the original Y spectrum. · 

.5-10 Input Processing and lH Delay Paths 

In Figure 5-4, the top row of blocks are input processing circuits and burst phase 
circuits. The two other rows are identical lH delay paths. The circuits of this block 
diagram are described below • 

.5-11 Input Processing Circuits. Refer to sheet l of schematic 1420126. Identical 
amplifier and clamping circuits are provided for video inputs A and B. Video A 
input is applied to the U 1 amplifier. Circuit output is de-clamped to ground at back 
porch time. The CLAMP pulse, at pin 76, is inverted to close switch U3-3,4 for two 
microseconds. This charges ClO to the de level of the circuit output (Ql emitter). 
Op amp U4-l compares this level with ground and applies any correction voltage to 
adjust the Ul-4 base drive. This in turn corrects the Ql base drive, clamping the 
circuit output de level to ground. De clamping is continuous; output level is 
resampled each back porch time. 

The YID SEL signal, pin 28, selects the video A or B amplified output. A high turns 
U6-10 on, to turn U6-4 off, selecting the video A output; a low YID SEL selects the 
B video. Selected output provides a VIDEO OUT signal at pin 26, via U5-10 and 
Q26. Selected video is also applied to the sync clipper. 

The purpose of the sync clipper is to provide a reference level near the bottom of 
the range of subsequent digital coding. A normal sync pulse exceeds the negative 
digital range. A correct sync pulse is reestablished by an extended digital range, 
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following image transformation in the digital processor. The sync clipping circuit 
consists of U5-4, U5-2, Q5, and associated components. This circuit does not 
affect the video output applied to pin 26. 

Video with clipped sync pulses is applied through a noise filter, L55/C212/C213, to 
the U7 amplifier and clamp circuit. The low-impedance U7 driver provides gain lost 
in the filter. Video output, at test point 12, is de-clamped to ground at back porch 
time. The inverted CLAMP pulse closes switch U5-13,14, applying the circuit 
output de level to C44. Op amp U 10-1 applies any correction .needed to U7-6 which 
in turn corrects the U7-9 drive. Circuit output de level is continuously clamped, 
with resampling occurring each back porch time. The U7 circuit also provides a 
sync clamp output, used for automatic gain control. This function is discussed in 
the lH delay path description. 
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The output signal, Lt, is applied to the Y and chroma matrices and to the 
modulator in the first 1 H delay path. It also goes to a chroma limiter, which drives 
the burst phase switch control. The latter two circuits are used in the lH delay 
paths, and are described in conjunction with the phase error detect circuit, below • 

.5-12 lH Delay Path. The two lH delay paths are identical. Each delay path 
consists of a fixed delay of 100 ns less than lH followed by a variable delay 
controlled by burst phase control circuits. This configuration compensates for 
initial tolerances of the glass delay line and for changes in it that occur with 
temperature. The path also includes automatic gain control, so that signals of 
opposing phases within the Y and chroma matrices will be completely cancelled 
out. 

The lH fixed delay is provided by an ultrasonic glass delay line that operates at 27 
MHz. Therefore the Lt video is used to modulate a 27-MHz carrier, which is then 
applied to the delay line. Following the delay, the signal is demodulated. 

The Lt video is applied to pin 1 of modulator U 16. A buffered 2Fy (27 MHz) carrier 
is applied to pins 7 and 8. Modulated output at pins 6 and 9 is applied to Ql3 and 
Ql4, which drive the lH delay, DLl, via transformer 2T. The delayed output drives 
the Ul3 demodulator circuit via transformer Tl. Differential op amp Ul3-6,7 
applies the delayed signal to a diode detector circuit consisting of CR6, CR7, and 
T7. The demodulated signal is filtered by Ll3 and L14. 

This variable delay circuit includes transistor Q 10 and an LC delay consisting of 
L15-L18 and the CR2-CR5 varicaps. Back biasing of the varicaps by burst phase 
comparison circuits controls the delay in a range of 20 to 60 ns. (Additional fixed 
delays occur in the modulation and demodulation circuits.) The orientation of the 
varicaps, with two in each direction, cancels distortion effects due to the non­
linear varicap characteristics. 

The lH delayed signal is applied to the de restore circuit. A high gain amplifier, 
U 12, is clamped to ground at back-porch time, restoring video de level. The 
inverted clamp pulse closes switch U39-13,14, applying the output level to Ul4-5. 
A ground level corrected for input offset is applied to U 14-6. Any U 14-5 error 
voltage, held at C84, drives the circuit in a direction to clamp the output to 
ground. 

The U 12 amplifier applies the Lm signal output to the Y and chroma matrices. This 
signal is also compared to the clipped sync reference level, to provide AGC 
feedback. An inverted sync pulse closes switch U9-3,4, sampling the clipped sync 
level that occurs at test point 12. This level is compared to the Lm level at 
Ul5-2,3. The U15 output is enabled at sync time via Q12. An error voltage held at 
C8 l is applied to Q 11, which in turn adjusts the gain of amplifier U 13 in the 
demodulator. The Lm signal is therefore referenced to a level established by the 
sync clipper, as is the Lt signal. 

Ampex 1809550-03 5-9 



ADD 

Precise control of the variable delay circuit is provided by the burst phase control 
circuits. These circuits phase the Lm and Lb signals to the burst of the Lt signal. 
These circuits are (refer to Figure 5-4): 

• Chroma limiter 

• Burst phase switch control 

• Burst limit 

• Phase error detect 

The Lt signal, at TP12, is applied through the chroma limiter op amps, U8, to the 
burst phase switch control circuit. This circuit consists of two U 19 ECL flip-flops 
and transistor switch Ql5/Q16. Following the trailing edge of the CLAMP pulse, 
the U8-limited burst signal clocks Ul9-2, which then clocks Ul9-15. This flip-flop 
is wired as a one-shot. The grounded (ECL high) D input always provides a high, 
which charges Cl33, resetting the flip-flop to produce a 120 ns pulse. The pulse 
turns Ql6 on and Q15 off. Switch U23 (phase error detect circuit) is closed for 
120 ns. 

The phase error detect circuits are identical for the Lm and Lb signals. The Lm 
burst signal, limited by three U 18 op amps, clocks U31-3. The D input goes high 
when U19-2 clocks U13-3. At 120 ns the switch opens; the negative-going U31-3 
output at this point in time is stored at Cl39. This voltage provides a precise 
measure of the phase of the Lm signal. The sampled level is applied through U39 to 
control the variable delay circuit. (The COLOR PRESENCE signal from the Input 
Reference PWA must be present to close U39.) The sampled negative level is 
applied to back bias varicaps CR3 and CR5. The sample is inverted by U 17-7 to 
back bias CR2 and CR4. Exact lH delays are obtained by adjusting L23 (Lm) and 
L42 (Lb), in the burst limit circuits • 

.5-1.3 Y and Chroma Matrices 

This circuitry, shown in Figure 5-5, includes Y and chroma matrices for the normal 
mode, Y and chroma paths for the adaptive mode, a subcarrier detect circuit, and 
output select circuits. When a given level of subcarrier is detected, indicating Lt 
and Lb are out of phase, the Y and chroma adaptive mode paths are selected • 

.5-14 Y Matrix. The normal mode Y matrix includes wideband and narrowband 
circuits, the outputs of which are combined. As described in paragraph 5-9, the 
basic Y (wideband) matrix affects the vertical resolution of the image; the Y 
output includes weighted values of three successive lines (Figure 5-3c). In the 
chroma region, approximately 2 to 4 MHz, this is a necessary tradeoff for the 
combing out of all chroma components. However, the Y resolution below the 
chroma region is similarly affected in passing through the wideband matrix. Loss 
of resolution in this range is not necessary, so the narrowband matrix/filter circuit 
is used to prevent it. This circuit restores the original one-line resolution of the Y 
spectrum below the chroma region. The resistor/inverter configuration of the 
narrowband circuit (Figure 5-5) is chosen to cancel out the wideband Lt and Lb 
components in the low-pass region (2 MHz) and double the Lm component, to 
restore the single-line Y resolution. 
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Refer to schematic sheet 1. Lt, Lm, and Lb are passed through Rl95, R202, and 
R201 to the matrix summing point and applied to Ql9 and Q20. As shown in Figure 
5-3c, the luminance signal at this point consists of Yt/4 + Ym/2 + Yb/4; the 
chroma components have cancelled out to zero. The Ql9/Q20 outputs are first 
passed through DL2 and DL.'.3 to provide a 250 ns delay. This compensates for delay 
time in the Y narrowband circuit, to line up the narrowband and wideband outputs. 

The signal is then routed through the T9 and T8 phase equalizers. These circuits 
pre-equalize the signal for a low-pass filter at the output of the wideband circuit. 
Another phase equalizer, consisting of transistors U20-3, 6, and 9, and the 
associated RC network, provides equalization for DL2 and DL3. The wideband 
output is low-pass-filtered by L5-L7 and the associated capacitors. This circuit 
passes the luminance signal up to about 5.6 MHz. 

The basic Y narrowband matrix/inverter configuration is shown in Figure 5-5. Lt 
and Lb are applied through Rl96 and R203 to U26-3. The transistor circuit inverts 
the signal, which is applied back to the R211/R213 junction. Lm is applied to the 
other end of the voltage divider. Therefore the signal out of the voltage divider, 
applied to Rl63, is Ym/2 - Yt/4 - Yb/4 + chroma terms. Although the chroma 
terms are all additive, they drop out because the signal is sent through a 2-MHz 
low-pass filter. Rl63 feeds the 2-MHz filter consisting of L29, L27, and associated 
capacitors. Phase equalization is provided by T3, L 11, R99, and associated 
capacitors. 

The narrowband output, applied through R98, combines with the wideband output to 
drive U 11-2 in the normal mode. Output transistor Q8 provides the Y OUT signal at 
pin 14. Referring to Figure 5-3c, the wideband output in both the chroma region 
and below it is: Ym/2 + Yt/4 + Yb/4. The 0 to 2 MHz narrowband output is: Ym/2 -
Yt/4 - Yb/4. Therefore, in the 0 to 2-Mhz region the summed Y output is Ym, 
restoring single-line resolution below the chroma region. 

5-15 Chroma Matrix. Refer to the block diagram and schematic sheet 1. Lt and 
Lb are applied through R196 and R203 to the U26 transistor circuit, which inverts 
the summed signal. The inverted sum is applied through C 156, which passes 
everything above 1 MHz, to R209. Lm components above 1 MHz are passed through 
CI53 to R208. Referring to Figure 5-3c, the Y components cancel out, leaving 
Ct/4 + Cm/2 + Cb/4. This is applied to U37-9 to drive output transistor Q25, in the 
normal mode, providing CHROMA OUT at pin 30. 

5-16 Subcarrier Detector. This circuit detects an out-of-phase condition be­
tween the Lt and Lb signals, causing switching from normal mode to adaptive 
mode. Lt and Lb are applied through high-pass RC inputs R263/C143 and 
R265/C151 to the inverting and noninverting inputs of ECL op amp U34-3. Any out­
of-phase condition produces an output. The output is applied to a tuned circuit, 
R268/R267/Cl95/L47, which passes only the 3.58-MHz subcarrier. Op amp U34-6,7 
drives transistors U35-9 and U35-3 via T6. The subcarrier is then filtered and a de 
level is applied to comparator U36-3. When the reference level is exceeded, a low 
output is produced, switching the output select circuits to adaptive mode. 
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5-17 Adaptive Mode Circuits. Refer to Figure 5-5. The adaptive mode Y and 
chroma paths provide modified outputs that are preferable to those obtained from 
out-of-phase Lt and Lb signals. In the chroma adaptive path, Lm is applied through 
Cl54 and R275 to U37-2. Frequencies below 1 MHz are rejected by this RC input, 
reducing much of the luminance input. U37-11 is off in adaptive mode, and U37-2 is 
on. The inverted Lt + Lb sum is also applied to U37-2 through about 6K of 
resistance, R209, R208, R281, and R284. This further decreases the remaining 
luminance input of Lm. The resulting signal drives Q25, via U37-2, to produce the 
adaptive chroma output. 

In the Y adaptive path, Lm is applied through Rl62 to a 2-MHz low-pass filter to 
remove all chroma (and high frequency Y). The filter and phase equalizer circuit, 
L26, L28, L9, Tll, and associated components, is identical to that used for the 
narrowband portion of the Y matrix. In the adaptive mode, Ull-3 is turned off, 
turning U 11-2 off and turning U 11-9 on. The Y path output is applied to U 11-9 to 
drive output transistor Q8, providing a Y OUT signal of 2-MHz bandwidth. 

5-18 Input Reference 

The two main functions of this PW A are generation of video timing signals and 
demodulation of the chroma components. Separate block diagrams are presented 
for the descriptions of these two functions. The timing signal circuits are shown on 
sheet 2 of schematic 1420077. The demodulation circuitry is shown on sheet 3. 

5-19 Video Timing Signals 

The comb filter video output (Figure 5-6, and schematic sheet 2) is received at pin 
26. VIDEO IN is applied through a buffer amplifier, Ql/Q2/Q3, to a low-pass filter 
consisting of L2, L3, and C4-C7. The video signal at test point 4 is applied to the 
video control circuit via the sync separator and is also applied to the sync sampling 
circuit. Block diagram circuits are described below. 

5-20 Video Control. The sync separator circuit, Q5/Q6/U4, provides positive 
composite sync pulses (U4-12) to the video control circuit. This circuit consists of 
one-shots U5-13, U7-13, U7-5, U25-5, U25-4, and associated gates. These one­
shots and associated gating provide the following control signals: 

• The U25-12 output is gated (U37-11, U22-3) to provide a low-going 1.9-µs 
CLAMP pulse that begins 0.5 µs after the trailing edge of sync. This is used 
by the Comb Filter PW A for back porch clamping. A low-going 820 µs pulse 
from U25-4 disables CLAMP during approximately the first thirteen lines of 
vertical blanking. U25-4 is triggered by the first narrow sync pulse (U 17-5), 
during the 3.4 µs output of U 19-5. 

• The U25-12 output is also inverted, to provide a positive 1.9 µs BURST 
GATE pulse that begins 0.5 µs after the trailing edge of composite sync. 

• U5-4 controls the DSl LED, holding it OFF if sync is present at least once 
every 470 µs. 

• The gated U7-13 output provides a low-going 1.3 µs pulse, SYNC STROBE, 
coincident with the composite sync output. This signal is also disabled 
during the first thirteen lines of vertical blanking. 
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• The U7-5 output is inverted to provide a low-going 0.5 µs pulse, also called 
CLAMP, that begins at the trailing edge of composite sync. This pulse is 
used only in the A/D converter chroma feedback circuit, for clocking • 

.5-21 Sync Sampling. The VIDEO IN sync is used to phase the 27-MHz oscillator, 
which provides basic timing for the analog and digital systems. A very accurate 
determination of sync timing is required. The sync sampling circuit provides this by 
sensing the midpoints of the leading and trailing edges of sync. 
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Sync tip voltage at TP4 (less de drops) is sampled by C16 via switch U6, pins 1 and 
15. A positive composite sync pulse at U7-13 actuates the switch. At back porch 
time pins 3 and 4 are switched by a 1.9 µs burst gate pulse from U25-5; C 15 
samples the top of. the sync pulse (less de drops). The two samples are routed 
through op amps to the R32/R33 voltage divider, to apply a 50% reference value to 
U 17-2. At the next sync pulse, U 17-7 switches low as the sync pulse (less de drops) 
passes its midpoint voltage. Similarly, Ul7-7 switches high as the sync trailing edge 
passes the midpoint value. The regenerated sync at U 17-7 is applied to the frame 
detector circuit. The U 17-5 inverted pulse is used to clock U25- l in the video 
control circuit. 

The U 17-5 inverted output also triggers one-shot U 18-6, which drives the H-phase 
detector. The one-shot provides a 42 µs output, to eliminate 2H pulses; during 
vertical blanking alternate narrow or broad pulses are ignored. When U 18-6 goes 
high, an RLC delay holds U28-9 low for about 40 ns, providing a positive H rate 
pulse to the ·H-phase detector. 

5-22 Frame Detector. . The purpose of this circuit is to count the six pre­
equalizer pulses each vertical blanking time, to produce a reset load pulse for the 
frame timing circuit. Regenerated sync pulses from U 17-7 are applied to serial 
shift register U20 and to one-shot Ul9-9. The trailing edge of the Ul9-12 pulse 
clocks U20 3.4 µs later; only narrow sync pulses (2.3 µs) cause ones to 
be shifted into U20. The six pre-equalizing pulses cause all ones to be applied to 
U26, and U26-8 goes low. At the next sync pulse this low is clocked into U27-2, and 
the trailing edge of Ul8-1 clocks the resulting high into U27-l2. This applies a 
reset pulse to the frame timing circuit. Also, the first broad pulse drives U26-8 
high, clocking U 19-2. A 700 µs low-going output at U 19-4 holds U26-8 high for 
about eleven lines, so post-equalizing pulses won't produce a reset. 

The U 19-5 output is used by the video control circuit, at U25-2. The 3.4 µs output 
is clocked into U25 only by the first pre-equalizing pulse; H sync pulses are too 
wide to clock it in. The 820 µs output at U25-4 lasts almost thirteen lines. This 
one-shot isn't triggered again until the start of the next vertical blanking interval. 

5-23 H Phase Detector. The H-phase detector compares the phase of the H-rate 
reference from the sync sampling circuit with the phase of a 27-MHz oscillator 
feedback value. The H-reference pulse drive&_ the Q7/Q8/T1 circuit. The output 
diode bridge is returned to a feedback-controlled ramp voltage at the Q 10/Q 11/C 12 
junction. Any phase difference produces a correction voltage, locking the 27-MHz 
oscillator to the reference H-pulse. 

5-24 27 MHz Oscillator. The crystal-controlled oscillator uses varicap CR24 for 
phase correction. An error voltage from U8-7 controls the Q13 circuit to 
momentarily vary the CR24 capacitance. The 27-MHz output is routed to the Comb 
Filter PWAvia an ECL line driver (Ul3). Also, Ul5-6 divides the 27-MHz output, 
and applies 13.5-MHz clocking to the H-rate timing circuit. The 13.5 MHz-signal is 
also routed to the A/D converter, via an ECL line driver (U 13). 

If input sync is lost for more than 470 µs the U5-4 output closes switch 48. This 
grounds the R49/R67 junction, stabilizing the oscillator at a nominal input level. 
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.5-2.5 H Rate Timing. The H-rate timing circuit consists of counters U9-U 11 and 
flip-flops 024-lo. Inputs are wired for dividing the 13.5-MHz clock by 857, to 
produce a carry output at Ull-15. Count 858 is used to reload the counters. The 
U24-10 H-rate signal goes to the input reference demodulation circuit. The U24-11 
output activates the ramp flyback counting circuit • 

.5-26 Ramp Fly'back. This circuit controls the ramp generator, by digitally 
controlling transistor Q9 of that circuit, and also provides an H-reset output. The 
ramp flyback circuit consists of counters U31 and U32 and flip-flops U24-1.5, 2, 7 
and U15-9. 

The H-rate timing circuit presets U15-10 at count 858, and the ramp control 
output (Ul.5-8) goes low. Counters U30 and U31 count to 131, which clocks Ul5-9 
low, resetting the counters; the ramp control output (U15-8) goes high. During the 
counting a U30-12 H output occurs at count 64. This produces a 74 ns positive H 
reset output at pin 53. 

Ramp flyback starts at count zero of U30/U31 and ends at count 131. The H reset 
output is set to occur at pin 53 when the midpoint of the ramp is reached. Flip­
flops U24-15, 2, and 7 provide a timing delay • 

.5-27 Ramp Generator. The ramp generator provides an H-rate 4 Vp-p ramp, 
nominally centered at zero Volts. An H-phase adjustment circuit, consisting of 
potentiometer R 192 and associated components, determines the level at which the 
ramp is centered. The ramp occurs at the Ql0/Qll/Cl2 junction, applying a 
feedback level to the H-phase detector diode bridge. At count zero of the ramp 
flyback circuit a low is applied to the base of Q9, turning QlO on, and the ramp 
starts down (flyback). At count 131 of the ramp flyback circuit a high is applied to 
the Q9 base, turning QlO off. The ramp starts up from the -2V level, reaching a 
+2V level at count 858 of the H rate timer. When the oscillator is phase locked, the 
H reference pulse at Q7 occurs as the ramp flyback crosses the zero level. The H 
reset signal at pin 53 occurs at this time too • 

.5-28 Frame Timing. Frame timing counters U 1-U3 are clocked by the H-rate 
signal from the ramp flyback circuit. Inputs are wired for divide by 525. A frame 
output is applied to U23-2 and is clocked 74 ns later. The 63.5 µs positive FRAME 
pulse from ECL driver U29-14,15 is routed to the digital processor. The frame rate 
counter is initialized by clocking of a load pulse initiated by the frame detector. 
Subsequent load pulses are supplied by the frame outputs • 

.5-29 Demodulation 

Chroma input from the comb filter (Figure 5-7, and schematic sheet 3) is received 
at pin 30. CHROMA is applied through a band-pass filter, L8-L10, C54-C60, and 
associated components, to reject noise. From test point 1, the chroma signal is 
applied to the burst limit and gate circuit, via R82. The chroma signal is also 
applied to the B-Y and R-Y demodulators, via Ql6/Ql7. The block diagram circuits 
are described below. 
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Figure 5-7. Demodulation Block Diagram 

.5-30 Burst Limit and Gate. This circuit passes two color burst cycles to the 
phase detector, for use in phasing the 4SC oscillator. The burst cycles are limited 
by U33-6,7 and are gated by the U37-8 output. The gating logic consists of shift 
register U39, U37-8, U32-5,7, and inverters. Shifting is clocked by burst cycles via 
U32-7. Input pin 1 of the shifter is normally high. Input pin 2 is high during burst 
gate time (except in the first thirteen lines of the vertical interval). Therefore 
U37-8 is low between the fifth and seventh burst cycles (positive transitions). This 
gates two cycles of the color burst (U 33-7). The sampled cycles are applied through 
U33-2,3 and Q24/Q25 to T5 of the phase detector. 
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5-31 Color Presence. The U32-5 output is strobed by the BURST GATE pulse. 
The resulting color burst output pulls C 123 low. This point normally remains low, 
because of the 100 ms time constant, providing a continuous low at U36-6. The 
DS4 LED is held off, indicating that burst is present. A positive COLOR 
PRESENCE output occurs at pin 79. 

5-32 Phase Detector. The limited burst cycles applied to the Q24/Q25 circuit 
provide narrow sampling pulses at T5. The U35-14 feedback signal is applied to the 
Q20 circuit, producing a sine wave. This sine wave is phase shifted by the Color 
PLL Feedback signal from the A/D converter and is applied to the diode bridge. It 
is sampled by the T5 narrow pulses, producing a phase error voltage. This is fed to 
the 4SC oscillator, phase-locking it to color _burst. 

5-33 4SC Crystal Oscillator. The 4SC oscillator circuit is configured in the same 
way as the 27-MHz oscillator (schematic sheet 2). Any error voltage at TP6 
controls the CR26 capacitance, locking the oscillator to the sample color burst 
cycles. Since a 4SC frequency is provided, the U 35-2 and U 35-15 flip-flops apply 
subcarrier pulses to the two demodulators at exactly a 90° phase difference. 

5-34 B-Y Demodulator/LPF/Phase Equalizer. The U35-3 subcarrier output is 
applied via transformer T4 to pins 7 and 8 of demodulator U34. The chroma signal 
is applied at pin 4. The demodulated B-Y output at pin 6 is fed through low-pass 
filter C68-C75/L15-L17 to remove harmonics. Phase equalization is then provided 
by the T3/L 14 circuit. (Jumper J 1 is normally removed; it is inserted only during 
factory test procedures.) Q 18 provides output drive for the B-Y signal. 

5-35 R-Y Demodulator/LPF/Phase E ualizer. The basic circuitry is identical to 
that for B-Y demodulation. J3 is normally removed; it is inserted only during 
factory test procedures.) However, the subcarr ier output from U 35-15 is phased 
exactly 90 ° behind the B-Y subcarrier. Also, this signal is applied through an 
additional transformer, T6, and a diode bridge, controlled to provide alternating 
180° phase shifting in PAL usage. The B-Y and R-Y outputs at pins 60 and 64 are 
routed to the A/D converter. 

5-36 A/D Converter 

This PW A (Figure 5-8) converts R-Y, B-Y, and luminance inputs into 8-bit digital 
outputs and applies them to the digital processor. Y is sampled at the Fy rate, 13.5 
MHz. Each chroma component, R-Y and B-Y, is sampled at Fy/4. The R-Y and 
B-Y outputs are multiplexed. Also, feedback signals for R-Y, B-Y, and a phase 
lock loop are generated and sent to the Input Reference PW A. 

The R-Y, B-Y, and Y samples for digitizing must be coincident in time. However, 
in order that R-Y and B-Y can be multiplexed through an A/D converter IC, the 
R-Y analog input is delayed by one Fy/2 period, then digitized. In other words, B-Y 
is digitized and 148 ns later the R-Y sample originally coincident with that B-Y 
sample is digitized. 
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Also, because of a difference in propagation time, the Y analog signal is ahead of 
the chroma analog signal. Therefore Y is digitized and then stored in RAM for the 
delay time needed to line it up with the chroma outputs. The circuit blocks are 
described below. 
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5-.37 Chroma Path 
Refer to sheet 2 of schematic 1420070. The R-Y input, at pin 64, is applied to the 
Ql6 buffer circuit then to a low-pass filter, L9/L10/C92/C76/C77. This filter also 
delays the signal by one Fy/2 period (148 ns). The U35/Ql5 driver amplifier applies 
the delayed R-Y to the base of Ql2, which drives A/D converter U28, via R94. 
Similarly, B-Y, at pin 60, is applied through a buffer and low-pass filter (no delay) 
to driver amplifier Ul9/Q9. This circuit drives Qll, to apply B-Y to the A/D 
converter. 

Qll and Ql2 are alternately turned off, multiplexing R-Y and B-Y. The Q13/Ql4 
circuit, driven by an Fy/4 square wave from U24-2, turns Qll and Ql2 off for 
alternate 148 ns periods. A/D converter U28 receives an Fy/2 square wave from 
U29-13 at the CONVERT input, pin 30. CONVERT goes high, causing conversion, 
during the first 74 ns of each multiplexed R-Y and B-Y input time. 

The U28 voltage reference input, pin 22, receives a CHROMA GAIN value from the 
video output processor. This gain value adjusts the digital output level as needed. 
The negative 6V supply input, at pins 47-50, is provided by the Q7/U18 regulator 
circuit. This circuit uses a +2V reference signal from the Ul3 voltage regulator IC. 
The Q7/Ul8 circuit also drives the Q6/U17 circuit, which provides a -2V reference 
level to the Video Output Processor PW A. 

The 8-bit digitized outputs are applied through TTL to ECL differential drivers, 
U25 and U30, to the digital processor. One R-Y value and one B-Y value are 
provided during each 296 ns period. 

5-.38 Fy Logic and Feedback Latches 
The Fy logic circuit consists of ECL flip-flops, U24, and ECL to TTL translators, 
U29. U24-15 is clocked at 13.5 MHz, from U8. The divide-by-two output drives the 
U28 CONVERT input, via U29, and clocks U24-2. The U24 Fy/4 output drives the 
Ql3/Q14 multiplex switch and provides two square waves of opposite polarity to 
the feedback latches. The U24 flip-flops are reset each line by H RESET, pin 53. 

The feedback latches use the most significant bit from U28 for R-Y and B-Y 
feedback. The bit is clocked each 148 ns, into U26-12 or U26-2, and applied to U27-
12 or U31-12. These latter two flip-flops are clocked at back porch time, when the 
pin 39 CLAMP pulse goes low for 0.5 µs. At this time the midrange chroma value 
should be just below the level at which the MSB goes high. The resulting feedback 
levels provide the correction needed at the demodulator outputs, on the Input 
Reference PW A. 

BURST GA TE provides clocking for the phase lock loop feedback level. The 
positive going BURST GATE pulse is clocked into shift register U20. At count 
eight, the chroma MSB is clocked into U27-5. The feedback signal is applied to the 
chroma phase detector, on the Input Reference PW A. The count eight pulse from 
U20 also clocks a clamp circuit in the luminance path, described below. 

5-.39 Y Path 
The Y input at pin 14 is first applied to the U9 amplifier. (Note that the pin 14 Y 
input is designated F on some schematics.) The signal is amplified, low-pass­
filtered, and applied to driver amplifier Ql/Q2/Q3, which drives the U5 A/D 

5-20 Ampex 1809550-03 



ADC 

converter. The U5 CONVERT input is enabled at the Fy rate. The digitized outputs 
are written into the delay RAM and are also used in a de restore circuit. 

The delay RAM consists of two 16 x 4-bit ECL register files, U7 and U 16. The A/D 
converter outputs are applied to the RAM via TTL to ECL drivers U 12 and U8. On 
the positive-going half of each Fy pulse at U 1-9, the RAM read outputs are 
available. On the low-going half of each Fy pulse at U 1-9, the read outputs are 
clocked into ECL flip-flops U 6, U2, U 14, and U 10, and the next 8-bit byte is 
written into RAM. 

The RAM addresses are generated by ECL counter U3. A hardwired value is applied 
to the D inputs to determine the delay period. The value of two, shown in the 
schematic, provides a delay of three Fy periods. After the hardwired two is loaded, 
the cou.nter decrements at each count, and reloads on reaching the terminal count 
output. Therefore, during a read cycle, a byte is accessed three Fy periods after it 
is written into RAM . 

.5-IJ.O DC Restore 

This circuit consists of adders U4 and Ul6, flip-flop Ul5, and op amp U22-l. It 
clamps the Y de level to a blanking value of binary 16 at back porch time. A signal 
from shift register U20-13, in the feedback latch circuit, provides the back porch 
timing pulse to clock U 15-11. Adders U4andU16 check the A/D converter Y level. 
A binary 16 produces a U 16 carry, and flip-flop U 15 provides a positive feedback to 
U9-2 in the Y amplifier. A value less than 16 produces a negative feedback, 
adjusting the gain as needed . 

.5-IJ.l D/A Converter 

The D/ A Converter PWA (Figure 5-9) converts the transformed image data from 
the digital processor into analog signals and sends them to the video output 
processor. The D/ A converter receives nine Y bits and eight multiplexed chroma/ 
key bits. The ninth Y bit channel is time-shared by Y data and control unit 
information that includes Y gain, chroma gain, and SC phase values. 

Because of differences in propagation times through the digital processor, the Y 
data is passed through a delay RAM to line it up with the chroma data. Also, the 
key analog output is passed through a 750 ns delay. 

Refer to the D/ A converter block diagram, Figure 5-9. The circuit blocks are 
described below • 

.5-IJ.2 Y Path 

Refer to sheet 1 of schematic 1420426. The nine incoming Y bits are applied 
through ECL line receivers U28, U31, and U18 to the delay RAM. On the positive­
going half of each 13.5-MHz pulse at U 18-3, the read outputs are available at the 
U32 D/ A converter inputs. On the low-going half of each clock pulse at U 18-3, the 
RAM outputs are clocked into U32 and the next nine bits are written into RAM. 
The ninth bit is applied to U 32 via U 19-2, and requires a high MS DISABLE for 
gating. 
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The RAM addresses are generated by ECL counter U 17. A hardwired value is 
applied to the D inputs to determine the delay period. The value of eight, shown in 
the schematic, provides a delay of nine 74 ns periods. After the hardwired eight is 
loaded, the counter decrements at each count, and reloads on reaching the terminal 
count output. Therefore during a read cycle, a 9-bit RAM output is accessed nine 
clock periods after it is written into RAM. 

5-22 Ampex 1809550-03 



ADO 

The digital ninth bit, Fl, is also routed to the vertical output processor, to provide 
computer information on Y gain, chroma gain, SC phase, and other system 
parameters. The information is sent during the last half of vertical blanking, 
between sync pulses. During this transmission, the U 19-2 output is disabled, to 
block the data from the D/A converter. The rest of the time the ninth Y bit 
provides the extra digital range required to regenerate sync pulses. 

The Y data is converted to analog at a 13.5-MHz rate. The U32 pin 7 output is 
passed through a 150 ns delay, DL3, and applied to a low-pass filter., C 117-126/L 14-
16. It is applied through the Ll7/Ll8/T4 equalizer circuit to an output amplifier 
consisting of U38, QI, and associated components. Y OUT, at pin 43, is routed to 
the video output processor. 

5-43 Chroma Path 

Refer to the D/ A converter block diagram and to sheet 2 of the schematic. Eight 
chroma/key bits, C0-7, are received from the digital processor via ECL line 
receivers U6 and U8. The sequence of the multiplexed chroma/key data is key, B­
Y, key, R-Y, key, and so forth, each data value occurring for 74 ns. The Ull 
demultiplex clock provides selection of the data at a 74 ns rate in the following 
sequence: 

• Key is clocked into U23 

• B-Y is clocked into delay latch U9/U3 

• Key is clocked into U23 

• R-Y is clocked into U14 and B-Y (delay latch output) is clocked into U7 

• Key is clocked into U23 

B-Y is delayed two intervals, 148 ns, so the B-Y and R-Y analog outputs will be 
coincident. The RESET signal, pin 62, provides a line reset to the clocking circuit. 

The key analog signal, U23-7, is passed through DLl and DL2, for a delay of 750 ns, 
to line it up with the chroma outputs. It is then applied through low-pass filter 
Lll/L12 and associated capacitors and through the L13/L19/L20/T3 equalizer 
circuit. The U27 output amplifier provides the KEY OUT signal, pin 44, which is 
routed to the video output processor. Referring to sheet 2 of the schematic, it is 
seen that the R-Y and B-Y analog signals are passed through identical low-pass 
filter, equalizer, and amplifier circuits and routed to the VOP. 

5-44 Output Reference 

The Output Reference PW A (Figure 5-10) generates a 3.58-MHz subcarrier that is 
phase-locked to a reference black video input. The SC signal is applied to the video 
output processor for encoding the color difference signals. A composite sync signal 
is also generated from the reference black input. It is routed to the output control 
PW A, via the H processor, for possible use in comparing the ADO System phase and 
station reference phase. 
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5-lf 5 Sync Separator 

Refer to schematic 1420371. The reference black video input, pin 26, is applied 
through the U4 amplifier and a low-pass filter, Ll/L2/Cl5/Cl6/C7, to the sync 
separator circuit. The low-going sync pulse at TP 1 is applied through Q3 to a sync 
sampling circuit consisting of U 12, U 11-1, U 11-7, and U7-7. 

The sampling circuit provides an accurate determination of sync timing by sensing 
the midpoints of the leading and trailing edges of sync. The TP 1 sync tip voltage is 
sampled by C23 via switch Ul2, pins 1 and 15. A positive composite sync pulse at 
U6-13 actuates the switch. At back porch time, pins 3 and 4 are switched by a 1.6 
microsecond pulse from U2-5; C24 samples the blanking level. The two samples are 
routed through op amps to the R27/R28 voltage divider, to apply a 50% reference 
value to U7-2. At the next sync pulse, U7-7 switches low as the sync pulse passes 
the midpoint value. Similarly, U7-7 switches high as the sync trailing edge passes 
the midpoint value. The regenerated sync at U7-7 provides the COMP SYNC 
output, pins 30 and 29, via ECL line driver U 17-2,3. 

The TPl composite sync pulse is passed through Ql and Q2 and is inverted at U5-6. 
The trailing edge of this positive sync pulse triggers a 0.5 µs output at one-shot 
U6-5. The trailing edge of this one-shot output triggers the back porch output, U2-
5, 12. The positive U5-6 sync pulse also triggers the sync present detector, Ul-12. 
The 470 microsecond Ul-12 output holds the DS2 LED off, indicating the presence 
of sync. DS2 remains off unless sync is missing for at least 470 microseconds. 
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5-46 Burst Limit and Gate 

This circuit passes two color burst cycles to the phase detector, for use in phasing 
the SC oscillator. The reference black video input is applied to the circuit via the 
U4 amplifier and a bandpass filter consisting of L3-5 and the associated capacitors. 
Burst cycles are limited by U 17-6,7 and are gated by the U9-8 output. Gating logic 
consists of shift register U8, U9-8, Ul3-7, and an inverter. Shifting is clocked by 
burst cycles via U 13-7. A and B inputs are held low by the 1.6 µs back porch pulse 
(U2-12) during the beginning of the color burst. Shifting begins when A and B go 
high, producing a U9-8 low-going output at counts 6 and 7. This gates two cycles of 
limited burst, which are applied through U 17-15 to the Q4/Q 5 circuit of the phase 
detector. 

Also, the U 13-5 output, strobed by U2-5 for 1.6 microseconds at back porch time, 
provides the burst cycles needed to indicate burst is present. The U 13-5 output 
pulls C28 low. This point normally remains low, because of the 100 ms time 
constant. The DSl LED is held off, indicating that burst is present. 

5-47 Phase Detector 

The limited burst cycles applied to the Q4/Q5 circuit provide narrow sampling 
pulses at T 1. An SC feedback signal applied to the CR8-l l diode bridge is therefore 
sampled by the narrow pulses from T 1, for detection of any phase error. A phase 
error voltage is applied to the SC oscillator circuit via U 18-1. 

5-48 3.58 MHz Oscillator 

The crystal-controlled oscillator uses varicap CR12 for phase correction. An error 
voltage from U 18-1 changes the CR 12 capacitance, phase locking the oscillator to 
the reference input color burst. The Q6 output drives T2 to provide an SC signal to 
the video output processor, for composite video use. The Q6 output also provides 
the phase feedback signal to the phase detector. 

If color burst is not present, U 14-1 is low, and switch U 12-12, 14 closes. This 
stabilizes the oscillator circuit at a nominal capacitance value • 

.5-49 Video Output Processor 

The Video Output Processor (VOP) (Figure 5-11) receives the color subcarrier, 
encodes it with R-Y and B-Y, and combines chroma and Y to provide the ADO 
System composite video output. The PW A also receives computer data consisting of 
control unit values of Y gain, chroma gain, and burst phase. Refer to the VOP block 
diagram, Figure 5-11. The digital circuits are shown on sheet 1 of schematic 
1420073. The analog circuits are shown on sheet 2. The VOP circuits are described 
below. 

5-50 Digital Circuits 

These circuits receive a data stream burst, via the bit 9 channel, during the last 
half of vertical blanking. Refer to schematic sheet 1. The data is applied through 
serial-to-parallel shifter U4, at a 13.5 MHz rate. Latching of successive bytes from 
U4 is initiated by 1010 coding of the four MSBs, A4-A7. 
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The decoding circuit consists of Ul-8, counters U2 and U7, flip-flops U3, and 
decoder U9. A 1010 code produces a U 1-8 output that loads counters U2 and U7 
with preset values. The 13.5-MHz clocking sequences the U2/U7 outputs to drive 
the U3/U9 decoder circuit. Sequencing of latches U 11-U 15 stores the chroma gain 
byte in U 15, the Y gain byte in U 14, and the burst phase bytes in U 13 and U 12. 
These four latch outputs are applied to D/A converters U21-Ul8. Also, a video 
select bit, A7, is latched into U 11 and applied to the comb filter via output pin 16. 

The chroma gain analog value is sent to the A/D Converter PWA via U27-l. The Y 
gain analog value is sent to the comb filter via U27-7. A -2V reference level at pin 
44 is provided by the A/D Converter PWA. The burst phase values are applied to 
the phase shifter circuit. 

A carry-out signal from counter U7 provides a U3-5 pulse that is routed to the D/ A 
Converter PWA via U23-7. This allows gating of the bit 9 Y data, on the D/ A 
Converter PW A. During sequencing of U2 and U7 a low U3-5 output inhibits bit 9 Y 
data, on the D/ A Converter PW A. 

The U 1-8 output also loads a divide by 858 line counter, U 5/U 1O/U16, with preset 
values. An 857 output is applied from U 38-8 to flip-flop U 39-6, and produces an H 
RESET output at the 858th clock pulse. This resets the demultiplex clock on the 
D/ A Converter PW A. 

5-.51 Analog Circuits 

The color subcarrier from the Output Reference PW A is applied at pins 32 and 36 
to Tl. Line receivers ~provide limiting of the SC signal. Transformer T2 applies 
SC to the carrier inptlts of the sine sychronous detector, U~ The subcarrier is 
phase-shifted 90° by the L3/C.nf circuit, and applied to thtf cosine synchronous 
detector, U~Used in this wayf~~and U»,can phase shift the subcarrier by up 
to 360°, as3tontrolled by the two' t?&st ph~s'e values from the control unit. The 
merged lJ2ti/u~ SC output is applied through the T4 resonant circuit and through 
limiters uJi'to"T3. 

J-i 
The phased SC, at T4, is applied to the carrier inputs of the R-Y modulator, U31. 
Also, it is phase-shifted 90° by the L4/C76/C77 circuit and applied to the carrier 
inputs of the B-Y modulator, U35. 

The R-Y input, pin 82, is amplified by the Q24-Q26 circuit and routed to the pin 1 
signal input of modulator U 31. The B-Y input, pin 84, is amplified by the Q46-Q48 
circuit and routed to the pin 1 signal input of U35. Also, a 7 .8-KHz input, pin 85, is 
applied to the Q41/Q42 switching circuit to provide PAL phase inversion when 
jumper J 1 is in the PAL position. The B-Y and R-Y modulated signals are merged 
and applied through the Q62/Q63 amplifier to the chroma level control, R238, 
where it is combined with the luminance signal. 

The R-Y and B-Y amplifier circuits include clamping of the color components 
during sync time. The U29-13 one-shot output from the sync separator circuit is a 
1.9-µs positive pulse occurring at the leading edge of sync. It is used to strobe op 
amps U30-5 and U36-5, via Q60 and Q61. The op amps compare the circuit outputs 

Ampex 1809550-03 5-27 



ADD 

to ground, when strobed. This generates correction signals to clamp the de outputs 
to the chroma mid-level value. Switch U33 is also closed by the clamp pulse. This 
causes sampling of the clamped de levels by C72 and C73. In conjunction with R235 
and R237, these capacitors provide the modulator pin 4 signal inputs. 

The Y signal, at pin 78, is amplified by the Q50-Q52 circuit and merged with the 
chroma signal, at R238. The amplified Y also drives the Ql4-Q17 sync separator 
circuit that pulses U29-l and U29-10. The U29-5 one-shot output is a 3.8-µs 
positive pulse occurring at the trailing edge of sync. (Note that the pin 10 
noninverting input is shown as inverting, on some schematics.) This pulse strobes 
U37-5 in the Y amplifier, each back porch time, causing clamping of the TP5 de 
output to ground. 

The VOP composite output amplifier, Q43-Q45, amplifies the merged Y and chroma 
signal. The signal is applied through the L5/C84 filter to output amplifiers that 
provide the ADO System COMP OUT 1 and COMP OUT 2 outputs • 

.5-.52 CONTROL SYSTEM PW AS 

These PW A descriptions are divided into the three functional groups of the control 
system: keyboard unit, menu monitor, and computer PW As. Refer to Figure 5-1. 

.5-.53 Keyboard Unit 

This unit includes the Keyboard Switch Mounting PW A and the Keyboard CPU 
PWA. Functional and circuit descriptions are given below • 

.5-.54 Keyboard Unit Function 

The Keyboard Switch Mounting PW A (Figure 5-12) regularly scans the keyboard 
switches for closures. Each field time the Keyboard CPU PW A reads the switch 
closure data from the Keyboard Switch Mounting PWA. The CPP tells the keyboard 
CPU which keyboard lights to turn on; the keyboard CPU passes this data to the 
Keyboard Switch Mounting PW A. Meanwhile, the keyboard CPU continually re­
ceives X, Y, and Z axis analog signals from the control unit joystick, and converts 
them to digital form. The keyboard and joystick data is formatted by the keyboard 
CPU and sent in serial form to the Control Processor (CPP) PWA in the menu 
monitor, each field time • 

.5-.5.5 Keyboard Switch Mounting 

Refer to sheet 2 of schematic 1420183. The 48-switch keyboard is scanned by 
decoder U 1 and keyboard interface chip U 11 for switch closures. U 11 is enabled 
(KEY) and clocked (AD CLK) by the keyboard CPU. It checks for switch closure 
ground levels on successive keyboard matrix rows. It sequences decoder U 1, which 
applies a ground level to successive keyboard matrix columns. DO-D7 key closure 
data is read on the data bus by the keyboard CPU each field time. 

Subsequently, the keyboard CPU sends switch lighting data (initiated by the CPP) 
to the keyboard light control circuit of the Keyboard Switch Mounting PWA. This 
circuit consists of three 8255A peripheral interface chips and nine Darlington 
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transistor arrays, U2-Ul0. The 8255As are enabled and controlled by signals from 
the keyboard CPU. U 12-U 14 drive the selected DS1-DS48 lights via the transistor 
arrays. A bright or dim illumination is selected by shunting or using the 300 ohm 
series resistor located at each light. 

5-.56 Keyboard CPU 

Refer to sheet 2 of schematic 1420186. U8 is a Z80A 8-bit microprocessor. It 
receives keyboard data (keyboard switch mounting), digitized joystick data, CPP 
data from the DART (Dual Asynchronous Receiver/Transmitter), program instruc­
tions from the U5 EPROM, and data from the U3 RAM. Under control of the U5 
program it formats keyboard and joystick data into data packets and applies them 
to the DART. The microprocessor and the DART are clocked at approximately 2.5 
MHz. Pins 19-22, and 27, of the microprocessor provide control signals to cycle the 
DART, in transmit or receive mode. Two address bits from U8, AO and Al, provide 
DART channel-select and control/data select inputs. The DART is wired for use of 
channel A only. Address bits A2-A4 and IORQ (Input/Output Request) are applied 
through decoder U20 to determine when the DART is enabled, by a low at pin 35. 
This decoder also provides the KEY and P 1-P3 outputs used by the Keyboard Switch 
Mounting PW A. 

The bidirectional data bus is passed by U21 under control of the microprocessor 
control outputs, gated by U 18-11 and U 17-8. Address drivers U6 and U7 and control 
signal driver U22 are wired for output mode only. 

RAM U3 is a 2K-by-8-bit static memory. It is controlled via decoder U 19 and the 
microprocessor write control output. U5 is a 4K-by-8-bit EPROM enabled via 
decoder U 19. U4 is an optional 4K-by-8-bit PROM position for future use. 

The A/D converter, U15, is addressed on three lines, AO-A2, for selection of up to 
eight analog inputs. Only three analog inputs, pins 26-28, are utilized. The X, Y, 
and Z axis inputs are multiplexed, to provide multiplexed 8-bit data outputs, DO­
D7. Logic gating is provided for microprocessor address and control bits to start 
A/D conversion (Ul6-13) and to enable the output data (Ul7-6). The Ul5 A/D 
converter is clocked at one-fourth the microprocessor clock rate. 

The keyboard CPU clock circuit consists of a crystal-controlled oscillator, U24, 
operating at 4.9152 MHz. A divide-by-two flip-flop output, U 13-5, is inverted to 
clock the microprocessor at approximately 2.5 MHz. This signal is divided-by-two 
by counter U9 to provide the A/D clock rate of approximately 1.2 MHz This signal 
is also routed to the Keyboard Switch Mounting PW A to clock the keyboard 
encoder. 

5-57 Menu Monitor 

The two menu monitor PW As are the control processor (CPP) and input/output 
(I/O). These PW As operate as a single functional unit, although two PW As are 
required to hold all the circuitry. As shown in Figure 5-1, the CPP communicates 
with the keyboard unit. The CPP also communicates with the HLCs, via the 1/0. 
Functional and circuit descriptions of the CPP and 1/0 are given below. 
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.5-.58 Menu Monitor Functions 

In the Menu Monitor (Figure 5-13), the CPP and 1/0 functions are controlled by a 
processor system consisting basically of a Z8002 microprocessor, a program PROM 
and a 128K RAM. The primary function of the menu monitor PWAs is to send 
properly formatted keyboard unit data to the HLC, on a field basis. 

A field update request from the HLC is received via the appropriate channel UART 
in the 1/0, generating an interrupt to the Z8002. The processor responds by 
requesting keyboard unit status (keyboard and joystick selections), via the main 
keyboard UART of the CPP. The keyboard CPU then provides the data, in a format 
requested by the Z8002. The processor uses this data to update the key frame 
parameter list stored in the 128K RAM. This list determines the image transforma­
tions to be performed. The updated key frame data is downloaded to the HLC each 
field time. 

The CPP and I/O also control the optional disk drive and update the menu monitor 
CRT • 

.5-.59 Menu Monitor Control Processor (CPP) 

As shown on sheet 2 of schematic 14.64~8~, 6E is a 16-bit Z8002 microprocessor. 
Control inputs to the Z8002 include a WAIT signal (pin 23), a vectored interrupt, VI 
(pin 11), CLK (pin 30), and RESET (pin 14). The microprocessor outputs incluc:le a 
16-bit bidirectional data bus, also used for addresses as well as status and control 
signals. 

The wait logic, consisting of shift register 4E and associated gates, is used for 
functions that are too slow for the processor; a wait input indicates a memory or 
1/0 device is not ready for data transfer. The WAIT A and W AITB signals are 
applied from the 1/0 PW A. Wait inputs are also received from the program PROM 
and the EEPROM; these inputs are enabled by the processor memory request signal, 
MREQ. An interrupt, VI, is received from the 1/0 PW A; the processor responds with 
an interrupt acknowledge, VIACK, which is sent to the 1/0. The 6-MHz processor 
clock is generated by a 12-MHz crystal-controlled multivibrator and a divide-by­
two flip-flop, 7E. The 12-MHz signal is divided by three by counter 7F to provide 
the 4-MHz disk drive clock, FOCK. A one-shot provides the processor reset on 
power-up. The RESET signal also goes to the 1/0 PW A. 

The Z8002 uses a bidirectional address/data bus in conjunction with an address 
strobe, AS (pin 29), and a data strobe, DS (pin 17). Flip-flops 7H and 6H are strobed 
to apply AO-Al5 to the address bus. The direction of transceivers 6J and 7J is 
controlled to apply outgoing bits 00-015 to the data bus or to apply incoming 00-
015 data to the processor. 

Address bits A4-A15 and processor status outputs STO-ST3 are applied to a 
programmable logic array, 5H, to provide a number of control signal outputs. Other 
processor control outputs are applied to inverters 50 and 5E and gates 5G, to 
provide additional control outputs as shown. 
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The program PROM, schematic sheet 3, consists of as many as sixteen 4K-by-8-bit 
2532s. Decoder 5W selects pairs of 2532s, for reading 16-bit words, under control 
of two address bits and control signals from memory select circuits {schematic 
sheet 8). The 16-bit words are applied to the processor via the data bus. 

The 64K RAM, schematic sheet 4, consists of sixteen 64K-by-1-bit 4164 memory 
chips, providing a 128K byte (64K 16-bit word) capacity. Addressing of 64K 
locations is done by sequentially strobing an 8-bit row address and an 8-bit column 
address. The address selection circuitry consists of memory drivers 3H and 3G, 
selectors 4G, 4H, and 3E, and their gates. This circuitry is controlled by address 
bits AO-A14 and control signals from the memory select circuits, schematic sheet 
8. Data goes to and from the RAM via transceivers 3T and 4T. 

The four CPP UARTs, schematic sheet 5, provide the data formatting and control 
needed to interface asynchronous serial data with the Z8002 processor operations. 
UARTs are provided for editor, main keyboard, auxiliary keyboard, and mainten­
ance interfaces. The main keyboard UART, 5S, receives a data byte, DO-D7, from 
the Z8002 and transmits it serially via differential driver 5U. It receives serial data 
via differential receiver 4W and converts it to 8-bit bytes that are applied to the 
data bus. Chip selection is provided by decoder 3U, which is controlled by three 
address bits and the RAW URJP SEL control signal, from schematic sheet 2. A 
keyboard interrupt, SMP URJPINT, is generated when the UART receives serial 
data. This is applied to an interrupt control circuit in the 1/0, which sends the VI 
signal to the Z8002 processor. Interrupts from two of the other three UARTs are 
gated with the interrupt from the keyboard to make the URJINT signal. 

Refer to schematic sheet 6. Sixteen indicator LEDs are available for maintenance 
purposes. These indicators are only visible when the control unit cover is removed. 
Drivers 2U and 2P control these LEDs, directly from the data bus. Similarly, 
sixteen manual switches (1 T and IS) are available to provide logic inputs to the 
Z8002 via the data bus. The LEDs are primarily for development use. The manual 
switches are primarily for multichannel system use, providing system configuration 
data. The switches are also used for NTSC/PAL. The proper switch positions are 
identified in software release documentation. 

Driver 2V is for use in receiving remote start control signals, REM 1-REM3, and 
applying them to the data bus as Dl3-D15. Driver 2S applies an EE ROM BSY signal 
to the data bus as bit BO. All the drivers on sheet 6 are controlled from decoder 
3U, sheet 5, and the processor data strobe, DS. 

Refer to schematic sheet 7. The electrically eraseable PROM, 2D, provides 2K X 
8-bits of non-volatile storage for system setup parameters. Under control of the 
Z8002, updated parameter values can be written into the PROM when needed. 
Addresses are applied through flip-flops IF and 2F. Data is written and read via 
transceivers 2B and 2C and flip-flop lB. 21V programming pulses are provided by 
the IA/QI circuit when enabled by one-shot 3A and the EE ROM EN signal. 

The Z8002 controls the memory select circuitry, sheet 8, by means of the 16 data 
bus bits, one address bit, and control signals from schematic sheet 2. This circuit 
provides a means of extending the 16-bit address capability to handle 128K bytes of 
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RAM and 66K bytes of PROM, including EE PROM 2D. The data bus bits are 
latched and applied to four 32-by-8-bit PROMs, 6A, 68, 6C, and 7A. The output 
select signals are applied to the RAM, PROM, and EE PROM circuits • 

.5-60 Menu Monitor Input/Output (1/0) 

As shown on sheet 2 of schematic 1420473, the 1/0 PWA connects to the Z8002 
address and data buses, and receives Z8002 control signals. Drivers IS and IR 
buffer address bits Al-All. Transceivers lF and lG buffer bidirectional data bits 
DO-D15. Directional control is provided by the 2U and lT gate circuits. 

Data bits DO-D7 are applied to a programmable interrupt controller, 5H, to set up 
the priority configuration for interrupts. This controller receives interrupts from 
the five channel UARTs (I/O PWA), from the SMPTE UART (CPP), and receives a 
gated interrupt, URJINT, from the three other CPP UARTs. The channel interrupts 
are from the various ADO systems used in a multichannel configuration. The 
interrupt controller produces wait and VI interrupts, which are routed to the Z8002. 
The Z8002 responds with a VIACK signal. On receiving VIACK the interrupt 
controller puts a code on the data bus that tells the processor which interrupt has 
occurred. 

The processor writes display data into the video RAM, 5S and 5R. Each of these 
2016P memories provides 2K-by-8-bit storage. The data bus is applied to video 
RAM via transceiver 4S, 3R, and 4R. The video RAM is addressed via selectors 2R, 
2S, and 2T (schematic sheet 3); write mode uses address bus bits Al-All, and read 
mode uses character counter and row counter outputs of a video timer and 
controller, 4P (sheet 3). 

During read mode, VRAM SEL causes a W AIT2 signal at 4T-6 (sheet 2), preventing 
the processor from writing new data into the video RAM while reading is under 
way. Flip-flop 4T also provides an input to PROM 5T. The other 5T inputs are 
provided by a counter, 6S (sheet 3). The 5T outputs are latched in 6T to provide 
various control bits as shown (sheet 2). 

Refer to schematic sheet 3. Drivers lH, lJ, and lK primarily buffer input control 
signals (from CPP). As shown, a few output signals (to CPP) are included: 6 MHZ 
CLK, WAITO (WAITA), and a gated WAIT!, WAIT2 signal (WAIT8). 

Sheet 3 also includes the video RAM address selectors 2R, 2S, and 2T, previously 
mentioned, and circuitry to drive the display CRT. This drive circuitry consists 
primarily of a video display generator, 5P, and a video timer and controller, 4P. 
The CRT8002 video display generator receives one video RAM byte (CO-C7) for 
addresses, and one byte (B8-815) for video data. It also receives row addresses 
from the video timer and controller, 4P. The CRT8002 produces a VIDEO LEVEL 
output and a V SYNC output. The CRT 5037 video timer and controller receives a 
control byte from the processor data bus via transceiver 3R (B0-87). It also 
receives processor address bits Al-A4. The CRT5037 provides read addresses HO­
H5 and DRO-DR3 for the video RAM and an H SYNC output. It also provides a 
composite sync output. This output and the CRT8002 video are applied through IP 
to the Ql circuit to produce a composite video signal at El. 
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Ref er to schematic sheet 4, which shows one of the five identical channel UART 
circuits. One UART is assigned to each channel in a multichannel system, for two­
way communication with the control system. Four UARTs are designated for ADO 
channels and the fifth is designated for the combiner (concentrator). UART 4A is 
assigned to channel 1, as indicated at 4A pin 19. Sheet 3 also includes decoders 3G 
and 3H, which provide control signals from address bits Al-A4, and flip-flop 4F, 
which provides a divide-by-two clock signal. Flip-flop 2G provides enable signals 
for the five UART serial outputs. Flip-flop 5F applies a data byte, D0-07, to all 
five UART circuits. Driver 3F applies UART status conditions to the data bus, as 
bits D4-D9. 2B also does this, using bits D8-011. 

In UART transmit mode, DO-D7 bytes are applied through flip-flop 5F (LO-L7) to a 
128-by-9-bit FIFO, 5A. This frees the processor for other operations while the 
FIFO sequences the data bytes into the UART. Data is transferred to the UART by 
the 6A/7A sequencing circuit. The data is serialized by the UART and transmitted 
to the channel A system via differential driver 2A-14,15, if enabled by TOI. 

In UART receive mode, serial data is received via differential receiver lA-3. The 
DA (data available) UART output is activated, causing an interrupt via the 
interrupt controller, 5H (sheet 2). Under processor control, the UART then outputs 
the data in byte form, as DO-D7. 

Schematic sheets 5 and 6 include the UART circuitry for channels 2-5. Circuitry is 
included for providing UART status to the data bus in the same manner as for the 
UART of sheet 4. 

Refer to schematic sheet 7, which shows the disk drive interface circuit. The 1793 
disk formatter/controller, 4L, receives data bytes DO-D7 and processor control 
signals. Transceiver 5L passes read and write data between 4L and the data bus. 
Controller 4L writes to the optional disk drive, and reads from it, serially. 

The read clock is generated by an external-voltage-controlled oscillator, 2P. The 
2P output is routed to the disk formatter/controller via the WD1691 support logic, 
2L. The WD 1691 compares the phase of the read data to that of the VCO and sends 
a phase correction voltage to the VCO. Also, a WD2143 four-phase clock generator, 
2M, applies four clock phases to 2L. These inputs are used by 2L to generate 
precompensation signals, for writing to disk. 

Miscellaneous circuits on sheet 7 include one-shot 4N, which receives timing inputs 
and applies a ready signal to 4L. Decoder 6P accepts control signals and three 
address bits to provide the FD 1793 chip select signal. Flip-flops 4M provide 1-MHz 
and 2-MHz clock signals, for selection by jumper J 12. 

5-61 Computer PWAs 

The computer PW As consist of the High Level Controller (HLC) and the Low Level 
Controller (LLC). Functional and circuit descriptions are given below. 
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.5-62 Computer PW A Functions 

In program mode the HLC merely buffers information passing from the CPP (via 
1/0) to the LLC. In run mode, the CPP downloads the key frame data to the HLC, 
via the 1/0 PWA. Using a hardware multiplier, the HLC generates interpolated 
values between the key frame values, to provide smooth visual transitions. The 
CPP then begins passing time information to the HLC, as the programmed effect 
commences, causing the HLC to transmit the required data to the LLC. 

The key frame data and interpolated data are sent to the LLC each field time, and 
applied alternately to LLC system 1 and LLC system 2. The two identical LLC 
systems, operating on data from alternate fields, process this data to provide 
control signal outputs to the digital processor PW As. Each system uses two field 
times per output; during the first field time it receives and processes data and 
during the second field time it provides the output. These outputs determine the 
image transformations. The LLC output is put onto the computer bus every field 
time during the vertical interval • 

.5-63 High Level Controller 

The overall configuration of the HLC (Figure 5-14) is very similar to that of the 
CPP PWA. The HLC uses a Z8002 16-bit microprocessor, a 128 KRAM, and a 64K 
byte program PROM. However, the HLC also includes a 64-by-64 bit hardware 
multiplier. 

Refer to sheet 2 of schematic 1464288. The ADO-AD15 data is buffered by flip­
flops 7S and 7T for the address bits and by transceivers 6S and 6T for the 
bidirectional data bus. The control signal logic, using Z8002 status and control 
outputs, is very similar to that of the CPP, as seen. The Z8002 wait input, pin 23, is 
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provided by gated WAIT A and W AITB signals. The interrupt function uses a non­
vectored interrupt, pin 12, NVI. The processor is clocked by a 4-MHz clock circuit 
(sheet 8), at pin 30. A power-on reset is provided by clock circuit 9R, wired as a 
one-shot. 

Schematic sheet 3 shows the program PROM. At present, 16K bytes of program 
PROM are used. However, the PW A is wired for possible use of up to 64K bytes of 
PROM. Device selection is provided by decoder 6B, using two control signals and 
address bits Al3-Al5. On sheet 4, the 128K byte RAM uses the same memory chips 
and same general addressing scheme as described for the CPP RAM. Sequential 
strobing of 8-bit row and column addresses is performed in the same manner. 

Refer to schematic sheet 5. Sixteen LEDs are available for indicating status 
conditions when the HLC is running. They are also available for maintenance 
purposes. The functions of these LEDs are described in Section 4 of this manual, in 
the troubleshooting paragraphs. Also, there are 16 manual switches (Sl and S2) 
available to provide logic inputs to the Z8002 via the data bus. The proper switch 
positions are identified in software release documentation. 

Also on sheet 5, the FLD input at Jl-160 is a field interrupt from the Output 
Control PWA in the digital processor. This produces an NVI REQUEST interrupt to 
the Z8002. The processor may examine the field signal via lL, bit D9. The Z8002 
responds with an interrupt acknowledge; RAW NVI ACK resets the interrupt logic, 
at lF-13. 

Driver 1 L also receives a sequence of 14 bits via J 1 pins 123-125, from the optional 
H phase counter, on the Output Control PWA. These bits are a measure of the 
phase difference between the ADO input and the output reference signal. They can 
be used to provide a precise phase correction, via data sent to the digital 
processor. An over-temperature indication from the address generator PW As is 
received via Jl pin 126. Driver lD receives various FIFO and UART signals (sheet 
6) and passes them to the data bus. Drivers lC and lP each apply a byte of status 
data from the LLC to the data bus. 

Schematic sheet 6 includes the UART (2B) and USART (5B) circuits. The 1854 
UART is used for two-way communication with the CPP (via 1/0 PWA). It is 
clocked at 4 MHz, and operates at 153K baud. In transmit mode, data bits DO-D7 
are applied to UART 2B, which transmits it serially via differential driver 2G-l 4, 
15. In receive mode, serial data received via differential receiver 3F-3 is put into 
parallel form and applied from the UART receive bus, RO-R7, to FIFO 4B. The 
FIFO then sequences it onto the data bus in 9-bit form, DO-D8, including a parity 
bit. When serial data is being received, one-shot 2F-4 causes LED indicator DSl to 
light. Similarly, DS2 lights during transmit mode. 

The UART control logic consists of 3E/4E/4F/5F and associated gates. This 
circuitry is controlled by address bits A2 and A3, and control signals from the 
processor. Selection of the UART (or USART) causes shift register 5F to send 
WAIT A, a wait signal, to the processor. For factory test, the UART output data 
can be circulated through 2G-14, 15 and 3F-2 (and a jumper) to feed it back into 
the UART. 
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The 5B USART, which is a synchronous/asynchronous device, provides an RS232C 
maintenance port. Data and controls are received via J 1 pins 4, 6, and 8; data and 
controls are transmitted via J 1 pins 1, 3, and 5. The USART interfaces with the 
data bus (DO-D7), receives processor control signals, and is clocked at approxi­
mately 2.5 MHz. Counters 6C and 6D accept a 2.5-MHz signal and provide 8 output 
frequencies as shown. Wire-wrap jumpering is used to select various UART and 
USART clock rates. 

Schematic sheet 7 shows the multiplier and its control circuitry. Eight 8-bit 25LS14 
multipliers are cascaded to provide 64-by-64 bit multiplication, generating a 64-bit 
product. The processor sequentially puts four 16-bit multiplicand words and four 
16-bit multiplier words onto the data bus, loading two shift register strings in 
sequence. Shift registers 3M-2R then load the multipliers in parallel, a word at a 
time, via the data bus. The data in shift registers 5G-4K is entered via the serial 
inputs of each of the eight multiplier chips. The serial product output at 2L-6 is 
routed through adder /subtractor 4S, where it is combined with output bits from a 
control PROM, 4N, to provide rounding. The product is shifted serially into the 
3M-2R shift register string, via 3M-I I. The product is put on the data bus as four 
successive 16-bit words. 

The shift register and multiplier controls are generated primarily by decoders 5L 
and 4L, from processor address bits and control signals. The clocking sequences 
required are generated by PROM 4N, which is sequenced by counters 5M and 4M. 

Schematic sheet 8 includes the clock circuit and the output drivers. The Q2/Q3/Q4 
crystal controlled clock circuit drives two counters, 3T and 4T, ·to provide the 
required HLC clocking signals. Driver IJ provides 8 address bits and lH and lG 
provide 16 data bit outputs. The resulting field rate outputs are applied alternately 
to the two LLC systems, one per field time, via the LLC shared RAM. 

5-64 Low Level Controller 

The Low Level Controller (Figure 5-15) consists of two identical sections, system 1 
and system 2, and some common circuitry. The HLC sends key-frame/interpolated 
data to the LLC each field time, by applying it to the shared 4K RAM of Figure 
5-15. The LLC can send status bytes from each of its two systems to the HLC. The 
two LLC systems communicate with each other via the shared 4K RAM. System 1 
and the LLC common circuitry are described below. 

The configuration of each LLC system is very similar to that of the HLC PW A. 
System 1 (refer to Figure 5-15) consists basically of a Z8002 16-bit microprocessor, 
a 4K RAM, a program PROM, and a 64-by-64 bit multiplier. Refer to sheet 2 of 
schematic 1464285. The ADO-AD 15 data of system 1 is buffered by flip-flops 4E 
and 4G for address bits and by transceivers 4D and 4F for the bidirectional data 
bus. Z8002 control signals are buffered by driver 3J. 

Schematic sheet 3 shows eight 2532 program PROMs per system. At present only 6 
2532s are used, per system, providing 24K bytes of program PROM. The PW A is 
wired for possible use of up to 32K bytes of PROM per system. Decoder 1 OH 
provides chip selection, from three address bits and a processor control signal. 
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Schematic sheet 4 includes the 4K RAM, consisting of lOA and llA. The control 
inputs include two processor control signals and the !RAMS signal from decoder 
!OH (sheet 3). A maintenance USART, 4A, receives and transmits control inputs 
and serial data via J 1 pins 1, 3, and 5. Its bidirectional 8-bi t port connects to the 
processor data bus. The USART is controlled by the processor. Selectable USART 
clocking is provided by the sheet 9 common clock circuit. 

Sheet 4 also includes data bus latch 5A, for driving status LEDs DS1-DS8. The 
functions of these LEDs are described in Section 4 of this manual, in the 
troubleshooting paragraphs. The status byte from 5A is also applied to the HLC, via 
JI pins 9-16. Driver 5B applies four data bus bits, as control signals, to the shared 
RAM circuitry (sheet 8). 

Four address bits and a processor memory request signal are applied to decoder IA 
to generate control signals as shown. Shift register 2A applies a WAIT A signal to 
the processor via gate IC. 

Refer to schematic sheet 6. Each LLC system uses a full 64-by-64 bit multiplier, 
during conversion of HLC data into control signals for the digital processor. The 
multiplier in each LLC system is identical to the multiplier used in the HLC PW A. 
Ref er to the HLC PW A description. 

Schematic sheet 8 includes the shared 4K RAM, consisting of 3F and 1 G, and the 
associated input and output circuits. Data from the HLC, HLDO-HLD15, is buffered 
by drivers IJ and IK and applied to the shared RAM. Addresses from the HLC 
(HLA1-HLA8) and control signals are buffered by lH and IL and applied to the 
RAM. Similarly, system 1 and 2 data and addresses are applied to the RAM as 
shown. System 1 and 2 communicate with each other by leaving messages in a 
designated portion of the shared RAM. 

Systems 1 and 2 are clocked from the same clock circuit, shown on schematic sheet 
2. This circuit is identical to that described for the HLC PWA. The LLC system 
timing allows only one or the other system to access the shared RAM at one time; 
priority logic is not required. However, the HLC PWA can access the shared RAM 
at any time, by sending a low HLCR TL signal, J 1 pin 88. This disables the system 1 
and 2 data and address inputs, and enables the HLC data and address inputs. 

Sheet 9 shows the system 1 and 2 output buffers, and the selection logic. At each 
field time, alternately, one of the two LLC systems provides 16 data bits, 6 address 
bits, and a strobe signal. This 23 bit computer bus connects to most of the digital 
processor PW As. The PW As are addressed individually by the CAO-CA5 bits. Sheet 
9 also includes counters 28 and lB, which provide 8 USART clock frequencies, 
selectable by wire-wrapping. 
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APPENDIX A 

VENDOR MANUALS AND ADDRESSES 

The following assemblies are normally replaced as a unit. For service information 
on these units, contact the vendors directly. 

Item Unit Vendor Manual Number 

1 CRT Monitor, C. ITOH ELECTRONICS, INC. Instruction Manual 
9 in. 5301 Beethoven St., Spec. No. GK2-10-79 

Los Angeles, Ca 90066 
(213) 306-6700 

2 Disk Drive TANDON MAGNETICS CORP TM 100 Disk Drive 
9333 Oso Avenue, Manual P /N 171024 
Chatsworth, Ca 91311 
(213) 993-6644 

3 Monitor Power BOSCHERT INCORPORATED 
Supply . 384 Santa Trinita Ave., 

Sunnyvale, Ca 94086 
(408) 732-2440 

4 + l 2V Power Sup- POWER/MA TE CORPORATION 
ply, -5V Power 1400 Coleman Ave. Suite E25 
Supply (Basic Santa Clara, Ca 95050 
Channel) (408) 727-8118 
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APPENDIX B 

KRAFT JOYSTICK ASSEMBLY 
Kraft Part No. 900-034 

The Kraft joystick is manufactured by: 

Kraft Systems Inc. 
450 W. California Ave. 
P.O. Box 1268 
Vista Ca 92083 

Description: 

ADO 

This three-axis assembly has a square stick motion pattern for both the X and Y 
axis and a rotary Z axis knob. The Z axis potentiometer is built into the shaft of 
the joystick. All three axes use 5K ohms BOURNS conductive plastic potentiom­
eters. All three axes are spring-loaded for centering. When the joystick is 
released, the gimbal and Z axis knob return to their center positions. 

Assembly Details: 

Figure B-1 is an exploded view of the joystick assembly. See Table B-1 for Kraft 
part numbers. 
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Table B-1. Three-Axis Gimbal Parts List 

Item Kraft Quantity Description 
Part No. 

1 * 1 Knob 
2 ** 1 Socket setscrew 
3 500-028 1 Spring, extension, 0.263 in. x 0.125 in. 
4 850-042 2 Plate, butterfly 
5 850-041 1 Washer, Teflon 5/16 in. OD x 1/8 in. x 0.005 in. 
6 850-045 1 Spacer, 11/32 in. OD x 1/8 in. ID x 0.100 in. 

7,9 106-013 1 Potentiometer /nut, 5K with l /8 in. shaft 
8 850-040 1 Collar 

10 850-039 1 Pot housing 
11 500-071 2 Socket setscrew 6-32 x 3/16 in. 
12 850-015 1 Control stick housing 
13 850-035 1 Stick &: ball assy-hollow-short 
14 850-017 1 Ball retainer 
15 500-072 2 Roll pin 1/16 in. x 1/4 in. 
16 850-044 1 Stick guide-bail end drilled for pin 
17 500-007 4 Screw, No. 2 x 1/4 in. SMS 
18 850-030 2 Bail pivot hinges 
19 850-025 2 Bail to control pot coupling 
20 850-026 1 Inside bail 
21 850-027 1 Outside bail 
22 850-024 1 Spacer - dog stop to bail 
23 850-010 2 Washer, Teflon 1/2 in. OD x 1/4 in. ID x 0.005 in. 
24 850-007 4 Dog stops 
25 500-027 2 Spring-extension 
26 500-016 2 Nut, 3/8-32 x 1/2 in. A.F. Hex 
27 500-054 2 Washer, 5/8 in. OD x 3/8 in. ID x 0.025 in. 
28 850-008 2 Brass bushing 
29 500-011 4 Screw, No. 2 x 3/16 in. SMS 
30 850-021 1 Control pot mounting plate No. 2 
31 850-033 1 Adapter, pot to sideplate 
32 850-019 2 Outer housing 
33 850-018 2 Inner ring 
34 500-073 2 Washer, 5/8 in. OD x 3/8 in. ID x 0.052 in. 
35 106-027 2 Potentiometer, 5K conductive plastic 

*Knob is Ampex Part Number 1420372 
**Setscrew is 2-56 x 0.050 in. 
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APPENDIX C 

LUMINANCE CONVERSIONS 

These are the 2s-complement luminance values for ADO in decimal, hexadecimal, 
and binary forms, and on the IRE scale. 

Decimal Hex Binary IRE Decimal Hex Binary IRE 

-128 80 1000 0000 -6.6 -96 AO 1010 0000 +7.5 
-127 81 1000 0001 -6.2 -95 Al 1010 0001 +8.0 
-126 . 82 1000 0010 -5.8 -94 A2 1010 0010 +8.4 
-125 83 1000 0011 -5.3 -93 A3 1010 0011 +8.8 
-124 84 1000 0100 -4.9 -92 A4 1010 0100 +9.3 
-123 85 1000 0101 -4.4 -91 A5 1010 0101 +9.7 
-122 86 1000 0110 -4.0 -90 A6 1010 0110 +10.2 
-121 87 1000 0111 -3.5 :..89 A7 1010 0111 +10.6 

-120 88 1000 1000 -3.1 -88 A8 1010 1000 +11.1 
-119 89 1000 1001 -2.7 -87 A9 1010 1001 +11.5 
-118 8A 1000 1010 -2.2 -86 AA 1010 1010 +U.9 
-117 8B 1000 1011 -1.8 -85 AB 1010 1011 +12.4 
-116 8C 1000 1100 -1.3 -84 AC 1010 1100 +12.8 
-115 8D 1000 1101 -0.9 -83 AD 1010 1101 +13.3 
-114 8E 1000 1110 -0.4 -82 AE 1010 1110 +13.7 
-113 8F 1000 1111 0.0 -81 AF 1010 1111 +14.2 

-112 90 1001 0000 +0.4 -80 BO 1011 0000 +14.6 
-111 91 1001 0001 +0.9 -79 Bl 1011 0001 +15.0 
-110 92 1001 0010 +1.3 -78 B2 1011 0010 +15.5 
-109 93 1001 0011 +1.8 -77 B3 1011 0011 +15.9 
-108 94 1001 0100 +2.2 -76 B4 1011 0100 +16.4 
-107 95 1001 0101 +2.7 -75 B5 1011 0101 +16.8 
-106 96 1001 0110 +3.1 -74 B6 1011 0110 +17.3 
-105 97 1001 0111 +3.5 -73 B7 1011 0111 +17.7 

-104 98 1001 1000 +4.0 -72 B8 1011 1000 +18.1 
-103 99 1001 1001 +4.4 -71 B9 1011 1001 +18.6 
-102 9A 1001 1010 +4.9 -70 BA 1011 1010 +19.0 
-101 9B 1001 1011 +5.3 -69 BB 1011 1011 +19.5 
-100 9C 1001 1100 +5.8 -68 BC 1011 1100 +19.9 
-99 9D 1001 1101 +6.2 -67 BD 1011 1101 +20.4 
-98 9E 1001 1110 +6.6 -66 BE 1011 1110 +20.8 
-97 9F 1001 1111 +7 .1 -65 BF 1011 1111 +21.2 

(Continued next page) 

Ampex 1809550-03 C-1 



ADD 

Luminance Conversions (Continued) 

Decimal Hex Binary IRE Decimal Hex Binary IRE 

-64 co 1100 0000 +21.7 -24 E8 1110 1000 +39.4 
-63 Cl 1100 0001 +22.1 -23 E9 1110 1001 +39.8 
-62 C2 1100 0010 +22.6 -22 EA 1110 1010 +40.3 
-61 C3 1100 0011 +23.0 -21 EB 1110 1011 +40.7 
-60 C4 1100 0100 +23.5 -20 EC 1110 1100 +41.2 
-59 C5 1100 0101 +23.9 -19 'ED 1110 1101 +41.6 
-58 C6 1100 0110 +24.3 -18 EE 1110 1110 +42.0 
-57 C7 1100 0111 +24.8 -17 EF 1110 1111 +42.5 

-56 C8 1100 1000 +25.2 -16 FO 1111 0000 +42.9 
-55 C9 1100 1001 +25.7 -15 Fl 1111 0001 +43.4 
-54 CA 1100 1010 +26.1 -14 F2 1111 0010 +43.8 
-53 CB 1100·1011 +26.5 -13 F3 1111 0011 +44.2 
-52 cc 1100 1100 +27.0 -12 F4 1111 0100 +44.7 
-51 CD 1100 1101 , +27. 4 -11 F5 1111 0101 , +45.l 
-50 CE 1100 1110 +27.9 -10 F6 1111 0110 +45.6 
-49 CF 1100 1111 +28.3 -9 F7 1111 0111 +46.0 

-48 DO 1101 0000 +28.8 -8 F8 1111 1000 +46.5 
-47 Dl 1101 0001 +29.2 -7 F9 1111 1001 +46.9 
-46 D2 1101 0010 +29.6 -6 FA 1111 1010 +47.3 
-45 D3 1101 0011 +30.1 -5 FB 1111 1011 +47.8 
-44 D4 1101 0100 +30.5 -4 FC 1111 1100 +48.2 
-43 D5 1101 0101 +31.0 -3 FD 1111 1101 +48.7 
-42 D6 1101 0110 +31.4 -2 FE 1111 1110 +49.1 
-41 D7 1101 0111 +31.9 -1 FF 1111 1111 +49.6 

-40 D8 1101 1000 +32.3 0 00 0000 0000 +50.0 
-39 D9 1101 1001 +32.7 +1 01 0000 0001 +50.4 
-38 DA 1101 1010 +33.2 +2 02 0000 0010 +50.9 
-37 DB 1101 1011 +33.6 +3 03 0000 0011 +51.3 
-36 DC 1101 1100 +34.1 +4 04 0000 0100 +51.8 
-35 DD 1101 1101 +34.5 +5 05 0000 0101 +52.2 
-34 DE 1101 1110 +35.0 +6 06 0000 0110 +52.7 
-33 DF 1101 1111 +35.4 +7 07 0000 0111 +53.1 

-32 EO 1110 0000 +35.8 +8 08 0000 1000 +53.5 
-31 El 1110 0001 +36.3 +9 09 0000 1001 +54.0 
-30 E2 1110 0010 +36.7 +10 OA 0000 1010 +54.4 
-29 E3 1110 0011 +37.2 +11 OB 0000 1011 +54.9 
-28 E4 1110 0100 +37.6 +12 oc 0000 1100 +55.3 
-27 E5 1110 0101 +38.1 +13 OD 0000 1101 +55.8 
-26 E6 1110 0110 +38.5 +14 OE 0000 1110 +56.2 
-25 E7 11100111 +38.9 +15 OF 0000 1111 +56.6 

(Continued next page) 
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Luminance Conversions (Continued) 

Decimal Hex Binary IRE Decimal Hex Binary IRE 

+I6 . IO OOOI 0000 +57.I +56 38 OOI I IOOO +74.8 
+I7 11 OOOI OOOI +57.5 +57 39 0011 IOOI +75.2 
+I8 I2 OOOI OOIO +58.0 +58 3A 0011 IOlO +75.7 
+I9 I3 OOOI 0011 +58.4 +59 3B 0011 IOll +76.I 
+20 I4 OOOI OIOO +58.8 +60 3C 0011 1100 +76.5 
+2I 15 0001 0101 +59.3 +61 3D 0011 1101 +77.0 
+22 16 OOOI 0110 +59.7 +62 3E 0011 llIO +77.4 
+23 17 0001 011 I +60.2 +63 3F 0011 I 11 I +77.9 

+24 I8 0001 1000 +60.6 +64 40 OIOO 0000 +78.3 
+25 19 0001 1001 +61.1 +65 4I OIOO OOOI +78.8 
+26 lA OOOI IOIO +61.5 +66 42 OIOO OOIO +79.2 
+27 IB OOOI IOll +61.9 +67 43 OIOO 0011 +79.6 
+28 IC OOOI 1100 +62.4 +68 44 OIOO OIOO +80.I 
+29 ID OOOI llOI +62.8 +69 45 OIOO OIOI +80.5 
+30 IE OOOI IllO +63.3 +70 46 OIOO OI IO +8I.O 
+3I IF OOOI 1111 +63.7 +7I 47 OIOO 011 I +8I.4 

+32 20 OOIO 0000 +64.2 +72 48 OIOO IOOO +8I.9 
+33 2I OOIO 0001 +64.6 +73 49 OIOO IOOI +82.3 
+34 22 OOIO OOIO +65.0 +74 4A OIOO IOIO +82.7 
+35 23 OOIO 0011 +65.5 +75 4B 0100 IOll +83.2 
+36 24 OOIO 0100 +65.9 +76 4C OIOO 1100 +83.6 
+37 25 OOIO OIOI +66.4 +77 4D OIOO llOI +84.1 
+38 26 OOIO 0110 +66.8 +78 4E OIOO 1110 +84.5 
+39 27 0010 011 I +67.3 +79 4F OIOO I 11 I +85.0 

+40 28 OOIO IOOO +67.7 +80 50 OIOl 0000 +85.4 
+4I 29 OOIO IOOI +68.I +8I 5I OIOI OOOI +85.8 
+42 2A OOIO lOIO +68.6 +82 52 0101 OOIO +86.3 
+43 2B OOIO 1011 +69.0 +83 53 OlOI 0011 +86.7 
+44 2C OOIO 1100 +69.5 +84 54 OIOl OIOO +87.2 
+45 2D OOIO llOI +69.9 +85 55 OIOI OIOI +87.6 
+46 2E OOIO 11 IO +70.4 +86 56 OIOI 0110 +88.1 
+47 2F OOIO 1111 +70.8 +87 57 OlOI OIIl +88.5 

+48 30 OOlI 0000 +7I.2 +88 58 0101 IOOO +88.9 
+49 31 0011 0001 +71.7 +89 59 OIOI IOOI +89.4 
+50 32 0011 OOIO +72.I +90 5A OIOI IOIO +89.8 
+5I 33 0011 0011 +72.6 +9I 5B OIOI IOll +90.3 
+52 34 0011 OIOO +73.0 +92 5C OIOI 1100 +90.7 
+53 35 0011 OIOI +73.5 +93 5D OIOI llOI +91.2 
+54 36 0011 0110 +73.9 +94 5E OIOI IIIO +9I.6 
+55 37 0011 OllI +74.3 +95 5F OIOI 1111 +92.0 

{Continued next page) 
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Luminance Conversions (Continued) 

Decimal Hex Binary IRE Decimal Hex Binary IRE 

+96 60 0110 0000 +92.5 +112 70 0111 0000 +99.6 
+97 61 0110 0001 +92.9 +113 71 0111 0001 +100.0 
+98 62 0110 0010 +9.3.4 +114 72 0111 0010 +100.4 
+99 6.3 0110 0011 +9.3.8 +115 7.3 0111 0011 +100.9 
+100 64 0110 0100 +94.2 +116 74 0111 0100 +101 • .3 
+101 65 0110 0101 +94.7 +117 75 0111 0101 +101.8 
+102 66 0110 0110 +95.1 +118 76 0111 0110 +102.2 
+10.3 67 0110 0111 +95.6 +119 77 0111 0111 +102.7 

I 

+104 68 0110 1000 +96.0 +120 78 0111 1000 + 10.3.1 
+105 69 0110 1001 +96.5 +121 79 0111 1001 +10.3.5 
+106 6A 0110 1010 +96.9 +122 7A 0111 1010 +104.0 
+107 6B 0110 1011 +97 • .3 +12.3 7B 0111 1011 +104.4 
+108 6C 0110 1100 +97.8 +124 7C 0111 1100 +104.9 
+109 60 0110 1101 +98.2 +125 70 0111 1101 +105 • .3 
+110 6E 0110 1110 +98.7 +126 7E 0111 1110 +105.8 
+111 6F 0110 1111 +99.1 +127 7F 0111 1111 +106.2 
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