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(A) The Type 520 NTSC Vectorscope (bench model).
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(B) The Type R520 NTSC Vectorscope (rackmount model). o

Fig. 1-1. Both models of the Vectorscope are electrically identical. Mechanical parts are available from Tektronix, Inc. to permit easy field
conversion from one type of Vectorscope to the other (see Section 10 in this manual) . ’
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SECTION 1
TYPE 520/R520 NTSC SPECIFICATION

Change information, if any, affecting this section will be found at

the rear of the manual.

General Information

The Tektronix Type 520 or R520 NTSC Vectorscope® is
designed to measure luminance, hue and saturation of the
NTSC*> composite color television signal. This instrument
uses silicon solid-state circuitry for low-wattage power con-
sumption and cool operation. No fan is required; hence,
instrument operation is quiet. The Type R520 is intended for
continuous monitoring of the signal. Self-canceling push-
button switches permit rapid selection of displays for quick
analysis of the television signal characteristics, and to check
the Vectorscope calibration.

The luminance channel in the Type R520 separates and
displays the luminance (Y) component of the composite color
signal. The Y component is combined with the output of the
chrominance demodulators for R, G and B modes which
are displayed at a line rate. The chrominance channel de-
modulates the chrominance signal to obtain color informa-
tion from the composite video signal in VECTOR, LINE
SWEEP, R, G, B, |, Q, DIFF GAIN and DIFF PHASE displays.

Horizontal displacement is a function of time in all modes
except VECTOR. In the VECTOR mode a polar plot is dis-
played. The radius of a polar plot is a function of the peak-
to-peak amplitude of the chrominance signal; the angular
{phase) displacement is relative to the phase of the refer-
ence vector (burst).

Two inputs are provided which can be operated inde-
pendently or on a time-sharing basis. Each channel can be
checked for chrominance-channel gain calibration and
luminance-channel gain calibration accuracy with an internal
test signal. A digital line selector allows the display of a
single line Vertical Interval Test Signal (VITS) from a selected
line of either field 1 or field 2.

ELECTRICAL CHARACTERISTICS

The following performance requirements are valid over the
stated environmental range for instruments calibrated at an
ambient temperature of +20°C to +30°C. A 20 minute
warmup is required for rated accuracies.

TABLE 1-1
CHROMINANCE ELECTRICAL CHARACTERISTICS

Type 520/R520 NTSC

Upper —3dB Point

Fec 4500 kHz, #=100 kHz

Lower —3 dB Point

F.. —500 kHz, =100 kHz

Vector
Phase Accuracy

1° or less error between
marker and graticule.

Incremental Phase Accuracy

0.5° or less error in any 10°
segment on vector graticule.

QUAD PHASE Adjustment
Range

+2° to —2°, total of 4°.

Test Circle Amplitude

Within 1% of 707 mV.

Color Decoding Accuracy in
R, G and B Modes

Within 3% amplitude of Red,
Green or Blue component.

Demodulation axis 57° from
burst within 2° when burst
axis has been aligned with
vector graticule.

Demodulation axis 147° from
burst within 2° when burst
axis has been aligned with
vector graticule.

DIFF GAIN
Deflection Factor

SN B150100 and up:
5% change deflects trace
5% (25 IRE units, 0.5 inches)
within 5% (VITEAC Modu-
lated Stairstep Signal, chro-
minance +3dB, —6dB of
143 mV).

Below SN B150100:
With variable GAIN con-
trol set to CAL, 5% change
of a 143-mV signal deflects
trace 5% (25 IRE units, 0.5
inches) within 5%.

Differential Gain:
(50% APL)

| 1% or less last 90% of trace.

Dynamic Gain
(10% to 90% APL)

1% or less last 90% of trace.

Characteristic Performance Requirement

Frequency Response
Chrominance Bandwidth:
Subcarrier Frequency (Fs) | 3.579545 MHz

DIFF PHASE
Resolution

0.1° of differential phase will
produce at least 1 IRE unit
of deflection on a normal
staircase test signal 143 mV
P-P_subcarrier.

Since both models of the Vectorscope are electrically identical, the
Type R520 is used for the text and illustrati in this | un-
less noted otherwise.

*National Television System Committee.

Burst ¢ REF:
(50% APL)

0.3° of differential phase
last 80% of trace.

Dynamic Phase
(10% to 90% APL)

0.3° of differential phase
last 80% of trace.
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TABLE 1-1 (cont)
CHROMINANCE ELECTRICAL CHARACTERISTICS

Channel A GAIN and Chan-
nel B GAIN Range (Vari-
able)

0.5:1 to 1.4:1 (+-3 dB, —é dB).

Characteristic

Performance Requirement

External ¢ REF:
(50% APL)

0.15° or less of differential
phase last 90% of trace.

Dynamic Phase
(10% to 90% APL)

0.15° or less of differential
phase last 90% of trace.

CALIBRATED PHASE
Range

+15° to —15°, total 30°.

Accuracy

Within 10% per 2° incre-

ment. Total incremental error
0.5° or less between +14°
and —14°,

Input Attenuator
100% VECTOR (Chromi-

nance and Luminance)

Within 2% of 0.75 times gain
in 75% CAL.

75% (Chrominance and
Luminance)

Within 1% of 140 IRE units

per volt.

Maximum GAIN (Chromi-

nance only)

SN B150100 and up:
Internally adjustable to 5
times gain in 75% CAL.

Below SN B150100:

Within 5% of 3.5 times
gain in 75% CAL.

¢ Reference
Burst:
- Jitter

1° or less.

Displayed Noise

Trace will shift <<0.2° in 10s.

Pull-In Range

Within 15Hz of 3.579545
MHz.

Pull-In Time

15s or less with Fi. within
15 Hz.

Pull-In Time from Turn
On at 20°C to 30°C

3 minutes, subcarrier within
15 Hz.

Ext. 3.58 CW Input Range

15V to 2.5V.

Return Loss ({terminated in 75

ohms, Input in Use or Not in

Use, Instrument On or Off).
Input A

Greater than 40dB (DC to
5 MHz).

Input B

Greater than 40dB (DC to
5 MHz).

Ext ¢ Reference

Greater than 40dB at 3.58
MHz.

Ext Sync for 4V Composite
Sync (Factory Connected)

Greater than 46dB (DC to
5 MHz).

1V Composite Video
(Optional Connection)

Greater than 40dB (DC to
5 MHz).

TABLE 1-2
LUMINANCE ELECTRICAL CHARACTERISTICS

TABLE 1-4

VERTICAL & HORIZONTAL
AMPLIFIER ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Characteristic

Performance Requirement

Luminance Bandwidth —3 dB
Rolloff Frequency

700 kHz to 1.1 MHz.

Luminance Gain

140 IRE units within 1% per
volt in the 759% CAL.

LUMINANCE GAIN Range

0.7:1 to 1.4:1 (+3dB to —3
dB).

TABLE 1-3

INPUT ELECTRICAL

CHARACTERISTICS

Clamp Stability With Temper-

ature and Line Voltage
VECTOR With Rotation of
A PHASE, B PHASE Con-
trol

1 minor div or less.

2 minor div or less X and Y
axis.

3.58 MHz component on sync
tips 2mV or less.

Y (Luminance) Display
Shift

1 minor div or less with dy-
namic shift (10% to 90%
APL).

Characteristic

Performance Requirement

Input Amplitude Range

0.7V to 1.4V video (sync tip
to peak white).

Display Shift with Operation
of LINE SWEEP, |, Q and DIFF
PHASE

3 IRE units or less.

Maximum DC Level

+20V, —20V.

Gain Stability With Time,
Temperature and Line Volts

Within 1% (except in DIFF
PHASE and DIFF GAIN) with
line voltage. Within 5% with
temperature.

TABLE 1-5
POWER SOURCE ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Time Sharing Switching Rate

One fourth H rate. Locked
to H sync. .

Input Horiz Sync Input Range

Line Voltage Ranges

90 VAC to 110 VAC

104 VAC to 126 VAC

112 VAC to 136 VAC

180 VAC to 220 VAC

50% APL 0.7V to 14V. 208 VAC to 252 VAC

Dynamic (10% to 90% APL) | 0.8V to 1.4 V. 224 VAC to 272 VAC
Ext Horiz Sync Input Range Maximum Power Consump- 100 watts

50% APL Composite Video [0.7V to 1.4 V. tion at 115 VAC, 60 Hz.

Dynamic (10% to 90% APL) Maximum Amperes at 115 1.TA

Composite Video 07V to 14V. VAC, 60 Hz.

Composite Sync 35V to 75V. Line Frequency 47 Hz to 63 Hz

1-2

®:




-

[

TABLE 1-6

CRT DISPLAY ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Type T5201

Horizontal Resolution

At least 12 lines/cm

Vertical Resolution

At least 10 lines/cm

Specification—Type 520/R520 NTSC

ENVIRONMENTAL CHARACTERISTICS
(see Table 1-8)

The following environmental test limits apply when tested
in accordance with the recommended test procedure. This
instrument will meet the electrical performance requirements
given in this section following an environmental test. Com-
plete details on environmental test procedures, including
failure criteria, etc.,, may be obtained from Tektronix, Inc.

Usable S ing Radi 55
SOVE SCannng fecis — Contact your local Tekironix Field Office or representative.
Geometry 0.05cm or less
Orthogonality Within 1°
Trace Rotation At least 4-3° to —3°, total TABLE 1-8
of 6°. Characteristic Information
Temperature
Non-operating —40° C to +65° C
_ TABLE 1-7 Operating 0° C to +50°C
PHYSICAL CHARACTERISTICS Altitude
Non-operating To 50,000 feet.
Characteristic Information Operating To 15,000 feet.

Finish

Anodized aluminum front panei.

Blue vinyl painted cabinet.

Overall Dimensions
(measured at maximum
points)

Type 520 7 inches high, 167 inches wide
and 19V inches long.
17.8cm high, 42.9cm wide and
48.7 cm long.

Type R520 7 inches high, 19 inches wide and"

193/4 inches long.

17.8cm high, 48.3cm wide and
50.2 cm long.

Qualified under National Safe
Transit Committee procedure TA,
Category | (18-inch drop), when
properly packaged (see Section 4
of this manual for repackaging in-
structions).

Transportation

ACCESSORIES

Standard accessories supplied with this instrument can be
found on the last page of the Mechanical Parts List lllustra-
tions in this manual. For additional accessories, see the
current Tekfronix, Inc. catalog.
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SECTION 2

OPERATING INSTRUCTIONS

Change information, if any, affecting this section will be found at the

rear of the manual.

CONTENTS
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INSTALLATION

Rackmounting

Complete information for mounting the Type R520 in a
rack is given on the Rackmounting fold-out pages located
in Section 10 at the rear of the manual.

Rackmount-to-Bench Conversion

To convert a rackmount Vectorscope (Type R520) into a
bench model (Type 520), or vice versa, refer to Section 10
in this manual.

Operating Voltage

The Vectorscope may be operated from either a 115-V or
a 230-V line voltage source. Quick-change line-voltage
selector plugs, located under the fuse cover on the rear
panel, change the transformer primary connections so the
instrument can operate from one line voltage or the other
{115V or 230V). In addition, the plugs permit one of three
line voltage operating ranges to be selected. Table 2-1 lists
all the voltage ranges that enable the instrument DC power
supplies to regulate properly.

To convert to a different line voltage, proceed as follows:

1. Disconnect the Vectorscope from the power source.

2-1
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TABLE 2-1
115/230 Range Nominal Line| Line Voltage
Voltage |Selector Plug| (center) Operating
Selector Plug| Position Voltage Range!
Position
LO (Low) 100 VAC | 90to 110 VAC
115 M (Medium) 115 VAC (10410126 VAC
HI (High) 124 VAC |112t0 136 VAC
LO (Low) 200 VAC |1801t0220 VAC
230 M (Medium) 230 VAC (208 to 252 VAC
HI (High) 248 VAC |22410272VAC

2. Unscrew the two captive screws which hold the fuse
cover. Remove the cover with attached fuses.

3. To convert to a different line voltage {115V or 230 V),
pull out the 115/230 Voltage Selector plug (see Fig. 2-1).
Rotate the plug 180° and insert it into the opposite set of
holes. The 115/230 Voltage Selector plug is located in the
upper position for 115-V operation and in the lower position
for 230-V operation.

4. To change the line-voltage operating range (LO, M or
HI), pull out the Range Selector plug (see Fig. 2-1) and insert
it in the desired hole locations. Select a range which has
a center voltage (see column 3 in Table 2-1) that closely
corresponds to the line voltage that will be applied when
completing this procedure.

1157230
Voltage
 Selector

115-V Lin
Fuse (top) &

230-V Line
Fuse {bottom

Fig. 2-1. Location of Range and Voltage Selector plugs with fuse
cover removed. The plugs as shown are set for 115-V medium
range operation,

5. Re-install the cover with the two captive screws and

fuses. Be sure the cover fits firmly against the rear panel.

This indicates that the line fuses are seated properly in the
fuse clips.

IApplicable when the line contains less than 2% total distortion.
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6. Before applying power to the instrument, check that
the indicating tabs on the selector plugs protrude through
the proper holes in the cover for the correct line voltage
and the proper operating range.

CAUTION

The Vectorscope should not be operated when the
115/230 Voltage Selector and/or Range Selector
plugs are not in the correct position for the line
voltage to be applied. Operation of the instrument
with either plug in the wrong position may cause
incorrect operation or damage to the instrument.

BASIC INFORMATION

In color television the visual sensation of color is described
in terms of three quantities; luminance, hue and saturation.
Fig. 2-2A shows a conical representation of these concepts.

Luminance is brightness as perceived by the eye. As
the eye is most sensitive to green and least to blue light of
equal energy, green is a bright color, blue is a dark color as
conveyed by the luminance signal to monochrome TV re-
ceivers. Color TV receivers utilize the luminance signal to
produce both monochrome and color pictures.

Chrominance consists of two additional quantities: hue and
saturation. Hue is the attribute of color perception that
determines whether the color is red, blue, green or the like.
White, black and grey are not considered hues. Hue is pre-
sented on the Vectorscope CRT as a phase angle and not
in terms of wavelength. For example, red, having a wave-
length of 610 millimicrons is indicated as 104° on the stand-
ard color phase vector diagram (see Fig. 2-2B) and the Type
R520 vector graticule (see Fig. 2-2C).

Saturation is the degree to which a color (or hue) is
diluted by white light in order to distinguish between vivid
and weak shades of the same hue. For example, vivid red is
highly saturated and pastel red has little saturation. Using
the Vectorscope, saturation is the radial distance from the
center (where zero saturation exists) to the end of the color
vector where 75% or 100% saturation exists for a particular
color. If burst vector amplitude corresponds to the 75%
marking, (see Fig. 2-2C) the colors are 759% saturated. If
the burst vector amplitude corresponds to the 100% marking,
the colors are 100% saturated.

NOTE

At the time of the preparation of this Instruction
Manual, a portion of publication RS-189 is being
amended to use the 7.5% black-level setup instead
of the 10% setup formerly used. (RETMA Engi-
neering Committee TR-4 on Television Transmitters
prepared publication RS-189.)

In an NTSC color television transmission system, the hue
and saturation information are carried on a single color sub-
carrier, 3.579545 MHz. These signals, in modulated subcar-
rier form, are called chrominance. The hue information is
carried by the subcarrier phase; the saturation information
is carried by means of amplitude modulation with the sub-
carrier suppressed. A subcarrier which supplies phase infor-
mation is required for demodulation. No chrominance sig-
nals are present during the horizontal blanking interval, and
a sample of the subcarrier is provided within this interval
and is called burst.
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Yellow

White
Blue Red
Achromatic Colors
(grays)

Black and white (mono-
chrome) TV receivers re-
spond to the brightness
(or luminance) signal
only.

Color TV receivers re-
spond to all three sig-
nals:

Luminance, hue and sat-
uration. Hue and satu-

(or brightness)

With the VECTOR button
depressed, the Vector-
scope displays the hue
and saturation quanti-
ties. With the Y button

= = — =LUMINANCE —3—

ration together are cal- Black depressed, luminance
led the chrominance sig- amplitude is displayed.
nal.

(A) Conical three-dimensional representation of color concepts.

R-Y°
A
MAGENTA
1330 100 61°
80
60 Q 33°
40
YELLOW
167° 20
BURST y B-Y 0°
180
BLUE
347°
-1
GREEN
241° CYAN 303°
284°

(B) Standard color-phase vector diagram showing vector
relationship among chrominance components.

Corners of Outer Box
Outline *£10° and
+20% Target Area for

Inner Box indicates
+2.5° and £2.5 IRE

Unit Area Red Vector
‘l 44— Major Degree Markings
at 10° Intervals
"l - a J
Minor Degree
£ - L & me % Markings at 2°
v\ N Intervals
R-Y Q 33° Phase
~ Axis Angle for
i ® Y B-Y 4+ Q Axis
L g 100% Axis
o + - 7
LF s 0° Color
< Subcarrier
180° Reference
Burst /
Vector ~ -1
Position G 3 A
® r Cvy
==)
2

Calibrated Test Circle
Amplitude Reaches This
Outer Ring Marking

75% and 100% Ampli-
tude Markings for Color
Burst Vector

(C) Vector (internal) graticule on the Type R520 with color
vector and phase markings defined to aid in interpreting vector
displays.

I-Component Q-Component

Axis e Axis

-—— 5 Dashed line with arrow associates the color vectors with the I-
axis markings. If Q component of the signal is absent, linear
color vectors will move to their associated markings on the
I-axis.

—> Short arrows along the Q-axis are intended to show relation-
ship between Q-axis markings and the associated color vectors.
If | component in the signal is absent, linear color vector
points will appear at the appropriate marks along the Q axis.

(D) Vector graticule on the Type R520 showing purpose of |
and Q axis markings.

Fig. 2-2. lllustrations showing relationships between basic color concepts, standard color-phase vector diagram and the vector graticule on

the Type R520.
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To recover the hue information, phase demodulators are
employed in the Vectorscope. The phase reference is the
color subcarrier which is regenerated by an oscillator in the
instrument. The oscillator is locked in both phase and fre-
quency to the color burst signal. When the VECTOR button
is pressed, the Vectorscope displays the relative phase and
amplitude of chrominance signal on polar coordinates. To
identify these coordinates the vector graticule (see Fig. 2-2C)
has points which correspond to the proper phase and ampli-
tude of the three primary colors: R (Red), B (Blue) and G
(Green). In addition, the complements of the primary colors
are indicated as follows: Cy (Cyan), Y. (Yellow) and Mg
(Magenta).

Any errors in the color encoding, video tape recording or
transmission processes which change these phase and/or
amplitude relationships cause color errors on the television
receiver picture. The polar coordinate type of display such
as that obtained on the Type R520 CRT has proved to be the
best method for portraying these errors.

The polar display permits measurement of hue in terms
of relative phase of the chrominance signal with respect to
the color burst. Relative amplitude of chrominance to burst
is expressed in terms of the displacement from center (radial
dimension of amplitude) towards the color point which cor-
responds to 75% (or 100%) saturation of the particular color
being measured.

The outer boxes around the color points correspond to
phase and amplitude error limits per FCC requirements
(%=10°, =#=20%). The inner boxes indicate *+2.5° and 2.5
IRE units. These limits correspond to phase and amplitude
error limits per EIA specification RS-189, amended for 7.5%
setup. :

Fig. 22D shows the purpose of the small marks that inter-
sect the | and Q axis. The topic “Color Encoder” provided
later in this section describes the distortions that may occur
in a signal when an improper display is obtained.

The vector graticule inscribed inside the Type R520 CRT
permits accurate amplitude measurements of color and burst
vectors to be made when a 7.5% color setup signal is applied
to the instrument. Fig. 2-3 illustrates the details of a stand-
ard encoded color bar test signal using the 7.59% setup.
Color signals having 10% setup can also be measured just
as accurately if the slight differences between the two setups
are considered. The following paragraph describes the dif-
ferences.

Table 2-2 provides a side-by-side comparison of the 109
and 7.5% setup color bar amplitudes. To use the Type R520
for 10% setup vector measurements, apply the 10% setup
color test signal to the instrument. Obtain the vector dis-
play in the usual manner. Set the channel GAIN control to
position the color vectors within the inner box marking on the
vector graticule. When this is accomplished, the 10% setup
burst vector will be slightly less than V4, inch (or less than
0.6 mm) longer than the 75% mark located at the 180°
position. This is the normal location for the 109 setup burst
vector. Usually the Vi, inch difference can be considered to
be negligible. The Vs, inch difference is derived from these
_distances: The distance from the center of the vector grati-
cule to the 75% mark is 0.84870 inch for 7.5% setup. Using
a 109 setup color signal, the distance of the burst vector is
0.87228 inch or a difference of only 0.02358 inch.

The two major distortions to which the chrominance signal
is subject are differential gain and differential phase. Both

2-4

can be measured on the Type R520 Vectorscope. Differential
gain is a change in color subcarrier amplitude due to a
change in the luminance signal while hue and saturation of
the original signal are held constant. In the reproduced pic-
ture, the saturation will be distorted in the areas between
the light and dark portions of the scene.

Differential phase is a phase change of the chromin-
ance signal by the luminance signal while the original
chrominance signal is held constant. In the reproduced pic-
ture, the hue will vary with scene brightness. Differential
gain and differential phase may occur separately or to-
gether. The causes of these distortions are chrominance non-
linearities caused by luminance amplitude variations. To
measure differential phase using the Type R520 no graticule
is needed. Instead, the trace overlay and slide-back techni-
que using the CALIBRATED PHASE control provides the means
for performing the measurement.

The IRE graticule (see Fig. 2-4) is used primarily for meas-
uring differential gain and video signal amplitude. To meas-
ure video signal amplitude, the IRE graticule is marked in
IRE units. In standard TV practice, 140 IRE units equal 1
volt. Hence, with the aid of the IRE graticule, the composite
video signal will be exactly 1 volt in amplitude when the
equipment is adjusted to obtain a display amplitude of ex-
actly 140 IRE units. Next, the IRE graticule is used as a
guide for checking and adjusting the composite video signal
for the following typical proportions:

1. The white level should correspond to the 4100 IRE
unit graticule marking.

2. The reference black level should correspond to the 7.5%
setup marking.

3. The blanking level of the video signal should coin-
cide with the 0 IRE graticule line.

4. The sync pulse amplitude should correspond to the
—40 IRE unit graticule line.

Fig. 2-5 shows a modulated stairstep (or staircase) Vertical
Interval Test Signal that is inserted in line 19 of field two to
provide in-service trouble diagnosis. This signal has ten equal
steps going from black level to white level with a burst of
3.58 MHz sine waves on each step. This signal is used for
checking differential gain and differential phase. Differential
gain is checked on the Type R520 by amplitude-demodulating
the signal and presenting a magnified display of the succes-
sive stairstep segments. The IRE graticule has a Diff Gain
scale to facilitate differential gain measurements in percent
of signal gain or loss. The measurement technique is de-
scribed later in step 22 of the First-Time Operation procedure.

CONTROLS AND CONNECTORS

Introduction

A brief description of the function or operation of the
Type R520 front- and rear-panel controls, adjustments and
connectors is provided here (see Fig. 2-6).

NOTE

Some photographs of the Type R520 may show
the instrument having a snap-in graticule cover
and pushbuttons labeled dA and d¢. These are
pictures of an earlier instrument (below SN
B150100). For later instruments (SN B150100
and up), the graticule cover is held in place with
four thumb screws, dA, is changed to DIFF GAIN,
and d¢ is changed to DIFF PHASE.
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= g T
% zZ|z|z w NOTES:
(A) Color monitor| S | S| S |B | 5|82 75%
i . o (8] @ o,
display = © ‘Et l 100% 1. Solid lines indicate luminance signal levels.
l 2. Dash lines indicate color subcarrier envelope levels,
3. Measurements are made by using a standard IRE unit
scale where reference white equals 100 units and sync
100 +100 4100 equals —40 units.
90 7 )'89 4. Encoded color-bar signal levels shall be in accordance
80 +77 / 77+72 with standard video transmission levels.
70 {65 /
60 4%// y 5. (A) Amplitude tolerance of all luminance values at orig-
50 ?'l' +48// ination point equals =2.5 IRE units.
40 # £%+46 (B) Amplitude tolerance of all peak-to-peak subcarrier
30 +33/ / +2§ values at origination point equals £2.5 IRE units.
20 +20 / // K15 420 (C) Phase tolerance of colors at origination point equals
+2.5°,
10 +12 / /
0 +7 ] L 6. Nominal values of luminance and peak-to-peak chromin-
—5 / / ance amplitudes for fully saturated color bars, 75% of
10 4 4 full amplitude, using 10% and 7.5% setup, are as fol-
20 Za —T16—1¢ lows (see Table 2-2):
30 —
40 20 TABLE 2-2
(B) Idealized oscilloscope display (H rate) of primary and y o
complementary colors (displayed on upper part of 10% Setup 7.5% Setup
raster) . Peak-to- Peak-to-
Peak Peak
Chromi- Chromi-
(C) Color Luminance nance Luminance nance
monitor 75% SETUP 10 7.5
display. 100% WHITE 100 100
GRAY 77 77
YELLOW 70 60 69 62
—! |WHITE| +Q | BLACK CYAN 57 86 56 88
100 +100 GREEN 50 80 48 82
90 MAGENTA 38 80 36 82
80 RED 30 86 28 88
70 BLUE 17 60 15 62
60 —1 10 40 7.5 40
50 +a 10 40 7.5 40
40 7. The duration of each of the primary (and compiementary)
30 +27 + 27 bars is to be 1/7 of the active portion of a scanning line
20 +20 A 7 +20 within o tolerance of =10%.
+ 7.5 +7.5 . . )
10 / 8. The rise and fall times of the luminance signal component
0 shall not d 0.2 micr 1ds as ed at the point
10 of generation.
20 —13 —13
30 —20 —20
Reference—RETMA Engineering Committee TR-4 on Television
(D)4?d lized m displ H Transmitters, “EIA Standard for Encoded Color Bar Signals™:
oalied oycliloscope dispay 'f';?’ |°f 5 Q test RS-189, page 3; Revised RS-189, pages 14538: 3a-4:5/66
signals and reference white bar isplayed on lower and 14538:4a-4:5/66.
part of raster).

Fig. 2-3. lllustrations with notes showing the characteristics of a standard encoded color bar signal using a 7.5% setup. Table 2-2 com-
pares the amplitude of the color bars for 10% and 7.5% setup.

Main Front-Panel Controls to Channel A in Y, R, G and B modes.
A test circle display is obtained in the
VECTOR mode for amplitude calibra-
tion and QUAD PHASE alignment.

Signal Selector  Contains ten pushbuttons but consists of
Switch four separate self-canceling switches to
select the following signals:

First Switch: Selects channel A signal Second Switch: Unblanks the CRT to dis-
source. play the selected line(s).
CH A: Channel A signal applied to 2VITS 18: Vertical Interval Test Signal
CH A connector. on line 18 in either field.
A CAL: 1-V luminance amplitude cali- FULL FIELD: Total signal for one picture
bration test signal is applied internally (all lines).

®1 2-5
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2VITS 19: Vertical Interval Test Signal
on line 19 in either field.

Third Switch: Turns on the PHASE and
CALIBRATED PHASE controls.

A¢: Places A PHASE and CALIBRATED
PHASE controls in operation. Operates
with CH A or CH B, depending on which
button is pressed.

A¢/Bp ALT: Enables A and B PHASE
controls to operate on a time-shared
basis. Used in conjunction with CH A
and/or CH B pushbuttons for dual-dis-
play mode of operation. Also, used in
conjunction with the CALIBRATED PHASE

range.

Setup level for the reference black
amplitude is 7.5 % of video-amplitude

Luminance Minor Divisions:
Amplitude 2.5 IRE Units each using
in \ IRE scale: 0.5% each using
IRE Units 100 — Diff Gain scale.
-
80 — 0%
= 8
60 — 6
= PN
40 — Differential
Blanking — Gain scale
Level — 0 in %
20 — -2
15 =—= == — ——==== -4
— -6
-8
-20 -10%
-40

control.

Fig. 2-4. The Type R520 IRE (external) graticule. llluminated when
Y, R, G, B, LINE SWEEP, I, Q or DIFF GAIN pushbutton is depressed.

in conjunction with the FIELD switch.

*The circuits controlled by these buttons can be changed to display
other lines as described later in this section. These buttons are used

110
NN
< 1009 100
NN
NN 'czt'
\N o
80 ‘\\\ wn] I
N gl &
\\70 g @
ol
B gl S
\ [ w
FIELD TWO 30 \ % &
[T}
W 3.58 MHz SINE 3 =
S WAVE MODULATION u
\ OF STEPS “0" THRU | £
\\30\\ 100" s ;
W gl 3
N -3 <
[ | N ANY 20 al o
! DN { g
| N 1O o
| 7.5 o
l 1l SR =
0 i NN NN 0 0
1 N
I
! B <€— ALL STEPS 0.050H (2/40H)
0.075H| 0.075H
ng$£ < (gi.’;i%:) >1 (3/40H) (3/40‘7
.05H —40] 1 \ SEE .05H —40
(2/40H) —NOTE (2/40H)
2
0.150H ~05H
“(6/400)>]  (2/a0H)
LINE 19
€«—— 0.225H —>| MODULATED STAIRSTEP
(9/40H)

NOTES:

For color programming standard color burst is inserted at pro-
gram origination point.

. This interval reserved for broadcasters in-plant use. (A signal

may occasionally appear on network.)

Fig, 2-5. Details of ten-step
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linearity test signal.

Reproduced from a paper by S. C. Jenkins, Transmission Engineer, Long Lines Dept.,
American Telephone and Telegraph Co., *“‘Vertical Interval Test Signals™, April 8, 1964, Figure 4.




r Channel A and B

¢

100%-75%-
MAX GAIN

GAIN

A CAL

B CAL

PHASE

REF

Display Selector

Switch

In CH A and CH B dual-display mode of

operation, the A PHASE control oper- -

ates with CH A and the B PHASE con-
trols operates with CH B.

Bep: Places B PHASE and CALIBRATED
PHASE controls in operation. Operates
with CH A or CH B, depending on which
button is pressed.

Fourth Switch: Selects Channel B signal
source.

CH B: Channel B signal applied to the
CH B connector.

B CAL: 1-V luminance amplitude cali-
bration test signal is applied internally
to Channel B in Y, R, G and B modes.
A test circle display is obtained in the
VECTOR mode for amplitude calibra-
tion and QUAD PHASE alignment.

Three-position lever switch. Two positions
provide a calibrated gain change for ob-
serving either 100% or 75% amplitude
color bar signals per EIA Spec RS-189, cor-
rected for 7.5% setup. These percentages
are International Standards. The third posi-
tion is MAX GAIN for maximum calibra-
ted gain in the DIFF GAIN mode; maxi-
mum uncalibrated gain in the other modes.

Thumbwheel control to vary the amplitude
of the input composite video signal. The
control has a CAL (calibrated) detent posi-
tion.

A screwdriver adjustment which provides a
means for calibrating the gain of Chan-
nel A amplifier when CH A GAIN and
LUMINANCE GAIN controls are set to
CAL

A screwdriver adjustment which provides a
means for calibrating the gain of Chan-
nel B amplifier when CH B GAIN and LU-
MINANCE GAIN controls are set to CAL.

Provides for continuously uncalibrated con-
trol of phase. Range is 360°."

Two-position lever switch to provide for
selection of internal or external CW
source.

BURST: Internal 3.58 MHz CW from an
automatic phase and frequency controlled
oscillator. .

EXT: External CW source obtained via the
EXT CW ¢ REF connectors.

A 10-position self-canceling pushbutton
switch that selects the displays that follow.

NOTE

In all Display Selector pushbutton
modes except VECTOR, the dis-
plays are presented at the line
rate on a linear time base. In
the VECTOR mode, a polar plot
display is presented.

Operating Instructions—Type 520/R520 NTSC

VECTOR: Presents a test circle display
when A CAL (or B CAL), FULL FIELD and
A¢ (Ap/Bg ALT or Bg) buttons are press-
ed. Presents a color-vector display when
CH A (or CH B), FULL FIELD or VITS and
A¢ (A¢p/Bo ALT or Bg) buttons are press-
ed.

Y: Presents a luminance calibration dis-
play when A CAL (or B CAL), FULL FIELD
and A¢ (Ap/Bp ALT or Bg) buttons are
pressed.

Presents the luminance portion of the color
signal with chrominance removed when CH
A (or CH B), FULL FIELD and A¢ (A¢/
B¢ ALT or Be) buttons are pressed.

NOTE

In the Y and DIFF GAIN modes
the A¢ (A¢p/Bg ALT or Bo) but
tons need not be depressed to
obtain a useful display. In the R,
G, B, LINE SWEEP, I, Q and DIFF
PHASE modes, the A¢ (A¢p/B¢
ALT or B¢) button must be de-
pressed with the CH A (or CH B)
and FULL FIELD buttons to obtain
a useful display of the applied
signal.

R: Presents the output signal from the red
camera or the red portion of the signal
supplied to a color kinescope.

G: Presents the output signal from the
green camera or the green portion of the
signal supplied to a color kinescope.

B: Presents the output signal from the blue
camera or the blue portion of the signal
supplied to a color kinescope.

LINE SWEEP: Presents the R-Y component
of the color signal when burst is aligned
at 180°. Indicates time relationship of the
chrominance portion of the signal; that is,
the sequence in which the color vectors
will be portrayed by the CRT beam when
the VECTOR mode is used.

The LINE SWEEP mode is also used as the
calibration mode for the Type R520. When
the CH A (or CH B), FULL FIELD and A¢
(Ap/Bo ALT or B¢) buttons are depress-
ed, the burst portion of the waveform is
brightened to facilitate proper adjustment
of the BURST FLAG TIMING control. When
the A CAL (or B CAL), FULL FIELD and
A¢ (Ap/Bop ALT or Bg) buttons are de-
pressed, a horizontal trace for checking
the BEAM ROTATE control is presented.

I: Presents the portion of the color signal
demodulated along the | axis.

Q: Presents the portion of the color sig-
nal demodulated along the Q axis.

DIFF GAIN: Presents a magnified display
of the peak amplitude of the 3.58 MHz
component in the color signal for use in
checking differential gain.
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DIFF PHASE: Phase-demodulates a modu-
lated signal and preseats the display
greatly magnified and inverted on alter-
nate lines allowing the use of the slide-
back method to overlay the two traces
when measuring small phase changes.
The CALIBRATED PHASE control is used
for direct readout of differential phase

in degrees.

INTENSITY Controls brightness of the display by vary-
ing the CRT beam current.

SCALE ILLUM Controls graticule illumination by varying
the edge-light intensity.

LUMINANCE Thumbwheel control for varying the gain

GAIN in the luminance channel without affecting
the chrominance gain. The control has a
CAL (calibrated) detent position. The con-
trol varies the amplitude of the display in
Y, R, G and B modes only.

CALIBRATED Provides for accurate incremental phase
PHASE measurements, with a ==15° total range
using a metal tape dial for readout.

POWER Switch: Toggle switch to apply power to
the instrument.

Light: Indicates that the POWER switch
is on and the instrument is connected to
a line source.

Recessed Front-Panel Operational Controls (right door)

FOCUS Permits adjustment of CRT beam for opti-
mum display resolution.

FIELD Two-position slide switch to select Field 1
or Field 2 when used in conjunction with
the VITS 18 and VITS 19 pushbuttons.

VERT POSITION Positions the display vertically on the CRT
in Y, R, G, B and DIFF GAIN pushbutton

modes only.
BURST FLAG Adjusts sync circuits to compensate for
TIMING variation in time between the leading edge

of the sync pulse and the burst flag of the
composite video signal. Adjusted when
CH A (or CH B), FULL FIELD, A¢ (or Bg)
and LINE SWEEP buttons are depressed.

IMPORTANT

If an unstable display is obtained
on the Type R520 CRT, always
check the positions of the ¢ REF
and SYNC switches first and then
check that the BURST FLAG TIM-
ING adjustment is properly adjust-
ed. The BURST FLAG TIMING ad-
justment varies the burst sampling
point by varying the start of the
sweep generator. This, in turn,
varies the action of the various
clamps in the Type R520 circuitry
and also the lock-in stability of

2-8

the sweep generator. Misadjust-
ment of the BURST FLAG TIMING
control varies the stability of the
subcarrier regenerator, affects the
gain of the luminance channel,
and may cause the horizontal
sweep to drop out of sync. Hence,
if an unstable display or improper
luminance display amplitude is
obtained, check that the BURST
FLAG TIMING adjustment is ad-
justed properly as described in
steps 8 and 9 in the First-Time
Operation procedure.

SYNC Two-position slide switch to select INT
(internal) or EXT (external) sync signal
source.

INT: Channel A or B amplifier is the inter-
nal sync source when CH A or CH B push-
buttons respectively are used. Channel A
amplifier is the internal sync source when
both CH A and CH B pushbuttons are de-
pressed.

EXT: External sync source is obtained via
the EXT SYNC input connector.

HORIZ Positions the display horizontally on the
POSITION CRT in all Display Selector pushbutton
modes except VECTOR.

Recessed Front-Panel Maintenance Adjustiments (left
door)

QUAD PHASE  Screwdriver adjustment to provide for fine
adjustment of the 90°phase difference
between the R-Y and B-Y demodulators.
adjusted for optimum overlay of two test
circles. Adjusted when A CAL (or B
CAL), FULL FIELD, A¢ (or B¢) and VECTOR
buttons are depressed.

GAIN BAL Screwdriver adjustment for controlling B-Y
demodulator gain. Rounds out the two
merged test ellipses so a circle is obtain-
ed. Adjusted when A CAL (or B CAL),
FULL FIELD, A¢ (or Bgp) and VECTOR but-
ton are depressed.

HORIZ Screwdriver adjustment that controls the
POSITION horizontal clamp level of the display in
CLAMP all modes.

BEAM ROTATE  Screwdriver adjustment that rotates the
beam so the vertical trace can be align-
ed with the graticule 90°-t0-270° vector
graticule line. Adjusted when A CAL (or
B CAL), FULL FIELD, A¢ (or Bg) and VEC-
TOR buttons are depressed; blue-on-white
wire to pin AB on Driver Amplifier board
is disconnected. An alternate procedure
is given in step 11 of the First-Time Opera-
tion procedure.

D
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-

R

A CAL CH B
Adjustment 1009,.75% -MAX GAIN
Switch
Signal Selector
Switch Ad‘? C'Al .
) lusimen Display Selector
ChcA :’:}'N CH B SCALE INTENSITY Switch

ch A =on GAIN ILLUM Control
100 % -75 %-MAX GAIN Control Control

Switch

LUMINANCE
A PHASE
Control GAIN Control
CALIBRATED
¢ REF Switch PHASE Control
B PHASE
Control
]
QUAD PHASE :
Control POWER VERT POSITION
HORIZ POSITION Switch P?wer Control
CLAMP Control Light SYNC\  HoORIZ POSITION
BEAM ROTATE _—— R Switch Control
Control 1 H FOCUS
1 ] FIELD
GAIN BAL i i Control - eh
Control . VERT POSITION 1 | BURST FLAG
Left Door CLAMP Control : TIMING Control Right Door
rem ==« Maintenance =e- ] 1 Operational ==
Adjustments Controls
CH A
EXT EXT CW
SYNC & REF ORTH Co::le:or Connectors
Connectors Connectors Control s
GEOM
ASTIG Control
Control

Twist Lock
AC Power
Cable Connector

Z AXIS
UNBLANK INPUT
BIAS Connector

Control

Fig. 2-6. Front- and rear-panel controls and connectors on the Type R520 Vectorscope.

2-9



Operating Instructions—Type 520/R520 NTSC

YERT Screwdriver adjustment for controlling the
POSITION vertical clamp level of the display in all
CLAMP modes.

Rear-Panel Adjustments
ASTIG (R1476)  Screwdriver adjustment used in conjunc-
tion with the FOCUS control to adjust the
beam for optimum display resolution.

Screwdriver adjustment for aligning the
horizontal trace  parallel with nearest
luminance graticule line. Adjusted when
the A CAL (or B CAL), FULL FIELD, Aé (or
B¢) and VECTOR buttons are depressed;
green-on-white wire to pin AD on Driver
Amplifier board is disconnected.

ORTH (R1474)

GEOM (R1472)  Screwdriver adjustment for minimizing any
bowing of vertical and horizontal lines.
Proper adjustment is obtained when the
voltage at the center arm of the GEOM
control equals the voltage at the upper
vertical-deflection plate (blue lead to CRT
neck pin). Adjusted when FULL FIELD, A
(or Bgp) and VECTOR buttons are depressed.

UNBLANK BIAS  Screwdriver adjustment for obfaining‘ a
(R1478) uniform brightness test circle. Adjusted
when A CAL (or B CAL), FULL FIELD, A¢

(or B$) and VECTOR buttons are depress- .

ed.

Rear-Panel Connectors

EXT SYNC BNC connectors permit loop-through (or
(J120 and J121) terminated into 75 ohms) external syn-
chronization on composite video or sync

signals. '

EXT CW ¢ REF  BNC connectors for loop-through (or termi-
(J310and J311) nated into' 75 ohms) external 3.58 MHz
CW signal.

CHA (J1 and J?) Dual-input BNC connectors. Permits loop-
and CHB(J50 through [or terminated into 75 ohms)

and J51) operation for each channel with a bridg-
ing resistance of =~14 kQ and a bridging
capacitance of =16 pF.
Z Axis INPUT ~ BNC connector permits Z-axis modulation
(J1210) of CRT display.
SIGNAL CONNECTIONS
Introduction

All signal connections to the Vectorscope are made
through BNC coaxial connectors on the rear panel of the
instrument (see Fig. 2-6). Two connectors for each input (ex-
cept Z AXIS input) provide high-impedance loop-through
connections so that the Vectorscope may be connected into
any part of a system.
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When the Vectorscope is connected to the output of a
system (loop-through connections not required), a 75-ohm
terminating resistor should be connected to the unused input
connector to properly terminate the system.

Chrominance Signal Inputs

The signal (or signals) from the system under test is ap-
plied to the CH A input and/or CH B input connector. This
may be either a composite color signal with negative-going
sync pulses, or a chrominance signal only without the sync
pulses. If a chrominance signal only is applied and syn-
chronization of the sweep and unblanking is desired, sep-
arate sync pulses and usually an external subcarrier signal
must be applied as described in the Sync Input and External
Subcarrier Input topics that follow.

Sync Input

The EXT SYNC input connector accepts external signals for
synchronizing the Vectorscope sweep and unblanking cir-
cuitry. This input is connected to the synchronizing circuit
when the SYNC switch (located behind the right side front-
panel door) is set to the EXT position. Sync-negative com-
posite video, about 0.7V to 1.4V, peak to peak, or nega-
tive-going composite sync, about 3.5V to 7.5V, can be used.
A choice of pin connections on the Sync board permits either
amplitude signal to be used.

The Type R520 is normally connected at the factory for
use with a 3.5V to 7.5V peak-to-peak negative composite
sync external signal. To accomplish this, the black-red-on-
white wire is connected to pin E on the Input Sync board as
shown in Fig. 2-7. The Input Sync board is located on the
top right rear of the chassis. If a 0.7V to 1.4V peak-to-peak
negative-going composite video signal is applied to the EXT
SYNC connector, the black-red-on-white wire should be con-
nected to pin D.

"~ Pin E
(For 3.5 to 7.5 -V
Pin D "7 composite external
(For 0.7 to 1.4.y __Sync signal}
composite video external

sync signal)

on white
Lead from EXT
SYNC Connector

Fig. 2-7. Selecting the external sync pin connection on the Input Sync
board. Pin E is the normal connection.

®:




NOTE

The SYNC switch should not be placed in the EXT
position unless an external sync signal is applied
to the EXT SYNC input connectors; otherwise, un-
stable displays will be obtained. When using the
Type R520 to observe non-composite video, a 1-V
sync-negative composite video should be applied
to EXT SYNC connector, pin E on the Sync board
should be used and the SYNC switch should be set
to EXT.

Horizontal drive pulses may also be used to synchronize
the Vectorscope; however, with this type of synchronization
it is not possible to view vertical interval test signals. Also,
if the internal Subcarrier Regenerator (¢ REF switch is sef
to BURST) is used when horizontal drive pulses are applied to
EXT SYNC connector, it will be necessary to readjust the
BURST FLAG TIMING control to obtain synchronized opera-
tion. This control is located behind the right front-panel
door. Then, it will be necessary to readjust the control again
when returning to the use of horizontal sync pulses. This is
because the leading edge of a horizontal drive pulse occurs
some time before the leading edge of the corresponding
horizontal sync pulse.

It is important to note that the sweep circuits in the Vec-
torscope will free run and not be locked if the synchron-
izing pulses are not present. However, it is possible to pre-
sent, without synchronizing pulses, a vector display of a
chrominance signal only, using an external subcarrier signal.

External Subcarrier Input

The EXT CW ¢ REF subcarrier input connector accepts an
external 3.579545-MHz subcarrier necessary for demodulating
the input chrominance signal. The external subcarrier signal
must have a peak to peak amplitude of 1.5V to 2.5V. This
signal is connected to the subcarrier processing circuiis of

Fig. 2-8. Location of the resistors on the Input Sync board.
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the Vectorscope when the ¢ REF switch is set fo the EXT posi-
tion. .

If the external subcarrier signal is 1 volt peak to peak
in amplitude, the instrument can be modified to accomodate
this signal by changing the values of R301, R320, and R321.
These resistors are located on the Input Sync board (see Fig.
2-8) and the resistance values are given in Table 2-3.

TABLE 2-3
Resistor : o v Tektronix
Circuit Description Part
Number |Resistance | Wattage | Tolerance | Number
R301 15kQ A 5% 315-0153-00
R320 75kQ A 5% 315-0752-00
R321 10 kQ Vs - 59 315-0103-00

If a subcarrier is not conveniently available, it can be
generated within the Vectorscope by placing the ¢ REF
switch to the INT position. This switch position applies the
color-burst portion of the applied chrominance signal to the
internal Subcarrier Regenerator circuit, The Subcarrier Regen-
erator then generates a 3.579545-MHz signal of the proper
phase relationship to burst to be used throughout the Vec-
torscope in place of the external subcarrier.

Trace Intensification Input
SN B150100 and up.

As shipped from the factory, the Z-axis input lead con-
nects internally from the Z AXIS INPUT connector J1210 on
the rear panel to pin BO (see Fig. 2-9) on the Sweep board.
This board is located on the bottom side, center-rear por-
tion, of the chassis.

Depending on the intended use of the Type R520, the Z
axis input lead may be connceted to either pin BO or BQ.
Pin BO is the normal connection. The purpose of this con-
nection is intended for use with shori-term trace intensific-

Fig. 2-9. Selecting the Z axis input pin connection on the Sweep
board.

2-11



Operating Instructions—Type 520/R520 NTSC

ation pulses; for example, to identify a television line or a
portion thereof. This connection is AC coupled into the
grid of the CRT and a negative-going signal of about 5 volts
will cause noticeable brightening of the trace. The pulses
should not exceed 15 volts in amplitude.

To view several lines, connect the Z-axis input lead to
pin BQ. When using this connection, the deflection blank-
ing feature of the CRT is employed rather than the AC-
coupled connection to the CRT grid that was previously
described. Pin BQ connection requires a positive-going
signal of about one volt in amplitude to blank the CRT. This
signal should not exceed 5 volts in amplitude. Since this
connection is direct coupled, any number of lines can be
blanked {or left unblanked). For example, if an appropriate
switching signal were available, it would be possible to use
this signal to display a selected group of 17 lines while the
undesired lines were blanked.

Below SNB150100

Circuit operation is the same (as above), 'excepf that pin
BO is pin AP, and pin BQ is pin AW.

FIRST-TIME OPERATION

The following procedure is a suggested method for becom-
ing familiar with the basic operation of the Type R520.
In addition, this procedure is a quick check for the front-
panel adjustments, including the rear-panel ASTIG and
UNBLANK BIAS adjustments. Exception: The BEAM ROTATE
adjustment procedure in step 11 will normally be a satis-
factory method for general operating use, but a precise
method is given in the Calibration Procedure, Section 6,
in this manual.

NOTE

The GEOM and ORTH adjustments are not included
in the First-Time Operation procedure. The Cali-
bration Procedure in Section 6 should be used
when performing these adjustments.

Only two signals are required for this procedure; (1) A
75%-amplitude encoded color-bar test signal, and (2) «a
ten-step linearity test signal. Fig. 2-10 shows the waveforms
as photographed using a Waveform Monitor. These par-
ticular signals have a 7.5% setup level. The First-Time Oper-
ation procedure is as follows:

1. Set the INTENSITY control fully counterclockwise.

2. Connect a 75%-amplitude encoded color-bar signal to
the CH A input connector.

NOTE

If the Type R520 is connected to the output of a
test-signal distribution system, connect a 75-ohm
terminating resistor to the other unused CH A
input connector.

3. Connect a ten-step linearity test signal to the CH B
input connector. If the other CH B input connector is not
used, connect a 75-ohm terminating resistor to the unused
connector as directed in step 2 NOTE.

4. Connect the instrument to a suitable power source and
turn on the POWER switch.
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(B) Ten-step Iinéariiy test signal waveform.

Fig. 2-10. Signals required for performing the First-Time Operation
procedure. A waveform monitor was used to obtain the displays,

5. While the instrument is warming up (at least 20 minutes),
set the Type R520 front-panel controls to these positions:

Signal Selector

Ch A 100%-75%-
MAX GAIN

Ch A GAIN
A PHASE

Ch B 100%-75%-
MAX GAIN

Ch B GAIN

B PHASE

¢ REF

Display Selector
LUMINANCE GAIN
CALIBRATED PHASE
SCALE ILLUM
FOCUS

FIELD

SYNC

VERT POSITION
HORIZ POSITION

FULL FIELD Ag®
(CH A & A CAL: Off)
(CH B & B CAL: Off)

75%

CAL
As is
75%

CAL

As is
BURST
VECTOR
CAL

00

As desired
Fully CCW
1

INT
Midrange
Midrange

3Either the A¢ or B¢ button can be depressed to make the corres-
ponding A PHASE or B PHASE control operable. In this procedure

the A¢ button was arbitrarily used.
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(B) FOCUS control properly adjusted to obtain a well-defined
center_dot.

Fig. 2-11. Adjusting the ASTIG and FOCUS controls. Pushbuttons
depressed: FULL FIELD, A¢ and VECTOR.

6. Rotate the INTENSITY control clockwise until the center
dot is the desired brightness. The dot will be out of focus
(see Fig. 2-11A) until step 7 has been completed.

7. If the center dot does not have a round shape, adjust
the rear-panel ASTIG control to obtain a round spot similar
to the display shown in Fig. 2-1TA. Next, adjust the FOCUS
control to obtain a well-defined center dot (see Fig. 2-11B).

CAUTION

Avoid using excessive intensity when displaying
the focused dot. Excessive intensity {a spot or dot
having a bright halo around it) may burn the
CRT phosphor.

8. Press the CH A and LINE SWEEP buttons. Leave the
FULL FIELD and A¢ buttons depressed.

9. Rotate the A PHASE control to obtain maximum burst
amplitude (see Fig. 2-12A).

NOTE

Another method for obtaining maximum burst
amplitude is to depress the VECTOR button, set

Operating Instructions—Type 520/R520 NTSC

BURST
{(Maximum
Amplitude)

Equal Rising
and Falling
Levels

! (B) Misadjusted. .

(C) Burst vector position at 90° using the alternative method.

Fig. 2-12. Adjusting the BURST FLAG TIMING control. Pushbuttons
pressed for (A) and (B): CH A, FULL FIELD, A¢ and LINE SWEEP;
for (C): CH A, FULL FIELD, A¢ and VECTOR.

the A PHASE control so the burst vector coincides
with the 90° position (see Fig. 2-12C) or 270°
(produces a negative-going burst display in the
LINE SWEEP mode). Then, press the LINE SWEEP
button and continue with step 9 procedure.

Check that the intensified rising and falling portions of
the burst waveform are equal. (Use the INTENSITY control
to decrease the brightness of these portions for better view-
ing contrast.) If the rising and falling portions are not equal,
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adjust the BURST FLAG TIMING control to obtain the proper
display as shown in Fig. 2-12A. Fig. 2-12B shows one effect
obtained when the adjustment is incorrect.

10. Depress the A CAL button. Leave the FULL FIELD, A¢
and LINE SWEEP buttons depressed.

11. Check that the trace aligns with the 30 IRE unit grati-
cule marking as shown in Fig. 2-13A. If not, adjust the BEAM
ROTATE control to obtain proper alignment.

NOTE

If the trace is located above or below the 0°-
180° vector graticule marking, preadjust the VERT
POSITION CLAMP control to ‘position the trace.

12. Depress the Y button. Leave the A CAL and FULL
FIELD buttons depressed. Check that the display amplitude
is 140 IRE units in the vertical center area of the graticule.
Overlook the starting portion of the waveform. Use the
VERT POSITION and HORIZ POSITION controls to position
the display for best viewing (see Fig. 2-14). To minimize
parallax viewing errors, use the pupil of the eye reflected
from the —40 IRE unit graticule marking to align the bottom
of the waveform with the graticule marking. Next, check
the position of the top of the waveform with respect to the
(4) 100 IRE graticule marking by reflecting the pupil of the
eye from this graticule mark.

If the displayed amplitude is not 140 IRE units within
=+1% (1.4 IRE units), set the A CAL screwdriver adjustment
to obtain the correct amplitude.

(A} Correct display. .

08

(B) Incorrect display.

Fig. 2-13. Adjusting the BEAM ROTATE control. Pushbuttons de-
pressed: A CAL, FULL FIELD, A¢ and LINE SWEEP.
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Press the B CAL button and cancel the A CAL button.
Repeat the procedure for channel B. If necessary, adjust the
B CAL screwdriver adjustment to obtain the same 140 IRE
unit display amplitude as obtained for channel A.

13. Depress the A CAL and VECTOR buttons. Cancel the
B CAL button. Check that the FULL FIELD and A¢ buttons
are depressed. The test circle should match the guide circle
inscribed on the vector graticule.

- NOTE

If the test circle trace is too dim for a portion of
its circumference, preset the rear-panel UNBLANK
BIAS control as described in step 17 and then
continue with step 13 and on.

If the test circle is out-of-round, or if the circles do not
overlay ‘properly (within 0.032 inch, ; of a 2° phase mark
length on the vector graticule), use Table 2-4 to obtain the
proper display as shown in Fig. 2-15A. Repeat the adjust-
ments, as necessary, to obtain optimum results. Figs. 2-15B
and 2-15C show two examples where the adjustments are
set incorrectly.

Fig. 2-14. Proper Iuminance calibrated test signal amplitude.
Pushbuttons depressed: A CAL, FULL FIELD, A¢ (not required) and Y.

TABLE 2-4

Effect on Test

Adjustments Circle Display

VERT POSITION CLAMP
HORIZ POSITION CLAMP

Vertical positioning.
Horizontal positioning.

QUAD PHASE Merges the two ellipses to
form a superimposed el-
lipse or circle.

GAIN BAL Left and right portions.

After completing the adjustments, the test circles may not
overlay perfectly, but they should be within the 0.032-inch
radial separation limit. Accurate vector measurements can
be made if the effects caused by a slight separation of the
test circles are considered. In general, radial trace separation
between the test circles is maximum at or near one or more
of these points: 45°, 135°, 225° or 315°. The effect of this
separation on a vector is as follows:

a. No phase error for a vector positioned at 90° or 270°.




(A) Test circle properly adjusted. This display is assurance -
that precise vector displays can be obtained.

(B) Results obtained when the QUAD PHASE control is
misadijusted.

(C) Results obtained when GAIN BAL and HORIZ POSITION
CLAMP controls are misadjusted,

Operating Instructions—Type 520/R520 NTSC

d: — Radial Separation
Distance Between
Test Circles at
45°

J— d> — Vector
TA»/ Phase Error

Vector at 0°

For small angles the circumferential
displacement (d;) of the vector is
equal to the radial separation dis—
tance (d;) between test circles.

(A) Determining vector phase error. Maximum phase error
exists at 0° or 180°,

d; — Radial Separation
Distance Between
Test Circles at
45°

Vector at 45°

Vector' Amplitude
Error* — 0.5 X d;

*For a 2.096-inch vector.

(B) Determining vector amplitude error. Vector amplitude
error is maximum at 45°, 135°, 225° or 315°.

Fig. 2-15. Obtaining a properly adjusted test circle display. Push-
buttons depressed: A CAL, FULL FIELD, A¢ and VECTOR.

Fig. 2-16. Determining phase and amplitude errors of vectors when
the test circles have maximum radial separation at 45°, 135°,
225° or 315°.

b. For a vector positioned at 0° or 180°, the phase error
is equal to the radial separation distance between test circles
(see Fig. 2-16A). For example, if the separation is 0.032
inch, the circumferential displacement of the vector is 0.032
inch or slightly less than 1° using this formula:

¢ = 2 arc sin dy
2R

where ¢ is the vector phase error in degreés, d; is the radial
separation between the test circles at 45° and R is the
2.096-inch radius of the inscribed test circle.

c. No vector amplitude error for vectors positioned at
0°, 90°, 180° or 270°.

d. For a vector positioned at 45°, 135°, 225° or 315°,
the vector amplitude error for a 2.096-inch vector is 0.5 times
the radial separation distance between test circles (see Fig.
2-16B). A 2.096-inch vector is used in the calculation because

2-15



Operating Instructions—Type 520/R520 NTSC

(A) VECTOR button is depressed to display the chrominance (B) Pushbutton Y is depressed to display the luminance ampli-
portion of the color-bar signal. Position of the dots within the tude of the color-bar signal. The vertical deflection is calibrated
smaller boxes indicate that the displayed color vectors are within in IRE units as indicated by the left-hand scale.

*+2.5° and £2.5 IRE units of the assigned hue (in degrees)
and saturation (vector amplitude).

3

B0 @ &m0 N

(C) Pushbutton R is depressed to dis- (D) Pushbutton G is depressed to dis- (E) Pushbutton B is depressed to dis-
play the red output waveform. play the green output waveform. play the blue output waveform.

(F) Pushbutton | is depressed to display the | component of (G) Pushbutton Q is depressed to display the Q component
the signal. of the signal.

Fig. 2-17 Typical waveforms obtained when displaying the chrominance and luminance portions of a color-bar test signal. Signal Selec-
tor pushbuttons depressd: CH A, FULL FIELD and A¢. Display Selector pushbuttons depressed: See individual waveforms.
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the radius of the inscribed graticule test circle is this distance.
For example, if the separation distance between test circles
is 0.032 inch, then 0.5 times 0.032 inch is 0.016 inch. The
amplitude error for a 2.096-inch vector is 0.016 inch, or
about 0.8% amplitude error for any vector positioned at
45°, 135°, 225° or 315°.

For most distortions in which the test circles overlay prop-
erly but deviate slightly from the inscribed circle at some
point, the effect on the vector is as follows:

For small angles the circumferential displacement (phase
error) of a 2.096-inch vector located about 45° from the
point of maximum circle deviation will be equal to the dis-
tance between the test circle deviation and the graticule
circle. For a 2.096-inch vector pointing toward the circle
distortion area, the vector amplitude error is equal to the
test circle deviation distance from the graticule circle.

14. Press the B CAL button and cancel the A CAL button.
Leave the FULL FIELD, A¢ and VECTOR buttons depressed.

15. Check that a proper size (same size as obtained In
step 13) test circle is obtained. The test circle should align

with the vector graticule guide circle within the limits de- -

scribed in step 13..

16. Depress the A CAL button and cancel the B CAL
button. Leave the FULL FIELD, A¢ and VECTOR buttons
depressed.

17. Set the INTENSITY control to obtain a dim circle
under low-ambient light conditions. If trace intensity is not
uniform, adjust the rear-panel UNBLANK BIAS control to
obtain uniform intensity for the full circumference of the
circle.

18. Reset the INTENSITY control to obtain a normal bright-
ness display.

19. Press the CH A button. Leave the FULL FIELD, A¢
and VECTOR buttons depressed. Adjust the A PHASE control
to align burst with the 180° position. The burst tip should
coincide with the 75% mark on the vector graticule and all
color vectors should appear in their respective inner boxes
(see Fig. 2-17A). This indicates that the color-bar signal input
is 1V peak-to-peak, the colors are 759% saturated, burst
amplitude is 286 mV peak to peak, and the color-vector
phase and amplitude are within #=2.5° and 2.5 IRE unit
tolerance.

20. Using Table 2-5 and Figs. 2-17B through 2-17G as a
guide, check the displays obtained when Y, R, G, B, | and
Q buttons are depressed in the order just given.

R
Ny

TABLE 2-5 N "

Display Selector o
Typical,‘Waveform

Pushbutton
Y _.+Fig. 2-17B
R " Fig. 2-17C
G Fig. 2-17D
B Fig. 2-17E
| Fig. 2-17F
Q Fig. 2-17G

©1
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21. With a staircase signal applied to the CH B input con-
nector, press the following pushbuttons:

Signal Selector CH B
Display Selector Y

Cancel the CH A button. Check that the FULL FIELD and
A¢ buttons are depressed. The waveform should be a stair-
case signal as shown in Fig. 2-18A.

SN B150100 and up

22. Differential Gain Measurements. The Diff Gain scale
on the line sweep graticule can be used to make differential
gain measurements within an accuracy of 1% if the test
signal modulation is preset. to a standard amplitude. The
procedure that follows describes how to preset a test signal
to a standard modulation amplitude before proceeding with
the measurement.

NOTE

As a test signal for differential gain measurements,
it is possible to use any signal at the subcarrier
frequency that retains a constant modulation ampli-
tude (within a 70-mV to 196-mV range) through-
out the line or portion being measured while the
DC level of the signal varies. No burst or external
subcarrier is required. However, the staircase
vector display obtained in steps 22e and 22f will
be free running and jittering will occur. A ramp
with  100-mV peak-to-peak modulation and a
staircase with 140-mV peak-to-peak modulation
are examples of signals (see Fig. 2-18) that meet
the stated test requirements.

a. Press the VECTOR button. Check that the CH B, FULL
FIELD and A¢ buttons are depressed. Check that the Ch B
100%-75%-MAX GAIN switch is set to.75%. -

b. Use the A PHASE control to align the staircase vector
at 0° or 180°. If burst is present disregard it in making this
measuremnt.

c. Set the Ch B 100%-75%-MAX GAIN switch to MAX
GAIN. Check that the origin of the staircase vector coincides
with the vector graticule center (see Fig. 2-18B). If it does
not, adjust the VERT POSITION CLAMP and HORIZ POSI-+
TION CLAMP controls to center the vector origin.

d. Check that the tip of the staircase vector (not the burst
vector) coincides with the vector graticule inscribed circle. If
it does not, adjust the CH B GAIN control for proper vector
tip ‘and inscribed circle coincidence (see Fig. 2-18B). Read-
just, if necessary, the A PHASE control to position the stair-
case vector at 0° or 180°.

Up to this point in the procedure, the staircase vector has
been preset to a standard magnitude for use in making the
differential gain measurements that follow. In addition, the
staircase vector has proper phase for performing the dif-
ferential phase measurement.

e. Press the DIFF GAIN bution. Check that the CH B, FULL
FIELD and A¢ buttons are depressed and the Ch B 100%-
75%-MAX GAIN switch is set to MAX GAIN.

f. Adjust, if necessary, the VERT POSITION control to
position the first step to the 0% Diff Gain graticule line as
a reference. If there is no differential gain, all the stairstep
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FIELD, A¢ and Y.

(C) Typical display obtained when test signal is linear within
1%. If no distortion were present, the staircase segments would
form a straight horizontal line. Buttons depressed: CH B, FULL
FIELD, A¢ and DIFF GAIN.

10-IRE
Step
Nulled

(E) Initial CALIBRATED PHASE dial setting when measuring dif-
terential phase. Buttons depressed: CH B, FULL FIELD, A¢ and
DIFF PHASE.

(A) 10-step linearity test signal. Buttons depressed: CH B, FULL

Vector Origin
Coincides with
Center of
Vector Tip
Coincides with
Inscribed Circle

(B) Presetting the staircase vector to o standard magnitude
before performing the differential gain measurement. Buttons
depressed: CH B, FULL FIELD, A¢ and VECTOR.

(D) Waveform illustrating presence of severe differential gain.
The tenth stairstep shows a 10% loss in signal amplitude.
Buttons depressed: Same as (B].

100-IRE
Step
Nulled

(F) Final CALIBRATED PHASE dial setting when measuring dif-
ferential phase between the 10-IRE and 100-IRE steps on the
waveform. Buttons depressed: Same as (E).

Fig. 2-18. Typical waveforms obtained when displaying a ten-step linearity test signal.

CH B 100%-759%-MAX GAIN switch set to MAX GAIN.
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Waveforms (B) through (F) were obtained with the

B
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segments will coincide with the 0% Diff Gain graticule line
(see Fig. 2-18C). If a stairstep does not coincide with the 0%
graticule line (for an example, see Fig. 2-18D), differential
gain is present.

Table 2-6 is a conversion chart to equate the Diff Gain
scale to percent of signal gain or loss, voltage ratio and dB.
Using Fig. 2-18D display as an example, the sixth step has a
signal loss of 2%, a voltage ratio of 0.98 and is 0.176 dB
down.

BELOW SN B150100

Follow the above procedure, except for step d. The input
signal must be 143 mV in amplitude in order to read differen-
tial gain in % directly from the graticule and TABLE 2-5. If
the input signal is less than or greater than 143 mV, the read-
ings obtained from the external graticule scale will decrease
or increase by a direct ratio; for example, if the input signal
is 157.3 mV (an increase of 10%), the readings from the grati-
cule scale will increase by 10% and TABLE 2-6 will need
revision.

TABLE 2-6
Differential Gain Conversion Chart

(Based on a staircase vector magnitude equal to the
radius of the vector graticule inscribed circle as shown
in Fig. 2-18B).

Line Sweep 100%-75%-MAX GAIN Switch
Graticule Set to MAX GAIN
Diff Gain |% of Signal | Voltage
Scale Gain or Loss Ratio dB
10% +10% 1.10 +0.828
8 +8% 1.08 +0.668
6 +6% 1.06 +0.506
4 +4% 1.04 +0.341
2 +2% 1.02 4-0.172
0 0% 1.00 +0.000
—2 —2% 0.98 —0.176
—4 —4% 0.96 —0.354
—6 —6% 0.94 —0.538
—8 —8% 0.92 —0.724
—10% —10% 0.90 —0.916

23. Differential Phase Measurements. Press the DIFF PHASE
bution. Check that the Ch B, FULL FIELD and A¢ buttons
are depressed. Check that the Ch B 100%-75%-MAX GAIN
switch is set to MAX GAIN, and the Ch B GAIN control is
set to CAL. T

o. Check that the CALIBRATED PHASE is set to* o€
the A PHASE control as a coarse adjustment o V!l fhe first
step on the display (see Fig. 2-18). )

NOTE

. hly nulling the
As an alternative method f- roughly 9
first step in the display, -press the VECTOR but-

LE control to position the

ton and use the A FLI-(S° or 0°. After properly

staircase vector at
VR .fcas
positioning the s’ ase vector, press the DIFF

PHASE button ¢ proceed to step 23b.
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STEP 1: Press the appropriate buttons to select Ch A and/or
Ch B signals. If one channel is selected, press the
desired channel button. If both channels are select-
ed, a dual time-shared display will be obtained.

STEP 2: Press one button to display the desired line(s) in
the composite signal.

Ch A Ch B
Signal . Signal
Source CRT Unblanking Buttons Source
Buttons Buttons

Phase Buﬂons/

STEP 3: Press one button to make the CALIBRATED PHASE
and the PHASE controls operable. If the A¢/Bg ALT
button is depressed, both A and B PHASE controls
will be operable on a time-shared basis. For proper
operation, a PHASE button must be depressed at
all times except in Y or DIFF GAIN modes only.
In these two modes, a PHASE button can remain de-
pressed or it can be cancelled.

STEP 4: Press the appropriate button (only one at a time)
/ to obtain the desired display.

Display
Selector
Buttons

_NOTE

When the buttons #sr one switch are ‘“‘out” (cancelled)
position), the swih is placed in the ‘“‘off'’ position.

The Sign,,;"S?lector switch consists of four self-canceling
pushbuon switches. The Display Selector Switch is a 10-
buten self-canceling switch.

Fig. 2-19. Grouping of the pushbuttons for each switch. One button
for each group, with exceptions as given in Steps 1 and 3, should
be depressed to obtain a useful display.

b. Use the CALIBRATED PHASE control as a vernier adjust-
ment for nulling the first step. Note the dial reading. For
example, in Fig. 2-18E the dial reading is —0.1°.

c. Set the CALIBRATED PHASE control so the last step is
at null. Note the dial reading. Fig. 2-18F indicates a dial
reading of .—2.2°.

d. Subtract the dial difference readings noted in steps
23b and 23c. The result should be the amount of differential
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phase between the first and last step in the 10-step linearity
test signal. Using Figs. 2-18E and 2-18F as an example:
—0.1° subtracted from —2.2° equals 2.1° differential phase.
Since total differential phase is the point of interest, the
algebraic sign of the resultant may be omitted.

NOTE

Using step 23 as a guide, differential phase be-
tween any two steps on the waveform can be
measured if desired. Best accuracy is obtained
when the CALIBRATED PHASE control is turned in
one direction (without reversing direction) when
nulling between steps on the waveform. Turning
the dial in one direction eliminates any possible
backlash as a source of error.

GENERAL OPERATING INFORMATION

Pushbutton Switches

The Signal Selector switch consists of four self-canceling
switches arranged as shown in the upper part of Fig. 2-19.
The Display Selector switch is a 10-button self-canceling
switch as shown in the lower part of Fig. 2-19. For proper
instrument operation and to produce useful displays, follow
the procedure given in the illustration

NOTE

To cause a depressed button in any self-canceling
switch button group to cancel so all butions in
that group are “‘out”, apply slight finger pressure
at a point on an “out" button that permits the fin-
ger to extend over the ‘‘in" (depressed) button.
Let the "in"" button release outward until it touches
the finger. Then remove the finger so both buttons
can spring to' their "‘out” (canceled) positions.
When all buttons for one group are “out”, the
self-canceling switch is in the “Off"" position.

The First-Time Operation pracedure provides one way to
become familiar with the operavinn of the pushbuttons.
Another source of information is the Fushbutton Logic topic
provided in the Performing The Measuremewts portion of this
Operating linstructions section.

Internal Triggering Source

Table 2-7 lists the internal triggering source for each pos-
sible combination of the CH A, A CAL, CH B and B CAL
pushbutton positions. Use this information to check that a
signal is applied to the proper rear-panel connector for the
pushbutton combination to be used. This assures that opti-
mum display stability will be obtained when operating the
instrument. To obtain a stable dual-channel display (CH A
and CH B), CH B input signal must be synchronous with CH
A input signal, since the CH B display is triggered from the
CH A input .

Note that for the A CAL/B CAL dual-display mode of oper-
ation, no signal to the CH A or CH B connectors is required,
When A CAL, B CAL and VECTOR buttons are depressed,

2-20

the internal calibration signal originates from the 3.59-MHz
Test Circle Oscillator located on the Input Amplifier board.
(In the absence of a video sync source during the VECTOR
mode of operation with the A CAL and/or B CAL buttons
depressed, it may be necessary to adjust the BURST FLAG
TIMING control to obtain a stable test circle display.)

When A CAL, B CAL and any Display Selector switch
button except VECTOR is depressed, the internal calibration
signal originates from the collector of Q570 located on the

Demodulator board. Repetition rate of this sync signal is
H/4.

Opening the Access Doors

The right door opens at the right side and can be slid
info a slot located at the left side of the recessed area.
The left door opens at the left side and can be slid into a
slot located at the right side of the recessed area.

TABLE 2-7
For
Pushbutton | Combination Optimum
Channel A| Channel B Internal Display
Sync Source | Stability
CH A Off Apply signal
CH A CH B Channel A | f© CH A In-
CH A B CAL put connec-
Off B CAL for.
A CAL Off Apply signal
A CAL CH B ch (g |to CH B in-
Off CH B anne put  connec-
Off Off for.
A CAL B CAL Nong No input‘sig-
required nal required.

eposition subchassis,
{Tighten the screws.

Fig. 2-20. Bottom right-front portion o1 X
location of the subchassis mounting screw¥® Type R520 showing

®1
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Similar to the illustration shown on page 265 of the FCC Rules

Details of a television synchronizing waveform for color transmission.
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and Regulations, Volume Ill, March 1968 edition.

Fig.
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Positioning the Right Recessed Control Sub-
chassis

The FOCUS, BURST FLAG TIMING, VERT POSITION and
HORIZ POSITION recessed controls are mounted on an
adjustable position subchassis (see Fig. 2-20). The subchassis
has slotted mounting holes to adjust the protrusion distance
of these controls. With the subchassis positioned to its
maximum inward position, the control knobs will protrude
s inch or less from the recessed front panel. This position
permits full closure of the right door. With the door opened,
the controls can be adjusted by placing a screwdriver in the
arrowed slot to turn the knob. The arrowed slot is a simple
indicator for the relative rotational position of the knob.

If the subchassis is positioned to its maximum outward
position, the knobs will protrude about %, inch or more
from the recessed front panel. This subchassis position en-
ables the knobs to be easily turned by hand, so a screw-
driver is not needed. If the subchassis is mounted in this
position, the protruding control knobs will prevent the right
door from closing; hence, the door should be left open
and out of the way by sliding the door fully into its slot.

Graticule [llumination

When the VECTOR button is depressed, the SCALE ILLUM
control varies the illumination of the vector graticule. When
any Display Selector button except VECTOR and DIFF
PHASE buttons are depressed, the SCALE ILLUM control
varies the illumination of the IRE graticule. No graticule
illumination occurs when the DIFF PHASE button is depressed.

Burst Brightening

Trace intensification occurs during the first 3 microseconds
of the linear sweep, when the burst amplifier is keyed on
and the CRT trace is brightened. This intfensified portion
provides positive identification of the burst signal. Burst
brightening takes place in the LINE SWEEP mode only.

Vector Displays

The VECTOR presentation is a graphic display for opera-
tional measurements with color bars, modulated staircase
waveform of the VITS, or other indusiry test signals. Carrier
balance corrections can be made while on the air because
the VECTOR display shows direction and magnitude of the
required adjustments.

With a VECTOR display, phase measurements can be made
within 1° and saturation measurements, within #=1% on
the graticule, and even closer when comparing two signals
in dual-channel operation.

The internally generated test circle matched with the grati-
cule circle verifies the accuracy of the VECTOR display.

Linear Sweep Displays

The color signals can be demodulated along any desired
axis, I, Q, R-Y, B-Y, G-Y, etc. and displayed at the line rate
on a linear time base. The various linear time base display
modes permit a variety of useful operational tests and
measurements to be made. This is accomplished by selecting
the appropriate Display Selector modes: I, Q, R, B, G,
DIFF GAIN, DIFF PHASE.
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Calibrated phase shift using the trace overlay technique
permits a slide-back type of phase measurement with a
resolution of at least 0.1°.

Dual Displays

In dual-channel operation, successive samples of each
channel are displayed on a time-shared basis. For example,
the input signal to some location in the broadcast plant can
be compared to the output signal to measure any phase
and/or amplitude distortion caused at that location. Also,
the outputs of any two areas of the broadcast plant can be
compared. Video cable lengths can be accurately matched
for time delay at color subcarrier frequency to less than 1°
phase difference.

Using the VECTOR display, either channel can be turned off
to provide a zero reference point for the other channel.
The reference point is a sharply defined spot in the center
of the display.

Using the linear-sweep displays, turning off one channel
while the other remains in use provides a zero reference
line against which signals can be nulled.

When using dual-channel operation and internal trigger-
ing, refer to Table 2-7 in this section of the manual. This
table lists the internal triggering source for each pushbutton
combination.

Vertical Interval Testing

The binary counters in the Type R520 Line Selector Matrix
operate in’conjunction with the Field Selector circuit to select
lines in either field that may carry suitable test signals.
These circuits enable the Vectorscope to be used for medsur-
ing differential gain and differential phase during color
broadcasts on the tfest signals which may be transmitted
during the vertical blanking interval. The topics, “VITS Line
Selection” and “VITS Field Selection”, that follow describe
how to select any NTSC line from 7 through 22 in the same
field or in opposite fields. BELOW SN B150100: Lines selected
are from 7 through 21.

To aid in the identification of fields and lines, a television
synchronizing waveform illustration is shown in Fig. 2-21
to accompany the following definitions:

a. FIELD 1: The start of Field 1 is defined by a whole H
line between the first equalizing pulse and the preceding H
sync pulse.

b. FIELD 2 The start of Field 2 is defined by a half H
line between the first equalizing pulse and the preceding
H sync pulse.

c. Line numbering for Field 1: Field 1 line numbers start
with the first equalizing pulse in Field 1.

d. Line Numbering for Field 2: Field 2 line numbers start
with the second equalizing pulse in Field 2.

VITS Line Selection
SN B150100 and up

The Type 520 is normally connected at the factory to permit
selection of lines 18 and 19 in either television field by means
of the VITS 18 and VITS 19 pushbuttons in conjunction with
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the FIELD switch. Quick-disconnect jumper wires are used
on the Sweep board to preselect the lines so that, if desired,
any pair of NTSC lines (from 7 through 22) or the same lines
in each field can be preselected. Intensity and focus are
automatically adjusted for optimum viewing of VITS; that is,
the front-panel INTENSITY and FOCUS controls do not need
to be readjusted when switching from FULL FIELD to VITS 18
or VITS 19.

To preselect a pair of lines in a television field, use TABLE
2-8 and Fig. 2-22A as a guide for the VITS 18 pushbutton.
Use TABLE 2-9 and Fig. 2-22A as a guide for the VITS 19
pushbutton. The connectors with jumpers are located on the

" Sweep board. The Sweep board is located on the bottom

center-rear of the chassis. Five jumpers for each VITS push-
button control the selection of lines.

NOTE

Whenever the jumper wires are connected to select
lines other than 18 and 19, be sure to change the
number on the button to match the new line num-
ber. Button numbers can be changed by covering
the old number with a new number.

BELOW SN B150100

Line preselection is made by placement of jumpers between
various pins located on the Sweep board. Any pair of lines
(or the same lines) within a group of lines can be made
selectable by the VITS 18 and VITS 19 pushbuttons. There
are two groups of lines for preselection: Group 1 (lines 7
through 14) and Group 2 (lines 15 through 21).

To preselect a pair of lines within Group 1 (lines 7 through
14), in a television field, use Table 2-10 and Fig. 2-22B as a
guide. To preselect a pair of lines within Group 2 (lines 15

TABLE 2-8

Operating Instructions—Type 520/R520 NTSC

TABLE 2-9
SN B150100 and up
Line Preselection For VITS 19 Pushbutton

Lines to Jumper Wire Pin Connections
be Pre- Pin Pin Pin Pin Pin
selected AGto |[Wito | Qto | Kto | E to
7 AH
8 AF o
9 AH v
10 AF L
1 AH
12 AF P
13 AH
14 AF F
15 AH X
16 AF R
17 AH v
18 AF )
19 AH X
20 AF P
21 AH v
22 AF
TABLE 2-10

Below SN B150100
Preselecting VITS Pushbutton Lines 7 through 14

SN B150100 and up (Group 1)
Line Preselection For VITS 18 Pushbutton
Lines
Lines to Jumper Wire Pin Connections to be
be pre- Pin Pin Pin Pin Pin Push- | Prese- ) ) )
selected AA to S to Mto| Gto | A to buttons| lected Jumper Wire Pin Connections
7 AC U 7 Ute T O to N
8 AB 8 UtoV lto H
9 | AC © 5 [UtoT
T 0 Uty OlF
10 AB I VITS 18 BM to C
1 AC 11 UtoT
U O-to N
12 AB 12 UtoV
13 AC N 13 Ut T o J
14 AB' T c 14 UfOVOtOP Btg
15 AC U 7 RtoS Lto M BN
16 AB 8 Rto Q
o Fto G
17 AC 9 RtoS
8 AB ! 0 R0 - °K
] H VITS 19 BL to B
19 AC 1 RtoS
U LtoM
20 AB 12 R to Q
N Fto E
21 AC T 13 RtoS L to K
22 AB 14 R to Q
2-23
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through 21), use Table 2-11 and Fig. 2-22B as a guide. The
connector pins with jumpers are located on the bottom side,
center-rear portion, of the chassis. Three of the jumpers
control the selection of a group of lines, and three jumpers
for each VITS push-button control the selection of lines within
a group.

In general, it is not possible to use one VITS pushbutton
to select a line in Group 1 and the other VITS pushbutton to
select a line in Group 2. However, some overlap from Group
1 into the first few lines of Group 2 is possible. The amount
of overlap depends on circuit tolerances and may vary from
instrument to instrument. Usually it is possible to extend two
or three lines from Group 1 into Group 2 by means of the
BO and BN jumper connection. For example, to preselect
line 10 with the VITS 18 button and line 16 with the VITS
19 button, refer to Table 2-12.

TABLE 2-11
Below SN B150100

Preselecting VITS Pushbutton Lines 15 Through 21

(Group 2)
Lines
to be
Push- | Prese-
buttons| lected Jumper Wire Pin Connections
15 UtoT
16 UfovomNHH
7 (Ut Tl 7 °
18 |[Uto V|~ ° BM to D
VITS 18
19 Ute T O to N
20 UtoV | to J
21 |[UtoT|OtoP ‘io
o
15 Rto$S Lto M BP
16 R to Q FioG
17 [RtoS| °
18 RtoQ BL to A
VITS 19
19° |[Rto S Lto M
20 |RtoQ| ©° "|FtoE
21 RtoS|LtoK

5Fig. 2-22B illustrates the connections for preselecting these lines
(18 and 19).

TABLE 2-12
Below SN B150100

Lines
to be
Push- | Prese-
buttons | lected

VITS 18] 10 |UtoV|OtoP|ltoH|BMtoC|BO
VITS 19| 16 [Rto Q[Lto M[Fto G| BLfo A|py,

Jumper Wire Pin Connections

Note that for the example given in Table 2-12, the BO to
BN connection keeps both buttons in Group 1. Then by con-
necting the VITS 19 group selector jumper wire between pins
BL and A(see Table 2-11), the VITS 19 button can be set to
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preselect one of the first few lines in Group 2. In the example
just given, line 16 was preselected.

VITS Field Selection

As mentioned previously, the Type R520 is normally con-
nected at the factory to permit selection of lines 18 and 19
in either field by means of the VITS 18 and VITS 19 push-
buttons in conjunction with the FIELD switch. For example,
if the FIELD switch is set to 2, line 18 or 19 in field 2 can be
selected by depressing the VITS 18 or VITS 19 button,
respectively.

Suppose, however, that the color test signals are being
transmitted on line 19 in field 1 and on the same line (19)
in field 2. Suppose further that the operator desires to select
these signals by means of the VITS pushbuttons only (without
opening the right-hand door to move the FIELD switch when
selecting the pushbutton positions). This can be accomplished
by first using Table 2-9 to change the VITS 18 button to
select line 19. Next, leave the FIELD switch in the 2 posi-
tion and preselect field one for the left-hand pushbutton by
moving the VITS 18 field selector jumper to the proper con-
nections {AK to AL) using the information provided in Table
2-13 and illustrated in Fig. 2-23. Note that the pushbutton
field-selector jumper connections are located conveniently
near the line-selector jumper connections.

TABLE 2-13
SN B150100 and up
Field Preselection For VITS Pushbuttons

FIELD

Push- Switch | Field to be Jumper Wire
button Position | Preselected | Pin Connections

1 1 AK to AM

2 2 (Normal connection)
VITS 18 1 2 AK to ALS

2 1

1 1 AO to AN
VITS 19 2 2 (Normal connection)

1 2 AO to AP®

2 1

°Note that these connections reverse the FIELD switch positions.

TABLE 2-14

Below SN B150100
Field Preselection For VITS Pushbuttons

FIELD
Push- Switch Field to be Jumper Wire
button Position Preselected| Pin Connections
1 1 AA to Z
Normal connection
VITS 18 g ]2 ( )
7
1 2 AA to AB
1 1 XtoY
Normal connecti
VITS 19 ; ]2 ( ection)
7
1 5 Xto W

"Note that these connections reverse the FIELD switch positions.
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o

Pin connectors wn‘h iﬁméers which
‘enable VITS 18 pushbulion 10 $e- emmm——

lect a line.

'Pin connectors wxfh jumpers which enable’

8 "d'l‘?mfmldslorln“

“VITS 19 pushbutfon to select a fine.

.

(B) Below SN B150100. Tlus illustration shows the jumpers conne:ted fo preselecf lines 18 and 19 (normal connechons) in

Gruup 2.
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NOTE

When preselecting VITS pushbutton lines and
fields, be sure to indicate these changes on the
front panel of the instrument for your information
and to notify other operators. Using the latter
example (line 19 in both fields); the left-hand
button nomenclature should read: VITS 19, FIELD
1 and the FIELD switch nomenclature for the 2
position should read: LEAVE AT 2. The right-hand
button should read: VITS 19, FIELD 2.

Fig. 2-22. Location of the line selector jumper wires on the Sweep board. These illustrations are examples to show how to preselect a pair
s of lines using the information given in Tables 2-8 and 2-9 (SN B150100 and up) or Tables 2-10 ‘and 2-11 (below SN B150100).

PERFORMING THE MEASUREMENTS

Pushbutton Logic

In Section 11 of this manual there is a table printed on
three pullout pages entitled, “Operating Displays”. This
table provides a concise list of pushbutton combinations for
check or measurement to be performed. Space at the end of
the table has been provided for adding new data if desired.
Note that for a single channel operation in this table, the sig-
nal is applied to the CH A input connector. Internal sync and
burst signals are used. These assumed conditions simplify the
table and setup procedure. In actual practice, either CH A or
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| VITS 19 Field Jumper
Connections For Norm

| VITS 18 Field Jumper |

{Connections For Normal

| FIELD Switch Positions

~_FIELD Switch Positions E

\ Field Jumpe
onnections For Normal

- FIELD Switch Positions

Fig. 2-23. Location of the field-selection jumper wires on the Sweep board. Note that the jumpers can be connected so the buttons select
lines in the same field or opposite fields while the FIELD switch remains at a predetermined position,

CH B input connectors can be used. In addition, external sync
and burst signals can be used if desired. The only require-
ment is that the pushbutton switches and controls associ-
ated with the channel to be displayed are set properly. If
external sync and burst signals are applied to the Type
R520, then the SYNC and ¢ REF switches should be set to
the EXT positions when the INT option is not desired.

Color Encoder

All necessary adjustments to the encoder can be made
with the Type R520. Using the VECTOR mode, the | matrix
may be checked for accuracy by turning off the Q channel
and observing that all six dots align with the cross marks
along the | axis of the vector graticule.

Check that the Type R520 100%-75%-MAX GAIN switch is
set to 75% and the GAIN control for the channel is set to
CAL. Set the | chroma gain on the encoder so that the
largest amplitude (red and cyan) dots align with the l-axis
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cross marks. All the other dots should align, too.

Some typical causes of l-axis dot misalignment may be
due to incorrect matrixing from the R, G and B signals to
the | signal, matrix resistor value changes, incorrect gain
of an inverting amplifier associated with the matrix function,
nonlinear amplification of the matrixed signals, or nonlinear
amplification of the doubly-balanced | modulators.

The remarks given for the | channel apply equally ‘to
the Q channel.

Having established independently the correct operation of
the | or Q channel, with the other channel temporarily dis-
abled, the quadrature phasing between the | and Q channels
is facilitated as follows:

1. Turn on both channels in the encoder.

2. Adjust the encoder quadrature phasing and the Type
R520 A PHASE (or B PHASE) control so that all color dots
lie within their respective inner boxes on the vector graticule.

@1
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3. Burst phasing of the encoder may then be adjusted so
that the burst vector is at exactly 180° on the vector graticule.

4. The amplitude of the burst vector may be set on the
encoder.

5. The luminance levels in the encoder can now be set
to their correct amplitudes using the Y (luminance) mode of
operation.

Color Saturation

The saturation of the displayed colors can be checked
by using the 75% and 100% burst amplitude markings on
the vector graticule and by noting the position of the 100%-
75%-MAX GAIN switch. The general procedure for making
this check is as follows:

1. While obtaining a normal VECTOR display, check that
the GAIN control for the channel is set to CAL.

2. Set the 100%-75%-MAX GAIN switch to a position
that causes the displayed color vectors to appear within the
target areas. Note the location of the burst tip along the
180° axis on the vector graticule and the position of the
100%-75%-MAX GAIN switch. If both the burst tip location
and the switch position indicate 75%, the colors are 75%
saturated. If the burst tip location and the switch position
indicate 100%, the colors are 100% saturated.

Differential Gain

In general, any differential gain present in the signal can
be checked by using the DIFF GAIN mode of operation
and by setting the 100%-75%-MAX GAIN switch to MAX
GAIN. With a standard 10-step linearity staircase signal
applied to the Type R520, any differential gain present will
cause a variation in the segment levels as described in step
22 of the First-Time Operation procedure and illustrated in
Fig. 2-18D.

The IRE graticule major divisions represent % of signal
gain or loss when the displayed 100 IRE level coincides wita
the 0% graticule lines. Using the right-hand graticule mark-
ing for the scale in conjunction with the major and minor
graticule markings, differential gain measurements can be
made within an accuracy of 1%.

If the 10-step linearity staircase signal is transmitted as a
VITS signal, the Type R520 can be used to monitor this test
signal and perform differential gain measurements while the
test signal is being broadcast with the regular program mater-
jal. The VITS buttons can be set to preselect any line between
7 and 22 in either field as described in VITS Line Selection
and VITS Field Selection topics presented previously in this
section of the manual. BELOW SN B150100: lines that can
be preselected are from 7 through 21.

NOTE

Any signal at the subcarrier frequency that re-
tains constant amplitude throughout the line or
portion being measured while the DC level of the
signal varies can be used as a test signal for dif-
ferential gain measurements.

Differential Phase

Any differential phase present can be detected by noting
the dial settings of the CALIBRATED PHASE control when

@1

Operating Instructions—Type 520/R520 NTSC

using the slideback method for overlaying two traces in
DIFF PHASE mode of operation. As described previously in
step 23 of the First-Time Operation procedure, no phase dis-
tortion is present if the traces are parallel.

If phase distortion is present, the phase demodulated lines
of both traces will not be parallel; that is, the traces are
farther apart at certain points as distortion increases, as
shown in Figs. 2-18E and 2-18F. The two magnified presen-
tations show the 10 IRE step nulled as compared to the 100
IRE step nulled. The difference in CALIBRATED PHASE dial
settings required to null these two is the difference in phase
which, in this instance, is 2.1°.

Using the standard linearity test signal, a differential
phase error of 0.2° can be measured. The CALIBRATED
PHASE dial provides excellent resolution since 1° of phase
shift is represented by approximately one inch of dial tape
movement.

NOTE

Any signal at the subcarrier frequency that re-
tains constant phase throughout the line or portion
being measured while the DC level of the signal
varies can be used as a test signal for differential
phase measurements.

Phase vs Time Delay

Time delay between two signals can be checked, because
the phase difference at any particular frequency can be
related to time difference. An example of this is the setup
of two color cameras some distance apart. With the outputs
of the cameras connected to the inputs on the Vectorscope,
and the following pushbuttons depressed: CH A, CH B, FULL
FIELD, A¢ and VECTOR, the two signals can be viewed
together on a time-shared basis. Any time-delay difference
between the two camera links will appear as a phase dif-
ference in the vectorial display.

This time-delay difference can be determined by noting that
360° on the graticule equals 280 nanoseconds of time. The
difference can be minimized by adjusting the connecting
cable lengths so that there will be no hue or phase differ-
ence from one camera to the other.

OBTAINING WAVEFORM PHOTOGRAPHS

Fig. 2-24 shows the Tekironix C27 camera setup that was
used when photographing the vector displays and wave-
form for this manual. Polaroid® Land film pack Type 107
with an ASA rating of 3000 was used in the camera. Similar
results can be obtained if roll film Type 47 with an ASA
rating of 3000 is used in a Polaroid Land 3%/, x 4Y, Roll-
Film Back Part No. 122-0603-00. If a Roll-Film Back is used,
the part number for the focusing plate that should be used
in steps 9 through 14 is 387-0460-00.

Fig. 2-25A shows the size of the image with respect to
the recording area when the F1.9—1:0.5 lens is used. If a
larger size image area is desired as shown in Fig. 2-25B,
use a F1.9—1:0.7 lens (122-0547-00). However, this lens
should be used with a pack-film back to obtain consistent
alignment of the image within the recording area.

3Registered Trade Mark, Polaroid Corporation.
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Four Camera

Light Seal Bezel Mounting !
(122-0745-00, Screws |
supplied with (213-0169-00, !
vectorscope) supplied with |

vectorscope) |

/ I

|

=% |

I

|

|

1

|

|

|

|

|

|

/ |

Camera !

... Bezel C-27-500 Series |

Focusing Plate) For Pack- \\\\ (016-0225-00) I
Film Back (387-0893-00) S~- |

-~
-
e —

(A) Camera components with Pack-Film Back.

C27 Main Frame
(122-0635-00)

" Rotating Slide
Adapter
(122-0602-00)

Polaroid Land
3V, x4V,
Pack-Film
Back (122-0671-00)

Rear
Frame
(122-0591-00)

F1.9—1:0.5
Lens
(122-0549-00)

———————————— Camera Order No. C-27-549 — — —«

Mounting
Latch

(B) Camera mounted on the Type R520.

Pencil mark placed on support
frame to mark the camera focus position.

Fig. 2-24. Tektronix C27 camera setup used in obtaining the waveform photographs for the Instruction Manual. If a larger size image
(see Fig. 2-25B) on the recording area is desired, use a 1.9-1:0.7 lens (122-0547-00).

Camera types other than those made by Tektronix, Inc.
can be adapted to fit the Type R520 if the proper bezel is
used. Contact your local Field Engineer or Field Office for
more information about the availablity of other bezels.

To obtain the photographs for this section (Operating In-
structions, Section 2) of the manual, the camera was set as
follows: Shutter speed, 1/5 second; aperature selector, F5.6.

The following procedure is suggested for mounting the
camera on the instrument and obtaining the pictures.
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1. Remove the graticule cover with accompanying parts
by removing four graticule thumb screws (see Fig. 2-26A).
BELOW SN B150100. Loosen the graticule cover by pulling
outward on the rim near the lower left-hand corner. Hold
the unsnapped corner with one hand and use the other hand
to pull outward on the opposite rim near the upper right-
hand corner. Carefully remove the graticule cover with all
accompanying parts.

2. Remove the light seal from the camera bezel and
install the one supplied with the Type R520. Save the re-
moved light seal, if desired.
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(A) F1.9—1:0.5 lens.

(B) F1.9—1:0.7 lens.

Fig. 2-25. Comparing the image size with respect to the recording
area when using different object-to-i ratio |

g

3. Place the IRE graticule, paper light shield and light
guide (see Fig. 2-26B) in the camera bezel.

NOTE

To obtain the highest quality vector waveform pic-
tures for use in this section of the manual, the IRE
graticule was removed. If utmost clarity is not
important, good vector pictures can be obtained
without removing the IRE graticule. In addition,
the IRE graticule provides protection against mar-
ring the plastic face plate bonded to the face of
the CRT.

4. Mount the camera bezel together with the graticule
parts on the front of the Vectorscope CRT. Use the four
thumb screws supplied with the Type R520. (The bezel moun-
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Light
Shield IRE

Graticule

l

Camera Bezel (with Light Seal
supplied with Type R520)

Light
Guide (for
vector graticule)
Four Camera Bezel Mounting
Screws (supplied with Type R520)

(B) Arrangement of parts when installing the camera bezel.

Fig. 2-26. Removing the graticule cover and installing the camera
bezel.

ting nuts furnished with the camera are not used with the Type
R520, but they can be used when mounting the bezel on
oscilloscopes having the appropriate mounting studs.

5. Apply a color signal to the Vectorscope and set the
controls to obtain a normal vector display.

6. Adjust the FOCUS and INTENSITY controls for well-
defined vector dots with less than normal brightness. Set
the SCALE ILLUM control to illuminate the vector graticule.

7. Attach the camera to the bezel hinge and secure the
camera against the Vectorscope with the Mounting Latch
(see Fig. 2-24B).

8. Open the camera back and install the focusing plate
with frosted side towards the camera lens.

9. Set the camera Aperture selector to F1.9 and place
the shutter Speed selector at “T". Press the Shutter Release
control to open the shutter.

10. Carefully focus the camera on the vector display and
illuminated vector graticule markings. Use low ambient light
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conditions to facilitate accurate focusing. Place a pencil
mark on the camera support frame (see Fig. 2-24B) as a
reference for the focus position.

11. Check that the display is centered in the focusing
plate area. If not, the rotating slide adapter can be adjusted
to permit proper centering of the image within the film frame.
Refer to the camera manual for further information.

12. IMPORTANT: Press the Shutter Release control to close
the shutter before setting the following camera controls:

Shutter Speed 1/5s
Aperture Selector F5.6

NOTE

F-stops higher than F4 are used to obtain better
depth of field.

13. Remove the focusing plate. Load the camera back
with 3000 ASA rating film. Close the camera viewing door.

14. Press the Shutter Release control to photograph the
vector display. Develop the picture. If the vector photo-
graph is not satisfactory; i.e., display and/or graticule mark-
ings are not properly exposed, readjust the INTENSITY
and SCALE iLLUM controls. Take another picture.

NOTE

Initially, several pictures will have to be taken in
order to find the best control settings. Once these
settings are known by mentally noting the dis-
play presentation or by logging the control set-
tings, then it is possible to duplicate the picture
with less experimentation when the camera is used
the next time. For additional information con-

IRE
Graticule ¢, oke

Gray
Filter

Light
Guide

Light
Shield

Gratical Vectorscope = (e
raticulie Bezel Mounting —__ N §
Cover Thumb Screw \\'

Fig. 2-27 Arrangement of parts when re-installing the graticule
cover.
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cerning the use of the camera, refer to the manual
shipped with the C27 camera.

15. To obtain a double exposure photograph of two dis-
plays using a common graticule for both, proceeds as follows:

With the graticule illuminated and the desired display -

presented on the CRT, press the Shutter Release conirol to
photograph the display. Set the Vectorscope controls to
present the second display, turn down the SCALE ILLUM
control so the graticule is not illuminated, and press the
Shutter Release control. Develop the picture.

16. To obtain good photographs using the IRE (external)
graticule, consider the following hints:

(a) Check that the IRE graticule fits close to the CRT face.
This position will minimize parallax. (The CRT face should
protrude from the front panel the same distance as the
thickness of the vector graticule light guide.)

(b) Since another set of graticule lamps is turned on,
readjust (if necessary) the SCALE ILLUM conirol to obtain
proper graticule illumination.

(c) Use the channel variable GAIN control to produce a
slightly greater amplitude display to compensate for the
parallax between the trace and IRE graticule as ‘“‘seen”
by the camera.

(d) If the vector graticule appears on the photograph,
remove the camera bezel. Position the IRE graticule lamp
holders so the filaments are in line with the IRE graticule
position. This will ensure that only the IRE graticule will
receive proper edge lighting.

17. After completing the picture taking and the use of
the camera, remove the camera and bezel. Re-install the
graticule cover with all its associated parts (see Fig. 2-27)
on the front of the Vectorscope CRT.

GLOSSARY OF TERMS

CHROMINANCE: This term is used to indicate both hue
and saturation of a color.

CHROMINANCE SIGNAL: In television, the sidebands of
the modulated chrominance subcarrier which are added to
the monochrome signal to convey color information. The
chrominance signal components (I and Q signals NTSC) trans-
mit the qualities of hue and saturation but do not include
luminance or brightness.

COLOR BURST: In NTSC color, normally refers to a burst
of approximately 8 cycles of 3.579545 MHz subcarrier on
the back porch of the composite video signal. This serves as
a color synchronizing signal to establish a frequency and
phase reference for the chrominance signal.

COMPOSITE VIDEO SIGNAL: The complete video signal.
For monochrome, it consists of the picture signal and the
blanking and synchronizing signals. For color, additional

color synchronizing signals and color picture information are
added.

DIFFERENTIAL GAIN: The amplitude change, usually of
the NTSC 3.579545 MHz color subcarrier, introduced by the

@1




over-all circuit, measured in dB or per cent, as the picture
signal on which it rides is varied from blanking to white
level.

DIFFERENTIAL PHASE: The phase change of the 3.579545
MHz NTSC color subcarrier introduced by the over-all circuit,
measured in degrees, as the picture signal on which it rides
is varied from blanking to white level.

DYNAMIC: (When referred to a characteristic of the Type
R520) Denotes the change of that characteristic with respect
to a 10%-90% change in Average Picture Level (APL). Ex-
amples: Dynamic Phase, Dynamic Gain.

GEOMETRY: The degree to which a rectilinear display on
a CRT screen is accurately reproduced. Generally associated
with properties of a CRT.

H PULSE: Applicable only to the Type 520/R520. A pulse
of approximately 6 us duration generated during horizontal
blanking time and used as a timing pulse.

H RAMP: Applicable only to the Type 520/R520. A ramp
voltage generated coincident with the H pulse and having
the same time duration as the H pulse.

H RATE: The time for scanning one complete line, includ-
ing trace and retrace, NTSC equals 1/15734 sec (color) or
63.5 ps.

HUE: The attribute of color perception that determines
whether an object is red, yellow, green, blue, purple, or the

®i
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like. White, black, and gray are not considered as being
hues.

LUMINANCE: This indicates the amount of light intensity,
which is perceived by the eye as brightness.

ORTHOGONALITY: The extent to which traces parallel to
the vertical axis of a cathode-ray-tube display conform to
a right angle with the horizontal axis.

SATURATION: This indicates how little a color is diluted
by white light, distinguishing between vivid and weak shades
of the same hue. The more a color differs from white the
greater is ifs saturation. Saturation is also indicated by the
terms purity and chroma. High purity and chroma corres-
pond to high saturation and vivid color.

SCR: Subcarrier regenerator (applicable only to Type
520/R520).

COLOR SUBCARRIER: In NTSC color, the carrier whose
modulation sidebands are added to the monochrome signal
to convey color information, i.e. 3.579545 MHz.

VIDEO STRIPPING: The process of removing the video in-
formation from the composite video signal.

VITS: Vertical interval test signal.

9 LINE KEY-OUT: The period of time utilized by the equal-
izing pulses and the serrated vertical pulse, equal to the
time duration of nine television lines during which burst is
not present.
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SECTION 3
CIRCUIT DESCRIPTION

Change information, if any, affecting this section will be found at the

rear of the manual.

Introduction

This section of the manual contains an electrical description
of each circuit in the Type R520 Vectorscope. Block diagrams
illustrating signal flow for six modes of operation are
described prior to the detailed circuit description. A detailed
block diagram of the complete instrument is included in the
Diagrams section as an aid in troubleshooting. Complete
schematics are also included in the Diagrams section. These
diagrams should be referred to during the detailed circuit
description. The electron convention of current flow is used
in all references to current flow in the circuit description.

Proper understanding of the circuit description to follow
will depend to some extent on the reader’s understanding of
typical electronic circuits. The list of references which follows
provides an index of reference material relating to some of
these typical circuits.

1. Operational Amplifiers

Jacob Millman and Herbert Taub, *Pulse, Digital and
Switching Waveforms”, McGraw-Hill, New York, 1965,
pp. 15-18.

2. Field-Effect Transistors

Jacob Millman and Herbert Taub, “Pulse, Digital and
Switching Waveforms”, McGraw-Hill, New York, 1965, pp.
658-663.

3. Miller Sweep Circuit

Jacob Millman and Herbert Taub, “Pulse, Digital and
Switching Waveforms", McGraw-Hill, New York, 1965, pp.
536-538, 540-554.

4. Regulated Power Supply

Phillip Cutler, “Semiconductor Circuit Analysis”, McGraw-
Hill, New York, 1964, pp. 559-625.

5. Class “C" Oscillators

Frederick E. Terman, “Electronic and Radio Engineering”,
fourth edition, McGraw-Hill, New York, 1955, pp. 493.

6. Oscillators, Crystal

Frederick E. Terman, “Electronic and Radio Engineering”,
fourth edition, McGraw-Hill, New York, 1955, pp. 506-519.

7. Synchronols Demodulators

A. Frederick E. Terman, “Electronic and Radio Engineer-
ing”, fourth edition, McGraw-Hill, New York, 1955, pp.
1007.

B. Bernard Grob, “Basic Television Principles and Serv-
icing”, third edition, McGraw-Hill, New York, 1964, pp.
591, 602-607.

SIGNAL FLOW BLOCK DIAGRAMS

In the following description when a specific block has the
same function in all modes of operation, only the initial
description will be given. The switch selection for each mode
of operation is specified on each block diagram.

Mode one (Fig. 3-1). Color bar signals are coupled
into channel A and channel B Input Amplifiers of the Type
R520. Channel A and B Input Amplifiers are operational
amplifiers with a gain of one. The composite signal from
the channel A amplifier is coupled to the Burst and Sync
Amp, which has a gain of approximately two. The signal
is then coupled to the Subcarrier Regenerator and to the
Sweep circuit. The Sync Processing circuit removes the video
from the composite signal and recovers the sync. This com-
posite sync pulse is used as a timing reference for the regen-
eration of the sweep sawtooth and for the Field Selector
circuit. The color burst is recovered from the composite
signal that was coupled to the Subcarrier Regenerator and
is used to phase and frequency-lock the internal oscillator
that generates the reference subcarrier. The reference sub-
carrier is coupled into the Precision Phase Shifter, which
is the front panel CALIBRATED PHASE control, to adjust
the phase of the subcarrier up to ==15°. The subcarrier is
then coupled through the Subcarrier Amplifier to the A and
B PHASE Goniometers. The A and B PHASE Goniometers
are continuously variable and are controlled from the front
panel: They can shift the phase of the reference subcarrier
through 360°. The subcarrier is then coupled into the Sub-
carrier Switching circuit on the Demodulator board. The
composite signals from the channel A and channel B Input
Amplifiers are also coupled to the Demodulator board
through the channel A and channel B Switching circuit.

The Subcarrier Switching circuit and channel A/channel
B Switching circuits are controlled by a J-K flip flop with
an output pulse at one quarter of the horizontal scanning
frequency. Therefore the output of the channel A/channel
B Switching circuit is a time-shared signal containing two
lines of channel A information and two lines of channel B
information. These signals are coincident with the time-
shared A and B phase outputs of the Subcarrier Switching
circuit. The reference subcarrier is coupled through a Sub-
carrier Amplifier to the Horizontal Demod Driver. The out-
put of the Horizontal Demod Driver is coupled to the Hori-
zontal Demodulator and to the Vertical Demod Driver. The
reference subcarrier is shifted 90° in phase through the
Vertical Demod Driver and coupled into the Vertical Demod-
ulator. The composite signal from the channel A and B
Switching circuit is coupled through a Composite Video Am-
plifier to a Chrominance Amplifier. The input to the chromi-
nance amplifier is a high pass filter that removes all but the
chrominance information from the sighal. The output of the
chrominance amplifier is coupled to the Vertical and Hori-
zontal Demodulators.
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Fig. 3-4. Mode four, signal flow block diagram.




LT oo tL L B ' ; S
@
1sing 434 ¢ iaow
INI INAS NIVO HOIH NI
1SUOIISOd Yd4IMS dWV TVIIL¥IA*
) SLIA
aSVHd 4410
oV ;
V HDO *
:pajpiadQ suoynqgysng I faams 31"~ -
aowaa | _ S dWv v | onmoums
dwv woLan € VWOU¥HD g HI/V HD
. FDNYNIWAT aowia dWOD
—~— * TVOLLEEA [
$31v1d NOILDITIA awv | oz_._:&ﬂ_s.y. I _ \
¥IMOT ONV_¥3ddn VDILYIA TVOILNIA | : | “
_ _ .
¥3IAIA £
! dWv | aowia _ dWV 8
- 1VINOZIYOH aowia 5
L — A I IVINOZIMOH ¥anavoens[™ 8
" dwv | | _ m ¥
- o
] (A-9) | | | | r
- = - | 3
AWV TV LLEIA | K
dWv V) ONIHDLIMS ONIHILIMS =
A-g | FONVNIWNT 0081 — 40 ¥areAvoEns 5
¥AHITdWY TVINOZIIOH L o o 2
—~——] SAWV ¥3AINA ¥olvinaowia ;
s3lvid NOILDITH3Aa < 1¥3A/ZIOH ® ¥3aLTH 2
IHOIY Pud 1331 -
D s | -
o
llllll =
i r dWV _...m
4 I 43IMs _ _ _ I &
s —  “anv T _ 1NdNI A
z | ONISSID0ud[€ _ 8 HD E:
o | —  ONAS ¥IL1IWOINOD | J
a . aSVHd 4 | | |
o | I ]
) | ! Y3LdIHS dWV _
I )
X ¥010313s | dwv ISVH [ < ONAS v _
o WV SLIA i Y3 NPIVOENS NOISIDId anNv 310410 ]
e 1 ™ 5NpINVIEND ] isung s ]
2 I _ | 4OLVIINIOTY | |
__u. | d01D313S — xwwwq_.n_vhz% S dINIvOENns | I
o I [YETH I _
e
o | I V- —— - | dwv
o | I SYILAWOINOS GNV ¥3LIIHS 3SVHd NOISIDIUd INNI |
g _ a3 , “. vV HD
11n4 _—— e — — —
- Lo o e — — ! ONAS ¥ ¥OLVTIIDSO F1DUD 1SIL/dWV LNdNI
2 d3ams ISVDUIVLS o
(3] ALIIVENIT t



Circuit Description—Type 520/R520 NTSC

INI ONAS
ISUOHISO YdJIMS

aiaid 11nd

NIV9 iddid

V HD

iaow
NIVO HOIH NI
dWV TVOLLY3A*

a319vsia ¥ILdIHS

ASVHd .06

434 ISVHd SV aasn

TVNOIS VWOIHD

N\

AN

Fig. 3-6. Mode six, signal ‘flow block diagram.

:poypaadQ suoynqysng ‘2
.A.._ YILIIHS Vﬂ_.l .
~06' ANV
awy worman [ ARG gy 03ain | |ONHIMS
—— IONVNIWNI aowsia , dwoD
c » TVI1L43A
S3LV1d NOILDITHIA awy | [ONIHOLIMS | | !
¥IMOT ANV ¥3ddn VOLLE3A TVOLLEAA | | | “
“ dWv I aowia danua dWv
- , 1VINOZIYOH
L———o A=Y [ IVINOZIYOHR ¥3MAvoans
| dwv | | | !
_ (A-9) _ |
L . N I | [
¥AIANdWY VD 1L43A _
dWV vo . ONIHOLIMS ONIHOLIMS
A8 | IDNVNIWNI 2081 — ,0 ¥3Avoans
¥314ITdWY TVINOZIIOH L _ e
~—— doLvinaowia
$3Lvid NOILD3HA SAWV ¥3Ala
LHOIY Pup 1331 L¥3A/ZI4OH B ¥3LTH
—~—
=== A dwv
_ L[ s | s | snani
| ONISSID0Ud | € HD
I [| ONAS ¥313IWOINOD | .
| ISVHd € | | |
L _
|
I ! ¥3LIIHS
) dWV
¥oLo313s | dWy ISVHd ONAS 1vo _
WV SLIA i 43AVOANS NOISIDId — anv U0 I
1 ™ 5NpINVIEND isung I
| . | ¥OLVHINIOTY | _
_ — ¥I1IWOINOD ¥3iMavoans
| an dSVHd V | | |
T Y 1 — 4 “ dWvV
| I SYILIWOINOS ANV ¥IL4IHS ISVHd NOISIDIYd INdNI  f—
| L] L “. Vv HD \
Lo - - — — — nnd ONAS 2 YOLVTIDSO I1DUID LSIL/AWV LNdNI 3SVIUIVLS
d3aMs ALRIVANIT
L (D - D R (D e (S R [ ) ]




Circuit Description—Type 520/R520 NTSC

The Vertical and Horizontal Demodulators are synchronous
demodulators. The output of the demodulators corresponds
to the amplitude of two components of the chrominance
signal, with 90° phase difference between the Horizontal
Demodulator and the Vertical Demodulator. The output of
the Horizontal Demodulator is coupled through the B-Y
Amplifier to the Horizontal Amplifier. The output of the Ver-
tical Demodulator is coupled through the R-Y Amplifier to
the Vertical Amplifier Switching circuit, which selects the
signal to be coupled to the Vertical Amplifier. The output
of the Vertical Amplifier Switching circuit is coupled to the
Vertical Amplifier. The Vertical and Horizontal Amplifiers
are push-pull amplifiers driven paraphase. The outputs of
the amplifiers are coupled to the deflection plates of the
CRT where a display is obtained.

Mode two (Fig. 3-2). In this mode of operation, color
bars are coupled into the channel A Input Amplifier only
and channel B receives the signal from the Test Circle Oscil-
lator. The Test Circle Oscillator is a crystal-controlled oscil-
lator tuned to a frequency of 3.59 MHz. The test circle oscil-
lator signal is coupled into the channel A/channel B Switch-
ing circuit and time shared with the signal from channel A
input. Since A¢ is selected, the output of the A and B PHASE
Goniometer is not time-shared, and only the A phase ref-
erence is coupled to the Subcarrier Amplifier.

In this mode of operation, since test circles are being dis-
played, the polarity of the reference subcarrier driving the
Vertical Demodulator is inverted every television line. This
is accomplished by the 0°-180° Switching circuit. The 0°-
180° Switching circuit is controlled by the divide-by-two J-K
flip flop. When QUAD PHASE is misadjusted, reversing the
phase of the subcarrier driving the Vertical Demodulator
every television line will produce two test circles, and a more
accurate adjustment of the QUAD PHASE can be accom-
plished.

The remainder of the circuits used in this mode are as pre-
viously explained.

Mode three (Fig. 3-3). The Type R520 is being used
to analyze the luminance component of this signal. Color
bars are coupled into the B channel, and the cal signal for
line sweep operation is coupled through the A channel.
The square wave from the 0°-180° Switching circuit is
used as the cal signal for line sweep displays. It provides
a display of two horizontal traces adjusted for 140 IRE
units of separation (1 volt peak-to-peak).

The luminance component is coupled from the Composite
Video Amplifier through a filter to the Luminance Amplifier.
The signal is then coupled to the Vertical Amplifier through
the Vertical Amp Switching circuit. The sawtooth voltage
from the Sweep circuit is coupled to the Horizontal Amplifier
to provide the time base for the display.

Mode four (Fig. 3-4). This is another line sweep mode
of operation used to measure the green signal. Color bars
are coupled into channel A and the B channel is off.

The luminance component is coupled from the Composite
Video Amplifier through the Luminance Amplifier to the Ver-
tical Amplifier Switching circuit. The outputs of the Vertical
and Horizontal Demodulators are coupled through the R-Y
and B-Y Amplifiers respectively to the G-Y Amplifier. The
R-Y and B-Y signals are added at the input of the G-Y Am-
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plifier to form the G-Y signal. The amplifier inverts the sig-
nal and produces the G-Y signal. The G-Y signal is then
added to the luminance signal to produce the green signal.
The green signal is then coupled to the vertical amplifier.

Mode five (Fig. 3-5). The Type R520 is being used to
make a differential phase measurement and the linearity
staircase signal is coupled into channel A. Channel B is
off and there is no cal signal.

The 0°-180° Switching circuit is operating in this mode
of operation and the phase of the reference subcarrier in
relation to the Vertical Demod Driver is being inverted every
television line. This produces two horizontal traces on the
CRT that can be adjusted to coincide by adjusting the phase
of the reference subcarrier. The phase of the reference sub-
carrier is shifted by the Precision Phase Shifter and when
the two traces coincide, the amount of differential phase
can be read from the CALIBRATED PHASE shifter dial. The
gain of the output from the Vertical Demodulator is changed
to X5 in the Vertical Amplifier Switching circuit for DIFF
PHASE and DIFF GAIN measurements.

The- recovered sync pulse is now coupled to the Field
Selector and VITS Selector so an unblanking pulse is devel-
oped during the selected field and television line. This is
another line sweep mode of operation.

Mode six (Fig. 3-6). A differential gain measurement
is being made and the linearity staircase signal is coupled
into channel A with channel B off. The reference subcarrier
is not used when making this type of measurement. The
chrominance signal from the Chrominance Amplifier is cou-
pled to the Vertical Demod Driver and to the Vertical De-
modulator. The 90° Phase Shifter in the Vertical Demod
Driver is disabled in DIFF GAIN mode of operation. The
chrominance signal is used as the phase reference in the
Vertical Demodulator so that phase distortion will not influ-
ence the accuracy of differential gain measurements.

The previous modes of operation illustrate some of the
uses of the Type R520 vectorscope. A detailed description
of the circuits used is given in the following pages of this
section.

INPUT AMPLIFIERS AND
TEST CIRCLE OSCILLATOR

This circuitry contains the Test Circle Oscillator and two
input amplifier channels (A and B). Inputs to each ampli-
fier can be selected from: composite video, the Test Circle
Oscillator output for calibration of the vector display, or the
Cal signal for calibration of the line sweep display. As an
example, if channel A is selected for composite video, chan-
nel B might be selected, for Test Circle Oscillator output. The
channel that is selected for composite video has an output
that is coupled to the Subcarrier Regenerator and if ex-
ternal sync is not used, the composite video signal is cou-
pled to the Sweep circuit for triggering purposes and tim-
ing. Also, each channel has an output that is coupled to
the Demodulator. Each amplifier is an operational ampli-
fier with high input impedance. Therefore, the Type R520
does not present any appreciable loading effect to the
signal under test, permitting the signal connections to re-
main in place when the Type R520 is not in operation.

[
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Input Amplifiers
The Input Amplifiers for both the A and B channels are the

same; therefore, a description of the A channel will apply
to both amplifiers.

Assume switch SW5 is in the A position. A negative 15
volts is applied to the cathode of D14, and D14 is forward
biased. This causes the anode of D18 to be about negative
0.6V (set by D16} and D18 is reverse biased. The output of
the Test Circle Oscillator, therefore, cannot be coupled to
the base of Q80. Composite video is connected to either J1
or J2. D8 is forward biased through the divider consisting
of R3 and R4, so composite video is coupled to the base
of Q80 through D8. Transistors Q80, Q81, and Q85 com-
prise the operational amplifier for the A channel, which has
a gain of about one. D85 limits the collector of Q81 to about
<+10V. Appearing on the collector of Q85 is the composite
video signal, with about the same amplitude that is present
at J1. Capacitor C2 is for frequency compensation.

The resistive networks containing D112 and D108 perform
an AND function to either forward bias or reverse bias D116.
If SW5 and SW55 are selected so —15V is applied to R111
and R105, D112 and D108 are reverse biased. D114 is for-
ward biased and D116 is reverse biased. Thus, any signal on
the collector of Q85 cannot be coupled to the base of Q140.
With the switches in this position, D100 in the B channel sig-
nal path is forward biased.

Since initially SW5 is assumed to be in the A position, R111
is not connected to —15V, the voltage on the cathode end
of D114 becomes positive and D114 is reverse biased. With
D114 reverse biased, D116 becomes forward biased and the
signal path from the collector of 85 to the base of Q140 is
uninterrupted. With SW5 in the A position, —15V is applied
to the cathode of D102 which forward biases D102 and
reverse biases D100.

The composite video that is present on the collector of
Q85 is coupled through R88 to the Demodulator, and to the
base of Q140 through D116. Q140 and Q141 form an opera-

" tional amplifier with a gain of about two. (For Instruments

SN B241650-up only. R141 and C143 provides the AC coupled
feedback path from the collector of Q141 and to the base
of Q140 to set this gain. In addition, R142, D142, R144, C144
and D144 provide sync-tip clamping at +4 volts. Clamping
Q141’s collector to this level insures the SCR output will not
change with APL changes.) The composite video is coupled
from the collector of Q141 through R149 to the Subcarrier
Regenerator. Also, if Ext Sync is not used and SW130 is in
the INT SYNC position, D134 is forward biased. Composite
video is coupled to the Sweep Circuit through D134 and
C136. If Ext Sync is used and SW130 is in the EXT position,
D134 is reverse biased through D132. Ext Sync is coupled
through D122, which is forward biased, to the Sweep circuit.
Provisions are made so either 4V or 1V of Ext Sync can be
used. R120 should be pin-connected to J120/J121 if 4V of
sync is used, and R121 should be connected if 1V of Ext
Sync is used.

Test Circle Oscillater

The Test Circle Oscillator supplies a calibrated 3.59 MHz
sine wave to the input amplifier when a test circle display
is desired for calibration purposes. The Test Circle Oscillator
consists of a crystal oscillator Y40 and Q40, a feedback
amplifier transistor Q30 and a transistor used to isolate the
oscillator from the input amplifier, Q41.

©
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When a vector display is selected, 10V is removed from
R33 and the base of Q30 goes negative. This turns Q30 on.
As Q30 conducts, its collector goes in the positive direction,
turning on oscillator transistor Q40. The oscillator output is

taken off the collector of Q41 through a Pi filter which is
resonant at 3.59 MHz, and coupled to the anode of D18 and
Dé8. The oscillator output is fed back to the base of Q30.
through D48. By controlling the amount of feedback to Q30,
the amplitude of the output from the oscillator is controlled.
Resistor R45 sets the DC level across D48. This determines
at what point on the positive half cycle of the oscillator -out-
put D48 will become forward biased, which determines the
amount of feedback to the base of Q30. Therefore, the
oscillator output is maintained at a constant amplitude.

The primary and secondary windings of T45 act as RF
chokes to decouple the oscillator output from the DC supply.
Resistor R39 is used as a parasitic suppressor in the -oscillator
circuit. C18 and Cé6 are frequency compensating capacitors
for the input amplifier.

SUBCARRIER REGENERATOR

The Subcarrier Regenerator (SCR) develops a continuous
sine wave at the subcarrier frequency that can be used in
place of an external subcarrier. The Internal Subcarrier Oscil-
lator frequency is phase- and frequency-locked to the color
burst, and is therefore locked to the chrominance signal. All

the critical components of the oscillator and feedback ampli-

fier are contained in a temperature controlled oven, and thus
are free of any adverse affects caused by components. The
burst intensification pulse for the unblanking amplifier is also
developed in the SCR. Fig. 3-7 is a simplified block diagram
of the SCR.

SCR Blocking Oscillator

The SCR Blocking Oscillator includes Q205 and T205. The
blocking oscillator is triggered by Q200. The back-swing
of the blocking oscillator is used to switch the gain of a feed-
back amplifier during burst time and to develop the burst
intensification pulse.

In the quiescent condition (no input signal) Q200 is off.
D206 in the base circuit of Q205 is forward biased and Q205
is turned off. Since there is no current in the center-tapped
secondary of T205, diodes D212 and D214 are off. D212 and
D214 are matched diode units containing two. diodes each.
The two diodes in each unit develop sufficient voltage to
provide adequate pulse amplitude for the burst intensifica-
tion pulse.

The -H pulse is coupled to the base of Q200 through a
differentiator consisting of C201 and R201. Q200 is forward
biased by the positive spike of the differentiated waveform,
causing the collector of Q200 to be pulled down. Through
transformer coupling, the junction of the secondary of T205
and D206 goes positive and reverse biases D206. Q205
turns on and is driven into saturation. D212 and D214 remain
off during the on time of Q205, since they are reverse biased
by the secondary winding polarity of T205. As D206 is
reverse biased, C208 starts to charge through R206. When
C208 is charged to a voltage approximately 0.6 V more posi-
tive than the voltage on the base winding of 7205, D206
starts conducting. The conduction of D206 causes the .base
of Q205 to be pulled down. The voltage drop in the base
winding of T205 is coupled to the collector winding of T205,
causing Q205 to be turned off very fast. During the back-
swing of T205, the polarity across the center-tapped second-
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Fig. 3-7. Simplified block diagram of SCR.

ary reverses and forward biases D212 and D214. With D212
and D214 forward biased, the emitter resistance for Q220
becomes about 100 ohms (the parallel combination of D212
and D214 in series with R216).

The pulse developed by the blocking oscillator during
back-swing is fed to the sweep board after going through
a pulse shaping network, and is used to intensify the CRT
trace during burst time.

Transistors Q220 and Q225 comprise a feedback amplifier
that has its gain switched during burst time by the blocking
oscillator. '

The composite video signal is coupled through R220 to
the 600 kHz band-pass filter consisting of 1220, C220, 1221
and C221, which removes the luminance component of the
incoming signal and rejects any noise outside the pass-band.
The chrominance component then appears at the base of
Q220. The feedback amplifier normally has a gain of about
one during burst time of the chrominance signal except when
the back-swing of the blocking oscillator is occurring. Pres-
ence of burst causes the emitter resistance of Q220 to be-
come about 100 ohms. The gain now becomes about 20, and
burst is amplified approximately 20 times. D224 clamps the
base of Q225 at approximately 410.6V. The output of
Q225 is coupled to the base of Q230 through C231.

SCR Limiter SN B251880 and up

The SCR Limiter consists of Q230, Q236 and Q238. Q238
provides constant current to either Q236 (normally on) or
Q230. Q236 and Q230 are connected as a differential com-
parator.

With no burst applied to the base of Q230, the base is held
at approximately —0.7 volts by divider R231 and R232. Q236
base is at approximately 0 volts; therefore, Q230 is off
and Q236 is on. Under these conditions, any noise or residual
chroma less than 0.6 volts appearing at the base of Q230
will not appear in the phase detector.

During burst time, the burst intensification pulse (discussed
above) is applied to the base of Q236. The negative portion
of this pulse drives the base negative and is clamped to
about —0.6 volts by D235. Under these conditions, only the
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positive portions of burst are of sufficient amplitude to switch
the current from Q236 to Q230 to drive the phase detector.
Driving the_phase detector in this manner minimizes any
natural ringing of the primary winding which would affect
the oscillator frequency.

Below SN B251880. Q230 is a clamp and is biased so
that it only turns on during the positive half cycle of burst.
The emitter of Q230 is limited to —0.6V by D234. A posi-
tive-going signal greater than 0.6 volt is required to turn on
Q230; therefore, any noise or any residual chroma less than
0.6V from the feedback amplifier will not turn Q230 on.

Phase Detector

The Phase Detector is composed of C242, 1235, C244, D242
and D244. The diodes are normally reverse-biased and the
output of the Subcarrier Oscillator appears at the junction
of D242 cathode and D244 anode. The potentiometer, R243?,
is used to Balance the Phase Detector. )

When Q230 is turned on during the positive half cycle
of burst, its collector goes in the negative direction. This
causes the upper end of T235 secondary to become positive
and the lower end negative. D242 and D244 are now forward
biased, and a sample is taken of the subcarrier oscillator
frequency. If the feedback oscillator signal is of the correct
frequency and shifted in phase exactly 90° from burst, the
error signal at this time will be 0 volts. If the oscillator
is off frequency, the error voltage will be either positive or
negative, depending on whether the oscillator frequency

is too high or too low. (Refer to Fig. 3-8). The RC time con-

stant of the feedback circuit of the oscillator is sufficiently
long that it requires the phase relationship to be incorrect
for several television lines before a correction is made.

During the time D242 and D244 are forward biased, C242
and C244 are being charged to the burst amplitude. Dur-
ing the time when burst is absent, the capacitors discharge
through R242, R243 and R244, keeping D242/D244 reverse
biased. The discharge time of these capacitors is sufficiently
long so the capacitors will only discharge a small amount
during 9 line key-out. -

1R243 was added starting SN B150100.
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Fig. 3-8. Signals present in Phase Detector when D242 and D244
are forward biased and sample is taken. (A) Local oscillator same
frequency as color burst. (B) Local oscillator at a higher fre-
quency than color burst. (C) Local oscillator at a lower frequency
than color burst. '

Oscillator Section

The Subcarrier Oscillator is a crystal controlled oscillator
contained in a constant temperature oven. The oscillator
is not affected by heat dissipation of components or by
environmental temperature changes.

The oscillator consists of Q260, Y260, and D260. Diode
D260 is used as a voltage-variable capacitor across the
crystal. By causing the voltage across the diode to change,
the capacitance of the diode is changed and the crystal
frequency is made to change. The voltage across D260 is
controlled by the operational amplifier Q250 and Q255.

Q250 and Q255 are normally on. The gate of Q250 is
referenced to 0V DC and a signal voltage is present on
the gate only during the time D242 and D244 are forward
biased. The collector of Q255 is at a quiescent level which
establishes the voltage across D260, and thus sets the crystal
frequency. As D242 and D244 are forward biased, the
error signal at their junction appears on the gate input of
Q250. If the oscillator frequency and phase are correct
the error voltage will be zero and the collector voltage

of Q255 will remain at its quiescent level. If the oscillator.

frequency is high at the time the sample is taken, the
error voltage appearing at the gate of Q250 will be posi-
tive. Q250 will turn on harder, causing Q255 to conduct
more. Q255 collector goes in the negative direction, causing
the cathode of D260 to become less positive. The capacitance
of D260 increases and this returns the oscillator to the cor-
rect frequency.
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The feedback network (low pass filter) for the feedback
amplifier Q250 and Q255 consists of R254, C254, C255 and
R255. R254 (R;) and the parallel combination of R242 and
R244 (R;) set the DC gain for this amplifier. The amplifier
has a gain of about 60 for the DC level change. The feed-
back path for the operational amplifier consists of a low
pass filter to eliminate frequency components higher than
30 Hz, which’ stabilizes the oscillator.

Resistor R250 DC BAL, is provided to adjust the oscillator
frequency. The adjustment of R250 changes the operating
bias of Q250 and Q255, which sets the quiescent collector
voltage of Q255. The collector voltage of Q255 establishes
the voltage across D260, the voltage-variable capacitor.

The output of Q260 is coupled through Q270, which iso-
lates the oscillator.from the output, through a Pi filter de-
signed to pass only the subcarrier frequency to the base of
Q275. The output of the SCR is taken off the emitter of Q275
and the signal to the Phase Detector is taken off the collector
of Q275. Therefore, the output of the SCR is isolated from
the Phase Detector. The collector impedance of Q275 is
approximately two times the emitter impedance of Q275
at the subcarrier frequency. The signal to the Phase Detector
is 2X the subcarrier output to R301. The low DC resistance -
of the parallel combination R279 and L279 allows the feed-
back signal to be referenced at 0 volts DC.

SCR Oven

The critical components of the Subcarrier Regenerator

‘oscillator are contained in an oven which is maintained at

a constant temperature of about 85°C. A bridge consisting
of two wire-wound nickel resistive elements and two wire-
wound manganin resistive elements form the heating element
and also the sensing element. The temperature coefficient for
manganin is 0%/°C and for nickel it is +0.55%/°C. The
resistors are designed so their resistances are equal at about
85°C. A comparator, Q280A and Q280B, is used to sense
any unbalance across the bridge and to operate the current
control transistor Q285.

When power is initially applied to the Type R520 the
bridge is unbalanced, since the oven is not up to operating
temperature. The resistances of R280B and R280D are less
than those of R280A and R280C making the base of Q280A
more negative than the base of Q280B. Thus, Q280A is on
and Q2808 is off. With Q280A on, its collector is pulled up
and Q285 is turned on, conducting through the bridge.
Q295, which controls the current through the quick-heater
(R299), is on and the quick-heater is operating. This elimi-
nates long warm up time. As the oven comes up to operating
temperature, the resistance of R280B and R280D increases
and Q280B turns on. Q280B conducts through the base-
emitter junction of Q291 and turns Q291 on. As Q291 turns
on, its collector goes negative and turns Q295 off. This
turns the quick-heater off. Also as the oven approaches its
operating temperature, the base of Q280A becomes more
positive which decreases the conduction of Q280A. This
causes the base of Q285 to becomes more negative, de-
creasing the conduction of Q285. When the oven is at its
operating temperature, the voltage across the bridge is
balanced. This balances the comparator and the current
through Q285 is at a constant level. If the temperature
of the oven either increases or decreases the resistance of
R280B and R280D reacts in the same manner, unbalancing
the bridge and causing either more or less current to flow
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through Q285. Thus, the oven is returned to its operating
temperature.

Any tendency of the circuit to oscillate due to common
mode signals is eliminated by R287, which establishes the
common mode gain as less than unity. “Hunting”, some-
times experienced in this type of circuit when the oven
reaches its operating temperature, is offset by R292. The
heater circuitry is very stable and the oven temperature is
maintained within about one degree of its operating point.
A thermal cutout, TK280, is provided to disable the heater
circuit by removing the 410V supply if the oven temperature
should ever exceed approximately 95°C.

PRECISION PHASE SHIFTER
AND GONIOMETERS

The purpose of the Precision Phase Shifter is to provide
extremely accurate incremental phase measurements. The
CALIBRATED PHASE control is capable of shifting the phase
of the reference subcarrier + and —15°. The Goniometers
provide a non-calibrated means of shifting the phase of the
reference subcarrier through 360°.

Either the internal reference subcdrrier or an external ref-
erence subcarrier can be coupled into the Precision Phase
Shifter circuit. Switch SW305 selects either of the two ref-
erence subcarriers. Assume that the internal subcarrier is
selected, and SW305 is placed in the BURST position. A posi-
tive 10 volts is connected to R3164, and D312 becomes for-
ward biased. When D312 is forward biased, D311 is
reverse biased and the external reference subcarrier is pre-
vented from being coupled into the Precision Phase Shifter.
C314 establishes AC ground on the anode of D312 and
prevents any subcarrier from being coupled through the
capacitance of D311. D302 is reverse biased through R304,
and D301 is forward biased through R302 and R320. The
internal reference subcarrier is coupled to the base of Q320.
Q320 and Q325 form an operational amplifier with the
output taken off the emitter of Q235. The reference. sub-
carrier is coupled into the Precision Phase Shifter from the
emitter of Q325. The Precision Phase Shifter consists of
R331, R333, R335, R337, L331, 1332, C332 and C335. L331
and L332 are used during the calibration of the instrument
to tune the circuit to resonance. R335 is adjusted during
calibration to obtain the correct dial reading. C335 (CALI-
BRATED PHASE), is the front panel control, and as it is varied
the capacitance to ground is changed. This causes the phase
of the signal out of the Precision Phase Shifter to shift in
increments between 4 and —15°. The reference subcarrier
is coupled from the Precision Phase Shifter through an opera-
tional amplifier consisting of Q340 and Q345 to the A and
B PHASE Goniometers.

Goniometers

The A and B PHASE Goninometers are the same except for
circuit numbers; therefore, only the A PHASE Goniometer
will be described.

The Goniometer consists of two sets of primary coils
at right angles to each other, and a secondary coil that
can be rotated through 360°. R354 and C354 provide a
fixed 90° phase shift in the horizontal coils, which is neces-
sary for a rotating magnetic field when a sine wave is ap-
plied. R354 and C354 are designed so the circuit has a Q of
one, so the current in the two sets of coils is equal. The
entire circuit is resonant to the reference subcarrier frequency.
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The secondary coil can be rotated manually and placed in
any position relative to the primary coils. The magnetic
lines of force formed by the currents in the primary coils
induce a voltage info the secondary. The phase relation-
ship of the output voltage to the input voltage will be de-
termined by the physical position of the secondary coil in
relationship to the primary coils. The output of the Gonio-
meter is inductively coupled into the Demodulator circuit.
The secondary coil is rotated by the PHASE control on the
front panel. :

DEMODULATORS

The Vertical and Horizontal Demodulator circuits are both
located on the Demodulator circuit board The circuit opera-
tion of the Vertical and Horizontal Demodulators is the
same except for a 90° phase difference between the de-
modulated chrominance signals out.

The 0° and 180° switching for test circle operation and
differential phase measurements takes place on the Demodu-
lator board, as does the 33° phase shift for demodulation
along the | and Q axis.

Since the operation of the Horizontal and Vertical Demod-
ulators is the same, only the operation of the Horizontal
Demodulator will be described.

Horizontal Demodulator

The Horizontal Demodulator is composed of Q590A,
Q590B, Q595A, Q595B, and T598. Transistors Q595A and
Q595B are used as switches to alternately switch each end

. of T598 to ground at the subcarrier rate. The reference sub-

carrier is coupled to the bases of Q590A and Q590B. As
Q590A and Q590B are alternately turned on and off they
cause Q595A and Q595B to be turned on and off. There-
fore, the polarity of the secondary of T598 is reversed at
the reference subcarrier rate. Diodes D594 and D596 prevent
Q595A from saturating. D594 is forward biased during the
entire time power is applied to the Type R520. D596 be-
comes forward biased when the collector voltage of Q595A
equals the base voltage, so the collector voltage can never
become more negative than the base voltage, and Q595A
is not allowed to saturate. The effects of transistor storage
time are thus eliminated. In the same manner as just describ-
ed, D598 and D599 prevent Q595B from saturating. Diodes
D595 and D597 clamp the collectors of Q595A and Q595B
at approximately .8 volt.

The chrominance signal (modulated subcarrier) is applied
to the primary winding of T598. By switching the polarity of
the secondary of T598 at the subcarrier rate an effect is
produced as if the reference subcarrier were present in the
secondary winding. There is a voltage developed at the
secondary center-tap of T598 that is dependent upon the
phase relationship of the modulated signal in the primary,
and the rate at which the polarity of the secondary
is switched. As the phase relationship changes, the ampli-
tude of the voltage developed at.the center-tap will also
change. These voltage changes correspond to the modu-
lating signal (or the difference frequency), so the demodu-
lated chrominance signal is present on the center-tap of T598.
The demodulated chrominance signal is essentially free of
any subcarrier.

Fig. 3-9 is a simplified illustration of the action taking
place in T598 as each end of the secondary is switched to
ground through the transistor. The transistors are represented
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Fig. 3-9. Simplified illustration of Vertical/Horizontal Demodulators.

would have been disconnected. When it is desired that
channel A and channel B inputs alternate, SW520 (A¢/Bo
ALT) is depressed and —15V is connected to the emitters of
Q515 and Q516 through R519, D515 and D517. With SW520
depressed, Q515 and Q516 are connected in a common
emitter configuration and driven in a paraphase manner by
pins 5 and 7 of U511,

With channel A selected, D520 and D522 are forward
biased and the reference subcarrier appears on the base of
Q530. Q530 is an operational amplifier with the AC feed-
back path being C535, D532 and D533. Since the forward re-
sistance of the diodes will change with any change in ampli-
tude of the signal, R; is effectively variable (greater for small
signals and less for larger signals). Thus, the peak amplitude
of the signal is limited by the forward resistance of the
diodes. The RC network consisting of R532, R533 and C532
sets the DC level of the signal on the collector of Q530
by a toggle switch and the waveforms for each position of
the toggle switch are illustrated. C593 is a subcarrier bal-
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ance capacitor to balance out any reference subcarrier
from the Vertical Demodulator that is coupled into the Chrom-
inance Amplifier, Q470/Q471. The reference subcarrier
driving the Horizontal Demodulator is capacitively coupled
through C593 and C594 to the Chrominance Amplifier. The
subcarrier driving the Vertical Demodulator is shifted in
phase 90° from the subcarrier driving the Horizontal De-
modulator. The fed-back signal from the Horizontal De-
modulator to the Chrominance Amplifier will appear 180°
out of phase with any signal coupled into the Chrominance
Amplifier from the Vertical Demodulator, thereby canceling
the unwanted signal.

Vertical Demodulator

The Vertical Demodulator includes T508, Q500A, Q5008B,
Q505A and Q505B. The demodulator operates in the same
manner as the Horizontal Demodulator and the components
have the same function as their counter parts in the Hori-
zontal Demod.

To display a vector presentation, a 90° phase shift be-
tween the vertical and horizontal signals driving the deflec-
tion circuits is required. The reference subcarrier is shifted
90° in the vertical circuit by C491, the feedback capacitor
for the Vertical Demod Driver Q490/Q491.

R501 is a Subcarrier Balance to balance out any subcarrier
from the Vertical Demodulator that is coupled into the chromi-
nance signal that is being demodulated by the Vertical
Demodulator. A portion of the subcarrier driving the Vertical
Demodulator is coupled into the Chrominance Amplifier by the
adjustment of R501. The fed-back signal appears 180° out
of phase with the unwanted subcarrier that is coupled into
the Chrominance Amplifier from the Vertical Demodulator,
thereby canceling the unwanted signal. In line sweep opera-
tion if the unwanted subcarrier was not canceled out, the
DC level of the demodulated signal out of the Vertical De-
modulator would change and there would be a noticeable
trace shift on the CRT when the instrument was operated in
DIFF PHASE.

Reference Subcarrier Channel

The reference subcarrier for the Horizontal and Vertical De-
modulators is received from the A and B PHASE Goniometers.
The A channel input consists of D520, D521 and D522
The B channel input consists of D524, D525 and D526.
Either channel may- be selected by switching transistors Q515
and Q516. The switching transistors can also be operated

in an alternate mode which displays two lines of channel A

and then two lines of channel B. Of the three buttons, A¢,
By, Ap/Bp ALT, only one can be depressed at a time. The
selected channel is coupled into an operational amplifier

Q530.

Integrated circuits U510 and U511 are J-K flip flops. Pins 5
and 7 are the output pins and pin 2 receives the trigger
pulse. Each time a negative-going trigger is received on pin
2, the multi will flip and the output pins will change states.
U510 is triggered by the —H pulse coupled through D511.
Pin 5 of U510 is connected to pin 2 of U511, so each time
pin 5 of U510 is down, U511 receives a trigger. With the
integrated circuits connected in this manner U510 is a divide-
by-two multi and U511 is a divide-by-four multi. The outputs
of U511 operate the switching transistors for the A and B
channels in the alternate mode and the output of U510 is
used to do the 0° to 180° switching. Refer to Fig. 3-10 for
U510 and U511 output pin logic.
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i il

J U u

U510 Pin 5

U510 Pin 7
—

U511 Pin 5

U511 Pin 7 I

Fig. 3-10. Logic for ouiput pins of U510 and U511.

Assume that it is desired to select channel A, and SW510
is placed in the A¢p position. —15V is applied to the emit-
ter of Q515 through R517. Q515 turns on and its collector
is pulled down. With the collector of Q515 pulled in the
negative direction D524 and D526 are reverse biased. D525
is forward biased, preventing the collector of Q515 from
going below approximately 43.0V.

Therefore, any signal appearing on the B channel is
blocked by D524 and D526 and if any signal is fed through
D524, it is shorted to ground by D525. SW515 and SW520
are off so the emitter circuit of Q576 is open and Q576 is
off. D521 is reverse biased, D520 and D522 are forward
biased through R521, and the reference subcarrier on the
A channel is coupled through D520, D522 and C529 to the
base of Q530. If channel B had been selected, Q516 would
have been turned on and D520/D522 in the A input line
through negative feedback. The output of Q530 is coupled
to the base of Q540, another operational amplifier that is
operated as a limiter. D543 in the emitter circuit of Q540
clamps the emitter at approximately —0.6V. If the nega-
tive peak swing of the signal on the base of Q540 is greater
than approximately —0.6V, Q540 will cut off and limit
the negative half of the signal. The current through
Q540 when the base swings positive is limited by R543 to
about 6 mA. Since the average current through Q540 is
controlled by the feedback resistor, R545, both the amplitude
and duty cycle of the collector current are relatively inde-
pendent of input signal amplitude. The signal on the col-
lector of Q540 is coupled through a Pi section filter to the
base of Q560. Q560 and Q565 form an operational ampli-
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fier, with R556 as R; and R566 as R;, driving the primary of
T590. The reference subcarrier is induced into the two secon-
ary windings of T590 which drive the Horizontal Demodu-
lator and Vertical Demod Driver.

The 33° phase shift for the | and Q signal is accomplished
by C554, which swings the Pi section tank to the other side
of resonance. When either the | or Q signal is selected, a
positive voltage is removed from the base of Q550, which
turns off Q550. This disconnects C554 from the low pass
filter through Q550 and shifts the reference subcarrier by

33°,

The reference subcarrier from the center-tapped secondary
of T590 is coupled through D488 to an operational amplifier
consisting of Q490 and Q491. Q490 and Q491 are operated
as an integrator with R586 as R; and C491 as C; providing
the 90° phase shift required for the Vertical Demod. The
collector load for Q491 is the primary of T500, whose sec-
ondary drives the Vertical Demodulator. Fig. 3-11 (A) illus-
trates phase relationship of Ej, and E.; through Q490/Q491.

A QUAD PHASE control (R588) is provided so the phase
of the reference subcarrier driving the Vertical Demodulator
can be adjusted for exactly 90° phase difference between
the Vertical and Horizontal Demodulators. When displaying
test circles, if the phase difference is exactly 90°, a perfect
circle will be displayed. If the phase difference between
the outputs of the Vertical and Horizontal Demodulators is
not exactly 90° two ellipses will be displayed. This adjust-
ment will affect the vertical demodulation axis whether test
circles are being displayed or not; therefore, it should only
be adjusted when test circles are being displayed. The
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adjustment of R588 changes the voltage on D586 which is
a voltage-variable capacitor. As the voltage on D586
changes, the capacitance also changes, shifting the phase
of the reference subcarrier.

When differential gain measurements are being made the
reference subcarrier is disconnected from the Vertical Demod-
ulator and the chrominance signal is coupled to the Vertical
Demodulator. This is accomplished by Q480, D486, D487,
and D488. With Q480 off, D488 is forward biased. When
making a differential gain measurement, a positive voltage is
applied to the base of Q480 through R484 and Q480 turns
on. When Q480 turns on, D488 is reverse biased and D487
is forward biased. The chrominance signal is coupled to the
Vertical Demodulator Driver through C474 in place of the
reference subcarrier.

Since the Z; to Q490/Q491 is now capacitive rather than
resistive, the chrominance signal into the amplifier will
undergo a phase inversion through the amplifier, but will
not be shifted in phase 90° (as is the subcarrier in all other
modes of operation). The signal applied to the bases of
Q500A and Q500B is then in phase with the chrominance

" signal applied to T508. The output of the demod will then

be proportional only to the amplitude of the incoming
signal, and differential gain measurements will not be in-

(A)

O Eout

Ein

(B) . C491

[ Il
C474
Ein O ): g:g? p———O Eout

Ei

E,

Fig. 3-11. Q490/Q491 configuration; (A) For all modes except

DIFF GAIN, E, phase-inverted and phase-shifted 90° lagging in re«
lation to Ei. (B) For DIFF GAIN, E, phase-inverted in relation to E;.
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fluenced by the presence of differential phase. Fig. 3-11
(A) Nlustrates the configuration of Q490/Q491 and the phase
relationship of Ei, to E,; for all modes of operation other
than DIFF GAIN. Fig. 3-11 (B), illustrates the DIFF GAIN con-
figuration of Q490/Q491 and the phase relationship of Ej,
to Eouf.

When making differential gain measurements, the output
of the Vertical Demodulator is referenced at essentially 0 volts
during H pulse time by the action of Q495. At the com-
pletion of the —H pulse the associated circuitry of Q495
provides an offset current to the summing junction of Q620/
Q630, the Vert Driver Amps. The offset current allows the
greatly magnified display in DIFF GAIN to be positioned on
screen by the VERT POSITION control. Fig. 3-12 a partial dia-
gram of the Vertical Demodulator.

When the DIFF GAIN switch is pressed, 410 volts is con-
nected to R495 in the emitter circuit of Q495, turning off D496
and causing Q495 to conduct during the time the —H pulse is
present on its base. The —H pulse also turns .on D497,
causing its anode to go in the negative direction to reverse
bias D498. When Q495 conducts its collector goes in the
positive direction, which turns off Q500A and Q500B. With
Q500A and B turned off, the ends of the center-tapped sec-
ondary of T508 are clamped to ground by Q505A and
Q505B. This establishes a reference for the clamping circuit
in the Vertical Amplifier.

At the end of the —H: pulse Q459 will turn off and the
Vertical Demodulator will operate normally. The output of
the demodulator will be negative with respect to the refer-
ence level, and will go more negative with increasing signal.
However, D497 turns off at the completion of the —H pulse
and the current that was flowing through it flows through
D498 to the summing junction of Q620/Q630. This current
is opposing the output of the demodulator and is used to
provide an offset to position the magnified chrominance
signal on screen.

When the DIFF GAIN switch is not pressed Q495 is off, and
D496 is forward biased. The current that was flowing through
D498 now flows through D496 and the offset current is dis-
connected from the summing junction of Q620/Qé30.

The DIFF GAIN switch SW530 also applies a positive volt-
age to the base of Q530 through R528 and to Q540 through
R541 to saturate the transistors and prevent any subcarrier
from being coupled through to the demodulators.

Input Channel Switching

The A and B inputs to the chrominance channel are
coupled in from the input amplifier. Each input contains a
resistive network where the attenuation ratio can be changed
by SW405 (A input) or SW415 (B input) to display the 100
per cent or 75 per cent color bar signals properly in the
vector display. The 1009 position on the GAIN switch permits
the vector presentation of 100% bars to occupy the same
display area (except for burst) as the 75% bars. The instru-
ment is calibrated in IRE only in the 759, position. The
third position of SW405 and SWA415 is the MAX GAIN posi-
tion, which provides maximum gain of the chrominance
signal for DIFF GAIN and DIFF PHASE. When the MAX
GAIN position of either SW405 or SWA415 is selected, the
luminance component of the signal is filtered out by either
L40T or L4171 respectively. (Below SN B150100, the filter is
L402 or L412). This allows the signal to be analyzed very
closely. The GAIN controls are R403 for the A channel and
R413 for the B channel. The GAIN controls vary the attenua-
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dA SWITCH

+10V +100V

Q495

VERT POS
R496
+10V .
R497
A R498
—15V
To Summing
Junction
Q620, Q630
D497 D498

Q500A R504

—15V

—H ?
Q5008

Fig. 3-12. Partial diagram of Vertical Demodulator.

tion of the divider which changes the amplitude of the signal
into the demodulator. Both the A and B input lines have
switching diodes—D407, D408, D409 and D429 for the A chan-
nel, and D417, D418, D419 and D424 for the B channel. These
diodes select the desired channel for viewing. The diodes are
controlled by switching transistors Q420 and Q425.

Assume that the demodulator is being used in the alter-
nate mode of operation A¢/BpALT-. In this mode of opera-
tion both the channel A switch (SW5) and the Channel B
switch (SW55) are pressed and neither pin P nor pin S is
connected to 4+ 10 volts. Therefore, Q421 is turned off and
the only source of emitter current for Q420 or Q425 is
through R428 to 4-10 volts. Transistors Q420 and Q425 are
alternately being turned on and off by the divide-by-four
JK flip-flop U511. Each transistor is on for two television
lines and off for two lines. When pin 5 of U511 is down,
Q420 is turned on and conducts through D421 and R428 to
+10V. With Q420 conducting, its collector is pulled up
and D408/D429 are reverse biased. D407 is forward biased
through R409 to +10V. The signal appearing on the A in-
put line is shorted to ground by D407 and blocked from the
chrominance channel by D408 and D409. D409 clamps the
collector of Q420 to 4-0.6 V. When pin 5 of U511 is down,
pin 7 is up and Q425 is off. With Q425 off, D418 and D424
are forward biased through R429 and D417 is reverse biased.
The signal appearing on the B channel line is coupled
through to the base of Q440. When U511 receives the next

trigger from U510, pins 5 and 7 change states, Q420 turns.

off, and Q425 turns on. Now the A signal is coupled to the
base of Q440 and the B signal is blocked.
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Now assume that A channel is selected. SW5 (channel
A) is pressed and the 410V is removed from the emitter
of Q420 through R421. Q420 turns off and D408/D429 are
forward biased through R424, D407 and D409 are reverse
biased. The signal on the A channel input line is coupled
into the amplifier consisting of Q440, Q445 and Q450. Since
SWS55 (channel B) is not pressed, 10V is connected to the
emitter of Q425 through R426 and Q425 is on. With Q425
on, the diodes in the B input line are reverse biased and
the signal is prevented from being coupled through to the
chrominance channel. The 410V at the junction of R423
and R426 supplies base current to Q421 so Q421 is con-
ducting. With Q421 conducting its collector is pulled down
and D421/D427 are reverse biased. If either SW5 or SW55
is in the off position, the pulse from U511 is not sufficient to
cause Q420 and Q425 to switch.

The composite signal is coupled through an operational
amplifier consisting of Q440, Q445 and Q450. When the
100%, 75%, MAX GAIN switch (SW415/SW405) is placed
in the MAX GAIN position, the gain of the amplifier is in-
creased X5. This is accomplished by the feedback network
located on the Feedback board which changes the amount
of current fed back in the amplifier. The feedback circuit
for both the A and B channels operate in the same manner,
therefore only channel A will be discussed.

The feedback resistors are R433/R434, with the amount
of current through R433 controlled by Q432. In the 100%
or 75% position of SWA405, the base of Q432 is connected
to ground and the transistor is off. R437, in the collector
of Q432, presents a high impedance to ground at the junc-
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tion of R433/R434 and the majority of the feedback current
flows through R433.

When SW405 is placed in the MAX GAIN position, the
ground is removed from the base of Q432 and 10 volts
is applied to the base through R438. The transistor now sat-
urates and approximately 4/5 of the current that was flow-
ing through R433 now flows through the transistor, thus re-
ducing the amount of feedback current in the amplifier and
increasing the gain to approximately X5. The gain of the
amplifier is adjusted by C434, which changes the amount of

current flowing through Q432, and the phase of the feed-

back current is adjusted by C430. If the A CAL pushbutton
is pressed in during the time SW405 is in the MAX GAIN
position, —15 volts is connected to the base of Q432 through
R439, which turns the transistor off. This prevents an errone-
ous display of the CAL signal.

D450 limits the base of Q450 to about 4+10.6V. The lu-
minance component is coupled from the collector of Q450
through R452 to the luminance filter. The chrominance is
coupled through R453 and R455, through a high-pass filter
(L455, C455, L457 and C457) to the emitter of Q470. Tran-
sistors Q470 and Q471 form an operational amplifier with
the output taken off the collector of Q471. The chrominance
signal is coupled from the collector of Q471 to the Vertical
and Horizontal Demodulators. The chrominance is also cou-
pled through C474 to the anode of D487 and cathode of
D486. D487 is reverse biased and D486 is conducting, ex-
cept when differential gain measurements are being made.

The 3rd and 5th harmonics of the chrominance signal are
prevented from being fed into the demodulators by fraps
in the collector circuit of Q450. L453 and C453 comprise
the 5th harmonic trap, L454 and C454 comprise the 3rd
harmonic trap.

During the horizontal blanking pulse time, the junction of
C455 and C457 is effectively at AC ground. Any signal

| Switch OPERATED
. 6 AT H rate

~~—~O—> Subcarrier
o

2

[ J
" Subcarrier

Switch
Position

oo AN
L RVAVRVAVRVAY

Subcarrier

R IAVARV.VARVARIAVARV

Fig. 3-13. Simplified illustration of the O° to 180° switching
action. .
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appearing at the junction is shorted to ground during this
time. The clamps in the Vertical and Horizontal Amplifiers
can now clamp to zero signal level during sync tip time.
Q460 is normally off and is turned on by the —H pulse
coupled through C461 to the base of Q460. When Q460
turns on, D463 and D465 are forward biased to effectively
connect the base and collector of Q460 together. The col-
lector of Q460 is at a very low impedance to ground, which
effectively grounds any signal at the junction of C455 and
C457.

0° and 180° Switching

During the time test circles are being displayed or dif-
ferential phase measurements are being made, the phase
relationship of the reference subcarrier to the Vertical De-
modulator is switched between 0° and 180°. Transistors
Q575 and Q576 alternately switch each end of the center
tapped secondary of T590 to the signal ground. Therefore,
the phase of the signal at the center-tap is alternately
switched from 0° to 180°. The operation of the 0° to 180°
switching is similar to the switching action of the demodu-
lators except that a slower switching rate is used. Fig. 3-13
is a simplified illustration of the 0° to 180° switching action,
in which Q575 and Q576 are represented by a toggle switch.

When no CAL signal is selected or differential phase

" measurements are not being made, the 0° and 180° switch-

ing circuit is not operating. The 410V supply is connected
to the base of Q571 through the divider consisting of R578,
R576 and R577. D576 is reverse biased and Q571 is sat-
urated. Q570 is off and the pulse from the divide-by-two
flip flop U510 will not cause Q570 and Q571 to switch.
The phase of the reference subcarrier at the center-tapped
secondary of T590 is unchanged Now, assume that a dif-
ferential phase measurement is to be made. The +10V
is removed from R578, and D576 becomes forward bias-
ed. Q571 is not conducting as hard, and the pulse from
the divide-by-two flip flop will now cause Q570 and Q571
to switch. As Q570 and Q571 are switched, Q575
and Q576 are alternately turned on and off, causing each
end of the center-tapped secondary of T590 to be alternately
switched to signal ground. The switching square wave from

" pin 7 of U510 is occurring at an H/2 rate; therefore, the

phase of the reference subcarrier at the center-tap of T590
secondary is being inverted every television line.

Test Circles

Test circles are provided as a CAL signal fo insure an
exact 90° phase relationship of the Horizontal and Vertical
Demodulators, and correct gain adjustment of the Vertical
and Horizontal circuits. This insures a true representation
of the phase of the vectors displayed in vector operation.

When test circles are being displayed, the signal from the
Test Circle Oscillator is coupling into either the A or B
chrominance input of the demodulator. The signal is then
coupled through the chrominance channel to the Vertical
and Horizontal Demodulators. The reference subcarrier from
either the A or B PHASE Goniometer is coupled through the
reference subcarrier channel to the Horizontal and Vertical
Demodulator. The reference subcarrier that is coupled to the
Vertical Demodulator has its phase reversed 180° every tele-
vision line by the 0° to 180° Switching circuit. This causes
the output of the Vertical Demodulator to be inverted every
other line. Without this inversion, a misadjustment of QUAD
PHASE would have caused the test circle to look like an
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ellipse. Now, with the vertical axis reversed, a misadjust-
ment of QUAD PHASE appears as two crossed ellipses,
allowing @ more accurate adjustment of QUAD PHASE. The
output of both the Horizontal and Vertical Demodulators is
the difference frequency of the Test Circle Oscillator and the
reference subcarrier. The output of the Vertical Demodulator
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Fig. 3-14. Simplified illustration of demodulator outputs in test
circle operation. (A) Horizontal output, (B) Vertical output.

on the CRT, but if there is exactly 90° phase difference be-
tween the vertical and horizontal circuits the circles will co-
incide and appear as one. If during calibration of the in-
strument the two circles do not coincide, a quadrature ad-
justment tR588) is provided to adjust the phase difference for
exactly 90°. :

d;
(A) | ds

d
(B)

Fig. 3-15. Phase and Amplitude error of vectors when QUAD
PHASE is misadjusted. Phase and Amplitude error may be positive
or negative depending on whether phase shift between vertical
and Horizontal Demodulators is greater or less than 90°.

(A) Phase error when QUAD PHASE is misadjusted (dy — d.).
(B) Amplitude error when QUAD PHASE is misadjusted. Amplitude
error is Y, of d; and is maximum for vectors along 45°, 135°, 225°
and 315° axis.
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The misadjustment of QUAD PHASE does not affect vec-
tors lying on the vertical axis, but has its maximum effect on
the horizontal axis. The amount of radial separation of the
test circles is related to the angular displacement of a vec-
tor, lying on the horizontal axis and having an amplitude
is shifted in phase 90° with respect to the Horizontal De-
modulator output. Fig. 3-14 is a simplified illustration of the
phase relationship of the outputs of the Vertical and Hori-
zontal Demodulators in test circle operation. The outputs
of the Horizontal and Vertical Demodulators are coupled to
the deflection circuits and there will be two circles displayed
equal to that of the test circle. The radial separation 1s equal
to the displacement ‘of the vector. Fig. 3-15 illustrates the
test circle display when QUAD PHASE is misadjusted. As an
example; one degree of error in a vector lying on the hori-
zontal axis having an amplitude equal to the test circle
means that the vector is 0.0366 inches (pertaining to Type
R520) away from where it should be. If this error were due to
a misadjustment of QUAD PHASE, the test circles would have
a separation of 0.0366 inches. The angular error would be
at a maximum for vectors measuring 0° and 180°. The
maximum error in amplitude is one-half the separation of
the circles, and would be most prominent for vectors at 45°,
135°, 225° and 315°. In this case, the maximum amplitude
error would be 0.0183 inches or 0.99% since the radius of the
test circle is 2.096 inches.

Assume that it is desired to display test circles on channel
B. The B CAL switch SW55 is actuated and Q425 is turned
off (refer to Chrominance Channel Switching for operation of
Q420 and Q425). SW55 also connects —15V to the emitter
of Q430 through R432. Q420 is on, so its collector is pulled
up which causes the base of Q430.to go positive and turns
on Q430. Q430 turning on decreases the positive voltage at
the cathode end of D576 and D576 becomes forward biased.
The positive bias on Q571 is decreased and the 0° and 180°
Switching operates as previously described in the 0° and
180° Switching description.

Cal Signal, Line Sweep

The CAL signal available in the LINE SWEEP mode of
operation is two horizontal traces separated vertically by
140 IRE units. When either the A CAL or B CAL switch is
operated the 0° and 180° switching circuit operates as pre-
viously described. The square wave that is developed on the
collector of Q570 is coupled through Q580 to the input am-
plifier circuit. From the input amplifier, it is coupled back
into the chrominance channel through either the A or B input
line. The CAL signal is then taken off the collector of Q450
through R452 and coupled into the luminance input filter.
The network consisting of D580 and C580 delays the turn-on
of Q580 to allow the clamps in the Luminance Amplifier and
the Vertical Amplifier to always sample the bottom of the
CAL square wave. Resistor R583 LUMINANCE CAL in the
collector circuit of Q580 is an adjustment used during cali-
bration to adjust for 140 IRE units of vertical separation be-
tween the two horizontal traces.

FILTER AND HORIZ/VERT DRIVER AMPS

Since the operation of the Vertical and Horizontal Driver
Amplifiers is essentially the same, only the operation of the
Vertical circuit will be described.
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Vertical Driver Amplifier

The demodulated signal from the Vertical Demodulator
is coupled into a low pass filter having a 600 kHz bandpass,
consisting of L601, Cé01, L602 and C602. From the low pass
filter, it is coupled through the terminating resistor Ré621
to the base of Q620. Q620 and Q630 form an operational
amplifier with a gain of approximately 10. The signal is
coupled from the emitter of Q630 to the Vertical Amplifier.
An offset current is also coupled to the summing junction of
Q620 and Q630 when differential gain measurements are
being made. The gain of the Vertical Amplifier is increased
during the time of differential gain measurements and the off-
set current at the base of Q620 maintains the display within
the control limits of the deflection circuits. One of the feed-
back resistors R626 is variable (R-Y GAIN) so the gain of the
operational amplifier can be adjusted during calibration.
R624 establishes the operating point for Q620 and is adjust-

ed for a 0V DC output level at the emitter of Q630 during

sync time with VECTOR button depressed. Cé32 is a fre-
quency compensating capacitor.

The GAIN BAL adjustment in the feedback circuit of the
Horizontal Driver permits slight adjustment of the horizontal
gain from the front panel.

Luminance Driver

The luminance signal .and the luminance CAL signal from
the collector of Q450 in the Video Amp is coupled into a
low pass filter consisting of L610-L618 and C610-C619. From
the low pass filter the signal is coupled through emitter fol-
lower Q660 to the gate of FET, Q670. The signal is coupled
through the operational amplifier, Q670 and Q680, through
Ré88 to the Vertical Amplifier. R672 (LUM DC BAL) is ad-
justed during calibration to establish the operating point for
Q680 during sync tips. D680 is a protection diode that pre-
vents the base of Q680 from going more positive than
+10.6 volts.

The gate of Q670 is referenced to ground during sync tip
time by the action of the sync tip blocking oscillator, Q691.
The blocking oscillator is triggered by the -H pulse. Assume
a quiescent condition, no trigger in. Q690 and Q691 are

. off and Dé94 is forward biased through Ré94. The zener

diodes D695 and Dé96 are conducting through R697 and
R698. The voltage at the junction of D695 and R697 is +3
volts, and the voltage at the junction of Dé96 and R698 is
—3 volts. Sampling diodes D697 and D698 are reverse
biased.

The -H pulse is coupled to the emitter of Q690 through
C690. Q690 is turned on by the leading edeg of the -H pulse.
When Q690 turns on, the incoming pulse is clamped at
—0.6V by the base-emitter impedance. Thus, Q690 remains
on for a short duration and triggers the blocking oscillator.
The current from Q690 into the primary winding of T695
induces a positive voltage into the secondary winding at the
junction of Dé%94, and Dé94 is reverse biased. As Dé%94 is
reverse biased the base of Q691 goes positive and Qé91
turns on. The center-tapped secondary of T695 is wound in
such a manner that the polarity of the induced voltage is
positive at the end of the center-tapped secondary connected
to D695 during the time Q690 or Q691 is on. D697 and D698
remain reverse biased during the conduction time of Q691.
When Dé94 is reverse biased C695 starts to charge in the
positive direction. When the end of Cé95 that is connected
to the anode of Dé94 becomes approximately 0.6V more
positive than the induced voltage into the secondary wind-
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ing of T695, D694 is forward biased. When Dé94 is forward
biased, Q691 is turned off. When Q691 turns off, the polar-
ity of the voltage across the center-tapped secondary rev-
erses and the junction of D695 and D697 goes negative. At
the same time, the junction of D696 and D698 goes positive.
Diodes Dé97 and D698 are forward biased by the back
swing of the blocking oscillator and the gate of Q670 is
clamped to ground during sync tip time.

A LUMINANCE GAIN control (Ré85) is provided as a front
panel control. The gain of the luminance channel is adjusted
during calibration with SWé685 in the CAL or open position,
and the luminance signal is coupled through R688. If the
front panel GAIN control is operated, SWé685 is closed and
Ré88 is shunted. The luminance signal is then divided down
through Ré85 and Ré87.

VERTICAL AMPLIFIER

The signals from the Horiz/Vert Driver Amps are coupled
into the Vertical Amplifier board. The luminance, R-Y and
B-Y signals are matrixed to form the G-Y, red, blue and
green signals. The input signal to the Vertical Amplifier is
selected by transistors operated as switches. The transistors
are controlled by the buttons located on the front panel
labeled, VECTOR, LINE SWEEP, Y, |, R, Q, G, DIFF GAIN,
B and DIFF PHASE. The output of the Vertical Amplifier is
a cascode amplifier which drives the upper and lower de-
flection plates. :

Signal Switching

The R-Y signal from the Vertical Demodulator is coupled to
D716 through R718, to D746 through R745, and to D766
through R765. The B-Y signal from the Horizontal Demodula-
tor is coupled through R728 to D726, and to D756 through
R755. This signal is also connected from the input connector
to the Horizontal Amplifier. The luminance signal is coupled
to D706, D716, D726 and D736 through R705, R715, R725
and R735.

The R-Y and B-Y signals are coupled to the emitter of Q770
through R770 and R771. Q770 and Q780 form an operation-
al amplifier.

The R-Y and B-Y signals are added together through
R770 and R771 and coupled into the amplifier to form the
G-Y signal on the collector of Q780. The G-Y signal is
coupled through R786 to the cathode of D706. D780 in the
base circuit of Q780 is a protection diode that clamps the
base at +10.6 V when the amplifier is overdriven. D775 sets
the base of Q770 at 40.6V and is for temperature com-
pensation.

Since the switching transistors (Q700, Q710, Q720, Q730,
Q740, Q750 and Q760) and the switching diodes (D706,
D716, D726, D736, D746, D756 and D764) all operate in the
same manner, only the operation of Q710 and D716 will be
described. The switching transistors are normally conducting,
so the collectors are pulled up and the diodes (D706 - D766)
are reversed biased. Assume it is desired to display the red
signal. SW710 is pressed and a positive voltage is connected
to the base of Q710 through R712, so Q710 is turned off. All
of the other switching transistors will remain on. —15V s
connected to the cathode of D716 through R716 and D716
turns on. The R-Y signal is coupled through R718 to the
cathode of D716 and the luminance signal is coupled through
R715 to the cathode of D716. When the two signals are
added algebraically (R-Y 4 Y) the red signal is produced
and coupled through D716 to the vertical amplifier. The
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amplitude of the R-Y signal at the input to the Vertical
Amplifier board is equal to (R-Y) 2/1.14. To completely
cancel out the Y component at the summing point (the ca-
thode of D716), the R-Y signal must be attenuated. This is
accomplished by the resistance ratio of R715 and R718.

The resistance values for R725 and R728 have been chosen
to completely cancel the Y component when the blue signal
is selected. The amplitude of the B-Y signal at the input of
the Vertical Amplifier board is (B-Y) 2/2.03.

The amplitude of the G-Y signal on the collector of Q780
is equal to (G-Y) 2/0.71. Therefore, the resistance values
for R786 and R705 have been selected to completely cancel
the Y component when the green signal is selected.

The gain of the vertical amplifier is increased X5 when
DIFF GAIN or DIFF PHASE measurements are being made.
When either DIFF GAIN or DIFF PHASE is selected, R765
becomes R; for the operational amplifier Q830/Q835 in the
Vertical Amplifier. The resistance value for R765 is 953 Q,
while R; in the other modes of operation is 4.99 kQ.

Vertical Amplification

The signal selected by the switch transistors is coupled
to the base of Q830. Q830 and Q835 form an operational
amplifier that drives a paraphase amplifier. The vertical gain
is adjusted by changing the R of the operational amplifier
(R¢/R; = gain). The collector of Q835 drives Q836, which is
one half of the paraphase amplifier. The signal on the emit-
ter of Q835 is coupled to the emitter of Q855, which drives
the other half of the paraphase amplifier, Q856. The signals
appearing on the collectors of the paraphase are about equal
in amplitude, but of opposite polarity. The output of Q836 is
coupled to the upper deflection plate and the output of Q856
is coupled to the lower deflection plate. L838 and L858 are
series peaking coils. Capacitor C848 is adjusted for high
frequency response and resistor R849 is used to adjust
damping, and is adjusted for the best transient response.
Transistor Q840 provides a constant current source for the
paraphase amplifier.

Q810 ON
Sample taken
I’ \

Q800 Base —H PULSE

Q810 Base H RAMP

|
l
|
I
— l
|
|
|
|

—H and H RAMP CROSS-OVER

Fig. 3-16. Signals present on Q800 and Q810 bases when deflec-
tion plate voltage is sampled.
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Vertical Positioning

During sync tip time, a saniple of the output of the para-
phase amplifier is taken. If there is any voltage difference,
an error signal is coupled to the Vertical Amplifier to balance
the outputs and position the CRT trace in the center of the
CRT vertically. The front panel VERT POSITION control is
in the circuit only when either Y, R, G, B or DIFF GAIN is
selected.

The collector of Q856 is coupled to the base of Q870A
through R876, and the collector of Q836 is coupled to the
base of Q8708 through R885. Q870A and Q870B form a dif-
ferential amplifier with the common mode level of the bases
set by R875 Vert Com Mode Lev. D875 and D876 clamp
the difference of potential between the bases of Q870A and
Q870B at 0.6 volts. Therefore Q870A and Q870B are pre-
vented from being overdriven excessively. The bias on the
base of Q870B is set by the adjustment of R880 VERT POSI-
TION CLAMP. R880 is adjusted so the spot is in the center
of the CRT in VECTOR operation with no input. Q860 is con-
ducting unless either G, R, B, or Y is selected. With Q860
conducting, its collector is positive and D873 is reverse bia-
sed. D862 is reverse biased through R864 and D861. With
D862 and D873 reverse biased, any voltage change produced
by the VERT POSITION control is blocked from the bases
of the differential amplifier, and the VERT POSITION con-
trol cannot set the position of the trace on the CRT.

The output of the differential amplifier is taken off the
collector of Q870B and coupled to a four-diode gate con-
sisting of D805A, B, C and D. Q800 is normally on and its col-
lector is pulled down. Q810 is normally off, so its collector
is positive. With Q800 on and Q810 off the charge across
C807 and C817 is such that the four-diode gate is reverse
biased and the signal from the differential amplifier is not
coupled to the gate of Q820. During sync tip time, the —H
pulse is coupled to the base of Q800 and the H ramp from
the Sweep circuit is coupled to the base of Q810. The —H

pulse and the H ramp are coincident with each other. Refer .

to Fig. 3-16 for the voltage and time relationship of the —H
pulse and the H ramp. As the —H pulse and the H ramp
step negative, Q800 continues to conduct and remains on
during the time the ramp is running up to the cross-over
point of the H ramp and the —H pulse. At the cross-over
point, the base of Q810 becomes more positive than the
base of Q800 and Q810 turns on. As Q810 turns on, ifs
collector goes negative and the collector of Q800 goes
positive. The charge then across €807 and C817 forward
biases the four-diode gate and the error signal from the
collector to Q870B is coupled to the gate of Q820. Q820 is
a source follower and the error signal is coupled to the base
of Q855. If there is a difference of potential between the
upper and lower deflection plates during sample time the
current in Q856 is either increased or decreased to balance
the output of the paraphase amplifier. When the -H pulse
and H ramp steps up, Q810 turns off and Q800 turns on. Thus
the diode gate is closed until the next sync tip time.

If either G, R, B, or Y is selected, 410V is connected to
the junction of D861 and R865. D861 is reverse biased and
Q860 is turned off. Since D861 is reverse biased, D862 is
forward biased through R862; and with Q860 off, D873 is
forward biased through R867. The bias on the bases of the
differential amplifier can now be changed by the VERT
POSITION control and the CRT trace can be positioned
vertically.
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Q890 is an emitter follower which develops the +3V
supply.

HORIZONTAL AMPLIFIER

The Horizontal Amplifier and horizontal positioning cir-
cuits operate essentially in the same manner as the vertical
circuits. Therefore, the circuit description given for the
Vertical Amplifier applies to the Horizontal Amplifier except
for circuit numbers.

Signal Switching

The sawtooth sweep from the Sweep circuit is coupled to
the Horizontal Amplifier through D940 except during the
VECTOR mode of operation. During VECTOR operation the
horizontal video signal from the Horizontal Demodulator is
coupled through D944 to the Horizontal Amplifier.

Signal switching is accomplished by Q930. Transistor
Q930 is conducting except when SW30 (VECTOR) is actuated.
With Q930 conducting, its collector is pulled up and D944 is
reverse biased. D940 is forward biased through R934 and
the sawtooth voltage is coupled to the Horizontal Amplifier.
When SW30 is actuated, 410V is connected to the junc-
tion of R930 and R9364, which turns Q930 off. When Q930

turns off, D944 is forward biased through R939 and the hori-

zontal video signal is coupled to the Horizontal Amplifier.
The +10V at the junction of R936 and R930 forward biases
D932, and D940 is reverse biased which disconnects the saw-
tooth voltage from the Horizontal Amplifier.

The HORIZ POSITION control operates in all switch posi-
tions except VECTOR. When SW30 is actuated, +10V is
connected to the base of Q1010 through R1016 and Q1010
turns on. When Q1010 turns on, its .collector goes negative
and D993 is reverse biased. 4-10V is also connected to the
cathode of D983 through D982, and D983 is reverse biased.
With D983 and D993 reverse biased, the HORIZ POSITION
control cannot change the bias on the bases of the different-
ial amplifier.

The adjustment for setting the DC level of the -H pulse is
in the base circuit of Q900. The adjustment of R905 sets the
bias on Q900 and Q800 which determines where the cross-
over of the -H pulse and the H ramp will occur and the sam-
ple of the error signal will be taken.

SWEEP

Sync Separator

The Sync Separator circuit (Q1100, Q1101, Q1110, Q1115)
removes the video information from the composite video
signal, leaving sync with sync tips clamped at a certain
voltage level. This circuit is an operational amplifier that
has three possible feedback paths:

1. From the collector of Q1101 through Q1115 base-
emitter junction, D1110, Q1110 base-emitter junction, and
R1101 to the base of Q1100. This is the primary feedback
path under no-signal quiescent conditions.

2. From the collector of Q1101 through R1116, R1114,
Q1110 base-emitter junction, R1102 and C1102 to the base
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of Q1100. This path is shunted by R1108. This parallel cir-
cuit is the primary feedback path when the signal is applied

to the base of Q1100. During sync pulse transitions (lead-

ing and trailing edges), the dominant feedback path is through
R1108 which gives maximum circuit gain.

3. From the collector of Q1101 through D1106 and D1105 -
to the emitter of Q1100. Although these diodes are pri-
marily anti-saturation diodes, they can be considered as a
local feedback path when both diodes are on and the sig-
nal is not at the sync tip level.

To understand the circuit operation, first assume a quies-
cent condition with no input signal. All the transistors are
conducting and the voltage at the emitter of Q1100 is about
+0.6V. With Q1101 on, the voltage at the collector of
Q1101 is about +3.4V. Thus, D1105 is forward biased;
D1106 reverse biased. The voltage at the base of Q1100 is
about 0V and about 150 uA of current is flowing through
R1103 and the parallel combination of R1101 and R1108.
This sets the emitter voltage of Q1110 at about +3.2V
and the base voltage is at +3.8V. C1114 charges to the
positive DC level at the base of Q1110. With Q1115 on
and its base at the same voltage as Q1101 collector, the
emitter voltage of Q1115 is at +4.1V. This voltage enables
D1110 to be slightly forward biased fo maintain the charge
on C1114.

Assume that a sync-negative composite video signal has
been applied to the base of Q1100. Under this condition,
D1110 is reverse biased between sync pulses. As the lead-
ing edge of the sync pulse goes in the negative direction,
the emitter of Q1100 tends to go negative, causing the col-
lector of Q1101 to go in the positive direction. D1110 be-
comes forward biased to provide a charge path for C1114.
The feedback path is from the collector of Q1101 through
R1116, R1114, Q1110 base-emitter junction, R1102 and C1102
to the base of Q1100. This path is shunted by R1108. This
parallel-connected feedback path establishes the sync tip
clamp level by providing the DC operating level for Q1100.
This operating level shifts with the average picture level and
is controlled by the charge of C1114.

As the trailing edge of the negative-going sync pulse at
the base of Q1100 starts going in the positive direction, the
collector of Q1101 starts in the negative direction. When the
collector voltage of Q1101 goes slightly more negative than
the charge of C1114, D1110 becomes reverse biased.

When the collector and base voltage of Q1101 become
equal, D1106 is forward biased. This diode prevents Q1101
from saturating and returns the collector of Q1101 to ap-
proximately +0.7V between sync pulses when the signal
is not at the sync tip level. Only a small fraction of the
positive-going video at the base of Q1100 will appear at
the output of Q1101 (at TP1101). Thus, the output signal
will be positive-going sync pulses approximately 3.5 volts
peak to peak in amplitude, with the video greatly attenuat-
ed. Because of the state of D1110 during the sync pulse
transitions, R1108 is the dominant feedback path during these
intervals and the circuit has high gain.

DC restoration is accomplished by the RC combination
of C1114 R1114, C1116 and R1116 with diode D1110. Also,
any hum content of the incoming signal will always go
through the feedback path consisting of R1101, C1114, R1114,
C1116 and R1116. Any hum appearing at the input is thus
greatly reduced on the restored output. Noise with a peak-
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Fig. 3-17. Time relationship of signals present in Miller sawtooth
generator.

to-peak amplitude slightly less than the amplitude of the in-
coming sync will not influence the operation of the circuit.
Sharp transients greater jn amplitude than sync will not
affect the operation of the circuit because of the action of

Q1115.

The video stripped sync pulse is applied to the base of
the Sync Comparator circuit consisting of Q1120 and Q1121.
Q1121 has its base set at —2V by divider resistors R1128
and R1129. Q1121 is normally conducting, and the level
shift across R1118 and R1120 during the video portion of the
incoming signal is not sufficient to cause Q1120 to conduct.
As the positive-going sync pulse at the collector of Q1101
is applied to the base of Q1120 through the level shifting
divider consisting of R1118 and R1120, Q1120 turns on when
the level reaches —2 V. This corresponds to a level midway
between sync tip and blanking level. Then the signal ap-
pearing on the collector of Q1120 is a clean (noise free) sync
pulse 0 to —1.6V in amplitude. The use of this pulse will
be discussed in the Miller Integrator description for the
Field Selector circuit.
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Miller Sawtooth Generator

The purpose of the Miller sawtooth generator is to gener-
ate a continuous chain of H rate pulses and a sweep at the
television horizontal rate (63.5 ps in the NTSC). The H rate
pulses are used as clock pulses to trigger other circuits in
the Type R520. The Miller sawtooth generator is free run-
ning in the absence of incoming sync.

The complete Miller sawtooth generator is composed of the
following circuits: Multivibrator, Miller runup, blocking oscilla-
tor, and a comparator circuit. During the following circuit
description, constant reference to Fig. 3-17 will aid in under-
standing the sequence of events.

Transistors Q1160, Q1161, and Q1162 are the active de-
vices of the multivibrator. The timing capacitor and resistor
for the multi are C1164 and R1165.

Assume that there is no sync input and the Miller circuit
is in its free running state. Q1162 begins t6 conduct and
Q1160 turns off with its base clamped at —0.6 volts by
D1160. The negative-going signal on the collector of Q1162
is coupled through the gating emitter-follower Q1180 to the
anodes of D1190 and D1192, the disconnect diodes for the
Miller runup generator Q1190.

The timing capacitor and resistor for the Miller circuit-are
C1190 and R1190. To understand Miller Runup operation,
assume no current through R1152. When a negative-going
signal from the collector of Q1162 is applied to the anodes
of D1190 and D1192 through Q1180, the diodes become
reverse biased and C1190 charges through R1190. This pro-
duces a positive-going ramp at the collector of Q1190, which
is fed back through a resistive divider (R1160/R1161) to the
base of Q1160 in the multivibrator. When the ramp at the
collector of Q1190 reaches about +20 volts, Q1160 turns
on and its collector goes from 410V to about 44 V. This
negative-going signal forward biases D1164 and the signal
is coupled through Q1161, turning Q1162 off so that its
collector goes positive. This positive-going signal is coupled
through emitter-follower Q1180 to the anodes of D1190 and
D1192, forward biasing D1192. With D1192 forward biased,
C1190 begins to discharge and the runup of the ramp is
terminated. When the collector voltage of Q1190 approaches
the voltage on the base end of C1190, diode D1190 turns
on and clamps the collector of Q1190 to its base. In this free
running state (no incoming sync) the time duration of the
runup will be about 61 us.

The ramp will not run up again until Q1162 turns on, and
Q1162 is controlled by the time constant of C1164 and
R1165. When the collector of Q1160 goes negative, this pro-
duces a negative-going step on the end of C1164 connected
to D1166, which reverse biases D1166. With D1166 reverse
biased, C1164 charges through R1165. Since R1165 is con-
nected to 100V, the positive-going ramp produced by
C1164 is essentially linear. When the potential at the base
of Q1161 approaches about 0 volts, Q1162 is turned on
through Q1161. This turns off Q1160, and as the collector
of Q1160 starts positive, D1164 is reverse biased. D1166
clamps the base of Q1161 to about +1V. With D1164
reverse biased, C1164 is disconnected from the collector of
Q1160. The collector voltage of Q1160 steps quickly to 4-10
volts, since C1164 does not have to discharge through
R1163. The time duration of the positive-going step wave-
form on the collector of Q1162 is é us, which determines the
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rundown and clamp time of the Miller (67 us in the free run-
ning state).

A +H pulse is available at the collector of Q1162, a
—H pulse at the collector of Q1160, and a — H ramp at the
emitter of Q1161. The +H pulse is coupled to other cir-
cuits through emitter follower Q1170. The —H pulse is
coupled through emitter follower Q1200 to o’rher circuits
in the Type R520.

An AFC circuit is used to esfablish the frequency of the
sweep from the Miller circuit at the television line frequency.
The AFC circuit times the sweep to start at the beginning
of each television line.

The circuit consists of coincident emitter follower Q1130,
a blocking oscillator Q1140, which generates a gate to sam-
ple a portion of the —H ramp created by C1164 in the Gat-
ing Multi, and a Comparator - circuit that increases or de-
crease the charging current of C1190 in the Miller circuit. As
the charging current of C1190 is changed, the positive-going
ramp will either speed up or slow down in time.

During the time a +H pulse is not present on the emitter
of Q1170, D1178 is forward biased through R1174 and R1127
to ‘ground. Q1130 is normally conducting slightly, with its
base held at ground (or slightly negative) by R1127 and
D1178. Any positive-going signal appearing on the base
of Q1130 during the absence of the +H pulse will be
coupled through D1178, and will not trigger the blocking
oscillator. This action rejects most noise signals and greatly
improves noise pulse immunity. Also, if a +H. pulse occurs
in the absence of a sync pulse, D1178 is reverse biased and
the blocking oscillator “is not triggered. Now, assume a
sync pulse is present at the base of Q1120 coincident with
the +H pulse on the emitter of Q1170. This turns Q1120
on and Q1121 off. When Q1121 turns off, a positive pulse
is developed on its collector which is differentiated by C1126
and R1127. Since D1178 is reverse biased by the 4H pulse,
the positive spike is coupled through Q1130 and triggers the
blocking oscillator which is normally non-conducting.

The waveform appearing on the collector of Q1140 is
transformer-coupled to the center-tapped secondary of T1140.
Zener diodes D1142 and D1144 keep D1143 and D1145
reverse biased, so there is normally no current flow in D1143
and D1145. During the time the blocking oscillator is con-
ducting, the initial negative portion of the waveform in-
creases the reverse bias on D1143 and D1145 and the loop
remains open. During the backswing of the oscillator, the
polarity of the voltage across the center-tapped secondary
reverses to forward bias D1143/D1145 and the loop is closed.
Also coupled in through the center tap of the secondary
is the negative-going ramp generated in the multi. Refer to
Fig. 3-17. During the backswing a narrow sample is taken
which charges the memory capacitor C1150 to the value of
the ramp voltage appearing at the center-tap during sample
time. At the completion of the backswing of the blocking
oscillator, D1143 and D1145 are again reverse biased by
D1142 and D1144. There is no signal current flowing in the
base circuit of Q1140 during the backswing of the oscilla-
tor, as the backswing reverse biases D1135 and disconnects
the base of Q1140.

The Comparator circuit consisting of dual FET Q1150
is supplying a small percentage of timing current to C1190.
With the sweep running at the correct rate (63.5us), the
sample of the ramp taken by the blocking oscillator will ap-
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pear at the same voltage level each time, and the memory
capacitor C1150 will acquire a charge representing the ramp
level attained at the time of the sample. The Comparator
then will supply its specified amount of timing current. Now,
assume that the sweep from the Miller is running too fast.
This will cause the sample of the ramp from C1164 to be
taken later, at a more positive level. The gate of Q1150
and the charge on C1150 will go in the positive direction,
turning Q1150A on harder. Increased conduction of Q1150A
decreases the conduction of Q1150B, which decreases the tim-
ing current to C1190 and causes the sweep to slow down,
returning to 63.5 us.

The DC gain of the comparator loop is quite high to com-
bat drift, while the AC signal gain is less than unity to pre-
vent oscillatory action of the AFC circuit. The AC signal gain
is reduced by R1153 and C1153 forming a signal current
divider with R1152. For a 1 us error in sweep frequency, ap-
proximately 6 uA of error current from the Comparator is re-
quired to restore the sweep to the correct frequency. The
Burst Flag Timing control R1158 sets the voltage level on the
gate of Q1150B and, in turn, the voltage level of the negative
ramp at which the sample is taken. This adjustment deter-
mines the time relationship between the H pulse and incom-
ing sync.

The Miller Sawtooth Generator has generated a positive
H pulse, a negative H pulse, a negative H ramp, and a
sweep, each with a rate of 63.5 us, with the start of each
referenced by the incoming sync pulse. Refer to Fig. 3-17 for
a time, relationship of the Miller sawtooth generator signals.

Miller Integrator

The Miller Integrator is designed to integrate the vertical
sync pulse and produce (at the collector of Q1255) an inte-
grated sawtooth which starts at 0V and rises in amplitude
to about positive 20 volts. The timing resistor and capaci-
tor for the Miller Integrator are R1254 and C1252.

The negative-going sync pulse from the collector of Q1120
is coupled through a current transfer transistor Q1250 to
the anodes of D1252 and D1253. The negative- going pulse
on the collector of Q1250 reverse biases D1252 and D1253,
and C1252 charges through R1254. The time duration of the
horizontal sync pulse is not sufficient to allow the charge of
C1252 to attain any appreciable level. During the vertical
sync group, D1252 and D1253 are reverse biased for a
sufficient duration so that C1252 attains the desired charge.
During the vertical serration time, C1252 will discharge
only a slight amount through R1253. At the end of vertical
sync time the signal at the collector of Q1255 is a positive-
going ramp whose peak corresponds to the end of the verti-
cal sync group. After the collector of Q1250 has gone posi-
tive and sync pulse ends, D1253 will be forward biased, dis-
charging C1252 through R1253. The recovery of the saw-
tooth. voltage is disconnected from the sync circuit by Q1250.
As the charge on both sides of the capacitor becomes equal,
D1252 will be forward biased. This stops the rundown. The
capacitor will remain essentially in this condlhon until the
next vertical sync pulse.

The sawtooth voltage at the collector of Q1255 is applied
to a peak detector consisting of D1256, C1259, R1259, R1270,
D1270 and the base-emitter junction of Q1270.

When the Type R520 is turned on, C1259 acquires an
initial charge, with the end connected to the cathode of

3-23



Circuit Description—Type 520/R520 NTSC

D1256 being positive. As the ramp developed on the col-
lector of Q1255 goes in the positive direction, diode D1256
becomes forward biased when its anode voltage exceeds
the charge of C1259. When D1256 becomes forward biased,
some of the current that was flowing through R1270 is used
to charge CI1259. As the sawtooth voltage starts in the
negative direction and the charge on C1259 exceeds the
anode voltage of D1256, the diode becomes reverse biased
and C1259 can no longer charge. The signal developed on
the base of Q1260 is a positive-going signal whose ampli-
tude is determined by the current change through R1270,
corresponding in time to the peak of the integrated wave-
form on the collector of Q1255. The time constant of R1259
and C1259 is sufficiently long that C1259 can discharge only
a slight amount before the next vertical sync group. The DC
level at the end of the capacitor connected to Q1260 is
approximately 0 volts.

This -level remains constant because of temperature com-
pensating diode D1270 and the base-emitter junction of
Q1270.

Field Rate Multivibrator

The Field Rate Multi, Q1260 and Q1265, generates a pulse
to preset the Line Selector J-K flip flops and to trigger the
Field J-K flip flop. The duration of the pulse from the multi
extends for approximately 27 television lines. Below SN
B150100, the pulse duration is approximately 20 lines.

The Field Rate Multivibrator is a monostable multi, and
Q1265 is normally conducting. The timing resistor and capaci-
tor for the multi are R1265 and C1263. With Q1265 con-
ducting, the end of the capacitor connected to Q12640 is
at +10V and the end connected to the base of Q1265 is
at 0 V. The base voltage of Q1265 is clamped by D1265 and
D1266, which are also temperature-compensating diodes.

When the positive-going pulse from the peak detector
is applied to the base of Q1260, the multi switches states
and Q1260 turns on. This causes its collector to go in the
negative direction to approximately 43.5 volts. This nega-
tive-going signal is coupled to the base of Q1265, turning
Q1265 off. With Q1260. conducting and Q1265 off, the
capacitor charges through R1265. When the charge on
C1263 increases enough to overcome the bias on Q1265,
the multi switches states, turning Q1265 on and Q1260 off.
The multi remains in this condition until the arrival of the
next positive-going pulse at the base of Q1260. The signal
at the collector of Q1260 is a negative-going pulse whose
leading edge is approximately coincident with the ending
of the vertical sync group, and whose duration is equivalent
to 27 horizontal lines of either field. Below SN B150100, the
pulse duration is 20 lines.

This negative-going pulse is coupled (and has its level
shifted) through emitter follower Q1290 to pin 6 of U1320,
U1330, U1340, U1350, and U1370, the preset input of the
Line Selector JK flip flops. The pulse is also coupled to pin
2 of U1310, the trigger input of the Field J-K flip flop. Below
SN B150100, omit U1370.
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Field One Multivibrator

The Field One Multi consists of Q1280 and Q1285, with
Q1285 normally conducting. The multi develops a positive-
going pulse on each even field. This pulse is used to turn on
either Q1300 in the Field Selector circuit, or to preset the
Field J-K flip flop. Q1270 is an AND gate or coincidence
amplifier whose output is used to trigger Field One Multi.

The positive-going integrated waveform that was develop-
ed and peak-detected from™the vertical sync group is avail-
able at the base of Q1260. This signal is coupled through
D1270 to the emitter of Q1270. The +H pulse is coupled
from emitter follower Q1170 through R1176 to the emitter
of Q1270. Q1270 is biased so that it requires coincidence
of the +H pulse and the peak-detected signal to turn it on.
Since the odd field (field two) starts with 1, H and the even
field (field one) starts with a full H, coincidence will only
occur on the even field.

When Q1270 is turned on, its collector goes positive, turn-
ing on Q1280. As Q1280 is turned on, the multi changes
states and Q1285 is turned off. The collector of Q1285 goes
positive. With Q1280 conducting the base end of C1283,
the timing capacitor for the multi, charges through R1285 in
a positive direction. When the charge on C1283 becomes
sufficiently positive to overcome the bias on Q1285, transis-
tor Q1285 turns on and the multi is returned to its stable
state. The resulting signal on the collector of Q1285 is a
positive-going pulse whose duration is equivalent to line 6
through approximately line 22, occurring only on the even

field. Below SN 150100, the pulse duration is equivalent

to line 7 through approximately line 17.

The multi is clamped and temperature-compensated by
diodes D1285 and D1286. D1275 clamps the base of Q1280
to about —0.6V when there is not coincidence between the
+H pulse and the peak-detected signal from the vertical
sync group.

Field Selector

The Field Selector circuit is composed of Q1300, U1310
(a JK flip flop), and diodes D1310, D1312, D1314, D131¢,
and D1318. D1310 and D1314 are each connected to one
of the VITS Line Selectors, and operates in conjunction with
the Line Selector diodes in determining when the CRT will
be unblanked. By an arrangement of pin connectors, either
VITS line can be connected to the same field. To wunblank
the CRT for either VITS line, all the diodes connected to that
line must be reverse biased. Below SN B150100, omit D1312,
D1316 and D1318.

The J-K flip.flop used in the Field Selector is the same
type as the ones in the VITS Line Selector. Pins 5 and 7 are
the output pins, pin 2 receives the trigger pulse and requires
a negative going trigger. The preset pin is pin é and it must
be low to enable the multi to change states when a trigger
pulse is applied. In the preset condition if pin 6 has a high
applied, pin 7 is low. :

Assume the Field Switch SW1305 is in the 2 position, and
—15 volts is now applied through R1302 to the base of
Q1300, which is sufficient to reverse bias Q1300. This nega-
tive voltage is also applied to pin é of U1310 through the
voltage divider, and the multi is released to change states
if it receives a negative-going trigger on pin 2.
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The positive-going pulse from the collector of Q1285 in
the Field One Multi is applied to pin 6 of U1310 through
R1307, which causes pin 7 to go low and pin 5 high. Simul-
taneously, the negative-going pulse from the Field Multi is
coupled through Q1290 to pin 2 of U1310. Thus, pin 7 is
low on the even field. The positive-going pulse from Q1285
is also applied to the base of Q1300, but is not of sufficient
amplitude to forward bias Q1300. As the next field pulse
from Q1290 is applied to pin 2 of U1310, the multi changes
states and pin 7 goes high. The positive-going pulse from
Q1285 is absent at this time, as the field pulse is occurring
on an odd field or field two. From the foregoing sequence
of events, it can be determined that the even field pulse
insures pin 7 is low on each even field.

SN B150100 and up.
The diodes in the output lines of U1310 can be pin con-

_nected to either VITS 18 or VITS 19. When either VITS

button is pressed, —15 volts is connected to that line and
the diodes connected fo the selected line are forward bi-
ased through R1319 to +10 volts. When a low occurs on
either output pin of U1310, this puts an effective ground
on that pin. If the diodes in the output line are forward
biased, then the effective ground is coupled through the
diodes, through D1359 (which is forward biased ynless the
FULL FIELD switch is pressed), to the base of the Unblank-
ing Amplifier, Q1220. This turns Q1220 off and the CRT
is blanked. When a high occurs on the selected output pin
of U1310, Q1220 is turned on and the CRT is unblanked.

BELOW SN B150100

If either D1310 or D1314 is connected to pin 5, the di-
ode is reverse biased at this time and the associated VITS
line is selected on field one. If either of the diodes is con-
nected to pin 7 it is reverse biased on the odd field and
its associated VITS line is selected.

By changing SW1305 to the 1 position, the reverse bias
on Q1300 is decreased and pin 6 of U1310 is pulled farther
in the negative direction. Now, as the even field pulse from
Q1285 occurs it is sufficiently positive to forward bias Q1300,
but is not sufficient to overcome the negative voltage on pin
6 of U1310. On each even field pulse, Q1300 turns on and
pin 5 of U1310 is pulled low. The multi will operate as
previously explained, except now each time an even field
pulse occurs, pin 5 of U1310 is low and pin 7 is high. Table
3-1 shows the condition of pins 5 and 7 as related to field
one and two with SW1305 in position 1 and 2.

TABLE 3-1
(A) SW1305
Position 2 Field 1 Field 2
Pin 5/U1310 H L
Pin 7/U1310 L H
(B) SW1305
Position 1 Field 1 Field 2
Pin 5/U1310 L H
Pin 7/U1310 H L

®1
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Line Selector Matrix

SN B150100 and up.

The Line Selector Matrix is composed of J-K flip flop
integrated circuits U1320, U1330, U1340, and U1370 with
their associated diodes. The integrated circuits are used
as binary counters to supply either a high or low through
the gating diodes to the base of the Unblanking Amplifier
(Q1220). The diodes are connected in such a manner that
any line from line 7 through line 22 of either field can be
selected. The line pre-selection is accomplished by an ar-
rangement of pin connector jumpers on the Sweep board
and by front-panel pushbuttons.

The JK flip flops used in the Line Selector are connected
in such a manner that pins 5 and 7 are the output, pin 6 is
the preset and pin 2 receives the clock pulse or the trigger.
Pin 2 requires a negative-going clock pulse to flip the
counter from one state to the other. A high on pin 6 pre-
sets pin 7 low, and the counter is locked in this condition.
If pin 2 receives a clock pulse at this time, the counter will
not change states. When pin 6 is changed to a low, the
counter is released to change states but will not flip until
pin 2 receives a clock pulse.

The negative preset pulse from the emitter of Q1290 is
coupled to pin 6 of the counters, and pin 7 is low. The low
on pin é of the counters releases them to change states,
but they will not do so until pin 2 of each counter receives
a negative-going clock pulse.

The —H pulse, which is occurring at the television line
rate, is coupled through Q1200 to pin 2 of the <+ 2 counter
(U1350). Upon the arrival of the first —H pulse after the
counters are released, U1350 will change states. When
U1350 flips, pin 5 goes high. This applies a high to pin 2
of U1340 and since the flip flops require a negative-going
clock pulse, the multi will not change states and the re-
maining counters will stay in their preset condition. When
the next —H pulse arrives at pin 2 of U1350, the mulii
changes states and pin 5 goes low. A negative-going clock
pulse is now applied to pin 2 of U1340 and the +4 counter
changes states, which causes pin 5 to go low. The signal
(low) on pin 5 of U1340 is coupled to pin 2 of the +8
counter (U1330) which changes states, pulling pin 5 low.
The low on pin 5 of U1330 is coupled to pin 2 of the =16
counter (U1320), causing it to flip and changing pin 5 of
U1320 to the low state. This, in turn, is coupled to the -+ 32
counter (U1370) which changes states and results in a low
on pin 5 of U1370.

By referring to Table 3-2, a truth table for the =2 (U1350),
<4 (U1340), =-8 (U1330), + 16 (U1320), =32 (U1370) count-
ers, the condition of the output pins can be readily deter-
mined as each successive —H pulse is applied to pin 2 of
U1350. When the Field Rate Multi changes states again
(after approximately 27 television lines) the collector of
Q1260 goes in the positive direction and the counters are
restored to their preset condition.

The diodes connected to the output pins of the line count-
ers can be pin-connected to either VITS 18 or VITS 19, to
pre-select a television line to be displayed when either
VITS button is pressed. When a VITS button is pressed,
—15 volts is connected to the output of the counters that
are pin-connected to that VITS line. The diodes connected
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uU1370

U1320
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Fig. 3-18. Simplified drawing of the Line Selector circuit.

to the output pins of the counters are then forwarded bi-
ased through R1319 to +10 volts. D1359 is foward bi-
ased at all times unless the FULL FIELD switch is pressed in.

Fig. 3-18 is a simplified drawing of the Line Selector cir-
cuit illustrating the operation with only two counters.

Referring to Fig. 3-18, assume pins 5 of U1320 and U1370
are pin-connected to a VITS line. Diodes D1374, D1376,
D1378 of U1370 and diodes D1324, D132, D1328 of U1320
become forward biased. D1370/D1372 and D1320/D1322
are reverse biased since they are not connected to a VITS
line. D1359 is forward biased. First, assume pin 5 of U1320
is low and pin 5 of U1370 is high. When a low occurs on
the output pin of a counter, an effective ground is estab-
lished on that pin. Since D1324, D1326, D1328, and D1359
are forward biased, the ground appearing on pin 5 of U1320
also appears at the base of the Unblanking Amplifier, Q1220.
Therefore the transistor is off, its collecter is up and the CRT
trace is blanked. Now, assume U1320 receives a clock
pulse and the counter multi switches states; this causes pin
5 to go high and pin 7 low. U1370 does not receive a clock
pulse, therefore the counter does not flip. Since pins 5 of
both U1320 and U1370 are high, a high is coupled through
the diodes to the base of the Unblanking Amplifier, which
turns the transistor on. The collector of Q1220 is pulled
down and a negative-going pulse is coupled to the CRT,
which unblanks the trace. The CRT will remain unblanked
until the next clock pulse causes the counters to change
states. The remaining counters in the Line Selector circuit
operate in the same manner as just described for U1320/
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U1370. A high is required on all the output pins that are
connected to the selected VITS line before the Unblanking
Amplifier will turn on and unblank the CRT trace.

By referring to Table 2-8 and Table 2-9 in Operating In-
structions, television lines 7 through 22 can be preselected
to be displayed on either VITS 18 or VITS 19.

When the FULL FIELD switch (SW1314) is pressed, 410
volts is connected to the base of Q1220 through R1209,
which turns the transistor on and also reverse biases D1259.
The transistor is turned off during sweep retrace time by
the —H pulse which is coupled to its base through C1204.

Line Selector Matrix

BELOW SN B150100

The Line Selector Matrix is composed of J-K flip flop inte-
grated circuits U1320, U1330, U1340, U1350 with diodes
D1320, D1324, D1330, D1334, D1340, D1344, D1350, D1354
and D1360/D1362. The integrated circuits are used as binary
counters to either forward or reverse bias the diodes, which
in turn control the Unblanking Amplifier, Q1220. The diodes
are connected so that any line from line 7 through line 14
or line 15 through line 21 of either television field can be
pre-selected. Refer to Tables 2-10 and 2-11 in Section 2 of this
manual. The pre-selected line selection is accomplished by
an arrangement of pin connectors on the Sweep board and
by front panel pushbuttons.

L
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TABLE 3-2
SN B150100 and up

VITS Line Selector Truth Table for Pin 5

No. of

—H .

Pulses 1121345678 ol1w|n|12]13]14]15[16]17] 18|19
=2 (U1350) CIHIL HILIH| LIHILIH[L|H|LIH|LH|L[H]|L
=4 (U1340) CITLIB HILI LRI Ll LRI H[L|L[A|A]L|L H
=8 (U1330) CIClCl Ll H wl AR L ClCI LA [H|[B AL |L|L
=16 (U1320) CILlLl L L LI Ll L R H|[H|[AIH[H[A]H|L]|L|L
=32 (U1370) IR NN

J;’e 718 loltol1|12]13]14]15|16|17]18 |19 |20 |21 |22 |23 |24 | 25

The J-K flip flops used in the Line Selector are connected
in such a manner that pins 5 and 7 are the output, pin 6 is
the preset and pin 2 receives the clock pulse or the tfrigger.
Pin 2 requires a negative-going clock pulse to flip the
counter from one state to the other. A high on pin 6 presets
pin 7 low, and the counter -is locked in this condition. If
pin 2 receives a clock pulse at this time the counter will
not change states. When pin 6 is changed to a low, the
counter is released to change states but will not flip until
pin 2 receives a clock pulse.

The anodes of D1324, D1334, D1344 and D1354 are con-
nected together to control one VITS Line Selector, and D1320,
D1330, D1340 and D1350 control the other VITS Line Selector.
When all the diodes in the selected line are reverse biased,
a positive voltage forward biases either D1360 or D1362,
causing the base of Q1220 to go in the positive direction.
This turns on the Unblanking Amplifier, which unblanks the
CRT.

By referring to Table 3-3 which is a truth table for the
+2 (U1350), <4 (U1340), =8 (U1330) and =16 (U1320)
counters, the Line Selector circuit can be more easily under-
stood.

For the following sequence of events assume D1324, D1344
and D1354 are pin-connected to pin 5 of their respec-
tive counters and D1334 is connected to pin 7 of U1330.
Switch SW1310 is in the on position, which applies 410V

to one end of R1310. (With D1324, D1334, D1344 and -

D1354 connected in this manner television line 18 is to be
selected.) Assume D1314 is reverse biased.

The negative-going pulse from the collector of Q1260
in the Field Multi is coupled through emitter follower Q1290
to pin 6 of the Line Selector J-K flip flops.. The counters are
released to change states during the entire duration of the
pulse which is from line 7 through line 27 or line 7 through
19 of the television field. The —H pulse from Q1160 in the
Gating Multi is coupled through emitter follower Q1200
to pin 2 of U1350. With a negative-going clock pulse at
pin 2, U1350 changes states and pin 5 goes low. The out-
put of pin 5 is connected to D1354 and pin 2 of U1340.
A low on pin 2 of U1340 causes it to flip, so pin 5 of U1340
goes low. Pin 5 of U1340 is connected to D1344 and to pin
2 of U1330. A low on pin 2 of U1330 causes it to change
states and pin 5 to go low, which causes U1320 to flip. This
puts a low on pin 5 of U1320. A low on the output pin of
U1320, U1330, U1340 or U1350 puts an effective ground
at the cathode end of the diode connected to that pin. Since
SWI1310 is on, there is 410 volts through R1310 to the

anodes of D1324, D1334, D1344 and D1354. With an ef-
fective ground at the cathodes of D1324, D1344 and D1354
they are forward biased. This establishes an effective
ground at their anodes which reverse biases D1360. This
keeps Q1220 turned off and prevents the CRT from being
unblanked. D1334 is connected to pin 7 of U1330 and pin
7 is high at this time; therefore, D1334 is reverse biased.
When the second —H pulse appears at pin 2 of U1350,
the multi flips and pin 5 goes high. Since the J-K's require
a negative trigger, the =4 counter can not change states
and the =8 and <16 counters do not receive a trigger.
By referring to Table 3-2, the condition of the output pins of
U1320, U1330, U1340, and U1350 can be readily determined
as each successive —H pulse is applied to pin 2 of U1350.

Continving through . the sequence of —H pulses to the
twelfth one after the JK flip flops were released, (which
corresponds to television line 18} it is found that the cathodes
of D1324, D1334, D1344 and D1354 all have a high applied
to them. Therefore, the diodes are reverse biased and +10V
is applied through R1310 and DI1360 to the base of
Q1220, forward biasing Q1220. The collector of Q1220 is
pulled down and the CRT is unblanked. Q1220 remains on

TABLE 3-3
BELOW SN B150100

VITS Lline Selector Truth Table for Pin 5

No. of
—H
Pulses |1]2|3|4|5{6|7| 8| 2[10(11(12{13|14(15
=2 LIH|L|/H|L|H/ L|H|/L|H|L|H|L|H]|L
4 LIL|H|{H/L}LIH/H|L|L[H|H|L|L]|H
=8 LI L|L|L|H|H|H/H/L|L|L|L[H|HH
=16 Ll LfLjL|L|L|L|L|H{H|H|H|H|H]|H
v

Line |7|8[9[10[11{12(13|14|15|16|17{18|19|20|21

Pin Combination

=2 715(7|5|7|5|7|5|7|5{7]5|7|57
=4 7/7|5/5|7|7|5|/5|7|7|5/5|7|7|5
=8 717171755557 7{7{7|5 5|5
=16 |7|7|7|7|7|7|7|7|5|5|5|5|55|5
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until the arrival of the next —H pulse from Q1200 which
forward biases D1208 and turns Q1220 off, blanking the
CRT during the retrace time of the sweep.

The usable lines that can be selected are limited by the
duration of the negative pulse applied to pin 6 of the multis,
which releases the J-K's to change states from line 7 through
line 27, or line 7 through line 19. Therefore, the usable
lines are 7through 14 or 15 through 21.

Unblanking Amplifier

The Unblanking Amplifier is composed of Q1220 and
Q1230. A negative-going unblanking pulse from the col-
lector of Q1220 is applied to the unblanking plates of the
CRT. Q1230 applies a positive-going signal to the CRT grid
during the unblanking time.

Q1220 is forward biased by either the VITS Line Selectors
or the FULL FIELD Switch (SW1314), and is reverse biased by
the —H pulse during sweep retrace time. The collector of
Q1220 is limited to 4-100 volts by D1225. D1220 and D1222
prevent Q1220 from saturating, thereby eliminating the
storage time effects of a saturated transistor.

The negative-going unblanking pulse from the collector of
Q1220 is AC coupled to the base -of Q1230, an operational
amplifier. For full field operation, the average level at the
base of Q1230 during each television line holds the collector
of Q1230 at a given level. During VITS the change in duty
cycle of the unblanking waveform at the collector of Q1220
produces a large negative pulse at the base of Q1230. This
produces a positive pulse on the collector of Q1230 which
is AC coupled to the CRT grid as a VITS intensifying pulse.
Diodes D1235 and D1239 limit the swing of Q1230's col-
lector from about —0.6V to +40V. R1233 and C1233 com-
pensate for the time constants in the CRT grid circuit.

A negative-going burst intensification pulse is coupled to
the base of Q1230 through R1216 during burst time, which
causes the collector of Q1230 to become more positive dur-
ing burst, thus intensifying burst. A Z axis input to the base
of Q1230 is available to externally intensify any portion of
the sweep. Because the grid of the CRT is AC coupled, this
input should be used for short duration pulses only.

Q1210 provides a DC coupled input to the Unblanking
Amplifier Q1220, and is used to blank (or unblank) the CRT
for extended time periods.

CRT CIRCUIT

The CRT Circuit provides the high voltage necessary for
operation of the cathode ray tube (CRT). The control cir-
cuits for controlling the electron beam and the power supply
for the integrated circuits are contained in the CRT circuit.

High Voltage Oscillator

Q1420 with its associated circuitry is operated as a class
C oscillator. to produce the drive for the high voltage trans-
former T1450. The amplitude of the high voltage oscillations
is controlled by a sensingcircuit consisting of Q1400, Q1410,
and the sensing winding (center-tapped primary) of T1450.

As the equipment is turned on, a negative voltage is ap-
plied to the base of Q1400 through R1402, and Q1400 satur-
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ates.  The collector of Q1400 is pulled up near ground and
Q1410 saturates, allowing R1414 to supply base drive to
Q1420. This turns on the High Voltage Oscillator. D1414 is
reversed biased as the oscillator is turning on. As the ampli-
tude of the oscillations fed back from the collector winding
to the base winding of T1450 increases, the collector of
Q1410 becomes more negative until D1414 is forward biased.
When D1414 becomes forward biased, the available base
drive to Q1420 increases. As the amplitude of the oscilla-
tions increases, a voltage is induced into the sensing winding
of T1450. The induced voltage is coupled through C1438 to
a voltage doubler circuit consisting of D1432, D1436, C1433
and C1436. The voltage developed across C1433 at the
cathode end of D1432 is coupled to the base of Q1400. The
signal is coupled through Q1400 to emitter follower Q1410.
The emitter of Q1410 is coupled to the base of Q1420 to
control the amplitude of the high voltage oscillations. The
frequency response of the feedback loop is compensated
by R1430 and C1430.

R1404 to ground and the return for the high voltage form
a current feedback loop for the CRT cathode current. Any
change in cathode current causes a corresponding change in
current through R1404. As the cathode current changes, the
voltage developed across R1404 produces an apparent shift
of the reference voltage for the supply. For an increase in
CRT cathode current, the output of the supply will increase
slightly, thus making the output resistance of the supply
lower than it would be without the feedback. The frequency
of the High Voltage Oscillator is approximately 30-50 kHz.

Diodes D1404 and D1405 provide overload protection for
Q1400. L1422, C1422, and C1423 form a decoupling net-
work to decouple the high voltage oscillations from the 410

V and —15V power supplies. Switching transients are fil-
tered out by L1426, R1426, R1420 and L1420.

The center-tapped primary of T1450 is also used in con-
junction with D1440 and D1442 to form a full-wave rectifier.

The rectifier has a choke input filter (L1440} and is the 4-3.6

volt supply for the integrated circuits.

The high voltage transformer T1450 has two secondary
windings. One secondary winding supplies the filament. volt-
age for the cathode ray tube. The other secondary winding
in conjunction with the voltage doubler (D1452, D1453,
C1452 and C1453) provides the high voltage, (approximately
negative 3.875kV), for the cathode ray tube elements. The
filtered high voltage at the junction of R1453 and C1454 is
connected to a divider consisting of R1469, the most negative
point in the divider, through R1462, the most positive point in
the divider. D1468 provides a constant 100V drop across
R1468 and R1469, thus allowing sufficient negative grid
bias to turn off the CRT.

Resistor R1460 is switched in and out of the divider by
SW1314, the FULL FIELD switch. There is a positive-going
signal from the Sweep circuit coupled into the CRT control
grid through C1490 and C1480 to intensify the sweep (or
portions thereof) during burst time, in VITS operation, or if
there is a signal connected to the Z AXIS INPUT jack. To
prevent any de-focusing that might occur because of the
increased beam current, the focusing anode voltage is made
correspondingly more negative by adding R1460 to the
divider. This is done by opening SW1314 in either of the
VITS modes. During full field operation, R1460 is shorted
out by SW1314.




CRT Control Circuits

Focus of the CRT display is controlled by the FOCUS con-
trol, R1465. The voltage applied to the focus grid is more
positive (less negative) than the voltage on either the control
grid or the CRT cathode. The ASTIG adjustment, R1476,
which is used in conjunction with the FOCUS control to pro-
vide a well-defined display, varies the positive level on the
astigmatism grid.

The GEOMETRY adjustment, R1472, varies the positive level
on the horizontal deflection plate shields and the CRT screen
to control the overall geometry of the display.

Two adjustments control the trace alignment by varying
the magnetic field around the CRT. The ORTH adjustment,
R1474 controls the current through L1474, which rotates the
beam before the vertical deflection has been accomplished,
insuring that the vertical and horizontal deflections are truly
at right angles fo each other. The BEAM ROTATE adjustment,
R1470 controls the current through L1470, which rotates the
beam after both the vertical and horizontal deflection plates,
in order to align the trace and graticule.

The UNBLANK BIAS adjustment changes the difference of
potential between the unblanking plates and is adjusted for
uniform intensity on the CRT.

The INTENSITY control adjusts the DC potential of the
control grid, thus controlling the quantity of electrons in the
electron beam.

LOW VOLTAGE POWER SUPPLY

The Low Voltage Power Supply circuit provides the oper-
ating power for this instrument from four regulated supplies.
Electronic regulation is used to provide stable, low ripple
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output voltages. Each regulated supply, except the 410V
supply which is current limited, is fused to prevent instru-
ment damage if a supply is inadvertently shorted to ground.
The power input stdge includes the Voltage Selector Assem-
bly. This assembly allows selection of the operating voltage
range and regulating range for the instrument.

Power Input

Power is applied to the primary of transformer T1501
through the 115 volt line fuse F1500, POWER switch SW1500,
Range Selector SW1503, and Voltage Selector SW1502.
The Range Selector SW1503 connects the split primaries of
T1501 in parallel for 115 volt range of operation, or in series
for 230 volt range of operation. A second line fuse, F1501,
is connected in the circuit when the Range Selector switch
is set to the 230 volt position to provide the correct protec-
ion for 230V operation (F1501 current rating is one-half of
F1500).

The Voltage Selector switch SW1502 allows the instrument
to regulate correctly on higher or lower than normal line
voltages. Each half of the primary has taps above and
below the 115 volt (230 V) point. As the Voltage Selector
switch is switched from LO to M to HI, more turns are added
to the primary winding. Therefore, whether the primary
voltage has increased or decreased, the secondary voltage
can be maintained at a nearly constant level (Es — Ep x

Ns/Np).

—15 Volt Supply

The —15 volt supply provides the reference voltage for
the remaining supplies. The reference for the —15V supply
is a 9 volt zener (D1570) that is contained in an oven and

D1562
+ 10V UNREG.
11501 g
EE Q1630
Q1590
R1604
&
D1564 b1570 Q1600
COMPARATOR =
Q1570A | Q15708
—15V REG.

¥

Fig. 3-19. Simplified block diagram of regulated —15 volt supply.
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maintained at a constant temperature. The output from
the secondary of T1501 is rectified by a full wave rectifier,
D1562 and D1564, and then applied to the —15V Series
Regulator stage Q1630, to provide a stable output voltage.
The Series Regulator can be compared to a variable resist-
ance which is changed to control the output current, thus
controlling the output voltage. The Series Regulator stage
is controlled by the Error Amplifier, Q1570A and Q1570B.

The Error Amplifier is connected as a comparator. The
base of Q1570A is referenced to —9V by zener diode

D1570. The voltage on the base of Q1570B is determined .

by the divider consisting of R1584, R1585, R1587 and R1588.
R1588 adjusts the base voltage of Q1570B so the output
voltage of this supply is —15 volts. The collector current
of QI1570A is amplified by Q1590, an emitter follower, to
control the Series Regulator Q1630.

Assume that the —15 volt supply tries to go in the positive
direction. The base of Q1570B goes positive, turning Q1570B
on harder. This decreases the conduction of Q1570A. The
collector of QI1570A goes positive, causing Q1590 to in-
crease conduction. The emitter of Q1590 becomes more
positive and Q1630 turns on harder, which increases the
current through the load and returns the supply to —15 volts.
Fig. 3-19 is a simplified block diagram of the —15V supply.
R1600 and C1600 are for frequency compensation.

<410 Volt Supply

Since the current through the —15V supply to ground
exceeds the current through the +10 volt supply to ground,
the 410V supply is shunt regulated and derived from the
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Fig. 3-20. Simplified block diagram of regulated + 10 volt supply.

—15V supply. The current through the shunt regulator
Q1600 is controlled by the Comparator consisting of Q1610
and Q1620. The current fhrough the Comparator is deter-
mined by the voltage developed across R1622 and R1624.
If the +10V supply tries to go more positive, the base of
Q1620 becomes more positive. This increases the conduction
of Q1620 and decreases the conduction of Q1610. The col-
lector of Q1610 goes positive, turning Q1600 on harder.
As Q1600 increases conduction, the current through R1622
and R1624 is reduced and the 410V supply returns to 410
volts. Q1600 effectively reduces the impedance of the 410V
supply. Fig. 3-20 is a simplified diagram of the 410 vol

supply. .

If the differential current between the 410V supply and
the —15 volt supply exceeds approximately 206 mA, the
410V supply will go out of regulation. With the —15V
supply drawing an excessive amount of current, the voltage
at the junction of R1604 and Q1600 will decrease sufficiently
to begin to saturate Q1600. When Q1600 starts to saturate,
D1590 turns on and prevents the 410 volt supply from going
below approximately 9.8 volts.

+ 100 Volt Supply

Rectified voltage for the 4100V supply is provided by the
bridge rectifier consisting of D1532A-D. The rectified voltage
is connected to Series Regulator, Q1550. Reference voltage
for this supply is provided by voltage divider R1552 and
R1554 connected between the —15V supply and the output
of this supply. The —15V supply is held stable as previously
explained. If the 4100V output changes, this change
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appears at the base of the Error Amplifier, Q1540, as an
error signal. The change on the collector of Q1540 is emitter-

" coupled through Q1545 to the base of Q1550, and the con-

duction of Q1550 either increases or decreases to restore
the supply to 4100 volts. Q1541 is connected as a diode
and provides temperature compensation for Q1540. Zener
diode D1540 provides DC coupling to the base of Q1545
without any appreciable loss. D1554 is a protection diode
that clamps the base of Q1540 at —0.6 volts.

4275 Volt Supply

The bridge rectifier consisting of D1502A-D provides the
rectified voltage for Series Regulator Q1520. The +275 volt
supply operates in a manner similar to the supplies pre-
viously explained. The 4100 volt supply is connected to

Circuit Description—Type 520/R520 NTSC

the negative side of the +275 volt supply to elevate the
output level to +275 volts. D1503 clamps the negative side
of the 4275 volt supply at —0.6V to prevent the +100V
supply from going negative if the 4275 volt supply is acci-
dentally shorted. D1510 protects Q1510 against reverse
breakdown.

Graticule Lights

The graticule lights are connected in series with Q1560
between the unregulated +10V and the —15V supplies.
The current through Q1560 determines the intensity of the -
lights. The base voltage of Q1560 is controlled by R1564,
SCALE ILLUM, a variable resistor connected between the
410V and —15V supplies.
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SECTION 4
MAINTENANCE

Change information, if any, affecting this section will be found at the

rear of the manual.

Introduction

This section of the manual contains maintenance informa-
tion for use in preventive maintenance, corrective mainten-
ance or troubleshooting of the Type R520.

Cover Removal

The top and bottom covers of the instrument are held in
place by slot-headed fasteners located on the top and
bottom of the instrument. To remove the covers, use a coin
to turn the fasteners 90° counterclockwise. Lift the covers
off the instrument.

PREVENTIVE MAINTENANCE

General

Preventive maintenance consists of cleaning, visual inspec-
tion, lubrication, etc. Preventive maintenance performed
on a regular basis may prevent instrument breakdown and
will improve the reliability of this instrument. The severity of
the environment to which the Type R520 is subjected deter-
mines the frequency of maintenance. A convenient time to
perform preventive maintenance is preceding recalibration of
the instrument.

Cleaning

General. The Type R520 should be cleaned as often as
operating conditions require. Accumulation of dirt in the
instrument can cause overheating and component breakdown.
Dirt on componerts acts as an insulating blanket and pre-
vents efficient heat dissipation. It also provides an electrical
conduction path.

CAUTION

Avoid the use of chemical cleaning agents which
might damage the plastics used in this instrument.
Avoid chemicals which contain benzene, toluene,
xylene, acetone or similar solvents.

The top and bottom covers provide protection against
dust in the interior of the instrument. Operation without
the covers in place increases the frequency of cleaning.

Exterior. Loose dust accumulated on the outside of the
Type R520 can be removed with a soft cloth or small paint
brush. The paint brush is particularly useful for dislodging
dirt on and around the front-panel controls. Dirt which
remains can be removed with a soft cloth dampened in a
mild detergent and water solution. Abrasive cleaners should
not be used.

CRT. Clean the smoke-gray light filter, IRE graticule,
light guide and the CRT face with a soft, lint-free cloth
dampened with denatured alcohol.

Interior. Dust in the interior of the instrument should be
removed ‘occasionally due to its electrical conductivity under
high-humidity conditions. The best way to clean the interior
is to blow off the accumulated dust with dry, low-velocity air.
Remove any dirt which remains with a soft paint brush or a
cloth dampened with a mild detergent and water solution.
A cotton tipped applicator is useful for cleaning in narrow
spaces or for cleaning the circuit boards.

The high-voltage circuits, particularly parts located in
the high-voltage compartment should receive special attention.
Excessive dirt in these areas may cause high-voltage arcing
and result in improper instrument operation.

Lubrication

General. The reliability of potentiometers, rotary switches
and other moving parts can be maintained if they are kept
propérly lubricated. Use a cleaning-type lubricant (e.g.,
Tektronix Part No. 006-0218-00) on switch contacts. Lubricate
switch detents with a heavier grease (e.g., Tektronix Part No.
006-0219-00). Potentiometers which are not permanently

. sealed should be lubricated with a lubricant which does not

affect electrical characteristics (e.g., Tekironix Part No. 006-
0220-00). The pot lubricant can also be used on shaft bush-
ings. Do not over-lubricate. A lubrication kit containing
the necessary lubricants and instructions is available from
Tektronix, Inc. Order Tekironix Part No. 003-0342-00.

Visual Inspection

The Type R520 should be inspected occasionally for such
defects as broken connections, loose or disconnected pin
connectors, improperly seated transistors, damaged circuit
boards and heat-damaged parts.

The corrective procedure for most visible defects is obvious;
however, particular care must be taken if heat-damaged
components are found. Overheating usually indicates other
trouble in the instrument; therefore, it is important that the
cause of overheating be corrected to prevent recurrence of
the damage.

Transistor and Integrated Circuit Checks

Periodic checks of the transistors and integrated circuits
in the Type R520 are not recommended. The best check of
transistor and integrated circuit performance is its actual
operation in the instrument. Performance of the circuits is
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thoroughly checked during recalibration; substandard trans-
istor and integrated circuits will usually be detected at that
time.

Recalibration

To assure accurate measurements, check the calibration
of this instrument after each 1000 hours of operation or every
six months if used infrequently. In addition, replacement of
components may necessitate recalibration of the affected
circuits. Complete calibration instructions are given in the
Calibration section.

The calibration procedure can also be helpful in localiz-
ing certain troubles in the instrument. In some cases, minor
troubles may be revealed and/or corrected by recalibration.

TROUBLESHOOTING

Introduction

The following information is provided to facilitate trouble-
shooting of the Type R520. Information contained in other
sections of this manual should be used along with the fol-
lowing information to aid in locating the defective compon-
ent. An understanding of the circuit operation is very helpful
in locating troubles. See the Circuit Description section for
complete information.

Troubleshooting Aids

Diagrams. Circuit diagrams are given on foldout pages
in Section 9. The component number and electrical value of
each component in this instrument are shown on the dia-
grams. Each main circuit is assigned a series of compenent
numbers. Table 4-1 lists the main circuits in the Type R520
and the series of component numbers assigned to each.
Important voltages and waveforms are also shown on the
diagrams. The portions of the circuit mounted on circuit
boards are enclosed with a blue line.

TABLE 4-1
Component Numbers

Component
Numbers on | Diagram
Diagrams Number Circuit
1-199 1 Input Amp/Test Circle Oscil-
lator and Sync
200-299 2 Subcarrier Regenerator
300-399 3 Precision ¢ Shifter & Gonio-
meters .
400-599 4 Demodulators
600-699 5 Filter & Horiz/Vert Driver Amps
700-899 6 Vertical Amplifier
900-1099 7 Horizontal Amplifier
1100-1399 8 Sweep
1400-1499 9 CRT Circuit
1500-1699 10 Power Supply

Circuit Boards. Fig. 4-9 through Fig. 4-27 for instruments
SN B150100 and up, and Fig. 4-9 through Fig. 4-26 for in-
struments below SN B150100 show the circuit boards used in
the Type R520. Fig. 4-8 shows the location of each board
within the instrument. Each electrical component on the
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boards is identified by its circuit number. The circuit boards
are also outlined on the diagrams with a blue line. These
pictures, used along with the diagrams aid in locating the
components mounted on the circuit boards.

For instruments SN B150100 and up, some component and
pin connector locations on the circuit boards are not used
in this instrument but they are used in another instrument
(Type 520 MOD 188M). For example, transistor Q1360 and
surrounding area on the Sweep board (see Fig. 4-22A) is not
used.

Wiring Color-Code. All insulated wire and cable used
in the Type R520 is color-coded to facilitate circuit tracing.
Signal carrying leads are identified with one or two colored
stripes. Voltage supply leads are identified with three stripes
to indicate the approximate voltage using the EIA resistor
color code. A white background color indicates a positive
voltage and a tan background indicates a negative voltage.
The widest color stripe identifies the first color of the code.
Table 4-2 gives the wiring color-code for the power-supply
voltages used in the Type R520.

TABLE 4-2
Power Supply Wiring Color Code

Supply : Color Code

+275V Orange-Black-Brown on White
+100V Brown-Black-Brown on White
+10V Brown-Red-Black on White
+3.6V Black-Orange on White
—15V Brown-Green-Black on Tan

Resistor Color-Code. In addition to the brown composi-
tion resistors, some metal-film resistors and some wire-wound
resistors are used in the Type R520. The resistance values
of wire-wound resistors are printed on the body of the
component. The resistance values of composition resistors
and metalfilm resistors are color-coded on the components
with EIA color-code (some metal-film resistors may have
the value printed on the body). The color-code is read
starting with the stripe nearest the end of the resistor.
Composition resistors have four stripes which consist of two
significant figures, a multiplier and a tolerance value (see
Fig. 4-1). Metal-film resistors have five stripes consisting of
three significant figures, a multiplier and a tolerance value.

Capacitor Marking. The capacitance values of common
disc capacitors and small elecrolytics are marked in micro-
farads on the side of the component body. The white ceramic
capacitors used in the Type R520 are color coded in pico-
farads using modified EIA code (see Fig. 4-1).

Diode Color-Code. The cathode end of each glass-
encased diode is indicated by a stripe, a series of stripes or
a dot. For most silicon or germanium diodes with a series of
stripes, the first stripe (pink or blue) of the color-code iden-
tifies that the following three stripes are the three significant
digits of the Tektronix Part Number using the resistor color-
code system (e.g., a diode color-coded pink-(or blue} brown-
gray-green indicates Tekironix Part Number 152-0185-00).
The cathode and anode ends of a metal-encased diode can
be identified by the diode symbol marked on the body.

Transistor Lead Configuration. Fig. 4-2 shows the top-
view electrode configurations of the transistors and integrated
circuits used in this instrument.
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Composition Resistors:

Metal-Film Resistors:

Ceramic Capacitors:

@ @ and @ —1st, 2nd and 3rd significant figures;
@ —multiplier; @ —tolerance;

Resistor and Capacitor Color Code

@ and/or @ color code for capacitors depends upon
manufacturer and capacitor type. May not be present in some cases.

—temperature coefficient. NOTE:

| Signifi- Multiplier Tolerance
cant | Resis- |Capaci-| Resis- Capaci-
Color Figures | tors tors tors tors
Silver --- 10-2 .- +10% .-
Cold --- 10-* --- +5% ---
Black | O 1 1 --- +20% or
2 pF*
Brown 1 10 10 +1% +1% or
0.1 pF*
Red 2 102 102 +2% +2%
Orange 3 108 108 +3% +3%
Yellow 4 10¢ 10¢ +4% -+100%
_0%
Green 5 10° 105 =+0.5% | =*£5% or
0.5 pF*
Blue 6 108 108 --- ---
Violet 7 - --- --- ---
Gray 8 --- 10-2 --- +80%
—20%
or 0.25 pF*
White 9 --- 10-* --- =+10% or
1 pF*
(none) .- --- --- +20% | =+=10% or
1 pF*

*For capacitance of 10 pF or less.

Fig. 4-1. Color code for resistors and ceramic capacitors.

Troubleshooting Equipment

The following equipment is useful for troubleshooting the
Type R520.

1. Transistor Tester

Description: Tekfronix Type 575 Transistor-Curve Tracer or
equivalent.

Purpose: To fest the semiconductors used in this instrument.

. 2. Multimeter

Description: VTVM, 10 megohm input impedance and 0 to
500 volts range; ohmmeter, 0 to 50 megohms. Accuracy,
within 3%. Test prods must be insulated to prevent acci-
dental shorting.

Purpose: To check voltages and for general troubleshooting
in this instrument. :

NOTE

A 20,000 ohms/volt DC VOM can be used to check
the voltages in this instrument if allowances are
made for the circuit loading of the YOM at high-
impedance points.

3. Test Oscilloscope

Description: DC to 8 MHz frequency response. 10 millivolts
to 5 volts/division deflection factor. Use a 10X probe.

Purpose: To check waveforms in this instrument.

Troubleshooting Techniques

This troubleshooting procedure is arranged in an order
which checks the simple possibilities before proceeding with
extensive troubleshooting. The first few checks assure proper
connection, operation and calibration. If the trouble is not
located by these checks, the remaining steps aid in locating
the defective component. When the defective component is
located, it should be replaced following the replacement
procedures given under Corrective Maintenance.

1. Check Control Settings. Incorrect control settings can
indicate a trouble that does not exist. If there is any ques-
tion about the correct function or operation of any control,
see the Operating Instructions section of this manual.

2. Check Associated Equipment. Before proceeding
with troubleshooting of the Type R520, check that the equip-
ment used with this instrument is operating correctly. Check
that the signal is properly connected and that the intercon-
necting cables are not defective. Also, check the power
source.
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INTEGRATED CIRCUITS

*Pin 6 on U510 and
U511 is connected to
ground.

**From <+ 3.6 V supply
on CRT circuit 9
reference diagram.

FIELD EFFECT TRANSISTORS

Metal Cased

[e]
7
g“
\N

-/!
=

Tab Aligns With ¢ s
Dimple on Socket
Output
Preset¥ Trigger
or
Clock
Output Pulse
+ 3.6 V¥* _
P .
7 1 Top View Showing IC
8 Socket Connections
TRANSISTORS

Epoxy Cased

Fig. 4-2. Electrode configuration for socket-mounted transistors and integrated circuits, top view.

3. Visual Check. Visually check the portion of the instru-
ment in which the trouble is located. Many troubles can
be located by visual indications such as unsoldered connec-
tions, disconnected or loose pin connectors, broken wires,
damaged circuit boards, damaged components, etc.

4. Check Instrument Calibration. Check the calibration
of this instrument, or the affected circuit if the trouble exists
in one circuit. The apparent trouble may only be a result
of misadjustment or may be corrected by calibration. Com-
plete calibration instructions are given in the Calibration
section of this manual.

5. Isolate Trouble to a Circuit. To isolate trouble fo
a circuit, note the trouble symptom. The symptom often
identifies the circuit in which the trouble is located. For
example, poor focus indicates that the CRT (includes high

voltage) circuit is probably at fault. When trouble symptoms
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appear in more than one circuit, check affected circuits by
taking voltage and waveform readings.

Incorrect operation of all circuits often indicates trouble in
the power supply. Check first for correct voltage of the
individual supplies. However, a defective component else-
where in the instrument can appear as a power-supply
trouble and may also affect the operation of other circuits.
Table 4-3 lists the tolerances of the power supplies in this
instrument. If a power-supply voltage is within the listed
tolerance, the supply can be assumed to be working correctly.
If outside the tolerance, the supply may be misadjusted or
operating incorrectly. Use the procedure given in the Cali-
bration section to adjust the power supplies.

Figs. 3-1 through 3-6 in the Circuit Description section
provide a guide for isolating a trouble to a block or circuit.
These illustrations are functional block diagrams showing

©

[

“

e

o




-

Lo

TABLE 4-3

Power Supply Tolerance

Power Supply Tolerance
+275V +7% or =19.25V
4100V +35% or =£35V

+10V +35% or =£035V
436V +5% or =+0.18V
—15V +0.5% or #+0.075V

signal flow for six different modes of operation. By selecting
a mode of operation, it is possible to bypass some blocks and
connect others into the circuit to determine the blocks that
function properly and those that do not. The only blocks
that cannot be bypassed are the Input Amplifier, Vertical
Amplifier, low-voltage power supply (not shown) and CRT

«circuit. Detailed voltage and waveform checks will have to

be made to find the cause of trouble in these circuits.

After the defective circuit has been located, proceed with
steps 6 through 8 to locate the defective component(s).

6. Check Circuit Board Interconnections. After the
trouble has been isolated to a particular block or circuit,
check the pin connectors on the circuit board for correct
connections. Fig. 4-9 through Fig. 4-27 for instruments SN
B150100 and up, and Fig. 4-9 through Fig. 4-26 for instruments
below SN B150100 show the correct connections for each
board.

The pin connectors used in this instrument also provide a
convenient means of circuit isolation. For example, a short
in a power supply can be isolated to the power supply itself
by disconnecting the pin connectors for that voltage at the
remaining boards.

7. Check Voltage and Waveforms. Often the defective
component can be located by checking for the correct volt-
age or waveform in the circuit. Typical voltages and wave-
forms are given on the diagrams.

NOTE

Voltages and waveforms given on the diagrams
are not absolute and may vary slightly between
instruments. To obtain operating conditions simi-
lar to those used to take these readings, see the
first diagram page.

WARNING

“'Ground lugs” and shield braids are not always
at ground potential. Check the schematic before
using such connections as a ground for the volt-
meter test prod or oscilloscope probe. Some trans-
istor cases may be elevated from 0 to 275 V. This
warning note also applies to recessed screws that
hold the low voltage power supply transistors to
the rear panel.

8. Check Individual Components. The following proce-
dures describe methods of checking individual components
in the Type R520. Components which are soldered in place
are best checked by disconnecting one end. This isolates the
measurement from the effects of surrounding circuitry.

A. TRANSISTORS AND INTEGRATED CIRCUITS. The best
check of transistor and integrated circuit operation is actual
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performance under operating conditions. If a transistor or
integrated circuit is suspected of being defective, it can best
be checked by substituting a new component or one which
has been checked previously. However, be sure that circuit
conditions are not such that a replacement transistor or inte-
grated circuit might also be damaged. If substitute transistors
are not available, use a dynamic tester (such as Tekironix
Type 575). Static-type testers are not recommended, since
they do not check operation under simulated operating
conditions.

B. DIODES. A diode can be checked for an open or
shorted condition by measuring the resistance between termi-
nals. With an ohmmeter scale having an internal source of
between 800 millivolts and 3 volts, the resistance should
be very high in one direction and very low when the leads
are reversed.

CAUTION

Do not use an ohmmeter scale that has a high
internal current. High currents may damage the
diode.

C. RESISTORS. Check the resistor with an ohmmeter.
Check the Electrical Part List for the tolerance of the resistors
used in this instrument. Resistors normally do not need to
be replaced unless the measured value varies widely from
the specified value.

D. INDUCTORS. Check for open inductors by checking
continuity with an ohmmeter. Shorted or partially shorted
inductors can usually be found by checking the waveform
response when high-frequency signals are passed through
the circuit. Partial shorting often reduces high-frequency
response (roll-off).

E. CAPACITORS. A leaky or shorted capacitor can best
be detected by checking resistance with.an ohmmeter on the
highest scale. Do not exceed the voltage rating of the ca-
pacitor. The resistance reading should be high after initial
charge of the capacitor. An open coupling capacitor can
best be detected with a capacitance meter or by checking
whether the capacitor passes AC signals.

9. Repair and Readjust the Circuit. If any defective
parts are located, follow the replacement procedures given in
this section. Be sure to check the performance of any cir-
cuit that has been repaired or that has had any electrical
components replaced.

CORRECTIVE MAINTENANCE

General

Corrective maintenance consists of component replacement
and instrument repdir. Special techniques required to replace
components in this instrument are given here.

Obtaining Replacement Parts

Standard Parts. All electrical and mechanical part replace-
ments for the Type R520 can be obtained through your local
Tektronix Field Office or representative. However, many
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of the standard electronic components can be obtained
locally in less time than is required to order them from
Tektronix, Inc. Before purchasing or ordering replacement
parts, check the parts lists for value, tolerance, rating and
* description.

NOTE

When selecting replacement parts, it is important
to remember that the physical size and shape of
a component may affect its performance in the
instrument, particularly at high frequencies. All
replacement parts should be direct replacements
unless it is known that a different component will
not adversely affect instrument performance.

Special Parts. In addition to the standard electronic
components, some special components are used in the Type
R520. These components are manufactured or selected by
Tektronix, Inc. to meet specific performance requirements, or
are manufactured for Tektronix, Inc. in accordance with our
specifications. These special components are indicated in
the Electrical Parts List by an asterisk preceding the part
number. Most of the mechanical parts used in this instrument
have been manufactured by Tektronix, Inc. Order all special
parts_directly from your local Tektronix Field Office or re-
presentative.

Ordering Parts. When ordering replacement parts from
Tektronix, Inc., include the following information:

1. Instrument type.

2. Instrument serial number.

3. A description of the part (if electrical, include circuit
number).

4, Tektronix Part Number. '

Soldering Techniques

WARNING

Disconnect the instrument from the power source
before soldering.

Circuit Boards. Use ordinary 60/40 solder and a 35- to
40-watt pencil type soldering iron on the circuit boards. The
tip of the iron should be clean and properly tinned for best
heat transfer to the solder joint. A higher wattage soldering
iron may separate the wiring from the base material.

The following technique should be used to replace a com-
ponent on a circuit board. Most components can be replaced
without removing the boards from the instrument.

1. Grip the component lead with long-nose pliers. Touch
the soldering iron to the lead at the solder connection. Do
not lay the iron directly on the board.

2. When the solder begins to melt, pull the lead out
~ gently. This should leave a clean hole in the board. If not,
the hole can be cleaned be reheating the solder and placing
a sharp object such as a toothpick into the hole to clean it
out. A vacuum-type desoldering tool can also be used for
this purpose.
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3. Bend the leads of the new component to fit the holes
in the board. If the component is replaced while the board
is mounted in the instrument, cut the leads so they will just
protrude through the board. Insert the leads into the.holes
in the board so the component is firmly seated against the
board (or as positioned originally). If it does not seat pro-
perly, heat the solder and gently press the component into
place. .

4. Touch the iron to the connection and apply a small
amount of solder to make a firm solder joint; do not apply
too much solder. To protect heat-sensitive components, hold
the lead between the component body and the solder joint
with a pair of long nose pliers (see Fig. 4-3) or other heat
sink. '

Fig. 4-3. Use of a heat sink to protect components during soldering.

5. Clip the excess lead that protrudes through the board.

6. Clean the area around the solder connection with a
flux-remover solvent. Be careful not to remove information
printed on the board.

Metal Terminals. When soldering metal terminals (e.g.,
switch terminals, potentiometers, etc), ordinary 60/40 solder
can be used. Use a soldering iron with a 40- to 75-watt rat-
ing and a g-inch wide wedge-shaped tip.

Observe the following precautions when soldering metal
terminals:

1. Apply only enough heat to make the solder flow freely.

2. Apply only enough solder to form a solid connection.
Excess solder may impair the function of the part.

3. If a wire extends beyond the solder joint, clip off the
excess.

4. Clean the flux from the solder joint with a flux-remaver
solvent.

Component Replacement

WARNING

Disconnect the instrument from the power source
before replacing components.

[
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Circuit Board Replacement. If a circuit board is damag-
ed beyond repair, either the entire assembly including all
solder-on components, or the board only, can be replaced.
Part numbers are given in the Mechanical Parts List for either
the completely wired or the unwired board.. Most of the
components mounted on the circuit boards can be replaced
without removing the boards from the instrument. Observe
the soldering precautions given under Soldering Techniques
in this section. However, if the bottom side of the board
must be reached or if the board must be moved to gain ac-
cess to other areas of the instrument, release the board from
the plastic clips. Exception: The Input Amplifier board can
be removed by removing four screws. The interconnecting
wires on some of the boards are long enough to allow the
board to be moved out of the way or turned over without
disconnecting all the pin connectors.

Cathode-Ray Tube Replacement. The following pro-
cedure outlines the removal and replacement of the cathode-
ray tube:

WARNING

High vacuum cathode ray tubes are dangerous to
handle. To prevent personal injury from flying
glass in case of tube breakage, wear a face mask
or safety goggles, and gloves.

Handle the CRT with extreme care. Do not strike or
scratch it. Never subject it to more than moderate
force or pressure when removing or installing.

Always store spare CRT's in original protective
cartons. Save cartons to dispose of used CRT's.

A. REMOVAL:
1. Remove the top cover from the instrument.
2. Remove the graticule cover with associated parts.

3. Disconnect the deflection-plate connectors. Be careful
not to bend the deflection-plate pins.

4. Remove the metal cover that protects the CRT base. This
cover unsnaps from the rear panel.
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5. Remove the CRT socket.

6. Loosen the CRT clamp screw about 4 or 5 turns (see
Fig. 4-4A). Avoid loosening the screw too much because the
CRT clamp wedge tightener will come loose from the screw.

7. From the rear of the instrument, push forward on the
CRT base and hold the CRT faceplate to guide the CRT as it
is removed from the front of the instrument (see Fig. 4-4B). Be
careful not to bend the neck pins.

B. REPLACEMENT:

1. Insert the CRT into the shield. Be careful not to bend
the neck pins.

2. Tighten the CRT clamp screw until the CRT is held snug-
ly but will allow some freedom of movement so steps 4 and
5 can be performed.

3. Reconnect the CRT socket while holding the CRT face-
plate.

4. Reconnect the deflection-plate connectors. Correct loca-
tions is indicated on the CRT shield.

5. Check that the 0° — 180° axis on the internal vector
graticule lies on a horizontal plane. If not, turn the CRT base
until proper alignment is obtained. There are some guide
marks on the front panel. These marks are located on each.
side of the CRT opening.

6. Check that the CRT faceplate protrudes through the
front panel the same distance as the thickness of the vector
graticule light guide.

7. Carefully tighten the CRT base clamp.
8. Install the graticule cover with all associated parts.
9. Install the rear panel CRT cover.

10. To recalibrate the instrument, the following circuit
areas need fo be checked and adjusted, if necessary:

a. Check all the adjustments shown on the Horiz/Vert
Driver Amps portion of diagram No. 5.

(B

Leads to CR
Neck Pin Connectors,
_Removed

. Graticule

Cover with

Associated |
. Pans

Fig. 4-4. Replacing the CRT.

®1
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b. Check the adjustment shown on the Vertical Amplifier
diagram No. é and Horizontal Amplifier diagram No. 7.

c. Check all the CRT circuit adjustments given on diagram
No. 9.

d. Check the A CAL and B CAL front-panel screwdriver
adjustments. :

Transistor and Integrated Circuit Replacement. Transis-
tors and integrated circuits should not be replaced unless
actually defective. If removed from their sockets during
routine maintenance, return them to their original sockets.
Unnecessary replacement of transistors and integrated cir-
cuits may affect the calibration of this instrument. When trans-
istors or integrated circuits are replaced, check the operation
of that part of the instrument which may be affected.

CAUTION

POWER switch must be turned off before removing
or replacing transistors and integrated circuits.

Replacement transistors and integrated circuits should be
of the original type or a direct replacement. Fig. 4-2 shows
the lead configuration of the transistors and integrated cir-

cuits used in this instrument. Some plastic case transistors.

have lead configurations which do not agree with those
shown here. If a transistor is replaced by a transistor which
is made by a different manufacturer than the original, check
the manufacturer’s basing diagram for correct basing. All
transistor sockets in this instrument are wired for the basing
used for metal-case transistors. Transistors which have heat
radiators or are mounted on the chassis use silicone grease
to increase heat transfer. Replace the silicone grease when
replacing these transistors.

WARNING

Handle silicone grease with care. Avoid getting
silicone grease in the mouth or eyes. Wash hands
thoroughly after use.

Fuse Replacement. Table 4-4 gives the rating, location,
and function of the fuses used in this instrument.

TABLE 4-4
Fuse Ratings

Circuit Rating Function Location
Number
F1500 1.6 A Slow | 115V Line Line
F1501 0.8 A Slow | 230V Line Voltage
Selector
on rear
panel
F1502 (Below 0.0625 A Fast Rectifier
SN B150100) board
F1502 0125 A Fast| 72>V SUPPIY | by power
(SN B150100 up) trans-
F1532 0.25 A Fast | +100V Supply | former
F1562 1.5 A Fast 410V Supply

Switches. If a switch is defective, replace the entire as-
sembly. Replacement switches can be ordered by referring to
the Parts List for the applicable part numbers.

When replacing a switch, tag the leads and switch termi-
nals with corresponding identification tags as the leads are
disconnected. Then, use the old switch as a guide for in-
stalling the new one. An alternative method is to draw a
sketch of the switch layout and record the wire color at each

4-8

terminal. When soldering to the new switch be careful that
the solder does not flow beyond the rivets on the switch
terminals. Spring tension of the switch contact can be des-
troyed by excessive solder.

Power Transformer Replacement. The power transformer
in this instrument is warranted for the life of the instrument.
If the power transformer becomes defective, contact your
local Tektronix Field Office or representative for a warranty
replacement (see the Warranty note in the front of this man-
val). Be sure to replace only with a direct replacement Tek-
tronix transformer.

When removing the transformer, tag the leads with the
corresponding terminal numbers to aid in connecting the new
transformer. After the transformer is replaced, check the
performance of the complete instrument using.the Perform-
ance Check procedure.

High-Voltage Compariment. The components located in
the high-voltage compartment can be reached for mainten-
ance or replacement by using the following procedure.

1. Remove the top cover of the instrument as described
in this section.

2. Remove the six screws that hold the Input Sync board
chassis to the rear panel and main chassis.

3. Disconnect some of the short length Sync board leads
so the Sync board chassis can be tilted for access to the
high voltage compartment screws.

4. Remove the three screws which hold the cover on the
high-voltage compartment.

5. Remove the high-voltage cover to reach the boards
inside the compartment.

6. To replace the high-voltage compartment, reverse the
order of removal.

NOTE

All solder joints in the high-voltage compartment
should have smooth surfaces. Any protrusions may
cause high-voltage arcing at high altitudes.

Recalibration After Repair

After replacing any electrical component or circuit board,
the calibration of that particular circuit area should be
checked, as well as the calibration of other closely related
circuits. Since the low-voltage supply affects all circuits,
calibration of the entire instrument should be checked if work
has been done in the low-voltage supply or if the power
transformer has been replaced. The Performance Check
Procedure in Section 5 provides a quick and convenient means
of checking instrument operation.

Instrument Repackaging

If the Type R520 is to be shipped for long distances by
commercial means of transportation, it is recommended that
the instrument be repackaged in the original manner for
maximum protection. The original shipping carton can be
saved and used for this purpose. Figs. 4-5 and 4-7 illustrate
how to repackage the Type R520 and give the part numbers
for the packaging components if new items are needed.
Figs. 4-6 and 4-7 illustrate how to repackage the Type 520,
with applicable part numbers.
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Inner carton assembly for Type R520: Inner box 004-0460-00
Pad set 004-1022-00

NOTE: The top and bottom pads must be
installed in the positions shown.

Use tape to hold
folded portion of pads

Fig. 4-5. Repackaging the Type R520 in its inner box.
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Inner carton assembly for Type 520: Inner box 004-0460-00
Pad set 004-1022-00

NOTE. The top and bottom pads must be
installed in the positions shown.

Use tape to hold
folded portion of pads

Inner box

4-10

Fig. 4-6, Repackaging the Type 520 in its inner box.
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Outer carton assembly for
Types 520 and R520: Accessory box

Outer box 004-0461-00
Pad set 004-0361-00

Accessories box 004-0462-00 pod.

Outer
Box

Slideout tracks (for Type R520 only)
and manuals are placed on top of this

Inner Box
Containing
Instrument
(See Fig. 4-5 and 4-6)

Fig. 4-7. Repackaging the Type 520 or R520 in its outer box for shipment.
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Input Amplifier L En ’ ' SCR board
Board . & | g : i '

‘Output Amplifier

“oqw'-\lqlti:gge Power
~ Supply Board

) . ‘,Sv‘/;eep Board
Luminance Filter :
Board v

Feedback Board
(SN B150100 and up)

Driver Amplifier
Board

' Demodulator CRY BY
Board Filter Board

Fig. 4-8. Location of the circuit boards in the Type R520.
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D’ grn-grn on ‘ ary

*C shield for

: r'bylky-ye! on wh'f
‘b:rh-!‘;lk—bm;‘qh wh
" brn-red-blk on wht
‘Brn;g;'h?b]kféh favﬁ; X

blk-orn on wht

‘Q" shield for ‘R’
vord-om on gry
" yel-orn on gry
'i”‘yshield for 'S’

‘A’ blk-orn on whi=—t D \ 9 _ ‘ R ',‘,g,.',? )on"wvhf&

Fig. 4-9A. Input Amplifier board; component identification and wire color codes for instruments SN B150100 and up.
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.
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Lt
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Fig. 4-9B. Input Amplifier board; component identification and wire color codes for instruments below SN B150100.
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AH’ brn-grn-blk on wht
Al wht-wht on gry

“A’ blk-brn on wht —
*AK’ brn-red-blk on wht

~—*AL’ blu on wht

AW shield for AN’

" yel-blk on gry

>

Fig. 4-10A. Input Sync board; component identification and wire color codes for instruments SN B280000-up.
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Fig. 4-10B. Input Sync partial board; component identification for instruments SN B240000-B279999.

Fig. 4-10C. Input Sync partial board; component identification for instruments SN B010100-B239999.
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Fig. 4-11A. SCR board and SCR Limiter Board; Component identification and interconnecting wire color code for instruments SN B251880

and up.
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‘A" orn on wht

‘B’ yel on wht

‘2 brobro on gry e
*Y” brn-blk-brn on wht i----«;
*X* brn-grn-bik on tan
W’ brn-gra-blk on tan T
V’ brn-red-bik on wht

‘U’ br-red-blk on wht |
T bro-red-blk on wht

8

Yy

‘P’ yel-blk on gry{

Q" shield for P* |
’R’ grn on wht |

‘S’ grn on wht |

* bik-orn on wht |
“E’ bik-orn on wht |

‘A’ vio on wht |

‘AA" yel on wht!

B blu on wht!

“C’ shield for D" |

‘D’ wht-orn on gry |
*AB’ bik-wht on gry {
“AC" shield for ‘AB* |
‘F’ grn on wht |

‘G* wht |

H’ yel-yel on gry |
‘I’ shield for “H* |

‘AE’ shield for *AF’

‘AF’ yel-grn on gry |

N’ gry |
(L gry i

' Wht-vio 0N gry |

*K’ shield for *J* |
shield for 'L |
*O’ shield for ‘N’ [

Fig. 4-11B. SCR board; wire color code for instruments SN B251880 and up.
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Fig. 4-13. Oscillator board; component identification.

‘P blk-grm on wht . " blk-red on wht
bik-blu en wht

blu-vio on wht

‘C' blu-vio on wht o

‘B' blu on wht.

X _b/0-
'V yel on wht
‘W’ brn-blk-brn on wht

‘s brn-brn on gry

‘X' orn on wht ‘T red on wht

(" brn-blk-brn on wht

_vio_on wht

I‘:m'-gm;-b»lk im tan

J 'gryv on yyh{

0" b on g1y

‘R’ brn-brn on gry

Fig. 4-14. Rectifier board; component identification and wire color codes.
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AW brm-greblk

*AL' orn on wht'

Fig. 4-15B. Demodulator board; wire color codes for instruments SNB150100 and up.
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-
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Fig. 4-16A. Demodulator board; component identification for instruments below SN B150100.
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o
. -

N ias - .
. 10] - - =ik OR h - = T
A o M ald b

'S’ blkeyel
ri@fﬁiﬁl’f M

e

‘C’_shield for ‘B’

D’ red on wht

L

Tegts: N

8 - N WS o N on wht

L r—

e

AS' grn on wht — el & . _ fon wht
Wht - | ¢ sl { 'Y’ shield for X'

s e or

L/

el 2k ey o : - F %% AN’ gmn on wht 2 ‘
‘AO’ brn-blk-b ; ‘ : ;
AN’ gry on wht

“AD’ blk-vio on wht

& el S
.
e
-
- . .
g

i o
. e
e
L
e
o

Fig. 4-16B. Demodulator board; wire color codes for instruments below SN B150100.
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B
. W
-
i
3
‘LAD’ gin-grn on gry ) . q
2
B
i
_J
:*A’ red on wht -

[
! ‘E’ yel-yel on gry | .
AC” shield for *AB’ - LAE” shield for ‘E’ M
-

_'F brn-grn-blk on t
Lag’ blu-blu on gry rn-grn on tan ~
‘AA’ wht-blk on gry . - ’G"bm~grn-blk on tan : B
“H’ brn-blk-brn on wht

‘2’ shield for ‘AA" — m of

i brn-blk-brn on wht -
X’ wht — I gry B

‘W’ shield for *V"- "K” shield for ‘"

‘V* wht-orn on gry -
‘U’ orn-red on gry
“T" shield for ‘U
‘8" brn-red-blk on wht -
"R’ brn-red-blk on wht
‘Q’ blk-orn on wht-

‘P’ blk-orn on wht ~—

‘N’ shield for "0’

!’0' whf-wht on gryi

IBefore SN B200000, Pin 'AD’ located above Pm ‘AC’ as shown. Wire color codes were: *AC’ wh'c~
*AB’ blu on wht; ‘AD’ grn on wht; ‘E’ blk-vio on wht., o

‘2C624 & C644 added SN 220000, Capacitors located on back of board in early production.

Fig. 4-19A. Driver Amplifier board; comp t identificati and wire color codes for instruments SN B150100 and up.
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‘AB' blu on wht

b on’ wht

‘AC’ wht

brn-grn-blk on ‘tan

‘AA’ whi-blk on gry *G'_brn-grn-blk on fan

2" shield for 'AA"

Y wht

X’ wht

WY chiald wyr s
W' shield for ¥ shield for '

' wht-om on gry

‘L’ (no connection)
‘U’ ‘orn-red on gry

‘T' shield for ‘U’
{no connection)

* brn-red-blk on wht
‘R' brn-red-bik on wht
‘Q" blk-orn on wht

‘P’ blk-orn on wht

‘N’ shield for ‘O’

‘0% wht-wht on gry

Fig. 4-19B. Driver Amplifier board; component identification and wire color codes for instruments below SN B150100.
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TYPE 520
670-

o

© Copyright 1967, 7

4-28

Fig. 4-20. Output Amplifier board; component identification.
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_ TYPE 520 © Copyright 1967,
| $70-0537.00 A -

‘A’ blk-vio on wht]
yel on wht |

‘AG’ blk-red on wht ‘C’ blk on wht !

“AF' blk-brn on wht

‘D grn

AE' orn on wht, orm-bllchrm
‘AD’ blk-grn on wht wht |
red .

‘AC’ blk-yel on wht
' ‘G’ bra-gm-blk
“on tan

‘H brnfgm-blkf
‘on tan |

‘AB' blk-red on wht
*AA’ blk-orn on wht
‘I' grn-grn on gry'
*J' shield for 'K’ |

‘Z' yel on wht .

brn on wht

‘L' whi-orn on_ gry\;
‘M’ shield for ‘L'
N’ brn-blk-brn
on wht

‘0" brn-blk-brn
‘on wht

P’ blk-grn on wht

. Q' brn
‘BA’ grn on wht . .
{on back of board)| ( 7 ‘R’ brn-red-blk
) on wht

‘BC' blu on wht
{on back of bouard),

‘BB’ wht i i
{on back of. board)

' brn-red-blk
wht

blu

X' blu-blu on gry |
‘W’ shield for ‘X’

‘U’ brn on wht
‘V' blk-blu on wht

Fig. 4-21. Output Amplifier board; wire color codes.
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,mddgdatSN 8260000

Fig. 4-22A. Sweep board; component identification for instruments SN B150100 and up.
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e
i :

e

i

shield for 'B

s e b

gk et

e
i %

RS bt SRt

_bm-gm-blk on tan

G’ red-red on

for

Fig. 4-22B. Sweep board; wire color

codes for instruments SN

B150100 and up.
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B
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Co
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(D

Lo
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L
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Fig. 4-23A. Sweep board; component identification for instruments below SN B150100.
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CAM' om-blichrn on wht

AR’ blk-blu on wht

. shield ’, for ‘AU’
‘AW’ (no_connection)

,~‘AX’ yel on wht
“AY' blk-red on wht
~‘AZ’ brn-red-blk on wht

‘BA’ brn-red-blk on wht

BB’ Btnﬁi‘n-blk on h‘l;!_

—*BC’ brn-grn-blk on fan
+'BD' grm-gm on gry

‘BE' shield for ‘BD'

BH blk-yel on wht

“BI' bik-brn on wht

‘BY blk-orn on whi

8K’ blk-orn on wht |

Fig. 4-23B. Sweep board; wire color codes for instruments below SN B150100.
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'_bro-yel on wht'

‘C’ brn_on whi

' brn-brn_on wht . red

red

F'_gry on wht

'G’ brn-grn-blk on tan

CH 'E}n-g’n:quik on tan

red on wht . 1" brn_on wht

red on whi - ' one end of D1452

3

Fig. 4-24. Lower High Voltage board; component identification and wire color codes.

on whi

‘0’ gry on wht

blk-bly_on_wht
‘N’ gry on whi ‘

W gry on wht ' gry_on wht-

D’ gry on wht

 load from D1453 blu_on_eht

"o on whi -

_blk on wht

vio on whf | | *G' red on wht

T yel on wht

4-34

Fig. 4-25. Upper High Voltage board; component identification and wire color codes.
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“AN’ blk-brn on wht
A0’ blk-orn on wht

‘AW blk-red on wht__
‘AK’ grn on wht{

‘AL’ bik-orn on wht
‘AJ’ blk-yel on wht.

AH’ brn-brn on gry
‘AG’ brn-grn-blk.
onitan ¢
*AF’ brn-grn-blk

‘on tan =
‘AE" brn-grn-blk
ontan
‘AD’ brn-grn-blk,
on tan ;
“AC’ brn-grn-blk,
on tan
‘AB’ brn-brn-blk
ontan ;
‘AA’ brn-grn-bik
on tan !
‘Z2* brn-grn-bli
on tan

Y’ wht

:x: Wht e
‘W wht
‘V’ wht

‘U’ brn-red-blk
on wht )
‘T’ brn-red-blk
on wht !
*8’ brn-red-blk __
onwht

‘R’ bro-red-blk
onwht
‘Q’ brn-red-blk:
on wht i

W or'nfb,lk-bm on wht
‘B’ orn-blk-brn on wht
‘C’ orn-blk-brn on wht

D’ orn-blk-brn on wht

‘P’ brn-red-blk on wht.
‘0" brn-red-blk on wht!

N’ brn-red-blk on wht |

"M’ brn-blk-brn on Wl‘i‘l‘.f

‘L’brn-blk-brnonwht! | | | ' ] | ‘E’ yel on wht
‘K’ brn-blk-brn on wht | ‘F’ blk-grn on wht
‘Y brn-blk-brn on wht | ‘G’ bik-biu on wht
‘H’ brn-bik-brn on wht ‘I’ {no connection)

Fig. 4-26A. Low Voltage Power Supply circuit board showing components and wire codes for instruments SN B080000-up.
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AL blk-o,

‘AODT orn on wht .
“AN' blk-brn on whi |

SAM' blk-red on “wht |

Eﬁ‘l}brp on gty,

*AG' brn-grn-blk on tan ~
“;{\E’ bm-grn-blk on tah -
‘AE' brn-grn-blk on ten

D1570 |
(Located on - !
Oscillator board

*AD’ brn-grn-blk on tan —

CAC brn-grn-blk on tan:

‘AB' brn-gm-bik on tan -

‘AA’ brn-grn-blk on tan —

‘Z" brn-grn-blk on tan

Y wht ~

Xt

W wht

W wht —

o Ebn;:red-blk on whi
T brn-red-blk on wht —

brn-red-blk on whi .
R’ brn-red-blk on wht.
‘Q" brnered-blk on whi -
‘P’ brn-red-blk on wht |

40’ brn-red-blk on wht

N brn~rad~blk on wht | ' ; ] ‘ | ] ‘A" orn-blk-brn on wht'

‘M'_brn-blk-brn on wht 4 ' ‘B’ orn-blk-brn on wht
L' brn-blk-brn on wht .
K’ brn-blk-brn on wht | ]
& " brn-blk LIS | ‘E' yel on wht

‘I' (no connection) P blk-grn on wht

G blk-blu on wht

CH bm—blk-bm on wht

Fig. 4-26B. Low Voaltage Power Supply circuit board showing components and wire codes for instruments SN B020100-B079999.
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Fig. 4-27. Feedback board; component identification for instruments SN B150100 and up only.
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SECTION 5
PERFORMANCE CHECK

Change information, if any, affecting this section will be found at the

rear of the manual.

Introduction

This section of the manual provides a procedure for rapidly
checking the performance of the Type R520. This procedure
checks the operation of the instrument without removing
the covers (except to gain access to infernal test points} or
making internal adjustments. However, screwdriver adjust-
ments which are located on the front and rear panels are
adjusted in this procedure.

If the instrument does not meet the performance require-
ments given in this procedure, internal checks and/or ad-
justments are required. See the Calibration section. All
performance requirements given in this section correspond
to those given in the Specification section.

NOTE

All waveforms shown in this section are actual
waveform photographs taken with a Tektronix
Oscilloscope Camera System.

Recommended Equipment

The following equipment is recommended for a complete
performance check. Specifications given are the minimum
necessary to perform this procedure. All equipment is as-
sumed to be calibrated and operating within the given
specifications. If equipment is substituted, it must meet or
exceed the specifications of the recommended equipment.

For the most accurate and convenient performance check,
special calibration fixtures are used in this procedure. These
calibration fixtures are available from Tektronix, Inc. Order
by part number through your local Tektronix Field Office or
representative.

1. Test oscilloscope. Bandwidth, DC to at least 10 MHz;
minimum deflection factor, 0.005 volt/division. Tektronix
Type 547 Oscilloscope with Type 1Al and 'Type 1A5 Plug-
In Units, and a Tektronix P6023 (10X) and P6028 (1X) Probes
recommended.

2. Video signal source. Signals available, unmodulated
linearity staircase, 3.58 MHz (CW) variable between 1.5
and 2.5V peak to peak, sync pulses at a line rate variable
between 3.5V and 7.5V (0.7V and 1.4V) peak to peak,
color bars of the proper amplitude for 75% saturation meas-
urements, and multiburst within 1% of being flat at all
frequencies. For example, Riker Industries, Inc. or Telemet
Company equipment.

3. Medium frequency constant amplitude signal generator.
Frequency, variable from 3MHz to 18 MHz; output ampli-
iude, adjustable to 1 volt; amplitude regulation accuracy,

'Required only if step 32 is performed.

©

within +5%. Tektronix Type 191 Constant Amplitude Sig-
nal Generator recommended.

4. Wide bandwidth constant amplitude signal generator.
Frequency, variable from below 25 Hz to above 5 MHz; out-
put amplitude adjustable from about 1 volt to about 2 volts;
amplitude regulation, 0.5%. For example Hewlett-Packard
Model 652A generator.

5. Square-wave generator. Frequency, 20 kHz, to 40 kHz;
output amplitude, adjustable to 1 volt. Tekironix Type 106
Square-Wave Generator recommended.

6. Standard Amplitude Calibrator. Amplitude accuracy,
within 0.25%; signal amplitude, 1 volt; output frequency,
1 kHz. Tektronix calibration fixture 067-0502-00 recom-
mended.

7. Cable (three) (SN B180980-up). Impedance, 75 ohm;
length, 42 inches; connectors, BNC. Tekironix Part No. 012-
0074-00.

7A. Cable (three) (SN 100-B170979). Impedance, 75 ohm;
length, 42 inches; connectors, UHF. Tektronix Part No. 012-
0002-00.

8. 067-0565-00 ramp and sine wave adder. Tektronix cali-
bration fixture 067-0565-00 recommended.

9. Adapter (SN 100-B170979). Connectors, UHF female
to BNC male. Tektronix Part No. 103-0032-00.

11. Adapter (SN 100-B170979). Connectors, UHF male to
BNC female. Tektronix Part No. 103-0015-00. )

13. Termination (two) (SN B180980-up). Impedance, 75
ohm; connector, BNC; type, end-line; accuracy £3%. Tek-
tronix Part No. 011-0102-00.

13A. Termination (two) (SN 100-B170979). Impedance, 75
ohm; connector, UHF; type, end-line; accuracy =+=3%. Tek-
tronix Part No. 011-0023-00.

14. Adapter. Connectors, GR to BNC male. Tektronix
Part No. 017-0064-00.

15. Adapter. Connectors, UHF male to BNC female. Tek-
tronix Part No. 103-0015-00.

16. Attenuator. Connectors, BNC; impedance, 50 ohms to
75 ohms; type, minimum loss when going from a 50 ohm
system to a 75 ohm system. Tektronix Part No. 011-0057-00.

17. Termination (three). Impedance, 75 ohm; connector,
UHF; type, end-line; accuracy, +3%. Tektronix Part No.
011-0023-00.

18. Termination. Impedance, 75 ohm; connectors, BNC;
type, feed-thru; accuracy, #3%. Tektronix Part No. 011-
0055-00.
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‘PERFORMANCE CHECK PROCEDURE

General

In the following procedure, control settings or test equip-
ment connections should not be changed except as noted.
If only a partial check is desired, refer to the preceding stepl(s)
for setup information. Type R520 control fitles referred to
in this procedure are capitalized (e.g., VERT POSITION).

The following procedure uses the equipment listed under
Recommended Equipment. If equipment is substituted, con-
trol settings or setup may need to-be altered to meet the
requirements of the equipment used.

Preliminary Procedure

1. Connect the Type R520 to a suitable power source.

2. Set the front- and rear-panel controls of the Type R520
as follows:

Front-Panel Controls:

Signal Selector A CAL, FULL FIELD

CHANNEL A
100%-75%-MAX GAIN 759,
GAIN CAL
PHASE As is
A CAL As is
B CAL As is
¢ REF BURST
CHANNEL B '
100%-75%-GAIN 75%
GAIN CAL
PHASE As is
Display Selector oY
INTENSITY As desired
LUMINANCE GAIN CAL
SCALE ILLUM As desired
CALIBRATED PHASE 0
POWER ON
Left recessed front-panel controls:
QUAD PHASE As is
GAIN BAL As is
HORIZ POSITION CLAMP  As is
BEAM ROTATE As is

VERT POSITION CLAMP  As is

Right recessed front-panel controls:

FOCUS As is

FIELD 1

VERT POSITION As is

BURST FLAG TIMING As is

SYNC INT

HORIZ POSITION As is
5-2

Rear-panel controls:

ASTIG As is
ORTHO As is
GEOM As is
UNBLANK BIAS As is

3. Set the Type R520 POWER switch to ON. Allow at least
20 minutes warm up at 25°C, +5°C for checking instru-
ment to the given accuracy.

1. Adjust Geometry

REQUIREMENT—Vertical and/or horizontal lines should
not have more than 0.05 centimeter of gradual bowing.

a. Adjust the front-panel FOCUS control and the rear-
panel ASTIG control (see Fig. 5-1) to obtain a well-defined
display.

b. CHECK—Type R520 display; should not show more
than 0.05 centimeter of gradual bowing of the vertical or
horizontal lines.

<. ADJUST—GEOM control, R1472, (see Fig. 5-1) for mini-
mum bowing of the vertical or horizontal lines.

2. Adjust Astigmatism

REQUIREMENT—Should be a nearly perfect round spot
in vector display when the FOCUS control is rotated fully
counterclockwise.

a. Cancel the Signal Selector A CAL pushbutton by
momentarily depressing the CH A pushbutton. The Signal
Selector FULL FIELD remains down.

b. Press the Display Selector VECTOR pushbutton.

c. Rotate the FOCUS control to its fully counterclockwise
position.

d. CHECK—Type R520 display; should be a nearly per-
fect round spot near the center of the vector graticule.

e. ADJUST—ASTIG control, R1476, see Fig. 5-1 until a
nearly perfect round spot near the center of the graticule
is obtained.

f. Set the FOCUS control to obtain a well-defined spot.

3. Adjust CRT Alignment

REQUIREMENT—It must be possible to adjust the hori-
zontal trace parallel to the 0°-180° axis of the vector grati-
cle and perpendicular to the 90°-270° axis of the vector
graticule.

a. The Signal Selector FULL FIELD pushbutton remains
depressed for this step.

b. Press the Display Selector Y pushbutton.

¢. CHECK—Type R520 trace alignment; trace should be
parallel to the 0°-180° axis of the vector graticule.

d. ADJUST—BEAM ROTATE control, R1470, (see Fig. 5-2)
until trace is parallel to the 0°-180° axis of the vector
graticule.
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e. CHECK—Type R520 trace alignment; horizontal trace
should be perpendicular to the 90°-270° axis of the vector
graticule.

f. ADJUST—ORTH control, R1474, (see Fig. 5-1) until
trace is perpendicular to the 90°-270° axis of the vector
graticule.

g. Repeat parts d and f of this step as necessary to re-
move interaction between the adjustments.

Fig. 5-1. Rear-panel control locations.

4. Unblanking Bias

REQUIREMENT—The brightness of a test circle display
must be adjustable so that the test circle has uniform in-
tensity throughout its circumference.

a. Press the Signal Selector A CAL pushbutton and the
Display Selector VECTOR pushbutton.

b. Reduce the display intensity until the test circle is
barely visible.

CHECK—Type R520 display; test circle should have uni-
form intensity throughout its circumference.

d. ADJUST—UNBLANK BIAS control, R1478, (see Fig.
5-1) for a uniform intensity throughout the circumference
of the test circle.

5. Check VITS Intensity

REQUIREMENT—Display of a test signal must be at maxi-
mum brightness without any display defocusing.

a. Connect a linearity staircase video signal to the CH A
J1 connector via a 75 ohm coaxial cable.

b. Connect a 75 ohm coaxial cable from the CH A J2
connector to the CH B J50 connector.

c. Connect a 75 ohm end-line termination to the CH B
J51 connector.

d. Press Signal Selector CH A, A¢ and VITS 18 push-
buttons.

e. Press the Display Selector LINE SWEEP pushbutton.

®1
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f. CHECK—Type R520 display brightness; must be maxi-
mum without any display defocusing.

g. Disconnect the video signal source, the two 75 ohm
coaxial cables and the 75 ohm end-line termination.

6. Adjust Vertical and Horizontal Position
Clamps

REGUIREMENT—Must have enough adjustment range to
position the spot to the center of the vector graticule.

a. Depress the Signal Selector FULL FIELD pushbutton and
the Display Selector VECTOR pushbutton.

b. Reduce the intensity somewhat, so the displayed spot
on the CRT of the Type R520 will not burn the phosphor.

c. CHECK—Type R520 displayed spot position; must be
at the center of the vector graticule.

d. ADJUST—VERT POSITION CLAMP control, R880, (see
Fig. 5-2) and HORIZ POSITION CLAMP control, R1002, (see
Fig. 5-2) to position the spot to the centetr of the vector
graticule.

P VERT POSITION
| CLAMP, R1002 |

TIMING, R1158

Fig. 5-2. Front-panel control locations.

7. Adjust Channel A Gain

REQUIREMENT—Must have enough adjustment range to
position the spot to the center of the vector graticule.

a. Depress the Signal Selector A CAL and the Display
Selector Y pushbuttons. The remaining pushbuttons remain
as they are.

b. CHECK—Type R520 display amplitude; must be ex-
actly 140 IRE units.

c. ADJUST—A CAL control, R402, (see Fig. 5-2) until the
display on the Type R520 is exactly 140 IRE units in ampli-
tude.

8. Adjust Channel B Gain

REQUIREMENT—Must have enough adjustment range to
set the gain of channel B to unity.
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a. Depress the B CAL and B¢; cancel the A CAL Signal
Selector pushbuttons. The remaining pushbuttons remain
as they are.

b. CHECK—Type R520 display amplitude; must be ex-
actly 140 IRE units.

c. ADJUST—B CAL control, R412, (see Fig. 5-2) until the
display on the Type R520 is exactly 140 IRE units in ampli-
tude.

9. Adjust Burst Flag Timing

REQUIREMENT—Must have enough adjustment range to
cause equal amounts of the rising and falling portions of the
burst to intensify.

a. Press the Signal Selector CH A ‘and A¢ pushbuttons
and the Display Selector LINE SWEEP pushbutton.

b. Connect a color bar video signal to CH A J1 connector
via a 75 ohm coaxial cable.

c. Connect a 75 ohm end-line termination to the CH A
J2 connector.

d. Rotate the channel A PHASE control to obtain maxi-
mum' positive-going burst amplitude; see Fig. 5-3.

Burst
{Maximum Am

Fig. 5-3. Correct Type R520 color bar display for adjusting burst
flag timing.

e. CHECK—Type R520 display intensified portions; the
intensified rising and falling portions of the burst part of the
display must be equal. It may be necessary to reduce the
display intensity so the intensified portions may be seen.

f. ADJUST—BURST FLAG TIMING, R1158, (see Fig. 5-2)
until the intensified rising and falling portions of the burst
are equal.

g. Disconnect the video signal source, the 75 ohm co-
axial cable and the 75 ohm end-line termination.
10. 33° Phase Shifter

REQUIREMENT—Must be a 33°, #2° phase shift when
the | or Q Display Selector pushbutton is pressed.

a. Press the Display Selector VECTOR pushbutton. The
remaining pushbuttons remain as they are.
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b. Connect a color bar video signal to CH A J1 connector
via a 75 ohm coaxial cable.

c. Connect a 75 ohm end-line termination to the CH A
J2 connector.

d. Line up the burst vector on the Type R520 exactly
with the | marking on the vector graticule using the chan-
ned A PHASE control.

e. Press the Display Selector Q pushbutton.

f. Rotate the CALIBRATED PHASE control until the single
trace just starts to break into two traces.

g. CHECK—Type R520 CALIBRATED PHASE dial reading;
2° or less from zero.

h. Reset the CALIBRATED PHASE dial to its zero degree
dial point.

i. Press the Display Selector VECTOR pushbutton.

j. Line up the burst vector on the Type R520 exactly
with the Q marking on the vector graticule using the chan-
nel A PHASE control.

k. Press the Display Selector | pushbutton.

l. Rotate the CALIBRATED PHASE control until the single
trace just starts to break into two traces.

m. CHECK—Type R520 CALIBRATED PHASE dial reading;
2° or less from zero.

n. Reset the CALIBRATED PHASE dial to its zero degree
dial point.

o. Disconnect the 75 ohm coaxial cable, video signal
source and the 75 ohm end-line termination.
11. Adijust Subcarrier Balance

REQUIREMENT—Trace must remain within +3 IRE units
no matter whether the LINE SWEEP, |, Q or DIFF PHASE
Display Selector pushbutton is pressed.

a. Cancel all the Signal Selector pushbuttons except the
FULL FIELD pushbutton.

b. Press the Signal Selector A CAL pushbutton and the
Display Selector LINE SWEEP pushbutton.

c. Note trace position.

c
d. Press the Display Selector | pushbutton.

o

Note trace position.

bl

Press the Display Selector Q pushbutton.
Note trace position.

Press the Display Selector DIFF PHASE pushbutton.

> @

i. Note trace position.

CHECK—Trace positions; the trace noted in parts ¢
(LINE SWEEP trace), e (I trace), g (Q trace) and i (DIFF
PHASE trace) must be within =3 IRE units of the same loca-
tion.

k. Press the Display Selector DIFF PHASE pushbutton.

l. CHECK—Type R520 display; it should consist of a single
trace.

)




m. Press the Display Selector Q pushbutton.

n. CHECK—Type R520 display; it should consist of a
single trace.

12. Adjust Gain Balance

REQUIREMENT—Must have enough range to adijust the
horizontal amplifier gain to be the same as the vertical
gain,

a. Press the Signal Selector A¢ pushbutton and the Dis-
play Selector VECTOR pushbutton. The remaining push-
buttons remain as they are.

b. CHECK—Type R520 displayed test circle circularity;
test circle should touch the inscribed circle on the vector
graticule at the 0°, 90°, 180° and 270° points on the cir-
cumference of the test circle.

c. ADJUST—GAIN BAL control, Ré48, (see Fig. 5-2) until
the test circle touches the inscribed circle on the vector
graticule at all points on its circumference.

13. Adjust Quadrature Phase

REQUIREMENT—The two circles which make up the test
circle must overlay each other at the 45° points on their
circumference within 0.0366 inch.

a. Cancel the Signal Selector A CAL and A¢ pushbut-
tons and press the B CAL pushbutton. The remaining push-
buttons remain as they are.

b. Connect a linearity staircase video signal to the CH A
J1 connector via 75 ohm coaxial cable.

<. Connect a 75 ohm end-line termination to the CH A
J2 connector.

d. CHECK—Type R520 display; test circles should over-
lay each other at the 45° points on their circumference
within 0.0366 inch.

e. ADJUST—QUAD PHASE control, R588, (see Fig. 5-2)
until the test circles overlay each other at the 45° point
on their circumference within 0.0366 inch.

f. Disconnect the video signal source, 75 ohm coaxial
cable and the 75 ohm end-line termination.

14. Check Chroma Bandwidth

REQUIREMENT—Upper and lower chorminance bandwidth
points must be between 400 kHz and 600 kHz above and be-
low 3.58 MHz.

«a. Press the Signal Selector CH A and A¢ pushbuttons
and Display Selector LINE SWEEP pushbutton. Cancel the
Signal Selector B CAL pushbutton. The remaining pushbuttons
remain as they are.

b. Connect a 3.58 MHz sine wave signal about 0.75 volt
in amplitude from a medium frequency constant amplitude
signal generator via a 5 ns coaxial cable, a GR to BNC male
adapter, a 75 ohm to 50 ohm minimum loss attenuator and a
BNC female to UHF male adapter to the Type R520 CH A
J1 connector.

Performance Check—Type 520/R520 NTSC

. Connect a 75 ohm end-line termination to the CH A J2
connector.

id. Adjust the signal generator output amplitude control
to obtain a display amplitude of exactly 140 IRE units.

e. Increase the output frequency of the signal generator
until the display amplitude falls to 98 IRE units (70% of its
initial amplitude).

f. CHECK—Signal generator output frequency; must be
between 400 kHz and 600 kHz above the 3.58 MHz initial
frequency.

g. Decrease the output frequency of the signal generator
through and below 3.58 MHz until the displayed amplitude
falls to 98 IRE units (70% of its initial amplitude).

h. CHECK—Signal generator output frequency; must be
between 400 kHz and 600 kHz below the 3.58 MHz initial
frequency.

i. Disconnect the medium frequency constant amplitude
signal generator, the 5ns coaxial cable, GR to BNC male
adapter, 75 ohm to 50 ohm minimum loss attenuator, the BNC
female to UHF male adapter and the 75 ohm end-line termi-
nation.

15. Check Luminance Bandwidth

REQUIREMENT—Multiburst input video signal should pre-
sent a display on the Type R520 as shown in Fig. 5-4.

a. Press the Display Selector Y pushbutton.

b. Connect a multiburst video signal to CH A J1 connector
via a 75 ohm coaxial cable.

c. Connect a 75 ohm end-line termination to the CH A
J2 connector.

NOTE

The multiburst video signal must be within *=19%
of flat at all frequencies or this check will not be
valid.

d. CHECK—Type R520 display; must appear the same as
that shown in Fig. 5-4, see the luminance bandwidth table
for the numerical figures for the display.

LUMINANCE BANDWIDTH TABLE

Typical Type R520 IRE
Units of Display (Standard
Type R520 | Video Transmission Engi-

Multiburst Response neering Advisory Commis-
Frequency Display sion, VITEAC)

77 minimum
500 kHz 90%, +=4% 81 nominal

85 maximum

32 minimum
1.5 MHz 40%, +=4% 36 nominal
40 maximum

14 minimum

2.0 MHz 20%, +=4% 18 nominal
22 maximum

3.0 MHz <3% <25

3.6 MHz <19% <1

4.2 MHz <1% <1
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Fig. 5-4. Correct multiburst video signal display on Type R520.

e. Disconnect the video signal source, 75 ohm coaxial
cable and the 75 ohm end-line termination.

16. Check Luminance Step Response

REQUIREMENT—Aberrations on a 100 IRE units high square
wave must be 1% or less of the display height.

a. Connect a 30 kHz square-wave signal about 1 volt in
amplitude from a square-wave generator via a 5 ns coaxial
cable, a GR to BNC male adapter, a 75 ohm to 50 ohm mini-
mum loss attenuator and a BNC female to UHF male adapter
to the Type R520 CH A J1 connector.

b. Connect a 75 ohm end-line termination to the CH A J2
connector.

c. Slowly change the frequency of the square-wave gen-
erator until a stable display is obtained.

d. Adjust the output amplitude of the square-wave gen-
erator until the Type R520 display is exactly 100 IRE units
in amplitude.

e. CHECK—Type R520 display; aberrations on the top of
the waveform must be 1% or less of 100 IRE units in ampli-
tude.

f. Disconnect the square-wave generator, the 5 ns coaxial
cable, 75 ohm to 50 ohm minimum loss attenuator, GR to
BNC male adapter, BNC female to UHF male adapter and
75 ohm end-line termination.

17. Check Input Amplitude Range

REQUIREMENT—Stable display must be obtained for input
signals having sync pulse amplitudes from 200 mV to 400 mV
(overall signal amplitudes from 0.7 V to 1.4 V).

a. Press the Display Selector LINE SWEEP pushbutton.

b. Connect a color bar video signal to the CH A J1 con-
nector via a 75 ohm coaxial cable.

c. Connect a 75 ohm end-line termination to the CH A
J2 connector.

d. Connect a 10X probe from the test oscilloscope verti-
cal input connector to the input signal going to the CH A J1
connector.
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e. Set the test oscilloscope for a vertical deflection of 0.01
V/division, AC coupled, at a sweep rate of 10 us/division
with internal triggering.

f. Set the sync pulse amplitude of the color bar video
signal to exactly 286 mV (overall signal amplitude, 1 volt)
as measured on the test oscilloscope.

g. Rotate the channel A PHASE control to obtain maximum
positive-going burst amplitude; see Fig. 5-3.

h. Check that the intensified rising and falling portions of
the burst part of the Type R520 display are equal.
It may be necessary to reduce the display intensity so the
intensified portion may be seen. If the position of the intensi-
fied portion is not correct, adjust the BURST FLAG TIMING
control, R1158, (see Fig. 5-2) until the intensified rising and
falling portions of the burst are equal.

i. Reduce the sync pulse amplitude of the color bar video
signal to exactly 200 mV (overall signal amplitude, 0.7 volt)
as measured on the test oscilloscope.

i Set the Type R520 SYNC switch to EXT for about 15
seconds, then return it to its INT position.

k. CHECK—Type R520 display; should be stable.

I. Increase the sync pulse amplitude of the color bar video
signal to exactly 400 mV (overall signal amplitude, 1.4 volts)
as measured on the test oscilloscope.

m. Set the Type R520 SYNC switch to EXT for about 15
seconds, then return it to its INT position.

n. CHECK—Type R520 display; should be stable.

o. Disconnect the video signal source, 75 ohm coaxial
cable, 75 ohm end-line termination, 10X probe and the test
oscilloscope.

18. Check Phase Accuracy and Incremental
Phase Accuracy

REQUIREMENT—Error between dots and 10° vector grati-
cule marks must be 1° or less at any point on the inscribed
vector graticule circle. Error between dots and 2° vector
graticule marks must be 0.5° or less within 10° either side of
an established reference point.

NOTE

Bottom cover of the Type R520 must be removed
to gain access to the test point. ‘

a. Press the Display Selector VECTOR pushbutton and set
the ¢ REF switch to EXT.

b. Connect a 75 ohm coaxial cable from a 067-0546-00
calibration fixture 3.579545 MHz subcarrier 2V p-p connector
to the Type R520 EXT CW ¢ REF J311 connector.

c. Connect a 75 ohm end-line termination to the Type R520
EXT CW ¢ REF J310 connector.

d. Connect a 75 ohm coaxial cable from the 067-0546-00
calibration fixture 3.589488 MHz sideband video 707 mV con-
nector to the Type R520 CH A J1 connector.

e. Connect a 75 ohm end-line termination to the CH A J2
connector.




f1. For instruments SN B150100 and up, connect a 1X
probe from the 067-0546-00 calibration fixture phase-mark
pulse output connector via a UHF male to BNC female
adapter to pin BT on the Sweep board; see Fig. 5-51).

2. For instruments below SN B150100, connect a 1X
probe from the 067-0546-00 calibration fixture phase-mark
pulse output connector via a UHF male to BNC female
adapter to TP 1230 junction of Q1230 collector and D1235
on the Sweep board, see Fig. 5-5(b).

Fig. 5-5. Sweep board test point location.

g. Connect a 75 ohm coaxial cable between the 067-0546-
00 calibration fixture h sync 1V neg connector and the Type
R520 EXT SYNC J120 connector.

h. Connect a 75 ohm end-line termination to the EXT
SYNC J121 connector.

i. Set the Type R520 SYNC switch to EXT.

j. Set the 067-0546-00 calibration fixture to produce posi-
tive dots 10° apart.

®1
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k. Adiust the channel A PHASE control to align a dot with
an arbitrarily established 0° point at one of the major points
on the vector graticule.

I. CHECK—Type R520 display; the error between the 10°
dots from the 067-0546-00 calibration fixture and the 10°
marks on the vector graticule must be 1° or less.

m. Set the 067-0546-00 calibration fixture for an output of
positive dots 2° apart.

n. Adjust the channel A PHASE control to align a dot
with the arbitrarily established 0° point.

o. CHECK—Type R520 display; the area between the
arbitrarily established 0° point and a point 10° away must
have an error of 0.5° or less between the 2° dots from the
067-0546-00 calibration fixture and the 2° vector graticule
marks.

p. Disconnect the 067-0546-00 calibration fixture, the three
75 ohm coaxial cables, the three 75 ohm end-line termina-
tions, 1 X probe and the UHF male to BNC female adapter.

19. Check Calibrated Phase
Accuracy

REQUIREMENT—Rotating the CALIBRATED PHASE dial
from —15° to +15° must cause a vector display rotation of
30°, ==4°. CALIBRATED PHASE dial accuracy must be within
+10% per 2° change and within ==10% or 0.5°, whichever
is the lesser, of the correct dial reading from 4-14° through
—14°,

Range and

NOTE

Bottom cover of the Type R520 must be removed
to gain access to the test point.

a. Set the ¢ REF switch to Burst and SYNC switch to INT.
The pushbuttons remain as they are.

b. Connect a linearity staircase video signal to CH A J1
connector via a 75 ohm coaxial cable.

c. Connect a 75 ohm end-line termination to CH A J2
connector.

d. Set the CALIBRATED PHASE dial to —15°.

e. Using the channel A PHASE control set the Type R520
displayed vector to an arbitrarily established 0° point on the
vector graticule.

f. Set the CALIBRATED PHASE dial to +15°.

g. CHECK—Type R520 display; displayed vector should
have rotated 30°, +=4° clockwise.

h.” Disconnect the video signal source, 75 ohm coaxial
cable and 75 ohm end-line termination.

i. Set the ¢ REF switch to EXT and the CALIBRATED
PHASE dial to 0.

- Connect a 75 ohm coaxial cable from a 067-0546-00
calibration fixture 3.579545 MHz subcarrier 2V p-p connector
to the Type R520 EXT CW ¢ REF J311 connector.

k. Connect a 75 ohm end-line termination to the Type R520
EXT CW ¢ REF J310 connector.
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I. Connect a 75 ohm coaxial cable from the 067-0546-00
calibration fixture 3.589488 MHz sideband video 707 mV
connector to the Type R520 CH A J1 connector.

m. Connect a 75 ohm end-line termination to the CH A J2
connector,

nl. For instrument SN B150100 and up, connect a 1X
probe from the 067-0546-00 calibration fixture phase-mark
pulse output connector via a UHF male to BNC female
adapter to pin BT on the Sweep board; see Fig. 5-5(a).

n2. For instruments below SN B150100, connect a 1X
probe from the 067-0546-00 calibration fixture phase-mark
pulse output connector via a UHF male to BNC female
adapter to TP1230 (junction of Q1230 collector and D1235)
on the Sweep board; see Fig. 5-5(b).

o. Connect a 75 ohm coaxial cable between the 067-0570-
00 calibration fixture h sync 1V neg connector and the Type
R520 EXT SYNC J120 connector.

p. Connect a 75 ohm end-line termination to the EXT SYNC
J121 connector.

g. Set the Type R520 SYNC switch to EXT.

r. Set the 067-0546-00 calibration fixture to produce posi-
tive dots 2° apart.

s. Adjust the channel A PHASE control to align a dot with
an arbitrarily established 0° point on the vector graticule.

t. Rotate the CALIBRATED PHASE control from +14° to-
ward —14° in increments of 2°.

u. CHECK—Type R520 display 2° dot which corresponds
to the dial reading being checked when that dot is aligned
with the established 0° point; the dial error between any 2°
increment of the dial must be 2°, within #=0.2° of the dial
setting noted when the dot for the previous dial setting was
aligned with the established 0° point.

v. Set the CALIBRATED PHASE dial to +14°,

w. Adjust the channel A PHASE control to align a dot with
an arbitrarily established 0° point on the vector graticule.

x. Rotate the CALIBRATED PHASE control from +414° to-
ward —14° in increments of 2°.

y. CHECK—Type R520 display 2° dot which corresponds
to the dial reading being checked when that dot is aligned
with the estiablished 0° point; the dial error at the 4-12°
and +10° dial settings must be 2°, within ==0.5° of the
correct dial setting.

z. Disconnect the 067-0546-00 calibration fixture, the three
75 ohm coaxial cables, three 75 ohm end-line terminations,
1X probe and the UHF male to BNC female adapter.

20. Check Luminance Gain Accuracy

REQUIREMENT—I1 volt of square-wave input signal must
produce exactly 140 IRE units of deflection within =1%,.

a. Set the ¢ REF switch to BURST, depress the Display
Selector Y pushbutton, and set the SYNC switch to INT.

b. Connect a 30 kHz square-wave signal 1 volt in amplitude
from a square-wave generator via a 5ns coaxial cable, GR
to BNC male adapter, a 75 ohm to 50 ohm minimum loss at-
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tenvator and a BNC female to UHF male adapter to the
Type R520 CH A J1 connector.

c. Connect a 50 ohm coaxial cable from the test oscillo-
scope channel 1 vertical input connector to the output square-
wave signal connector of a standard amplitude calibrator.

d. Set the controls of the standard amplitude calibrator to
produce a 1 volt amplitude square-wave signal.

€. Connect a 75 ohm coaxial cable via a BNC male to
UHF female adapter and a 75 ohm BNC termination from the
test oscilloscope channel 2 vertical input connector to the
Type R520 CH A J2 connector.

f. Slowly change the frequency of the square-wave gen-
erator until a stable display is obtained.

g. Set the test oscilloscope for a vertical deflection of 0.5
V/division, AC coupled with input channels non-inverted,
matched in gain and algebraically added, at a sweep rate
of 5 ms/division with internal triggering.

h. Adjust the output amplitude of the square-wave genera-
tor until a test oscilloscope display indicates that the output
square-wave generator signal is exactly 1 volt in amplitude,
i.e., same as standard amplitude calibrator signal amplitude.

i. CHECK—Type R520 display; should be 140 IRE units
in amplitude, ==1%.

j. Disconnect the square-wave generator, standard ampli-
tude calibrator, test oscilloscope, 5 ns coaxial cable, GR to
BNC male adapter, 75 ohm to 50 ohm minimum loss attenua-
tor, BNC female to UHF male adapter, BNC male to UHF
female adapter, 50 ohm BNC termination, 50 ohm coaxial
cable, 75 ohm coaxial cable and 1X probe.

21. Check Luminance Calibrator Signal

REQUIREMENT—Must be 1 volt, #=0.5% in amplitude,
which will produce 140 IRE units, ==0.5% of vertical deflec-
tion on the Type R520.

a. Press the Signal Selector A CAL pushbutton.

b. CHECK—Type R520 display amplitude; must be 140
IRE units, #=0.5%. The gain error noted in step 20 of this
procedure should be taken into account.

22. Check Differential Gain Accuracy and Dif-
ferential Phase Accuracy

REQUIREMENT—DIFF GAIN; display must not deviate
more than =5 IRE units from level in the last 90% of display.
This includes both slope and aberrations. When output sig-
nal of the 067-0565-00 calibration fixture is reduced 5%, the
trace must move 25 IRE units, ==3%. DIFF PHASE; deviation
between the two traces at any point in the last 80% of dis-
play must not be less than 0.1°.

a. Press the Signal Selector CH A and CH B pushbuttons
and the Display Selector VECTOR pushbutton. Set the SYNC
switch to EXT.

b. Connect a 067-0545-00 calibration fixture to the CH A
J1 connector. Connect a 75 ohm end-line termination to the
CH A J2 connector.
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c. Connect a 75 ohm coaxial cable between the 067-
0565-00 calibration fixture subcarrier input connector and the
067-0546-00 calibration fixture 3.579545 MHz subcarrier 2V
p-p connector.

d. Connect a 10X probe from the test oscilloscope verti-
cal input connector to monitor the input signal going to the
CH A J1 connector.

e. Set the test oscilloscope for a vertical deflection of 0.01

V/division, AC coupled, at a sweep rate of 0.5 ms/division.

with a free-running sweep.

f. Adjust the 067-0565-00 calibration fixture subcarrier
amplitude control so a signal amplitude of exactly 143 mV is
displayed on the test oscilloscope.

g. Disconnect the test oscilloscope and the 10X probe.

h. Connect a 75 ohm coaxial cable between the 067-0570-
00 calibration fixture h sync 1V neg connector and the Type
R520 EXT SYNC J120 connector.

i. Connect a 75 ohm coaxial cable from the Type R520
EXT SYNC J121 connector to the vertical input of the test
oscilloscope via a UHF female to BNC male adapter and a
75 ohm BNC termination.

j. Set the test oscilloscope for a vertical deflection of
1 V/division, AC coupled, at a sweep rate of 5 us/division
with internal triggering.

k. Adjust the test oscilloscope triggering controls to ob-

tain a stable display.

|. Connect the center conductor of the 067-0565-00 cali-
bration fixture ramp input connector to the test oscilloscope
sawtooth output connector and set the 95%-100% switch
to 100%.

m. Connect the shield of the 067-0565-00 calibration fix-
ture ramp input connector to a ground point.

n. Adjust the 067-0565-00 calibration fixture ramp am-
plitude control for a sawtooth amplitude of exactly 140
IRE units. ‘ '

o. Set the channel A 100%-75%-MAX GAIN switch to
MAX GAIN and depress the Display Selector DIFF GAIN
pushbutton.

p. Adjust the VERT POSITION control to position the
display to a convenient point.

q. CHECK—Type R520 display; horizontal display must
not deviate more than =5 IRE units from being parallel
throughout the last 90% of its length with the horizontal
lines of the IRE graticule. This includes both slope and aber-
rations.

r. Set the 067-0565-00 calibration fixture 95%-100%
switch to 95%.

s. CHECK—Type R520 display; trace must move 25 IRE
units, ==3% from the position established in part q of this
step.

t. Return the 067-0565-00 calibration fixture 95%-100%
switch to 100%.

u. Press the Display Selector DIFF PHASE pushbutton.

Performance Check—Type 520/R520 NTSC

v. Bring fhe'display info the viewing area by adjusting the
channel A PHASE controls until the two traces come to-
gether at a point.

w. Using the CALIBRATED PHASE dial, bring the traces
together at different points, noting the degrees of difference
between the various points.

x. CHECK—Type R520 CALIBRATED PHASE dial readings;
deviation between the two traces in the last 80% of the
display at any point on the lines must be less than 0.1°.

y. Disconnect the 067-0546-00 and 067-0565-00 calibra-
tion fixtures, test oscilloscope, three 75 ohm coaxial cables
and 75 ohm end-line termination, the UHF female to BNC
male adapter and the 75 ohm BNC termination.

23. Check Test Circle Amplitude

REQUIREMENT—Must be the same in diameter as the
inscribed circle on the vector graticule (4 inches), ==1%.

a. Press the Signal Selector A CAL pushbution and the
Display Selector YECTOR pushbutton. Set the channel A
100%-75%-MAX GAIN switch to 75% and the SYNC switch
to INT. .

b. CHECK—Type R520 display; test circle must overlay
within #=1% of the inscribed circle of the vector graticule
at all points.

24. Check 100%-75% MAX GAIN Switch
Gain ‘
REQUIREMENT—100%; display must be 75%, =+=2% of
the display size seen in the 759% switch position. MAX
GAIN; display must be 3.5 times, ==5% (in chrominance

functions only) of the display size seen in the 759, switch
position.

a. Press the Display Selector Y pushbutton.

b. CHECK—Type R520 display amplitude; exactly 140
IRE units, if it is not, readjust the Type R520 gain.

c. Set the channel A 100%-75%-MAX GAIN switch to
100%.

d. CHECK—Type R520 display amplitude; 105 IRE units
#+2.8 IRE units.

e. Cancel thé Signal Selector A CAL pushbutton. Set the
channel A 100%-75%-MAX GAIN switch to 75%.

f. Press the Signal Selector B CAL pushbutton.

g. CHECK—Type R520 display amplitude; exactly 140
IRE units. If it is not, readjust the Type R520 gain.

h. Set the channel B 100%-75%-MAX GAIN switch to
100%.

i. CHECK—Type R520 display amplitude; 105 IRE units,
=+2.8 IRE units.

j. Press the Signal Selector CH A and CH B pushbuttons
and the Display Selector VECTOR pushbutton. Set the chan-
nel B 100%-75%-MAX GAIN switch to 75%.

NOTE

The following parts of this step apply only to
instruments SN B150100 and up.
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k. Connect a 067-0565-00 calibration fixture to the CH
A J1 connector. Connect a 75 ohm end-line termination to
the CH A J2 connector.

|. Connect a 75 ohm coaxial cable between the 067-
0565-00 calibration fixture subcarrier input connector and
the 067-0546-00 calibration fixture 3.579545 MHz subcarrier
2V P-P connector.

m. Connect a 75 ohm coaxial cable between the 067-
0546-00 calibration fixture h sync 1V neg connector and the
Type R520 EXT SYNC J120 connector.

n. Connect a 75 ohm end- lme termination to the EXT
SYNC J121 connector.

o. Set the Type R520 SYNC switch to EXT.

p. Connect a 10X probe from the test oscilloscope ver-
tical input connector to monitor the input signal going to
the CH A J1 connector.

g. Set the test oscilloscope for a vertical deflection of
0.01 V/division, AC coupled, at a sweep rate of 0.5ms/
division with a free-running sweep.

r. Adjust the 067-0565-00 calibration fixture subcarrier
amplitude control so a signal amplitude of exactly 143 mV
is displayed on the test oscilloscope.

s. Disconnect the test oscilloscope and the 10X probe.

t. Adjust the channel A PHASE. control so the vector is
aligned along the 0° reference line on the vector graticule.

u. Set the channel A 100%-75%-MAX GAIN switch to
MAX GAIN..

v. CHECK—Type R520 display; vector must remain aligned
with the 0° reference line and the end of the vector should
be touching the inscribed circle on the vector graticule.

w. Disconnect the 067-0565-00 calibration fixture from the
CH A J1 connector and connect it to the CH B J50 connector.
Disconnect the 75 ohm end-line termination from the CH A
J2 connector and connect it to the CH B J51 connector. The
input signal from the 057-0546-00 calibration fixture remains
connected to the 067-0565-00 calibration fixture.

x. Depress the Signal Selector B¢ pushbutton.

y. Adjust the channel B PHASE control so the vector is
aligned along the 0° reference line on the vector graticule.

z. Set the channel B 100%-75%-MAX GAIN switch to
MAX GAIN.

aa. CHECK—Type R520 display; vector must remain
aligned with the 0° reference line and the end of the vec-
tor should be touching the inscribed circle on the vector
graticule.

ab. Disconnect the 067-0546-00 and 067-0565-00 cali-
bration fixtures, two 75 ohm end-line terminations and two
75 ohm coaxial cables.

25. Check Subcarrier Regenerator Pull In Range,
Time and Phase Shift versus Frequency

REQUIREMENT—Range; stable display must be obtained
with a frequency of 3.579545MHz —=15Hz. Time; stable
display must be obtained in 15 seconds. Phase shift versus fre-
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quency change; 0.6° or less phase shift for a 15Hz fre-
quency change from 3.579545 MHz.

a. Depress the Signal Selector CH A and A¢/B¢ ALT
pushbuttons and set the SYNC switch to EXT.

b. Set the channel B 100%-75%-MAX GAIN switch to
75%.

c. Connect a 75 ohm coaxial cable from a 067-0546-00
calibration fixture h-sync output connector to the Type R520
EXT SYNC J121 connector.

. d. Connect a 75 ohm coaxial cable from the 067-0546-00
calibration fixture variable offset subcarrier 286 mV p-p
connector to the Type R520 CH A J1 connector.

e. Connect a 75 ohm end-line termination to the Type
R520 EXT SYNC J120 connector, to the CH B J51 connector
and to the CH A J2 connector.

. Rotate the 067-0546-00 frequency control for a zero
hertz reading on the 067-0546-00 meter. This indicates that
the output frequency at the variable offset subcarrier 286
mV p-p connector is 3.579545 MHz.

g. CHECK—Type R520 display; vector should be stable
(not rotating).

h. Increase the 3.579545MHz output frequency of the
067-0546-00 by 15 Hz.

i. Press the Signal Selector A CAL pushbutton for about
fifteen seconds, then press the Signal Selector CH A push-
button.

j. CHECK—Time Type R520 takes to stabilize to a stable
vector display; fifteen seconds or less.

k. Decrease the output frequency of the 067-0546-00 back
to 3.579545 MHz; then decrease it an additional 15 Hz.

I Press the Signal Selector A CAL pushbutton for about
fifteen seconds, then press the Signal Selector CH A push-
button.

m. CHECK—Time Type R520 takes to stablize to a stable
vector display; fifteen seconds or less. .

n. Increase the output frequency of the 067-0546-00 back
to 3.579545 MHz.

o. Align the vector along the 0° axis of the vector grati-
cule, using the channel A PHASE control.

p. Increase the 3.579545MHz output frequency of the
067-0546-00 by 15 Hz.

g. Turn off the 3.579545 MHz oscillator of the 067-0546-00
calibration fixture by pressing the pushbutton when making
the following checks.

r. CHECK—Type R520 vector position; within 0.6° of the
0° axis of the vector graticule. CALIBRATED PHASE con-
trol can be used to measure the amount of vector shift.

s. Decrease the output frequency of -the 067-0546-00 back
to 3.579545 MHz, then decrease it an additional 15 Hz.
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t. CHECK—Type R520 vector position; within 0.6° of
the 0° axis of the vector graticule. CALIBRATED PHASE
control can be used to measure the amount of vector shift.

u. Disconnect the 067-0546-00 calibration fixture, the two
75 ohm coaxial cables and the three 75 ohm end-line ter-
minations.

26. Check Vertical Positioning Range

REQUIREMENT—Trace must position 45 IRE units above
and 10 IRE units below the —40 IRE units graticule line in the
Y, R, G and B modes of operation.

a. Cancel all Signal Selector pushbuttons except the full
FIELD pushbutton. Press the Display Selector Y pushbutton
and set the CALIBRATED PHASE dial to 0 and the SYNC
switch to INT.

b. Turn the VERT POSITION control fully clockwise.

c. CHECK—Type R520 trace position; must be at least
45 IRE units above the —40 IRE units graticule line on the
IRE graticule.

d. Turn the VERT POSITION control fully counterclockwise.
e. CHECK—Type R520 trace position; must be at least 10

IRE units below the —40 IRE units graticule line on the IRE .

graticule.
f. Press the Display Selector R pushbutton.
g. Repeat parts b through e of this step.
h. Press the Display Selector G pushbutton.
i. Repeat parts b through e of this step.
j- Press the Display Selector B pushbutton.
k. Repeat parts b through e of this step.

27. Check Horizontal Positioning Range

REQUIREMENT—Either end of the trace must position to
within 0.3 centimeter of the center of the vector graticule.
(On some instruments, the end of the trace may actually
position past the center.)

a. Press the Display Selector Y pushbutton.
b. Turn the HORIZ POSITION control fully clockwise.

ic. CHECK—Type R520 trace position;, not more than 0.3
centimeter of trace must be to the left of the center of the
IRE graticule.

d. Turn the HORIZ POSITION control fully counterclock-
wise.

e. CHECK—Type R520 trace position; not more than 0.3
centimeter of trace must be to the right of the center of the
IRE graticule.

28. Check Vertical and Horizontal Position
Clamp Range

REQUIREMENT—Either position clamp must have sufficient
range to position the spot 2.5 IRE units either side of the
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vector graticule center and have a total positioning range
of 20 IRE units.

a. Press the Display Selector VECTOR pushbutton.

b. Adjust the VERT- and HORIZ-POSITION CLAMP con-
trols (see Fig. 5-2) to position the spot to the center of the
vector graticule.

c. Rotate the VERT POSITION CLAMP control (see Fig.
5-2) fully clockwise.

d. CHECK—Type R520 spot position; must have moved
up at least 2.5 IRE units from its initial position established
in part b of this step. Use the IRE graticule to estimate the
distance the spot moved. '

e. Rotate the VERT POSITION CLAMP control (see Fig. 5-2)
fully counterclockwise.

f. CHECK—Type R520 spot position; must have moved
down at least 2.5 IRE units from the initial position estab-
lished in part b of this step. Use the IRE graticule to esti-
mate the distance the spot moved.

g. CHECK—Total Type R520 spot positioning; must have
a total positioning range as noted in parts d and f of this
step of 20 IRE units. ’

h. Rotate the HORIZ POSITION CLAMP control (see Fig.
5-2) fully clockwise.

i. CHECK—Type R520 spot position; must have moved
right at least 2.5 IRE units from the initial position established
in part b of this step.

i Rotate the HORIZ POSITION CLAMP control (see Fig.
5-2) fully counterclockwise.

k. CHECK—Type R520 spot position; must have moved
left at least 2.5 IRE units from the initial position established
in part b of this step.

|.  CHECK—Total Type R520 spot positioning; must have
a total positioning range, as noted in parts i and k of this
step, of 20 IRE units.

m. Readjust the VERT and HORIZONTAL POSITION
CLAMP controls (see Fig. 5-2) to position the spot to the
center of the vector graticule.

29. Check Channel A and B Gain Contirol Range

REQUIREMENT—Must cause the display amplitude to
vary from 2 times its normal size to 0.7 times its normal size.

a. Press the Signal Selector CH A and A¢ pushbuttons
and the Display Selector Y pushbutton.

b. Connect a 30 kHz square-wave signal about 300 mY
in amplitude from a square-wave generator via a 5ns co-
axial cable, GR to BNC male adapter, a 75 ohm to 50
ohm minimum loss attenuator and a BNC female to UHF
male adapter to the Type R520 CH A J1 connector.

c. Connect a 75 ohm end-line termination to the CH A
J2 connector.

d. Slowly change the frequency of the square-wave gen-
erator until a stable display is obtained.
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e. Adjust the output amplitude control of the square-wave
generator until a Type R520 display exactly 40 IRE units
high is obtained.

f. Rotate the channel A GAIN control just out of its
CAL detent position.

g. CHECK—Type R520 display amplitude; at least 80
- IRE "units of deflection.

h. Rotate the channel A GAIN control to the extreme
of rotation from CAL position.

i. CHECK—Type R520 display amplitude; 28 IRE units or
less.

j. Disconnect the square-wave generator, 5ns coaxial
cable, GR to BNC male adapter, 75 ohm to 50 ohm mini-
mum loss attenuator, BNC female to UHF male adapter
and 75 ohm end-line termination.

k. Cancel the Signal Selector CH A pushbutton and set
the channel A GAIN control to CAL position.

I. Press the Signal Selector CH B and B¢ pushbuttons.

m. Connect a 15kHz square-wave signal about 300 mV
in amplitude from a square-wave generator via a 5ns co-
axial cable, GR to BNC male adapter, a 75 ohm to 50 ohm

minimum loss attenuator and a BNC female to UHF male

adapter to the Type R520 CH B J50 connector.

n. Connect a 75 ohm end-line termination to the CH A

J51 connector.

o. Slowly change the frequency of the square-wave gen-
erator until a stable display is obtained.

p. Adjust the output amplitude control of the square-
wave generator until a Type R520 display exactly 40 IRE
units high is obtained.

g. Rotate the channel B GAIN control just out of CAL
detent position.

r. CHECK—Type R520 display amplitude; at least 80
IRE units of deflection.

s. Rotate the channel A GAIN control to the exireme
of rotation from CAL position.

t. CHECK—Type R520 display amplitude; 28 IRE units or
less.

u. Disconnect the square-wave generator, 5ns coaxial
cable, GR to BNC male adapter, 75 ohm to 50 ohm mini-
mum loss attenuator, BNC female to UHF male adapter and
75 ohm end-line termination.

30. Check Luminance Gain Range

REQUIREMENT—Must cause the display amplitude to
vary from 1.4 times its. normal size to 0.7 times its normal
size. .

a. Cancel the Signal Selector CH B pushbutton and set
the channel B GAIN control to CAL position.

b. Press the Signal Selector CH A and A¢ pushbuttons.

c. Connect a 30kHz square-wave signal about 300 mV
in amplitude from a square-wave generator via a 5ns co-
axial cable, GR to BNC male adapter, a 75 ohm to 50 ohm
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minimum loss attenuator and a BNC female to UHF male

adapter to the Type R520 CH A J1 connector.

id. Connect a 75 ohm end-line termination to the CH A
J2 connector.

e. Slowly change the frequency of the square-wave gen-

erator until a stable display is obtained.

f.  Adjust the output amplitude control of the square-wave
generator until a Type R520 display exactly 40 IRE units
high is obtained.

g. Rotate the LUMINANCE GAIN control just out of CAL
detent position. '

h. CHECK—Type R520 display amplifude; at least 56
IRE units of deflection.

i. Rotate the LUMINANCE GAIN control to the extreme
of rotation from CAL position.

j. CHECK—Type R520 display amplitude; 28 IRE units
or less.

k. Return the LUMINANCE GAIN control fo CAL posi-

tion.

|. Disconnect the square-wave generator, 5ns coaxial
cable, GR to BNC male adapter, 75 ohm to 50 ohm mini-
mum loss attenuator, BNC female to UHF male adapfer
and 75 ohm end-line termination.

31. Check External Phase Reference Input Range

REQUIREMENT—Test circle size and shape must not change
as the 3.58 MHz ¢ reference signal amplitude is varied be-
tween 1.5 volt and 2.5 volts.

a. Press the Signal Selector B CAL pushbutton and the Dis-
play Selector VECTOR pushbutton. Set the ¢ REF switch to
EXT.

b. Connect a 2 volt peak to peak 3.58 MHz continuous
wave (CW) video signal via a 75 ohm coaxial cable to the
Type R520 EXT CW ¢ REF J310 connector.

c. Connect a color bar video signal via a 75 ohm coaxial
cable to the Type R520 CH A J1 conriector.

d. Connect a 75 ohm end-line termination to the EXT CW
¢ REF J311 connector and to the CH A J2 connector.

e. Connect a 10X probe from the test oscilloscope verti-
cal input connector to the input signal going to the EXT CW ¢
REF J310 connector.

f. Set the test oscilloscope for a vertical deflection of 0.05
V/division, AC coupled, at a sweep rate of 0.2 us/division
with internal triggering.

g. Adjust the peak-to-peak output amplitude of the 3.58
MHz CW video signal until a test oscilloscope display ex-
actly 4 major divisions high is obtained.

h. Rotate the channel A PHASE control to align the burst
with the burst axis of the vector graticule.

i. Vary the 3.58 MHz CW video signal amplitude between
1.5 volt and the 2.5 volt peak to peak, using the test oscillo-
scope to measure the signal amplitude.

i CHECK—Type R520 test circle dlSp|G)', test circle must
not change in size or shape as part i of this step is accom-

plished.
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k. Disconnect the video signal source, test oscilloscope, the
two 75 ohm coaxial cables, the two 75 ohm end-line termi-
nations and the 10X probe.

32. Check External Horizontal Sync Range

REQUIREMENT—Stable display must be obtained with an
external sync input signal whose amplitude is between 3.5
volts and 7.5 volts.

a. Cancel the Signal Selector CH A pushbutton and press
the CH B and B¢ pushbuttons.

b. Set the ¢ REF switch to BURST and press the Display
Selector LINE SWEEP pushbutton.

c. Set the SYNC switch to EXT.

d. Connect the linearity staircase video signal via a 75
ohm coaxial cable to the Type R520 CH B J50 connector.

e. Connect a 4 volt peak-to-peak sync video signal via a
75 ohm coaxial cable to the EXT SYNC J120 connector.

f. Connect a 75 ohm end-line termination to the EXT SYNC
J121 connector and to the CH B J51 connector.

g. Connect a 10X probe from the test oscilloscope verti-
cal input connector to the input signal going to the EXT SYNC
J120 connector. .

h. Set the test oscilloscope for a vertical deflection of 0.2
V/division, AC coupled, at a sweep rate of 20 us/division
with internal triggering.

i. Adijust the peak-to-peak output amplitude of the sync
video signal until a test oscilloscope display exactly 2 major
divisions high is obtained.

i. Adjust the BURST FLAG TIMING control for the proper

Type R520 display; refer to step 9 of this procedure.

k. Vary the sync video signal amplitude between 3.5 volts
and 7.5 volts peak to peak, using the test oscilloscope to
measure the signal amplitude. Interrupt the sync video signal
by momentarily setting the SYNC switch to INT before mak-
ing the check at a particular sync video signal amplitude.

I. CHECK—Type R520 display; a stable display must be

obtained whenever the SYNC switch is set to its EXT position

as part k of this step is accomplished.

m. Disconnect the video signal. source, test oscilloscope,
the two 75 ohm coaxial cables, the two 75 ohm end-line
terminations and the 10X probe.

33. Check Instrument Return Loss

a. Connect the 067-0576-00 calibration fixture to the verti-
cal input connectors of the test oscilloscope.

b. Connect a 0.5V, 5MHz sine-wave signal from a wide
bandwidth constant amplitude sine wave generator via a
50 ohm coaxial cable and a 75 ohm to 50 ohm minimum loss
attenuator to the signal input connector on the 067-0576-00
calibration fixture.

c. Connect the matched 75 ohm terminations to the end
of each coaxial cable of the 067-0576-00 calibration fixture.

®1
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d. Set the test oscilloscope for a vertical deflection of 0.2
V/division both input channels set for A-B operation with a
free running sweep.

e. Remove one maiched 75 ohm termination and adjust the
constant amplitude sine wave generator for a 0.5V, 5 MHz
output sine wave signal as observed on the test oscilloscope,
then replace the matched 75 ohm termination.

f. Set the test oscilloscope for a vertical deflection of
1 mV/division, both input channels AC coupled, and set for
A-B operation at a sweep rate of 20 us/division with a free-
running sweep.

g. Vary the constant amplitude sine wave generator fre-
quency from 25 Hz to 5 MHz.

h. CHECK—Test oscilloscope display amplitude; should be
1 mV or less at any frequency between 25 Hz and 5 MHz.

i. Disconnect a 75 ohm termination from the end of the
measuring cable then, attach the measuring cable via the
BNC female to UHF male adapter to the R520 CH A J1 con-
nector and the 75 ohm termination just removed to the CH A
J2 connector via the BNC female to UHF male adapter. The
BNC male to UHF female adapter remains connected to the
75 ohm termination.

j- Vary the constant amplitude sine wave generator fre-
quency from 25 Hz to 5 MHz.

k. Push the Type R520 Signal Selector CH A and then the
A CAL pushbuttons.

|. CHECK—Test oscilloscope display amplitude; should
never be more than 5mV minus the signal amplitude noted
in part h of this step, at any frequency from 25 Hz to 5 MHz.

m. Disconnect the measuring cable and adapter from the
Type R520 CH A J1 connector and connect it to the CH B
J50 connector. Disconnect the 75 ohm termination and
adapters from the CH A J2 connector and connect it to the
CH B J51 connector.

n. Vary the constant amplitude sine wave generator fre-
quency from 25 Hz to 5 MHz.

o. Push the Type R520 Signal Selector CH B and then the
B CAL pushbuttons.

p. CHECK—Test oscilloscope display amplitude; should
never be more than 5 mV minus the signal amplitude noted in
part h of this step, at any frequency from 25 Hz to 5 MHz.

g. Disconnect the measuring cable and adapter from the
Type R520 CH B J50 connector and connect it to the EXT CW
¢ REF J310 connector. Disconnect the 75 ohm termination and
adapters from the CH B J51 connector and connect it to the
EXT CW ¢ REF J311 connector.

r. Vary the constant amplitude sine wave generator fre-
quency from 25 Hz to 5 MHz.

s. Switch the Type R520 ¢ REF switch between its BURST
and EXT positions.

t. CHECK—Test oscilloscope display amplitude; should
never be more than 5 mV minus the signal amplitude noted in
part h of this step, at any frequency from 25 Hz to 5 MHz.

u. Disconnect the measuring cable and adapter from the
Type R520 EXT CW ¢ REF J310 connector and connect it to
the EXT SYNC J120 connector. Disconnect the 75 ohm termi-
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nation and adapters from the EXT CW ¢ REF J311 connector
and connect it to the EXT SYNC J121 connector.

v. Vary the constant amplitude sine wave generator fre-
quency from 25 Hz to 5 MHz.

w. Switch the Type R520 SYNC switch between its INT and
EXT positions.

x. CHECK—Test oscilloscope display amplitude; should
never be more than 2.5mV (4 volt connection), or 5mV (1
volt connection) minus the signal amplitude noted in part h
of this step, at any frequency from 25 Hz to 5 MHz.

y. Disconnect the 067-0576-00 calibration fixture (this in-
cludes the 75 ohm termination and the two BNC female to
UHF male adapters and the BNC male to UHF female adapter
still attached to the Type R520), wide bandwidth constant
amplitude sine wave generator, test oscilloscope, 50 ohm
coaxial cable and 75 ohm to 50 ohm minimum loss attenua-
tor.

34. (Optional Step) Check Phase Jitter

REQUIREMENT—Must be less than 1° of display jitter when
51 mV RMS of white noise is inserted onto an incoming video
signal.

5-14

a. Depress the Signal Selector CH A, CH B and A¢/Bé
ALT pushbuttons and Display Selector DIFF PHASE pushbutton.
Set the channel B 100%-75%-MAX GAIN switch to MAX
GAIN, ¢ REF to BURST and the SYNC switch to INT.

b. Connect a color bar video signal via a 75 ohm coaxial
cable to the Type R520 CH A J1 connector.

c. Connect a linearity staircase video signal via a 75 ohm :

coaxial cable to the Type R520 CH B J50 connector.

d. Connect a 75 ohm end-line termination to the CH A J2
connector and to the CH B J51 connector.

e. Adjust the channel B PHASE control to position the
resultant linearity staircase waveform onfo the display area.

f. Insert onto the color bar video signal 51 mV RMS (73
mV peak to peak) of white noise.

g. CHECK—Type R520 display jitter on the resultant lin-

earity staircase waveform; must be less than 1°. Use the

CALIBRATED PHASE control to measure the amount of display
jitter. .

This completes the performance check of the Type R520.
Disconnect all test equipment and replace the bottom cover.

L7
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SECTION 6
CALIBRATION

Change information, if any, affecting this section will be found at the rear of the manual.

«

Introduction

Complete calibration information for the Type 520 is
given in this section. This procedure calibrates the instru-
ment to the performance requirements listed in the Specifi-
cation section. The Type 520 can be returned to original
performance standards by completion of each step in this
procedure. Limits, tolerances, and waveforms are given as
calibration guides and are not instrument specifications. To
merely touch up the calibration, perform only those steps
entitled “Adjust. . ."”. A short-form calibration procedure is
also provided for the convenience of the experienced cali-
brator.

The Type 520 should be checked, and recalibrated if
necessary, after each 1000 hours of operation, or every six
months if used infrequently to assure correct operation and
accuracy. The Performance Check section provides a com-
plete check of instrument performance without making
internal adjustments. Use the performance check procedure
to verify the calibration of the Type 520 and determine
whether recalibration is required.

TEST EQUIPMENT REQUIRED

General

The following test equipment, or its equivalent, is re-
quired for complete calibration of the Type 520. Specifica-
tions given are the minimum necessary for accurate calibra-
tion of this instrument. All test equipment is assumed to be
correctly calibrated and operating within the given specifi-
cations. If equipment is substituted, it must meet or exceed
the specifications of the recommended equipment.

The Type 520/R520 NTSC Vectorscopes (SN
B180000-up) are equipped with BNC type connectors for
all signal inputs.

For the quickest and most accurate calibration, special
calibration fixtures are used where necessary. All calibra-
tion fixtures listed here can be obtained from Tektronix,
Inc. Order by part number through your local Tektronix
Field Office or representative.

1. Precision DC voltmeter. Accuracy, within £0.025%;
range O to 20 volts. For example, Fluke Model 825A.

®

2. DC Voltmeter (VOM). Minimum sensitivity, 20,000
ohms/volt. Accuracy within +5% at 3.6 V; £3.5% at 10 V
and 100 V, £7% at 275 V, and within £3% at 3875 V. For
example Triplett Model 630 NA.

3. Test oscilloscope: Bandwidth, DC to at least 10 MHz;
minimum deflection factor, 0.005 volt/division; DC offset
voltage, O to 7 volts; two input channels providing choice of
independent channel operation, alternate-trace or algebrai-
cally added two channel operation, and one channel
designed for display inversion. Tektronix Type 547 Oscillo-
scope with Type 1A1 and Type 1A5! Plug-In Units, and
two each Tektronix P6023 (10X) and P6028 (1X) Probes
recommended; or Tektronix 7403N Oscilloscope with
7A13, 7A18 and 7B53N Plug-In Units, and two P6055
(10X) and one P6011 (1X) probes recommended.

_ 4. Variable autotransformer: Must be capable of
supplying at least 200 volt/amperes over a voltage range of
90 to 136 volts (180 to 272 volts for 230-volt nominal
line). If autotransformer does not have an AC voltmeter to
indicate output voltage, monitor output with an AC volt-
meter (RMS) with a range of at least 136 (or 272) volts.
For example, General Radio W1OMT3W Metered Variac

" Autotransformer.

5. Video Signal Source with the following outputs:

Comp Video: Color Bar
and 1V P-Pinto 75 Q2
Staircase
Comp Sync: 4V into 75 Q
Subcarrier: 2Vinto75 Q

Tektronix Type 140 NTSC Test Signal Generator is used in
this procedure.

6. Medium frequency constant amplitude signal genera-
tor. Frequency, variable from 3 MHz to 18 MHz; output
amplitude, adjustable to 1 volt; amplitude regulation accu-
racy, within £56%. Tektronix Type 191 Constant Amplitude
Signal Generator recommended.

7. Wide bandwidth constant amplitude generator.! Fre-
quency, variable from below 25 Hz to above 5 MHz; output

1F!equired only if step 52 is performed.
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émplitude, adjustable from about 1 volt to about 2 volts;
amplitude regulation, 0.5%. For example, Hewlett-Packard
Model 652A generator.

8. Standard amplitude calibrator (optional); Amplitude
accuracy, within 0.25%; signal amplitude, 1 volt; output
frequency, 1 kHz. Tektronix calibration fixture
067-0502-00 recommended. Used in step 18A which is an
alternative procedure for step 18.

9. Subcarrier Frequency Offset test fixture (optional).
Used in step 44 to change the Type 140 subcarrier fre-
quency *15 Hz. Construct the test fixture according to the
information given in Fig. 6-1A.

10. Ramp and sine wave adder: Tektronix calibration
fixture 067-0565-00 recommended.

11. Return loss bridge.! Tektronix calibration fixture
015-0149-00 recommended.

12. Cable (four) (SN B180000-up): Impedance, 75
ohms; length, 42 inches, connectors, BNC. Tektronix Part
No. 012-0074-00.

12A. Cable (four) (SN B010100-B170979): Impedance,
75 ohms, length, 42 inches, connectors, UHF; Tektronix
Part No. 012-0083-00.

13. Cable. Impedance, 50 ohms; length, 42 inches; con-
nectors, BNC. Tektronix Part No. 012-0057-01.

14. Connector, dual-input céble: Connectors, BNC. Tek-
tronix Part No. 067-0525-00.

15. Attenuator. Connectors, BNC; impedance, 50 ohms
to 75 ohms; type, minimum loss when going from a 50 ohm
system to a 75 ohm system. Tektronix Part No.
011-0057-00.

16. Variable attenuator: For use in steps 50 and b1 to
vary the Type 140 output signal. Construct according to
the information given in Fig. 6-1B.

~17. Termination (three) (SN B180000-up): Impedance,
75 ohms; connector, BNC; type, end-line; 0.5 W. Tektronix
Part No. 011-0102-00.

17A. Termination (three) (SN B010100-B170979): Im-
pedance, 75 ohms; connector, UHF; type, end-line; 0.5 W.
Tektronix Part No. 011-0104-00.

6-2

SUBCARRIER
~—-FREQ OFFSET— —
/ $1 /
+15 Hz / o/
/
NORMAL O<—0—
—15 Hz o
R1 R2
25k 25k
r—|-——-—-—-———-—
P! AN
L 2 _

PARTIAL OF TYPE 140
SUBCARRIER BOARD

PARTS LIST

Ckt. Tektronix
No. Part No.

R1,R2 311-0390-00 Resistor, 25 k{2, variable, comp, +20%

Description

S1 260-0396-00 Switch, toggle, DP3T, miniature, center
OFF

P1 352-0200-00 Holder, terminal connector, 4 wire

(A) Subcarrier frequency offset test fixture used in step 44
(optional).

Male BNC
Connector

Female BNC Connector
Accessory Housing

=

5k

INPUT OUTPUT

PARTS LIST
Tektronix Part No.

Description

011-0081-00 Accessory housing without electrical
components. Equipped with BNC
connectors.

311-0310-00 Resistor, 5 k, variable, comp, miniature,
+20%

366-0083-00 Knob (optional), small, gray

(B) Variable attenuator used in steps 50 and 51.

Fig. 6-1. Special test fixtures that must be constructed for use in
the calibration procedure.

18. Termination: Impedance, 75 ohms; connectors,
BNC; type, feed-thru; 1 W. Tektronix Part No.
011-0055-00.

19. Termination. Impedance, 50 ohms; connectors, GR
to BNC male; type, feed-thru; 1 W. Tektronix Part No.
017-0083-00.
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20. Adapter, clip lead: BNC female to alligator clip
leads. Tektronix Part No. 013-0076-00.

21. Adapter.? Connectors, UHF male to BNC female.
Tektronix Part No. 103-0015-00.

22. Adapter.? Connectors, UHF female to BNC male.
Tektronix Part No. 103-0032-00.

23. Adapter: Connectors, GR to BNC male. Tektronix
Part No. 017-0064-00.

24. Adjustment tools.

Tektronix
Description Part No.

a. Tuning tool; 5 inches long, plastic 003-0301-00
for adjusting 0.1-inch .(ID) hex
cores.

b. Tuning tool Handle 003-0307-00
Insert, low capacitance, with wire 003-0308-00
pin
Insert, for 5/64-inch (ID) hex cores 003-0310-00

c. Insulated screwdriver, 1 1/2-inch ~ 003-0000-00
shaft, non-metallic

d. Screwdriver, 3-inch shaft 033-0192:00

e. Hexagonal wrench, 1/16-inch tip 033-0089-00

f. Wrench, nutdriver, 1/2-inch shaft 033-0318-00

g. Phillips screwdriver, small tip. Not available

through Tek-
tronix, Inc.

CALIBRATION RECORD AND INDEX

This short-form calibration procedure may be used as a
calibration guide by the experienced calibrator, or it may
be used as a record of calibration. Since the step numbers
and titles correspond to those used in the complete
procedure, it also serves as an index to the complete
procedure.

Type 520, Serial No.

7. Adjust CRT alignment, R1470 and

Calibration Date

Calibration Technician

2Connected to item 10 when calibrating instruments SN B180000
and up. Three (total) are required, when calibrating instruments
below SN B180000, to facilitate interconnection of test equipment
with BNC connectors.

®
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1. Adjust—15 Volt Power Supply, R1588 Page 6-8
—15 volts, +0.5% (75 mV)
2. Check Low-Voltage Power Supply Volt- Page 6-8

ages
+3.6 volts, £5% (+0.18 V); +10 volts, +3.5% (+0.35 V).

+100 volts, +3.5% (£3.5 V); +275 volts, 7% (£19.25 V).

3. Check Low-Voltage Power Supply Ripple Page 6-9
Power Supply Max Ripple
—15 volt 10 mV
+3.6 volt 100 mV
+10 volt 10 mV
+100 volt 20 mV
+275 volt 500 mV
4. Check High-Voltage Power Supply Page 6-9

—3.875 kV +3% (+116.25 V). Voltage reading must not
change more than 40 V as INTENSITY control is
rotated from its fully clockwise position to its fully
counterclockwise position.

5. Adjust Geometry, R1472 Page 6-9
Voltage at center arm of GEOM control should be about
20 V below voltage at upper CRT plate connection.
Display of vertical and horizontal lines must have 0.05
centimeter or less of gradual bowing.

6. Adjust Astigmatism, R1476 Page 6-10

Obtain a round spot with FOCUS control set fully
counterclockwise.

Page 6-10
R1474

R1470—A vertical trace should be parallel throughout its
length with 90°—270° axis.

R1474—A horizontal trace should be parallel throughout
its length with the 0°—180° axis.

8. Adjust Unblanking Bias, R1478 Page 6-11

Obtain uniform intensity throughout the circumference
of a test circle which is barely visible.
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9. Adjust VITS Intensity, R1228 Page 6-11

With VITS 18 pushbutton pressed, should obtain maxi-

mum display brightness without display defocusing.

10. Adjust DC Balance of R-Y Amplifier,
R624

Page 6-12

Voltage at pin AD (below SN B200000,
TP630) must be 0.0 volt.

11. Adjust DC Balance of B-Y Amplifier,
R644

Page 6-13

Voltage at TP650 must be 0.0 volt.

12. Adjust DC Balance of Y Amplifier,
R672

Page 6-13

Voltage at TP680 must be +0.5 volt.

13. Adjust Horizontal Common Mode Level
R880, R1002, R985, and R875

Page 6-13

R880—Vertically position spot to center of vector
graticule.

R1002—Horizontally position spot to center of vector
graticule.

R985—0Obtain a +5.6 voltage between TP980 and
ground.

R875—0Obtain a +5.6 voltage between TP870 and
ground.

14. Adjust Clamp Pulse Timing, R905 Page 6-14
The alternately displayed waveforms from TP805 and
TP905 must meet or exceed the minimum waveform
amplitude shown in Fig. 6-9.

15. Adjust Channel A and B Page 6-14

Input Amplifier Frequency Response Gain, C2 and

Cb52.

C2—Peaks of yellow and cyan color bars at TP85 must
beequal to 100 IRE unit white bar.

C52—Peaks of yellow and cyan color bars at TP95
must be equal to 100 IRE unit white bar.

16. Adjust Test Circle Oscillator, L46 and
R45

Page 6-16

Voltage at TP41 should be approximately —0.4 volt.
The signal at TP49 should be approximately 707 mV in
amplitude.

6-4

20. Adjust Channel B Gain, R412

17. Adjust Test Circle Oscillator Compensa- Page 6-16

tion, C66 and C18

Channel A and B test circles should be the same
diameter as that produced by the 707 mV 3.58 MHz
signal applied from the generator to the Type 520.

18. Adjust Luminance Calibrator, R583 Page 6-17

Voltage reading at TP583 should be 1 voit more
positive with Q571 removed than when Q570 is
removed.

19. Adjust Channel A Gain, R402 Page 6-18
The signals at TP583 and TP450 must exactly match
each other,

Page 6-18

Channel B calibrator display amplitude should match
the amplitude of Channel A display.

21. Adjust Subcarrier Regenerator Input Page 6-19

3.58 MHz Filter, L220 and L221

L220—Signal at TP220 should be at minimum ampll
tude, about 2.5 volts or less.

L221—Signal at TP222 should be at maximum ampli-
tude, about 0.2 volt or greater.

22. Check Burst Intensification Pulse Page 6-20
Should appear similar to the waveform shown in Fig.
6-15.

23. Adjust Burst Gate Pulse, R1158 Page 6-21
Should have a peak-to-peak amplitude of at least 7
volts or greater. Waveform should appear as shown in
Fig. 6-16, Type 520 display should be stable and have
no jitter. Burst sampling point should be positionable
at least £0.5 us.

24. Adjust Subcarrier Regenerator DC Bal- Page 6-21
ance R250; (SN B150100-up) Centering,
R243
See complete procedure.
25. Check Subcarrier Regenerator Circuit Page 6-22

3.58 MHz Output Signal

3.68 MHz output signal must be at least 4 volts peak to
peak.
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26. Check Oven Preheater Operation Page. 6-23
Voltage between TP295 and ground should be the
same as the voltage between pin Q, R or S of the
Rectifier board and ground after the Type 520 has
been on at least 20 minutes.

i

27. Adjust Subcarrier Filter, L545 and
L547

Page 6-24

L545—-3.568 MHz subcarrier signal at TP590 should be
at maximum amplitude, approximately 1.2 volts peak
to peak.

L547—Should be 33°, 2° of clockwise display rota-
tion when the VECTOR pushbutton is held depressed
and the | or Q pushbutton is pressed enough to make
momentary contact.

After making the above adjustments, recheck the
voltage levels at pin AD (TP630) and TP650 as per
steps 10 and 11 of this procedure.

28. Adjust 10.4 MHz and 18 MHz Traps,
C454 and C453

Page 6-24

C454—0btain minimum circle diameter or a spot when
1 volt of 10.4 MHz sinewave signal is connected to the
input.

C453—0btain minimum circle diameter or a spot when
1 volt of 18 MHz sinewave signal is connected to the
input.

29. Adjust Subcarrier Balance, R501, C593 Page 6-25
and C503

See complete procedure.
30. Adjust Quadrature Phase Alignment, Page 6-25

Ch86
Test circles must overlay each other at the 45° point

on their circumference within 0.0362 inch.

31. Adjust Vertical Gain, R484 Page 6-25

1 volt luminance calibrator signal should produce

exactly 140 IRE units of deflection.

32. Adjust Chroma R-Y Gain, R626 Page 6-26

Test circle must be tangent to the inscribed circle on
the vector graticule at the 90° and 270° points.

Calibration—520/R520 NTSC

33. Adjust Horizontal Gain to match Verti-
cal Gain, R968

Page 6-26

~ After connecting the vertical (R-Y) output to the
horizontal amplifier input, obtain a trace whose length
is the same as the diameter of the inscribed circle on
the vector graticule.

34. Adjust Chroma B-Y Gain, R646 Page 6-26
With GAIN BAL control set to its midrange position,
the test circle must be tangent to the inscribed circle
on the vector graticule at the 0° and 180° points.

35. Adjust Transient Response, L610 Page 6-27
through L618, R849, C848, L858, L838,
R968, R969, C968, C958, L958, L978,
L601, L602, L606 and L607
See complete procedure.
36. Adjust L272, L279; Feedback Com- Page 6-30

ponents (for instruments B150100 and up);
Input Phasing (for instruments BO30000 to
B150100)

Differential Phase—Must have less than 0.1° deviation
between the two traces at any point in the last 80% of

the display.

See complete procedure.

37. Adjust Calibrated Phase Control, L331, Page 6-33
L332, and R335

See complete procedure.
38. Adjust Diff Gain Mode Compensation, Page 6-35

R498

With the baseline of the staircase waveform setting at
the —40 IRE unit line and the top of the last step
setting at the +100 IRE unit line of the luminance
graticule when the Y pushbutton is pressed and the
100%-75%-MAX GAIN switch is set to 75%, the
display when the DIFF GAIN pushbutton is pressed
and the 100%-75%-MAX GAIN switch is set to MAX
GAIN must be set at the 30 IRE unit line of the
luminance graticule, see Figs. 6-26A and 6-26B.

39. Check Input Amplitude Range Page 6-35

Stable display for sync pulse amplitudes between 200

mV and 400 mV, signal amplitudes between 0.7 volt
and 1.4 volts.

6-5
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40. Check Differential Gain Deflection
Factor and Differential Gain

Page 6-36

Differential Gain—Trace must not have any aberrations
or slope which will cause it to deviate more then *5
IRE units away from being parallel to the luminance
graticule horizontal lines throughout the last 90% of its
length. When output signal of the 067-0565-00 calibra-
tion fixture is reduced 5%, the trace must move 25 IRE

units, £5%.
41, (For instruments SN B150100-up)— Page 6-38
Check 100%-75%-MAX GAIN Switch Gain .
See complete procedure.
41A. (For instruments below SN Page 6-38
B150100)—Check 100%-75%-MAX GAIN
Switch Gain '
See con;nplete procedure.
42. Check Color Bar Decoding Accuracy Page 6-39

Color bars should extend from 7.5% setup to 77 IRE
units within 3% when blanking level is aligned with O
IRE unit graticule line.

43. Check Time Sharing Switching Rate Page 6-39

Test oscilloscope display from TP776 should show two
channel A displays then two Channel B displays, etc.

44, (Optional Step)—Check Subcarrier
Regenerator Pull In Range and Time

Page 6-40

Type 520 should present a stable vector display of a
3.579545 MHz, £15 Hz, signal within 15 seconds after
it is applied.

Vector position must not vary more than 0.6° as the
3.5679545 MHz signal is varied 15 Hz above and below
the center frequency.

45, Check Vertical Positioning Range Page 6-40

—10 IRE units and +45 IRE units from the —40 IRE

units luminance graticule line in the Y, R, G and B
modes of operation.

46. Check Horizontal Positioning Range Page 6-41

Clockwise—Not more than 3 mm of trace to left of
luminance graticule center.

Counterclockwise—Not more than 3 mm of trace to
right of luminance graticule center.

6-6

47. Check Vertical and Horizontal Position Page 6-41

Clamp Range

Vertical—-Must posibtion spot at least 2.5 1RE units
above and below the center of the vector graticule.

Horizontal—Must position spot at least 2.5 IRE units
to the left and right of the center of the vector
graticule.
48. Channel A and B Gain Control Range Page 6-42
Signal from TP450 must be at least double when the

appropriate GAIN control is just moved out of its CAL
detent position.

Signal from TP450 must drop to at least 0.7 times its
CAL position signal when the appropriate GAIN

control is rotated fully to the far end away from CAL

position.

49. Check Luminance Gain Range Page 6-42
Signal from TP776 must increase to at least 1.4 times
its CAL position signal when the LUMINANCE GAIN
control is just moved out of its CAL detent position.
Signal from TP776 must decrease to at least 0.7 times
its CAL position signal when the LUMINANCE GAIN
control is rotated fully to the far end away from CAL
position.

0. Check External Phase Reference Input Page 6-43

Range

Test circle must not change in size or shape, as an
external 3.68 MHz video signal is varied in amplitude
from 1.6 volts to 2.5 volts peak to peak.

51. Check External Horizontal Sync Range Page 6-43
Stable display must be obtained using an external sync
video signal whose amplitude is varied between 3.b
volts and 7.5 volts peak to peak. The sync video signal
is interrupted momentarily before making the check at
a particular sync video signal amplitude.

52. Check Instrument Return Loss Page 6-44
See complete procedure.
53. (Optional Step) Check Phase Jitter Page 6-46

Less than 1° of jitter on the modulated staircase
resultant waveform when 51 mV RMS of white noise
has been inserted onto the modulated staircase signal.
Use the CALIBRATED PHASE control to measure the
amount of display jitter.
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CALIBRATION PROCEDURE

General

The following procedure is arranged in a sequence which
allows the Type 520.to be calibrated with the least inter-
action of adjustments and reconnection of equipment.
However, some adjustments affect the calibration of other
circuits within the instrument, therefore, it will be
necessary .to check the operation of other parts of the
instrument. When a step interacts with others, the steps
which need to be checked are noted in the “INTER-
ACTION— . .."” step.

The following procedure uses the equipment listed under
Equipment Required. If equipment is substituted, control
settings or test equipment setup may need to be altered to
meet the requirements of the equipment used.

NOTE

All waveforms shown in this procedure are actual
waveform photographs taken with a TeKtronix Oscil-
loscope Camera System.

Any maintenance should be performed before pro-
ceeding with calibration. Troubles which become apparent
during calibration should be corrected using the techniques
given in the Maintenance section.

The steps titled ““Adjust . . .”” also provide a check of
instrument performance, whenever possible, before the
adjustment is made. The symbol €] is used to identify the
steps in which an adjustment is made. To prevent recalibra-
tion of other circuits when performing a partial calibration,
readjust only if the listed tolerance is not met. However,
when performing a complete calibration, best overall per-
formance will be provided if each adjustment is made to the

Calibration—520/R520 NTSC

exact setting, even if the “CHECK— . . ."” is within the
allowable tolerance.

In the following procedure, a list of front-panel control
settings for the Type 520 is given preceding each major
group of adjustments and checks. Controls whose settings
are not important to the group of adjustments are not
listed. To aid in locating individual controls which have
been changed during complete calibration, these control
names are printed in bold type. Pushbuttons which are not
called out are assumed to be cancelled. |f only a partial
calibration is performed, start with the nearest complete list .
of control settings preceding the desired portion. Type 520
front- and rear-panel and internal adjustment control titles
referred to in this procedure are capitalized (e.g.,
INTENSITY, or LUM DC BAL).

Preliminary Procedure

1. Remove the top and bottom covers from the Type
520 and set the instrument on its right side.

2. Connect the autotransformer to a suitable power
source and connect the Type 520 to the autotransformer
output.

3. Set the autotransformer output voltage to the design
center voltage for which the Type 520 line voltage selector
assembly has been set.

4. Set the front- and rear-panel controls of the Type
520 as described below.

5. Set the Type 520 POWER switch to ON. Allow at
least 20 minutes warmup at 25°C, +5°C before making any
checks or adjustments.

NOTES
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Front-Panel Controls:

Signal Selector

CHANNEL A
100%-75%-MAX GAIN
GAIN

¢ REF

CHANNEL B
100%-75%-MAX GAIN
GAIN

Display Selector

INTENSITY

LUMINANCE GAIN

SCALE ILLUM

CALIBRATED PHASE

POWER

FULL FIELD

75%
CAL
BURST

75%

CAL

No buttons pressed
As desired

CAL

As desired

0

ON

Right recessed front-panel controls:

FIELD 1
SYNC INT
1. Adjust —15 Volt Power Supply 0

a. Connect a precision DC voltmeter between ground
and low voltage power supply board pin AD; see Fig. 6-2.

b. CHECK—Voltmeter reading; —15 volts, £0.5% (+0.07

V).

—15 volt
‘Test Point
- {Pin AD}

-15 vélts
- R1588 -

~ +10volt

Fig. 6-2. Low-voltage power supply board voltage test point and

adjustment locations.
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c. Adjust— —15 volts control, R15688 (see Fig. 6-2), for ‘

exactly —15 volts.

d. INTERACTION—May affect operation of most cir-
cuits within the Type 520.

e. Disconnect the precision DC voltmeter.

2. Check Low-Voltage Power Supply Voltages

a. Connect a DC voltmeter between ground and input’

sync board pin W or X; see Fig. 6-3.

b. CHECK—Voltmeter reading; +3.6 volts, 5% (+0.18
V).

c. Move the DC voltmeter connections to ground and
low-voltage power supply board pin T; see Fig. 6-2.

d. CHECK—Voltmeter reading; +10 volts, +3.5% (£0.35
V).

e. Move the DC voltmeter connections to ground and
low-voltage power supply board pin H; see Fig. 6-2.

f. CHECK—Voltmeter reading; +100 volts, +3.5% (+3.5
V).

g. Move the DC voltmeter connections to ground and
low-voltage power supply board pin A, B, C or D; see Fig.
6-2.

+3.6 volt
Test Point
{Pin X)

Fig. 6-3. Input sync board +3.6 V test point location.
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h. CHECK—Voltmeter reading; +275 volts, 7% (£19.25
V).

i. Disconnect the DC voltmeter.

3. Check Low-Voltage Power Supply Ripple

a. Set the test oscilloscope for 0.005 V/division vertical
deflection factor, AC coupled, at a sweep rate of b
ms/division, triggered with line frequency.

b. Connect a 1X probe, from the test oscilloscope
vertical input to the appropriate power supply test point as
shown in Figs. 6-2 and 6-3.

c. CHECK—Power supply ripple content as per Table
6-1 with input voltage level at both the low and high
extremes of the voltage selector range.

TABLE 6-1
Voltage Maximum Ripple Content
—15V 10 mV peak to peak
+3.6 V 100 mV peak to peak
+10V 10 mV peak to peak
+100 V 20 mV peak to peak
+275V 500 mV peak to peak

d. Disconnect the 1X probe.

4. Check High Voltage Power Supply
a. Turn the Type 520 power off.

b. Remove the metal CRT protector cap from the rear
of the Type 520, then remove the rear cover from the CRT
socket to achieve access to the interior of the socket.

c. Connect a DC voltmeter between ground and the
CRT socket terminal having a red-on-white wire attached to
it (pin 2); see Fig. 6-4.

d. Turn the Type 520 power on.

e. CHECK—Voltmeter reading; —3.875 kV, 3%

(+116.25 V).

®
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Fig. 6-4. High voltage test point location.

f. Rotate the INTENSITY control fully clockwise.

g. CHECK—Voltmeter reading; within £40 volts of the
voltage reading in part e of this step.

h. Rotate the INTENSITY control fully counterclock-
wise.

i. CHECK—Voltmeter reading; within +40 volts of the
voltage reading in part e of this step.

j. Turn off the Type 520 power, then disconnect the DC
voltmeter.

k. Re-assemble the CRT socket cover on the socket and
replace the metal CRT protector cap onto the rear of the
Type 520.

|. Turn the Type 520 power on.

5. Adjust Geometry 0

a. Press the Signal Selector FULL FIELD pushbutton
and the Display Selector VECTOR pushbutton.

b. Connect a DC voltmeter between ground and the
upper CRT plate connection (blue wire); see Fig. 6-5A.

c. Note voltmeter reading.
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Center Conductor of
CH A J1 Connector

v Vo by

FR GEOM Control
}  Center Arm

Fig. 6-5. Location of test point and adjustment locations for steps
5, 36, 39 and 40.

d. Move the DC voltméter connections to ground and
the center arm of the GEOM control, R1472 (see Fig.
6-5B).

e. CHECK—Voltmeter reading; should be about 20 volts
below that noted in part c.

f. ADJUST—Rear-panel GEOM control, R1472, until
the voltmeter reading is the same as that described in part e.

g. Press the Signal Selector A CAL pushbutton and the
Display Selector Y pushbutton.

h. Adjust the front-panel FOCUS control and the
rear-panel ASTIG control, R1476, to obtain a well defined
display.

i. CHECK—Type 520 display; there should not be more
than 0.05 centimeter of gradual bowing of the vertical or
horizontal lines.
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j. ADJUST—GEOM control, R1472, for minimum
bowing of the vertical or horizontal lines.

6. Adjust Astigmatism 0

a. Cancel the Signal Seiector A CAL pushbutton by
momentarily pressing the CH A pushbutton. The Signal
Selector FULL FIELD pushbutton remains depressed.

b. Press the Display Selector VECTOR pushbutton and
rotate the FOCUS control to its fully counterclockwise
position.

c. CHECK—Type 520 display should be a round Spof
near the center of the vector graticule.

d. ADJUST—Rear-panel ASTIG control, R1476, until a
round spot near the center of the vector graticule is
obtained.

e. Adjust the FOCUS control to obtain a focused spot.

7. Adjust CRT Alignment " 0

a. Press the Signal Selector A CAL pushbutton. The
Signal Selector FULL FIELD pushbutton and the Display
Selector VECTOR pushbutton remain depressed for this
step.

b. Turn off the Type 520 power.

c. Disconnect the blue-blue on gray coax center lead
(below SN B200000, blue on white wire) from pin AB on
the driver amplifier board; see Fig. 6-6.

d. Turn on the Type 520 power.

e. CHECK—Type 520 display alignment. Trace should
be parallel throughout its length with the 90°-270° axis of
the vector graticule. It may be necessary to adjust the
HORIZ POSITION CLAMP to place the trace in a better
position for checking.

f. ADJUST—Front-panel BEAM ROTATE control,
R1470, until trace is parallel throughout its length to the
90°-270° axis of the vector graticule.

g. Turn off the Type 520 power.

(D .

-
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h. Reconnect the wire disconnected in part ¢ to pin AB
on the driver amplifier board.

i. Disconnect the green-green on gray coax center lead
(below SN B200000, green on white wire) from pin AD on
the driver amplifier board; see Fig. 6-6.

j. Turn on the Type 520 power.

k. CHECK—R520 display alignment. Trace should be
parallel throughout its length to the 0°-180° axis of the
vector graticule. It may be necessary to adjust the VERT
POSITION CLAMP to place the trace in a better position
for checking.

I. ADJUST—Rear-panel ORTH control, R1474, until
trace is parallel throughout its length to the 0°-180° axis of
the vector graticule.

m. Turn off the Type 520 power.

n. Reconnect the wire disconnected in part i to pin AD
on the driver amplifier board.

0. Turn on the Type 520 power.

p. Repeat parts f and | of this step several times to
minimize interaction between the adjustments.

Calibration—520/R520 NTSC

8. Adjust Unblanking Bias o 0

a. All pushbuttons remain as they are.

b. Reduce the display intensity until the test circle is
barely visible. :

c. CHECK—Type 520 display; test circle should have
uniform intensity throughout its circumference.

d. ADJUST—Rear-panel UNBLANK BIAS control,
R1478, for a uniform intensity throughout the circum- .
ference of the test circle.

9. Adjust VITS Intensity | 0o

a. Apply a modulated staircase signal from the Type
140 comp video connector through a 75 ohm coaxial cable
to the Type 520 CH A J1 connector. Connect a 75 ohm
end-line termination to the CH A J2 connector.

b. Set the Type 140 VITS controls for a VIT staircase
signal on line 18 of both fields.

c. Depress Signal Selector CH A, A¢ and VITS 18 push-
buttons. .

d. Depress the Display Selector Y pushbutton.

‘ “AC’ shield for AB
{(*AC’ wht below SN B200000)

~“AB’ blu-blu on gry

-~ SN B200000-up .,

. ("AB’bluonwht
' below SN B200000):

Fig. 6-6. Driver amplifier board pin connector, test point and adjustment locations.
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e. Set the Type 520 INTENSITY control for the desired
display brightness.

f. ADJUST—VIT INTENS, R1228 (see Fig. 6-7), for
maximum display intensity without any display defocusing.

g. Disconnect the video signal source, the 75 ohm co-
axial cable and the 75 ohm end-line termination.

3

(B) For instruments below SN B150100. TP1230

Fig. 6-7. Sweep board test point and adjustment locations.
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Front-panel controls:

Signal Selector FULL FIELD
CHANNEL A

100%-75%-MAX GAIN 75%

GAIN ' CAL
¢ REF BURST
CHANNEL B

100%-75%-MAX GAIN 75%

GAIN CAL
Display Selector No buttons depressed
INTENSITY As desired
LUMINANCE GAIN CAL
SCALE ILLUM As desired
CALIBRATED PHASE 0
POWER ON ON

Right recessed front-panel controls:

FIELD 1
SYNC INT
10. Adjust DC Balance of R-Y Amplifier 0

a. Set the test oscilloscope for a vertical deflection
factor of 5 mV/division, DC coupled, at a sweep rate of 1
ms/division with internal triggering.

b. Ground the test oscillbscope input and position the
display to establish a ground reference.

c. Connect the test oscilloscope 10X probe to the driver
amplifier board pin AD (below SN B200000, TP630); see
Fig. 6-6. .

d. CHECK—-DC output voltage of amplifier must be 0.0
volt (ground potential).

e. ADJUST—VERT DC BAL control, R624 (see Fig.
6-6), until the DC voltage output of the amplifier is 0.0
volt.

f. Disconnect the 10X probe.

[
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11. Adjust DC Balance of B-Y Amplifier - @

a. Set the test oscilloscope for a vertical deflection
factor of 5 mV/division, DC coupled, at a sweep rate of 1
ms/division with internal triggering.

b. Establish a ground reference point on the test
oscilloscope by grounding the input and positioning the
trace to a graticule reference.

c. Connect the test oscilloscope 10X probe to the driver
amplifier board TP650 (emitter of Q650); see Fig. 6-6.

d. CHECK—-DC output voltage of amplifier must be 0.0
volt (ground potential).

e. ADJUST—HORIZ DC BAL control, R644 (see Fig.
6-6), until the DC voltage output of the amplifier is 0.0
volt.

f. Disconnect the 10X probe.

12. Adjust DC Balance of Y Amplifier (1]

a. Set the test oscilloscope for a vertical deflection
factor of 10 mV/division, DC coupled, at a sweep rate of 1
ms/division with internal triggering. :

b. Establish a ground reference level on the test oscillo-
scope by grounding the input and positioning the display to
some graticule line.

c. Connect the test oscilloscope 10X probe to driver
amplifier board TP680 (collector of Q680 via R684); see
Fig. 6-6.

d. CHECK—-DC voltage output of amplifier must be
+0.5 volt.

e. ADJUST—-LUM DC BAL control, R672 (see Fig.
6-6), until the DC voltage output of the amplifier is +0.5
volt.

f. Disconnect the 10X probe and test oscilloscope.

13. Adjust Horizontal Common Mode Level 0
a. Press the Signal Selector FULL FIELD pushbutton
and the Display Selector VECTOR pushbutton.

b. Adjust the INTENSITY control so the displayed spot
on the CRT of the Type 520 will not burn the phosphor.

c. CHECK—Type 520 displayed spot position; must be
at the center of the vector graticule.

d. ADJUST—Front panel VERT POSITION CLAMP

(R880) and HORIZ POSITION CLAMP (R1002) controls
to position the spot to the center of the vector graticule.

®
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e. Connect a DC voltmeter between ground and TP980
on the output amplifier board; see Fig. 6-8.

f. CHECK—Voltmeter reading; should be +5.6 volts.

g. ADJUST—HORIZ COM MODE LEV control, R985
(see Fig. 6-8), until the voltmeter reading is exactly +5.6
volts.

h. Move the DC voltmeter connections to ground and
TP870; see Fig. 6-8.

i. CHECK—Voltmeter reading; should be +5.6 volts.

j. ADJUST-VERT COM MODE LEV control, R875
(see Fig. 6-8), until the voltmeter reading is exactly +5.6
volts.

k. Disconnect the DC voltmeter.

I. INTERACTION—The adjustments in part d of this
step interact with the adjustments performed in parts g and
j of this step.

HORIZCOM  HORiz  HORIZ -
' MODE LEV .. . GAIN _TRANS

Rogs ~ TP9S0 Rops  RESPONSE

RTCOM _ |  VERT
MODE LEV TP870. 'GAIN = RESPONSE
R875 ) R848 R849

Fig. 6-8. Output amplifier board test point and adjustment loca-
tions.
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Front-panel controls:

Signal Selector CH A, A¢, and
FULL FIELD

CHANNEL A

100%-75%-MAX GAIN 75%

GAIN CAL
¢ REF BURST
CHANNEL B

100%-75%-MAX GAIN 75%

GAIN CAL
Display Selector VECTOR
INTENSITY As desired
LUMINANCE GAIN CAL
SCALE ILLUM As desired
CALIBRATED PHASE 0
POWER ON

Right recessed front-panel controls:

FIELD . 1
SYNC INT
14. Adjust Clamp Pulse Timing 0

a. Connect a modulated staircase signal from the Type
140 comp video connector through a 75 ohm coaxial cable
to the Type 520 CH A J1 connector.

b. Connect a 75 ohm coaxial cable from the CH A.J2
connector to the CH B J50 connector.

c. Connect a 75 ohm end-line termination to the CH B
J51 connector.

d. Connect a 10X probe from the test oscilloscope
channel 1 vertical input connector to TP805 on the output
amplifier board; see Fig. 6-8.

e. Connect another 10X probe from the test oscillo-
scope channel 2 vertical input connector to TP905; see Fig.
6-8.

f. Set the test oscilloscope for a vertical deflection
factor of 0.2 V/division, AC coupled with input channels
non-inverted and alternately displayed, at a sweep rate of
20 us/division with internal triggering.

g. CHECK—Test oscilloscope display; superimposed
channel 1 and 2 waveforms displayed for the vertical and
horizontal amplifiers must meet or exceed the minimum
amplitude shown in Fig. 6-9.

6-14

Fig. 6-9. Superimposed channel 1 and 2 waveforms showing mini-
mum amplitude requirement for vertical and horizontal amplifiers
when adjusting clamp pulse timing.

h. ADJUST—CLAMP PULSE TIMING control, R905
(see Fig. 6-8), until the alternately displayed waveforms on
the test oscilloscope meet or exceed the minimum wave-
form amplitude shown in Fig. 6-9, but not so far as to cause
waveform distortion.

i. Disconnect the test oscilloscope and the two 10X
probes. Do not disconnect any of the video signal connec-
tions.

15. Adjust Channel A and B Input Ampli- O
fier Frequency Response Gain

NOTE

For final adjustment of C52, see step 36.

a. Test equipment connections are as described in parts
a through c in step 14.

b. Set the Type 140 controls for a standard color bar
output signal with this exception: set the White Ref switch
to 100 IRE.

c. Set the test oscilloscope for single-channel operation,
a vertical deflection factor of 20 mV/division, DC coupled,
at a sweep rate of 10 us/division with internal triggering.

d. Connect a 10X probe from the test oscilloscope
vertical input connector to TP 85; see Fig. 6-10.

e. CHECK—Test oscilloscope display; peaks of the
yellow and cyan bars are equal to the 100 IRE unit white
bar as viewed on the test oscilloscope.




r
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Fig. 6-10. Input amplifier board test point and adjustment locations.

f. ADJUST—C2, see Fig. 6-10, until the peaks of the
yellow and cyan bars are equal to the 100 IRE white bar as
viewed on the test oscilloscope (see Fig. 6-11).

g. Disconnect the test oscilloscope 10X probe from
TP85 and connect it to TP95; see Fig. 6-10.

Calibration—520/R520 NTSC

Cya Peaks
yan > Equal to
Yellow } white

Fig. 6-11. Typical color bar display obtained when C2 and C52 are
properly adjusted.

h. CHECK—Test oscilloscope display; peaks of the
yellow and cyan bars must be equal to the 100 IRE unit
white bar.

i. ADJUST—C52, see Fig. 6-10, until the peaks of the
yellow and cyan bars are equal to the 100 IRE unit white
bar as viewed on the test oscilloscope.

j. Disconnect the 10X probe, video signal source, two
75-ohm coaxial cables and the 75-ohm end-line termina-
tion. ‘

NOTES
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Front panel controls:

Signal Selector A CAL A¢ and
FULL FIELD
CHANNEL A '
100%-75%-MAX GAIN 75%
GAIN CAL
¢ REF BURST
CHANNEL B .
100%-75%-MAX GAIN 75%
GAIN CAL
Display Selector VECTOR
INTENSITY As desired
LUMINANCE GAIN CAL
SCALE ILLUM As desired
CALIBRATED PHASE 0
POWER ON

Right recessed front-panel controls:

FIELD 1
SYNC INT
16. Adjust Test Circle Oscillator (1]

a. Connect a DC voltmeter between ground and TP41
on the input amplifier board, see Fig. 6-10.

b. CHECK—Voltmeter should read approximately —0.4
volt.

c. ADJUST—L46, see Fig. 6-10, for minimum voltage
reading on the voltmeter.

d. Disconnect the DC voltmeter.

e. Connect a 10X probe from the vertical input cohnec-
tor on the test oscilloscope to TP49; see Fig. 6-10.

f. Set the test oscilloscope for a vertical deflection
factor of 20 mV/division, AC coupled, at a sweep rate of 1
ms/division with internal triggering.

g. CHECK—Test oscilloscope display; must be 3.5 major
divisions in amplitude (approximately 707 mV).

h. ADJUST—R45, see Fig. 6<10, until the test oscillo-
scope display amplitude is 3.5 major divisions.

i. Disconnect the 10X probe from the test point and the
oscilloscope.

17. Adjust Test Circle Oscillator Compensa- QO
tion

a. Depress the Signal Selector CH A and B CAL
pushbuttons. The other pushbuttons remain as they are.
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b. Set the test oscilloscope for a vertical deflection
factor of 0.2 V/division.

c. Connect a 100% amplitude, 0% setup, (R-Y and B-Y
off) color bar signal from the Type 140 comp video
connector through a 75-ohm coaxial cable, 75-ohm feed-
thru termination and a dual-input cable connector to
channels 1 and 2 of the test oscilloscope. Check that the
two displays are matched in amplitude. If not, adjust the
oscilloscope vertical gain control adjustment to obtain
matched amplitude displays.

d. Remove the dual-input cable connector and connect
the signal to channel 1.

e. Apply a 3.58 MHz signal from the Type 191 through
a 50-ohm cable, a 50-ohm to 75-ohm minimum loss
attenuator and a 75-ohm feed-thru termination to the test
oscilloscope channel 2 Input connector.

f. Adjust the Type 191 output amplitude until the
signal extends from sync tip to the green luminance level.
(The Type 191 is now preset for an output amplitude of
707 mV P-P.)

g. Disconnect the Type 191 signal from test oscillo-
scope. Apply the signal through the 50-ohm cable and
50-ohm to 75-ohm minimum loss attenuator to the Type
520 CH A J1 connector.

h. Connect the 75-ohm feed-thru termination used in
part e to the Type 520 CH A J2 connector.

i. CHECK—Type 520 displayed channel B test circle
size; must be exactly the same size as the channel A
displayed circle.

j. ADJUST—CG66, see Fig. 6-10, until the channel B test
circle is the same size as the channel A displayed circle.

k. Depress the Signal Selector A CAL pushbutton.

I. CHECK—Type 520 displayed channel A test circle
size; must be exactly the same size as the channel B
displayed test circle.

m. ADJUST—C18, see Fig. 6-10, until the channel A
test circle is the same size as the channel B displayed test
circle.

n. Disconnect the Type 191, the 75-ohm coaxial cable,
minimum loss attenuator, and the 75-ohm feed-thru ter-
mination.

®
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Eront-panel controls:

Sigr al Selector A CAL, A¢ and
FULL FIELD

CHANNELA

1 00%-75%-MAX GAIN 75%

GAIN CAL
¢ REF BURST
CHANNELB

100%-75%-MAX GAIN 75%
GA IN CAL
Display Selector Y
INT ENSITY As desired
LUM INANCE GAIN CAL
SCALE ILLUM As desired
CA L IBRATED PHASE 0
POWER ON

Right recessed front-panel controls:

_FIELD 1
SYNC INT
18. Adjust Luminance Calibrator 0
NOTE

This step uses a precision DC voltmeter. Step 18A is
an alternative procedure that uses a Standard Ampli-
tude Calibrator (Tektronix calibration fixture
067-0502-00).

a. Remove Q570 (see Fig. 6-12) from its socket on the
demodulator board.

b. Connect a precision DC voltmeter between ground
and TP583 (see Fig. 6-12).

c. Note the voltmeter reading (about —5 mV).
d. Re-install Q570 and remove Q571.

e. CHECK—Voltmeter reading; should be one volt more
positive then the voltage noted in part c.

f. ADJUST—LUMINANCE CAL control, R583 (see Fig.
6-12), until the voltmeter reading is one volt more positive
than that noted in part c.

g. Disconnect the precision DC voltmeter and re-install
Q571 in its socket.

®
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Fig. 6-12. Demodulator board test point and adjustment locations.

18A. Adjust Luminance Calibrator - 0
NOTE
This is an alternative procedure that can be used if a

Standard Amplitude Calibrator (Tektronix calibration
fixture 067-0502-00) is available.

a. Connect a 1X probe to the test oscilloscope differen-
tial amplifier A input.

b. Set the controls of the standard amplitude calibrator
for a square-wave signal of 1 V.

c. Connect the standard amplitude calibrator output to
the differential amplifier B input.
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d. Connect the 1X probe from the test oscilloscope A
input connector to TP583 on the dem‘odulator board; see
Fig. 6-12.

e. Set the test oscilloscope for a vertical deflection fac-
tor of 50 mV/division, AC coupled, at a sweep rate of .5
ms/division with,internal triggering.

f. CHECK-—Test oscilloscope display, must appear
similar to Fig. 6-13. (The bottom of the upper waveform is
aligned with the top of the lower waveform )

g. ADJUST—LUMINANCE CAL control, R583 (see Fig.
6-12) for a test oscilloscope display similar to Fig. 6-13.

h. Disconnect the standard amplitude calibrator, the
test oscilloscope and the probe. -

19. Adjust Channel A Gain 0

a. Connect a 10X probe to each input of the differential
amplifier.

b. Adjust the test oscilloscope 10X probe compensation
so the two probes match each other.

c. After the 10X probes have been matched, connect
one probe from the test oscilloscope channel A vertical
input connector to TP583 on the demodulator board; and
the other probe from channel 2 vertical input connector to
TP450; see Fig. 6-12.

Fig. 6-13. Typical waveform obtained when LUMINANCE CAL
control, R583, is correctly adjusted using step 18A procedure.

d. Set the test oscilloscope for a vertical deflection
factor of 5 mV/division, ac coupled, at a sweep rate of 1
ms/division with internal triggering. :

e. ADJUST—Front-panel A CAL control, R402, until -

the test oscilloscope display amplitude is minimum.
f. Disconnect the two 10X probes from the Type 520.

20. Adjust Channel B Gain 0

a. Press the Signal Selector B'CAL and B¢ pushbuttons.
Do not cancel the A CAL pushbutton.

b. ADJUST—Front-panel B CAL control, R412, until
the channel B waveform overlays the channel A waveform.

NOTES

6-18




[

;)

F ront-panel controls:

Signal Selector

CHANNEL A
100%-75%-MAX GAIN
GAIN

¢ REF

CHANNEL B
100%-75%-MAX GAIN
GAIN

Display Selector

INTENSITY

LUMINANCE GAIN

SCALE ILLUM

CALIBRATED PHASE

POWER

FIELD
SYNC

CH A, A¢ and
FULL FIELD

75%
CAL
BURST

75%

CAL

Y

As desired
CAL

As desired
0

ON

Right recessed front-panel controls:
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21. Adjust Subcarrier Regenerator Input O
3.58 MHz Filter

a. Apply a color bar signal from the Type 140 to the CH
A J1 connector via a 75 ohm coaxial cable.

b. Connect a 75 ohm coaxial cable from the CH A J2
connector to the CH B J50 connector and a 75 ohm end-
line termination to the CH B J51 connector.

c. Connect a 10X probe from the test oscilloscope verti-
cal input connector to TP220 on the subcarrier regenerator
board; see Fig. 6-14.

d. Connect a 75 ohm coaxial cable from the Type 140
comp video connector to the test oscilloscope trigger input
connector.

Fig. 6-14A. Subcarrier regenerator board test point and adjustment locations for instruments SN B251880 and up.
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e. Set the test oscilloscope for a vertical deflection fac-
tor of 0.05 V/division, AC coupled, at a sweep rate of 10
ss/division with external triggering.

f. CHECK —Test oscilloscope display amplitude; 2.5
volts or less. :

g. ADJUST—L220, see Fig. 6-14, for minimum test
oscilloscope display amplitude of the 3.58 MHz burst.

h. Disconnect the test oscilloscope 10X probe from
TP220 and connect it to TP222 on the subcarrier regenera-
tor board; see Fig. 6-14.

i. Set the test oscilloscope for a vertical deflection fac-
tor of 0.01 V/division, AC coupled.

j. CHECK—Test oscilloscope display amplitude; 0.2 volt
or greater.

k. ADJUST—L221, see Fig. 6-14, for maximum test os-
cilloscope display amplitude with the best transient
response of the color bar packets.

I. Disconnect 10X probe and test oscilloscope. Video
input signal remains connected. '

22. Check Burst Intensification Pulse

a. Connect a 10X probe from the test oscilloscope to
TP205 on the subcarrier regenerator board (see Fig. 6-14).
Externally trigger the test oscilloscope from the composite
sync signal of the Type 140. Set Trigger Slope switch to —,
and the source switch to Ext.

Fig. 6-14B. Subcarrier regenerator board test point and adjustment locations for instruments below SN B251880.
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Fig. 6-15. Typical burst intensification pulse.

b. Set the test oscilloscope for a vertical deflection
factor of .2 V/division, AC coupled, at a sweep rate of 10
us/division.

c. CHECK—Test oscilloscope display; should appear
similar to the waveform in Fig. 6-15.

23. Adjust Burst Gate Pulse (1]

a. Connect the 10X probe to TP230 on the subcarrier
regenerator board (see Fig. 6-14).

b. Set the test oscilloscope for a vertical deflection
factor of 0.5 V/division. Leave the other controls as in step
22, parts a and b.

c. CHECK—Test oscilloscope display; should have a
minimum peak to peak amplitude of 7 volts (8 volts nomi-
nal) and appear as shown in Fig. 6-16.

Fig. 6-16. Correct burst gate pulse waveform shape.

®
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d. Connect the 10X probe to TP205. Set the sweep rate
to 5 us/division and the Horiz Magnifier to X10, (0.5 us/
division).

e. Depress the Display Selector LINE SWEEP push-
button and reduce the intensity so that the intensified burst
can be seen. If necessary, rotate the A PHASE control for
maximum burst amplitude.

f. Rotate the front-panel BURST FLAG TIMING con-
trol R1158 until the burst intensification is centered on the
burst pulse.

g. Depress the Display Selector Y pushbutton.

h. With the test oscilloscope Horizontal Position con-
trol, position a transition of the burst intensification pulse
to the graticule center line.

i. CHECK—Rotate the BURST FLAG TIMING control
R1158 to each of its extremes and note when the lumi-
nance display of the Type 520 loses vertical restoration;
i.e., stable blanking level. Check that at these extremes the
test oscilloscope display should shift £0.5 us from its cen-
tered position described in part h of this step.

NOTE

If either limit described in part i cannot be obtained,
repeat step 21 procedure. Adjustment of L220 and
L2271 affects the range. If either limit cannot be ob-
tained, select a new value for R694 (see Fig. 6-6).

i. Press the Display Selector LINE SWEEP pushbutton.

k. ADJUST—Front-panel BURST FLAG TIMING con-
trol, R1158, until the burst intensification is centered on
the burst pulse.

I. Disconnect the 10X probe.

24. Adjust Subcarrier Regenerator DC 0
Balance

a. Disconnect the 75 ohm coaxial cable from the CH A
J2 connector and the CH B J50 connector. The video signal
to CH A J1 connector remains connected.

b. Connect a 75 ohm end-line termination to the CH A
J2 connector. The 75 ohm end-line termination on the CH
B J51 connector remains connected.
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c. Press the Signal Selector CH A pushbutton and the
Display Selector VECTOR pushbutton.

d. Set the test oscilloscope for a vertical deflection fac-
tor of 0.02 V/division, DC coupled, at a sweep rate of 1
ms/division with internal triggering.

e. Establish a ground reference point on the test oscillo-
scope by grounding the input and positioning the display to
a graticule line.

f. Connect the test oscilloscope 10X probe to TP255 on
the subcarrier regenerator board; see Fig. 6-14.

g. Note the DC level of the test oscilloscope display. A
stable vector (oscillator locked to signal) must be obtained
before this.DC level can be observed. If the vector is not
stable, (oscillator not locked to signal) slowly adjust the DC
BAL control, R250 (see Fig. 6-14), until a stable vector is
obtained; then note DC level.

NOTE

Parts h through r are used for instruments SN
B150100 and up. For instruments below SN
B150100 proceed to part s.

h. Press the Signal Selector A CAL pushbutton.

i. CHECK—Test oscilloscope display DC level; must be
the same as that noted in part g of this step.

j. ADJUST-DC BAL controI; R250, until the test oscil-
loscope display DC level is the same as that noted in part g.

k. Press the Signal Selector CH A pushbutton and note
the display DC level.

|. Repeat parts g through k of this step until the test
oscilloscope DC level remains the same when either the
Signal Selector CH A or A CAL pushbutton is pressed.

m. Press the Signal Selector CH A pushbutton and set
the P REF switch to EXT.

n. CHECK—Test oscilloscope display DC level; must be
the same as noted in part k of this step.

o. ADJUST—CENTER control, R243 (see Fig. 6-14),
until the DC level is the same as that noted in part k.
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p. Return the ¢ REF switch to BURST.

d. Repeat parts g through o until adjustment interaction
is minimized.

r. Disconnect the 10X probe and the test oscilloscope.
(The video input signal remains connected.)

NOTE

Parts s through y are used for instruments below SN
B150100 only.

s. Press the Signal Selector A CAL pushbutton.

t. CHECK—Test oscilloscope display DC level; must be
the same as noted in part g of this step.

u. ADJUST—-DC BAL control, R250, (see Fig. 6-14)
until the test oscilloscope display DC level is the same as
that noted in part g of this step.

v. Cancel the A CAL and press the CH A Signal Selector
pushbuttons. '

w. CHECK—Type 520 display; a stable vector-must be
obtained 15 seconds after completion of part v of this step.

x. Repeat parts e through g and s through w of this step
until all adjustment interaction is minimized.

y. Disconnect 'the 10X probe and the test oscilloscope.
(The video input signal remains connected.)

25. Check Subcarrier Regenerator Circuit 3.58
MHz Output Signal

a. Connect a 10X probe from the test oscilloscope verti-
cal input connector to TP275 on the subcarrier regenerator
board; see Fig. 6-14.

b. Set the test oscilloscope for a vertical deflection fac-
tor of 0.2 V/division, AC coupled, at a sweep rate of 0.5
us/division with internal triggering.

c. CHECK—Test oscilloscope display amplitude of the
3.68 MHz signal should equal approximately 4 volts peak to




r—

r‘!

peak. Adjust L272 for maximum amplitude if amplitude is
below 3.5 V. Final adjustment will be made in step 36x.

d. Disconnect the 10X probe, the two 75 ohm coaxial
cables, the video signal source and the 75 ohm end-line
termination.

26. Check Oven Preheater Operation

a. Connect a DC voltmeter between ground and pin Q,
R, or S (+10 volts unregulated power supply) of the recti-
fier board; see Fig. 6-17.

b. Note voltmeter reading.

c. Disconnect DC voltmeter from pin Q, R or S of recti-
fier board and connect it between TP295 and ground; see
Fig. 6-14.

d. CHECK—Voltmeter reading should be the same as
that noted in part b of this step after at least 20 minutes of
warmup.

Calibration—520/R520 NTSC

Fig. 6-17. Rectifier board test point location.

NOTE

At initial turn-on of a cold instrument, the voltage at
TP295 s about —15 volts. In 3 minutes the voltage
rises to approximately +20 volts and remains at this
voltage while the instrument is on.

e. Disconnect the DC voltmeter.

NOTES
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Front-panel controls:

Signal Selector CH A, A¢ and
FULL FIELD
CHANNEL A
100%-75%-MAX GAIN 75%.
GAIN CAL
¢ REF BURST
CHANNEL B
100%-75%-MAX GAIN 75%
- GAIN CAL
Display Selector VECTOR
INTENSITY As desired
LUMINANCE GAIN CAL
SCALE ILLUM , As desired
CALIBRATED PHASE 0
POWER ON

Right recessed front-panel controls:

FIELD 1
SYNC INT

27. Adjust Subcarrier Filter 0

a. Connect a 10X probe from the test oscilloscope
vertical input connector to TP590 on the demodulator
board (see Fig. 6-12).

b. Set the test oscilloscope for a vertical deflection
factor of 0.1 V/division, AC coupled, at a sweep rate of 0.5
us/division with internal triggering.

c. CHECK—Test oscilloscope display amplitude of the
3.58 MHz subcarrier waveform should be approximately
1.2 volts peak to peak.

d. ADJUST—Lb545, see Fig. 6-12, for maximum 3.58
MHz subcarrier amplitude but not more than 1.2 volts peak
to peak.

e. Disconnect the 10X probe.

f. Apply the color bar video signal to CH A J1 connec-
tor via a 76 ohm coaxial cable and connect a 75 ohm end-
line termination to the CH A J2 connector.

g. Line up the burst vector on the Type 520 exactly
with the | marking on the vector graticule, using the
channel A PHASE control.

h. Holding the Display Selector VECTOR pushbutton
all the way down, press the Display Selector | pushbutton
slowly until display rotation is noted.
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i. CHECK—Amount of Type 520 display rotation and
direction; should rotate 33°, +2° clockwise. This will cause
the burst vector to line up with the 90° vector graticule
point.

j. While still holding the Display Selector VECTOR
pushbutton all the way down, press the Display Selector Q
pushbutton slowly until a display rotation is noted.

k. CHECK—Amount of display rotation and direction;
should rotate 33°, +2° clockwise. This will cause the burst
vector to line up with the 90° vector graticule point.

I. ADJUST—L547, see Fig. 6-12, while performing part i
or k of this step until exactly 33° of display rotation in
clockwise direction is noted.

m. Repeat parts g through k.

n. Repeat entire step, as needed, to remove the inter- -

action between parts d and |.

0. Line up the burst vector on the Type 520 exactly on
the | graticule mark, then press the Display Selector Q
pushbutton, allowing the VECTOR pushbutton to cancel.

p. CHECK—That the burst portion of the display is -

nulled £2° using the CALIBRATED PHASE control.

g. Press the Display Selector VECTOR pushbutton and .

line up the burst vector on the Q graticule mark, then press
the Display Selector | pushbutton, allowing the VECTOR
pushbutton to cancel.

r. CHECK—That the burst portion of the display is
nulled +2° using the CALIBRATED PHASE control.

s. Disconnect the 75 ohm coaxial cable and video signal
source. The 75 ohm end-line termination remains connec-
ted to the CH A J2 connector.

t. INTERACTION—This step interacts with steps 10
and 11. Steps 10 and 11 should be repeated before pro-
ceeding.

28. Adjust 10.4 MHz and 18 MHz Traps 0

a. Connect a 10.4 MHz sine wave signal, 1 volt in ampli-
tude, from a medium frequency constant amplitude signal
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generator through a 5 ns coaxial cable, a GR to BNC male
adapter and a 50 ohm to 75 ohm minimum loss attenuator,
to the Type 520 CH A J1 connector.

b. ADJUST—C454, see Fig. 6-12, for minimum circle
diameter. .

c. Apply an 18 MHz sine wave signal, 1 volt in ampli-
tude, from the medium frequency generator to the Type
520.

d. ADJUST—C453, see Fig. 6-12, for minimum circle
diameter.

e. Repeat several times because the adjustments in parts
b and d interact.

f. Disconnect the medium frequency generator, 5 ns co-
axial cable, GR to BNC male adapter and 50 ohm to 75
ohm minimum loss attenuator. The 75 ohm end-line ter-
mination remains connected to the CH A J2 connector.

29. Adjust Subcarrier Balance 0

1. Cancel all the Signal Selector pushbuttons except the
FULL FIELD pushbutton.

b. Press the Signal Selector A CAL pushbutton and the
Display Selector LINE SWEEP pushbutton.

c. Note trace position.

d. Press the Display Selector |, Q, and DIFF PHASE in
sequence.

e. CHECK—Trace positions; the trace position noted in

- (LINE SWEEP trace), (I trace), (Q trace) and (DIFF

PHASE trace) must be the same within 3 IRE units.

f. ADJUST-SUBCARRIER BAL control, Rb01 (see
Fig. 6-12), so the trace remains in the same position, as the
Display Selector LINE SWEEP pushbutton is pushed, then
the Display Selector |, Q, and DIFF PHASE, pushbuttons
are pushed.

g. Check that a 75 ohm end-line termination is connec-
ted to the Type 520 CH A J2 connector, then press the
Display Selector DIFF PHASE pushbutton.

®
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h. CHECK—There should be no separation of the traces
on the Type 520 display.

i. ADJUST—C593, see Fig. 6-12, for no trace separa-
tion. Press the Display Selector Q pushbutton. Adjust C503
for no trace separation.

j. Repeat parts e through i until interaction is removed.

30. Adjust Quadrature Phase Alignment 0

a. Apply a modulated staircase signal to the CH A J1
connector via a 76 ohm coaxial cable. (Check that a 75
ohm end-line termination is connected to the CH A J2
connector.)

b. Set the Type 520 controls as follows:

B CAL and FULL FIELD
VECTOR
Midrange

Signal Selector
Display Selector
QUAD PHASE

c. Note the degree of overlay the test circles have to
each other.

d. Rotate the QUAD PHASE control fully clockwise
and note the amount of separation of the test circles with
reference to the display noted in part c.

e. Rotate the QUAD PHASE control fully counterclock-
wise and again note the amount of separation of the test
circles.

f. CHECK—Test circle separation noted in parts d and e
of this step should be equal.

g. ADJUST—C586 until the test circle separations are
equal.

h. Set the QUAD PHASE control for best overlay of the
test circle.

i. Disconnect the video signal source, 75 ohm coaxial
cable, and the 756 ohm end-line termination.

31. Adjust Vertical Gain 0

a. Depress the Signal Selector A CAL and Display
Selector Y pushbuttons. Cancel the B CAL pushbutton.
Check that the FULL FIELD pushbutton is depressed.
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b. Align the bottom line of the calibrator signal with the
—40 IRE line on the IRE graticule.

c. CHECK—Top of calibrator signal on the Type 520
display should align with the +100 IRE line on the IRE
graticule.

d. ADJUST—VERT GAIN control, R848 (see Fig. 6-8)
until the top of the calibrator signal aligns with the +100
IRE line on the IRE graticule. ’ )

32. Adjust Chroma R-Y Gain (1

a. Depress the Display Selector VECTOR pushbutton.
The other pushbuttons remain as they are.

b. CHECK—Type 520 test circle position; must be
tangent to the inscribed circle on the vector graticule at the
90° and 270° points.

c. ADJUST—R-Y GAIN control, R626 (see Fig. 6-6) so
test circle is tangent to the inscribed circle on the vector
graticule at the 90° and 270° points.

33. Adjust Horizontal Gain to Match Ver- @
tical Gain

a. Turn off the Type 520 power.

b. Disconnect the green-green on gray coax center lead
(below SN B200000, green on white wire) going to the
vertical amplifier from pin AD on the driver amplifier
board; see Fig. 6-6.

c. Disconnect the blue-blue on gray coax center lead
(below SN B200000, blue on white wire) going to the hori-
zontal amplifier from pin AB on the driver amplifier board;
see Fig. 6-6.

d. Connect the wire, disconnected in part ¢ of this step,
to pin AD on the driver amplifier board.
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e. Turn on the Type 520 power.

f. CHECK—Type 520 trace length; horizontal trace
should be the same length as the diameter of the inscribed
circle on the vector graticule.

g. ADJUST—HORIZ GAIN control, R968 (see Fig. 6-8)
until the trace length is equal to the diameter of the in-
scribed circle on the vector graticule.

NOTE

R968 is readjusted slightly in step 35.
h. Turn off the Type 520 power.

i. Disconnéct the wire, described in part ¢ of this step,
from pin AD on the driver amplifier board.

j. Reconnect the wire, disconnected in part b of this
step, to pin AD on the driver amplifier board.

k. Reconnect the wire, described in part ¢ of this step,
to pin AB on the driver amplifier board.

I. Turn on the Type 520 power.

34. Adjust Chroma B-Y Gain 0

a. Set the front-panel GAIN BAL control, R648, to its
mechanical midrange position.

b. CHECK—Type 520 test circle position; must. be
tangent to the inscribed circle on the vector graticule at the
0° and 180° points.

c. ADJUST—B-Y GAIN control, R646 (see Fig. 6-6) so
test circle is tangent to the inscribed circle on the vector
graticule at the 0° and 180° points.
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F ront-panel controls:

Signal Selector CH A, A¢ and
FULL FIELD

CHANNEL A

100%-75%-MAX GAIN 75%

GAIN CAL
¢ REF BURST
CHANNEL B

100%-75%-MAX GAIN 75%

GAIN CAL
Display Selector Y
INTENSITY As desired
LUMINANCE GAIN CAL
SCALE ILLUM As desired
CALIBRATED PHASE 0
POWER : ON

Right recessed front-panel controls:

FIELD 1
SYNC INT
35. Adjust Transient Response 0

a. Abply a modulated staircase signal at 90% APL from
the Type 140 comp video connector through a 75 ohm
cable to the Type 520 CH A J1 connector.

b. Connect a 75 ohm coaxial cable from the CH A J2
connector to the CH B J50 connector and a 75 ohm end-
line termination to the CH B J51 connector.

c. Connect a 10X probe from the test oscilloscope verti-
cal input connector to TP680 (junction of R676 and R682)
located on the Driver Amplifier board; see Fig. 6-6.

d. Set the test oscilloscope for a vertical deflection
factor of 50 mV/division, AC coupled, at a sweep rate of 5
us/division with internal triggering.

e. CHECK—Test oscilloscope display; waveform should
have a flat top with minimum aberrations (aberrations less
than 1% in amplitude); see Fig. 6-18.

f. ADJUST—L610. through L618 located on the lumi-
nance filter board (see Fig. 6-19) for a test oscilloscope
waveform having a flat top with minimum aberrations.

g. Disconnect the 10X probe.

h. CHECK—Type 520 display; waveform should have a
flat top with minimum aberrations (aberrations less than
1% in amplitude); see Fig. 6-20.

®
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Fig. 6-18. Typical transient response of luminance filter as displayed
on a test oscilloscope.

Fig. 6-19. Luminance filter board adjustment locations.

i. ADJUST—VERT TRANS RESP, R849, C848, L838
and L858 located on the output amplifier board, see Fig.
6-8, for a waveform having a flat top with minimum aber-
rations; see Fig. 6-20.

j. Press the Signal Selector A CAL pushbutton.
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Fig. 6-20. Typical transient response of luminance filter and vertical
amplifier together.

k. Set the Type 140 controls as follows:

Mod Staircase

0° Subcarrier Down

Steps : Down
APL 80
Synchronization ‘

Burst Down

Sync Down

|. Turn off the Type 520 power. Disconnect the green-
green on gray coax center lead (below SN B200000, green
on white wire) from pin AD on the driver amplifier board.
Disconnect the blue-blue on gray coax center lead (below
SN B200000, blue on white wire) from pin AB on the
driver amplifier board; see Fig. 6-6.

m. Connect a 75 ohm coaxial cable from the Type 140
comp video output connector to a BNC clip lead adapter.
Connect the black lead to the Type 520 chassis and connect
the red lead to the wires disconnected in part | of this step.
Turn on the Type 520 power and press the Display Selector
VECTOR pushbutton.

n. CHECK—Type 520 display; should be similar to that
shown in Fig. 6-21. The displayed vector should be located

at 225°, have minimum overshoot (small spot size), and
minimum loop amplitude (smallest loop opening).

o. ADJUST—HORIZ GAIN R968, HORIZ TRANS

RESP R969, C958, C968, L958 and L978 located on the-

output amplifier board; see Fig. 6-8, to position the vector
display to 225°, and to obtain minimum loop amplitude
and vector tip overshoot. R968 affects phase; the remaining
adjustments affect transient response.

p. Turn off the Type 520 and remove the clip lead
adapter. Reconnect the wires to their respective pins on the
driver amplifier board.
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Smallest Amount
of Overshoot -

Smallest Opening ossible with
_the Straightest Lines Possible .

| Smallest Spot

Fig. 6-21. Waveform areas to observe when adjusting horizontal
amplifier transient response.

g. Turn on the Type 520 power. Return all Type 140
switches to the up position.

r. Apply the color bar signal from the Type 140 to the
Type 520 CH A J1 connector via the 75 ohm coaxial cable.

s. Check that the Display Selector VECTOR pushbutton
is depressed. Align burst at 180° using the channel A
PHASE control. :

t. Press the Display Selector Q pushbutton.

u. CHECK—Type 520 display; color bar waveform
should have minimum aberrations on the leading front
corner and a flat top.

—

Fig. 6-22. R-Y, B-Y filter board adjustment locations.
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v. ADJUST—L606 and L607 located on the R-Y, B-Y
filter board, see Fig. 6-22, for best leading edge and flat top
on the displayed color bars.

w. Press the Display Selector | pushbutton.”

x. CHECK—Type 520 display; color bars should have
minimum aberrations on the leading front corner and a flat

top.

y. ADJUST—-L601 and L602, see Fig. 6-22,-for best
leading edge and flat top on the displayed color bars.
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z. For instruments SN B200000 and up only. Press the
Display Selector VECTOR pushbutton and slowly rotate
the channel A PHASE control. Check that the overshoot at
the dots and the transient response between dots remains
constant as the display is rotated 360°. Abnormal over-
shoot indicates that the adjustments performed in this step
are not optimum.

aa. Disconnect the color bar signal, 75 ohm coaxial
cable and 75 ohm end-line termination.

NOTES
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Front-panel controls:

Signal Selector B CAL and FULL FIELD

CHANNEL A
100%-75%-MAX GAIN 75%
GAIN CAL
¢ REF BURST
CHANNEL B
100%-75%-MAX GAIN 75%
GAIN CAL
Display Selector VECTOR
INTENSITY As desired
LUMINANCE GAIN CAL
SCALE ILLUM As desired
CALIBRATED PHASE 0
POWER ON

Right recessed front-panel controls:

FIELD 1
SYNC INT

36. Adjust L272, L279; Feedback Com- _0

ponents (for instruments SN B150100 and
up); Input Phasing (for instruments SN
B030000 to SN B150100)

a. Connect a 10X probe from the test oscilloscope verti-
cal input connector to TP275 on the subcarrier regenerator
board; see Fig. 6-14.

b. Set the test oscilloscope for a vertical deflection
factor of 0.2 V/division, AC coupled, at a sweep rate of 0.1
Ms/division, with internal triggering.

c. CHECK—Test oscilloscope display amplitude; should
equal about 4 volts peak to peak. i

d. ADJUST—L272 and L279 (see Fig. 6-14) for maxi-
mum test oscilloscope display amplitude.

e. Disconnect the 10X probe.

f. Press the Signal Selector CH A and A¢ pushbuttons
and cancel the B CAL pushbutton.

g. Connect the 067-0565-00 calibration fixture to the
CH A J1 connector. Connect a 75 ohm end-line termination
to the CH A J2 connector.

h. Apply the signal from the Type 140 subcarrier out-
put connector through a 75 ohm coaxial cable and 75 ohm
feed-thru termination to the 067-0565-00 calibration fix-
ture subcarrier input connector.
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i. Connect the 10X probe, from the test oscilloscope
vertical input connector, to the center conductor of the CH
A J1 connector; see Fig. 6-5B.

j. Set the test oscilloscope for a vertical deflection
factor of 0.01 V/division, AC coupled, at a sweep rate of
0.5 ms/division with a free-running sweep.

k. Set the 067-0565-00 calibration fixture 95%-100%
switch to 95%. Adjust the calibration fixture subcarrier
amplitude control so a signal amplitude of exactly 143 mV
is displayed on the test oscilloscope.

I. Disconnect the 10X probe and test oscilloscope.

m. Connect a 75 ohm coaxial cable between the Type
140 comp sync and the Type 520 EXT SYNC J120 connec-
tor. Connect a 75 ohm coaxial cable from the Type 520
EXT SYNC J121 connector to the vertical input of the test
oscilloscope via a 75 ohm feed-thru termination.

n. Set the test oscilloscope for a vertical deflection
factor of 1 V/division, AC coupled, sweep rate 5 us/division
with internal triggering.

o. Adjust the test oscilloscope triggering controls to
obtain a stable display.

p. Connect the 067-0565-00 calibration fixture ramp
input connector through a 75 ohm coaxial cable and
BNC-to-clip lead adapter to the test oscilloscope sawtooth
output connector. (Connect the red lead to the sawtooth
output connector and the black lead to the oscilloscope
ground.)

q. Set the 067-0565-00 calibration fixture 95%-100%
switch to 100%.

r. Press the Display Selector Y pushbutton and set the
SYNC switch to EXT.

s. Adjust the 067-0565-00 calibration fixture ramp
amplitude control for a sawtooth amplitude of exactly 140
IRE units as measured on the IRE graticule.

t. Set the channel A 100%-75%-MAX GAIN switch to
MAX GAIN and press the Display Selector DIFF PHASE
pushbutton.
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u. Adjust the channel A PHASE control to bring the
two traces together at the start of the display.

v.. CHECK—Type 520 display, deviation between the
two traces must not be greater than 0.3° in the last 80% of
the display. (Use the CALIBRATED PHASE dial to read
the deviation between traces.)

w. ADJUST—L272 and L279 (see Fig. 6-14) so the
deviation between the traces is minimum. It is necessary to
continually readjust the channel A PHASE control to keep
the traces together as the adjustments are made.

x. Move the 067-0565-00 calibration fixture from the
CH A J1 connector to the CH B J50 connector. Move the
75 ohm end-line termination from the CH A J2 connector
to the CH B J51 connector.

y. Press the Signal Selector CH B pushbuttan and cancel
the CH A pushbutton. Set the channel B 100%-75%-MAX
GAIN switch to MAX GAIN. Check that the Signal Selector
A¢ and FULL FIELD pushbuttons are depressed. Check
that the Display Selector DIFF PHASE pushbutton is
depressed.

z. CHECK—Repeat parts u and v to check the channel B
input phasing.

aa. Disconnect the 067-0565-00 calibration fixture, test
oscilloscope, 75 ohm end-line termination, four 75-ohm
coaxial cables, two feed-thru terminations and the clip lead
adapter.

NOTE

Parts ab through aw of this step apply only to instru-
ments SN B150100 and up. For instruments SN
B0O30000 to B150100 proceed with part ax of this
step.

ab. Set the channel A and B 100%-75%-MAX GAIN
switches to 75%. Press the Signal Selector CH A pushbutton
and the Display Selector VECTOR pushbutton. Cancel the
Signal Selector CH B pushbutton.

ac. Connect a dual-input cable connector to the CH A
J2 and CH B J50 connectors and apply a modulated stair-
case signal, through a 75 ohm coaxial cable and 75 ohm
feed-thru termination, to the dual-input cable connector.

ad. Connect a second cable from the Type 140 comp
sync connector to the Type 520 EXT SYNC J120 connec-

®
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tor. Connect a 75 ohm end-line termination to the EXT
SYNC J121 connector.

ae. Adjust the channel A PHASE control so that the
staircase vector coincides with the 180° reference line on
the vector graticule.

af. Set the channel A 100%-75%-MAX GAIN switch to
MAX GAIN.

ag. CHECK—Type 520 display; the vector dot should
coincide with the inscribed graticule circle at 180°.

ah. ADJUST—C434 located on the feedback board (see
Fig. 6-23) until the staircase vector dot coincides with the
inscribed graticule circle. Adjust C430 until the vector dot
coincides with the 180° reference line on the vector grati-
cule.

ai. Set the channel A 100%-75%-MAX GAIN switch to
75%, then repeat parts ae through ah until interaction
between C430 and C434 adjustments has been removed.

aj. Press the Signal Selector CH B and B¢ pushbutfons
and cancel the CH A pushbutton.

ak. Adjust the channel B PHASE control so that the
staircase vector coincides with the 180° reference line on
the vector graticule.

al. Set the channel B 100%-75%-MAX GAIN switch to
MAX GAIN.

Fig. 6-23. Feedback board (SN B150100 and up) adjustment loca-
tions.
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am. CHECK—Type 520 display; the vector dot should
coincide with the inscribed graticule circle at 180°.

an. ADJUST—C442 (see Fig. 6-23) until the vector dot
coincides with the inscribed graticule circle. Adjust C439
until the vector spot coincides with the 180° reference line
on the vector graticule.

ao. Set the channel B 100%-75%-MAX GAIN switch to
75% and repeat parts ak through an until interaction be-
tween C439 and C442 adjustments has been removed.

ap. Set the Type 140 video switch up to obtain a color
bar output signal and press the Signal Selector CH A and
Ap/Bp ALT pushbuttons. (The other pushbuttons remain
as they are.)

ag. Set Channel B input phasing capacitor, C411- (see
Fig. 6-24), to its minimum capacitance position; that is, so

the silvered half of the rotor section is toward the Signal .

Selector switch.

ar. CHECK—Type 520 display vector lengths. Corres-
ponding vectors of channel A and channel B displays must
be exactly the same length. (Use the channel A and B
PHASE controls to superimpose the vectors.)

as. ADJUST—-C52 (see Fig. 6-10) so the channel B

vector is exactly the same length as the channel A vector. -

Do not disturb the setting of C2.

NOTE

Initial settings for C2 and C52 are given in step 15.

Fig. 6-24. Rear view of front-panel area below the Signal Selector
switch showing location of C401 and C411 adjustments.
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at. Depress the Signal Selector A¢ pushbutton. (The
other pushbuttons remain as they are.)

au. CHECK—Type 520 channel A and B vector phase
difference; should not exceed 1°.

av. ADJUST—C401 (see Fig. 6-24) to superimpose the
channel A vector on the channel B vector. |f C401 has
insufficient range to complete the adjustment, adjust C411
enough to superimpose the channel A vector on the channel
B vector.

aw. Repeat parts as through av until interaction
between C52 and C401 has been removed.

NOTE

Parts ax through bg apply to instruments SN
B030000 to SN B150100 only.

ax. Apply a color bar signal, via a 75 ohm coaxial cable
to the BNC female connector on the dual-input cable con-
nector.

ay. Connect the dual-input cable connector to CH A J2
connector and CH B J50 connector.

az. Connect a 75 ohm end-line termination to the CH A
J1 connector and the CH B J50 connector.

ba. Set the Channel A 100%-75%-MAX GAIN switch to
75%, depress the Display Selector VECTOR pushbutton,
and set the SYNC switch to INT. Other pushbuttons remain
as they are.

bb. Set the CH A input phasing capacitor, C88 (see Fig.
6-10), to its minimum capacitance position (silvered half of
the rotor to the right of the arrow when the arrow is
pointing away from you).

bc. CHECK—Type 520 display vector lengths. Corres-
ponding vectors of channel A and channel B displays must
be exactly the same length.

bd. ADJUST—C52, see Fig. 6-10, so that channel B
vectors are exactly the same length as channel A vectors.

be. CHECK—Type 520 channel A and B vector phase
difference should not exceed 1°.
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bf. ADJUST—C98, see Fig. 6-10, to superimpose the
channel B vectors upon the channel A vectors. If necessary,
adjust C88 after C98 has run out of range to superimpose
the channel A and channel B vectors upon each other (with-
in 1° or less).

bg. Repeat parts bd through bf until interaction of

adjustments C52 and C98 has been removed.

bh. Leave the color bar signal connected to CH A J2
and CH B J50 connectors.

37. Adjust Calibrated Phase Control 0

a. Cancel the Signal Selector CH B pushbutton. Check
that the following pushbuttons are depressed: Signal Selec-
tor CH A, A¢ and FULL FIELD; Display Selector
VECTOR pushbutton. Check that a color bar signal is
applied to the Type 520 CH A J2 and CH B J50 con-
nectors.

b. Set the channel A variable GAIN control so that one
of the displayed vectors overlays the graticule circle.

c. Set the CALIBRATED PHASE dial to —15°.

d. Using the channel A PHASE control, set the Type
520 displayed vector to an arbitrarily established 0° point
on the vector graticule.

e. Set the CALIBRATED PHASE dial to +15°.

f. CHECK—Type 520 displayed vector should have ro-
tated 30°, 24° clockwise.

g. Adjust the channel A PHASE control to align a dot
with an arbitrarily established 0° point on the vector grati-
cule.

h. Rotate the CALIBRATED PHASE control from +14°
toward —14° in increments of 2°.

i. CHECK—Type 520 display dot which corresponds to
the dial reading being checked. The dial error over any 2°
increment of the dial must be 2°, £0.2° of the previous dial
setting noted when the dot was aligned with the established
0° point.

j. Set the CALIBRATED PHASE dial to +14°.

®
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k. Adjust the channel A PHASE control to align a dot
with an arbitrarily established 0° point on the vector grati-
cule.

|. Rotate the CALIBRATED PHASE control from +14°
toward —14° in increments of 2°.

m. CHECK—Type 520 display dot. The dial error at the
+12° and +10° dial settings must be 2°, £0.2°, and 2°,
+0.4° respectively of the correct dial setting, while the dial
error at the other dial setting must be 2°, +0.5° of the
correct dial setting. ) ‘

NOTE

Parts n through x comprise the adjustment procedure.

n. Preset L331 to midrange and R335 clockwise (see
Fig. 6-25).

o. Turn the CALIBRATED PHASE dial counterclock-
wise to the STOP setting.

« p. ADJUST—-L332 down until maximum distortion of
the dots occurs.

g. Set the CALIBRATED PHASE dial to 0 and the A
PHASE control to position one of the dots to the 0° grati-
cule mark.

r. Rotate the CALIBRATED PHASE dial to +14°.

Fig. 6-25. Rear view of front-panel area below the Display Selector
switch showing location of the precision phase shifter adjustments.

6-33



Calibration—520/R520 NTSC

s. ADJUST—R335 to position the dot to the +14° grati-
cule mark. )

t. Set the CALIBRATED PHASE dial to 0 and the A
PHASE control to position the dot to the 0° graticule
mark.

u. Set the CALIBRATED PHASE dial to —14°.

v. ADJUST—L331 to double the dot error noted from
the —14° graticule mark (if the dot is +1° from —14°,
increase the error to +2° with L331).

w. Set the CALIBRATED PHASE dial to O and the A
PHASE control to position the dot to the 0° graticule

mark. .

x. Repeat parts q through w as necessary to minimize
interaction, then check calibrated phase range and accuracy
by repeating parts ¢ through m.

y. |f continuing on to step 38, disconnect the dual input
cable connector.

NOTES
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Front-panel controls:

CH A, A¢ and

Signal Selector
FULL FIELD
CHANNEL A -
100%-75%-MAX GAIN 75%
GAIN CAL
¢ REF BURST
CHANNEL B
100%-75%-MAX GAIN 75%
GAIN CAL
Display Selector Y
INTENSITY As desired
LUMINANCE GAIN CAL
SCALE ILLUM As desired
CALIBRATED PHASE 0
POWER ON

Right recessed front-panel controls:

FIELD 1
SYNC INT

38. Adjust DIFF GAIN Mode Compen- O
sation

a. Apply a modulated staircase signal to the CH A J1
connector via a 75 ohm coaxial cable.

b. Connect a 75 ohm end-line termination to the CH 2
J2 connector.

c. Adjust the HORIZ POSITION control to position the
display so all steps of the staircase signal can be seen.

d. Using the VERT POSITION control, superimpose the
base line of the staircase upon the —40 IRE unit line on the
IRE graticule.

e. Adjust the channel. A GAIN control so the top of the
last step is superimposed upon the +100 IRE unit line on
the IRE graticule; see Fig. 6-26A.

f. Press the Display Selector DIFF GAIN pushbutton
and set the channel A 100%-75%-MAX GAIN switch to
MAX GAIN. Do not touch the VERT POSITION control
again during this step.

g. CHECK—Type 520 display; should have the informa-
tion part of the waveform displayed at the 30 IRE unit line
on the IRE graticule; see Fig. 6-26B.

h. ADJUST-DIFF GAIN POS BAL control, R498 (see
Fig. 6-12) until the information part of the displayed wave-

®
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(A) Correctly positioned staircase waveform.
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(B) Correctly positioned DIFF GAIN mode display.

('i'-'ig. 6-26. Typical displays obtained when performing step 38.

form is superimposed upon the 30 IRE unit line on the IRE
graticule; see Fig. 6-26B.

39. Check Input Amplitude Range
a. Press the Display Selector LINE SWEEP pushbutton.

b. Set the Type 140 video switch-up to obtain a color
bar output signal.

c. Connect a 10X probe, from' the test oscilloscope
vertical input connector, to the center conductor of the CH
A J1 connector; see Fig. 6-5B.

d. Set the test oscilloscope for a vertical deflection
factor of 0.01 V/division, AC coupled, at a sweep rate of 10
us/division with internal triggering.

e. Set the sync pulse amplitude, of the color bar video
signal, to exactly 286 mV (overall signal amplitude 1 volt)
as measured on the test oscilloscope.

f. Rotate the channel A PHASE control to obtain maxi-
mum positive-going burst amplitude; see Fig. 6-27.
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Burst
{Maximum .Amplitude)

Fig. 6-27. Correct Type 520 color bar display for adjusting burst
flag timing.

g. Check that the intensified rising and falling portions
of the burst part of the Type 520 display are equal. It may
be necessary to reduce the display intensity so the inten-
sified portion may be seen. If the position of the intensified
portion is not correct, adjust the front-panel BURST FLAG
TIMING control, R1158, until the intensified rising and
falling portions of the burst are equal.

h. Reduce the sync amplitude of the color bar video
signal to exactly 200 mV (overall signal amplitude 0.7 volt)
as measured on the test oscilloscope.

i. Set the Type 520 SYNC switch to EXT for about 15
seconds, then return it to its INT position.

j. CHECK—Type 520 display, should be stable.

k. Increase the sync pulse amplitude of the color bar
video signal to exactly 400 mV (overall signal amplitude 1.4
volts) as measured on the test oscilloscope.

I. Set the Type 520 SYNC switch to EXT for about 15
seconds, then return it to its INT position.

m. CHECK—Type 520 display, should be stable.

n. Disconnect the video signal source, 75 ohm coaxial
cable and 10X probe. Leave the termination connected to
the CH A J2 connector.

40. Check Differential Gain Deflection Factor and
Differential Gain

a. Set the SYNC switch to EXT.
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b. Connect a 067-0565-00 calibration fixture to the CH
A J1 connector. Check that a 75 ohm end-line termination
is connected to the CH A J2 connector.

c. Connect a 75 ohm coaxial cable between the
067-0565-00 calibration fixture subcarrier input connector
and the Type 140 subcarrier connector.

d. Connect a 10X probe from the test oscilloscope verti-
cal input connector to the center conductor of the CH A J1
connector; see Fig. 6-5B.

e. Connect a 75 ohm coaxial cable between the Type
140 composite sync connector and the Type 520 EXT
SYNC J120 connector.

f. Connect a 75 ohm coaxial cable from the Type 520
EXT SYNC J121 connector to the vertical input of the test
oscilloscope via a 75 ohm feed-thru termination.

g. Set the test oscilloscope for a vertical deflection
factor of 1 V/division, AC coupled, at a sweep rate of 5
us/division with internal triggering.

h. Adjust the test oscilloscope triggering controls to
obtain a stable display.

i. Connect the 067-0565-00 calibration fixture ramp
input connector through a 75 ohm coaxial cable and
BNC-to-clip lead adapter to the test oscilloscope sawtooth
output connector. (Connect the red lead to the sawtooth
output connector and the black lead to the oscilloscope
ground.)

j. Set the 067-0565-00 calibration factor
95%-100%-MAX GAIN switch to 100%, then adjust the
ramp amplitude control for a sawtooth amplitude of
exactly 140 IRE units measured on the IRE graticule.

k. Set the channel A 100%-75%-MAX GAIN switch to
MAX GAIN and press the Display Selector VECTOR push-
button.

I. Adjust the calibration fixture subcarrier amplitude
control so that the vector dot coincides with the inscribed
graticule circle. Rotate the Type 520 A PHASE control to
align the dot to 180°.

m. Press the Display Selector DIFF GAIN pushbutton
and adjust the VERT POSITION control to position the
display to a convenient point.
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n. CHECK—Deviation of the Type 520; horizontal dis-
play must not exceed *5 IRE units from the horizontal
lines of the IRE graticule throughout the last 90% of its
length. This includes both slope and aberrations.

o. Set the 067-0565-00 calibration fixture
95%-100%-MAX GAIN switch to 95%.

p. CHECK—Position of the Type 520 display; should be
25 IRE units £1.25 IRE units below its position in part n of
this step.

g. Return the 067-0565-00 calibration fixture
95%-100% switch to 100%. If requirements cannot be met,
select R765 (see Fig. 6-8) for proper differential gain
deflection factor as described in part p.
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r. Move the 067-0565-00 calibration fixture from the
CH A J1 connector to the CH B J50 connector. Move the
75 ohm termination from the CH A J2 connector to the CH
B J51 connector.

s. Press the Signal Selector CH B pushbutton.

t. Using parts k through n as a guide, check the differen-
tial gain for channel B.

u. If continuing on to step 41, leave the 75 ohm ter-
mination connected to CH A J2 connector and remove all
other connections to the Type 520.

NOTES
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Front-panel controls:

Signal Selector CH A, A¢ and
FULL FIELD
. CHANNEL A
100%-75%-MAX GAIN 75%
GAIN CAL
¢ REF BURST
CHANNEL B
100%-75%-MAX GAIN 75%
GAIN CAL
Display Selector VECTOR
INTENSITY _ As desired
LUMINANCE GAIN CAL
SCALE ILLUM As desired
CALIBRATED PHASE 0
POWER ON

Right recessed front-panel controls:

FIELD 1
SYNC INT

41. Check 100%-75%-MAX GAIN Switch Gain
(For instruments SN B150100 and up)

a. Apply a 75% amplitude, 7.5% setup, color bar signal,
from the Type 140 comp video connector, through a 75
ohm coaxial cable to the Type 520 CH A J1 connector.

b. Connect a 75 ohm coaxial cable from the CH A J2
connector to the CH B J50 connector and a 75 ohm end-
line termination to the CH B J51 connector.

c. Check that the Signal Selector CH B pushbutton is
cancelled, then set the channel A PHASE control so that
the burst vector is at 180°.

d. Set the channel A 100%-75%-MAX GAIN switch to
100% and the Type 140 color bar amplitude switch to
100%.

e. CHECK—Type 520 display color vectors must be in
their boxes.

f. Cancel the Signal Selector CH A pushbutton and set
the channel A 100%-75%-MAX GAIN switch to 75%.

g. Press the Signal Selector CH B pushbutton. Set the
channel A PHASE control so that the burst vector is at
180°.

h. Set the channel B 100%-75%-MAX GAIN switch to
100%.
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i. CHECK—Type 520 display color vectors must be in
their boxes.

j. Set the channel B 100%-75%-MAX GAIN switch to
75%.

k. Cancel the Signal Selector CH B pushbutton. (The
other pushbuttons remain as they are.)

41A. Check 100%-75%-MAX GAIN Switch
Gain (For instruments below SN B150100)

a. Press both the Signal Selector A CAL and the Display
Selector Y pushbuttons.

b. CHECK—Type 520 display amplitude should equal
140 IRE units. If it is not, readjust the Type 520 channel A
GAIN control to obtain the correct display.

c. Set the channel A 100%-75%-MAX GAIN switch to
100%.

d. CHECK—Type 520 display amplitude; 105 IRE units,
+2.8 IRE units.

e. Cancel the Signal Selector A CAL pushbutton and set
the channel A 100%-75%-MAX GAIN switch to 75%.

f. Press Signal Selector B CAL pushbutton.

g. CHECK—Type 520 display amplitude; exactly 140
IRE units. If it is not, readjust the Type 520 channel B
GAIN control to obtain the correct display.

h. Set the channel B 100%-75%-MAX GAIN switch to
100%.

i. CHECK—Type 520 display amplitude, 105 IRE units,
+2.8 IRE units.

j. Set the channel B 100%-75%-MAX GAIN switch to
75%.

k. Connect a 10X probe, from the test oscilloscope ver-
tical input connector, to TP450 (junction of R452 and
Q450 emitter) on the demodulator board; see Fig. 6-12.
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