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The following general safety information applies to all operators and service personnel. Specific warnings will be found

OPERATORS SAFETY INFORMATION

throughout the manual where they apply and should be followed in each instance.

WARNING statements identify conditions or practices which could result in personal injury or loss of life.

CAUTION statements identify conditions or practices which could result in damage to the equipment or other property.

The word DANGER on the equipment identifies areas of immediate hazard which could result in personal injury or loss

of life.

The following safety symbols may appear on the equipment:

A CAUTION—Refer to manual
/ DANGER—High voltage

@ Protective ground (earth) terminal

Other warning symbols where they apply.

AC POWER SOURCE AND CONNECTION

This instrument operates from a single-phase power source and has a three-wire power cord with a two-
pole, three-terminal grounding-type connector. The voltage to ground (earth) from either pole of the power
source must not exceed the maximum rated operating voltage, 250 vollts.

Before making connection to the power source, a qualified service person should verify that the instrument is
set to match the voltage of the power source and has a suitable two-pole, three-terminal grounding-type
connector.

GROUNDING THE INSTRUMENT

This instrument is safety class 1 equipment (IEC* designation). Safety class 1 equipment has a 3-wire power
cord with a 3-contact plug for connection to the power source and to protective ground. The plug protective-
ground contact connects (through the cord protective-grounding conductor) to the accessible metal parts of
the equipment. For electric-shock protection, insert this plug into a socket outlet that has a securely grounded
protective-ground contact.

For medical-dental applications (to assure grounding integrity) the hospital-grade input plug must be inserted
only into a mating hospital-grade receptacle with a grounding contact.

“To confirm that the socket-outlet ground contact is securely grounded, refer to qualified service personnel.”

*IEC: International Electrotechnical Commission
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MEDICAL-DENTAL APPLIATIONS

Do not use the amplifier INPUTs for direct patient connection. Signal currents at these connectors, as well as
leakage currents, may exceed values considered non-hazardous for direct patient connection.

Although this instrument is not to be used for direct patient connection, interconnecting this Monitor with
other equipment can result in application of excess current to the patient. It is extremely important that the
equipment be interconnected in accordance with NFPA 76B-T, Tentative Standard for the Safe Use of
Electricity in Patient Care Areas of Health Care Facilities, section 3038, "Signal Transmission Between
Appliances”. Also refer to NFPA 70-1978, National Electrical Code, paragraphs 517-120 through 517-122.

Do not operate this instrument in the presence of flammable gases or anesthetics. Explosion can result from
operation in such an environment.

USE THE PROPER FUSE

Refer fuse replacement to qualified service personnel only. To avoid electric shock and fire hazard, use only
the fuse specified in the parts list for your instrument and which is identical in the following respects.

A. Type—Slow blow, fast blow, etc.
B. Voltage rating—250 V, etc.
C. Current rating.

DO NOT REMOVE PROTECTIVE COVERS

High-voltage is present inside the instrument. To avoid electric shock, operating personnel must not remove
protective covers. Component replacement and internal adjustments must be made by qualified service
personnel only.

.LIMIT INPUT SIGNAL VOLTAGE

To avoid potential electric-shock hazard, do not apply input signals of greater than 25 volts (dc + peak ac).

EXERCISE CARE WITH INTENSITY LEVEL

Exercise care in establishing the correct display intensity; a high-amplitude Z-Axis input signal, combined
with an excessively high settling of the INTENSITY control, may damage the crt phosphor. Therefore, set the
INTENSITY control for just enough display intensity for good visibility.
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SERVICE SAFETY INFORMATION

FOR QUALIFIED SERVICE PERSONNEL ONLY

The following are safety precautions which appear on the servicing information sections of this manual. This Service
Safety Information is for qualified service personnel only and is in addition to the Operators Safety Information given

previously.

DO NOT SERVICE ALONE

Do not attempt internal service or adjustment of this instrument unless another person, capable of rendering
first aid and resuscitation, is present.

AC POWER SOURCE AND CONNECTION

This instrument operates from a single-phase power source and has a three-wire power cord with a two-
pole, three-terminal grounding-type connector. The voltage to ground (earth) from either pole of the power
source must not exceed the maximum rated operating voltage, 250 volts.

Before making connection to the power source, verify that the instrument is set to match the voltage of the
power source and has a suitable two-pole, three-terminal grounding-type connector.

EXERCISE CARE WHEN OPERATING INSTRUMENT
WITHOUT PROTECTIVE COVERS

Dangerous potentials exist at several points throughout this instrument. When the instrument is operated
without protective covers, do not touch exposed connections or components.

DISCONNECT INSTRUMENT POWER

To avoid electric shock, disconnect the Monitor from the power source before removing protective panels,
soldering. or replacing components.

CRT HANDLING

Use care when handling a crt. Breakage of the crt causes a high-velocity scattering of glass fragments
(implosion). Protective clothing and safety glasses should be worn. Avoid striking the crt on any object which
might cause it to crack or implode. When storing a crt, place it in a protective carton or set it face down in a
protected location on a smooth surface with a soft mat under the faceplate.

SILICONE GREASE HANDLING

Handle silicone grease with care. Avoid getting the silicone grease in your eyes. Wash hands thoroughly after

use.
APPLY PROPER LINE VOLTAGE

To prevent damage to the instrument, always check the line-voltage information recorded on the rear panel
before applying power to the instrument. Incorrect placement of the line-voltage selector plug may damage
the instrument. Verify correct placement of the line-voltage selector plug.

AVOID EXCESSIVE MOISTURE
Circuit boards and components must be dry before applying power to prevent damage from electrical arcing.

vi
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EXERCISE CARE WHEN CHECKING DIODES

When checking diodes, do not use an ohmmeter scale that has a high internal current, since high currents
may damage the diodes under test.

USE PROPER CLEANING AGENTS

Avoid the use of chemical cleaning agents which might damage the plastics used in this instrument. Use a
non-residue type of cleaner, preferably isopropyl alcohol, totally denatured ethyl alcohol, or TP35. Before
using any other type of cleaner, consult your Tektronix Service Center or representative.

@ vii
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25311

624 FEATURES

The 624 Monitor is a general purpose, high-brightness, X-Y display monitor providing a bright display of analog data on a
large screen area. This instrument is designed for display application as in ultrasonic detection systems, electron
microscope systems, volume and vibration analysis, and medical biophysical systems. The 624 Monitor may also be usedto
provide displays of alphanumeric and graphic information from computers and other data transmission system. (Monitor is
shown with Option 23.)

viii @
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GENERAL INFORMATION

INTRODUCTION

OPERATORS MANUAL

The Operators Manual contains information necessary to
effectively operate the 624 Monitor and is divided into
three sections: Section 1 provides a basic description of
the 624 with instrument specifications and accessories.
Section 2 contains operating information for the
instrument. Available options for the 624 Monitor are
listed in section 3 of the manual.

INSTRUCTION MANUAL

The Instruction Manual provides both operating and
servicing information for the 624 Monitor. The
Instruction Manual is divided into ten sections. Operating
information is covered in the first two sections; servicing
information for use by qualified service personnel is
contained in the remaining eight sections of the manual.
Schematic diagrams are located at the rear of the manual
and can be unfolded for reference while reading other
parts of the manual. The reference designators and
symbols used on the schematics are defined on the first
page of the Diagrams and Circuit Board lllustrations
section. Abbreviations used in the manuals, except those
in the parts lists and schematic diagrams, comply with
the American National Institute Y1.1-1972 publication.
The parts lists are computer printouts and use computer-
supplied abbreviations. Available options for the 624
Monitor are listed in section 7 of the Instruction Manual.

INSTRUMENT DESCRIPTION

The 624 Monitor is a compact, solid-state instrument
providing accurate displays of information from the X, Y,
and Z signal inputs.

High voltage is present inside the instrument.
To avoid electric shock, operating personnel
must not remove protective instrument
covers. Component replacement and internal
adjustments must be made by qualified
service personnel only.

Vertical and horizontal signals to be displayed on the crt
are supplied to the Deflection Amplifiers through the
appropriate X and Y INPUT connectors. The Deflection
Amplifiers process the input signals and provide push-
pull outputs to drive the deflection plates of the crt. Both
Deflection Amplifiers contain position and gain controls.

The Z-Axis Amplifier controls the display intensity by
providing a voltage to drive the crt control grid. Input
signals are applied to the Z INPUT connector.

The High-Voltage and Low-Voltage Power Supplies
provide all the voltages necessary for operation of this
instrument.

1-1
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SPECIFICATION

The electrical specifications listed in Table 1-1 apply when the following conditions are met: (1) The instrument must
have been adjusted at an ambient temperature between +15° and +25° C (+69° and +77° F), (2) the instrument must be
operating in an ambient temperature between 0° and +50° C (+32° and +122° F) and (3) the instrument must have been
operating for at least 20 minutes.

TABLE 1-1
Electrical Characteristics

Characteristic Performance Requirement

VERTICAL AND HORIZONTAL AMPLIFIERS

Deflection Factor

Vertical (Y) Adjustable from 0.5 V or less to at least 2.5 V full scale.
Nominally set for 1 V, within 2%, for 8 divisions of l
deflection.
Option 22 An internal 5:1 attenuator extends the deflection factor
range to at least 12.5 V full scale. l
Horizontal (X) Adjustable from 0.5 V or less to at least 2.5 V full scale.
Nominally set for 1 V, within 2%, for 8 divisions of
deflection.
Option 22 An internal 5:1 attenuator extends the deflection factor '
range to at least 12.5 V full scale.
Attenuators {Option 22} Deflection factor reduced five times within 3%, with
5:1 attenuation.
Polarity
+ INPUTs Positive signal applied to + input deflects beam up or to '
the right; negative signal deflects beam down or to the left.
- INPUTs (Option 21) Positive signal applied to - input deflects beam down or to
the left; negative signal deflects beam up or to the right. '
Settling Time Spot must reach new writing position with 0.05 cm within
0.5 us from any on-screen position.
Bandwidth (With 80% Full-Screen Reference Signal) DC to at least 3 MHz at -3 dB point. '
Rise Time 116 ns or less.
Common-Mode Rejection (Option 21}
DC to 100 kHz .
1X Attenuation At least 100:1 for signals of 5 V or less.
5X Attenuation (Option 22) At least 50:1 for signals of 25 V or less. .
100 kHz to 1 MHz
1X Attenuation At least 50:1 for signais of 5 V or less. '
5X Attenuation (Option 22) At least 20:1 for signals of +25 V or less.
Phase Difference (DC to 1.0 MHz) 1° or less between X and Y amplifiers. X and Y amplifier
gain must be set for the same deflection factor (V/div). l
Position Stability 0.5 mm, or less, of drift per hour after 20-minute warm-up.
Gain Stability 1% or less of drift after 20-minute warm-up. . l
1-2 @ '
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TABLE 1-1 (CONT.)
Electrical Characteristics

Characteristic Performance Requirement

Displayed Noise (Tangetially Measured) 0.05 mm or less, with all inputs terminated in 1 kQ or less.
Input RC (ALL INPUTSs) 1 MQ, within 1%, paralleled by 60 pF or less.

Option 26 (ALL INPUTSs) 50 2, within 1%, paralleled by 60 pF or less.
Maximum Nondestructive Input Voltage +100 V or -100 V (dc + peak ac).
(Fault Condition Only)
Position Range Spot may be positioned anywhere on screen with no

signal input.

Dynamic Range At least 1.5 screen diameters from center screen.

Crosstalk Between X and Y Amplifiers

At 500 kHz 0.25 mm, or less, of deflection on the grounded channel
(X or Y) with a 1 V signal applied on the other channel
(Y or X).

At 3 MHz 0.38 mm, or less, of deflection on the grounded channel
(X or Y) with a 1 V signal applied on the other channel
(Y or X).

OPTION 4 SWEEP SYSTEM

Sweep Range 100 ms/div to 1 us/div, in decade steps.

Sweep Accuracy Over Center Eight Divisions Within 3% (VARIABLE fully clockwise).

Sweep Length Adjustable to at least 10.5 div.

Linearity of Any Two Division Portion Within Within 6%, except for first 5% of total sweep length.
Center Eight Divisions

VARIABLE (Uncalibrated) Provides continuously variable sweep rates between
calibrated settings. Decreases each sweep rate setting
by at least 10:1. Extends slowest sweep rate to at least
1 s/div.

Triggering Sensitivity (With Repetitive Signals) At least 0.5 div vertical deflection from dc to 2 MHz.

Z-AXIS AMPLIFIER

Useful Input Voltage Range (+Z INPUT) Adjustable. With Z Gain at maximum, no more than

+1 V will provide full intensity. With Z Gain at minimum,
at least +5 V is required to produce full intensity.

(-1 V input signal cuts off visible intensity.)

Useful Frequency Range DC to at least 5 MHz at -3 dB point.

Rise Time 70 ns or less.

Noise No visible intensity modulation with Z INPUT terminated
into 1 kQQ or less.

Common-Mode Rejection (Option 21)

DC to 100 kHz At least 100:1 with input signals to *5 V at any setting
of Z Gain.
100 kHz to 1 MHz At least 50:1 with input signals to 5 V at any setting
of Z Gain.
@ 1-3
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TABLE 1-1 (CONT.)
Electrical Characteristics

Characteristic

Performance Requirement

Input RC (Both INPUTS)

1 MQ, within 1%, paralleled by 60 pF or less.

Option 26 (Both INPUTSs)

50 Q, within 1%, paralleled by 60 pF or less.

Maximum Nondestructive Input Voltage
(Fault Condition Only)

+100 V or -100 V (dc + peak ac) with crt beam positioned
off the viewing area.

Crosstalk Between Z-Axis Amplifier and
X or Y Amplifier

DC to 500 kHz

0.25 mm or less, with X and Y INPUTs grounded and a
1 V signal applied to the Z-Axis Amplifier. (Z Gain
set for maximum.)

500 kHz to 5 MHz

0.38 mm or less, with X and Y INPUTs grounded and
a 1V signal applied to the Z-Axis Amplifier. (Z Gain
set at minimum.)

TTL input Voltage (Option 25)
HI

+2.4V to+5 V dc.

LO

OVto+08V dc.

Unblanking (Option 25)

Input voltage level to produce unblanking is internally
selectable. With selector in NEG position, a LO input
produces unblanking; with selector in POS position, a Hi
input produces unblanking.

CATHODE-RAY TUBE DISPLAY

Usable Screen Area

9.6 X 12 centimers.

Quality Area

9 X 11 centimeters.

Option 1 Graticule

Internal, unlighted, 8 X 10 divisions (1.22 cm/div).

Geometry (Within Graticule Area)

Bowing or tilt is 0.1 division or less.

Orthogonality (Within Graticule Area)

90° within 0.7 °.

Accelerating Potential

Approximately 18 kV.

Deflection Electrostatic.
Phosphor P31 standard.
Option 40 P39.
Option 74 P4.
Option 76 P7.
Option 78 P11.

Brightness Light output is at least 240 cd/m? (40 fL) with a 0.33 mm,
or less, centered spot size. Measured with quality area
flooded by a 60 Hz refresh rate raster, 308 horizontal
lines.

Uniformity Light output in quality area does not vary more than
20% at moderate intensity 34 cd/m? (10 fL). Measured
with quality area flooded by a 60 Hz refresh raster, .
320 horizontal lines.

1-4 @
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TABLE 1-1 (CONT.)
Electrical Characteristics

. Characteristic Performance Requirement

Spot Size

#1 0.31 cm (12 mils) or less, anywhere inside the quality area.
Measured with shrinking raster method at 170 cd/m?
(30 fL) brightness and full-screen raster, 60 Hz refresh rate.

#2 0.028 cm (11 mils) or less, at 0.5 A of beam current.
Measured with shrinking raster method.

Resolution Spot size does not vary more than 20% over the quality
area, at a constant intensity.

POWER SOURCE

Line Voltage (ac, rms)

Low Range, P951

Low (100 V ac) 90 to 110 V ac.

Med (110 V ac) 99 to 121 V ac.

Hi (120 V ac) 108 to 132 V ac.
High Range, P952

Low (200 V ac) 180 to0 220 V ac.
l . Med (220 V ac) 198 to 242 V ac.

Hi (240 V ac) 216 to 250 V ac.
Line Frequency 48 to 440 Hz.

Maximum Power Consumption 61 Watts, 0.7 Ampere.
(120 V ac, 60 Hz)

Option 20 Input Power

+20 V DC Input +17.0 to +26.0 V dc, including any ripple excursions.

-20 V DC Input -17.0 to -26.0 V dc, including any ripple excursions.

Option 20 Maximum Operating Current
+20 V DC Input 2.2 Amperes.
-20 V DC Input 0.3 Ampere.

Option 20 Maximum Allowable Input Ripple 2 V ac, peak-to-peak.

Option 20 Shutdown-Voltage
+20 V DC Input +26 V to no greater than +29.5 V dc.
-20 V DC Input -26 V to no greater than -29.5 V dc.

Option 20 Maximum Nondestructive Input Voltage

+20 V DC Input +40 V dc.

-20 V DC Input -40 V dc.

REV, JUN 1981 1-5
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TABLE 1-2
Environmental Characteristics

Characteristic Information

NOTE

This instrument will meet the electrical characteristics given in the Performance
Requirement column of Table 1-1 over the following environmental limits.

Temperature
Operating 0° to +50°C (+32° to +122°F).
Nonoperating -40° to +70°C (-40° to +158°F).
Altitude
Operating To 4.6 km (15,000 ft).
Nonoperating To 15.2 km (50,000 ft).
Humidity To 95% at 40°C.
Transportation Qualified under National Safe Transit Committee Test
Procedure 1A, Category I\
TABLE 1-3
Physical Characteristics
Characteristic Information
Net Weight About 8.2 kg (18 pounds).
Overall Dimensions See Figure 1-1.
STANDARD ACCESSORIES
L =T OO R OO EUP TSP UUDPPPP Operators Manual
T B8 it e e e e e te e e e e e e e e eteaee s e e et e eteeaaeeebeee e teaaeaarsnsaaeabaaaeeeatbereeean Instruction Manual
L =T T S U USSP U RO PUUPRRRRPIN: Lined Crt Implosion Shield

(8 X 10 division graticule)

For more detailed information, refer to tabbed Accessories page in the 624 Instruction Manual.

1-6
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General Information—624

INSTRUMENT PACKAGING

If the instrument is to be shipped to a Tektronix Service
Center for service or repair, attach a tag showing the
following: Owner (with address) and the name of an
individual at your firm who can description of the service
required.

Save and re-use the package in which your 624 Monitor
was shipped to you. If the original packaging is unfit for
use or is not available, repackage the instrument as
follows:

1. Obtain a corrugated-cardboard carton with a 275
pound test strength, and having inside dimensions of no
less than six inches more than the instrument
dimensions; this allows for cushioning.

1-8

2. Surround the instrument with polyethylene sheeting to
protect the finish.

3. Cushion the instrument on all sides by tightly packing
dunnage or urethane foam between the carton and the
instrument, allowing three inches on all sides.

4. Seal the carton with shipping tape or with an
industrial stapler.
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Section 2—624

OPERATING INSTRUCTIONS

AMBIENT TEMPERATURE
CONSIDERATIONS

This instrument can be operated where the ambient air
temperature is between 0° and +50° C (+32° and +122°
F), and can be stored in ambient temperatures between -
40° and +70° C (-40° and +158° F). After being stored in
temperatures beyond the above operating limits, allow
the chassis temperature to return to within the operating
limits before applying power. Allowing the Monitor to
operate at an ambient temperature substantially higher
than that specified may result in poor reliability as well
as inaccurate performance.

When the 624 is mounted in a rack with other
equipment, it is important that the temperature
surrounding the Monitor does not exceed +50° C.
Additional clearance or forced ventilation methods (fan)
may be needed to maintain ambient temperatures below
+50°C. Reliabiity and performance of the 624 will be
affected if the ventilation holes in the protective panels
are obstructed, or if the 624 is operated at an ambient
temperature higher than +50° C Other environments and
mounting configurations may require additional cooling
measures.

CONTROLS AND CONNECTORS

Controls and connectors necessary for operation of the
624 Monitor are located on the front and rear panels of
the instrument. To make full use of the capabilities of this
instrument, the operator should be familiar with the
function and use of each external control and connector.
The front-panel controls are shown and described in
Figure 2-1. Brief descriptions of the rear-panel controls
and connectors are given in Figures 2-2 and 2-3.

DETAILED OPERATION
INFORMATION

SIGNAL CONNECTORS

BNC connectors are provided on the rear panel of the
instrument for application of input signals to the Vertical
(Y) and Horizontal (X) Amplifiers for display on the crt,
and to the Z-Axis Amplifier to control display intensity.
Amplifiers of the standard 624 Monitor are designed for
single-ended operation, while those of the 624 Option 21
Monitor are designed to provide differential operation.
The Option 21 Monitor is shipped from the factory
prepared for single-ended operation with a grounding cap
connected to the -INPUT (inverting input) of each axis.
For differential operation, remove the grounding cap and
apply the input signals to the BNC connectors of the
appropriate axis. An additional BNC connector is provided
on 624 Option 25 Monitors to allow application of TTL-
compatible input voltages to unblank the display.

INPUT ATTENUATION AND IMPEDANCE

The Vertical (Y) and Horizontal (X) Amplifier input circuits
of the 624 Option 22 Monitor include a selectable 1X or
5X attenuator, which is set for 1X attenuation when
shipped from the factory. The standard 624 Monitor is
designed for 1X operation. The Z-Axis Amplifiers can be
modified to provide a range of input impedance and
attenuation. The desired input attenuation should be set
by qualified service personnel only.

The input circuits of all amplifiers in the standard 624
Monitor present a high impedance to the applied input
signal. The Option 26 Monitors, however, have been
modified to present a 50-ohm input impedance to the
applied input signal.

INPUT SIGNAL REQUIREMENTS

The horizontal (X} and vertical (Y) deflection factors are
set at the factory to one volt for eight divisions of
deflection on each axis. Thus, as shipped, the input
signal required for each division of deflection is 0.125
volt.

The best transient response from the 624 Monitor is
achieved when the input signal amplitude to the vertical
or horizontal INPUT is no greater than that sufficient to
provide full-screen deflection.

To avoid electric shock hazard, do not apply
input signals of more than 25 volts (dc plus
peak ac) Should fault conditions occur
however, the instrument is protected for
application of input signals up to 100 volts (dc
plus peak ac).

With no signals applied to the Z INPUT, the intensity of
the display is controlled only by the front-panel
INTENSITY control. To control the display intensity with
an externally applied signal, set the INTENSITY control to
about midrange, and apply the input signal to the Z

INPUT connector.

Exercise care in establishing the correct
display intensity, a high-amplitude Z-Axis
input signal, combined with an excessively
high setting of the INTENSITY control, may
damage the crt phosphor.

2-1
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SEC/DIV (Option 4 Only)—Selects one of six calibrated sweep rates between 0.1 second/division and 1
microsecond/division in decade steps. (VARIABLE must be fully clockwise for the indicated sweep rate.)

VARIABLE (Option 4 Only)—Screwdriver adjustment, concentric with the SEC/DIV switch, which provides contiuously
variable sweep rates between the calibrated steps. Extends the sweep rate range to 1 second/division.

TRIG SLOPE/LEVEL (Option 4 Only)— Screwdriver adjustment to select the slope and level of the vertical signal from which
the sweep is triggered.

Vertical (t) Position—Positions the crt beam in the Y axis.
ASTIG—Screwdriver adjustment to be used in conjunction with the FOCUS control to provide a well-defined display.
Horizontal {«—) Position—Positions the crt beam in the X axis.

X GAIN—Provides an adjustable amplification factor for full-screen horizontal deflection of at least 0.5 volt to 2.5 volts. (X Gain
is an internal control for Option 27 instruments.)

INTENSITY—Controls brightness of the crt display and is the offset control for the Z-Axis.

Y GAIN—Provides an adjustable amplification factor for full-screen vertical deflection of at least 0.5 voltto 2.5 volts. (Y Gainis
an internal control for Option 27 instruments.)

FOCUS—Provides adjustment to obtain a well-defined display.
POWER (Indicator)—Illluminates when instrument is on.

ON/OFF—Controls power to the Monitor. Instrument is on when pushbutton is in.

2531-2

2-2

Figure 2-1. Front-panel controls and indicators.
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THIS INSTRUMENT, IN WHOLE OR IN PART.

Y ED BY OKE DR MORE US. Rg;‘:'ﬁgu X INPUT
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REQUEST BY TEI INC.. P.0. BOX 500, 624 ]

Rkl " MONITOR ON DRECT PATIENT |, ‘

CONNECTION ot

@©

+ 25V
ISEE MANUAL)

Y INPUT

+ =
MAX

INPUT
* 25V
{SEE MANUAL)

&

(SEE MANUAL)

CAUTION

FOR CONTINUED PROTECTION ELECTRIC SHOCK HAZARD
AGAINST FIRE HAZARD, DO NOT REMOVE THIS COVER
REPLACE ONLY WITH SAME OR CABINET COVERS. REFER

TYPE AND RATING OF FUSE SERVICING TO QUALIFIED
SERVICE PERSONNEL

TO CHANGE LINE VOLTAGE
REFER TO MANUAL

Z INPUT
y
WATTS({MAX) 61 MAX
AMPS(MAX) 0.7 INPUT
AT 60Hz LINE FUSE (SEE MANUAL)

120V: 0.8A SLOW BLOW
240V: 0.4A SLOW BLOW

|/' ~ \ooooooooooooo) @
PRIMARY TAPS SET FOR VOLTS 0909090000999

O @ ® &6 O

TRACE ROTATION—Adjustment to align the trace with the horizontal axis.

+X INPUT—BNC input connector to allow application of input signals. A positive signal applied deflects beam to the right; a
negative signal defiects beam to the left.

-X INPUT {Option 21 Only)—BNC input connector with grounding cap. A positive signal deflects beam to the left; a negative
sighal deflects beam to the right.

+Y INPUT—BNC input connector. A positive signal applied deflects beam up; a negative signal deflects beam down.

-Y INPUT (Option 21 Only)—BNC input connector with grounding cap. A positive signal applied deflects beam down; a
negative signal deflects beam up.

+Z INPUT—BNC input connector. A positive signa! applied provides a linear function to increase display brightness; a negative
signal decreases display brightness.

-Z INPUT (Option 21 Only}—BNC input connector with grounding cap. A positive signal applied provides a linear function to
decrease display brightness; a negative signal increases display brightness.

TTL Z INPUT (Option 25 Only)—BNC input connector to allow application of TTL-compatible voltages to unblank the crt
display.

Power Cord—Allows connection to the ac power source to operate the instrument. (Power cord is deleted on Option 20
instruments; see Figure 2531-4.)*

LINE FUSE—120V: 0.8 ASLOW.; 220 V: 0.6 A SLOW. (Line fuse is internal for Option 6 instruments and deleted for Option 20
instruments.)*

ALTERNATE INPUT CONNECTOR (Option 10 Only)—25-pin input connector to provide an alternate means of connecting
input signals to the +X, +Y, and +Z Amplifiers. If your instrument includes Option 25 (TTL Z INPUT), connections are also
made for applying TTL Blanking via the connector.

SJOICICIONOIOIOIOXCC,

*Refer qualified service personnel to the servicing information section of the 624 Instruction Manual for further information.
2531-3A

' Figure 2-2. Rear-panel controls and connectors.
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TIONS.  IFORMATION PROVIOED DN o
SEEon oreeou T CAUTION INPUTS NOT FOR
DIRECT PATIENT
CONNECTION
(SEE MANUAL}
CAUTION
FOR CONTINUVED PROTECTION ELECTRIC SHOCK HAZARD
AGAINST FIRE HAZARD, DO NOT REMOVE THIS COVER

REPLACE ONLY WITH SAME OR CABINET COVERS. REFER
TYPE AND RATING OF FUSE SERVICING TO QUALIFIED
SERVICE PERSONNEL
TO CHANGE LINE VOLTAGE
REFER TO MANUAL

+20V DC 20

v DC
(17 TO 26 V LIMITS) {17 TO 26 V LIMITS)
M.

3A MAX  0.5A MAX

MAX
INPUT

* 25V
(SEE MANUAL)

)

CONNECT THIS
44) C T TO
S}/ PROTECTIVE GROUND

Z INPUT

MAX
INPUT

t 25!
(SEE MANUAL)

OO

OO

Supply Common—To be connected to the supply common of the units supplying the power.

Protective Ground—To be connected to protective ground of the units supplying the power.

+20 V DC— Input voltage from +17 to +26 V dc, 3 A maximum, will provide proper regulation of the instrument.

-20 V DC—Input voltage from -17 to -26 V dc, 0.5 A maximum, will provide proper regulation of the instrument.

The Option 20 Power-Input Connector allows application of dc voltages and ground to operate the instrument. All pins must be
properly connected for instrument operation. Refer qualified service personnel to the servicing information sections of the 624
Instruction Manual for further information.

2531-4

2-4

Figure 2-3. Option 20 Rear-panel Power-Input connector.
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The input signal required for maximum display intensity,
through the +Z INPUT connector, is set at the factory for
+1 volt, or less. The input signal required to visually cut
off the display intensity is set at the factory for -1 volt, or
less. The best transient response of the Z-Axis Amplifier
is achieved when the input signal is the minimum
required to provide the desired intensity change.

An additional BNC connector is provided on the rear
panel of the 624 Option 25 Monitors for application of
TTiL-compatible input voltages to unblank the crt display.
(Crt unblanking = visual display.) The input voltage level
necessary to produce unblanking is internally selectable,
and should be set by qualified service personnel only.

With the internal Unblanking Level Selector in the NEG
position, a TTL LO level (O V to +0.8 V dc) applied to the
TTL Z INPUT connector will unblank the display and allow
the INTENSITY control and +Z INPUT {and -Z INPUT with
Option HI level (+2.4 V to +5 V dc), or no applied voltage,
will blank the disptay. With the Unblanking Level Selector
in the POS position, a HI level applied will unblank the
display.

OPTION 4 SWEEP INFORMATION

The SEC/DIV switch provides six calibrated sweep rates
from 0.1 second to 1 microsecond/division in decade
steps (VARIABLE control in the fully clockwise position).
The VARIABLE control provides uncalibrated,
continuously variable sweep rates between calibrated
settings of the SEC/DIV switch.

When making time measurements using the graticule,
the area between the second and tenth vertical lines
provides the most linear measurement. (See Fig. 2-4)
Therefore, the first and last divisions of the display
should not be used for making accurate time
measurements. Position the start of the display to be
measured to the second vertical line. Then set the
SEC/DIV switch so that the end of the display
measurement section falls between the second and the
tenth vertical line.

Operating Instructions—624

SECOND CENTER TENTH
VERTICAL VERTICAL VERTICAL
LINE LINE LINE
1 1
F
CENTER ;
HORIZONTAL ~
LINE ‘
}
; i
- |
2024-5

Figure 2-4. Definition of Measurement lines on the 624
graticule.

FUNCTIONAL CHECK

Functional Check procedures are located in the servicing
information sections of the 624 Instruction Manual for
use by qualified service personnel only. These
procedures have not been made available to the operator
because of internal controls and selectors which affect
the functions of certain operating controls.

High-voltage is present inside the instrument.
To avoid electric shock, operating personnel
must not remove protective instrument
covers. Internal adjustments and switch
position settings must be made by qualified
service personnel only.
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Section 3—624

INSTALLATION

OPERATING POWER
INFORMATION

This instrument (except for the Option 20 version) can be
operated from either a 120-volt or 220-volt nominal line-
voltage source, 48 to 440 hertz. In addition, three
regulating ranges are provided for each nominal line-

voltage source.

To prevent damage to the instrument, always
check the line-voltage information recorded
on the rear panel before applying power to
the instrument.

NOTE

Option 20 power requirements are given later
in this section.

POWER CORD INFORMATION

The 624 Monitor (excluding the Option 20
version) is intended to be operated from a
single-phase earth-referenced power source
having one current-carrying conductor (the
Neutral Conductor) near earth potential.
Operation from power sources where both
current-carrying conductors are live with
respect to earth (such as phase-to-phase on a
three-wire system) is not recommended,
since only the Line conductor has over-
current (fuse) protection within the
instrument.

This instrument has a three-wire power cord
with a polarized two-pole, three-terminal plug
for connection to the power source and
safety-earth. The safety-earth terminal of the
plug is directly connected to the instrument
frame. For electric-shock protection, insert
this plug only in a mating outlet with a safety-
earth contact.

Do not defeat the grounding connection. Any
interruption of the grounding connection can
create an electric-shock hazard. Before
making external connections to the 624,
always ground the instrument first by
connecting the power cord to a properly
mated power outlet.

TABLE 3-1
Power-Cord Conductor Identification
Conductor Color Alternate Color
Line Brown Black
Neutral Light Blue* White
Safety Earth Green/Yellow Green/Yellow

*Tinned copper conductor.

The power-cord plug required depends upon the ac input
voltage and the country in which the instrument is to be
used. Should you require a power-cord plug other than
that supplied with your instrument, refer to the standards
listed in Table 3-2.

TABLE 3-2

Location of Power-Cord Configuration Information

Nominal Line Voltage | Reference Standards

'ANSI C73.11
2NEMA 5-15P (Hospital Grade)

120 VAC

220 V AC ANSI C73.20

*AS C112

‘BS 1363

°CEE 7, sheets IV, VI and VI

NEMA 6-15-P

'ANSI—American National Standards Institute
2NEMA—National Electrical Manufacturer’s Association
3AS—Standards Association of Australia

‘BS—British Standards institute

SCEE— International Commission on Rules for the Approval of Electrical
Equipment

For medical-dental applications, use NEMA 5-15-P
(Hospital Grade) plug for 120-volt operation, or NEMA 6-
15-P plug for 220-volt operation.
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LINE FUSE
HOLDER ON
REAR PANEL

ALTERNATE

LINE FUSE

|

LINE-VOLTAGE

SELECTOR PLUG
: (120-VOLT NOMINAL,
LOW-RANGE
OPERATION SHOWN)

— -
= I =

FFDDDEJDDF

N/

ALTERNATE
LINE-VOLTAGE
SELECTOR PLUG
(220-VOLT PLUG SHOWN
IN STORED LOCATION)

Regulating Ranges
Line-Voltage Regulating Range and Fuse Data

Selector

Position 120 Volts (Nominal) 220 Volts (Nominal)
LO 90V acto 110V ac 180V ac to 220 V ac
MED 99 V acto 121 V ac 198 V acto 242 V ac
HI 108 Vacto 132 V ac 216 V ac to 250 V ac
Line
Fuse 0.8 A slow-blowing type 0.6 A slow-blowing type
Data

(2305-7) 2531-5

Figure 3-1. Location of line-voltage selector plugs, regulating-range pins, and line fuse.
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LINE-VOLTAGE AND REGULATING-RANGE
SELECTION

CAUTION

Damage to the instrument may result from
incorrect placement of the Iline-voltage
selector plug.

To select the correct nominal line voltage and regulating
range, proceed as follows:

NOTE

This information does not apply to the Option
20 Monitor.

1. Disconnect the instrument from the power source.

2. Insert the proper line-voltage setfector plug {the brown
plug for 120-volt operation or the red plug for 220-volt
operation} on the line-voltage selector pins (located on
the Low-Voltage Power Supply board) labeled for the
desired nominal line-voltage range. Refer to Figure 3-1
for location and additional information.

3. Remove the line fuse from the fuse holder and check
for the correct rating. Replace it with one having the
correct rating, if necessary. Refer to Figure 3-1 for fuse
information and location.

NOTE

An alternate line fuse, intended for the line-
voltage source for which the Monitor was not
set when shipped from the factory, is clipped
to the Low-Voltage Power Supply board (see
Fig. 3-1).

4. Change the nominal line-voltage information recorded
on the 624 rear panel. Use a non-abrasive eraser to
remove previous data, and mark on the new data with a
permanent marking pen.

5. Apply power to the Monitor.

Installation—624

Nominal +20 V 624 Rear Panel Nominal -20V
DC Power Supply X0 DC Power Supply
Supply  +Volts Y O -Volts  Supply
Common  Out ; \ z0 Out Common

i N
\
II N
/ \
! \
/ AN
°
Connect to
Protective
Ground
2531 .56

Figure 3-2. Proper application of power to the 624 Option 20
Monitor.

OPTION 20 POWER REQUIREMENTS

The Option 20 Monitor does not have a line fuse or a
power cord and will operate only with the correct dc
power applied to the rear-panel power-input connector.
Apply the following (See Fig. 3-2):

+20 Vde (pin 1), +17 to +26 V dc,
2.2 A maximum.*

Supply Common (pin 2)............. Connect to supply
common of unit(s)
supplying the power.

Protective Ground (pin 3)........ Connect to protective
ground of the unit(s)
supplying the power.

20V de (pin4)...iiiiii, -17 to -26 V dc,
0.3 A maximum.*

*When the Monitor is turned on, the inital current drain may exceed the
limits given above.

Fuse protection is provided on the +20 V DC and -20 V
DC inputs. See Figure 3-3 for location and rating of the
Option 20 input fuses.

3-3
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REAR PANEL
WITH CRT
COVER REMOVED

F1001
3A FAST-BLOWING 624 OPT 20
TYPE MONITOR
OPTION 20

POWER BOARD

F1003
1A FAST-BLOWING
TYPE

L]

O

2531-6

Figure 3-3. Location and rating of Option 20 input fuses.

Among the situations involving the above-mentioned
patient hazard is one in which two or more pieces of
interconnected equipment are grounded at locations
remote from one another. The standard mentioned in the
preceding warning describes both this hazard and the
appropriate corrective measures.

INSTALLATION
IN PATIENT-CARE FACILITIES

Do not use the amplifier INPUTS for direct-
patient connection. Signal currents at these
connectors, as well as leakage currents, may
exceed values considered non-hazardous for
direct-patient connection.

X AND Y INPUT
ATTENUATION SELECTION

To avoid electric shock, always turn the
instrument OFF béfore changing the settings

Although this Monitor is not to be connected of the X or Y Attenuators.

directly to a patient, interconnecting this
Monitor to other equipment can result in the
application of excessive current to a patient. It

is extremely important that the The Horizontal {X) and Vertical (Y) Amplifiers of the 624

interconnection is made in accordance with
NFPA 76B-T, Tentative Standard for the Safe
Use of Electricity in Patient Care Areas of
Health Care Facilities, section 3038, "Signal
Transmission Between Appliances”.

Option 22 instrument include selectable 1:1 or 5:1 step
attenuators in both the + and—sides of the input circuits.
These attenuators extend the deflection factor range of
the appropriate amplifier to at least 12.5 volts for full-
screen deflection. To maintain proper response of the
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amplifier, set both attenuators to the same position.
Refer to the Internal Control and Selector Locations
foldout page in Section 9, Diagrams and Circuit Board
Illustrations, for the position settings and locations of the
attenuator switches.

Z INPUT ATTENUATION

Exercise care in establishing the correct
display intensity; a high-amplitude Z-Axis
input signal, combined with an excessively
high setting of the INTENSITY control, may
damage the crt phosphor.

The Z-Axis Amplifier of the standard 624 Monitor is
shipped from the factory with 1X input attenuation and 1
megohm input impedance. Option 26 Monitors present
an input impedance of 50 Q; however, the attenuation
and input impedance can be modified to suit a specific
application. Holes in the Z-Axis Amplifier board, allow
components to be changed. Figure 3-4 illustrates the
method used to modify input attenuation and input
impedance of the +Z INPUT. Refer to the Internal Control
and Selector Locations foldout page in Section 9,
Diagrams and Circuit Board lllustrations, for location of
the Z-Axis attenuation components. Refer to your
Tektronix Field Office or representative for additional
information.

RACKMOUNTING INFORMATION

The 624 can be operated in a standard 19-inch
instrument rack with front and rear holes that conform to
universal hole spacing. Kits are available to convert eht
624 from the cabinet to a rackmounted configuration,
and vice versa. Complete instructions are included in the
kits. A brief description of each available conversion kit is
given here. Consult your Tektronix Field Office or
representative for additional information.

The standard 624 Monitor is shipped from the factory
without protective covers. To assure operator safety,
these Monitors should either be installed within
equipment cabinets, as provided in original equipment
manufacturer’s systems, or be provided with protective
covers (Option 23 or Option 28). When the Monitor is
installed in a system or rackmounted, be sure that the
ambient temperature does not exceed +50°C.

Reliability and performance of the 624 will be
affected if the ventilation holes in the
protective panels are obstructed, or if
operated at an ambient temperature higher
than +50°C. Forced ventilation methods may
be needed.

Installation—624

1X ATTENUATION
WITH 1 MQ INPUT
(STANDARD FROM

FACTORY)
R(IN) €516
J501 TO R518
R516
R514
1.0 M

PARTIAL Z-AXIS

AMPLIFIER @

FORMULAS FOR DETERMINING
INPUT IMPEDANCE AND
ATTENUATION (10X ATTENUATION
SHOWN)

R (IN) + R514 = INPUT IMPEDANCE

900k + 100 k = 1M INPUT IMPEDANCE

R({IN) + R514

R514 = ATTENUATION

100 k&2 + 900 kQ

= 10X ATTENUATION
100 kQ 10

EXAMPLE OF 10X
ATTENUATION (MODIFICATION
REQUIRED BY CUSTOMER})

NOTE

THE ELECTRICAL VALUES ARE GIVEN ONLY
TO ILLUSTRATE THE RATIO OF RESISTANCE
NEEDED FOR X10 ATTENUATION.

R{IN)
900 k&2 C516

J501

TO R518
R516

R514
100 k&2

/

VALUE OF COMPENSATION
CAPACITANCE VARIES WITH
ATTENUATION DESIRED AND
FREQUENCY RANGE.

PARTIAL Z-AXIS

AMPLIFIER @

(2025-32) 2531-60

Figure 3-4. Typical method for modifying Z-Axis input
impedance and attenuation.
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CABINET-TO-RACKMOUNT CONVERSION

TEKTRONIX PART 040-0600-00. Mounts two 624
Monitors side-by-side in a standard 19-inch wide rack.
The kit comes equipped with a slide-out assembly and
includes the securing hardware. Complete rackmounting
instructions are included in each kit.

TEKTRONIX PART 040-0601-00. Mounts one 624
Monitor in a standard 19-inch wide rack. The kit is
equipped with a slide-out assembly, securing hardware,
and a blank front panel to cover the second instrument
opening in the rack. Complete rackmounting instructions
are included in each kit.

TEKTRONIX PART 040-0624-00. Converts one TM
503 Power Module and one 624 Monitor to mount side-
by-side in a standard 19-inch wide instrument rack. The
kit includes slide-out assembly and securing hardware.
Complete rackmounting instructions are included with
each kit.

FUNCTIONAL CHECK

The following procedures are provided to aid in obtaining a display on the 624 Monitor and may be used as a check of
basic instrument operation or to verify proper operation for incoming inspection. Only instrument functions, and not
measurement quantities or specifications, are checked in these procedures. Therefore, a minimum amount of test

equipment is required.

BEFORE YOU BEGIN:

1. Determine which Options have been installed in your
instrument.

2. Determine which of the listed test equipment is
required to check your Monitor.

3. Refer to the Change Information at the rear of this
manual for any modifications which may affect the
Functional Check procedures.

TEST EQUIPMENT REQUIRED

The following test equipment was used as a basis to
write the Functional Check procedures. Other test
equipment, which meets these requirements, may be
substituted. When other equipment is substituted, the
control settings or setup may need to be altered. The test
equipment listed here is required to check functions of
the standard 624 Monitor as well as those of available
electrical Options.

3-6

RACKMOUNT-TO-CABINET CONVERSION

TEKTRONIX PART 040-0602-00. Converts one 624 ‘
Monitor from a rackmount configuration to a cabinet
configuration. Complete instructions are included in each
kit.

INSTRUMENT DIMENSIONS

A drawing showing the major dimensions of the 624 is
shown in Figure 1-1 (General Information section).
Further details and tolerances are shown on the Detailed
Dimensional Drawing foldout page in Section 9,
Diagrams and Circuit Board lllustrations.

1. Power Module

Description: Tektronix TM 500-series power
module with one or more plug-in compartments.

Type Used: TEKTRONIX TM 501 (used with the FG
503 Function Generator).

2. Function Generator

Description: Frequency range, one hertz to 50
kilohertz; output amplitude, one volt to five volts
(peak-to-peak) into open circuit; waveform output,
sine and square waves.

Type Used: TEKTRONIX FG 503 Function
Generator (used with TM 501 Power Module).

3. Cables (2 required)

Description: Length, 42 inches (1 required). 18
inches (1 required); connectors, BNC.

Tektronix Part 012-0057-01 (42 inch), Tektronix

Type Used: Type RG-58/U, 50-ohm coaxial, .
Part 012-0076-00 (18 inch).
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4. T Connector

Description: Connectors, BNC-to-BNC.

Type Used: BNC-t0o-BNC T connector, Tektronix

Part 103-0030-00.
5. 50-Ohm Termination'

Description:
BNC.

Impedance, 50 ohms;

Type Used: Tektronix Part 011-0049-00.

'50-0hm termination is not used when checking the Option 26 Monitor.

PRELIMINARY SET UP

1. Instal! the function generator in the power module and
turn on the power module.

2. Install the lined implosion shield (provided with your
instrument) over the crt display area.

3. Connect the 624 to a suitable power source.

4. Open the access door on the front panel and set the
controls as follows:

SEC/DIV (Option 4 0nly) ........ooviivnn.n. 1 ms
VARIABLE (Option 4 Only)...........
TRIG SLOPE/LEVEL

Option40nly) ..., As desired
Vertical Position .......................... Midrange
Horizontal Position........................ Midrange
ASTIG ... As set
XGAIN Midrange
YGAIN . Midrange
INTENSITY .................. Fully counterclockwise
FOCUS. ... i i As desired
ON/OFF ... ON (pushbutton in)

5. Set the applicable internal controls and selectors as
follows: (Refer to the Internal Controls and Selectors
Location foldout page in Section 9, Diagrams and Circuit
Board lllustrations.)

XY-YT (Option 4 O0nly)............. XY {Rear position)
Trig Mode (Option 4 Only) ................ Auto (rear)
+Y Atten (Option 22 O0nly) ........... 1X (up position)
-Y Atten (Option 22 0nly) ................... 1X (up)
+X Atten (Option 22 0nly) ................... 1X {(up)
Unblanking Level Selector

Option250nly) ..o POS
Y GAIN (Option 27 Only) .................. Midrange
X GAIN (Option 270nly) ... ... Midrange

connectors,

Installation—624

6. Allow at least one minute for the instrument to warm
up.

7. Proceed to the Functional Check procedures.

DISPLAY FUNCTIONS

1. Perform the Preliminary Set Up procedure.

2. As you slowly turn the INTENSITY control clockwise,
notice that at approximately midrange a spot will appear
on the crt. The brightness will increase as the control is

further rotated.

A high intensity level combined with a
stationary spot will damage the crt phosphor.
Therefore, set the INTENSITY control to the
minimum necessary for good visibility.

3. Adjust the FOCUS and ASTIG controls for a sharp,
well-defined spot.

4. Rotate the Vertical Position control and notice that the
spot can be positioned off the crt display area at the top
and bottom. Return the spot to center screen.

5. Rotate the Horizontal Position control and notice that
the spot can be positioned off the display area to the left
and right. Return the spot to center screen.

6. Connect a 2-volt (peak-to-peak), 50-kilohertz sine wave
from the function generator to the +X INPUT connector
via the b50-ohm termination and 42-inch cable. For
Option 26 Monitors: Do not use the 50-ohm termination
in this setup.

7. Position the trace to the center horizontal graticule line
with the Vertical Position control. Check that the rear-
panel TRACE ROTATION control will align the trace with
the center horizontal graticule line.

X AND Y DEFLECTION
FUNCTIONS

1. Perform the Preliminary Set Up procedure.

2. Connect a 1-volt (peak-to-peak), 50-kilohertz sine wave
from the function generator to the +X INPUT connector
via a 50-ohm termination and 42-inch cable. For Option
26 Monitors: Do not use the 50-ohm termination in this
setup.

3. Turn the X GAIN control fully clockwise and check for
at least 10 divisions of horizontal deflection.
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4. For Option 22 Monitors: Set the X GAIN control for
exactly 10 divisions of deflection. Set the +X Atten (S310)
to the 5X (down) position. Check for 2 divisions of
horizontal deflection, within 3%. Return the +X Atten to
1X.

5. For Option 21 Monitors: Remove the grounding cap
from the -X INPUT. Disconnect the signal from the +X
INPUT and apply it to the -X INPUT. Place the grounding
cap on the +X INPUT and, with the X GAIN control fully
clockwise, check for at least 10 divisions of horizontal
deflection.

6. For Option 21 & 22 Monitors: Set the X GAIN control
for exactly 10 divisions of deflection. Set the -X Atten
{S410) to the 5X (down) position. Check for 2 divisions of
horizontal deflection, within 3%. Return the -X Atten to
1X.

7. Disconnect the signal from the X INPUT and apply it to
the +Y INPUT. Turn the Y GAIN fully clockwise and check
for at least 8 divisions of vertical deflection.

8. For Option 22 Monitors: Set the Y GAIN control for
exactly 8 divisions of deflection. Set the +Y Atten {(S110)
to the 5X (down) position. Check for 1.6 divisions of
vertical deflection, within 3%. Return the +Y Atten to 1X.

9. For Option 21 Monitors: Remove the grounding cap
from the -Y INPUT. Disconnect the signal from the +Y
INPUT and apply it to the -Y INPUT. Place the grounding
cap on the +Y INPUT and, with the Y GAIN control fully
clockwise, check for at least 8 divisions of vertical
deflection.

10. For Option 21 & 22 Monitors: Set the Y GAIN control
for exactly 8 divisions of deflection. Set the -Y Atten
{S210) to the 5X (down) position. Check for 1.6 divisions
of vertical deflection within 3%. Return the -Y Atten to
1X.

11. Set the function generator for a 5-volt {peak-to-peak),
B50-kilohertz sine-wave output.

12. Turn the Y GAIN control fully counterclockwise and
check for less than 8 divisions of vertical deflection.

13. For Option 21 Monitors: Remove the grounding cap
from the +Y INPUT. Disconnect the signal from the -Y
INPUT and apply it to the +Y INPUT. Place the grounding
cap on the -Y INPUT and, with the Y GAIN control fully
counterclockwise, check for less than 8 divisions of
vertical deflection.

14. For Option 21 Monitors: Disconnect the signal from
the Y INPUT and apply it to the -X INPUT. Turn the X
GAIN control fully counterclockwise and check for less
than 10 divisions of horizontal deflection.

15. For Option 21 Monitors: Remove the grounding cap
from the +X INPUT. Disconnect the signal from the -X
INPUT and apply it to the +X INPUT. Place the grounding
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cap on the -X INPUT and, with the X GAIN control fully
counterclockwise, check for less than 10 divisions of
horizonta! deflection.

16. For Monitors Without Option 21: Disconnect the
signal from the Y INPUT and apply it to the X INPUT. Set
the X Gain control fully counterclockwise and check for
less than 10 divisions of horizontal deflection.

NOTE

The following steps of this procedure apply
only to 624 Monitors equipped with Option
22. For all other 624 Monitors, proceed to
check the Z-Axis Functions.

17. Set the Option 22 Attenuators (S110, S210, S310,
and S410) to the 5X (down) position.

18. Set the function generator for a 12.5-volt (peak-to-
peak), 50-kilohertz sine-wave output. Remove the 50-
ohm termination from the set up (does not apply to
Option 26 Monitors). With the X GAIN control fully
counterclockwise, check for less than 10 divisions of
horizontal deflection.

19. For Option 21 Monitors: Remove the grounding cap
from the -X INPUT. Disconnect the signal from the +X
INPUT and apply it to the -X INPUT. Place the grounding
cap on the +X INPUT and, with the X GAIN control fully
counterclockwise, check for less than 10 divisions of
horizontal deflection.

20. Disconnect the signal from the X INPUT and apply it
to the +Y INPUT. With the Y GAIN control fully
counterclockwise, check for less than 8 divisions of
vertical deflection.

21. For Option 21 Monitors: Remove the grounding cap
from the -Y INPUT. Disconnect the signal from the +Y
INPUT and apply it to the -Y INPUT. Place the grounding
cap on the +Y INPUT and, with the Y GAIN control fully
counterclockwise, check for less than 8 divisions of
vertical deflection.

22. Disconnect the function generator.

Z-AXIS FUNCTIONS

1. Perform the Preliminary Set Up procedure.

2. Set the X GAIN and Y GAIN controls to midrange.
Adjust the INTENSITY control for a barely-visible spot.

3. Connect a 2-volt (peak-to-peak}, 50-kilohertz sine wave
from the function generator to the +X INPUT and +Z
INPUT connectors via the 50-ohm termination, 42-inch
cable, BNC T connector, and the 18-inch cable. Option 26
Monitors: Do not use the 50-ohm termination in this
setup.
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4. Check that the right end of the crt display becomes
bright, and that the left end disappears.

5. For Option 21 Monitors: Remove the grounding cap
from the -Z INPUT. Disconnect the signal from the +Z
INPUT and apply it to the -Z INPUT. Place the grounding
cap on the +Z INPUT and check that the left end of the crt
display becomes bright, and that the right end
disappears.

6. Disconnect the function generator.

NOTE

The following steps of this procedure apply
only to 624 Monitors equipped with Option
25.

7. Set the INTENSITY and FOCUS controls for a
moderately bright, defocused spot.

8. Connect a +5-volt (with respect to ground), 1-hertz
square wave from the function generator to the TTL 2
INPUT via the 42-inch cable.

9. Check that the defocused spot periodically disappears.

10. Turn off the Monitor and move P550, Unblanking
Level Selector, to the NEG position.

11. Turn ON the Monitor and check that the defocused
spot periodically disappears.

12. Disconnect the function generator.

OPTION 4 SWEEP FUNCTIONS

1. Perform the Preliminary Set Up procedure.

2. Set the internal XY-YT switch (S434) to the YT
(forward) position. Adjust the INTENSITY control for a
visible trace.

3. Connect a 1-volt, 1-kilohertz squarewave signal from
the function generator to the Y INPUT connector via a 42-
inch BNC cable and 50-ohm termination. For Option 26
Monitors: Do not use the 50-ohm termination in this
setup.

4. Adjust the TRIG SLOPE/LEVEL control for a stable
display.
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5. Check the display for one complete cycle per division.
If necessary, adjust the front-panel SWP CAL screwdriver
adjustment for one complete cycle per division over the
center 8 graticule divisions.

6. Turn the VARIABLE control fully counterclockwise and
note that the displayed sweep rate changes to at least
the next slower SEC/DIV switch setting (i.e., 10
milliseconds/division...10 cycles/division).

7. Set the internal Trig Mode switch (S1140) to the Norm
position. Adjust the TRIG SLOPE/LEVEL control for a
stable display.

8. Disconnect the function generator and check for no
display.

OPTION 10 ALTERNATE INPUT
CONNECTOR WIRING

Wiring connections for the Alternate Input connector
(J900) are shown in Fig. 3-5. A mating male plug connector
is supplied as a standard accessory with instruments
equipped with Option 10.

All interconnection wiring should be done by a qualified
service technician.

RESERVED FOR RESERVED FOR

OTHER USES OTHER USES
+Z INPUT
GND
* GND (x)
(TTL} GND | GND
(z) (Y) +X INPUT
I [T ] I
13 12 11 10 9 8 7 6 5 3

2 1
oo

ONONONONONCNONONONONOXO)
25 24 23 22 21 20 19 18 17 16 15 14

I L] J l [

* TTL b
{X)
BLANKING GND
INPUT {y)
GND

(Z) +Y INPUT
RESERVED FOR RESERVED FOR
OTHER USES OTHER USES

* Wired only when Option 25(TTL Blanking) is installed.
2531-61

Figure 3-5. Alternate Input connector (J900) as seen from the
rear panel.

This completes the Functional Check for the 624 Monitor.
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THEORY OF OPERATION

This section of the manual describes the circuitry in the 624 Monitor. The description begins with a discussion of the
instrument using the block diagram on Figure 4-1, and then continues in detail, showing the relationships between the
stages in each major circuit. Schematics of all major circuits are given in Section 9, Diagrams and Circuit Board
Hllustrations. Stages are outlined on the schematics with wide shaded lines; the stage names are in shaded boxes. Refer
to these schematics throughout the following discussions for specific electrical values and relationships.

BLOCK DIAGRAM

The following discussion is provided to aid in The Z-Axis Amplifier controls the display intensity by

understanding the overall concept of the 624 before the
individual circuits are discussed in detail. A basic block
diagram is shown in Figure 4-1.

Vertical and horizontal signals to be displayed on the crt
are supplied to the Deflection Amplifiers through the
appropriate Y and X INPUT connectors.

The Deflection Amplifiers process the input signals and
provide push-pull outputs to drive the deflection plates of
the crt. Both Deflection Amplifiers contain position and
gain controls.

providing a voltage to drive the crt control grid. Input
signals are applied to the Z INPUT connector.

The Option 4 Sweep circuit produces a positive-going
sawtooth voltage, which is amplified by the Horizontal (X)
Amplifier to provide sweep deflection in the crt. The level
of the vertical signal from which triggering occurs is
determined by the TRIG SLOPE/LEVEL control. The
Sweep circuit also produces an unblanking gate signal
coincident with the sawtooth waveform. This gate signal
unblanks the crt to permit display presentation.

The High-Voltage and Low-Voltage Power Supplies
provide all the voltages necessary for operation of this
instrument.

DETAILED CIRCUIT OPERATION

Complete schematic diagrams are provided in Section 9,
Diagrams and Circuit Board lllustrations. The numbers
inside the diamond after a heading in the following
discussions refer to the schematic diagram for that
circuit. The schematic diagrams contain wide shaded
borders around the major stages of the circuits to
conveniently locate the components mentioned in the
following discussions. The name of each stage is given in
a shaded box on the diagram, and as sub-headings in the
discussion of that schematic diagram.

VERTICAL (Y) DEFLECTION
AMPLIFIER

The Vertical (Y) Deflection Amplifier processes the Y
input signals and provides final amplification to drive the
vertical deflection plates of the crt. A schematic diagram
of the Vertical (Y) Deflection Amplifier is shown on
Diagram 1. A detailed block diagram, showing each
major stage of the Vertical (Y) Deflection Amplifier, is
superimposed on the schematic with wide shaded lines
to conveniently locate the components mentioned here.
The stage names (given as sub-headings in the following
discussion) can be found in the shaded boxes on Diagram
1.

Y PREAMPLIFIER

Signals to be displayed are applied to the Y INPUT, BNC
connector J101. For instruments equipped with Option
21, differential signals can be applied to both J101 and
J201, -Y INPUT. Option 22 provides an internal switch for
each input, S110-S210, to allow either 1X or 5X
attenuation of the input signal before it is applied to the Y
Preamplifier. The 5X position of each attenuator is a
frequency-compensated voltage divider. These step
attenuators are set in the 1X position when shipped from
the factory. For optimum response of the amplifier, both
attenuators should be set in the same position.

Two identical, noninverting operational amplifiers,
Q120A-Q130 and Q120B-Q230, form the Y Preamplifier.
In the standard instrument with a single-ended input,
this stage operates as a paraphase amplifier; in Option
21 Monitors with differential inputs, it operates as a
differential amplifier. In either case, however, a push-pull
signal is produced at the collectors of Q130 and Q230.

A matched pair of field-effect transistors, Q120A and
Q1208B, provide high input impedance and temperature
stability. Excessively large negative-going signals are
diode-clamped at the FET gates to protect Q120A and
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UNBLANKING TO
SWEEP SIGNAL Z-AXIS
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HORIZONTAL (X IGNAL
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AMPLIFIER CRT
DIAG — )
-X INPUT g DIAG
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m
(OPTION 25)CO_’
LOW-VOLTAGE
POWER SUPPLY
POWER OPERATING VOLTAGES
SOURCE DIAG — ’ TO ALL CIRCUITS

2531-8

Figure 4-1. 624 Block Diagram.

Q120B. The Y GAIN control, R125, allows setting the crt
full-screen deflection from 0.5 volt, or less, to at least 2.5
volts. This control is set at the factory for 8 divisions of
deflection with a 1-voit input signal applied. Variable
capacitor C122 provides adjustment for high gain
phasing.

VERTICAL POSITIONING

Vertical positioning is provided by front-panel control
R147, through the current sources of Q140-Q240. The
push-pull signals from the Y Preamplifier are applied to
the Y Output Amplifier after being offset by this stage.
Variable capacitor C138 provides the dominate phasing
adjustment.

4-2

OPTION 4 TRIGGER PICKOFF

The trigger signal, including the vertical position voltage,
is taken from the collector of Q130 in the Y Preamplifier
for use by the Option 4 Sweep Circuit. Transistor Q134
provides offset voltage before the trigger signal is sent to
the Sweep (Option 4) circuit (Diagram 4).

Y OUTPUT AMPLIFIER

The Y Output Amplifier provides final amplification for
the vertical (Y) signals before thay are applied to the crt,
and consists of two identical and noninverting
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operational amplifiers connected in a differential
configuration. High-frequency compensation is provided
by C153.

+Y signals from the Y Preamplifier are amplified and
inverted by Q160; -Y signals are amplified and inverted
by Q260. Diodes CR163-CR164-CR263-CR264 prevent
overdriving the Y Output Amplifier by limiting the signals
at the collectors of Q160-Q260 to within about 2 volts of
each other. The signals are then applied to the cascode
amplifiers of Q176-Q174 and Q276-Q274. The cascode
amplifiers again invert the signals and provide the final
amplification before the signals are applied to the crt.
Feedback is provided through R178-C178 for the +Y
signal, and through R278-C278 for the -Y signal.

HORIZONTAL (X) DEFLECTION
AMPLIFIER

The Horizontal (X) Deflection Amplifier processes the X
input signal and provides final amplification to drive the
horizontal deflection plates of the crt. A schematic
diagram of the Horizontal (X) Deflection Amplifier is
shown on Diagram 2. A detailed block diagram, showing
each major stage of the Horizontal (X) Deflection
Amplifier, is superimposed on the schematic with wide
shaded lines to conveniently locate the components
mentioned here. The stage names (given as sub-
headings in the following discussion) can be found in the
shaded boxes on Diagram 2.

X PREAMPLIFIER

Signals to be displayed are applied to the X INPUT, BNC
connector J301. For instruments equipped with Option
21, differential signals can be applied to both J301 and
J401, -X INPUT. Option 22 provides an internal switch
for each input, $310-S410, to allow either 1X or 5X
attenuation of the input signal before it is applied to the X
Preamplifier. The 5X position of each attenuator is a
frequency-compensated voltage divider. These step
attenuators are set in the 1X position when shipped from
the factory. For optimum response of the amplifier, both
attenuators should be set in the same position.

Two identical, noninverting operational amplifiers,
Q320A-Q330 and Q320B-Q430, form the X Preamplifier.
In the standard instrument with a single-ended input,
this stage operates as a paraphase amplifier; in Option
21 Monitors with differential inputs, it operates as a
differential amplifier. In either case, however, a push-pull
signal is produced at the collectors of Q330 and Q430.

A matched pair of field-effect transistors, Q320A and
Q320B, provide high input impedance and temperature
stability. Excessively large negative-going signals are
diode-clamped at the FET gates to protect Q320A and
Q3208B. The X GAIN control, R325, aliows setting the crt
full-screen deflection from 0.5 volt, or less, to at least 2.5
volts. This control is set at the factory for 8 divisions of
deflection with a 1-volt input signal applied.

Theory of Operation—624

HORIZONTAL POSITIONING

Horizontal positioning is provided by front-panel control
R347. through the current sources of Q340-Q440. The
push-pull signal from the X Preamplifier, or the sawtooth
signal from the Sweep (Option 4) circuit, is applied to the
X Output Amplifier after being offset by this stage.
Internal switch S434 determines the operating mode of
the Option 4 Monitor.

X OUTPUT AMPLIFIER

The X Output Amplifier provides final amplification for
the horizontal (X) signals before they are applied to the
crt, and consists of two identical and noninverting
operational amplifiers connected in a differential
configuration. Highfrequency compensation is provided
by C353.

+X signals from the X Preamplifier are amplified and
inverted by Q360; -X signals are amplified and inverted
by Q460. Diodes CR363-CR364-CR463-CR464 prevent
overdriving the X Output Amplifer by limiting the signals
at the collectors of Q360-C460 to within about 2 volts of
each other. The signals are then applied to the cascode
amplifiers of Q376-Q374 and Q476-Q474. The cascode
amplifiers again invert the signals and provide the final
amplification before the signals are applied to the crt.
Feedback is provided through R378-C378 for the +X
signal, and through R478-C478 for the -X signal.

Z-AXIS AMPLIFIER 3>

The Z-Axis Amplifier circuit provides the drive signal to
control the crt intensity. A schematic diagram of the Z-
Axis Amplifier is shown on Diagram 3 at the rear of this
manual. A detailed block diagram showing each major
stage is superimposed on the schematic diagram with
wide shaded lines. The stage names (given as sub-
headings in the following discussion) can be found in the
shaded boxes on Diagram 3.

Z-AXIS PREAMPLIFIER

Single-ended input signals are applied to the Z INPUT,
BNC connector J501, in the standard instrument; for
Option 21 Monitors, differential signals can be applied to
both J501 and J601, -Z INPUT. Provisions have been
made on both input lines to permit installation of
attenuating resistors (see Z-Axis Input Attenuation
Selection in Section 3, Installation).

The Z Preamplifier employs a matched pair of FETs to
provide high input impedance and temperature stability.
Two identical operational amplifiers, Q520A-Q530-Q534
and Q520B-Q630-Q634, which operate as a paraphase
amplifier in the standard instrument (single-ended input)
or as a differential amplifier in Option 21 Monitors, form
the basic Z Preamplifier. Excessively large negative-going
input signals are clamped by diodes CR518 and CR618
before application to the gates of Q520A and Q520B. A
single-ended output is produced at the collector of Q534
which is in phase with signals applied to the Option 21 -Z
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INPUT, and opposite in phase with signals applied to the
+Z INPUT. Maximum crt intensity is obtained by applying
from 1 to 5 volts to the Z-axis INPUTS, as controlled by
the setting of the Z Gain adjustment R525.

UNBLANKING CIRCUIT
Option 25 Unblanking

Input signals applied to the Option 25 rear-panel TTL
input connector, J551, may be either a TTL LO level (O to
+H).8 wvolts) or a TTL HI level (+2.4 to +5 volts).
Determination of the TTL level necessary to provide
unblanking of the crt is made by the Unblanking Level
Selector, P550. With P550 in the POS position an applied
HI will unblank the display and an applied LO will blank
the display; with P550 in the NEG position a HI will blank
the display and a LO will unblank the display. With no
signal applied to the TTL input connector, an internal
pull-up circuit in US50A will set the input to a Hl level.

With a HI applied to pin 1 of US50A and P550 in the POS
position, UB50A produces a LO which is inverted by
U550B and applied to pin 9 of U550C. NAND gate U550C
produces a LO at pin 8 which turns off Q558 and turns
on Q545. Q545 of the Intensity and Limiter stage
provides a signal to the Z Output Amplifier resulting in an
unblanked display. With a HI applied to pin 1 of U550A
and P550 in the NEG position, inverter U550B is by-
passed, which places a LO at pin 9 of U550C. The HI at
pin 8 turns on Q558 and turns off Q545. With no signal
applied to the Z Output Amplifier, from Q545, the display
is blanked.

Option 4 Unblanking

The positive-going Unblanking Gate from the Sweep
{Option 4) circuit is applied to pin 10 of NOR gate U550C,
producing a LO level at pin 8. This LO turns Q558 off and
turns Q545 on resulting in an unblanked crt display.

INTENSITY AND LIMITER

Front-panel INTENSITY control R544 offsets the Z
Preamplifier output signal to vary the display intensity.
Diode CR541 and transistor Q545 prevent overdriving
the Z Output Amplifier by limiting the signa! at the
emitter of Q545 to within about 1 volt of ground.

Z OUTPUT AMPLIFIER

The Z Output Amplifier is an inverting operational
amplifier consisting of Q562-0590-Q570-Q580. The
feedback network consists of R591 and C591. Variable
capacitor C591, in conjunction with R560, provides a
means of adjusting the amplifiers high-frequency
response. The signals from Q545 are buffered by Q562
and coupled to the bases of QQ590-Q580-Q570.
Transistors Q580 and Q590 are connected as a collector-
coupled complementary amplifier to provide a fast, linear
output signal to the crt control grid. Transistor Q570
conducts only when large negative-going transient
signals are present at the emitter of Q562. The Z Output
signal is applied to the crt contro! grid, through the
Control Grid DC Restorer network shown on Diagram 5,
to control the crt beam intensity.
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SWEEP (OPTION 4)&>

The Option 4 Sweep circuit produces a positive-going
sawtooth voltage, which is amplified by the Horizontal (X)
Amplifier, to provide sweep deflection in the crt. The
Sweep circuit also produces an unblanking gate signal
coincident with the sawtooth waveform to unblank the
crt and permit display presentation. A schematic diagram
of the Sweep circuit is shown on Diagram 4. A detailed
block diagram showing each major stage of this circuit is
superimposed on the schematic diagram with wide
shaded lines. The stage names (given as sub-headings in
the following discussion) can be found in the shaded
boxes on Diagram 4.

TRIGGER AND SWEEP GENERATOR

The Trigger and Sweep Generator stage produces a
positive-going sawtooth voltage that is amplified by the
Horizontal (X) Ampilifier to provide sweep deflection in the
crt. Six sweep rates are provided: 0.1 second through 1
microsecond in decade steps. A negative-going gate is
produced at the same time the sawtooth is produced to
unblank the crt.

The Trigger and Sweep Generator is made up of
Tektronix-manufactured integrated circuit U1140 and the
associated discrete components. U1140 contains the
trigger generator, the sweep-gating circuit, and an
operational amplifier to form the basis of a Miller
integrator. Power is applied to pins 7 and 12 to establish
the operating levels within the device. An internal
reference zener diode provides 6.4 volts between pins 8
and 9 for operation of external controls; pin 8 provides a
potential which is two diode junctions above the negative
voltage at pin 12.

The timing components are selected by S1150, SEC/DIV,
which permits one of six nominal sweep rates to be
chosen. Front-panel VARIABLE, R1147, varies the timing
current for a continuously variable sweep rate.

Pins 10, 11, 13, and 14 are associated with the Trigger
Generator portion of U1140. The triggering signal from
the Vertical (Y) Amplifier is applied to a field-effect
transistor input at pin 13 through Q1110 and R1114.
Potentiometer R1130, TRIG SLOPE/LEVEL, at pin 14
controls the internal comparators that determine the
level and slope at which the internal Schmitt
multivibrator changes state, initiating the sweep trigger.
Capacitor C1143 at pin 11 determines the trigger-pulse
width.

With $1140 in the Norm position, -8.2 volts is applied to
pin 10 to hold the bright-baseline auto circuit inactive. In
this mode, when the triggering signal is lost, a sweep
cannot be produced. When S1140, Trig Mode, is set to
Auto, the -82 wvolts is disconnected to permit a
freerunning sweep, or bright baseline, to be produced.
Pin 10 moves positive as C1140 charges; this positive
potential replaces the incoming trigger signal. A new
sweep will be initiated immediately following the sweep
hold-off time. However, with S1140 in the Auto position,
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any incoming trigger signal will discharge C1140. If the
signal is occuring at a rate greater than about 20 Hz,
C1140 will be held below the auto-trigger level to permit
a triggered sweep to be produced.

Pins 1 through 6, and pin 16, are associated with the
Sweep Generator portion of U1140. Upon receipt of a
trigger from the Trigger Generator, the sweep gate turns
on. While the gate is on, CR1150 is turned off by a high
logic level at pin 2, allowing the current through external
R: components R1151 and R1148 to be switched to
timing capacitors C1156 and C1159. Pin 5 is the null
point of the internal operational amplifier. Thus, the
nearly constant timing current charges the capacitors
linearly, producing a linear, negative-going sawtooth
voltage at pin 4. When the sawtooth reaches a level
determined by R1134, Sweep Length, the sweep
terminates. At this point the sweep gate turns off,
turning on CR1150 and quickly discharging the timing
capacitors. A short-duration trigger lockout period (to
allow the sweep generator to reset and stabilize) is
provided by C1122 and C1120 at pin 3.

SAWTOOTH AMPLIFIER

Transistor Q1180 provides inverting amplification of the
sweep sawtooth from pin 4 of U1140 to an amplitude
suitable to meet the sensitivity requirements of the
Horizontal (X) Amplifier. A positive-going sawtooth is
produced at the collector of Q1180. Zener diode VR434
(in the Horizontal Deflection Amplifier) shifts the
sawtooth voltage about 10 volts positive. Swp Cal R1185
permits calibrating the sweep to the crt graticule.

UNBLANKING GATE OUTPUT AMPLIFIER

The negative-going gate produced during a sweep (at pin
16 of U1140) is level shifted and buffered by Q1160 and
Q1170. The positive-going gate produced at the collector
of Q1170 is applied to U550C in the Z-Axis Amplifier to
unblank the crt during the sweep.

HIGH-VOLTAGE POWER
SUPPLY &>

The High-Voltage Power Supply provides the voltage
levels and control circuits necessary for operation of the
cathode-ray tube (crt). A schematic diagram of the High-
Voltage Power Supply is shown on Diagram 5. A detailed
block diagram, showing each major stage of this circuit,
is superimposed on the schematic diagram with wide
shaded lines. The stage names (given as sub-headings in
the following discussion) can be found in the shaded
boxes on Diagram 5.

HIGH-VOLTAGE OSCILLATOR

A repetitive, sinusoidal signal is produced by a
regenerative feedback oscillator in the primary of T850
and induced into the secondary. Current drive for the
primary winding is furnished by Q816-Q810-Q814. The
conduction of the High-Voltage Oscillator transistors is
controlled by the output voltage of the Error Amplifier.

Theory of Operation—624

CATHODE SUPPLY

The Cathode Supply voltage, -3500 volts, is produced by
voltage doubler C852-CR852-CR853. It is then filtered by
C854, R856, and C858, before being applied to the crt
cathode (pin 2 of V950). The Cathode Supply is regulated
by the Error Amplifier.

ERROR AMPLIFIER

Regulation of the Cathode Supply voltage is
accomplished by applying a sample of the -3500 volts,
from voltage divider R920A-R9208B, to the positive input
{pin 3) of UB32. If the output level of the Cathode Supply
exceeds the normal -3500 volts (becomes more
negative), the voltage at pin 3 of U832 goes negative
from its quiescent zero-volt level. This results in a
reduced output voltage from U832. A lower potential
from the Error Amplifier reduces the conduction of the
High-Voltage Oscillator, resulting in a smaller peak-to-
peak amplitude of the signal in the secondary of T850
and returning the Cathode supply to -3500 volts.

CURRENT LIMITER

Transistor Q826 protects the High-Voltage Oscillator
transistors if excess current is demanded from the
secondary of T850, due to a short circuit or abnormal
load, by limiting the maximum current drawn by the
High-Voltage Oscillator.

CONTROL-GRID DC RESTORER

The Control-Grid DC Restorer couples the dc and low-
frequency components of the Z-Axis Amplifier output
signal to the crt control grid {(pin 3 of V950). This allows
the Z-Axis Amplifier to control the crt beam intensity. The
potential difference between the Z-Axis Amplifier output
level and the crt control grid (about -3600 volts} prohibits
direct coupling.

The Control-Grid DC Restorer is actually a cathode-
referenced bias supply for the crt control grid.
Quiescently, its output voltage is more negative than the
crt cathode by an amount determined by the Z-Axis
Amplifier output level and the setting of the Crt Bias
adjustment, R862. (The cutoff voltage at the crt control
grid is typically about 85 volts more negative than the crt
cathode level.)

NOTE

A simplified diagram of the Control-Grid DC
Restorer is shown in Figure 4-2. The voltages
given on this diagram are idealized levels and
will not necessarily be the same as those
found in the actual instrument.

The Control-Grid DC Restorer is divided into two sections
for ease of explanation. The first section can be
considered a modulator at low-voltage potentials, and the
remaining section as a demodulator at high-voltage
potentials (see Fig. 4-2).
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Figure 4-2. Simplified diagram of Control-Grid DC Restorer.

Modulator

When the secondary winding output of T850 (pin 10)
swings positive, C872 charges through R860 and C860
to a voltage level determined by the setting of the Crt
Bias adjustment, R862. At this voltage level
(approximately 85 volts), diode CR872 conducts,
preventing any additional increase in the positive voltage
across C872. When the secondary-winding output

4-6

swings negative, diode CR872 turns off. Then CR860
conducts and clamps the negative excursion at C872 to
the voltage level of the Z-Axis Amplifier output. The
result is a square-wave output from the Modulator; the
output amplitude is determined by the difference
between the Z-Axis Amplifier output level and the Crt
Bias adjustment setting. (See waveform 2 on Fig. 4-2)
This square wave is coupled through C872 to the
Demodulator.
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Demodulator

The Demodulator rectifies the signal from the Modulator
and references it to the crt Cathode Supply level. The
positive swing of waveform 3, Figure 4-2, is limited by
CR874 to the level of the Cathode Supply; the negative
excursion is coupled through CR876 to C879.
Quiescently, C879 will charge to about -3500 voits
through R876. After repetitive cycles from C872, C879
will charge to the negative leve! of waveform 3. Capacitor
C879 filters the output of the demodulator, and also
provides a path for the high-frequency portions of the Z-
Axis Amplifier output signal to be coupled to the crt
control grid.

The remainder of the components not shown on the
simplified diagram in Figure 4-2 provide circuit protection
in the event of a high-voltage arc or other malfunction.

+100-VOLT REGULATED SUPPLY

The ac voitage from pin 2 of T850 is half-wave rectified
by CR888 to provide unregulated power for the +100-Volt
Regulated Supply. Filtering is provided by C889, L889,
and C890.

The regulator for this supply is a feedback amplifier
system. Current to the load is delivered by series-pass
transistor Q897, which is located in the output side of
the supply. The supply volitage is established by the drop
across R800-R910. The feedback through this network is
compared to the reference level (ground) established at
pin 2 of U905. Any variation in output voltage of the
supply (due to ripple, change of current through the load,
etc.), is immediately transmitted through error amplifier
U905 through the emitter of Q910, to the base of Q897.
This changes the conduction of Q897 and nullifies the
original output variation.

Transistor Q896 protects the +100-volt series regulator
(Q897) if excess current is demanded from the supply
(due to a short circuit or similar malfunction in the output
of the supply). This excess current turns on Q896. The
resulting current through Q896 reduces the conduction
of Q897 to limit the supply current to a safe level.

CRT INTERCONNECTS

The ASTIG screwdriver adjustment, R841, which is used
in conjunction with the front-panel FOCUS control (R844)
to provide a well-defined display, varies the positive level
on the astigmatism element of the crt. Geometry
adjustment R943 varies the positive level on the
geometry element to control the overall geometry of the
display. TRACE ROTATION adjustment R949 controls the
current through L980 to provide adjustment of the
display alignmment.

Theory of Operation—624

LOW-VOLTAGE
POWER SUPPLY &

The Low-Voltage Power Supply provides the operating
power for the Monitor. Electronic regulation is used to
provide stable, low-ripple output voltages. A schematic
diagram of the Low-Voltage Power Supply is shown on
Diagram 6 at the rear of this manual. A detailed block
diagram, showing each major stage of this circuit, is
superimposed on the schematic with wide shaded lines.
The stage names (given as sub-heading in the following
discussion) can be found in the shaded blocks on
Diagram 6.

POWER INPUT

Power is applied to the primary of transformer T950
through fuse F950, thermal cutout S960, ON/OFF switch
$950, and Line-Voltage Selector plug P951 or P952. The
Line-Voltage Selector plugs allow changing the primary
winding taps of T950 to meet different line-voltage and
regulating range requirements. Line fuse F950 should be
changed for each nominal line voltage {current rating of
fuse for 220-volt operation must be 0.4 A slow-blowing
type; for 120-volt operation the current rating of the fuse
must be 0.8 A slow-blowing type).

Thermal cutout S960 provides thermal protection for this
instrument. If the internal temperature of the instrument
exceeds a safe operating level, S960 opens to interrupt
the applied power. When the temperature returns to a
safe level, S960 automatically closes to reapply the
power.

RECTIFIER AND FILTER

A full-wave bridge circuit, composed of CR951-CR952-
CR953-CR954 rectifies the ac voltage from the secondary
of T950. Filtering is provided by C951 and C952.

+18-VOLT UNREGULATED SUPPLY

The +18-Volt Unregulated Supply provides unregulated
power for the high-voltage transformer (T850) on
Diagram 5. Fuse F951 provides circuit protection in the
event of an overload.

+15-VOLT REGULATED SUPPLY

The +15-Volt Regulated Supply, in addition to providing
power to circuitry throughout the instrument, provides a
reference-voltage source to establish the operating level
for the feedback regulator of the -15-volt Regulated
Supply. The regulator for the +15-Volt Regulated Supply
is a feedback amplifier system that operates between
ground and the +18-Volt Unregulated Supply. Current to
the load is delivered by series-pass transistor Q955,
which is located in the output side of the supply. The
supply voltage is established by the drop across resistive-
divider network R959-R958-R957. The feedback through
this network is compared to the reference level
established at the base of Q965 by the voltage drop
across VR968. Any variation in output voltage of the
supply (due to ripple, change of current through the load,
etc.), is immediately transmitted to the base of Q955 and
nullified by a change in Q955 conduction, maintaining a
steady output.

4-7
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The output of the supply is set to exactly +15 volts by
adjustment of R958, the +15-V Adjust.

Transistor Q970 protects the +15-volt series regulator
(Q955) if excess current is demanded from this supply.
Essentially, all current from this supply flows through
R954. When excess current is demanded from the +15-
volt series regulator, due to a short circuit or similar
malfunction at the output of this supply, the voltage drop
across R954 increases enough to turn on Q970. The
resulting current through Q970 reduces the conduction
of Q955 to limit the supply current to a safe level. Fuse
F953 provides circuit protection in the event of an
overload or regulator malfunction.

-15-VOLT REGULATED SUPPLY

The regulator for the -15-Volt Regulated Supply consists
of series-pass transistor Q976 and error amplifier Q987-
Q944-Q981. This is a feedback amplifier system similar
to that just described for the +15-Volt Regulated Supply.

The center of resistive-divider network R978-R979 is set
by the error amplifier to be zero volts, with respect to
ground, during normal operation. Any variation in output
from the -15-Volt Regulated Supply is coupled to the
error amplifier, which changes the bias of the -15-volt
series regulator (Q976). This change in bias, and
resulting change in conduction of the regulator, nullifies
the output variation to maintain a steady level from the
supply.

Diode CR993 protects the -15-volt series regulator
(Q976) if excess current is demanded from this supply.
Essentially, all current from this supply flows through
R975. When excess current is demanded from the -15-
volt series regulator, due to a short circuit or similar
malfunction at the output of this supply, the voltage drop
across R975 increases enough to forward bias CR993.
This increases the conduction of Q994, which then
reduces the conduction of Q976 to limit the supply
current to a safe level. Fuse F955 provides circuit
protection in the event of an overload or regulator
malfunction.

DC POWER SUPPLY
OPTION 20

The DC Power Supply of the 624 Option 20 Monitor
replaces the Power Input stage shown .,on the Low-
Voltage Power Supply, Diagram 6. A schematic diagram
of the DC Power Supply is shown on Diagram 7 at the
rear of this manual. A detailed block diagram, showing
each major stage of this circuit, is superimposed on the
schematic with wide shaded lines. The stage names
(given as sub-headings in the following discussion) can
be found in the shaded blocks on Diagram 7.
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DC POWER INPUT

The DC Power Input circuit replaces the Power Input
stage which is shown on the Low-Voltage Power Supply
schematic. The rear-panel Input-Power Connector
(P1000) allows application of +20 V dc, -20 V dc, supply
common, and protective ground for operation of the 624
Option 20 instrument. Circuit protection is provided by
fuses F1001 and F1003.

Thermal cutout S960 provides thermal protection for the
instrument. If the internal temperature exceeds a safe
operating level, S960 opens to interrupt the applied
power. When the temperature returns to a safe level,
S960 automatically closes to reapply the power through
ON/OFF switch $950.

SHUTDOWN PROTECTION (SN B010863 and up)

The Shut Down Protection stage is provided to protect the
instrument if excessive voltage is applied to pins 1 or 4 of
the Power-Input Connector. With the proper voltages (17 to
26 V dc) applied to P1000, components Q1075-Q1076-
Q1025-Q1021-VR1020-VR1057 are conducting and
Q1056-Q1017-Q1015-VR1055-VR1015 are not conducting.
If pin 4 of the Power-Input Connector crosses the shut
down threshold (between -26 V and -29.5 V dc), zener
diode VR1055 will conduct. This turns Q1056 on and
Q1076-Q1075 off, resulting in instrument shut down. If pin
1 of P1000 crosses the shut down threshold (between 26
V and 29.5 V dc), zener diode VR1015 will conduct. This
turns on Q1017-Q1015, and turns off Q1021-Q1025-
VR1020. This also results in instrument shut down.

SHUTDOWN PROTECTION (SN B010100 through
B010862)

The Shutdown Protection stage is provided to protect the
instrument if excessive voltage is applied to pins 1 or 4 of
the Power-Input Connector. With the proper voltages (17
to 26 V dc) applied to P1000, components Q1075-
Q1025-Q1021-VR1020 are conducting and Q1056-
Q1015-VR1055-VR1015 are not conducting. If pin 4 of
the Power-Input Connector crosses the shutdown
threshold (between -26 V and -29.5 V dc), zener diode
VR1055 will conduct. This turns Q1056 on and Q1075
off, resulting in instrument shutdown. If pin 1 of P1000
crosses the shutdown threshold (between +26 V and
+29.5 V dc), zener diode VR1015 will conduct. This turns
on Q1015, and turns off Q1021-Q1025-VR1020. This
also results in instrument shutdown.

CABLING

Diagram 8 at the rear of this manual shows the
interconnections between circuit board assemblies and
all electrical chassis-mounted components and
connectors. The Cabling diagram is intended as an aid to
troubleshooting and instrument repair.
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Section 5—624

MAINTENANCE

This section of the manual contains information for performing preventive maintenance, troubleshooting, and corrective

maintenance for the 624 Monitor.

PREVENTIVE MAINTENANCE

Preventive maintenance, when performed on a regular basis, can prevent instrument breakdown and may improve the
reliability of the instrument. The severity of the environment to which the instrument is subjected will determine the

frequency of maintenance. A convenient time to perform

the instrument.

CLEANING

The 624 Monitor should be cleaned as often as operating
conditions require. Accumulation of dirt in the
instrument can cause overheating and component
breakdown. Dust on components acts as an insulating
blanket which prevents efficient heat dissipation, and
also provides an electrical conduction path which may
result in instrument failure. Cabinet panels will provide
some protection against dust in the interior of the

instrument.
CAUTION

Avoid the use of chemical cleaning agents
which might damage the plastics used in this
instrument. Use a non-residue type of
cleaner, preferably isopropyl alcohol total
denatured ethyl alcohol or TP35. Before
using any other type of cleaner. consult your
Tektronix Service Center.

EXTERIOR

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

CRT

Clean the crt faceplate with a soft, lint-free cloth
dampened with denatured alcohol.

preventive maintenance is preceding electrical adjustment of

INTERIOR

Cleaning the interior of the instrument should only be
occasionally necessary. The best way to clean the interior
is 1o blow off the accumulated dust with dry, low-velocity
air (approximately 5 Ib/in%). Remove any dirt which
remains with a soft brush or a cloth dampened with a
mild detergent and water solution. A cotton-tipped
applicator is useful for cleaning in narrow spaces, or for
cleaning more delicate circuit components.

Circuit boards and components must be dry
before applying power to the instrument to
prevent damage from electrical arcing.

The high-voltage circuits should receive special attention.
Excessive dust in this area may cause high-voltage
arcing and result in improper instrument operation.

VISUAL INSPECTION

The 624 Monitor should be inspected occasionally for
such defects as broken connections, improperly seated
semiconductors, damaged or improperly installed circuit
boards, and heat-damaged parts. The corrective
procedure for most visible defects is obvious; however,
particular care must be taken if heat-damaged parts are
found. Overheating usually indicates other trouble in the
instrument; therefore, the cause of overheating must be
corrected to prevent recurrence of the damage.

5-1
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SEMICONDUCTOR CHECKS

Periodic checks of semiconductors are not recommended.
The best check of semiconductor performance is actual
operation in the instrument. More details on
semiconductors are given under Troubleshooting later in
this section.

PERIODIC ELECTRICAL
ADJUSTMENT

To ensure accurate measurements, check the electrial
adjustment of this instrument after each 1000 hours of
operation, or every six months if used infrequently. In
addition, replacement of components may necessitate
adjustment of the affected circuits. Complete adjustment
instructions are given in Section 6, Performance Check
and Calibration. This procedure can be helpful in
localizing certain troubles in the instrument, and in some
cases, may correct them.

TROUBLESHOOTING

The following information is provided to facilitate troubleshooting of the 624 Monitor. Information contained in other
sections of this manual should be used in conjunction with the following data to aid in locating a defective component.
An understanding of the circuit operation is helpful in locating troubles. See Section 4, Theory of Operation, for this

information.

TROUBLESHOOTING AIDS

DIAGRAMS

Complete schematic diagrams are given on the foldout
pages in Section 9, Diagrams and Circuit Board
lustrations. The component number and electrical value
of each component in this instrument are shown on
these diagrams. (See the first page of the Diagrams and
Circuit Board lllustrations section for definitions of the
reference designators and symbols used to identify
components in this instrument.) Important voltages and
numbered waveform test points are also shown on the
diagrams. Important waveforms, and the numbered test
points where they were obtained, are located adja-to
each diagram. The portions of circuits mounted on circuit
boards are enclosed with heavy solid black lines. Each
schematic diagram is divided into functional stage blocks,
as indicated by the wide shaded lines. These functional
blocks are described in detail in Section 4, Theory of
Operation.

CIRCUIT BOARD ILLUSTRATIONS

To aid in locating circuit boards, a circuit board location
illustration appears on the back of the foldout page facing
the schematic diagram. In addition, an illustration of the
circuit board is included here, with the physical location
of the components and waveform test points that appear
on the schematic diagram identified. Each circuit board
illustration is arranged in a grid locator with an index to
facilitate rapid location of components contained in the
schematic diagrams.

5-2

TROUBLESHOOTING CHART

A troubleshooting chart is given in Section 9, Diagrams
and Circuit Board lllustrations, to aid in locating a
defective circuit. The shaded blocks of the
Troubleshooting Chart indicate stages which may cause
the indicated malfunction. The stage names given in
shaded blocks correspond directly to the names given in
the functional stage blocks of the schematic diagrams.
The circuits are discussed in detail in Section 4, Theory
of Operation.

TEST POINT AND ADJUSTMENT LOCATIONS

To aid in locating test points and adjustable components
called out in the Performance Check and Calibration
procedures, a Test Point and Adjustment Locations
foldout page is provided in Section 9, Diagrams and
Circuit Board lllustrations.

INTERNAL CONTROL AND SELECTOR
LOCATIONS

To aid in locating internal controls and selectors called
out in the Functional Check, Performance Check, and
Calibration procedures, an Internal Control and Selector
Locations foldout page is provided in Section 9, Diagrams
and Circuit Board lllustrations.
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COLOR CODE
@ @ AND @ - 1st, 2nd, AND 3rd SIGNIFICANT FIGS.

(¥) AND/OR @ COLOR CODE MAY NOT
BE PRESENT ON SOME CAPACITORS;

@ - MULTIPLIER: @ - TOLERANCE;

@ - TEMPERATURE COEFFICIENT.

METAL-FILM
RESISTORS

CERAMIC
CAPACITORS
SMALL DISC DIFFED
TANTALUM
COMPOSITION CAPACITORS
RESISTORS ELECTROLYTICS
RESISTORS CAPACITORS DIPPED
SIGNIFICANT TANTALUM
COLOR
FIGURES | MULTIPLIER| ;0 £rancel MULTIPLIER TOLERANCE Py
(OHMS) (pF) OVER 10pF | UNDER 10 pF
BLACK 0 1 —— 1 +20% * 2pF 4vDC
BROWN 1 10 1% 10 +1% +0.1pF 6vVDC
RED 2 102 or 100 +2% 1020r 100 +2% - 10vDC
ORANGE 3 1030r 1 K +3% 103 or 1000 +3% ——— 15VDC
+100%
YELLOW 4 10% or 10K 4% 104 or 10,000 0% — 20vDC
- Q
5 1050r o
GREEN 5 105 or 100 K 1/2% 100.000 +5% +0.5pF 25vDC
106 or
6 + . S
BLUE 6 106 or 1 M *1/4% 1,000,000 35vDC
107 or o
VIOLET 7 R +1/10% 10,000,000 —_— 50VDC
+80%
— — -2 +0.25pF —_
GRAY 8 102 or 0.01 _20% 0.25p
WHITE 9 — — 101 or 0.1 +10% *1pF 3vDC
GOLD - 101 or 0.1 159 — — S _
SILVER — 102 or 0.01 +10% —_— B - —
NONE —— — +20% — +10% +1pF P

(P) - POSITIVE (+) POLARITY AND VOLTAGE RATING.

(1862-74) 1866-57

Figure 5-1. Color code for resistors and capacitors.
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Cc E
B

L pasticcase |

TRANSISTOR

POWER TRANSISTORS

L INTEGRATED CIRCUITS

B

I _ METAL CASE .—J

TRANSISTOR

2531

Figure 5-2. Semiconductor lead configurations.
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COMPONENT COLOR CODING

This instrument contains brown composition resistors,
some metal-film resistors and some wire-wound
resistors. The resistance values of wire-wound resistors
are usually printed on the component body. The
resistance values of composition resistors and metal-film
resistors are color coded on the components using the
EIA color code (some metal-film resistors may have the
value printed on the body). The color code is read starting
with the stripe nearest the end of the resistor.
Composition resistors have four stripes, which consist of
two significant figures, a multiplier, and a tolerance value
{see Fig. 5-1). Metal film resistors have five stripes
consisting of three significant figures, a multiplier, and a
tolerance value.

The values of common disc capacitors and small
electrolytics are marked on the side of the component
body. The white ceramic and epoxy-coated tantalum
capacitors used in the instrument are color coded using a
modified EIA code (see Fig. 5-1). Axial capacitors either
have the value printed on the body or use the modified
EIA code.

The cathode end of glass-encased diodes is indicated by
a stripe, a series of stripes, or a dot. The cathode and
anode ends of metal-encased diodes can be identified by
the diode symbol marked on the body.

SEMICONDUCTOR LEAD CONFIGURATIONS

Figure 5-2 shows the lead configurations of
semiconductors used in the 624 Monitor.

MULTI-CONNECTOR HOLDERS

The multi-connector holders are keyed with two
triangles, one on the holder and one on the circuit board.
When a connection is made perpendicular to a circuit
board surface, the orientation of the triangle on the end-
lead multi-pin connector holder is determined by the
placement of the multi-pin connector index (see Fig. 5-3).

TROUBLESHOOTING EQUIPMENT

The following equipment, in addition to that listed in the
Performance Check and Adjustment section, is useful for
troubleshooting the 624 Monitor:

Semiconductor Tester
Description: Dynamic-type tester.

Purpose: To test the semiconductors used in this
instrument.

Recommended Type:
equivalent.

TEKTRONIX Type 576 or

®
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Figure 5-3. Orientation of Multi-connector holders.
Multimeter

Description: Ten megohm input impedance and O to
300 volts range, ac and dc; ohmmeter, 0 to 50
megohms. Accuracy, within 3%. Test probes must be
insulated to prevent accidental shorting.

Test Oscilloscope

Description: Frequency response, dc to three
megahertz minimum (to five megahertz for
troubleshooting the Z-Axis Amplifier); deflection
factor, one millivolt/division to five volts/division. A
I0X, ten megohm voltage probe should be used to

reduce circuit loading for voltage measurements.

Purpose: To check operating waveforms.

TROUBLESHOOTING
TECHNIQUES

This troubleshooting procedure is arranged in an order
that checks the simple trouble possibilities before
proceeding with extensive troubleshooting. The first few
checks assure proper connection, operation, and
adjustment. If the trouble is located by these checks, the
remaining steps aid in locating the defective component.
When the defective component is located, replace it
using the replacement procedure given under
Component Replacement in this section.
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1. CHECK CONTROL SETTINGS

Incorrect control settings can indicate a trouble that does
not exist. If there is any question about the correct
function or operation of any control on the 624, refer to
Section 2, Operating Instructions.

2. CHECK ASSOCIATED EQUIPMENT

Before proceeding with troubleshooting, check that the
equipment used with this instrument is operating
correctly. Also, check that the input signals are properly
connected and that the interconnecting cables are not
defective. Check the power source voltage.

Although this Monitor is not to be connected
to a patient, interconnecting this Monitor to
other equipment can result in the application
of excessive current to a patient. [t is
extremely important that the interconnection
is made in accordance with NFPA 768-T,
Tentative Standard for the Safe Use of
Electricity in Patient Care Areas of Health
Care Facilities, section 3038, “Signal
Transmission Between Appliances”.

3. VISUAL CHECK

Visually check that portion of the instrument in which the
trouble is located. Many troubles can be found by visible
indications, such as unsoldered connections, broken
wires, damaged circuit boards and damaged components.

4. CHECK INSTRUMENT ADJUSTMENT

Check the electrical adjustment of this instrument, or of
the affected circuit if the trouble appears in one circuit.
The apparent trouble may only be a result of
misadjustment. Complete adjustment instructions are
given in Section 6, Performance Check and Calibration.

5. ISOLATE TROUBLE TO A CIRCUIT

To isolate trouble to a particular circuit, note the trouble
symptom. The symptom often identifies the circuit in
which the trouble is located. When trouble symptoms
appear in more than one circuit, check the affected
circuits by taking voltage and waveform readings.
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Incorrect operation of all circuits often indicates trouble
in the power supplies. Check first for the correct output
voltage of the individual supplies. A defective component
elsewhere in the instrument can appear as a power-
supply trouble and may also affect the operation of other
circuits. Table 5-1 lists the output voltage range and
typical ripple of the power supplies in this instrument.
These voltages are measured between the power-supply
test points and ground (see the Test Point and
Adjustment Locations foldout page in Section |9,
Diagrams and Circuit Board Illustrations, for test point
locations). If the power-supply voltage and ripple| is
within the listed range, the supply can be assumed to|be
working correctly. If outside the range, the supply may be
misadjusted or operating incorrectly. Use the procedure
given in Section 6, Performance Check and Calibration,
to adjust the power supplies. ‘

Figure 9-10 in Section 9, Diagrams and Circuit Board
Illustrations, provides a guide for locating a defective
circuit. Start at the top left of the Troubleshooting Chart
and perform the checks given across the top of the chart
until the indicated results are not found. Then proceed to
further checks, or the circuit in which trouble is
suspected, as listed underneath the step. The shaded
blocks of the Troubleshooting Chart indicate circuit
stages that may cause the malfunction, and correspond
directly to the functional blocks on the schematic
diagrams. The circuits listed are discussed in detail in
Section 4, Theory of Operation. After the defective circuit
has been located, proceed with steps 6 and 7 of
Troubleshooting Techniques to isolate the defective
component.

TABLE 5-1
Power Supply Output Voltage
Power Test Output Voltage | Typical Ripple
Supply | Point Range (peak-to-peak)
15V |-16VTP -147Vto | 2mVorless
163V |
5V [+15VTP | +146Vto |2mVorless
+15.04 V
+100V [+100 V TP +97 V to 50 mV or less
+103 V

6. CHECK VOLTAGES AND WAVEFORMS

Often the defective component can be located: by
checking for the correct voltages or waveforms in:the
circuit. Typical voltages and waveforms are given in
Section 9, Diagrams and Circuit Board lllustrations.

NOTE

Voltages and waveforms given in Section 9,
Diagrams and Circuit Board Illustrations, are
not absolute and may vary slightly between
624 Monitors. To obtain operating conditions
similar to those used to make these readings,
see the appropriate schematic.
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7. CHECK INDIVIDUAL COMPONENTS

The following procedures describe methods of checking
individual components in the 624 Monitor. Components
which are soldered in place are best checked by first
disconnecting one end. This isolates the measurement
from the effects of surrounding circuitry.

To avoid electric shock, always disconnect the
Monitor from the power source before
replacing components.

Fuses

Check for open fuses by checking the continuity with an
ohmmeter. The location and rating of power-supply fuses
is shown in Figure 5-4.

Maintenance—624

Transistors

A good check of transistor operation is actual
performance under operating conditions. A transistor can
most effectively be checked by substituting a new
component for it (or one which has been checked
previously). However, be sure that circuit conditions are
not such that a replacement transistor might also be
damaged. If substitute transistors are not available, use a
dynamic tester. Static-type testers are not recommended,
since they do not check operation under simulated
operating conditions.

Integrated Circuits

Integrated circuits can be checked with a voltmeter, test
oscilloscope, or by direct substitution. A good
understanding of the circuit operation is essential when
troubleshooting circuits using integrated circuits. In
addition, operating waveforms, logic levels, and other
operating information for the integrated circuits are given
in Section 4, Theory of Operation, and Section 9,
Diagrams and Circuit Board lllustrations. Use care when

LOW-VOLTAGE
POWER SUPPLY
ALTERNATE
BOARD LINE-FUSE
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0.5 A
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= I =~
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= =
F951
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R O

C2305-12

Figure 5-4. Location and rating of power supply fuses.
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checking voltages and waveforms around the integrated
circuits so that adjacent leads are not shorted together. A
convenient means of clipping a test probe to the in-line
multi-pin integrated circuits is with an integrated-circuit
test clip. This device also doubles as an integrated-circuit
extraction tool.

Diodes

A diode can be checked for an open or shorted condition
by measuring the resistance between terminals with an
ohmmeter scale having a low internal source current,
such as the R X 1K scale. The resistance should be very
high in one direction and very low when the meter leads

are reversed.

When checking diodes, do not use an
ohmmeter scale that has a high internal
current, since high currents may damage the
diodes under test.

Resistors

Check the resistors with an ohmmeter. Resistor tolerance
is given in Section 8, Replaceable Electrical Parts.
Normally, resistors do not need to be replaced unless the
measured value varies widely from the specified value.

Capacitors

A leaky or shorted capacitor can best be detected by
checking resistance with an ohmmeter on the highest
scale. Do not exceed the voltage rating of the capacitor.
The resistance reading should be high after initial charge
of the capacitor. An open capacitor can best be detected
with a capacitance meter or by checking if the capacitor
passes ac signals.

8. REPAIR AND READJUST THE CIRCUIT

If any defective parts are located, follow the replacement
procedures given under Component Replacement in this
section. Check the performance of any circuit that has
been repaired or that has had any electrical components
replaced. Adjustment of the circuit may be necessary.

CORRECTIVE MAINTENANCE

Corrective maintenance consists of component replacement and instrument repair. Special techniques required to

replace components in the 624 Monitor are given here.

OBTAINING
REPLACEMENT PARTS

STANDARD PARTS

All electrical and mechanical part replacements can be
obtained through your local Tektronix Field Office or
representative. However, many of the standard electronic
components can be obtained locally in less time than is
required to order them from Tektronix, Inc. Before
ordering or purchasing replacement parts, check the
parts list for value, tolerance, rating, and description.

NOTE

When selecting replacement parts, remember
that the physical size and shape of a
component may affect its performance in the
instrument. All replacement parts should be
direct replacements unless you know that a
different component will not adversly affect
instrument performance.

SPECIAL PARTS

Some components of the 624 are manufactured or
selected by Tektronix, Inc. to meet specific performance
requirements. Most of the mechanical parts used in this
instrument have been manufactured by Tektronix, Inc.
Order all special parts directly from your local Tektronix
Field Office or representative.
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ORDERING PARTS

When ordering replacement parts from Tektronix, Inc.,
include the following information:

1. Instrument type.
2. Instrument serial number.

3. A description of the part (if electrical, include the
circuit number).

4. Tektronix part number.

SOLDERING TECHNIQUES

To avoid electric shock, disconnect the
Monitor from the power source before
soldering.

The reliability and accuracy of this instrument can be
maintained only if proper soldering techniques are used
when repairing or replacing parts. General soldering
technigues which apply to maintenance of any precision

@
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electronic equipment should be used when working on
this instrument. Use only 60/40 resin-core, electric-
grade solder. The choice of soldering iron is determined
by the repair to be made. When soldering on circuit
boards or small wiring, use only a I5-watt, pencil-type
soldering iron. A higher wattage soldering iron can cause
the etched circuit wiring to separate from the board base
material and melt the insulation from small wiring.
Always keep the soldering-iron tip properly tinned to
ensure the best heat transfer to the solder joint. Apply
only enough heat to remove the component or to make a
good solder joint. To protect heat-sensitive components,
hold the component lead with a pair of long-nose pliers
between the component body and the solder joint. Use a
solder-removing wick to remove excess solder from
connections or to clean circuit board pads.

The following technique should be used to replace a
component on any of the circuit boards in this
instrument. Most components can be replaced without
removing the board(s) from the instrument.

1. Touch the soldering iron to the lead at the solder
connection. Never place the iron directly on the board, as
this may damage the board.

2. Melt a small amount of solder onto the component
lead connection. This replaces the flux, which may have
been removed during instrument cleaning, and facilitates
removal of the component.

3. Grip the component lead with a pair of long-nose
pliers. When the solder begins to flow, gently pull the
component lead from the board. If unable to separate the
lead from the board, try removing the other end of the
component.

NOTE

Some components are difficult to remove
from the circuit board due to a bend placed in
each lead during machine insertion of the
component. The purpose of the bent leads is
to hold the component in position during a
flow-solder manufacturing process which
solders all components at once. To make
removal of machine inserted components
easier, straighten the leads of the component
on the back of the circuit board using a small
screwdriver or pliers, while heating the
soldered connection.

4. Bend the leads of the replacement component to fit the
holes in the circuit board. If the component is replaced
while the board is mounted in the instrument, cut the
leads so they will just protrude through the board. Insert
the leads into the holes in the board so that the
component is firmly seated against the board, or as
originally positioned.

5. Touch the iron to the connection and apply enough
solder to make a firm solder joint.
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6. Cut off any excess lead protruding through the board
(if not clipped in step 4).

7. Clean the area around the solder connection with a
flux-removing solvent. Be careful not to remove
information printed on the circuit board.

COMPONENT REMOVAL
AND REPLACEMENT

To avord electric shock. always disconnect the
Monitor from the power source before
replacing components.

The exploded-view drawings associated with the
Replaceable Mechanical Parts list {located at the rear of
this manual) may be helpful in the removal or
disassembly of individual components or sub-assemblies.

CATHODE-RAY TUBE REMOVAL

Remove the cathode-ray tube (crt) as follows (see Fig. 5-
5)

Use care when handling a crt. Breakage of
the crt causes a high-velocity scattering of
glass fragments (implosion). Protective
clothing and safety glasses should be worn.
Avoid striking the crt on any object which
might cause it to crack or implode. When
storing a crt, place it in a protective carton or
set it face down in a protected location on a
smooth surface with a soft mat under the
faceplate.

1. Remove the bezel assembly and snap-in implosion
shield with graticule by removing the 2 bezel securing
screws on the front of the instrument.

2. Remove any protective side cabinet panels to gain
access to the crt leads.
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3. Disconnect the 4 leads from the crt X and Y deflection
plate pins, and the lead from the crt focus-element pin.

NOTE

The red and black leads entering the crt
shield from the Low-Voltage Power Supply
board and rear-panel TRACE ROTATION
control are connected to the display-rotation
coil inside the shield. They will not hamper crt
removal and need not be disconnected.

4. Disconnect the anode lead from the crt anode plug.

To avoid electric shock, always ground the
anode lead to the chassis to dissipate any
stored charge in the crt.

5. Remove the 5 crt rear-cover securing screws and
remove the cover.

6. Remove the crt base-pin socket.

7. With one hand on the front of the instrument, gently
push on the crt base to slide the crt forward. The crt front
supports will slide out with the crt.

8. Remove the crt front supports and gently pull the crt
out from the front of the instrument while guiding the crt
anode plug through the hole in the crt shield.

CATHODE-RAY TUBE REPLACEMENT

Replace the cathode-ray tube (crt) as follows (see Fig. 5-
b}

1. Press the crt front supports into the front-panel
recesses.

2. Insert the neck of the crt part way into the shield.

3. Feed the crt anode plug through the hole in the shield,
and fully insert the crt into the shield.

4. Connect the crt ancde plug to the mating jack.

5. Mount and fasten the bezel and implosion shield to the
front panel with the 2 bezel securing screws.

6. Place the crt base-pin socket onto the crt base pins
and replace the rear cover.

REV, JUN 1981
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7. Connect the 4 leads to the proper X and Y deflection
pins, and the lead to the crt focus-element pin.

NOTE

The replacement crt will require that the
Monitor be readjusted. Refer to Section 6,
Performance Check and Calibration.

CIRCUIT BOARDS

If a circuit board is damaged beyond repair, the entire
assembly, including all soldered-on components, can be
replaced. Part numbers for the completely wired boards
are given in Section 8, Replaceable Electrical Parts.

A1 Deflection Amplifier And A2 Z-Axis
Amplifier Boards

Remove and replace the Deflection Amplifier and Z-Axis
Amplifier boards as follows (see Fig. 5-6):

NOTE

When disconnecting wires from a circuit
board, always tag the wire and the
corresponding connection point on the circuit
board.

1. Remove the seven screws shown in Figure 5-6.

2. Disconnect all cables from the Deflection and Z-Axis
Amplifier boards.

3. Disconnect the deflection leads from the crt neck pins.

4. Remove both circuit boards as an assembly by pulling
the Deflection Amplifier board up to disengage the inter-
board connector, and pulling both boards towards the
rear of the instrument until the controls clear the front
panel.

5. To separate the two boards, pull them apart until the
inter-board connector disengages.

6. Reverse this procedure to reassemble.

A3 Option 4 Sweep Board

Remove the Option 4 Sweep board as follows:

NOTE

When disconnecting wires from a circuit
board, always tag the wire and the
corresponding connection point on the circuit
board.

1. Disconnect all wires connected to the component side
of the board.
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Figure 5-6. Location of screws securing A1 Deflection Amplifier and A2 Z-Axis Amplifier boards.

2. Remove the four screws holding the board to the A5 Low-Voltage Power Supply Board
chassis.

Remove the Low-Voltage Power Supply board as follows

3. Slide the board toward the rear of the instrument to (see Fig. 5-7).
free the frontpanel Sweep controls.

NOTE
4. Lift the board out of the instrument. Do not force or When disconnecting wires from a circuit
bend the circuit board. board, always tag the wire and the
corresponding connection point on the circuit
5. To replace the board, reverse the order of removal. board.
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Figure 5-7. Location of screws securing A5 Low-Voltage Power Supply board. . I
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1. Unsolder the wires to the power transistor (Q816),
noting the position and orientation of each wire (see Fig.
5-7).

2. Remove the six screws shown in Figure 5-7. Remove
the mounting bracket.

3. Remove the two spring clips holding the power
transistors to the heatsink.

4. Extend the Low-Voltage Power Supply board from the
chassis as far as possible and unsolder afl remaining
wires from the board, noting the position of each wire.

5. Reverse this procedure to reassemble.

A4 High-Voltage Power Supply Board

Remove the High-Voltage Power Supply board as follows
(see Fig. 5-8):

NOTE

When disconnecting wires from a circuit
board, always tag the wire and the
corresponding connection point on the circuit
board.

1. Remove the 2 screws securing the high-voltage shield
to the top of the chassis and remove the shield.

2. Disconnect the crt anode lead from the high-voltage
multiplier (see Fig. 5-8).

To avoid electric shock always ground the
anode lead to the chassis to dissipate any
stored charge remaining in the crt.

Maintenance—624

3. Disconnect the focus-element lead from the crt neck
pin.

4. Disconnect all plug-on cables from the front and back
of the board, noting their positions and orientation.

5. Remove the three screws shown in Figure 5-8.

6. Pull the circuit board up (toward the top of the
instrument) to disengage the inter-board connector at the
bottom of the board.

7. Reverse this procedure to reassemble, being careful to
align the inter-board connector to the pins on the Low-
Voltage Power Supply board.

SEMICONDUCTORS

Semiconductors should not be replaced unless actually
defective. If removed from their sockets during routine
maintenance, return them to their original sockets.
Unnecessary replacement of semiconductors may affect
the adjustment of the instrument. When semiconductors
are replaced, check the operation of circuits which may
be affected.

Always disconnect the Monitor from the
power source before replacing components to
avoid electrical-shock hazard.

CRT ANODE
LEAD
T 77
Bl NN
REMOVE SR
REAR —» 1o SCREWS S < FRONT
L Iy e
B . B -
iy
|

HIGH-VOLTAGE
POWER SUPPLY
BOARD

(2305-51) 2531-13

Figure 5-8. Location of screws securing A4 High-Voltage Power Supply board.
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Replacement semiconductors should be of the original
type or a direct replacement. Lead configurations of the
semiconductors used in this instrument are shown in
Figure 5-2. Some plastic case transistors have lead
configurations which do not agree with those shown. If a
replacement transistor is made by a different
manufacturer than the original, check the manufacturer’s
basing diagram for correct basing. All transistor sockets
in the 624 are wired for the standard basing as used for
metal-cased transistors. When removing soldered-in
transistors, use a solder-removing wick to remove the
solder from the circuit board pads. Transistors which
have heat radiators or are mounted on the chassis use
silicone grease to increase heat transfer. Replace the
silicone grease on both sides of the insulator plate and
on the metal tab, if the transistor has one, when
replacing these transistors.

Handle silicone grease with care. Avoid
getting silicone grease in your eyes. Wash
hands thoroughly after use.

CIRCUIT-BOARD PIN REPLACEMENT

A circuit-board pin reptacement kit, including necessary
tools, instructions, and replacement pins with attached
spare ferrules, is available from Tektronix, Inc. Order
Tektronix Part 040-0542-00.

To replace a damaged pin, first disconnect any pin
connectors. Then unsolder (see Soldering Techniques)
the damaged pin and pull it from the board with a pair of
pliers, leaving the ferrule (see Fig. 5-9) in the hole if
possible. If the ferrule remains in the circuit board,
remove the spare ferrule from the replacement pin and
press the new pin into the hole in the circuit board. If the
ferrule is removed with the damaged pin, clean out the
hole using a solder-removing wick and a scribe. Then
press the replacement pin, with attached spare ferrule,
into the hole. Position the replacement pin in the same
manner as the original pin had been. Solder the pin to
the circuit board on each side of the circuit board. If the
original pin was bent at an angle to mate with a
connector, carefully bend the new pin to the same angle.
Replace the pin connector.
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Figure 5-9. Exploded view of circuit board pin and ferrule.

END-LEAD PIN CONNECTORS

The pin connectors used to connect the wires to the
interconnecting pins are clamped to the ends of the
associated leads. To remove or replace damaged end-
lead pin connectors, remove the old pin connector from
the end of the lead and clamp the replacement connector
to the lead.

Some of the pin connectors are grouped and mounted in
a plastic holder; the overall result is that these
connectors are removed and installed as a multi-pin
connector {see Troubleshooting Aids). If the individual
end-lead pin connectors are removed from the plastic
holder, note the order of the individual wires for correct
replacement in the holder.
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PERFORMANCE CHECK
AND CALIBRATION

This section provides information necessary to:

(1) Verify that this instrument meets the electrical specifications in

Section 1, General Information, (2) verify that all controls function properly, and (3) perform all internal adjustments. The
Part | Performance Check procedure checks the electrical specifications listed in section 1 without making any internal
adjustments. The Part Il Calibration procedure provides a complete sequential check of instrument performance
concurrent with a complete sequential adjustment of internal controls. A separate Functional Check procedure, in the
Installation section of this manual, can be used to check only the functions of the front- and rear-panel controls and

connectors.

PRELIMINARY INFORMATION

USING THESE PROCEDURES

Both the Part | Performance Check and Part Il Calibration
procedures are divided into functional block subsections
{e.g., A. Power Supply, B. Crt Circuit, etc.). The order in
which the subsections and steps (A1, A2, B1, B2, etc.)
appear in each procedure is the recommended sequence
for accomplishing a performance check or calibration of
the instrument. Subsections within either procedure can
be performed independently, as can each step within any
subsection. Refer to Partial Procedures for specific
instructions on performing either a partial Performance
Check or a partial Calibration.

All functional block subsections begin with a list of
required test equipment, followed by instructions for
Before You Begin and the list of Preliminary Control
Settings for that subsection (e.g., Power Supply
Preliminary Control Settings, Crt Circuit Preliminary
Control Settings, etc.). Each step contains separate Setup
Conditions which, if applicable, include the instrument
control settings, an illustrated test setup, and test
equipment contro! settings. The instrument and test
equipment control settings listed in the step Setup
Conditions may include additional settings, changes from
the previous step, or changes to the Preliminary Control
Settings. This is necessary to accommodate those who
wish to perform partial procedures. The illustrated test
setup in the Setup Conditions shows all test equipment
needed to perform the step, as well as the setup
necessary to begin the step instructions.

Partial Procedures

Part | Performance Check. To perform a partial
Performance Check procedure, first determine which
electrical specifications are to be checked. Table 6-1,
Performance Check and Calibration Summary, lists the
applicable electrical specifications from Section 1,
Genera!l Information, and provides references to the
step(s}) in which the performance requirements are
checked. The Performance Check Index, at the start of
Part | Performance Check, provides a convenient means

for locating the desired subsections and steps. For
example: If the vertical amplifier had been repaired and a
performance check was considered necessary, use the
Performance Check and Calibration Summary table to
locate the applicable specifications affected by the repair,
and the step title of Part | Performance Check in which
those performance requirements are checked. Then use
the Performance Check Index to locate the Vertical (Y)
Amplifier subsection and the step and page number of
the applicable step(s).

Any step of a subsection can be performed separately by
following the instructions given below.

1. Locate the desired subsection and applicable steps
(e.g.. B1, B2, B4, etc.) with the Performance Check and
Calibration Summary table and the Performance Check
Index.

2. Perform the Performance Check Power Up Sequence
at the start of Part | Performance Check, and the
instructions under Before You Begin and Preliminary
Control Settings at the beginning of the subsection.

3. Perform the Setup Conditions instructions for the
desired step. Disregard any control settings which are
the same as those under Preliminary Control Settings.

4. Proceed with the lettered instructions (e.g., a, b, c,
etc.).

NOTE

If the steps performed are consecutive, it is
not necessary to repeat the Preliminary
Control Settings after the first step. However,
when a step is skipped the Preliminary
Control Settings must be performed again.
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Part 1l Calibration. Although each step in the Part Ii
Calibration procedure can be performed independently,
we recommend that the entire subsection be performed if
any adjustments are made. Table 6-1, Performance
Check and Calibration Summary, lists the electrical
specifications from Section 1, General Information, and
provides references to the step(s) in which the
performance requirements are checked and applicable
adjustments are made. The Calibration Index, at the start
of Part Il Calibration, provides a convenient means for
locating the desired subsections and steps. For example:
If the AB Low-Voltage Power Supply board had been
replaced, use the Performance Check and Calibration
Summary table to locate the applicable specifications
affected by the repair, and the step title(s) of Part Il
Calibration in which those performance requirements are
checked or adjusted. Then use the Calibration Index to
locate the Power Supply subsection and the step and
page number of the applicable step(s).

A heading system is provided to readily identify the steps
(A1, A2, B1, B2, etc.) that contain performance check
and/or adjustment instructions. For example, if CHECK
appears in the title of a step, a performance requirement
listed in the Specifications is checked. If ADJUST appears
as the first word in the title, the step concerns one or
more internal adjustments. And if CHECK/ADJUST
appears in the title, the step involves one or more
performance requirement checks and adjustments.

The alphabetical instructions under each step (a, b, c,
etc.) may contain CHECK, EXAMINE, ADJUST, or
INTERACTION as the first word of the instruction. These
terms are defined as follows:

1. CHECK—indicates that the instruction accomplishes a
performance requirement check.

2. EXAMINE—usually precedes an ADJUST instruction
and describes how to determine whether the adjustment
is necessary.

3. ADJUST—describes which adjustment to make and
the desired result. We recommend that adjustments not
be made if a previous CHECK or EXAMINE instruction
indicates that no adjustment is necessary.

4. INTERACTION—indicates that the adjustment
described in the preceding instruction interacts with
other circuits. The nature of the interaction is described
and reference is made to the step(s) affected.

ADJUSTMENT INTERVAL

To maintain instrument accuracy, check the performance
of the 624 every 1000 hours of operation, or every 6
months if used infrequently. Before complete adjustment,
thoroughly clean and inspect this instrument as outlined
in Section 5, Maintenance.

TEKTRONIX FIELD SERVICE

Tektronix Field Service Centers and the Factory Service
Center provide instrument repair and adjustment
services. Contact your Tektronix Field Office or
representative for further information.

TABLE 6-1

Performance Check Summary

Characteristic Performance Requirement

Calibration
Procedure Title

Performance Check
Procedure Title

VERTICAL (Y) AMPLIFIER

Deflection Factor Adjustable from 0.5 V or
to at least 2.5 V full scale.
Nominally set for 1 V,
within 2%, for 8 divisions

of deflection.

D1. Check Y Gain. D3. Check/Adjust Y Gain

(R125).

Option 22 An internal 5:1 attenuator Does not normally require customer verification. quever,
extends the deflection the extended deflection factor can be verified with .the
factor range to at least "Functional Check” procedure in Section 3, Installation.
12.5 V full scale.
Attenuators Deflection factor reduced Does not normally require customer verification. However,
{Option 22) five times within 3%, the attenuator accuracy can be verified with the

with 5:1 attenuation. "Functional Check” procedure in Section 3, Installation.
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TABLE 6-1 (CONT.)

Performance Check and Calibration Summary

Characteristic

Performance Requirement

Performance Check
Procedure Title

Calibration
Procedure Title

writing position within
0.05 cm within 0.5 us

from any on-screen position.

Time.

Polarity Does not normally require customer verification.
Satisfactory operation is substantiated by other tests
throughout the procedures.

+Y INPUT Positive signal applied
deflects beam up; negative
signal applied deflects
beam down.

-Y INPUT Positive signal applied

{Option 21) deflects beam down;
negative signal applied
deflects beam up.

Settling Time Spot must reach new D4. Check Vertical Settling| D6. Check Vertical Settling

Time

Bandwidth (With
80% Full-Screen

Reference Signal)

Dc to at least 3 MHz at
-3 dB point.

D5. Check Vertical
Bandwidth

D1. Adjust Option 22
Y Attenuation Compensation
(C110 and C210).

D2. Adjust Vertical (Y}
Compensation {C153).

D7. Check Vertical
Bandwidth.

Common-Mode

{Option 22)

(Option 22)

Rejection (Option 21)

DC to 100 kHz

1X Attenuation

5X Attenuation

100 kHz to 1 MHz

1X Attenuation

5X Attenuation

At least 100:1 for signals
of t5 V or less.

At least 50:1 for signals
of 25 V or less.

At least 50:1 for signals
of ¥6 V or less.

At least 20:1 for signals
of 25 V or less.

D3. Check Option 21
Vertical Common-Mode
Rejection.

D5. Check Option 21
Vertical Common-Mode
Rejection.

Risetime

116 ns or less.

Does not normally require customer verification. However,
risetime can be calculated from the Vertical Bandwidth.

Phase Difference
(DC to 1.0 MHz)

1° or less between X
and Y amplifiers. X and Y
amplifier gain must be
set for the same
deflection factor (V/div).

D2. Check Phasing.

D4. Check/Adjust Phasing
(C122 and C138).

‘ Position Stability

0.5 mm, or less, of drift
per hour after 20-minute
warmup.

Does not normally require customer verification.
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TABLE 6-1 (CONT.)

Performance Check and Calibration Summary .

Characteristics Performance Requirement Performance Check Calibration

Procedure Title Procedure Title

Gain Stability 1% or less of drift after Does not normally require customer verification.
20-minute warmup.

Displayed Noise 0.05 mm or less, with Does not normally require customer verification.
(Measured Tangetially) | all inputs terminated in
1 kQ or less.

Input RC 1 MQ, within 1%, Does not normally require customer verification. Input
paralleled by 60 pF resistance and capacitance can be determined with
or less. appropriate testing bridge if necessary.

Option 26 50 Q, within 1%,
paralleled by 60 pF or
less.

Maximum Non- +100 V or -100 V Specification applicable under fault conditions only;
destructive Input (dc + peak ac). therefore this is not a procedural check.

Voltage (Fault
Condition Only)}

Position Range Spot may be positioned D6. Check Vertical D8. Check Vertical
anywhere on screen with Positioning. Positioning.
no signal input.

Dynamic Range At least 1.5 screen Does not normally require customer verification.
diameters from center
screen.

X and Y Amplifiers crosstalk can be determined as follows:

Terminate undriven channel (X or Y} input into 50 ohms or
less, and drive the other channel (Y or X) with a 1-volt,
500 kHz (3 MHz) sinewave. With the display centered,
observe no more than 0.25 mm deflection in the undriven
channel.

At 500 kHz 0.25 mm, or less, of
deflection on the grounded
channel (X or Y) with a 1V
signal applied on the

other channel (Y or X).

At 3 MHz 0.38 mm, or less, of
deflection on grounded
channel (X or Y) with a

1 V signal applied on

the other channel (Y or X).

HORIZONTAL (X) AMPLIFIER

Deflection Factor Adjustable from 0.5 V C1. Check X Gain. C3. Check/Adjust X Gain
or less to at least 25 V {R325).

full scale. Nominally set
for 1 V, within 2%, for
8 divisions of deflection.

Option 22 An internal 5:1 attenuator Does not normally require customer verification. However,
extends the deflection the extended deflection factor can be verified with the

factor range to at least "Functional Check” procedure in Section 3, Installation. ‘

12.5 V full scale.

6-4 @
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TABLE 6-1 (CONT.)

Performance Check and Calibration Summary

Characteristics

Performance Requirement

Calibration
Procedure Title

Performance Check
Procedure Title

writing position within
0.05 cm within 0.5 us

from any on-screen position.

Attenuators Deflection factor reduced Does not normally require customer verification. However,

(Option 22) five times within 3%, the attenuator accuracy can be verified with the "Functional

with 5:1 attenuation. Check” procedure in Section 3, Installation.

Polarity Does not normally require customer verification.
Satisfactory operation is substantiated by other tests
throughout the procedure.

+X INPUT Positive signal applied
deflects beam to the right;
negative signal deflects
beam to the left.

-X INPUT Positive signal applied

{Option 21) deflects beam to the
left; negative signal
deflects beam to the right.

Settling Time Spot must reach new C3. Check Horizontal C5. Check Horizontal

Settling Time. Settling Time.

Bandwidth (With
80% Full-Screen
Reference Signal)

Dc to at least 3 MHz
at -3 dB point.

C4. Check Horizontal
Bandwidth.

C1. Adjust Option 22
X Attenuator Compensation
(C310 and C410).

C2. Adjust Horizontal (X)
Compensation (C353).

C6. Check Horizontal
Bandwidth.

Risetime

116 ns or less.

Does not normally require customer verification. However,
risetime can be calculated from the Horizontal Bandwidth.

Common-Mode

(Option 22)

(Option 22)

Rejection (Option 21)

DC to 100 kHz

1X Attenuation

5X Attenuation

100 kHz to 1 MHz

1X Attenuation

5X Attenuation

At least 100:1 for signals of

5 V or less.

At least 50:1 for signals of
+25 V or less.

At least 50:1 for signals of
5 V or less.

At least 20:1 for signals of
+25 V or less.

C2. Check Option 21
Horizontal Common-
Mode Rejection.

C4. Check Option 21
Horizontal Common-
Mode Rejection.

Position Stability

0.5 mm, or less, of drift
per hour after 20-minute
warmup.

Does not normally require customer verification.

. Gain Stability

1% or less of drift after
20-minute warmup.

Does not normally require customer verification.
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TABLE 6-1 (CONT.)

Performance Check and Calibration Summary

Characteristic

Performance Requirement

Calibration
Procedure Title

Performance Check
Procedure Title

Displayed Noise
(Tangetially Measured)

0.05 mm or less, with
all inputs terminated in
1 k or less.

Does not normally require customer verification.

Input RC

Option 26

1 MQ, within 1%,
paralleled by 60 pF or
less.

50 O, within 1%
paralleled by 60 pF or
less.

Does not normally require customer verification. Input
resistance and capacitance can be determined with
appropriate testing bridge if necessary.

Maximum Non-
destructive Input
(Fault Condition Only)

+100 V or -100 V
(dc + peak ac).

Specification applicable under fault conditions

therefore this is not a procedural check.

only;

Position Range

Spot may be positioned
anywhere on screen with
no signal input.

C5. Check Horizontal
Positioning.

C7. Check Horizontai
Positioning.

Dynamic Range

At least 1.5 screen dia-

meters from center screen.

Does not normally require customer verification.

Crosstalk Between
X and Y Amplifiers

At 50 kHz

At 3 MHz

0.25 mm, or less, of
deflection on the grounded
channel (X or Y) with a

1 V signal applied on the
other channel (Y or X).

0.38 mm, or less, of
deflection on the grounded
channel (X or Y) with a

1 V signal applied on the
other channel (Y or X).

Does not normally require customer verification. However,
crosstalk can be determined as follows

Terminate undriven channe! (X and Y) input into 50
ohms or less, and drive the other channel (X or Y) with a
1-volt, 500 kHz (3 MHz) sinewave. With the display
centered, observe no more than 0.25 mm deflection
in the undriven axis (Y or X).

OPTION 4 SWEEP SYSTEM

Sweep Range

100 ms/div to 1 us/div,
in decade steps.

Does not normally require customer verification.
Satisfactory operation is substantiated by other tests
throughout the procedure.

Sweep Accuracy
Over Center
Eight Divisions

Within 3% (VARIABLE
fully clockwise).

F3. Check/Adjust Sweep
Timing (R1185).

F3. Check Sweep
Timing.

Sweep Length

Adjustable to at least
10.5 div.

F1. Check Sweep Length. F1. Check/Adjust Sweep

Length (R1134).
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6-1 (CONT.)

and Calibration Summary

Characteristics

Performance Requirement

Performance Check
Procedure Title

Calibration
Procedure Title

Linearity of Any
Two Division Portion
Within Center

Eight Divisions

Within 6%, except for
first 5% of total sweep
length.

F4. Check Sweep
Linearity.

F4. Check Sweep
Linearity.

VARIABLE
(Uncalibrated)

Provides continuously
variable sweep rates
between calibrated settings.
Decreases each sweep
rate setting by at least
10:1. Extends slowest
sweep rate to at least

1 s/div.

F5. Check Variable
Time/Division.

F5. Check Variable
Time/Division.

Triggering Sensitivity
(With Repetitive
Signals)

At least 0.5 div. vertical
deflection from dc to
2 MHaz.

F2. Check Trigger

F2. Check Trigger

Z-AXIS

AMPLIFIER

Useful Input
Voltage Range
(+Z INPUT)

Adjustable. With Z Gain

at maximum, no more than
+1 V will provide full
intensity. With Z Gain at
minimum, at least +b V

is required to produce

full intensity. {-1 V input
signal cuts off visible
intensity).

E1. Check Z Gain.

E1. Check/Adjust Z Gain
(R525).

Useful Frequency
Range

Dc to at least 5 MHz at
-3 dB point.

E2. Check Z-Axis
Bandwidth.

E2. Adjust Z-Axis
Compensation (R560

and C591).
E3. Check Z-Axis
Bandwidth.
Risetime 70 ns or less. Does not normally require customer verification. However,
risetime can be calculated from the Z-Axis Bandwidth.
Noise No visible intensity Does not normally require customer verification.

modulation with Z INPUT
terminated into 1 kQ
or less.

Common-Mode
Rejection (Option 21)

DC to 100 kHz

100 kHz to 1 MHz

At least 100:1 with input
signals to ¥5 V at any
setting of Z Gain.

At least 50:1 with input
signals to 5 V at any
setting of Z Gain

E3. Check Option 21
Z-Axis Common-Mode
Rejection.

E4. Check Option 21
Z-Axis Common-Mode
Rejection.
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TABLE 6-1 (CONT.)

Performance Check and Calibration Summary

Characteristic

Performance Requirement

Performance Check

Procedure Title

Calibration
Procedure Title

Input RC

Option 26

1 MQ, within 1%,
paralleled by 60 pF or less.

50 Q, within 1%
paralleled by 60 pF or less.

Does not normally require customer verification. Input
resistance and capacitance can be determined with the
appropriate testing bridge if necessary.

Maximum Non-
destructive input
Voltage (Fault

Condition Only)

+100 V or -100 V

(dc + peak ac) with crt
beam positioned off the
viewing area.

Specification applicable under fault conditions only;
therefore this is not a procedural check.

Crosstalk Between
Z-Axis Amplifier
and X or Y Amplifier

DC to 500 kHz

500 kHz to 5 MHz

0.25 mm or less, with

X and Y INPUTS grounded
and a 1 V signal applied
to the Z-Axis Amplifier.

(Z Gain set for maximum).

0.38 mm or less, with

X and Y INPUTS grounded
and a 1 V signal applied

to the Z-Axis Amplifier.

(Z Gain set at minimum.)

Does not normally require customer verification.

TTL Input Voltage

Does not normally require customer verification.

{Option 25)

Hi +2.4 V to +5 V dc.

LO OV to +08V dc
Unblanking Input voltage level to E4. Check Option 25 E5. Check Option 25
(Option 25) produce unblanking is Z-Axis Unblanking. Z-Axis Unblanking.

internally selectable.

With selector in NEG
position, a LO input
produces unblanking; with
selector in POS position,
a HIl input produces
unblanking.

CATHODE-RAY TUBE DISPLAY

Usable Screen Area

9.6 x 12 centimeters.

Does not normally require customer verification.

Quality Area

9 x 11 centimeters.

Does not normally require customer verification.

Option 1 Graticule

Internal, unlighted,
8 x 10 divisions
(1.22 cm/div).

Does not normally require customer verification. To
determine if your instrument is equipped with Option 1,
check the inside of the front-panel access door.

Geometry (Within
Graticule Area)

Bowing or tilt is 0.1
division or less.

B2. Check Geometry.

B4. Check/Adjust
Geometry (R943).

Orthogonality
(Within Graticule
Area)

90° within 0.7°.

B1. Check Orthogonality.

B3. Check Orthogonality. .
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TABLE 6-1 (CONT.)

Performance Check and Calibration Summary

Characteristic

Performance Requirement

Performance Check Calibration
Procedure Title Procedure Title

Accelerating Potential

Approximately 18 kV.

Does not normally require customer verification.

Deflection

Electrostatic.

Does not normally require customer verification.

Phosphor
Option 74
Option 76
Option 78
Option 40

P31 (Standard).
P4.

P7.

P11.

P39.

Does not normally require customer verification. To
determine if an Optional phosphor is in your Monitor, check
the inside of the front-panel access door.

Brightness

Light output is at least
240 dc/m? (40 fL) with a
0.33 mm, or less, centered
spot size. Measured with
quality area flooded by a
60 Hz refresh rate raster,
308 horizontal lines.

Does not normally require customer verification.

Uniformity

Light output in quality
area does not vary more
than 20% at moderate
intensity 34 dc/m?

(20 fL). Measured with
quality area flooded by
a 60 Hz refresh raster,
320 horizontal lines.

Does not normally require customer verification.

Spot Size
#1

#2

0.31 cm or less, anywhere
inside the quality area.
Measured with shrinking
raster method at 170 cd/m?
(30 fL) brightness and
full-screen raster, 60 HZ
refresh rate.

0.26 cm or less, at 0.5 uA
Ib. Measured with
shrinking raster method.

Does not normally require customer verification.

Resolution

Spot size does not vary
more than 20% over the
quality area, at a constant
intensity.

Does not normally require customer verification.

POWER SOURCE

Line Voltage
(ac, rms)

Low Range, P951
Low (100 V ac)
Med (110 V ac)
Hi (120 V ac)

90 to 110 V ac.
99 to 121 V ac.
108 to 132 V ac.

Does not normally require customer verification.
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TABLE 6-1 (CONT.)

Performance Check and Calibration Summary

Characteristic

Performance Requirement

Performance Check
Procedure Title

Calibration
Procedure Title

High Range, P952
Low (200 V ac)
Med (220 V ac)
Hi (240 V ac)

180 to 220 V ac.
198 to 242 V ac.
216 to 250 V ac.

Line Frequency

48 to 440 Hz.

Does not normally require customer verification.

Maximum Power
Consumption
(120 V ac, 60 Hz)

61 Watts, 0.7 Ampere.

Does not normally require customer verification.

Option 20 Input Power

+20 V DC Input

+17.0 to +26.0 V dc,
including any ripple
excursions.

A1. Check Option 20
Regulation and Shutdown.

A3. Check Option 20
Regulation and Shutdown
Threshold.

-20 V DC Input -17.0 to -26.0 V dc,
including any ripple
excursions.
Option 20 Maximum Does not normally require customer verification.
Operating Current
+20 V DC Input 2.2 Amperes.
-20 V DC input 0.3 Ampere.

Option 20 Maximum
Allowable Input
Ripple

2 V ac, peak-to-peak.

Does not normally require customer verification.

Option 20
Shutdown-Voltage

+20 V DC Input

-20 V DC Input

+26 V to no greater than
+29.5 V dc.

-20 V to no greater than
-29.5 V dc.

A1. Check Option 20
Regulation and Shutdown.

A3. Check Option 20

Regulation and Shutdown.

Option 20 Maximum
Nondestructive Input
Voltage

Specification applicable under fault conditions only;
therefore this is not a procedural check.

+20 V DC !nput +40 V dc.
-20 V DC input -40 V dc.
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TEST EQUIPMENT REQUIRED

The test equipment listed in Table 6-2 is required for a
complete Performance Check and Calibration of this
instrument. The specifications for test equipment, given
in Table 6-2, are the minimum required to meet the
Performance Requirements. Detailed operating
instructions for test equipment are omitted in these
procedures. Refer to the test equipment instruction
manual if more information is needed.

if only a Performance Check is to be performed, not ali of
the listed test equipment is required. Items used only for
calibration are indicated by footnote 1. The remaining
pieces of equipment are common to both procedures.

SPECIAL FIXTURES

Special fixtures are used only where they facilitate
instrument adjustment. These fixtures are available from
Tektronix, Inc. Order by part number from Tektronix Fieid

Performance Check and Calibration—624

TEST EQUIPMENT ALTERNATIVES

All of the listed test equipment is required to completely
calibrate this instrument. However, complete checking or
adjusting may not always be necessary or desirable. You
may be satisfied with checking only selected
characteristics, thereby reducing the amount of test
equipment actually required.

The Performance Check and Calibration procedures are
based on the first item of equipment given as an
example. When other equipment is substituted, control
settings or setups may need to be altered. If the exact
item of equipment given as an example in Table 6-2 is
not available, first check the specifications column
carefully to see if any other equipment might suffice.
Then check the Purpose column to see what this item is
used for. If used for a check or adjustment that is of little
or no importance for your measurement requirements,

Offices or representatives.

the item and corresponding step(s) can be deleted.

TABLE 6-2

Test Equipment

Description

Minimum Specifications

Purpose

Examples of Applicable
Test Equipment

1. Precision dc volt-
meter ' (with test leads)

Measurement range, -15
to +100 V; measurement
accuracy, within 0.1%.

Adjust +15 V supply. Check
low-voltage supplies. Adjust
CRT Bias.

a. TEKTRONIX DM 502A Option
02 Digital Multi-Meter (oper-
ates in TM 500-Series Power
Module}).

2. Dc voltmeter ' (with
test leads)

Measurement range, -3564
to -3636 V.

Adjust High-Voltage Supply

a. Triplet Model 630-NA.

b. Simpson Model 262.

3. Function generator

Waveshapes, sine and
square; frequency range,
1 Hz to 2 MHz; amplitude,
5V to 20V (P-P) into an
open circuit.

Check common-mode rejec-
tion of the vertical, hori-
zontal, and Z-axis amplifiers
in the Option 21 instrument.
Check Z-axis unblanking in
the Option 25 instrument.
Check triggering in the
Option 4 instrument.

a. TEKTRONIX FG 503 Function
Generator (operates in TM
500-Series Power Module).

4. Ramp generator

Ramp duration, 5 ms to

10 us within 3%; ramp

1 MQ; external trigger input,
compatible with square-wave
generator trigger output; gate
output, 1 to 3 Vinto 1 MQ.

Adjust gain and compensa-
tion of the vertical, hori-
Check vertical and horizontal
settling time, bandwidth and
positioning. Check Z-axis

and common-mode rejection
(Option 21). Adjust trace
rotation and geometry. Check
orthogonality.

a. TEKTRONIX RG 501 Ramp
Generator (operates in TM
500-Series Power Module).

5. Square-wave

Frequency range, 1 kHz

to 100 kHz; amplitude,

0.5 to 1 V when terminated
compatible with ramp
generator external trigger
input.

Adjust gain and compensa-
tion of the vertical, hori-
zontal and Z-axis amplifiers.
Check vertical and horizontal
settling time.

a. TEKTRONIX PG 506
Calibration Generator (operates
in TM 500-Series Power
Module).

'Used for calibration only: NOT used for performance check.

REV, JUN 1981
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TABLE 6-2 (CONT.)

Test Equipment

Description

Minimum Specifications

Purpose

Examples of Applicable
Test Equipment

6. Sine-wave generator

Frequency range, 1 MHz

to at least 5 MHz; reference
frequency, 50 kHz; ampli-
tude, 0.5 to 5 V when
terminated into 50 Q;
amplitude accuracy, constant
within 5% of reference

as output frequency changes

Check bandwidth of the
vertical, horizontal, and
Z-axis amplifiers. Check and
adjust phasing between the
vertical and horizontal
amplifiers.

a. TEKTRONIX SG 503
Leveled Sine-Wave Generator
(operates in TM 500-Series
Power Module).

7. Time-mark generator
(required for Option 4
Monitors only)

Marker output, 1 us to
0.1 s; accuracy, within 1%.

Check and adjust sweep
timing, and check variable
time/division in the Option 4
instrument.

a. TEKTRONIX TG 501 Time
Mark Generator (operates in
TM 500-Series Power Module).

8. Test oscilloscope
{with 10X probe)

Bandwidth, dc to at least
50 MHz; deflection factor,
0.1 to 10 V/div within 2%;
sweep rate, 5 us/div to
0.5 y/div.

Adjust gain and compensa-
tion of Z-axis amplifier.
Check Z-axis bandwidth
and Option 21 common-
mode rejection.

a. TEKTRONIX 5440
Oscilloscope with 5A45
Amplifier, 5B40 Time Base,
and P6105 1-meter probe.

b. TEKTRONIX 7603
Oscilloscope with 7A15A
Amplifier, 7B50A Time Base,
and P6053B 3.5-foot probe.

c. Refer to the Tektronix catalog
for compatible oscilloscope
system.

9. Dual-input coupler

BNC connectors.

Check common-mode rejec-
tion of the vertical, horizontal,
and Z-axis amplifiers in the
Option 21 instrument. Check
and adjust phasing between
the vertical and horizontal
amplifiers.

a. Tektronix 067-0525-01
Calibration Fixture.

10. 50-ohm termination
(Not required for Option
26 Monitors; 2 required
for all other model
Monitors)

Impedance, 50 Q within 2%,
BNC connectors.

Adjust gain and compensa-
tion, and check bandwidth
and common-mode rejection
of the vertical, horizontal,
and Z-axis amplifiers.

Check vertical and horizontal
settling time. Check and adjust
phasing between the vertical
and horizontal amplifiers.

a. Tektronix part 011-0049-01.

11. 50-ohm cables
{4 required)

Impedance, 50 Q; length 42
inches; connectors, BNC.

Provide signal intercon-
nection.

a. Tektronix part 012-0057-01.

12. Screwdriver'

3-inch shaft, 3/32-inch bit.

Adjust variable resistors.

a. Xcelite R3323.

13. Low-capacitance
screwdriver '

3-3/4 inch shaft.

Adjust variable capacitors.

a. Tektronix part 003-0675-00.

14. Nominal +20 V dc
power supply (required
for Option 20 Monitors
only)

Output voltage range, +17.0
to +29.5 volts; output
current at least 3 amperes.

Supply positive voltage to
operate the Option 20
instrument. Check regulation
over input voltage range.
Check shutdown threshold.

a. Power Mate Corp. Model
BPE 34E.

'Used for calibration only; NOT used for performance check.
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TABLE 6-2 (CONT.)

Test Equipment

Description

Minimum Specifications

Purpose

Examples of Applicable
Test Equipment

15. Nominal -20 V dc
power supply {required
for Option 20 Monitors
only)

Output voltage range, -17.0
to -29.5 volts; output
current at least 0.5 ampere.

Supply negative voltage to
operate the Option 20
instrument. Check regulation
over input voltage range.
Check shutdown threshold.

a. Power Mate Corp. Model
BP 34C.

‘ 'Used for calibration only; NOT used for performance check.
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PART 1 — PERFORMANCE CHECK

The following procedure is intended to be used for incoming inspection to determine the acceptability of newly ‘
purchased or recently recalibrated instruments, and is primarily concerned with those portions of the instrument
essential to measurement accuracy and the correct operation. See Preliminary Information, at the beginning of this
section, for information on performing a partial Performance Check procedure.

PERFORMANCE CHECK
PROCEDURE INDEX

A. OPTION 20 POWER SUPPLY...................
1. Check Option 20 Regulation and
Shutdown Threshold . .........................

B.CRTCIRCUIT ... i
1. Check Orthogonality ........................
2. Check Geometry ...........covviininnnn...

C. HORIZONTAL (X) AMPLIFIER. . .. ........... ...
1.Check XGain ............. ..ot e
2. Check Option 21 Horizontal Common-
Mode Rejection.......... ... ... ...
3. Check Horizontal Settling Time ..............
4. Check Horizontal Bandwidth ................
5. Check Horizontal Positioning ................

D. VERTICAL (Y)AMPLIFIER . .....................
1.CheckYGain ... i
2. CheckPhasing ..............cooiiiiia,
3. Check Option 21 Vertical Common-
Mode Rejection.............. ...,
4. Check Vertical Settling Time ................
5. Check Vertical Bandwidth...................
6. Check Vertical Positioning ..................

E.Z-AXISAMPLIFIER ... ..o
1.Check ZGain .....coviiiiiii it
2. Check Z-Axis Bandwidth ....................
3. Check Option 21 Z-Axis Common-
Mode Rejection. ...,
4. Check Option 25 Z-Axis Unblanking .........

F. OPTION 4 SWEEP GENERATOR................
.Check Sweep Length .......................
. Check Trigger Slope/Level ..................
. Check Sweep Timing .......................
. Check Sweep Linearity .....................
. Check Variable Time/Division . ..............

OhwWN—

PERFORMANCE CHECK
POWER-UP SEQUENCE

NOTE

The performance of this instrument can be
checked at any ambient temperature from 0°
to t50°C unless otherwise stated.
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1. Check that the internal Line Voltage Selector plug has
been set for the correct input line voltage (see Section 3,
Installation).

NOTE

For Option 20 Monitors: Connect your
instrument to the DC Power Supplies as
shown in Figure 6-1.

2. Check that the crt has an 8 X 10 division graticule over
the display area.

3. Remove any cabinet panels to gain access to the
internal controls and test points.

4. Check the crt cover on the rear panel to determine
which Options have been installed in your Monitor.

5. Connect the power cord to a suitable line voltage source.
Push in the ON/OFF pushbutton and allow at least 20
minutes warmup before proceeding.

Do not allow a high-intensity dot to remain
stationary on the crt. The crt phosphor could
be permanently damaged.

Nominal +20 V 624 Rear Panel Nominal -20V
DC Power Supply X O DC Power Supply
Supply  +Volts +Y O -Volts  Supply
Common  Out ; . z0 Out Common
i AN
\
/l \
/ \
! \
/ N
/
D @-
Connect to
Protective
Ground
253156

Figure 6-1. Proper application of power to the 624 Option 20 ‘
Monitor.
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POWER SUPPLY

Equipment Required:

1. Nominal +20 V dc power supply

2. Nominal -20 V dc power supply

3. Precision dc voitmeter

BEFORE YOU BEGIN:

(1) Perform the Performance Check Power-Up Sequence.

(2) Refer to Section 7, Instrument Options, and the
Change Information at the rear of this manual for any
modifications which may affect this procedure.

(3) See the Test Point and Adjustment Locations foldout
page, and the Internal Control and Selector Locations
foldout page in Section 9, Diagrams and Circuit Board

‘ Illustrations.

OPTION 20 POWER SUPPLY PRELIMINARY
CONTROL SETTINGS:

INTENSITY .................. Fully counterclockwise

A1. CHECK OPTION 20 REGULATION AND
SHUTDOWN THRESHOLD

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Option 20 Power Supply Preliminary Control
Settings, then proceed with the following
instructions.

SETUP CONDITIONS

4 )

624 Controls
Make no changes to the control settings.

Nominal +20 V 624 Rear Panel Nominal -20 V
DC Power Supply X O DC Power Supply
Supply  +Volts Y O -Volts  Supply
Common  Out Out Common
s +Z QO

! \
! N
\
/ \
/ \
/ N,
/ AN
! N\
/
©Q o
Connect to
Protective
Ground
Precision
DC Volitmeter
? ? Voltmeter
% Test Leads
-~
+20 V DC Power Supply Controls
Voltage OQutput ... ................. ... +17VDC,22A
-20 V DC Power Supply Controls
Voltage Output . . . .................... .... -20V,03A

Voltmeter Range . ................... Appropriate for each
power supply checked)

a. Table 6-3 lists the low-voltage supplies in this
instrument. Connect the precision dc voltmeter between
the appropriate test point and ground.

b. CHECK—The voltmeter for a reading within the
voltage range given in Table 6-3 for the appropriate
supply.

6-15
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TABLE 6-3
Low-Voltage Supply Accuracy

Supply (dc) Voltage Range
-15V -147Vto -153V
+15V +14.96 V to +15.04 V
+100 V +97 Vo +103 V

c. Set the +20 V dc power supply output voltage to +26
volts.

d. CHECK—The voltmeter for a reading within the
voltage range given in Table 6-3 for the appropriate

supply.

e. Set the +20 V dc power supply output voltage to +20
volts. Set the -20 V dc power supply output voltage to -17
volts.

f. CHECK—The voltmeter for a reading within the
voltage range given in Table 6-3 for the appropriate

supply.
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g. Set the -20 V dc power supply output voltage to -26
volts.

h. CHECK—The voltmeter for a reading within the
voltage range given in Table 6-3 for the appropriate

supply.

i. Connect the precision dc voltmeter between the +15 V
test point and ground.

j. CHECK—That the Monitor will shutdown, producing a
voltmeter reading of O volts, as the -20 V dc power supply
output voltage is increased from -26 volts to no greater
than -29.5 volts.

k. Set the -20 V dc power supply output voltage to -20
volts.

I. CHECK—That the Monitor will shutdown, producing a
voltmeter reading of O volts, as the +20 V dc power
supply output voltage is increased from +26 volts to no
greater than +29.5 volts.

m. Return the +20 V dc power supply output to +20 volts.
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B. CRT CIRCUIT

Equipment Required:

1. Ramp generator

2. 50-ohm cable (1 required)

BEFORE YOU BEGIN:

(1) Perform the Performance Check Power-Up Sequence.

(2) Refer to Section 7, Instrument Options, and the
Change Information at the rear of this manual for any
modifications which may affect this procedure.

(3) See the Test Point and Adjustment Locations foldout
page, and the Internal Control and Selector Locations
foldout page in Section 9, Diagrams and Circuit Board
lllustrations.

CRT CIRCUIT PRELIMINARY CONTROL

SETTINGS:

Do not allow a high-intensity dot to remain
stationary on the crt. The crt phosphor could
be permanently damaged.

Vertical and Horizontal Position............ Midrange
INTENSITY ..., Visible display
FOCUS.........ooiiiiiiaa.. Well-defined display
XY-YT (Option 4 Internal

Selector) ..., XY (rear)
+X Atten (Option 22 Internal

Selector} ..., 1X (up})
-X Atten (Option 22 Internal

Selector) ... 1X (up)

NOTE

Always place terminations or grounding caps
on all INPUTs to which signals are not
applied.

B1. CHECK ORTHOGONALITY

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the Crt
Circuit Preliminary Control Settings, then
proceed with the following instructions.

( SETUP CONDITIONS \

624 Controls
Make no changes to the control settings.
BNC
Cable
X O / Ramp Generator
Q +Y O+ Ramp
. Out
624 20O 0o
Rear Panel
Ramp Generator Controls
RampSignal ...................oiiiiiii, +5 ms Ramp
Triggering .......oiviviniiiiiit i, +Auto, Internal

J

a. Position the start of the horizontal trace to the center
vertical graticule line.

b. CHECK—That the vertical trace is aligned with the
center vertical graticule line at the top and bottom of the
graticule, within 0.1 division.
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B2. CHECK GEOMETRY

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the CRT
Circuit Preliminary Control Settings, then
proceed with the following instructions.

SETUP CONDITIONS

-

624 Controls
Make no changes to the control settings.

BNC
Cable
X 0 / Ramp Generator
+Y O Ramp
] Out
624 +Z0O o
Rear Panel

Ramp Generator Controls
Ramp Signal ..............coiiiiiiiiin ., +5 ms Ramp

Triggering ........covvviiiiniiinnniinines +Auto, Internal J

6-18

a. Position the vertical trace to the left edge of the
graticule and then to the right.

b. CHECK—Vertical trace for 0.1 division, or less, of
bowing or tilt at the left and right edge of the graticule.

c. Disconnect the ramp generator from the +Y INPUT and
connect it to the +X INPUT. Horizontally center the display
on the graticule.

d. Position the horizontal trace to the top edge of the
graticule and then to the bottom edge.

e. CHECK—Horizontal trace for 0.1 division, or less, of
bowing or tilt at the top and bottom of the graticule.
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C. HORIZONTAL (X) AMPLIFIER

Equipment Required:
1. Function generator
2. Ramp generator
3. Sine-wave generator

4. Square-wave generator

5. Dual-input coupler

6. 50-ohm cables (4 required)

7. 50-ohm termination (2 required)

BEFORE YOU BEGIN:

(1) Perform the Performance Check Power-Up Sequence.

(2) Refer to Section 7, Instrument Options, and the
Change Information at the rear of this manual for any
modifications which may affect this procedure.

(3) See the Test Point and Adjustment Locations foldout
page, and the Internal Control and Selector Locations
foldout page in Section 9, Diagrams and Circuit Board
lllustrations.

HORIZONTAL PRELIMINARY CONTROL
SETTINGS:

Vertical and Horizontal Position............ Midrange
YGAIN (e Midrange
INTENSITY ... i, Visible display
FOCUS........iii it Well-defined display
XY-YT (Option 4 Internal
Selector) ..o e XY (rear)
+Y Atten (Option 22 Internal
Selector) ..o e 1X (up)
-Y Atten (Option 22 Internal
Selector) ....ooviii i e 1X (up)
NOTE

Always place terminations or grounding caps
on all INPUTs to which signals are not
applied.

C1. CHECK X GAIN

SETUP CONDITIONS

NOTE

X GAIN can be set to provide 10 divisions of
horizontal deflection with any input signal
voltage from +05 to +2.5 volts. However,
when doing a complete Performance Check
procedure the X GAIN must be set to provide
8 divisions of deflection with a 1-volt input
signal. See step C3. CHECK/ADJUST X GAIN
(R325) in Part Ill—Calibration for the
procedure to set the X GAIN. For a partial
Performance Check procedure, first perform
the Horizontal Preliminary Control Settings,
then proceed with the following instructions.

/

624 Controls
X GAIN

SETUP CONDITIONS

50-ohm Square-Wave
Termination* Generator
Standard
* Amplitude
Out
+X
+Y Q BNC
Cables
624 *Z0O
Rear Panel

Ramp Generator

Ramp
Qut

Square-Wave Generator Controls
Amplitude .. ... ... oL Set to provide 0.5 Volt
input signal to the Monitor.

Ramp-Generator Controls
Ramp Signal . ........ ... ... ... ... ... .. +20 pus Ramp
Triggering ......... ... . +Auto, Internal

*For Option 26 Monitors: Remove the 50-ohm termination from

\the test setup.

............................... Fully clockwise

~
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a. CHECK—The crt for a horizontal display of 8 divisions,
within 2%. (Position as necessary.)

b. Set X GAIN fully counterclockwise.

c. Set the square-wave generator amplitude for +2.5 volts
to the Monitor.

d. CHECK—The crt for a horizontal display of 8 divisions,
within 2%. (Position as necessary.)

e. Return the X GAIN setting to provide 8 divisions of
deflection with 1 volt input. (Refer to step C3 in Part I.)

C2. CHECK OPTION 21 HORIZONTAL
COMMON-MODE REJECTION

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Horizontal Preliminary Control Settings, then
proceed with the following instructions.

SETUP CONDITIONS

4 )

624 Controls
XGAIN ... Set to provide 8 divisions
deflection with 1-volt input.
Dual-Input
Coupler BNC
\ Cable
"
))(( & / Function
YO Generator
YO Output
624 +Z2Q
Rear Panel 2O 50-ohm
Termination*
Function Generator Controls
Waveshape ....................... i, Sine-Wave
Frequency ... ... 100 kHz

*For Option 26 Monitors: Remove the 50-ohm termination from
bhe test setup.

a. Set the function generator amplitude for a 10-volt
(peak-to-peak) input signal to the Monitor.

b. CHECK—Crt display for 0.8 divisions, or less, of free-
running horizontal display. (Position as necessary.)

c. Set the output frequency of the function generator to 1
megahertz.

d. CHECK—Crt display for 1.6 divisions, or less, of free-
running horizontal display. (Position as necessary.)
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NOTE

Perform the remaining parts of this step only
if your instrument /s equipped with both
Option 21 and Option 22.

e. Turn OFF power to the 624. Then, set S310 (+X Atten)
and S410 (-X Atten) to the 5X (down) position. Press
front-panel ON/OFF pushbutton to apply power to the
624.

f. Set the function generator amplitude for a 20-volt
(peak-to-peak) input signal to the Monitor.

g. CHECK—Crt display for 0.3 division, or less, of free-
running horizontal display. (Position as necessary.)

h. Set the function generator output frequency to 100
kHz.

i. CHECK—Crt display for 0.8 division, or less, of free-
running horizontal display. (Position as necessary.)

C3. CHECK HORIZONTAL SETTLING TIME
SETUP CONDITIONS
NOTE
For a partial procedure, first perform the

Horizontal Preliminary Control Settings, then
proceed with the following instructions.

/ SETUP CONDITIONS \
624 Controls
XGAIN ........ooiiiiii . Set to provide 8 divisions
deflection with 1-voit input.
+X Atten (Option 22). .......... it 1X (up)
X Atten (Option 22) ..., 1X {up)
5°j°h’)" Square-Wave
Termination* Generator
BNC
Cables Trig +Fast-Rise
Y Out Out
+X @ O 9
+Y
624 +Z
Rear Panet
v Ramp Generator
50-ohm Trig
Termination* \‘O Input ~ Ramp
BNC / \o Gate ‘L;t
Cables ™= Out
Square-Wave Generator Controls
Pulse Duration ........................... 10 us (100 kHz)
Ramp-Generator Controls
Ramp Signal ................... ..ol +20 us Ramp
Triggering ..., +Auto, External

*For Option 26 Monitors: Remove to 50-ohm termination from

the test setup.
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a. Set the ramp generator amplitude for exactly 8
divisions of vertical display. (Position as necessary.)

b. Set the square-wave generator amplitude for 8
divisions of horizontal display, and set the repetition rate
to display approximately 1 cycle.

c. CHECK—That the time required for the leading edge
of the square wave to travel from the zero percent level
(see Fig. 6-2) to within 0.50 millimeters (about one trace
width) of the 100 percent level is 500 nanoseconds
(0.625 division) or less.

C4. CHECK HORIZONTAL BANDWIDTH

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Horizontal Preliminary Control Settings, then
proceed with the following instructions.

SETUP CONDITIONS

4 )

624 Controls
XGAIN ... Set to provide 8 divisions
deflection with 1-volt input.

50-ohm Sine-Wave
Termination* Generator
Sine-Wave
+X Out
+Y QO BNC
Cables
624 +20O
Rear Panel
Ramp Generator
Ramp
Out
Sine-Wave Generator Controls
Output Frequency ...................... 50 kHz Sinewave
Ramp-Generator Controls
RampSignal ....................oooiiiin. +50 us Ramp

Triggering .......ooiiiiiiiiiii i, +Auto, Internal

a. Set the ramp generator amplitude for more than 8
divisions of vertical deflection.

b. Set the sine-wave generator amplitude for 8 divisions
of horizontal deflection.

Performance Check and Calibration—624

0% 100%
Y Y
_l_SETTLING
T TIME
2531-58

Figure 6-2. Typical crt display for horizontal settling-time
measurement.

¢. Slowly increase the sine-wave generator output
frequency until the display’s horizontal amplitude is 5.7
divisions.

d. CHECK—That the sine-wave generator
frequency is at least 3 megahertz.

output

C5. CHECK HORIZONTAL POSITIONING

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Horizontal Preliminary Control Settings, then
proceed with the following instructions.

SETUP CONDITIONS

-

624 Controls
Make no changes to the control settings.

~

BNC
X0 Cable Ramp Generator
+Y O / Ramp
[ Out
624 +20 \O
Rear Panel

Ramp-Generator Controls
Ramp Signal ............................... +20 us Ramp

\ Triggering ...ttt +Auto, Internal)

a. CHECK—Rotate the Horizonta! Position Contro! and
check that the vertical trace can be positioned
horizontally anywhere in the graticule area.
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D. VERTICAL (Y) AMPLIFIER

Equipment Required:
1. Function generator
2. Ramp generator
3. Sine-wave generator

4. Square-wave generator

5. Dual-input coupler
6. 50-ohm cables (4 required)

7. 50-ohm terminations (2 required)

BEFORE YOU BEGIN:

(1) Perform the Performance Check Power-Up Sequence.

(2) Refer to Section 7, Instrument Options, and the
Change Information at the rear of this manual for any
modifications which may affect this procedure.

(3) See the Test Point and Adjustment Locations foldout
page, and the Internal Control and Selector Locations
foldout page in Section 9, Diagrams and Circuit Board
Hlustrations.

VERTICAL PRELIMINARY CONTROL
SETTINGS:

Vertical and Horizontal Position............ Midrange
INTENSITY ... Visible display
XGAIN .. e Midrange
FOCUS.........ccoiiiiiena., Well-defined display
XY-YT (Option 4 Internal

Selector} ...ttt XY (rear)
+X Atten (Option 22 Internal

Selector) . ...t e e 1X (up)
-X Atten (Option 22 Internal

Selector) oo e 1X (up)

D1. CHECK Y GAIN

SETUP CONDITIONS

NOTE

Y GAIN can be set to provide 8 divisions of
vertical deflection with any input signal
voltage from +0.5 to +2.5 volts. However,
when doing a complete Performance Check
procedure the Y GAIN must be set to provide
8 divisions of deflection with a 1-volt input
signal. See step D3. CHECK/ADJUST Y GAIN
(R125) in Part |lI—Calibration for the
procedure to set the Y GAIN. For a partial
Performance Check procedure, first perform
the Vertical Preliminary Control Settings,
then proceed with the following instructions.
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SETUP CONDITIONS \
624 Controls
YGAIN . .o Fully clockwise

Square-Wave
Generator
Standard
Amplitude
Out

+X QO
+Y @y

624 20
Rear Panel

BNC
Cables

Ramp Generator
50-ohm

Termination* Ramp

Out

Square-Wave Generator Controls
Amplitude . .......... . ... . L. Set to provide 0.5-volt
input signal to the Monitor.

Ramp-Generator Controls

Ramp Signal . ............... .. ... ... ... +20 us Ramp
Triggering .. .......... . ... +Auto, Internal

*For Option 26 Monitors: Remove the 50-ohm termination from
the test setup. /

a. CHECK—The crt for a vertical display of 8 divisions,
within 2%. (Position as necessary.)

b. Set the Y GAIN fully counterclockwise.

c. Set the square-wave generator amplitude for +2.5 volts
to the Monitor.

d. CHECK—The crt for a vertical display of less than 8
divisions, (Position as necessary.)

e. Return the Y GAIN setting to provide 8 divisions of
deflection with 1 volt input. (Refer to step D3 in Part Ii.)
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. CHECK PHASING

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Vertical Preliminary Control Settings, then
proceed with the following instructions.
624 Controls

XGAINand YGAIN ............. Set to provide 8 divisions
deflection with 1-volt input.

SETUP CONDITIONS

Dual-Input
Coupler
50-ohm
Termination*
Sine-Wave
X O Generator
Y O Sine-W
ine-Wave
624 +Z O [ " out
Rear Panel BNC

Cable

Sine-Wave Generator Controls
Output Frequency ..........cooviieiiiiiiiinnnnn.. 1 MHz

*For Option 26 Monitors: Remove the 50-ohm termination from
Qhe test setup.

a. Set the sine-wave generator amplitude to provide a 1-
volt input signal to the Monitor.

b. Position the display as shown in Figure 6-3.

t

N
L e

I 0.1 DIV
T OR LESS

2025-50

Figure 6-3. Typical horizontal and vertical phase difference
display.

Performance Check and Calibration—624

c¢. CHECK—That the diameter of the displayed ellipse,
measured vertically at the center of the graticule, is 0.1
division or less (see Fig. 6-3).

D3. CHECK OPTION 21 VERTICAL
COMMON-MODE REJECTION

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Vertical Preliminary Control Settings, then
proceed with the following instructions.

4 )

SETUP CONDITIONS
624 Controls
YGAIN ... Set to provide 8 divisions
deflection with 1-volt input.
Dual-Input
Coupler BNC
< Cable
.
X 8 Function
+Y O+ Generator
é o_}‘\ Output
624 7 (o] ~—O
Rear Panel (o]
50-ohm
Termination*
Function Generator Controls
Waveshape .............. ... oL Sine-Wave
Frequency ...... .. i 100 kHz

*For Option 26 Monitors: Remove the 50-ohm termination from
the test setup.

J

a. Set the function generator amplitude for a 10-volt
(peak-to-peak) input signal to the Monitor.

b. CHECK—Crt display for 0.8 division, or less, of free-
running vertical display. (Position as necessary.)

c. Set the output frequency of the function generator to 1
megahertz.

d. CHECK—Crt display for 1.6 divisions, or less, of free-
running vertical display. (Position as necessary.)

NOTE

Perform the remaining parts of this step only
if your instrument is equipped with both
Option 21 and Option 22.
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e. Turn OFF power to the 624. Then, set S110 (+Y Atten)
and S210 (-Y Atten) to the 5X (down) position. Press
front-panel ON/OFF pushbutton to apply power to the
624.

f. Set the function generator amplitude for a 20-volt
(peak-to-peak) input signal to the Monitor

g. CHECK—Crt display for 0.3 division, or less, of free-
running vertical display. (Position as necessary.)

h. Set the function generator output frequency to 100
kHz.

i. CHECK—Crt display for 0.8 division, or less, of free-
running vertical display. (Position as necessary.)

D4. CHECK VERTICAL SETTLING TIME
SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Vertical Preliminary Control Settings, then
proceed with the following instructions.

/ SETUP CONDITIONS \

624 Controls

+Y Atten (Option 22) . ...t e 1X (up)
Y Atten (Option 22) ..o 1X (up)
YGAIN ... Set to provide 8 divisions

deflection with 1-volt input.

50-ohm Ramp Generator
Termination* Trig
O jnput  Ramp
Out
Gate
X Oy, | Out ?
+Y // \]
V24 BNC A
. 52P4 ' 2 @] Q/’ Cable
ear Pane
ngl(;s Square-Wave
Generator
Ll Trig  +Fast-Rise
0 Out Qut
Ramp-Generator Controls
Ramp Signal ..o +10 us Ramp
Triggering ...l .... +Auto, External
Square-Wave Generator
Pulse Duration ..............coiiivinen... 10 us (100 kHz)

»

For Option 26 Monitors: Remove the 560-ohm termination from

the test setup. /
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a. Set the ramp-generator amplitude for exactly 10
divisions of trace length. (Position as necessary.)

b. Set the square-wave generator amplitude for 8
divisions of vertical display and set the repetition rate to
display approximately 1 cycle.

c. CHECK—That the time required for the leading edge
of the square wave to travel from the zero percent level
(see Fig. 6-4) to within 0.50 millimeters (about one trace
width) of the 100 percent level is 500 nanoseconds (0.50
division) or less.

D5. CHECK VERTICAL BANDWIDTH
SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Vertical Preliminary Control Settings, then
proceed with the following instructions.

( SETUP CONDITIONS \

624 Controls
YGAIN ... Set to provide 8 divisions
deflection with 1-volt input.
50-ohm Ramp Generator
Termination*
Ramp
Out
+X / Q
+Y @ BNC
624 20 Cables
Rear Panel
Sine-Wave
Generator
Sine-Wave
\D Out
Ramp-Generator Controls
Ramp Signal ............................... +50 us Ramp
Triggering .........ooiiiiiiiii +Auto, Internal
Sine-Wave Generator Controls
Output Frequency ................................ 50 kHz
*For Option 26 Monitors: Remove the 50-ohm termination from

uhe test setup. —)

a. Set the ramp generator amplitude for more than 10
divisions of horizonta! deflection.
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SETTLING
TIME —>]
100% »r— ,

0% » !

€2025-49

Figure 6-4. Typical crt display for vertical settling-time
measurement.

b. Set the sine-wave generator amplitude for 6.4
divisions of vertical deflection.

c. Slowly increase the sine-wave generator output
frequency until the display amplitude is 4.5 divisions.

d. CHECK—That the sine-wave generator
frequency is at least 3 megahertz.

output

Performance Check and Calibration—624
D6. CHECK VERTICAL POSITIONING

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Vertical Preliminary Control Settings, then

proceed with the following instructions.

SETUP CONDITIONS

-

624 Controls
Make no changes to the control settings.

BNC
X O Caj|e Ramp Generator
Q "o \ Ramp
Out
624 +ZO \3
Rear Panel

Ramp-Generator Controls
Ramp Signal ............. .. oo oo +20 us Ramp

\ Triggering ..o +Auto, Internal j

a. CHECK—Rotate the Vertical Position control and
check that the horizontal trace can be positioned
vertically anywhere in the graticule area.
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E. Z-AXIS

AMPLIFIER

Equipment Required:
1. Function generator
2. Ramp generator
3. Sine-wave generator
4. Square-wave generator

5. Test oscilloscope

6. Dual-input coupler

7. 50-ohm cables (2 required)

8. 50-ohm termination (1 required)

BEFORE YOU BEGIN:

(1) Perform the Performance Check Power-Up Sequence.

(2) Refer to Section 7, Instrument Options, and the
Change Information at the rear of this manual for any
modifications which may affect this procedure.

(3) See the Test Point and Adjustment Locations foldout
page, and the Internal Control and Selector Locations
foldout page in Section 9, Diagrams and Circuit Board
Ilustrations.

Z-AXIS PRELIMINARY CONTROL SETTINGS:

Vertical and Horizontal Position............ Midrange

INTENSITY ... Visible display

FOCUS. ... ..o Well-defined display
NOTE

Always place terminations or grounding caps
on all INPUTs to which signals are not
applied.

E1. CHECK Z GAIN

SETUP CONDITIONS

NOTE

Z GAIN can be set to provide full intensity
with any input signal voltage from +1 to +5
volts. However, when doing a complete
Performance Check procedure the Z GAIN
must be set to provide full intensity with a 1-
volt input signal. See step ET1.
CHECK/ADJUST Z GAIN (R525) in Part lI—
Calibration for the procedure to set the Z
GAIN. For a partial Performance Check
procedure, first perform the Z-Axis
Preliminary Control Settings, then proceed
with the following instructions.
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624 Controls

SETUP CONDITIONS

Make no changes to the control settings.

\

Ramp Generator

Ramp
Test
Oscillo- Out
scope Q +X -0
Vertical +Y O \ Bne
{nput 624 +Z Cables
? Rear Pane!
Square-Wave
I Generator
‘\ 50-ohm
Termination*
10X Probe

Standard
Amplitude
Out
Ramp-Generator Controls

Ramp Signal .. ..... ... ... .. L. +10 us Ramp
Triggering .. ....... ... .. ... +Auto, Internal

Square-Wave Generator Controls
Amplitude . .................. ... Set to provide a 1-volt
input signal to the Monitor.

Test Oscilloscope Controls
Deflection Factor .. ......... ... 10V div with 10X probe
Input Coupling
Triggering ... ... ...
SweepRate ................ .. .. ... .. ...
Display ....................

*For Option 26 Monitors; Remove the 50-ohm termination from
&he test setup.

a. Set the square-wave generator amplitude for a 1-volt
input signal to the Monitor.

b. Connect a 10X probe from the test oscilloscope vertical
input to TP590. Set the 624 INTENSITY control for a 10-
volt base level of the square wave displayed on the test
oscilloscope.

¢. CHECK—That the amplitude of the square wave
displayed on the test oscilloscope is at least 60 volts.
(Position as necessary.)
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E2. CHECK Z-AXIS AMPLIFIER BANDWIDTH

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the Z-
Axis Preliminary Control Settings, then
proceed with the following instructions.

-

SETUP CONDITIONS \

624 Controls
Make no changes to the control settings.

Ramp Generator

Test - Ramp
Oscillo- Out
scope

e
Y O BNC

Vertical
Input |
624 +2 \ Cables
? Rear Panel ’
Sine-Wave

‘ Generator

50-ohm Sine-Wave
& Out
Ramp-Generator Controls

Termination*
Ramp Signal .. ......... ... ... . ... ... +10 us Ramp
Triggering .. ....... . ... . +Auto, Internal

10X Probe

Sine-Wave Generator Controls

Output Frequency ............................. 50 kHz
Test Oscilloscope Controls

Deflection Factor ... .......... . 10 V/div with 10X Probe

Imput Coupling . ......... .. .. ... ... ... ... ... ..., DC

Triggering .. .. ... ... Auto, Internal

SweepRate ......... ... ... .. .. 10 us/div

Display .................... Well-defined, visible display.

*For Option 26 Monitors: Remove the 50-ohm termination from
Qe test setup.

J

a. Connect a 10X probe from the test oscilloscope vertical
input to TP590.

b. Set the 624 INTENSITY control and the sine-wave
generator amplitude for a 6-division (from 10 V dc to 70
V dc) display on the test oscilloscope. (Make sure that no
clipping occurs on the test oscilloscope display.)

c. Slowly increase the sine-wave generator output
frequency until the display amplitude is 4.2 divisions on
the test oscilloscope.

d. CHECK—That the sine-wave generator
frequency is at least 5 megahertz.

output

Performance Check and Calibration—624

E3. CHECK OPTION 21 Z-AXIS
COMMON-MODE REJECTION

SETUP CONDITIONS

NOTE

For a partial procedure, first perform the Z-
Axis Preliminary Control Settings, then
proceed with the following instructions.

SETUP CONDITIONS

4 )

624 Controls
Make no changes to the control settings.
Ramp Generator
Test Ramp
Oscillo- Out
scope \O
Vertical BNC
Input Cables
? Rear Panel .
Function Generator
i Dual-input
10X Probe Coupler Output
Ramp-Generator Controls
Ramp Signal .. ... .. ... ... ... L +10 us Ramp
Triggering ... ... ... ... .. ... +Auto, Internal
Function-Generator Controls
Waveshape . .......... ... ... oL Sine-Wave
Frequency . ........ ... ... ... .. 100 kHz
Test Oscilloscope Controls
Deflection Factor ... ............ 1 V/div with 10X Probe
Input Coupling . ...... . . . . AC
Triggering .. ... ... ... Auto, Internal
SweepRate ......... ... ... .. ... ... 10 pus/div
Display .................. .. Well-defined, visible display

J

a. Set the function generator amplitude for a 5-volt input
signal to the Monitor.

b. Connect a 10X probe from the test oscilloscope vertical
input to TP590.

c. CHECK—The test oscilloscope display for 7 divisions
{7 volts) or less.

d. Set the function generator output frequency to 1
megahertz and the test oscilloscope vertical deflection
factor to 2 V/div (with 10X probe).

e. CHECK—The test oscilloscope display for 7 divisions
(14 volts) or less.
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E4. CHECK OPTION 25 zZ-AXIS UNBLANKING

SETUP CONDITIONS

NOTE

For a partial procedure, Control Settings, then
proceed with the following instructions.

SETUP CONDITIONS

624 Controls

INTENSITY ... Visible display
-oh
1?)())( Ztt:n‘ Ramp Generator
Ramp Trig
Qut In
+X OH —0 O
e BNC
624 +Z O Cables
Rear Panel TTL
Function
Generator
Tri
Output Orl'g
Dual Input o
Coupler

Function-Generator Controls

Waveshape .. ............. ... ... ... ... Square-Wave
Frequency . ............ ... ... ... ... ... ... ..., 50 kHz
Amplitude .. .......... ... ... +2.5 V referenced to ground

Ramp-Generator Controls
Ramp Signal ............. ... . ... ..., .. +10 us Ramp
Triggering .. ... ... ... .. .. .. ... ... +Auto, External

*For Option 26 Monitors: Remove the 50-ohm termination from
Qe test setup.

~

J
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a. CHECK—That the defocused dot periodically
disappears.

b. Turn OFF the 624. Change the setting of P550
{Unblanking Level Selector) and turn ON the 624.

¢c. CHECK—That the defocused dot periodically
disappears.
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F. OPTION 4 SWEEP GENERATOR

Equipment Required:
1. Function generator 4, 50-chm termination (1 required)

2. Time-mark generator

3. 50-ohm cable (1 required)

BEFORE YOU BEGIN: e N
SETUP CONDITIONS

{1) Perform the Performance Check Power-Up Sequence. 624 Controls

Make no changes to the control settings.
(2) Refer to Section 7, Instrument Options, and  the
Change Information at the rear of the manual for any
modifications which may affect this procedure. 624

Monitor

. No external signals are connected to the 624 Monitor.
(3) See the Test point and Adjustment Locations foldout
page, and the Internal Control and Selector Locations

foldout page in Section 9, Diagrams and Circuit Board

Hlustrations.
a. CHECK—That the sweep length is at least 10.5
divisions. (Position as necessary.)
F2. CHECK TRIGGER SLOPE/LEVEL
OPTION 4 SWEEP PRELIMINARY CONTROL SETUP CONDITIONS
SETTINGS:
NOTE
For a partial procedure, first perform the
SEC/DIV (Option 4) . ....oeiiieennneannnn.. 1 us/div Option 4 Sweep Preliminary Control Settings,
VARIABLE (Option 4)................ Fully clockwise then proceed with the following instructions.
(calibrated)
INTENSITY ... i Visible display
FOCUS. ...t Well-defined display
XY-YT (Option 4 Internal K SETUP CONDITIONS \
Selector) . .ovviiii i i e YT (forward) 624 |
. . ontrols
Trig Mode {Option 4 Internal Make no changes to the control settings.
Selector) ..ot e Auto (rear)
50-ohm
Termination*
Functi
Xo Gener:)IZr
+Y @
\ .
F1. CHECK SWEEP LENGTH el ol f [0 Output
BNC
SETUP CONDITIONS Cable
Function-Generator Controls
Waveshape .. ... .. . .. .. . ... ... .. ... Sine-
NOTE Frec\;uencse. ................................. Ih?ZV\Kl?;i
For a partial procedure, first perform the *For Option 26 Monitors: R 50- P
. Option4Sweep Pre//'m/nary Control Sett/'ngs, \th:rtes':tms(;rt‘up_ onitors: Remove the Oohmtermmatlonfromj
then proceed with the following instructions.
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a. Set the function generator amplitude for a 0.5-division

display.

b. CHECK—For a stable display. (Rotate the TRIG
SLOPE/LEVEL control as necesary.)

c. CHECK—That the display is free-running with the
TRIG SLOPE/LEVEL control fully clockwise and fully
counterclockwise.

d. Set the Trig Mode switch (S1140) to Norm.

e. CHECK—That the stable display is obtained by
rotating the TRIG SLOPE/LEVEL control.

f. CHECK—For no display when the TRIG SLOPE/LEVEL
control is set fully clockwise and fully counterclockwise.

F3. CHECK SWEEP TIMING
SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Option 4 Sweep Preliminary Control Settings,
then proceed with the following instructions.

( SETUP CONDITIONS \

624 Controls

TrigMode ............. ... ... .. . ... ... Auto {rear)
50-ohm
Termination*
Time-Mark
X O Generator
Ve
+Y @
\“"0 Marker
624 +Z O f Out
Rear Panel BNC
Cable
Time-Mark Generator Controls
Marker Output .. ... ... ... ... .. .. .. ... 1 ms

*For Option 26 Monitors: Remove the 50-ochm termination from

\!he test setup.

a. Set the time-mark generator amplitude for a 2- to 6-
division display.

6-30

b. Position the first time marker to the left edge of the
graticule.

¢. CHECK—That the distance between the second and
tenth time markers is 8 divisions, within 0.24 division
(3%).

d. CHECK—Remaining positions of the SEC/DIV switch
with time markers that correspond to each switch
position. The distance between the second and tenth
time markers at each SEC/DIV switch position should be
8 divisions, within 0.24 division (3%).

F4. CHECK SWEEP LINEARITY
SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Option 4 Sweep Preliminary Control Settings,
then proceed with the following instructions.

( SETUP CONDITIONS \

624 Controls

TrigMode .. ....... . ... .. .. Auto (rear)
50-ohm
Termination*
Time-Mark
X O Generator
+Y .-‘-
\"O Marker
624 +Z 0 f Out
Rear Panel BNC
Cable
Time-Mark Generator Controls
Marker Qutput .. ............ .. ... ... ... ....... 1ms

*For Option 26 Monitors: Remove the 50-ohm termination from
k the test setup.

a. Set the time-mark generator amplitude for a 2- to 6-
division display.

b. Position the second time marker to the second vertical
graticule line.

¢. CHECK—That the distance between any 3 time marks,
between the 2nd and 10th vertical graticule lines, is 2
divisions within 0.12 division (6%).
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F5. CHECK VARIABLE TIME/DIVISION
SETUP CONDITIONS

NOTE

For a partial procedure first perform the
Option 4 Sweep Preliminary Control Settings,
then proceed with the following instructions.

SETUP CONDITIONS

624 Controls

SEC/DIV .. ... ... 0.1 ms/div
50-ohm
Termination*
Time-Mark
+X
° Generator
™ -
\ Marker
624 +ZO r 0 Out
Rear Panel BNC
Cable
Time-Mark Generator Controls
Marker Qutput . ....... ... ... .. ... 0.1 ms

*For Option 26 Monitors: Remove the 50-ohm termination from
\ the test setup.

N

J

Performance Check and Calibration—624

a. Position the display for 1 time marker per division.

b. Set the VARIABLE control fully counterclockwise.

c. Set the SEC/DIV switch to 1 ms.

d. CHECK—For at least 1 time marker per division.
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PART Il — CALIBRATION

The following procedure returns the 624 Monitor to correct admustment and provides a complete sequential check of
instrument performance concurrent with the adjustments. Although each step in this procedure can be performed
independently, we recommend that the entire subsection (e.g., A. Power Supplies, B. Crt Circuit, etc.) be performed if any
adjustments are made. See Preliminary Information, at the beginning of this section, for further information.

o2}
N
S5 Sn DB NN 0 R dOE D NG ANE 900 NG BN G O DN OE N 0B

CALIBRATION F. C1)P(T:IhOthi EXVEEtPS GENEIEATotﬁ s g-gg
. Chec just Sweep Length (R1134)......... -
PROCEDURE INDEX 2. Check Trigger Slope/Level ................... 6-53
3. Check/Adjust Sweep Timing (R1185) ......... 6-54
PAGE 4. Check Sweep Linearity ...................... 6-54
A. POWER SUPPLY 6-34 5. Check Variable Time/Division ................ 6-54
1. Adjust +15-Volt Supply (R958)................ 6-34
2. Adjust High-Voltage Supply (R918) ........... 6-34
3. Check Option 20 Regulation and
Shutdown Threshold ........................... 6-35 CALIBRATION POWER-UP
SEQUENCE
B.CRTCIRCUIT ... eeeens 6-37
1. Adjust CRT Bias (R862) ...................... 6-37 NOTE
2. Adjust Trace Rotation (R949)................. 6-38 The performance of this instrument can be
3. Check Orthogonahty ......................... 6-38 checked at any ambient temperature from 0°
4. Check/Adjust Geometry (R943) .............. 6-38 to +50° C unless otherwise stated.

5. Adjust Astigmatism (R841)................... 6-39 Adjustments must be performed at an

ambient temperature from +15° to +25° C for
specified accuracies.

C. HORIZONTAL (X) AMPLIFIER. . ............c..uut 6-40
1. Adjust Option 22 X Attenuation 1. Check that the internal Line Voltage Selector plug has
Compensation (C310 and C410) ................ 6-40 been set for the correct input line voltage (see Section 3,
2. Adjust Horizontal (X) Compensation Installation).
(05 1.7 ) TN
3. Check/Adjust X Gain (R325) ................. 6-41 NOTE
4. Check Option 21 Horizontal Common-
Mode Rejection..........coiiiiiiininiinnnn.. 6-42 For Option 20 Monitors: Connect your
5. Check Horizontal Settling Time ............... 6-43 instrument to the DC Power Supplies as
6. Check Horizontal Bandwidth ................. 6-43 shown in Figure 6-5.
7. Check Horizontal Positioning ................. 6-44
D. VERTICAL (Y) AMPLIFIER .. .......cveivnnnnnn. 6-45 Nominal +20 V 624 Rear Panel Nominal -20V
1. Adjust Option 22 Y Attenuation DC Power Supply +x Q | | DC Power Supply
Compensation (C110 and C210). ................ 6-45 Supply  +Volts YO -Volts  Supply
2. Adjust Vertical {Y) Compensation 6-46 Common  Out < o Out  Common
(C1B3) e e e e 6-46 N
3. Check/Adjust Y Gain (R125) ................. 6-46 / N
4. Check/Adjust Phasing (C122 and C138) ...... 6-47 / N
5. Check Option 21 Vertical Common- // \
Mode Rejection. . .....ooiiiiiiiiiiiiiiienennns 6-48 o
6. Check Vertical Settling Time ................. 6-48 ! \
7. Check Vertical Bandwidth .................... 6-49 >
8. Check Vertical Positioning ................... 6-49 @
E.Z-AXISAMPLIFIER ... ......coviiiiiii s 6-50 Connect to
1. Check/Adjust Z Gain (R525) ................. 6-50 Fotective
2. Adjust Z-Axis Compensation (R560 and C591).6-51 oun 2531 56
3. Check Z-Axis Amplifier Bandwidth............ 6-51
4. Check Option 21 Z-Axis Common-
Mode Rejection ... 6-52 Figure 6-5. Proper application of power to the 624 Option 20 .
5. Check Option 25 Z-Axis Unblanking .......... 6-52 Monitor.
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2. Check that the crt has an 8 X 10 division graticule over
the display area.

3. Remove any cabinet panels to gain access to the
internal controls and test points.

4. Check the crt cover on the rear panel to determine
which Options have been installed in your Monitor.

REV A, APR 1979

Performance Check and Calibration—624

5. Connect the power cord to a suitable line voltage source.
Push in the ON/OFF pushbutton and allow at least 20
minutes warmup before proceeding.

Do not allow a high-intensity dot to remain
stationary on the crt. The crt phosphor could
be permanently damage.
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A. POWER SUPPLY

Equipment Required:
1. Dc voltmeter

2. Precision dc voltmeter

3. Nominal +20 V DC power supply (Option 20 only)

4. Nominal -20 V DC power supply (Option 20 only)

BEFORE YOU BEGIN:

(1) Perform the Calibration Power-Up Sequence.

(2) Refer to Section 7, Instrument Options, and the
Change Information at the rear of this manual for any
modifications which may affect this procedure.

(3) See the Test Point and Adjustment Locations foldout
page, and the Internal Control and Selector Locations
foldout page in Section 9, Diagrams and Circuit Board
Ilustrations.

POWER SUPPLY PRELIMINARY CONTROL
SETTINGS:

Vertical and Horizontal Position............ Midrange
INTENSITY .....coviiiinninns Fully Counterclockwise

A1. ADJUST +15-VOLT SUPPLY (R958)
SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Power Supply Preliminary Control Settings,
then proceed with the following instructions.

/ SETUP CONDITIONS \

624 Controls
Make no changes to the control settings.

Precision
DC
Vol
624 oltmeter

Monitor 00
]

Voltmeter
Test Leads

No external signals are connected to the 624 Monitor.
Voltmeter Range .................... Appropriate for each

\ power supply checkedj

6-34

a. Table 6-4 lists the low-voltage supplies in this
instrument. Connect the precision dc voltmeter between
the appropriate test point and ground.

TABLE 6-4
Low-Voltage Supply Accuracy
Supply (dc) Voltage Range
-15 V -147 V to -153 V
+15 V +14.96 V to +15.04 V
+100 V +97 V to +103 V

b. EXAMINE—The voltmeter for a reading within the
voltage range given in Table 6-4 for the appropriate

supply.

c. ADJUST-—R958 (+15 V Adj) for a voltmeter reading of
+15.00 volts.

d. INTERACTION—If any of the low-voltage supplies in
Table 6-4 are out of tolerance, re-examine the
adjustment of the +15 Volt Supply in part b and the High-
Voltage Supply in step A.

A2. ADJUST HIGH-VOLTAGE SUPPLY (R918)

Turn off the instrument when connecting and
disconnecting the dc voltmeter. Potentially
dangerous voltage exists at several points on
the High-Voltage Power Supply board and crt
socket.
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SETUP CONDITIONS

NOTE

For a partial procedure, first perform the
Power Supply Preliminary Control Settings,
then proceed with the following instructions.

[

SETUP CONDITIONS
624 Controls
ON/OFF o e e et aaas OFF
bC
624 Voltmeter
Monitor T

Voltmeter
Test Leads

No external signals are connected to the 624 Monitor.

& Voltmeter Range ................coiiiiint. 2 -5000 V dj

a. Remove the rear crt cover (5 screws) from the rear
panel. Then remove the crt socket cover.

b. Connect the dc voltmeter (set for at least -56000 dc
volts full scale} between pin 2 of the crt socket (second
pin clockwise from the socket index) and ground.

c. Push in the front-panel ON/OFF pushbutton.

d. EXAMINE—The voitmeter for a reading between -
-3564 volts and -3636 volts.

e. ADJUST—R918 (HV Adj) for exactly -3500 volts.

f. Turn off the instrument and disconnect the voltmeter.
Replace the crt socket cover and the rear crt cover.

9. INTERACTION—Readjustment of R918 (HV Adj) and
R958 (+15 V Adj) may be necessary to bring all power
supplies within their specified tolerances. The setting of
R918 affects both the High-Voltage Supply and the +100
Volt Supply; the setting of R958 affects both the +15 Volt
Supply and the -15 Volt Supply. Repeating step A1l is
necessary if R918 is readjusted.

Performance Check and Calibration—624

A3. CHECK OPTION 20 REGULATION AND
SHUTDOWN THRESHOLD

SETUP CONDITIONS

NOTE

For a partial procedure. first perform the
Power Supply Preliminary Control Settings,
then proceed with the following instructions.

SETUP CONDITIONS

4 )

624 Controls
Make no changes to the control settings.

Nominal +20 V 624 Rear Panel Nominal -20 V
DC Power Supply X O DC Power Supply
Supply  +Volts +Y O -Volts  Supply
Common  QOut Out Common

® o || 2O
! N
! \
/ AN
/ \,
! AN
| N
/
Connect to
Protective
Ground
Precision
DC Voltmeter
? ? Voitmeter
%Test Leads
-~
+20 V DC Power Supply Controls
Voltage Qutput ... ......... ... ... ...... +17VDC,22A
-20 V DC Power Supply Controls
Voltage Output ... ... ............ ... ...... 20V, 03 A
Voltmeter Range . ................... Appropriate for each

-

a. Turn ON the 624 Monitor.

power supply checkedj

b. Table 6-4 lists the low-voltage supplies in this
instrument. Connect the precision dc voltmeter between
the appropriate test point and ground.

c. CHECK—The voltmeter for a reading within the
voltage range given in Table 6-4 for the appropriate
supply.

d. Set the +20 V dc power supply output voltage for +26
volts.
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e. CHECK—The voltmeter for a reading within the
voltage range given in Table 6-4 for the appropriate

supply.

f. Set the +20 V dc power supply output voltage for +20
volts. Set the -20 V dc power supply output voltage for -
17 volts.

g. CHECK—The voltmeter for a reading within the
voltage range given in Table 6-4 for the appropriate

supply.
h. Set the -20 V dc power supply voltage for -26 volts.

i. CHECK—The voltmeter for a reading within the
voltage range given in Table 6-4 for the appropriate

supply.

6-36

|- Connect the precision dc voltmeter between the +15 V
test point and ground.

k. CHECK—That the Monitor will shutdown, producing a
voltmeter reading of O volts, as the -20 V dc power supply
output voltage is increased from -26 volts to no greater
than -29.5 volts.

I. Set the -20 V dc power supply output voltage to -20
volts.

m. CHECK—That the Monitor will shutdown, producing
a voltmeter reading of O volts, as the +20 V dc power
supply output voltage is increased from +26 volts to no
greater than +29.5 volts.

n. Return the +20 V dc power supply output voltage to
+20 volts.
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B. CRT CIRCUIT

Equipment Required:

1. Precision dc voltmeter

2. Ramp generator

3. 50-ohm cable (1 required)

BEFORE YOU BEGIN:

(1) Perform the Calibration Power-Up Sequence.

{2) Refer to Section 7, Instrument Options, and the
Change Information at the rear of this manual for any
modifications which may affect this procedure.

(3) See the Test Point and Adjustment Locations foldout
page, and the Internal Control and Selector Locations
foldout page in Section 9, Diagrams and Circuit Board
lllustrations.

CRT CIRCUIT PRELIMINARY CONTROL
SETTINGS:

Do not allow a high-intensity dot to remain
stationary on the crt. The crt phosphor could
be permanently damaged.

Vertical and Horizontal Position............ Midrange
INTENSITY ... it Visible display
FOCUS........ .ol Well-defined display
XY-YT (Option 4 Internal
Selector. ..ovvi i e XY (rear)
+X Atten (Option 22 Internal
Selector) ... e 1X (up)
-X Atten (Option 22 Internal
Selector) .. vvvi it i e i e 1X (up)
NOTE

Always place terminations or grounding caps
on all INPUTs to which signals are not
applied.

B1. ADJUST CRT BIAS (R862)
SETUP CONDITIONS

NOTE

For a partial procedure, first perform the CRT
Circuit Preliminary Control Settings, then
proceed with the following instructions.

( SETUP CONDITIONS \

624 Controls
Make no changes to the control settings.

Precision
DC
Voltmeter
624
Monitor

___T_T
Voltmeter /4

Test Leads

No external signals are connected to the 624 Monitor.

Voltmeter Range .........oovveeiieeneeinennnnnn, 20V dc

a. Position the sharply-focused dot near graticule center.

b. Connect the precision dc voltmeter between TP590
and ground.

c. Slowly set the INTENSITY control for a voltmeter
reading of about 10 volts dc. Disconnect the precision dc
voltmeter.

d. ADJUST—R862 (CRT Bias) until the dot just appears.
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B2. ADJUST TRACE ROTATION (R949)
SETUP CONDITIONS

NOTE

For a partial procedure, first perform the CRT
Circuit Preliminary Control Settings, then
proceed with the following instructions.

-

624 Controls

SETUP CONDITIONS

N

INTENSITY ... i Visible display
BNC
Cable
+X O ' Ramp Generator
¥ O Ramp
Out
624 *Z0O
Rear Panel

Ramp Generator Controls
Ramp Signal .............coiiviiiiiiiain.. +5 ms Ramp

-

Triggering ......ovviiiiiiiiii +Auto, Internal )

a. Set the ramp-generator amplitude for a 10-division
horizontal trace on 