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1750-Series

PREFACE

This manual documents the TEKTRONIX 1750-Series

Waveform/Vector Monitor. Information apptying to ail instru-

ments in the series uses the term 1750-Series. Information

that applies to a specific instrument, within the series, uses

specific instrument type (i.e. 1750 or 1751).

The information in this manual is intended for instrument

operators and service technicians. For purposes of classifi-

cation, operators are assumed to be familiar with basic tele-

vision concepts, while a qualified service technician is

familiar with both the concepts of television and basic elec-

tronic servicing techniques.

The information contained here is also classified as to

which user it is intended for. The Operator's Information is

useful to both operators and service technicians, because it

contains the general operating instructions. The Service in-

formation, because of its intended purpose, is designed for

qualified service technicians.

PART | OPERATOR’S INFORMATION

Section 1, Introduction and Specification, includes a gen-

eral description of the instrument followed by the Specifica-

tion. The Specification includes references to corresponding

Performance Check steps.

Section 2, Operating Instructions, in addition to the front

and rear panel control and connector discussions, contains

both application related discussions and a brief familiariza-

tion discussion.

PART If SERVICE INFORMATION

This part of the manual contains the information required

to install, calibrate, maintain, and troubleshoot the instru-

ment.

Section 3, Installation, includes electrical and mechanical

installation information, which includes power mains conver-

sion, adjustments, remote connections, operational

changes, and rackmounting instructions.

Section 4, Theory of Operation, provides an overall block

description and detailed circuit descriptions.

Section 5, Checks and Adjustments, includes the Perfor-

mance Check Procedure and the Adjustment Procedure.

The Performance Check Procedure is used to verify instru-

ment performance within its specifications, and the Adjust-

ment Procedure is used to adjust the instrument within its

specifications. The procedures are preceded by a list of rec-

ommended test equipment.

Section 6, Maintenance, includes preventive mainte-

nance instructions, troubleshooting techniques {including a

procedure), and corrective maintenance information.

Section 7, Replaceable Electrical Parts, includes ordering

information and part numbers for ail replaceable electrical

parts.

Section 8, Diagrams, contains servicing illustrations.

These include adjustment locations, circuit board parts loca-

tions, a block diagram, schematic diagrams, and wave-

forms. Parts locating tables are included that cross

reference the circuit board illustrations and schematic dia-

grams.

Section 9, Replaceable Mechanical Parts, includes order-

ing information and part numbers for all replaceable me-

chanical parts. This parts list is referenced to an

exploded-view mechanical drawing. Also included are lists

of accessories and optional accessories.
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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is for both operating and servicing personnel. Specific warnings and

cautions will be found throughout the manual where they apply, but may not appear in this summary.

TERMS

In This Manual

CAUTION statements identify conditions or practices that

could result in damage to the equipment or other property.

WARNING statements identify conditions or practices that

could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not immedi-

ately accessible as one reads the marking, or a hazard to

property including the equipment itself.

DANGER indicates a personal injury hazard immediately ac-

cessible as one reads the marking.

SYMBOLS

in This Manual

/\ Symbol indictes where applicable cau-
tionary or other information is to be found.

As Marked on Equipment

4 DANGER — High voltage.

S) Protective ground (earth) terminal.

AN

Power Source

ATTENTION — refer to manual.

This product is intended to operate from a power source

that will not apply more than 250 volts rms between the -

supply conductors or between either supply conductor and

ground.

Power Source

This product is intended to operate from a power source

that will not apply more than 250 volts rms between the

supply conductors or between either supply conductor and

ground.

Grounding the Product

This product is grounded through the grounding conductor

of the power module power cord. To avoid electrical shock,

plug the power cord into a properly wired receptacle before

connecting to the product input or output terminals. A pro-

tective ground connection by way of the grounding conduc-

tor in the power module power cord is essential for safe

operation.

Danger Arising From Loss of Ground

Upon ioss of the protective-ground connection, all accessi-

ble conductive parts (including knobs and controls that may

appear to be insulating) can render an electric shock.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type, volt-

age rating and current rating as specified in the parts list for

your product.

Refer fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an explo-

sive atmosphere unless it has been specifically certified for

such operation.

vii
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Section 1— 1750-Series

PART 1

OPERATOR’S INFORMATION

INTRODUCTION AND SPECIFICATION

The 1750 (NTSC) and the 1751 (PAL) Waveform/Vector

Monitors are comprehensive signal monitors that provide

extended measurement capability. They are half-rack width

by five and one-quarter inches high, which suits them for

numerous side-by-side monitoring tasks with other half-rack

instruments. Both the 1750 and the 1751 provide SCH

Phase monitoring and measurement capability, along with

front-panel line and field selection, and camera chain (RGB

or YRGB) measurements.

The SCH Phase display of the 1750-Series monitors can

be used to monitor SCH Phase, adjust SCH Phase (even

from a distance and at wide viewing angles), and determine

if the signal is exhibiting the correct color frame. The dis-

play, which consists of demodulated color burst vector(s),

and a phase-locked horizontal sync dot is easily interpreted.

When an external reference signal (composite video, black

burst, or color black, that has little or no SCH Phase error) is

used, a color framing error between signals can be deter-

mined.

The 1750-Series combines line and field selection with a

bright crt, which makes it possible to look at a single fine of

the television field. Line and field selection can be either

from the front panel or as a combination of front-panel and

remote,

Demodulated chrominance can be displayed with a hori-

zontal sweep using the R-Y Mode for NTSC or the V-Axis

Mode for PAL signals. When burst phase is set properly in

the Vector Mode, the R-Y Mode displays the chrominance

demodulated on the R-Y axis (V-Axis in the PAL systems).

Facilities for a parade display of camera RGB signals are

included in the 1750-Series instruments. The enable and the

3-step staircase signal are input through the rear-panel RE-

MOTE input. Repositioning an internal jumper changes the

display to a YRGB parade.

Any of the front-panel switches (except power) may be

remotely controlled through rear-panel remote connectors.

The control interface is compatible with ground closure or

TTL circuits.

The 1750-Series has two input channels, individually

selectable from either front-panel push-button switches or

by remote ground closure. In addition, it has a dual internal

graticule, which reduces parallax and simplifies measure-

ment tasks.

The following paragraphs provide more information on

the display modes, and special display features.

DISPLAY MODES

Waveform Mode

in the Waveform Mode, the monitors perform as special-

ized oscilloscopes to display signa! amplitude on the vertical

axis and time along the horizontal axis. The vertical gain and

horizontal sweep speeds are optimized for viewing standard

1-V amplitude television line and field. waveforms. A built-in

calibrator provides accurate 1-V amplitude and 10 us/cycle

(100 kHz) sweep references.

Front-panel push-button switches select sweep speeds

for 1 or 2 line (H) and 1 or 2 field (FLD) displays. Magnified

line sweep speeds are calibrated for 1 us/division and

0.2 us/division to allow accurate horizontal blanking and

other measurements. in addition, a special combination of

sweep rates and magnifier provides a 0.5 us/division sweep.

In the Waveform Mode, the vertical amplifier is calibrated

to display a 1-V composite video signal terminated in 75 Q.

Signal lines can be looped through the 1750-Series or termi-

nated at one side of the loop-through connectors, as the

1-1
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configuration dictates. A VARIABLE GAIN control and verti-

cal magnifier provide the flexibility to adjust the display am-

plitude of signals from 200 mV to 2.0 V to full scale. The X5

GAIN switch allows distortion-free vertical magnification.

There are three vertical frequency response filters, FLAT,

IRE (1750) or LUM (1751) low-pass to view the luminance

portion of signals; and CHROMA bandpass to view frequen-

cies around the subcarrier frequency.

A DC Restorer clamps the back porch to an essentially

constant level regardless of changes in signal amptitude or

average picture level. (Sync tip clamping is internally

selectable.)

R-Y or V-Axis Mode

In the R-Y Mode (V-Axis) the horizontal axis is swept by

the same timebase used in the Waveform Mode. The verti-

cal axis displays the demodulated R-Y (V). The differential

phase markings on the right side of the vector graticule are

calibrated for use in this mode. The PHASE, VARIABLE, X5

GAIN, and FIELD and LINE SELECTOR are all active in this

mode.

Vector Mode

In the Vector Mode, the monitors provide display of com-

posite video chrominance phase and amplitude. The Vector

Mode provides an xy display of the demodulated chromi-

nance. The vertical axis contains the R-Y (1750) or V (1751)

components, and the horizontal axis contains the B-Y

(1750) or U (1751) components. The resulting display plots

chrominance phase as angular information referenced to the

color burst, and chrominance amplitude as the radial dis-

tance from the center of the display. The PHASE control

adjusts the chrominance phase through a continuous 360°

range. The VARIABLE, X5 GAIN, and FIELD, and LINE SE-

LECTOR are all operational in this mode.

SCH Mode

The 1750-Series SCH Mode provides a subcarrier-to-

horizontal (SCH) phase measurement display. This display

can also be used to convey color frame information when

used with an external reference. The SCH Mode provides a

vector display of sync phase versus burst phase. The error

between the sync and the B-Y (-U) axis, when burst is prop-

erly registered, is the SCH phase relationship. SCH phase is

measured against the vector graticule, and is displayed so

that it can be observed while adjusting a signal source.

The display is time-shared so that the burst vector and

sync phase dot, are both displayed. Active video chromi-

nance phase vectors, such as program video or color bars,

1-2

are not displayed in this mode to reduce clutter in the dis-

play.

The burst vector and a displayed center dot are identi-

cally generated in both the Vector and SCH Modes. The

sync phase dot is generated by demodulating horizontal

sync from a burst-locked oscillator. Figure 1-1 shows a typi-

cal SCH Mode display.

4472-46

Fig. 1-1. Typical SCH Phase measurement displays: A. 1750. B.

1751,

Combination Modes

The 1750-Series has several additional display modes

that can be selected by pushing (simultaneously) two mode

buttons.

toy



WFM + R-Y (V-Axis). Provides automatic frequency

control (AFC) triggering.

SCH + VECTOR. Selects full field Vector display with

the sync dot. This provides a method of viewing ail of the

chrominance, rather-than just the burst.

SCH + WFM. Provides a waveform display with the

sweep starting in the center of the line.

SCH + R-Y (V-Axis). Displays horizontal sync phase

versus Sweep time.

Other Combinations. Other switch combinations will de-

fault to one of the defined operating modes.

RGB/YRGS Display

Facilities for a parade display of camera RGB signals are

included in all 1750-Series instruments. The monitor's RE-

MOTE connector accepts the required enable and 3-step

staircase signals from the camera. An internal jumper

change permits display of a YRGB parade signal.

Bright CRT Display

The bright 8 X 10 cm 1750-Series crt display allows use

in high ambient light conditions, such as those encountered

in field production applications. Brightness remains high in

the 1 and 0.2 us magnified sweep speeds, thus enhancing

the use of the 1750-Series in evaluating vertical interval test

signals and other one- or two-line applications. A parallax-

free dual internal graticule, including both the waveform and

vector graticules, is standard on both the 1750 and 1751.

introduction and Specification—1750-Series

Remote Controi Capability

Two rear-panel REMOTE connectors provide remote

control of input channel selection, display mode, sweep

speeds, frequency response filters, field selection, and the

16 lines on which the front-panel LINE SELECTOR is active.

Accessories

The standard accessories for the 1750-Series include the

instruction manual, power cable, fuses (for power conver-

sion), clear filter, and REMOTE plugs (with housing and

strain relief), A full list, including part numbers, is included at

the end of the Replaceable Mechanical Parts List, Section 9.

Optional accessories include a carrying case, a cabinet,

and a C5C Option 02 camera, rack adapter blank panel,

rackmount conversion kit, flipstand for Portable cabinet, 2

circuit board extenders, extender cable (bnc-to-Peltola), and

deflection lead extenders.

Safety Standards

This product is designed and tested in accordance with

the requirements for industry safety standards, which in-

clude the following:

— UL 1244 Electrical and Electronic Measuring and

Testing equipment. Second edition.

— {!EC 348 Safety requirements for electronic measuring

apparatus. Second edition.

— CSA 556B Electronic Instruments and Scientific appa-

ratus for special use and applications.

— FT2/EMI VDE 0871/6.78 for Category B.

— FCC/EMI FCC Docket 20780, Part 15, Subpart J for

Class 8 Computing Devices.

1-3
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SPECIFICATION

The Performance Requirements listed in the Electrical Test equipment used to verify Performance Require-

Characteristics apply over an ambient temperature range of ments must be calibrated and working within the limits spec-

0°C to +50°C. The rated accuracies are valid when the ified in the Recommended Equipment List located in Checks

instrument is calibrated at an ambient temperature range of and Adjustments, Section 5.

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

Table 1-1

ELECTRICAL CHARACTERISTICS

Vertical Deflection System - Waveform Mode

Performance Supplemental Perf Ck

Characteristic Requirements Information Step No.

Frequency Response

1 V Full Scate or

in X5 Gain

FLAT 50 kHz to 6 MHz within 2% of response at | Specifications apply for full 11
50 kHz. screen height video input

win signal, with variable GAIN

pwn to 8 wn2, within +2%, —5% of control in its detent
Po z position, inputs ac or de

IRE (1750) Response per {EEE Std 205 (Fig. 1-1). coupled. 13

Response at 15 kHz does not vary between 7

FLAT and IRE by more than 1%,

LUM (1751) Less than 3 dB attenuation at 1 MHz and

greater than 40 dB attenuation at 4.43 MHz. 13

Response at 15 KHz does not vary between 7

FLAT and LUM by more than 1%.

CHROMA Lower —3 dB point at 2.88 MHz +0.1 MHz.

(1751 values (3.73 MHz +0.1 MHz.) 14

in brackets)

Upper —3 dB point at 4.28 MHz +0.1 MHz.

(5.13 MHz +0.1 MHz.) 14

Response at 3.58 (4.43) MHz does not vary

between FLAT and CHROMA by more than 14

1%.

Attenuation at 7.2 MHz (8.9 MHz) greater

than 25 dB. 14
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Table 1-1 (cont)

Vertical Deflection System - Waveform Mode (cont)

Introduction and Specification—1750-Series

Performance Supplemental Perf Ck

Characteristic Requirements information Step No.

Transient Response

1 V Full Scale or Specifications apply for full

in X5 Gain screen height video input

FLAT (using 2T signal, with variable GAIN

pulse and 2T bar} control in its detent

Preshoot 1% or less. Position.
Pulse-to-Bar Ratio 0.99:1 to 1.01:1. 12

Overshoot 2% or less. 12

Ringing 2% or less. 12

Tit .

Field Rate 1% or less. 12

Square Wave

or Vertical

Window

25 us Bar 1% or less. 12

Overscan Less than 2% variation in baseline of 100 Variable GAIN control in

IRE (700 mV) 12.5T (20T) modulated pulse detent. X5 GAIN selected. 12

as it is positioned over the middie 80% of the

screen, with the inputs ac coupled.

Differential Gain 1% or less with 10% and 90% APL changes. | Chroma filter must be

selected. Baseline at 19

50 IRE and displayed sub-

carrier adjusted to 100 IRE

with X5 and VAR gain.

Deflection Factor

1V Full Scale 140 IRE (1.0 V) within 1% with 1 V input. With FLAT response

selected.

7

With X5 Gain 140 IRE (1.0 V) within 3% with 0.2 V input.

Variable Gain Range

1 V Full Scale Input signals between 0.7 V and 2 V can be 7

adjusted to 140 IRE (1.0 V) display.

With X5 Gain Input signals between 0.7 V and 2 V can be

adjusted to a 140 IRE (1.0 V) display. 7

Maximum Absolute #2 Vde + peak ac. Displays in excess of 200

Input Level IRE (1.428 V) may cause

frequency response

aberrations.

DC Input Impedance Greater than 15 &. 22

(Unterminated)

15



introduction and Specification—-1750-Series

Table 1-1 (cont)

Vertical Deflection System - Waveform Mode (cont)

Performance Supplemental Perf Ck

Characteristic Requirements Information Step No.

DC Input Impedance (cont)

Return Lass

(759)

Video Inputs At least 40 dB from 50 kHz to 6 MHz. A and 8 channels, loop-

(CH-A, CH-B} through terminated in 22

75 Q. input in use or not in

use, instrument power on

or off, alt deflection factor

settings.

Crosstalk between Greater than 70 dB

Channels isolation between
channels. Measured at Fsc

between CH-A, CH-B, and

EXT REF.

Loop Through Greater than 80 dB

Isolation isolation between

channels. Measured at Fsc

between CH-A, CH-B, and

EXT REF.

PIX MON OUT 50 kHz to 6 MHz, within 3% of response at | Terminated in 75 Q.

Frequency Response 50 kHz.

Differential Gain Within 1% with a 140 IRE (1.0 V) unit display.

(50% APL)

Differential Phase Within 1° with a 140 IRE (1.0 V) unit display.

(50% APL)

De Level on 0.5 V or less into 75 Q load. Input ac or de coupled with 9

Output no input signal applied.

Output Impedance 75Q

(Nominal)

Return Loss At least 30 dB, 50 KHz to 6 MHz. With instrument turned on. 22

(75 Q)

Input to PIX MON 4:1 +5% at 15 kHz. PIX MON OUT not 9

OUT Gain Ratio affected by front-panel

controls other than the

INPUT and LINE

SELECTOR settings.



DC Restoration

Table 1-1 (cont)

Introduction and Specification—1750-Series

Performance Supplemental Perf Ck

Characteristic Requirements Information Step No.

DC Restorer Clamp Back Porch or Sync Tip.

Time Selectable with an internat

jumper. Factory set to

Back Porch.

Low-Frequency Response

at 60 Hz

Attenuation of 20%.or less. 10

60 Hz on input

Signal

Blanking Level Shift with APL changes from 50% to either 10% or Input ac or de coupled. 10

10% to 90% APL Change | 90% will cause blanking level shift of 1 [RE

unit (7 mV} or less.

Blanking Level Shift Due 4 IRE unit (7 mV) or less shift from no color 10

to Presence or Absence of | burst to presence of color burst.

Burst

Calibrator

Performance Supplemental Pert Ck

Characteristic Requirements Information Step No.

Calibrator Signal 100 KHz, +0.1 kHz. Crystal controlled. Timing 8

Frequency : accuracy is 10 ws, +10 ns.

Synchronizes in 2H and 1H sweep. Can be used as 10 us

timing calibrator in

magnified 2H SWEEP.

Amplitude TV, 0.5% 8

Position Top of calibrator waveform
must be between 80 IRE

(0.86 V) and 120 IRE

{1.14 V) on graticule when

Back Porch of video signal

is positioned to 0 IRE

(0.300 V) line, with back

porch DC RESTORER on.

17
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Horizontal Deflection System

Table 1-1 (cont)

Performance Supplementat Perf Ck

Characteristic Requirements Information Step No.

Sweep Sweep will occur in all Horizontal mode 4

settings with or without synchronization.

iFLD Sweep

Repetition Rate

Even or Odd Equal to frame rate of applied video or Displays one field. 4

external sync.

Both Equal to field rate of applied video or external | Displays one field. 4

sync.

2FLD Sweep

Repetition Rate

Even or Odd Equal to frame rate of applied video or Displays two fields. 4

external sync. (one frame)

Both Equai to field rate of applied video or external | Displays one field. 4

sync.

1FLD MAG and

2FLD MAG Sweep

Magnification Approximately X20

2FLD MAG Some portion of vertical blanking interval is 4

Registration visible when unmagnified 2FLD sweep is

centered.

1H Sweep Equal to line rate of applied video or external | Displays one field. 4

Repetition Rate sync.

2H Sweep Equal to half line-rate of applied video or Displays two lines. 4

Repetition Rate external sync.

Sweep Length 2H and 2FLD sweep 4

length is nominally 12.5

divisions.

Timing Accuracy oo
1 us/div. To within 2% Ail timing and linearity 5

7 ithin 29 specifications exclude the
0.2 us/div To within 2% first and last major 5

Linearity divisions of the

1 us/div and Within 2% unmagnified display. 5

0.2 usidiv Timing can be adjusted
+5% with front-panel

SWEEP CAL.

2H MAG Some portion of the horizontal blanking 4

Registration interval is visible when unmagnified 2H is

centered.

HORIZONTAL Any portion of a synchronized video sweep 4

Position can be positioned to any point on the screen

in all sweep modes.
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Synchronization

Table 1-1 (cont)

Introduction and Specification—1750-Series

Performance Supplemental Perf Ck

Characteristic Requirements information Step No.

input Requirements

SCH Modes Composite video or black burst, 286 mV 3

(NTSC) 300 mV (PAL) sync and burst,

+3 4B.

Other Modes Stable display with Composite video, black 3

burst, or composite sync with 286 mV

(NTSC) or 300 mV (PAL), +6 dB.

EXT REF Sync amplitude between 143 mV and 4 V. 3

(Wavefrom Made}

EXT REF Input

De Input Impedance Greater than 15 kQ.

(Unterminated)

Return Loss At least 40 dB from 50 kHz to 6 MHz. 22

(75 Q)

Absoiute Maximum +12 Vde plus peak ac.

Input Voltage

Maximum Operating Peak ac + de should be

Input Voltage within +8.0 V and —5.6V

for proper operation.

RGB/YRGB Mode

Performance Supplemental Perf Ck

Characteristic Requirements Information Step No.

RGB/YRGB Will display either a 3 or 4 step RGB/YRGB | The Waveform Mode must 6

display. be selected.

Staircase Amplitude A 10 V input will result in a horizontal display 6

RGB or YRGB of 9 divisions + 1.4 major divisions.

Maximum Operating 12 V p-p ac component. Signal voltage not

Staircase Signal to exceed +12 Vde plus peak ac.

Voltage

Sweep Repetition Field or line rate of displayed video or 2H and 2FLD SWEEP 6

Rate external sync signal as selected by front- rates overriden in the

panel HORIZONTAL controls. RGB/YRGB mode.

Control RGB/YRGB mode
selected by applying

ground (TTL low) at the

appropriate pin on the

rear-panel REMOTE

connector.

MAGnifier Functions in normal 6

manner for RGB/YRGB.

Sweep Length 3 step: 3.4 - 4.1 divs. Field or line rate sweeps. 6

4 step: 2.5 - 3.1 divs.

19



introduction and Specification—1750-Series

Vector Mode

Table 1-1 (cont)

Performance Supplemental Perf Ck

Characteristic Requirements Information Step No.

Chrominance Processing

Characteristics

Nominal Subcarrier

Frequency

NTSC (1750) 3.579545 MHz.

PAL (1751) 4,43361875 Mtiz.

Chrominance

Bandwidth

Upper —3 dB Point | Fsc +500 kHz, +100 kHz. 15

Lower —3 dB Point | Fsc —500 kHz, +100 kHz. 15

+V/PAL (1751) PAL or + V-type display as

selected by front-panel

button. When pushed, V

axis is inverted at a 1/2 line

rate to produce

a single vector display.

Display

Vector Phase Accuracy | +1.25°. Measured with Color Bar 16

signal.

Vector Gain Accuracy +2.5%. 16

Quadrature Phasing Within 0.5°.

Subcarrier Subcarrier Regenerator

Regenerator free runs in absence of

appropriate signal.

Pull-in Range

1750 +50 Hz of Fsc. 17

1751 +10 Hz

Pull-In Time Within 1 second, with 7

subcarrier frequency within

50 Hz (10 Hz for 1751) of

Fsc.

Phase Shift with

Subcarrier

FREQUENCY

CHANGE

1750 +0.5° from Fse to (Fsc +50 Hz), 7

or Fsc to (Fsc —50 Hz).

1751 +0.5° from Fse to (Fsc +10 Hz), 17

or Fsc to (Fsc — 10 Hz).
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: ‘ Vector Mode (cont)

Table 1-1 (cont)

Introduction and Specification—1750-Series

Performance Supplemental Pert Ck

Characteristic Requirements information Step No.

Phase Shift with Burst +2° from nominal burst amplitude to internal or External burst 7

Amplitude Change +6 dB. reference.

Phase Shift with +0.5°. With EXT REF selected. 18

Input Channel Change

Phase Shift with +0.5°. 18

Reference Switched

Between internal

and EXT REF

Phase Shift with +2.0°. 18

X5 Gain

Phase Shift with +1° as gain is varied from 3 dB to —6 dB. 18

VAR GAIN Control

PHASE Control Range 360° continuous rotation.

Burst Jitter 0.5° or less. With 140 IRE (1 V) 18

composite video input. INT

or EXT referenced.

Display Characteristics

Differential Phase 41°. 19

Differential Gain 1%.

Position Control Range

VECTOR HORIZ At least 6 mm from center. 20

VECTOR VERT At least 6 mm from center.

Clamp Stability 0.04 mm (1/64”) or less. Center Spot Movement 20

with Rotation of PHASE

Control.

Variable GAIN Range input subcarrier signals between 210 mV and

1.05 V can be adjusted to normal burst

vector length.

With X5 GAIN Input subcarrier signals between 43.2 mV 21

Selected and 210 mV can be adjusted to normai burst

vector length.
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Table 1-1 (cont)

SCH Mode

Performance Supplemental Perf Ck

Characteristic Requirements information Step No.

Accuracy

Absolute +5° phase at 25°C. 23

Relative +#2°

Temperature +0.1° phase/°c.

Coefficient

Acquisition Time Less than or equal to 1 sec. 23

Display Phase Error +1.25°, calibrated for

zero display phase error at

zero SCH phase.

Ext Reference to +0.5° 26

Int Reference Match

CH A to CH B Match +0.5° 25

Input Timing Stabile display with any

time relationship between

signals on CH A, CH B,

and EXT REF.

Display Range

EXT REF 360°.

int. Ref. +80°. 24

Crt Display

Performance Supplemental Perf Ck

Characteristic Requirements Information Step No.

Crt Viewing Area 80 X 100 mm. (Horizontal,

12.5 divisions; Vertical,

170 IRE units (1.19 V).

Accelerating

Potentiat

15 - 16.25 kv.

(17.5 kV max.)

Trace Rotation Greater than +1° from horizontal. Total adjustment range is

Range typically 8°.

Graticule

1750 Internal with variable SCALE illumination.

1751 Internal with variable SCALE illumination.
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Power Source

Table 1-1 (cont)

Introduction and Specification—-1750-Series

Performance Supplemental Perf Ck

Characteristic Requirements Information Step No.

Mains Voltage Ranges

115 V 90-132 V 2

230 V 200-250 V

Mains Frequency Range 48 Hz to 66 Hz.

Power Consumption 48 Watts (163 BTU/hr)

maximum.

Table 1-2

ENVIRONMENTAL CHARACTERISTICS

Characteristics Supplemental Information

Temperature

Non-Operating —56°C to +75°C.

Operating O°C to +50°C.

Altitude

Non-Operating To 15,000 meters (50,000 feet).

Operating To 4,500 meters (15,000 feet).

Vibration

Operating 15 minutes each axis at 0.015 inch, frequency varied from 10-55-10 Hz in 1-

minute cycles with instrument secured to vibration platform. Ten minutes each

axis at any resonant point or at 55 Hz if no resonant point is found.

Shock

Non-Operating 30 g's, 1/2 sine, 11 ms duration, 3 shocks per surface (18 total).

Transportation Qualified under NTSC Test Procedure 1A, Category II (30-inch drap).

Humidity Will operate at 95% relative humidity for up to five days. Do not operate with

visible moisture on circuit boards.

Table 1-3

CERTIFICATION

Characteristics Information

Safety

UL 1244

Factory Mutual 3820

CSA Bulletin 556B

IEC 348

(VDE 0871.5 Class B)

Designed to meet or exceed:

Electro-Magnetic Interference Conforms with FCC EMI Compatibility (FCC Rules Part 15 Subpart J, Class A)
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Tabie 1-4

PHYSICAL CHARACTERISTICS

Characteristics Information

Dimensions

Height 133.4 mm (5 1/4 inches).

Width 215.9 mm (8 1/2 inches).

Length 460.4 mm (18 1/8 inches).

Weight Approximately 8 kg (18 Ibs).
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Section 2—-1750-Series

OPERATING INSTRUCTIONS

Introduction

This section of the manual contains a description of the

controls, connectors, and indicators, an Operator’s Check-

out Procedure, and general familiarization information,

which includes the operating instructions.

CONTROLS, INDICATORS, AND

CONNECTORS

Brief descriptions of the function and operation of the

front- and rear-panel controls, indicators, and connectors

are provided here. Refer to Figs. 2-1 and 2-2 for tocations.

Front-Panel Controls and Indicators

The numbers accompanying the descriptions of front-

panel controls and indicators refer to locations on Fig. 2-1.

@) POWER. Push-button switch that turns the instru-
ment power on or off. Either the LOCAL or RE-

MOTE indicator will light to indicate the presence of

power.

SCALE. Controis the illumination of the graticule.

INTENSITY. Controls brightness of the display.

FOCUS. Adjusts the display for optimum definition.

VERT POS. Multi-turn control that vertically posi-

tions the waveform display.

HORIZ POS. Muiti-tur control that horizontally po-

sitions the waveform display.

WAVEFORM VERT CAL. Screwdriver adjustment

for calibration of the vertical axis in the Waveform

(WFM) Mode.

SWEEP CAL. Screwdriver adjustment for calibra-

tion of the horizontal axis in the Waveform Mode.

INPUT A and B. A pair of self-cancelling push-

button switches to select the video input.

CAL (Waveform Mode Only). Push button to select

the calibrator square wave for display. The signal

provides a 1V amplitude reference and a

10 us/cycle (100 kHz) timing reference. This switch

overrides the input A or B selection in Wavetorm

Mode, but has no effect in other modes.

Gi) EXT REF. Push button to select either internal or
external sync and phase reference. Composite

video, including black burst can be used for the ref-

erence. Composite sync can be used as the refer-

ence for Waveform Mode, but the other modes

require a burst of subcarrier for a phase reference.

2) GAIN. A control, with an indicator and a fixed magni-
fier switch, that affects the gain of all modes, except

the horizontal component of the Waveform Mode.

VARIABLE (Waveform). Variable control to allow

any waveform signal between 0.7V and 2V

peak-to-peak to be made full scale. Detent is fully

clockwise. Just out of detent is maximum gain;

going counterclockwise turns gain down.

(Vector Mode, R—Y) Allows chrominance signals

between 210 mV and 1.05 V to be made normal

burst vectoriength.

UNCAL Indicator. The UNCAL indicator lights

when the Variable GAIN control is moved out of

the detent calibrated position.

X5. Pressing in the X5 button provides waveform

magnification of a 0.2 Volt signal to a full scale

calibrated display (when the Variable GAIN con-

trol is in the calibrated detent position). In Vector

Mode, it provides five times nominal gain.

(3) REMOTE-LOCAL. indicator LEDs that light to show
whether local or remote operation is being used.

When remote operation is in use, all front-panel

push buttons are disabled.
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IZPOS:

Fig. 2-1. Front-panel controts and indicators.
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SWEEPS. A set of switches that select sweep

speeds or modes.

1H, 2H, 1FLD, and 2FLD. Four self-cancelling

push-button switches that select the horizontal

sweep rates:

1H. Sweep is at the line rate. One horizontal tele-

vision line is displayed.

2H. Sweep rate is one-half the line rate. Displays

two television lines.

1FLD. Sweep is at the field or frame rate. One

television field is displayed.

2FLD. Sweep is at the frame rate (one-half the

fieid rate). One television frame (two fields) is dis-

played in either even or odd field selection. Fields

are overlayed for display if both field selection

buttons are pushed.

MAG. Push button used with the sweep selection

switches to provide magnification of each rate as

follows:

1H MAG. = 0.2 ys/div (calibrated).

2H MAG. = 1 xs/div (calibrated).

4FLD or 2FLD MAG. = approximately X20

magnification.

(8) LINE SELECT ON. Push-button switch that enables
the LINE SELECT feature.

LINE SELECT. Rotary switch selects lines for

display.

SELECTED LINE. A readout of the line number

for the line (or the first line of the two lines) being

displayed.

FIELDS 1 & 3 or FIELDS 2 & 4. Push-button

switches select even or odd field triggering. When

both switches are pressed, all fields are

overlayed.

Operating [nstructions—1756-Series

IRE (1750). Provides low-pass response accord-

ing to the IRE response curve.

LUM (1751). Provides a low-pass response to

display the luminance portion of the composite

video signal.

CHROMA. Provides bandpass response cen-

tered on the chrominance subcarrier frequency.

Displays frequencies around the subcarrier

frequency.

Mode Selection. Four self-cancelling, push-button

switches used to select the monitor display mode as

follows:

WEM. Selects the Waveform Mode. Provides an

amplitude versus time display to operate as a

waveform monitor.

R—-Y (1750) or V-Axis (1751). Selects demodu-

lated chrominance versus time display. The chro-

minance is demodulated on the R—Y (V) axis

when burst is lined up on the normal axis. The

PHASE control can adjust the demodulator

phase to any axis.

VECT. Selects the Vector Mode, which presents

an XY plot of demodulated chrominance phase

and amplitude. The angle represents chromi-

nance phase and the distance from the center

represents chrominance amplitude.

SCH. Selects a vector display of the subcarrier to

horizontal sync (SCH) phase relationship. The

burst vector and the phase of the 50% point of

the leading edge of sync are displayed.

SCH + VECT. Pressing both the SCH and the

VECT butions selects a full field Vector display

with the sync dot. This allows viewing all of the

chrominance, rather than just the burst. (Some

vertical interval lines may be blanked in this

mode. To check SCH versus a signal in the

vertical interval, switch between VECT and

SCH.)

SCH + WFM. This combination of switchDC REST. Push button that enables the DC RE-

STorer clamp. Clamp time is factory set to the back

porch of the composite video signal, but can be in-

ternally set to clamp during the sync tip.

settings provides a display similar to the

Waveform Mode, except the sweep starts at

the center of the line. This allows viewing the

sync edge at the maximum sweep rate, 1H

MAG.

an FILTERS. Three — self-cancelling, push-button
switches that select the response characteristics of

the vertical channel.

SCH + R~—Y (V-Axis). This combination of

switch settings displays horizontal sync phase

versus Sweep time. With 2FLD sweep se-

FLAT. Provides flat (normal) response. lected, this display can be used to set SCH
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phase by nulling the signal. This mode pro- VECTOR HORIZ POS. Screwdriver adjustment pro-

vides a display that is easily visibie from a dis- vides limited horizontal positioning of the Vector and

tance, and independent of the graticule SCH displays.

markings. The display is also useful to view

timebase error in video tape recorders and

other video sources. Because of the 25-Hz off- @i) PHASE. A continuously variable control with 360°
set in the PAL system, the display is an op- range that is used to set the phase of the demodu-

posed sine wave when +-V is selected. lator reference.

WFM + R—-Y (V-Axis). These switch settings

enable the waveform display with automatic @ +V/PAL (1751 Only). Push button that selects ei-
frequency control (AFC) triggering to stabilize ther PAL (4+-V and —V on alternate lines) or +V.

the triggering, so that sync jitter can be With the button pressed in, the phase reference of

viewed. the —V lines is inverted, then overlayed on the +V

line to provide a comparison display.

Other Combinations. Other switch combina-

tions will default to one of the previously de-

fined operating modes.

NOTE

To avoid contusion, only use the settings or combina- Rear-Panel Connectors and Switch
tions listed above. Fig. 2-2 shows the rear panel of the 1750/1751. The

numbers accompanying the descriptions of rear-panel con-

nectors and the switch are references to Fig. 2-2.

VECTOR VERT POS. A screwdriver adjustment

that provides vertical positioning of the Vector,

R~—Y, or SCH display. @) CH-A. 75-2 loop-through video input connectors.

e 2o
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@) CH-B. 75-0 loop-through video input connectors.

The 1750-Series uses bridging loop-through inputs, all

lines will require terminations.

@) EXT REF. 75-Q loop-through input selected by the
front-panel EXT REF switch. The input signal pro-

vides the external sync and phase reference. The

instrument will operate from external references of

composite video, including black burst. Composite

sync can act as a reference for the: Waveform Mode,

but the other modes require a subcarrier burst for

phase reference.

@ PIX MON OUT. 75-0 output, with X1 gain, of the
selected video input signal. With the LINE SELEC-

TOR on, a line strobe pulse provides a dc offset of

the selected line, thus brightening that line when dis-

played on a picture monitor. The output signal is not

affected by front-panel controls other than the IN-

PUT and CAL selector buttons and the FIELD and

LINE SELECTOR switches.

@) REMOTE Connector (J205). A 25-pin connector that
provides remote access of various inputs. inputs in-

clude remote control of front-panel switches,

RGB/YRGB staircase input from camera control unit

for parade display, and a remote sync input.

@® REMOTE (Line Select Connector) (J505). A 9-pin
connector that can be used, in conjunction with the

front-panel LINE SELECTOR to display a particular

line (or two lines) from either the even or odd field.

@ Power Plug. Connection for the power mains.

Fuse. AC power input fuse (instrument main fuse).

@) Power Line Selector. Provides a nominal choice of
115 or 230 Vac operation.

OPERATOR’S CHECKOUT PROCEDURE

lf performing the Operator's Checkout Procedure reveals

improper operation or instrument malfunction, first check

the operation of associated equipment. Then, refer to quali-

fied service personnel for repair or adjustment of the instru-

ment.

Operating Instructions—1750-Series

When a compiete check of the instrument performance

to specification is desired, refer qualified service personnel

to the Performance Check in Section 5 of this manual.

This procedure requires a source of composite video and

composite sync signals. TEKTRONIX 1410-Series Televi-

sion Test Signal Generator mainframes with Sync, Color

Bar, and Linearity modules were used in preparing this pro-

cedure.

1. Initial Setup

Video Signal Generator

Test Signals Full Field Color Bars

75% Ampl. 7.5% Setup--NTSC

75% Ampl. 0% Setup (75/0)-——PAL

Modulated Staircase

(Flat Field, 10 Step)

Black Burst Signal

(Sync and Burst only)

1750-Series Monitor

Mode WFM (Waveform)

INPUT A

CAL (Calibrator) Off (out)

EXT REF internal Reference (out)

SWEEPS 1H

MAG Off (out)

DC REST Off (out)

FILTERS FLAT

GAIN

x5 Normal (out)

VARIABLE CAL (fully cw)

PHASE As is

+V/PAL (1751) PAL (out)

LINE SELECTOR (button) Off (out)

LINE SELECTOR (rotary) Asis

FIELD As is

INTENSITY Fully cow

FOCUS As is

SCALE As Is

VERT POS As is

HORIZ POS As is

VECTOR VERT POS As is

VECTOR HORIZ POS As is

WAVEFORM VERT CAL As is

SWEEP CAL As is

POWER Off (out)

2. Apply Power

Connect the instrument to a suitable ac power source

and set the POWER switch ON.
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NOTE

Do not set any of the front-panel screwariver controls

until after the instrument warms up.

3. Obtain Display

Adjust the INTENSITY and FOCUS controls for the de-

sired brightness and a well-defined trace. (If necessary, ad-

just the multi-turn VERT POS and HORIZ POS controls to

bring the trace on screen.)

Adjust the SCALE illumination control for the desired

brightness.

4, Calibrate Display

The CAL switch enables the Waveform Mode calibrator

signal. Press the CAL switch and adjust the VERT and

HORIZ POS controls to obtain a display similar to that

shown in Fig. 2-3. If necessary, adjust the WAVEFORM

VERT CAL and SWEEP CAL screwdriver controls for 1V

amplitude (0.7 V to — 0.3 V graticule markings) and two hor-

izontal divisions per cycle of the calibrator waveform. Re-

lease the CAL switch.

5. Select Input

The Input switches (INPUT A and B) select the rear-panel

CH-A or CH-B inputs. Connect the Color Bar signal to the

CH-A INPUT. Terminate the remaining side of the loop-

through input with a 75-Q termination.

Position the waveform so that the blanking level is at the

0 V graticule line and with the sync pulses at each end of the

graticule. This is the typical Waveform display setup.
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Select the CH-B input. Note that the display is a straight

horizontal trace, indicating no input.

Connect the Modulated 10 Step Staircase to the CH-B

input and again terminate the remaining side of the foop-

through input with a 75-Q termination. Note the presence of

the Modulated Staircase display.

Return to the Channel A Color Bar display.

6. Select Timing Reference

The EXT REF switch selects internal or external timing

references. Set the monitor to EXT REF. The display is un-

locked with no signal connected to the EXT REF input.

Connect the Black Burst signal from the Video Signal

Generator to the rear-panel EXT REF LOOP-THRU input.

Terminate the loop-thru with a 75-Q end-line termination.

See that the display locks to the external reference.

Leave the monitor in EXT REF.

7. Check GAIN

The normai GAIN setting (VARIABLE in detent) gives 1 V

full scale. The X5 and VARIABLE GAIN control changes the

display amplitude.

Turn the VARIABLE GAIN control out of its detent and

notice that the red UNCAL indicator lights. Note the range

of amplitude obtained with the control.

Adjust the VARIABLE GAIN control to obtain two vertical

divisions of displayed sync amplitude.

Press the X5 GAIN switch. Notice that the displayed sync

amplitude is magnified to ten divisions.

Release the X5 GAIN switch and turn the VARIABLE

GAIN control fully clockwise to its detent position, returning

to the normal 1 V full scale gain setting.

8. DC Restoration

The DC REST switch provides clamping (dc restoration)

of the input signal in the Waveform Made. Switch the lumi-

nance (Y) component of the Color Bar signal off and on at

the generator. Notice that the blanking level of the display

shifts as the luminance is switched.
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Press the DC REST switch. Again switch the generator

Color Bar signal luminance (Y) off and then back on. This

time, notice that the blanking level remains stable.

Release the DC REST switch.

NOTE

This check is not effective if the internal jumpers se-

lect de coupling.

9. Filter Response

The FILTERS switches select frequency response

characteristics for the displayed signal. The FLAT response

selection is used for normal applications. Fig. 2-4 shows the

Color Bar signal with FLAT response. A. 1750 IRE FILTER

B. 1751 LUM FILTER 4472-49

Fig. 2-5. 1750-Series Low-Pass Luminance Filters: A. 1750 IRE

Filter. B. 1751 LUM Filter.

Press the IRE (1750) or LUM (1751) FILTER switch. This

cancels the FLAT switch and provides low-pass frequency

response. The waveforms in Fig. 2-5 show the low-pass

responses of the various monitors to appropriate Color Bar

signals.

Press the CHROMA switch. This cancels other FILTERS

selections and provides a chrominance bandpass response,

thus removing the luminance component of the signal.

Fig. 2-6 shows a typical Color Bar signal using the

CHROMA FILTER.

10. Sweep Speeds

Check that the 1H, 2H, 1FLD, and 2FLD SWEEP selec-

tions provide the appropriate line and field video displays as . | 7 . 7
shown in Fig. 2-7. 1a, 28. Typical display when the Chrominance (CHROMA) Fil-

27
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C.4 FLD D. 2 FLD

4472-51

Fig. 2-7. Color Bar signal displayed in each of the sweep rates: A. 1H. B. 2H. C. 1FLD. D. 2FLD.

11. Horizontal Magnifier

Select the 2H SWEEP and center the horizontal sync on

the screen.

Press the SWEEPS MAG switch and note the magnifica-

tion of the horizontal sync details. Fig. 2-8 shows a typical

example.

Note that the MAG switch is operable for any SWEEP

speed. Release the SWEEPS MAG switch.

12. Line and Field Select

Press the 1H SWEEPS switch. Press the LINE SELEC-

TOR ON switch. Rotate the LINE SELECTOR switch and

look for the first line or half line in the field that contains

2-8

Fig. 2-8. 1 us/Div. display of H (line) sync. 2H SWEEP rate with

the MAG on.



Color Bar signal. Press one of the FIELD selection switches

and check that the display switches to the opposite situa-

tion (haif line of Color Bar if a full line was observed or vice

versa).

Now set the FIELD select and LINE SELECTOR to dis-

play the haif line of Color Bars. Push in both FIELD select

buttons (ALL) and note that a full line of Color Bar signal is

present, with the last half line a little brighter than the first

half.

Release the LINE SELECTOR ON button.

This switch combination also selects the line and field for

display in the Vector Mode.

13. Vector Display

Press the VECTOR switch, and note the vector display,

particularly note the position of the center dot.

If necessary, set the dot to the center of the screen (grat-

icule crosshair) using the VECTOR HORIZ POS and VEC-

TOR VERT POS screwdriver-adjustable controls located

below the crt.

14. Vector Phase

Turn the PHASE control. Note that the vector display can

be rotated 360°.

Set the burst vectors to the proper graticule position.

Note that the Color Bar vectors lie within their boxes as

shown in Fig. 2-9.

15. Vector Gain

The X5 and VARIABLE GAIN controls can be used in the

Vector Mode to display 100% Color Bars and to set up for

differential gain and phase measurements.

Turn the VARIABLE GAIN control out of its detent and

adjust it through its range. Notice the effect on the display.

Adjust the VARIABLE GAIN control for minimum ampli-

tude, and press the X5 GAIN switch. Notice the enlarged

display.

Operating instructions—1750-Series

B. PAL (1751)

Fig. 2-9. Display of color bar vectors: A. NTSC (1750). B. PAL

(1751).

Return the VARIABLE GAIN control to its detent position

and release the X5 GAIN switch, obtaining a calibrated dis-

play of normal amplitude.

Set the color bar generator for 100% amplitude Color

Bars and note that the burst vectors remain the same length

while the Color Bar vectors increase in length. Use the

VARIABLE GAIN control to place the tip of the burst vector

(vectors in 1751} on the 100% burst crosshairs. Now check

to see that the Color Bar vector tips are in target boxes.

Return the VARIABLE GAIN control to its detented position.

Reset the generator for 75% Color Bars.

29
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16. +V/PAL Display (1751)

The 1751 has a +V/PAL switch that inverts the phase of

alternate lines so that the display appears similar to an

NTSC vector display, but with a single +V burst. Phase

differences between lines can be measured using this

feature.

Set the +V/PAL switch for +V (switch in), and adjust

the PHASE control for a +V display as shown in Fig. 2-10.

Return the +V/PAL switch to PAL (switch out).

Fig. 2-10. The +V display of the PAL Color Bar signal (1751

only).

17. R—Y (V-Axis) Display

The R—Y (for the 1750) or V-Axis (for 1751) Mode pro-

duces an R—Y versus time display. This mode is used to

measure differential phase.

Set the monitor to the CH-B Input (Modulated Staircase).

In the Vector Mode, set the phase and amplitude to the

appropriate graticule markings for the signal as shown in

Fig. 2-11a. if necessary, adjust the VARIABLE GAIN control

to place the vector dot on the graticule mark. This calibrates

the signal for the differential phase measurement.

Press the R—-Y (or V-Axis) and X5 GAIN switches. Ad-

just the PHASE control as necessary to set the phase at the

maximum or minimum part of the line to zero. Use the mark-

ings at the right side of the graticule to measure differential

phase, if any. See Fig. 2-11b.

Release the X5 GAIN switch.
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Fig, 2-11. Differential Phase measured in the R-Y (V-Axis)

Mode: A. Setup. B. Measurement.

18. SCH Mode

The 1750-Series Monitors can be used to measure SCH

Phase in the SCH Mode. Fig. 2-12 shows a properly SCH

phased signal as it would appear on the monitor.

Select INPUT A and SCH and note that a display similar

to Fig. 2-12 is present. Rotate the 1750-Series PHASE con-

trol through its range and check that the burst and sync

vectors can be rotated 360°.

Simultaneously press both VECTOR and SCH and note

that the Color Bar vectors are now present along with the

SCH syne and burst vectors.
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A. PAL

Fig. 2-12. Properly SCH-Phased signal displayed on: A. 1750 B.

1751.

(1751 Only.) Press the 2FLD button. Simultaneously

press the SCH and R—Y (V-Axis) buttons and check for a

sine wave display. This occurs because of the 25-hz offset.

See Fig. 2-13. Press the V/PAL button and check for a dis-

play of opposed sine waves.

Pressing the WFM and SCH buttons simultaneously se-

lects AFC sync so that sync jitter can be evaluated.

Simultaneously push the WFM and SCH buttons and

note that only one sync pulse, which is in the middie of the

screen, is displayed.

4472-57

Fig. 2-13. PAL signal displayed in the V-Axis Mode: A. +V/PAL

in PAL position. B. +V/PAL in +V posiition,

APPLICATION INFORMATION

A short description of color video signal degradations

and timing is important in understanding the measurement

capabilities of this instrument. Signal distortion, when se-

vere enough to degrade the transmitted picture enough to

be noticable on the receiving end, is highly objectionable.

The 1750-Series Monitor is used to measure the basic sig-

nal characteristics and major associated distortions, thereby

making it possible to identify and act on objectionable dis-

tortions.

2-11
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Signal Degradations

The combination of the luminance and chrominance sig-

nals gives rise to several possible degradations. The 1750-

Series has several display modes that are used to measure

the amount of these degradations.

Frequency Response. The frequency response of the

video signal path is important in several aspects. if the re-

sponse at the subcarrier frequency is different than that at

lower luminance frequencies, the picture will not appear to

have the same amount of color information as the original

scene. If the response to the lowest frequencies is not the

same as middle range frequencies, tilts will occur in the tumi-

nance signal that make the comparison of black areas inac-

curate. Frequency response problems may also change the

signal transitions so that edges in the scene will not be ac-

curately represented. The FLAT response mode and the low

transient distortion of the 1750-Series instruments aid in

these measurements.

Amplitude and Phase. Because the chrominance com-

ponents are added together, they suffer degradations like a

polar coordinate signal. A reference burst at the subcarrier

frequency is included during the horizontal blanking period

of the composite television signal. The 1750-Series de-

modulates the chrominance signal with respect to this refer-

ence. In the Vector Mode, the demodulated R ~ Y (V) signal

is used for vertical crt deflection and the demodulated B—Y

(U) signal is used for horizontal crt deflection. .

The Vector display is very useful in analyzing a number of

degradations that occur. Angular movements represent

chrominance phase, or hue, changes. Radial movements

represent chrominance amplitude changes.

A television picture may have any hue or amplitude within

the dynamic'limits of the system. Therefore, known test sig-

nals are used for system evaluation. If the picture does not

have the correct phase relation to the burst reference, the

color bar test signal vectors and the burst vectors will not

fall at their correct relative locations. This indicates that the

hue of the program signal is incorrect. Also, if the color bar

chrominance amplitude does not fall within the graticule

markings, the program signal color amplitude is incorrect.

Differential Gain and Phase. The two major distortions

that affect the chrominance signal are differential gain and

differential phase.

Differential gain is a change in color subcarrier amplitude

due to a change in the luminance signal. In the reproduced

picture, chrominance amplitude will be distorted in different

areas of the scene due to the luminance variations.
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Differential phase is a phase change of the chrominance

signal due to a change in the luminance signal. in the repro-

duced picture, the hue will vary with scene brightness.

if the signal has suffered differential gain or differential

phase distortion, the linearity staircase test signal chromi-

nance will show the change in amplitude or phase.

Differential gain and differential phase may occur sepa-

rately or together. Both can be measured in the Vector

Mode. The Waveform Mode (WFM) using the CHROMA

FILTER can improve the resolution of the differential gain

measurement. The R—Y (V-Axis in the 1751) Mode can be

used for improved measurement resolution of differential

phase distortions.

These distortions are symptoms of amplifier non-

linearities aggravated by luminance amplitude variations.

SCH Phase

The M, |, and B scanning systems were originally devel-

oped to provide interlaced monochrome television systems.

When coloring signals are added a new set of consider-

ations becomes apparent. Namely the relationship of the

color subcarrier to the horizontal or line sync, which is re-

ferred to as SCH Phase; and the relationship of both hori-

zontal (line) sync and subcarrier to the vertical or field sync,

which is referred to as color framing. Slight SCH Phase er-

rors are acceptable, but errors large enough to cause a

color framing error cannot be tolerated.

To begin with, color frame errors can be caused by either

a horizontal shift, when syncs are out of alignment (blanking

width error), or by a 180° burst phase error (hue error). Both

of these conditions are noticeable and objectionable. Inter-

laced scanning provides 525 (System-M) or 625 (System!

or System-B) scanning lines per frame and dividing the

frame by 2 leaves a field consisting of 262.5 (System-M) or

312.5 lines (System-| or System-B). The addition of the

color subcarrier adds 227.5 cycles (NTSC) or 283.75 cycles

(PAL-I or B) of subcarrier per line. At this point a few simple

calculations show why there are four or eight scanning fields

in one color frame. In the NTSC coloring standard, multiply-

ing the 262.5 lines per field by the 227.5 cycles per line

results in 59718.75 cycles of subcarrier per scanning field.

After two fields, a complete System-M scanning frame, the

subcarrier is 180° out of phase from the start of field one.

Therefore, it takes four complete scanning fields to again

start field one with the correct sync-to-subcarrier phase

relationship. Similarly, the PAL coloring system requires

eight scanning fields to return to the correct subcarrier-to-

scanning field relationship.



SCH Phase is the extrapolated relationship of horizontal

sync phase-to-color subcarrier phase. If subcarrier refer-

ence were continuous, measurement of this relationship

would be simple (as shown in Fig. 2-14). However, since

burst does not occur during horizontal sync, extrapoiation is

required.

Sate

{A

(B) Signal with 40 degrees SCH Phase error.

905-08

Fig. 2-14, An example of SCH Phase extrapolation. Note that

the measurement point is at blanking.

The key elements in this measurement are the 50% am-

plitude point on the leading edge of sync and its phase dif-

ference from a finite number of reference subcarrier cycles.

SCH Phase error is expressed in degrees and is read out by

the 1750-Series on the vector graticule compass rose. See

Fig, 2-15.

Signal Timing

The timing of the signal can be measured using the

timebase of the 1750-Series in the Waveform Mode (WFM)

and the R—Y (1750) or V-Axis (1751) Mode. The 1H and 2H

MAGnified SWEEPS are calibrated to 0.2 and 1 us/div. The

2FLD MAG SWEEP is useful for examining the vertical inter-
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Fig. 2-15. An SCH Phase measurement of a signal containing a

40° error.

val of the composite video signal. One or two lines in the

vertical interval may be displayed using the FIELD and LINE

SELECTOR. The line or lines are displayed in the 1H, 2H,

1FLD, or 2FLD SWEEP using the WFM or R—Y (V-Axis}

Modes. In the Vector Mode, one line from each of the odd or

even fields, depending on the setting of the FIELD select,

are overlayed and displayed.

GRATICULES

The 1750-Series employs an internal combination wave-

form and vector graticule. The advantage of the internal

graticule is that the scales are on the same plane as the crt

phosphor, and thus eliminate parallax errors when viewing

and photographing displays. The scale brightness is adjust-

able by the front-panel SCALE ILLUM control.

Waveform Graticule

Two basic patterns are included on the waveform moni-

toring scales for the internal graticules for the 1750-Series

Monitors.

1. NTSC Composite Video graticule for the 1750 (shown

in Fig. 2-16a).

2. CCIR Composite graticule for 1751 PAL instruments

(shown in Fig. 2-16b).

NTSC and CCIR Horizontal Scales

The horizontal reference line at 0 IRE (NTSC) or OV

(CCIR) is 12.7 divisions long. With the SWEEP switch set to

1H or 2H, the width of the display is one or two television

2-13



Operating Instructions—1750-Series

tno

Wet eee ee ee ee ee eee eee 108

+20

“40

19%.

4 ‘
Une SOBRE REESE EERE LOBED SEE OERREAESLSUSSSEAE ERED AMEBS BERBER

a2

B. 1757 PAL

4472-80

Fig. 2-16. Waveform portion of the 1750-Series composite grat-

icules: A. 1750. B. 1751.

lines. For 1FLD or 2FLD the width is one or two television

fields. When the SWEEP MAG switch is selected with 1H or

2H, each major division represents 0.2 us or 1 us, respec-

tively, and can be used for a time calibration check.

NTSC Vertical Scales (1750 Only)

The NTSC graticule has a vertical scale in IRE units for

standard waveform amplitude measurements. One IRE unit

is equivalent to 7.14 mV, which is one percent of peak

white. The IRE scale is labeled every twenty IRE units be-

tween —40 and +100 IRE, but marked with horizontal lines

every 10 IRE from +50 to +120 IRE. An additional line at

7.5 IRE units is provided for a black level setup reference.
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The vertical scale can be used to measure transmitter

percent of modulation. The zero carrier level is the 120 IRE

unit line (at the top of the graticule), 12.5% (or peak white) is

at the 100 IRE line, 75% at the IRE line, and 100% modu-
lation (at the sync tip) is the —40-IRE unit line.

Measuring Amplitudes of Less Than 10 IRE. An addi-

tional vertical scate is provided at the horizontal centerline of

the crt. It is divided in 2-IRE increments between +80 and

+120 IRE. The following steps show how it can be used to

measure Pulse-to-Bar Ratio.

1. Set the waveform blanking level on the 0 IRE line. If

line tilt is present, select a point near the center of the signal

as the blanking level reference point.

2. If insertion gain is not correct, set the VAR GAIN con. -

trol so that center of the bar top passes through the

100 IRE fine at the graticule center.

3. Use the HORIZ POS to move the bar top across the

scale at graticule center. Check the largest deviation of the

bar top, excluding the first and last usec.

4. Set the center of the 18 us bar (16 usec} on the grati-

cule center scale and adjust VAR GAIN, if necessary, for

exactly 100 IRE. (If bar tilt is present use the center of the

bar as the average bar amplitude.) Then use the HORIZ

POS control to move the pulse peak to the graticule center

scale. Check the amplitude of the pulse against the scale.

Since bar amplitude is 100% the scate also reads out

directly in percent. For example: if the bar amplitude is

100 IRE (100%) and the pulse amplitude is 96 IRE then the

pulse-to-bar ratio is 0.96 to 1 (96%).

CCIR Vertical Scales (1751)

The CCIR waveform portion of the internal graticule has

a0 to 1V scale, marked in 100 mV increments on the left

side. The lines at.0V, +.3 V, and 1.0V are bolder than

other lines for easy reference to the sync tip, blanking, and

peak white levels.

CCIR K Factor Scales (1751)

A target scaled in +2% and +4% K factor increments

vertically, with a width of 8 us is located to the right side of

the graticule. When the 10-us bar is centered over the tar-

get, bar tilt can be read directly. The target, when used this

way, ignores the first and last microsecond of the bar,

where short time distortions may be observed.



The short dashed and solid lines, immediately to the right

of the K Factor target, provide 5% and 10% K Factor scales

for pulse-to-bar measurements.

VECTOR GRATICULES

The xy display permits measurements of chrominance.

Hue is measured in terms of relative phase of the chromi-

nance signa! with respect to the colorburst. Relative ampli-

tude of chrominance is the length of the vectors. Each

vector target is set up to measure 75% amplitude chromi-

nance for the particular color of the color bar test signal.

NTSC Vector Targets (1750)

On the vector graticule each color bar chrominance vec-

tor terminates in a system of graticule targets. See

Fig. 2-17a. The dimensions of the larger targets equal

+10°, centered on the exact chrominance phase, and

+ 20% of the chrominance amplitude, centered around 75%

amplitude color bar signal. The smailer targets represent

+2.5° of chrominance phase and 2.5 IRE chrominance

amplitude.

PAL Vector Targets

On the PAL vector graticule (1751) each chrominance

vector related to the +V burst terminates in a target. (See

Fig. 2-17b.) The outer target dimensions are equal to + 10°
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centered on the exact chrominance phase and +20% of

chrominance amplitude centered around the standard 75%

amplitude, 0% setup color bar signal. The center target is

equal to +3° chrominance phase and +5% of chrominance

amplitude.

The chrominance vectors associated with the —V burst

use 3°, 5% targets only. These targets are further differenti-

ated by lower case labels.

The 1750 vector graticule has + 10% burst amplitude tol-

erance marks on the B—Y axis. The 1751 has 75 and 100%

amplitude burst marks. If 100% amplitude bars are to be

displayed, VARIABLE GAIN control can be adjusted to

place the tip of the burst vectors on 100% marks and the

vector tips should then fall on their targets.

Bandwidth Calibration Aid

The horizontal and vertical axes, of the vector graticule,

contain markings for checking Vector Mode bandwidth. A

subcarrier frequency sine wave whose amplitude places it

on the outer compass rose is used as a reference. When the

frequency is changed the diameter of the circle should re-

duce. At a point equal to 70% of full amplitude (3 dB) there

are gaps in the horizontal and vertical axes. This calibration

aid makes it possible to check the —dB points of the moni-

tor's demodulator output amplifiers.

A. 1750 NTSC MAGENTA TARGET B. 1751 PAL MAGENTA TARGET 4472-71

Fig. 2-17. Interpreting the vector graticule: A. 1750 (NTSC), B. 1751 (PAL).
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DIFFERENTIAL GAIN AND PHASE

MEASUREMENTS

Differential Gain/Differential Phase Scales

There is a special differential gain and differential phase

measurement scale located at the left side of the B~Y

(U-Axis for PAL). It is specially scaled for use in the Vector

Mode, and provides direct measurement of up to 20% dif-

ferential gain error and 10° differential phase error. See Fig.

2-18 for a typical differential gain measurement and Fig.

2-19 for a typical differential phase measurement illustra-

tion.

/
Major Diff Gain divisions

are 10% increments

20%
ac]

10°

10° \ 10%

Differential Gain appear as

an elongation of the chrominance

dot. Measure horizontai distance

\ from end to end.

B. EXAMPLE OF DIFFERENTIAL GAIN 4472-59

Fig. 2-18. Interpreting a differential gain measurement.

5° Diff Phase

divisions =Oe
Major divisionsare 10° increments an

ol

10 10%

bitterentia Phase appears as a
vectorial offset of the chrominance

dot. Measure angular difference.

A. GRATICULE DETAILS \ a
4472-60

Fig. 2-19. Interpreting a differential phase measurement.
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R-Y (V-Axis) Scale

Differential phase can also be measured in the R—Y

(1750) or V-Axis (1751) Mode. Display the Linearity Stair-

case in Vector Mode and adjust the PHASE and VARIABLE

GAIN to place the staircase burst vector at its designated

position on the left horizontal axis. Next press the X5 GAIN

and R—Y push buttons. This provides a line display of the

demodulated subcarrier at the selected sweep speed. It is

now possible to measure differential phase, on any part of

the display, by horizontally positioning that part of the dis-

play to the right-hand differential phase scale. This scale is

calibrated in 2° increments to + 10°.

Waveform Mode Differential Gain Measurements

Differential gain measurements can be made in the

Waveform Mode (WFM) using the CHROMA Filter. The

VARIABLE GAIN control is used to set the amplitude of the

Staircase chrominance so that the largest amplitude is

100 IRE p-to-p. The smallest amplitude chrominance sub-

tracted from 100 is the differential gain.

SCH Phase Measurements

The 1750-Series Waveform/Vector Monitor SCH Mode

provides a subcarrier-to-horizontal (SCH) phase measure-

ment display. This display also has color frame information

when used with an external reference. it is a vector display

of the syne phase versus the burst phase. SCH phase is

measured on the vector graticule.

The display is time-shared during the video line so that

the burst vector, the syne phase vector, and the center dot

are time-shared. Active video chrominance phase vectors,

such as program video or color bars, are not displayed in

this mode so that there is less clutter in the display; how-

ever, active video can be displayed by engaging both the

SCH and VECT Mode buttons simultaneously.

The burst vector and the center dot are identically gener-

ated in both the Vector and SCH Modes. The sync phase

dot is generated by phase-locking a burst-locked oscillator

to sync and displaying the equivalent vector. Fig. 2-20

shows a typical SCH Mode dispiay, while Fig. 2-21 shows

the SCH + VECT display.
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4472-61

Fig. 2-20. Typical SCH Phase display.

Fig. 2-21. Vector display along with the SCH Phase measure-

ment display.

Matching SCH Timing

Two separately generated signals can be matched using

the 1750-Series Waveform/Vector Monitor. The only .pre-

existing condition is a requirement for one of the signal

sources to be gen-lockable.
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WARNING

THE FOLLOWING SERVICING INSTRUCTIONS

ARE FOR USE BY QUALIFIED PERSONNEL

ONLY. TO AVOID PERSONAL INJURY, DO NOT

PERFORM ANY SERVICING OTHER THAN THAT

CONTAINED IN OPERATING INSTRUCTIONS

UNLESS YOU ARE QUALIFIED TO DO SO.

REFER TO OPERATORS SAFETY SUMMARY

AND SERVICE SAFETY SUMMARY PRIOR TO

PERFORMING ANY SERVICE.
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Section 3—1750-Series

PART Il

SERVICE INFORMATION

SERVICE SAFETY SUMMARY

FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustment of this prod-

uct unless another person capable of rendering first aid and

resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages exist at several points in this product.

To avoid personal injury, do not touch exposed connections

and components while power is on.

Disconnect power before removing protective panels, sol-

dering, or replacing components.

Power Source

This product is intended to operate from a power source

that will not apply more than 250 volts rms between the

supply conductors or between either supply conductor and

ground. A protective ground connection by way of the

grounding conductor in the power cord is essential for safe

operation.

INSTALLATION

PACKAGING

At installation time, save the shipping carton and packing

materials in the event additional instrument movement is

necessary. See Repackaging for Shipment in Section 6 for

detailed repackaging instructions.

Accessories

Accessories are packed in a small package inside the

1750-Series shipping carton. The following items should be

included with the 1750-Series:

1. Instruction Manual

2. Power Cord

3. 25-Pin Connector assembly

4, 9-Pin Connector assembly

5. Spare fuses.

Standard accessory items are shown and their part num-

bers listed at the rear of the Replaceable. Mechanical. Parts

list.

ELECTRICAL INSTALLATION

Mains Frequency and Voltage Ranges

The 1750-Series operates over a frequency range of 48

to 66Hz, and at nominal mains voltages of 115 Vac or

230 Vac. A rear-panei switch is used for voltage selection.

When changing to 230 Vac operation, use a power

cable with appropriate voltage ratings.
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Power Cord Options 3. Insert a small screwdriver into the switch slot and

. . . move it to the other position.
There are five power cord options orderable with the ove HE to The ofer posite ;

(

sipnea with te Ne neects wis 1 three prong 4. Check for proper fuse rating before reptacing the fuse. /
plug power cord. Fig. 3-1 shows ail of the power cord/piug

options that can be ordered with the 1750-Series. These

power cords can be ordered from a Tektronix, inc. field of-

fice or distributor,

§. install correct fuse.

Mains Conversion Trace Rotation Adjustment
Mains voltage selection is accomplished by throwing a

recessed, slotted slide switch. See Fig. 3-2. Variations in the earth’s magnetic field may require ad-

justing the Trace Rotation Control (R105 on LV Supply

board A6) at installation time, or when the instrument is

moved. Check that the trace, in Waveform Mode (without

input signal), is properly aligned on the horizontal axis. if it is

not, adjust the Trace Rotation (R105) for the proper align-

The mains voltage range can be changed as follows:

1. Remove the power cord. ment. The portable case and cabinet (optional accessories)

have holes that provide external access to the Trace Rota-

2. Remove the line fuse. tion Control. Fig. 3-3 shows the location of the control.

Power Cord Option Number Al A2

North American Universal Euro UK

120V/15A 220V/13A 240V/13A

A3 A4 A5

Australian North American Swiss

240V/10A 240V/15A 250V/6A

4472-63

Fig. 3-1. The various power cord options offered for the 1750-Series Waveform/Vector Monitor. Note that the power cord can be

identified by the power plug.
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Fig. 3-3. Trace Rotation Adjustment location.
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AN REMOTE Connections
The rear-panel REMOTE connectors perform several

functions. J205 provides staircase and enable inputs for

camera RGB/YRGB displays. It also provides remote con-

trol of front-panel switching (except line and field selection),

the external blanking input, and Remote Sync input and en-

able.

J505 is used for REMOTE line and field selection. It pro-

vides for the Line Selector enable, five-line select bits, and

remote field selection.

Fig. 3-4 shows the REMOTE plugs with each function

labeled.

RGB/YRGB Display. Some camera control units provide

a single video output containing the red (R), green (G), and

blue (B) picture components on consecutive lines. The cam-

Service Information—1750-Series

era control unit supplies a three-step staircase control signal

for the RGB display or a four-step signal for the YRGB dis-

play and an enable for the parade display.

The 1750-Series reduces the sweep length to one-third

its normal length for the RGB parade display. A jumper

Modification allows further sweep reduction for the YRGB

parade display.

Remote Front Panel

All front-panel switching, including line and field selection,

can be accomplished from a remote source. J505 serves as

the line and field selection remote switching interface, while

J205 interfaces the other remote switching inputs. Because

of the complexity of the line and fieid selection, it is covered

separately.

Table 3-1 is a matrix of the decisions made by pulling

interface lines down via ground closure.
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REMOTE FRONT-PANEL SWITCHING

Table 3-1

1750-Series

Affected Remote Pins Operation

7 23 20 9

WFM R~-Y VECT CH

MODE L L L L WEM, AFC, Sync Ctrd.

L L L H WFM, AFC

L L H L WFM, AFC, Sync Ctrd.

L L H H WFM, AFC,

L H L L WEM, AFC, Syne Ctrd.

L H L H WFM

L H H L WPM, AFC, Syne Ctrd.

L H H H WFM

H L L L R-Y, SCH

H L L H R-Y

H L H L R-Y, SCH

H L H H R-Y

H H L L VECTOR, SCH

H H L HR VECTOR

H H H L SCH

H H H H VECTOR

14 15

CH-B CAL

INPUT L L CAL

L H CH-B

H L CAL

H H CH-A

24 4 21

1H 2H 1FLD

L L L 1 line sweep

L L H 14 line sweep

L H L 1 line sweep

L H H 1 line sweep

H L L 1 line sweep

H L H 2 line sweep

H H L 1 field sweep

H H H 2 field sweep

2 3

CHROMA IRE/LUM

FILTERS L L CHROMA

L H CHROMA

H L IRE or LUM

H H FLAT

17

MAG

SWEEP MAG L Sweep Magnified

H Sweep Un-Magnified
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REMOTE FRONT-PANEL SWITCHING (cont)

1750-Series

Affected Remote Pins Operation

22

5X VERT

L Vertical 5X Mag.

H Vertical Normal

16

Dc REST

DC RESTORER L DC Restorer On

H DC Restorer Off

13

REMOTE ENABLE

REMOTE ENABLE

P508 Low

P508 Low

P508 High

P508 High meore
Remote

Local

Local

Remote

Remote Line and Field Selection

J505 is the remote line and field selection interface. It has

the Line Select Enabie, Field Select (Even, Odd), and five

most significant bits of the line select word. The four least

significant bits are supplied by the front-panei LINE SELEC-

TOR. The front-panel LINE SELECTOR is always active,

even when Remote Line Select is enabled; it selects the line

(or lines) for display out of the group of 16 lines. The front-

panel LINE SELECTOR indicator always indicates which

line is displayed; in the event of 2H sweep it indicates the

first line displayed. Tables 3-2 and 3-3 are matrices of the

NTSC and PAL remote line selection logic.
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Table 3-2

NTSC REMOTE LINE AND FIELD SELECTION

Remote Lines Affected Displayed

7

(Enable)

Line Select Enable L Enabled.

H Disabled.

8 9

(Even) (Odd)

Field Select H L Odd Field.

H H Even Field.

L L Both Fields.

L H Even Field.

2 3 4 5 6

{Bit 4) (Bit 5) (Bit 6) (Bit 7) (Bit 8) Fields Lines

Line H H H H H Lines 8 thru 23

Select H H H H L Lines 24 thru 39

H H H L H Lines 40 thru 55

H H H L L Lines 56 thru 71

H H L H H Lines 72 thru 87

H H L H L Lines 88 thru 103

H H L L H Lines 104 thru 119

H H L L L Lines 120 thru 135

H L H H H Lines 136 thru 151

H L H H L Lines 152 thru 167

Hu L H L H Lines 168 thru 183

H L H L L Lines 184 thru 199

H L L H H Lines 200 thru 215

H L L H L Lines 216 thru 231

H L L L H Lines 232 thru 247

Fieid 1 and 3

H L L L L Lines 248 thru 263

Fieid 2 and 4

H L L L L Lines 248 thru 262

and CCC@

L H H H H Lines 2 thru 7

4CCC = Unselectable line.

3-8



Service Information—1750-Series

Table 3-3

PAL REMOTE LINE AND FIELD SELECTION

Remote Lines Affected Displayed

7

, (Enable)

Line Select Enabie L Enabled.

H Disabled.

8 9

(Even) (Odd)

Field Select H L Field 2 and 4.

H H Field 1 and 3.

L L Both Fields.

L H Field 1 and 2.

2 3 4 5 6

{Bit 4) (Bit 5) (Bit 6) (Bit 7) (Bit 8) Fields Lines

H H H H H 2-4 319-334

H H H H L 1-3 22-37
H H H H L 2-4 335-350

H H H L H 13 38-53

H H H L H 2.4 351-366

H H H L L 1-3 54-69

H H H L L 2-4 367-382

H H L H H 1-3 70-85

H H L H H 2-4 383-398

H H L H L 1-3 86-104

H H L H L 2-4 399-4144

H H L L H 1-3 102-117

H H L L H 2-4 415-430

H H L L L 1-3 118-133

H H L L L 2-4 431-446

H L H H H 1-3 134.149

H L H H H 2-4 447-462

H L H H L 1-3 150-165

H L H H L 2-4 463-478

H L H L H 1-3 166-181

H L H L H 2-4 479-494

H L H L L 1-3 182-197

H L H L L 2-4 495-510

H L L H H 1-3 198-213

H L L H H 2-4 511-526

H L L H L 1-3 214-229

H L L H L 2-4 527-542

H L L L H 1-3 230-245

H L L L H 2-4 543-558
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PAL REMOTE LINE AND FIELD SELECTION (cont)

Remote Lines Affected Displayed

H L L L L 1-3 246-261

H L L L L 2-4 559.574

L H H H H 1-3 262-277

L H H H H 2-4 575-590

L H H H L 1-3 278-293

L H H H L 2-4 591-606

L H H L H 143 294-309

L H H L H 2-4 607-622

L H H L L 1-3 310-313 & 2-5

L H H L L 2-4 623-625, CCC,4

& 315-318

sCCC = Unselectabie line.

External Blanking. When pulled low in any mode, the

External Blanking input blanks the display. It can be used

with a blanking signal generated by other equipment to dis-

play selected lines or parts of lines, or during calibration for

sweep generator markers. [t works.in conjunction with the

internal blanking signals. All blanking inputs must agree for

unblanking.

Remote Sync Input. An external reference may be ap-

plied through the REMOTE connector. Fig. 3-4 shows the

Remote Syne and Remote Sync Enable inputs. When pin 10

of the REMOTE connector is pulled to a TTL low, or

grounded, the Remote Sync input is selected. The EXT REF

switch is overridden when the Remote Sync is enabled. This

input should be used for non-video reference signals. The

switching threshoid is factory set for +1 V with 10K termi-

nation, edge selection is jumper selectable.

Operational Changes

Several instrument features can be modified by changing

internal jumpers or switches.

input Coupling. The video input channels are factory set

to be ac coupled. De coupling may be desired for viewing

some types video signats. Input coupling is changed by

moving plug jumpers for J207 and/or J403 on the Vertical

board (A3). The selections are:

CH-AP207 Pins 1-2 AC (factory set)

Pins 2-3 DC

CH-BP403 Pins 1-2 AC (factory set)

Pins 2-3 DC

3-10

DC Restorer Sample Timing. As factory supplied, the

DC Restorer clamps on selected reference during back

porch time. The clamp level may be sampled during the sync

tip when the source is the internal reference only. Sync tip

sampling is selected by changing the plug jumper for J190

on the SCH Logic board (A9). The selections are:

P190 Pins 1-2 Back Porch (factory set)

Pins 2-3 Syne Tip

External source is selected by changing the plug jumper

for J188 on the SCH Logic board (AQ). The selections are:

P188 ~—- Pins 1-2 Internal

Pins 2-3 Selected Reference (factory set)

RGB/YRGB Selection. The 1750-Series is factory-set to

accept a 3-step RGB parade staircase signal. A 4-step

YRGB parade staircase signai may be used by changing the

plug jumper for J685 on the Horizontal board (A4). The se-

lections are:

P685 Pins 2-3 RGB (factory set)

Pins 1-2 YRGB

Field Rate Selection. The 1750-Series is designed to

operate with several scanning systems (B, |, M, etc.). The

1750 (which is system M) is factory set to the 60 Hz posi-

tion. The 1751 is factory set for a 50 Hz field rate. J780 on

the Horizontal board (A4) changes the field rate. The selec-

tions are:

P780 = Pins 1-2 50 Hz (1751 factory set)

Pins 2-3 60 Hz (1750 factory set)



Center Dot Blanking. The vector display center dot

(when chrominance is nearly zero) is blanked to reduce the

“ possibility of burning the crt phosphor. There may be cases
where that area of the signal is of interest and the plug

jumper for J475 on the Demodulator board (A5) can be used

to disable the Center Dot Blanking. The selections are:

P475 “Pins 1-2 Blanked (factory set)

Pins 2-3 Unbianked

V-Axis Switching. P532 on the Demodulator board (A5)

selects the V-Axis Switcher Preset. in the PAL (P) position

the Preset is from the R—Y phase. In the NTSC (N) posi-

tion, Preset is grounded.

P532 = Pins 1-2 Switcher Active (1751 factory set)

Pins 3-4 Switcher Disabled (1750 factory set)

Burst Sampling. P534 on the Demodulator board (A5) is

used to select whether color burst is sampled every line

(which is normal for NTSC (N)), or every other line (which is

normal for PAL (P)).

P§34 Pins 1-2 Burst sampled every other line (1751

factory set)

Pins 3-4 Burst sampled every line (1750

factory set)

Remote Enable. J508 on the Interface and HV board

(At) selects whether the Remote Control is activated by a

TTL high or low. The selections are:

P508 ~=— Pins 1-2 TTL Low (factory set)

Pins 3-4 TTL High

Remote Sync Polarity. J851 on the SCH Logic board AQ

selects the edge for Remote Sync. Selections are:

P351 ss Pins 1-2 Syncs on positive-going edge (factory

set)

Pins 2-3 Syncs on negative-going edge.

Altering Line Selector Operation (internaily)

Switch $305, a dual-intine-package (DIP), has five seg-

ments that provide part of the line select word to U609. See

Fig. 3-5. Normally these segments are ail set to the open

position, which causes the front-panel LINE SELECTOR to

start with line 8 (NTSC) or line 6 (PAL) of the selected field

and count up 16 lines. Closing switch segments changes the

16 lines the LINE SELECTOR operates on. Table 3-2 (Re-

mote Line and Field Selection) can be used to determine

Service Information——1750-Series

what occurs when switch segments are closed. Segment 1

of the switch is the LSB and is equivalent to Remote Line

Select Bit 8. S205 is in parallel with the five-line select bits

on the remote plug. A switch segrnent should be open if

Remote plug control of line select is desired.

L = Closed

H = Open

MECHANICAL INSTALLATION

Rackmounting

The optional metai cabinets for the 1750-Series provide

the proper electrical environment for the instrument, mini-

mizes handling damage, and reduces dust collection within

the instrument. Four 0.156-inch diameter holes in the bot-

tom of the cabinet depressions provide a means for mount-

ing the instrument solidly to a surface, such as a metal shelf

in a cabinet rack or console.

With the optional rack adapter accessory, the instrument

may be mounted in a standard 19-inch rack side-by-side

with another 1750-Series or other half-rack-sized instru-

ment, such as the TEKTRONIX 528A Waveform Monitor or

1420-Series Vectorscope. The adapter includes two at-

tached cabinets that are equipped for rackmounting. If only

one instrument is mounted in the rack adapter, a blank

panel assembly is available that inserts into the empty cabi-

net. Fig. 3-6 shows details of the rack installation.

The rack adapter and blank panel are available through
your local Tektronix field office or representative. See the

listing at the end of this section for Tektronix part numbers.

Cooling

The 1750-Series is cooled by convection airflow through

the instrument. For proper air circulation, a minimum of

44.5 mm (1-3/4 inch) should be maintained above and below

the instrument.

Custom instailations. All installations must provide the

same or equivalent ventilation and mechanical protection, to

that of the cabinetized instrument. In addition, top openings

should not exceed 4 mm (0.15 inch) in diameter. Other open-

ings should not exceed 12 mm (0.45 inch) in diameter, pro-

vided the circuits are at least 20 mm (0.6 inch) from the

surface of the enclosure. All conductive parts must be con-

nected to ground or the frame of the 1750-Series.
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Tektronix Part Numbers

Optional Installation Accessories:

Description Tektronix Part Number

Carrying Case 020-1241-00

Metal Cabinet (without feet

and handle)

Metal Cabinet (with feet and

handie)

Rack Adapter 016-01 15-02

Blank Panel Assembly 016-0116-00

These items can be ordered through your local Tektronix

field office or representative.
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19” RACK

ADAPTER

4473.06 (2899-19)

Fig. 3-6, Installation of the 1750-Series in the side-by-side rack cabinet assembly.
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THEORY OF OPERATION

BLOCK DESCRIPTION

The 1750-Series Waveform/Vector monitors provide

cathode ray tube (crt) displays of the video signal in one of

four basic modes; the Waveform Mode, the Vector Mode,

the R—Y Mode (V-Axis for 1751), and SCH Mode.

The Waveform Mode pilots the video signal amplitude

with respect to time. The Vector Mode gives an x-y ampli-

tude plot of the B~Y (U-Axis in PAL) and RY (V-Axis in

PAL) chrominance components of the color video signal.

The resulting vector display represents the phase and ampli-

tude of the chrominance components. The R—Y (V-Axis)

Mode plots demodulated R—Y chrominance components

versus time. SCH Mode creates a special vector display

which indicates the monitored signal's subcarrier-to-hori-

zontal phase relationship. Fig. 4-1 shows a simplified biock

diagram of the instrument.

pce PIC MON OUT

video | * >
1

meee |g nnn | VERTICAL

Ext

REF ———-}

— R-Y (Y Axis}
Timing Ref. ‘Amplitude

Chroma

DECODING » DEMODULATOR cat
LOGIC

<=-——

B-Y (U Axis)

Amplitude

SCH Timing

| HORIZONTAL

aa

RG8/YRGB

STAIRCASE

4 4472-64

Fig. 4-1. Simplified Biock Diagram of the 1750-Series.
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In the Waveform Mode, the Vertical biock processes the

video signal and drives the vertical cathode ray tube (crt)

plates. The Horizontal block receives timing signals from the

SCH Logic board and generates the appropriate sweep tim-

ing and drives the horizontal crt plates.

in the Vector Mode, the Vertical block processes the

video signal and feeds the chrominance portion of the signal

to the Demodulator block. The Horizontal block provides

timing to the Demodulator, and the Demodulator block de-

codes the chrominance signal. The B—Y (U) signal drives

the Horizontal biock where it is amplified and, in turn, drives

the horizontal crt plates. The R—-Y (V) signal output from

the Demodulator drives the Vertical block and, in turn, the

vertical crt plates.

_. Inthe R—Y (V-Axis) Mode, the Vertical block is driven as

in the Vector Mode and the Horizontal block operates as in

the Waveform Mode. This provides a display of the R—Y (V)

chrominance components in the vertical axis and the se-

lected sweep speed along the horizontal axis.

The Front-Panel block (not shown in Fig. 4-1) provides

most of the switching and variable controls used with the

instrument. The Remote block allows remote control of ail of

the switching and has inputs for RGB or YRGB camera pa-

tade display timing signais.

The CRT Control block provides horizontal and vertical

position and calibration controts, provides focus and inten-

sity controls for the crt, and provides control of the graticule

scale illumination.

The HV Power Supply block provides the crt high voltage

and includes the remaining crt display controls.

The LV Power Supply provides the low voltage sources

for the instrument.

DETAILED CIRCUIT DESCRIPTION

VERTICAL BOARD (A3)

The Vertical board, when displaying an external signal,

receives inputs from the rear panel, processes the signal in

the selected manner, and drives the crt vertical deflection

plates. The signal source may be either of two toop-thru

video inputs (CH-A or CH-B), or the internally-generated cal-

ibrator square wave. The display consists of the composite

video waveform in the Waveform Mode, the demodulated

R—-Y (V-Axis) chrominance in the R—Y (V-Axis) and Vector

Modes, or a vector signal output from the SCH Logic board

and processed by the Demodulator board in the SCH Mode.

The Vertical board controls the signal gain and uses one

of three filter frequency response selections for signal dis-

play. A VARIABLE GAIN contro! and X5 GAIN push button

can be used to set the gain of the signals.

The FLAT response is used to display the full video band-

width. {RE response (LUM in PAL instruments) is a tow-

pass filter that enables the luminance portion of the signal to

be displayed without the chrominance. The CHROMA Filter

is a band-pass filter which passes only the chrominance por-

tion of the composite signal. The Waveform display (WFM)

can be clamped by a slow dc restorer.

The selected signal (Channel A, Channel B, or calibra-

tion) is buffered by an input amplifier and is then present at

the PIX MON OUT jack on the rear panel. This signal is not

affected by the input filters.

The Vertical board also buffers the EXTernal REFerence

signal which can be selected as a synchronization source

over the Internal Reference, which follows the input A or B

selection. EXTernai REFerence is taken from a rear-panel

loop-thru connector.

VIDEO INPUT <>

Inputs

The Input block buffers the signals from the lodp-thru

inputs and selects the CH-A, CH-B, or Calibrator signal to”

be passed to the vertical amplifier. The EXT REF-leop-thru

input is. fed to the Horizontal board (A4) after buffering.

Pa



The CH-B amplifier is shown at the top of the schematic

diagram. The stage includes input coupling, input frequency

compensation, a source follower buffer with current source,

and an analog switch. The input coupling (either ac or dc) is

selected by the position of the jumper on J403. The CH-B

Response adjustment, C320, compensates the input re-

sponse.

The buffer consists of FET source follower Q413 and an

FET current source Q412. The two transistors are matched

so there is minimum offset voltage across Q413. The final

element in the stage is a single-pole-single-throw hybrid an-

alog switch, U426, which is closed by a TTL high signal

applied to pin 5.

The CH-A amplifier is similar to the CH-B amplifier except

that the CH-A stage has additional adjustments for gain,

offset, and phase to match the CH-B stage.

The outputs of the CH-A, CH-B, and Calibrator switches

are connected, but only one is enabled at a time by a signal

from the switching logic. The output of the selected switch

feeds video amplifier U336 in the following stage and pro-

vides the Internal Reference signal to the Horizontal board

(A4).

The EXT REF input feeds an FET input buffer similar to

those which isolate the Channel A and Channel B inputs.

The External Phase adjustment, C709, matches the EXT

REF channel phase with CH-B and CH-A. The buffer feeds

the Horizontal board (A4).

Catibrator

The Calibrator provides a stable 1-V displayed amplitude

and 10 us/cycle (100 kHz) time reference for the instrument.

The circuit consists of a 1-MHz crystal oscillator, a.decade

divider, and an amplifier.

A signal from the Switching Logic block turns on the os-

cillator when the 1750 is in Waveform Mode and CALibrate

is selected (the Calibration signal is useless in any other

mode). Decade counter U513 divides the 1-MHz square

wave down to 100 kHz. Q320 drives amplifier U319 at the

100-kHz rate. The amplifier output is determined by its gain

resistors and the Vertical board (A3) +12 V supply. The

Calibrator is adjusted to exactly 1 V p-p on the display by

the +12 V Cal Amplitude adjustment, R532 on A3, shown

on diagram 2.

Line Select Bright-up

When digital line select are both enabled from the front

panel, the signal STROBE from the SCH Logic board goes

Theory of Operation—1750-Series

low during the active portion of the selected vertical interval

line. This causes Q643 to conduct for the duration of the line

and output current to the PIX MON OUT jack. This effec-

tively raises the luminance level of the signal, thus brighten-

ing this line when viewed on a picture monitor.

Switching Logic

The Switching Logic controls the selection of inputs, dis-

play modes, and filters. This circuit receives inputs from the

Front-Panel board (A8}. If the CAL INput is selected, the IRE

Filter (1750) or the LUM Filter (1751) is automatically se-

lected and the DC RESTorer is disabled. The CAL INput can

only be enabled when Waveform (WFM) Mode is selected,

otherwise it has no effect. If the Vector, SCH, or R—Y

(1750) or V-Axis (1751) Modes (Demodulator displays) are

chosen, the CHROMA Filter is automatically selected.

Filters

The Filters determine the frequency response of the in-

strument. They enable the operator to condition the video

input and observe different signal components of the com-

posite signal. The stage consists of an amplifier and three

FILTER selections; FLAT, IRE (1750) or LUM (1751), and

CHROMA. The amplifier also provides the PIX MON OUT

signal.

The amplifier, U336, is a non-inverting, hybrid, opera-

tional amplifier. The gain is determined by R136 and R235.

The low impedance output of U336 drives the filter circuits

and is used with a 75-Q output resistor, R340, to drive the

PIX MON OUT connector on the rear panel.

The video amplifier output goes to each of the filter cir-

cuits. The Switching Logic block enables the filter selected

by the front-panel FILTERS switches. Each of the filter cir-

cuits has a current output through its saturating transistor

switch. The output goes to the Variable Gain Amplifier,

U468.

The FLAT selection provides a flat frequency response.

The video signa! goes through Q655 with no filtering.

The IRE (1750) or LUM (1751) FILTER selection is a jow-

pass filter used to remove the chrominance subcarrier from

the displayed signal. The gain of the low-pass filter is

matched to the flat display by R560. The response for this

filter is slightly different for NTSC and PAL instruments.

The CHROMA Filter selection is a bandpass filter cen-

tered on the chrominance subcarrier. The type of filter used

is called a Lerner filter. tt has arithmetic amplitude symmetry

and linear phase response across its bandwidth. This re-
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sponse gives excellent bandpass shaping for evaluation of

the chrominance signal.

Variable Gain Amp

The Variable Gain Amplifier is controlled by front-panel

VAR GAIN and WAVEFORM VERT CAL controls.

The current from the response filters is converted to a

voltage by an amplifier, Q759, Q856, and Q761. The feed-

back gain is determined by R859.

Amplifier U468 gain is controlled by the voltage at pin 7.

A voltage that is varied between ground and 1/10th the pos-

itive supply voltage sets the gain between 0 and 1, respec-

tively. The supply voltage for the VAR GAIN control is set by

the front-panel WAVEFORM VERT CAL contro! and the

Gain 1 adjustment, R664. After the front-panel WAVE-

FORM VERT CAL control is centered, R664 adjusts the

gain from the signal input to TP379 at the output of the DC-

Restored Amplifier. The Variable Balance control, R562, is

adjusted for no dc movement of the output as the VARI

ABLE GAIN control is rotated by adjusting the dc bias on

the non-inverting input of U468.

The output of U468 drives the Chroma Amplifier on this

diagram and the DC-Restored Amplifier on diagram 2.

Chroma Amp

The Chroma Amplifier buffers and sets the gain of the

chroma signal before it is sent to the Demodulator board

(A5). The circuit input is to Q566, and the output is at

TP662. The amplifier gain is determined by resistors R670

. and R871. When one of the Demodulator modes is selected,

the CHROMA Filter is also automatically selected.

The chroma X5 GAIN function is provided by this ampli-

fier in the Demodulator modes. When X5 GAIN is not se-

lected, part of the current from Q566 is shunted away from

the signal pathby R569 and Q674. When X5 GAIN is se-

lected, Q674 is turned off. The signal current, after passing

through Q673, is added to the current summing junction at

the base of Q875.

Vertical Output ®

DC Restorer

The DC Restorer clamps the video signal to remove low-

frequency fluctuations as it goes through the DC-Restored

Amplifier. The circuit uses feedback dc restoration and con-

sists of a sampie-and-hold amplifier and an active filter.

4-4

Sample-and-hoid amplifier U786 samples the DC-Re-

stored Amplifier output signal at the collector of Q479 after

the signal is low-pass filtered. Sampling is enabled by the

front-panel DC RESTorer push button and is automatically

disabled by selection of the CALibrator INput. The Clamp

Pulse sets the sample time to occur during back porch (fac-

tory-set) or sync tip as determined by the position of jumper

J477 on the Reference Timing board (A3).

The restorer response is determined by active low-pass

filter U780. The filter attenuates level changes that occur at

the power mains frequency and above. Thus, the clamp

level changes only with low frequency changes. This allows

the DC-Restored Amplifier to pass signals at the mains fre-

quency and above, but clamp any low-frequency fluctua-

tions.

The output of the low-pass filter feeds the clamp point at

the input of the DC-Restored Amplifier.

DC-Restored Amplifier

The DC-Restored Amplifier is an operational amplifier

that is enabled during the Waveform Made to pass the video

signal. If the DC Restorer is enabled, the output of this am-

plifier is clamped to eliminate low-frequency variations. The

output of the amplifier feeds the Waveform Mode inputs to

the Vertical Output Switch.

Vertical Output Switch

The Vertical Output Switch selects the input and the gain

for vertical crt deflection. The circuit also converts the sin-

gle-ended inputs to differential outputs to drive the Vertical

Output Amplifier. The circuit selects from two inputs; the

DC-Restored Amplifier output or the R—Y output from the

Demodulator board (A5). The DC-Restored Amplifier is se-

lected for the Waveform Mode, the R—Y Demodulator out-

put is selected for the Vector, SCH, and R—Y (1750) or

V-Axis (1751) Modes.

The circult consists of three differential amplifiers and

three switch transistors. The three differential amplifiers can

be individually enabled by providing bias current to their

emitters. The bias current sources are Q393, Q394, and

Q493. In addition, the Bias adjustment, R250, controls the

amplitude of the current from these current sources by set-

ting the quiescent voltage of the Vertical Output Amplifier.

The current sources are enabled according to the front-

panei switch selections for mode and gain.

In the Waveform Mode, Q394 supplies current to Q483

and Q488. Q493 is off in this case, forcing current from



Q494 to pass through 0394. Adjustments FR3 (C288) and

FR4 (R182) are for frequency response compensation.

When X5 GAIN is selected, Q393 supplies current to Q481

and Q389.

In the Vector, SCH, and R--Y (1750) or V-Axis (1751)

Modes, Q493 supplies current to Q485 and 0487.

The Gain 2 adjustment, R176, across the differential out-

put of the stage, is adjusted for crt deflection sensitivity dif-

ferences.

A voltage limiter stage, Q283 and 0284, prevents the

Vertical Output Amplifier from saturating. If the voltage at

either emitter falls below the base voltage, the voltage is

limited and the additional current for this node is shunted

from the opposite side of the differential output.

The vertical Mag Registration adjustment, R274, is used

to adjust the amplifier dc offset so the displayed signal is

magnified around the graticule base line (0 IRE or 0 V) when

X5 GAIN is selected.

Vertical Output Amplifier

The Vertical Output Amplifier amplifies the signal se-

lected by the Vertical Output Switch and drives the crt verti-

cal deflection plates. The amplifier is a combination of an

operational amplifier and a grounded base amplifier. The cir-

cuit is symmetrical, with the center of R361 equivalent to ac

ground.

Q255 and Q248 form a unity-gain, non-inverting amplifier

with its output at the collector of Q248. This amplifier has a

very high input impedance, resulting in low power dissipa-

tion in Q255. Therefore, the base-to-emitter voltage of Q255

does not change due to power changes at signal extremes.

Also, the low power dissipation means that the circuit does

not load the input.

Because the current in Q255 is nearly constant, most of

the changes in current in R362, R360, and R361 fiow in

Q248 and through Q143 to the output. Since the base cur-

rent of Q248 is summed with its collector current at the

emitter of Q255, gain nonlinearity is avoided. The inductor,

LR143, and the crt deflection plate capacitance critically

damp the signai.

Power Supplies

Power Supplies for the Vertical board (A3) are provided

by on-board monolithic regulators. The +12 Volt supply is

adjusted by R532, and is measured at TP139. This supply
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adjustment is used to set the amplitude of the calibrator

signal. The —12 Volt supply is adjusted by R535, and is

measured at TP233. The +5 Voit supply is regulated on the

Low Voltage Supply board (A6}, and is measured at TP420.

Each of the supplies is current limited by its regulator.

HORIZONTAL BOARD (A4)

The Horizontal board (A4) detects the 50% point of the

leading edge of horizontal sync, contains phase detectors

for sync phase lock loops, generates the sweep ramps for

WFM and R—Y (V-Axis) displays, and amplifies the sweep

and RGB signals to drive the ert horizontal deflection plates.

Timing for. sweep generation is derived either from the

internal video signal {A or B as selected from the front panel

or remote control) or from an external reference. Signals for

the SCH display are generated to identify the 50% ampli-

tude point of the leading edge of sync from both the internal

video signal {A or B) and the selected signal (either internal

or external) sync reference.

The sweep generator circuits produce sweep ramp sig-

nals synchronized to the line or field rate. Each sweep can

be magnified and the offscreen portion blanked to increase

contrast. When the RGB parade display is enabled, the

sweep is shortened and is offset by the RGB Staircase input

signal to produce three short ramps that are displayed as

one normal sized sweep. The board is also able to produce

the YRGB display.

The Horizontal Output Amplifier drives the crt horizontal

deflection plates. In the Waveform and R—Y (1750) or V-

Axis (1751) Modes, the sweep ramp is amplified. In the Vec-

tor or SCH Modes, the B—Y Demodulator signal is

amplified.

Sync Clamp <>

Sync Reference Switching

The Sync Reference Switching block selects either the

internal reference (sweep timing based on the selected A or

B input) or an external source (from the rear-panel EXT REF

loop-thru).

Both internal and external references are routed from the

Vertical board (A3} and fed to the Horizontal board for

sweep reference. U620 and U624 are hybrid analog

switches which pass the timing reference signal (internal or

external, respectively) when a TTL high is present at pin 5.

Reference selection is dictated by the EXT signal, which is

asserted low when EXT REF is selected from the front

panel, enabling U624.
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The output from U620 and U624 (selected internal or ex-

ternal reference) is routed to the Demodulator board 5

where the burst in the selected reference is used for

subcarrier regeneration and axis demodulation. it is also

routed to a sync stripper on the SCH Logic board, diagram

8, for sweep synchronization.

SCH Locate (1 and 2)

These blocks, with almost identical configuration, identify

the 50% point of the teading edge of horizontal sync in the

internal reference (SCH Locate 1) and the selected. refer-

ence (SCH Locate 2) between internal and EXT REF. The

SCH Locate 1 block will be described, with any differences

between it and the SCH Locate 2 block identified in the

description.

The internal reference sync signal (front panel-seiected

internal or EXT REFerence for SCH Locate 2) is buffered by

Q805 and input to sync stripping circuit U400. This IC per-

forms two functions; it acts as an automatic gain contro!

(AGC) to create a reference for 50% sync point location

(output pin 13), and it separates horizontal and vertical sync

from the composite video signal. This “stripped” sync is

then output (at pin 5) at TTL levels (active low) for intra-line

decoding by a state machine on the SCH Logic board 7.

The pin 13 output of U400 is inverted and amplified so

the sync level is normalized. This signal is again inverted by

Q615 for input to hybrid IC U217, a differential amplifier with

both voltage and current outputs. The differential voltage

outputs (pins 14 and 19) are sampled by U200 and U300

(sampte-and-hold circuits). Their output is combined with

feed-forward from U400, and is input to U210A and B,

which provide a feedback to control the 50% sync edge

detection levels output by U217.

The current outputs from U217 (pins 16 and 18) are en-

abled by current input to pin 17. This current is provided by

U119, a gated current source which provides a differential

current output whenever pin 7 is asserted with a TTL high

(signal). POW1 (phase detector window 1) is a signal from

the SCH Logic board 7, and is asserted to provide a window

around the 50% point of the leading edge of horizontal sync.

The differential current output from U217 is fed to both

sides of current mirror U619. This device causes a current

to flow into its output, which is the same amplitude as the

current into its input. The current node at the output of U619

also has a current source from U412. This current, when

converted to a voltage on the SCH Logic board 7, controls a

VCO (Voltage-Controlted Oscillator) and determines the po-

sition of the SCH vector on the SCH display.

Power Supplies

Two monolithic voltage regulators, U748 and U752, pro-

vide the +12 and —12 Volt power for the Horizontal board

(including both 3 and 4). These voltages are adjustable with

R445 and R650, respectively. The 5 Volt supply is not regu-

lated on the Horizontal board, and is not adjustabie.

Sweep Generator and Horizontal

Output oe

Ramp and Mag Switching

Inputs from the front panel, a field rate strobe, and a line

enabling RGB display feed PAL U670 which acts as a de-

coder to determine maximum sweep ramp amplitude and

duration. U670 outputs feed switching circuitry in the Sweep

Generator and Mag Amp. Q685 acts as a switch enabied

directly from the active low RGB ENabie line.

Sweep Generators

The Sweep Generators block includes two independent

sweep circuits, one each for line and field rates. Each sweep

is independently triggered and enabled by trigger signals

from the SCH Logic board (A9). The slope of the sweeps

can be adjusted from the front panel with the SWEEP CAL

screwdriver adjustment just under the front of the ert. Dur-

ing calibration of the instrument this control is centered. In-

ternal adjustments are made for timing calibration.

For one fine or one field, Q775 is turned on supplying

twice the voltage to R882 and R880, the timing resistors.

Q775 is also turned on for the parade display. Q687 is used

as a sweep attenuator when parade display is active.

Jumper J685 is used to select a sweep 1/3 or 1/4 of normal

length. Jumper J780 is used to select the ramp slope for 50-

or 60-Hz field rates.

The two sweeps are combined at the input to the Hori- ~

zontal Mag Amplifier, and to circuitry which switches be-

tween ramp drive (for WFM or R—-Y Modes) or B--Y (from

demodulator, for the SCH and Vector Modes). Switching

transistors Q181 and Q180 and diodes supply switching

current to diodes CR276 or CR275 to enable either the

ramp generator output or the input from the Demodulator

board (signal gain determined by R845).

RGB/YRGB Staircase Input

The RGB/YRGB Staircase input at the REMOTE con-

nector is used to generate a parade display of the video

signal components from a camera control unit (CCU). The

CCU supplies a staircase signal which changes levels at the



same time that a different component is switched to the

CCU output. Video gamma and contour can be adjusted

while viewing the R, G, and B components separately.

The enabling signal at U670 (pin 2) and the base of Q685

selects RGB, attenuates the sweep, and forces the sweep

to one line or one field. Compensation capacitor C373 is

used to adjust the staircase transitions of the amplifier out-

put at TP580 for best rise time without overshoot. RGB

Center adjustment R471 compensates for the dc offset of

the staircase signal.

Horizontal Mag Amp

The Horizontal Mag Amplifier (including Q489 and Q290)

controls the gain of the sweep signals. The junction of Q489

and A596 is the summing junction for signals produced by

the sweep generator, RGB input, and demodulator input.

Feedback current through R394 and R596 is shunted by

Q496, Q497, and Q395 to provide magnified gain. The 10X

magnification in 2H MAG display is set with R297. Turning

on Q497 provides additional current shunting for approxi-

mately 20X gain in Field MAG displays. All three transistors

(Q496, Q497, and Q395) are turned on for 1H MAG, with

calibration provided by adjusting R296. A reference voltage

for biasing the Mag Amplifier switching transistors is pro-

vided by U695.

Sweep Mag Register R180 is adjusted so that if a cen-

tered two-line or two-field sweep is magnified, some portion

of the blanking interval will be displayed. Sweep calibration

in unmagnified two-field sweep is set with the 10 us/DIV

adjustment, R181. The other sweeps depend on the precise

tolerances of their parts for their relationship to the two-line

sweep.

Offscreen Blanking

U315A and B sense the output of the Horizontal Mag

Amplifier, and if the output transistor, Q208, is saturated or

cutoff, the output of U315 at R443 will go low. This will bring

high SWPBLNK, a signal output to the SCH Logic board. If

SWP BLANK EN is also high and the instrument is not in

Vector Mode, the SCH Logic board wiil blank the crt during

non-waveform time (when the crt spot is off screen), thereby

increasing the contrast of the viewed waveform.

Horizontal Output Amplifier

The Horizontal Output Amplifier drives the horizontal

plates of the crt differentially. Differential mode amplifier

feedback is returned from the collector of Q158 to the base

of Q466. Common mode feedback from both outputs is re-

turned to the emitter of Q466. R363 and C263 compensate

the amplifier frequency response. Collector bias current for

Q149 and Q163 is provided by Q153 and Q158.
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DEMODULATOR BOARD (A5)

The Demodulator board regenerates subcarrier from the

reference burst and demodulates the chrominance compo-

nent of the color video signal using the regenerated

subcarrier as a reference. The signal is demodulated along

R—Y and B—Y (V and U for the 1751) axes when the refer-

ence burst phase is aligned properly on the Vector Grati-

cule.

The output of the Demodulator may be displayed in Vec-

tor, R—Y (1750) or V-Axis (1751) Modes, or the SCH Mode.

The Vector Mode uses the R—Y (V) signal to drive the verti-

cal crt plates, and the B — Y (U) signal to drive the horizontal

plates. With the burst phase aligned to its graticule marks,

the R—Y (V-Axis) Mode displays the demodulated RY

waveform with the timebase selected by the SWEEP push

buttons.

in SCH Mode a regenerated subcarrier signal from the

SCH Logic board (phase locked to the 50% point of the

leading edge of horizontal sync) is demodulated and dis-

played vectorally. The color burst is also demodulated and

displayed in this manner. The resulting vectoral display then

directly shows the phase relationship between the leading

edge of sync and regenerated burst.

Subcarrier Regenerator ®

This diagram contains a group of biocks that act together

to form a phase lock loop circuit. These circuits are the

Subcarrier Regenerator (Oscillator), Burst Demodulator,

Burst Amplifier, and Phase Lock Control! blocks.

The Chrominance input Amplifier, Chrominance Clamp,

Center Dot Blanking, and the board Power Supplies are

also shown on this diagram.

Phase Lock Loop Basic Operation

Fig. 4-2 shows a biock diagram of the phase lock loop.

The Subcarrier Oscillator is a voltage-controlled oscillator

(vco) that free runs near the reference subcarrier frequency.

The Burst Demodulator is a mixer that detects phase differ-

ences between the reference input and the Subcarrier Oscil-

lator during burst time (gated by a signal from the SCH

Logic board). The difference output is an error signal propor-

tional to the phase difference detected.

The error signal feeds the Phase Lock Control biock.

This block is a low-pass loop filter that removes high-
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Fig. 4-2. Biock diagram of the Phase Lock Loop.

frequency ac components in the error signal. The filter has

two bandwidths, a wide one for searching for the unlocked

signals, and a narrow one for maintaining stable phase lock

once the signal has been captured.

The Phase Lock Control loop filter completes the loop by

controlling the Subcarrier Oscillator. If the input reference

changes, the oscillator will follow. For the 1751, the PAL

Phase Lock Control block sampies every other burst.

Subcarrier Oscillator

The Subcarrier Oscillator regenerates a continuous

subcarrier signal. This circuit is part of a phase lock loop

that is referenced to the input color burst. The front-panel

PHASE control adjusts the oscillator output phase. The out-

put amplitude is leveled. The Demodulator circuits, shown

on diagram 6, use the oscillator output to recover the chro-

minance information.

The oscillator is a phase-locked, voltage-controlled, crys-

tal oscillator (vco) with automatic gain control (agc). The ba-

sic circuit consists of Q545 and Y745. Fig. 4-3 shows an

equivalent circuit. The base of Q545 appears as a negative

resistance shunted by the reactance of capacitive divider

C546 and C759. This negative resistance compensates for

the positive resistance of the crystal circuit and the bias

network to maintain oscillation. The magnitude of the nega-

tive resistance is controlled by the bias current in Q545.

The output of Q545 collector drives the front-panel

PHASE shifter and the Burst Demodulator. The Burst De-

modulator is the part of the phase lock loop that samples

the phase relationship between the Subcarrier Oscillator

and the reference subcarrier. The PHASE shifter on the

Front-Panel assembly, A8, is a device that allows shifting

the display phase through a 360° range.

CR442

Lessoierse

4472-65

Fig. 4-3. Subcarrier Oscillator equivalent circuit.
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Subcarrier amplifier Q435 amplifies the goniometer out-

put. This stage drives the Chrominance Demodulators

shown on diagram 6, and drives the age transistor, Q437.

The subcarrier amplitude at the collector of Q435 is recti-

fied by CR335 and stored on C148. The dc level at C148 is

used by transistor Q437 to control the bias of Q545 to cor-

rect for any fluctuations in amplitude. The bias current for

Q545 is inversely proportional to the stored level on C148. If

the amplitude rises, Q437 reduces the gain; if the amplitude

goes down, the gain increases, thus stabilizing the

subcarrier amplitude.

The Phase Lock Control block completes the phase lock

loop around the oscillator by feeding an error signal to va-

ractor diode CR442. The diode depletion region widens as it

is reverse biased and narrows as it approaches conduction.

This causes a capacitance change when the bias changes,

thus changing the vco frequency. This compensates for any

frequency or phase difference between the Subcarrier Oscil-

lator and the reference burst. Adjustments R170 and R176

set the high and low frequency limits of the oscillator phase

lock range.

Burst Amplifier

The Burst Amplifier, Q571 to Q263, buffers and band

limits the reference input and feeds it to the Burst Demodu-

lator. The reference input circuit on the Horizontal board

(A4) selects the reference source. Band limiting is provided

by L371 and C273.
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Burst Demodulator

The Burst Demodulator detects phase differences be-

tween the Subcarrier Oscillator and the input reference sig-

nal during burst time. The output is an error signal that is

proportional to the phase difference. The error signal is fil-

tered by the Phase Lock Control block and then looped

back to the vco.

The Burst Demodulator can be considered as a mixer

that functions as a phase detector. it has a reference input,

a switching input, and an output. The reference input (burst)

mixes with the switching input (subcarrier) and the resulting

difference frequencies appear at the output, which in this

case is the center tap of transformer T360. The low-pass

filter that follows the Burst Demodulator eliminates the high-

frequency components of the mixer output. Fig. 4-4 shows a

simplified schematic diagram.

Chrominance from the Burst Amplifier is applied to the

primary of T360, the reference input. The transformer sec-

ondary, the switching input, is switched by Q456 and Q457

so that opposite ends of the windings are alternately

grounded at a subcarrier rate. The transformer center tap is

the phase detector output. A low-pass filter removes the

switching components and stores the error level until the

next burst sample.

The Subcarrier Oscillator signal is buffered by Q452 and

fed to the switch drivers, Q556 and Q554. The Burst Gate

signal, through Q656, enables the switch drivers during the

burst sampling time. During that time, the subcarrier is con-

verted to differential square waves by switch drivers.

BURST

AMPLIFIER @as7

~~ T360

7 N—£
Q263 A BUFFER
a264 R357 Paruree
9276 AN

ii | ussea

\ f £ 356

Q456

4472-68

Fig. 4-4. Simplified schematic diagram of the Burst Demodulator.

4.9



Theory of Operation—1750-Series

The square wave output drives the switches, Q456 and

Q457, so that each is on for one-half of a subcarrier cycle.

These transistors alternately clamp the T360 secondaries to

ground. The two secondaries are phased 180° apart so that

on alternate subcarrier half-cycies the signal at their junction

is shifted 180°. At the same time the secondaries are

switched, the burst being sampled also goes through 180°

of phase shift. The result at the secondary center tap (phase

detector output) is full-wave rectification of the burst.

This synchronous demodulation depends on the relative

phase between the two inputs. if the Subcarrier Oscillator

has zero crassings at the same time as the burst, a maxi-

mum voltage is output. If the subcarrier is delayed by 1/4

cycle, then the output voltage is zero.

The rectified burst is filtered by R357 and C356 and ap-

plied to the input of the Phase Lock Control block. The

charge on C356 is retained over the entire video line be-

cause there is no discharge path for it except during burst

time. The Phase Lock Control input, U353A, is high imped-

ance, and the switching transistors, Q456 and Q457, are off

except during burst time.

The second T360 primary winding provides reactive

shielding for one of the secondary windings.

Phase Lock Control

The Phase Lock Control circuit takes the output of the

Burst Demodulator and controls the phase and frequency of

the Subcarrier Oscillator. The circuit is a low-pass filter that

sets the loop response. The response is wide when first

locking up, and then narrows to maintain stable phase lock.

The input to the Phase Lock Control circuit is the level

stored on C356. This voltage is near zero when the oscil-

lator is phase locked; and when unlocked, is a sine wave of

the difference frequency, or a level proportional to the phase

difference. Amplifier U353A acts as a buffer between the

storage capacitor, C356, and the loop response amplifier,

U344. In the 1751, the PAL Phase Control biock inserts a

sample-and-hold circuit, U444, between the buffer and the

Loop Response Amplifier. This circuit samples the error

voltage on every other line to detect the PAL burst. The

Loop Response Amplifier, U344, drives the frequency con-

trol input of the Subcarrier Oscillator.

When locked, the loop response is approximately 10 Hz,

as determined by R348, R144, C146, C144, and C145.

When unlocked, the phase lock ioop needs a wide response

range to allow a wider difference between the reference in-

put and the Subcarrier Oscillator. The untocked condition is

sensed by U353B. A sine wave appears at TP250 when the

loop is unlocked. A sine wave which has a peak value

greater than 100 mV peak is amplified by U353B, rectified

by CR150, and stored on C150 to turn on Q347. Q347

shunts R348 with R146, which is a much lower value. This

sufficiently increases the loop bandwidth, allowing the loop

to capture the free running Subcarrier Oscillator frequency

and bring it within the narrow bandwidth limits.

When the oscillator frequency is within the narrow limits,

the waveform at TP250 is below the threshold voltage at

U353B, pin 6. The output of U353B goes low, turning off

Q347, and restoring the narrow bandwidth operation of the

phase lock loop.

Two controis are used to adjust the phase lock loop.

Balance control, R173, is adjusted to remove offset volt-

ages that cause phase shifts with burst amplitude changes.

Jumper J159 forces U344 to its supply limits for calibration

of the Subcarrier Oscillator frequency limits.

PAL Phase Lock Control (1751 Only)

Phase tock of PAL signals in the 1751 is slightly different

than for NTSC signals in the 1750. The PAL Phase Lock

Control circuit samples burst only once for every two lines of

video.

The alternating 90° phase shift of the PAL +V and —V

bursts causes transitions in the error signal at the output of

U353A. The negative edge of these transitions causes a

positive-going edge at the collector of Q253. This saturates

Q433 for a short time, generating the +V Phase pulse on

the +V lines. This pulse presets U534A and U534B, both

shown on diagram 6.

The output of US34B controls sample-and-hold circuit

U444. The net effect is that U444 samples only after the

negative-going transitions of U353A, thus ignoring every

other burst phase. (in the 1751, U444 is installed between

the output of U353A and the loop filter and W347 is not

installed.)

Q260 inhibits Q433’s operation during the Field Trigger

pulse. Thus, the operation of the phase lock loop is not

disturbed by the alternating phase of the PAL burst or verti-

cal blanking.

PAL phase sampling may be defeated by placing the PAL

Sample jumper on J728 (shown on diagram 6) in the N

(NTSC) position. The phase lock loop will work with the

jumpers in these positions, but with lower performance in

the V-Axis Mode.



Burst Present is a TTL signal output to the SCH Logic

board, and indicates whether there is burst on the reference

video signal from the Horizontai board. For Burst Present to

go high both Q662 and Q664 must be turned off. This hap-

pens when Burst Gate is low (turning off Q662) and when

burst is present in the reference signal Burst (turning off

Q664 during Burst Gate).

Chroma Source Switches

U597 and U797 are hybrid analog switches which select

either the selected chrominance signal (from the Vertical

board) or a regenerated subcarrier signal CW1 (phase

locked to the 50% point of the leading edge of horizontal

sync) from the SCH Logic board.

CW1, the output from U597 when CW1 Select is high, is

selected when the SCH display is active. Chroma, the out-

put from U797 when Chroma Sel is high, is selected when

Vector or RY Modes are selected. The outputs from both

switches are summed at the input to the Chrominance Input

Amplifier, R695.

Chroma Amplifier

The Chrominance Input Amplifier buffers the chromi-

nance signal following the Chroma Source Switch for use by

the Center Dot Blanking circuit and the Chroma Demodu-

lators shown on diagram 6.

The Inverting Amplifier, which is composed of Q695,

Q596, and Q595, is disconnected from the Demodulator by

the Chroma Clamp circuit when Chroma Gate or WFM is

low.

Chrominance Ciamp

The Chrominance Clamp circuit turns off the chromi-

nance signal to the Demodulators. The clamp's output at

the drains of Q494 and Q492 is turned on by the Chroma

Gate. The output clamps the demodulator position the

Vector signal during the time while the Chroma Clamp is on.

in the Waveform Mode, the clamp is on continuously to

avoid any possible interference with the Waveform display.

Center Dot Blanking

The Center Dot Blanking circuit blanks the crt if the out-

put of the Chrominance Input Amp is nearly 0 V (very low

chrominance). The ert is blanked to lower the brightness of

the center dot. This function is only active during Vector and

SCH displays.

Theory of Operation—1750-Series

The signal from the Chroma Amplifier feeds limiter Q683

and Q681. The chroma signal is envelope detected by Q383

and C377. The blanking signal from Schmitt level detector

U477 is NANDed with the vector clamp unblanking signal in

Vector Mode so that the center dot will be visible, but not

bright enough to burn the ert when no signal is present.

Bianking is enabled in the Vector Mode by U674. in other

modes blanking control is transferred to the Horizontal

board (A4).

Center Dot blanking can be disabled by moving the

jumper on J475 to pins 2-3. This allows viewing very low

amplitude chrominance signals.

Power Supplies

Power Supplies for the circuit board are provided by

monolithic regulators. The +-12 Volt supply is adjusted by

R186, and is measured at TP176. The —12 Volt supply is

adjusted by R192, and is measured at TP180. The +5 Volt

supply is not adjustable, and is measured at TP175. Each

‘regulator limits the current for its supply.

Demodulator <>

V-Axis Switcher

The V-Axis Switcher inverts the V-Axis Demodulator car-

rier input on alternate lines. in the 1750, V-Axis Switching is

normally disabled by J532, but may be enabled for the Quad

Phase adjustment during calibration. In the 1751, V-Axis

Switching is normally enabled, but is only active when the

front-panel switch +V/PAL is in the +V position.

V-Axis Switching provides Vector and V-Axis Mode dis-

plays of the PAL signal that overlays the —V lines on the

+V¥ lines. The resulting display appears as though only the

+V signal is displayed, similar to an NTSC display. The

display is useful for evaluating relative differences between

the +V and —V lines. This same operation occurs when the

signal is decoded in a PAL television receiver.

When the front-panel switch is in the +V_ position,

CR741 is shut off and allows the Vector Clamp signal,

through Q542, to clock D flip-flop U534A each line. The +V

Phase pulse, from the PAL Phase Lock Control circuit

shown on diagram 5, presets the flip-flop on the + V lines to

synchronize the V-Axis Demodulator.
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The flip-flop drives Q429 and Q432. When on, Q429

shunts the —V Demodulator carrier input, allowing the V-

Axis subcarrier to drive the +V input. Alternately, when

Q432 is on, the signal goes to the —V input. Thus, the De-

modulator output produces a 180° phase shift.

The jumper on J532 determines whether V-Axis Switch-

ing is enabled or disabled. In the N (NTSC) position (factory-

set for the 1750), the preset on U534A is grounded.

Switching is inhibited, and Q430 shunts the —V input. In the

P (PAL) position (factory-set for the 1751), the +V Phase

pulse presets U534A.

Chroma Demodulators

The Chrominance Demeodulators are synchronous de-

modulators driven by the Subcarrier Oscillator and the Chro-

minance Input Amplifier. The output from these

demodulators, at pin 6, is a voltage proportional to the dif-

ference in phase between the two signals input at pins 7&8

and pins 1&4.

The Demodulator gains are set by R115 (R—Y or V) and

R518 (B—Y or U). The demodulator bias is controlled by the

position clamp circuits. The Subcarrier Oscillator drives the

BY (U) Demodulator directly. The subcarrier is shifted 90°

by the quad phase coil, L132, to drive the R —Y (V) Demod-

ulator. The V-Axis Switching circuit may also alternate the

phase of the subcarrier received by the R--Y (V) Demodu-

lator (as explained in the V-Axis Switching discussion).

Demodulator Output Amplifiers

The Demodulator Output Amplifiers filter the Demodu-

lator signals and drive the crt output amplifiers, which are

located on the Vertical (A3) and Horizontal (A4) boards. The

two amplifiers on this board are the R—Y (V) and B—Y (U).

Since the two amplifiers are nearly the same, only the R-Y

(Vv) Amplifier will be described here.

An active low-pass filter, Q315 and Q309, removes the

high-frequency components of the demodulation process

and determines the rise time and delay of the demodulated

signal.

The output from the non-inverting amplifier, Q408, Q404,

and Q304, feeds back to a clamp circuit consisting of U211

and Q215. U211 is an operational transconductance ampli-

fier used in a sample-and-hold circuit. The front-panel VEC-

TOR VERT POS control is the reference for the clamp and

causes an offset in the output signal. The Vector Clamp

pulse strobes U211 at a line rate. Storage capacitor C215

holds the output level until the next sample.

The stored level is applied through source follower Q215

to the bias input of the R—Y (V) Demodulator, thus setting

the dc level for the output amplifier. This has the effect of

moving the trace on the crt-up or down vertically.

A jumper on J112 is provided as a troubleshooting aid to

find problems in the Demodulator Output Amplifier foop. In

the T (Test) position (pins 2-3), the clamp output is disabled

by shorting the hold capacitor, C215. This effectively opens

the feedback loop.

A jumper on J801 is a calibration aid that is used to

match the gains of the crt output amplifiers on the Vertical

{A3) and Horizontal (A4) boards. When J801 is connected to

pins 1-2, the B—Y output of the Demodulator is directed to

both crt output amplifiers.

SCH Rephase

U135 is a differential pair with current source. The cur-

rent source is driven by CW2, a subcarrier frequency signal

which is phase locked to the 50% point of the leading edge

of horizontal sync. The differential pair of U135 is driven by

the regenerated subcarrier from diagram 5.

if the two signals (Subcarrier and CW2) are 90° out of

” phase (either leading or lagging), the output at pin 8 of U135
will be at a voltage sufficient to trip comparator U477B, so

its output goes high. This may only happen during the sam-

ple interval dictated by CW2 SEL, which goes high during

burst in field one where SCH phase is defined. When CW2

SEL is high, it turns off Q570, so the output of U135 is no

longer shunted off.

A high pulse from the output of U477B signals the SCH

Logic board that the SCH phase sequence has advanced

one fieid. When the SCH Logic board reassigns the field

sequence, the crt SCH vector will flop 180°, maintaining the

SCH vector in the left-hand two quadrants of the display.

SCH Logic Board (A9)

The SCH Logic board generates timing and gate signals

used by circuitry throughout the instrument. It also creates

waveforms for the SCH Mode display.

Upon receiving status from sources throughout the in-

strument, digital logic on the SCH Logic board generates

timing for sweep modes on the Horizontal board. Gate sig-

nals for switching on the Horizontal and Vertical boards are

output after the SCH Logic board polls status from the front

panel and remote interface.



The SCH Mode display signals originate from the SCH

Logic board, and drive the Demodulator board (A5). The

output is in a vector format.

SCH VCXO’s <>

Circuitry on the SCH VCXO's schematic has two inde-

pendent oscillators which run at four times subcarrier fre-

quency, and are divided down to provide timing references

to circuits throughout the instrument. One oscillator is

phase locked to the internally selected sync source, and this

derived clock is used to generate the SCH Mode display.

The other oscillator is phase locked to either the internal

or external sync source, as selected on the front panel or

remote control.

Digital logic divides the two oscillators down to

subcarrier rate to provide line and field rate pulses for timing

on the Horizontal, Vertical, and Demodulator boards. More

line rate and field rate decoding is performed by circuitry

shown on schematic 8.

SCH Ciock Generator

The 4Fsc Voltage-Controlled Oscillator (VCO) is regu-

lated by a voltage from the Horizontal board (A4). This volt-

age regulates the frequency of the oscillator so it is phase

locked to the 50% point of the leading edge of horizontal

sync, of the A or B input as selected on the front panel or

remote control.

The crystal oscillator formed by Y691 and C693 is regu-

lated by center-frequency adjustment C694 and varactor

CR697. The oscillator is passed through ECL buffer U592,

and converted to TTL signal levels at U493. The 4Fsc clock

is divided down to subcarrier rate by U392.

SCH I/O Latch

U581 is an eight-bit latch which clocks the phase-locked

subcarrier through to a differential pair, Q625 and Q628.

The output from this pair is filtered to pass only the funda-

mental frequency sine wave, which is output to the Demod-

ulator board for display when the SCH Mode is selected.

When in SCH Mode, this signal is demodulated against

reference subcarrier on the Demodulator board. Since the

signal is regenerated subcarrier (phase locked to the 50%

point of the leading edge of horizontal sync), its display in

Vector form is a single vector, with phase representative of

SCH Phase.

Theory of Operation—1750-Series

Signals PDW1 (phase detector enable) and SCH1 (SCH

calibrate enable) are gating signals, controlling (on the Hori-

zontal board) the interval when SCH references are taken

from the internally selected (A or B) signal.

SCH Intra-Line Decoding

U276 is a Logic Sequencer which decodes the SCH

Mode gating signals and clamp gating signals. inputs to

U276 are the SCH Reference Clock Generator, stripped in-

ternal sync from the Horizontal board (A4), and references

from the front panel indicating operating modes. U276 is

termed an intra-line decoder because it only derives signals

occurring at a line rate.

Reference Clock Generator

The Reference Clock Generator is a 4Fsc VCO, divided

down to subcarrier rate, which is very similar to the SCH

Clock Generator. it provides the clock reference which is

later used to derive horizontal sweep modes, line select sig-

nals, and color frame decoding.

Unlike the SCH Clock Generator, however, the Refer-

ence Clock Generator can be phase locked to either internal

or external sync (the sync is stripped on hybrid !C U360), or

remote sync from the remote jack on the rear panel.

The syne source selection between internal and external

sync is performed on the Horizontal board (A4) and con-

trolled by the front panel or remote. The selection between

these sync sources and Remote Syne is performed by

U744, controlled exclusively by a pin on the remote control.

Decoding of line and field rate reference signals is per-

formed by circuitry shown on diagram 8.

Reference I/O Latch

The circuitry of the Reference Output Latch is very simi-

lar to that of the SCH Output Latch. They differ in that the

Reference Output Latch provides signals which indicate

color framing errors between the external reference and the

internally-selected signai, and it provides gating signais for

this function. The 1750-Series shows color framing errors

when in SCH Mode with External Sync source selected.

The differential pair formed by Q538 and Q638 passes a

single-ended sine wave to the Demodulator. This signal is

used in the rephase circuit to determine when the SCH ref-

erence sine wave needs to be shifted 180°. This happens

when the color frame sequence is redefined by a subcarrier-

to-horizontal sync (SCH) phase shift.
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Power Supplies

U666 and U686 are monolithic voltage regulators which

provide two independent —5 V supplies. The two supplies

are separate to insure isolation between the SCH Clock and

the Reference Clock Generators.

The +15 V supply is unregulated, and the +5 V supply

is regulated by the Low Voltage Supply on (A6).

SCH LOGIC

Reference intra-Line Decoding

in a manner similar to the SCH Intra-Line Decoding

shown on Schematic 7, Logic Sequencer U309 and PAL

U111 decode line rate information for horizontal sweep gen-

eration, dc restoration, and several gating functions used by

the Horizontal and Demodulator boards.

U302 divides down the 4/5 subcarrier rate reference from

7 and outputs this as an eight-bit word to U309 and U111.

U309 is a Logic Sequencer which outputs on each line sig-

nais for SCH Phase Mode calibration (PDW2 and SCHW2),

sync tip and back porch sample gates (ST SAMP2 and BP

SAMP2) for the 50% point detector circuit on the Horizontal

board, and the reference vertical clamp gate (VCLAMP2).

U111 derives more intra-line information; VECT CLAMP,

which clamps the center dot in Vector and SCH Mode dis-

plays, BURST GATE, which gates the phase lock of the

subcarrier regenerator on the Demodulator board (A5), IF

CLOCK, which becomes the reference line clock after it is

latched by U149, and SCH BLNK and DGATE, which re-

move glitches in the SCH Mode display and provide a gate

to the subcarrier demodulator, respectively.

Clock pulses and timing information are passed to the

Line Counter and Intra-Frame decoding and Sweep Gating

circuits to generate more timing and gate functions.

Line Counter and Intra-Frame Decoding

U601 is a counter which maintains the five low-order bits

of the 10-bit word indicating the current line count in the

frame. The five high-order bits are maintained internally in

Logic Sequencer U809. U809 decodes this count, to provide

frame rate timing signals.

U809 outputs a field reference signal (FGATE) to the

sweep gating circuit to control one- and two-fieid ramps.

Other signals decoded by U809 include the horizontal

rephase (REPHASE) signal and line select blanking signal,

which are also output to the sweep gating circuit.
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Sweep Gating

Sweep gating circuit derives signals used to control the

horizontal sweep generator on the Horizontal board (A4).

U259 is a logic sequencer which takes inputs from the refer-

ence intra-line decoding and line counter and intra-frame de-

coding circuits to derive horizontal sweep gates and Z-Axis

amplitude gating.

U149 is a latch which relays the reference line clock

{LNCLK) and some gating signals. U355B is a flip-flop which

toggles to provide the SWEEP GATE signal for horizontal

trace and retrace to the Horizontal board (A4), as controlled

by TRACE and RETRACE from U259.

Line Select

U609 compares a nine-bit word from the front panel and

dip-switch $305 (S305 contains the MSBs) to identify the

line to be displayed when LINE SELECT is active. U609

asserts the signal PRESEL during the line preceding the line

in which line-selected active.

U511 and U501 also decode the selected line number

into three seven-segment display numerals, and multiplex

this to the front-panel displays. Display is output one digit at

a time by selectively enabling current to flow in only one of

the three common cathodes, switched by U511.

Color Frame Identification

Three ICs, U121, U137, and U332, maintain the color

frame reference of the four-field sequence in NTSC and the

eight-field sequence in PAL. This reference is very important

in determining the correct SCH display, as SCH phase is

dependent on the color frame field sequence.

U121 and U137 act as a broad pulse detector, to identify

the broad pulses in the vertical interval. U121 is a counter

which is cleared (loaded) by STCTR (horizontal line start-up

and center). if broad pulses in the vertical interval are de-

tected, U121 will count up. U137 is a PAL which recognizes

the relationship between horizontal and vertical sync, and in

the 1751 recognizes the burst blanking sequence.

U332 is the Color Frame Lock circuit, a PAL which, de-

pending on the operating mode, outputs unbianking signals

to the Z-Axis amplifier on A1. U332 looks at the subcarrier-

to-horizontal phase of the reference every four (NTSC) or

eight (PAL) fields to decode the color field sequence.

Demodulator Source Selection

U461 is a PAL which, depending on the instrument op-

erating mode and the time instant within a line color frame,



selects the source for the Chroma Demodulator on A5. The

source is selected as either internal (selected signal source

A or B) or the internally-generated CW1 for the SCH Mode

display.

U422 also provides the Chroma Gate signal to the De-

modulator board, as weil as signals to another part of the

SCH Logic board continuous wave subcarrier outputs to the

Demodulator board. These signals are disabled when they

are not needed, to help prevent cross-talk on the Demodu-

lator board.

INTERFACE AND HV POWER SUPPLY

(At);
CRT CONTROL (A7); FRONT PANEL (A8);

AND

LOW VOLTAGE POWER SUPPLY (A6)

Diagram 10 shows the HV and CRT circuits. This is the

last functional block in the input signal path, the display. The

CRT display, the display control circuits, and the display

power supply are shown on this schematic. Circuits are in-

cluded from assemblies At and A7.

Diagram 12 shows the Front-Panel Signal Controls. All of

these circuits are on the Front-Panel assembly (A8).

Diagram 9 shows the Interface and Remote circuits and

connections. These circuits are all included on the Interface

and HV Power Supply board (A1).

Diagram 6 shows the low voltage supply, which outputs

low voltages for the entire instrument.

HV and CRT

The cathode ray tube (crt) operates with electrostatic de-

flection, and provides a trace on an 8 by 10 cm display area.

The crt is adjustable for brightness, focus, astigmatism,

geometry, and horizontal and vertical alignment.

The High Voltage Supply on At is driven by the main

Low Voltage Power Supply transformer, T252 on (A6),

shown on diagram 11. Voltages are provided for the cath-

ode, —3 kV, and the Post Accelerator (Anode), +12 kV. In

addition, voitages are provided for the beam control and

geometry elements of the crt. The Scale illumination circuit

and the operator-adjusted crt controls are also included.

Theory of Operation—1750-Series

High Voltage Supply

The High Voltage Supply block generates the post and

cathode voltages. Q933 oscillates and provides one of the

1838 primaries with a 50-V (from the low voltage supply)

sine wave, which is stepped up by 1838 and further multi-

plied by U638. The output from U638 provides the +12 kV

post acceleration potential. The output from this same sec-

ondary of T838 is rectified and provides the —3 kV poten-

tial. The —3 kV output is filtered before connecting to the

cathode at the crt base socket.

The —3 kV supply is regulated by controlling the current

in the T838 primaries, thus providing indirect regulation for

the 12kV supply. Feedback for regulation is provided by

voltage division from a thick film resistor array R632, fol-

lowed with isolation by U752. This current is fed back to the

base of Q753, driving Q855. The current output from Q855

regulates the current in one of the T838 primaries.

The filament winding of the transformer is referenced to

the cathode voltage to avoid cathode leakage currents.

DS824 is a neon lamp which keeps these two crt elements

within 100 V of each other if the crt arcs.

Crt beam current is controlled by the grid voltage at ert

pin 3. Since pin 3 is also near —3 kV, circuitry is included so

control of the beam current is possible with low voltage cir-

cuits. The Z-Axis input is a two-level signal. The low level

blanks the crt, and the high level sets the brightness of the

display. These two levels come from the Intensity Control

and Z-Axis Output circuits.

CRT Bias adjustment R512 is set to just blank the crt

with the INTENSITY control set to minimum. DS823 and

DS822 keep the contro! grid voltage close to the cathode

voltage if the ort arcs.

The focus grid voltage, crt pin 4, is also controlled by a

low voitage circuit. The front-panel FOCUS control sets the

output voltage of operational amplifier Q764, Q866, and

Q865. This voltage sets the voltage at one end of a voltage

divider. The other end of the divider is referenced to the

cathode voltage. The Focus Center contro!, R533, part of

the divider, is adjusted for display focus with the front-panel

FOCUS control centered.

The focus voltage is also changed when the instrument is

placed into line select mode. When in line select, the MAG3

line goes iow, and the output from U547 at pin 2 will add

current to the current provided by the front-panel focus con-
trol.
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CRT Alignment

Several additional controls complete the adjustment of

the display. The Astigmatism control, R551, is used in con-

junction with the FOCUS control to adjust for the best spot

size. The Trace Rotation control, R105 on the Low Voltage

board A6, is used to align the horizontal trace to the Wave-

form Graticule. The Y Alignment control, R101 on the Low

Voltage board, and Geometry control, R514, are used to

adjust vertical lines of the display to be vertical and straight.

*

Scale Mlumination Control

This circuit is used to vary the brightness of the grati-

cules. Two sets of lights are provided. The front-panel

SCALE illumination control varies the voltage on one input

to differential amplifier U776B. The other input to U776B is

a 6-kHz, square wave output by U776A. By varying the

SCALE pot, the duty cycle at the output of U776B will vary,

effectively controlling the output of the graticule lights.

Intensity Control

Display intensity is controlled by both blanking and

brightness inputs. Blanking inputs may be from the sweep

circuits, during low level vector signals, or from the External

Blanking input at the rear-panel REMOTE connector.

A high level at TP568 (approximately 2 V) blanks the crt.

U564 is used as a switchable current source. The transistor

with its base connected to pin 12 is the current source. its

base voltage is set by the front-panel INTENSITY control

and another current source Q678, The emitter current of

Q678 is determined by the front-panel sweep mode

switches, which control the three signals MAG1, MAG2, and

MAG3. As higher writing rates are chosen, more beam cur-

rent is provided.

Z-Axis Output

This amplifier converts the current from U564, pin 8 or 5

(determined by the INTENSITY setting), to a voltage, and

drives the crt control grid circuit. During blanking, when

U564 output current is zero, the output at TP558 is approxi-

mately 5 V. After blanking, the intensity current determines

the high level output.

R770 is the feedback resistor of an operational amplifier,

Q764, Q866, Q865, and Q765. Q764 is capacitively driven

by Q765 for fast, positive, output transients with minimum

quiescent power. Q866 isolates Q865 from negative output

transients which would otherwise reduce the available base

current for Q865.
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CRT Controls (A6),

Five knob controls and four screwdriver controls, located

just below the front of the crt, are provided for adjustment of

position, gain, intensity, scale illumination, and focus. The

functions of these controls are discussed as a part of other

circuits.

Front-Panel Signal Controls (A8), >

The Front-Panel assembly (A8) is shown on this sche-

matic. All front-panel controis are shown here. All labeled

functions are active when the switch push buttons are in.

The +V/PAL switch on the 1751 is in PAL when the switch

is out, and +V when the switch is in. The common switch

lines are all low when the Front-Panel enable signal is active,

and high when Remote control is enabled.

The VARIABLE GAIN control, R510, controls the Vari-

able Gain Amplifier on the Vertical board (A3) when out of

detent (UNCAL). When in detent (CAL), the control has no

effect. The VARIABLE GAIN control lights the UNCAL light,

DS910, when out of its detent position.

Interface and Remote <>

Interface

The interface is the main interconnect for the instrument,

eliminating most cabling. It is a part of circuit board A1 io-

cated at the bottom of the instrument.

Four 64-pin connectors are provided to interconnect the

Demodulator (A5), Horizontal (A4)}, Vertical (A3), and SCH

{A9) boards to the Interface (A1), Front-Panei Control (A8),

and the Power Supply {A1 and A6). The 64-pin connectors

are connected in paraliel. The Vertical and Horizontal board

connectors (J437 and J237) are reversed because the parts

on the circuit board face in the opposite direction. This sche-

matic also includes the remote connector functions.

Remote Conirol

Remote Control transfers control by the front-panel push

buttons to inputs at the two REMOTE connectors. The re-

mote connectors on the rear-panei are J205 and J505 on

the interface board (A1). The features of the remote function

are listed beiow.

1. All of the push-button controls may be remotely con-

trolled by ground closures.

2. If Remote Mode is chosen, all of the front-panel

switches (except POWER) are remoted.



3. A ground is provided at pin 1 so that a plug could be

installed which programs the instrument to one setup

of the customer's choice.

4, Each of the functions can be separately controlled by

ground closures to the appropriate pin.

5. If no ground closures are provided there is a default

display.

6. If two mutually exclusive functions have been chosen

there is a hierarchy that the remote function allows.

The defaults and hierarchy are included in the Installa-

tion section of this manual.

7. The Remote Mode may be selected by a ground clo-

sure to pin 13 if J508 is set to the 2-3 position; if J508

is set to the 1-2 position, a +12 V activates remote

controi.

Several additional functions are controlled from the RE-

MOTE connector. Among these are:

1, A Parade display can be used for camera control

adjustment.

a. An RGB enable (pin 25) and a Staircase input

(pin 19) must be supplied by the Camera Control

Unit. The RGB Enable shortens the trace, and the

Staircase input places three or four successive

sweeps sequentially on the display.

b. J612 on the Horizontal board (A4) selects the

sweep attenuation for 1/3 or 1/4 normal.

2 External Blanking may be used (pin 6). This blanking

is ORed with the internal blanking from the Horizontal

and Demodulator circuits.

3. Five additional line select bits are available on pins 1-6

of J505, in addition to the four bits set by the front-

panel switch. This gives the capability of selecting a

block of 16 lines anywhere in a fieid (odd and even)

sequence. These are the five MSBs of the line-of-field

count indicator. in normal operation with no remote

connected, these bits are all high, which selects the

first 16 lines of a field, which is in the vertical interval.

4, Remote Sync, which operates with non-composite or

non-video signals, is also input through J205.

Low Voltage Power Supply (A6)

The Low Voltage Power Supply provides the power re-

quired by the circuits in the instrument, and is a continuous-

mode, flyback-switching power supply. Line voltage is

rectified and feeds switching circuitry operating at 100 kHz.

The output of this circuitry drives the primary of a trans-

Theory of Operation—1750-Series

former, with secondary outputs filtered to provide the re-

spective low voltages. Feedback for regulation is taken from

the 5 Volt supply.

input and Line Rectifier

The power source for the instrument is ac power from

the Interface board, A1. This supply voltage, after it is low-

pass filtered by RC682, T686, C793, and C795, feeds the

voltage doubling circuit consisting of CR278 (bridge recti-

fier), C268, and C479.

The voltage doubling effect, in with 115 V operating

mode, but not in 230 V mode (mode determined by S230

and S296), occurs because the peak voltages from the

115 V rms supplies (about 165 volts) are stacked on the

series combination C268 and C479. This results in a dc volt-

age, referred to the (—) output of CR278, of over 300 Vdc.

0S770, a neon bulb, indicates high voltage present on the

doubling capacitors. The noise created by the switching

transistors is decoupled by L773.

Switching Primary

The heart of a switching power supply is the switching

semiconductors which regulate the power in the transformer

primaries. In the 1750-Series supply, Q447 and Q452 pro-

vide this function.

Switching is done at a frequency much higher than the

power line frequency, in order to reduce the size of the

power transformer, and provide a very steady, regulated

output. Switching is continuous mode, meaning flux in the

power transformer, T252, is always unipolar and continu-

ous. Thus, current in the secondaries is also unipolar.

Mosfets Q447 and Q452 are series switches to the pri-

mary of T252. When the leading edge of a voltage pulse is

emitted from U529, T635 passes the pulse to the gates of

the mosfets, charging the gate-source junctions and turning

them on. This applies the 300 Vdc from the rectified line

voltage to T252. The magnetizing current then marginally

increases in the primary of T252, increasing the energy stor-

age.

When the pulse from U529 goes low, Q472 and Q642

turn on and short out the gate-source junctions of 0447 and

Q452, turning them off. Although current in the mosfets is

then zero, current in the 7252 primary will momentarily con-

tinue to flow through the damping diodes, CR440 and

CR456. The secondary diodes then conduct, and energy is

transferred to the load.
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The current through the primary, and thus the power

through the primary and secondary, are controlled by the

duty cycle of the switch pulse emitted by U529. This pulse is

regulated by U529 in order to maintain the 5 V supply volt-

age, which is also affected by variations in load in the other

supplies.

Pulse Width Modulation

The pulse width modulator, which controls the power de-

livered to power transformer 1252, is based upon U529. It

operates by changing the duty cycle of the square-wave

pulse output at pin 8, based on feedback provided by the

5 V supply.

Feedback voitage is determined by the voltage on C416,

which integrates the pulse output from T415 (1415 is neces-

sary to maintain isolation between the T252 primary and

secondary). The voltage on one side of C416 is determined

by a precise 5 V reference generated internally by U529, and

output at pin 14.

Primary undervoltage and secondary overcurrent condi-

tions are sensed by Q430, 0432, and Q427. Q427 also pro-

vides a reference voltage used to soft-start U529 after

overcurrent or undervoitage conditions have caused a shut-

down. Normal operation begins after sufficient time to allow

the voltage on C424 to decay to the proper reference voit-

age.

Start Up

Under steady state conditions, U529 relies on power

supplied by a separate winding in the power transformer,

7252, passed through CR345 and Q537. The winding will
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not supply power unless current flows in T252, which is

dependent on a pulse sent out by U529 to turn on the

switching transistors. The start-up circuit provides a brief

surge of power to bring the supply circuitry up to speed.

When ac power is first applied to the power supply, a

smail current flows from the rectified line voltage through

R340. This current charges C342, until it holds enough

charge to forward-bias Q439. A brief supply voltage is then

delivered through Q537 to U529, for more than enough time

to bring the power supply to a steady-state mode of opera-

tion. The start-up circuit also operates in a similar fashion

after the power supply has shut down due to undervoltage

or overcurrent conditions.

Filtered Outputs

Since ail outputs resemble it, the +15 V output will be
discussed.

The pulse outputs from the power transformer, T252,

charge the filter capacitor C126. L510 and R513 provide

stable filtering under widely varied load conditions. The

+15 V pre-regulated output is used in conjunction with on-

board monolithic regulator ICs throughout the instrument.

The monolithic +12 V regulator, U600, supplies power for

front-panel circuitry (as does U504 for — 12 V).

The 5V supply is regulated very precisely through the

feedback loop, which controls the switching supply current.

No further regulation is necessary. The 4-46 V supply is reg-

ulated indirectly through the 5 V feedback loop, but is most

susceptible to variations.



Section 5—1750-Series

CHECKS AND ADJUSTMENTS

This section consists of two separate procedures. The

first, a Performance Check, is used to determine compliance

with the Performance Requirements in the Specification.

The second is the Adjustment Procedure, which provides

the instructions on how to adjust the instrument and return

it to operation within the specification.

In both procedures, front- and rear-panel controls and

connectors on the instrument under test are fully capitalized

(e.g., VARIABLE GAIN). Control and connector names on

test equipment and internal controis and adjustments for

the instrument under test are initial capitalized (e.g., Time/

Div, Geometry, etc.).

Limits, tolerances, and waveforms given in this section

are guides to adjustments and checks, and are not instru-

ment specifications except when listed in the Performance

Requirement column of the Specification section of this

manual.

RECOMMENDED EQUIPMENT LIST

Electrical Instruments

1. Test Oscilloscope

Vertical Amplifier; 30 MHz Bandwidth, 1 mV Sensitivity.

Time Base: 10 ns/div to 5 ms/div sweep speeds,

Triggering to 5 MHz.

For example; a TEKTRONIX 7603 Oscilloscope with a

7A18 Dual-Trace Amplifier, a 7A13 Differential Comparator

(needed for use with the TEKTRONIX Return Loss Bridge),

and a 7B53A Dual Time Base. Also 10X probes, P6106

(Tektronix Part No. 010-6106-03), and a 1X probe, P6101

(Tektronix Part No. 010-6101-03).

2. Television Signal Generator

Color Test signals for the television standard of the moni-

tor to be tested: Color Bar signal, Linearity Staircase and

Variable APL, Pulse and Bar; with 2T Pulse, 2T Bar, and

modulated puise, Field Square-wave signal, and Biack Burst

signal.

For example: NTSC TEKTRONIX 1410 with Option AA

and Option AB (modified SPG2 and TSG7), TSG3, and

TSGS.

PAL TEKTRONIX 1411 with Option AA and Option AB

(modified SPG12 and TSG11), TSG13, and TSG15.

NOTE

The 1410-Series generators with standard SPG and

TSG modules can be used, but not all checks and

adjusimenits can be made. A standard SPG2 or

SPG12 module will not check lock to changes in sync

amplitude, cw lock to changes in burst amplitude, and

frequency lock to burst offset frequency changes (Per-

formance Check step 17 and Adjustment Procedure

steps 19 and 20). A standard TSG7 or TSG11 can not

check Performance Check step 16 and Adjustment

Procedure steps 17 through 20.

The 1410, and 1411 Option AB are mainframes with

modified TSG7 and TSG11 Color Bar generators that pro-

vide more accurately controlled output amplitudes.

The signai generators can be ordered with one or both

options (AA and AB).

The TSG3 and TSG13 are Modulated Staircase genera-

tors with variable APL.

The TSGS5 and TSG15 are Pulse and Bar generators with

Modulated Pulse and Field Square wave signals.

3. Swept Sine-Wave Generator Sine Wave signal 50 kHz

to 10 MHz.

The CW signal can be used as time marks.

For example: HP3336C, Option 005 (which provides in-

creased flatness and attenuator accuracy {+0.07 dB flat-

ness in CW mode}. The standard frequency accuracy (+5

parts per million of programmed frequency) is sufficient for

time base calibration and verification.

or: A TEKTRONIX SG 503 Leveled Sine-Wave Generator

installed in a TEKTRONIX TM 500. Series Power Module.

Flatness +1%, 250 kHz to 50 MHz. The flatness can be

calibrated (a chart made of variations) with the TEKTRONIX

Peak to Peak Detector (015-0408-00). The frequency can be

measured with the frequency counter to adjust and check

the time base of the 1750-Series. The disadvantage of the

SG 503 is that it is not a swept frequency generator.
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When using the TEKTRONIX SG 503 these additional

accessories are needed; 50 © coaxial cable, Tektronix Part

No. 012-0057-01, and a 50 to 759 min loss attenuator,

Tektronix Part No. 011-0057-00.

4, Voltmeter

Range, 0 to greater than 100 Vde; accuracy, +0.1%

For example: TEKTRONIX DM 501A in a TM 500 Series

Power Module.

5. Frequency counter

Range, 100 kHz to 5 MHz; accuracy, + 0.001%

For example: TEKTRONIX DC 503A in a TM 500 Series

Power Module.

6. Square wave and sine wave Function Generator

Range; 0.1 to 5 V p-p when loaded by 752 10 V p-p

when unloaded, frequency; 10 Hz to 2 kHz

For example: TEKTRONIX FG 503 in a TM 500 Series

Power Module.

7. Video Amplitude Calibrator

Signal; adjustable square wave 0.0 to 999.9 mV p-p with

a resolution of 0.1 mV and an accuracy of 0.05%, frequency

approximately 270 Hz.

For example: TEKTRONIX 067-0916-00 in a TM 500 Se-

ries Power Module.

8. Peak to Peak Detector

Detector to calibrate sine wave source flatness. Input

signal range 0.25 to 1.0 V p-p, flatness +0.2% 50 kHz to

10 MHz, input impedance 75 ©.

For example: TEKTRONIX Peak to Peak Detector 015-

0408-00.

9. Power Module (required for Items 4, 5, 6, 7, and 8)

For powering and housing TEKTRONIX DM 501A,

DC 503A, FG 503, 067-0916-00, 015-0408-00.

For example: A TEKTRONIX TM 506 Power Module.

10. Variable Autotransformer

For example: General Radio Metered Auto Transformer

WIOMT3W. If 220-Volt operation must be checked a con-

version transformer or appropriate 220-Volt auto trans-

former is needed.
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Auxiliary Equipment

11. Step Attenuator

75 Q constant impedance attenuator variable from 0 to

40 dB in 1 dB steps.

For example: HP 3750A Attenuator, 0-99 dB.

12. Return Loss Bridge

Range; at least 46 dB return loss sensitivity, 50 kHz to

6 MHz.

For example: TEKTRONIX 015-0149-00

If the Tektronix Return Loss Bridge is used with a 500

sine wave generator, such as the TEKTRONIX SG 503,

these additional accessories are needed; 50 Q coaxial cable

(Tektronix Part No. 012-0057-01) and a 50- to 75 mini-

mum loss attenuator (Tektronix Part No. 011-0057-00).

13. 75 @ Terminators

Three required, one should be a feedthrough type.

For exampie: End-line 750 terminator (Tektronix Part

No. 011-0102-00), and a feedthrough 75Q terminator

(Tektronix Part No. 011-0103-02).

14, Coaxial cable

Three required.

For example: 42 inch RG 59U (Tektronix Part No. 012-

0159-00).

15. 10X, 75 Q Attenuator

For example: Tektronix Part No. 011-0061-00.

16. Alligator clip to BNC adaptor.

For example: Tektronix Part No. 013-0076-00.

17. Dual Input Coupler

Matched BNC cable-T for making phase comparisons

between two inputs. Matched length of the two arms within

#£0.1 in.

For example: Tektronix Part No. 067-0525-02.

18. Parade Display Test Connector

Remote connector modified to enable and test the RGB

parade input. See Fig. 5-1.
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| GROUND

oO

14 ¢

RGB STAIRCASE

RED SIGNAL INPUT

{> ‘3

BNC ALLIGATOR
cLies

BLACK RGBENABLE [25 3

YY

CONNECT GROUND wine |
FROM PIN 1 (GND)

TO RGB ENABLE (PIN 25)

4473-07

Fig. 5-1. RGB parade display test connector.

20. Alignment Tooi 21. Alignment Tool

For adjustment of small pot core coils needing a two- For adjustment of coil cores needing a small hex shaft.

pronged blade.
For example: Tektronix Part No. 003-0310-00.

For example: Tektronix Part No. 003-0837-00.
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PERFORMANCE CHECK

The short-form procedure is intended for those who are

farm

Step numbers and sub-step designations correlate directly

to the steps in the Performance Check Procedure; this

makes it possible to use the Short-form Procedure as a ta-

iliar with the complete Performance Check procedure.

ble of contents.

POWER SUPPLIES AND CRT ALIGNMENT

(Assemblies A1 and A6)

1. Preliminary Setup.

a. Connect autotransformer.

b. Connect composite Color Bar signal.

2. Check Power Supply Operation

¢. Check for stable operation over line voltage range.

HORIZONTAL BOARD

(Assembly A4)

3. Sync Separation

a. Check instrument synchronization.

4. Sweep Operation

“egeag
Check sweep modes.

Check for 1H and 2H sweep rates.

Check for 1FLD and 2FLD sweep rates.

Check that some portion of field blanking is displayed.

Check that some portion of horizontal blanking is

displayed.

Check that each field in 2H MAG SWEEP can be

positioned onto the screen.

5. Sweep Calibration

c.

8

9

. Check 2H MAG SWEEP accuracy.

. Check 1H MAG SWEEP accuracy.

. Check 1H and 2H MAG SWEEP linearity.

6. RGB/YRGB Parade Display

c

d

e.

9

. Check shortened sweep length.

. Check sweep rate and magnification.

. Check range of HORIZONTAL POSITION control.

. Check added deflection.

VERTICAL BOARD

(Assembly A3)

7. Vertical Gain

b. Check vertical amplifier gain.

d. Check IRE (LUM) Filter gain accuracy.

f. Check 5X MAG accuracy.

h. Check VAR gain range.

j. Check CH-A vertical amplifier gain.

8. Calibrator Amplitude and Frequency

b. Check Calibrator frequency.

c. Check Calibrator amplitude.

d. Check that Calibrator is synchronized in 1H and 2H

Sweep.

e. Check that Calibrator free runs in 1FLD and 2FLD

Sweep.

9. PIX MON OUT Operation

b. Check PIX MON OUT level.

d. Check PIX MON OUT amplitude.

10. DC Restorer Operation

b. Check that DC Restorer operates.

d. Check operation with 60-Hz hum.

f. Check amplitude change when burst is turned off.

h. Check amplitude change with APL change.

11. Fiat Response

b. Check X1 Gain flat response.

d. Check X5 Gain flat response.

12. Transient Response

. Check preshoot, overshoot, and ringing.

Check Pulse-to-Bar ratio.

. Check bar tilt.

Check field tilt.

. Check X5 GAIN transient response.

Check chrominance-to-luminance gain and delay

error.

rastaoe
13. IRE or LUM Filter Response

b. Check IRE filter response (1750 only).

c. Check LUM filter response (1751 only).

e, Check amplitude difference from Flat Filter.



14. CHROMA Filter Response

c. Check CHROMA Filter gain.

e. Check CHROMA Filter frequency response.

f. Check CHROMA Filter cutoff.

DEMODULATOR

(Assembly A5)

15. Demodulator Channel Bandwidth

b. Check bandwidth.

16. Color Bar Decoding Accuracy

b. Check vector angle and amplitude accuracy.

d. (1751) Check that vectors can be overlayed.

17. Subcarrier Regenerator Performance

c. Check lockup.

d. Check frequency stability.

f. Check amplitude stability.

18. Phase Accuracy

b. Check CH-A, CH-B phase match.

d. Check EXT REF phase accuracy.

e. Check burst jitter.

g. Check differential phase on R-Y (V-Axis).

i. Check phase change with chrominance amplitude

change.

19. Amplifier Linearity

b. Check differential phase.

d. Check differential phase of CHROMA Filter.

20. Chrominance Vector Ciamp Performance

b. Check clamp phase stability.

d. Check range of VECTOR POSITION controls.

21. X5 GAIN and VARIABLE GAIN in Vector Mode

d, Check VARIABLE GAIN range.

f. Check VARIABLE GAIN range with X5 GAIN.

22. INPUT and PIX MON OUT Return Loss

b. Check Input loop-through return loss.

d. Check PIX MON OUT return loss.

Checks and Adjustments—1750-Series

23. Acquisition Time and Accuracy

e. Check sync dot position.

24. Display Range

d. Check display range.

25. Channel and Reference Match

e. Check sync match (A to B).

f. Check int to ext reference match.

Performance Check Procedure

The following preparations should be made before at-

tempting the Performance Check.

Set the 1750-Series up as shown in the table that fol-

lows. After a numbered step has been compieted, return the

1750-Series controls to the conditions in the table below,

unless otherwise noted.

POWER ON

INTENSITY Set to Operator's preference

FOCUS

SCALE

VERT POS

HORIZ POS

Push Buttons Depressed

WFEM

2H

FLAT

INPUT B

VARIABLE GAIN

CH A INPUT HIZ

Detented

POWER SUPPLIES AND CRT ALIGNMENT

(Assemblies A1 and A6)

1. Preliminary Setup

a. Connect the variable autotransformer to the AC power

connector. Turn Power On and set the autotransformer for

the voltage shown by the rear-panel Line Voltage Selector

switch.

b. Connect a Composite Color Bar signal with 100%

Peak White Bar and 75% amplitude Color Bars through the

CH-B INPUT and terminate the opposite side of the loop-

through with a 75 Q termination.
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2. Check Power Supply Operation

REQUIREMENT—Check ac input range, 90-132 V, 200-

250 V as determined by the line voltage setector.

a. Turn on the 1750-Series and adjust the controls for a

usable display.

b. Vary the autotransformer from low line to high fine

voltage (as dictated by the line voltage selector switch).

c. CHECK—for stable operation over the voltage range.

HORIZONTAL BOARD

(Assembly A4)

3. Sync Separation

REQUIREMENT—Check for stable sweep synchroniza-

tion with the table of signal types and amplitudes below.

a. CHECK—that the 1750-Series instrument can be syn-

chronized with the conditions below. Use the 2H and 2 FLD

SWEEPS to check for stable triggering.

Reference Amplitude

Source Signal of Sync

Internal Composite 143 mV to 572 mV

Video (150 mV to 600 mV

for 1751}

EXT REF Composite 143 mV to4Vv

Syne (150 mV to 4 V for

or 1751)

Composite

Video

NOTE

Use the 1410-Series Option AA Variable Sync Ampli-

tude control to vary the amplitude of sync on the com-

posite video output. The limits of the controf will vary

the sync amplitude to 0.5 and 2 times normal ampli-

tude. If the 1410-Series Option AA is not available use

the Step Attenuator for signal amplitude changes. Re-

move the Loop-Thru terminator. The Step Attenuator

will be set to 0 dB and 12 dB attenuation to obtain 2

times and 0.5 times standard syne amplitude.

4. Sweep Operation

REQUIREMENT—-Check that the sweep rate controls

operate correctly. Check for sweep mag registration (some
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part of the blanking interval is visible when magnifying the

centered 2H and 2FIELD sweeps).

a. Display INPUT B with nothing connected.

b. CHECK—that a sweep occurs in each SWEEP mode

(1H, 2H, 1FLD, 2FLD)

c. Connect the Color Bar signal to the CH-B INPUT.

d. CHECK—that the 1H and 2H SWEEP modes display
one line and two lines of the Color Bar respectively.

@. CHECK—that the 1FLD and 2FLD SWEEP modes dis-

play the Color Bar field and frame correctly.

f. Select and center the 2FLD SWEEP. Select MAG

SWEEP mode.

g. CHECK—that some portion of the Field Blanking in-

terval is displayed.

h. Select and center the 2H SWEEP. Select MAG

SWEEP mode.

i. CHECK—that some portion of the Horizontal Blanking

interval is displayed.

j. CHECK—that each portion of the 2H MAG SWEEP

can be positioned onto the display with the HORIZONTAL

POSITION control.

5. Sweep Calibration

REQUIREMENT—Sweep timing accuracy: magnified 1H

and 2H sweeps (1 ps/div within 2%, 0.2 us/div within 2%).

Timing linearity: magnified 1H and 2H sweeps within 2%.

a. Connect the sine wave generator to the CH-B INPUT

on the 1750-Series instrument.

1750-Series instrument Setup

2H MAG

CH-B Sine Wave Generator

X5 GAIN



}

HP3336C Setup

Sweep Single

Data 1 MHz

Amplitude 0dBm

b. Excluding the first and last divisions of the unmagnified

display, position several portions of the 2H MAG SWEEP to

the display and check the timing of the display. See Fig. 5-2.

¢. CHECK—for 11 tips of the 1-MHz sine wave displayed

within the central 9.8 to 10.2 div.

d. Change HP3336C Data to 5 MHz.

e. CHECK—for 11 tips of the 5-MHz sine wave displayed

within the central 9.7 to 10.3 div.

MEASURE TIMING LINEARITY

BETWEEN CENTER 8 DIVISIONS

4472-67

Fig. §-2. Using triggered sine waves to make timing

measurements.

f. Use the method of part b to check both the 1H MAG

and 2H MAG sweep linearity in 10 divisions. Change the

frequency of the generator to position the first and last sine

wave tips in the central 10 divisions of the display to those

major graticule marks. To change the frequency of the gen-

erator; depress Modify, select the digit of the frequency dis-

play to be modified with an arrow key, and vary that digit

with the knob.
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g. CHECK—+that for both sweeps the intermediate sine

wave tips fall at their expected locations within two tenths of

a major division.

6. RGB/YRGB Parade Display

REQUIREMENT—-Attenuated sweep: 3.4 to 4.1 div for 3

step or 2.5 to 3.1 div for 4 step. Staircase input gain: 10 V

= 9 horizontal divisions +1.4 div. Attenuated sweep re-

sponds to sweep rate and magnification controls (1H or

1FIELD displays only).

a. Display the Color Bar in 1H. Center the display. Note

the position of P685 on Assembly A4 that selects the 3- or

4-.step parade display. The lower (2-3) position selects

attenuation for a 3-step display.

b. Connect the Parade Display Test connector to the re-

mote connector.

c. CHECK-—that the sweep has shortened to 3.4 to

4.1 div if P685 is set to a 3-step display or 2.5 to 3.1 div if

P685 is set for a 4-step display.

d. CHECK-—-that the shortened sweep is 1H or 1FIELD

according to the SWEEP controls, and that the sweep can

be magnified with the MAG push button.

e. CHECK—that the display can be moved to the sides

of the screen with the HORIZ POS control.

f. Remove the Color Bar signal. Position the display to

the right side of the screen. Connect a 0 to +10 V 2-kHz

square wave to the BNC connector of the Parade Display

Test connector as shown in the equipment list.

g. CHECK—-that 8.6 to 10.4 divisions of deflection have

been added by the square wave.

VERTICAL BOARD

(Assembly A3)

7. Check Vertical Gains

REQUIREMENT—Gains within 1%; 3% in X5 GAIN, for

both CH-A INPUT and CH-B. Input signais between 0.7 and

2V can be adjusted to full scale video amplitude with the

VARIABLE GAIN control.
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a. Connect the Video Amplitude Calibrator (VAC) to the

CH-B input. Set the VAC to 999.9 mV. Do not terminate the

other side of the LOOP-THRU input.

b. CHECK—that the vertical amplitude of the display of

the 1750 is 138.6 to 141.4 IRE (0.990 V to 1.010 V for the

1751). Note that the lines of the K Factor box are 2 and

4 IRE above and below the 100 IRE (+0.7 V) graticule line

(+£0.014 V and +0.028 V for the 1751).

c. Select the IRE Filter (LUM Filter for the 1751).

d. CHECK—that the vertical amplitude of the display

does not vary from that found in part b by more than

+1.4 IRE (+0.010 V for the 1751).

e. Set the VAC output to 200 mV. Select X5 GAIN.

f. CHECK—that the vertical amplitude of the display of

the 1750 is 136 to 144 IRE (0.970V to 1.030V for the

1751). Note that the lines of the K Factor box are 2 and

4 IRE (+0.014V and +0.028 V for the 1751) above and

below the 100-IRE (0.7 V) graticule line.

g. Release the X5 MAG button. Display the Color Bar

Video signai with 100% White Bar. Two signal amplitudes

are needed. First; the voltage from the blanking level to

100% peak white when normally terminated. Second; 2 V is

the voltage from sync tip to 100% peak white with the termi-

nator removed.

h. CHECK—that, with either input amplitude the display

can be set to the full scale with the VARIABLE GAIN

control.

i. Connect the VAC to the CH-A INPUT and set the VAC

to a 999.9-mV square wave.

j. CHECK—that INPUT A meets the specifications listed

in part b.

k. Disconnect the VAC from the 1750-Series instrument.

8. Check Calibrator Amplitude and Frequency

REQUIREMENT—Frequency 100 kHz +0.1 kHz, ampii-

tude 1V +0.5%. The Calibrator must be synchronized in

1H and 2H displays.
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a. Connect a cable from the VIDEO OUT connector to

the frequency counter. Display the CAL signal with the 2H

sweep. Trigger the frequency counter to display the Calibra-

tor frequency.

b. CHECK—that the frequency of the Calibrator is 99.9

to 100.1 kHz.

c. CHECK—that the displayed amplitude is 139.3 to

140.7 IRE (0.995 V to 1.005 V for the 1751).

d. CHECK-—that the Calibrator is synchronized in both

1H and 2H Sweeps.

e. CHECK—that the Calibrator is displayed in 1 FIELD

and 2 FIELD as a free running sweep.

9. Check PIX MON OUT Operation

REQUIREMENT—Gain from Input 1:1 +5% at 15 kHz.

Dc level within +0.5 V of OV.

a. Disconnect the input signal from the CH-B INPUT. Dis-

play INPUT B with the 2FLD sweep. Connect a Coaxial Ca-

ble from the PIX MON OUT to the oscilloscope. Use an

inline terminator at the oscilloscope.

b. CHECK—that the level at the PIX MON OUT is 0V

+0.5V.

c,. Connect the Color Bar signal to the CH-B INPUT.

d. CHECK—that the amplitude of the Color Bar is within

0.95 to 1.05 V from sync tip to the 100% Peak White Bar,

as displayed on the oscilloscope.

10. Check DC Restorer Operation

REQUIREMENT—Attenuation of 60 Hz input signal,

with the inputs ac coupled, less than 20%. Blanking jevel

shift with APL change, less than 1 IRE (+ 1% of the stan-

dard video amplitude from blanking to 100% peak white).

Blanking level shift with presence or absence of burst, less

than 1 IRE (7 mV) as above.

a. Connect the Modulated 5 Step Linearity signal (with

AC Bounce on) to the CH-B INPUT. Display the signal with

the 2H SWEEP. Select DC Restorer operation. Position the

blanking level of the signal to the 0 IRE line.



b. CHECK-~that the blanking level does not move when

the variable GAIN is rotated and that the display moves

slightly when the DC Restorer is disabled.

c. Display the Color Bar with the 2FLD SWEEP. Connect

the output of a 60-Hz sine wave generator to the opposite

side of the CH-B LOOP-THRU with a 10X, 75 Q attenuator.

Disable the DC Restorer. Adjust the amplitude of the sine

wave to displace the sync tips by 50 IRE p-p: Select the DC

Restorer. See Fig. 5-3.

Fig. 5-3. DC Restorer 60 Hz hum response.

d, CHECK-—that the p-p displacement of the sync tips is

greater than 40 IRE.

e. Remove the sine wave source and terminate. Display

the Color Bar with the 2H SWEEP. Select DC Restoration.

f. CHECK—that the blanking level of the signal moves

jess than 1 IRE (7 mV) (+ 1% of the standard video ampii-

tude from blanking to 100% peak white), as the generator

Burst is turned on and off.

g. Display the Modulated Staircase with the 2H SWEEP.

Select DC Restoration.

h. CHECK—-that the blanking level changes less than

1 IRE (7 mV) (41% of the standard video amplitude from

blanking to 100% peak white), as the generator is changed

from 10 and 90% APL.

Checks and Adjustments—-1750-Series

11. Check Flat Response

REQUIREMENT—Flat response of the Waveform Mode

(WFM) with 50 kHz as a reference; (within 2%), 50 kHz to

6 MHz, and (within +2% and —5%), 6 MHz to 8 MHz.

a. Connect the swept sine wave generator signal output

to the CH-B INPUT. Connect the output of the generator’s Z

Blank TTL to the 1750-Series Remote Sync Input (J205,

pin 8) and ground pin 10. Select 1750-Series INPUT B,

2FL.D SWEEP, WFM Mode, and DC REST Off.

1750-Series Instrument Setup

INPUT SIGNAL

CH-B Sweeper 75 2 output

REMOTE (pin 8) Z Blank TTL on rear panel

REMOTE (pin 10) Grounded (REMOTE pin 1)

HP3336C Sine-Wave Generator Setup

OUTPUT 752

SWEEP DATA

Cont

Start Freq 50 kHz

Stop Freq 8 MHz

Time 0.034 sec (1750) 0.040 sec

(1751)

Amplitude approx. —0.70 dBm

(0.80 dBm for the 1751)

Fast Leveling

b. CHECK—the flat response in X1 GAIN using the

50-kHz response as a reference. Check that the response is

within +2% from 50 kHz to 6 MHz, and within +2% and

~5% from 6 MHz to 8 MHz.

c. Select X5 GAIN. Set the generator amplitude to ap-

proximately — 14.7 dBm (— 14.8 dBm for the 1751). Use the

modify function as needed to adjust the amplitude.

d. CHECK—-the fiat response in X5 GAIN. Use the speci-

fication listed in part b.

12. Check Transient Response

REQUIREMENT—Transient response for the 2T pulse

and 2T bar: preshoot 1% or less, Pulse-to-Bar ratio: 1:1

within 1%. Overshoot: 2% or less. Ringing: 2% or less. Tilt:

1% or fess for Field Rate square wave or 25 us bar. Varia-

tion of the 12.5T Modulated Pulse (20T for the 1751) base

line (Overscan), less than 2% as the display is positioned

over the middle 80% of the display (with ac coupled inputs).
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a. Connect the Pulse and Bar signal to the CH-B INPUT.

Select the Full Amplitude 2T Pulse and Bar signals from the

generator.

Display the signal with the 1H sweep.

b. CHECK—for less than 1% preshoot and less than 2%

overshoot and ringing for the Pulse and Bar transitions.

c. CHECK—for a Pulse-to-Bar ratio within 1% of unity.

d. CHECK—for less than 1% tilt across the Bar.

e. Select the Field Square Wave signal. Display the signal

with the 1FLD sweep.

f. CHECK—less that 1% tilt across the high APL portion

of the display.

g. insert 14 dB of attenuation in the input signai path.

Select X5 GAIN.

h. CHECK—that the specifications of parts b through f

are met with X5 GAIN.

i. Display the 12.5T Modulated Pulse from the Pulse and

Bar generator with INPUT B (20T for the 1751). Check that

the inputs are ac coupled (P403 and P207 must be in the

lower, ac position). Position the baseline over the center

140 IRE (1 V for the 1751). See Fig. 5-4.

j. CHECK—that the baseline of the modulated pulse is

within 2% of the signal blanking evel for the conditions of

part c.

13. Check the IRE or LUM Filter Response

REQUIREMENT (1750)—iRE response per IEEE Stan-

dard 205. Response at 15 kHz does not vary between FLAT

and IRE by more than 1%.

REQUIREMENT (1751)—-LUM response for the 1751:

less than 3dB attenuation at 1 MHz, and greater than

40 dB attenuation at 4.43 MHz. Response at 15 kHz does

not vary between FLAT and LUM by more than 1%.
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a. Connect the sine wave generator to the 1750-Series

CH-B INPUT. Select: single frequency operation at the fre-

quencies fisted in the check steps below, and the amplitude

as in step 11a. Make the measurements with respect to a

100% reference amplitude at 15 kHz. Select the IRE Filter of

the 1750, or the LUM for the 1751.

b. CHECK—the 1750 for the IRE response listed below:

94 to 97.5% at 0.35 MHz

70 to 80% at 1 MHz

31.2 to 42.5% at 2 MHz

5.6 to 14% at 3.6 MHz

c¢. CHECK—the 1751 for the LUM response listed below.

70 to 100% at 1 MHz

0 to 1% at 4.43 MHz

d. Connect the modulated 5 step Linearity signal to the B

INPUT. Select the 100 IRE (100%) FLAT FIELD/ALT LIN-

EARITY setting of the generator. Select the IRE Filter dis-

play of the 1750 (LUM Filter for the 1751).

e. CHECK—that the amplitude of the Linearity signal is

within £1% of the amplitude of the display in the FLAT

mode.

14, Check the CHROMA Filter Response

REQUIREMENT—-Lower -3dB point 2.88 MHz

+0.1 MHz (3.73 MHz +0.15 MHz for the 1751). Upper



—3 dB point 4.28 MHz +£0.1 MHz (5.13 MHz +0.1 MHz for

.. the 1751). Response at 3.58 MHz (4.43 MHz for the 1751)

) does not vary between FLAT and CHROMA by more than

1%. Attenuation at 7.2 MHz (8.9 MHz for the 1751): greater

than 25 dB.

a. Connect the Color Bar signal to the CH-B INPUT. Turn

the Luminance (Y) portion of the signal off. Unlock the SCH

phasing of the generator.

b. Display the signal in FLAT with the 2H sweep. Use the

Variable GAIN contro! to adjust the amplitude of the largest

Chroma packet to be the amplitude from blanking to 100%

peak white. Select the CHROMA Filter.

c. CHECK—~that the amplitude of the largest Chromi-

nance Bar is 99 to 101% of the amplitude in part b.

d. Connect the sine wave generator to the CH-B INPUT

and set the generator output frequency to the system

subcarrier frequency. Adjust the generator sine wave to be

thé amplitude from blanking to 100% peak white. Set the

frequency of the sine wave generator above and below the

system subcarrier frequency to the frequency that de-

creases the display amplitude to 70% of the reference

amplitude.

e. CHECK—the —3dB frequency response of the

CHROMA Filter to be within the frequencies: (1750—2.78

to 2.98 MHz and 4.18 to 4.38 MHz), (1751—3.58 to

3.88 MHz and 5.03 to 5.23 MHz).

f. Set the frequency of the sine wave generator to

7.2 MHz (8.9 MHz for the 1751).

g. CHECK..that less than 5.6% of the reference ampli-

tude remains.

DEMODULATOR

(Assembly A5)

15. Check Demodulator Channel Bandwidth

REQUIREMENT-—Upper —3 dB point: Fsc +(400 kHz

to 600 kHz). Lower -3dB point: Fsc -(400kHz to

600 KHz).

a. Connect the sine wave generator to the CH-B INPUT.

Display the system subcarrier in Vector Mode. Adjust the

amplitude of the sine wave so that the circle overlays the

Vector Graticule Circie. Vary the frequency of the generator

Checks and Adjustments—1750-Series

so that the diameter of the circle at the vertical and horizon-

tal axes is reduced to the 70% diameter at the small gaps in

the horizontal and vertical axes. Refer to the Vector Grati-

cule explanation and picture found in Section 2.

b. CHECK—that the frequency of the generator at the

frequencies above and below the subcarrier frequency are

within the range of 3.98 to 4.18 MHz and 2.98 to 3.18 MHz

(4.83 to 5.03 MHz and 3.83 to 4.03 MHz for the 1751).

16. Check Color Bar Decoding Accuracy

REQUIREMENT—Vector Phase accuracy — within

+1,25°. Vector Gain accuracy within + 1.25 IRE (42.5%

for the 1751).

a. Connect the Color Bar to the CH-B INPUT, Display the

signal in Vector Mode (PAL Vector Mode for the 1751) and

adjust the PHASE control to place the vector dots into their

vector boxes.

b. CHECK~—that all of the vectors fall within + 1.25° and

41.25 IRE (+1.25° and +2.5% for the 1751) of the center

of the boxes. These specifications represent 1/2 the dimen-

sion from the center cross of a vector box to the edge of the

smail inner box.

c. For the 1751 select the +V Vector Mode.

d. CHECK—that the Burst vectors can be overlayed with

the PHASE control.

17. Check Subcarrier Regenerator Performance

REQUIREMENT—Pull in range: Fsc +50 Hz (+10 Hz

for the 1751). Pull in time less than 1 second. Phase shift at

these frequency offsets, less than 0.5°. Phase shift with

+6 dB burst amplitude change, less than 2°.

a. Connect the Color Bar signal to the CH-B INPUT, Dis-

play the signal in Vector Mode.

b. At the generator change the subcarrier frequency by

+50 Hz (+10 Hz for the 1751).

c, CHECK—that the 1750-Series instrument locks to the

generator within 1 second at these frequencies.

d. CHECK—that the 1750-Series instrument display

does not change by more than +0.5° at these frequencies.
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e. At the generator vary the Burst Amplitude within

+6 dB of the calibrated amplitude.

f. CHECK—that the 1750-Series instrument display does

not change by more than + 2° within these amplitudes.

18. Check Phase Accuracy

REQUIREMENT—Phase shift with signal input channel

change or reference channel input change: less than 0.5°

Phase shift with X5 GAIN selected less than 2°. Phase shift

with +3 to —6 dB VAR GAIN change: less than 1°. Burst

fitter: less than 0.5°.

a. See Fig. 5-5. Connect the Color Bar through a 75 0

coaxial cable, a 75 Q feedthrough terminator, and a dual in-

put coupler to the CH-A INPUT and CH-B INPUT. Connect

the Black Burst signal to the EXT REF LOOP-THRU. Select

EXT REF. Display the Color Bars of INPUTs A and B alter-

nately with the VECTOR display.

b. CHECK—that the phase match of CH-A INPUT to

CH-B INPUT is within +0.5°.

c. Remove the Black Burst signal from the EXT REF IN-

PUT. Move the connection at the CH-A INPUT to the EXT

REF INPUT. Alternately display INPUT B with Internal and

EXTernal REFerences.

d. CHECK—-that the phase of the display when EXT REF

is selected is within +0.5° of the phase from the internal

Reference. Remove the dual input coupler and the feed-

through terminator and reterminate the far side of the loop-

thru.

e. CHECK—that there is less than 0.5° burst jitter in

Internal or EXT REF.

f. At the generator select the Linearity Staircase signal

with 40 IRE subcarrier (280 mV in PAL). Display the signal in

Vector Mode. Set the Staircase vector dot to the left hori-

zontal graticule tine with the PHASE control. Select X5

GAIN and R-Y display mode (V-Axis for the 1751).

g. CHECK—that the demodulated staircase subcarrier

line is within 2° of the 0 mark on the right-hand differential

phase scale.

h. Use the signal and setup of part f, but leave the con-

trois in VECTOR and X1 GAIN. Note the amplitude of the

staircase subcarrier vector. Set the VARIABLE GAIN con-

trol to maximum (+3 dB) and to the point that the vector

has been decreased to one half of the vector length in the

detented position (—6 dB).

i. CHECK—that the phase change is less than 1° over

this range.

TEST SIGNAL GENERATOR

COLR BAR OUT @ SLACK BURST OUT

1750-SERIES

EXT REF
CH-A -B

eo 4 e

‘i 75 Q END LINE TERMINATION

75 Q IN LINE TERMINATION

4472-72

Fig. 5-5. Driving both CH-A and CH-B INPUTs with Color Bar signal.
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19. Check Amplifier Linearity

REQUIREMENT-— Differential Phase: less than 1° for a

10 to 90% APL. Linearity Staircase. Differential Gain: less

than 1% for a 10 to 90% APL Linearity Staircase.

a. Display the Modulated Staircase in Vector Mode.

Check that the vector dot representing the subcarrier on the

staircase is at the Burst cross on the horizontal axis (use

the smaii dot on the —U axis for the 1751). Select X5 GAIN,

R—Y Mode, and the 2H SWEEP (V-Axis Mode for the

1751).

b. CHECK—that there is less than 1° of differential

phase between the steps with the greatest difference. Use

the R-- Y or V-Axis scale to the right of the Vector Graticule

Circle for phase evaluation.

c. Display the Modulated Staircase with the Waveform

Mode (WFM) and select the CHROMA Filter. Select X5

GAIN and use the Variable GAIN control to adjust the larg-

est amplitude chrominance step to be the amplitude from

blanking to 100% peak white. Select 10 and 90% average

picture tevels. Readjust the amplitude of the largest ampli-

tude chrominance step if necessary.

d. CHECK--that the smaiiest amplitude chrominance

step is greater than 99% of the reference amplitude at both

average picture levels.

20. Check Chrominance Vector Clamp

Performance

REQUIREMENT—Ciamp stability: 1/64” (0.4mm) or

less center dot movement as the PHASE control is rotated

throughout its range. Position Control range: at least 1/4”

(6 mm) from the center at either limit.

a. Connect the Color Bar signal to the CH-B INPUT. Dis-

play the signal with the Vector Mode. Rotate the PHASE

control throughout its range.

b. CHECK—that the center dot of the vector display

moves less than 1/64” (0.4mm) as the PHASE control is

rotated (approximately the line width of the Vector Graticule

center cross).

c. Vary the VECTOR POSITION controls throughout

their range. Return the vector display to the centered

position.

Checks and Adjustments—1750-Series

d. CHECK—that the range of each control is greater

than + 1/4” (6 mm) from the centered position.

21. Check X5 GAIN and VARIABLE GAIN in Vector

Mode

REQUIREMENT-——Input subcarrier signals between

28 IRE and 140 IRE (0.200 and 1.0 V for the 1751) can be

adjusted to the burst amplitude. With X5 GAIN selected,

input subcarrier signals between 6 IRE and 28 IRE (0.042

and 0.200V for the 1751) can be adjusted to the burst

amplitude.

a. Connect the Black Burst signal to the EXT REF input.

Connect the Subcarrier output from the video signal genera-

tor through the Step Attenuator to the CH-B INPUT.

b. Display the sine wave with the 2H SWEEP in Wave-

form Mode (WFM) with EXT REF synchronization. Adjust

the Step Attenuator so that the sine wave display is 1 V p-p.

Select the VECTOR display and position the vector to the

burst axis.

c. Add 0 dB and 14 dB to the Step Attenuator setting.

d. CHECK—-that the vector dot can be set to the Burst

amplitude mark on the vector graticule with the VARIABLE

GAIN control.

e. Select X5 GAIN. Add 14 dB and 28 dB to the Step

Attenuator setting of part a.

{. CHECK—that the vector dot can be set to the Burst

amplitude mark on the vector graticule with the VARIABLE

GAIN control.

22. Check INPUT and PIX MON OUT Return Loss

REQUIREMENT—Return loss for each input: at least

40 dB from 50 kHz to 6 MHz (instrument on or off, input in

use or not, for any deflection factor setting). Return loss of

the PIX MON OUT: at least 30 dB (50 kHz to 6 MHz) with

the instrument on.

a. Connect the sine wave generator to the input of the

Return Loss Bridge. Set the generator to sweep from

50 kHz to 6 MHz. Connect the output of the Bridge to the

oscilloscope and set the amplitude of the display to 500 mV

p-p with the terminator removed from the measurement arm
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of the Bridge. Reconnect the terminator and balance the

Bridge. Connect the measurement arm of the Bridge to the

INPUT of the 1750-Series instrument and the terminator to

the opposite side of the LOOP-THRU. Refer to steps 5a, 5f,

and 11a for the sine wave generator control set up.

b. CHECK-—-that the return loss of each input is better

than 40 dB. Make this check (within this frequency range)

with the instrument power on and off.

c. Connect the measurement arm of the Bridge to the

PIX MON OUT connector and the terminator to the opposite

side of the LOOP-THRU. Check that there are no inputs to

the 1750-Series instrument.

d. CHECK—that the return loss of the PIX MON OUT is

better than 30 dB. This measurement is made with instru-

ment power on, and with no signal output.

SCH LOGIC

(Assembly A9)

23. Check Acquisition Time and Accuracy

REQUIREMENT—Lockup in 1 second or jess with a dis-

play error of +5° or less. This check requires that the SCH

phase of the input signal be known.

a. Connect the Black Burst signal from the 1410 (1411)

Mod AA to the test scope vertical input. Set the timebase

for a 10 ns/div sweep.

b. Appiy Color Bar signal from the 1410 (1411) to the

1750-Series CH-A INPUT. Set for internal reference.

in addition, for the 1751 only; set the LINE SELECTOR

to line 14, and trigger the test scope from TP609 on the

SCH Logic board. Use delaying sweep.

c. Calibrate the 1410-Series Mod AA SCH phase.

d. Select 1750-Series SCH Mode and use the PHASE

control to place the burst vector(s) on the axis (axes).

e, CHECK—that the sync (outer dot) is within 5° of the

B-—Y (—U) axis.

24, Check Display Range

REQUIREMENT—At least 80° of range either side of

the B—-Y (U) axis.

a. Apply the SCH phase calibrated Black Burst signal to

the CH-A INPUT.

b. Use the 1750-Series PHASE control to place the burst

vector(s) on axis.

c. Rotate the 1410 (1411) Horiz Delay so that the sync

dot travels 90° either side of the B—Y (U) axis.

d. CHECK—that the display remains stable, with the

sync dot traveling at least 80° before the sync dot switches

by 180°. There should be an area, which includes 90°,

where the display becomes unstable.

25. Check Channel and Reference Match

REQUIREMENT-—-That the error between display chan-

neis and between internal and external references be 0.5°

or less.

a. Loop-through connect the 1410 (1411) signal through

both CH-A and CH-B INPUTs to the EXT REF and termi-

nate in 75 Q.

b. Select 1750-Series A INPUT and use the PHASE con-

trol to place the burst vector(s) on axis.

c. Note the position of the syne dot.

d. Select the B INPUT and adjust the PHASE control to

place the burst vector{s) on axis.

e. CHECK—that the sync dot is within 0.5° of the posi-

tion noted in part c.

f. Push EXT REF and adjust the PHASE control to place

the burst vecior(s) on axis.

g. CHECK—that the sync dot is within 0.5° of the posi-

tion noted in part e.
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ADJUSTMENT PROCEDURE

SHORT-FORM PROCEDURE

POWER SUPPLIES AND CRT ALIGNMENT HORIZONTAL BOARD (Assembly A4)

(Assemblies A1 and A6) 7. Adjust IC Voltage Regulators
1. Preliminary Setup a. Adjust +12 V Adj (A4-R445).

a. Connect ac power. b. Adjust —12 V Adj (A4-R650)

b. Set autotransformer for correct line voltage and turn

on 1750-Series.

c. Connect television signal source. 8. Sweep Calibration

a. Apply a sine wave.

. b. Mid range SWEEP CAL and select CAL INPUT.
2. Check Low Voltage Supply Regulation c. Adjust 10 us/Div Gain (A4-R191).

a. Vary autotransformer. d. Display sine wave at 2H, MAG.

b. Check ripple at J694, pin 4. e. Adjust 1 us/Div Gain (A4-R297).

f. Check 1H, MAG accuracy.

g. Display Color Bar signal at 2H, Mag.

3. Adjust 12 V Supply h. Adjust Mag Register (A4-R180).

i. Change sine wave frequency.

a. Connect voitmeter. j. Display 1H, MAG.

b. Adjust 12 V Adj. (A6-R205). k. Adjust 0.2 us/Div Gain (A4-R296).

i Check HORIZ POS range.

4. Adjust HV

a. HV probe to At-TP830. 9. RGB/YRGB Parade Display

b. Adjust HV Adj. (A1-R738). . Display Color Bar signal at 1H.

. Connect test connector to remote connector.

Adjust RGB Centering (A4-R471).

Check HORIZ POS range.

Connect 2-kHz square wave.

Adjust RGB Compensation (A4-C373).

5. CRT Bias Adjustments

No video signal displayed.

Set INTENSITY control to minimum.

Set INTENSITY control for 5 V from minimum.

. Adjust CRT Bias (A1-R512). -

. Midrange FOCUS control. 10. Syne Width
Select 2H SWEEP, WFM Mode. a. Apply Coior Bar signal.

. Set INTENSITY control clockwise. b. Adjust Sync Width 1 (A4-R110).

. Adjust Intens Limit (A1-R554). c. Change test oscilloscope probe.
Apply Color Bar Signal. d. Adjust Sync Width 2 (A4-R125).

Adjust Focus Centering (A1-533) and Astig. (A1-551).

mpaoge

rmseateaooe
VERTICAL BOARD

(Assembly A3)
. No input video signal.

. Adjust Trace Rotation (A6-R106). 11. Adjust IC Voltage Regulators
. Display 2F, 5X Mag., Color Bar signal.

. Adjust Y Align (A6-R101) and Geom (A1-R514).

6. CRT Alignment Adjustments

a. Check +12 V supply.

b. Adjust —12 V Adj (A3-R535).aor@
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12. Adjust Vertical Gains

. Apply Video Amplitude Calibrator (VAC) signal.

. Switch back and forth between VAC and 1750-Series

CAL.

Adjust Cal Ampl (A3-R532).

. Select FLAT filter.

Adjust Gain 1 (A3-R664).

Adjust Gain 2 (A3-R176).

. Remove input signal.

. Adjust Variable Balance (A3-R562).

Apply VAC signal to CH-A INPUT.

Adjust CH-A Gain (A3-R113).

. Remove signal. Switch back and forth between CH-A

and CH-B.

Adjust Channel A Offset (A3-R129).

m. Remove input signal and VERTICAL POSITION fully

cw, and select 5X GAIN.

n. Adjust Output Bias (A3-R191).

. Trace on 0 IRE (300 mV} line, normal vertical gain.

p. Adjust Mag Registration (A3-R274).

RUTrTas*2AOFD
o

13. Flat Response Adjustment

a. Connect sine wave generator.

b. Adjust flat response;

Channel B

Ch B Resp (A3-C320) - FR 1 (A3-C378)

FR 2 (A3-C370) - FR 3 (A3-C288)

FR 4 (A3-R182)

Channel B X5 GAIN

X5 Resp (A3-C280)

14. Adjust IRE Filter (LUM Filter for the 1751)

a. Apply 5-step linearity signal.

b. Adjust LPF Resp (A3-L550).

c. Adjust LPF Gain (A3-R560).

15, Adjust CHROMA Filter

a. Apply Color Bar signal.

b. Adjust Chroma Filter response BPF2 (A3-C455) and

BPF1 (A3-C456).

16. Adjust CH-A to CH-B Match

a. Apply Color Bar signal to CH-A and CH-B INPUT.

b. Select Vector Mode and INPUT B.

c. Adjust CH-A Resp. (A3-C111)

17. Adjust internal to EXTernal REFerence Match

a. Apply Color Bar Signal to CH B INPUT and EXT REF

INPUT.

b. Select Vector Mode and INPUT B.

c. Adjust Ext. Phase (A3-C709).
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DEMODULATOR

(Assembly A5)

18. Adjust IC Voltage Regulators

a. Adjust +12 V Adj (A5-R186)}.

b. Adjust —12 V Adj (A5-R192).

19. Adjust Output Amplifier Gain Match

a. Apply Color Bar signal, select VECTOR, and move

A5S-P801.

b. Adjust B~Y (U) Gain (A4-R845).

Repiace A5-P801.

d. Set VECTOR VERT POS and VECTOR HORIZ POS.

2

20. Adjust Demodulation Gains and Quad Phase

a. Check that vector unlocks in EXT REF with no

reference applied.

b. Adjust R—Y (V) Gain (A5-R118), B—Y (U) Gain

(A5-R518), and Quad Phase (A5-L132).

(Alternate method of Setting Quad Phase (L132)}

1750 NTSC

a. Apply sine wave and move (A5-P532).

b. Adjust Quad Phase (A5-L.132).

c. Return A5-P532 to original position.

1751 PAL

a. Apply Color Bar signal, display VECTOR, and press

+V/PAL.

b. Overlay vectors with PHASE contro! and Adjust Quad

Phase (A5-L132).

21. Adjust Subcarrier Phase Lock Circuit

. Disconnect any input signal.

. Move A5-P159.

. Adjust High Frequency Limit (A5-R167).

. Move A5-P159.

. Adjust Low Frequency Limit (A5-R170).

Return A5-P159.

. With burst vector on horizontal axis change burst

amplitude + and — 6 dB from normal.

h. Adjust Phase Balance (A5-R173).

monrnoanoanm
22. Adjust Phase Match

a. Apply Color Bar signal, use black burst as ext.

teference.

b. Adjust CH-A Phase (C116).

. Use Color Bar signal as ext. reference.

. Adjust Ext Phase (A3-C709).Qo



23. Adjust SCH VCOs

. Apply Color Bar signal. Select SCH Mode.

. Test scope to A9-TP898.

Adjust VCO1 (A9-C694).

. Test scope to A8-TP760.

. Adjust VCO2 (A9-C852).eoaog¢cm

24. Adjust SCH Balance

a. Apply Color Bar signal.

b. Test scope probes both to A4-TP110.

c. Move one test scope probe to A4-TP108.

d. Adjust SCH Bat (A4-R110).

Checks and Adjustments—-1750-Series

25. Adjust SCH Display Amplitude

a. Select SCH Mode.

b. Check center dot position.

c. Adjust SCH Amp. (A9-R130).

26. Adjust SCH Phase Calibration

Black burst to test scope.

Color Bar to 1750-Series.

Calibrate 1410-Series SCH Phase.

Position burst vector(s) in Vector Mode.

Select SCH Mode.

Adjust SCH1 (A4-R136).

. Adjust REPhase Trip Point (A5-R180).

. Adjust SCH2 (A4-R141).

Repeat parts c through e (f through h, if necessary).“FeroeoooD
DETAILED ADJUSTMENT PROCEDURE

Any maintenance should be performed before proceeding

with calibration. Problems encountered during calibration

should also be corrected before proceeding.

The following procedure uses items from the Recom-

mended Test Equipment list at the beginning of this section.

If equipment is substituted, control settings or setups may

need to be altered.

1750-Series Setup

After a numbered step has been completed, return the

1750-Series controls to the standard conditions in the table

below, unless otherwise noted.

POWER ON

INTENSITY As desired.

FOCUS

SCALE

VERT POS

HORIZ POS

Push Buttons Depressed

WFM

2H

FLAT

INPUT B

Variable GAIN CAL

CH-A INPUT (rear panel) HI Z

POWER SUPPLIES AND CRT ALIGNMENT

(Assemblies Ai and A6)

1. Preliminary setup

a. Connect the variable autotransformer to the AC power

connector.

b. Turn on the autotransformer and set it for the nominal

line voltage selected by the Line Voltage Selector on the

rear panel of the 1750-Series instrument.

c. Connect the television signal source to the CH-B IN-

PUT and a 75 Q terminator to the opposite side of the loop-

thru. Select the composite Color Bar signal output with

100% White Bar and 75% Amplitude Color Bars.

2. Check Power Supply Regulation

REQUIREMENT-—-Power Supply remains in regulation

over the specified line voltage operating range. See rear-

panel Line Voltage Selector for correct operating line

voltage.

a. Vary the autotransformer from low fine to high line

voitage (as determined by the line voltage selector on the

rear panel).
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Checks and Adjustments—1750-Series

b. CHECK—that the instrument continues to operate

and that the rippie voltage at pin 4 of J694 is less than

30 mV over this range.

3. Adjust +12 Voit Supply

REQUIREMENT—~+12 V +1% at pin 6 of J694.

a. Connect the voltmeter to J694, pin 6.

NOTE

Adjusting the +12 Volt supply affects some gain

settings. It should not be adjusted if operation ap-

pears normal and voltage is near 12 voits.

b. ADJUST-—12 V Adj. (R205) on the LV Power Supply

circuit board (A6).

4. Adjust HV

REQUIREMENT-— —3000 volts +2% at TP830.

a. Connect voltmeter HV probe to TP830 on the Interface

and HV Power Supply circuit board (A1).

NOTE

Adjusting the HV affects all display gains. It should

not be reset unless all other gains are to be

readjusted.

b. ADJUST—HV Adj. (R738) for ~3000 V +60 V.

5. CRT Bias Adjustments

REQUIREMENT—The Intensity control voltage is set for

CRT cutoff bias requirements and maximum focused bright-

ness. Intensity Limit (R554) set for 20 V at TP558. The Fo-

cus and Astigmatism controls are set for best spot size.

a. Switch to INPUT A so that no signal is displayed.

b. Set the INTENSITY controi to minimum.

c. While monitoring the voltage at TP527 on Assembly

Ai, with an oscilloscope, advance the INTENSITY control

until the bottom of the square wave has increased 5 volts

from its minimum.
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d. ADJUST—Crt Bias (A1-R512) so that the CRT trace

just disappears.

e. Set the FOCUS control to midrange.

f. Select 2H SWEEP, WFM Mode, be sure MAG and

LINE SELECTOR are Off.

g. Connect test oscilloscope probe to A1-TP558 and turn

1750-Series INTENSITY fully clockwise.

h. ADJUST—~Intens Limit (A1-R554) for 20 V as read on

test oscilloscope.

i. Switch to INPUT B and display the Color Bar signal.

Use the 2H SWEEP. Set the intensity control for the desired

brightness.

j. ADJUST—the display for best focus using the Focus

Center (A6-R533) and Astig (A6-R551).

6. CRT Alignment Adjustments

REQUIREMENT—The horizontal trace is adjusted to be

parallel to the graticule with the Trace Rotation control

(R106). Vertical lines of the dispiay are adjusted to be verti-

cal and straight with Y Alignment (R101) on Assembly A6,

and Geometry (R514) on Assembly A1.

a. Select INPUT A.

b. ADJUST—Trace Rotation (R106) on Assembly A6 so

that the trace is parailel to the horizontal graticule lines.

c. Select INPUT B, 2FLD, and X5 GAIN.

d. ADJUST-—-Y Align (R101) on Assembly A6 so that a

vertical line of the display is vertical, and Geom (R514) on

Assembly A1 for straightness. Repeat parts a through d to

remove interaction.

HORIZONTAL BOARD AJUSTMENTS

(Assembly A4)

7. Adjust IC Voltage Regulators

REQUIREMENT~-The monolithic power supply regula-

tors are adjusted; +12 V at TP171 with +12 V Adj. (R445),

—12V at TP175 with —12 V Adj. (R650) on Assembly A4.



a. ADJUST—the +12 V Adj. (R445) for +12 V £0.12 V

at TP171 on Assembly A4.

b. ADJUST—~-the —12 V Adj. (R650) for -12V +£0.12 V

at TP175 on Assembly A4.

8. Sweep Calibration

REQUIREMENT—The 2H and 2H magnified sweeps are

set for 10 us/div (R191) and 1 us/div (R297) on Assembly

A4. The 1H magnified sweep is set for 0.2 us/div (R296) on

Assembly A4. The Sweep Mag Register (R180) is set to

expand about the center so that the blanking interval of the

2H and 2FIELD sweeps will be visible when a centered

sweep is magnified.

a. Connect the sine wave generator to the CH-B input of

the 1750.

1750-Series instrument Setup

2H MAG

CH-B Sine Wave Generator

X5 GAIN

HP3336C Setup

Sweep Single

Data 1 MHz

Amplitude 0 dBm

b. Mid range the SWEEP CAL. Select the CALibrator

INPUT.

c. ADJUST-—the 10 ys/div gain (R191) on Assembly A4

for 10 us/div. One Calibrator waveform cycle equals

10 psec.

d. Display INPUT B with the 2H MAG SWEEP. Position

the sine wave tips to the horizontal division markings of the

display. See Fig. 5-6.

e. ADJUST—the 1 us/div gain (R297) on Assembly A4

for 1 us/div.

#. CHECK—that in 1H MAG, the interval of 5 sine wave

tips equais 9.6 to 10.4 major div.

g. Display the Color Bar signal with INPUT B and the 2H

MAG SWEEP. Use the HORIZ POS to position the negative

sync transition. to the center graticule mark. Release the

MAG button.

MEASURE TIMING ACCURACY

BETWEEN CENTER 10 DIVISIONS

MEASURE TIMING LINEARITY

BETWEEN CENTER 8 DIVISIONS

Fig. 5-6. Using triggered sine waves to make timing

measurements.

h. ADJUST—the negative sync transition to the center

graticule mark with the Mag Register (R180) on Assembly

A4. Repeat parts g and h as necessary to remove

interaction.

i. Set the HP3336C Frequency to 5 MHz.

j. Set the 1750-Series SWEEP to 1H and press the MAG.

k. ADJUST—The 0.2 us/div Gain (R296) on Assembly

A4 for 1 mark per major division.

|. CHECK-—-that the HORIZ POS has sufficient range to

position any part of the sweep onto any part of the screen in

the 2H MAG display.

9. RGB/YRGB Parade Display

REQUIREMENT-—-The parade display is adjusted for de

centering (R471) and for input compensation (C373) on As-

sembly A4. Check for sweep attenuation to; 1/3 or 1/4 of

normal, and staircase input gain.

a. Display the Color Bar in 1H. Center the display. Note

the position of P685 on Assembly A4 that selects 3 or 4

step parade display.
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b. Connect the test connector to the remote connector.

Note that the sweep has shortened to 1/3 or 1/4 of its previ-

ous length (3.4 to 4.1 div. or 2.5 to 3.1 div. respectively),

depending on the position of P685.

c. Set the display to the center of the screen with RGB

Ctr. (R471) on Assembly A4.

d. CHECK—-that the display can be moved to the sides

of the screen with the HORIZ POS control.

e. Remove the Color Bar signal. Position the display to

the right side of the screen. Connect a 0 to +10 V, 2 kHz

square wave to the Parade Display test connector (item 19

of the Equipment list). Note that 8.6 to 10.4 divisions of

deflection have been added by the square wave (e.g., from

the start of one short sweep to the start of the other short

sweep).

f. ADJUST—-RGB Compensation (C373) on Assembly

A4 for best transient response at TP580 as measured with

the test oscilloscope.

10. Adjust Syne Width

REQUIREMENT—That sync width be set so that burst

flag and burst coincide. R110 is Sync Width 1 and R125 is

Syne Width 2.

a. Apply Color Bar signal, and set SWEEPS to 1H. Con-

nect test oscilloscope to TP600 on Assembly A4.

b. ADJUST—R110 (Sync Width 1) so that the burst flag

area (denoted by two notches) falls under burst.

c. Change test oscilloscope probe to TP222 on Assembly

A4.

d. ADJUST—R125 (Sync Width 2) so that the burst flag

area (denoted by two notches) falls under burst.

VERTICAL BOARD ADJUSTMENT

(Assembly A3)}

11. Adjust IC Voltage Regulators

REQUIREMENT—The monolithic power supply regula-

tors are adjusted; +12 V at TP139 with Cal Ampl (R532)

(this supply is adjusted for the Calibrator display amplitude),

—12 V at TP233 with —12 V Adj. (R535) both on Assembly

A3.
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a. CHECK—the +12 V supply at TP434 on Assembly

A3. If the supply is close to +12 V do not change the set-

ting of R532 as this supply is used to set the Calibrator «

amplitude.

b. ADJUST-—-R535 (—12 V Adj.) for -12 V +0.12 V at

TP233 on Assembly A3.

12. Adjust Vertical Gains

REQUIREMENT—The display amplitude is adjusted for

140 IRE (1 V for the 1751) with a 1-V square wave input. An

intermediate amplitude is adjusted for 2 V p-p (TP379) with

Gain 1 (R664), the display amplitude is set with Gain 2

(R176). INPUTs A and B are matched in gain with CH-A

Gain (R113). The Calibrator display is adjusted to the same

amplitude as the 1 V input with Cal Ampt (R532). Adjust

Variable Gain Balance (R562) for no trace movement as the

VARIABLE GAIN control is varied. Adjust CH-A Offset

(R129) for no de offset as the input switch is changed. Ad-

just the Mag Registration for expansion about the 0 IRE

(0 V} line with R274, Adjust the Output Amplifier Bias (R191)

for 1.5 V on the brown vertical deflection lead to the CRT

with the VERTICAL POSITION control fully clockwise. All

adjustments are on Assembly A3.

a. Connect the Video Amplitude Calibrator (VAC) to the

CH-B INPUT. Set the VAC to 999.9 mV. Set WAVEFORM

VERT CAL to midrange.

Select the IRE Filter (LUM Filter for the 1751).

b. Alternately switch between INPUT B and the CAL

INPUT.

c. ADJUST—Cal Ampl (R532) on Assembly A3 to match

the amplitude of the calibrator waveform with the amplitude

of the VAC waveform.

d. Select the FLAT display.

e. ADJUST—Gain 1 (R664) on Assembly A3 for a 2-V

p-p square wave at TP569 with the VAC input.

f. ADJUST—Gain 2 (R176) on Assembly A3 for a vertical

amplitude of 140 IRE with the VAC input (—0.3 to +0.7V

for the 1751).

g. Select INPUT B and remove the VAC from the CH-B

INPUT. Make certain that the DC REST is not active. Set



the VERT POS contro! to place the trace on the 0 IRE

(300 mV) line.

h. ADJUST-—-Variable Balance (R562) on Assembly A3

for no movement of the trace as the VARIABLE GAIN con-

trol is rotated throughout its range.

i. Connect the VAC to the CH-A INPUT. Set the VAC for

a 999.9-mV square wave. Make certain that the CH-A IN-

PUT is not terminated.

j. ADJUST-—Ch A Gain (R113) on Assembly A3 to match

the disptay in A with that in B.

k. Disconnect the VAC from the 1750. Alternately switch

between INPUTs A and B.

|. ADJUST-—-Ch A Offset (R129) on Assembly A3 so that

the displays for CH-A and CH-B are at the same vertical

position.

m. Remove the input signal and turn the VERTICAL PO-

SITION control fully clockwise. Connect one lead of the digi-

tal multimeter to the brown CRT deflection lead. Select X5

GAIN.

n. ADJUST-—Output Bias (R191) on Assembly A3 for

1.5 Vdc at the brown deflection plate lead.

0. Position the display to the 0 IRE (300 mV) line. Re-

lease the X5 GAIN button.

p. ADJUST—MAG Registration (R274) on Assembly A3

to reposition the display to the 0 IRE (0 V) line. Repeat parts

o and p as necessary to remove interaction.

13. Flat Response Adjustment

REQUIREMENT—With a reference of 50 kHz, adjust

FLAT response (within + 2%) from 50 kHz to 6 MHz, and

(within + 2% and —5%) from 6 MHz to 8 MHz.

a. Connect the swept sine wave generator signal output

to the CH-B INPUT. Connect the output of the generator’s Z

Blank TTL to the 1750-Series Remote Syne input (J205

pin 8) and ground pin 10. Select 1750-Series INPUT B,

2FLD SWEEP, WFM Mode, and DC REST Off.

Checks and Adjustments—1750-Series

1750-Series Instrument Setup

INPUT SIGNAL

CH-B Sweeper 75 2 output

REMOTE (pin 8) Z Blank TTL on rear panel

REMOTE (pin 10) Grounded (REMOTE pin 1}

HP3336C Sine Wave Generator Setup

OUTPUT 76 Q

SWEEP DATA

Cont

Start Freq 50 kHz

Stop Freq 8 MHz

Time 0.034 sec (1750) 0.040 sec

(1751)

Amplitude approx. —0.70 dBm

(—0.80 dBm for the 1751)

Fast Leveling

b. ADJUST—for best flat response.

Using 50 kHz as a reference: (within + 2%) from 50 kHz

to 6 MHz, and (within + 5%) from 6 MHz to 8 MHz.

The table below gives approximate regions of control for

the adjustments.

Control Adjustments on

Setting Assembly A3 Region

INPUT B ©320 (CHB RESP) above 1 MHz

C368 (FR 1) above 6 MHz

C370 (FR 2) above 1 MHz

C288 (FR 3) at 11 MHz

R182 (FR 4} at 11 MHz

INPUT B C280 (X5 RESP) above 4 MHz

X 5 GAIN

14, Adjust IRE Filter (LUM Filter for the 1751)

REQUIREMENT—Adjust the filter for best transient re-

sponse with LPF RESP (L550) and for the same gain as in

FLAT response with LPF GAIN (R560) on Assembly A3.

a. Connect the modulated 5 step Linearity signal to the

CH-B INPUT. Select the 100 IRE (100%) FLAT FIELD/ALT

LINEARITY setting of the generator. Select the IRE Filter

display of the 1750 (LUM Filter for the 1751).

b. ADJUST—LPF RESP (L550) on Assembly A3 for best

transient response and least overshoot on the white bar
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transition. Also check that there is 5 to 14% Subcarrier re-

maining on the Linearity signal (less than 1% subcarrier re-

maining in the 1751). The X5 GAIN may be used to judge the

amount of subcarrier.

c. ADJUST—LPF GAIN (R560) on Assembly A3 for the

same amplitude of the white bar as in FLAT response.

15. Adjust CHROMA Filter

REQUIREMENT—Adjust BPF2 (C455) and BPF1 (C456)

on Assembly A3 for best transient response at the Green to

Magenta transition and for the same amplitude as in FLAT

response.

a. Connect the Color Bar signal to the CH-B INPUT. Turn

the Luminance (Y) portion of the signal off. Unlock the SCH

phasing of the generator. Select the CHROMA Filter display

and 1H SWEEP of the 1750.

b. ADJUST—Chroma Filter response BPF2 (C455) and

BPF1 (C456) on Assembly A3 for feast overshoot and best

transient response at the Green to Magenta transition.

Leave the capacitors set so that the CHROMA Filter has the

same amplitude display as in FLAT response.

16. Adjust CH-A to CH-B Phase Match

REQUIREMENT——Adjust CH-A Resp (C111) for best

match of CH-B.

a. Apply Color Bar signal, through the Dual Input Cou-

pler, to both CH-A and CH-B INPUT connectors. Do not

terminate.

b. Select Vector Mode and INPUT B. Adjust variable

GAIN to place the tip of the burst vector at the compass

rose.

c. ADJUST—-CH-A Resp (A3-C111} to match burst vec-

tor lengths while switching between INPUT A and INPUT B.

17. Adjust Internal to External Reference Phase

Match

REQUIREMENT—Adjust C709 External Phase to match

internal phase as closely as possible.

a. Connect the Color Bar signal, through the Dual Input

Coupler, to the EXT REF INPUT and the CH-B INPUT.
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b. Select Vector Mode and INPUT B. Adjust the 1750-

Series variable GAIN to piace the vector tip on the compass

rose.

c. ADJUST—External Phase compensation (A3-C709)

for no movement of the burst vector when switching be-

tween internal and external reference (EXT REF switch).

DEMODULATOR BOARD ADJUSTMENTS

(Assembly A5)

18. Adjust IC Voltage Regulators

REQUIREMENT—The monolithic power supply reguila-

tors are adjusted; +12 V at TP176 with +12 V Adj. (R186),

—12 V at TP180 with ~12 V Adj. (R192) on Assembly A5.

a. ADJUST—the +12 V Adj. (R186) on Assembly A5 for

+12V, £0.12 V at TPI76.

b. ADJUST—the — 12 V Adj. (R192) on Assembly A5 for

—12V, £0.12 V at TP180.

19. Adjust Output Amplifier Gain Match

REQUIREMENT—Adjust B—Y Gain (R845) on Assem-

bly A4 so that the vector gains of the vertical and horizontal

inputs are equal.

a. Connect the Color Bar signal to the CH-B INPUT. Se-

lect the VECTOR display on the 1750-Series. Move Jumper

P801 on Assembly A5 to the Test (1-2) position.

ob. ADJUST—B— Y Gain (R845) on Assembly A4 so that

the vector lies along a line parallel to the line from 135° to

315°. The Variable GAIN control may be used to move the

outer dots to the outer circle of the graticule. The line will

cross the vector circle at equal increments away from the

90° and 0° positions of the circle. See Fig. 5-7.

c. Replace P801 (Assembly A5) in the Normal (2-3)

position.

d. Set the VECTOR VERT and HORIZ POS controls to

place the center dot at the vector graticule center.

20. Adjust Demodulation Gains and Quad Phase

REQUIREMENT—Adjust Quad Phase (L132), R—-Y

Gain (R116), and B—Y Gain (R518) on Assembly A5 for

Color Bar decoding accuracy.



a. Select EXT REF with no signal connected to that in-

put. Note that the vector dispiay rotates.

b. ADJUST—R-—Y (V) Gain (R116), B—Y (U) Gain

(R518}, and Quad Phase (L132), allon Assembly A5, so the

outermost circle of the display is round and passes through

the center of the Red and Cyan vector boxes.

NOTE

Since the Red Vector is very near the R—Y axis, its

vector length is primarily controlled by the R—Y Gain.

Once this control has been set the Variable GAIN can

be used to place the outer circle of the display on the

outer circle of the Vector Graticule. The Quad Phase

control affects the roundness of the display at the

axes that are 45° away from the horizontal and verti-

cal axes. The B—Y Gain controls the horizontal gain

of the display to complete the roundness of the circle.

Recheck the gains in the Calibrated position of the

Variable GAIN control.

Alternate method of setting Quad Phase (L132)

NOTE

This method for setting Quad Phase is more precise

but requires the use of a sine wave generator for

NTSC instruments. PAL instruments are adjusted

using the PAL Color Bar signal.

Checks and Adjustments—~1750-Series

1750 (NTSC) Quad Phase Adjustment

a. Connect the 75 Q output of the HP3336C sine wave

generator to the CH-B INPUT of the 1750. Move jumper

P532 (the upper jumper of the pair, P532 and P534) on the

Demodulator board Assembly A5 to the rear (P) position.

1750 Setup

VECTOR

CH-B Sine Wave Generator

EXT REF .

HP3336C Setup

Sweep Single

Data 3.579545 MHz

Amplitude —0.70 dBm

b. ADJUST—Quad Phase (L132) on Assembly A5 to

overlay the two circles.

c. Return jumper P532 to the forward (N) position.

1751 (PAL) QUAD PHASE ADJUSTMENT

a. Connect the Color Bar signal to the CH-B INPUT. Dis-

play the Color Bar with the Vector Mode and with the

+V/PAL button pressed.

b. Overlay the vectors with the PHASE control. Use the

PHASE control to minimize the angular separation of the

Vectors. Use the Quad Phase control (L132) on Assembly

A5 to minimize the horizontal separation. There will be inter-

action between the two controls but the separation of all of

the vectors can be minimized satisfactorily.

21. Adjust Subcarrier Phase Lock Circuit

REQUIREMENT—Adjust the Subcarrier Oscillator fre-

quency control range for + 100 Hz at TP134 on Assembly

AS, With jumper P159 in the front horizontal (1-2) position,

set HF Limit (R167) for subcarrier frequency 4-100 Hz. With

jumper P157 in the rear (2-3) position set LF Limit (R170) for

subcarrier frequency —100Hz. Adjust Phase Balance

(R173) for no phase change as the burst amplitude is varied

+6 dB from the calibrated amplitude. Resistor R556 may

be selected to improve phase balance.

a. Disconnect the signals from the 1750-Series instru-

ment. Connect a X1 oscilloscope probe to the Frequency

Counter and to TP134 on Assembly A5. Set the triggering of

the Frequency “Counter so that it indicates the system

subcarrier frequency.
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b. Move jumper P159 on Assembly A5 to the front, hori-

zontal (1-2} position (High Frequency Limit).

c. ADJUST—High Frequency Limit (R167) on Assembly

AS so that the Frequency Counter indicates the frequency is

100 Hz above the system subcarrier frequency.

d. Move jumper P159 to the rear, horizontal (2-3) position

(Low Frequency Limit).

e, ADJUST—Low Frequency Limit (R170) on Assembly

AS so that the Frequency Counter indicates the frequency is

100 Hz below the system subcarrier frequency.

f. Return the jumper P159 to the vertical (2-4) position.

The display should phase lock. Remove the oscilloscope

probe from the instrument.

g. Position the Burst Vector to the horizontal axis. Using

the generator’s Burst Variable Amplitude control or an

attenuator, change the amplitude of the vector from +6 dB

to ~-6 dB of normal amplitude.

h. ADJUST—-Phase Balance (R173) on Assembly A5 so

that the Burst is held to the same phase throughout the

range of part g. If it is not possible to reduce the phase shift

to less than 2°, R556 may be selected from a range of 900

to 2000 2. Resistor R556 is selected to make the wave-

forms at the collectors of Q456 and Q457 symmetrical. Se-

lection of resistor R556 is explained in Section 6,

Maintenance.

22. Adjust Phase Match

REQUIREMENT—Using the phase of INPUT B as the

reference, adjust the phase of the other inputs to match B:

INPUTs A to B with an external reference, Ch A Phase

(C116) on Assembly A3, INPUT B to the EXTernal REFer-

ence, Ext Phase (C709) on Assembly A3.

a. See Fig. 5-8. Connect the Color Bar through a 752

coaxial cable, a 75 Q feedthrough terminator, and a dual in-

put coupler to INPUTs A and 8. Connect the Biack Burst to

the EXT REF INPUT. Display INPUTs A and B alternately

with the VECTOR display and EXT REF.

b, ADJUST—Ch A Phase (C116} on Assembly A3 to re-

turn the vector dots to their boxes.

c. Remove the signal at the EXT REF INPUT. Move the

connection at the CH-A INPUT to the EXT REF INPUT. Al-

ternately display INPUT B with Internat and EXTernal

REFerences.

d. ADJUST—Ext Phase (C709) on Assembly A3 to re-

turn the vector dots to their boxes.

SCH LOGIC BOARD ADJUSTMENTS

(Assembly A9)

23. Adjust SCH VCOs

REQUIREMENT—VCO levels are set at TP898, with

C694 for VCO1 and at TP760, with C852 for VCO2. VCO

levels are —7 V.

TEST SIGNAL GENERATOR 1750-SERIES
an|

COLR BAR OUT @ @ BLACK BURST OUT

EXT REF

CH-A -B

® € e

ii 75 2 END LINE TERMINATION

75 2 IN LINE TERMINATION

4472-72

Fig. 5-8. Driving both CH-A and CH-B INPUTs with Color Bar signal.
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a. Connect the Color Bar signai to CH-A INPUT. Select

INPUT A and SCH Mode.

b. Connect the test osilloscope X10 probe to TP898 on

the SCH Logic board (Assembly AQ). Dc couple the test

scope vertical.

c. ADJUST—-VCO1 (C694) on Assembly AQ for approxi-

mately —7 V.

d. Connect the test oscilloscope X10 probe to TP760 on

the SCH Logic board (Assembly AQ). De couple the test

scope vertical.

e. ADJUST—VCO2 (C852) on Assembly A9 for approxi-

mately —7 V.

24. Adjust SCH Balance

REQUIREMENT-—-Output fevels from A4-U217 are

balanced.

a. Connect Color Bar signal to the 1750-Series and ter-

minate in 75 Q. Select SCH Mode.

b. Connect both probes from the test oscilloscope Verti-

cal Dual Trace Amplifier to A4-TP110 (Horizontal board).

Set inputs to DC and use Position controls to overlay the

displays.

c. Move one of the probes to A4-TP108. Do not change

the test oscilloscope Vertical Position controls.

d. ADJUST-—SCH Bal. (A4-R110) so that the sync tips

overiay the blanking level of the opposite polarity displayed

line.

25. Adjust SCH Display Amplitude

REQUIREMENT—Sync dot and associated circle fall on

the vector display compass rose.

a. Select the SCH Mode.

b. Check that the center dot falls at the exact center of

the graticute (on the cross hairs). If not adjust 1750-Series

VECTOR HORIZ POS and/or VECTOR VERT POS.

Checks and Adjustments—1750-Series

c. ADJUST—-SCH AMP (R130) on Assembly AQ to piace

the sync dot and the circle on the Vector graticule compass

rose.

26. Adjust SCH Phase Calibration

REQUIREMENT—Phase of the SCH display equals the

SCH phase of the input signal +5°, with a measurement

range of +80° minimum.

a. Connect the Black Burst signal from the 1410 (1414)

Mod AA to the test oscilloscope vertical input. Set the

timebase for a 10 ns/div sweep.

b. 1751 and 1411 only. Apply Color Bar signal from the

1410 (1411) to the 1750-Series CH-A INPUT. Set for inter-

nal reference.

c. 1751 only; set the LINE SELECTOR to line 14, and

trigger the test oscilloscope from TP609 on the SCH Logic

board. Use delaying sweep.

d. Calibrate the 1410-Series Mod AA SCH phase. Refer

to the 1410-Series manual for SCH Phase calibration

instructions.

e. Select 1750-Series Vector Mode and use the PHASE

contro! to place the burst vector(s) on the axis (axes).

f. Switch the 1750-Series to SCH Mode.

g. ADJUST-—-SCH1 (R136) on the Horizontal Assembly

A4 to place the sync dot exactly on the B—Y (—U) axis.

h. ADJUST—-REPhase Trip Point (R180) on Demodu-

lator Assembly A5 to a point where the sync dot flips 180°.

i, ADJUST-—-SCH2 (R141) on the Horizontal Assembly

A4 for symmetrical switching around the B—Y axis, while

shifting SCH phase by adjusting the 1410 (1411) Horizontal

Delay.

j. Repeat parts c through e, and if the sync dot does not

line up on the left and have a lockin range of + 80°, repeat

parts f through h.
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Section 6—-1750-Series

MAINTENANCE

Introduction

included here are discussions of preventive maintenance,

general troubleshooting information, detailed troubleshoot-

ing procedures and information, and corrective mainte-

nance. if the instrument is not functioning properly,

troubleshooting and/or corrective measures should be un-

dertaken immediately; otherwise, additional problems may

develop.

PREVENTIVE MAINTENANCE

Preventive maintenance consists of cleaning, visual in-

spection, a performance check, and, if needed, readjust-

ment. The preventive maintenance schedule established for

an instrument should be based on the environment in which

it is operated and the amount of use. Under average condi-

tions, a preventive maintenance check should be performed

every 2000 hours of instrument operation.

Cleaning

The instrument should be cleaned often enough to pre-

vent dust or dirt accumulation. Dirt acts as a thermal insulat-

ing blanket that prevents efficient heat dissipation while

providing high-resistance electrical leakage paths between

conductors or components in a humid environment.

Exterior. Clean the dust from the outside of the instru-

ment by wiping or brushing the surface with a soft cloth or

smail brush. The brush will remove dust from around the

selector buttons and connectors. Hardened dirt may be re-

moved with a cloth dampened in water than contains a mild

detergent. Do not use abrasive cleaners.

Crt. Clean the light filter, implosion shield, and crt face

with a soft, lint-free cloth dampened in denatured alcohol.

interior. Clean the interior by loosening accumulated

dust with a dry soft brush, then remove the loosened dirt

with low-pressure air (high-velocity air can damage some

components). Hardened dirt or grease can be removed with

a cotton-tipped applicator dampened with a soiution of mild

detergent in water. Do not use abrasive cleaners. If the cir-

cuit board assemblies need cleaning, remove the circuit

board by referring to the instructions listed for Mechanical

Disassembly/Assembly in this section. After cleaning, allow

the interior to thoroughly dry before applying power to the

instrument.

Do not allow water to get inside any enclosed assem-

bly or components. Do not clean any plastic materials

with organic cleaning solvents, such as benzene, tolu-

ene, xylene, acetone, or similar compounds, because

they may damage the plastic.

Visual inspection

After cleaning, carefully check the instrument for defec-

tive connections, damaged parts, and improperly seated

transistors and integrated circuits. The remedy for most visi-

ble defects is obvious; however, if heat-damaged parts are

discovered, try to determine the cause of overheating before

the damaged part is replaced; otherwise the damage may

be repeated.

Static-Sensitive Components

Static discharge can damage any semiconductor

component in this instrument.

This instrument contains electrical components that are

susceptible to damage from static discharge. See Table 6-1

for relative susceptibility of various classes of semiconduc-

tors. Static voltages of 1 kV to 30 kV are common in unpro-

tected environments.

Observe the following precautions to avoid damage:

1, Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or

assemblies in their original containers, on a metal rail,

or on conductive foam. Label any package that con-

tains static-sensitive assemblies or components.

3. Discharge the static voltage from your body by wear-

ing a wrist grounding strap while handling these com-

ponents. Servicing static-sensitive assemblies or

components should be performed only at a static-free

work station by qualified personnel.

4, Nothing capable of generating or holding a static

charge should be allowed on the work station surface.
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�M�a�i�n�t�e�n�a�n�c�e ��1�7�5�0�-�S�e�r�i�e�s

�5�.� �K�e�e�p� �t�h�e� �c�o�m�p�o�n�e�n�t� �l�e�a�d�s� �s�h�o�r�t�e�d� �t�o�g�e�t�h�e�r� �w�h�e�n�-

�e�v�e�r� �p�o�s�s�i�b�l�e�.

�6�.� �P�i�c�k� �u�p� �c�o�m�p�o�n�e�n�t�s� �b�y� �t�h�e� �b�o�d�y�,� �n�e�v�e�r� �b�y� �t�h�e� �l�e�a�d�s�.

�7�.� �D�o� �n�o�t� �s�l�i�d�e� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�v�e�r� �a�n�y� �s�u�r�f�a�c�e�.

�8�.� �A�v�o�i�d� �h�a�n�d�l�i�n�g� �c�o�m�p�o�n�e�n�t�s� �i�n� �a�r�e�a�s� �t�h�a�t� �h�a�v�e� �a� �f�l�o�o�r
�o�r� �w�o�r�k� �s�u�r�f�a�c�e� �c�o�v�e�r�i�n�g� �c�a�p�a�b�l�e� �o�f� �g�e�n�e�r�a�t�i�n�g� �a

�s�t�a�t�i�c� �c�h�a�r�g�e�.

�9�.� �U�s�e� �a� �s�o�l�d�e�r�i�n�g� �i�r�o�n� �t�h�a�t� �i�s� �c�o�n�n�e�c�t�e�d� �t�o� �e�a�r�t�h
�g�r�o�u�n�d�.

�T�a�b�l�e� �6�-�1

�R�E�L�A�T�I�V�E� �S�U�S�C�E�P�T�I�B�I�L�I�T�Y

�T�O� �S�T�A�T�I�C� �D�I�S�C�H�A�R�G�E� �D�A�M�A�G�E

�R�e�l�a�t�i�v�e

�S�e�m�i�c�o�n�d�u�c�t�o�r� �C�l�a�s�s�e�s� �S�u�s�c�e�p�t�i�b�i�l�i�t�y

�L�e�v�e�l�s�*

�M�O�S� �o�r� �C�M�O�S� �m�i�c�r�o�c�i�r�c�u�i�t�s� �o�r

�d�i�s�c�r�e�t�e�s�,� �o�r� �l�i�n�e�a�r� �m�i�c�r�o�c�i�r�c�u�i�t�s

�w�i�t�h� �M�O�S� �i�n�p�u�t�s�.� �(�M�o�s�t� �S�e�n�s�i�t�i�v�e�)� �1

�E�C�L� �2

�S�c�h�o�t�t�k�y� �s�i�g�n�a�l� �d�i�o�d�e�s� �3

�S�c�h�o�t�t�k�y� �T�T�L� �4

�H�i�g�h�-�f�r�e�q�u�e�n�c�y� �b�i�p�o�l�a�r� �t�r�a�n�s�i�s�t�o�r�s� �5

�J�F�E�T�s� �6

�L�i�n�e�a�r� �m�i�c�r�o�c�i�r�c�u�i�t�s� �7

�L�o�w�-�p�o�w�e�r� �S�c�h�o�t�t�k�y� �T�T�L� �8

�T�T�L� �(�L�e�a�s�t� �S�e�n�s�i�t�i�v�e�}� �9

�"�V�o�l�t�a�g�e� �e�q�u�i�v�a�l�e�n�t� �f�o�r� �l�e�v�e�l�s�:� �(�V�o�l�t�a�g�e� �d�i�s�c�h�a�r�g�e�d� �f�r�o�m� �a
�1�0�0� �p�F� �c�a�p�a�c�i�t�o�r� �t�h�r�o�u�g�h� �a� �r�e�s�i�s�t�a�n�c�e� �o�f� �1�0�0� �2�.�)

�t�=� �1�0�0� �t�o� �5�0�0� �V� �4� �=� �S�O�O� �V� �7� �=� �4�0�0� �t�o� �1�0�0�0� �V� �(�e�s�t�.�)
�2� �=� �2�0�0� �t�o� �5�0�0�V� �5�=� �4�0�0�t�o� �6�0�0�V� �8�&�8� �=� �9�0�0�V

�3� �=� �2�5�0�V� �6� �=� �6�0�0� �t�o� �8�0�0� �V� �9� �=� �1�2�0�0�V

�P�e�r�f�o�r�m�a�n�c�e� �C�h�e�c�k�s� �a�n�d� �R�e�a�d�j�u�s�t�m�e�n�t

�i�n�s�t�r�u�m�e�n�t� �p�e�r�f�o�r�m�a�n�c�e� �s�h�o�u�l�d� �b�e� �c�h�e�c�k�e�d� �a�f�t�e�r� �e�a�c�h

�2�0�0�0� �h�o�u�r�s� �o�f� �o�p�e�r�a�t�i�o�n�,� �o�r� �e�v�e�r�y� �1�2� �m�o�n�t�h�s� �i�f� �t�h�e� �i�n�s�t�r�u�-

�m�e�n�t� �i�s� �u�s�e�d� �i�n�t�e�r�m�i�t�t�e�n�t�l�y�.� �A� �r�e�g�u�l�a�r� �c�h�e�c�k� �o�f� �i�n�s�t�r�u�m�e�n�t

�p�e�r�f�o�r�m�a�n�c�e� �e�n�s�u�r�e�s� �m�a�x�i�m�u�m� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �a�s�s�i�s�t�s� �i�n

�l�o�c�a�t�i�n�g� �d�e�f�e�c�t�s� �t�h�a�t� �m�a�y� �n�o�t� �b�e� �a�p�p�a�r�e�n�t� �d�u�r�i�n�g� �r�e�g�u�l�a�r

�o�p�e�r�a�t�i�o�n�.� �i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �c�o�n�d�u�c�t�i�n�g� �a� �p�e�r�f�o�r�m�a�n�c�e� �c�h�e�c�k

�a�n�d� �a�n� �a�d�j�u�s�t�m�e�n�t� �p�r�o�c�e�d�u�r�e� �a�r�e� �p�r�o�v�i�d�e�d� �i�n� �S�e�c�t�i�o�n� �5� �o�f

�t�h�i�s� �m�a�n�u�a�l�.

�6�-�2

�G�E�N�E�R�A�L� �T�R�O�U�B�L�E�S�H�O�O�T�I�N�G

�N�O�T�E

�N�o� �r�e�p�a�i�r� �s�h�o�u�l�d� �b�e� �a�t�t�e�m�p�t�e�d� �b�y� �t�h�e� �u�s�e�r� �d�u�r�i�n�g� �t�h�e

�w�a�r�r�a�n�t�y� �p�e�r�i�o�d�.

�T�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �A�i�d�s

�F�o�l�d�o�u�t� �P�a�g�e�s�.� �T�h�e� �f�o�i�d�o�u�t� �p�a�g�e�s� �o�f� �t�h�i�s� �m�a�n�u�a�l� �c�o�n�t�a�i�n

�s�i�g�n�i�f�i�c�a�n�t� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �t�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.
�B�l�o�c�k� �a�n�d� �s�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m�s�,� �w�a�v�e�f�o�r�m�s�,� �c�i�r�c�u�i�t� �b�o�a�r�d� �i�t�-

�l�u�s�t�r�a�t�i�o�n�s�,� �a�n�d� �p�a�r�t�s� �l�o�c�a�t�i�n�g� �c�h�a�r�t�s� �a�r�e� �l�o�c�a�t�e�d� �o�n� �f�o�l�d�o�u�t
�p�a�g�e�s�.� �S�e�e� �F�i�g�.� �6�-�1� �f�o�r� �m�o�r�e� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e�i�r� �u�s�e�.

�D�i�a�g�r�a�m�s�.� �S�e�e� �t�h�e� �D�i�a�g�r�a�m�s� �S�e�c�t�i�o�n� �t�i�t�l�e� �p�a�g�e� �f�o�r� �d�e�f�i�n�i�-
�t�i�o�n�s� �o�f� �t�h�e� �s�y�m�b�o�l�o�g�y� �u�s�e�d� �t�o� �i�d�e�n�t�i�f�y� �c�i�r�c�u�i�t� �c�o�m�p�o�n�e�n�t�s�.

�R�e�f�e�r� �t�o� �t�h�e� �R�e�p�l�a�c�e�a�b�l�e� �E�l�e�c�t�r�i�c�a�l� �P�a�r�t�s� �l�i�s�t� �f�o�r� �a� �c�o�m�p�l�e�t�e

�d�e�s�c�r�i�p�t�i�o�n� �o�f� �e�a�c�h� �c�o�m�p�o�n�e�n�t�.� �C�i�r�c�u�i�t�s� �t�h�a�t� �a�r�e� �m�o�u�n�t�e�d

�o�n� �c�i�r�c�u�i�t� �b�o�a�r�d�s� �a�n�d� �s�p�e�c�i�a�l� �a�s�s�e�m�b�l�i�e�s� �a�r�e� �e�n�c�l�o�s�e�d� �i�n� �a
�g�r�a�y� �b�o�r�d�e�r�,� �w�i�t�h� �t�h�e� �n�a�m�e� �a�n�d� �a�s�s�e�m�b�l�y� �n�u�m�b�e�r� �s�h�o�w�n� �o�n

�t�h�e� �b�o�r�d�e�r�.

�N�O�T�E

�C�h�e�c�k� �t�h�e� �C�h�a�n�g�e� �i�n�f�o�r�m�a�t�i�o�n� �s�e�c�t�i�o�n� �a�t� �t�h�e� �r�e�a�r� �o�f

�t�h�e� �m�a�n�u�a�l� �f�o�r� �i�n�s�e�r�t�s� �d�e�s�c�r�i�b�i�n�g� �c�o�r�r�e�c�t�i�o�n�s� �a�n�d

�m�o�d�i�f�i�c�a�t�i�o�n�s�.

�C�i�r�c�u�i�t� �B�o�a�r�d� �H�l�u�s�t�r�a�t�i�o�n�s�.� �E�l�e�c�t�r�i�c�a�l� �c�o�m�p�o�n�e�n�t�s�,� �c�o�n�-
�n�e�c�t�o�r�s�,� �a�n�d� �t�e�s�t� �p�o�i�n�t�s�,� �f�o�r� �a� �s�p�e�c�i�f�i�c� �d�i�a�g�r�a�m�,� �a�r�e� �i�d�e�n�t�i�f�i�e�d
�o�n� �c�i�r�c�u�i�t� �b�o�a�r�d� �i�l�l�u�s�t�r�a�t�i�o�n�s� �l�o�c�a�t�e�d� �o�n� �t�h�e� �b�a�c�k� �o�f� �a� �p�r�e�-

�c�e�d�i�n�g� �s�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m�.

�P�a�r�t�s� �L�o�c�a�t�i�n�g� �C�h�a�r�t�s�.� �T�h�e� �s�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m�s� �a�n�d� �t�h�e

�c�i�r�c�u�i�t� �b�o�a�r�d� �i�l�l�u�s�t�r�a�t�i�o�n�s� �a�r�e� �a�s�s�i�g�n�e�d� �l�o�c�a�t�i�o�n� �g�r�i�d�s�.� �A

�p�a�r�t�s� �l�o�c�a�t�i�n�g� �c�h�a�r�t� �f�o�r� �e�a�c�h� �a�s�s�e�m�b�l�y� �g�i�v�e�s� �g�r�i�d� �l�o�c�a�t�i�o�n�s

�o�f� �c�o�m�p�o�n�e�n�t�s� �o�n� �b�o�t�h� �t�h�e� �c�i�r�c�u�i�t� �b�o�a�r�d� �i�l�l�u�s�t�r�a�t�i�o�n� �a�n�d� �t�h�e
�d�i�a�g�r�a�m�.

�A�s�s�e�m�b�l�y� �a�n�d� �C�i�r�c�u�i�t� �N�u�m�b�e�r�i�n�g�.� �T�h�e� �c�i�r�c�u�i�t� �b�o�a�r�d� �a�s�-

�s�e�m�b�l�i�e�s� �a�r�e� �a�s�s�i�g�n�e�d� �a�s�s�e�m�b�l�y� �n�u�m�b�e�r�s�.� �F�i�g�.� �6�-�2� �s�h�o�w�s

�t�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �c�i�r�c�u�i�t� �b�o�a�r�d� �a�s�s�e�m�b�l�i�e�s� �i�n� �t�h�e� �i�n�s�t�r�u�-
�m�e�n�t�.

�T�h�e� �p�a�r�t� �n�u�m�b�e�r�s� �f�o�r� �o�r�d�e�r�i�n�g� �t�h�e�s�e� �b�o�a�r�d�s� �a�r�e� �g�i�v�e�n� �i�n

�t�h�e� �R�e�p�l�a�c�e�a�b�l�e� �E�l�e�c�t�r�i�c�a�l� �P�a�r�t�s� �l�i�s�t�,� �S�e�c�t�i�o�n� �7�.

�G�e�n�e�r�a�l�l�y�,� �e�a�c�h� �c�o�m�p�o�n�e�n�t� �i�s� �a�s�s�i�g�n�e�d� �a� �c�i�r�c�u�i�t� �n�u�m�b�e�r

�a�c�c�o�r�d�i�n�g� �t�o� �i�t�s� �g�e�o�g�r�a�p�h�i�c� �l�o�c�a�t�i�o�n� �w�i�t�h�i�n� �a�n� �a�s�s�e�m�b�l�y�.



�M�a�i�n�t�e�n�a�n�c�e ��1�7�5�0�-�S�e�r�i�e�s

�C�I�R�C�U�I�T� �B�O�A�R�D

�I�L�L�U�S�T�R�A�T�I�O�N�S

�A�N�D� �P�A�R�T�S

�L�O�C�A�T�I�N�G� �C�H�A�R�T

�W�A�V�E�-

�F�O�R�M�S� �S�C�H�E�M�A�T�I�C

�T�E�X�T

�A�.� �T�y�p�i�c�a�l� �u�s�e� �f�o�r� �t�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �a�n�d� �p�a�r�t�s� �l�o�c�a�t�i�n�g�.

�I�L�L�U�S�T�R�A�T�I�O�N

�i

�T�H�E�O�R�Y� �O�F

�o�R

�A�D�J�U�S�T�M�E�N�T

�P�R�O�C�E�D�U�R�E

�O�P�E�R�A�T�I�O�N� �=� �~�<�< � ��# ��#�@ � � � � �� �S�C�H�E�M�A�T�I�C

�t�i�e

�B�.� �T�y�p�i�c�a�l� �u�s�e� �w�h�i�l�e� �s�t�u�d�y�i�n�g� �t�h�e� �C�i�r�c�u�i�t� �D�e�s�c�r�i�p�t�i�o�n� �o�r� �p�e�r�f�o�r�m�i�n�g� �t�h�e� �A�d�j�u�s�t�m�e�n�t� �P�r�o�c�e�d�u�r�e�.

�O�R

�A�D�J�U�S�T�M�E�N�T

�L�O�C�A�T�O�R� �2�2�0�0�-�1�0�2

�F�i�g�.� �6�-�1�.� �U�s�i�n�g� �t�h�e� �1�7�5�0�-�S�e�r�i�e�s� �I�n�s�t�r�u�c�t�i�o�n� �M�a�n�u�a�l� �f�o�l�d�-�o�u�t� �p�a�g�e�s�.

�T�h�e� �R�e�p�l�a�c�e�a�b�l�e� �E�l�e�c�t�r�i�c�a�l� �P�a�r�t�s� �l�i�s�t� �i�s� �a�r�r�a�n�g�e�d� �i�n� �a�s�-

�s�e�m�b�l�y�-�b�y�-�a�s�s�e�m�b�l�y� �o�r�d�e�r�,� �a�s� �d�e�s�i�g�n�a�t�e�d� �b�y� �A�N�S�I� �S�t�a�n�-

�d�a�r�d� �Y�3�2�.�1�6�-�1�9�7�5�.� �T�h�e� �c�i�r�c�u�i�t� �n�u�m�b�e�r� �i�n� �t�h�e� �p�a�r�t�s� �l�i�s�t� �i�s� �a

�c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� �a�s�s�e�m�b�l�y� �n�u�m�b�e�r� �a�n�d� �t�h�e� �c�i�r�c�u�i�t� �n�u�m�b�e�r�.

�E�X�A�M�P�L�E�:� �R�1�1�7� �o�n� �A�4� �w�o�u�l�d� �b�e� �l�i�s�t�e�d� �i�n� �t�h�e� �R�e�p�l�a�c�e�-

�a�b�l�e� �P�a�r�t�s� �l�i�s�t� �a�s� �A�4�R�1�1�7�.

�i�n� �t�h�e� �R�e�p�l�a�c�e�a�b�l�e� �E�l�e�c�t�r�i�c�a�l� �P�a�r�t�s� �l�i�s�t�,� �a�s�s�e�m�b�l�i�e�s� �a�r�e

�l�i�s�t�e�d� �f�i�r�s�t�,� �f�o�l�l�o�w�e�d� �b�y� �c�i�r�c�u�i�t�-�b�o�a�r�d� �m�o�u�n�t�e�d� �p�a�r�t�s� �i�n� �a�l�p�h�a

�n�u�m�e�r�i�c� �o�r�d�e�r�.

�N�O�T�E

�T�h�e� �c�o�m�p�l�e�t�e� �p�a�r�t�s� �l�i�s�t� �n�u�m�b�e�r� �a�n�d� �d�e�s�c�r�i�p�t�i�o�n� �s�h�o�u�l�d

�b�e� �u�s�e�d� �w�h�e�n� �o�r�d�e�r�i�n�g� �r�e�p�l�a�c�e�m�e�n�t� �p�a�r�t�s�.

�C�o�n�n�e�c�t�o�r�s�.� �C�i�r�c�u�i�t� �b�o�a�r�d� �i�n�t�e�r�c�o�n�n�e�c�t�i�o�n�s� �a�r�e� �m�a�d�e

�t�h�r�o�u�g�h� �m�u�i�t�i�p�i�n� �c�o�n�n�e�c�t�o�r�s�.� �T�h�e� �h�a�r�m�o�n�i�c�a�-�t�y�p�e� �c�o�n�n�e�c�t�o�r

�h�o�u�s�i�n�g�s� �h�a�v�e� �n�u�m�b�e�r�s� �t�o� �i�d�e�n�t�i�f�y� �t�e�r�m�i�n�a�l� �c�o�n�n�e�c�t�o�r�s� �(�2

�a�n�d� �u�p�)�.� �A� �t�r�i�a�n�g�u�l�a�r� �k�e�y� �s�y�m�b�o�l� �i�s� �u�s�e�d� �t�o� �l�o�c�a�t�e� �p�i�n� �7�1�.� �A

�s�i�m�i�l�a�r� �t�r�i�a�n�g�l�e� �s�y�m�b�o�l� �i�s� �u�s�e�d� �o�n� �t�h�e� �c�i�r�c�u�i�t� �b�o�a�r�d� �t�o� �i�d�e�n�t�i�f�y

�p�i�n� �1�.

�P�r�o�g�r�a�m� �a�n�d� �t�e�s�t� �p�l�u�g� �j�u�m�p�e�r�s� �u�s�e� �a� �b�o�x� �s�y�m�b�o�l� �t�o� �d�e�-

�n�o�t�e� �t�h�e�i�r� �f�a�c�t�o�r�y�-�s�h�i�p�p�e�d� �o�p�e�r�a�t�i�n�g� �p�o�s�i�t�i�o�n�.� �A� �p�i�n� �r�e�p�l�a�c�e�-

�m�e�n�t� �k�i�t� �i�n�c�l�u�d�i�n�g� �n�e�c�e�s�s�a�r�y� �t�o�o�l�s�,� �i�n�s�t�r�u�c�t�i�o�n�s�,� �a�n�d

�r�e�p�l�a�c�e�m�e�n�t� �p�i�n�s� �i�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �T�e�k�t�r�o�n�i�x�,� �I�n�c�.� �S�e�e� �t�h�e
�T�e�k�t�r�o�n�i�x� �P�a�r�t� �N�u�m�b�e�r�s� �l�i�s�t� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�i�s� �s�e�c�t�i�o�n�.

�G�e�n�e�r�a�l� �T�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �T�e�c�h�n�i�q�u�e

�T�h�e� �f�o�l�l�o�w�i�n�g� �p�r�o�c�e�d�u�r�e� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�o� �i�s�o�l�a�t�e� �a

�p�r�o�b�l�e�m� �a�n�d� �e�x�p�e�d�i�t�e� �r�e�p�a�i�r�s�.

�1�.� �B�e� �s�u�r�e� �t�h�a�t� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �i�s� �m�a�l�f�u�n�c�t�i�o�n�i�n�g�.� �C�h�e�c�k

�t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �a�s�s�o�c�i�a�t�e�d� �e�q�u�i�p�m�e�n�t�,� �i�n�p�u�t� �s�i�g�n�a�l

�c�o�n�n�e�c�t�i�o�n�s�,� �a�n�d� �t�h�e� �f�r�o�n�t�-�p�a�n�e�l� �c�o�n�t�r�o�l�s�.� �S�e�e� �O�p�-
�e�r�a�t�i�n�g� �I�n�s�t�r�u�c�t�i�o�n�s�,� �S�e�c�t�i�o�n� �2�.

�6�-�3



�M�a�i�n�t�e�n�a�n�c�e ��1�7�5�0�-�S�e�r�i�e�s

�A�G� �L�V� �S�U�P�P�L�Y

�A�7� �C�R�T� �C�O�N�T�R�O�L� �A�R

�A�B� �F�R�O�N�T� �P�A�N�E�L

�A�l� �I�N�T�E�R�F�A�C�E
�&� �H�V� �S�U�P�P�L�Y

�A�S�C�H� �L�O�G�I�C

�A�4� �H�O�R�I�Z�O�N�T�A�L

�A�S� �D�E�M�O�D�U�L�A�T�O�R

�A�3� �V�E�R�T�I�C�A�L

�4�4�7�2�.�7�9

�F�i�g�.� �6�-�2�.� �1�7�5�0�-�S�e�r�i�e�s� �a�s�s�e�m�b�l�y� �l�o�c�a�t�i�o�n�s�,

�2�.� �D�e�t�e�r�m�i�n�e� �a�n�d� �e�v�a�l�u�a�t�e� �a�l�l� �t�r�o�u�b�l�e� �s�y�m�p�t�o�m�s�.� �T�r�y� �t�o

�i�s�o�l�a�t�e� �t�h�e� �p�r�o�b�i�e�m� �t�o� �a� �c�i�r�c�u�i�t� �o�r� �a�s�s�e�m�b�l�y�.� �T�h�e� �b�l�o�c�k

�d�i�a�g�r�a�m� �i�n� �t�h�e� �D�i�a�g�r�a�m� �s�e�c�t�i�o�n� �i�s� �i�n�t�e�n�d�e�d� �f�o�r� �u�s�e� �i�n

�s�i�g�n�a�l� �t�r�a�c�i�n�g� �a�n�d� �c�i�r�c�u�i�t� �i�s�o�l�a�t�i�o�n�.� �T�h�e� �c�i�r�c�u�i�t� �b�o�a�r�d�s

�a�r�e�.�i�n�t�e�r�c�o�n�n�e�c�t�e�d� �t�h�r�o�u�g�h� �t�h�e� �i�n�t�e�r�f�a�c�e� �b�o�a�r�d� �w�h�i�c�h

�p�r�o�v�i�d�e�s� �a� �m�e�a�n�s� �t�o� �e�a�s�i�l�y� �i�s�o�l�a�t�e� �c�i�r�c�u�i�t� �b�o�a�r�d�s�.� �A

�t�e�s�t� �s�i�g�n�a�l� �g�e�n�e�r�a�t�o�r� �a�n�d� �a�n� �o�s�c�i�l�l�o�s�c�o�p�e� �a�r�e� �n�e�c�e�s�-

�s�a�r�y� �f�o�r� �s�o�m�e� �o�f� �t�h�e� �c�h�e�c�k�s� �t�h�a�t� �f�o�l�l�o�w�.

�4�.� �V�i�s�u�a�l�l�y� �i�n�s�p�e�c�t� �t�h�e� �a�s�s�e�m�b�l�y� �f�o�r� �o�b�v�i�o�u�s� �d�e�f�e�c�t�s

�{�b�r�o�k�e�n� �o�r� �l�o�o�s�e� �c�o�n�n�e�c�t�i�o�n�s�,� �i�m�p�r�o�p�e�r�l�y� �s�e�a�t�e�d� �c�o�m�-

�p�o�n�e�n�t�s�,� �o�v�e�r�h�e�a�t�e�d� �o�r� �b�u�r�n�e�d� �c�o�m�p�o�n�e�n�t�s�,� �c�h�a�f�e�d

�i�n�s�u�l�a�t�i�o�n�,� �e�t�c�.�)�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �o�v�e�r�h�e�a�t�e�d� �c�o�m�p�o�-

�n�e�n�t�s�,� �t�r�y� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�a�u�s�e� �o�f� �t�h�e� �o�v�e�r�h�e�a�t�e�d
�c�o�n�d�i�t�i�o�n� �a�n�d� �m�a�k�e� �c�o�r�r�e�c�t�i�o�n�s� �b�e�f�o�r�e� �r�e�a�p�p�l�y�i�n�g

�p�o�w�e�r�.

�.� �B�y� �s�u�c�c�e�s�s�i�v�e� �e�l�e�c�t�r�i�c�a�l� �c�h�e�c�k�s�,� �l�o�c�a�t�e� �t�h�e� �s�o�u�r�c�e� �o�f

�t�h�e� �p�r�o�b�l�e�m�.

�.� �D�e�t�e�r�m�i�n�e� �t�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �r�e�p�a�i�r� �n�e�e�d�e�d�;� �i�f� �c�o�m�p�l�e�x�,

�w�e� �r�e�c�o�m�m�e�n�d� �c�o�n�t�a�c�t�i�n�g� �y�o�u�r� �l�o�c�a�l� �T�e�k�t�r�o�n�i�x� �f�i�e�l�d

�W�h�e�n� �m�e�a�s�u�r�i�n�g� �v�o�l�t�a�g�e�s� �a�n�d� �w�a�v�e�f�o�r�m�s�,� �u�s�e� �e�x�-

�t�r�e�m�e� �c�a�r�e� �i�n� �p�o�s�i�t�i�o�n�i�n�g� �m�e�t�e�r� �l�e�a�d�s� �o�r� �p�r�o�b�e�s� �b�e�-

�c�a�u�s�e� �o�f� �h�i�g�h� �c�o�m�p�o�n�e�n�t� �d�e�n�s�i�t�y� �a�n�d� �l�i�m�i�t�e�d� �a�c�c�e�s�s

�w�i�t�h�i�n� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.

�o�f�f�i�c�e� �o�r� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�.� �i�f� �m�i�n�o�r�,� �s�u�c�h� �a�s� �a� �s�i�m�p�l�e

�c�o�m�p�o�n�e�n�t� �r�e�p�l�a�c�e�m�e�n�t�,� �s�e�e� �t�h�e� �p�a�r�t�s� �l�i�s�t� �f�o�r� �r�e�p�i�a�c�e�-
�m�e�n�t� �i�n�f�o�r�m�a�t�i�o�n�.� �R�e�m�o�v�a�l� �a�n�d� �r�e�p�l�a�c�e�m�e�n�t� �p�r�o�c�e�-

�d�u�r�e�s� �o�f� �t�h�e� �a�s�s�e�m�b�l�i�e�s� �a�r�e� �l�o�c�a�t�e�d� �i�n� �t�h�e� �M�e�c�h�a�n�i�c�a�l

�D�i�s�a�s�s�e�m�b�l�y�/�A�s�s�e�m�b�l�y� �p�a�r�t� �o�f� �C�o�r�r�e�c�t�i�v�e� �M�a�i�n�-

�3�.� �D�e�t�e�r�m�i�n�e� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �p�r�o�b�l�e�m� �a�n�d� �t�h�e� �f�u�n�c�-� �t�e�n�a�n�c�e�.

�t�i�o�n�a�l� �a�r�e�a� �m�o�s�t� �l�i�k�e�l�y� �a�t� �f�a�u�l�t�.



�T�R�O�U�B�L�E�S�H�O�O�T�I�N�G� �P�R�O�C�E�D�U�R�E

�T�h�i�s� �p�r�o�c�e�d�u�r�e� �i�s� �i�n�t�e�n�d�e�d� �t�o� �g�u�i�d�e� �a� �c�o�m�p�e�t�e�n�t� �t�e�c�h�n�i�-

�c�i�a�n� �t�o� �t�h�e� �c�i�r�c�u�i�t� �b�l�o�c�k� �t�h�a�t� �h�a�s� �f�a�i�l�e�d�.� �T�h�e� �b�l�o�c�k�s� �a�r�e� �o�u�t�-

�l�i�n�e�d� �a�n�d� �n�a�m�e�d� �o�n� �t�h�e� �s�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m�s�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e

�i�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �T�h�e�o�r�y� �o�f� �O�p�e�r�a�t�i�o�n�,� �S�e�c�t�i�o�n� �4�.

�T�h�e� �p�r�o�c�e�d�u�r�e� �b�e�g�i�n�s� �w�i�t�h� �a� �P�r�o�b�l�e�m� �S�y�m�p�t�o�m� �S�u�r�v�e�y

�t�h�a�t� �l�e�a�d�s� �t�o� �t�h�e� �D�e�t�a�i�l�e�d� �F�a�u�l�t� �!�s�o�l�a�t�i�o�n� �P�r�o�c�e�d�u�r�e� �f�o�r� �t�h�e

�c�i�r�c�u�i�t� �b�o�a�r�d�s� �o�r� �c�i�r�c�u�i�t� �b�l�o�c�k�s�.� �S�i�g�n�a�l� �f�l�o�w�,� �f�e�e�d�b�a�c�k� �l�o�o�p�s�,

�a�n�d� �c�a�u�s�e�s� �a�n�d� �e�f�f�e�c�t�s� �a�r�e� �d�e�t�a�i�l�e�d� �h�e�r�e�.� �W�h�e�r�e� �u�s�e�f�u�l�,

�t�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �t�e�c�h�n�i�q�u�e�s� �a�r�e� �e�x�p�a�n�d�e�d�;� �f�o�r� �e�x�a�m�p�l�e�,� �t�h�e

�s�i�g�n�a�t�u�r�e� �a�n�a�l�y�s�i�s� �u�s�e�d� �t�o� �t�r�o�u�b�l�e�s�h�o�o�t� �t�h�e� �S�C�H� �L�o�g�i�c� �c�i�r�-

�c�u�i�t� �b�o�a�r�d� �a�s�s�e�m�b�l�y�.� �.

�S�t�a�r�t�i�n�g� �O�f�f

�S�u�r�v�e�y� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �u�s�i�n�g� �t�h�e� �s�y�m�p�t�o�m� �l�i�s�t�.� �T�h�e�n�,� �s�u�r�-

�v�e�y� �t�h�e� �b�l�o�c�k�s� �w�i�t�h�i�n� �a� �m�a�j�o�r� �d�i�v�i�s�i�o�n� �o�f� �a�n� �a�s�s�e�m�b�l�y� �u�s�i�n�g

�t�h�e� �s�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m�s�.� �N�e�x�t� �r�e�a�d� �t�h�e� �D�e�t�a�i�l�e�d� �F�a�u�l�t� �I�s�o�i�a�-

�t�i�o�n� �P�r�o�c�e�d�u�r�e� �a�n�d� �t�h�e� �a�p�p�l�i�c�a�b�l�e� �p�a�r�t� �o�f� �t�h�e� �T�h�e�o�r�y� �o�f� �O�p�-

�e�r�a�t�i�o�n�,� �S�e�c�t�i�o�n� �4�.� �A�s�s�e�m�b�l�y� �s�u�b�s�t�i�t�u�t�i�o�n� �m�a�y� �b�e� �u�s�e�d� �t�o

�i�s�o�l�a�t�e� �a� �f�a�u�l�t� �t�o� �a� �c�i�r�c�u�i�t� �b�o�a�r�d�.� �T�h�e� �P�e�r�f�o�r�m�a�n�c�e� �C�h�e�c�k

�a�n�d� �A�d�j�u�s�t�m�e�n�t� �P�r�o�c�e�d�u�r�e�s� �i�n� �S�e�c�t�i�o�n� �5� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d

�a�s� �a� �p�a�r�t� �o�f� �t�h�e� �t�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �p�r�o�c�e�d�u�r�e�.

�T�h�e� �c�i�r�c�u�i�t� �b�o�a�r�d�s� �a�r�e� �r�e�f�e�r�r�e�d� �t�o� �b�y� �a�s�s�e�m�b�l�y� �n�u�m�b�e�r

�(�e�.�g�.�,� �A�4� �r�e�f�e�r�s� �t�o� �t�h�e� �H�o�r�i�z�o�n�t�a�l� �b�o�a�r�d�)�.� �F�i�g�.� �6�-�2� �p�r�o�v�i�d�e�s

�t�h�e� �a�s�s�e�m�b�l�y� �n�a�m�e�s� �a�n�d� �l�o�c�a�t�i�o�n�s�.

�T�o� �g�a�i�n� �a�c�c�e�s�s� �t�o� �c�i�r�c�u�i�t� �b�o�a�r�d�s� �A�3�,� �A�4�,� �A�5�,� �a�n�d� �A�S�,� �u�s�e

�a�n� �E�x�t�e�n�d�e�r� �b�o�a�r�d� �(�o�p�t�i�o�n�a�l� �a�c�c�e�s�s�o�r�y�)�.� �A�s�s�e�m�b�l�i�e�s� �A�1� �a�n�d

�A�6� �c�a�n�n�o�t� �b�e� �p�l�a�c�e�d� �o�n� �a�n� �e�x�t�e�n�d�e�r�.� �T�h�e� �c�i�r�c�u�i�t� �s�c�h�e�m�a�t�i�c�s

�h�a�v�e� �a�s�s�o�c�i�a�t�e�d� �w�a�v�e�f�o�r�m� �p�h�o�t�o�g�r�a�p�h�s�.� �R�e�f�e�r� �t�o� �t�h�e� �s�c�h�e�-

�m�a�t�i�c�s� �a�n�d� �p�h�o�t�o�g�r�a�p�h�s� �a�s� �t�h�e� �f�a�u�l�t� �i�s�o�l�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s

�a�r�e� �s�t�u�d�i�e�d�.

�1�7�5�0�-�S�e�r�i�e�s� �S�e�t�u�p

�R�e�m�o�v�e� �t�h�e� �1�7�5�0�-�S�e�r�i�e�s� �I�n�s�t�r�u�m�e�n�t� �f�r�o�m� �a�n�y� �c�a�r�r�y�i�n�g� �o�r

�r�a�c�k� �a�d�a�p�t�o�r�.� �C�o�n�n�e�c�t� �a� �p�o�w�e�r� �c�o�r�d� �t�o� �t�h�e� �p�o�w�e�r� �i�n�p�u�t� �c�o�n�-

�n�e�c�t�o�r�.� �S�e�t� �t�h�e� �c�o�n�t�r�o�l�s� �a�s� �f�o�l�l�o�w�s�:

�P�O�W�E�R� �O�N

�I�N�T�E�N�S�I�T�Y� �S�e�t� �t�o� �O�p�e�r�a�t�o�r�'�s� �p�r�e�f�e�r�e�n�c�e
�F�O�C�U�S� �S�e�t� �t�o� �O�p�e�r�a�t�o�r ��s� �p�r�e�f�e�r�e�n�c�e

�S�C�A�L�E� �S�e�t� �t�o� �O�p�e�r�a�t�o�r�'�s� �p�r�e�f�e�r�e�n�c�e

�V�E�R�T� �P�O�S� �S�e�t� �t�o� �O�p�e�r�a�t�o�r�'�s� �p�r�e�f�e�r�e�n�c�e

�H�O�R�I�Z� �P�O�S� �S�e�t� �t�o� �O�p�e�r�a�t�o�r�'�s� �p�r�e�f�e�r�e�n�c�e

�W�F�M� �M�o�d�e

�2�H� �S�W�E�E�P

�F�L�A�T� �F�I�L�T�E�R

�I�N�P�U�T� �B

�V�A�R�i�a�b�l�e� �G�A�I�N� �D�e�t�e�n�t�e�d� �(�C�A�L�)

�M�a�i�n�t�e�n�a�n�c�e ��1�7�5�0�-�S�e�r�i�e�s

�P�R�O�B�L�E�M� �S�Y�M�P�T�O�M� �S�U�R�V�E�Y

�T�h�e� �i�n�f�o�r�m�a�t�i�o�n� �h�e�r�e� �i�s� �o�r�g�a�n�i�z�e�d� �b�y� �s�y�m�p�t�o�m�,� �w�i�t�h� �p�o�-

�t�e�n�t�i�a�l� �p�r�o�b�l�e�m� �s�o�u�r�c�e�s� �d�i�s�c�u�s�s�e�d� �f�o�r� �e�a�c�h� �s�y�m�p�t�o�m�.� �A

�s�h�o�r�t� �l�i�s�t� �s�u�m�m�a�r�i�z�i�n�g� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m� �s�o�u�r�c�e�s� �i�s� �i�n�c�l�u�d�e�d

�f�o�r� �e�a�c�h� �s�y�m�p�t�o�m�.� �F�o�r� �e�x�p�e�r�i�e�n�c�e�d� �t�r�o�u�b�l�e�s�h�o�o�t�e�r�s�,� �t�h�e�s�e

�l�i�s�t�s� �m�a�y� �b�e� �e�n�o�u�g�h� �t�o� �g�u�i�d�e� �t�h�e�m� �t�o� �t�h�e� �f�a�u�l�t� �s�o�u�r�c�e�.� �W�h�e�n

�m�o�r�e� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �n�e�e�d�e�d�,� �f�o�l�l�o�w� �t�h�e� �r�e�f�e�r�e�n�c�e� �n�u�m�b�e�r�s� �t�o

�c�o�r�r�e�s�p�o�n�d�i�n�g� �s�t�e�p�s� �i�n� �t�h�e� �D�e�t�a�i�l�e�d� �F�a�u�l�t� �f�s�o�l�a�t�i�o�n� �P�r�o�c�e�-

�d�u�r�e� �o�r� �t�o� �a�p�p�r�o�p�r�i�a�t�e� �m�a�n�u�a�i� �s�e�c�t�i�o�n�s�.

�S�y�m�p�t�o�m�:� �N�o� �D�i�s�p�l�a�y� �i�n� �W�a�v�e�f�o�r�m� �(�W�F�M�)� �M�o�d�e

�I�s� �t�h�e� �L�V� �P�o�w�e�r� �S�u�p�p�l�y� �w�o�r�k�i�n�g�?

�T�h�e� �L�O�C�A�L� �o�r� �R�E�M�O�T�E� �l�i�g�h�t� �s�h�o�u�l�d� �b�e�-�o�n�.� �i�f� �n�e�i�t�h�e�r� �i�s

�o�n�,� �g�o� �t�o� �t�h�e� �P�o�w�e�r� �S�u�p�p�l�y� �s�u�r�v�e�y� �s�e�c�t�i�o�n� �t�h�a�t� �f�o�l�l�o�w�s�:

�L�V� �s�u�p�p�l�y�:

�F�u�s�e� �o�p�e�n ��9�.

�L�i�n�e� �v�o�i�t�a�g�e� �s�e�l�e�c�t�o�r� �s�e�t� �w�r�o�n�g�~ ��-�(�i�n�s�t�a�l�l�a�t�i�o�n�,

�S�e�c�t�i�o�n� �3�)�.

�A�r�e� �t�h�e� �d�e�f�l�e�c�t�i�o�n� �o�u�t�p�u�t�s� �w�o�r�k�i�n�g�?

�S�t�a�r�t� �w�i�t�h� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �i�n� �W�a�v�e�f�o�r�m� �M�o�d�e� �(�W�F�M�)�,

�F�L�A�T� �r�e�s�p�o�n�s�e�,� �2�H� �S�W�E�E�P�,� �I�N�P�U�T� �B�,� �a�n�d� �I�n�t�e�r�n�a�l� �r�e�f�e�r�-

�e�n�c�e�.� �C�o�n�n�e�c�t� �a� �C�o�l�o�r� �B�a�r� �s�i�g�n�a�l� �t�o� �B� �I�N�P�U�T� �a�n�d� �t�e�r�m�i�n�a�t�e

�t�h�e� �l�o�o�p�-�t�h�r�u� �w�i�t�h� �7�5� �2�.� �O�b�s�e�r�v�e� �t�h�e� �w�a�v�e�f�o�r�m�s� �o�n� �t�h�e� �d�e�-

�f�l�e�c�t�i�o�n� �p�l�a�t�e� �l�e�a�d�s�.

�V�e�r�t�i�c�a�l�:� �M�e�a�s�u�r�e� �t�h�e� �d�e�f�l�e�c�t�i�o�n� �s�i�g�n�a�l� �a�t� �t�h�e� �s�t�a�n�d� �u�p

�c�o�i�l�s� �(�L�R�1�4�3� �a�n�d� �L�R�1�5�2�)� �o�n� �A�3� �n�e�a�r� �t�h�e� �c�o�n�n�e�c�t�i�o�n� �t�o� �t�h�e

�v�e�r�t�i�c�a�l� �d�e�f�l�e�c�t�i�o�n� �l�e�a�d�s�.� �T�h�e� �s�i�g�n�a�l� �s�h�o�u�l�d� �b�e� �a� �c�o�m�p�o�s�i�t�e

�v�i�d�e�o� �s�i�g�n�a�l� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0� �V�d�c�.� �O�n�e� �o�f� �t�h�e� �l�e�a�d�s

�s�h�o�u�l�d� �h�a�v�e� �a�n� �i�n�v�e�r�t�e�d� �s�i�g�n�a�l�.� �T�h�e� �V�E�R�T�I�C�A�L� �P�O�S�I�T�I�O�N

�c�o�n�t�r�o�l� �s�h�o�u�l�d� �c�o�n�t�r�o�l� �t�h�e� �d�e� �l�e�v�e�l� �o�f� �t�h�e� �s�i�g�n�a�l�.� �I�f� �t�h�e� �a�m�p�l�i�-

�f�i�e�r� �o�u�t�p�u�t� �h�a�s� �n�o� �v�i�d�e�o� �o�r� �t�h�e� �o�u�t�p�u�t� �i�s� �a�g�a�i�n�s�t� �t�h�e� �s�u�p�p�l�y�,

�f�o�l�l�o�w� �t�h�e� �V�e�r�t�i�c�a�l� �b�o�a�r�d� �F�a�u�i�t� �I�s�o�l�a�t�i�o�n� �P�r�o�c�e�d�u�r�e�,� �s�t�e�p� �3�.

�H�o�r�i�z�o�n�t�a�l�:� �M�e�d�s�u�r�e� �t�h�e� �d�e�f�l�e�c�t�i�o�n� �s�i�g�n�a�l� �a�t� �t�h�e� �1� �w�a�t�t

�p�r�e�c�i�s�i�o�n� �r�e�s�i�s�t�o�r�s� �(�R�2�6�3� �a�n�d� �R�3�5�6�)� �o�n� �A�4� �n�e�a�r� �t�h�e� �H�o�r�i�-

�z�o�n�t�a�l� �d�e�f�l�e�c�t�i�o�n� �p�l�a�t�e� �l�e�a�d�s�.� �A� �r�a�m�p� �s�i�g�n�a�l�,� �5�0� �V� �p�-�p� �a�t

�4�5� �V�d�c�,� �s�h�o�u�l�d� �b�e� �p�r�e�s�e�n�t�.� �T�h�e� �H�O�R�I�Z�O�N�T�A�L� �P�O�S�I�T�I�O�N

�c�o�n�t�r�o�!� �s�h�o�u�l�d� �c�o�n�t�r�o�l� �t�h�e� �d�e� �l�e�v�e�l� �o�f� �t�h�e� �s�i�g�n�a�l�,� �L�i�m�i�t�i�n�g� �o�f
�t�h�e� �r�a�m�p�s� �o�c�c�u�r�s� �i�f� �t�h�e� �s�w�e�e�p� �M�A�G� �i�s� �o�n� �o�r� �t�h�e� �p�o�s�i�t�i�o�n

�c�o�n�t�r�o�l� �i�s� �a�t� �o�n�e� �s�i�d�e�.� �O�n�e� �d�e�f�l�e�c�t�i�o�n� �s�i�g�n�a�l� �s�h�o�u�l�d� �b�e� �i�n�-

�v�e�r�t�e�d� �f�r�o�m� �t�h�e� �o�t�h�e�r�.� �T�h�e� �H�o�r�i�z�o�n�t�a�l� �F�a�u�l�t� �I�s�o�l�a�t�i�o�n� �P�r�o�c�e�-

�d�u�r�e� �w�i�l�l� �h�e�l�p� �f�i�n�d� �t�h�e� �r�e�a�s�o�n� �f�o�r� �n�o� �r�a�m�p� �s�i�g�n�a�l�.

�D�e�f�l�e�c�t�i�o�n� �t�r�o�u�b�l�e�s�:

�S�y�n�c�h�r�o�n�i�z�a�t�i�o�n� �a�n�d� �T�i�m�i�n�g�- ��~�1�.

�V�e�r�t�i�c�a�l� �d�e�f�l�e�c�t�i�o�n� �o�f�f� �s�c�r�e�e�n ��3�.

�H�o�r�i�z�o�n�t�a�l� �d�e�f�i�e�c�t�i�o�n� �o�f�f� �s�c�r�e�e�n ��2�.

�6�-�5



�M�a�i�n�t�e�n�a�n�c�e ��1�7�5�0�-�S�e�r�i�e�s

�C�h�e�c�k� �t�h�e� �h�i�g�h� �v�o�l�t�a�g�e� �b�l�o�c�k� �w�i�t�h� �t�h�e� �p�o�w�e�r� �o�f�f�.� �S�e�v�-

�e�r�a�l� �t�h�o�u�s�a�n�d� �v�o�l�t�s� �o�f� �a�c� �a�n�d� �d�c� �a�r�e� �p�r�e�s�e�n�t� �i�n� �t�h�i�s

�a�r�e�a�.

�l�f� �t�h�e�r�e� �s�t�i�l�i� �i�s� �n�o� �d�i�s�p�l�a�y�,� �t�h�e� �n�e�x�t� �m�o�s�t� �l�i�k�e�l�y� �p�r�o�b�l�e�m�s

�a�r�e� �i�n� �t�h�e� �Z�-�A�x�i�s� �b�l�o�c�k�s�.� �T�h�e� �H�i�g�h� �V�o�l�t�a�g�e� �F�a�u�l�t� �I�s�o�l�a�t�i�o�n

�P�r�o�c�e�d�u�r�e� �g�i�v�e�s� �m�e�t�h�o�d�s� �o�f� �f�i�n�d�i�n�g� �Z�-�A�x�i�s� �p�r�o�b�l�e�m�s�.� �T�h�e

�b�l�a�n�k�i�n�g� �i�n�p�u�t� �t�o� �t�h�e� �Z�-�A�x�i�s� �i�s� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�r�e�e� �s�i�g�-

�n�a�l� �p�r�o�c�e�s�s�i�n�g� �b�i�o�c�k�s�.� �T�h�e�s�e� �a�r�e� �c�o�v�e�r�e�d� �u�n�d�e�r� �a� �s�e�p�a�r�a�t�e

�B�l�a�n�k�i�n�g� �F�a�u�l�t� �I�s�o�l�a�t�i�o�n� �P�r�o�c�e�d�u�r�e�.

�H�V� �s�u�p�p�l�y�:

�W�i�r�e�s� �a�r�e� �d�i�s�c�o�n�n�e�c�t�e�d ��8�.

�I�n�t�e�n�s�i�t�y� �p�r�o�b�i�e�m�s�,� �b�l�a�n�k�i�n�g� �p�r�o�b�l�e�m�s ��7�.

�B�i�a�s� �p�r�o�b�l�e�m�s ��8�.

�C�R�T� �H�e�a�t�e�r� �o�p�e�n ��S�c�h�e�m�a�t�i�c� �7

�C�R�T� �i�s� �a�l�w�a�y�s� �b�l�a�n�k�e�d� �i�n� �s�o�m�e� �m�o�d�e�s ��-�7�.

�B�i�a�n�k�i�n�g� �f�r�o�m� �H�o�r�i�z�o�n�t�a�l

�B�l�a�n�k�i�n�g� �f�r�o�m� �D�e�m�o�d�u�l�a�t�o�r

�B�l�a�n�k�i�n�g� �f�r�o�m� �R�e�m�o�t�e� �c�o�n�n�e�c�t�o�r

�T�h�e� �b�l�a�n�k�i�n�g� �w�o�r�k�s� �b�u�t� �t�h�e�r�e� �i�s� �n�o� �b�r�i�g�h�t�n�e�s�s ��8�.

�C�R�T� �b�i�a�s� �a�d�j�u�s�t�m�e�n�t�s

�S�y�m�p�t�o�m�:� �S�y�n�c�h�r�o�n�i�z�i�n�g� �P�r�o�b�l�e�m�s� �a�n�d� �H�o�r�i�z�o�n�t�a�l

�S�w�e�e�p� �P�r�o�b�l�e�m�s

�S�y�n�c�h�r�o�n�i�z�a�t�i�o�n� �a�n�d� �t�i�m�i�n�g� �p�u�l�s�e�s� �a�r�e� �e�s�s�e�n�t�i�a�l� �t�o� �t�h�e

�o�p�e�r�a�t�i�o�n� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.� �T�h�e�s�e� �p�u�l�s�e�s� �s�h�o�u�l�d� �b�e

�c�h�e�c�k�e�d� �b�e�f�o�r�e� �d�o�i�n�g� �m�u�c�h� �o�t�h�e�r� �t�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �o�r� �r�e�-

�p�l�a�c�e�m�e�n�t�.� �T�h�e�y� �a�r�e� �g�e�n�e�r�a�t�e�d� �o�n� �c�i�r�c�u�i�t� �b�o�a�r�d� �a�s�s�e�m�b�l�y

�A�4� �a�n�d� �t�h�e�i�r� �d�i�s�c�u�s�s�i�o�n� �i�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �S�y�n�c�h�r�o�n�i�z�a�t�i�o�n

�a�n�d� �T�i�m�i�n�g� �F�a�u�l�t� �I�s�o�l�a�t�i�o�n� �P�r�o�c�e�d�u�r�e�.

�H�o�r�i�z�o�n�t�a�l� �p�r�o�b�l�e�m�s� �i�n�c�l�u�d�e� �s�w�e�e�p� �s�e�l�e�c�t�i�o�n�,� �t�h�e� �p�a�r�a�d�e

�d�i�s�p�l�a�y�,� �a�n�d� �n�o�n�l�i�n�e�a�r�i�t�i�e�s�.� �T�h�e� �H�o�r�i�z�o�n�t�a�l� �S�w�e�e�p� �F�a�u�l�t� �I�s�o�-
�l�a�t�i�o�n� �P�r�o�c�e�d�u�r�e� �i�n�c�l�u�d�e�s� �t�h�e�s�e� �t�o�p�i�c�s�.

�S�y�n�c� �p�r�o�b�l�e�m�s ��1�.

�R�a�m�p� �p�r�o�b�i�e�m�s ��2�.

�S�w�e�e�p� �s�e�l�e�c�t�i�o�n� �p�r�o�b�l�e�m�s ��~�1�1�.

�P�a�r�a�d�e� �d�i�s�p�l�a�y� �p�r�o�b�l�e�m�s�- ��T�h�e�o�r�y� �o�f� �O�p�e�r�a�t�i�o�n�,� �S�e�c�-

�t�i�o�n� �4�.

�6�-�6

�S�y�m�p�t�o�m�:� �V�e�r�t�i�c�a�l� �P�r�o�b�l�e�m�s

�V�e�r�t�i�c�a�l� �p�r�o�b�l�e�m�s� �i�n�c�i�u�d�e� �g�a�i�n�,� �f�i�l�t�e�r� �r�e�s�p�o�n�s�e�,� �s�i�g�n�a�l� �s�e�-

�l�e�c�t�i�o�n�,� �n�o�n�l�i�n�e�a�r�i�t�i�e�s�,� �a�n�d� �f�l�a�t� �r�e�s�p�o�n�s�e�.� �T�h�e�s�e� �a�r�e� �a�d�-

�d�r�e�s�s�e�d� �i�n� �t�h�e� �V�e�r�t�i�c�a�l� �F�a�u�l�t� �t�s�o�l�a�t�i�o�n� �P�r�o�c�e�d�u�r�e�.

�T�r�a�c�e� �o�f�f� �s�c�r�e�e�n

�I�n�p�u�t� �s�e�l�e�c�t�i�o�n

�F�i�l�t�e�r� �p�r�o�b�l�e�m�s

�G�a�i�n� �p�r�o�b�l�e�m�s

�S�y�m�p�t�o�m�:� �V�e�c�t�o�r�,� �S�C�H�,� �o�r� �R ��Y� �(�V�-�A�x�i�s� �f�o�r� �1�7�5�1�)

�P�r�o�b�l�e�m�s

�T�h�e� �D�e�m�o�d�u�l�a�t�o�r� �f�u�r�n�i�s�h�e�s� �o�u�t�p�u�t�s� �f�o�r� �b�o�t�h� �t�h�e� �V�e�c�t�o�r

�a�n�d� �R ��Y� �d�i�s�p�l�a�y�s�.� �T�h�e� �V�e�c�t�o�r� �d�i�s�p�l�a�y� �s�h�o�w�s� �a�l�l� �o�f� �t�h�e� �D�e�-

�m�o�d�u�l�a�t�o�r� �o�u�t�p�u�t�.� �T�h�e� �R ��Y� �d�i�s�p�l�a�y� �s�h�o�w�s� �t�h�e� �s�t�a�b�i�l�i�t�y� �o�f

�t�h�e� �s�u�b�c�a�r�r�i�e�r� �p�h�a�s�e� �l�o�c�k� �l�o�o�p�.� �T�h�e� �D�e�m�o�d�u�l�a�t�o�r� �F�a�u�l�t� �I�s�o�-

�l�a�t�i�o�n� �P�r�o�c�e�d�u�r�e� �c�o�v�e�r�s� �t�h�e�s�e� �c�i�r�c�u�i�t� �b�l�o�c�k�s�.

�P�h�a�s�e� �l�o�c�k� �p�r�o�b�l�e�m�s ��5�.

�O�n�e� �a�x�i�s� �o�f�f� �s�c�r�e�e�n ��6�.

�F�i�e�l�d� �r�a�t�e� �p�h�a�s�e� �p�r�o�b�l�e�m�s� �i�n� �R ��Y� �(�V�-�A�x�i�s� �1�7�5�1�) ��~�5�.

�B�i�a�n�k�i�n�g ��6�.

�F�r�e�q�u�e�n�c�y

�S�e�c�t�i�o�n� �5�.

�r�e�s�p�o�n�s�e ��C�h�e�c�k�s� �a�n�d� �A�d�j�u�s�t�m�e�n�t�s�,

�S�y�m�p�t�o�m�:� �P�o�w�e�r� �S�u�p�p�l�y� �P�r�o�b�l�e�m�s

�F�i�r�s�t� �c�h�e�c�k� �f�o�r� �a�n� �o�p�e�n� �f�u�s�e�.� �I�f� �t�h�e� �p�o�w�e�r� �s�u�p�p�l�y� �f�u�s�e

�o�p�e�n�s� �r�e�p�e�a�t�e�d�l�y�,� �f�o�l�l�o�w� �t�h�e� �p�o�w�e�r� �s�u�p�p�l�y� �t�r�o�u�b�l�e�s�h�o�o�t�i�n�g

�p�r�o�c�e�d�u�r�e�s�.� �E�x�c�e�s�s�i�v�e� �r�i�p�p�l�e� �v�o�l�t�a�g�e� �c�a�n� �b�e� �a� �r�e�g�u�l�a�t�o�r

�p�r�o�b�l�e�m� �o�r� �i�o�w� �i�n�p�u�t� �v�o�l�t�a�g�e�.� �T�h�e� �s�e�r�i�e�s�-�p�a�s�s� �r�e�g�u�l�a�t�e�d

�s�u�p�p�l�i�e�s� �(�+�1�2� �V�,�  ��1�2� �V�,� �a�n�d� �+�5� �V�)� �o�n� �e�a�c�h� �b�o�a�r�d� �(�A�1�,� �A�3�,

�A�4�,� �A�5�,� �a�n�d� �A�9�)� �s�h�o�u�l�d� �b�e� �c�h�e�c�k�e�d� �s�i�n�c�e� �t�h�e�y� �a�r�e� �c�u�r�r�e�n�t

�l�i�m�i�t�e�d�.

�F�u�s�e� �o�p�e�n�:

�T�r�a�n�s�i�s�t�o�r�s� �s�h�o�r�t�e�d

�W�r�o�n�g� �l�i�n�e� �v�o�i�t�a�g�e

�S�y�m�p�t�o�m�:� �F�u�n�c�t�i�o�n� �C�o�n�t�r�o�l� �P�r�o�b�l�e�m�s

�T�h�e� �f�r�o�n�t�-�p�a�n�e�l� �a�n�d� �R�E�M�O�T�E� �c�o�n�n�e�c�t�o�r� �c�o�n�t�r�o�l� �a�r�e

�g�r�o�u�n�d� �c�l�o�s�u�r�e�s� �a�n�d� �e�i�t�h�e�r� �m�a�y� �b�e� �u�s�e�d�.� �O�n�l�y� �t�h�e� �p�u�s�h� �b�u�t�-

�t�o�n� �f�u�n�c�t�i�o�n�s� �a�r�e� �r�e�m�o�t�e�l�y� �c�o�n�t�r�o�l�l�e�d�.� �T�h�e� �O�p�e�r�a�t�i�n�g� �I�n�-

�s�t�r�u�c�t�i�o�n�s�,� �S�e�c�t�i�o�n� �2�,� �e�x�p�l�a�i�n� �t�h�e� �u�s�e� �o�f� �t�h�e� �c�o�n�t�r�o�l�s�.� �T�h�e

�f�u�n�c�t�i�o�n� �c�o�n�t�r�o�l� �F�a�u�l�t� �I�s�o�l�a�t�i�o�n� �P�r�o�c�e�d�u�r�e� �e�x�p�l�a�i�n�s� �t�h�e� �t�r�o�u�-

�b�l�e�s�h�o�o�t�i�n�g� �p�r�o�c�e�d�u�r�e� �f�o�r� �t�h�i�s� �p�a�r�t� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.

�I�n�d�i�v�i�d�u�a�l� �f�u�n�c�t�i�o�n�s� �m�i�s�s�i�n�g ��1�1�.

�R�e�m�o�t�e� �f�u�n�c�t�i�o�n�s� �c�a�n�n�o�t� �b�e� �s�e�l�e�c�t�e�d ��1�1�.



�M�a�i�n�t�e�n�a�n�c�e ��1�7�5�0�-�S�e�r�i�e�s

�D�E�T�A�I�L�E�D� �F�A�U�L�T� �I�S�O�L�A�T�I�O�N� �P�R�O�C�E�D�U�R�E�S

�H�O�R�I�Z�O�N�T�A�L� �B�O�A�R�D� �(�A�4�)

�1�.� �S�y�n�c�h�r�o�n�i�z�a�t�i�o�n� �a�n�d� �T�i�m�i�n�g

�S�y�n�c�h�r�o�n�i�z�a�t�i�o�n� �s�t�a�r�t�s� �w�i�t�h� �d�e�c�o�d�i�n�g� �t�h�e� �t�i�m�i�n�g� �i�n�f�o�r�m�a�-

�t�i�o�n� �f�r�o�m� �t�h�e� �i�n�p�u�t� �s�i�g�n�a�l�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �i�s� �d�e�-

�s�i�g�n�e�d� �t�o� �f�r�e�e� �r�u�n� �w�i�t�h� �n�o� �i�n�p�u�t� �s�i�g�n�a�l� �a�n�d� �t�r�i�g�g�e�r� �o�n� �t�h�e

�i�n�t�e�r�n�a�l� �c�a�l�i�b�r�a�t�o�r� �s�i�g�n�a�l� �i�n� �t�h�e� �1�H� �a�n�d� �2�H� �S�W�E�E�P� �m�o�d�e�s�.

�T�h�e� �s�i�g�n�a�l� �u�s�e�d� �a�s� �a�n� �i�n�t�e�r�n�a�l� �t�i�m�i�n�g� �r�e�f�e�r�e�n�c�e� �i�s� �p�r�e�s�e�n�t

�a�t� �T�P�7�0�2� �o�n� �A�4�.� �H�f� �t�h�e�r�e� �i�s� �n�o� �s�i�g�n�a�l� �p�r�e�s�e�n�t�,� �c�h�e�c�k� �b�a�c�k

�t�h�r�o�u�g�h� �t�h�e� �s�i�g�n�a�l� �p�a�t�h�s� �a�n�d� �t�h�e� �e�n�a�b�l�e� �s�i�g�n�a�l� �(�U�6�2�0� �a�n�d

�U�6�2�4�,� �p�i�n� �5�)�.

�U�4�0�0�,� �o�n� �d�i�a�g�r�a�m� �3�,� �o�u�t�p�u�t�s� �a� �5�-�V�,� �p�-�p� �s�y�n�c� �p�u�l�s�e� �(�S�y�n�c

�1�}� �f�r�o�m� �a� �c�o�m�p�o�s�i�t�e� �v�i�d�e�o� �o�r� �b�l�a�c�k� �b�u�r�s�t� �i�n�p�u�t�.� �I�t� �c�a�n� �b�e

�c�h�e�c�k�e�d� �a�t� �T�P�6�2�9�.� �T�h�e� �c�i�r�c�u�i�t� �w�i�l�l� �a�l�s�o� �w�o�r�k� �w�i�t�h� �s�i�n�e

�w�a�v�e�s� �t�o� �1� �M�H�z� �a�n�d� �s�q�u�a�r�e� �w�a�v�e�s� �a�t� �l�i�n�e�,� �f�i�e�l�d�,� �a�n�d� �f�r�a�m�e

�f�r�e�q�u�e�n�c�i�e�s�.� �T�h�i�s� �c�i�r�c�u�i�t� �i�s� �e�x�p�l�a�i�n�e�d� �i�n� �t�h�e� �T�h�e�o�r�y� �o�f� �O�p�e�r�a�-

�t�i�o�n�,� �S�e�c�t�i�o�n� �4�.

�T�h�e� �S�y�n�e� �S�e�p�a�r�a�t�o�r� �t�r�i�g�g�e�r�s� �t�h�e� �H�o�r�i�z�o�n�t�a�l� �a�n�d� �V�e�r�t�i�c�a�l

�s�w�e�e�p�s�,� �t�h�r�o�u�g�h� �t�h�e� �S�C�H� �L�o�g�i�c� �c�i�r�c�u�i�t� �b�o�a�r�d�.� �O�n�e� �s�w�e�e�p� �i�s

�e�n�a�b�l�e�d� �a�t� �a� �t�i�m�e�;� �h�o�w�e�v�e�r�,� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �2�H� �p�l�u�s� �1

�F�L�D� �p�r�o�v�i�d�e�s� �a� �0�.�5� �u�s�/�D�I�V� �s�w�e�e�p� �r�a�t�e� �w�h�e�n� �m�a�g�n�i�f�i�e�d�.

�2�.� �H�o�r�i�z�o�n�t�a�l� �S�w�e�e�p�s

�T�h�e�r�e� �a�r�e� �t�w�o� �i�n�d�e�p�e�n�d�e�n�t� �s�w�e�e�p� �g�e�n�e�r�a�t�o�r�s�,� �o�n�e� �f�o�r

�l�i�n�e� �r�a�t�e�s� �a�n�d� �o�n�e� �f�o�r� �f�i�e�l�d� �r�a�t�e�s�.� �E�a�c�h� �w�i�l�l� �f�r�e�e� �r�u�n�.� �S�w�e�e�p

�r�e�t�r�i�g�g�e�r� �p�r�e�v�e�n�t�i�o�n� �a�n�d� �h�o�l�d� �o�f�f� �a�r�e� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e

�S�w�e�e�p�s� �b�l�o�c�k� �o�n� �d�i�a�g�r�a�m� �4�.� �T�h�e� �r�a�t�e� �o�f� �e�a�c�h� �s�w�e�e�p� �i�s� �d�o�u�-

�b�l�e�d� �w�h�e�n� �Q�7�7�5� �i�s� �o�n�.� �Q�6�8�7� �i�s� �a�n� �a�t�t�e�n�u�a�t�o�r� �c�o�n�t�r�o�l� �u�s�e�d� �t�o

�s�h�o�r�t�e�n� �t�h�e� �s�w�e�e�p� �d�u�r�i�n�g� �p�a�r�a�d�e� �d�i�s�p�l�a�y�s�.

�T�h�e� �S�t�a�i�r�c�a�s�e� �I�n�p�u�t� �A�m�p�l�i�f�i�e�r� �o�u�t�p�u�t� �(�T�P�5�8�0�)� �i�s� �s�a�t�u�r�a�t�e�d

�t�o� �g�r�o�u�n�d� �e�x�c�e�p�t� �w�h�e�n� �t�h�e� �s�t�a�i�r�c�a�s�e� �i�n�p�u�t� �i�s� �s�e�l�e�c�t�e�d�.� �T�h�i�s

�i�n�p�u�t� �t�o� �t�h�e� �M�A�G� �A�m�p�l�i�f�i�e�r� �c�a�n� �c�a�u�s�e� �t�h�e� �s�w�e�e�p� �t�o� �b�e� �o�f�f

�t�h�e� �s�c�r�e�e�n�.

�T�h�e� �H�o�r�i�z�o�n�t�a�l� �M�a�g� �A�m�p� �h�a�s� �t�h�r�e�e� �m�a�g�n�i�f�i�e�r� �i�n�p�u�t�s

�(�Q�4�9�6�,� �Q�4�9�7�,� �a�n�d� �Q�3�9�5�)�.� �Q�4�9�6� �i�s� �u�s�e�d� �w�i�t�h� �2�H� �S�W�E�E�P

�M�A�G�,� �Q�4�9�3� �a�n�d� �Q�3�9�6� �a�r�e� �u�s�e�d� �f�o�r� �X�2�0� �m�a�g� �w�i�t�h� �F�i�e�l�d� �a�n�d

�2�F�i�e�l�d� �S�W�E�E�P� �M�A�G�,� �a�n�d� �a�l�l� �t�h�r�e�e� �a�r�e� �u�s�e�d� �f�o�r� �1�H� �S�W�E�E�P

�M�A�G�.� �T�h�e� �o�u�t�p�u�t� �o�f� �t�h�i�s� �a�m�p�l�i�f�i�e�r� �i�s� �6� �V� �p�-�p� �a�t� �T�P�2�8�4� �w�i�t�h

�u�n�m�a�g�n�i�f�i�e�d� �s�w�e�e�p�s�.� �T�h�i�s� �o�u�t�p�u�t� �i�s� �d�e�t�e�c�t�e�d� �b�y� �a�n� �o�f�f�-

�s�c�r�e�e�n� �b�l�a�n�k�i�n�g� �c�i�r�c�u�i�t�.

�T�h�e� �H�o�r�i�z�o�n�t�a�l� �O�u�t�p�u�t� �A�m�p�l�i�f�i�e�r� �h�a�s� �i�n�p�u�t�s� �f�r�o�m� �t�h�e� �H�o�r�i�-

�z�o�n�t�a�l� �M�a�g� �A�m�p� �a�n�d� �t�h�e� �B ��Y� �D�e�m�o�d�u�l�a�t�o�r�.� �I�t� �h�a�s� �a� �s�i�g�n�a�l

�i�n�p�u�t� �l�i�m�i�t�e�r� �t�o� �p�r�e�v�e�n�t� �a�m�p�l�i�f�i�e�r� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �o�u�t�p�u�t�.

�L�i�m�i�t�i�n�g� �a�c�t�i�o�n� �f�o�r� �s�w�e�e�p� �i�n�p�u�t�s� �i�s� �d�o�n�e� �b�y� �C�R�2�7�5� �a�n�d

�C�R�3�7�0� �w�i�t�h� �t�h�e� �b�i�a�s� �c�u�r�r�e�n�t� �i�n� �R�3�7�1�,� �R�3�7�0�,� �R�2�7�1�,� �a�n�d� �t�h�e

�M�a�g� �R�e�g�i�s�t�r�a�t�i�o�n� �c�o�n�t�r�o�l� �R�1�8�0�.� �T�h�e� �i�n�p�u�t� �s�w�i�t�c�h� �c�o�n�t�r�o�l�l�e�d

�b�y� �Q�1�8�0� �a�n�d� �Q�1�8�1� �s�e�l�e�c�t�s� �S�w�e�e�p� �o�r� �V�e�c�t�o�r� �i�n�p�u�t�s�.� �U�n�-

�m�a�g�n�i�f�i�e�d� �s�w�e�e�p�s� �a�r�e� �5�0� �V� �p�-�p� �a�t� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �d�e�f�l�e�c�t�i�o�n

�l�e�a�d�s�.

�L�i�n�e�a�r�i�t�y� �o�f� �t�h�e� �h�o�r�i�z�o�n�t�a�i� �d�e�f�l�e�c�t�i�o�n� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e

�o�p�e�n� �l�o�o�p� �g�a�i�n� �o�f� �t�h�e� �a�m�p�l�i�f�i�e�r�s� �a�n�d� �t�h�e� �b�i�a�s� �c�u�r�r�e�n�t�s�.� �T�h�e

�o�p�e�n� �l�o�o�p� �g�a�i�n� �c�a�n� �b�e� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �s�i�g�n�a�!� �a�m�p�l�i�t�u�d�e� �a�t

�a�m�p�l�i�f�i�e�r� �s�u�m�m�i�n�g� �j�u�n�c�t�i�o�n�s�.� �B�i�a�s� �c�u�r�r�e�n�t�s� �a�r�e� �a�n�a�l�y�z�e�d� �b�y

�v�o�l�t�a�g�e� �l�e�v�e�l�s� �a�n�d� �l�a�r�g�e�-�s�i�g�n�a�l� �l�i�m�i�t�i�n�g� �v�o�l�t�a�g�e�s�.� �T�h�e� �e�a�s�i�e�s�t

�t�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �m�e�t�h�o�d� �i�s� �t�o� �c�o�m�p�a�r�e� �t�w�o� �i�n�s�t�r�u�m�e�n�t�s�.

�V�E�R�T�I�C�A�L� �B�O�A�R�D� �(�A�3�)

�3�.� �S�i�g�n�a�l� �A�m�p�l�i�f�i�e�r�s

�T�h�e� �e�a�s�i�e�s�t� �w�a�y� �t�o� �t�r�o�u�b�l�e�s�h�o�o�t� �t�h�e� �V�e�r�t�i�c�a�l� �c�i�r�c�u�i�t� �b�o�a�r�d

�{�A�3�}� �i�s� �t�o� �t�r�a�c�e� �t�h�e� �s�i�g�n�a�l� �t�h�r�o�u�g�h� �t�h�e� �m�a�j�o�r� �b�l�o�c�k�s�.

�I�n� �t�h�e� �W�a�v�e�f�o�r�m� �M�o�d�e� �t�h�e�r�e� �a�r�e� �t�h�r�e�e� �s�i�g�n�a�l� �i�n�p�u�t�s�.� �{�N�-

�P�U�T�s� �A�,� �B�,� �a�n�d� �t�h�e� �C�A�L�i�b�r�a�t�o�r� �a�r�e� �s�w�i�t�c�h�e�d� �b�y� �U�2�2�6�,

�U�4�2�6�,� �a�n�d� �U�3�2�6�.� �A� �h�i�g�h� �i�n�p�u�t� �o�n� �p�i�n� �5� �o�f� �t�h�e�s�e� �h�y�b�r�i�d� �c�i�r�-

�c�u�i�t�s� �s�h�o�u�l�d� �t�u�r�n� �t�h�e� �s�w�i�t�c�h� �o�n�.� �T�h�e� �P�I�X� �M�O�N� �O�U�T� �s�i�g�n�a�l

�o�n� �t�h�e� �r�e�a�r� �p�a�n�e�!� �f�o�l�l�o�w�s� �t�h�e� �i�n�p�u�t� �s�e�l�e�c�t�i�o�n�.� �T�h�e� �s�i�g�n�a�l� �g�a�i�n
�i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �u�n�i�t�y� �f�r�o�m� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �i�n�p�u�t� �t�o� �t�h�e� �P�I�X

�M�O�N� �O�U�T�.

�T�h�e� �F�i�l�t�e�r�s� �b�l�o�c�k� �h�a�s� �t�h�r�e�e� �r�e�s�p�o�n�s�e� �m�o�d�e�s�:� �F�L�A�T�,� �(�R�E

�(�L�U�M�)�,� �a�n�d� �C�H�R�O�M�A�.� �T�h�e� �m�o�d�e�s� �a�r�e� �s�e�l�e�c�t�e�d� �b�y� �t�u�r�n�i�n�g

�o�n� �Q�6�5�5�,� �Q�7�5�5�,� �o�r� �Q�8�5�4� �w�i�t�h� �a� �l�o�w� �f�r�o�m� �t�h�e� �s�w�i�t�c�h�i�n�g

�l�o�g�i�c�.� �T�h�e� �i�n�v�e�r�t�i�n�g� �g�a�i�n� �m�e�a�s�u�r�e�d� �a�t� �T�P�2�3�9� �t�o� �T�P�7�6�4� �i�s

�0�.�5�.

�T�h�e� �V�a�r�i�a�b�l�e� �G�a�i�n� �A�m�p�l�i�f�i�e�r� �(�U�4�6�8�)� �i�s� �c�o�n�t�r�o�l�l�e�d� �f�r�o�m� �a�n

�i�n�p�u�t� �a�t� �p�i�n� �7�.� �i�n� �U�N�C�A�L�,� �t�h�e� �V�A�R� �c�o�n�t�r�o�l� �p�r�o�v�i�d�e�s� �z�e�r�o

�g�a�i�n� �a�t� �z�e�r�o� �v�o�l�t�s�,� �a�n�d� �a� �g�a�i�n� �o�f� �o�n�e� �a�t� �1�/�1�0� �o�f� �t�h�e� �p�o�s�i�t�i�v�e

�s�u�p�p�l�y� �v�o�l�t�a�g�e�.� �i�n� �C�A�L�,� �t�h�e� �g�a�i�n� �o�f� �t�h�i�s� �a�m�p�l�i�f�i�e�r� �i�s� �a�p�p�r�o�x�i�-

�m�a�t�e�l�y� �0�.�6�5� �m�e�a�s�u�r�e�d� �a�t� �T�P�7�6�4� �t�o� �T�P�3�7�1�.� �T�h�e� �o�u�t�p�u�t� �o�f

�t�h�e� �a�m�p�l�i�f�i�e�r� �d�r�i�v�e�s� �t�h�e� �C�h�r�o�m�a� �A�m�p�l�i�f�i�e�r� �a�n�d� �t�h�e� �D�C� �R�e�-

�s�t�o�r�e�d� �A�m�p�l�i�f�i�e�r�.

�T�h�e� �C�h�r�o�m�a� �A�m�p�l�i�f�i�e�r� �c�o�n�t�r�o�l�s� �t�h�e� �n�o�r�m�a�l� �a�n�d� �X�5� �G�A�I�N

�f�u�n�c�t�i�o�n� �f�o�r� �t�h�e� �D�e�m�o�d�u�l�a�t�o�r� �c�i�r�c�u�i�t� �b�o�a�r�d� �(�A�5�)�.� �N�o�r�m�a�i� �g�a�i�n

�o�c�c�u�r�s� �w�h�e�n� �Q�6�7�4� �i�s� �o�n�.� �T�h�e� �o�u�t�p�u�t� �a�t� �T�P�6�6�2� �i�s� �0�.�6� �V� �p�-�p

�c�h�r�o�m�i�n�a�n�c�e� �f�o�r� �a� �C�o�l�o�r� �B�a�r� �s�i�g�n�a�l� �i�n�p�u�t�.� �T�h�e� �C�H�R�O�M�A

�F�I�L�T�E�R� �i�s� �a�u�t�o�m�a�t�i�c�a�l�l�y� �s�e�l�e�c�t�e�d� �f�o�r� �D�e�m�o�d�u�l�a�t�o�r� �f�u�n�c�t�i�o�n�s�.



�M�a�i�n�t�e�n�a�n�c�e ��-�1�7�5�0�-�S�e�r�i�e�s

�T�h�e� �D�C� �R�e�s�t�o�r�e�d� �A�m�p�l�i�f�i�e�r� �(�T�P�3�7�9�)� �i�s� �r�e�s�t�o�r�e�d� �a�t� �t�h�e

�C�l�a�m�p� �P�u�l�s�e� �t�i�m�e�.� �T�h�e�r�e� �i�s� �a�n� �o�p�t�i�o�n� �j�u�m�p�e�r�,� �J�1�8�8�,� �o�n� �A�Q

�f�o�r� �s�e�l�e�c�t�i�o�n� �o�f� �b�a�c�k� �p�o�r�c�h� �o�r� �s�y�n�c� �t�i�p� �c�l�a�m�p�i�n�g�.� �T�h�e� �b�a�c�k

�p�o�r�c�h� �o�r� �s�y�n�c� �t�i�p� �s�h�o�u�l�d� �b�e� �a�t� �0� �V� �a�t� �T�P�3�7�9�.� �T�h�e� �o�u�t�p�u�t�s� �o�f

�s�a�m�p�l�e�-�a�n�d�-�h�o�l�d� �a�m�p�l�i�f�i�e�r� �(�U�7�8�6�)� �a�n�d� �r�e�s�t�o�r�a�t�i�o�n� �b�u�f�f�e�r� �a�m�-

�p�l�i�f�i�e�r� �(�U�7�8�0�)� �s�h�o�u�l�d� �b�e� �i�e�s�s� �t�h�a�n� �5� �V� �f�r�o�m� �g�n�d�.� �T�h�e� �d�c� �r�e�s�-

�t�o�r�a�t�i�o�n� �i�s� �a�u�t�o�m�a�t�i�c�a�l�l�y� �d�i�s�a�b�l�e�d� �b�y� �Q�7�9�9� �w�h�e�n� �t�h�e

�C�A�L�i�b�r�a�t�o�r� �I�N�p�u�t� �i�s� �s�e�l�e�c�t�e�d�.� �T�h�e� �g�a�i�n� �f�r�o�r�n� �t�h�e� �i�n�s�t�r�u�m�e�n�t

�i�n�p�u�t� �t�o� �T�P�3�7�9� �i�s� �X�2� �w�i�t�h� �c�a�l�i�b�r�a�t�e�d� �g�a�i�n�.

�T�h�e� �V�e�r�t�i�c�a�l� �O�u�t�p�u�t� �S�w�i�t�c�h� �i�s� �c�o�n�t�r�o�l�l�e�d� �b�y� �Q�3�9�3�,� �Q�3�9�4�,

�a�n�d� �Q�4�9�3�.� �T�o� �b�e� �o�n�,� �Q�3�9�3� �o�r� �Q�3�9�4� �c�o�l�l�e�c�t�o�r� �s�h�o�u�l�d�.� �b�e

�a�b�o�v�e� �0�.�7� �V�,� �o�r� �Q�4�9�3� �c�o�l�l�e�c�t�o�r� �a�b�o�v�e� �0� �V�.� �B�i�a�s� �c�o�n�t�r�o�l

�(�R�1�9�1�)� �p�r�o�v�i�d�e�s� �c�u�r�r�e�n�t� �f�o�r� �t�h�e� �s�w�i�t�c�h� �c�o�n�t�r�o�l� �t�r�a�n�s�i�s�t�o�r�s�.

�T�h�i�s� �c�u�r�r�e�n�t� �i�s� �a�d�j�u�s�t�e�d� �s�o� �t�h�a�t� �t�h�e� �l�i�m�i�t�e�r� �(�Q�2�8�4� �a�n�d� �Q�2�8�3�)

�p�r�e�v�e�n�t�s� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� �o�u�t�p�u�t� �a�m�p�l�i�f�i�e�r�.

�T�h�e� �v�o�l�t�a�g�e� �a�t� �T�P�2�8�6� �a�n�d� �T�P�3�6�6� �(�a�p�p�r�o�x�i�m�a�t�e�l�y

�~�7� �V�d�c�)� �i�n� �t�h�e� �V�e�r�t�i�c�a�l� �O�u�t�p�u�t� �A�m�p�l�i�f�i�e�r� �i�s� �p�r�e�s�e�n�t� �a�t� �t�h�e

�c�o�l�l�e�c�t�o�r�s� �o�f� �Q�2�4�8� �a�n�d� �Q�1�5�7�.� �T�h�e� �g�a�i�n� �f�r�o�m� �t�h�e�s�e� �t�e�s�t

�p�o�i�n�t�s� �t�o� �t�h�e� �o�u�t�p�u�t� �a�t� �L�R�1�4�3� �a�n�d� �L�R�1�5�2� �i�s� �X�1�2�.

�L�i�n�e�a�r�i�t�y� �o�f� �t�h�e� �V�e�r�t�i�c�a�l� �A�m�p�l�i�f�i�e�r�s� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e

�o�p�e�n� �l�o�o�p� �g�a�i�n� �o�f� �t�h�e� �a�m�p�l�i�f�i�e�r�s� �a�n�d� �t�h�e� �b�i�a�s� �c�u�r�r�e�n�t�s�.� �T�h�e

�o�p�e�n� �l�o�o�p� �g�a�i�n� �c�a�n� �b�e� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �s�i�g�n�a�l� �a�m�p�l�i�t�u�d�e� �a�t

�a�m�p�l�i�f�i�e�r� �s�u�m�m�i�n�g� �j�u�n�c�t�i�o�n�s�.� �B�i�a�s� �c�u�r�r�e�n�t�s� �a�r�e� �a�n�a�l�y�z�e�d� �b�y

�v�o�l�t�a�g�e� �l�e�v�e�l�s� �a�n�d� �l�a�r�g�e�-�s�i�g�n�a�l�!� �l�i�m�i�t�i�n�g� �v�o�l�t�a�g�e�s�.� �T�h�e� �e�a�s�i�e�s�t

�t�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �m�e�t�h�o�d� �i�s� �t�o� �c�o�m�p�a�r�e� �t�w�o� �i�n�s�t�r�u�m�e�n�t�s�.

�D�E�M�O�D�U�L�A�T�O�R� �B�O�A�R�D� �(�A�5�)

�4�,� �I�n�p�u�t� �S�i�g�n�a�l�s

�T�h�i�s� �c�i�r�c�u�i�t�r�y� �d�e�m�o�d�u�l�a�t�e�s� �t�h�e� �c�h�r�o�m�i�n�a�n�c�e� �o�f� �t�h�e� �v�i�d�e�o

�s�i�g�n�a�l� �i�n�t�o� �t�w�o� �c�o�m�p�o�n�e�n�t�s� �t�h�a�t� �a�r�e� �9�0�°� �a�p�a�r�t� �i�n� �t�h�e� �c�h�r�o�m�i�-

�n�a�n�c�e� �s�i�g�n�a�l�.

�T�h�e� �r�e�f�e�r�e�n�c�e� �f�o�r� �d�e�m�o�d�u�l�a�t�i�o�n� �i�s� �f�r�o�m� �t�h�e� �S�y�n�e� �S�e�p�a�r�a�-

�t�o�r�.� �T�h�e� �r�e�f�e�r�e�n�c�e� �i�n�p�u�t� �i�s� �f�o�u�n�d� �a�t� �T�P�7�7�8�,� �w�h�i�c�h� �i�s� �t�h�e� �i�n�p�u�t

�t�o� �t�h�e� �D�e�m�o�d�u�l�a�t�o�r� �c�i�r�c�u�i�t� �b�o�a�r�d� �(�A�5�)�,� �a�n�d� �a�t� �T�P�1�6�0� �j�u�s�t

�b�e�f�o�r�e� �i�t� �i�s� �u�s�e�d� �b�y� �t�h�e� �p�h�a�s�e� �t�o�c�k� �l�o�o�p�.

�T�h�e�s�e� �t�w�o� �t�e�s�t� �p�o�i�n�t�s� �a�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �a� �b�a�n�d�-�p�a�s�s� �f�i�l�t�e�r

�a�n�d� �a� �X�6� �a�m�p�l�i�f�i�e�r�.� �T�h�e� �c�h�r�o�m�i�n�a�n�c�e� �s�i�g�n�a�l� �t�o� �b�e� �d�e�m�o�d�u�-

�l�a�t�e�d� �p�a�s�s�e�s� �t�h�r�o�u�g�h� �a�m�p�l�i�f�i�e�r� �Q�6�9�5� �t�o� �Q�5�9�5�.� �T�h�e� �C�h�r�o�m�i�-

�n�a�n�c�e� �I�n�p�u�t� �A�m�p�l�i�f�i�e�r�s� �g�a�i�n� �f�r�o�m� �R�6�9�5� �t�o� �T�P�4�9�4� �i�s

�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�7�5�.

�5�.� �S�u�b�c�a�r�r�i�e�r� �P�h�a�s�e� �L�o�c�k� �L�o�o�p

�T�h�e� �p�r�i�m�a�r�y� �p�r�o�b�l�e�m� �t�h�a�t� �o�c�c�u�r�s� �i�n� �a� �p�h�a�s�e� �l�o�c�k� �l�o�o�p� �i�s

�n�o�t� �l�o�c�k�i�n�g�.� �I�f� �i�t� �i�s� �n�o�t� �l�o�c�k�e�d�,� �a�n� �e�r�r�o�r� �v�o�l�t�a�g�e� �s�h�o�u�l�d� �a�p�-

�p�e�a�r� �a�t� �s�e�v�e�r�a�l� �p�o�i�n�t�s� �i�n� �t�h�e� �l�o�o�p�.� �T�h�i�s� �e�r�r�o�r� �v�o�i�t�a�g�e� �i�s� �n�e�a�r�l�y

�6�-�8

�a� �s�i�n�e� �w�a�v�e� �a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �f�r�e�q�u�e�n�c�y� �b�e�t�w�e�e�n� �t�h�e

�s�u�b�c�a�r�r�i�e�r� �o�s�c�i�l�l�a�t�o�r� �a�n�d� �t�h�e� �i�n�p�u�t� �r�e�f�e�r�e�n�c�e�.� �T�h�i�s� �s�i�n�e� �w�a�v�e

�m�a�y� �b�e� �a�b�s�e�n�t� �o�r� �t�o�o� �s�m�a�l�l� �t�o� �l�o�c�k� �t�h�e� �l�o�o�p� �i�f� �a� �c�o�m�p�o�n�e�n�t

�i�s� �b�a�d� �o�r� �i�f� �t�h�e� �f�r�e�q�u�e�n�c�y� �i�s� �t�o�o� �g�r�e�a�t� �t�o� �p�a�s�s� �t�h�r�o�u�g�h� �a� �f�o�w�-

�p�a�s�s� �f�i�l�t�e�r�.

�i�n� �t�h�i�s� �l�o�o�p�,� �t�h�e� �f�i�r�s�t� �f�i�l�t�e�r� �a�n�d� �a�m�p�l�i�f�i�e�r� �a�r�e� �R�3�5�7� �a�n�d

�C�3�5�6� �a�n�d� �U�3�5�3�A�.� �T�h�e� �c�o�r�n�e�r� �f�r�e�q�u�e�n�c�y� �o�f� �t�h�e� �f�i�l�t�e�r� �i�s� �8� �k�H�z�.

�A�m�p�l�i�f�i�e�r� �U�3�5�3�A� �i�s� �a� �X�1� �b�u�f�f�e�r� �f�o�r� �t�h�e� �v�o�l�t�a�g�e� �a�t� �T�P�2�5�0�.

�S�a�m�p�i�e�-�a�n�d�-�h�o�l�d� �c�i�r�c�u�i�t� �U�4�4�4� �i�s� �u�s�e�d� �i�n� �P�A�L� �D�e�m�o�d�u�-

�l�a�t�o�r�s� �(�1�7�5�1�)� �t�o� �s�a�m�p�l�e� �e�v�e�r�y� �o�t�h�e�r� �b�u�r�s�t�.� �F�o�r� �P�A�L� �D�e�m�o�d�u�-

�l�a�t�o�r�s�,� �t�h�e� �v�o�l�t�a�g�e� �a�t� �T�P�2�5�0� �w�i�l�l� �b�e� �a� �s�q�u�a�r�e� �w�a�v�e� �a�t� �1�/�2� �H

�r�a�t�e�,� �T�h�e� �e�r�r�o�r� �v�o�l�t�a�g�e� �a�t� �T�P�2�5�0�,� �w�h�e�n� �u�n�l�o�c�k�e�d�,� �s�h�o�u�l�d� �b�e

�a� �s�i�n�e� �w�a�v�e� �i�n� �b�o�t�h� �N�T�S�C� �a�n�d� �P�A�L�.� �D�e�m�o�d�u�l�a�t�o�r�s�.� �S�e�e

�F�i�g�.� �6�-�3�.

�A�m�p�l�i�f�i�e�r� �U�3�4�4� �i�s� �a� �t�w�o�-�b�a�n�d�w�i�d�t�h� �a�c�t�i�v�e� �f�o�w�-�p�a�s�s� �f�i�l�t�e�r�.

�I�f� �Q�3�4�7� �i�s� �o�n�,� �t�h�e� �l�o�o�p� �b�a�n�d�w�i�d�t�h� �s�h�o�u�l�d� �b�e� �h�i�g�h� �(�a�p�p�r�o�x�i�-

�m�a�t�e�l�y� �1� �k�H�z�)�.� �I�f� �Q�3�4�7� �i�s� �o�f�f�,� �t�h�e� �b�a�n�d�w�i�d�t�h� �s�h�o�u�l�d� �b�e� �l�o�w

�(�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0� �H�z�)�.� �T�h�i�s� �b�a�n�d�w�i�d�t�h� �c�h�a�n�g�e� �i�s� �a�c�c�o�m�-

�p�l�i�s�h�e�d� �b�y� �c�h�a�n�g�i�n�g� �t�h�e� �g�a�i�n� �o�f� �a�m�p�l�i�f�i�e�r� �U�3�4�4�.� �I�f� �t�h�e� �g�a�i�n� �i�n

�a� �p�a�r�t� �o�f� �t�h�e� �l�o�o�p� �i�s� �m�u�c�h� �d�i�f�f�e�r�e�n�t� �t�h�a�n� �i�t� �s�h�o�u�l�d� �b�e�,� �t�h�i�s

�b�a�n�d�w�i�d�t�h� �c�h�a�n�g�e� �w�i�l�l� �n�o�t� �f�u�n�c�t�i�o�n� �p�r�o�p�e�r�l�y�.

�T�h�e� �g�a�i�n� �o�f� �t�h�e� �v�o�i�t�a�g�e�-�c�o�n�t�r�o�l�l�e�d� �o�s�c�i�l�l�a�t�o�r� �(�Q�5�4�5�)� �i�s� �s�e�t

�b�y� �a�d�j�u�s�t�i�n�g� �i�t�s� �f�r�e�q�u�e�n�c�y� �l�i�m�i�t�s� �w�i�t�h� �t�h�e� �A�d�j�u�s�t�m�e�n�t� �P�r�o�c�e�-

�d�u�r�e�,� �S�e�c�t�i�o�n� �5�.

�A�n�o�t�h�e�r� �p�r�o�b�l�e�m� �t�h�a�t� �c�a�n� �o�c�c�u�r� �i�s� �a�n� �o�f�f�s�e�t� �i�n� �t�h�e� �l�o�o�p�.� �A

�s�i�m�p�l�e� �c�a�u�s�e� �i�s� �t�h�e� �w�r�o�n�g� �s�e�t�t�i�n�g� �o�f� �t�h�e� �B�a�l�a�n�c�e� �c�o�n�t�r�o�l

�(�R�1�7�3�)�.� �A�n� �o�f�f�s�e�t� �e�x�i�s�t�s� �i�f� �t�h�e� �s�i�n�e� �w�a�v�e� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e

�f�r�e�q�u�e�n�c�y� �i�s� �n�o�t� �c�e�n�t�e�r�e�d� �a�b�o�u�t� �g�r�o�u�n�d� �a�t� �U�3�4�4�,� �p�i�n� �6�.

�T�h�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �P�A�L� �P�h�a�s�e� �c�o�n�t�r�o�l� �i�s� �c�o�v�e�r�e�d� �i�n� �t�h�e

�T�h�e�o�r�y� �o�f� �O�p�e�r�a�t�i�o�n�,� �S�e�c�t�i�o�n� �4�.

�V�Y� �|� �L�A�N� �|� �N�E
�N�L�a
�P�a�p�e�e�t�e�|
�H�E� �|� �a�v�u�n�e

�4� �m�s�/�D�I�V�T�v�/�D�I�V

�4�4�7�2�.�6�8

�F�i�g�.� �6�-�3�.� �U�n�l�o�c�k�e�d� �p�h�a�s�e�-�l�o�c�k�e�d� �l�o�o�p� �e�r�r�o�r� �v�o�l�t�a�g�e�.



�6�.� �D�e�m�o�d�u�l�a�t�o�r

�T�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t� �D�e�m�o�d�u�l�a�t�o�r� �p�r�o�b�l�e�m� �o�c�c�u�r�s� �w�h�e�n� �a�n

�o�u�t�p�u�t� �h�a�s� �f�i�m�i�t�e�d� �o�n� �a� �p�o�w�e�r� �s�u�p�p�l�y�.� �T�h�e� �p�o�s�i�t�i�o�n� �c�l�a�m�p

�f�u�n�c�t�i�o�n� �i�s� �a� �l�o�o�p� �a�r�o�u�n�d� �t�h�e� �C�h�r�o�m�a� �D�e�m�o�d�u�l�a�t�o�r�.� �T�h�e� �p�o�-

�s�i�t�i�o�n� �c�l�a�m�p� �c�a�n� �b�e� �b�y�p�a�s�s�e�d� �b�y� �p�l�a�c�i�n�g� �P�1�1�2� �o�r� �P�8�1�6� �i�n
�t�h�e� �2�-�3� �p�o�s�i�t�i�o�n�.� �(�i�t� �i�s� �n�o�r�m�a�l�l�y� �q�u�i�t�e� �e�a�s�y� �t�o� �f�i�n�d� �t�h�e� �t�r�o�u�b�l�e

�w�i�t�h�o�u�t� �m�o�v�i�n�g� �t�h�e� �j�u�m�p�e�r�.�)� �P�r�o�c�e�e�d� �t�h�r�o�u�g�h� �t�h�e� �l�o�o�p� �t�o

�l�o�o�k� �f�o�r� �a� �p�a�r�t� �t�h�a�t� �h�a�s� �n�o�t� �r�e�s�p�o�n�d�e�d� �c�o�r�r�e�c�t�l�y� �t�o� �i�t�s� �i�n�p�u�t�s�.

�T�h�e� �c�u�r�r�e�n�t� �t�e�v�e�l�s� �f�o�r� �t�h�e� �R ��Y� �D�e�m�o�d�u�l�a�t�o�r�s� �a�r�e� �a�n�a�-

�l�y�z�e�d� �a�s� �a�n� �e�x�a�m�p�l�e�.� �T�h�e� �c�u�r�r�e�n�t� �i�n�t�o� �U�3�2�5�,� �p�i�n� �5�,� �i�s� �m�i�r�-

�r�o�r�e�d� �t�o� �t�h�e� �o�u�t�p�u�t�s�,� �p�i�n�s� �6� �a�n�d� �9�.� �I�f� �n�o� �c�u�r�r�e�n�t� �i�s� �f�l�o�w�i�n�g

�i�n�t�o� �p�i�n� �6�,� �t�h�e� �v�o�l�t�a�g�e� �s�h�o�u�l�d� �b�e� �6�.�7�5� �V�.� �T�h�e� �o�u�t�p�u�t�,� �T�P�5�0�4�,
�s�h�o�u�l�d� �b�e� �a�t� �g�r�o�u�n�d� �d�u�r�i�n�g� �t�h�e� �s�a�m�p�l�e� �t�i�m�e�.� �T�h�e� �v�o�l�t�a�g�e� �a�t

�t�h�e� �e�m�i�t�t�e�r� �o�f� �Q�4�0�8� �s�h�o�u�l�d� �b�e� �4�.�4� �V�,� �t�h�e� �v�o�l�i�a�g�e� �a�t� �Q�3�0�9

�e�m�i�t�t�e�r� �s�h�o�u�l�d� �b�e� �3�.�8�5� �V�,� �a�n�d� �t�h�e� �v�o�l�t�a�g�e� �a�t� �U�3�2�5�,� �p�i�n� �6�,

�s�h�o�u�i�d� �b�e� �5�.�2�5� �V�.� �T�o� �l�o�w�e�r� �t�h�e� �U�3�2�5� �v�o�l�t�a�g�e� �1�.�5� �V�,� �c�u�r�r�e�n�t

�m�u�s�t� �b�e� �3� �m�A�.� �F�o�r� �3� �m�A� �t�o� �f�l�o�w� �i�n� �R�2�2�2�,� �t�h�e� �v�o�l�t�a�g�e� �a�t

�Q�2�1�5�'�s� �s�o�u�r�c�e� �s�h�o�u�l�d� �b�e� �4�.�4� �V�.

�S�C�H� �L�O�G�I�C� �B�O�A�R�D� �(�A�Q�)

�T�h�e� �S�C�H� �L�o�g�i�c� �b�o�a�r�d� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �a�l�l� �1�7�5�0�-�S�e�r�i�e�s� �o�p�-

�e�r�a�t�i�o�n�s�.� �I�t� �m�u�s�t� �b�e� �i�n�s�t�a�l�l�e�d� �a�n�d� �o�p�e�r�a�t�i�n�g� �i�n� �o�r�d�e�r� �t�o� �o�p�e�r�-

�a�t�e� �t�h�e� �m�o�n�i�t�o�r�.� �T�h�i�s� �c�i�r�c�u�i�t� �b�o�a�r�d� �c�o�n�t�a�i�n�s� �b�o�t�h� �a�n�a�l�o�g� �a�n�d

�d�i�g�i�t�a�l� �c�i�r�c�u�i�t�s�.� �O�n�c�e� �t�h�e� �a�n�a�l�o�g� �c�i�r�c�u�i�t�r�y� �i�s� �f�o�u�n�d� �t�o� �b�e� �f�a�u�l�t

�f�r�e�e�,� �s�i�g�n�a�t�u�r�e� �a�n�a�l�y�s�i�s� �i�s� �t�h�e� �o�p�t�i�m�u�m� �m�e�t�h�o�d� �o�f� �i�s�o�l�a�t�i�n�g

�d�i�g�i�t�a�l� �c�i�r�c�u�i�t� �f�a�u�l�t�s�.

�F�i�r�s�t� �s�t�e�p� �i�n� �t�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �t�h�e� �S�C�H� �L�o�g�i�c� �c�i�r�c�u�i�t� �b�o�a�r�d

�i�s� �t�o� �m�a�k�e� �s�u�r�e� �t�h�a�t� �t�h�e� �a�n�a�l�o�g� �c�i�r�c�u�i�t�s� �a�r�e� �o�p�e�r�a�t�i�n�g�.� �T�h�e

�t�w�o� �i�d�e�n�t�i�c�a�l� �4�-�F�s�c�,� �c�r�y�s�t�a�l�-�c�o�n�t�r�o�l�l�e�d� �o�s�c�i�l�l�a�t�o�r�s� �(�U�5�9�2� �a�n�d

�U�8�4�3�)� �p�r�o�v�i�d�e� �E�C�L� �o�u�t�p�u�t�s� �t�h�a�t� �a�r�e� �c�o�n�v�e�r�t�e�d� �b�y� �U�4�9�3� �a�n�d
�U�7�4�4� �(�E�C�L�-�T�T�L� �C�o�n�v�e�r�t�e�r�s�)�.� �U�2�9�2� �a�n�d� �U�6�6�1� �a�r�e� �l�o�a�d�a�b�i�e

�u�p�/�d�o�w�n� �c�o�u�n�t�e�r�s� �t�h�a�t� �a�r�e� �n�o�r�m�a�l�l�y� �c�o�n�f�i�g�u�r�e�d� �t�o� �c�o�u�n�t� �t�o

�5�.� �F�i�n�a�l�l�y�,� �U�5�8�6� �a�n�d� �U�6�4�3� �a�r�e� �t�h�e� �I�n�t�r�a�l�i�n�e� �C�o�u�n�t�e�r�s� �a�n�d� �t�h�e

�M�S�B� �(�p�i�n� �8�)� �m�u�s�t� �t�o�g�g�l�e� �f�o�r� �t�h�e� �d�i�g�i�t�a�l� �c�i�r�c�u�i�t�r�y� �t�o� �f�u�n�c�t�i�o�n�.

�O�n�c�e� �a�l�l� �a�n�a�l�o�g� �c�i�r�c�u�i�t�s� �a�r�e� �o�p�e�r�a�t�i�o�n�a�l�,� �t�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�e

�c�i�r�c�u�i�t�s� �a�r�e� �b�e�s�t� �t�r�o�u�b�l�e�s�h�o�t� �u�s�i�n�g� �a� �s�i�g�n�a�t�u�r�e� �a�n�a�l�y�z�e�r�.

�S�i�g�n�a�t�u�r�e� �A�n�a�l�y�s�i�s

�B�e�c�a�u�s�e� �t�h�e�r�e� �a�r�e� �n�o� �i�n�t�e�r�n�a�l� �p�r�o�c�e�s�s�o�r�s� �a�n�d� �e�x�t�e�r�n�a�l

�s�t�i�m�u�l�a�t�i�o�n� �i�s� �n�o�t� �r�e�q�u�i�r�e�d� �t�h�e� �f�i�v�e� �i�n�d�i�v�i�d�u�a�l� �s�i�g�n�a�t�u�r�e� �s�e�t�-

�u�p�s� �a�r�e� �n�e�a�r�l�y� �i�d�e�n�t�i�c�a�l�.� �T�h�e� �c�o�r�r�e�c�t� �s�i�g�n�a�t�u�r�e�s� �a�r�e� �c�o�n�-

�t�a�i�n�e�d� �i�n� �T�a�b�l�e�s� �6�-�2� �a�n�d� �6�-�3�.� �i�n� �a�l�l� �c�a�s�e�s� �t�h�e� �s�i�g�n�a�t�u�r�e

�a�n�a�l�y�z�e�r� �i�s� �t�r�i�g�g�e�r�e�d� �o�n� �a� �r�i�s�i�n�g� �e�d�g�e� �a�n�d� �t�h�e� �s�t�a�r�t� �a�n�d� �s�t�o�p�,

�c�o�m�i�n�g� �f�r�o�m� �a� �c�o�m�m�o�n� �s�o�u�r�c�e�,� �i�s� �s�e�t�-�u�p� �f�o�r� �a� �f�a�l�l�i�n�g� �e�d�g�e�.

�I�n� �a�d�d�i�t�i�o�n�,� �i�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e�r�e� �a�r�e� �n�o� �t�r�i�-�s�t�a�t�e

�d�e�v�i�c�e�s� �o�n� �t�h�i�s� �b�o�a�r�d� �a�n�d� �n�o� �p�u�l�l�-�u�p� �r�e�s�i�s�t�o�r�s� �a�r�e� �r�e�q�u�i�r�e�d�.

�P�r�e�p�a�r�a�t�i�o�n� �f�o�r� �S�i�g�n�a�t�u�r�e� �A�n�a�l�y�s�i�s ��A�l�l� �i�n�p�u�t� �s�i�g�n�a�l�s� �t�o

�t�h�e� �1�7�5�0�-�S�e�r�i�e�s� �m�u�s�t� �b�e� �r�e�m�o�v�e�d�.� �T�h�e� �i�n�t�e�r�n�a�l� �l�i�n�e� �s�e�l�e�c�-

�t�i�o�n� �s�w�i�t�c�h� �(�5�-�s�e�g�m�e�n�t� �D�I�P� �s�w�i�t�c�h� �o�n� �t�h�e� �S�C�H� �L�o�g�i�c� �C�i�r�c�u�i�t

�M�a�i�n�t�e�n�a�n�c�e ��~�1�7�5�0�-�S�e�r�i�e�s

�b�o�a�r�d�)� �m�u�s�t� �h�a�v�e� �a�l�l� �s�e�g�m�e�n�t�s� �i�n� �t�h�e� �o�p�e�n� �p�o�s�i�t�i�o�n�.� �T�h�e

�1�7�5�0�-�S�e�r�i�e�s� �r�i�g�h�t� �s�i�d�e� �f�r�o�n�t� �p�a�n�e�i� �s�h�o�u�l�d� �b�e� �s�e�t� �u�p� �a�s� �f�o�l�-

�l�o�w�s�.

�W�F�M�,� �R�-�Y� �(�V� �A�X�I�S�)�,� �V�E�C�T�,

�S�C�H� �~�~� �X�X

�S�W�E�E�P�S� �a�n�o�n� �X�X

�M�A�G� �~�-�-� �O�f�f

�i�n�p�u�t� �A� �(�o�r� �B�)� �-�-� �A

�+�V�/� �P�A�L� �(�1�7�5�1�)� �~�~� �P�A�L� �(�o�u�t�)

�C�A�L� �~ ��-� �O�f�f

�E�X�T� �R�E�F� �- ��-� �O�f�f

�x�5� �a� �O�f�f

�D�C� �R�E�S�T� �O�f�f

�L�I�N�E� �S�E�L�E�C�T�O�R� �w�m� �O�f�f

�F�I�L�T�E�R�S� �w�o�m� �F�L�A�T

�F�I�E�L�D� �o�n� �1�,�3

�T�h�e� �f�o�l�l�o�w�i�n�g� �p�l�u�g� �j�u�m�p�e�r�s� �m�u�s�t� �b�e� �m�o�v�e�d� �t�o� �t�h�e� �T�E�S�T

�p�o�s�i�t�i�o�n�.� �(�A�l�s�o� �r�e�m�e�m�b�e�r� �t�h�a�t� �t�h�e�y� �m�u�s�t� �b�e� �r�e�t�u�r�n�e�d� �t�o� �t�h�e

�O�P�E�R�A�T�E� �p�o�s�i�t�i�o�n� �w�h�e�n� �s�i�g�n�a�t�u�r�e� �a�n�a�l�y�s�i�s� �i�s� �c�o�m�p�l�e�t�e�d�.

�T�h�e� �O�P�E�R�A�T�E� �p�o�s�i�t�i�o�n� �i�s� �d�e�n�o�t�e�d� �b�y� �a� �b�o�x� �s�h�a�p�e�d� �m�a�r�k�-

�i�n�g� �o�n� �t�h�e� �c�i�r�c�u�i�t� �b�o�a�r�d�.�)�:

�P�1�0�5

�P�1�2�5

�P�2�6�6

�P�3�0�2

�P�3�4�0

�P�3�4�4

�P�3�7�6

�P�3�8�6

�P�8�0�5

�T�h�e�r�e� �a�r�e� �a�l�s�o� �o�t�h�e�r� �j�u�m�p�e�r�s� �t�h�a�t� �w�i�l�l� �h�a�v�e� �t�o� �b�e� �m�o�v�e�d

�a�s� �p�a�r�t� �o�f� �a� �s�p�e�c�i�f�i�c� �s�e�t�u�p� �f�o�r� �c�h�e�c�k�i�n�g� �a� �s�p�e�c�i�f�i�c� �c�i�r�c�u�i�t�r�y

�n�o�d�e�.

�T�h�e� �f�i�v�e� �s�p�e�c�i�f�i�c� �t�e�s�t� �s�e�t�u�p�s� �a�r�e� �d�e�s�c�r�i�b�e�d� �h�e�r�e� �a�n�d� �t�h�e

�c�o�r�r�e�c�t� �s�i�g�n�a�t�u�r�e�s�,� �a�l�o�n�g� �w�i�t�h� �s�p�e�c�i�f�i�c� �c�o�n�d�i�t�i�o�n� �c�h�a�n�g�e�s�,

�a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�-�2� �a�n�d� �T�a�b�l�e� �6�-�3�.

�S�e�t�u�p� �1�:� �C�l�o�c�k� �l�e�a�d� �t�o� �J�3�9�7

�S�t�o�p� �a�n�d� �S�t�a�r�t� �l�e�a�d�s� �t�o� �T�P�3�8�0

�S�e�t�u�p� �2�:� �C�l�o�c�k� �l�e�a�d� �t�o� �J�5�5�3

�S�t�o�p� �a�n�d� �S�t�a�r�t� �l�e�a�d�s� �t�o� �T�P�3�0�6

�S�e�t�u�p� �3�:� �C�l�o�c�k� �l�e�a�d� �t�o� �J�5�5�3

�S�t�o�p� �a�n�d� �S�t�a�r�t� �l�e�a�d�s� �t�o� �T�P�7�3�5

�R�e�m�o�v�e� �P�l�u�g� �J�u�m�p�e�r� �P�2�0�5

�S�e�t�u�p� �4�:� �C�l�o�c�k� �l�e�a�d� �t�o� �J�5�5�3

�S�t�o�p� �a�n�d� �S�t�a�r�t� �l�e�a�d�s� �t�o� �T�P�6�0�9

�P�2�0�5�,� �P�7�1�0�,� �a�n�d� �P�8�0�5� �i�n� �T�E�S�T� �p�o�s�i�t�i�o�n

�1�7�5�0�-�S�e�r�i�e�s� �f�r�o�n�t�-�p�a�n�e�l� �L�I�N�E� �S�E�L�E�C�-

�T�O�R�,� �O�N

�6�-�9



�M�a�i�n�t�e�n�a�n�c�e ��-�1�7�5�0�-�S�e�r�i�e�s

�C�l�o�c�k� �l�e�a�d� �t�o� �J�5�5�3

�S�t�o�p� �a�n�d� �S�t�a�r�t� �t�e�a�d�s� �t�o� �T�P�7�3�5

�R�e�m�o�v�e� �P�l�u�g� �J�u�m�p�e�r� �P�2�0�5

�P�3�3�5� �i�n� �T�E�S�T� �p�o�s�i�t�i�o�n

�1�7�5�0�-�S�e�r�i�e�s� �f�r�o�n�t�-�p�a�n�e�l� �L�I�N�E� �S�E�L�E�C�-

�T�O�R�,� �O�N

�S�e�t�u�p� �5�:

�T�a�b�l�e� �6�-�2

�1�7�5�0� �(�N�T�S�C�)� �S�I�G�N�A�T�U�R�E� �T�A�B�L�E

�T�a�b�l�e� �6�-�3

�1�7�5�1� �(�P�A�L�)� �S�I�G�N�A�T�U�R�E� �T�A�B�L�E

�S�e�e� �C�h�a�n�g�e� �i�n�f�o�r�m�a�t�i�o�n� �a�t� �r�e�a�r� �o�f� �m�a�n�u�a�l�.

�S�e�e� �C�h�a�n�g�e� �i�n�f�o�r�m�a�t�i�o�n� �a�t� �r�e�a�r� �o�f� �m�a�n�u�a�l�.

�O�T�H�E�R� �F�U�N�C�T�I�O�N�S

�7�.� �B�l�a�n�k�i�n�g� �C�i�r�c�u�i�t�s

�B�l�a�n�k�i�n�g� �o�f� �t�h�e� �c�r�t� �c�a�n� �b�e� �f�r�o�m� �t�w�o� �s�o�u�r�c�e�s�,� �i�n�t�e�r�n�a�l� �o�r

�e�x�t�e�r�n�a�l�.� �T�h�e� �e�x�t�e�r�n�a�l� �b�l�a�n�k�i�n�g� �i�n�p�u�t� �i�s� �p�i�n� �6� �o�f� �t�h�e� �2�5�-�p�i�n

�R�E�M�O�T�E� �c�o�n�n�e�c�t�o�r�.� �A� �l�o�w� �i�n�p�u�t� �w�i�l�l� �b�l�a�n�k� �t�h�e� �p�i�c�t�u�r�e�.

�B�o�a�r�d� �A�3� �h�a�s� �n�o� �i�n�t�e�r�n�a�l� �c�o�n�n�e�c�t�i�o�n� �t�o� �t�h�e� �b�l�a�n�k�i�n�g� �l�i�n�e�.

�T�h�e� �H�o�r�i�z�o�n�t�a�l� �b�o�a�r�d� �(�A�4�)� �p�r�o�v�i�d�e�s� �s�w�e�e�p� �b�l�a�n�k�i�n�g� �i�n�-

�f�o�r�m�a�t�i�o�n� �t�o� �t�h�e� �L�o�g�i�c� �b�o�a�r�d� �a�s� �d�i�c�t�a�t�e�d� �b�y� �o�u�t�p�u�t�s� �f�r�o�m

�J�3�8�5�.� �T�h�e�s�e� �a�r�e� �s�h�o�w�n� �o�n� �s�c�h�e�m�a�t�i�c� �4� �a�t� �t�h�e� �r�i�g�h�t� �h�a�n�d

�s�i�d�e�.� �O�n�l�y� �o�n�e� �s�w�e�e�p� �w�i�l�l� �b�e� �r�u�n�n�i�n�g� �a�t� �a� �t�i�m�e�.� �O�f�f�-�s�c�r�e�e�n

�b�i�a�n�k�i�n�g� �i�s� �a�c�t�i�v�a�t�e�d� �i�f� �t�h�e� �M�a�g� �A�m�p�l�i�f�i�e�r� �o�u�t�p�u�t� �(�T�P�2�8�4�)� �h�a�s

�r�e�a�c�h�e�d� �g�r�o�u�n�d� �o�r� �+�1�2� �V�.� �V�e�c�t�o�r� �M�o�d�e� �s�e�l�e�c�t�i�o�n� �d�e�a�c�t�i�-

�v�a�t�e�s� �t�h�e�s�e� �t�w�o� �b�l�a�n�k�i�n�g� �i�n�p�u�t�s�.

�T�h�e� �D�e�m�o�d�u�l�a�t�o�r� �(�A�5�)� �d�o�e�s� �n�o�t� �b�l�a�n�k� �t�h�e� �d�i�s�p�l�a�y� �u�n�l�e�s�s

�t�h�e� �i�n�p�u�t� �s�i�g�n�a�l� �i�s� �q�u�i�t�e� �s�m�a�l�l�.� �T�h�e� �V�e�c�t�o�r� �C�l�a�m�p� �u�n�b�l�a�n�k�s

�t�h�e� �d�i�s�p�l�a�y� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2� �u�s� �d�u�r�i�n�g� �s�y�n�c� �t�i�m�e� �s�o� �t�h�a�t� �a

�c�e�n�t�e�r� �d�o�t� �w�i�l�l� �a�l�w�a�y�s� �b�e� �d�i�s�p�l�a�y�e�d�.� �T�h�e� �l�i�m�i�t�e�r� �c�i�r�c�u�i�t� �i�n� �t�h�e

�C�e�n�t�e�r� �D�o�t� �B�l�a�n�k�i�n�g� �o�n� �s�c�h�e�m�a�t�i�c� �5� �s�e�r�v�e�s� �a�s� �a�n� �a�u�t�o�m�a�t�i�c

�c�o�l�o�r� �k�i�l�l�e�r�.� �C�e�n�t�e�r� �d�o�t� �b�l�a�n�k�i�n�g� �i�s� �d�i�s�a�b�l�e�d� �w�h�e�n� �t�h�e� �i�n�s�t�r�u�-

�m�e�n�t� �i�s� �n�o�t� �i�n� �V�e�c�t�o�r� �M�o�d�e�.

�8�.� �Z�-�A�x�i�s�/�H�V� �P�r�o�b�l�e�m�s

�S�i�n�c�e� �t�h�e� �c�r�t� �i�s� �a� �v�o�l�t�a�g�e�-�c�o�n�t�r�o�l�l�e�d� �d�e�v�i�c�e�,� �t�h�e� �c�u�r�r�e�n�t�s

�a�r�e� �q�u�i�t�e� �s�m�a�l�l�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �m�a�i�n� �t�r�o�u�b�l�e�s�h�o�o�t�i�n�g� �m�e�t�h�o�d

�i�s� �v�o�l�t�a�g�e� �m�e�a�s�u�r�e�m�e�n�t�.� �T�h�e� �c�a�t�h�o�d�e� �v�o�l�t�a�g�e� �i�s�  ��3� �k�V� �s�o

�t�h�a�t� �t�h�e� �d�e�f�l�e�c�t�i�o�n� �p�l�a�t�e�s� �w�i�l�l� �b�e� �a�t� �v�o�l�t�a�g�e�s� �c�o�n�v�e�n�i�e�n�t� �f�o�r

�b�i�p�o�l�a�r� �t�r�a�n�s�i�s�t�o�r�s�.� �T�h�e� �A�n�o�d�e� �(�f�a�c�e�p�l�a�t�e�)� �v�o�l�t�a�g�e� �i�s

�+�1�2� �k�V�.� �T�h�e� �c�u�r�r�e�n�t� �i�n� �t�h�e� �t�u�b�e� �i�s� �c�o�n�t�r�o�t�l�e�d� �b�y� �t�h�e� �r�e�l�a�t�i�v�e

�v�o�l�t�a�g�e� �o�n� �t�h�r�e�e� �p�i�n�s� �(�c�a�t�h�o�d�e�,� �p�i�n� �2�;� �c�o�n�t�r�o�l� �g�r�i�d�,� �p�i�n� �3�;� �a�n�d

�s�c�r�e�e�n� �g�r�i�d�,� �p�i�n� �4�)�.� �I�f� �t�h�e� �c�o�n�t�r�o�t� �g�r�i�d� �v�o�l�t�a�g�e� �i�s� �a�t� �t�h�e� �s�a�m�e

�p�o�t�e�n�t�i�a�l� �a�s� �t�h�e� �c�a�t�h�o�d�e�,� �t�h�e� �c�r�t� �c�u�r�r�e�n�t� �i�s� �d�e�s�c�r�i�b�e�d� �b�y� �t�h�e

�6�-�1�0

�d�i�o�d�e� �c�u�r�v�e� �f�o�r� �t�h�e� �c�a�t�h�o�d�e� �a�n�d� �s�c�r�e�e�n� �g�r�i�d�.� �T�h�i�s� �c�u�r�r�e�n�t

�m�a�y� �b�e� �r�e�d�u�c�e�d� �t�o� �z�e�r�o� �b�y� �l�o�w�e�r�i�n�g� �t�h�e� �c�o�n�t�r�o�l� �g�r�i�d� �v�o�l�t�a�g�e

�b�e�l�o�w� �t�h�e� �c�a�t�h�o�d�e� �t�o� �t�h�e� �c�u�t�o�f�f� �v�o�i�t�a�g�e�.� �T�h�e� �c�u�t�o�f�f� �v�o�l�t�a�g�e

�f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �c�r�t� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �c�a�t�h�o�d�e� �t�o� �s�c�r�e�e�n� �g�r�i�d

�v�o�l�t�a�g�e� �a�n�d� �o�f� �t�h�e� �p�h�y�s�i�c�a�l� �s�p�a�c�i�n�g�s� �b�e�t�w�e�e�n� �t�h�e� �c�a�t�h�o�d�e

�a�n�d� �c�o�n�t�r�o�l� �g�r�i�d�.� �T�h�i�s� �v�o�l�t�a�g�e� �i�s� �d�i�f�f�e�r�e�n�t� �f�o�r� �e�a�c�h� �c�r�t� �a�n�d� �i�t

�m�u�s�t� �b�e� �s�e�t� �b�y� �t�h�e� �p�r�o�c�e�d�u�r�e� �i�n� �t�h�e� �A�d�j�u�s�t�m�e�n�t� �P�r�o�c�e�d�u�r�e�,

�S�e�c�t�i�o�n� �5�.� �T�h�i�s� �v�o�l�t�a�g�e� �i�s� �c�o�n�t�r�o�i�l�e�d� �b�y� �t�h�e� �Z�-�A�x�i�s� �i�n�p�u�t� �a�s� �i�s

�d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �T�h�e�o�r�y� �o�f� �O�p�e�r�a�t�i�o�n�,� �S�e�c�t�i�o�n� �4�.

�T�h�e� �v�o�l�t�a�g�e�s� �i�n� �t�h�e� �c�a�t�h�o�d�e� �s�e�c�t�i�o�n� �o�f� �t�h�e� �H�V� �S�u�p�p�l�y

�b�l�o�c�k� �a�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �u�s�u�a�l�l�y� �e�n�c�o�u�n�t�r�e�d� �i�n� �o�t�h�e�r� �c�i�r�-

�c�u�i�t�s�.� �i�f� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �m�a�k�e� �t�h�e�s�e� �m�e�a�s�u�r�e�m�e�n�t�s�,

�u�s�e� �v�o�l�t�a�g�e� �p�r�o�b�e�s� �w�i�t�h� �a�d�e�q�u�a�t�e� �r�a�t�i�n�g�s� �a�n�d� �u�s�e

�c�a�r�e� �n�o�t� �t�o� �c�a�u�s�e� �a�r�c�s� �b�e�t�w�e�e�n� �c�o�m�p�o�n�e�n�t�s� �o�r� �t�o

�y�o�u�r�s�e�l�f�.

�T�h�e� �Z�-�A�x�i�s� �h�a�s� �i�n�p�u�t�s� �f�r�o�m� �t�h�e� �I�n�t�e�n�s�i�t�y� �a�n�d� �B�l�a�n�k�i�n�g

�c�i�r�c�u�i�t�s�.� �T�h�e�y� �a�r�e� �c�o�m�b�i�n�e�d� �a�n�d� �a�m�p�l�i�f�i�e�d�.� �T�h�e� �c�o�m�p�o�s�i�t�e
�c�a�n� �b�e� �o�b�s�e�r�v�e�d� �a�t� �T�P�5�5�8� �o�n� �t�h�e� �I�n�t�e�r�f�a�c�e� �a�n�d� �H�V� �P�o�w�e�r

�S�u�p�p�l�y� �b�o�a�r�d� �a�t� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.� �A�c�c�e�s�s� �t�o

�t�h�i�s� �t�e�s�t� �p�o�i�n�t� �m�a�y� �b�e� �g�a�i�n�e�d� �b�y� �r�e�m�o�v�i�n�g� �t�h�e� �b�o�t�t�o�m� �c�o�v�e�r�.

�T�h�e� �w�a�v�e�f�o�r�m� �s�h�o�u�l�d� �b�e� �a� �r�e�c�t�a�n�g�u�l�a�r� �w�a�v�e�.� �T�h�e� �l�o�w� �e�x�-

�c�u�r�s�i�o�n� �i�s� �f�i�x�e�d�.� �T�h�e� �h�i�g�h� �e�x�c�u�r�s�i�o�n� �i�s� �s�e�t� �b�y� �t�h�e� �I�N�T�E�N�S�I�T�Y

�c�o�n�t�r�o�l�.� �T�h�i�s� �c�i�r�c�u�i�t� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �T�h�e�o�r�y� �o�f� �O�p�e�r�a�t�i�o�n�,

�S�e�c�t�i�o�n� �4�.

�9�.� �L�o�w� �V�o�l�t�a�g�e� �S�u�p�p�l�y

�T�h�e� �m�o�s�t� �i�m�m�e�d�i�a�t�e� �c�a�u�s�e� �o�f� �t�h�e� �L�o�w� �V�o�l�t�a�g�e� �S�u�p�p�l�y

�(�A�6�) ��-�s�h�o�w�n� �o�n� �d�i�a�g�r�a�m� �1�1�- ��-�n�o�t� �o�p�e�r�a�t�i�n�g� �i�s� �a�n� �o�p�e�n

�f�u�s�e�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �f�i�r�s�t� �t�h�i�n�g� �t�o� �c�h�e�c�k� �i�s� �t�h�e� �r�e�a�r�-�p�a�n�e�l

�m�o�u�n�t�e�d� �f�u�s�e� �a�n�d� �t�h�e� �a�d�j�a�c�e�n�t� �L�i�n�e� �V�o�l�t�a�g�e� �S�e�l�e�c�t�o�r

�s�w�i�t�c�h�.� �A�n�y� �i�n�t�e�r�n�a�l� �t�r�o�u�b�l�e�s�h�o�o�t�i�n�g�,� �u�t�i�l�i�z�i�n�g� �g�r�o�u�n�d�e�d

�p�r�o�b�e�s� �w�i�l�l� �r�e�q�u�i�r�e� �a�n� �i�s�o�l�a�t�i�o�n� �t�r�a�n�s�f�o�r�m�e�r�.

�I�f� �t�h�e� �f�u�s�e� �i�s� �g�o�o�d� �a�n�d� �t�h�e� �L�i�n�e� �V�o�l�t�a�g�e� �S�e�l�e�c�t�o�r� �s�w�i�t�c�h� �i�s

�i�n� �t�h�e� �c�o�r�r�e�c�t� �p�o�s�i�t�i�o�n�,� �c�h�e�c�k� �t�o� �s�e�e� �t�h�a�t� �n�e�o�n� �i�n�d�i�c�a�t�o�r�,

�D�S�7�7�0�,� �i�s� �b�l�i�n�k�i�n�g� �s�t�e�a�d�i�l�y�.� �I�f� �i�t� �i�s� �n�o�t�,� �c�h�e�c�k� �f�o�r� �3�0�0� �V

�a�c�r�o�s�s� �t�h�e� �o�u�t�p�u�t� �o�f� �C�R�2�7�8�.

�I�f� �t�h�e� �p�o�w�e�r� �s�u�p�p�l�y� �i�s� �a�t�t�e�m�p�t�i�n�g� �t�o� �s�t�a�r�t�,� �b�u�t� �s�h�u�t�s� �d�o�w�n

�r�i�g�h�t� �a�w�a�y�,� �c�h�e�c�k� �f�o�r� �o�v�e�r�c�u�r�r�e�n�t�.� �V�o�l�t�a�g�e� �a�t� �R�5�4�0� �s�h�o�u�l�d

�b�e� �l�e�s�s� �t�h�a�n� �1� �V�;� �i�f� �g�r�e�a�t�e�r� �t�h�a�n� �1� �V� �c�h�e�c�k� �f�o�r� �s�h�o�r�t� �i�n� �l�o�a�d�.

�T�h�e� �p�o�w�e�r� �s�u�p�p�l�y� �c�a�n� �b�e� �o�p�e�r�a�t�e�d� �w�i�t�h�o�u�t� �o�t�h�e�r� �c�i�r�c�u�i�t

�b�o�a�r�d�s�,� �b�y� �r�e�m�o�v�i�n�g� �f�r�o�m� �i�n�t�e�r�f�a�c�e� �a�n�d� �u�s�i�n�g� �a� �5�2�,
�5�-�w�a�t�t� �r�e�s�i�s�t�o�r� �a�c�r�o�s�s� �J�9�6�4�,� �p�i�n�s� �4� �a�n�d� �8� �(�o�r� �4� �a�n�d� �1�)�.� �P�o�s�s�i�-

�b�l�e� �p�r�o�b�l�e�m�s� �o�n� �t�h�e� �P�o�w�e�r� �S�u�p�p�l�y� �c�i�r�c�u�i�t� �b�o�a�r�d� �i�n�c�l�u�d�e
�s�h�o�r�t�e�d� �d�i�o�d�e�s� �i�n� �s�e�c�o�n�d�a�r�y�,� �o�r� �d�e�f�e�c�t�i�v�e� �s�e�c�o�n�d�a�r�y

�w�i�n�d�i�n�g�.


