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WARRANTY

Tektronix warrants that the products that it manufactures and sells will be free from defects in materials and
workmanship for a period of one (1) year from the date of shipment. If a product proves defective during this
warranty period, Tektronix, at its option, either will repair the defective product without charge for parts and labor,
or will provide a replacement in exchange for the defective product.

In order to obtain service under this warranty, Customer must notify Tektronix of the defect before the expiration
of the warranty period and make suitable arrangements for the performance of service. Customer shall be
responsible for packaging and shipping the defective product to the service center designated by Tektronix, with
shipping charges prepaid. Tektronix shall pay for the return of the product to Customer if the shipment is to a
location within the country in which the Tektronix service center is located. Customer shall be responsible for
paying all shipping charges, duties, taxes, and any other charges for products returned to any other locations.

This warranty shall not apply to any defect, failure or damage caused by improper use or improper or inadequate
maintenance and care. Tektronix shall not be obligated to furnish service under this warranty a) to repair damage
resulting from attempts by personnel other than Tektronix representatives to install, repair or service the product;
b) to repair damage resulting from improper use or connection to incompatible equipment; c) to repair any
damage or malfunction caused by the use of non-Tektronix supplies; or d) to service a product that has been
modified or integrated with other products when the effect of such modification or integration increases the time
or difficulty of servicing the product.

THIS WARRANTY IS GIVEN BY TEKTRONIX IN LIEU OF ANY OTHER WARRANTIES, EXPRESS
OR IMPLIED. TEKTRONIX AND ITS VENDORS DISCLAIM ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. TEKTRONIX’
RESPONSIBILITY TO REPAIR OR REPLACE DEFECTIVE PRODUCTS IS THE SOLE AND
EXCLUSIVE REMEDY PROVIDED TO THE CUSTOMER FOR BREACH OF THIS WARRANTY.
TEKTRONIX AND ITS VENDORS WILL NOT BE LIABLE FOR ANY INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES IRRESPECTIVE OF WHETHER TEKTRONIX OR
THE VENDOR HAS ADVANCE NOTICE OF THE POSSIBILITY OF SUCH DAMAGES.
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General Safety Summary

To Avoid Fire or
Personal Injury

Symbols and Terms

Review the following safety precautions to avoid injury and prevent damage to
this product or any products connected to it. To avoid potential hazards, use this
product only as specified.

Only qualified personnel should perform service procedures.

Use Proper Power Cord. Use only the power cord specified for this product and
certified for the country of use.

Connect and Disconnect Properly. Do not connect or disconnect probes or test
leads while they are connected to a voltage source.

Ground the Product. This product is grounded through the grounding conductor
of the power cord. To avoid electric shock, the grounding conductor must be

connected to earth ground. Before making connections to the input or output
terminals of the product, ensure that the product is properly grounded.

Observe All Terminal Ratings. To avoid fire or shock hazard, observe all ratings
and markings on the product. Consult the product manual for further ratings
information before making connections to the product.

Do not apply a potential to any terminal, including the common terminal, that
exceeds the maximum rating of that terminal.

Do Not Operate Without Covers. Do not operate this product with covers or panels
removed.

Use Proper Fuse. Use only the fuse type and rating specified for this product.

Avoid Exposed Circuitry. Do not touch exposed connections and components
when power is present.

Do Not Operate With Suspected Failures. If you suspect there is damage to this
product, have it inspected by qualified service personnel.

Do Not Operate in Wet/Damp Conditions.
Do Not Operate in an Explosive Atmosphere.
Keep Product Surfaces Clean and Dry.

Provide Proper Ventilation. Refer to the manual’s installation instructions for
details on installing the product so it has proper ventilation.

Terms in this Manual. These terms may appear in this manual:
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WARNING. Warning statements identify conditions or practices that could result
in injury or loss of life.

> B

CAUTION. Caution statements identify conditions or practices that could result in
damage to this product or other property.

Terms on the Product. These terms may appear on the product:

DANGER indicates an injury hazard immediately accessible as you read the
marking.

WARNING indicates an injury hazard not immediately accessible as you read the
marking.

CAUTION indicates a hazard to property includihg product.

Symbols on the Product. The following symbols may appear the product:

A A BB © &

CAUTION WARNING Double Protective Ground Not suitable for
Refer to Manual High Voltage Insulated (Earth) Terminal connection to

the public telecom-
munications network



TSG-170D — INTRODUCTION

SECTION 1
INTRODUCTION

PRODUCT DESCRIPTION

The TSG-170D Digital Composite Generator is
designed for easy operation, and is suitable for both
operation and maintenance of NTSC Composite
digital television equipment. The TSG-170D pro-
vides both test signals and an audio tone, in digital
and analog form; an analog black burst, for equip-
ment synchronization. In addition, there are alpha-
numeric ID and tape leader countdown functions
available on both digital and analog test signals.

Test Signal Generator

The TSG-170D uses 10-bit digital test signal gener-
ation, conforming to the Proposed American Nation-
al Standard for digital encoding of composite video
signals (System M/NTSC). The digital test signal
output is a 10-bit parallel interface clocked at 4 Fgc.

The analog test signal output is obtained by apply-
ing the digital test signal data to a precise D-to-A
converter, ensuring signal accuracy and long-term
stability.

Test signals generated by the TSG-170D are:

® SMPTE Bars ® 100/10 IRE Flat Fields
® Convergence ® RedField

¢ Pulse Bar w/Window ® Multibars

® Multiburst ® NTC7 Composite

® 5-Step Staircase ® Line Sweep

® Y Ramp ® Multipulse

® Modulated Ramp ® System Test Matrix

® APL (10% or 90%) ® Monitor Setup Matrix
® Bounce ® DAC Test*

*Available in diagnostics mode only.

All TSG-170D test signals conform to RS-170A tim-
ing specifications.

ID and Tape Leader

An ID of up to 12 alphanumeric characters may be
inserted in the test signal output. This ID is front
panel programmable, and is useful for source identi-
fication. Using the Remote connector, up to four sep-
arate IDs may be stored in non-volatile memory and
recalled as needed.

The tape leader countdown function, controlled by
the remote, switches the audio tone off and the test
signal to black. A ten-second countdown is inserted
in the black background, counting from ten to two at
a one-second rate. The countdown display is then
switched off, and the black background remains
until the countdown program is terminated.

Internal Reference/Genlock Operation

The digital genlock calculates sync timing and sub-
carrier phase to properly identify color framing of
the input reference signal. If there is no input
reference applied, the TSG-170D automatically
switches to an internal oscillator. This high-stabil-
ity crystal oscillator, with its constant temperature
oven, ensures long-term frequency stability. All
outputs are correctly SCH phased, in both internal
reference and genlock operation, even if the
TSG-170D is locked to an improperly SCH-phased
reference input. The TSG-170D provides a stable
RS-170A black burst output for equipment
synchronization.

Front-panel controls are provided to digitally ad-
vance or delay the TSG-170D outputs relative to the
genlock reference input. As many as eight different
timing offsets may be stored in non-volatile memory,
for applications where the picture source output is
delegated to different locations. As with the ID
function, these are addressed through the remote
connector.
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Audio Tone Generator

The parallel and serial audio tone generators pro-
duce 20- and 24-bit digital streams respectively,
each representing a sine wave reference signal. The
frequency of the reference signal is factory set to
800 Hz, but is user selectable to 1 kHz. The parallel
digital data output is a byte-wide serial interface,
clocked at 768 kHz. The serial digital data is output
in the AES/EBU serial format.

The analog audio tone output is the same frequency
as that selected for the digital tone outputs. The
analog amplitude is adjustable over a 0 to +8 dBu
range.

Remote Control

Remote selection of test signals, genlock timing pre-
sets, internal reference/genlock, character ID pre-
sets, and tape leader generator functions is accomp-
lished by simple ground closure through a 9-pin
rear-panel connector.

Packaging

The TSG-170D’s rugged, 1-3/4 inch package makes
it ideal for remote vans or anywhere space is at a
premium.
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SECTION 2
OPERATING INSTRUCTIONS

This section explains how to operate the TSG-170D.
It also describes each of the test signals and the rear-
panel connector outputs.

FRONT-PANEL CONTROLS

Thirteen click-dome switches control the TSG-170D
(see Fig.2-1). The MODE SELECT switch on the
right selects three modes of operation: SELECT
TEST SIGNAL, SET IDENTIFICATION, and SET
GENLOCK TIMING. The primary function of the
twelve remaining switches is to select test signals;
however, they also double as controls for genlock
timing, and for identification (ID).

The four leftmost test signal switches double as ID
selection controls in SET IDENTIFICATION mode.
The four rightmost test signal switches double as

test signal phase advance/delay controls in SET
GENLOCK TIMING mode. In this manual, eight of
the twelve of these two-function switches have two
names, one for their primary function and one for
the secondary. Fig. 2-2 shows these names for each
operating mode. Operation of the front panel in each
of the three modes is described in more detail below.

SELECT TEST SIGNAL Mode

In this mode, all twelve switches select test signals
(see Table 2-1). The instrument is powered up in the
SELECT TEST SIGNAL mode. If the instrument is
not in this mode, press the MODE SELECT switch
on the right of the front panel until the SELECT
TEST SIGNAL LED is lighted and then press the
desired test signal switch.
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Tektronix TSG-170D

e 0000000000 (=0
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(SELECT TEST SIGNAL .\
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I SET IDENTIFICATION

\seTcenLock TG @
. A

Fig. 2-1. TSG-170D front panel.
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2. CONVERGENCE 7. MOD RAMP 12. OTHERSIGNALS 17. COARSE GENLOCK ADVANCE
3. PULSE & BAR 8. APL 13. CURSORLEFT 18. FINE GENLOCK ADVANCE
4. MULTIBURST 9. ACBOUNCE 14. CURSORRIGHT 19. FINE GENLOCK DELAY
5. 5-STEP 10.100/10 IRE 15. CHARACTER DOWN 20. COARSE GENLOCK DELAY
Fig. 2-2. TSG-170D front-panel switch names in the three front-panel modes.
Table 2-1
Signals Available in Select Test Signal Mode
SIGNAL DESCRIPTION
SMPTE Selects a split field signal, comprising EIA Color Bars for the first 2/3rds of the field, Reverse
BARS Blue Bars for the next 1/12th of the field, and a -IWQB signal with Pluge for the remaining
1/4th. The signal is used for checking gain, setup, hue, and saturation.
CONVER- | Selects a signal that produces a cross-hatch display of horizontal and vertical lines on a picture
GENCE monitor. Midway between each vertical line the horizontal lines are broken and restarted to
provide dots. This signal is used for checking and adjusting color convergence on picture
monitors.
PULSE & | Selects a signal consisting of a modulated 100 IRE 12.5T pulse, a 100 IRE 2T pulse, and a lum-
BAR inance bar with an inverted 100 IRE 2T pulse. The bar is gated to provide a window signal.
The bar is used for measuring short-time, line-time, and field-time luminance distortion. The
modulated pulse is used to measure chrominance-luminance gain and delay.
MULTI- | Selects a signal consisting of a 70 IRE white flag and a 10 IRE black flag followed by six
BURST 60 IRE peak-to-peak packets of sine-wave bursts on a 40 IRE pedestal. The frequencies of the
packets are: 500 kHz, 1 MHz, 2 MHz, 3 MHz, 3.58 MHz, and 4.2 MHz. The Multiburst signal
is used to check the approximate frequency response of the television system.
5-STEP Selects a Staircase signal, consisting of five equal steps of luminance information from 0 to
STAIRCASE | 100 IRE. This signal allows measurement of luminance nonlinearities.
LUM RAMP | Selects a Linear Ramp from 0 to 100 IRE, centered within the active line time. This signal is
used for measuring luminance nonlinearity, especially in systems with ADCs and DACs.
MOD Selects a Linear Ramp from 0 to 100 IRE, modulated with a 40 IRE subcarrier at 180° (same
RAMP phase as burst). The Modulated Ramp is used for measurement of differential gain and phase.
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Table 2-1 Signals Available in Select Test Signal Mode (cont)

SIGNAL DESCRIPTION
APL Selects one of three signals each time it is pressed: First is a 90% APL signal, comprised of a
repeated sequence of a 100 IRE flat field inserted on four lines followed by the previously
selected signal on the fifth line. Second is a 10% APL signal, comprised of a repeated sequence
of a 0 IRE flat field on four lines followed by the previously selected signal on the fifth line.

Third is a 50% APL signal, comprised of the previously selected signal on five out of five lines.

The APL signals are used to measure APL-dependent distortion.

Selects a signal comprised of a repeated sequence of four lines of flat field followed by one line

BOUNCE | of the previously selected signal. The amplitude of the flat field alternates between 100 and

0 IRE every second. The Bounce signal is used to check ac-coupled circuitry and APL-depen-

dent distortion.

100/10 IRE | Selects one of two flat field signals (100 IRE or 10 IRE). The flat fields are used for color moni-
tor alignment.
RED FIELD | Selects a 21.5 IRE flat field luminance signal modulated with a subcarrier of 103.4° phase and

100 IRE p-p amplitude. It is used to observe moire, color purity, and noise.

OTHER | Selects one of six signals each time it is pressed, in the following order:
SIGNALS

1. Multibars — This signal is comprised of Color Bars in the first half of the line, followed by
Multiburst during the second. Color Bars are used for checking luminance, hue, and sat-
uration. Multiburst is used for an approximate measurement of frequency response. The
combined signal is part of the System Test Matrix.

2. NTC7 Composite — This signal consists of a 100 IRE bar; a 2T sine-squared pulse; a
12.5T modulated sine-squared pulse; and an 90 IRE, 5-step staircase modulated with
+ 20 IRE subcarrier. The bar is used to measure line-time tilt. The 2T sine-squared pulse
is used to measure high frequency response and group delay. The modulated 12.5T pulse
is used to measure chrominance-to-luminance gain and delay. The staircase is used for
measuring nonlinear distortion such as differential gain and phase.

3. Line Sweep — A 100 IRE p-p sine wave that begins each line at 500 kHz and increases in
frequency to 5 MHz at the end of the line. Four markers show position of 1, 2, 3, and 4 MHz
frequencies. Line Sweep provides more detailed measurement of frequency than multi-
burst.

4. Multipulse — This signal is comprised of a 100 IRE White Flag, a 100 IRE 2T sine-
squared pulse, followed by five 100 IRE modulated pulses at frequencies of 1.0, 2.0, 3.0,
3.58, and 4.2 MHz. Multipulse is used for measurement of gain/frequency and group delay
distortions.

5. System Test Matrix — A combination of Multibars in the upper half of the field, followed
by the NTC7 Composite in the lower. Simple enough even for waveform monitors without
line select, this matrix signal is used for multiple testing of the studio with one signal.

6. Monitor Setup Matrix — A combination of four signals, displayed from the top to the
bottom of the field in the following order: Convergence, -IWQB, Convergence, EIA Color
Bars, Reverse Blue, and Convergence. Monitor Setup Matrix has a complete set of signals
for setting up a color monitor.

DACTest | A non-composite, split-field signal (500 kHz/3.58 MHz, 100 IRE P-P), available only in

diagnostics mode. This signal is used in calibration.

2-3




TSG-170D — OPERATING INSTRUCTIONS

Two of the switches (FLAT FIELDS and OTHER
SIGNALS) may need to be pressed more than once to
get the desired signal. Press the FLAT FIELDS
switch once to select the 100 IRE Flat Field signal,
and press it again to select 10 IRE Flat Field. Press
the OTHER SIGNALS switch repeatedly to
sequence through the following signals: Multibars,
NTC7 Composite, Line Sweep, Multipulse, System
Test Matrix, and Monitor Setup Matrix. The signal
used last in OTHER SIGNALS is the one returned to
after a different signal has been selected.

SET GENLOCK TIMING Mode

In SET GENLOCK TIMING mode, the four right-
most switches shift the timing of the test signals
together with respect to the Genlock Input. While
the front panel is in this mode, the four rightmost
switches take on the following names (from left to
right): COARSE GENLOCK ADVANCE, FINE
GENLOCK ADVANCE, FINE GENLOCK DELAY,
and COARSE GENLOCK DELAY.

FINE GENLOCK ADVANCE and FINE GEN-
LOCK DELAY provide fine adjustment of genlocked
test signal timing over a total range of about 55° in
0.2° steps. COARSE GENLOCK ADVANCE and
COARSE GENLOCK DELAY provide coarse adjust-
ment over a total range of +8 us in 35 ns (45°) steps.
(See Fig. 2-3). Arrows below the switches indicate
the direction (advance or delay) and amount of
timing offset.

Setting Genlock Timing

To adjust genlock timing, first press the MODE
SELECT switch until the SET GENLOCK TIMING
LED is lighted. Note that the red LED under the
four right hand switches is lighted to indicate that
these switches now control genlock timing instead of
selecting test signals.

To advance genlock timing, press the FINE GEN-
LOCK ADVANCE switch for fine increments of
advance (steps of 0.2°), or press the COARSE GEN-
LOCK ADVANCE switch for coarse increments
(35 ns steps or 45°). To delay genlock timing, press
and hold down the FINE GENLOCK DELAY switch
for fine increments of delay, or press the COARSE
GENLOCK DELAY switch for coarse increments of
delay.

If none of the switches are pressed within 30 seconds
after the SET GENLOCK TIMING mode is selected,
the front panel automatically reverts to the SELECT
TEST SIGNAL mode.

If the end of the fine advance range is reached and
more adjustment is desired, push the COARSE
GENLOCK ADVANCE switch to advance the phase
by a whole coarse step. If this introduces more
advance than desired, press the FINE GENLOCK
DELAY switch to reduce the amount of advance.

Note that when the genlock timing switches are held
down, they shift genlock timing at a rate of 5 steps
per second for the first three seconds and then speed
up to 20 steps per second.

'/_\ GENLOCK

INPUT

GENLOCK TIMING
OFFSET

¢ 'I TEST SIGNAL OUTPUT
(WITH GENLOCK TIMING OFFSET)

8 us advance TIMING OFFSET

4—— RANGE OF GENLOCK -

8 us delay

Fig. 2-3. Relative timing of Genlock Input signal and Test signals.
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Storing Genlock Setting

The genlock timing setting can be permanently
stored in non-volatile memory. To store the settings
in non-volatile memory, cycle the MODE SELECT
switch through to the SELECT TEST SIGNAL mode
after selecting the settings. A setting is saved auto-
matically upon a 30-second timeout to SELECT
TEST SIGNALS mode.

SET IDENTIFICATION Mode

In the SET IDENTIFICATION mode, the four left-
most switches write up to 12 characters of text for
display on the upper two-thirds of the test signal.
While the front panel is in this mode, these switches
take on the following names (from left to right):

TSG-170D — OPERATING INSTRUCTIONS

CURSOR LEFT, CURSOR RIGHT, CHARACTER
DOWN, and CHARACTER UP.

The ID characters may be thought of as twelve char-
acter lists consisting of the letters A through Z,
numerals 0 through 9, three punctuation marks (a
dash, a period, and a slash), and a space (see
Fig. 2-4). Only one character from each list shows on
screen; the grey-shaded areas of Fig. 2-4 would not
be visible, only the white row which says
“TEKTRONIX__ ”. The cursor, shown as a
heavy outline in the illustration, is moved horizon-
tally across this row by the CURSOR LEFT and
CURSOR RIGHT push buttons, while the CHARAC-
TER DOWN and CHARACTER UP push buttons
scroll the character list at the cursor’s character
position up or down to select the desired character
for that position.

Character Position = 1 2 3 4

r

Grey-shaded areas

are not visible on

the Picture Moni-

tor, but the com-
lete character list

is available at each

character position.

< >
\L \
CURSOR  CURSOR
\_ LEFT RIGHT
Y

Moves cursor to appropriate

character position.

(=) b

CHARACTER CHARACTER

\_DOWN ur )

Scrolls character list at cursor
position, to select character.

Fig. 2-4. Selecting ID characters from the front panel.
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Selecting the ID

To select an ID character, press the MODE SELECT
switch until the SET IDENTIFICATION LED is
lighted. Note that the LED below the four leftmost
switches is lighted to indicate these switches control
ID selection. Looking at the 12 character positions
on a video monitor, note that a gray square is super-
imposed over one of the characters to indicate the
cursor position.

Assume that the number 123 is to be added, follow-
ing the word TEKTRONIX, in Fig. 2-4. Press the
CURSOR LEFT or the CURSOR RIGHT push but-
ton (it will wrap around the ends) until the cursor is
in character position 10. Then press either the
CHARACTER DOWN or the CHARACTER UP
push button (this one wraps, too) until the “1”
appears. Step the cursor to position 11 and scroll the
character list to the “2”, and then repeat to put the
“3” in character position 12. Of course, the order in
which these positions are filled in makes no differ-
ence; you could fill in position 12, then position 10,
and then position 11 with the same end result.

Storing the Selection

Follow the instructions for storing the genlock tim-
ing settings.

Switching Off the Characters

To switch off the Character Generator and the black
background window, delete all the characters by
selecting a blank in all 12 character positions.
There is also an internal jumper which can disable
the ID function.

REAR-PANEL CONNECTORS

The rear panel has two 25-pin data connectors, four
BNC video connectors, one 9-pin remote control con-
nector, two audio XLR connectors, and one power
socket. Fig. 2-5 shows the rear panel, and Fig. 2-6
shows the multipin connector pinouts.

REAR-PANEL CONTROLS

POWER ON/OFF push-push switch.

ANALOG

GENLOCK
LooP
THROUGH

REMOTE
CONTROL

TEST SIGNAL
OUTPUT

CAUTION

...............

ANALOG
AUDIO
QuUTPUT

POWER
CONNECTOR

LINE
FUSE

POWER
SWITCH

BLACK
BURST
OUTPUT

PARALLEL
DIGITAL AUDIO
OuUTPUT

DIGITAL
TEST SIGNAL
OUTPUT

SERIAL
DIGITAL AUDIO
OouTPUT

Fig. 2-5. TSG-170D rear panel.
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REMOTE OPERATION

The TSG-170D can be remotely controlled through
the 9-pin Remote Control connector located on the
rear panel. By TTL-compatible ground closure,
these pins control six different functions (described
below). Typically, the pins would be grounded
through user-supplied switches, using pin 9 as
ground. The instrument can be locked into a fixed
operating mode by wiring directly at the remote con-
nector. To do this, attach a male 9-pin DIN plug to
the remote connector and solder the appropriate pins
to ground. Fig. 2-6 shows the connector pinout.

Explanation of Pins

Pin 1
Selects Tape Leader countdown out of the
Option 1 rear-panel connector. (To generate a
tape leader record Bars, ID, and Audio Tone.
Then ground pin 1* to select Tape Leader
Countdown.) Tape Leader goes through the fol-
lowing sequence:

1. Switches off Audio Tone.

2. Selects a character ID countdown from 10
to 2 against a black background.

3. Selects black background until pin1 is
ungrounded.

*While pin 1 is grounded, the front panel can-
not exit the SELECT TEST SIGNAL mode.

TSG-170D — OPERATING INSTRUCTIONS

Pin 2

Selects Internal Sync Generator Reference
mode when grounded. Otherwise, automatically
switches to Genlock mode when a Genlock Input
signal is present.

Pin 3

Increments through the front-panel selectable
test signals when grounded. Starts at the
signal currently selected and sequences from
left to right across the front panel, skipping
only the APL and BOUNCE selections. Note:
Pin 3 should be used only with a momentary
contact switch.

Pins 4,5, & 6

Three binary-coded control lines that select one
of eight sets of genlock timing presets. A tim-
ing preset can be programmed to select a differ-
ent genlock timing setting. To do this, ground
the appropriate pins, set the genlock timing at
the front panel, then cycle the front-panel
MODE SELECT switch back to SELECT TEST
SIGNAL mode.

Pins7& 8

Two binary-coded control lines that are used to
select one of four different character ID presets.
The ID presets can be programmed to select a
different ID. To do this, ground the appropriate
pins, select the ID at the front panel, then cycle
the front-panel MODE SELECT switch back to
SELECT TEST SIGNAL mode.

Pin 9
Ground.
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ANALOG SERIAL
AUDIO DIGITAL
ouT AUDIO
ouT
PIN 1-GND
PIN 2 - SIGNAL
PIN 3 -SIGNAL
TIMING PRESET

TIMING PRESET (LSB)
SELECT TEST SIGNALS \
AUTO GENLOCKINTERNAL
TAPE LEADER _\ REMOTE

5 N4 X3 X2 V\j
GROUND @ @ @
ID PRESET (MSB)
ID PRESET (LSB)

TIMING PRESET (MSB) \// /

PARALLEL DIGITAL AUDIO OUT
GND SYNC SPARE DO D1 D2 D3 D4 D5 D6 D7 GND CLK
8 8 % % & % & & ® & & o o
8 8 % 8 8 % & & & % & ‘o

SYNC SPARE D0 D1 D2 D3 D4 D5 D D7 GND CLK

DIGITAL VIDEO OUT
GND DO Dt D2 D3 D4 D5 D6 D7 D8 D9 GND CLK

g 8 4 % & B & & @ o b B o
E & % & & & &8 & & 8 & 6

DO D1 D2 D3 D4 D5 D6 D7 D8 DI GND CLK

Fig. 2-6. TSG-170D rear-panel multipin connector pinouts.
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Table 2-2
Table of rear-panel connector outputs.
CONNECTOR STANDARD SIGNAL OPTIONAL SIGNAL*
GENLOCK LOOP-THROUGH | Genlock Input. —_
TEST SIGNAL Test Signal Output. —
BLACK Black Burst Output. —_
REMOTE Remote Control Input. —_
ANALOG AUDIO OUT 800 Hz tone. Jumper-selectable to
1000 Hz tone.
SERIAL DIGITAL AUDIO 800 Hz tone. Serial, 2s complement binary audio | Jumper-selectable to

OUTPUT data, with 24-bit quantized resolution. 1000 Hz tone.
PARALLEL DIGITALAUDIO |800 Hz tone. Parallel 8-bit complementary audio | Jumper-selectable to
OUTPUT data, a clock, and a frame sync signal. 1000 Hz tone.

DIGITALVIDEO OUTPUT

10-bit complementary digital data and clock.

Jumper-selectable to
8-bit resolution.

*See operating mode jumper table for access to optional signals.
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SECTION 3
TABLE OF SPECIFICATIONS

The performance requirements listed here apply
over an ambient temperature range of 0°C to
+50°C after a warmup time of 20 minutes. The
rated accuracies are valid when this instrument
is calibrated at + 20°C to + 30°C.

Test equipment used in verifying performance
requirements must be calibrated and working
within the limits specified under Table 5-1 of this
manual.
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Table 3-1
Digital Video Output Interface

Characteristics

Performance Requirement

Supplemental Information

Connector 25 pin subminiature “D” type,
female contacts.

Digital Format Parallel, 11 balanced signal
pairs consisting of 10 data bits
per sample, and a clock.

Output Logic Levels 10K ECL compatible.

Receiver Termination Required 110Q £109Q.

Encoding Format Positive Binary. Linear PCM.

Sampling Frequency

Four times color subcarrier nominal
(14.31818 MHz).

Sampling Phase Angle

Referenced to I and Q axes.

Dynamic Range

10 bits/sample Blanking level (0 IRE) is at digital
word 240. Reference white (100 IRE)
is at digital word 800 (5.6 LSB/IRE).
Clock Timing The 50% point of the rising edge of
the clock pulse follows the data by
35ns £ 5ns.
Resolution 10 bits. Jumper selectable to 8 bits.
SCH Phase 0°.
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Test Signal Generator — General Test Signal Characteristics

Characteristics

Performance Requirement

Supplemental Information

Luminance Amplitude Accuracy | +1%. Measured at 100 IRE.
Chrominance-to-Luminance +1%. Measured at 500 kHz and
Gain 3.58 MHz.
Chrominance-to-Luminance <10 ns.

Delay

Blanking Level 0 Vde £50 mV.

Luminance Rise Time

250 ns £25ns.

Except where specified
otherwise.

Chrominance Rise Time

400 ns =40 ns.

Burst Amplitude

285.7mV (40 IRE) *2%.

Burst Rise Time

400 ns +40 ns.

Sync Amplitude

285.TmV *£1%.

Syne Rise Time

140 ns =20 ns.

Line Timing

See Figs. 3-1 through 3-16.

Front Porch Duration

1.5 us £0.1 us.

Line Blanking Interval
Wide Blanking

109 us £0.2 us.

Beginning at 20 IRE point of
active video.

Breezeway Duration

600 ns 50 ns.

Line Sync Duration 4.7 us £ 50 ns. 50% amplitude point.
Vertical Serration Duration 4.7 us 50 ns. 50% amplitude point.
Equalizing Pulse Duration 2.35 us 50 ns. 50% amplitude point.

Burst
Delay from Sync

Burst Duration

5.308 us £ 35 ns.

2.51 us £0.1 ps.

19 cycles of subcarrier.

9 cycles of subcarrier.

Output Impedance 75Q.

Return Loss =36dB to 4.2 MHz.
Residual Subcarrier =60 dB down.

SCH Phasing 0° £5°

Phase Match between Test Within 5°.

Signal and Black Burst
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Table 3-3
Test Signal Generator —Test Signals

Characteristics

Performance Requirement

Supplemental information

COLOR BARS SMPTE Bars.
CONVERGENCE
Amplitude 549.1 mV (76.9 IRE).
Crosshatch — 14 horizontal lines
Pattern and 17 vertical lines per field.
Pulse HAD 250 ns £ 50 ns.

2T Pulse HAD

12.5T Mod Pulse

PULSE & BAR WITH WINDOW

250 ns *25 ns, 100 IRE

1.5625 us +25 ns, 100 IRE, 60.84°.

Burst Frequencies

White Bar Amplitude 100 IRE.

Field Tilt =0.5%.

Line Tilt <0.5%.

Field Timing Lines 72 to 202.

Pulse-to-Bar Ratio 1.1 +1%.

Ringing < 1% peak.
MULTIBURST

White Reference Bar 500 mV (70 IRE).

Amplitude

Packet Amplitudes 428.6 mV (60 IRE) p-p.

Pedestal 285.7mV (40 IRE).

500 kHz, 1.0 MHz, 2.0 MHz, 3.0 MHz,
3.58 MHz, and 4.2 MHz.

Packet Rise Time
500 kHz 140 ns typical (sine-squared
shaped packets).
Other Packets 400 ns typical (sine-squared

shaped packets).

5-STEP STAIRCASE

Amplitude 714.3 mV (100 IRE).
Linearity Error <1%. Relative step matching.
LUMINANCE RAMP

0t0714.3 mV (100 IRE).

Luminance Amplitude
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Table 3-3 (cont.)
Test Signal Generator —Test Signals (cont.)

Characteristics Performance Requirement Supplemental Information
Linearity Error <1%.
MODULATED RAMP
Luminance Amplitude and Same as LUMINANCE RAMP.
Linearity
Chrominance Amplitude 285.7 mV (40 IRE).
Diff Gain 0.6% maximum.
Diff Phase 0.3° maximum.

APL 1 line full-field signal and 4 lines 0 or
100 IRE flat field.

ACBOUNCE

Bounce Rate 1 second high, 1 second low.

FLAT FIELDS

Amplitudes 71.4mV (10 [RE).
714.3 mV (100 [RE).
RED FIELD
Luminance Pedestal 153.6 mV (21.5 IRE).
Chrominance Amplitude 714.3 mV (100 IRE).

MULTIBARS Color bars and multiburst.

NTC 7 COMPOSITE 100 IRE bar; 2T and 12.5T mod
pulse; 90 IRE 5-step staircase,
modulated with 40 IRE subcarrier.

LINE SWEEP 714.3 mV p-p. Linear sweep from Markersat1, 2,3, and 4 MHz.
500 kHz to 5 MHz.

MULTIPULSE

Amplitude 714.3 mV.
Frequencies 1.0 MHz, 2.0 MHz, 3.0 MHz,
3.58 MHz, and 4.2 MHz.

SYSTEM TEST MATRIX Multibars and Composite.

MONITOR SETUP MATRIX Convergence, Color Bars, Reverse
Bars, Convergence, IWQ@B, and
Convergence.

DACTEST 1 Split field: 500 kHz (140 IRE p-p) Non-composite signal. Available

followed by 3.58 MHz (140 IRE) p-p. | only in Diagnostic mode.
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Fig. 3-2a. Horizontal component of Convergence test signal.
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Fig. 3-3. Mod Pulse and Bar.
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1.0 2.0 30 358 42 MHz
RE 100 - 2T 25T 125T 1257 125T 12.5T
UNITS
07 [ L
1 1 1 ] I [}
] i 1 i I i |
1 1 1 1 I 1 |
1 I 1 1 I i 1
40 = ' o | i i
0 96 157 i 259 50.7 574 us
19.2
Fig. 3-13. Multipulse.
LINE
LINE-1
21
65 CONVERGENCE
MULTIBARS 66
110 IWQB
111
142 155 CONVERGENCE
143
156 EIA BARS
NTC COMPOSITE gg? (7 bars)
223 REVERSE BLUE
224 CONVERGENCE
262
Fig. 3-14. System test matrix. Fig. 3-15. Monitor setup matrix.
LINE
9 .
20k -———-- 300 kHz SineWave ______
500 kHz Sine Wave
182
3.58 MHz Sine Wave
263
g | T 3.58 MHz Sine Wave |

Fig. 3-16. DAC test signal.
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Table 3-4
Test Signal Generator — Black Burst Output

Characteristics Performance Requirement Supplemental Information
Black Amplitude 7.5IRE *1IRE. Adjustable to 0 IRE.
Blanking Width 10.2 us +0.2 ps.
Synec Timing See Fig. 3-17.

IRE 100 =

UNITS

Fig. 3-17. Black Burst.
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Table 3-5
Genlock Function

TSG-170D — SPECIFICATIONS

Characteristics

Performance Requirement

Supplemental information

Input Configuration 75Q loop-through.

Return Loss (GENLOCK At least 40dB to 4.2 MHz.

INPUT)

Genlock Phase Change with 286 mV +1 to-6dB. =< 1° phase shift (burst lock).
Input Burst Amplitude

Genlock Phase Change with
Input Sync Amplitude

286 mV + 3 to -6 dB.

<10° phase shift (sync lock).

Genlock Phase Change with

=1°burst phase change over 10% to

Input Signal APL 90% APL.
Burst Lock Frequency = 1°burst phase change for +20 Hz
Dependence change in incoming subearrier.

Horizontal Genlock Timing
Range

At least 8 us advance and delay
relative to Genlock Input.

Front-panel control (resolution:
0.2° steps).

Vertical Timing Range

0, 1, or 2 lines advance. 1 line delay.

Burst Lock Range

3.579545 MHz +20 Hz.

Color Framing Decisions
Hysteresis

Angle of Decision

120°. See Fig. 3-18.

Initially, genlock circuit chooses
field 1 if SCH Phase angle is
<90°or >270°. Chooses field 3 if
angle is >90° or <270°.

Maintains field 1 decision from
0° +120°.

Maintains field 3 decision from
180° £120°.

Phase Resolution {Burst) =0.5°
Jitter
Burst Lock <0.5°
Syne Lock <2ns.

Continuous Wave Input Specs
Genlock Phase Change with
Input CW Amplitude Change
CW Lock Range

Jitter

=1° burst phase change for input
CW amplitude range of 2V +1,
-6 dB.

3.578545 MHz +20 Hz.

=0.5°
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FIELD 3 DECISION
MAINTAINED

FROM 180° £ 120° =gy 120°

FIELD3 | 180°

60°

FIELD 1 DECISION
- MAINTAINED
T / FROM 0° £ 120°

0° FIELD 1

240°

270°

300°
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Fig. 3-18. Color framing decision angles.




Table 3-6

Parallel Digital Audio Output Interface

TSG-170D — SPECIFICATIONS

Characteristics

Performance Requirement

Supplemental Information

Output Connector

25 pin subminiature “D” type,
female contacts.

Digital Format Parallel, 11 balanced signal
pairs consisting of 8 data bits per
sample, a clock, a frame sync
signal, and a spare.

Output Logic Levels 10K ECL compatible.

Receiver Termination 110Q £10Q.

Encoding Format

Two’s Complement Binary,
Linear PCM.

Output Clock Rate

768 kHz, nominal.

Output Clock Jitter

<100 ns peak-to-peak.

Audio Sampling Frequency

48 kHz, nominal.

Number of Audio Channels

4.

Quantized Resolution

20 bits.

Clock Timing

The 50% point of the rising edge of
the clock pulse follows the data by
650 ns +100 ns.

Tone Frequency

800 Hz*, jumper selectable for
1kHz.

Tone Amplitude Positive peaks 0CCDO hex*
Negative peaks  F3330 hex*
Pre-Emphasis None*

*Specified by SMPTE RP—4.40X Appendix 1
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Table 3-7

Serial Digital Audio Output interface

Characteristics

Performance Requirement

Supplemental Information

Output Connector

3 pin XLR, male contacts.

Digital Format

Serial, balanced signal pair and
a ground.

Digital Code

Bi-phase mark.

Output Level

3-10 volts.

Measured differentially across
110Q.

Receiver Termination

110Q £109Q.

Encoding Format

Two’s Complement Binary,
Linear PCM.

Audio Sampling Frequency

48 kHz, nominal.

Number of Audio Channels

2.

Quantized Resolution

24 bits.

Tone Frequency

800 hz*, jumper selectable for
1 kHz.

Tone Amplitude

Positive peaks: 0CCDOO hex*
Negative peaks: F33300 hex*

Pre-Emphasis

None*.

Table 3-8
Analog Audio Output Interface

*Specified by SMPTE RP-4.40X Appendix 1

Characteristics

Performance Requirement

Supplemental Information

Output Connector

3 pin XLR, male contacts.

Output Level

0-8 dBu', adjustable.

Low impedance to drive 150Q or
6009Q.

Tone Frequency

800 Hz, jumper selectable for
1kHz.

*0 dBu is the voltage that would deliver 1 mW to a load of 6009Q.
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Table 3-9
ldentification
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Characteristics

Performance Requirement

Supplemental Information

IDENTIFICATION

12 characters, 7 x 9 matrix.

Table 3-10
Power Supply

Characteristics

Performance Requirement

Supplemental Information

Supply Accuracy
+12V 12V 300 mV.
+5V 5V £100mV.
-52V -5.2V £300mV.
-12V -12V £300 mV.
Current Limit
+12V
+5V Total power limited to 7T5W
-5.2V
-12V
Hum Typical
+12V 10 mV.
+5V 10 mV.
-5.2V 20 mV.
12V 10 mV.
Noise
+12V <50 mV (5 MHz bandwidth).
-12V <50 mV (5 MHz bandwidth).
+5V <50 mV (5 MHz bandwidth).
-5.2V <50 mV (5 MHz bandwidth).
Line Voltage Range
110 Vac 90-132 Vac.
220 Vac 180 - 250 Vac.
Crest Factor =1.35.
Fuse Data
115 V Setting 2 A Med-Blow.
230 V Setting 1A Med-Blow.
Power Consumption
Maximum 60 W.
48 Hz to 62 Hz.

Line Frequency
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Table 3-11
Physical Characteristics

Characteristics Information

Dimensions
Rackmount

Height 1.734 inches (4.4 cm).

Width 19.0 inches (48.3 cm).

Length 22.1 inches (56.1 cm).
Net Weight 13.51bs (6.14 kg).
Shipping Weight 22 1bs, 14 0z (10.4 kg).

Table 3-12
Environmental Characteristics

Characteristics

Information

Temperature
Non-Operating

Operating

-40°C to +65°C.
0°C to +50°C.

Altitude
Non-Operating

To 50,000 feet.

Operating To 15,000 feet.

Vibration (Operating) 15 minutes each axis at 0.025 inch, frequency varied from 10-55-10 ¢/s in
4-minute cycles with instrument secured to vibration platform. Ten
minutes each axis at any resonant point or at 55 c¢/s.

Shock 50 g’s, 1/2 sine, 11 ms duration, 3 guillotine-type shocks per side.

Transportion Qualified under NTSC Test Procedure 1A, Category II (24-inch drop).
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Table 3-13: Certifications and compliances

Category

Standards or description

EC Declaration of Conformity —
EMC!

Meets intent of Directive 89/336/EEC for Electromagnetic Compatibility. Compliance was
demonstrated to the following specifications as listed in the Official Journal of the European Union:

EN 55011
EN 50082-1 Immunity:

Class A Radiated and Conducted Emissions

IEC 801-2 Electrostatic Discharge Immunity
IEC 801-3 RF Electromagnetic Field Immunity
IEC 801-4 Electrical Fast Transient/Burst Immunity
IEC 801-5 Power Line Surge Immunity
1 High-quality shielded cables must be used to ensure compliance to the above listed
standards.

FCC Compliance

Emissions comply with FCC Code of Federal Regulations 47, Part 15, Subpart B, Class A Limits.

Installation (Overvoltage)
Category

Terminals on this product may have different installation (overvoltage) category designations. The
installation categories are:

CAT Il Distribution-level mains (usually permanently connected). Equipment at this level is
typically in a fixed industrial location.
CAT Il  Local-level mains (wall sockets). Equipment at this level includes appliances, portable

tools, and similar products. Equipment is usually cord-connected.
CAT |  Secondary (signal level) or battery operated circuits of electronic equipment.

Pollution Degree

A measure of the contaminates that could occur in the environment around and within a product.
Typically the internal environment inside a product is considered to be the same as the external.
Products should be used only in the environment for which they are rated.

No pollution or only dry, nonconductive pollution occurs. Products in
this category are generally encapsulated, hermetically sealed, or
located in clean rooms.

Pollution Degree 1

Pollution Degree 2 Normally only dry, nonconductive pollution occurs. Occasionally a
temporary conductivity that is caused by condensation must be
expected. This location is a typical office/lhome environment.
Temporary condensation occurs only when the product is out of

service.

Conductive pollution, or dry, nonconductive pollution that becomes
conductive due to condensation. These are sheltered locations where
neither temperature nor humidity is controlled. The area is protected
from direct sunshine, rain, or direct wind.

Pollution Degree 3

Pollution Degree 4 Pollution that generates persistent conductivity through conductive

dust, rain, or snow. Typical outdoor locations.

Safety Standards

U.S. Nationally Recognized
Testing Laboratory Listing

UL1244 Standard for electrical and electronic measuring and test equipment.

Canadian Certification

CAN/CSA C22.2 No. 231 CSA safety requirements for electrical and electronic measuring and

test equipment.
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Table 3-13: Certifications and compliances (cont.)

Category

Standards or description

European Union Compliance

Low Voltage Directive 73/23/EEC, amended by 93/69/EEC

EN 61010-1 Safety requirements for electrical equipment for measurement,
control, and laboratory use.

Additional Compliance

IEC61010-1 Safety requirements for electrical equipment for measurement,
control, and laboratory use.

Safety Certification Compliance

Temperature, operating

+510 +40° C

Altitude (maximum operating)

2000 meters

Equipment Type Test and measuring
Safety Class Class 1 (as defined in IEC 1010-1, Annex H) — grounded product
Overvoltage Category Overvoltage Category Il (as defined in [EC 1010-1, Annex J)

Pollution Degree

Pollution Degree 2 (as defined in IEC 1010-1). Note: Rated for indoor use only.
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The following servicing instructions are for use only by qualified personnel. To
avoid injury, do not perform any servicing other than that stated in the operating
instructions unless you are qualified to do so. Refer to all Safety Summaries before
performing any service.
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TSG-170A — Service Safety Summary

Service Safety Summary

Only qualified personnel should perform service procedures. RedGethice
Safety Summargnd theGeneral Safety Summalpgfore performing any service
procedures.

Do Not Service Alone. Do not perform internal service or adjustments of this
product unless another person capable of rendering first aid and resuscitation is
present.

Disconnect Power. To avoid electric shock, switch off the instrument power, then
disconnect the power cord from the mains power.

Use Care When Servicing With Power On. Dangerous voltages or currents may

exist in this product. Disconnect power, remove battery (if applicable), and
disconnect test leads before removing protective panels, soldering, or replacing
components.

To avoid electric shock, do not touch exposed connections.
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SECTION 4
INSTALLATION

PACKAGING

At installation time, save the shipping carton and
packaging materials for repackaging in case
reshipment becomes necessary. See Fig. 4-1.

ELECTRICALINSTALLATION
Power Supply Frequency and Voltage Ranges

The power supply in this instrument operates over a
line frequency range of 48 to 62 Hz and is set (by
jumper P810) to receive a nominal line voltage of
110 V. Its installed line fuse is rated for 250 V and
2 Amps. To set the power supply to receive a

nominal line voltage of 220 V, move P810 as shown
in Table 4-5 and replace the line fuse with one rated
for 250 V and 1 Amp.

MECHANICAL INSTALLATION

Rack Mounting

The TSG-170D is shipped with hardware for
rackmounting. The instrument fits in a standard
19-inch rack. Spacing between the front rails of the
rack must be at least 17-3/4 inches to allow
clearance for the slide-out tracks.

/ K\ 004-2763-00

CHASSIS TRAC

004-2941-00 —\

006-1663-00

004-2383-00

Fig. 4-1. Repacking Instructions.
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Rack slides conveniently mount in any rack that has
a front-to-rear rail spacing between 15-1/2 and
28 inches. Sixinches of clearance between the
instrument’s rear panel and any rear cabinet panel
is required for connector space and to provide
adequate air circulation.

Mounting the Slide Tracks

Locate the proper rack holes as shown in Fig. 4-2.
Notice that the hole spacing varies with the type of
rack. When installing the slides in EIA-type racks,
make certain that the slides are attached to the
1/2-inch-spaced holes.

MILSTD /] ,~ "] EIARS310
189 J J RETMA
SPACING < <. SPACING
>0 ;>0
i O 1O
i )
] " Q
¢ { ol «_o}fosexs
- - >._o, > o
4 )
i
.

{
p (@) r O
0.500 “ P ¢ o . TSG-170D

\ AR 0.563 (FRONT)
‘, 70
I ’
; O 1 O

{ © J O

| 7

I < ©

: O N o

r O c* O

¢ \

N O

Fig. 4-2. Rail detail for mounting slide tracks.

Mount the rails using enclosed hardware as shown
in Fig. 4-3. Fig. 4-4 shows the rail mounting details
for both deep and shallow racks. Make sure the
stationary sections are horizontally aligned and are
level and parallel.

4-2

Installing the instrument

Install the instrument in the rack, as shown in
Fig. 4-5. Table 4-1 lists the signals available at the
rear-panel connectors.

Rack Adjustments

After installation, the slide tracks may bind if they
are not properly adjusted. To adjust the tracks, slide
the instrument out about 10 inches, slightly loosen
the screws holding the tracks to the front rails, and
allow the tracks to seek an unbound position.
Retighten the screws and check the tracks for
smooth operation by sliding the instrument in and
out of the rack several times.

Once the instrument is in place within the rack,
tighten the knurled retaining screw to fasten it
securely into the rack.

Rack Slide Maintenance

The slide-out tracks do not require lubrication. The
dark gray finish on the tracks is a permanent,
lubricated coating.

Removing the Instrument

First, loosen the front-panel knurled retaining
screw. See Fig. 4-5. Grasp the front handles and
pull the instrument out until all three slide sections
latch. The instrument is firmly held in this position.

To completely remove the instrument, press both
release-latch buttons (visible in the stop-latch holes)
and carefully slide the instrument free from the
tracks. Be sure that all cabling is disconnected
before removing the instrument.
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CHASSIS SECTION 10-32 PHS

w%

STATIONARY
SECTION

AUTOMATIC
LATCHES

10-32 PHS
SCREWS

INTERMEDIATE
SECTION

RACK LATCH

STOP LATCH 10-32 PHS REAR MOUNTING
HOLES SCREWS FLAT BARNUT BRACKET FLAT BAR NUTS

*ENGAGES WITH MONITOR RACK RELEASE LATCH

Fig. 4-3. Assembly of rack mounting hardware.
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BARNUT
(Use if the front rail is not tapped)

BARNUT

REAR RACK RAIL

%

V

0

B. Deep Rack Mount

BAR NUT

REAR RACK RAIL FLUSH WITH
REAR RACK
\ RAIL

x%

PHS SCREW

A. Front Rail Mount C. Shallow Rack Mount

Fig. 4-4. Mounting stationary track sections.

TOINSTALL:

1. Pull the slide-out track section to
the fully extended position.

fad

Insert the instrument chassis
sections into the slide-out sections

w

[©5] oco0O0O0o E o - Press the stop latches and push the
o — — instrument toward the rack until
the latches snap into their holes.

4. Again press the stop latches and
push the instrument fully into the

Front-Panel rack.

Retaining Screw 5. Tighten the front-panel retaining

screw.

. 1
[O] _ococood e TO REMOVE:

o — 1

. Loosen retaining screw and pull
instrument outward until the stop
latches snap into the holes.

2. Press stop latches and remove
instrument.

Fig. 4-5. Racking and unracking the TSG-170D.
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Jumper Tables

This section gives jumper tables for the entire instrument. In all cases, the \ symbol on the circuit boards
identifies pin 1. Green jumpers are for selecting operating modes. Red jumpers are for testing the instru-

ment. The red jumpers should only be used by qualified service personnel.

Table 4-1
Output Board (A3) Operating Mode Selection Jumpers
FUNCTION JUMPER # DESCRIPTION FACTORY SET

Video Resolution J1 Pins 1-2: 10-bit data. Pins 1-2
Pins 2-3: 8-bit data.

Character ID Enable J8 Pins 1-2: Character ID Enabled. Pins 1-2
Pins 2-3: Character ID Disabled.

Genlock Input Select J13 Pins 1-2: De coupling for Genlock Input. Pins 1-2
Pins 2-3: Ac coupling for locking to 3.58
MHz CW input.

Genlock Input Select J14 Pins 1-2: Selects correct Input Buffer gain Pins 1-2
for Composite Video input.
Pins 2-3: Selects correct Input Buffer gain
for 3.58 MHz CW input.

Genlock Input Select J15 Pins 1-2: Enables Genlock Clamp for Pins 1-2
Genlock Input.
Pins 2-3: Disables Genlock Clamp, for CW
Lock.

Analog Audio Channel J17,J18 J18 J17 Channel

Select Pins 1-2 Pins 1-2 0 Pins 1-2
Pins 1-2 Pins 2-3 1
Pins 2-3 Pins 1-2 2
Ping 2-3 Pins 2-3 3

1000/800 Hz Select J19 Pins 1-2: 800 Hz. Pins 1-2
Pins 2-3: 1000 Hz.

Audio Disable J21 Pins 1-2: Audio Enabled. Pins 1-2

Pins 2-3: Audio Disabled.
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Table 4-2

Output Board (A3) Test Mode Selection Jumpers

FUNCTION

JUMPER #

DESCRIPTION

FACTORY SET

Test Signal Disable

J2

Pins 1-2: Enables test signal at TEST
SIGNAL connector.

Pins 2-3: Disables test signal at TEST
SIGNAL connector to allow testing of return
loss.

Pins 1-2

Genlock Input Clamp
Disable

J16

Pins 1-2: Enables Genlock Clamp for
Genlock Input

Pins 2-3: Disables Genlock Clamp.

Pins 1-2

Bit Diddler Enable

J22

Pins 1-2: Enabled.

Pins 2-3: Disabled.

Pins 1-2

Table 4-3

Digital Board (A2) Operating Mode Selection Jumpers

FUNCTION

JUMPER #

DESCRIPTION

FACTORY SET

Spare

J211

Pins 1-2: For future use.

Pins 2-3; For future use.

Pins 1-2

Disable Genlock/Sync
Timing Modes

J210

Pins 1-2: Enables full front-panel operation.

Pins 2-3: Enables only Select Test Signal
and Set ID modes.

Pins 1-2

Genlock Input Select

J407, J408

J407  J408
Pins1-2 1-2:

Allows pP to lock to
composite video.

For future use.

For future use.

Allows uP to lock to 3.58
MHz CW.

Pins 1-2  2-3:
Pins 2-3 1-2:
Pins 2-3  2-3:

Pins 1-2,1-2

Vertical Timing

4881, J882

J881
Pins 1-2
Pins 1-2
Pins 2-3
Pins 2-3

J882
Pins 1-2:
Pins 2-3:
Pins 1-2:
Pins 2-3:

Timing

No delay.

1 line delay.

2 lines advance.
1 line advance.

Pins 1-2,1-2
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Table 4-4

Digital Board (A2) Test Jumpers

FUNCTION

JUMPER #

DESCRIPTION

FACTORY SET

VCO Test

See visual aid below*.

J180

Pins 1-3: Sets VCO control voltage to mid-
range (ground) so VCO can be tuned to 4Fsc
with C19.

Pins 2-3: uP controls genlock loop response.

Pins 4-3: Fixed test voltage (-10 V)
increases VCO frequency.

Pins 5-3: Fixed test voltage (+10V)
decreases VCO frequency.

Pins 2-3

Hard Reset

See visual aid below**.

J425

Pins 1-2: Enables HARD RESET signal.

Pins 2-3: Forces HARD RESET.

Pins 3-4: Disables HARD RESET signal.

Pins 1-2

Manual Reset

J122

Pins 1-2: Normal operation.
Pins 2-3: Reset uP.t

*J425 must be in its 1-2 position.

Pins 1-2

Field Reference Disable

J767

Pins 1-2: Enables FLD REF signal to
provide a genlocked field reference (field 3,
line 10) pulse to the timing circuits.

Pins 2-3: Disables FLD REF signal from
providing a genlocked field reference (field 3,
line 10) pulse to the timing circuits.

Pins 1-2

Crystal Oven Heater

J396

Pins 1-2: Oven heater operating.

Pins 2-3: Oven heater disabled.

Pins 1-2

*Visual aid for P180.

5
[2[3[4a]
il

**Visual aid for P425

e
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Table 4-5
Power Supply Board (A4) Operating Mode Selection Jumpers
FUNCTION JUMPER # DESCRIPTION FACTORY SET
115 V/230 V Line Voltage J810 Pin 1 aligned with 115 V: Power Supply 115V
Select accepts 115 V line voltage. Fuse rating must
be 2 A, medium blow.
Pin 1 aligned with 230 V: Power Supply
accepts 230 V line voltage. Fuse rating must
be 1 A, medium blow.
Table 4-6
Power Supply Board (A4) Test Jumpers
FUNCTION JUMPER # DESCRIPTION FACTORY SET
Primary Enable J556 Jacks 1 and 2 shorted: Normal operation Shorted
Jacks 1 and 2 unshorted: Disconnects 300V
supply from T440.
Undervoltage Lockout J660 Jacks 1 and 2 shorted: Normal operation. Shorted
Jacks 1 and 2 unshorted: Power Supply
disabled, cycles through kick start sequence.
Current Limit Disable J720 Jacks 1 and 2 shorted: Normal operation. Shorted

Jacks 1 and 2 unshorted: Current Limit
Disabled.

4-8




TSG-170D — PERFORMANCE CHECK

SECTION 5

PERFORMANCE CHECK AND
CALIBRATION PROCEDURES

These procedures are designed to be done in
sequence. If you do not need to do a full procedure,
start at the nearest convenient step that has a setup
drawing.

This section gives procedures for checking and cali-
brating your TSG-170D. They are split into short
and long form. Short form procedures provide a
quick reference for experienced technicians. The
long form procedures give more detailed steps.

NOTE
Table 5-1 lists the equipment you will need. If you
use alternate equipment, make sure it meets the
specifications given in this table.

After completing each step, immediately
return jumpers to their original position.

Table 5-1

Recommended Test Equipment (Including Accessories)

Test Equipment

Minimum Specifications

Equipment Examples

Test Oscilloscope
Mainframe

At least 50 MHz bandwidth with dual-trace
plug-in and 10X probe.

TEKTRONIX 7603.

Test Oscilloscope
Differential Comparator
Plug-In

Minimum deflection factor 10 mV/div with
10X probe.

TEKTRONIX 7A13; plugs into
7603 mainframe.

Test Oscilloscope Dual-
Trace Amplifier Plug-In

Minimum deflection factor 50 mV/div with
10X probe.

TEKTRONIX 7A26; plugs into
7603 mainframe.

Test Oscilloscope Dual
Time Base Plug-In

Sweep rate 5 ns/div to 5 us/div.

TEKTRONIX 7B53A; plugs into
7603 mainframe.

Spectrum Analyzer

Capable of measuring to at least 5 MHz.

TEKTRONIX 7L12; plugs into
TEKTRONIX 7603 mainframe.

subcarrier output. Provides variable
subcarrier and sync amplitudes.

Low Pass Filter 5 MHz. Tektronix Part No. 015-0213-00.

NTSC Waveform For displaying and measuring field-rate and | TEKTRONIX 1480 MOD W5F.

Monitor line-rate waveforms.

NTSC Vectorscope For measuring differential phase and gain. TEKTRONIX 520A.

NTSC Test Signal Provides the following test signals: black TEKTRONIX 1410/SPG2A

Generator burst, flat field, staircase, pulse & bar, (Opt AA)/TSP1/TSG3/TSG5/
manual and continuous sweep, V drive,and | TSG6.
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Table 5-1 (cont.)

Recommended Test Equipment (Including Accessories)

Test Equipment

Minimum Specifications

Equipment Examples

Video Amplitude
Calibration Fixture
(VAC)

Provides a chopped voltage reference
accurate to +0.05% from0t01Vin 0.1 mV
increments. (Used with the TEKTRONIX
1480 MOD W5F Waveform Monitor.)

Tektronix Part No. 067-0916-00.
Plugs into a TEKTRONIX
TM 5006 Power Mainframe.

Leveled Sine Wave
Generator

250 kHz to 5 MHz.

TEKTRONIX SG 503; plugs into
TM 5006 Power Mainframe.

Frequency Counter

For measuring subcarrier frequency.
Accurate to within 2-1/2 Hz out of 5 MHz.

TEKTRONIX DC 503A; plugs
into TM 5006 Power Mainframe.

Peak-to-Peak Detector
Amplifier with Detector
Head

Facilitates differential frequency-response
measurements. Provides a high-impedance
load and bias for the 015-0413-00 Detector
Head.

Tektronix Part No. 015-0408-00.
(Includes one Detector Head,
Tektronix Part No. 015-0413-00.)
Detector Amplifier plugs into the
TM 5006 mainframe.

Return Loss Bridge

At least 54 dB, dc to 10 MHz; 75Q inputs.

Tektronix Part No. 015-0149-00.

Low Loss Coaxial Cable
(Qty 4)

Belden 8281 video cable. Impedance, 759,
length, 6 feeta, Equipped with bnc
connectors.

Tektronix Part No. 012-0159-01.

RG59/U Coaxial Cables
(Qty 2)

Impedance, 75Q; length, 42 inches.
Equipped with bnc connectors.

Tektronix Part No. 012-0074-00.

End-Line Termination

(Qty 3)

Impedance, 75Q. Equipped with bne
connectors.

Tektronix Part No. 011-0102-00.

Feed-Through

Impedance, 75Q2. Equipped with bne

Tektronix Part No. 011-0103-02.

connectors. For use with the spectrum
analyzer and SG 503.

Termination (Qty 2) connectors.

Jumper-Type Impedance 75Q. (Two-pin connector witha Tektronix Part No. 119-1158-00.
Termination 75Q, 1%, 1/8 W resistor installed.)

509 to 75Q Minimum Equipped with bnc connectors. Tektronix Part No. 011-0057-00.
Loss Attenuator

DC Block None. Tektronix Part No. 015-0221-00.
BNC Female-to-BNC None. Tektronix Part No. 103-0028-00.
Female Adapter

50Q Coaxial Cable Length, 42 inches. Equipped with bnc Tektronix Part No. 012-0057-01.

aSix-foot length was used to interconnect the test equipment. If 42-inch length is preferred, the Tektronix Part No. is 012-0159-00.
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Recommended Test Equipment (Including Accessories)

Test Equipment

Minimum Specifications

Equipment Examples

Distortion Analyzer

Must test to at least 0.01% THD and test
power output over range of 0 to 8 dBm.

TEKTRONIX AA501A.

Audio Connector-to- None. ITT Pomona Electronics, Model

Triple Banana Cable 4953-J-36. Must be reconfigured
to match the TSG-170D audio
output. Pin 1: Shield, pin 2: +,
pin 3: —.

Digital Video Probe Capable of converting up to 10 bits of digital | TEKTRONIX DP-100.

data, at rates up to 50 MHz, to video output.
Digital Output 110Q terminations for the Digital Outputs, See Fig. 5-1.

Termination Fixture

mounted on a 25-pin D connector.

NAA R TR RN RN UZANN

VIDEO OUTPUT CONNECTOR ---.. .
AUDIO OUTPUT CONNECTOR "+~

SYNC SP DOD1D2D3D4D5D6D7  CLK < .-
/_)7\ DOD1D2D3D4D5D6D7 DEDY | CLK =’

O

0N

O

177777 777 7
LS S S T D R N N T

SYNC SPDOD1D2D3D4D5D6D7 | CLK

__DOD1D2D3D4D5D6D7D8DY | CLK <.

AUDIO OUTPUT CONNECTOR -~
VIDEO OUTPUT CONNECTOR

L.

Take eleven 110Q resistors and a 25-pin male D connector.
Solder each resistor between a data line pin and its comple-
ment, as shown. Make sure to leave enough room to attach a
scope probe at each end of the resistors.

Fig. 5-1. Digital Qutput Termination fixture.
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SHORT FORM PERFORMANCE CHECK PROCEDURE

PRELIMINARY CHECKS

1. Check Power Supply Voltages and Ripple

+5V £100 mV,-5V £300 mV, +12 V £300

mV,-12V £300 mV.

Ripple = 50 mV on each supply

2. Check Oscillator Frequency

14.318180 MHz +2.0 Hz.

3. Check Front Panel

All LEDs and push buttons.

ANALOG DCLEVEL AND GAIN

4. Check DC Level

Analog Test Signal Blanking 0 V £50 mV.
Black Burst Blanking 0 V £ 50 mV.

5. Check Output Gain
Luminance Ramp Amplitude
Burst Amplitude

Sync Amplitude

Black Burst Syne Amplitude
Burst Amplitude

Setup Amplitude

5-4

714.3 mV
+7.14mV
285.7mV
*+ 5.7mV
285.7mV
+ 5.7mV

285.7mV
+ 57mV
285.7mV
* 5.7mV
53.6 mV
+5mV

ANALOG FREQUENCY RESPONSE

6.

10.

11.

12.

13.

14.

15.

Check Frequency Response

Line Sweep Flat £7.1 mV to 4 MHz
+14.2mV to 14.2 MHz

Check 5-Step Staircase Linearity

=7.14mV.

Check Pulse-to-Bar Ratio

100% +3.5mV.

Check Group Delay

100 IRE 25T pulse should be £3.5 mV p-p or
less at the base. 100 IRE 12.5T pulse should
be £7.0 mV p-por less.

Check Ringing

=7.1mV.

Check Line Tilt

+3.5mV.

Check Field Tilt

+3.5mV.

Check Differential Gain and Phase

0.6% or less; 0.3°or less.

Check Chrominance-to-Luminance Gain
+10mV.

Check Phase Matching

+2°.



COMPOSITE VIDEO LOCK
16.  Check Lock Acquisition

<5 seconds.

17.  Video Lock Jitter

<5°

18.  Genlock Range
<5° for +20 Hz change in incoming sub-
carrier.

19. Check Phase Change With Incoming Burst
Amplitude Change
=1°40IRE +1dB,-6dB.

20. Check Phase Change With Incoming Signal
Amplitude Change
<1°0dB, -3dB, and -6 dB.

21. Check Phase Shift With Incoming APL
Change

=1° 10% to 90% APL.

SYNC LOCK

22.  Lock Acquisition

<5 seconds.

23.  Sync Lock Jitter
=2.5°

24. Phase Change With Incoming Signal Ampli-
tude Change

=1°,0dB,-3dB, and -6 dB

TSG-170D — PERFORMANCE CHECK

CW LOCK
25.  Acquisition
<5 seconds.
26.  Check Subcarrier Amplitude
Approximately 800 mV around -0.5 V.
27. Check CW Lock Jitter

=0.5°

GENLOCK TIMING
28.  Check Genlock Timing Range

=8 us advance and delay.

OUTPUTS

29. Digital Video Clock Amplitude Rise & Fall
Time

0.8V -2.0V p-p, =5 ns 20% to 80%.
30. Check Digital Video Clock to Data Timing

Clock to LSB 35ns £2ns.
All data transitions *2 ns.

31. Check Digital Video Output Non-Inverted
Data

No clock errors, minor steps on 10-bit lumin-
ance ramp, even steps on 8-bit luminance
ramp

32. Check Digital Video Output Inverted Data
Unfiltered luminance ramp, even steps.

33. Check Parallel Digital Audio Inverted Data
Sine wave output, 800 Hz/1000 Hz.

34. Check Parallel Digital Audio Non-Inverted
Data

Sine wave output.
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35.  Check Serial Digital Audio Output Amplitude

3V-10Vp-p.

37. Check Serial Digital Audio Rise & Fall Time

10 ns -30ns, 10% - 90%.

38. Check Analog Audio Tone

+8dBu.

5-6

RETURN LOSS

39.

40.

41.

Check GENLOCK Loop-Through
At least 40 dB down to 4.2 MHz.
Check BLACK BURST Qutput
At least 36 dB down to 4.2 MHz.
Check TEST SIGNAL Output

At least 36 dB down to 4.2 MHz.



1.
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LONG FORM CHECKOUT PROCEDURE

Power Supply Voltages and Ripple

Connect power to the TSG-170D through the
Variac, and set the Variac for 115 V output.

Turn on the TSG-170D, and allow a 20
minute warm-up period.

CHECK - that each supply meets the cri-
teria listed in Table 5-2, using the DM501.

Table 5-2
Power Supply Voltage Ranges

Supply

Voltage Range Location

DCS503A COUNTER
CHA CHB
T ®

A

REFERENCE
CLOCK
(i.e., WWV)

- ®
OO =umm
@

TSG-170D REAR PANEL

S

+5

+5V £100 mV

+5VTP

=5

-5.2V £300 mV

-5V TP

+12

12V £300 mV

CR169 Cathode

-12

-12V 300 mV

CR269 Anode

CHECK - that there is less than 50 mV
ripple on each of the supplies, using the test
oscilloscope. Set the bandwidth on the
vertical to 5 MHz to make this check.

Set the Variac to 90 Vac output.
Turn the TSG-170D power switch off.

Turn the TSG-170D power switch back on
and check for a normal power-up.

2. Oscillator Frequency

a.

Connect the equipment as in Fig. 5-2. Use a
X1 probe from the DC503 CH B input to pin
4 of U841, on the TSG-170D Output board.

Set the DC503A as follows:

Funection Ratio A/B
Avg 106

Fig. 5-2. Setup to check free-running oscillator
frequency.

C.

d.

Make sure that J180 is on pins 2-3.

CHECK - that the oscillator frequency
is14.318180 MHz +2.0 Hz.

3. Front-Panel Operation

a.

Set S407 to 000000 (all switch segments
closed).

Turn the TSG-170D off and back on.

CHECK - that all front-panel LEDs are
flashing on and off.

Set S407 to 111111 (all switch segments
open), and turn the TSG-170D off and back
on.

Connect the equipment as shown in Fig. 5-3.
Set Sync to Internal on the 1485, 520, and

655HR-1. Set the 520 @ Ref control to
Burst.
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75Q Input Ext
TER'{,iA. e
655HR-1
520A
¥ V& o0
O CHA
1485
Sync CHB CHA
e 6 o6 i '
PIX
MON 75Q
out TERM

TEST SIGNAL OUTPUT

]

OO == ==
®

TSG-170D REAR PANEL

Fig. 5-3. Setup to check front panel operation.

5-8

CHECK - that as each of the Test Signal
push buttons is depressed:

The push-button operates properly,
The LED over that button lights, and
The correct test signal is output.

Depress the MODE SELECT switch once,
until the red SET IDENTIFICATION LED
lights.

CHECK - that the red CURSOR/CHAR LED
is lit.

Depress the MODE SELECT switch once,
until the red SET GENLOCK TIMING LED
lights.

CHECK - that the red ADVANCE/DELAY
LED is lit.

4. Check DC Level

a. Connect the equipment as shown in Fig. 5-4.
75Q
FEED-
THROUGH
TERM W 7A13 7B53A
MAIN
[® - TRIG IN
- o

TSG-170D
REAR PANEL

TEST SIGNAL OUTPUT

-
QO wumm :
BLACK BURST OUTPUT ® ¢

Fig. 5-4. Setup to check dc level of TEST

SIGNAL output.

b. Set the following controls:

Oscilloscope
Vertical Time Base

Volts/Div 50 mV Slope _—
Coupling DC Mode Auto
Display Mode Ch1l Coupling AC
Trigger Source Ch1 Time/Div 10 us
BW Full Mag X1

c. CHECK -for a Test Signal blanking level of
0V £50mV.

d. Move the cable from the TEST SIGNAL out-
put to the BLACK BURST output on the
TSG-170D.

e. CHECK - that the Black Burst blanking

levelisOV £50 mV.

5. Output Gain

a.

Connect the equipment as shown in Fig. 5-5.
Use low loss 75Q coax for the VAC
connection.



VAC FIXTURE 1485
1’ ®
75Q
Ol‘J'TPUT TERM
TEST SIGNAL QUTPUT
- e o
OO ] :
o ¢
TSG-170D REAR PANEL

Fig. 5-5. Setup to check Test Signal gain.

b. Set the following controls:

VAC
Output

1485
Input A-B(DC) 714.3 mV
Response Flat
Volts Full Scale 1.0

DC Restorer off

Oper/Cal Oper

Syne Int, Direct
Display 10 us

Mag X1

c. Select the Luminance Ramp signal at the
TSG-170D front panel.

d. CHECK - that the luminance amplitude is
714.3 mV (100IRE) £7.1 mV.

e. Change the 1485 to 0.2 Volts Full Scale, and
the VAC output to 285.7 mV.

f. CHECK -for 285.7 mV 5.7 mV of burst on
the TEST SIGNAL output.

g. CHECK - for 285. 7 mV £5.7 mV of sync on
the TEST SIGNAL output.

h. Move the cable from the TEST SIGNAL out-
put to the BLACK BURST output on the
TSG-170D.

i. CHECK - for a Black Burst Sync amplitude
of 285.7mV (40 IRE) £5.7mV.

j. CHECK - for a Black Burst amplitude of
285.7mV £5.7TmV.

TSG-170D — PERFORMANCE CHECK

k. Change the VAC Output to 53.6 mV.

. CHECK - for a setup level of 53.6 mV (7.5
IRE) +£5 mV on the Black Burst signal.

ANALOG VIDEO RESPONSE

6. Frequency Response

a. Move the coax from the BLACK BURST
output to the TEST SIGNAL output.

b. Setthe VAC output to 714.3 mV.

¢. Select Line Sweep with the OTHER SIG-
NALS push button.

d. CHECK - that the Line Sweep waveform is
flat +7.1 mV to 4 MHz, £14.2 mV to 4.2
MHz.

e. Select the Multipulse signal, using the
OTHER SIGNALS push button.

f.  Setthe VAC output to 000.0 mV.
g. CHECK - that the bottom of the 25T pulse is

flat £3.5 mV, and that the 12.5T pulses are
flat +7.0mV.

7. 5-Step Staircase Linearity
a. Change the 1485 controls as follows:

Input A(DC)
Response Diff’'d Step
Display 5pus

b. Select the 5-Step Staircase signal on the
TSG-170D front panel.

c¢. Use the Variable Volts Full Scale control on
the 1485 to adjust the Differentiated Steps
display to full scale (140 IRE/1.0 V).

d. CHECK - that the difference in relative

amplitude of each differentiated step riser
(spike) is <7.14 mV (1 IRE).

5-9



TSG-170D — PERFORMANCE CHECK

8. Pulse-to-Bar Ratio

a.

b.

Change the 1485 controls as follows:

A-B (DC)
Flat

0.2

X20

Input

Response

Volts Full Scale
Magnifier

Select the Mod Pulse and Bar signal from
the TSG-170D.

CHECK - that the inverted 2T pulse is at
the Bar amplitude, £3.5 mV, using the
VAC.

9. Group Delay

a.

b.

C.

Select Multipulse from the TSG-170D.
Set the 1485 to view the bottom of the pulses.

CHECK — that the sine-wave-like envelope
at the base of the pulses is no more than
3.6 mV p-to-p (0.5 IRE) for the 25T pulse and
no more than 7.1 mV p-to-p (1 IRE) for the
12.5T pulse.

10. Ringing

a.

b.

Change the 1485 controls as follows:

Display
Magnifier

10 us
X5

CHECK - for undershoot following the 2T
pulseof = 7.1 mV.

11. Line Tilt

a.

5-10

Attach an external NTSC graticule to the
1485.

Use the 1485 controls to align one end of the
bar with the Line Distortion (L.D.) section of
the NTSC graticule.

CHECK - while moving the waveform
across the L.D. section of the graticule, that
the bar does not tilt by more than +3.5mV.

12. Field Tilt

a.

b.

Change the 1485 controls as follows:

Display 2-Field
Magnifier X1

Align one end of the top of the first field with
the L.D. section of the external graticule.

CHECK - while moving the waveform
across the L.D. section of the graticule, that
the field tilt is not more than +3.5 mV from
one end to the other.

13. Diff Gain and Diff Phase

a. Connect the TSG-170D TEST SIGNAL
output to the 520A Channel B input.
Terminate the loop-through in 75Q.

b. Set the following controls:

520A
ChA Out ChB In
ChAo® Out ChB® In
Full Field In &b Ref Burst
Vector In Sync Int

Calibrated @ 0

Select the Modulated Ramp signal from the
TSG-170D.

Use the 520A Ch B Gain control to set the
burst vector tip to the outer graticule circle
(compass rose), and use the Phase control to
set the vector to 180°.

Depress the 520A Diff Gain push button.

CHECK - that the Diff Gain of the Mod
Ramp is =0.6% from 0 IRE to 100 IRE.

Depress the 520A Diff Phase push button.

CHECK - that Diff Phase is =<0.3°, using the
Calibrated Phase control.

14. Chrominance-to-Luminance Gain

a.

Connect test equipment as in Fig. 5-6.
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7603 MAINFRAME

7TA13 | 7A26 }7853A
LOW LOSS *
75 Q CABLE
012-0159-01
i TM 503
P-P
DETECTOR
¢ & o OUTPUT
P-P
TEST SIGNAL DETECTOR
QUTPUT ‘\( HEAD
- °
eJol K :
e o

TSG-170D REAR PANEL

Fig. 5-6. Setup to check TEST SIGNAL output
chrominance-to-luminance gain.

b. Select the DAC Test signal from the

TSG-170D. (To select DAC Test signal, set
switch S407 to 011011 (1=0PEN), power
down and up, then cycle through the OTHER
SIGNALS button until DAC Test is
displayed.)

Set the TA13 to view a vertical rate signal at
10 mV/Div, then balance the peak-to-peak
detector.

CHECK - on the oscilloscope that the chrom-
inance-to-luminance gain (displayed as a
square wave on the scope) is no more than
+1% (£10mV). Typical chrominance-to-
luminance gain is approx. +0.3% (£ 3.3 mV).

Exit Diagnostics mode (close switch 6 of
5407, then power down and up).

15. Phase Matching

Connect the equipment as shown in
Fig. 5-7, Do not make the connection to the
TSG-170D GENLOCK input.

520A
'c CW Ref CH

IO

>

-.V\
a3

TSG-170D REAR PANEL

1485
Syrjc CHB CHA
0 o o0 i ®
PIX
MON 75Q
our TERM
=1V
- - :
BLACK BURST ®—
[}
]

Color Bar Out
® *—

Subc  Sync

Bench Driver

1410/SPG2A Opt AA/TSG3

Fig. 5-7. Setup to check Phase Matching.

b. Set the following controls:
520A 1485

ChA In Input A (DC)
AP In Display 10 us
Full Field In
P Ref Ext
Vector In
Syne Ext

¢. CHECK - that the 520A display is rotating
(not locked).

d. Connect the Video Output from the bench
driver to the GENLOCK input on the
TSG-170D.

e. CHECK - that the TSG-170D is genlocked

(620A display is stable). Use the 520A
Gain control to set the burst tip to the outer
graticule circle (compass rose), and use the
Phase control to set the vector to 180°.
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Move the coax from the TSG-170D BLACK
BURST output to the TEST SIGNAL out-
put. Select Luminance Ramp from the
TSG-170D front panel.

CHECK - that the TEST SIGNAL output
burst phase matches the BLACK BURST
output burst phase within 2°, by moving
the coax back and forth between the TEST
SIGNAL output and the BLACK BURST
output.

COMPOSITE VIDEO LOCK

16. Lock Acquisition

a. Connect the equipment as shown in
Fig. 5-6. Do not connect the bench driver to
the TSG-170D GENLOCK input.
b. Set the following controls:
1485 520A
Input A (DC) ChA In
Volts Full Scale 1.0 AP In
Response Flat Full Field In
DC Restorer Off @ Ref Ext
Display 10 us Vector In
Magnifier X1 Syne Ext
Sync Ext

C.

CHECK - that the 520A Vector display is
rotating, and the 1485 is unlocked.

Connect the 1410 bench driver color bar
output to the TSG-170D GENLOCK input.
Use a 75Q feed-through terminator to
terminate the loop-through.

CHECK - that both the 520A and the 1485
displays are locked.

17. Video Lock Jitter

a.

5-12

Select Mod Ramp at the TSG-170D front
panel.

Connect the TSG-170D TEST SIGNAL
output to the 520A Ch B Input, and select
Ch B and B® on the 520A.

18.

19.

20.

Use the 520A Gain control to set the burst
tip to the outer graticule circle (compass
rose), and use the Phase control to set the
vector to 180°.

Select Diff Phase on the 520A.

CHECK - for jitter of =5°

Genlock Range

a.

Select a + 20 Hz offset at the 1410/SPG2A
Mod AA Bench Driver.

CHECK - that the TSG-170D re-acquires
Genlock, and there has been <5° of phase
shift.

Select a -20 Hz offset at the bench driver.
CHECK - that the TSG-170D re-acquires
Genlock, and there has been =5° of phase

shift.

Turn off the 20 Hz offset at the bench
driver.

Phase Change with Iincoming Burst Amplitude
Change

a.

With the SPG2A Opt AA, increase burst
amplitude from 40 IRE p-p to 56.5 IRE
(+1dB).

CHECK — for =1° phase shift.

Decrease the burst amplitude from 40 IRE
p-p to 20 IRE p-p (-6 dB).

CHECK — for =1°phase shift.

Phase Change with Incoming Signal Ampli-
tude Change

a.

Check that the TSG-170D loop-through
input is terminated with a 75Q feed-
through terminator. Terminating with one
terminator gives a reference of 0 dB.



21.

CHECK - that the Differential Phase is
<1°, using the Calibrated Phase control.

Add a second feed-through terminator to
the first one. This will reduce the input
signal by approximately 3 dB.

CHECK - that the Differential Phase is
=<1°, using the Calibrated Phase control.

Add a third terminator to the loop-through,
reducing the input signal to -6 dB.

CHECK - that the Differential Phase is
=1°, using the Calibrated Phase control.

Remove all but one of the terminators from
the GENLOCK loop-through input.

h. Return the 520A to Vector mode.

Phase Shift with Incoming APL Change

a.

Move the cable to the TSG-170D GEN-
LOCK input from the 1410 bench driver
Color Bars output to the TSG3 output.

Set the TSG3 controls as follows:

IRE/Level AC, Bounce
/Alt Linearity In
90° Subcarrier Off
180° Subcarrier Off
Ramp On

Use the 520A Gain control to set the burst
tip to the outer graticule circle (compass
rose), and use the Phase control to set the
vector to 180°.

Select Diff Phase on the 520A.

CHECK - for <1° phase shift with APL
change.

Select Vector mode on the 520A.

TSG-170D — PERFORMANCE CHECK

SYNC LOCK

22. Lock Acquisition

23.

24,

a.

Connect the 1410 Bench Driver Black Burst
output to the TSG-170D GENLOCK input.
All other connections remain the same as in
Fig. 5-6.

Use the 520A Gain control to set the burst
tip to the outer graticule circle (compass
rose), and use the Phase control to set the
vector to 180°.

Disable burst at the 1410/SPG2A, by
releasing the Internal push button.

CHECK - that the TSG-170D remains
genlocked to the bench driver. (The Mod
Ramp vector will be at either 180° or at 0°.)

CHECK - that as the burst is alternately
enabled and disabled the Mod Ramp vector
always locks in at 180° when the burst is
enabled, and locks in at 180° +£20° or at 0°
+20° when the burst is disabled. Cycle the
SPG2A Internal switch at least 4 times for
this check.

Disable burst and disconnect the input cable
to the TSG-170D GENLOCK input.

Re-connect the cable to the GENLOCK input
after approximately 15 seconds.

CHECK - that the TSG-170D locks to this
sync only input at either 180° +20° or at 0°
+20°,

Sync Lock Jitter

a.

b.

Select Diff Phase at the 520A.

CHECK - for <2.5° of jitter.

Phase Change with Incoming Signal Amplitude
Change

a.

Check that the TSG-170D loop-through
input is terminated with a 75Q feed-through
terminator.
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b. CHECK - that the Differential Phase is <1°,
using the Calibrated Phase control.

c. Add a second feed-through terminator to the
first one. This will reduce the input signal
by approximately 3 dB.

d. CHECK -that the Differential Phase is <1°,
using the Calibrated Phase control.

e. Add a third terminator to the loop-through,
reducing the input signal to -6 dB.

f. CHECK -that the Differential Phase is <1°,
using the Calibrated Phase control.

g. Remove all but one of the terminators from
the GENLOCK loop-through input.

h. Return the 520A to Vector mode.

CW LOCK

25. CW Lock Acquisition

a.

Move J407 and J408 (on the Digital board) to
their pins 2-3 positions. Move J13, J14, and
J15 (on the Output board) to their pins 2-3
positions.

Cycle the TSG-170D power off and on.

Select Red Field signal at the TSG-170D
front panel.

CHECK - that the vector display on the
520A is unlocked (rotating).

Connect the Subcarrier output from the 1410
Bench Driver to the TSG-170D GENLOCK
input.

CHECK - that the vector display on the
520A is now locked.

26. Subcarrier Amplitude

a.
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Connect a X10 probe from the oscilloscope to
TP913 on the Digital board.

27.

28.

Set the oscilloscope vertical to 200 mV/Diyv,
DC coupled, with the 20 MHz filter enabled.
Set the oscilloscope horizontal to 100 ns/Div,
AC coupled, and internally triggered.

CHECK - that the positive peaks of the sub-
carrier waveform at TP913 are below 0 Vdec.
Typically these peaks are at approximately
-100 mV.

CHECK - that the amplitude of the subcar-
rier waveform at TP913 is approximately
800 mV.

CW Lock lJitter

a.

Set the Red Field burst vector tip to the
outer graticule circle (compass rose), and use
the 520A Ch A Phase control to set the
vector to 180°.

CHECK - for jitter on the vector display of
<0.5°

Return J407 and J408 (on the Digital board)
and J13, J14, and J15 (on the Output board)

to their pins 1-2 positions.

Remove the Subcarrier input from the
TSG-170D GENLOCK input.

Cycle the TSG-170D power off and on.

Genlock Timing Range

Connect test equipment as in Fig. 5-8.

Set the oscilloscope to display both the
TSG-170D MOD RAMP output and the
Black Burst Genlock Source at 10 us/Div.
(Use Channel 1 as trigger source.)

At the TSG-170D front panel, advance and
delay the TEST SIGNAL output as far as it
will go (with the coarse genlock timing
buttons) in either direction.

CHECK - that the test signal advances and
delays at least 8 us with respect to the refer-
ence (Black Burst) signal.



7603

TA13 | 7A26 PJ853A

TEST SIGNAL A 75Q

TERM

- s | GENLOCK
00 = == :w___LOOP

® ¢ 1 THROUGH

TSG-170D REAR PANEL

: 1 BLACK
i @ BURST

TSG-170D — PERFORMANCE CHECK

c. Set the following controls:

OuUTPUT

1410

FRONT PANEL

Fig. 5-8. Setup to test Genlock timing range.

29. Audio Tone

a. Connect the equipment as in Fig. 5-9.

AAS501A DISTORTION ANALYZER

600 Q or
150 Q

W

+
r 5 SHIELD

N

TA13

o |s:

7853A

MAIN
TRIGIN
[ ]

TSG-170D REAR PANEL

AUDIO
TONE

- L
QO == =m
®

Fig. 5-9. Setup to check AUDIO output level.

b. Connect the scope probe to pin 2 of J12.

Oscilloscope
Vertical (7TA13) Time Base(7B53A)
+ Input DC Slope —
—Input GND Mode Auto
Volts/Div 200 mV Coupling AC
BW 5 MHz Source Int
Time/Div 200 us
Mag X1
AA501A
Input Level Range  Auto range
dBm Switch In
Level Switch In
All Filter Switches Out
Response RMS
d. CHECK - that the period of the sine wave at

J12-2 is approximately 1.24 ms (800 Hz)
when J19 is on pins 1-2, and that the period
is approximately 1 ms (1000 Hz) when J19 is
on pins 2-3.

e. SET - J19 for the desired output frequency
(factory setting is 800 Hz).

f. Attach a load resistor (either 150Q or 6008,
to represent the load of your system) across
the AA501A Audio Input pins.

g. CHECK - for the desired dB output (factory

setting is +8 dBm).

30. Digital Video Clock Amplitude, Rise, and Fall

Times

a. Connect the Digital Output Termination
Fixture (see Fig. 5-10) to the DIGITAL
VIDEO output.

b. Connect a X10 probe from the oscilloscope +

input to the CLK connection on the Termi-
nation Fixture, and another X10 probe from
the — input to the CLK connection. Make
sure to ground each of the probes.
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—_—

Digital Video Qutput

TSG-170D REAR PANEL

Fig. 5-

10. Setup to check DIGITAL VIDEO

Clock Output.

¢. Setthe following controls:
Oscilloscope
Vertical (7A13) Time Base(7B53A)
+ Input DC Slope —
—Input DC Mode Auto
Volts/Div 200 mV Coupling AC
BW Full Source Ext
Time/Div 50 ns
Mag X10
d. Trigger the oscilloscope from U841-4.

CHECK - that the waveform amplitude is
between 0.8 V p-to-p and 2.0 V p-to-p.

Use the oscilloscope Vertical Var control to
adjust the waveform for a display that is five
divisions in height.

CHECK - that the waveform rise and fall
times are <5 ns, measured between 20% and
80%.

Return the Volts/Div Var control to its Cal
position.

31. Check Digital Video Clock to Data Timing

a.

5-16

Select the Luminance Ramp signal at the
TSG-170D.

Center the CLOCK waveform vertically, and
set the midpoint of its rising edge at a con-
venient reference at the right side of the
screen.

Move the scope probes to the LSB connec-
tions, pins 12 and 25.

CHECK - that the LSB Data crossover point
follows the CLOCK rising edge by 35 ns £
2 ns.

CHECK - that the crossover points for the
remaining Data pairs occur at the same time
as the LSB crossover point, +2 ns.

32. Check Digital Video Output Non-Inverted Data

a.

Connect the DP-100 to the DIGITAL VIDEO
output non-inverted Data and Clock lines,
using a blank 25-pin D connector. Connect
the DP-100 Video Output to the 1485 Ch A
input, using low-loss 75Q coax. See
Fig. 5-11.

00 ==

DIGITAL VIDEQ ® @

TSG-170D REAR PANEL

Fig. 5-11. Setup to check DIGITAL VIDEO.




b. Set the following controls:
DP-100 1485

Data Input A (DC)
Inv/Norm Norm Response Flat
2 Comp/Binary Binary VFS 1.0
ECL/TTL ECL DC Restorer Off
Threshold Cal Oper/Cal Oper
Clock Phase Syne Int
Inv/Norm Norm Display 10 us
Filter Magnifier X1
On/Off Off

¢. Ensure thatdJ1, on the Output board, is in its
pins 2-3 position.

d. Select Luminance Ramp at the front panel.

e. CHECK - for an unfiltered luminance ramp
on the 1485.

f. CHECK - that no errors occur on the ramp
as the DP-100 Clock Phase control is varied
from end to end. To see an example of clock
phase error, depress the Clock Phase Inv/
Norm switch and vary the Clock Phase
control.

g. Change the 1485 to 0.2 VFS and 0.5 us/div
(X10).

h. Vary the 1485 Horizontal and Vertical con-
trols to view a section of the ramp.

i. CHECK - for no missing bits. Steps should
be approximately one minor division high
and one minor division wide.

j. Move J1 to pins 2 and 3 (8-bit position).

k. CHECK - for no missing bits. Steps should
be approximately three minor divisions high
and three minor divisions wide.

1. Move J1 back to its pins 1 and 2 position.

m. Return the 1485 to 1.0 VFS and 5 us/div

(X1).

TSG-170D — PERFORMANCE CHECK

33. Check Parallel Digital Audio Output Non-In-
verted Data

a.

Connect the DP-100 to the PARALLEL
DIGITAL AUDIO output non-inverted Data
and Clock lines, and connect the DP-100
Video Output to the Oscilloscope vertical +
input (see Fig. 5-12).

DP-100

7853A

MAIN
TRIG IN
[ ]

o ©
- :
PARALLEL DIGITALAUDIO ® ¢

TSG-170D REAR PANEL

Fig. 5-12. Setup to check PARALLEL DIGITAL

AUDIO.
b. Set the following controls:
Vertical (7A13) Time Base(7B53A)
+ Input DC Slope _
—Input GND Mode Auto
Volts/Div 200 mV Coupling AC
BW Full Source Int
Time/Div 500 us
DP-100 Mag X1
2 Comp/Bin 2 Comp
¢. Remove the LSB wire from the D connector.
d. CHECK - for a pattern similar to that in
Fig. 5-13.
e. CHECK -that with J19 on pins 1-2, the sine

wave period is approximately 1250 us (800
Hz), and with J19 on pins 2-3 the sine wave
period is approximately 1000 us (1000 Hz).
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ov

Fig. 5-13. Parallel Digital Audio Output.

34. Check Parallel Audio Output Inverted Data

a. Move the DP-100 inputs to the inverted data
output pins on the D connector, and change
the DP-100 Data and Clock Phase Inv/Norm

controls to Inv.

b. CHECK - for a pattern similar to that in

Fig. 5-13.

c. Replace the LSB wire on the D connector.

35. Check Digital Video Output Inverted Data

a. Connect the DP-100 to the DIGITAL VIDEO
Output Inverted data output pins, and
connect the DP-100 Video Output to the

1485 Ch A input. See Fig. 5-11.

b. CHECK - for an unfiltered ramp display on

the 1485.

¢. Change the 1485 to 0.2 VFS and 0.5 ps/div

(X10).

d. CHECK - for no missing bits. Steps should
be approximately one minor division high

and one minor division wide.

e. Disconnect the DP-100.
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36. Serial Digital Audio Output Amplitude

a. Remove the cable from J20, on the Output
board, and attach a 110Q resistor between
pins 1 and 2.

b. Connect a 10X scope probe from the 7A13 +
input to J20-1, and another 10X scope probe
from the 7A13 - input to J20-2.

c. Setthe controls as follows:

Vertical (7A13) Time Base(7B53A)

+ Input DC Slope —

- Input DC Mode Auto

Volts/Div 0.2 Coupling ACHF Rej

BW Full Source Int
Time/Div 500 us
Mag X1

d. CHECK - that the waveform is centered

about ground, with an amplitude between
3Vand 10V p-to-p.

37. Serial Digital Audio Rise and Fall Times

a.

Change the oscilloscope Volts/Div to 0.1, the
Time/Div to 0.1 us, and Mag to X10.

Set the oscilloscope controls to give a display
that is 5 divisions in amplitude.

CHECK - that the rise and fall times are
between 10 ns and 30 ns, measured between
10% and 90%.

Remove the 1109 resistor and replace the
cable onto J20.

RETURN LOSS

38. Genlock Loop-Through

a.

Connect test equipment as in Fig. 5-14.



T™M 503 7603 Vert
Sig
SG | RETURN i Out
503 | LOSS J
° BRIDGE
TA13 | 712
@ + Ilnput
50QT075Q @ - Input
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ATTENUATOR g 1n A
DC BLOCK
KNOWN
ARM ~—A 4\
75 Q TERM
UNKNOW_N\‘ {PRECISION)
ARM
- - -
NOTE: Initially,
the termination
is disconnected
TSG-170D REAR PANEL
GENtock ¢
LOOP-THRU ¢
Fig. 5-14. Setup to check Return Loss.
b. Set the following controls:
7A13 7L12
+ Input DC Freq 0 MHz
~Input DC Time/Div 5 ms
BW Full Ref Level -20dB
Volts/Div 50 mV  Display Mode 10dB/Div
Gain Selector CCW
7603 Freq Span/Div 1 MHz
Vert Mode Right  Resolution 300 kHz
Trig Source Left
SG503
Amplitude 500 mV
¢. Setthe SG503 to 5 MHz.

d.

With both precision terminators connected,
adjust the Return Loss Bridge to null the
4.2 MHz response displayed on the spectrum
analyzer.

TSG-170D — PERFORMANCE CHECK

Remove the precision 75Q terminator from
the UNKNOWN cable and connect the term-
inator to one of the TSG-170D GENLOCK
loop-through connectors.

Place the peak of the displayed 5 MHz to be
at the top line of the graticule by adjusting
the spectrum analyzer Vertical Position
controls.

Connect the UNKNOWN ecable to the other
TSG-170D GENLOCK loop-through
connector.

CHECK — that the return loss is >40dB
(4 major divisions) as you vary the SG503
frequency between 4.2 MHz and 250 kHz.

Switch off the TSG-170D power and repeat
Step h.

39. Check TEST SIGNAL Output

a.

d.

Switch off the TSG-170D and disable its out-
put by moving jumper P2 (Output board) to
the 2-3 position.

Connect the UNKNOWN cable to the TEST
SIGNAL output and switch on the
TSG-170D.

CHECK — at the spectrum analyzer, check
that the return loss is >36 dB as you vary
the SG503 frequency between 4.2 MHz and
250 kHz.

Return P2 to the 1-2 position.

40. Check BLACK BURST Output

a.

Connect the UNKNOWN cable to the
BLACK BURST output.

CHECK — that the return loss is >36 dB as

you vary the SG503 frequency between
4.2 MHz and 250 kHz.
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SHORT FORM CALIBRATION PROCEDURES

PRELIMINARY ADJUSTMENTS

1.

Adjust Power Supply

Adjust +5V £100 mV with R510, adjust R415
for no current limiting.

Adjust Oscillator Frequency
Adjust C19 for 14.318180 MHz +0.1 Hz.

Adjust Audio VCO Frequency (SN B010619 and
above)

Adjust C95 on the A3A1 Audio VCO board for
6.144 MHz at TP12 on the A3 Qutput board.

DC Level Adjust

Adjust TEST SIGNAL output blanking level for
0 V £50 mV with R202. Check Black Burst
blanking level for 0V £40mV.

Output Gain Adjust

Adjust R51 for Luminance Ramp amplitude of
714.3 mV, adjust R61 for Black Burst Sync
amplitude of 285.7 mV, and adjust R91 for 53.6
mV of setup on the BLACK BURST output.

ANALOG VIDEO RESPONSE

6.

Coarse SIN X/x Adjustment

Adjust C29 for 285.7 mV of burst on BLACK
BURST output, and adjust C22 for 285.7 mV of
burst on the TEST SIGNAL output.
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10.

11.

Adjust Group Delay

Adjust L1, L2, L8, and L9 for flat pulse response.
25T: flat £7.0mV,12.5T: flat £3.5 mV.

Adjust Frequency Response

Adjust L3, L4,and L5 for flat response (1% to 4
MHz, +2% to 4.2 MHz.

Adjust Chrominance-to-Luminance Gain

Adjust C22 for Peak-to-Peak Detector output of
<10 mV p-to-p.

Adjust Phase Matching
Adjust C37 for =2° phase difference between
Black Burst and Test Signal burst phases.
NOTE
Due to interaction, steps 5, 6, 7, 8, and 9

should be repeated until the best overall
response is obtained.

OUTPUTS

Adjust Audio Tone

Adjust R119 for + 8 dBu (factory setting).

12. Adjust Digital Video Clock to Data Timing

Adjust C51 for clock rising edge to precede LSB
data transition by 35 ns £2 ns. Check that all
data transitions are + 2 ns of LSB.
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LONG FORM CALIBRATION PROCEDURES

PRELIMINARY ADJUSTMENTS

(See Fig. 5-16 for adjustment locations.)

1. Power Supply Adjustment

NOTE
Adjustment of the Power Supply
should be done only if the supply
voltage is out of tolerance. This is not
a part of normal maintenance.

Set the Variac to apply 90 V as the input
voltage. Set R415 (current limit) 1/4 turn
from its counterclockwise limit.

CHECK/ADJUST - for +5V 100 mV at
the +5V test point on the Power board. Use
R510 to adjust it, if necessary. Set R415 (cur-
rent limit) to its clockwise limit.

CHECK - to see if the LED (DS670) is flash-
ing or not. If the LED is flashing, then the
supply is current limiting. If the LED is not
flashing, go to parte.

ADJUST - R415 slowly counterclockwise
until the supply stops current limiting (the
LED stops flashing).

ADJUST - R415 counterclockwise 1/4 turn
from the point where the LED stops flashing.

CHECK - that the +5 V test point is still at
+5V £100mV.

2. Oscillator Frequency Adjustment

a.

Connect the equipment as in Fig. 5-15. Use a
X1 probe from the DC503A CH B input to pin
4 of U841, on the TSG-170D Output board.
Remove the plug in the top of the oven cover.

DC503A COUNTER
CHA CHB
T [ ]
- [ ]
oo | N ]
REFERENCE Ps
CLOCK —
(i.e., WWV) TSG-170D REAR PANEL
o

Fig. 5-15. Setup to adjust free-running oscillator
frequency.

b. Setthe DC503A as follows:

Function Ratio A/B
Avg 106

c. Make sure that J180 is on pins 2-3.

d. Adjust the crystal frequency with C19
(through the hole in the oven cover) to bring
the oscillator frequency to within 0.1 Hz of
14.318180 MHz.

e. Replace the plug in the oven cover.

3. Audio VCO Frequency Adjustment (SN B010619
and above)

a. Continuing from the preceding step, move
the X1 probe from pin 4 of U84 to TP12 on
the A3 Output board.

b. Use a jumper wire to connect J90-2 to
ground. Alternatively, you can connect R188
(the end closest to C53) to ground.

c. ADJUST - C95 on the A3A1 Audio VCO

board for an oscillator frequency of 6.144
MHz t+ 1 Hz.
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Fig. 5-16. TSG-170D Adjustment and Jumper Locations.

d. Set the oscilloscope for 2V/Div, and set a

ground reference.
e. Remove the jumper wire and connect the
oscilloscope probe to J90-2. 75Q
FEED-
TH.P&RAGH
f. CHECK -that the control voltage at J90-2 is \y A3 78534
at or centered around 0 volts. o MAIN
_ TRI& N
4. DCLlevel Adjust TEST SIGNAL OUTPUT
TSG-170D 00 =
a. g.ongelzt the equipment as shown in REAR PANEL BLACK BURSTOUTPUT @  ©
ig. 5-17.

Fié. 5-17. Setup to check dc level of TEST
SIGNAL output.
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b. Set the following controls:
Oscilloscope
Vertical Time Base

Volts/Div 50 mV Slope —
Coupling DC Mode Auto
Display Mode Ch1l Coupling AC
Trigger Source Ch1l Time/Div 10 us
BW Full Mag X1

c. ADJUST - R202, on the Output board, for a

blanking level of 0 V £50 mV.
d. Move the cable from the TEST SIGNAL out-

put to the BLACK BURST output on the
TSG-170D.

CHECK - that the Black Burst blanking
levelisO0V =50 mV.

5. Output Gain Adjust

a. Connect the equipment as shown in
Fig. 5-18. Use low loss 75Q coax for the VAC
connection.

VAC FIXTURE 1485
oe ’
75Q
OL‘J’TPUT TERM

TEST SIGNAL QUTPUT

]

[ ]

TSG-170D REAR PANEL

Fig. 5-18. Setup to adjust Test Signal gain.

b. Set the following controls:
1485 VAC
Input A-B (DC) Output 714.3 mV
Response Flat

Volts Full Scale 1.0
DC Restorer Off
Oper/Cal Oper

Sync

Int, Direct

TSG-170D — CALIBRATION PROCEDURES

Display 10 us
Mag X1

c. Select the Luminance Ramp signal at the
TSG-170D front-panel.

d. ADJUST - R51, on the Output board, for a
luminance amplitude of 714.3 mV (100 IRE).

e. Change the following controls:

1485 VAC
Volts Full Scale 0.2 Output 285.7TmV

f. Move the cable from the TEST SIGNAL out-
put to the BLACK BURST output on the
TSG-170D.

g. ADJUST - R61, on the Output board, for a
Black Burst Sync amplitude of 285.7 mV (40
IRE).

h. Change the VAC output to 53.6 mV.

i. ADJUST - R91, on the Output board, for a
setup level of 53.6 mV (7.5 IRE) on the Black
Burst signal.

ANALOG VIDEQ RESPONSE

NOTE
The following adjustments are interactive,
and should be done as a set. Repeat the
adjustments in sequence until the best
overall response is obtained.

6. Coarse SINX/y Adjustment
a. Change the VAC Qutput to 285.7mV.
b. ADJUST - C29 (Black Burst SIN X/x) on the
Output board for 285.7 mV of Black Burst

amplitude.

c. Move the cable from the BLACK BURST
output to the TEST SIGNAL output.

d. ADJUST - C22 (Test Signal SIN X/x), on the
Output board, for 285.7 mV of burst.
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7. Group Delay

a.

Display

d.

Set S407 to 011011 (segments 6 and 3 closed)
and cycle the TSG-170D power off and on.

Select the Multipulse signal, using the
OTHER SIGNALS push button.

Change the following controls:
1485

VAC

Output 000.0 mV

5 us
ADJUST - L9, L8, L1, and L2, on the OQutput
board, for as flat as possible response and
symmetrical ringing at the bottom of the 2T
pulse.

CHECK - that the bottom of the 25T pulse is
flat £3.5 mV, and that the 12.5T pulses are
flat £7.0 mV. Overshoot on the 2T pulse
should be =7mV.

8. Frequency Response

a.
b.

Set the VAC output to 714.3 mV.
Select Line Sweep with the OTHER SIG-
NALS push button.

ADJUST - L3, L4, and L5, on the Output
board, for as flat of response as possible.

Some roll-off will occur starting at about
4 MHz.

CHECK - that the Line Sweep is flat +1% to
4 MHz, +2% to 4.2 MHz.

9. Chrominance-to-Luminance Gain

a.

Connect the equipment as shown in
Fig. 5-19.

b. Select DAC Test signal with the front-panel

C.

Vertical (7A13)
Volts/Div
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OTHER SIGNALS button.
Set the following controls:

Oscilloscope
Time Base(7B53A)

2mV Slope —

P—P DETECTOR 7603
‘(;)U;I'- 7A13

+ -

1] [ ] g 9 +

TEST SIGNAL OUTPUT \*r HEAD
- ®

Oo - - :

e o

TSG-170D REAR PANEL

DETECTOR

Fig. 5-19. Setup to adjust chrominance-to-

luminance gain of TEST SIGNAL output.

+ Input DC Mode

-Input GND Coupling

BW Full Source
Time/Div

Auto
AC
Int
10 us

d. If there is significant chrominance-to-lum-
inance gain, the displayed waveform on the
oscilloscope will look like a square wave.
ADJUST - C22 (Output board) to reduce

this square wave to a straight line.

e. Check that the square wave amplitude is no

more than 10 mV.

f.  Set S407 to 111111 (all segments open), and
cycle the TSG-170D power off and on. This

disables diagnostics.

10. Phase Matching

a. Connect the equipment as shown in
Fig. 5-20, Do not make the connection to the

TSG-170D GENLOCK input.

b. Set the following controls:

520A VAC
ChA In Output 000.0 mV
AP In
Full Field In 1485
D Ref Ext Input A (DC)
Vector In Display 10pus
Sync Ext



VAC FIXTURE

input Ext
Sync A

655HR-1

1485
: Syrc CHB CHA
20 © [ N ] L
oureut 201 sl
’ out TERM
=—!
O o :

BLACK BURST & @
TSG-170D REARPANEL !

[ [ ] L 4
Sub¢  Sync Video Out

Bench Driver
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put. Select Luminance Ramp from the
TSG-170D front panel.

ADJUST - C37 on the Output board to
place the test signal burst phase to the 180°
mark.

CHECK - that the TEST SIGNAL output
burst phase matches the BLACK BURST
output burst phase within 2°, by moving the
coax back and forth between the TEST
SIGNAL output and the BLACK BURST
output.

REPEAT - steps 5, 6, 7, 8, and 9 until the
best overall response is obtained.

Audio Tone Adjustment

Connect the equipment as in Fig. 5-21.

AA501A DISTORTION ANALYZER

Fig. 5-20. Setup to adjust Phase Matching.

CHECK - that the 520A display is rotating
(not locked).

Connect the Video Output from the bench
driver to the GENLOCK input on the TSG-
170D.

CHECK - that the TSG-~170D is genlocked
(520A display is stable). Use the 520A Gain
control to set the burst tip to the outer
graticule circle (compass rose), and use the
Phase control to set the vector to 180°.

Move the coax from the TSG-170D BLACK
BURST output to the TEST SIGNAL out-

600 Qor
Fmg TA13 7853A
° e + MAIN
/3 sHiELD ol TRIG IN
\ TSG-170D REAR PANEL
- L]
AUDIO
Tone @O w == o

Fig. 5-21. Setup to adjust AUDIO output level.

b. Setthe following controls:

AA501A
Input Level Range Auto range
dBm Switch In
Level Switch In
All Filter Switches Out
Response RMS

Attach a load resistor (either 150Q or 600%,
to represent the load of your system) across
the AA501A Audio Input pins.
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d.

Adjust R119 to obtain the desired dB out-
put. (Factory settingis +8dBm.)

12. Adjust Digital Video Clock to Data Timing

a. Connect the Digital Output Termination
Fixture (see Fig.5-10) to the DIGITAL
VIDEO output.

b. Connect a X10 probe from the oscilloscope +
input to the LSB connection on the Termin-
ation Fixture, and another X10 probe from
the ~ input to the LSB connection.

¢. Set the following controls:

Vertical (7TA13) Time Base(7B53A)
+ Input DC Slope -
- Input DC Mode Auto
Volts/Div 200 mV Coupling AC
BW Full Source Ext
Time/Div 50 ns
Mag X10

Trigger the oscilloscope from U841-4.

Center the waveform vertically, and set the
Data crossover point at a convenient refer-
ence at the right side of the display (at least
three divisions to the right of center).

Move the scope probes to the Clock pins of
the connector, pins 1 and 14.

ADJUST - C51 so that the midpoint of the
clock rising edge occurs 35 ns £2 ns before
the Data crossover point noted in part b of
this step.

Repeat parts a through d of this step to
ensure the timing. (If the transitions seem to
move, check the grounding of the scope
probes.)

CHECK - that the crossover points for the
remaining Data pairs occur at the same time
as the LSB crossover point, *2ns.

This concludes the adjustment portion of the procedure. For a complete calibration
return to the beginning of this section and go through the performance check, to verify
all specifications.
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SECTION 6
THEORY OF OPERATION

INTRODUCTION

Two parts make up the Theory of Operation. First is
the Block Diagram Overview that describes the
architecture of the TSG-170D in function blocks.
Second are the Circuit Descriptions. These describe
the 13 schematic diagrams that make up the func-
tion blocks.

CAUTION

Be sure the circuit descriptions and sche-
matics you use in this section match your
instrument’s serial number. Where neces-
sary, schematics and circuit descriptions
have serial number labels.

BLOCK DIAGRAM OVERVIEW

This overview divides the TSG-170D into five sec-
tions: Input Processing, Genlock Loop, Signal Gen-
eration, Output Processing, and Power Supply.
Refer to the Block Diagram in Section 9 when read-
ing the description of these sections.

INPUT PROCESSING

To prepare the input reference (Genlock Input) sig-
nal for ADC sampling, the Input Processing circuit
inverts it, clamps its sync tips to -50 mV, and filters
it. The Sync Stripper extracts composite sync from
the Genlock Input signal, then supplies it to the In-
put Clamp and the Address Control (in the Genlock
Loop). Both these circuits use it as a timing refer-
ence. The processed Genlock Input signal is passed
to the Genlock Loop, where it is continuously samp-
led by the ADC.

GENLOCK LOOP

The Genlock Loop locks the TSG-170D outputs to
the Genlock Input signal. It does this by generating
two signals (CLK1 and FLD REF) that control the
timing of the Signal Generation circuits. CLK1 is

the 4Xsubcarrier system clock, and FLD REF (field
reference) is a field-timing reference signal from
which the Signal Generation circuits derive vertical
and horizontal timing when the instrument is gen-
locked to composite video.

The TSG-170D accepts two types of Genlock Input
signals: composite video (color or monochrome) and
continuous-wave reference. After appropriate jump-
ers have been set in the Input Processing circuits,
the Genlock Loop detects the type of Genlock Input
signal being inserted. It responds by switching to a
different mode of operation to handle the detected
signal.

When a composite video signal (color or mono-
chrome) is inserted, the Genlock Loop puts out both
the system clock (CLK1) and the field timing signal
(FLD REF) to the Signal Generation circuits. When
a sine-wave reference is inserted, or when no signal
is inserted, the Genlock Loop puts out only the sys-
tem clock (CLK1).

Locking to Composite Video

To lock to composite video, the Genlock circuit finds
the sync and burst portion of the incoming composite
video signal (called the sync and burst window) and
stores it in the Sample RAM every line. With this
data, the P calculates sync timing and burst phase.
From this, it can lock to sync and burst, as described
below.

Locking to Sync — Initially, the Genlock Loop ac-
quires horizontal sync by locking its Line Counter in
the Address Control circuits directly to incoming
sync. This allows the uP to sample the sync and
burst window to find vertical syne. Once it has
found vertical sync, the Genlock Loop obtains a more
accurate horizontal sync lock as follows: First, the
uP switches the Line Counter to internal timing and
synchronizes the Line Counter timing with incom-
ing sync timing as calculated from the window data.
Since internal timing has less jitter than incoming
sync, it provides a more accurate reference.
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Once the Address Control is set to internal timing,
the uP begins locking the VCO to either incoming
burst or sync samples, depending on whether the in-
coming composite video signal has burst or is mono-
chrome.

Locking to Burst — When the Genlock Input is
composite video with burst, the uP uses burst sam-
ples contained in the sync and burst window to lock
the VCO to incoming burst.

Because the ADC is clocked by the VCO, samples of
incoming burst indicate VCO phase in relation to in-
coming burst phase. The pP extracts the burst-to-
VCO phase information and uses it to generate a
VCO correction word that the Genlock DAC con-
verts to a voltage. An integrated version of this volt-
age keeps the VCO and its CLK1 output phase-
locked to incoming burst by shifting the VCO
frequency.

Once the VCO is burst locked, the uP calculates the
timing for line 10 of field 3 and indicates this timing
with a pulse to the Address Decoder. The Address
Decoder gates this pulse with the 50% point of horiz-
ontal sync to generate the FLD REF signal.

When the Genlock Input is monochrome composite
video, the uP uses incoming sync samples to calcu-
late VCO phase relative to incoming sync. It then
generates a correction word to shift VCO frequency
(which shifts phase) accordingly. Thus, the VCO
output (CLK1) is locked to incoming sync.

Fine Genlock Timing — Adjustment of fine gen-
lock timing is done inside the Genlock Loop. When
fine genlock timing is adjusted at the front panel,
the uP adds an offset to its VCO correction word to
shift VCO phase in the desired direction. This re-
sults in new ADC sample timing, and consequently,
new sample values. When analyzing the new
values, the uP takes into account the timing offset.
Hence, it does not attempt to “correct” its own offset.

Locking to a Continuous Wave Reference

To lock to a continuous wave reference, the Genlock
Input block samples the sync and burst window at a
line rate in the same manner as for composite video
reference. Except, of course, the window is no longer
synchronized with sync, and it contains a continuous
sine wave without sync.
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The continuous wave reference is sampled by the
ADC, stored in the Sample RAM, and then used by
the uP to calculate correct VCO phase. When locked
to a continuous wave, the Genlock circuit still gener-
ates the system clock (CLK1), but not the FLD REF
signal. FLD REF is not needed since the sine-wave
reference signal has no fields to which the
TSG-170D must lock.

SIGNAL GENERATION

The Signal Generation section puts out two sepa-
rately timed sets of signals: one set contains sync
pulse signals and subcarrier, the other contains the
selected test signal and black burst. All the signals
are locked to the Genlock Input signal, but an addi-
tional timing offset (advance or delay) can be added
to the sync pulse and subcarrier signals with respect
to the test and black burst signals. The circuits that
generate these signals are described below.

Test Signal Generation

The main job of the Test Signal Generation circuitry
is to produce one of 18 selectable test signals. It does
this by using two genlocked timing signals (CLK1
and FLD REF) plus delay information from the uP to
drive its signal selection and timing circuits. These
circuits control the Test Signal PROMs, which gen-
erate the signals. The circuit blocks that generate
the timing and signal selection are the Genlock Tim-
ing Offset, H Timing Counter, Vertical Counter, H
and V Timing PROMs, and Signal Selector.

The Genlock Timing Offset is controlled by the uP.
When coarse genlock timing is adjusted at the front
panel, the Genlock Timing Offset shifts the timing of
the H and V Counters, thus shifting the timing of
the whole Test Signal Generation circuitry by up to
+ 8 us.

The H Timing Counters provide timing to the Test
Signal PROMs by addressing the horizontal compon-
ents of the selected signal. The V Counter provides
vertical timing to the V Timing PROM, which in
turn provides vertical timing to the Signal Selector.

Signal selection is updated during the vertical inter-
val. The P sends out a selection code that, combin-
ed with V Timing PROM outputs, tells the Signal
Selector which signal to select and when to select it.
The V Timing PROM also tells the selector which



elements of the signal to select. The V Pulse PROM
tells the selector when to select vertical sync.

The signals selected at the Test Signal PROMs are
converted to analog by the Test Signal DAC, then
low-pass filtered and buffered.

Black Burst Generation

Black burst is generated by switching the currently
selected test signal to setup level during active video
and then switching back to the syne and burst por-
tion of the test signal during sync and burst time.

{D Character Generation

A 12-character identification may be combined with
the test signal. This is displayed on the upper two-
thirds of the test signal.

AUDIO GENERATION AND OUTPUT

The Audio Generation and Output circuitry pro-
duces an audio tone of either 800 Hz or 1 kHz, user
selectable. This tone is produced in three separate
formats: Serial Digital, Parallel Digital, and
Analog.

Digital Audio and 6.144 MHz Clocks

The Digital Audio Clock circuitry divides the
14.31818 MHz video clock down to 768 kHz. The
6.144 MHz clock is locked to this input by a PLL.
The 6.144 MHz clock is divided down and decoded
into the clocks and timing signals for the Audio Data
Generation circuitry.

Audio Data Generation

The Audio Data Generation uses the 6.144 MHz
clock to access audio data for both serial and parallel
data streams.

Serial Digital Audio Output

The Serial Digital Audio Output shifts the data out
at a 6.144 MHz rate, through a differential buffer,
and a transformer couples it to the rear-panel XLR
connector.
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Parallel Digital Audio Output

The parallel data stream from the Audio Data Gen-
eration block is read into a latch, and then TTL-to-
ECL buffers drive the rear-panel connector.

Analog Audio Output

The Analog Audio Output converts the parallel data
stream into offset binary, and applies it to a DAC.
The DAC output is reconstructed, buffered, and
applied to the rear-panel XLR connector.

OUTPUT PROCESSING

Test Signal and Black Burst Output

The Test Signal Output converts the digital signal
outputs to analog, filters the analog signal to remove
out-of-band components, provides the signal with
the correct power and amplitude levels, and boosts
the high end of the signal frequency to compensate
for sinx/x roll-off.

POWER SUPPLY

The switching power supply generates =5V for TTL
and ECL devices. A stable linear supply of £12V is
required for powering the analog components.

FRONT PANEL INTERFACE CIRCUIT DESCRIP-
TION (Schematic 1)

The five main functions of the Front-Panel I/O cir-
cuitry are (1) to transfer user selections to the uP, (2)
to transfer signal timing offset data from the xP to
the Digital board, (3) to transfer diagnostic switch
data to the P, (4) to transfer remote control data to
the 4P, and (5) to transfer operating status and diag-
nostic data from the pyP to the front-panel LEDs.
Each of these is described below.
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Front-Panel Selection

Decoder U307 converts the front-panel data, selected
by the 13 click dome switches (8129-S176), into a
4-bit word and applies it to buffer U311. During the
vertical interval, the uP checks the front panel by
enabling KEYBOARD. This loads the 4-bit word on-
to the data bus. To determine if a new selection has
been made at the front panel, the P checks for a
high level on the ED5 line. The Data Available out-
put (pin 13, U307) pulls this line high for about
20 ms whenever a new front-panel selection is made.

In the 2-3 position, jumper P210 disables any at-
tempts to change signal timing through the front
panel. In the 1-2 position, the jumper allows normal
front-panel operation.

Timing Offset Latch

The uP sends the coarse user-selectable genlock tim-
ing offsets to the Genlock Timing Offset circuit
(Schematic 5), through U459.

Diagnostic Switches

Through the Diagnostic switches (8407) the user
selects the diagnostic routines. Immediately after
the uP is reset, it checks the diagnostic switch buffer
(U412), by asserting DIAG PORT, and performs the
selected diagnostic routine(s). When all switches
are open, the instrument is in normal operation;
that is, no diagnostics are selected. Refer to Diag-
nostics in the Maintenance section for a full de-
scription of the diagnostic routines.

Remote Control Port

The remote control and front panel can both operate
simultaneously, but the remote control has priority.
That is, during the vertical interval, the uP first
checks the remote control buffers (U848 and U851)
and then the front-panel buffer (U311). But if a new
selection has been made at the remote control since
the previous vertical interval, the uP executes the
new selection and does not check for front-panel in-
put.

Front Panel LEDs and LED Latches

The 17 front-panel LEDs are all controlled by the uP
through three latches (U303, U218, and U314). The

6-4

uP enables these latches with the LEDO, LED1, and
LED? signals. Note that U314 also puts out four ad-
ditional signals: CHAR EN, CONTROL1, INT/
GENLOCK, and HOLD/ACQUIRE. CHAR EN
switches on the ID characters in the ID Generation
circuitry on Schematic 9. CONTROL1 switches off
the test signal and tone to provide a black back-
ground for the Tape Leader countdown. INT/GEN-
LOCK forces the Genlock Loop to either free run or
lock to the Genlock Input signal. HOLD/ACQUIRE
controls the loop response of the Genlock Loop.

MICROPROCESSOR (xP) KERNEL CIRCUIT
DESCRIPTION (Schematic 2)

This section briefly describes the functions of the uP
Kernel and describes the components that make up
the Kernel. For a description of the diagnostics exe-
cuted by the uP, refer to the Maintenance section.

THE KERNEL

The P Kernel has four main functions: to acquire
and maintain genlock with the incoming reference
signal, to service the front panel, to set the genlock
timing offsets in the Signal Generation circuitry,
and to execute diagnostics. The components of the
Kernel are described as follows.

Microprocessor

The xP (U239) is the heart of the Kernel. Receiving
its program instructions from the EPROM, the uP
controls the Kernel through its address lines (A0-
A15), its data lines (D0O-D7), and its various control
lines.

The clock that drives the yP is derived from CLK
28.6 (28.6 MHz). PAL U429 divides this clock by 5 to
obtain a 5.72 MHz clock, called uPCLK, for the uP
and the CTCs. U332D, U332C, and Q235 wave-
shape the uPCLK and apply it to the uP.

U221 monitors three vital conditions of the uP
(U239):

a) low power supply.
b) software hangups (lost).
¢) manual reset.



U221 monitors the status of the +5V power supply
line for a 10% low condition. When this condition is
detected, the reset output is activated and held in
this condition until approximately 250 ms after the
supply voltage returns to a within-tolerance condi-
tion.

The second function of U221 is to monitor the
AWAKE line for negative pulses; the pulses should
occur at a field rate. These pulses are from the pP
via the decoder (U162) and indicate that the uP is
going through its routines normally. If the uP gets
lost, the AWAKE pulse no longer occurs. If this
pulse is absent for approximately 600 ms, U221
times out and activates the uP reset line.

The third function of U221 is manual reset which is
activated by moving J122 to pins 2-3 momentarily
while J425 is in its pins 1-2 position. U221 keeps
the reset activated for approximately 250 ms after
J122 is returned to pins 1-2.

In the 2-3 position test jumper J425 forces RESET
by pulling the line low, and in the 3-4 position test
jumper P245 disables RESET by letting it be pulled
high.

If the uP is not sending correct addressing and data
to the two CTCs (U132 and U127), CTC1 puts out
the SOFT RESET pulse that reinitializes the uP
through U332B.

Kernel Memory

EPROM (U245) and RAM (U152) — EPROM U245
contains the micro-instructions that control the uP.
The addresses allocated to the EPROM are 0-7FFF.
RAM U152 stores temporary data such as results of
calculations. Its address allocations are 8000-9FFF.

NVRAM (U157) — This is a combined permanent
(EEPROM) and temporary (static RAM) memory
that stores the front-panel-selected genlock timing
offset settings, and also the character ID data for the
ID Generator (Schematic 9). The address allocations
for this memory device are C000-FFFF.

If a new timing offset is selected at the front panel,
the uP loads the new timing data into the RAM por-
tion of the NVRAM during the vertical interval.
When the MODE SELECT button is cycled back to
the TEST SIGNAL SELECTION mode, the new off-
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set data is permanently stored in the EEPROM part
of the NVRAM.

When a new ID character is selected at the front
panel, the puP loads the new ID character into
NVRAM in the same manner as described for new
timing offsets but also loads the character into the
Character RAM (Schematic 9).

Immediately following a uP reset (which occurs
whenever the instrument is powered up), the yP
loads the front-panel data from the EEPROM por-
tion of the NVRAM into the RAM portion. From the
RAM portion, it loads the timing offsets (PRESET1)
into the H & V Timing circuits (Schematic 5), and
loads the character ID data (PRESET1) into the
Character RAM (Schematic 9).

NVRAM Save Control

Made up of Q355, U332D, and associated compon-
ents, the NVRAM Save Control prevents the
NVRAM from saving data during power-up and
power-down.

During power-up, RESET forces the output of
U332A high to pull NVSAVE high.

During power-down, Q355 and associated compon-
ents ensure that NVSAVE remains high until the
power (NVPWR) has dropped to 3 V. Below 3V, the
NVRAM will not save data, regardless of NVSAVE.

When power is switched off, C259 and C359 supply
current to the NVSAVE line. As these capacitors
discharge, they allow Q355 to switch on. This allows
C355 to supply current to the NVSAVE line while
NVPWR drops below 3 V.

Decoders

CTC and Memory Decoder (U352) - U352 is a
PAL programmed to function as two separate
decoder networks; one for the CTCs and I/0, and the
other one for the Kernel memory. The decoder for
the CTCs and I/0 is enabled by IORQ, which decodes
address lines 4 and 5 to enable the CTCs and the
three I/0 control lines (I00, 102, and 103). 100 ena-
bles the I/0 Decoder, UlGZ;Wenahle_sthe Charac-
ter RAM on the Output board; and 103 enables the
External Data Transceiver, U420.
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The memory decoder portion of U352 is enabled by
MREQ from the pP, address lines 13 through 15 are
decoded into four enable lines, three for the memory
devices in the Kernel (EPROM U245, RAM U152,
and NVRAM U157) and one for the Sample RAM in
Schematic 3.

1/0 Decoder (U162) — This chip decodes four ad-
dress lines (A0-A3) to enable DACs, LEDs, and I/0
ports throughout the instrument.

Sample RAM and Character RAM Address Buffers

Sample RAM Address Buffer (U620) — Enabled
by the SAMPL RAM EN signal, this buffer is the
port through which the uP addresses the Sample
RAM when reading or writing to it. The address
range of the Sample RAM is from A000 to BFFF.

Character RAM Address Buffer U755 — When
the uP updates the Character RAM in the ID Gener-
ation circuitry (Schematic 9), it addresses the RAM
through this buffer.

CTCs

CTCO and CTC1 (U132 and U127) — The two
CTCs are configured as programmable event count-
ers. Their job is to count pulse signals generated by
the Genlock circuit (S HSYNC, SAMPLE FIN-
ISHED, and START SAMPLE) and indicate to the
uP the sequence in which these signals occur. The
P instructs each channel clock to count a specified
number of input pulses and to interrupt the uP when
it has reached the specified count. In this manner,
the uP can determine the sequence in which the
genlock signals are occurring.

The CTCs are daisy chained so that CTCO (U132)
has interrupt priority. This means that CLKO
through CLK3 of CTCO have higher interrupt prior-
ity than the CLKO through CLK3 of CTC1. The sig-
nal level at the IEI inputs of the two CTCs deter-
mines the priority. When CTCO is not servicing an
interrupt, it pulls the IEI input of CTC1 (U127) high
to allow CTC1 to service interrupts.

Data /O

External Data Transceiver (U420) — Enabled by
the 103 signals from the CTC and I/O Decoder (part
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of U352), this transceiver transfers data between the
Kernel data bus and circuits outside the Kernel.

Sample RAM Data Transceiver (U416) — En-
abled by the SAMPL RAM EN signal from decoder
U252, this port sends data to and receives data from
the Sample RAM (U616, Schematic 3). Normally,
U416 will be receiving data samples every line.

GENLOCK DATA ACQUISITION CONTROL-
LER CIRCUIT DESCRIPTION (Schematic 3)

introduction

The Genlock Data Acquisition circuit is the part of
the Genlock Loop that acquires samples of the in-
coming reference signal for the uP to analyze. Fora
general description of the Genlock Loop, refer to
Genlock Loop in the Block Diagram description.

Input Filter

Made up of C910, C911, C913, and L907, this filter
attenuates spectral components above the video
band to prevent aliasing of the Genlock Input signal
when it is quantized by the ADC.

ADC (Analog-to-Digital Converter)

The ADC (U814) converts the clamped and inverted
video signal from the Analog board into 6-bit data.
Dither inserted into the signal on the Output board
increases the resolution of the 6-bit data to that ob-
tained from a 10-bit converter. U811 provides a reg-
ulated +2.5 V reference that U807 inverts and steps
down to provide a precise -1 V reference to the ADC.

Because the ADC is clocked by the VCO (CLK1A),
the ADC output indicates the VCO-to-burst phase
relationship. During each field, the uP repeatedly
checks this phase relationship and, if necessary,
shifts the VCO frequency to keep it in phase with in-
coming burst.

Sample Multiplexer and Sample RAM

The main function of the Sample RAM (U6186) is to
store samples of the Genlock Input sync and burst
(each sync and burst sample contains 256 sample
points). The uP uses these samples to obtain and
maintain lock with the Genlock Input.



Both the P and the Memory Controller (U712) con-
trol the Sample RAM, but the yP has priority. When
the P needs to analyze the sync and burst samples
stored in the Sample RAM, it asserts SAMPLER
EN. The SAMPLER EN, via the Memory Controller
(U712) output COUNTER EN, disables the RAM
Address Counter and tristates three other functions:
the RAM Address Counter Latch, U612; the ADC
Output Latch, U716; and the WE signal at U720,
generated by the Memory Controller. The uP can
then address and read data from the RAM (U6186).

When the P is not looking at syne and burst sam-
ples, it pulls the SAMPLER EN signal low during
the sync window to give control of the Sample RAM
to the Memory Controller. With SAMPLER EN low,
the COUNTER EN output of the Memory Controller
is activated and enables the RAM Address Counter.
It also un-tristates the output latch of the RAM
Address Counter, and ADC Output; and the WE sig-
nal is allowed to reach the Sample RAM to enable it
to write data into itself. Storage of sync and burst
data in the Sample RAM is described under
Memory Controller in this section.

Each time the uP is reset, it checks the diagnostic
port (U412, Schematic 1). If the switches are set for
Sample RAM diagnostics, the uP asserts SAMPLER
EN and SAMPL RAM EN and loads diagnostic data
into the RAM through the Sample Multiplexer, then
checks the RAM output by dis-asserting SAMPL
RAM EN while SAMPLER EN is still asserted

Address Control

Five circuits make up the Address Control: the Line
Counter (U603, U703, and U803), the Line Counter
Offset Latch (U403), the Address Decoder (U708),
the Memory Controller {U712), and the Address
Counter (U607). The combined function of these cir-
cuits is to provide timing to the Sample RAM such
that the RAM’s 28th sample (out of 256 sample
points) is coincident with the 50% point of horizontal
sync.

Line Counter and Address Decoder — By count-
ing 910 positive CLK1B edges every line, the Line
Counter generates timing for the Address Control
circuits. When the Line Counter reaches the 910th
count (1023), it sends an HSYNC pulse to the
Memory Controller. Thirty-two counts before the
HSYNC pulse occurs, the Address Decoder decodes
the Line Counter output into the START SAMPLE
pulse; 250 counts after the START SAMPLE pulse
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first occurred, the SAMPLE FINISHED pulse
occurs. During counts 165 through 235 the Address
Decoder decodes the Line Counter output into the
B DITHER pulse.

The START SAMPLE, SAMPLE FINISHED, and S
HSYNC outputs of the Address Decoder are seven
clock cycles wide so that they are long enough to
clock the CTCs in the P Kernel.

At the start of line 10 on field 3, the uP asserts
F3L10. The Address Decoder ANDs this with count
1019 from the Line Counter to generate the FLD
REF signal for the Signal Generation circuits.

Memory Controller and Address Counter — To
provide correct timing, the Line Counter should be
accurately locked to incoming sync. When the in-
strument is first fired up, or when the uP has lost the
position of syne, the uP asserts UNLOCKED. In this
condition, a derivative of the incoming sync (GEN
CSYNC) provides the most accurate reference avail-
able. The Memory Controller (U712) decodes GEN
CSYNC into the LOAD pulse, which loads the Line
Counter with its nominal starting count of 115.

Once the P has found the vertical interval, it can
provide a more accurate sync reference by locking
the Line Counter to the 50% point of the leading
edge of incoming sync. The pP calculates this point
by analyzing the samples of the sync window stored
in the Sample RAM.

To lock the Line Counter to the 50% point of sync,
the P waits until the end of the vertical interval
and pulls UNLOCKED false. This allows HSYNC to
control the LOAD signal instead of GEN CSYNC.
The uP then analyzes the sampled data and shifts
(in 280-ns increments) the Line Counter offset (via
U403) until HSYNC coincides with the 50% point of
incoming sync. At this point, it returns the offset to
115.

The Memory Controller (U712) controls the storage
of ADC data in the Sample RAM. The Address
Counter (U607) generates 249 addresses (0 to 248) in
which the Sample RAM stores the ADC samples.
Fig. 6-1 shows the timing for the Memory Controller
and Address Counter outputs.

When CSTRSMP is true and SAMPLER EN is false,
the Memory Controller enables the Address Counter
with the CNTR EN pulse. The Memory Controller
also allows WE to start clocking the inverse of clock
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(
GENLOCK )
INPUT
SHSYNC 1 ( ]
’
LOAD “ ) “
CSTRSMP [ F
(
)
START SAMPLE -] _l
_ (
)
CLRCNT
] () I
_ ( I
CNTREN )
— ( —
WE )
SAMPLE FINISHED _\ —|
(
)
SAMPLER EN SAMPLER EN is low unless the pP is analyzing the sync and burst samples stored in RAM.

Fig. 6-1. Timing for Memory Controller and Address Counter outputs.

CLK1B. The sample data from the ADC, U814, is
written into the Sample RAM.

The Memory Controller allows this operation to con-
tinue until SAMPLE FINISHED is asserted
(approximately 249 counts later). SAMPLE FIN-
ISHED tells the Memory Controller to enable CLR
CNT, disable CNTR EN, and wait for the next
CSTRSMP.

6-8

During the vertical interval, CSTRSMP never oc-
curs if CNLOCKED is true. Remember that when
UNLOCKED is true, the Address Decoder uses GEN
CSYNC (instead of HSYNC) to derive the LOAD
pulse for the Line Counter. In the vertical interval,
this GEN CSYNC (and thus LOAD) occurs at a half
line rate. Because this prevents the counter from
reaching a full line count, the Address Decoder can-
not generate CSTRSMP.




CLOCK CIRCUIT (Schematic 4)
Introduction

The Clock circuit generates several 4Xsubecarrier
clock signals that it distributes throughout the in-
strument. It has three main sections: (1) VCO &
Oven Heater, (2) DAC, Integrator & Switcher, and
(3) Clock Shaper & Drivers.

At the heart of the Clock circuit is the VCO. Con-
trolled by the uP, the VCO generates a 4Xsubcarrier
signal that is either free-running or locked to the
Genlock Input.

The Clock Shaper circuit converts the VCO output to
an ECL square wave and ensures its duty cycle is ex-
actly 50%. The Drivers distribute this square-wave
throughout the instrument as the CLK1 signal.

vCo

CAUTION

If it becomes necessary to remove Q293 from
its heat sink, move J396 to the 2-3 position to
prevent Q293 from overheating.

Configured as a Colpitts oscillator, the VCO circuit
generates the 4Xsubcarrier signal from which all
clocks in the instrument are derived. C15, in series
with C8, and C6; C186, in series with varactor CR14;
and C19 form the parallel resonant circuit with the
crystal, Y11. C6 and C8 also provide some addition-
al positive feedback to the base of Q1, to ensure oscil-
lation.

Varactor diode CR14, in series with C16, establishes
the frequency correction range of the oscillator. As
the uP changes the VCO correction voltage over a
range of +9 to -10 V (at pin 4 of P11), the reverse-
biased varactor diode shifts the oscillator frequency
over a correction range centered around the oscilla-
tor’s free-running frequency.

Adjustment of the free-running frequency is accom-
plished with C19. See Calibration (Section 5) for
full instructions on adjusting the VCO free-running
frequency.
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P180 allows the VCO correction voltage to be
grounded when the free-running frequency is being
adjusted. Also, P180 allows the VCO frequency to be
checked over the full VCO correction voltage range.
See Performance Check in Section 5.

Oven Heater Circuit — Comprised of thermistor
RT11, op-amp U390B, darlington transistor Q293,
and associated circuitry, the oven heater circuit is a
feedback loop that keeps the crystal oven at a con-
stant 60°C.

When the oven is cold, the resistance of RT11 is
high, placing a more positive voltage at pin 6 of
U390B. This pulls the output of U390B more nega-
tive and biases Q293 to increase its current flow and
thus heat. As the oven heats up, the resistance of
RT11 decreases, pulling the bias at the base of Q293
more positive to decrease its current flow.

Diode CR394 prevents U390B from excessively re-
verse biasing Q293 by limiting the maximum posi-
tive output of U390B to 5.6 V. Diode CR395 and
DS397 current limit Q293 when U390B is at its
maximum negative output. They do this by limiting
the voltage at the base of Q293 to about 3.1 V. This
limits the current through the emitter leg of the dar-
lington to about 0.7 amps (one diode voltage drop
across R296).

The current limiting occurs only when the oven is
cold. This allows DS397 to act as an “Oven Cold” in-
dicator.

DAC Integrator and Switcher — The uP controls
the VCO through the VCO DAC (U267). Enabled by
the VCO DAC signal from Decoder U162 (Schema-
tic 2), the VCO DAC converts the pP correction
words to current pulses and applies them to integra-
tor U270A. The correction word ranges from 00 to
FF (hex).

Integrator U270A has two main functions. First, it
works as a current-to-voltage converter for the cor-
rection pulses generated by the VCO DAC. These
pulses shift the VCO frequency to correct VCO
phase. Second, the integrator produces an average
of the correction pulses. This average is essentially
a DC level that changes only to track the input burst
frequency.

6-9



TSG-1700 — THEORY OF OPERATION

The switches in U176 put the Genlock Loop in one of
four operating modes: Internal, Genlock, Hold, and
Acquire. Each is described below. The uP controls
the switches through the INT/GENLOCK and
HOLD/ACQUIRE lines.

Internal Mode: When the uP cannot detect a
valid Genlock Input signal, it switches the Gen-
lock Loop into Internal mode by pulling the INT/
GENLOCK line low. This pulls the correction
voltage at the integrator output to midrange or
zero volts by closing three switches. The first
switch (pin 16, U176) shorts out the integrator
capacitor; the second and third switches (pins 8
and 9, U176) short out any residual voltage to
ensure the correction voltage applied to the VCO
is truly zero or midrange.

NOTE

Although the range of correction voltage
from the integrator is +10 to -10V, the
correction range at pin4 of the VCO board
is +3Vto-10V, due to the voltage divider
(R385 and R181) and its -10 V supply.

Genlock Mode: When the pP detects a valid
Genlock Input signal, it pulls the INT/GEN-
LOCK line high to apply the VCO correction
voltage to the VCO.

Acquire Mode: To acquire lock with the Gen-
lock Input, the Genlock Loop needs to be faster
than when it is just holding lock. To speed up
the Genlock Loop, the uP increases integrator
gain by pulling the HOLD/ACQUIRE line high.
This adds a large resistance (R171) to the inte-
grator feedback loop.

Hold Mode: To hold lock, the uP slows down
the Genlock Loop by pulling the HOLD/AC-
QUIRE line low to remove R171 from the inte-
grator feedback loop.

Clock Shaper, Drivers, and 28 MHz Clock

Q491 buffers the VCO output. ECL driver U596A
converts the buffered output into a complementary
pair of square-wave clocks. Two RC circuits (R494
with C493 and R495 with C495) average the square
waves. Op-amp U390A amplifies these averages
and shifts the bias of the VCO output (at Q491) to
correct its duty cycle.
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Through U591A, the Clock Shaper distributes a pair
of corrected clock outputs to the Digital board via
ECL-to-TTL Translators U841 and U425, and to the
Output board through drivers U591A and U591C.

U596C, U596B, and U585A together produce a
28.6 MHz clock by doubling the frequency of an out-
put from the VCO.

The 4Xsubcarrier clock output from driver U596C
goes directly to EXOR gate U585A and also to a de-
lay network. Made up of R595, R596, and C594, this
network delays the clock by 17.5 ns and applies it to
the other input of EXOR gate U585A, via driver
U596B.

With a delayed and undelayed clock on its inputs,
U585A generates a 28.6 MHz clock. Divided by 5 (by
U429 in Schematic 2), this becomes the uP clock
(uPCLK).

SIGNAL GENERATION CIRCUITS
(Schematics 5,6, and 7)

introduction

The Signal Generation section consists of three sche-
matics: Pulse and Test Signal Timing (Schematic 5),
Test Signal Selection (Schematic 6), and Signal
Memory & Multiplexing (Schematic 7). See Fig. 6-2
for a block diagram of the Signal Generation
circuits.

Overview

The Vertical Counter provides timing to the V Pulse
PROM.

The H Timing Counter and Vertical Counter provide
timing to the H Timing PROM and V Timing
PROM, respectively. These PROMs provide timing
to the Signal Selection Logic, which uses this tim-
ing, along with a code generated by the uP, to select
the test signal in the Test Signal PROMs. The out-
put rate from these PROMs is multiplexed by shift
registers to provide the required test signal output
rate.
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Fig. 6-2. Block diagram of Signal Generation circuits.

PULSE & TEST SIGNAL TIMING (Schematic 5)
Genlock Timing Offset

The Genlock Timing Offset circuit is comprised of
two 4-bit counters (U463 and U563) and two D flip-
flops (U867A and U867B). The job of this circuit is
to add the front-panel-selected coarse genlock tim-
ing offset to the Signal Generation circuits. It does
this by delaying the time at which the FLD REF sig-
nal loads the Horizontal and Vertical Timing
Counters

Normally, counters U463 and U563 are in the load
mode (disabled). But on line 10 of field 3, the FLD
REF pulse enables the counters through flip-flop
UB67B, and the counters count to 255, beginning
from the offset value at their load inputs
(GENDELO-GENDEL7). At the end of the count,
the Carry output from U563 loads the Horizontal
and Vertical Counters (through U867A) with their
fixed offset values. In addition, the Carry output
disables counters U463 and U563 through U867A
and UB67B.

When coarse genlock timing is adjusted at the front
panel, the yP sends a new 8-bit offset word
(GENDELO-GENDEL7) to U463 and U563. On

line 10 of field 1 the word is loaded into U463 and
U563. As aresult, U463 and U563 start their count
at a different value, thus changing the time that the
Horizontal and Vertical Timing Counters are
loaded.

Horizontal Timing

H Timing Counter — Loaded by the delayed FLD
REF signal and clocked at a 4Xsubcarrier frequency
by CLK1G, the H Timing Counter (U663, U763, and
U863) provides horizontal timing to the H Timing
PROM and Test Signal PROMs (Schematic 7). It
does this by addressing the H Timing PROM and
Test Signal PROM at a rate of 910 words per line.

When the H Timing Counter has reached count 909,
the H Timing PROM automatically clears it with
the H COUNTER CLEAR signal. This signal is
gated at U670A to prevent the H Timing Counter
from being cleared while a genlock timing offset is
being loaded.

The load inputs to the H Timing Counter present a
fixed offset of 98 (hex). This offset allows the Gen-
lock Timing Offset circuit to both advance and delay
the genlock timing.
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Vertical Timing

Vertical Counter — Three 4-bit counters (U684,
U784, and U884) make up the Vertical Counter.
Clocked by CLK1H, the Vertical Counter provides
vertical timing for the V Pulse PROM (U895) and
the V Timing PROM (U889, Schematic 6). It does
this by addressing the PROMs at a rate of 2100
counts per color frame (525 counts per field x 4
fields), one count occurring every half line. The
counting cycle for the Vertical Counter is as follows:

Every half line, the V-COUNT ENABLE signal
from the H Timing PROM (U859, Schematic 6) ena-
bles the three counters for 70 ns, allowing CLK1H to
clock the counters once. This is repeated until the
counters have reached a count of 2099, at which
point gate U792B clears the counters to start a new
four-field frame.

The V-COUNT ENABLE signal is combined with
1HO and 1VO0 (at gates U788C, U788D, and U792A)
to prevent the counters from clearing in the middle
of a line when the instrument is operating as a mas-
ter generator, i.e., when the Genlock Input is with-
out sync.

When the Vertical Counter attempts to clear in the
middle of a line, its timing is a half line off and the
1VO bit is a logic 1 instead of 0. Consequently, the
1VO0 input to gate U788C locks out V-COUNT EN-
ABLE, making the Vertical Counter skip a count
and thus shifting its timing by half a line.

When the instrument is operating in genlocked
mode, the delayed FLD REF signal inserts the gen-
lock timing offset into the Vertical Counter just as it
does for the H Timing Counter. That is, it delays the
loading of the Vertical Counter’s fixed offset. When
the instrument is operating in internal mode or sub-
carrier locked mode, the delayed FLD REF signal
never occurs and the Vertical Counter is never
loaded.

Jumpers P881 and P882 are used together to ad-
vance vertical timing by as much as two lines or
delay it by one line. The Vertical Timing table in
Schematic 5 shows the appropriate pin positions for
advance/delay.
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V Pulse PROM — The V Pulse PROM (U895) has
two functions: (1) to produce vertical timing for the
Test Signal Selection Logic, and (2) to provide a ver-
tical timing interrupt for uP Kernel (Schematic 2).
Table 6-1 summarizes the outputs of this PROM.

Five of these V Pulse PROM outputs (D0-D3 and D5)
are sent to the Test Signal Selection circuits (Sche-
matic 6), where they provide timing for the Signal
Selection Logic.

The latched D3 output of the V Pulse PROM (LV
DRIVE from pin 15, U880, Schematic 6) is also sent
to CTC1 (Schematic 2) where it interrupts the uP to
tell it to start servicing the front panel during the
vertical interval when there is no Genlock Input sig-
nal. (Note that when a composite Genlock Input sig-
nal is present, the uP uses the vertical sync of the
Genlock Input as a front-panel interrupt, not LV
DRIVE from U796.)

TEST SIGNAL SELECTION (Schematic 6)

H Timing PROM

Addressed by the genlocked H Timing Counter
(Schematic 5), the H Timing PROM (U859) has four
functions: (1) to generate a pulse (BURST TIMING)
coincident with burst, (2) to generate timing control
signals for the H & V Timing circuits in Schema-
tic 5, (3) to generate timing signals for the Signal
Selection Logic, and (4) to align the vertical timing
inputs of latch U880 with the H Timing Counter.
See Table 6-2 for a summary of the H Timing PROM
outputs.

V Timing PROM

Addressed by the genlocked Vertical Counter (Sche-
matic 5), the V Timing PROM (U889) has two main
functions: (1) To provide vertical timing for the Sig-
nal Selection PROM (U447) in the Signal Selection
Logic, and (2) to provide vertical timing for the Color
Bar Generator and the ID Generator (Schematic 9).
See Table 6-3 for a summary of the outputs.
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Signal Selection Logic

The heart of the Signal Selection Logic is the Signal
Selection PROM (U447). Addressed by the uP (Sche-
matic 2) and two vertical timing PROMs (V Timing
and V Pulse), the Signal Selection PROM generates
the selection code that determines which test signal
the Test Signal PROMs generate. The V Timing
PROM (U889) provides the selection PROM with
timing for selecting the split-field signals, and the V
Pulse PROM (U895, Schematic 5) provides the
Selection PROM with timing for selecting the ver-
tical sync pulses.

When a test signal is selected at the front panel, the
uP encodes the selection into an 8-bit data word
(EDO-ED7) and sends it to the Signal Selection
PROM via latch U443. Combined with the vertical
timing signals, this data addresses the appropriate
test signal selection code in U447.

The output of U447 is summarized as follows: Sig-
nals S0-S3 form the code that select the test signals
at the Test Signal PROMs. Signals ¢A and ¢B make
up part of that code when the selected test signal
does not have chrominance. (See Table 6-4 for selec-
tion codes from U447.) When the selected signal
does have chrominance, ¢A and ¢B determine which
phase of test signal is selected from line to line.
(Chrominance phase alternates 180° from line to
line.)

@A and ¢B are gated with four signals (H BLANK,
LV DRIVE, VB, and BURST¢) at U363A-B and
U788A-B to become the B1 and B2 signals at U788A
and U559B. Gated by U559A (Schematic 7) and
latched through U555 (Schematic 7), B1 and B2 are
the signals that actually select chrominance phase
or form part of the signal selection code described
above.
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When monochrome signals are selected, burst is still
generated. This is done by the S0-S3 codes selecting
the monochrome signal for the active portion of the
line and then alternately selecting opposite-phased
burst segments for the horizontal intervals.

At the end of fields 1 and 3 and the beginning of
fields 2 and 4, the Signal Selection PROM selects
half-line segments of the selected test signal. Gates
U455C, U455D, and U363B combine the LF1L263V
and LF2L20V signals with half-line pulses (F2L20H
and F1L263H) from the H Timing PROM to tell the
Test Signal PROMs when to generate the half-line
segments.

Note that the LF2L20V and LF1L263V signals are
generated by the V Pulse PROM (U895, Schema-
tic 5). To align them with the H Timing PROM, the
H Timing PROM latches the signals into U880 with
its V LATCH output.

Gates U696D, U696B, and U780B combine the VB
(Vertical Blanking), LV DRIVE, and BURST TIM-
ING signals to generate the BURST GATE signal at
U780B. This signal supplies timing for the output
clamp circuit (U440 and U532) in Schematic7. VB
prevents the BURST GATE from activating the
output clamp when the DAC TEST signal is
selected.

At U780A, the LV BL20 (Latched Vertical Blank-
ing) signal combines with the H BLANK signal to
generate the BB ENABLE signal for the Black
Burst circuit in Schematic 12.
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Table 6-3
Vertical dam:mwvxo_s

Output Function
DO APL timing (low for one horizontal line, high for four horizontal lines).
D1 Timing for horizontal lines in CNV (Convergence) signal.
D2, D3, D4 | Three-bit code used by Signal Selection PROM for matrix and vertical sync timing. Also used for timing by Color Bar Data
PROM in Option 1.
D5 Timing for ID generation. High for 1 line, low for 2.
D6 Used to clear the character generator.
D7 Timing for black portion of ID generation.
0 30 60 90 120 150 180 210 240 270
Start Field 1 End Field 1, start Field 2
. n
]
i
D1 i 1 = = = I | | | I | | fl L___.
a7 2 72 143 183 203 L
oz L] _ | — e
P10 72 183 |
p3 | _ ..
) 72 |
pa | | 114 F .
i 8 "
D5 ¢} fl [
i Tl.,._: |
] i
D6 ¢ ri
i i
\ 81 120 b
D7 |}
] l J i
[}

Vertical Timing PROM (Field 1 of 4)
(Numbers Refer to Beginning of H-Line)
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Table 6-4
Signal Selection PROM Output Codes

TSG-170D — THEORY OF OPERATION
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TEST SIGNAL MEMORY AND MULTIPLEX-
ING (Schematic 7)

Test Signal Memory

The test signals and signal components are stored in
five PROMS (U624, U631, U637, U644, and U650),
in ten-bit binary form. The output data rate from
this memory array is ten parallel bits every 70 ns.
To achieve this, the data is spatially and temporally
multiplexed before programming. Demultiplexing
is accomplished by the shift registers.

There are 32 lines of test signals stored in the five
PROMs. Each of these lines can be a monochrome
signal or one chroma phase of a color signal. These
lines of test signal are selected by the five most sig-
nificant bits of the PROM address. This forms the
first spatial dimension of the multiplexing scheme.

The second spatial multiplexing dimension is cre-
ated by spreading the ten data bits forming each
word amongst the PROMs; bits 0 and 1 in the first
PROM, bits 2 and 3 in the second, and so on.

In addition, the data bits are divided into four se-
quential samples (of two bits per PROM, as men-
tioned) and assembled into a byte. This means that
the first byte of the first PROM contains bits 0 and 1
of the first four data words needed to generate the
first test signal. This is the third spatial dimension,
and the temporal multiplexing as well.

As the chroma phase alternates from line to line in
NTSC, there are two lines stored for each color sig-
nal, one of each phase. There is only one signal
stored for each monochrome signal, even though the
burst must still alternate from line to line.

When a color signal is to be generated, the signal
selection PROM produces a four-bit selection code
(S0-S3), and sets ¢ A and ¢B both low. These signals
are applied to the Signal Selection circuitry, which
returns the B1 and B2 signals. These are NANDed
by U559A and applied to latch U555, to produce the
HDS8 signal. For a color signal, B2 is held high while
B1 (and HD8) alternate at a line rate. HDB8 deter-
mines which phase of the color signal selected by
S0-S3 is to be output.

When generating a monochrome signal, the signal
selection PROM still produces S0-S3 to select the
signal, and uses ¢A and ¢B to control the burst
phase to be produced. As an example, if the desired
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monochrome signal was stored under selection code
0100, the signal selection PROM would output 0100
on the S0-S3 lines, and would hold ¢A high and ¢B
low. B1 and B2 will then both be high, except during
horizontal blanking; then B1 alternates high and
low for each line. HD8 will be low except during hor-
izontal blanking, when it too will alternate high and
low.

Monochrome signals are stored so that adjacent sig-
nals have opposite burst phases. Then, when HD8 is
low during horizontal blanking the sync and burst
stored with the selected signal is output; and when
HDS8 is high, the sync and burst stored with the adja-
cent signal is output. In this way, the burst phase
alternates from line to line.

In the NTSC format there are two half lines. One is
line 263 of field 1, which has a transition from test
signal to blanking between samples 420 and 451,
and the other is line 20 of field 2, which has a transi-
tion from blanking to test signal between samples
480 and 511.

As there are only 910 test signal samples stored in
each 1024 byte memory block, there is sufficient
space for the half line transitions to be stored there
as well. They fit into each memory block like this:

1
9 9 9 9 0
03 6 9 2
\2 3 3 3
Full Field N _FiL263 N F2L20
Test Signal % Transition % Transition

In order to access these transition signals, the verti-
cal and horizontal timing hardware modify the
PROM addresses when they are needed. On line 263
of field 1, H9 is toggled high during samples 420-451
to force the PROM addressing to the 932-963 area;
on line 20 of field 2, HY toggles high during samples
480-511, forming addresses 992-1023.

Shift Registers

At the input of the test signal PROMS, the S0-S3
signals select the desired test signal, while the
HDO0-HD6 signals (derived from the H Timing
Counter, Schematic 6) address the components of the
selected signal.

Each four bit nibble read out of the PROMs into a
shift register contains one bit each for four sequen-



tial data words. After 280 ns, the shift registers load
the data nibble, placing the data bit at D3 (W, a bit
in word 0) at the output. On the next clock cycle, the
next sequential data bit (X, a bit in word 1) is sent to
the output. On the next clock cycle, the next sequen-
tial data bit (Y, a bit in word 2) is sent to the output.
On the next clock cycle, the next sequential data bit
(Z, a bit in word 3) is sent to the output. Under nor-
mal conditions the bit stream is generated by this
LOAD-SHIFT-SHIFT-SHIFT sequence.

There are 910 samples in a line, however, and 910 is
not evenly divisible by four; therefore, two of the
samples must come from somewhere else. The
SHIFT/LOAD signal is generated by NANDing the
two LSBs of the horizontal count (1HO and 1H1), so
an extra pair of shift pulses will occur on counts 2
and 3 (see Fig. 6-3). During this time, the data at the
shift register’s serial input is used. As this occurs
during blanking, the serial inputs for the shift regis-
ters are hard-wired to the digital code for blanking.

ss. U U U

HCTR I_J

U u U U

CLR

DATA WX Y Z WX YZ * * WXYZWXY
SENT

* SHIFT REGISTER’'S J = K = BLANKING

Fig. 6-3. Shift register blanking timing.

The test signal data is converted to ECL levels by
U821, U824, and U827, and applied to the Video
Output Multiplexer (Schematic 11).

OUTPUT BOARD

GENLOCK INPUT (Schematic 8)

Genlock Input Buffer

The AC-coupled Genlock Input Buffer inverts and
amplifies the Genlock Input signal so that sync and

burst fill the range of the Genlock ADC on the Digi-
tal board.
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At the input stage, differential pair Q14 and Q15
isolate and current-amplify the Genlock Input sig-
nal. The second stage (Q16) inverts and voltage-
amplifies the signal. The third stage, an emitter fol-
lower (Q17), applies the signal to the input filter on
the Digital board via jumper P13. It also feeds the
inverted signal back to the input, at the base of Q14.

As well as amplifier feedback, three other signals
feed to the input of the Genlock Input Buffer: Line
dither comes through R150, the Clamp circuit adds a
DC offset through R153, and burst dither comes
through R147.

Line Dither

The function of the Dither circuit is to increase the
ADC’s resolution (Schematic 3) to that of a 10-bit
ADC by inserting 16-level pseudorandom noise into
the Genlock Input signal.

Counter U53, DAC U54, and op-amp U56A make up
the Dither circuit. The counter outputs are con-
nected to the four high-order bits of the DAC, with
the LSB tied to the highest order bit (bit 7) and the
MSB tied to the low-order bit (bit 4). Op-amp U56A
converts the DAC output current to voltage and
applies it to the Genlock Input Buffer. An internal
resistor connected to pins 1 and 16 is the feedback
path for U56A.

Schottky diode CR6 protects the DAC against neg-
ative transients by switching on at -0.3 V. R140 and
R141 set a -0.625 V reference for DAC U54.

Input Clamp

By comparing the sync tip voltage of the Genlock In-
put signal with a =50 mV reference, the Input Clamp
circuit generates a DC offset voltage to clamp the in-
coming signal to -50 mV. It does this as follows:

Monostable multivibrator U57A shortens the incom-
ing 4.7 us sync pulse detected by the Syne Stripper to
about 2 us. This shortened pulse switches on U59,
allowing U59 to generate a voltage equal to the dif-
ference between the sync of the input video with
dither (up to 1 mV) applied to pin 3 and the reference
applied to pin 2. This difference voltage is stored in
C50 for the remainder of the line. Through Darling-
ton Q20, the voltage is applied to the base of Q14,
where it clamps the syne tip of the Genlock Input to
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-50 mV, or to the emitter of Q17, where it clamps the
output syne tip to -50 mV.

Burst Dither
NOTE

Burst dither is active only if a Genlock
Input signal is connected and detected.

During burst, a sawtooth wave adds an increasing
offset to the Genlock Input signal. This offset dith-
ers the burst samples to improve sampling accuracy
in the Genlock Data Acquisition circuits.

Q18 and C46 generate the sawtooth. A low BURST
DITHER pulse turns off Q18 just before burst and
leaves it off until just after burst. During this time,
the collector of Q18 charges C46 to produce the saw-
tooth. This signal feeds to the Genlock Input buffer
through R147.

Sync Stripper

The Sync Stripper extracts sync pulses from the buf-
fered Genlock Input signal and applies them to the
Input Clamp and the Genlock Data Acquisition cir-
cuits (Schematic 3). C44 filters off the chrominance
portion of the Genlock Input. The remainder of the
signal goes to peak detector U47B and inverting op-
amp U47A. U58 compares the output of these de-
vices and produces the composite sync.

When the Genlock Input is a continuous wave, no
sync pulses are available to time the clamp, so the
Sync Stripper output must be switched off by moving

P16 (GENLOCK INPUT CLAMP DISABLE) to the
2-3 position.

One of the purposes of the Input Clamp is to remove
60 Hz hum. When the Genlock Input is a continuous
wave and there are no sync pulses to drive the Input
Clamp, the hum can be removed by feeding the sig-
nal through a high-pass filter comprised of C47,
R148, and R149. This is done by moving P13
(GENLOCK ADC INPUT) to the 2-3 position.

In the high-pass filter, R148 and R149 also act as a

voltage divider to bring the CW signal within the
ADC range.
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ID GENERATION (Schematic 9)

The Character ID Generation circuit produces a set
of up to twelve characters, which are inserted in a
black field and then inserted on lines 87-114 of every
field. Each character is made up of a 7X 9 dot
matrix, and each dot is three horizontal lines high.

Character Control

Initially, the uP loads the character codes into the
Character RAM (U25) by asserting 102 and select-
ing character locations with address lines UPAO -
UPA3. 102 is also applied to a digital one shot com-
prised by U93 and U94, which gives the address
time to pass through multiplexer U26. The delayed
pulse then enables the character data port (U33) and
the character RAM (U25), applying the character
code from the external data bus to the RAM.

In normal operation, the character ID is generated
by a state machine. U31 decodes the horizontal tim-
ing count to produce the horizontal timing signals
for character generation. Counter U29 is clocked by
the PRE LD signal, to specify the character location.
Characters are generated in order across the video
line. AsIO2 is not asserted, multiplexer U26 passes
the counter output through to address the character
RAM.

Character ID Generator

The character codes output by the character RAM
are then latched into U32, which applies them to the
character selection inputs of the character ID gener-
ator IC, U28. Horizontal timing signals from ! 31
(DOT CLK and START CHAR), and vertical timing
signals (L CLK and CLR) from the vertical timing
PROM (U889 on Schematic 6) are also applied to
U28 to specify the size and position of the characters.
The output of U28 is a serial bit stream specifying a
black and white pattern corresponding to the char-
acter selected.

This data from U28 generates character edges of
zero risetime which, if used directly, would produce
unacceptable ringing on the analog output. The
data is therefore digitally low-pass filtered by U36
and U37.



Character Encoding

U36 contains a state machine that counts up and
down to specify several states along the edges of the
characters. These states are encoded by U37 to cre-
ate 8-bit data words which correspond to the low-
pass-filtered character data. The data words are
translated to ECL levels by U34 and U35, and in-
serted into the test signal data stream by Ul4 and
U15 (on Schematic 11). The insertion timing is con-
trolled by the WINDOW signal, which is also gen-
erated by U36.

While the characters are being changed by the user,
the character position is marked with a cursor. This
is enabled by setting bit 7 of the character select
code, which generates the CURSOR signal.
CURSOR modifies the state machine in U36 to
create the white cursor with shaped edges, and then
inserts the character in reverse video. Again, the
data encoding is done in U37.

Tape Leader Operation

The tape leader function clears the active video to
black while the characters count down from 10 to 2.
To do this, the WINDOW signal is expanded to cover
all of the active video region. The character genera-
tor works normally in the usual area, while the uP
updates the counting-down characters. The rest of
the screen uses black burst data created by U27.
This shaped setup signal is generated in the same
way that U36 generated the character states, and is
applied directly to U37, which encodes the black
burst states to the proper levels.

6.144 MHz Audio Clock

This is actually the second stage of the Audio Clock;
the first stage is on Schematic 10. Starting with S/N
B010619, the 6.144 MHz clock is driven by the
SA_CT1 signal from U81-14, one of the counters in
the Audio Data Generation block on schematic 10.
From S/N B010446 to S/N B010619, it was driven by
a 192 kHz clock from U73-13 (768 kHz +4), and prior
to S/N B010446 it was driven directly by the 768 kHz
clock.

In this stage, U78, U88, and associated components
form an analog/digital phase locked loop (PLL)
multiplier. This PLL locks voltage controlled
oscillator A3A1 (U90A, prior to S/N B010619) to the
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input drive from schematic 10. The 6.144 MHz clock
is then used to clock the Audio Data Counters (U80-
U84) and the Serial Digital Audio Output shift
register (U86), both on schematic 10.

AUDIO GENERATION & AUDIO OUTPUT
(Schematic 10)

Audio Clock Generation

The Audio Clock circuitry generates a 768 kHz clock
and a 6.144 MHz clock from the 14.31818 MHz Video
Clock. This is accomplished in two stages, but only
the 768 kHz generation is shown on this schematic.
The 6.144 MHz generation is shown on Schematic 9.

The first stage uses U67 to digitally divide the video
clock down to 768 kHz. This gives a division ratio of
14,318,180/768,000 = 18.64346. In order to achieve
this, the division ratio is controlled by the BIT
DIDDLE signal generated by U38, U39, U55, U70,
U71, and U72. This pseudo-randomly switches the
division ratio between 18 and 19, dividing by 19 for
64.346...% of the time. This produces a 768 kHz clock
with a predictable 70 ns peak-to-peak jitter. In order
to ensure that the audio clock remains locked to the
video signal, U67 is reset every 10 video vertical
intervals by U42, U68, and U69.

Serial Digital Audio Output

The SERIAL DIGITAL AUDIO OUTPUT is provided
to test the AES/EBU serial audio interface in the D-
2 composite studio. The frequency and amplitude are
chosen to facilitate the calibration of the audio level
indicators. Because the tone is 20dB below the
system maximum, the tone can be recorded and
played back to verify the transparency of the record,
playback, and transmission circuits.

The serial digital audio output is a linear PCM (uni-
formly quantized) representation of 2 channels of an
audio tone. P19 allows the user to select either an
800 Hz or 1 kHz frequency for this tone.

The tones are quantized to a resolution of 24 bits at a
rate of 48 kHz, and the data is represented in two’s
complement form. The data words for a channel form
a subframe, a subframe for each channel forms a
frame, and a group of 192 frames forms an audio
block. The words that form a frame are time-multi-
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Table 6-5.
Serial Digital Audio Output Format
f BYTEO A3 A2 Al A0 $3 s2 st SO
Sub BYTE 1 A11 A10 A9 AS A7 A6 A5 A4
Frame
A BYTE2 A19 A18 A17 A16 A15 A14 A13 A12
BYTE 3 P C v A23 A22 A21 A20
One L u 3
Frame f BYTE 0 A3 A2 Al A0 3 S2 S1 SO
Sub BYTE 1 A11 A10 A9 A8 A7 A6 A5 A4
Frame
B BYTE2 A19 A18 A17 A16 A15 A14 A13 A12
L BYTE 3 P C u v A23 A22 A21 A20

plexed within the 48 kHz sampling period. A total of
32 data bits are transmitted for each channel in a

serial manner, starting with the LSB of byte Oof
subframe A.

The format for each frame is specified by ANSI S54.4-
1985. See Table 6-5.

Bits S0-S3 form an unambiguous preamble to the
subframe data. One specific code represents the start
of an audio block; a second, the start of an ordinary
subframe A; and a third, the start of a subframe B.
The A0-A23 bits are the two’s complement audio
samples. The V bit is set to ‘0’ to indicate that the
data was not interpolated. The U bit is used to trans-
mit bits from the serial user data stream. The U bit
is set to the default value of ‘0’. The C bit is a bit
from the serial channel status data stream. The
channel status information used specifies 48 kHz
locked sampling of two independent channels of
audio with 24 bit resolution and no pre-emphasis.
The P bit provides for even parity across the sub-
frame data bits.

Aside from the preambles, the data bits defined
above are encoded into bi-phase mark code, a self-
clocking Manchester code. Each data bit is trans-
mitted as a two-bit doublet which begins with a tran-
sition. If the original bit was a ‘1’, the doublet is
either ‘01’ or ‘10°, depending on the value of the pre-
ceding data bit. Similarly, if the original data bitisa
‘0’, then the doublet is either ‘11’ or ‘00°, again
depending on the value of the preceding bit.
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The TSG-170D stores five blocks of audio data in an
EPROM, U77. U80-U84 form a counter chain,
clocked by the 6.144 MHz clock, which sequentially
reads the bi-phase-encoded data bytes out of the
EPROM. The bits are latched into a shift register
(U86) at the 768 kHz rate, and serially shifted out at
6.144 MHz. This encoded bit stream is buffered by
U87, a differential TTL driver, and transformer
coupled to the output XLR connector on the rear
panel.

Parallel Digital Audio Output

The parallel digital audio output is provided to test
the parallel audio dubbing interface in the D-2 com-
posite studio. The frequency and amplitude are
chosen to facilitate the calibration of the audio level
indicators. Because the tone is 20 dB below the sys-
tem maximum, the tone can be recorded and played
back to verify the transparency of the record, play-
back, and transmission circuits.

The parallel digital audio output is a linear PCM
(uniformly quantized) representation of four chan-
nels of an audio tone. This tone is factory set to
800 Hz, but a 1 kHz tone can be selected by the user.

The tones are quantized to a resolution of 20 bits at a
rate of 48 kHz, with the data represented in two’s
complement form. The data words for a channel form
a subframe, a subframe for each channel forms a
frame, and a group of 192 frames forms an audio
block. The words that form a frame are time-multi-
plexed within the 48 kHz sampling period. Twelve
control bits are added to the 20 audio data bits for



each subframe, so a total of 32 data bits (four bytes)
are transmitted for each channel in a byte-serial
manner, starting with byte zero of subframe zero.

In addition to the byte-wide audio data, a clock and a
frame sync signal are transmitted. The clock is
768 kHz (four subframes per frame, times four bytes
per subframe, times the 48 kHz sampling frequency
equals 768 kHz). The rising edge of the clock occurs
midway between the data word transitions and is
used to latch the data into the receiving device. The
frame sync signal is used by the receiving device to
demultiplex the byte-serial data stream. It is a
48 kHz square wave which is low while the data for
channels 2 and 3 are transmitted.

The format for each frame of the parallel digital
audio is specified by SMPTE RP4.40X. See
Table 6-6.

Bits A19 - A0 are the audio sample data. The SM bit
is set to a ‘1’ every 192 frames to indicate the start of
an audio block. The WM2-WMO bits are set to ‘111’
to indicate that the audio data resolution is 20 bits.
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The CH2-CHO bits are set to ‘001’ to define the audio
format to be four independant audio channels. The
VJ and VD bits are cleared to indicate that the data
is not known to have been interpolated. Finally, the
EM2-EMO bits are cleared to indicate that no pre-
emphasis was used.

The TSG-170D stores five blocks of audio data in an
EPROM, U91. The counter composed of U80 - U84
sequentially reads the audio data bytes out of the
EPROM. The data bytes are then latched into U92.
TTL-to-ECL buffers (U49, U50, and U51) use data
from the latch to drive the rear-panel connector.

Analog Audio Output

The analog audio tone is generated by acquiring the
12 MSBs of one channel (selected through U48 by
J17 and J18) of the parallel digital audio data
stream. U48 converts the code to offset binary, and
the data word is converted to an analog voltage by
DAC U52. The DAC output is reconstructed with an
active low-pass filter comprised by U46A and its

Table 6-6.
7 Parallel Digital Audio Output Format
A f BYTEO A19 A18 A17 A16 A15 A14 A13 A12
Sub BYTE 1 A11 A10 A9 A8 A7 A6 A5 A4
Frame
0 BYTE2 A3 A2 A1 A0 SM  WM2 WM1 WMO
& BYTE3 CH2 CH1 CHO VI VD EM2 EM1 EMO
1‘ BYTEO A19 A18 A17 A16 A15 A14 A13 A12
Sub BYTE1 A11 A10 A9 A8 AT A6 A5 A4
Frame
1 BYTE 2 A3 A2 A1 A0 SM  WM2 WM1 WMO
One L BYTE 3 CH2 CH1 CHO VI VD EM2 EM1 EMO
Frame f BYTEO A19 A18 A17 A16 A15 A14 A13 A12
Sub BYTE 1 A11 A10 A9 A8 A7 A6 A5 A4
Frame
2 BYTE 2 A3 A2 A1 A0 SM  WM2 WM1 WMO
t BYTE 3 CH2 CH1 CHO VI VD EM2 EM1 EMO
f BYTEO A19 A18 A17 A16 A15 A14 A13 A12
Sub BYTE 1 A11 A10 A9 A8 A7 A6 A5 A4
Frame
3 BYTE2 A3 A2 Al A0 SM  WM2 WM1 WMO
v k BYTE 3 CH2 CH1 CHO VI VD EM2 EM1 EMO
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associated components. U46B is used as a low impe-
dence buffer amplifier which drives the output XLR
connector on the rear panel.

DIGITAL VIDEO OUTPUT (Schematic 11)
Output Multiplexers

U14, U15, and U16 are multiplexers which select be-
tween the Character Data and the Test Signal Data.
The 8-bit Character Data is applied to U14 and U15,
while the 10-bit Test Signal Data is applied to Ul4,
U15 and U16. The WINDOW EN line, from the
Character Generation circuitry, is applied to Ull
through P8 (Char ID Enable), which is used in con-
junction with P1 (Video Resolution) to control the
multiplexers.

U14 and U15 are controlled by U11-5, while U186 is
controlled by U11-6. As long as P8 is in its 1-2
position, U11-5 is a buffered copy of the WINDOW
EN line; when it’s high, U14 and U15 select their A
inputs (Character Data), and when it's low, they
select their B inputs (Test Signal Data). When P8 is
set to pins 2-3, U11-5 is held low, locking out the
character data. U11-6 is not only controlled by the
WINDOW EN line, but by P1 as well. If P1 is set to
it’s pins 2-3 position, U11-6 will follow the WIN-
DOW EN line exactly, but if P1 is set to its 1-2 posi-
tion U11-6 is held high. This holds U186 in its chan-
nel A mode, locking out the two LSBs of the Test Sig-
nal Data, and reducing the Test Signal output to
8-bit resolution.

Video Output Latches

The Multiplexer output, DAC DO through D9, along
with XOCLK and XOCLK, is applied to the Video
Output Latches (U8, U9, U10, U74, and U75). These
five ICs, clocked by the Video OQutput Clock, output
complementary data and clock signals to the
DIGITAL VIDEO OUTPUT connector on the rear
panel.

Video Output Clock

U20B buffers the ECL CLK 1 and ECL,CLK,1 sig-
nals from the Digital board, and applies them to
U76A and U76B. U76A passes the ECL CLK 1 sig-
nal to the Video Output Latches, while U76B applies
the clock signals to U76C through a phase shift net-
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work. This phase shift network (L7, C51, and C52) is
used to match the clock signal to the digital video
data at the rear-panel connector. C51 provides man-
ual phase adjustment. U76C then drives the DIGI-
TAL VIDEO OUTPUT connector, pins 1 and 14.

Analog Video Output (Schematic 12)
Output DACs

Two 6-bit DACs (U18 and U19) accept the test signal
or character data from the multiplexers on Schema-
tic 11, and convert it into an analog signal. U18 con-
verts the six MSBs and U19 converts the four LSBs.
The two DAC outputs are combined at pin 8 of U18.

Both DACs draw a constant current. Current drawn
through pin 8 of each DAC is proportional to the in-
put data, and the current through pin 7 of each DAC
is the remaining portion. The source of current is a
reference of approximately 1.1V, generated by U23
and U24.

Current drawn by pin 8 of U18 generates the MSB
portion of the signal voltage across a 75Q parallel re-
sistor network: R34, R36, R37, and R40. Pin8 of
U19 draws the same amount of current as pin 8 of
U18, but R36, R40, and R37 divide its voltage contri-
bution to the total DAC output by 64.

U21 produces a 2.5V reference that is used in the
DACs to set their internal operating current.

Output Filter

To remove out-of-band signal components, the ana-
log test signal from the Output DACs is filtered by a
low-pass reconstruction filter that is terminated in
75Q. The front end of this filter provides the recon-
struction filtering, and the following stages provide
group delay correction.

Jumper P2 is for checking the return loss of the Test
Signal and Black Burst Output Amplifiers. When P2
is in the 2-3 position, the filter input is grounded and
the Test Signal and Black Burst outputs are at 0V.
This allows the return loss of the Test Signal Output
Amplifier and Black Burst Output Amplifier to be
tested. In the 1-2 position, the DAC output is passed
directly to the filter.



Output Amplifier

After filtering, the signal is applied to the Output
Amplifier, which is a discrete, non-inverting op-amp
having two differential amplifiers and an output
stage. The first stage (Q1 and Q2) is an input buffer,
the second (Q3 and Q4) is a gain stage, and the third
(Q5) is an output driver.

From the emitter of Q5, negative feedback is applied
to Q2 through a voltage divider network. At R51, the
gain of the output is adjusted. In this feedback path,
an RC network (connected to C22) provides SINX/x
compensation as C22 decreases negative feedback in
the high end of the video spectrum. This com-
pensation is adjustable through C22. R202 provides
DC offset adjustment.

Black Burst Output Amplifier

The Black Burst Amplifier generates black burst by
using the currently generated test signal and insert-
ing a setup-level during the active video portion of
the signal.

Taken from the output filter, the test signal is buf-
fered by a pair of emitter followers (Q10 and Q11). It
is then applied to a switchable op-amp made up of
three differential amplifier stages and an output
driver.

The B B ENABLE signal controls the first two differ-
ential stages (U22A and U22B). During the hori-
zontal sync interval, BB ENABLE switches on the
first stage, allowing the first stage to send sync and
burst to the third stage (Q6 and Q7). During active
video, BB ENABLE switches the first stage off and
the second stage on. This second stage sends setup-
level video to the third stage. The resulting output
at the driver (Q8) is Black Burst.

R91 adjusts the setup level, and R61 adjusts Black
Burst gain. C29 provides SINX/x compensation for
the Black Burst output.

Timed by the burst gate, U24 and U23 clamp the test
signal output. U24 generates an offset voltage, and
C34 stores this voltage throughout the line. U23 buf-
fers C34 and adjusts the 1.1 V DAC reference in pro-
portion to the offset voltage.
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POWER SUPPLY CIRCUIT DESCRIPTION
(Schematic 13)

This type of power supply is called a current-mode-
controlled, discontinuous, flyback, switching power
supply. The current output is distributed between
the four supplies as follows:

+12V 0.5 Amps max
+5V 7 Amps max
-5V 2 Amps max

-12V 0.5 Amps max

The maximum power is limited by the maximum
current in the primary of T440. This is also the only
current limit for the 5 V supplies, as they have no
secondary current limit. The 12 V supplies are
current limited on the secondaries by the £12 V lin-
ear regulators, U176 and U276.

The power inductor, T440, is driven by switching the
current to it’s primary on and off. T440 is not used as
a transformer, but as an energy storage device, stor-
ing the energy in the primary while the current is
being applied. On the second half of the switching
cycle the current to the primary is switched off, and
the energy stored in the primary is transferred to the
secondaries (flyback). Regulation is accomplished by
applying feedback from the +5 V supply to the Pulse
Width Modulator controlling the current to the pri-
mary. This varies the length of time that the current
is applied to the primary, causing it to store either
more or less energy.

There is also circuitry to provide for operation from
both 110 and 220 Vac supplies, under-voltage shut-
down if the ac input is too low, overvoltage protection
(crowbar) on the + 5 V supply, and shutdown circuit-
ry which forces a restart of the supply if it remains
in current limit for more than a short period of time
(<1 second).

WARNING

All primary voltages are referenced to a
floating ground, not chassis ground. An
isolation transformer or a differential amp-
lifier is therefore needed in order to trouble-
shoot the circuitry in the primary and the
Pulse Width Modulator, and in their sup-
porting ctrcuitry.
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As current never flows simultaneously in both the
primary and the secondary, there is never any actual
transformer action. As the magnetic flux in the
inductor goes to zero at the end of each switching
cycle, it is discontinuous.

Input, AC to DC Converter, and Voltage Doubler

This circuitry filters and rectifies the input ac volt-
age, placing a charge of approximately 320 Vdc
across capacitors C845 and C865.

The line current passes through line filter LF950,
fuse F940, and power switch S930, and is applied to
rectifier CR820. At the input of CR820, J810 is used
to select between 110 V and 220 V operation. Ifset to
220V, CR820 works as a full-wave rectifier and
C845 and C865 act in series, charging to the peak
voltage (approximately 320 Vdc) during the first part
of each one-half cycle. They then maintain that volt-
age through the rest of the cycle, as the input voltage
and current fall to zero.

If, on the other hand, J810 is set for 110 V operation,
CR820, C845, and C865 act as a half-wave rectifier
and voltage doubler. During the positive half-cycle
of the ac input only one of the diodes within CR820
conducts, charging C865 to the peak positive voltage.
A different diode within CR820 conducts during the
negative half-cycle, and charges C845 to the
negative peak. The total voltage across C845 and
C865 is then approximately 320 Vdc.

RV920 and RV820 limit voltage surges on the input
which might pass the line filter, while R831 and
R830 discharge C865 and C845 when the power is
off. C830 and C730 bypass switching noise to
ground, keeping it out of the input power line.
DS720 and associated parts form a relaxation oscilla-
tor, so DS720 blinks when the instrument is powered

up.

Kick Starter, Housekeeping Supply, and Undervolt-
age Lockout Circuits

These circuits supply the power to start and main-
tain oscillation of the Pulse Width Modulator, so long
as the input ac voltage is sufficient to maintain reg-
ulation.
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The primary purpose of the undervoltage lockout
circuit is to prevent the supply from starting up
when set for 220 V operation and 110 Vac is applied
instead, but it will stop the oscillation in the Pulse
Width Modulator whenever the voltage across C845
and C865 (normally at 320V) falls below approxi-
mately 200 V.

VR765 holds the emitter of Q755 at about 20V,
while the base is controlled by a divider comprised of
R766, R767, and R768. So long as the charge across
C845 and C865 remains around 320 V, Q755’s base is
held at approximately +30V, and the transistor is
off. As the voltage across C845 and C865 decreases,
the base voltage does as well; when the voltage
across the caps is down to approximately 200V,
Q755’s base is at about +19V, and Q755 is turned
on. This, in turn, turns on Q727, applying the +5V
reference from U722-8 to U722-2. This disables the
Pulse Width Modulator.

When the input voltage is sufficient to maintain the
charge across C845 and C865 above 200V, Q755 is
off. This allows the Kick Start circuit to operate, pro-
viding the initial power to start up the Pulse Width
Modulator. It does this by charging up C656 through
Q667 and R560. During start-up, the +5 V reference
output of U722 is at 0 V, and Q660 is off. The base
current for Q667 during this time is supplied by
R667.

When the charge across C656 reaches approximately
16 V, U722 starts to operate. It switches Q638 on
and off through the base drive circuitry (Q741, Q750,
Q648, and associated circuitry). The +5 V reference
voltage at U722-8 is developed, which turns Q660 on.
This diverts the base current from Q667, so it turns
off and DS670 turns on to indicate normal operation.

The power to maintain the +16 V charge on C656 is
now provided by the housekeeping winding of T440,
pins 5 and 6, through CR556. If there is insufficient
power to maintain the charge on C656 for any rea-
son, such as the removal of J660, then the charge on
C656 is quickly depleted. This stops the operation of
U772, and the kick start sequence is repeated.



Power Inductor Operation

The heart of this power supply is T440, the multi-
winding power inductor. The operation of T440 is as
follows (see Fig. 6-4). Inductor T440 is initially un-
charged (has zero magnetic flux). Q638, acting as a
switch, is turned on by the base drive from U722
This places the charge developed on C845 and C865
(approximately 320 V) across the primary winding.
The polarity of this charge is such that the voltages
induced in the secondaries all reverse bias their re-
spective diodes (note the polarity dots). In this way,
there is no current flowing in the secondaries while
it is flowing in the primary.

The primary current builds a linear ramp, storing
the energy in T440 according to the relation
E=14Li2, where L is the primary inductance and i is
the current flowing through it.

The current path is broken when Q638 is switched
off, so current stops flowing in the primary. The fly-
back action of T440 then causes the voltages in the
secondaries to reverse polarities, and all their diodes
to turn on. The current in the secondaries linearly
ramps down to zero as the energy which was stored
in T440’s primary is delivered to the load, charging
the output capacitors.

When all of the energy which was stored in T440
during the first half of this cycle is delivered to the
load, the current in the secondaries is at zero, and
the diodes turn off. There is no current flowing in
either the primary or the secondaries until Q638 is
turned back on to start the next cycle. As there is
not a continuous