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SECTION 1

TYPE 528 SPECIFICATION

Type 528

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

rear of the manual.

General Information

The solid-state Type 528 Television Waveform Monitor pro-

vides bright, easy-to-observe video waveform displays on a

5-inch CRT, yet requires only 51%, inch vertical height and

one-half rack-width mounting space. This compact instrument

is especially well suited for monitoring signals from camera

outputs, video system output lines, transmitter video input

lines, closed-circuit TV systems and educational TV systems

utilizing 525 line, 30 frame (60 Hz field rate) scan. The instru-

ment can be easily modified to work with 625 line, 25 frame

(50 Hz field rate) scan.

Either of two video inputs, selectable from the front panel,

may be displayed. The displayed video signal is also pro-

vided at a video output connector for viewing on a picture

monitor. Calibrated 1-volt and 4-volt full scale (140 IRE units)

sensitivities are provided for displaying common video and

sync signal levels. A variable sensitivity control permits un-

calibrated displays from 0.25-volt to 4.0-volts full scale. The

built-in 1-volt calibration signal may be switched on to check

vertical sensitivity calibration. FLAT, IRE, CHROMA and DIFF

GAIN frequency response positions permit observation of

various signal characteristics.

Horizontal SWEEP selection provides 2H (2 line), 1 »s/DIV

(expanded 2 line), 2V (2 field) and 2V MAG (expanded 2

field). RGB and YRGB waveforms from color processing

amplifiers may be displayed through the use of the rear-

panel 9-pin connector.

A DC Restorer maintains the back porch at an essentially

constant level despite changes in signal amplitude, Average

Picture Level (APL) and color burst. This circuit may be turned

off when not needed. |

Low power consumption and long-term reliability are fea-

tures of the solid-state circuitry used in the Type 528.

A Tektronix Type C-30 or C-30A camera may be used for

display photography with the Type 528.

ELECTRICAL CHARACTERISTICS

The following performance requirements apply over an

ambient temperature range of 0° C to +50° C. The rated

accuracies are valid when the instrument is calibrated at

+20° C to +30° C, after a warm up time of three minutes.

A twenty minute warm-up is required for rated accuracies at

0° C ambient temperature.

NOTE

Control names which are capitalized or abbrevi-

ated on the front and rear panels of the Type 528

are similarly capitalized or abbreviated in the text

and_ illustrations.
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TABLE 1-1

VERTICAL DEFLECTION SYSTEM

ELECTRICAL CHARACTERISTICS

Characteristic Performance Requirement

Frequency Response at

1 V FULL SCALE or 4V

FULL SCALE:

FLAT Response from 25Hz to 3.6 MHz

within 1% of response at 50 kHz.

3.6 MHz to 5MHz within +1%,

—3%, of response at 50 kHz, and

+1%, —3% of response at 3.58

MHz.

IRE Response per 1958 IRE STD 23 S-1

(see Fig. 1-2). Attenuation at 4.43

MHz greater than 22 cB.

CHROMA Response at 3.58MHz does not

vary between FLAT and CHROMA

by more than 1%.

Attenuation at 7.2 MHz is greater

than 25 dB.

—3dB between 3.1 MHz and 3.4

MHz.

—3dB between 3.8 MHz and 4.1

MHz.

DIFF GAIN Same as the CHROMA response;

gain is increased 3 to 5.5 times.

Transient Response at

1V FULL SCALE, FLAT

(using 125-ns H.A.D. sin?

pulse and bar):

Preshoot 1 IRE unit or less

Pulse to Bar Ratio 0.99:1 to 1.01:1

Overshoot 2 IRE units or less

Ringing 2 IRE units or less

Tilt

Field Rate Square

wave or Vertical

Window 1% or less

25 us Pulse 1% or less

Differential Gain When the baseline is at 50 IRE

and the signal is adjusted to 100

IRE: Displayed differential gain

1% or less with 20-90% APL

changes.

Deflection Factor:

1 V FULL SCALE 140 IRE units within 1% with 1

volt input.

4V FULL SCALE 140 IRE units within 3% with 4

volts input.

1-1
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Maximum Input Level

AC coupled:

1 V FULL SCALE +5 Volts DC

4V FULL SCALE +5 Volts DC

Maximum Amplitude:

FLAT or IRE Displays in excess of 200 IRE units

may cause overload.

CHROMA 140 millivolts (20 IRE units) of burst

frequency in 1 V CAL, may be ex-

panded to 30 IRE units for dif-

ferential gain measurements at any

APL from 10% to 90%.

DIFF GAIN Normal subcarrier signal level of

143 mV P-P may be expanded to

100 IRE units for measurement of

ditferential gain with any APL.

Subcarrier signals may be as low

as 90 mV and be displayed as 100

IRE units.

Input Impedance (not

terminated):

1 V FULL SCALE 15 kQ paralleled with 50 pF.

AV FULL SCALE 60 kQ paralleled with 50 pF.

Maximum. Return Loss:

VIDEO INPUTS (A and

B terminated in 750

at all deflection factor

settings, inputs in use or

not in use, instrument

on or off)

At least 46dB to 5 MHz.

VARIABLE (VOLTS FULL

SCALE) Range:

1 V FULL SCALE 0.25 volt or less to 1 volt for 140

IRE unit display.

4V FULL SCALE 1.0 volt or less to 4 volts for 140

IRE unit display.

Video Output:

Frequency Response 25 Hz to 5MHz within 3%.

Differential Gain 50% Within 2% with 140 IRE unit dis-

APL play.

Differential Phase 50% | Within 3° with 140 IRE unit dis-

APL play.

DC Level On Output 2 volts or less into 75Q load.

Nominal Output Im-

pedance

75.0

Output Signal Ampli-

tude

1 V FULL SCALE, 4V

FULL SCALE or any

position of VARIABLE

control

1 volt within 15% for 140 IRE unit

display with RESPONSE at FLAT.

TABLE 1-2

HORIZONTAL DEFLECTION SYSTEM

ELECTRICAL CHARACTERISTICS

Characteristic Performance Requirement

Sweep Base Line Visible at all settings of SWEEP

switch with no video or external

sync inputs.

Specification—Type 528

2V Sweep:

Repetition Rate Equal to frame rate of applied

video or external sync.

Length (when sync'd

to video signal)

12.1 div within 0.5 div.

2V MAG Sweep:

Magnification ~ X20

2H Sweep:

Repetition Rate Equal to half line rate of applied

video or external sync.

T us/DIV Sweep:

Accuracy 1 ps/div within 3% excluding first

and last major division.

Linearity 3% or less throughout horizontal

POSITION range excluding first

and last major division.

TABLE 1-3

RGB/YRGB ELECTRICAL CHARACTERISTICS

Characteristic Performance Requirement

~ RGB/YRGB:

Staircase Amplitude:

RGB (3 step)

Factory connected for RGB input,

(3 step).

10 volts within 15% for 9 div

displacement.

YRGB (4 step) 10 volts within 15% for 9 div

displacement.

Maximum Staircase

Input

Peak AC plus DC signal levels

shall not exceed limits of —12 to

+12 volts. Maximum AC signal

level is 12 volts peak to peak.

Sweep Repetition Rate

In RGB/YRGB:

2V Field rate of applied video or ex-

ternal sync signal.

2H Line rate of applied video or ex-

ternal sync signal.

Sweep Length:

RGB (3 step) 27% to 33% of normal sweep

2V or 2H).

YRGB (4 step} 20% to 25% of normal sweep

(2V or 2H).

Staircase Transient Re-

sponse

Designed for either line or field

rate commutation of input.

Control Signal (External

Power)

12 volts to 15 volts between pins

4 (pos) and 5 (neg) of J370.

Control Signal (Internal

Power)

Jumper pin 5 to pin 6 of J370.

Ground pin 4 to actuate RGB/

YRGB circuit.

Control Circuit Internal

Resistance (25° C)

250 © within 20%.

TABLE 1-4

DC RESTORATION ELECTRICAL CHARACTERISTICS

- Characteristic Performance Requirement

Clamp Time Back Porch

@2



Specification—Type 528

Low Frequency Response

at 60 Hz:

Attenuation of 60Hz

Added to Input Signal

20% or less DC RESTORER switch

set from OFF to ON.

Blanking Level Shift Due

to Presence or Absence

of Burst

1 IRE unit or less shift from no

color burst to presence of color

burst.

Blanking Level Shift With

10% to 90% APL

Change

APL changes from 50% to either

10% or 90% will cause blanking

level shift of 1 IRE unit or less.

TABLE 1-5

CALIBRATOR ELECTRICAL CHARACTERISTICS

Characteristic Performance Requirement

Calibrator Frequency At least 2 cycles will be displayed

in 2H. Must synchronize 2H sweep.

Amplitude 1.0 volt within 1%.

TABLE 1-6

EXTERNAL SYNC ELECTRICAL CHARACTERISTICS

Characteristic Performance Requirement

Input Signal Requirement 1.5 volt to 4.5 volts composite sync

will synchronize sweeps.

Input Impedance (Unter-

minated)

~ 15kQ in parallel with ~ 5 pF.

Maximum Return Loss

When Terminated in 75

Q Loop Through Con-

_nector

46 dB from 25 Hz to 5 MHz.

Maximum Input Voltage +20 volts

TABLE 1-7

POWER SOURCE ELECTRICAL CHARACTERISTICS

48 Hz to 66 Hz.

From 66Hz to 440 Hz, Line Volt-

age Range is 115 volts AC 10%

or 230 volts AC 10%.

Line Frequency Ranges

Power Consumption at | 48 watts

115 Volts AC 60 Hz

TABLE 1-8

PHYSICAL CHARACTERISTICS

Characteristic Information

Finish Anodized aluminum front panel.

5, inches high, 8Y, inches wide

and 181/, inches long.
Dimensions

Characteristic Performance Requirement

Line Voltage Ranges 99 volts AC to 132 volts AC, 198

volts AC to 264 volts AC.

ENVIRONMENTAL CHARACTERISTICS

The following environmental test limits given in Table 1-9

apply when tested in accordance with the recommended test

procedure. This instrument will meet the electrical perform-

ance requirements given in this section following an environ-

mental test. Complete details on environmental test pro-

cedures, including failure criteria, etc., may be obtained from

Tektronix, Inc. Contact your local Tektronix Field Office or

representative. — |

TABLE 1-9

ENVIRONMENTAL CHARACTERISTICS

Characteristic Information

Temperature:

Non-operating —40° C to +65° C

Operating 0° C to +50° C

Altitude:

Non-operating To 50,000 feet

Operating To 15,000 feet

Transportation Qualified under NSTC test pro-

cedure 1A, Category II (24” drop).

STANDARD ACCESSORIES

Standard accessories supplied with this instrument can be

found on the last page in the Mechanical Parts List portion

of this manual. For additional accessories, refer to the cur-

rent Tektronix, Inc. catalog.

@2
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Type 528

SECTION 2

OPERATING INSTRUCTIONS

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

rear of the manual.

General

This section of the manual provides general operating

information. Included is a brief description of the Type 528

controls and connectors, and a suggested First-Time Opera-

tion procedure.

Power Requirements

The regulated power supplies in the Type 528 will operate

with line voltages from 99 volts AC to 132 volts AC when the

LINE VOLTS switch is set to the 99-132V position, and from

198 volts AC to 264 volts AC when the LINE VOLTS switch

is set to the 198-264V position. The fuse data provided on

the rear panel of the instrument gives the correct fuse to use

for each line-voltage operating range.

For maximum dependability and long life, the line voltage

applied to the Type 528 should be within the line voltage

operating range for the LINE VOLTS switch position used.

If the line voltage exceeds the operating limits, or has a

poor waveform (distorted sine waves), unstable power-

supply operation may result. Check for proper line volt-

age and waveform before checking for other causes of un-

stable operation.

Cooling

The Type 528 is cooled by convection air flow through

the instrument. For information concerning minimum clear-

ance needed around the instrument for proper air circula-

tion, refer to the Dimension Drawing page.

Installing the Type 528

The Type 528 is designed to be cradle-mounted in a stand-

ard 19-inch rack or console side by side with another Type

528. The Tektronix part number for the rack adapter is 016-

0115-01. If only one Type 528 is mounted on the rack

adapter, a panel assembly that covers one-half of the rack

can be obtained by specifying Tektronix part number 016-

0116-00.

For portable use the Type 528 can be removed from the

rack and slipped into a cabinet. The Tektronix, Inc., part

number for the cabinet is 390-0018-00.

All items can be ordered through your local Tektronix

Field Office or representative.

When planning a. custom installation that does nof re-

quire the use of a Tektronix rack adapter and panel as-

sembly, use the Dimension Drawing as a reference for deter-

mining the mounting dimensions.

CONTROLS AND CONNECTORS

Introduction

A brief description of the function or operation of the Type

528 front and rear-panel controls, adjustments and connectors

©!

is provided here (see Fig. 2-1). The front-panel indicator
lights are also included.

Front-Panel Controls and Lights (left side)

POSITION

(Horizontal) A ten turn control to position the display

Control horizontally. |

CAL and Indicate when the VARIABLE (VOLTS FULL

UNCAL SCALE) control is set to the calibrated
Indicators (CAL green light) or uncalibrated (UNCAL

red light) position. The indicators also

function as a pilot light to indicate when |

the instrument is on.

VOLTS FULL Five position switch selects the full scale

SCALE Switch vertical deflection factors for Video Input

A, Video Input B, or the internal 1 V CAL

(1 volt) calibrator signal.

VARIABLE Continuously variable control with a mini-

(VOLTS FULL mum range of 1 to 4 to permit variable

SCALE) Control adjustment of gain for each VOLTS FULL

SCALE switch position. Used in conjunc-

tion with the VOLTS FULL SCALE switch

to accommodate input signals from 0.25

volt to 4 volts.

Four position switch selects FLAT, IRE or

CHROMA frequency response characteris-

tics.

A fourth position, DIFF GAIN, provides the

same frequency response as the CHROMA

position but with an additional gain of 3X

to 5.5X.

_ Four-position switch selects 2H, 1 us/DIV,

~2V MAG and 2V sweep rates.

2H: Sweep repetition is half line rate to

display two television lines.

1 ws/DIV: Expands the two-line display to

provide 10 magnification of the hori-

zontal blanking interval or any _ other

portion of the two-line display.

2V MAG: Expands the two-field display to

provide 20 magnification of the vertical

blanking interval or any other portion of

the two-field display.

2V: Sweep repetition is half field rate

to display two fields (one frame).

RESPONSE

Switch

SWEEP

Switch

INTENSITY

Control

POWER-SCALE POWER switch turns instrument on or off.

ILLUM Control SCALE ILLUM control sets light level of

graticule markings.

Controls brightness of the display.

FOCUS

Control

Permits adjustment of CRT beam for opti-

mum definition.

2-1



Operating Instructions—Type 528

Access Door.

POSITION (Horizontal)
Control

| ~POSITION (Vertical)
ite Control

| . VARIABLE (VOLTS on

FULL SCALE) Control. .

| “WDC RESTORER

ASTIGMATISM |

Adjustment TM.

VIDEO INPUT A —

: : Connectors
pe wee wane AUGN 

al

TRACE ALIGN

Adjustment
1370 (RGB/YRGB)

Connector

LINE VOLTS. _ VIDEO INPUT B
Switch Connectors

FOB-264

VIDEO OUT
Connector

meen mmns Recessed Controls —mmemmm

Fig. 2-1. Controls, lights, adjustments and connectors on the Type 528 Waveform Monitor.

POSITION | Vertically positions the display. when used in conjunction with the FOCUS
(Vertical) control.
Control

, - TRACE ALIGN — Screwdriver adjustment to align the trace

SYNC Switch Two-position slide switch to select INT or Adjustment or the display with the horizontal graticule
EXT sync. lines.

° RES TORER Two-positin sige switch to turn the DC LINE VOLTS Two-position slide switch for selecting a
witc restorer or Switch line voltage range of 99-132 volts or 198-

Rear-Panel Controls and Connectors 264 volts.

ASTIGMATISM — Screwdriver adjustment permits adjustment VIDEO OUT BNC connectors for monitoring the dis-

Adjustment of the CRT beam for optimum definition Connector played signal on a picture monitor.
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EXT SYNC BNC connectors for accepting external sync

Connectors signals. The inputs are loop-through and

compensated for 75 ohms.

VIDEO INPUT = BNC connectors for applying an external

A Connectors video signal to VIDEO INPUT A. The inputs

are loop-through and compensated for 75

ohms.

VIDEO INPUT — BNC connectors for applying an external

B Connectors video signal to VIDEO INPUT B. The inputs

are loop-through and compensated for 75

ohms.

J370 (RGB/ Nine-pin socket for accepting external
YRGB) staircase and relay control signals.

Connector

FIRST-TIME OPERATION

The following procedure is suggested as a way of becom-

ing familiar with the operation of the Type 528. A 1-volt

modulated staircase signal is used in this procedure to illus-

trate the displays. The First-Time Operation procedure is as

follows:

1. Set the INTENSITY control fully counterclockwise.

2. Check that the LINE VOLTS switch is set to the proper

line voltage operating range.

3. Connect the instrument to a suitable power source and

turn on the POWER-SCALE ILLUM control.

4. While the instrument is warming up (at least 3 minutes),

set the Type 528 front-panel controls as follows:

Left Front-Panel Controls:

POSITION (Horizontal) Midrange

VOLTS FULL SCALE Al

VARIABLE (VOLTS CAL

FULL SCALE)

RESPONSE FLAT

SWEEP 2H

~ Recessed Front-Panel Controls:

POWER-SCALE ILLUM Desired graticule

illumination

FOCUS As is

POSITION (Vertical) Midrange

SYNC INT

DC RESTORER ON

Rear-Panel Controls:

ASTIGMATISM As is

TRACE ALIGN As is

5. Rotate the INTENSITY control clockwise until the trace
is at the desired brightness.

6. Use the Vertical POSITION control to position the trace

to the 0 IRE graticule line. Use the Horizontal POSITION to

position the start (left end) of the trace to the first major divi-

sion mark on the 0 IRE graticule line.

®

Fig. 2-2. Typical calibrator waveform display obtained when the

VOLTS FULL SCALE switch is set to 1 V CAL, the VARIABLE VOLTS

FULL SCALE control is set to CAL and the display is properly focused.

7. Adjust the FOCUS controlto obtain a well-defined

trace.

8. Check that the trace aligns with the 0 IRE graticule line.

If not, adjust the TRACE ALIGN control to obtain proper

alignment.

9. Set the VOLTS FULL SCALE switch to the 1 V CAL posi-

tion. Use the Vertical POSITION control to vertically center

the display in the —40 to 100 IRE unit area of the graticule.

Adjust the ASTIGMATISM and FOCUS controls to obtain a

well-defined waveform. The calibrator waveform should be

140 IRE units (within 1.4 units) in amplitude (see Fig. 2-2).

10. Connect a 1-volt modulated staircase signal to the

VIDEO INPUT A connector.

NOTE

If the Type 528 is connected to the output of a

video signal distribution system, connect a 75 ohm

termination resistor to the other unused VIDEO

INPUT A connector.

11. Set the VOLTS FULL SCALE switch to A 1. Use the

Vertical POSITION control to align the blanking level of the

waveform with the 0 IRE graticule line. A modulated stair-

case waveform similar to the one shown in Fig. 2-3A will be

displayed. The FLAT position of the RESPONSE switch pro-

vides a flat frequency response from 25 Hz to approximately

5 MHz. ,

12. Set the RESPONSE switch to IRE (see Fig. 2-3B). This

position of the switch provides a frequency response with a

rolloff as illustrated in Fig. 1-2 (refer to the Specification

section of this manual).

13. Set the RESPONSE switch to CHROMA (see Fig. 2-3C).

In this position of the switch, only the components of the sig-

nals within the 3.2 to 4.0 MHz frequency range are displayed.

2-3



(A) RESPONSE switch set to FLAT. , (B) RESPONSE switch set to IRE.

Pl Check this portion .
w of the waveform

>

100

IRE 6&6 -———

Units & .

Reference pee

Amplitude ie

— ~40

ec eet rr oanaaanagannnanamnnanantndenednemmennaseemratsesessenesememeemaenannanaa EE

(D) RESPONSE switch set to DIFF GAIN. This waveform shows (E) RESPONSE switch set to DIFF GAIN. This waveform illustrates
absence of differential gain. presence of approximately 10% differential gain.

Fig. 2-3. Typical displays obtained for each position of the RESPONSE switch when the SWEEP switch is set to 2H.



(A) SWEEP switch set to 1 us/DIV.

o% —

OO mT a 5% =
rn | : hoawuw.

(C) SWEEP switch set to 2V MAG.

Fig. 2-4. Typical displays obtained for the last three positions of

the SWEEP switch when the RESPONSE switch is set to FLAT.

@!

Operating Instructions—Type 528

14. Place the RESPONSE switch to the DIFF GAIN posi-

tion. The display should be similar to the one shown in Fig.

2-3C except the amplitude of the DIFF GAIN display will

be 3X to 5.5X greater. The DIFF GAIN switch position is

used when checking the equipment for differential gain using

a test signal such as a modulated staircase or ramp. To per-

form this check, a suggested procedure is as follows:

a. Adjust the VARIABLE (VOLTS FULL SCALE) control

until the display is exactly 100 IRE units peak to peak in

amplitude. Use the Vertical POSITION control to center

the display about the 50 IRE unit graticule line (see Fig.

2-3D).

b. Check the waveform for uniform amplitude. The

departure of any portion of the staircase modulation from

the 100 IRE units of amplitude chosen as a reference rep-

resents differential gain. For example, Fig. 2-3E illustrates

a waveform containing 10% differential gain; that. is,

there is a total variation in amplitude of 10 IRE units with

respect to the 100 IRE unit reference amplitude. For this

illustration, the POSITION controls were used to move

the waveform to a location where the graticule lines can

be utilized for the differential gain measurement.

15. Set the VARIABLE (VOLTS FULL SCALE) control to CAL,

the RESPONSE switch to FLAT and the SWEEP switch to 1

ps/DIV. A magnified display of the horizontal blanking

interval should be obtained. A typical display is shown in

Fig. 2-4A. |

16. Set the SWEEP switch to 2 V and note that a two field

display is obtained (see Fig. 2-4B).

17. Set the SWEEP switch to 2V MAG. Observe that a

magnified display of the vertical blanking interval is obtained

(see Fig. 2-4C).

18. Set the VOLTS FULL SCALE switch to A 4 and the

SWEEP switch to 2V. Observe that the vertical amplitude

of the display is one-fourth of the display amplitude obtained

in step 16; that is, one fourth amplitude is about 35 IRE units

peak to peak. The A 4 and B 4 positions of the VOLTS

FULL SCALE switch are primarily used to observe composite

sync signals that are 4 volts in amplitude but these switch

positions may also be used in conjunction with the VARIABLE

(VOLTS FULL SCALE) control to observe composite video

signals whose amplitudes lie between 1 and 4 volts. This

completes the First-Time Operation procedure.

REAR-PANEL CABLE CONNECTORS

For more information about the circuit characteris-

tics associated with the connector(s), refer to the

Specification section of this manual.

Video Input A, Video Input B

Two pairs of BNC connectors are provided for accepting

1 volt or 4 volt video input signals. These connectors are

VIDEO INPUT A and VIDEO INPUT B, selectable by the

VOLTS FULL SCALE switch. The video inputs provide high-

2-5



Operating Instructions—Type 528

(B) Signal is applied and

relay energized by a two-

wire external voltage*

source.

(A) Signal is applied and

relay is energized by the

internal voltage when plug

is inserted into socket.

Shield

Coax Staircase Staircase Coax

Shield Signal Signal

Gnd Input Input Gnd

| ‘<—

[> 12V to 15V Cl

- Relay

—12V Staircase Shield Gnd Staircase

to Signal Shield & Signal Control Signal

—I15V Input Gnd Gnd Connection Input

tJ |
a >

c ——_— = ~ 
~

. rd ”

5

(C) Signal is applied and

relay is remotely energized

by an external voltage*

and ground connection.

(D) Signal is applied and

relay is remotely energized

using the internal voltage

and an external ground

control connection.

* If the external voltage for energizing relay K370 is greater than 15 volts, connect a resistor in series with the voltage source. Resis-
tance and wattage of the series resistor can be determined using the following information:

1. Relay control circuit internal resistance at 25°C is 250 ohms within 20%.

2. Relay control circuit current when 12 volts (for example) is applied: 48 mA.

Fig. 2-5. Rear (wiring) view of 9-pin male plug to show the signal and various relay control connections. Description of plug and cover:
Plug, 9-pin cable end, Eby, Tektronix Part No. 136-0099-00. Cover for plug, black plastic, Tektronix Part No. 200-0249-00.

impedance loop-through compensated for 75 ohms connec-

tions so that the instrument may be connected into any part

of a properly terminated 75-ohm system.

When the Type 528 is connected to the output of a system

where loop-through connections are not required, a 75-ohm

terminating resistor should be connected to the unused input

connector to properly terminate the system.

Video Out

The VIDEO OUT connector (BNC Type) permits monitoring

the Type 528 displayed signal on a picture monitor. The out-

put signal is ] volt 15% for 140 IRE units of signal ampli-

tude displayed on the Type 528 CRT when the RESPONSE

switch is set to FLAT and the VIDEO OUT connector is con-

nected to a properly terminated system. Output impedance

is 75 ohms.

External Sync

A pair of BNC connectors marked EXT SYNC is provided

on the rear panel to couple an external negative-going sync

signal to the sweep circuit when the SYNC switch is set to

the EXT position. This input is a 75-ohm loop-through con-

nection. The unterminated input impedance is about 15 kQ

in parallel with 5pF. The input sync signal requirement for

synchronizing the Type 528 sweeps is a 1.5 volt to 4.5 volts

composite sync signal.

2-6

RGB/YRGB J370

A 9-pin socket connector, marked J370, is provided to con-

nect an external staircase signal and relay control wiring to

the Type 528. The input impedance between pin 3 (staircase

signal input) and ground is 1.1 megohm shunted by approxt-

mately 50 pF. Fig. 2-5 shows how to wire the male plug

connector (supplied with the Type 528) so the staircase signal

can be applied to the instrument. In addition, the illustrations

show several ways to connect relay K370 so it can be actu-

ated directly or remotely using internal or external power.

K370

—15V ~

Fig. 2-6. Rear (wiring) view of lettered-pin socket. Description:

Socket, 9-pin, chassis mounting with female insert, Amphenol, Tek-

tronix Part No. 136-0089-00.

@1
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Staircase Coax Staircase Coax

Signal Shield Signal Shield
Input Gnd Input Gnd

(A) (B)

Staircase —12V Shield Staircase Relay Shield

Signal - to Gnd Signal Gnd & Signal

Input —15V Input Control Gnd

Connection

(C) (D)

NOTE: Refer to Fig. 2-5 for additional information not provided here because Figs. 2-5 and 2-7 are similar to each other.

7

~~

| _.- —
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|
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Fig. 2-7. Rear (wiring) view of letter-pin male plug if used with the socket shown in Fig. 2-6. Description: Plug, 9-pin cable, No. 165-13

Amphenol, with male insert, Tektronix Part No. 134-0049-00.

NOTE

Relay K370 is polarized. Observe proper polarity

when making connections to the relay by way of

the connectors.

Figs. 2-6 and 2-7 give the necessary wiring in-

formation required if the numbered-pin Eby socket

is replaced by a letter-pin Amphenol socket. The

lettered-pin socket, wired as shown in Fig. 2-6 is

identical in function to J501 on the Tektronix Type

529 and RM529 Waveform Monitors. Note: The

polarity of the relay control signal is important

to the Type 528 whereas the Type 529 or RM529

employs a non-polarized relay.

When K370 is actuated and the SWEEP switch is set to 2H

or 2V, the sweep length is 27% to 33% of the normal sweep

length if TP263 is jumpered to TP264 and if TP293 is jumpered

to TP294 (factory wired; see Fig. 2-8 for location of test

points). Then, when a 20Hz 3-step RGB staircase signal of

correct amplitude (about 10 volts overall amplitude) is ap-

plied through pin 3 of J370, the display will be properly

positioned if the DC Level control R304 (described later) is

properly adjusted. The total length of the three stepped

sweeps will be approximately equal to a normal sweep-trace

length in accordance with the staircase output from a color

processor (see Fig. 2-9).

To obtain the displays shown in Fig. 2-9, red, green and

blue non-composite outputs from a color-bar generator were

fed to a line-rate video switcher and to the Type 528 VIDEO

INPUT A connector. The staircase output from the video

switcher was applied to pin 3 of J370 to step the sweep

sideways so that the red, blue and green signals are dis-

played from left to right respectively. This illustration is

@l

intended to simulate the display that could be obtained from

a color television camera equipped with a RGB video

switcher.

Fig. 2-8. Left side rear view of Main board showing location of

test point connections for controlling the sweep length when K370

is actuated. For RGB operation leave the test points connected as

shown. For YRGB operation the jumper wires must be removed.

2-7
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Fig. 2-9. Display obtained when using one type of RGB switcher.

With DC RESTORER switch set to ON, the Vertical POSITION control

was used to position the black level of display (A) at 0 IRE and

display (B) slightly above the O IRE graticule line (to show clearer

view of waveform).

For YRGB operation proper sweep length can be obtained

by removing the TP263-TP264 and TP292-TP294 jumpers. With

the jumpers disconnected and relay K370 energized, the

sweep length is 20% to 25% of normal sweep. When the

YRGB signal is applied to pin 3 of J370, the signal will step

the sweep so the total length of the four stepped sweeps will

be approximately equal to a normal sweep-trace length.

Some RGB and YRGB systems have a staircase signal out-

put with a positive DC component and some with a negative

DC component. The DC component positions the display

to the left or right on the CRT, depending on the polarity.

To properly position the display, proceed as follows:

1. De-energize the relay and set the SWEEP switch to 2H

or 2V. Check that the sweep starts at the first left major

graticule division mark.

2-8

DC Level,

R804

Fig. 2-10. Left side bottom-center view of the Main board showing

the location of the DC Level control.

Jumper

2. Energize the relay.

3. Adjust the DC Level control R304 (see Fig. 2-10) so the

display starts at the same point as the normal (2H or 2V)

sweep.

@
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Jumper Wire-

-TP370:

‘TP230-

Fig. 2-12. Left side rear view of Main board showing location of

TP230 and TP370, with jumper wire as shown and in RGB/YRGB

mode of operation, the CRT will be unblanked.

MODIFICATIONS

Introduction

The Type 528 can be modified to satisfy certain studio

conditions. Some possible modifications are as follows:

1. Changing to DC Input Coupling

Operating Instructions—Type 528

Sometimes it is necessary to observe the demodulated out-

put from a television transmitter using a DC oscilloscope. The.

528 vertical amplifier can be DC coupled and used for this

purpose. The information that follows describes how to make

the modification: .

Solder a jumper wire between TP2 and TP8 as shown in

Fig. 2-11. The jumper shorts out coupling capacitor C8, and

all signals selected by the VOLTS FULL SCALE switch are

now DC coupled from the input through the vertical ampli-

fier to the CRT vertical deflection plates with the RESPONSE

switch set to FLAT or IRE.

2. Changing 3-step RGB Mode of Operation to 4-step YRGB

Refer to the topic entitled, “RGB/YRGB J370" that pre-
cedes MODIFICATIONS.

3. SN BO080560-up. Eliminating CRT blanking during RGB/

YRGB mode of operation. ,

To observe the entire RGB/YRGB display (including re-

trace), connect a short jumper wire between TP230 and

TP370 as shown in Fig. 2-12. The jumper applies +10V via

K370F to the emitter of Q230, which holds Q230 at cutoff.

With Q230 cutoff, the CRT will be unblanked at all times.

4. Changing to 625-Line 25-Frame Scan °

The Type 528 can be easily modified to work with a 625-

line 25-frame (50 Hz field rate) scan system. For information

concerning this modification, contact your local Tektronix

Field Office or representative and ask for: Instruction Manu-

al Modification Insert, MOD 188G, for the Type 528 Wave-

form Monitor.
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Type 528

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 begins with a functional block

diagram description of the Type 528. Signal flow is traced

from one block to the next. Only the basic interconnections

between the individual blocks are shown. Each block rep-

resents a stage or circuit which is described as a separate

topic in the detailed description. Some exceptions occur

where several stages are so interrelated that they are best

described together. Use the block diagram located on a

pull-out page at the rear of the manual when following

the block diagram description.

Next, a detailed description is given to explain the pur-

pose and electrical operation of each stage or circuit. Use

the schematic diagrams provided on the pull-out pages at

the rear of the manual when following this description. The

diayrams have voltages and time-related waveforms that are

useful when analyzing the operation of a circuit.

Conventional current flow is used in all references to

direction of current flow in the detailed circuit description.

NOTE

Circuit voltages, currents, gain and waveform

peak-to-peak amplitudes given in this manual are

not absolute but are approximate due to normal

manufacturing tolerances and component charac-

teristics.

Proper understanding of the circuit description to follow

will depend to some extent on the readers’ knowledge of the

operation of typical electronic circuits using solid-state de-

vices. The following list of references provide an index of

reference material relating to some of these typical circuits.

1. Operational Amplifiers ,

a. Jacob Millman and Herbert Taub, ‘‘Pulse, Digital and

Switching Waveform”, McGraw-Hill, New York, 1965,

pp. 15-18.

b. “Operational Amplifiers and Their Applications’, Tek-

tronix, Inc., Beaverton, Oregon, 1965, Part No. 070-

0526-00. _

2. Blocking Oscillator

Jacob Millman and Herbert Taub, “Pulse, Digital and
Switching Waveforms, McGraw-Hill, New York, 1965,

pp. 597-621. |

3. Miller Sweep Generator

Jacob Millman and Herbert Taub, ‘Pulse, Digital and
Switching Waveforms’, McGraw-Hill, New York, 1965,

pp. 540-548,

4, Regulated Power Supply |

Phillip Cutler, ‘Semiconductor Circuit Analysis’, McGraw-

Hill, New York, 1964, pp. 559-625.

BLOCK DIAGRAM

The VOLTS FULL SCALE switch SW4 selects 1-volt or 4-volt

signals applied to the VIDEO INPUT A and VIDEO INPUT

B connectors. In addition, the switch is used to select an inter-

nal square wave from the 1 Volt Calibrator Q400. This sig-

nal is used to check the calibration of the vertical amplifier.

The VOLTS FULL SCALE switch also selects the attenuators

(not shown in detail -on the block diagram) within the Input

Attenuator block.

If the VOLTS FULL SCALE switch is set to A 4, with a 4-

volt signal applied to the VIDEO INPUT A connector, the

signal will pass through a 4V ( 4 volt) full scale attenuator

in the Input Attenuator block to the Input Amplifier (Q20,

Q25, Q30). If the switch is set to A 1 with a 1-volt signal

applied, the signal goes through a 1V (1 volt) full scale

attenuator to the Input Amplifier. The gain of the Input

Amplifier can be varied by means of the VARIABLE (VOLTS

FULL SCALE) control.

The signal from the Input Amplifier is applied to the

RESPONSE switch. This switch selects the filters that control

the bandwidth of the vertical amplifier. The signal is also

applied to the Video Output Amplifier (Q70, Q80). This

amplifier provides a sample of the signal to the VIDEO OUT

connector. The signal is also applied to the Sync Separator

circuit (Q90, Q95, Q100) when the SYNC switch is set to INT.

If the SYNC switch is set to EXT, an external sync signal is

applied to the Sync Separator circuit.

As stated above, signal from the Input Amplifier passes to

a selected filter through the RESPONSE switch. The signal at

the output of the filter is applied to the Vertical Amplifier

Driver (Q50, Q60). This amplifier converts the high input

impedance to a low output impedance for driving the Verti-

cal Amplifier (Q150, Q160, Q170) and the DC Restorer

(Q110). The Vertical Amplifier amplifies the signal and pro-
vides push-pull drive to the CRT vertical deflection plates.

The output signal amplitude is sufficient to obtain a full scale

display when the proper amplitude signal is applied to the

_ input of the vertical amplifier and the VARIABLE (VOLTS

FULL SCALE) control is set to CAL.

The DC Restorer (Q110), when turned on by means of the

DC RESTORER switch, holds the display steady at the video

backporch level so the display will not shift up or down

with changes in signal amplitude or APL. The Emitter Follower

stages (Q130, Q140) provide the means for DC coupling the

DC Restorer and Vertical POSITION voltages to the Vertical

Amplifier (Q150, Q160, Q170).

_ The Syne Separator circuit (Q90, Q95, Q100) removes the

video information from the composite video, leaving sync

with sync tips clamped at a certain voltage level for applica-

tion to the Sync Amp & Vertical Separator (Q200, Q210,

Q@225) and DC Restorer (Q110) circuits. The Sync Amp &
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Vertical Separator is an amplifier, a sync clipper, and a pulse

width discriminator to provide horizontal or vertical sync

pulses to the Gating Multi (Q220, Q240, Q270).

In the Gating Multi circuit, Q220 is one half of a comple-

mentary multivibrator; the other half is either Q240 or Q270,

depending on the setting of the SWEEP switch. For two line

sweep mode of operation, the SWEEP switch is set to 2H or

1 us/DIV. With the switch in either of these positions, the

Gating Multi consists of Q220 and Q270. Transistor Q2/0

places the Horizontal Miller (Q290) into active operation.

Q240 is disabled by the SWEEP switch to prevent the Vertical
Miller circuit (Q2é0) from generating a sweep.

In two-line sweep mode of operation, the Gating Multi

(Q220 and Q270) applies gating pulses at half the line

rate to the Horizontal Miller (Q290) to control the sweep.

The gating pulses are also applied to the Blanking Amplifier

(Q230) for amplification. The amplified gating pulses from

Q230 are applied to the CRT to blank (turn off) the beam

at the same time that the gate applied to the Horizontal

Miller is resetting the sweep. At the termination of the gate,

the beam is unblanked (turned on) and the Horizontal Miller

is allowed to generate a sweep.

The beam is blanked between sweeps by special deflec-

tion plates (located in the focus electrode area of the CRT).

Blanking the beam is accomplished by diverting the electron

beam away from the apertures within the electron gun and

toward the more positive blanking plate, thereby effectively

cutting off the electron beam. Henceforth in this manual,

blanking the beam is referred to as ‘‘turning off the beam”;

unblanking is referred to as ‘turning on the beam”.

For two-field sweep mode of operation, the SWEEP switch

is set to 2V or 2V MAG. With the switch in either of these

positions, the Gating Multi is Q220 and Q240. Transistor

Q240 places the Vertical Miller (Q260) into active operation.

Q270 in the Gating Multi is disabled by the SWEEP switch

to prevent the Horizontal Miller circuit (Q290) from generat-

ing a sweep.

In two-field sweep mode of operation, the Gating Multi

(Q220 and Q240) applies gating pulses at half the field rate

to the Vertical Miller (Q260) to control the sweep. The gaf-

ing pulses are also applied to the Blanking Amplifier for

amplification. The amplified pulses from Q230 are applied to

the CRT to turn off the beam at the same time that the gate

applied to the Vertical Miller is resetting the sweep. At the

termination of the gate, the beam is turned on and the Ver-

tical Miller is allowed to generate a sweep.

If no sync pulses are applied from the Sync Amp & Verti-

cal Separator to the Gating Multi, the rising sawtooth from

the active Miller circuit will revert the Gating Multi to auto-

matically reset the sweep. After the sweep resets, the Gating

Multi will allow the sweep to run again to produce a free-

running sweep. ,

The RGB Amplifier (Q300, Q305) is connected to the Hori-

zontal Driver (Q315) when K370 is energized. The relay

changes the active Miller circuit sweep rates by a factor

of two and decreases the magnitude of the sweeps. Thus,

when a RGB or YRGB signal is applied to pin 3 of J370,

the staircase signal will horizontally position the shortened

sweeps for sequential presentation of the red, blue and green

portions of a color studio camera output in RGB mode of

operation; for YRGB mode of operation the white, red, green

3-2

and blue portions of a color studio camera output are pre-

sented. |

The sweep sawtooth, selected by the SWEEP switch, is

applied to the Horizontal Driver (Q315) for amplification and

gain selection. When the SWEEP switch is set to 2H or 2V,

the relative gain is <1; with the SWEEP switch set to 1 ps/

DIV, the relative gain is X10, and when the SWEEP switch

is set to 2V MAG, the relative gain is X20. The Horizontal

POSITION control applies a DC voltage to the input of the

Horizontal Driver stage for positioning the trace or display

to the left or right on the CRT screen.

The sweep sawtooth with its DC positioning component is

applied to the Horizontal Amplifier (Q350, Q360). This

amplifier converts the single-ended sawtooth waveform to a

push-pull amplified signal for driving the CRT horizontal

deflection plates.

The high-voltage circuits contain a High Voltage Oscillator

(Q430), High Voltage Regulator (Q410, Q420) and a 1 Volt

Calibrator (Q400). The High Voltage Oscillator operates .at

a frequency of about 20 kHz and furnishes energy for the

CRT, 1 volt Calibrator and +300 volt power supply. Volt-

age regulation is accomplished by means of the High Volf-

age Regulator.

INPUT & VERTICAL AMPLIFIER ,
Input Signal and Attenuator Selection

The VOLTS FULL SCALE switch SW4 provides manual

selection of either of two input signals applied to the VIDEO

INPUT A and VIDEO INPUT B connectors. It further permits

the selection of attenuation suitable for full screen display of

1 V (1 Volt) or 4V (4 Volt) signals. The switched portion of

the frequency-compensated step attenuator for the Al or

B1 position is C4 and R4; for the A4or B4 position the switched

portion is C2 and R2. The non-switched portion is the feed-

back network, C23 and R23, in the Input Amplifier stage. C2

and C4 are adjusted for optimum response to a sin? pulse and

bar signal. When this is accomplished, C2 and C4 equalize

the input high frequency time constant with respect to the

feedback time constant of C23 and R23.

A fifth position of the VOLTS FULL SCALE switch provides

for the selection of a 1 V (1 Volt) internal square wave for

checking the calibration of the Type 528 vertical deflection

system.

Input Coupling

A blocking capacitor, C8, together with the input resist-

ance form an AC coupling time constant of at least one

second. This capacitor may be shorted out by a jumper con-

nection from TP2 to TP8 if DC input coupling is desired. When

the capacitor is shorted out in this case, the Type 528 is

direct coupled from the input to the vertical deflection plates

of the CRT in the FLAT and IRE positions of the RESPONSE

Switch SW40.

Input Amplifier Q20, Q25 and Q30

The purpose of the Input Amplifier is to present a high

impedance to the input terminals to provide for step and
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Connect the Type 528 to the correct

power source. Apply power and allow 3

minutes warm-up.

(

Apply a 1 volt modulated stairstep signal

to the upper VIDEO INPUT A. Set the

SWEEP to 2H, RESPONSE TO FLAT and

adjust for a proper display. Start the

trace on the first O IRE graticule div.

)

Insert the RGB plug* into J370. There

should be an audible click as K370 ener-

gizes.

Check the RGB plug connector for proper connections.

Check the RGB connector for proper polarity and voltage.

audible click

‘

Adjust R304.** The trace

Q300, Q305

and circuitry.

should move left and right

across the CRT.

Position the display to start

no DC level

change

on the tenth division line.

Y
Display is

~3 div long.

Display is a

1 line rate display.

Set SWEEP 2V

Display is

—=3 div long-

/

Apply a 10 volt square wave from the

test oscilloscope to pin 3 of the plug

connector.

Check for a 2 field

rate display, ~9

div apart.

Relay and RGB circuit are operating cor-

rectly.

Check K370.

L

K370-E

no audible A
click

DC level change

Monitor pin B- (Main
no positioning board) for a DC level

~*1 change as R304 is ad-

justed.

Display is ~12
anal >| K370-C
div long:

Display is a K370

2 line rate display. i A-B

Display is ~12 =

div long. *| K370-D

*Properly wired as illustrated in Fig. 5-11 of the Calibration Pro-

cedure.

**Use R304 as a horizontal position control for the rest of this

procedure.

Fig. 4-4. Troubleshooting chart for the Type 528 RGB circuit.



NOTE

This instrument may be checked with a VTVM, 10

megohm input impedance and O to 500 volts

range; ohmmeter, 0 to 50 megohms; accuracy with-

in 3%.

Purpose: To check voltages and for general troubleshoot-

ing in this instrument.

3. Test Oscilloscope

Description: DC to 10 MHz frequency response (signal trac-

ing). 10 millivolts to 200 volts/division deflection factor using

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 pro-

cedures given under Corrective Maintenance.

1. Check Control Settings. Incorrect control settings can

indicate a trouble that does not exist. If there is any question

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 528 check that the equipment

used with this instrument is operating correctly. Check that

the signal is properly connected and that the interconnecting

cables are not defective. Also, check the power source.

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 connections,

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 and may be corrected by calibration. Com-

plete calibration instructions are given in the Performance

Check/Calibration section of this manual.

5. Isolate Trouble to a Circuit. To isolate trouble to a

circuit, note the trouble symptoms. The symptoms often

identify the circuit in which the trouble is located. For ex-

ample, poor focus indicates that the CRT (includes high volt-

age) circuit is probably at fault. When trouble symptoms

appear in more than one circuit, check affected circuits by

taking voltage and waveform readings.

Incorrect operation of all circuits oftén indicates trouble in

the power supply. Check first for correct voltage of the in-

dividual supplies. However, a defective component elsewhere

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 incor-
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rectly. Use the procedure given in the Calibration section to

adjust the power supplies.

TABLE 4-3

Power Supply Tolerance

Power Supply Tolerance

+300 5%

+100 5%

+10 5%

—15 See Step 1 in Calibration Procedure

Figs. 4-3 and 4-4 are block diagrams showing a set pro-

cedure to isolate any trouble to a particular circuit or block

diagram.

After the defective circuit has been located, proceed with

step 6 through 8 to locate the defective component(s).

6. Check Circuit Board Interconnections. After the ©

trouble has been isolated to a particular circuit, check the

pin connectors on the circuit board for correct connection.

Figs. 4-12 through 4-16 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 the voltage at the

remaining board.

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

inside portion of the Input & Vertical Amplifier dia-

gram pull-out 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. This warning note

also applies to recessed screws that hold tran-

sistors to the chassis.

8. Check Individual Components. The following pro-

cedures describe methods of checking individual components

in the Type 528. Components which are soldered in place

are best checked by disconnecting one end. This isolates

the measurment from the effects of surrounding circuitry.

A. TRANSISTORS. The best check of transistor operation

is actual performance under operating conditions. If a tran-

sistor is suspected of being defective, it can best be checked

by substituting a new transistor or one which has been

checked previously. However, be sure that circuit conditions

are not such that a replacement transistor might also be

damaged. If substitute transistors are not available, use
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a dynamic tester (such as Tektronix Type 575). Static-type

testers are not recommended, since they do not check opera-

tion 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 on one direction and very low when the leads

are reversed.

Do not use an ohmmeter scale that has a high in-

ternal current. High current may damage the diode.

C. RESISTORS. Check the resistors withon ohmmeter. Check

the Electrical Parts List for the tolerance of the resistors used

in this instrument. Resistors normally do not need to be re-

placed 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).

CAUTION

L2 and L4, feed-through coils, should not be

moved, expanded or compressed. Refer to Sec-

tion 5, Step 15, for any adjustment.

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 procedure given

in this section. Be sure to check the performance of any

circuit that has been repaired or that has had any electri-

cal components replaced.

CORRECTIVE MAINTENANCE

General

Corrective maintenance consists of component replacement

and instrument repair. Special techniques required to replace

components in this instrument are given here.

Standard Parts. All electrical and mechanical part re-

placements for the Type 528 can be obtained through your

local Tektronix Field Office or representative. However,

many 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 list for value, tolerance, rating and

description.
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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 instru-

ment, particularly at high frequencies. All replace-

ment 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 com-.

ponents, some special components are used in the Type 528.

These components are manufactured or selected by Tektronix,

Inc. to meet specific performance requirements, or are manu-

factured for Tektronix, Inc. in accordance with our specifica-

tions. These special components are indicated in the Elec-

trical 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 representa-

tive. |

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

wait pencil type soldering iron on the circuit boards. A higher

wattage soldering iron may separate the etched wiring from

the base material.

The tip should be made of copper and have a chisel or

beveled shape, with a 1%, inch width. The tip of the iron

should be clean and properly tinned for best heat transfer

to the solder joint.

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 by 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 pur-

pose. If the removal is not accomplished in the first few

seconds of heat application, go to another connection or



wait a few minutes before reheating the connection. This is
to avoid transferring too much heat to the substrate.

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 prop-

erly, 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. 4-5) or other heat

sink.

5. 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 to 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 3/4 inch wide wedge-shaped tip.

Observe the following precautions when soldering to 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-remover

solvent.

Component Replacement

| WARNING

Disconnect the instrument from the power source

before replacing components.

Circuit Boards. If the circuit board is damaged beyond

repair, replacement can be made of the entire assembly

.
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, |

including all soldered-on components, or of the board alone.
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. However,

if the bottom side of a board must be reached, the follow-

ing procedure outlines the removal and replacement of the

boards.

Removal:

I. Disconnect all pin connectors on both sides of the board.

(See Fig. 4-12 through 4-15.)

2. Remove all interconnecting wires which do not have

pin connectors. (See Fig. 4-16.)

3. Remove six (6) mounting screws. (See Fig. 4-11.)

4, Remove circuit board.

Circuit Board Replacement:

1. Position the circuit board over the mounting holes.

2. Install all six (6) mounting screws and tighten equally.
Each screw must be installed to insure a good electrical con-

nection between the board and chassis.

3. Connect all interconnecting wires.

4. Connect all pin connectors.

Cathode-Ray Tubes. Use care when handling a CRT.

Protective clothing and safety glasses should be worn. Avoid

striking it on any object which might cause it to crack or

implode. When storing a CRT, place it face down on a

smooth surface with a protective cover or soft mat under

the faceplate to protect it from scratches.

The following procedure outlines the removal and replace-

ment of the cathode-ray tube.

Removal:

1. Remove the four CRT deflection plate pin connectors as

shown in Fig. 4-6. Do not bend the CRT deflection plate

pins.

2. Remove the plastic bezel as shown in Fig. 4-7.

(RIGHT)

Fig. 4-6. CRT deflection plate pins and connecting wire color codes.
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TYPE 526 |
WAVEFORM: 9

MONITOR

TEREBD EK, REL

OHRTARY, SRE. UY.AE

Insert fingernail under edgeof plastic bezel
and pry bezel away from face plate protector.

Fig. 4-7. Remove the plastic bezel.

Tre ge| |
WAVEFORM|
MONITOR

FRERNSHOL, 18K,

THEE GAR COR POOHSRG, BEE 8. a!

VIDEO & THAMEMITTES J i

Fig. 4-8. Location of screws to remove graticule.

3. Remove four (4) phillips head screws holding the grati-

cule as shown in Fig. 4-8.

4. Remove graticule.

5. Remove the CRT base cover from the rear of the instru-

ment as shown in Fig. 4-9.

6. Remove the CRT base socket. from the CRT.

7. Turn the CRT clamp screw until the CRT will slide within
the clamp. (See Fig. 4-10.)

8. Push on the CRT base to slide the CRT forward. Pull the

CRT out of the instrument from the front, making certain that

the deflection plate pins clear the CRT shield.

CAUTION

Handle with care. Due to the high vacuum that

exists inside the CRT, scratching any of the exter-

nal surfaces or rough handling increases the im-

plosion hazard.
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CRT base cover plate

ASTICMATISM

: VRATER PSR) AH
: RUBIK KARE

HE SSP BOHN

OME WOLTS:

38 BEM

waaay

Fig. 4-9. Rear of instrument showing CRT base cover plate.

ASHEMATISM

Fig. 4-10. Location of CRT clamp screw.

Replacement:

1. Slide the CRT into the CRT shield, being careful not to

bend the deflection plate pins.

2. Guide the CRT base into the CRT clamp, and slide the

CRT far enough to the rear of the instrument to allow the

graticule to be replaced.

3. Replace the graticule (etched side towards CRT}, insert

phillips head screws and tighten.

4. Push the CRT forward until the CRT touches the grati-

cule.

5. Tighten the CRT base clamp.

6. Replace the CRT deflection plate pin connectors. Do not

bend the deflection plate pins.

7. Replace the CRT base socket and install the rear cover.

8. Replace the plastic bezel over the CRT graticule.

1
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Fig. 4-11. Location of circuit boards in the Type 528.

Replacement of the CRT will necessitate instrument cali-

bration. Refer to Calibration, Section 5.

Relay. To remove K370, it is not necessary to remove the

circuit board. Care must be taken when a replacement is

made to insure that the relay will not be damaged.

Removal:

With a small screwdriver, expand the metal clip that sur-

rounds the body of the relay. At the same time gently pull

the relay away from the circuit board until the clip frees the

top of the circuit board. Once the clip has cleared, release,

and pull the relay from the board.

Replacement:

Place the metal clip around the relay. Guide the relay

into the circuit board until the metal clip comes into contact

with the bottom of the circuit board. With the use of a small

screwdriver, expand the clip out while pushing the relay

Into the circuit board. Once the clip has cleared the top

of the circuit board, release. Both sides of the clip must rest

on the top of the circuit board to insure that the relay will

operate correctly.

Transistor Replacement. Transistors should not be re-

placed unless actually defective. If removed from their

sockets during routine maintenance, return them fo their orig-

®

inal sockets. Unnecessary replacement of transistors may

affect the calibration of this instrument. When transistors

are replaced, check the operation of that part of the in-

strument which may be affected.

CAUTION

The Power switch must be turned off before re-

moving or replacing transistors.

Replacement transistors should be of the original type or

a direct replacement. Re-mount the transistors in the same

manner as the original. Transistors which have heat radia-

tors or which 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 eyes. Wash hands thorough-

ly after use.

Fig. 4-2 shows the lead configurations of the transistors

used in this instrument. This view is as seen from the bottom

of the transistor.

Fuse Replacement. Table 4-4 gives the rating and func-

tion of the fuses used in this instrument.
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TABLE 4-4

Fuse Value Function

F502 6/10 A slow

(SN B100000 & up}]| Line fuse

1/2 A slow

(below SN 100000)

F542 3/4 A fast —15 volt and +10 volt

power supply protection

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

terminal. When soldering to the new switch be careful that

the solder does not flow beyond the rivets on the switch termi-

nals. Spring tension of the switch contact can be destroyed

by excessive solder. |

Power Transformer Replacement. Be sure to replace

only with a direct replacement Tektronix transformer.

4-12

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 Perfor-

mance Check procedure.

High Voltage. The components are located on the Power

board. To remove or repair this section, refer to circuit board

removal and replacement procedure provided in this section.

NOTE

All solder joints in the high voltage section should

have smooth surfaces. Any protrusions may cause

high-voltage arcing at high altitudes.

Recalibration After Repair

After any electrical component has been. replaced, the

calibration of that particular circuit should be checked, as

well as the calibration of other closely related circuits. Since

the low voltage power 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.
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“Z" blk-vio_on wht

‘Y' blu on wht

“W" blk-grn onwht

UR’ shield for ‘Q"

‘Q’ blk coax

‘P* shield for ‘O°

‘M’ brn-blk-brn on wht

CZ NOT USED ~

‘G’ yel on wht

AA’ bik-gry on wht 7

‘AC’ bik-red on wht

‘AE’ blk-yel on wht

‘AF’ blk-blu on wht
| ‘AG’blu on wht

aay’ shield for ‘AK’.

‘AK’ grn-grn on gry coax .

AN’ brn-grn-bikon tan
AO’ brn-grn-blkon fan

‘AT’ orn-vio on gry coax

AU’ brn-blkc-brn on wht

“AV brn-blk-brnon wht

*L65 was added and

connected in series —

with R65 for instru-.

ments SN B 100000

and up. —

Fig. 4-12. Partial top view of Main board showing components and wire color codes for instruments SN B100000-up.
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