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OPERATORS SAFETY SUMMARY

The general safety information in this summary is for both operating personnel and servicing
personnel. Specific warnings and cautions will be found throughout the manual where they
apply and do not appear in this summary.

TERMS

In This Manual

CAUTION statements identify conditions or practices that could result in damage to the
eqguipment or other property.

WARNING statements identify conditions or practices that could result in personal injury or

loss of life.

As Marked on Equipment

CAUTION indicates either a personal injury hazard notimmediately accessible as youread the
marking or a hazard to property including the equipment itself.

DANGER or WARNING—HIGH VOLTAGE indicates a personal injury hazard immediately
accessible as you read the marking.

SYMBOLS

in This Manual

@This symbol is used on schematic diagrams having static-sensitive components.

As Marked on Equipment
4 DANGER — High voltage.

@ Protective ground (earth) terminal.

ix
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PRECAUTIONS

Power Source

This productisintended to operate from a power source that will not apply more than 250 volts
rms between the supply conductors or between either supply conductor and ground. A
protective ground connection by way of the grounding conductor in the power cord is
essential for safe operation.

Grounding the Product

This product is grounded through the grounding conductor of the power cord. To avoid
electrical shock, plug the power cord into a properly wired receptacle before connectingtothe
product input or output terminals. A protective ground connection by way of the grounding
conductor in the power cord is essential for safe operation.

Use the Proper Power Cord
Use only the power cord and connector specified for your product.
Use only a power cord that is in good condition.

For detailed information on power cords and connectors, see Installation instructions in
Section 2 of this manual.

Refer cord and connector changes to qualified service personnel.

Use the Proper Fuse

To avoid fire hazard, use only the fuse specified in the parts list for this product and having
identical type, voltage rating, and current rating characteristics (see Installationinstructionsin
Section 2 of this manual).

Refer internal fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an atmosphere of explosive gases unless it
has been specifically certified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product covers or panels. Do not operate the
product without the covers and panels properly installed.
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SERVICING SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

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

Use Care When Servicing With Power On
Dangerous voltages exist at several points in this product. To avoid personal injury, do not

touch exposed connections and components while power is on.

Disconnect power before removing protective panels, replacing components, or soldering.

Power Source

This productisintended to operate from a power source that will not apply more than 250 volts
rms between the supply conductors or between either supply conductor and ground. A
protective ground connection by way of the grounding conductor in the power cord is
essenial for safe operation.

Xi
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Figure 1-1. 465B Oscilloscope.



Section 1—465B Service

INTRODUCTION AND SPECIFICATION

INTRODUCTION

The TEKTRONIX 465B Oscilloscope is adual-channel,
four-trace portable instrument, providing traces for two
input channels, a trigger view from an external trigger
input, and an add function. Calibrated deflection factors
from 5 millivolts/division to 5 volts/division are provided
by the dc-to-100 MHz vertical system for the input
channels and add function. Sweep trigger circuits are
capable of stable triggering over the full bandwidth
capabilities of the vertical deflection system. The horizon-
tal deflection system provides calibrated sweep rates from
0.5 second/division to 0.02 microsecond/division along
with delayed sweep features for accurate relative-time
measurements. A X10 magnifier extends the calibrated
sweep rate to 2 nanoseconds/division. The instrument
operates over a wide variation of line voltages and
frequencies with maximum power consumption of ap-
proximately 100 watts.

Increased measurement capabilities are achieved by
the 465B when it is equipped with an optional TEKTRONIX
DM44 Digital Multimeter. The DM44 measures 0 to 20

megohms resistance, 0 to 1200 dc volts (+ or —), and
—55°C to +150°C temperature (using a temperature
probe). Measurement values are displayed ona 3 1/2-digit
LED readout while the oscilloscope continues normal
operation.

The digital multimeter and oscilloscope combine to
provide a digital readout of time difference between any
two points on the oscilloscope display. Both time
measurement points are displayed simultaneously onthe
crt. Direct measurement of frequency is provided by a
1/TIME function.

This manual provides service information only for the
465B Oscilloscope. Service information for the DM44
Digital Multimeter is containedin a separate DM44 Service
manual.

SPECIFICATION

The following electrical characteristics (Table 1-1) are
valid only if the instrument has been calibrated at an
ambient temperature between +20°C and +30°C, the
instrument is operating at an ambient temperature
between 0°C and +50°C (unless otherwise noted), and
the instrument has had a warmup period of about 20
minutes.

Environmental characteristics of the 465B are
presented in Table 1-2, and physical characteristics listed
in Table 1-3.

Table 1-1
ELECTRICAL CHARACTERISTICS

Characterlstics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM

Deflection Factor

Range

5 mV per division to 5 V per division
in 10 steps, with a 1-2-5 sequence.

Uncalibrated (VAR) Range

Continuously variable between
settings. Extends deflection factor
to at least 12.5 V per division.

Accuracy Within 3%

Gain set at 5 mV per division.

1-1
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Characteristics

Table 1-1 {cont)

Pert ormance 'ReRIremem's

) Supplemental Information

VERTICAL SYSTEM (cont)

Low-Freguency Linearity

Frequency Response

Bandwidth

—15°C to +40°C

0.1 division or less compression or
expansion of a 2-division signal at
center screen with waveform
positioned to upper and lower
extremes of graticule area.

Dc to at least 100 MHz

+40°C to +55°C

Dc to at least 85 MHz.

AC Coupled Lower —3 dB Point
1X Probe

10X Probe

10 Hz or less.

1 Hz or less.

Step Response

Rise Time (0°C to +40°C)

3.5 ns or less.

Positive-Going Step
(Excluding ADD Mode)

Aberrations (0°C to +40°C)

Position Effect
(0°C to +40°C)

Negative-Going Step

ADD Mode Operation

Common-Mode Rejection Ratio
(ADD Mode with Channel 2
Inverted)

12

5-division reference signal centered
vertically from a 25 Q) source with
VAR VOLTS/DIV control in
calibrated detent position.

5-division reference signal centered
vertically, dc coupled at all deflection
factors, from a 25 (1 source with
VAR VOLTS/DIV control in
calibrated detent position.

+4%, 4%, 4% p-p or less (5 mV to 2 V).
+6%, 6%, 6% p-p or less (5 V setting
only).

Total aberrations less than +6%, 6%,
6% p-p; checked at 5 mV per division.

Add 2% to all positive-going step
specifications; checked at 5 mV per
division.

Add 5% to all aberration specifications;
checked at 5 mV per division.

At least 10:1 at 20 MHz for common
mode signals of 6 divisions or less,
with GAIN adjusted for best CMRR at
50 kHz.

@



Introduction and Speclfication—465B Service

Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

VERTICAL SYSTEM (cont)

Trace Shift as VAR VOLTS/DIV
is Rotated

1.0 division or less.

Inverted Trace Shift

Less than 2 divisions when switching
from noninverted to inverted.

Input Gate Current
+20°C to +30°C

0.5 nA or less (0.1 division at 5 mV
per division.

—15°C to +55°C

4 nA or less (0.8 division at 5 mV
per division.

Channel Isolation

At least 100:1 at 25 MHz.

Position Range

At least +12 and —12 divisions from
graticule center.

Chopped Mode Repetition Rate Approximately 500 kHz. Within 20%.

Input Rand C
Resistance 1 MQ. Within 2%.
Capacitance Approximately 20 pF.

R and C Product
(+20°C to +30°C)

Aberrations 2% or less using a P6105
probe.

Maximum Input Voltage

DC Coupled 250 V (dc + peak ac).
500 V (p-p ac at 1 kHz or less).
AC Coupled 250 V (dc + peak ac).

500 V (p-p ac at 1 kHz or less).

Cascaded Operation

Bandwidth

Dc to at least 50 MHz.

CH 1 VERT SIGNAL OUT into CH 2
input; AC coupled; using 50 Q,
42-inch, RG 58 C/U cable terminated
in 50 Q) at CH 2 input.

Sensitivity

At least 1 mV per division

REV B MAR 1980
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Table 1-1 (cont)

Characteristics

Performance Requlrements

Supplemental Information

TRIGGER SYSTEM

Sensitivity

AC Coupled Signal

0.3 division internal or 50 mV
external from 30 Hz to 10 MHz,
increasing to 1.5 divisions internal
or 150 mV external at 100 MHz.

When in EXT/10, multiply performance
requirement by 10.

LF REJ Coupled Signal

0.5 division internal or 100 mV
external from 50 kHz to 10 MHz,
increasing to 1.5 divisions internal
or 300 mV external at 100 MHz.

Attenuates signals below about 50 kHz.

HF REJ Coupled Signal

0.5 division internal or 100 mV
external from 30 Hz to 50 kHz.

Attenuates signals above about 50 kHz.

DC Coupled Signal

0.3 division internal or 50 mV
external from dc to 10 MHz,
increasing to 1.5 divisions internal
or 150 mV external at 100 MHz.

Trigger Jitter

0.5 ns or less at 100 MHz at 2 ns per
division with X10 MAG depressed.

External Trigger Inputs

Maximum Input Voltage

250 V (dc + peak ac).
250 V (p-p ac at 1 kHz or less).

Input Resistance

Input Capacitance

1 MQ

Within 10%.

Approximately 20 pF, within 10%.

LEVEL Control Range
EXT

At least +2and -2V, 4V p-p.

EXT/10

At least +20 and —20 V,; 40 V p-p.

Trigger View (A TRIGGER)
Deflection Factor

DC trigger COUPLING only; checked
with 1 kHz signal.

EXT 100 mV per division +5%.
EXT/10 1V per division +5%.
Rise Time 5 ns or less 20 MHz BW LIMIT at full bandwidth

(button out).

14
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Table 1-1 (cont)

Characterlstics

Performance Requirements

Supplemental Information

TRIGGER SYSTEM (cont)

Delay Difference

<+0.15 division (<+300 ps at 2 ns
per division).

With a 5-division signal having a 5-ns
rise time or less from a 25 Q) source,
centered vertically, with equal 50 Q
cable lengths from signal sources to
vertical channel and external trigger
inputs terminated in 50 Q at each
input.

Centering of Trigger Point

Within 1.0 division of center screen.

Flatness and Aberrations

+10%, —10%, 10% p-p.

HORIZONTAL DEFLECTION SYSTEM

Sweep Rate
Calibrated Range
A Sweep

0.5 s per division to 0.02 us per
division in 23 steps in a 1-2-5
sequence. X10 MAG extends
maximum sweep rate to 2 ns per
division.

B Sweep

50 ms per division to 0.02 us per
division in 20 steps in a 1-2-5
sequence. X10 MAG extends
maximum sweep rate to 2 ns per
division.

Accuracy

+20°C to +30°C

Unmagnlfied Magnified

Within £2%. Within +3%.

—15°C to +55°C

Within £3%. Within +4%.

Accuracy specification applies over the
full 10 divisions.

When in X10 MAG, exclude first and last
50 ns of the sweep on 2-ns, 5-ns, 10-ns,
and 20-ns sweep rates.

Two-Division Linearity Check

+5% over any two-division (or less})
portion of the full 10 divisions. When
in X10 MAG, exclude first and last
magnified divisions when checking
2-ns, 5-ns, and 10-ns per division rates.

Alternate Sweep Trace Separation

=14 divisions.

Variable Range (A Only)

Continuously variable between
calibrated settings. Extends
slowest A Sweep rate to at least
1.25 s per division.

At least 2.5:1.

Sweep Length (A Only)

10.5 to 11.5 divisions.

AEV A JUN 1979
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (cont)

A Trigger Holdoff Variable

Increases A Sweep holdoff time
by at least a factor of 10.

X10 Magnifier Registration

Within 0.2 division from graticule
center (X10 MAG on to X10 MAG off).

Position Range

Start of sweep must position to

right of graticule center. End of sweep
must position to left of graticule
center.

Differential Time Measurement For Measure- For Measure- With the A TIME/DIV switch at
Accuracy ments of =1 ments of <1 0.5 ps and 0.2 us the differential time
Major Dial Major Dial measurement accuracy limit is valid
Division Dlvision only for DELAY TIME POSITION
dial settings between 1.50 and 8.50.
+15°C to +35°C Within +1%. Within £0.01
major dial
division.
—15°C to +55°C Within £2.5%. Within +0.03
major dial
division.

Delay Time Jitter

One part (or less) in 50,000 (0.002%)
of ten times the A TIME/DIV switch
setting, when operating on power-
line frequencies other than 50 Hz.
One part (or less) in 20,000 (0.005%)
of A TIME/DIV switch setting, when
operating on 50 Hz power-line
frequency.

Calibrated Delay Time

Continuous from 0.2 us to at least
5 seconds after start of the delaying
(A) sweep.

With VAR control in calibrated detent.

X-Y Operation

X-Axis
Deflection Factor

Same as vertical channel.

With TIME/DIV switch set to extreme
counterclockwise position.

With X10 MAG off.

Bandwidth

Dc to at least 4 MHz.

10-division reference signal.

Variable Range

Continuously variable between
settings. Extends deflection
factor to at least 12.5 V per
division.

16
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Table 1-1 (cont)

Characteristics

Performance Requlrements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM

(cont)

X-Y Operation (cont)

Input R and C
Resistance 1 MQL Within 2%.
Capacitance Approximately 20 pF. Within 3%.

Maximum Usable Input Voltage
DC Coupled

250 V (dc + peak ac).
500 V (p-p ac at 1 kHz or less).

AC Coupled

250 V (dc + peak ac).
500 V (p-p ac at 1 kHz or less).

Phase Difference Between X and
Y Axis Amplifiers

Within 3°, from dc to 50 kHz.

Deflection Accuracy

Within +4%.

CALIBRATOR

Output Voltage (0°C to +40°C)
(—15°C to +55°C)

0.3 V, within 1%.

0.3 V, within 1.5%.

Repetition Rate

Approximately 1 kHz.

Within 25%.

Output Resistance

Approximately 10.3 Q0.

Qutput Current
+20°C to +30°C

30 mA, within 2%.

15°C to +55°C

30 mA, within 2.5%.

Z-AXIS INPUT

Sensitivity

5-volt p-p signal causes noticeable
modulation at normal intensity.

Positive-going signal decreases
intensity.

Usable Frequency Range

Dc to 50 MHz.

Maximum Input Voltage

25V (dc + peak ac).

REV A SEP 1979
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Table 1-1 (cont)

Characterlstics

Performance Requirements

Supplemental Information

SIGNAL OUTPUTS

Channel 1 Output

Voltage At least 50 mV per division into

1 M(). At least 25 mV per division

into 50 Q.
Resistance Approximately 50 Q.
Bandwidth Dc to at least 50 MHz into 50 Q.

A and B Gates Output Resistance

Approximately 500 Q.

POWER SOURCE

Line Voltage Ranges

115 V Nominal
(High) 108V to 132 V.
(Medium) 104 V to 126 V.
(Low) 89 Vito 121 V.
230 V Nominal
(High) 216 Vto 250 V.
(Medium) 208 Vto 250 V.
{Low) 198 Vto 242 V.

Line Frequency

48 Hz to 440 Hz.

Power Consumption

Typical 65 W at 115 V, 60 Hz, medium
range.
Maximum 85 W at 115 Vv, 60 Hz, medium
range.
CATHODE-RAY TUBE
Display Area 8 X 10 cm.
Geometry 0.1 division or less of tilt or bowing.

Trace Rotation Range

Adequate to align trace with
horizontal center line.

18
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Table 1-1 (cont)

Characteristics

Pertormance Requirements

Supplemental information

CATHODE-RAY TUBE (cont)

Raster Distortion

0.1 division or less.

Standard Phosphor

P31.

Optional Phosphor

P11.

Nominal Accelerating

Potential =18,500 V.
DM44
Dc Voltage
Ranges 0to 1.2 kV in 5 steps: 200 mV,
2V, 20V, 200 V, and 1.2 kV.
Resolution 100 pV.
Accuracy Within 0.1% of reading, =1 count.

Input Resistance

10 MQ, all ranges (user has option
to remove an internal wire strap to
increase input resistance to 1000 MQ
on the 200 mV and 2 V ranges).

Rejection Ratio

Normal Mode

At least 60 dB at 50 and 60 Hz.

Common Mode

At least 100 dB at dc, 80 dB at 50
and 60 Hz.

Recycle Time

Approximately 3.3 measurements
per second.

Response Time

Within 0.5 second.

Temperature Dependence

45 parts/million/°C.

Maximum Safe Input Voltage,
All Ranges

+1200 V (dc + peak ac) between +
and COM inputs or between + input
and chassis.

COM (Common}) Floating Voltage

+500 V (dc + peak ac) to chassis.

Resistance
Ranges 0 to 20 MQ in six steps: 200 (),
2 k0, 20 k), 200 k€, 2 MQ2, and
20 MQL
Resolution 0.10Q.
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Table 1-1 (cont)

Characteristics Performance Requirements Supplemental information

DM44 (cont)

Accuracy

200 Q and 2 k) Ranges Within 0.25% +1 count, + probe

resistance.

20 k), 200 kQ), and 2 MQ)
Ranges

Within 0.25%, +1 count.

20 MQ2 Range Within 0.30%, +1 count.

Recycle Time Approximately 3.3 measurements

per second.

Response Time

200 Q) through 200 kQQ Ranges Within 1 second.

2 MQ and 20 M) Ranges Within 5 seconds.

120 V rms between + and COM
inputs for an indefinite time.

Maximum Safe Input Voltage 220 V rms between + and COM inputs

for 1 minute or less.

Temperature Dependence

20 kQ through 2 MQ 250 parts/million/° C.

200 0, 2 k0, and 20 MQ) 350 parts/million/°C.

Ranges
Approximate current supplied to Q) Range Current
unknown resistance 200 QQ and 2 kQ2 1 mA
20 kQ) 100 uA
200 kQ) 10 A
2 MQ 1 uA
20 MQ) 100 nA
Temperature
Range —55°C to +150°C in one range.
Accuracy (with constant Ambient Probe Tlp
temperature and infinite Temperature| Temperature | Accuracy
heat source) (°C) (°C) (°C)
Probe Calibrated to DM44 +15t0 +35| —55t0+150 +2
—15to +55| —55t0+125 +3
—15t0 +55 |+125t0+150 14
Probe Not Calibrated to DM44 +15to +35| —55t0+150 16
—15to +55 55to +150 +8

1-10
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Table 1-1 (cont)

Characteristics

Performance Requirements Supplemental Information

DM44 (cont)

Time (Differential Delay)
Accuracy
+15°C to +35°C

Within 1% of reading, +1 count.

—15°C to +55°C

Within 2.5%, +1 count.

1/TIME
Accuracy
+15°C to +35°C

Within 2% of reading, 1 count.

—15°C to +55°C

Within 3.5%, =1 count.

Table 1-2
ENVIRONMENTAL CHARACTERISTICS

Characteristics . Desorlpllon_ - .
NOTE: All of the following tests meet the requirements of
MIL-T-28800B, Type lll Class 3, Style D equipment.
Temperature
Operating —15°C to +55°C.
Non-operating 62°C to +85°C.
Altitude
Operating To 15,000 ft.

Non-operating

To 15,000 m (50,000 ft).

Humidity (Operating and
Non-operating)

Five cycles (120 hr) referenced to MIL-T-28800B, para 3.9.2.2
95% to 97% relative humidity.

Vibration (Operating)

15 minutes along each of three major axes at a total displacement of 0.025
inch p-p (4 g at 55 Hz) with frequency varied from 10 Hz to 55 Hz to 10 Hz in
one minute sweeps. After sweep vibration in each axis, frequency held steady
at each major resonance for 10 minutes, or if no such resonances found. held
at 55 Hz for 10 minutes.

Shock (Operating and Non-operating

30 g, half-sine, 11-ms duration, 3 shocks per axis each direction, for a total of
18 shocks.

EMI

Meets MIL-STD-461A/462.

REV A SEP 1979
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Tabie 1-3
PHYSICAL CHARACTERISTICS

Characteristics

Description

Weight

With Panei Cover, Accessories, and Accessory Pouch

11.5 kg (25.3 Ib).

Without Panei Cover, Accessories and Accessory Pouch

10.4 kg (22.8 ib).

Domestic Shipping Weight

14.9 kg (32.7 ib).

Export Shipping Weight

Approximately 22 kg (48 Ib).

Height
With Feet and Pouch

19.1 cm (7.5 in).

Without Pouch

15.7 cm (6.2 in).

Width
With Handle

32.8cm (12.9 in).

Without Handie

29.2 cm (11.5 in).

Depth

Inciuding Panel Cover

46.0 cm (18.1in).

With Handie Extended

51.6 cm (20.3 in).

1-12



Section 2—465B Service

OPERATING INSTRUCTIONS

This section of the manual provides information on instrument installation and power requirements and describes
the functions of controls, connectors, and indicators. In addition, it includes procedures intended to familiarize the

operator with obtaining basic oscilloscope displays. For more complete operating information, refer to 465B/DM44
Operators Manual.

INSTALLATION

The 465B is shipped in its carton with the standard  Line Voltage Selection
accessories listed on the Accessories tab page at the end

of this manual. At installation time, save the shipping

carton and packaging materials for repackaging. Refer to
the Maintenance section of this manual for repackaging

information. This instrument is designed for operation from a

power source with its neutral at or near earth
(ground) potential with a separate safety-earth
conductor.

PREPARATION FOR USE
Safety Considerations

This instrument operates from either a 115-volt or a
230-volt nominal line voltage source at 48 hertz to 440
hertz. To convert the instrument for operation from one

line voltage range to the other, move the Line Voltage
Selector switch located on the right side panel to the
position indicating the correct nominal voltage.

This instrument may be damaged if operated with
the Line Voltage Selector switch or the Regulating
Range Selector bar set for the wrong applied line
voltage or if the wrong line fuse is used.

The power cord plug may require replacement with a
type matching the power source. If necessary, changethe
line cord plug. Refer to Table 2-1 for power cord conduc-
tor identification and to Figure 2-1 for illustrations of
commonly-used power plugs.

Refer to the Safety Summary in the front of this manual
for power source, grounding, and other safety con-
siderations pertaining to use of the instrument. Before
connecting the instrument to a power source, verify that
the Line Voltage Selector switch and the Regulating
Range Selector bar are both set for the line voltage being
used, that the proper line fuse is installed, and that theline
cord plug matches the power source to be used. Tabie 2-1

POWER CORD CONDUCTOR IDENTIFICATION

The 465B is designed to be used with a three-wire ac Condidsk Color Alg::::t .
power system. If a three-to-two wire adapter is used to
connect this instrument to a two-wire ac power system, be
sure to connect the ground lead of the adapter to earth ~ Ungrounded (Line) Brown Black
(ground). Failure to complete the ground system may Grounded (Neutral) Blue White
allow the chassis of this instrument to be elevated above T
ground potential, thus posing a shock hazard. Grounding (Earthing) | Green-Yellow | Green-Yellow
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NORTH AMERICAN
120 VOLT/60 Hz
RATED 15 AMPERE
(12 AMP MAX.;: NEC)

UNIVERSAL EURO
220 VOLT/50 Hz
RATED 16 AMPERE

NORTH AMERICAN
240 VOLT/60 Hz
RATED 15 AMPERE
{12 AMP MAX.: NEC)

U.K.
240 VOLT/50 Hz
RATED 13 AMPERE

AUSTRALIAN
240 VOLT/50 Hz
RATED 10 AMPERE

(2389-76)2757-66

Figure 2-1. Commonly used power plugs.

Regulating Range Selection

The Regulating Range Selector assembly located on
the rear panel contains the Regulating Range Selector bar
and the line fuse. Verify that the selector bar is set for the
average line voltage being used and that the proper line
fuse is installed. To change the regulating range:

1. Disconnect the instrument from its power source.

2. Loosen thetwo captive screws that holdthe cover on
the selector assembly; then pull to removethe cover.

3. Pull out the selector bar (see Figure 2-2). Select a
range from Table 2-2 centered about the average
line voltage and plug the selector barinto the desired
position.

4. Insert the proper fuse (selected from Table 2-3) into
its holder.

5. Gently push the cover on and tighten the captive
screws.

6. Before applying power to the instrument, verify that
the Line Voltage Selector switch and the indicating
tab on the Regulating Range Selector assembly are
in their correct positions for the desired nominal line
voltage and regulating range.

Table 2-2
REGULATING RANGE

Regulating Regulating Range
Range Selector 115-Voit 230-Volt

Bar Position Nominal Nominal
Upper Holes 108 to 132 volts | 216 to 250 volts
Middle Holes 104 to 126 volts | 208 to 250 volts
Lower Holes 99 to 121 volts 198 to 242 volts

MOD SLOTS
LINE
VOLTAGE
SELECTOR
SWITCH

REGULATING RANGE
SELECTOR BAR

LINE FUSE 2756-01

Figure 2-2. Regulating range selector and line fuse.

REV A JUN 1979



Table 2-3

FUSE SELECTION

Line Voltage Seiector
Switch Position

Fuse Size

115-Volt Nominal
230-Volt Nominal

1.5 A, 3AG, Fast-blow
0.75 A, 3AG, Fast-blow

Operating Instructions—465B Service

Instrument Cooling

To maintain adequate instrument cooling, the ventila-
tion holes in the equipment cabinet must remain open, and
the air filter must be cleaned or replaced when it gets dirty.

Rackmounting

For rackmounting details refer to the rackmounting
installation instructions at the end of this section.

CONTROLS, CONNECTORS, AND INDICATORS

The major controls, connectors, and indicators for
operation of the 465B are located on the front panel of the
instrument. A few auxiliary functions are provided on the
rear panel. Figures 2-3through 2-7 show the frontand rear
panels of the instrument with the controls, connectors,
and indicators called out. The circled numbers corres-
pond to the discussions about particular controls, con-
nectors, and indicators. If your instrument is equipped
with a DM44 Digital Multimeter, refer to either the
465B/DM44 Operators Manual or the DM44 Service
Manual for descriptions of DM44 controls, connectors,
and indicators.

VERTICAL

Refer to Figure 2-3 for location of items 1 through 11.

VOLTS/DIV Switches—Select the vertical deflection
factor for Channel 1 and Channel 2 in a 1-2-5
sequence. VAR control must be in the calibrated
detent to obtain a calibrated deflection factor.

@ VOLTS/DIV Readouts—Consist of two light emitting
diodes (LED) for each channel, located beneath the
skirt of each VOLTS/DIV knob. One LED or the other
will light to indicate the correct deflection factor.
The 10X LED is illuminated only when a 10X probe
with a scale-switching coding-ring contact is con-
nected to the input of the oscilloscope; otherwise,
the 1X LED is illuminated.

@ VAR—Provides continuously variable uncalibrated
deflection factors between the calibrated settings of
the VOLTS/DIV switches.

UNCAL Indicator—A LED that lights when the VAR
VOLTS/DIV control is out of the calibrated detent,
and the vertical deflection factor is uncalibrated.

REV A JUN 1979

POSITION Controls—Determine the vertical posi-
tion of the display on the crt. In the X-Y mode, the
Channel 2 POSITION control moves the display
vertically (Y-axis), and the Horizontal POSITION
control moves the display horizontally (X-axis).

CH 1 OR Xand CH2OR Y bnc Connectors—Provide
for application of external signals to theinputs of the
vertical amplifier. In the X-Y mode, the signal
connected to the CH 1 OR X connector provides
horizontal deflection, and the signal connected to
the CH 2 OR Y connector provides vertical deflec-
tion. These connectors each include a coding ring
that activates the scale-factor-switching circuit
whenever a 10X scale-factor-switching probe is
connected.

Ji

Lr N/
.

SN
HODOD

Figure 2-3. Vertical controls, connectors, and indicators.

RN

2757-26

23
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AC-GND-DC Switch—Selects the method used to
couple a signal to the input of the vertical amplifier.

AC positlon—Signals are capacitively coupled to
the vertical amplifier. The dc component of the
input signal is blocked.

GND position—The input of the vertical amplifier
is grounded to provide a ground reference andto
allow the input coupling capacitor to precharge.

DC position—All frequency components of the
input signal are passed to the vertical input
amplifier.

VERT MODE Switches—Select mode of operation
for vertical amplifier system. When either CHOP or
ALT modeis selected, display of any combination of
CH 1, CH 2, ADD, and A TRIG VIEW (EXT ONLY) is
allowed. When all buttons are out, a single trace will
be displayed, provided that either TRIG MODE is in
AUTO or TRIG MODE isin NORM with atriggerable
signal applied to a vertical input connector. This
trace will not display intelligence and is unaffected
by position controls.

NOTE

Four display traces may simultaneously be observed
onthe 4658 crt. Each VERT MODE push button must
be depressed and released a second time to remove
the signal from the corresponding dispiays.

CH 1—Displays Channel 1 signals when
pushbutton is pressed in,

A TRIG VIEW—Displays the A external trigger
input signal when push button is pressed in and
when the A TRIGGER SOURCE switch is set to
EXT or EXT/10.

ADD—Displays the algebraic sum of the Channel
1 and Channel 2 input signals when ADD push
button is pressed in. The INVERT switch in
Channel 2 allows the display to be either CH 1
plus CH 2 or CH 1 minus CH 2. The ADD
capability is useful for common-mode rejection
to remove an undesired signal or dc offset.

CHOP ALT: OUT—The 465B "chops” (switches)
between two or more of the display modes at a
500-kHz rate when CHOP ALT: OUT button is
pressed in. When released, the 465B "alternates”

24

between two or more of the four display modes at
the end of each trace sweep. CHOP and ALT
functions are disabled if only one VERT MODE
push button (CH 1, CH 2, ADD, or A TRIG VIEW)
is selected or if the X-Y mode is selected.

CH 2—Displays Channel 2 signals when push
button is pressed in.

20 MHz BW LIMIT (FULL BW OUT) Switch—Limits
the bandwidth of the vertical amplifier to ap-
proximately 20 MHz when pressed in. Push button
must be depressed and released a second time to
regain full 100-MHz bandwidth operation,

20 MHz BW LIMIT Indicator—This LED is il-
luminated whenever the 20 MHz BW LIMIT push
button is pressed in, and bandwidth is limited to
20 MHz.

INVERT—Inverts Channel 2 display when push
button is pressed in. Push button must be depressed
and released a second time to present anoninverted
display.

DISPLAY AND CALIBRATOR

Refer to Figure 2-4 for location of items 12 through 19.

@

Internal Graticule—Eliminates parallax. Risetime
and amplitude measurement points are indicated at
the left edge of the graticule.

BEAM FIND Switch—Compresses the display to
within the graticule area and provides a visible
viewing intensity to aid in locating off-screen dis-
plays.

INTENSITY Control—Determines overall
brightness of the A Sweep and B Sweep crt displays.
Interacts with B INTENSITY control on B Sweep crt
displays.

FOCUS Control—Adjusts for optimum display
definition.



CALIBRATOR Loop—A combination 30-milliamp
current loop and 0.3-volt square-wave voltage out-
put (approximately 1 kilohertz) that permits the
operator to compensate voltage probes and to check
oscilloscope vertical operation. It is not intended to
verify precise time-base calibration.

SCALE ILLUM Control—Adjusts graticule illumina-
tion.

ASTIG Control—Screwdriver control used in con-
junction with the FOCUS control to obtain a well-
defined display. It does not require readjustment
during normal use of the instrument.

TRACE ROTATION Control—Screwdriver control
usedto aligntrace with the horizontal graticulelines.

2757-27

Figure 2-4. Display controls and calibrator.

Operating Instructions—465B Service

TRIGGER
(A and B where applicable)

Refer to Figure 2-5 for location of items 20 through 28.

TRIG MODE Switches—Three push button switches

determine the mode of trigger operation for the A
Sweep.

AUTO—Sweep is initiated by the applied trigger
signal. In the absence of an adequate trigger
signal, or if the trigger repetition rateis less than
about 20 hertz, the sweep freeruns and provides a
bright reference trace.

NORM-—Sweep is initiated by the applied trigger
signal. In the absence of an adequate trigger
signal, there is no trace. When the trigger rate is
too low for AUTO, use NORM.

SINGL SWP—When this push button is pressed,
the A Sweep operates in the single-sweep mode.
After a single sweep is displayed, further sweeps
cannot be presented until the SINGL SWP push
button is again pressed. SINGL SWP is useful in
displaying and photographing either non-
repetitive signals or signals that cause unstable
conventional displays (e.g., signals that vary in
amplitude, shape, or time).

READY Indicator—LED illuminates to indicate that
A Sweep is "armed” and will present a single-sweep
display upon receipt of an adequate trigger signal.

TRIG Indicator—LED illuminates to indicate that A
Sweep is triggered and will produce astable display.
It is useful for setting up the trigger circuits when a
trigger signal is available without a display onthecrt
(for example, when using external triggers).

A TRIGGER HOLDOFF Control—Provides con-
tinuous control of time between sweeps. Allows
triggering on aperiodic signals (such as complex
digital words). In the fully clockwise position (B
ENDS A), the A Sweep is automatically terminated at
the end of the B Sweep to provide the fastest
possible sweep repetition rate for delayed-sweep
presentations and low-repetition rate signals. In this
position, Holdoff is approximately ten times NORM.
Use the A trigger controls for most stable triggering
before setting the A TRIGGER HOLDOFF control to
a position other than NORM.
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COUPLING Switch—Determines method used to
couple signals to the trigger generator circuit.

AC—Signals are capacitively coupledtotheinput
of the trigger circuit. Dc is rejected, and signals
below about 30 hertz are attenuated. Triggering is
allowed only on the ac portion of the vertical
signal.

LF REJ—Signals are capacitively coupled to the
input of the trigger circuit. Dc is rejected, and
signals below about 50 kilohertz are attenuated. It
is useful for providing a stable display of the high-
frequency components of a complex waveform.

HF REJ—Signals are capacitively coupled to the
input of the trigger circuit. Dc is blocked, and
signals below about 30 hertz and above 50
kilohertz are attenuated. Itis useful for providing
a stable display of the low-frequency com-
ponents of a complex waveform.

DC—AIll frequency components of a trigger
signal are coupled to the input of the trigger
circuit. It is useful for providing a stable display of
low-frequency or low-repetition rate signals.

(25) SLOPE Switch—Selects the siope of the signal that
triggers the sweep.

+: Sweep can be triggered from the positive-
going portion of a trigger signal.

—: Sweep can be triggered from the negative-
going portion of a trigger signal.

LEVEL Control—Selects the amplitude point on the
trigger signal at which the sweep is triggered. It is
usually adjusted for the desired display after trigger
SOURCE, COUPLING, and SLOPE have been
selected.

(21) SOURCE Switch—Determines the source of the
trigger signal coupled to the input of the trigger
circuit.
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NORM—Trigger source is a sample of the signal
displayed on the crt.

CH 1—A sample of the signal applied to the
Channel 1 input is used as a trigger signal.
Channel 2 signal is unstable if it is not time-
related.

CH 2—A sample of the signal applied to the
Channel 2 input is used as a trigger signal.
Channel 1 crt display is unstable if it is not time-
related.

LINE (A Trigger Circuit Only)—A sample of the
power-line sinusoidal waveform is used as a
trigger signal. It is useful whenthe input signal is
time-related (multiple or submultiple) to the line
frequency or when it is desirable to provide a
stable display of a line-frequency componentina
complex waveform.

EXT—Signals connected to the External Trigger
input connectors are used for triggering. External
signals must be time-related to the displayed
signal for a stable display. it is useful when the
internal signal is either too small or contains
undesired signals that could cause unstable
triggering. It is also useful when operating in the
CHOP mode. EXT and EXT/10 trigger signals
may be viewed on the crt by selecting A TRIG
VIEW on the VERT MODE switch.

EXT/10 (A Trigger Circuit Only)—External
trigger signal is attenuated by a factor of 10.

STARTS AFTER DELAY (B Trigger Clrcuit
Only)—B Sweep starts immediately after the
delay time selected by the DELAY TIME
POSITION control and is independent of the B
Trigger signal. When making differential time
measurements, you must use this mode to obtain
valid measurements. On instruments equipped
with a DM44 you must use this mode to obtain
valid measurements when using the TIME or
1/TIME functions.

External Trigger Input Bnc Connectors—Connect
external trigger input signals for A TRIGGER and B
(DLY'D) TRIGGER circuits, when either EXT or
EXT/10 (A Trigger only) SOURCE is selected.

@



Figure 2-5. Trigger controls, connectors, and indicators.

HORIZONTAL AND POWER

Refer to Figure 2-6 for location of items 29 through 40.

A AND B TIME/DIV AND DELAY TIME Switches—A

TIME/DIV (clear plastic skirt) selects the sweep rate
of the A Sweep circuit for A Sweep operation only.
Also selects the basic delay time (used in conjunc-
tion with the DELAY TIME POSITION control) for
delayed sweep operation. B TIME/DIV switch (pull
out and rotate to unlock) selects the sweep rate for
the B Sweep circuit for delayed sweep operation
only. VAR control must be in the calibrated detent
for calibrated A Sweep rates. When the A TIME/DIV
switch is rotated fully counterclockwise to the X-Y
position, the horizontal (X-axis) deflection is con-
trolled by the Channel 1 input signal.

POSITION Control—Positions the display horizon-
tally for A Sweep and B Sweep, or on the X-axis
(horizontally) in the X-Y mode. Provides both coarse
and fine control action. Reverse the direction of
rotation to actuate fine positioning action.

Operating Instructions—465B Service

@ X10 MAG Switch—When pressed in, increases dis-

played sweep rate by a factor of 10. Extends fastest
sweep rate to 2 nanoseconds/division. The
magnified sweep expands the center division of the
unmagnified display (0.5 division either side of the
center graticule line).

VAR Control—Provides continuously variable
sweep rates between the calibrated settings of the A
TIME/DIV switch. It extends the siowest A Sweep
rate to at least 1.25 seconds/division. The A Sweep
rate is calibrated when the control is set fully
clockwise to the calibrated detent. It must be in the
detent position to make accurate differential time
measurements. On instruments equipped with a
DM44, the VAR control must be in the detent
position to make accurate measurements in the
TIME and 1/TIME functions.

UNCAL Indicator—LED illuminates to indicate that
the A Sweep rate is uncalibrated (VAR control is out
of the calibrated detent).

X10 MAG Indicator—LED illuminates to indicate
that the X10 magnifier is on.

DELAY TIME POSITION Control—Selects the
amount of delay time between the start of A Sweep
and start of B Sweep. Delay timeis variable to at |east
10 times the time indicated by the A TIME/DIV
switch.

POWER Switch—PULL ON turns instrument power
on; button pushed in turns power off.

POWER ON Indicator—LED illuminates when
power is applied to the instrument.

HORIZ DISPLAY Switches—Four push button
switches determine the mode of operation for the
horizontal deflection system.

A—Horizontal deflection is provided by A Sweep
at a sweep rate determined by the setting of the A
TIME/DIV switch. Only A Sweep is displayed; B
Sweep is inoperative.
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A INTEN—Displays the A Sweep at a rate deter-
mined by the A TIME/DIV switch. An intensified
portion can appear on the display during the B
Sweep time. This switch position provides an
indication of both the duration and position of the
B Sweep (delayed sweep) with respect to the A
Sweep (delaying sweep).

ALT—Alternates the displays between the A
INTEN and B DLY'D Sweeps. In ALT operation,
use TRACE SEP to vertically position B Trace;
use B INTENSITY control to adjust B Trace
intensity.

B DLY'D—Displays only the B Sweep. The B
Sweep rate is determined by the B TIME/DIV
switch, with the delay time determined by the
setting of both the A TIME/DIV switch and the
DELAY TIME POSITION control.

TRACE SEP Control—Positions the B Sweep ver-

tically when the ALT HORIZ DISPLAY mode is

selected.

B INTENSITY Control—Determines the intensity of

the B Trace (interacts with INTENSITY control).

28]
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G / Pt /fwm-q)
2757-29
Figure 2-6. Horizontal and power connectors, controls, and
indicators.
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REAR PANEL

Refer to Figure 2-7 for location of items 41 through 50.

A +GATE—Output bnc connector provides a
positive-going pulse coincident with the A Sweep
time.

B +GATE—Output bnc connector provides a
positive-going pulse coincident with the B Sweep
time.

CH 1 VERT SIGNAL OUT—Output bnc connector
provides a sample of the signal applied to the
Channel 1 preamplifier via the input connector.

EXT Z-AXIS—Input bnc connector permits the
application of an external signal to intensity
modulate the crt display. Does not affect display
wave-shape. Signals with fast rise time and fall time
provide the most abrupt intensity change. Signals
must be time-related to the display for a stable
presentation on the crt. The connector is useful for
adding time markers in uncalibrated modes of
operation.

Regulating Range Selector Bar—Selects the
regulating range of the 465B power supplies to
match the available power input source. It is shown
on Figure 2-2 in the Medium regulating range. See
Table 2-2 for change information.

Line Fuse Holder—Contains the line fuse and the
regulating range selector. See Table 2-3 for change
information.

Line Cord—Makes the connection between the
oscilloscope and the power source. The cord may be
conveniently stored by wrapping around the feet on
rear panel.

MOD Slots—A number in either slot indicates the
instrument contains an option or other modification.

@
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CH1 CH1

2757-30

Figure 2-7. Rear panel and left side panel controls, connectors, and indicators.

LEFT SIDE PANEL

Vertical Gain Controls (accessible through left side
panel)—Screwdriver adjustments to set the gain of
the vertical channels.

Variabie Balance Controis (accessibie through left
side panel)—Screwdriver adjustments to set
balance of the vertical channels.

RIGHT SIDE PANEL

Line Voitage Selector Switch—Selects either 115
volts or 230 volts nominal line voltage. Referto Table
2-2 for ranges and to Figure 2-2 for location of the
switch. Changethe fuse to match the range selected.

BASIC OSCILLOSCOPE DISPLAYS

The procedures in this subsection will allow you to set
up and operate your instrument to obtain the most
commonly used basic oscilloscope displays. Before
proceeding with these instructions, verify that the Line
Voltage Selector switch and the Regulating Range Selec-
tor bar are placed in the proper positions and that the

correct fuse is installed for the line voltage being used.
Refer to the preceding Preparation for Use subsection for
the information and procedures relating to line voltage,
regulating range, and fuse selection. Verify that the
POWER switch is off (push button pressed in) before
plugging the power cord into the line voltage socket.

29



Operating Instructions—465B Service

PRESET INSTRUMENT CONTROLS

Preset the instrument controls as follows:

Vertical
VERT MODE CH1
VOLTS/DIV Proper setting determined

by amplitude of signal to
be applied

VOLTS/DIV VAR Calibrated detent

AC-GND-DC AC

POSITION Midrange

20 MHz BW LIMIT Not limited (push button

out)

INVERT Off (push button out)
Display

INTENSITY Fully counterclockwise

FOCUS Midrange

SCALE ILLUM Midrange
Horizontal

TIME/DIV Switches
A TIME/DIV VAR

Locked together at 1 ms
Calibrated detent

HORIZ DISPLAY A
X10 MAG Off (push button out)
POSITION Midrange
Trigger
(Both A and B if applicable)
SLOPE +
LEVEL 0
SOURCE NORM
COUPLING AC
TRIG MODE (A only) AUTO
HOLDOFF NORM

NORMAL SWEEP DISPLAY

1. Preset instrument controls and pull the POWER
switch (on). After allowing the instrument to warm up,
connect a signal to the CH 1 input connector.

NOTE

Instrument warmup time required to meet all
specification accuracies is 20 minutes.
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2. Adjust the INTENSITY control for the desired
display brightness. If the display is not visible with the
INTENSITY control at midrange, press the BEAM FIND
push button and hold it in while adjusting the CH 1
VOLTS/DIV switch to reduce the vertical display size.
Center the compressed display using the vertical and
horizontal POSITION controls; release the BEAM FIND
push button. Adjust the LEVEL control if necessary.

3. SettheCH 1VOLTS/DIV switch and the vertical and
horizontal POSITION controls to locate the display within
the graticule area.

4. Adjust the A TRIGGER LEVEL control for a stable
display.

5. Set the ATIME/DIV switch for the desired number of
cycles of displayed signal; then adjust the FOCUS control
as necessary.

MAGNIFIED SWEEP DISPLAY

1. Preset instrument controls and obtain a Normal
Sweep Display.

2. Adjust the horizontal POSITION control to movethe
areato be magnified to within the center graticule division
of the crt (0.5 division on each side of the center vertical
graticule line). Change the TIME/DIV switch setting as
desired.

3. Push the X10 MAG switch (on) and adjust the
horizontal POSITION control for precise positioning of
the magnified display. Divide the TIME/DIV setting by 10
to determine the magnified sweep rate.

DELAYED SWEEP DISPLAY

1. Preset instrument controls and obtain a Normal
Display.

NOTE

Differential time measurements and measurements
using the TIME or 1/TIME functions of the DM44 are
invalid when the B TRIGGER SOURCE switch is not
set to STARTS AFTER DELAY.

2. Setthe HORIZDISPLAY switchto A INTEN and the
B TRIGGER SOURCE switch to STARTS AFTER DELAY.



3. Pull out on the B TIME/DIV knob and turn clockwise
from counterclockwise stop until the intensified zone is
the desired length. Adjust the INTENSITY and B INTEN-
SITY controls as needed to make the intensified zone
distinguishable from the rest of the display. If your
instrument is equipped with a DM44, select a function
other than TIME or 1/TIME for a single delayed sweep.

4. Adjustthe DELAY TIME POSITION control tomove
the intensified zone to cover the portion of the display that
will be displayed in delayed form.

5. Set the HORIZ DISPLAY switch to B DLY'D. The
intensified zone adjusted in steps 3 and 4is now displayed
in delayed form. The delayed sweep rate is indicated by
the dot on the B TIME/DIV knob.

6. To obtain a delayed display with less jitter, set the B
TRIGGER SOURCE switch to the same position as the A
TRIGGER SOURCE switch and adjust the B TRIGGER
LEVEL control for a stable display.

ALTERNATE SWEEP DISPLAY

1. Preset instrument controls and obtain a Normal
Sweep Display.

2. Pull out on the B TIME/DIV knob to unlock it and
turn clockwise to the desired sweep rate.

3. Set the HORIZ DISPLAY switch to ALT. Set B
(DLY'D) TRIGGER SOURCE to STARTS AFTER DELAY.
Adjust Channel 1 POSITION and TRACE SEP as required
to display A Sweep above B Sweep. This will provide a
display that alternates between AINTEN trace (upper) and
B DLY'D trace (lower). Adjust BINTENSITY as necessary
to view the B DLY'D trace.

4. The start of B Sweep may be changed by adjusting
the DELAY TIME POSITION control.

5. Iftheinstrumentisequipped withaDM44 and atime
difference (or period) measurement is desired, select the
TIME function and adjust the A TIME control to move the
time-measurement point with respect to the reference
point.

6. The disptay now contains a second intensified zone
on the A INTEN trace (upper) and a second signal, which
may be partially or fully superimposed, on the B DLY'D
trace (lower).

Operating Instructions—465B Service

7. The DELAY TIME POSITION control will change
the position of both delayed displays (reference and time
measurement), while the A TIME control will position only
the second (measurement point) delayed display.

SINGLE SWEEP DISPLAY

1. Preset instrument controls and obtain a Normal
Sweep Display. For random signals, set the trigger circuit
to trigger on a signal that is approximately the same
amplitude and frequency as the random signal.

2. Press the SINGL SWP push button on the A TRIG
MODE switch. The next trigger pulse starts the sweep and
displays a single trace. If no triggers are present, the
READY indicator should illuminate, indicating that the A
Sweep Generator circuit is set and waiting for a trigger.

3. When the sweep is complete, the circuit is "locked
out”, and the READY indicator turns off.

4. Pressthe SINGL SWP push button again to prepare
the circuit for another Single Sweep Display.

X-Y DISPLAY

1. Preset instrument controls and pull the POWER
switch (on). Allow the instrument to warm up.

2. Setthe A TIME/DIV switch fully counterclockwiseto
X-Y. Apply the vertical signal to the CH 2 OR Y input
connector and the horizontal signal tothe CH 1 OR Xinput
connector.

3. Advance the INTENSITY control until the display is
visible. If the display is not visible with the INTENSITY
control at midrange, press and hold in the BEAM FIND
push button while adjusting the CH 1 and CH 2
VOLTS/DIV switches until the display is reduced in size,
both vertically and horizontally. Center the compressed
display with the POSITION controls (Channel 2
POSITION control for vertical movement, and horizontal
POSITION control for horizontal movement). Release the
BEAM FIND push button. Adjustthe FOCUS control for a
well-defined display.

2-11
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RACKMOUNTING

The TEKTRONIX R465B Oscilloscope is designed to
mount in a 19-inch rack. When mounted in accordance
with the following mounting procedure, the instrument
will meet all electrical and environmental characteristics
given in Section 1 of this manual.

DIMENSIONS

Dimensional drawings of the R465B are shown in
Figures 2-8 and 2-9.

Rack Height

At least seven inches of vertical space is required to
mount this instrument in a rack.

Rack Width

Minimum width of the opening between the left and
right front rails of the rack must be 17 5/8 inches. This
allows room on each side of the instrument for the slide-
out tracks to operate freely, permitting the instrument to
move smoothly in and out of the rack.

Rack Depth

Total depth necessary to mount the R465B in a cabinet
is 18 inches. This allows room for air circulation, power
cord and signal connections and the necessary mounting
hardware.

2-12

SLIDE-OUT TRACKS

The slide-out tracks provided with the R465B permit it
to be extended out of the rack for maintenance or
calibration without removing theinstrument from the rack.
In the fully extended position, the R465B can be tilted up
so the bottom of the instrument can be reached for
maintenance or calibration. To operate the R465B in the
extended position, be sure the power cord and any
interconnecting cables are long enough for this purpose.

The slide-out tracks consist of two assemblies—one for
the left side of the instrument and one for the right side.
Figure 2-10 shows the complete slide-out track
assemblies. The stationary section of each assembly
attaches to the front and rear rails of the rack, and the
chassis section is attached to the instrument. The in-
termediate section slides between the stationary and
chassis sections and allows the R465B to be extended out
of the rack. When the instrument is shipped, the stationary
and immediate sections of the tracks are packaged as
matched sets and should not be separated. Toidentify the
left or right assembly, note the position of the automatic
latch (see Figure 2-10). When mounted in the rack, the
automatic latch should be at the top of both assemblies.
The chassis sections are installed on the instrument at the
factory.

The hardware needed to mount the slide-out tracks is
shown in Figure 2-11. Since the hardware supplied is
intended to make the tracks compatible with a variety of
cabinet racks and installation methods, not all of it will be
needed for this installation. Use only the hardware that is
required for the mounting method used.
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Figure 2-9. Dimensional drawing (cont).
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Mechanical
stop ASSEMBLY FOR RIGHT SIDE

Automatic Stop latch hole
latch hole

Mounting flange

Automatic

Stationary
section

Intermediate
section

ASSEMBLY FOR LEFT SIDE

1089-57

Figure 2-10. Slide-out track assemblies.

' 10.32
PHS
screw
{8 ea)

G &G & == g & & |
Rear support
bracket
ap a» a» > a» I
Bar nut
{4 ea)
~ W\
10-32 832 8-32 #10 .
OHS Keps FHS Finishing Plastic
screw nut screw washers washers
{4 ea) (4 eal {4 eal (4 ea) {4 eal
—
Figure 2-11. Hardware needed to mount the instrument in the cabinel rack.
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The mounting flanges of the stationary sections may be
mounted in front of or behind the front rails of the rack
depending on the type of rack. If the front rails of the rack
are tapped for 10-32 screws, the mounting flanges are
placed in front of the rails. if the front rails of the rack are

MOUNTING PROCEDURE

The following mounting procedure uses the rear sup-
port kit (see Figures 2-12 and 2-13) to meet the en-
vironmental characteristics of the instrument (shock and
vibration). Two alternative mounting methods are describ-
ed at the end of this procedure. However, when mounted
according to these alternative methods, the instrument
may not meet the given environmental characteristics for
shock and vibration.

8-32 X 1/2 inch

PHS screw Support I B

(4 ea) block

not tapped for 10-32 screws, the mounting flanges are

placed behind the front rail and a bar nut is used. Figure

.y

2-14 shows these methods of mounting the stationary . 1089-58
sections.

Figure 2-13 Installing the support block on the instrument.

Rear of
stationary section

Support
block

I{mounted on
instrument)
Support
pin
(2 ea)
Neoprene
support washer
(2 ea)

Spacer
(2 ea)

Washer

Spacer
block
(2 ea)

Washer
12 ea)

10-32 X 1% inch
HHS screw
14 ea)

Lockwasher
(2 ea)

4 -20 X 3, inch
HHS screw

Figure 2-12. Rear support kit.
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Stationary 3
section of &
slideout
track

Left fromt
rail of
cobinet rack

10-32
PHS
screw
(21

{A) Front rail tapped for 10-32 screws 0755-31

Stationary

Untapped
Left front \§ holes
rail of . :
cabinet rack -8t

10-32 10-32
FH5* or PHS

screw screw

(2) (2)

*Note:

Use FHS screws if front rail holes
are countersunk,

(B} Untapped front rail

Figure 2-14. Melhods of mounting the stationary section to the front rails.

The rear of the stationary sections must be firmly
supported to provide a shock-mounted installation. This
rear support must be located 17.471 inches, +£0.031 inch,
from the outside surface of the front rail when the
mounting flange is mounted outside of the rail, or 17.531
inches, £0.031 inch, from the rear surface of the front rail
when the mounting flangeis mounted behind the front rail.
If the cabinet rack does not have a strong supporting
member located the correct distance from the front rail, an
additional support must be added. The instrument will not
meet the environmental specifications unless firmly sup-

ported at this point. Figure 2-14 illustrates a typical rear
installation using the rear support kit and gives the
necessary dimensions.

Use the following procedure to install the R465B in a
rack:
1. Select the proper front-rail mounting holes for the

stationary section using the measurements shown in
Figure 2-15.
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Left
front
rail ]

Securing
holes
(tapped for
10-32
screws)

3 1/4 inch minimum

1/2 inch (for correct
position of
securing holes)

3 1/4 inch minimum

2162 65
R

Figure 2-15. Locating the mounting holes for the left stationary section. Same dimensions apply to right stationary section.

2a. If the mounting flanges of the stationary sections
are to be mountedin front of the front rails (rails tapped for
10-32 screws}, mount each stationary section as shown in
Figure 2-16(A).

2b. If the mounting flanges of the stationary sections
are to be mounted behind the front rails (rails not tapped
for 10-32 screws), mount each stationary section as shown
in Figure 2-16(B).

3. Attach an angle bracket to both rear rails of the rack
through the spacer block, stationary section and into the
rear rail of the rack. Note that the holesinthe spacer block
are not centered. Be sure to mount the block with the
narrow edge toward the front of the rack; otherwise, the

2-18

instrument may not slide all the way into the rack. Do not
tighten the mounting screws. Figure 2-12 shows the parts
in the rear support kit and the order in which they are
assembled.

4. Assemble the support pin to the angle bracket in the
order shown in Figure 2-12. Leave the spacer (washer) off,
but install the neoprene washer.

5. Install a support block on each side of the instru-
ment as shown in Figure 2-13.
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Rails tapped for
10-32 screws

33

SR
W/dz

inches
1 inch

or

17.531 inches
+0.031 inch

rail (A

Rails untapped ]

c==a O

Figure 2-16. Supporting the rear stationary sections: (A) Dimensions necessary; (B) Completed instaliation.

6. Refer to Figure 2-17 to insert the instrument in the
rack. Do not connectthe power cord orinstall the securing
screws until all adjustment have been made.

7. With the instruments pushed all the way into the
rack, adjust the angle brackets so the neoprene washers
on the support pins are seated firmly against the rear of the
instrument and the support pins are correctly positioned
inthe support block on the rear of theinstrument. Tighten
all screws.

8. Pull the instrument partially out of the rack.

9. Remove the neoprene washers from the support
pins and place the spacers on the pins. Replace the
neoprene washers.

10. Position the instrument so the pivot screws (widest
part of the instrument) are approximately even with the
front rails.

2-19



Operating Instructions—465B Service

TO INSERT THE R465:

1. Pull the intermediate sec-
tion (A) of each slide-out
track out to its fully ex-
tended position.

2. Insert the chassls section
(B) (on instrument) into
the intermediate sections.

3. Press both stop latches
(C) and push the instru-
ment into the rack until
the latches snap into the
stop latch holes (D).

4. Connect the power cord
to the power source.

5. Agaln press the stop
laiches (D) and push the
instrument ali the way into
the rack.

6. To secure the R465 to the
rack, insert the 4 secu
screws (E), with finishing
washers and teflon
washers, through the
siots in the instrument
front panel and screw
them into the front rails of
the rack.

TO REMOVE THE R465:

1. Remove the securing
screws and washers (E).

2. Pull the Instrument out-
ward until the stop latches
snap into the stop latch
holes.

3. Disconnect the power
cord.

4. Press both stop latches
(D) and pull the instru-
ment out of the rack.

F ©

L o

’

LE R ILE N R

Figure 2-17. Procedure for inserting or removing the instrument after the slide-out tracks have been installed
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11. Adjust the alignment of the stationary sections
according to the procedure outlined in Figure 2-18. (If the
rear alignment is changed, recheck the rear support pins
for correct alignment.)

12. After the tracks operate smoothly, connect the
power cord to the power source.

13. Push the instrument all the way into the rack and
secure it to the rack with the securing screws and washers
as shown in Figure 2-17.

NOTE

The securing screws are an important part of the
shock-mounted installation. If the front rails are not
tapped for the 10-32 securing screws, other means
must be provided for securing the instrument to the
rack.

ALTERNATIVE REAR MOUNTING
METHODS

Although the following methods provide satisfac-
tory mounting under normal conditions, they do not
provide solid support at the rear of the instrument. If
the instrument is subjected to severe shock or
vibration when mounted using the Tfollowing
methods, it may be damaged.

Operating Instructions—465B Service

An alternative method of supporting the rear of the
instrument is shown in Figure 2-19. The rear support
brackets supplied with the instrument allow it to be
mounted in a rack which has a spacing between the front
and rear rails of 11 to 24 inches. Figure 2-19(A) illustrates
the mounting method if the rear rails are tapped for 10-32
screws, and Figure 2-19(B) illustrates the mounting
method if the rear rails are not tapped for 10-32 screws.
The rear support kit is not used for this installation.

If the rack does not have a rear rail, or if the distance
between the front and rear railsistoolarge, theinstrument
may be mounted without the use of the slide-out tracks.
Fasten the instrument to the front rails of the rack withthe
securing screws and washers. This mounting method
should be used only if the instrument will not be subjected
to shock or vibration and if it is installed in a stationary
location.

REMOVING OR INSTALLING THE
INSTRUMENT

After initial installation and adjustment of the slide-out
tracks, the R465B can be removed or instalted by following
the instructions given in Figure 2-17. No further ad-
justments are required under normal conditions.

SLIDE-OUT TRACK LUBRICATION

The slide-out tracks normally require no lubrication.
The special finish on the sliding surfaces provides perma-
nent lubrication. However, if the tracks do not slide
smoothly even after proper adjustment, a thin coating of
paraffin rubbed onto the sliding surfaces may improve
operation.

TO ADJUST ALIGNMENT:

1. Position the Instrument with the plvot screws
approximately even with the front rails.

2. Loosen the mounting screws at the front of both
stalionary sections (left side shown).

3. Allow the tracks o seek their normal positions
with the instrument centered in the rack.

4. Tighten the mounting screws.

5. Push the instrument all the way into the rack. If
tracks do not slide smoothly, check for correct
spacing between the rear supports.

6. Check the vertical positioning of the R465 front
panel with respect to adjacent Instruments or
panels. If not correct, reposition as necessary.

Figure 2-18. Alignment adjustment for correct operation.
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DEEP RACK CONFIGURATION:
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Figure 2-19. Alternative method of installing the instrument using rear support brackets.

2-22

@



Section 3—465B Service

THEORY OF OPERATION

INTRODUCTION

SECTION ORGANIZATION

This section of the manual contains a functional
description of the circuitry used in the 465B Oscilloscope.
It begins with a general summary of the instrument, using
the basic block diagram shown in Figure 3-1. As an
additional reference, a comprehensive overall block
diagram is provided in the tabbed Diagrams section at the
back of this manual.

Each major circuit is explained in detail, using ad-
ditional functional block diagrams to show the inter-
connections between parts comprising the circuit, to

interrelationships with front panel controls. Schematic
diagrams also are provided in the Diagrams section of the
manual and are keyed to their respective circuit descrip-
tions by numbered diamond symbols. For optimum un-
derstanding of the circuit being described, you should
refer to both the appropriate schematic diagram and
functional block diagram.

INTEGRATED CIRCUIT DESCRIPTIONS

Digital Logic Conventions

Digital logic techniques are used to perform many
functions within this instrument. Function and operation

indicate circuit components, and to identify of the logic circuits are represented by logic symbology
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Figure 3-1. Basic block diagram of the 465B Oscilloscope.
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and terminology. All logic functions are described using
the positive logic convention. Positive logic is a system of
notation whereby the more positive of two levels is the
true, or 1 state; the more negative level is the false, or 0
state. In the logic descriptionthetrue stateisreferredtoas
Hl, and the false state is referred to as LO. The specific
voltages which constitute a Hl or a LO state vary between
specific devices.

Linear Devices

The functioning of individual linear integrated circuit
devices is described in this section using waveforms or
other techniques to illustrate their operation.

GENERAL DESCRIPTION

The following discussion provides an overall functional
description of the 465B Oscilloscope. Refer to the basic
block diagram, Figure 3-1, and to the detailed block
diagram located in the Diagrams section of this manual.
Each major block in these diagrams represent a major
circuit within the instrument. The numbered diamond
symbol on each block refers to the appropriate schematic
diagram also located in the Diagrams section.

Signals to be displayed on the crt are applied to the
CH 1 OR X input connector or the CH 2 OR Y input
connector. These input signals then are amplified by the
Preamplifiers. Each channel includes separate vertical
deflection factor, input coupling, balance, gain, and
variable attenuation switches or controls. Atrigger pickoff
stage in each Vertical Preamplifier supplies a sample of
that channel's signal to the Trigger Generator circuit. A
sample of the Channel 1 signal is also suppliedtothe CH 1
VERT SIGNAL OUT connector on the instrument rear

panel.

In the X-Y mode of operation the Channel 1 signal is
connected to the input of the Horizontal Amplifier circuit
to provide the X-axis deflection. The Channel 2 signal is
amplified by the Vertical Output Amplifier circuit to
provide the Y-Axis deflection. The Channel 2 Vertical
Preamplifier circuit contains an invert feature to allow the
operator to invert the Channel 2 signal displayed on the
crt.

The outputs of both Vertical Preamplifier circuits and
the output of the A Trigger View Amplifier circuit are
connected to the Vertical Switching circuit. The Vertical
Mode Switch circuit uses the inputs from the VERT MODE
switches and the X-Y position of the A TIME/DIV switchto
set the Vertical Switching circuit into the chosen Vertical
Mode of operation. The Vertical Switching circuit then will
select the input(s) to be displayed on the crt.

The Chopped Blanking signal, used to blank the
switching transients between channels when the chopped
mode of operation is selected, is produced in the Vertical
Switching circuit and fed to the Z-Axis Amplifier circuit. A
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Normal Trigger pickoff stage at the output of the Vertical
Switching circuit provides a sample of the displayed
signal(s) to the Trigger Generator circuits.

The output of the Vertical Switching circuit is con-
nected to the Vertical Output Amplifier through the Delay
Line. The Vertical Qutput Amplifier circuit provides final
amplification of the signal before it is connected to the
vertical deflection plates of the crt. This circuit includes
part of the BEAM FINDER switch, which, when activiated,
limits vertical deflection to withinthe graticule area so that
location of off-screen displays is facilitated.

The A and B Trigger Generator circuits each create an
output pulse which initiates the sweep produced by either
the A or B Sweep Generator circuits. The input signal to
the A and B Trigger Generator circuits can be individually
selected from any of the following sources: Channel 1
signal, Channel 2 signal, signal(s) displayed on the crt
(Normal), signal(s) connected to the External Trigger
Input connectors, or a line voltage sample (A Trigger
only). Each trigger circuit contains level, slope, coupling,
and source controls. The A External Trigger input is also
fed to the A Trigger View Amplifier where it is amplified
and made available to the Vertical Switching circuit for
selection to be viewed on the crt.

The A Sweep Generator circuit, when activated by the A
Trigger Generator circuit, produces a linear sawtooth
output signal, the slope of which is controlled by the A
TIME/DIV switch. The TRIG MODE switches control the
operating mode of the A Trigger Generator circuit. When
AUTO is selected, the absence of an adequate trigger
signal for about 100 milliseconds after the end of holdoff
causes an A Sweep start gate to be generated. When
NORM is selected, a horizontal sweep is presented only
when triggered by an adequate trigger signal. Pushingthe
SINGL SWP push button sets the Sweep Logic to initiate
one sweep after a trigger pulse is received.

The Z-Axis logic circuit produces a gate signal to
unblank the crt so that the display can be presented. This
gate signal is coincident with the sawtooth produced by



the A Sweep Generator circuit. The A gatesignal, whichis
also coincident with the sawtooth, is available at the A
+GATE connector on the instrument rear panel. The
Sweep Control Logic circuit also produces a Horizontal
Alternate Sync pulse. This pulse is fed to the Horizontal
Display Logic circuit to switch the display between A
Intensified and B Delayed sweeps when the ALT Horizon-
tal Display mode is selected.

The B Sweep Generator circuit is basically the same as
the A Sweep Generator circuit. However, this circuit only
produces a sawtooth output signal when a delay time
period, determined by the DELAY TIME POSITION dial
has lapsed, or when a trigger pulseis received from the B
Trigger Generator circuit. If the B TRIGGER SOURCE
switch is set tothe STARTS AFTER DELAY position, the B
Sweep Generator begins to produce the sweep im-
mediately following the selected delay time. If the
SOURCE switch isin one of the remaining positions, the B
Sweep Generator circuit does not produce asweep until it
receives a trigger pulse from the B Trigger Generator
circuit.

The output of either the A or B Sweep Generator is
amplified by the Horizontal Amplifier circuit to produce
horizontal deflection for the crt, except when the A
TIME/DIV switch is in the fully counterclockwise (X-Y)
position. The Horizontal Amplifier circuit contains a X10
magnifier that may be selected to increase the sweep rate
10 times in any A or B TIME/DIV switch position. Other
deflection signals may be connected to the Horizontal
Amplifier by using the X-Y mode of operation. When the
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TIME/DIV switch is set to X-Y, the X signal is connected to
the Horizontal Amplifier circuit through the Channel 1
Vertical Preamplifier circuit.

The Z-Axis Amplifier circuit determines the crtintensity
and blanking. The Z-Axis Amplifier circuit sums the
current inputs from the INTENSITY control, Vertical
Switching circuit (chopped blanking), Z-Axis Logic circuit
(unblanking), and the EXT Z-AXIS Input connector. The
output level of the Z-Axis Amplifier circuit controls the
trace intensity through the CRT circuit. The CRT circuit
provides the voltages and contains the controls necessary
for operation of the cathode-ray tube.

The Power Supply circuit provides the low voltage
power necessary for operation of the 465B. Low voltage
power is distributed to all circuits in the instrument.

The Calibrator circuit produces a square-wave output
{with both accurate voltage and current amplitudes) that is
useful for both checking the calibration of the instrument
and compensating probes. The CALIBRATOR current
loop provides an accurate current source for calibration of
current-measuring probe systems.
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DETAILED DESCRIPTION

CHANNEL 1 PREAMP @

Introduction

The Channel 1 Preamplifier circuit, shown in Figure 3-
2, provides control of input coupling, vertical deflection
tactor, gain and dc balance. Input signals for vertical
deftection on the crt are connectedtothe CH 10OR Xinput
connector. When the TIME/DIV switch is set to the X-Y
mode, theinput signal appliedtothe CH 1 OR X connector
provides the horizontal (X-axis) deflection.

Input Coupling

Signals applied to the input connector can be either ac-
coupled or dc-coupled or, they can be internally dis-
connected from the input to the Vertical Input Amplifier
stages. When Input Coupling switch S30A is set for dc
coupling, the input signal is coupled directly to the Input
Attenuator stage. When ac coupled, the input signal
passes through capacitor C13012 which prevents the dc
component of the input signal from passing to the
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Figure 3-2. Detailed block diagram of the Channel 1 Preamplifier circuit.
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amplifier. In the GND position of S30A, the signal path is
opened and the input of the amplifier is connected to
ground through R3015. This provides a ground reference
without the need to disconnect the applied signal from the
input connector. Resistor R3014 is a high resistance
connected across Input Coupling switch S30A, which
allows C13012 to be precharged whenthe switchisinthe
GND position. Therefore the trace remains within the
viewing area of the crt when the switchis placedinthe AC
position.

Input Attenuator

The effective overall deflection factor of each vertical
channel of the 465B is determined by the setting of the
Channel VOLTS/DIV switch. The basic deflection factor of
the Vertical Defiection System is 5 millivolts/division of crt
deflection. To achieve the deflection factor values marked
onthe front panel, precision attenuators are switchedinto
the input to the Vertical Preamplifier circuit.

For VOLTS/DIV switch positions above 5 millivolts,
frequency compensated-voltage dividers (attenuators)
are switched into the circuit to produce the vertical
deflection factors indicated on the front panel. Each
channel has a 2X, 4X, 10X and 100X attenuator which may
be selected in various combinations. A constant attenua-
tion is provided at all frequencies within the bandwidth
range of the instrument. The Input Attenuators are
designed to maintain the same input characteristics (1
megohm and approximately 20 picofarads) for each
setting of the VOLTS/DIV switch. Each attenuator con-
tains an adjustable series capacitor to provide correct
attenuation at high frequencies and an adjustable shunt
capacitor to provide correct input capacitance.

NOTE

Each attenuator is a hybrid encapsulated plug-in
assembly; therefore, replacement of individual com-
ponents within the attenuator is not possible. Should
defects occur, the attenuator must be replaced as a
unit.

Source Follower

The Channel 1 signal from the input attenuator is
connected to Source Follower Q1297A through R3042,
C3042, and R3045. Resistor R3039 provides the input
resistance and resistor R3045 functions as a damping
resistor. Q1297B is a constant current source for Q1297A.
Q1297A and B provide a high input impedance for the
attenuators and the current drive needed for the First
Amplifier.
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In the event that excessively high-amplitude signals are
applied to Source Follower Q1297A, the signal will be
limited by CR1298 and the gate-source junction of
Q1297A. If the negative signal amplitude causes CR1298
to become forward biased, Q1297A gate is clamped to
approximately —8.7 volts. Excessive positive signal
amplitude will forward bias the gate-source junction of
Q1297A. As soon as gate current flows, the gate voltage
will ceaseincreasing. Gate currentislimited to a safe value
by the high resistance of R3042.

First Amplifier

The First Amplifier stage is an integrated emitter-
coupled, push-pull, cascode amplifier U1290. The input
signal on pins 13 and 16 is converted from a single-ended
signal to a push-pull signal by a paraphase amplifier and
then is fed to the common base output stage to produce
the current drive to Q1175 and Q1375. The CH 1 VAR
VOLTS/DIV control, which is connected to pin 11 of
U1290, varies the gain of the First Cascode Amplifier
stage. This control provides variable vertical deflection at
each position of the VOLTS/DIV switch. With the VAR
control in its calibrated detent (wiper at ground), the Aand
D output transistors of U1290 are conducting. TheBand C
output transistors are biased off. Thus, the signal current
available to the following amplifier stage is the collector
current flowing in output transistors A and D.

When the VAR control is rotated out of its calibrated
detent, the B and C output transistors of U1290 begin to
conduct by an amount determined by the position of the
VAR control. This causes two events to occur:

1. The signal current flowing in the A and D output
transistor is reduced by the amount of signal current
flowing in the B and C output transistors.

2. Output transistors A and C and output transistors B
and D conduct current of opposite polarity. The output of
transistor C is added to the output of transistor Ato reduce
the signal current available at pins 5 and 6, and the output
current of transistor B is added to the output current of
transistor D to reduce the signal current available at pins 8
and 9.

The component values selected for the variable func-
tion provide a variable attenuation ratio of approximately
2.5to 1. Channel 1 Variable Balance adjustment R1484 is
adjusted so that no trace shift in the display occurs when
rotating the VAR control. When the Channel 1 VAR
control is out of its calibrated detent the Channel 1 UNCAL
LED is illuminated. The components connected between
pins 2 and 3 of U1290 provide frequency compensation for
the stage.
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Q1175 and Q1375 are common-base amplifiers that
convert the output current signals from U1290into voltage
signals to be amplified in the Second Amplifier circuit.
Gain adjust R1482 allows setting of the overall gain of the
Channel 1 Vertical Preamplifier by adjusting the signal
voltage to the bases of Q1155 and Q1355.

Second Amplifier

Q1155 and Q1355, in conjunction with Q1344 and
Q1346 in the Vertical Switching circuit, form a push-pull
cascode amplifier. CR1263, CR1264, and RT1267 provide
temperature compensation for the high-frequency gain
amplifier to ensure constant gain in the presence of
varying ambient temperature. As temperature increases,
the resistance value of RT1267 decreases, and thereverse
bias on both CR1263 and CR1264 decreases. CR1263 and
CR1264 are voltage-variable capacitors whose capac-
itance increases as reverse bias decreases. The increase
in capacity at higher temperatures provides additional
high-frequency peaking to counteract the effects of
increased temperature on the amplifier's gain.

The push-pull signals at the emitters of Q1155 and
Q1355 are converted to a single-ended signal by Q1150,
Q1250, Q1045, and Q1145. The current signal from Q1145
is converted to avoltage signal by common-base amplifier
stage Q1038 and applied tothe bases of Q1125 and Q1028.
Q1028 provides the output signal to the CH 1 VERT
SIGNAL OUT output connector located ontheinstrument
rear panel. CR1014, CR1024, CR1023, and CR1013 protect
the emitter circuit of Q1028 in the event large signal levels
are accidentally connected to the CH 1 VERT SIGNAL
OUT connector. The output signal at the emitter of Q1125
is used as the trigger signal sourceinthe CH 1 positions of
the Trigger SOURCE switches and as the signal source for
emitter follower Q1004. R1126 adjusts the dc level of the
CH 1 trigger source signal. When inthe X-Y mode, Q1004
provides the X-axis signal from the Channel 1 Preamplifier
to the Horizontal Amplifier.

R1055 is the Channel 1 Vertical POSITION control.
When set toits mid-position, the constant current supplied
by Q1062 flows equally through each side of R1055 into
the collectors of Q1155 and Q1355. As the POSITION
control is rotated off its mid-point, one side of the amplifier
receives more current while the other side of the amplifier
receives less current. This proportionally changes the
amount of current flowing into the Delay Line Drivers,
therefore causing the trace to be positioned vertically on
the crt. The mid-range operating point of the POSITION
control is set by adjusting R1135.

CHANNEL 2 PREAMP @

Introduction

The Channel 2 Preamplifier circuit is virtually the same
as the Channel 1 Preamplifier circuit. The only differences
between the two circuits are described in this part. Input
signals for vertical deflection on the crt are connected to
the CH 2 OR Y input connector. When the TIME/DIV
switch is set to the X-Y mode, the Channel 2 input signal
provides the vertical (Y-axis) deflection.

First Amplifier

Basically, the First Amplifier stage in Channel 2
operates the same as the First Amplifier stage in Channel
1. However, the Channel 2 circuit also contains the
INVERT switching function. This allows the Channel 2 crt
display to beinverted. When pushedin, the INVERT switch
changes the biasing on the output transistors of U1790 so
that the normally inactive transistors (B and C) now carry
the signal. Since their outputs are cross-coupled from side
to side, the output signal is of opposite polarity from the
signal available when the INVERT switch is in the normal
(button out) position. Channel 2 Invert Balance poten-
tiometer R1975 allows the dc balance of the stage to be
adjusted to eliminate baseline shift in the display when
switching from a normal to an inverted display.

VERTICAL SWITCHING LOGIC @

Introduction

The Vertical Switching Logic (Figure 3-3) determines
he input signal or combination of input signals to be
sonnected to the Vertical Output Amplifier. Possibleinput
signal combinations that may be displayed are selected by
a read-only memory (ROM) integrated circuit that is
controlled by the VERT MODE switches and the X-Y
position of the TIME/DIV switch.

Diode Gates

The Channel 1, Channel 2, and Trigger View Diode
Gates, consisting of four diodes each, act as switches that
are controlled by the Vertical Switching Logic circuit.
Outputs Qq, Qi, and Q; of U1705 (pins 2, 7, and 10) control
the switching transistors that switch the Diode Gates on or
off. These output signals alsoarefedintothe Ao, Ai, and Az
inputs of ROM U 1605 (pins 5, 6, and 7), toindicatethe state
of the switches. {Refer to the Maintenance section of this
manual for a Logic Table of the ROM functions.) A LO
indicates that a particular switchis on, and a Hl indicates it
is off. The ROM is programmed to use the state indicators
from U1705 and the selected VERT MODE inputs to U1605
Asthrough A; (pins 4, 3, 2, 1, and 15) to turn onthe correct
Diode Gates for obtaining the selected signal, or combina-
tion of signals, to be displayed.
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Figure 3-3. Detailed block diagram of the Vertical Switching Logic clrcuit.
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CHANNEL 1 DISPLAY ONLY. When the CH 1 VERT
MODE push button is pressed, a Hl is applied to the A,
input of U1605. The A4, As, and Agsinputs will be LO and the
A; input (controlled by the X-Y position of the A TIME/DIV
switch) will be HI. This combination of inputs is decoded
to switch transistor Q1619 on, which turns onthe Channel
1 Diode Gate. The O, output of U1605 will be LO, the O,
and O; outputs will be HI. The O, output, which controls
the CHOP oscillator, will be low. A LO will disable the
CHOP clock and U1705 will remain in a state that allows
the Diode Gates to pass only the Channel 1input signal to
the Delay Line Driver.

With Channel 1 only selected, the Qo output of U1705
will be LO. The LO will turn on transistor Q1619 and the
junction of CR1447 and CR1443 will be returned to the
+5-volt supply through R1625 and Q1619. This raises the
junction voltage to reverse bias CR1447 and CR1443.
Then CR1445 and CR1441 are forward biased and the
Channel 1 input signal passes through CR1441 and
CR1445 to the Delay-Line Driver.

CR1432 and CR1434 in the Trigger View Diode Gate
and CR1547 and CR1543 in the Channel 2 Vertical Signal
Diode Gate remain forward biased through the pull-down
resistors to the —8 volt power supply. Trigger View signals
and the Channel 2 input signals are shunted to the —8 volt
supply and are blocked from the Delay Line Driver
because CR1438 and CR1436 in the Trigger View Diode
Gate and CR1545 and CR1541 in the Channel 2 Vertical
Signal Diode Gate are reverse biased.

CHANNEL 2DISPLAY ONLY. WhenCH 2VERT MODE
is selected, Q1719 turns on; Q1619 and Q1617 remain off.
The center diodes of the Channel 1 Diode Gate and the
center diodes of the Trigger View Diode Gate are forward
biased, and the center diodes of the Channel 2 Diode Gate
are reverse biased. Trigger view and Channel 1signals are
blocked from the Delay Line Driver, and the Channel 2
input signal is connected to the Delay Line Driver.

A TRIGGER VIEW (EXT ONLY). When A TRIG VIEW is
selected, the Channel 1 and Channel 2 Diode Gates are
biased off, and the Trigger View Diode Gateis biased onto
allow the External Trigger signal to be connected to the
Delay Line Driver. In all singleinput selections (CH 1 only,
CH 2 only, or A TRIG VIEW only) the clock is disabled and
U1705 remains in a state to select only the single input
chosen to be displayed.

ADD VERTICAL MODE. U1605 is programmed to turn
on transistor Q1619 (CH 1) and Q1719 (CH 2). The logic
from U1705 will turn on Q1636 (ADD) at the same time, if
ADD VERT MODE is selected. It is not necessary to select
Channel 1 or Channel 2 to obtain the ADD display. With
ADD selected, the Q, and Q, outputs of U1705 will be LO,
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and the Qo and Q. outputs will be HI. This will cause both
Channel 1 and Channel 2 Diode Gates to be on. With Qo
and Q, HI, U1805D will be enabled to turn on Q1636. The
junction of R1532 and R1534 will have —8 volts applied to
provide sufficient additional current to keep both Diode
Gates turned on without altering the dc levels associated
with the Delay Line Driver. By selecting additional VERT
MODEs, it is possible to view the Channel 1 input, the
Channel 2 input, the A External Trigger input, and ADD
MODE onthe crt during one display cycle on four separate
traces.

X-Y MODE. When the A TIME/DIV switchis setto X-Y, a
LOis applied to pin 15 of U1605. The ROM is programmed
to produce outputs that turn on Channel 2 switching
transistor Q1719 and disable the CHOP clock. This action
causes the Channel 2 input to be connected to the Delay
Line Driver for the Y-axis signal. It is not necessary to
select Channel 2 VERT MODE, since the ROM will not
respondto any otherinput while the X-Y mode s selected.

Chop Clock and Alternate Loglc

U1905B, U1805A, R1904, R1903, and C1804 make up
the Chop Clock Oscillator circuit. When the O, output of
U1605 is HI and the CHOP MODE is selected, a Hl is
present on pin 5§ of U19058. U1805A will alternately put a
Hl and then a LO on pin 4 of U19058. Assume aninitial LO
on pin 4 of U19058. U1905B is a NAND gate, so its output
will be HI. C1804 charges toward a HI and as soon as its
charge reaches the threshold level of U1805A, U1805A will
switch to a Hl output. The HI output of U1805A pin 3 will
assert a Hl on U1905B pin 4. ThisHIlis NANDed with the HI
already present on pin 5 of U1905B to produce a LO at pin
6 of U1905B. Now C1804 has to discharge towardaLO. As
soon as the charge on C1804 reaches the LO threshold of
U1805B, U1805B will switch to a LO output and the cycle
will repeat. The Chop Clock oscillator frequency is
approximately 1 megahertz and depends on the RC-time
constant of R1903 and C1804, as well as thethreshold level
of U1805A (see Figure 3-4).

When CHOP is selected, pin 2 of U1905A will be LO. Pin
3 of U1905A will be HI which enables U1805C to pass the
CHOP clock oscillator frequency to pin 9 of U1705. U1705
changes state for every positive transition of the clock

+35V

1V

-2V

2757-13

Figure 3-4. Switching waveform at the junction of R1903 and
R1904.
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oscillator (once each cycle) effectively performing a
divide-by-two. Therefore, the CHOP frequency is ap-
proximately 500 kilohertz. The CHOP clock oscillator will
not be enabled unless more than one input is selected. As
stated previously, a single-input VERT MODE selection
will cause U1705 to remain in a state that will allow only the
selected input to be passed on to the Delay Line Driver.

If multiple inputs are selected for display, U1705 will be
clocked to select the appropriate inputs programmed for
display. Transistors Q1619, Q1719, Q1617, and Q1636 (if
ADD is selected) are being switched at the Chop clock
frequency (CHOP Mode). As the displays are being
incremented, the Qo Qi, and Q: outputs of U1705 are
being used as stateindicators tothe A, A;, and A; inputs of
ROM U1605 to indicate the next input to be selected for
display. The order of priority of the switching is: CH 1,
CH 2, ADD, then TRIG VIEW.

ALTERNATE TRACE SYNC. With ALT Vertical Mode
selected, a HI will be present at U1905D pin 12. If more
than a single-input display is selected, a H! will also be
present at pin 13. The CHOP clock will then be disabled.
U1905A will be enabled to pass the Alternate Trace Sync
pulse to U1805C pin 9, and U1805C will be enabled to pass
the pulse to U1705 pin 9 (clock input). U1705 will now be
switching between selected inputs at a rate determined by
the Alternate Trace Sync pulse from the Horizontal
Display Logic circuit.

If asingleinputis selected for display, U1805B pin 5 will
be LO and the Chop clock will remain disabled. The
Alternate Trace Sync pulse will be present at U1705 pin 9,
but with only one input selected by the VERT MODE
switches, U1705 will not change state and the switching
transistor for the selected input to be displayed will remain
on.

When Alternate Horizontal Display is chosen, the
Alternate Trace Sync input becomes a square wave with a

A HORIZ
DISPLAY

ALT HORIZ
DISPLAY

CLOCKS ON
HI TRANSITION

2757-14A

Figure 3-5. Vertical Alt Sync Pulse at U1705 pin 9.
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period equal to twice the time between Alternate Trace
Sync pulses. This will allow the display of the A sweep and
the B sweep before switching to the next vertical input
signal to be displayed (see Figure 3-5).

Chopped Blanking Amplifier

When CHOP Mode is selected, a LO on U1905D pin 12
holds U1905D pin 11 HI. This HI enables U1905C to pass
the Chop pulse to C1813. C1813 and R1916 differentiate
the Chop pulse to produce positive and negative spikes
having sufficiently fast rise times necessary for the
Chopped Blanking. CR1918 limits the positive spike and
R1815 limits the base current of Q1812. The positive
portion of the waveform reverse biases Q1812, but when
the waveform switches from the positive portion to the
negative portion, Q1812is driven rapidly into conduction.
The blanking time is determined by the charging time of
C1813 through R1916 and R1815. The positive-going
output pulse, which is coincident with trace switching, is
connected to the Z-Axis Amplifier circuit through R1914.

Delay-Line Driver

The output from the Diode Gatesis appliedto the Delay
Line Driver composed of Q1426 and Q1428. Transistors
Q1426 and Q1428 are connected as feedback amplifiers,
with R1328 and R1522 providing feedback from the
collector to the base of their respective transistors. A
sample of the signal in the collector circuit of R1426 is
used for triggering in the Normal mode of trigger opera-
tion. Bandwidth Limit switch S1414 connects a pi filter
{composed of C1306, C1405, L1412, and L1512) between
the output signal lines of the Delay Line Driver to reduce
the upper —3 decibel bandwidth limit of the Vertical
Amplifier system to approximately 20 megahertz.
Resistors R1314 and R1514 provide reverse termination
for any reflections in the delay line.

Normal Trigger Pickoff Amplifier

The trigger signal for Normal trigger operation is
obtained from the collector of Q1426. Normal Trigger DC
Balance Adjustment R1202 sets the dc level of the normal
trigger output signal suchthatthe sweepistriggered atthe
zero level of the displayed signal whenever the trigger
LEVEL control is set to zero. Q1215 and Q1118 are
connected as a feedback amplifier, with the signal applied
to the base of Q1215 and the feedback connected between
the output and emitter of Q1215 through R1108.

VERTICAL MODE SWITCH @

Introduction

The Vertical Mode Switch circuit produces the logic
necessary for placing the Vertical Switching Logic circuit
into the correct state for the Vertical Mode selected. The
Scale-Factor Switching circuit selects the correct scale-
factor LED to be illuminated with each Vertical Mode
selection.
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Exclusive-NOR Switching Circuit

The Exclusive-NOR_Switching circuits produce a LO
pulse on the ALT/CHOP select line whenever a VERT
MODE push button is either pressed or released. While the
ALT Vertical Mode is selected, the LO pulse will enabie the
Chop oscillator, momentarily producing clock pulses
which enable the Vertical Switching Logic circuit to select
the correct Vertical Mode for the next display.

Assume that the CH 1 VERT MODE push button has
been pressed. The condition of Exclusive-NOR circuit
US5235D is as follows: A Hi is on pins 12 and 13 of U5235D,
andaHl is present at output pin 11; C5135 has chargedto a
Hl level through R5135. When the push buttonisreleased,
a LO is immediately applied to pin 12, but C5135 is still
charged to a Hl level, so the HI remains on pin 13. These
input conditions to the Exclusive-NOR circuit will produce
a LO at output pin 11 to enable the Chop oscillator. Then
C5135 discharges toward a LO level through R5135, and
when the LO threshold voltage is reached, both inputs to
the Exclusive-NOR circuit will be LO. The output of
U5235D will switch back to HI, turning off the Chop
oscillator.

When the X-Y Horizontal Display is selected, —8 voltsis
applied through R5212 to the XY select input of the
Vertical Switching Logic circuit (placing itinthe X-Y Mode
of operation) and through the series combination of R5211
and R5214 to the ALT/CHOP select to enable the Chop
oscillator if the Alternate Vertical Mode is selected.

Scale-Factor Switching Circuit

The vertical deflection factor for each channel is
indicated by back-lighting the appropriate figures im-
printed on the flange of each VOLTS/DIV knob. Because
the operation of the Channel 1 and Channel 2 Scale-
Factor Switching circuits are similar, only the circuit
action of the Channel 1 Scale-Factor Switching circuits is
described.

When CH 1 or ADD Vertical Mode is selected, or when
X-Y Horizontal Display Mode is selected, —8 volts is
applied to the Q5017 base biasing voltage divider network
composed of R5114 and R5015. The base of Q5017 will be
biased negative, saturating Q5017. When Q5017 is
saturated, the X10 and X1 scale-factor LED DS9040 and
DS9060 will have a return path to ground through the
transistor and are enabled. (10X LED or 1X LED is lighted
depending on the type of probe or cable attached to the
CH 1 OR X input connector.)

The X-Y position of A TIME/DIV switch S6111 puts
—8 volts on both Channel 1 and Channel 2 scale-factor
LED-enabling transistors Q5017 and Q5241 through
blocking diodes CR5115 and CR5116. This allows the
appropriate scale-factor LED to be illuminated on both
CH 1 and CH 2 (10X or 1X).

With either a coaxial cable or 1X probe attached to the
CH 1 OR Xinput connector, the probe-coding ring portion
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of the input connector is not contacted. Q5057 will be
biased off by the —8 volts through R5055. A voltage divider
network composed of R5053, R5041, R5042, and R5052
between Q5017 and the —8volt supply will bias Q5056 into
conduction; the 1X LED in series with Q5056 will be on.
The 10X LED isin parallel with R5053, and the voltage drop
across R5053 will not be sufficientto cause the 10X LED to
light.

When a 10X probe equipped with a scale-factor-
switching connector is attached to the CH 1 OR X input
connector, the probe coding ring will be contacted. The
base of Q5057 will now be connected to ground through
R15102 and an internal resistor located within the probe
connector body. A bias voltage divider is formed, biasing
Q5057 into saturation. The collector of Q5057 will drop to
about —7.2 volts. This voltage level is enough to light the
10X LED, and when it is applied to the Q5056 base bias
voltage divider composed of R5042 and R5052, it is
sufficient to bias Q5056 off and turn off the 1X LED.

VERTICAL OUTPUT AMPLIFIER @

Introduction

The Vertical Output Amplifier circuit provides the final
amplification for the vertical deflection signal. The circuit
includes the Delay Line, part of the Beam Finder circuitry,
and part of the Trace Separation circuitry. Pushing the
BEAM FIND button compresses an overscanned display
to within the viewing area. The Trace Separation circuit
provides vertical positioning of the B trace when the ALT
Horizontal Display mode is selected.

Delay Line

Delay line DL11405 (Diagram 3) provides approximate-
ly 120 nanoseconds delay of the vertical signal to allow the
Sweep Generator circuits sufficient time to initiate a
sweep before the vertical signal reaches the deflection
plates of the crt. When using internal triggering, the
instrument is allowed to display the leading edge of the
signal originating the trigger pulse. Resistors R2214
(R2206 below SN B030000) and R2218 (R2202 below SN
B030000) provide forward termination for the Delay Line.

Input Amplifier

The Input Amplifier consists of integrated circuit
amplifier U2225 (U2210 below SN BO030000) and the
frequency compensation network connected across pins
2 and 3. Gain Adjust R2025 (R2005 below SN B030000)
sets the gain of the amplifier. BEAM FIND switch S4075,
when pressed. reduces the dynamic swing capabilities of
the stage, thereby limiting the display to within thedisplay
area on the crt.

Trace Separation

During B sweep the Trace Separation circuit (Q2115,
Q2306. and Q2308) is enabled by the alternate pulse on
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the base of Q2115. This switches Q2115 0on and Q2105 off.
This switching action allows the B trace to be vertically
positioned independently of the Atrace. Normally, Q2105
provides a constant amount of current to U2225; however,
when in ALT mode, turning Q2115 on supplies current
through Q2306 and Q2308. The TRACE SEP control
supplies the variable voltage at the base of Q2308 and
determines the position of the B sweep display relative to
the A sweep display.

The current supplied to U2225 must remain constant so
that the A sweep display positioningis not affected. U2005
senses the voltage at the base of Q2308 and compensates
by raising or lowering the voltage at the base of Q2306.
Potentiometer R2117 centers the B trace around the A
trace so that the B trace moves equally above and below
the A trace.

For instruments below SN B030000 transistors Q2140
and Q2130 receive a variable current from R14498
(Diagram 13), the TRACE SEP control. The Trace Separa-
tion circuit is enabled during B sweep whenever the ALT
Horizontal Display mode is selected. Q2140 and Q2130
supply an offset current to the signal current from U2210
during the B sweep. The offset current is not supplied
during A sweep. The switching action allows the B sweep
display to be vertically positioned independently from the
A sweep display.

Qutput Amplifier

Integrated circuit U2255 (U2260 below SN B030000) is
amulti-stage cascode amplifier cell that provides thefinal
amplification for the vertical signal. The input signal is
applied push-pull between pins 1 and 5, and the output
signal is taken from pins 9 and 12. Integrated circuit
amplifier U2385 (U2480 below SN B030000) monitors the
emitter currents of the output transistors and automatical-
ly sets the dc levels of the output stage to obtain the
maximum undistorted gain from U2255 (U2260 below SN
B030000).

A AND B TRIGGER GENERATORS @

Introduction

The Trigger Generator circuits produce trigger pulses
to start the Sweep Generator circuits. Thesetrigger pulses
are derived either from the internal trigger signal (sampled
from the vertical deflection system), an external signal
connected to the external trigger connectors, or asample
of the line voltage applied to the instrument. Controls are
provided in each circuit to select trigger level, slope,
coupling, and source.

An A Trigger View Amplifier is provided which amplifies
the external A Trigger signal for applicationtothe Trigger
View Diode Gate where it may be selected for viewing. The
trigger view display provides a method of making a quick
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and convenient check of the external trigger signal being
used to trigger the A Sweep Generator. The external
trigger input signal may be continually monitored by
selecting the A TRIG VIEW Vertical Mode.

Since the A and B Trigger Generator circuits are
virtually the same, only the A Trigger Generator circuit
action and the differences between the A and B Trigger
Generator circuits are described.

Trigger Source

Trigger SOURCE switch S7312 selects the source of
the trigger signal. The sources available to the A Trigger
Generator circuit are the signal(s) being displayed
(NORM), Channel 1 (CH 1), Channel 2 (CH 2), LINE, and
EXT. The EXT/10 (A trigger circuit only) position
attenuates the external trigger signal by afactor of 10. The
B Trigger SOURCE switch does not have a LINE or an
EXT/10 position, but has a STARTS AFTER DELAY
position,

The STARTS AFTER DELAY position of the B Trigger
SOURCE switch is used in conjunction with the DELAY
TIME POSITION control. When STARTS AFTER DELAY
is selected as a trigger source for the B Sweep, the B
Sweep will begin to run immediately after the delay time
selected by the DELAY TIME POSITION control has
elapsed.

In the LINE mode of triggering, a sample of the power
line frequency is obtained from the secondary of power
transformer T14500 located in the Low Voltage Power
Supply circuit. To prevent unwanted attenuation of the
trigger signal by the LF REJ circuit, the A Trigger
COUPLING switch should not be in LF REJ when using
line voltage as a trigger source.

Trigger Coupling

The Trigger COUPLING switches offer a means of
accepting or rejecting certain components of the trigger
signal. In the AC, LF REJ, and HF REJ mode of trigger
coupling, the dc component of the trigger signal is
blocked by coupling capacitors C7313 or C7317. Frequen-
cy components below 60 hertz are attenuated when using
AC coupling, and components below about 50 kilohertz
are attenuated when using LF REJ coupling. The higher
frequency components of the trigger signal are passed
without attenuation. In the HF REJ mode of trigger
coupling, the high-frequency components of the trigger
signal (above about 50 kilohertz) and low-frequency
components (below 60 hertz) are attenuated, while the
remaining frequency components are passed with
minimal attenuation. The DC mode of trigger coupling
passes all signals from dc to at least 100 megahertz
without attenuation.
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Input Source Follower

Transistor Q7324A is a field-effect transistor (FET)
source follower. It provides both a high input impedance
for the trigger signal and isolation between the Trigger
Generator circuit and the trigger signal source. Diode
CR7322 provides input protection for Q7324A if an
excessively high amplitude negative-going input signal is
present. If a high-amplitude positive signal is applied, the
source-gate junction of Q7324A becomes forward biased
and clamps the voltage at that level. The second FET of the
matched pair (Q73248B) is a high-impedance, constant-
current source for Q7324A. Since both FETs are matched
and mounted in the same heat sink, both will display equal
temperature effects, and Q7324B will providetemperature
compensation for Q7324A.

Paraphase Amplifier

U7331 is a paraphase amplifier stage that converts the
single-ended input from Source Follower Q7324A into a
push-pull output appliedto the Tunnel Diode Driver stage.
Trigger Level Centering adjustment R7224 sets the level at
pins 14 and 15 of U7331 so that the display is correctly
triggered when the LEVEL control is centered. LEVEL
control R17305 varies the level at pins 14 and 15 of U7331
to select the point on a trigger signal where triggering
occurs.

The slope of the input signal that triggers the Sweep
Generator circuit is determined by the setting of SLOPE
switch S17305. When the SLOPE switch is set to the +
position, the output signal present at pin 8 of U7331isin
phase withthe input signal, and the output signal at pin 9is
inverted with respect to the input signal. When the SLOPE
switch is set to the — position, the output signal at pin 8 is
inverted with respect to the input signal, and the output
signal at pin 9 is in phase with the input signal.

Tunnel Diode Driver

Transistors Q7344 and Q7345 are common-emitter
amplifier stages that provide signal currents necessary to
switch the Trigger Firing tunnel diodes. CR7350 and
CR7349 are approximately 4.7 milliamp tunnel diodes.
Quiescently, CR7349 and CR7350 are biased into their
low-voltage states. Q7344 cannot provide sufficient
current to switch CR7349 to its high voltage state.
However, Q7345 can provide sufficient current to bias
CR7350 into its high voltage state. When Q7345 conducts
triggering signal current, the anode of CR7350 steps
positive to approximately +0.5 volt. Since only ap-
proximately 1 milliamp of current is required to maintain
CR7350inits high-voltage state, this makes approximate-
ly 3 milliamps of additional current available with whichto
switch CR7349 to its high-voltage state. Thus, the next
time Q7344 conducts signal current, CR7349 steps to its
high-voltage state, sending a positive pulse to the logic
circuit to initiate sweep action. The A Trigger Sensitivity
adjustment, R7348, adjusts the tunnel diode bias to alevel
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that will not allow CR7349 to be switched to its high-
voltage state until CR7350 has been switched to its high-
voltage state. At the end of the sweep time and during
holdoff, a negative level is applied tothe anode of CR7350,
thereby resetting both CR7349 and CR7350 to their low
voltages states. The reset level remains during holdoff
time to ensure that a sweep gating signal will not be
generated until the sweep circuit has returned to its
quiescent state.

Trigger View Amplifier

Transistors Q7424 and Q7422 make up half of a
cascode, push-pull amplifier. In the Vertical Switching
Logic circuit (Diagram 3), Q1235 and Q1225 form the rest
of the Trigger View Amplifier. The Trigger View Amplifier
requires that the A Trigger SOURCE switch be set to EXT
or EXT/10 and the A TRIG VIEW Vertical Mode be selected
before the amplifier is enabled to pass the external trigger
signal to the Diode Gate and on to the Vertical Output
Amplifier. If the trigger view display is selected, the
Vertical Switching Logic circuit will turn on the Trigger
View Diode Gate during the proper time to pass the signal
on to the Delay Line Driver.

A sample of the push-pull external trigger signal is
taken from pins 1 and 16 of U7331 and amplified by Q7424
and Q7422. The Trigger View Centering control (R7526) is
used to vertically position the trigger view display. R7439
is adjusted to set the gain of the Trigger View Amplifier,
and C7425, L7525, C7529, and R7423 provide HF compen-
sation. Diodes VR7520, CR7521, and CR7536 are used to
clampthe collectors of Q7424 and Q7422 to approximate-
ly +5.7 volts whenever Trigger View is disabled. Q1225
and Q1235 will be reverse biased during this time.

SWEEP AND Z AXISLOGIC CIRCUIT @

Introduction

The Sweep and Z-Axis Logic circuit, showninFigure 3-
6, develops the logic levels necessary to control the
sequence of events associated with sweep generation and
crt unblanking. The A and B +Gate signals are also
generated in this circuit.

A Sweep Gate

The A Sweep Gate circuit is comprised of Q7254 and
Q7256. They form an emitter-coupled stage where only
one transistor can be conducting at any time. The input
signal to the stage is the positive-going trigger signal from
the A Trigger Firing tunnel diode in the A Trigger Gen-
erator circuit. The signal at the collector of Q7254 is
connected to the A Sweep Z-Axis Gate circuit to control
the crtunblanking andto generatethe A +Gatesignal. The
signal at the collector of Q7256is connected tothe emitter
of Sweep Disconnect Amplifier Q4497 in the A Sweep
Generator circuit to initiate A Sweep generation.
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B Sweep Gate

The B Sweep Gate circuit is comprised of Q70563 and
Q7055. These transistors also form an emitter-coupled
stage where only one transistor can be conducting at any
time. The input signal to the stage is the positive-going
trigger signal from the B Trigger Firing tunnel diodeinthe
B Trigger Generator circuit. The signal at the collector of
Q7053 is connected to the B Sweep Z-Axis Gate circuit
(Q7093 and Q7095) to control crt unblanking and to
generate the B +Gate signal. The signal at the collector of
Q7055 is connected to the emitter of Sweep Disconnect
Amplifier Q4565 in the B Sweep Generator circuit to
initiate B Sweep generation.

Sweep Control Integrated Circuit

The Sweep Control integrated circuit is U7375. Several
functions are performed in this stage, depending on the
mode of operation of the instrument sweep generators.
The following is a brief explanation of the function
associated with each pin of the IC.

Pin 1 is the positive Auto Sense input. The signal
connected here comes from the A Trigger Firing tunnel
diode.

Pin 2 is a reference input to the Auto Sense circuit. A
fixed dc level established by R7277 and R7276 is con-
nected here.

Pin 3 is the + auto gate terminal. In the AUTO mode of
operation, if no trigger signals are applied to pin 1 of
U7375 during the approximately 100 milliseconds follow-
ing the end of holdoff, the gate level at pin 3 steps LO to
turn Q7256 on which initiates a sweep.

Pin 4 is not used in this application.

Pin 5 is the input terminal for negative voltage supply.

Pin 6is the auto gate timing terminal. R7272and C7273
determine the amount of time between the end of holdoff
and the generation of the auto gate.

Pin 7 output lights the TRIG LED when atriggered gate
has occurred.

Pin 6 is the holdoff timing terminal. The RC network
connected to this terminal (selected by the A TIME/DIV
switch) determines the length of holdoff time.
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Pin 9 is the ground terminal.

Pin 10 is the Holdoff output terminal. The gate level
present here is LO during sweep holdoff time and HlI
otherwise.

Pin 11 output lights the READY LED when operatingin
the single sweep mode.

Pin12isthesingle sweep mode terminal. When +5 volts
is applied to this terminal the sweep operates in the single
sweep mode; when the terminal is left open or grounded
the sweep operates in the repetitive mode.

Pin 13 is not used in this operation.

Pins 14 & 15 are the single sweep reset terminals.
Pushing the SINGL SWP button preparesthe single sweep
circuitry to respond to the next triggering event, and also
causes the READY LED to come on.

Pin 16 is the holdoff start input terminal. The HI sweep
reset gate pulse from the sweep generatorsis applied here
to initiate sweep holdoff.

Pin 17 is the sweep disable output terminal. The gate
level at this terminal is HI during holdoff and LO otherwise.

Pin 16 is the sweep lockout input. +5 volts applied to
this terminal disables all sweep action.

Pin 19 is the auto mode terminal. Grounding this
terminal enables auto sweep operation.

Pin 20 is the input terminal for positive voltage supply.

Holdotff Timing

A resistor and capacitor network located in the Aand B
Timing Switch circuit connects to pin 8 of U7375 viapin 8
of J4571. Various resistor and capacitor combinations
switch into the circuit, depending on the setting of the A
TIME/DIV switch. At sweep end, pin 8 of U7375 isreleased,
and the timing capacitors in the holdoff timing network
start to charge. Q7465 is biased off during the sweep
holdoff time by a LO at pin 10 of U7375 which allows the
voltage at pin 8 to rise due to charging of the timing
capacitors. When the charge on the capacitors rises to
approximately +4 volts at pin 8, pin 17 goes Hl and pin 10
goes HI to turn on Q7465. The holdoff timing capacitors
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Figure 3-6. Detailed block diagram of the Sweep and Z-Axis Logic circuit.
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discharge rapidly through Q7465 as pin 8 goes LO. C6121,
C6122, C6112, R6115 and R6114 in the A and B Timing
Switch circuit compose the holdoff timing circuits which
are switch selectable, and A Trigger HOLDOFF R14498 is
a variable resistor that allows lengthening of the time
constant to increase holdoff time.

A Sweep Holdoff Amplifier

The A Sweep Holdoff Amplifier is Q7460. The holdoff
gate waveform from pin 17 of U7375 is applied to the base
of Q7460 through R7461 and C7461. When Q7460 is
turned off (during holdoff time), its collector is LO and
CR7451 is forward biased, thus resetting both the Arm and
Firing Trigger tunnel diodes in the A Trigger Generator.
When Q7460 is turned on (any time other than holdoff
time), its collector level is Hl and CR7451 isreverse biased.
This allows the trigger tunnel diodes in the A Trigger
Generator to respond to the next adequate triggering
signal.

B Sweep Holdoff Amplifier

The B Sweep Holdoff Amplifier is Q7155. Its circuit
action is identical to that described for the A Sweep
Holdoff Amplifier with the exception that two gate signal
sources control the state of the stage. Thetwo sources are
the holdoff gate from pin 17 of U7375 (through CR7363)
and the collector of Q7075 in the Delay Pickoff Com-
parator. Both gate sources must be in their LO state for B
Sweep to be triggerable. Either source in its HI state will
disable the B Trigger Generator tunnel diodes.

A Sweep Z-Axis Gate

Q7181 and Q7182 comprise the A Sweep Z-Axis Gate.
They form an emitter-coupled stage where only one
transistor can be conducting at any time. The controlling
signals consist of inputs from the collector of Q7254 inthe
A Sweep Gate, the unblanking signal from Q4582 in the A
Sweep Generator, and Q4492 in the Horizontal Display
Logic circuit. The unblanking signal for use in the Z-Axis
Amplifier is taken from the collector of Q7182 (through
CR7387). The collector signal of Q7181 is applied tothe A
+Gate Emitter Follower (Q7083).

The Horizontal Display Logic circuit controls the bias
voltage on CR7281. When the diode is reverse biased, as it
is for all horizontal modes except for B DLY'D, —8 voltsis
connected to the anode of CR7281 through Q4482. This
allows the gate signal at the collector of Q7182 to pass
through CR7387 creating the unblanking signal to the Z-
Axis Amplifier. In the B DLY'D mode, Q4492 is turned off
and CR7281 is forward biased through R7281 to the +5
volts supply. CR7387 will now bereverse biased, andthe A
unblanking signal is blocked from reaching the Z-Axis
Amplifier. In the ALT Horizontal Display mode, CR7281
will be reverse biased during the A sweep and forward
biased during the B sweep.
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B Sweep Z-Axis Gate

The B Sweep Z-Axis Gate is comprised of Q7093 and
Q7095. These transistors form an emitter-coupled stage
where only one transistor can be conducting at any time.
The controlling signals come from the collector of Q7053
(B Sweep Gate), and the blanking signal from the collector
of Q4562 in the B Sweep Generator. The emitter currentin
the gate transistors is supplied partly by Q7195 which is
controlled by B INTENSITY control R14398. The B
INTENSITY control sets the level of the B Sweep unblank-
ing signal to control the B Sweep intensity separately from
the overall display intensity. The collector of Q7095
supplies the unblanking signal to the Z-Axis amplifier and
the collector of Q7093 supplies the signal to the B +Gate
Emitter Follower (Q7092).

Whenthe A Horizontal displayis selected, —8 volts from
Q4491 in the Horizontal Display Logic circuit is appliedto
the cathode of CR7381. This reverse biases CR7383 and
allows the collector of Q7095 to be pulled positive through
CR7385 and R7283 to the +5 volt supply. CR7386 will be
reverse biased and the B Sweep Z-Axis Gate (Q7093 and
Q7095) will not affect crt unblanking. When either A
INTEN, ALT, or B DLY'D Horizontal Display is selected, —8
volts is applied to the anode of CR7385 to reverse bias it
and allow the Horizontal Display Logic circuit to control
the B Sweep Z-Axis Gate.

In A Intensified Horizontal Display, CR7381 becomes
reverse biased and CR7383 becomes forward biased.
Diode CR7386 is still reverse biased, but when B Sweep
starts, the collector of Q7095 steps negative enough to
forward bias CR7386 and add a slight amount of unblank-
ing to the A Sweep unblanking already present. This
provides further intensification for the B Sweep portion of
an A Intensified display. In ALT Horizontal Display, the
Horizontal Display Logic circuit controls the A Sweep Z-
Axis Gate (Q7181 and Q7182) and the B Sweep Z-Axis
Gate (Q7093 and Q7095). The B Sweep unblanking signal
is added to the A Sweep unblanking signal during the A
Intensified display, the A Sweep unblanking signal is
blocked during the B DLY'D display. In B DLY’D Horizon-
tal Display, the A Sweep Z-Axis Gate output diode CR7387
is held reverse biased, and the only unblanking signal
presented to the Z-Axis amplifier input is the B Sweep
unblanking signal.

A +Gate and B +Gate Emitter Foliowers

Emitter followers Q7083 and Q7092 provide the A
+Gate and the B +Gate output signals available at the
instrument rear panel. The output signals are positive-
going rectangular waveforms, approximately +5.5 voltsin
amplitude. The amplitude is set in the collectors of Q7181
and Q7093. For example, when Q7181 is gonducting, the
base of Q7083 can go no more negative than approximate-
ly —0.7 volt (limited by CR7078). When Q7181 is not
conducting, the base of Q7083 rises to the +5 volts power
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supply level through R7184. Diodes CR7084, CR7085,
CR7097, and CR7098 provide protection against acciden-
tal application of damaging voltage levels to the A +Gate
and B +Gate output connectors.

Horiz Alt Sync Pulse Amplifier

The pickoff amplifer for the Horiz Alt Sync pulse is
Q7174. It is biased into saturation, so its quiescent output
voltage is approximately zero. A sample of the A +Gate is
coupled to the base of Q7174 by C7174 where the positive-
going gate is integrated by the action of C7174 and R7171.
The positive-going portion of the integrated signal cannot
increase the collector current of Q7174 beyond its satura-
tion level, so no signal output is obtained. When the A
+Gate negative-going edge occurs, C7174 cannot change
its charge instantaneously sothe entire negative transition
is felt on the base of Q7174 across R7171. The negative
peak of the signal is enough to cutoff Q7174, and the
collector voltage rises in response to the base voltage
decrease. The base voltage rapidly returns to a positive
level, and the transistor again saturates, ending the Horiz
Alt Sync pulse.

A AND B SWEEP GENERATORS

Introduction

The A and B Sweep Generators produce sawtooth
voltages which are amplified by the Horizontal Amplifier
circuit to provide horizontal deflection on the crt. These
sawtooth voltages are produced on command (Sweep
start gate) from the Sweep Logic circuits. The Sweep
Generator circuits also produce gate waveforms that are
used by the Z-Axis Logic circuit to unblank the crt during
sweep time and by the Sweep Logic circuit to terminate
sweep generation. Figure 3-7 shows a detailed block
diagram of the A Sweep Generator circuit that will be
described in the following discussion. Since the B Sweep
Generator circuit is very similartothe A Sweep Generator,
the only discussion of the B Sweep Generator will be on
the differences in operation between the two.

Disconnect Amplifier

After holdoff, but before the next sweep, Disconnect
Amplifier Q4497 is biased on and conducts through R4587
and R: back to +V. This sets the charge on C, in
preparation for the beginning of the next A Sweep and
prevents current from the Miller Integrator circuit from

AENDOF | A SWEEP FAST BLANKING TO SWEEP &
SWEEP Z-AXIS LOGIC
COMPARATOR |—— A SWEEP RESET
Q4581 & Q4582
SWEEP A SWEEP
START START - TO B SWEEP
ADJ COMPARATOR OUTPUT AMPL
R4570 Q4588A & B
S5111A
| HORIZ DISPLAY
n LOGIC
r———————-7 Q4482, U4491
Y I " Q4481,U4391
i : Q4398, Q4492
Wy A )] —-g Q4491
nt
SWEEP
START GATE SAWTOOTH
FROM — OUTPUT
SWEEP & Z-AXIS TO HORIZONTAL
LOGIC AMPLIFIER
DISCONNECT MILLER OUTPUT
AMPL INTEGRATOR AMPL
Q4497 Q4498 ' Q4475
Q4598
2757-06A

Figure 3-7. Detailed block diagram of the A Sweep Generator circuit.
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changing the charge on C. When the positive-going A
Sweep Start Gate is applied to the emitter of Q4497,
CR4592 becomes forward biased and turns off Q4497.
Now the A Sweep starts, and the Miller Integrator circuit
begins to change the charge on C.. Q4497 will remain off
until retrace is initiated and the A Start Sweep Gate is
removed. Then Q4497 will become forward biased again,
and C, will rapidly charge toits quiescent valuefor the start
of the next A Sweep.

Sawtooth Generator

The Miller Integrator circuit is comprised of Q4498 and
Q4598. It works on the principle that if the charging
current to a capacitor can be held constant, then the
charging curve will be linear rather than exponential. The
action starts when Disconnect Amplifier Q4497 is turned
off by the A Sweep Start Gate. The selected capacitor for
the chosen setting of the TIME/DIV switch (C.) begins to
charge through the R.. This causes the junction of C. and
R, to start positive in the direction of +V,, thereby causing
the gate of Q4498 to start positive. The Q4498 source then
starts in a positive direction and increases the forward bias
on Q4598 causing the collector voltage to move in a
negative direction (less positive). This couples back
through C. and opposes the positive change at the gate of
Q4498. Capacitor C, is attempting to charge toward +V,,
but the action of Q4498 gate being held virtually constant,
and the collector of Q4598 going more negative, resultsin
the reduction of the charge on C, (it discharges). The gate
of Q4498 rises positive about 10 millivolts over the entire
sweep generation time. Since the voltage at the gate of
Q4498 remains relatively constant, both the voltage across
R, and the current through R: (the current discharging
from C,) remain constant. The linear rate of discharge of C.
results in a linear ramp across it. The resultant output at
the collector of Q4598 appears as a negative-going ramp,
dropping from approximately +13 volts to approximately
+2 volts.

When the ramp reaches +2 volts, Q4581 sends a pulse
to U7375 initiating retrace. Transistor Q4497 turns on, and
its collector goes more negative. This moves the gate of
Q4498 inthe negative direction, causing the voltage onthe
base of Q4598 to go more negative, thereby causing its
collector voltage to go more positive. Now C. charges
rapidly through Q4497 toits quiescent statein preparation
for the next A Sweep start gate.

Output Amplifier

The Output Amplifier is a common-base amplifier with
the signal current-driven into the emitter. It provides the
output sawtooth current signal to the Horizontal Amplifier
and provides a measure of isolation between the Sawtooth
Generator and the Horizontal Amplifier. The Horizontal
Display Switching circuit connects to this stage and
controls the A sawtooth output in the various horizontal
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modes of operation. In the A and A INTEN modes of
operation, the A sweep signal passes through Q4475tothe
Horizontal Amplifier. In the ALT mode, Q4475 is enabled
for the A sweep and turned off for the B sweep by the
Horizontal Display Logic circuit. In the B DLY'd mode,
Q4475 is held off, and Q4465 inthe B Sweep Generator is
held on to pass the B sweep sawtooth to the Horizontal
Amplifier.

A Sweep Start Comparator

Just before the sweep starts to run down, the levels at
the bases of Q4588A and Q45888 are approximately
equal. When the sweep starts to run down, the base of
Q4588B goes negative, following the collector of Q4598.
This increases the forward bias on CR4581 whichin turn
decreases the forward bias on CR4582. Very shortly after
start of the sweep, CR4582 becomes reverse biased and
interrupts the current through Q4588A. The circuit
remains in this condition until after the sweep retrace is
complete. When the circuit returns to quiescence, Q4588A
again begins to conduct through R4587. This sets the
currents through Q4497, establishing the starting pointfor
the sweep. Sweep Start adjustment R4570 sets the base
level of Q4588A. This level is also connected to the base of
Q4565 in the B Sweep Generator to ensure that the B
sweep starts at the same level as the A sweep.

A Sweep End of Sweep Comparator

The A Sweep End of Sweep Comparator is a switching
circuit comprised of Q4581 and Q4582. At quiescence,
Q4582 is conducting and Q4581 is turned off. When the
sweep starts to run, the negative-going ramp at the
collector of Q4498 is coupled through the base of Q45888
and through CR4581 to the cathode of CR4577. When the
collector of Q4498 reaches about +2 volts, the cathode of
CR4577 reaches about +4 volts. CR4577 begins conduc-
ting and turns on Q4581, which then turns off Q4582. The
resulting positive step at the collector of Q4581 is fed to
pin 16 of U7375 where it is used to initiate retrace and
holdoff. The negative-going pulse at the coliector of
Q4582 is applied to the A Sweep Z-Axis Logic Gate to
blank the crt as soon as a sweep-end command is
generated.

B Sweep Generator Differences

There are two main differences between the A Sweep
Generator and the B Sweep Generator. The first is that
Q4545 is used as a constant current sourceinthe B Sweep
Start Comparator circuit. The second is that one of the
outputs of the B Sweep Generator is controlled by the
B8 ENDS A switch associated withthe A Trigger HOLDOFF
control. In the B ENDS A position, the end of the B sweep
also ends the A display on the crt.
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Horizontal Display Switching

Switching transistors Q4482 and Q4481 are controlled
by the Horizontal Display Logic circuit. They are switched
off and on as required to allow A sweep output transistor
Q4475 and B sweep output transistor Q4465 to pass the A
or B sawtooth to the Horizontal Amplifier.

When HORIZ DISPLAY is set to A, a LO on the base of
Q4481 keeps the transistor biased off. The A sawtooth is
allowed to pass to the emitter of Q4475to be amplified and
sent to the Horizontal Amplifier. AHl onthe base of Q4482
turns it on, and the B sawtooth passes to ground through
the transistor, thereby preventing the B sawtooth from
going to the Horizontal Amplifier. The same conditions
exist when the HORIZ DISPLAY is setto AINTEN. Setting
the HORIZ DISPLAY to ALT will cause the Horizontal
Display Logic circuit to alternately turn Q4481 and Q4482
off and on to first pass the A sawtooth and then the B
sawtooth to the Horizontal Amplifier. When the HORIZ
DISPLAY is set to B DLY’'D, Q4482 will be biased off and
Q4481 will be on. The B sawtooth will go to the Horizontal
Amplifier, and the A sawtooth will be shunted to ground.

HORIZONTAL DISPLAY LOGIC

Introduction

The Horizontal Display Logic circuit produces the
signals that switch the A and B Sweep Generators andthe
A Sweep and B Sweep Z-Axis Gates. It also provides a
Vertical Alt Sync pulse to the Vertical Switching circuit.
Switching transistor Q4398 enables the TRACE SEP
potentiometer (R14498) during ALT Horizontal Display.

Vert Alt Sync Pulse

A gating circuit is formed by U4391B and U4391D to
control the Vertical Alt Sync pulse. The pulseisusedinthe
Vertical Switching circuit for clocking U1705 whenever
the ALT Vertical Modeis selected. In all Horizontal Display
modes except ALT, aH| at pin 6 of U4391B will puta LO at
pin 3 of U4381D. Pin 2 of U4391D has the positive-going
Horiz Alt Sync pulse present. This pulse is inverted
through U4391D and fed to the Vertical Switching circuit.
In ALT Horizontal Display mode, pin 6 of U4391B will be
LO, and the signal at pin 5 will control output pin 4. The
signal present at pin 6 of U4491A, which changes state
with every Horiz Alt Sync pulse, now controls U4391D, and
the Vert Alt Sync pulse becomes a rectangular pulse
having a period equal to twice the time between Horiz Alt
Sync pulses.

Trace Separation

Transistor Q4398 acts as a switch to control the
enabling voltage to TRACE SEP potentiometer R14498. In
the ALT Horizontal Display mode the voltage is applied to
the potentiometer during the B Sweep time to supply an
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offset signal to Q2140 and Q2130 in the Vertical Output
Amplifier. This circuit allows control of the vertical
separation between the A Sweep display and the B Sweep
display on the crt. During B Sweep, in ALT Horizontal
Display mode, a Hl will be present on pin 4 of U4391B. The
HI will raise the base voltage of Q4398 to turn iton andthe
—8 volts on the emitter will be supplied to the TRACE SEP
potentiometer.

A and B Sweep Switching

Flip-flop U4491A controls Horizontal Display Switch-
ing transistors Q4482 and Q4481 in the A and B Sweep
Generators. The HORIZ DISPLAY switch S6260 sets the
flip-flop input to do one of the following:

1. Turn off Q4481 and turn on Q4482 to allow the A
Sweep signal to go to the Horizontal Amplifier;

2. Turn off Q4482 and turn on Q4481 to aliowthe B
Sweep signal to go to the Horizontal Amplifier; or

3. Alternately turn the two transistors off and onto
display both sweeps in ALT Horizontal Display mode.

U4491A is clocked by the Horiz Alt Sync when the
Horizontal Display is set to ALT. When the Horizontal
Display is setto A, AINTEN, or B DLY'D, the state of the
outputs of U4491A is determined by the logic levels
present at pins 1and 4. The HORIZ DISPLAY switches set
these logic levels.

Flip-flop U4491B controls the A and B Sweep Z-Axis
Gate switching transistors Q4492 and Q4491. These
transistors switch the bias on CR7281 and CR7381inthe A
and B Sweep Z-Axis Gates to either allow the unblanking
gates to pass to the Z-Axis Amplifier or block them.
U4491B is controlled by boththe signal on pin 5 of U4491A
and the A position of the HORIZ DISPLAY switch.

HORIZONTAL AMPLIFIER @

Introduction

The Horizontal Amplifier circuit provides the output
signals to the crt horizontal deflection plates. The signal
applied to the input of the Horizontal Amplifier is deter-
mined by the TIME/DIV switch and the HORIZ DISPLAY
switch. This signal can come from either the sweep
generators within the instrument or some external signal
applied tothe CH 1 OR X input connector (X-Y Horizontal
Display). Horizontal positioning, X10 magnifier circuitry,
and the horizontal portion of the beam finder circuitry are
also contained in the Horizontal Amplifier. Figure 3-8
shows a detailed block diagram of the Horizontal Amplifier
circuit.
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Figure 3-8. Detailed block diagram of the Horizontal Amplifier circuit.

X-Axis Amplifler

In all positions of the TIME/DIV switches except X-Y,
the input signal to the base of U4269A will be sawtooth
waveforms from the sweep generators. Inthe X-Y position,
however, the sweeps are disabled, and the signal applied
to Q4269A comes from the Channel 1 Preamplifier via the
X-Axis Amplifier. This stage includes Q4284, Q4285 and
associated circuitry. '

Transistor Q4284 is connected as a feedback amplifier,
with R4285 as the feedback element. The input resistance
is made up of R4384 and the gain-setting adjustment of
R4381. When not operating in the X-Y Horizontal Display,
the base of Q4284 rises toward the +15 volt supply, but is
clamped at approximately +5.7 volts by CR4287 and
R4287. This reverse biases the base-emitter junction of
Q4284, The base of Q4285 also rises to approximately
+5.7 volts and with the junction of R4281-R4280 at
approximately 0 volt, Q4285 is biased off.

When the A TIME/DIV switchis set to X-Y position (fully
counterclockwise), —8 volts is applied to the junction of
R4382 and R4383. In addition, +5 volts is applied to the
emitter circuit of Q4285 through CR4285. This biases the
X-Axis Amplifier into conduction. The +5 volis is also
applied to pin 18 of U7375 in the Sweep and Z-Axis Logic
circuit to disable sweep generation.

Input Paraphase Ampilifier

The Input Paraphase Amplifier is comprised of U4269A
and U42698B (part of atransistor array). Thisis an emitter-
coupled amplifier stage that converts the single-ended
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input signal to a push-pull output signal. The signal at the
collector of U4269A is opposite in phase to the input
signal, while the signal at the collector of U4269B is in
phase with the input signal. Thermistor RT4373 reduces
its value with increases in ambient temperature to in-
crease the gain of the stage. This compensates for slight
changes in amplifier gain that occur as operating
temperatures vary.

The Horizontal POSITION potentiometers, R14288A
(Coarse) and R14288B (Fine), are mounted on the same
shaft in a mechanical arrangement that allows R14288Bto
rotate about one-eighth turn in either direction before
R14288A moves. The Fine Potentiometer has approxi-
mately one-tenth the range of the Coarse potentiometer.

Gain Setting Cascode Ampliflier

A cascode push-pull amplifier stage is made up of
Q4273, Q4274, U4269C and U4269D. The gain of the
Horizontal Amplifier is controlled by adjusting the
resistance connected between the emitters of Q4273 and
Q4274. The X1 Gain adjustment, R4274, is used to adjust
the unmagnified horizontal gain and the X10 Gain adjust-
ment, R4373, is used to adjust the magnified horizontal
gain. Magnifier Registration adjustment, R4275, is usedto
balance the quiescent dc current in Q4273 and Q4274 so
that a center screen display does not change positions
when switching between magnified and unmagnified
display.
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Whenthe BEAM FIND push buttonis pressed, +15 volts
is removed from the junction of R4167 and R4361, and —8
volts is applied to the junction through R4075. The
following actions occur:

1. The base voltage of Q4269C and Q4269D is
lowered to decrease the current through the two
transistors. The reduced current flow decreases the
voltage drop across R4266 and R4267 and the diode
clamps (CR4266 and CR4267) clamp at a much lower
voltage. This action limits the horizontal deflection on
the crt; and

2. R4167 and R4361 are now nolonger connectedto
+15 volts, therefore less current flows through these
resistors. This compensates for the decreased current
flowing through Q4269C and Q4269D and maintains
the output stage in a linear operating region.

Output Amplifier

The push-pull signal from the Gain Setting Cascode
Amplifier is connected to the bases of Q4169 and Q4362,
through R4265 and R4360 and on to the bases of Q4161
and Q4361. At lower sweep frequencies, the signal pathis
through R4265 and R4360 to the bases of Q4161 and
Q4361. These transistors are inverting amplifiers whose
collector signals drive the emitters of complementary
amplifiers Q4146-Q4150 and Q4341-Q4343, respectively.
Capacitor C4262 provides emitter peaking for fast ac
signals. Capacitors C4150 and C4341 transfer part of the
high-frequency signal to the emitters of Q4146 and Q4342
to maintain the gain of the output stage at high sweep
speeds. Resistors R4244-R4250 and R4254-R4341 are the
feedback elements, with C4246 and C4247 providing high-
frequency compensation. As frequency of the sweep
signal increases, the reactance of C4246 and C4247
decreases and feedback current increases. To compen-
sate for the increase in drive required to maintain the gain
of the output stage, Q4169 and Q4362 (fast-path
amplifiers) increase signal current to the bases of Q4161
and Q4361. High-frequency signal current is shunted
around R4265 by C4165 and R1165, and C4361 and R4363
shunt high-frequency signal current around R4369. The
Output Amplifiers are limited from being over-driven by
CR4267 and CR4266. If the output signal from U4263D or
U4269C becomes too large, the diodes become forward
biased and prevent further increase in the signal level.
These diodes operate mainly to clampthe signal whenever
the X10 Magnification circuitry is operating. The signal
level is limited to the forward drop across the diodes plus
the drop across R4266 and R4267.

3-20

CRT CIRCUIT @

Introduction

The CRT circuit provides the voltage levels and control
circuitry necessary for operation of the cathode-ray tube
(crt). Figure 3-9 shows a detailed block diagram of the
CRT circuit.

High-Voltage Oscillator

The high-voltage oscillatoris comprised of Q14009 and
associated circuitry. It produces the drive for high-voltage
transformer T4015. When the instrument is turned on,
transistor Q4008 is forward biased and conducts through
the base circuit of Q14009 to forward bias Q14009. The
increasing collector current of Q14009, through the
primary winding of T4015, induces a voltage across the
feedback winding. Because the feedback winding is
connected to the base of Q14009 and the feedback is
positive, the collector current increases rapidly toward
saturation. Soon the rate of increase slows to a point
where the voltage induced in the feedback winding starts
to decrease. This decreases the current through Q 14009,
further decreasing the feedback voltage. The cycle con-
tinues until Q14009 turns off, and the magnetic field
around the primary winding of T4015 starts to collapse.
Transistor Q14009 is held off until the field has collapsed
sufficiently to allow the base of Q14009 to become biased
into conduction and the cycle is repeated.

The voltage waveform at the collector of Q14009 is a
sinusoidal wave at the resonant frequency of T4015. The
amplitude of sustained oscillations depends on the
average current delivered to the base of Q14009. Frequen-
cy of oscillation is approximately 50 kilohertz. Fuse F4508
protects the unregulated +15 volt supply in the event the
High-Voltage Oscillator stage becomes shorted. C4006
and L4006 decouple the unregulated +15 volt supply to
prevent current changes (present in the High-Voltage
Oscillator) from affecting the +15 volt supply.

High-Voltage Regulator

Once the output voltage from the High-Voltage
Oscillator has reached its stable level after the instrument
isturned on, regulation occurs as follows. A sample of the
—2450 volt crt cathode supply is applied to the base of
Q4228 through R4127D which, with the voltage supplied
by the bias network composed of R4332, R4127C, C4327,
and CR4329, sets the forward bias on Q4228. Any change
in the —2450 volts changes the conduction level of Q4228
to produce a proportional dc change on its collector.
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Figure 3-9. Detailed block diagram of the CRT and Z-Axis Amplifier circuits.

Assume that the —2450 volts supply startsto go positive
(less negative). The positive-going change is applied to
the base of Q4228 and causes the coliector current to
increase, which in turn, causes Q4233 and Q4008 to
conduct harder. This results in greater bias current to the
base of Q14009 through the feedback winding of T4015.
Now Q14009 is biased closer to its conduction level, andit
will conduct sooner in the oscillation cycle of T4015 to
increase the average current delivered to the primary of
T4015. This increases the amplitude of oscillation and
induces a larger voltage into the high-voltage secondary
of T4015 to correct the original positive-going change. By
sampling the output of the crt cathode supply in this
manner, the total output of the High-Voltage Supply is
held relatively constant.

Overvoltage protection is provided by Q4002, Q4103,
and associated circuitry. Normally Q4002 and Q4103 are
biased off, but if the crt cathode supply voltage ap-
proaches approximately —3000 volts, the voltage level at
the emitter of Q4008 will be approximately —6 volts. At this
point Q4002 will be biased into conduction, which in turn
biases Q4103 into conduction to reduce the forward bias
on Q4008. This reduces the base drive to Q14009 in order
to limit the amplitude of oscillations in T4015, and the crt
cathode supply is prevented from going more negative
than approximately —3000 volts.

High-Voltage Rectifiers and Output

High-voltage transformer T4015 has two secondary
windings. One winding provides heater voltage for the
cathode-ray tube. The heater voltage is supplied from the
High-Voltage Supply, since the cathode-ray tube has a
very low heater current drain, and this allows the cathode
and heater of the crt to be connected together to prevent
cathode-to-heater breakdown. The high-voltage winding
is the source for the negative crt cathode potential and the
source for High-Voltage Multiplier U4032. The crt grid bias
voltage is derived by a dc-restorer circuit that uses a
sample of the signal in the high-voltage winding in
conjunction with dc levels supplied by both the Z-Axis
Amplifier and the crt negative cathode potential.

The positive accelerating potential is supplied by High-
Voltage Multiplier U4032. Regulated output voltage is
approximately +15,500 volts. The negative cathode poten-
tial of —2450 volts is supplied by half-wave rectifier
CR4021. Voltage variationsin this supply are monitored by
the High-Voltage Regulator circuit to provide a regulated
high-voltage output,
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CRT Control Circuits

Focus of the crt display is controlled by FOCUS control
R4132. ASTIG adjustment R4178, which is used in con-
junction with the FOCUS control to provide awell-defined
display, varies the positive level on the astigmatism grid.
Geometry adjustment R4069 varies the positive level on
the horizontal deflection plate shields to control the
overall geometry of the display.

Two adjustments control the trace alignment by vary-
ing the magnetic field around the crt. Y-Axis adjustment
R4072 controls current through L14165, which affects the
crt beam after vertical deflection but before horizontal
deflection. Therefore, it affects only the vertical (Y)
components of the display. TRACE ROTATION adjust-
ment R4179 controls the current through L14176 and
affects both vertical and horizontal rotation of the beam.

Z-Axis Amplifier

The Z-Axis Amplifier circuit controls the crt intensity
level from several inputs. The effect of these input signals
is to either increase or decrease the trace intensity, or to
completely blank portions of the display. Input transistor
Q4223 is a current-driven, low input impedance amplifier.
It provides termination for the input signals as well as
isolation between the input signals and the following
stages. Current signals from the various control sources
are connected to the emitter of Q4223, and the algebraic
sum of these signals determines the collector conduction
level.

Transistors Q4222, Q4217, and Q4213 are configuredin
a feedback amplifier arrangement with R4218 and R4221
as feedback elements and with C4217 providing high-
frequency compensation. Emitter follower Q4222
provides the drive to complementary amplifier Q4217-
Q4213. Diodes CR4321, CR4218, and CR4115 provide
protection in the event of high-voltage arcing.

The Z-axis portion of the Beam Find circuit actsonthe
input to the Z-Axis Amplifier. When the BEAM FIND push
button is pressed, two events occur: First, +15 volts is
applied to the anode of CR4144 which lifts the emitter of
Q4223 sufficiently positive to ensure nonconduction of
the transistor. Second, R4321 becomes connected to —8
volts through R4314 to establish a fixed and predeter-
mined unblanking level at the output of the amplifier.
Thus, the INTENSITY control and all of theinput unblank-
ing signals have no control over the intensity level of the
crt display whenever the BEAM FIND push button is
pressed, and a bright trace will be displayed.
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DC Restorer

The DC Restorer circuit provides crt control grid bias
and couples both dc and low frequency components ofthe
Z-Axis Amplifier unblanking signal to the crt control grid.
This circuit allows the Z-Axis Amplifier output to control
the intensity of the crt display. The potential difference
between the Z-Axis Amplifier output and the control grid
(about 2465 volts) prevents direct signal coupling.

The DC Restorer circuit's ac drive is taken from the
center tap of T4015. Voltage on the center tap is ap-
proximately 300 volts p-p at 50 kilohertz. A sample of this
sinusoidal voltage is fed through C4010 and R4112tothe
junction of CR4111, CR4112, and R4111. The Crt Bias
Adjust (R4109) sets the voltage level on the cathode of
CR4111 to approximately +100 volts dc. When the ac
sample voltage rises to +100 volts, CR4111 becomes
forward biased and clamps the junction of CR4111 and
CR4112 to approximately +100 volts.

The Z-Axis Amplifier output voltage level is applied via
R4113 to the anode of CR4112. This voltage level varies
between +15 volts and +95 volts, depending on the setting
of the INTENSITY control. The sample voltage will hold
CR4112 reverse biased until the voltage falls below the Z-
Axis Amplifier output level. At that point CR4112 becomes
forward biased and clamps the junction of CR4111 and
CR4112 to the Z-Axis Amplifier output level (see Figure
3-10). Clamping the sample between +100 volts and the
positive voltage level set by the INTENSITY control
produces an approximate square-wave signal with a
positive dc offset level.

The DC Restorer circuit is referenced to the —2450
volts, present on the crt cathode, through R4126 and
CR4123 to the junction of C4117 and CR4122. Initially,
C4117 will charge to alevel determined by the difference
between the Z-Axis Amplifier output level and the —2450
volt reference voltage. The charging path is from the
—2450 volt line, through R4126, CR4123, C4117, R4111,
CR4112, and R4113 to the Z-Axis output.

Initially, C4118 will also be charged to approximately
the same voltage as C4117 through R4126, CR4123, and
CR4122 to the Z-Axis output.

~ When the sinusoidal sample voltage starts its positive
transition from the lower clamped level (+15 to +95 volts)
toward the higher clamped level (+100 volts), the charge
on C4117 increases due to the rising voltage at the anode
of CR4111. The additional charge acquired by C4117 is
proportional to the amplitude of the positive transition of
the clamped sample voltage.
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Figure 3-10. (A) Sinusoidal sample voltage at center tap of T4015. (B) Clamped sample voltage at the junction of CR4111 and

CR4112.

When the sample voltage starts its negative transition
from its upper clamped level toward its lower clamped
level, the negative transition is coupled through C4117 to
reverse bias CR4123 and forward bias CR4122. When
CR4122 becomes forward biased, the charge on C4117 is
transferredto C4118 as C4117 attemptstodischargetothe
Z-Axis output. The amount of chargethat is transferred is
proportional to the setting of the INTENSITY control,
since the INTENSITY control setsthelower clamping level
of the sample voltage from T4015 (see Figure 3-11).

Ifthe INTENSITY control is set so the lower |level of the
sample voltage is clamped at +15 volts, a voltage change
of approximately 75 volts is coupledthrough CR4122. The
75-volt negative excursion is added to the charge already
present on C4118. This causes the control grid to be
sufficiently negative with respect to the crt cathode to
keep the crt blanked. When the INTENSITY control is set
to increase the display intensity, the lower clamping level
of the sample voltage is moved toward the +100 volt upper
clamping level. This makes the swing of the negative
transitions less, therefore less charge will be added to
C4118. The voltage on the crt control grid becomes less

negative with respect to the cathode and allows more
beam current to flowinthecrt. The more positive the lower
clamping level is made, the brighter the trace on the crt.

During periods that C4117 is charging, the voltage on
the control grid is held constant by the filter action of
C4118 as it discharges through R4124 back to the —2450
volt line. R4124 is a very high resistance, so the RC time
constant of C4118 and R4124 is long in respect to the
frequency of the sample voltage from T4015. Whatever
charge is leaked off of C4118 during the positive tran-
sitions of the sample voitage will be replaced by C4117
when the sample voltage makes its negative transitions.

The fast rise and fall of the unblanking pulses from the
Z-Axis Amplifier are coupled by C4118to the control grid
to start the crt beam current change. The DC Restorer
output level then follows the Z-Axis output level to set the
new bias level on the control grid.

Inthe event of afailurethat causes aloss of potential on
either the control grid or the cathode, protection against
arcing is provided by DS4124 and DS4125.
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Figure 3-11. (A) Z-Axis Amplifier output. (B) Clamped sampie voltage at the junction of CR4111 and CR4112.

CALIBRATOR @

Introduction

The Calibrator circuit produces a square-wave output
signal with accurate voltage and current amplitudes. This
output is available as both a voltage and a current at the
CALIBRATOR current loop on the instrument front panel.
Figure 3-12 shows a detailed block diagram of the
Calibrator circuit.

Multivibrator

Transistors Q4182 and Q4196 and associated circuitry
are configured as an astable multivibrator. The basic
frequency of the multivibrator is approximately | kilohertz
and is primarily determined by the resistance and
capacitance of C4187, R4186, R4191, R4184, and R4185.
Transistors Q4182 and Q4196 alternately conduct,
producing a square-wave output signal. This output is
taken from the collector of Q4196.

324

CALIBRATOR
MULTIVIBRATOR
Q4182, Q4196

R4293
AMPLITUDE
CAL

R4294

CALIBRATOR

(FRONT-PANEL
PROBE LOOP)

R4295

(1861-14)2757-09

Figure 3-12. Detailed block diagram of the Calibrator circuit.




Refer to Figure 3-13 for the following discussion. At t
assume that the circuit is operating and has reached its
normal operating conditions. Also assume Q4182 is off
and Q4196 is on. At t,, the emitter of Q4182 is at
approximately +9 volts, andthe emitter of Q4196isat +7.5
volts with its base at approximately +7.0 voits. From tetot,
C4187 charges toward the +55 volt supply through R4186.
When the emitter of Q4182 reaches +15.6 volts, Q4182
becomes forward biased. Att,, the collector of Q4182rises
to approximately +14.6 volts, and since the base of Q4196
is directly connected to the collector of Q4182, Q4196 is
cut off.

Now C4187 charges in the opposite direction. Att;, as
C4187 starts charging through R4191 and Q4182, the
emitter of Q4196 rises from +7.6 volts to approximately
+14.6 volts. When +14.6 volts is reached at t;, Q4196
begins to conduct, reducing both the charging current
through C4187 and the collector current of Q4182 Att: the
collector voltage of Q4162 drops in a negative direction
and Q4196 conduction increases. The emitter of Q4196
drops from +14.6 volts to +7.6 volts. This negative
transition is coupled through C4187 to the emitter of
Q4182 to cut Q4162 off and the cycle repeats itself.
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Output Amplifier

The output signal from the Multivibrator drives Output
Amplifier Q4291 to produce a square wave at the output.
When the base of Q4291 goes positive, thetransistoris cut
off and its collector voltage drops to zero. When the base
goes negative, Q4291 is biased into saturation, and the
collector voltage rises in a positive direction to about +5
volts. Amplitude adjustment R4293 is used to adjust the
resistance between the collector of Q4291 and ground to
control the amount of current allowed to flow. Thisin turn
determines the voltage developed across R4295. The
output voltage, at the calibrator current loop on the 465B
oscilloscope, is 300 millivolts £1.0% and the output
current is 30 milliamps £2.0%.

LOW-VOLTAGE POWER SUPPLY @

Introduction

The Low-Voltage Power Supply circuit provides the
operating power for this instrument from five regulated
supplies and one unregulated supply. Regulation provides
stable, low-ripple output voltages. Figure 3-14 shows a
detailed block diagram of the Power Supply circuit.

To T4 Ty T3
| | I |
I i | |
I | ! [
+15.6 | ;
| | Q4162 EMITTER
| I
+9 |
|
146 : ! l
+18 | | | Q4198 EMITTER
|
| | i
+7.6 I ——
Q4182 COLLECTOR &
Q4196 BASE
+7.0
+5.6 Q4196 COLLECTOR
+4.3
2757-53
Figure 3-13. Calibrator circuit wavetorm diagram.
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Figure 3-14. Detailed block diagram of the Low-Voltage Power Supply circuit.
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Power Input

Power is applied to the primary of transformer T14500
through Line Fuse F14500, POWER switch $14510, Ther-
mal Cutout S14520, Line Voltage Selector switch $14500,
and the Regulating Range Selector assembly. Line
Voltage Selector switch S14500 connects the split
primaries of T14500 either in paraliel for 115-voit nominal
operation or in series for 230-volt nominal operation. Line
Fuse F14500 value is selected to provide the required
protection for each nominal line voltage. Refer to
Replaceable Electrical Parts list for correct fuse values.

The unused windings between pins 10, 11, and 12 of
T14500 are intended for use with the optional Inverter
Circuit Board (Option 07) or DM-series Digital
Multimeters. Option 07 allows the instrument to be
operated from an external dc power source or an 1106
Power Supply. Option 07 and the DM-series Digital
Multimeters cannot be used at the same time.

Secondary Circuit

The —8 volt, +5 volit, +15 volt, and +55 volt power
supplies are series-regulated supplies. U4411A, U4411B,
U4206A, and U4206B aretwo-channel, high-gain amplifier
cells with differential inputs. These amplifiers monitor
voltage variations in the output voltages and supply
correction information to the series-regulating tran-
sistors. The +55 volt supply is the source of the reference
voltage for the remaining supplies and its output must be
correct or the —8 volt, +5 volt, and +15 volt supplies will
not operate within their limits.

Current-limiting circuits provide short circuit protec-
tion for each of the regulated supplies. The following
description applies only to the +55 volt current limiting
circuit; the other current-limiting circuits operate in a
similar manner.

In the +55 volt supply, Q4303 is normally biased off.
Under normal conditions the base of Q4303 sets at about
+55 volts. Under conditions of power supply loading,
when the supply current increases, the voltage drop
across R4303 increases. This increasing voltage is
coupled through the base of Q4301 to the voltage divider,
comprised of R4302 and R4208, causingthe base of Q4303
to go more positive. When the supply current increases
sufficiently, Q4303 turns on. The collector of Q4303 moves
in the negative direction and begins turning off Q4302 and
Q4301. Transistor Q4301 will continue conducting some
current, even when the supply is limited, in order to
produce enough voltage drop across R4303 to keep Q4303
biased on. The limited supply output voltage can be any
value between its regulated value and zero, depending on
the extra load it is trying to supply (see Figure 3-15). The
limiting transistors for the other supplies are:
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+15 Vv Q4404
+5V Q4311
-8V Q4106
+110 V Q4431

Figure 3-15 also shows the action of the current limit
(foldover) circuit. At point A, Q4303 begins conducting. At
point B the supply is directly shorted to ground through a
current meter.

SUPPLY VOLTAGE

60 V

sov NORMAL /) f \
OPERATING parar
CONDITION CONDUCTING

a0v /

30V f

20V /
v /

B. DEAD SHORT
ov /

100 200 300 400 500
MA

(1861-17)2757-11 LOAD CURRENT

Figure 3-15. Foldover circuit action.

Components C4533, C4532, and R4527 are configured
in a wave-shaping circuit arrangement that provides a
sample of the ac voltage (present in the secondary of
T14500) to the trigger circuitry for useinthe LINE position
of the A TRIGGER SOURCE switch.

FAN MOTOR CIRCUIT

The fan motor used in the 465B is a brushless dc fan
motor using Hall Effect devices. Motor circuitry varies the
rotational speed of the fan with variations in operating
temperature. When the ambient temperature increases,
the value of thermistor RT8038isreduced. This causesthe
forward bias on Q8067 to increase and Q8067 conducts
more current through the Hall Effect devices. Higher
currents through the Hall Effect devices cause the poten-
tial difference across them (e.g., between pins 6 and 8 of
the fan) to increase. This potential difference biases one of
a pair of transistors on and the other off. Inthe example, if
fan.pin 8 is more positive than pin 6, U8061A will be on and
U8061D will be off. The higher the potential difference
between pin 8 and pin 6, the harder the on transistor will
conduct; the harder the transistor conducts, the faster the
fan rotates.
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CALIBRATION PROCEDURE

Introduction

This section of the manual is in two parts; Performance
Check and Adjustment Procedure. Each subsection has a
different purpose and important information regarding
their useisincluded at the beginning of both subsections.

Test Equipment Required

The test equipment listed in Table 4-1, or an equivalent
piece of test equipment, is required if the complete
Performance Check and Adjustment Procedure is to be
accomplished on the oscilloscope. A partial list of test

equipment is provided in the Performance Check subsec-
tion to list the required test equipment type to complete
the Performance Check only.

In Table 4-1, the specifications given for the equipment
are the minimum necessary to provide accurate results.
Therefore, the equipment used must meet or exceed the
listed specifications. Detailed operating instructions for
the test equipment are not giveninthis procedure. Refer to
the appropriate instruction manual if more test equipment
operating information is required.

Table 4-1

TEST EQUIPMENT REQUIRED

Minimum
Description Specifications Usage Examples
1. Variable Capable of supplying Power supply regulation General Radio WBMT3VM Variac
Autotransformer | 1.2 A over a range of check. Autotransformer.
104 to 127 V.
2. Digital Range, 0to 140 V; dc Low-Voltage Power Supply a. TEKTRONIX DM 501 Digi-
Voltmeter voltage accuracy, within checks and adjustments. CRT | tal Multimeter®.
0.15%; display 4 1/2 Grid Bias adjustment. Vertical
digits. and Horizontal Centering b. Any digital voltmeter
adjustments. Calibrator Output | that meets minimum specifi-
Voltage adjustment. cations.
3. DC Volt- Range, 0 to 2500 V; cali- High-Voltage Power Supply a. Triplett Model 630-NA.
meter brated to 1% accuracy at adjustment.
—2450 V. b. Simpson Model 262.
4, Test Oscillo- | Bandwidth, dc to 100 MHz; Power Supply Ripple Check. a. TEKTRONIX 465B Oscillo-

scope with 10X
probe and 1X
probe. (1X probe
is optional
accessory)

minimum deflection factor,
5 mV/division; accuracy,
within 3%; dual trace.
Scale-factor switching.

CRT Z-Axis Compensation;
Vertical gain adjustment. A
Trigger Holdoff check. A and
B +Gate output signals
check.

scope with 2 (included)

10X probes.

b. TEKTRONIX 475 Oscillo-
scope with 2 (included)

10X probes.

c. TEKTRONIX P6101 1X
probe 010-6101-03.

REV A JUN 1979
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Table 4-1 (cont)

Description

Minimum
Specifications

Usage

Examples

5. Calibration
Generator

Standard-amplitude acc-
uracy, within 0.25%;
signal amplitude, 2 mV
to 50 V; output signal,

1 kHz square wave. Fast-
rise repetition rate, 1

to 100 kHz; rise time,

1 ns or less; signal
amplitude, 100 mV to 1 V;
aberrations, within 2%.
High-amplitude output,
60 V pulse supplying at
least 10 mA.

Vertical checks and adjust-
ments. Trigger View checks
and adjustments. X Gain
adjustment. Z-axis check.

a. TEKTRONIX PG 506 Calibra-
tion Generator.*

b. Standard Amplitude Cali-
brator (Amplitude Calibrator
only}. Tektronix Part
number 067-0502-01.

c. TEKTRONIX Type 106 Square
Wave Generator (Fast rise and
High Amplitude only).

6. Sine-wave

Frequency, 350 kHz to

Vertical Centering. Bandwidth

a. TEKTRONIX SG 503 Leveled

Generator above 100 MHz; output and Isolation checks. Trigger Sine-wave Generator.?
amplitude variable from 0.5 checks and adjustments. X-Y
to 5.5 V peak-to-peak; out- Phase Difference. X Band- b. TEKTRONIX Type 191 Con-
put impedance; 50 Q; refer- width check. stant-Amplitude Signal
ence frequency, 50 to Generator.
350 kHz; amplitude accu-
racy, constant within 3% of
reference frequency as out-
put frequency changes.
7. Time-Mark Marker outputs, 2 ns to CRT Y-Axis and geometry TEKTRONIX TG 501 Time-
Generator 0.5 s; marker accuracy, adjustments. Auto Trigger Mark Generator.”
within 0.1%; trigger out- check. Horizontal timing
put, 1 ms to 0.1 us, time checks and adjustments.
coincident with markers.
8. Low Fre- Frequency, 60 Hz to 100 kHz; Low-Frequency Trigger checks.| TEKTRONIX SG 502 Oscil-
quency output amplitude, variable Vertical Compensation lator.®
Generator from 30 mV to 4 V peak-to-
peak. Positive square-wave
output amplitude, 5 V.
9.500Q Frequency response, 50 kHz Trigger checks and adjust- TEKTRONIX CT-3 Signal Pick-

Signal Pickoff

to 100 MHz; impedance
50 Q for signal input,
signal output, and trigger
output.

ments.

off. Part Number
017-0061-00.

10. Cable (2 Impedance, 50 Q; length, Signal Interconnection. Tektronix Part Number

Required) 42 inches; connectors, bnc 012-0057-01.

11. Cable (2 Impedance, 50 Q; length, Signal interconnection. Tektronix Part Number

Required) 18 inches: connectors, bnc 012-0076-00.

12. Adapter Connectors, GR874-to-bnc Signal interconnection. Tektronix Part Number
female. 017-0063-00.

13. Adapter Connectors, GR874-to-bnc Signal interconnection. Tektronix Part Number

male.

017-0064-00.

4-2
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Table 4-1 (cont)

Performance Check

Minimum
Description Specifications Usage Examples

14. Adapter Connectors, bnc female-to- Signal interconnection. Tektronix Part Number
bnc female. 103-0028-00.

15. Adapter Connectors, bnc-female-to- Signal interconnection. Tektronix Part Number
coaxial cable connector. 131-1315-01.

16. Adapter Connectors, bnc-male-to- Signal interconnection. Tektronix Part Number
miniature probe tip. 013-0084-01.

17. Dual- Connectors, bnc female-to-2- Vertical checks. Trigger checks | Tektronix Part Number

Input Coupler
(2 required)

bnc male.

and adjustments. X-Y Phase
check.

067-0525-01.

18. T Con- Connectors, bnc. Signal interconnection. Tektronix Part Number
nector 103-0030-00.
19. 10X Ratio, 10X; impedance, Vertical Compensation. Verti- Tektronix Part Number
Attenuator (2 50 Q; connectors, bnc. cal Bandwidth check. Trigger 011-0059-02.
required) adjustments.
20. 5X Atten- Ratio, 5X; impedance, 50 Q; Vertical System Compensation | Tektronix Part Number
uator connectors, bnc. adjustments. Trigger adjust- 011-0060-02.

ments.
21. 2X Atten- Ratio, 2X; impedance, 50 Q; Vertical System Compensation. | Tektronix Part Number
uator connectors, bnc. Trigger adjustments. 011-0069-02.
22. Termi- Impedance, 50 (; connect- Signal termination. Tektronix Part Number
nation (2 ors, bnc. 011-0049-01.
required)
23. Screw- Length, 3-inch shaft, Adjust variable resistors. Xcelite R-3323.
driver bit size, 3/32 inch.
24. Low-Capa- | Length, 1-inch shaft; Adjust all variable capaci- J.F.D. Electronics Corp.

citance Screw-
driver

bit size, 3/32 inch.

tors.

Adjustment Tool Number
5284.

25. Shorting
Strap

Calibrator adjustment.

*Requires a TM 500 Series power module.

REV A MAR 1980
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PERFORMANCE CHECK

Purpose

The following procedure is intended to be used for
incoming inspection to determine the acceptability of
newly purchased or recently recalibrated instruments.
This procedure does not check every facet of the in-
strument's calibration; rather it is concerned primarily
with those portions of the instrument that are essential to
measurement accuracy and correct operation. Removing
the instrument’s dust cover is not necessary to perform
this procedure. All checks are made from the front panel.

NOTE

If a complete check of every facet of the instrument’s
operation js desired, perform the calibration
procedure, eliminating the ADJUST portion of the
Check/Adjust steps.

Limits and Tolerances

All limits and tolerances given in this procedure are
performance guides and should not be interpreted as
specifications unless they are found in the Specification
section of this manual.

Line Voltage Selection

This procedure is for 115 Vac line, medium range. If a
different range is to be used, set the Regulating Range
Selector and Line Voltage Selector for the available line
voltage (see Operating Voltagein the Installation Instruc-
tions of this manual).

Test Equipment Required

The following equipment is required to perform a
complete Performance Check. For equipment speci-
fications, usage, and recommended types, see Table 4-1.

1. Calibration Generator

2. Square-wave Generator

3. Leveled Sine-wave Generator

4. Time-mark Generator

5. 42-inch, 50 Q Bnc Cable (2 required)

4-4

6. Dual-input Coupler (2 required)

7. GR-to-bnc-male Adapter

8. GR-to-bnc-female Adapter

9. 10X Bnc Attenuator

10. 2X Bnc Attenuator

11. 50 Q Bnc Termination (2 required)

12. 50 Q Signal Pickoff Unit (Type CT-3)

13. Bnc-to-miniature-probe-tip Adapter

14, Bnc T Connector

15. 10X Scale-factor-switching Probe or 11 kQ
resistor.

Special Fixtures

Special fixtures are used only where they simplify the
test setup and procedure. These fixtures are available
from Tektronix, Inc. Order by part number through your
local Tektronix Field Office or representative.

Test Equipment Alternatives

When equipment other than that recommendedis used,
control settings or test setup may need to be altered. If the
exact item of equipment given as an example in the Test
Equipment list is not available, first check the Minimum
Specifications column carefully to see if any other equip-
ment might suffice. Then check the Usage column to see
the purpose of this item. If used for a check that is of little
or no importance to your measurement requirements, the
item and corresponding steps can be deleted.

Preparation

Connect test equipment and instrument to be perfor-
mance checked to an appropriate power input source.
Turn on and allow a 20-minute warmup period before
commencing Performance Check.
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VERTICAL

Equipment Required

1. Calibration Generator 7. 5X Bnc Attenuator

2. Leveled Sine-wave Generator 8. 2X Bnc Attenuator

3. 42-inch, 50 Q Bnc Cable (2 required) 9. Bnc T Connector

4. 10X Scale-factor-switching Probe 10. Bnc-to-probe Tip Adapter

5. 50 Q Bnc Termination (2 required) 11. Dual-input coupler

6. 10X Bnc Attenuator

465B Control Settings 1. Check TRACE ROTATION
POWER ON a. Position the trace to the center horizontal graticule
line.
CRT
INTENSITY As desired b. Check that the trace is parallel with the center
FOCUS Best focused display horizontal graticule line. Readjust TRACE ROTATION if
SCALE ILLUM As desired necessary (front-panel screwdriver adjustment).
Vertical (CH 1 and CH 2)

VERT MODE CH1 2. Check ALT Mode
POSITION Midrange
VOLTS/DIV 5mV
VAR VOLTS/DIV Calibrated detent NOTE
AC-GND-DC GND VERT MODE switch h h switches that
INVERT Normal (button out) switches are push-pusn switches tha
20 MHz BW LIMIT Full bandwidth must be pressed to select a particular VERT MODE

and pressed again to remove the trace from the crt
(button out) display. For example, selecting CH 1 VERT MODE
does not release any VERT MODEs previously
selected, and the CH 1 VERT MODE switch must be

Trigger (A and B) pressed again to remove the CH 1 trace from the
COUPLING AC display.
LEVEL Midrange
SLOPE +
SOURCE NORM
TRIG MODE AUTO a. Set:
A TRIGGER HOLDOFF  NORM VERT MODE CH 1, CH2 A TRIG
VIEW, ADD, and ALT

AC-GND-DC (both) GND

Sweep (A and B) A TRIGGER SOURCE  EXT

HORIZ DISPLAY A

TIME/DIV 1ms

VAR TIME/DIV Calibrated detent b. Usethe CH 1 and CH 2 Vertical POSITION controls
DELAY TIME POSITION  Fully counterclockwise tospreadthe CH 1, CH 2, and ADDtraces approximately 2
X10 MAG Off (button out) divisions apart. Use A TRIGGER LEVEL to position the A
POSITION (Horizontal) Midrange TRIG VIEW trace between the vertical channel traces.
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c. CHECK—Sweeps alternate in all settings of the A
TIME/DIV switch except X-Y. The order of alternationis as
follows: CH 1, CH 2, ADD, then A TRIG VIEW.

d. Press ADDand A TRIG VIEW VERT MODE switches
to remove their traces from the crt display.

3. Check CHOP Mode

a. Set:

A TIME/DIV 1us

A TRIGGER SOURCE NORM

VERT MODE CH 1, CH 2, and
CHOP

b. Use the Channel 1 and Channel 2 Vertical
POSITION controls to position the two traces about 4
divisions apart.

c. Adjust A TRIGGER LEVEL for a stable display.

d. CHECK—Period of one cycleisapproximately 2 us.

e. Press ADD and A TRIG VIEW VERT MODE
switches.

f. CHECK—Chopped display has four levels.

g. CHECK—Display for blanking of switching tran-
sients.

h. Press ADD, A TRIG VIEW, and CH 2 VERT MODE
switches to remove their traces from the crt display.

4. Check CH 1 Balance
a. Set:

VERT MODE CHA1
CH 1 VOLTS/DIV 20 mv

b. Position the trace to the center horizontal graticule
line.

c. CHECK—Trace shiftis 1.0 division orless asthe CH
1 VAR VOLTS/DIV control is rotated from one extreme to
the other extreme.

Calibration Procedure—465B Service
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d. CHECK—CH 1 UNCAL LED comes on when the
VAR control is out of the detent position.

e. Return CH 1 VAR to calibrated detent.

5. Check CH 2 Balance
a. Set:

VERT MODE CH2
CH 2 VOLTS/DIV 20 mV

b. Position the trace to the center horizontal graticule
line.

c. CHECK—Trace shift is 1.0 division or less as the
CH 2VARVOLTS/DIV control is rotated from one extreme
to the other extreme.

d. CHECK—CH 2 UNCAL LED comes on when the
VAR control is out of the detent position.

e. Return CH 2 VAR to calibrated detent.

f. Position the trace to the center horizontal graticule
line.

g. CHECK—Trace shift is 2 divisions or less when
switching from normal to INVERT.

6. Check Vertical POSITION Range and Centering
a. Set:

CH 1 VOLTS/DIV 20mvV

CH 2 VOLTS/DIV 0.1V

AC-GND-DC (both) DC

A TRIGGER LEVEL Fully Clockwise
INVERT Normal (button out)

b. Connect the leveled sine-wave generator output to
the CH 2 OR Y input via a 50 Q bnc cable and a 50 Q bnc
termination. Set the generator frequency to 50 kHz and
adjust output for a vertical display of 4.8 divisions.

c. Set CH 2 VOLTS/DIV to 20 mV.

d. CHECK—Top of display can be positioned down to
the center horizontal graticule line, and bottom of display
can be positioned up to the center horizontal graticule
line.
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e. Move the signal from the CH 2 OR Y input to the
CH 1 OR X input connector.

f. Set VERT MODE switches for CH 1 display.

g. Repeat Step 6, part d, for CH 1.

7. Check BEAM FIND Operation
a. Push in and hold the BEAM FIND button.

b. CHECK—A compressed trace is visible regardless
of the settings of the:

CH 1 POSITION control,
INTENSITY control, or
Horizontal POSITION control.

c. Return the Horizontal POSITION control and the
INTENSITY control to midrange.

d. While still holding in the BEAM FIND button,
vertically position the trace to the center horizontal
graticule line.

e. Release the BEAM FIND button.

f. CHECK—Trace remains within the graticule area.

g. Disconnect the test equipment.

8. Check CH 1 and CH 2 Deflection Factor

a. Connect calibration generator standard-amplitude
output to the CH 1 input connector via a 50 Q2 bnc cable.
Use no termination. Set the generator for a 20 mV signal
and set the 465B AC-GND-DC switches to DC.

b. CHECK—CH 1 deflection factor is within the limits
given in Table 4-2.

c. Setthe VERT MODE switches to display CH 2, and
move the signal from CH 1 OR Xinputtothe CH2 OR Y
input connector.

d. CHECK—CH 2 deflection factor is within the limits
given in Table 4-2.
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Table 4-2
DEFLECTION FACTOR LIMITS

VOLTS/DIV| Standard Vertical 3% Tolerance
Switch Amplitude | Deflection in
Setting Signal in Divisions Divisions

5mV 20 mV 4 3.88 to 4.12
10 mvy 50 mV 5 4.85t0 5.15
20 mV 0.1V 5 4.85t0 5.15
50 mV 0.2V 4 3.88 to 4.12
0.1V 05V 5 4.85to 5.15
0.2V 1.0V 5 485t0 5.15
05V 20V 4 3.88 to 4.12
1.0V 50V 5 4.85to5.15
20V 10.0V 5 4.85t05.15
50V 20.0V 4 3.88t0 4.12

9. Check CH 1 and CH 2 VAR VOLTS/DIV Range
a. Set:

VOLTS/DIV (both) 20 mV

b. Set the calibration generator for a 0.1 V standard-
amplitude output signal.

c. CHECK—Display reduces to less than 2 divisions
when the CH 2 VAR VOLT/DIV control is rotated to its
extreme counterclockwise position.

d. Move the signal to the CH 1 OR X input connector
and set the VERT MODE switches to display CH 1.

e. CHECK—Repeat part ¢ using the CH1 VAR
VOLTS/DIV control.

f. Return the VAR controls to the calibrated detent
position and remove the signal from the CH 1 input
connector.

10. Check ADD Mode

a. Set:
VOLTS/DIV (both) 5mV
VERT MODE ADD

b. Connect calibration generator standard-amplitude
signal to the CH 1 and CH 2 input connectors via a 50 Q
bnc cable and dual-input coupler.



c. Set
amplitude.

calibration generator for 10mV output

d. CHECK—Display is approximately 4 divisions.

11. Check INVERT Mode
a. Press CH 2 INVERT push button in.

b. CHECK—Display is approximately zero division.

12. Check Vertical Low-Frequency Compensation
a. Set:

TIME/DIV (both)
VOLTS/DIV (both)

0.2 ms
5mvVv

b. Connect the calibration generator fast-rise + output
tothe CH 1input connector via a 50 Q bnc cable, 10X bnc
attenuator, and 50 Q bnc termination.

c. Set the calibration generator to 1 kHz and adjust
output controls for a vertical display of 5 divisions. Adjust
the A TRIGGER LEVEL control for a stable display.

d. CHECK—Rounding or overshoot is within 3% (0.15
division) at the frequencies listed in Table 4-3.

Table 4-3
LOW-FREQUENCY COMPENSATION SETUP

Calibration TIME/DIV
Generator Switch
Frequency Setting
1 kHz 0.2 ms
10 kHz 20 us
100 kHz 2 us

13. Check CH 1 and CH 2 Volts/Division
Compensation

a. Set:
VOLTS/DIV (both) 5 mV (see note)
A TIME/DIV 0.2 ms

Calibration Procedure—465B Service
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NOTE

In step 13all VOLTS/DIV settings require the use of a
10X probe with scale-factor switching (preferably
the probe supplied as a standard accessory with the
oscilloscope you are performance checking). If it is
necessary to use a 10X probe without scale-factor
switching, set the VOLTS/DIV to indicate one tenth
of the settings listed.

b. Connect a 10X probe to the CH 1 input connector
(note that the VOLTS/DIV Scale-Factor switching LED
indicates 50 mV).

c. Connectthesquare-wave generator high-amplitude
output through a 2X, 5X, or 10X bnc attenuator (depending
on generator amplitude), to a 50 Q bnc termination that is
connected to a bnc-to-probe tip adapter. insert the 10X-
probe tip into the probe-tip adapter.

d. Adjust the square-wave generator for a 5-division,
1 kHz display, and add or remove attenuators and ter-
mination as necessary to maintain a 5-division display
throughout step 13.

e. Adjust the probe compensation for the best flat-top
waveform. Do not re-adjust probe compensation
throughout the remainder of step 13.

f. CHECK—Rounding or overshoot onthe waveformis
within 3% (+0.15 division) at all settings of the VOLTS/DIV
switch between 50 mV and 5 V.

g. Move the test setup to CH 2input connector and set
the VERT MODE switches to display CH 2.

h. Repeat step 13, partf, for Channel 2 (add or remove
attenuators as necessary to maintain a 5-division display).

i. Disconnect probe and generator.

14. Check €H 1 and CH 2 Transient Response
a. Set:

TIME/DIV (both) 0.05 us
VOLTS/DIV (both) 5mV
A TRIGGER SLOPE +
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b. Connect the calibration generator fast-rise + output
tothe CH 2 input connector via a 50 (2 bnc cable, 10X, 5X,
or 2X bnc attenuator, and 50 Q bnec termination. Set the
generator frequency to 100 kHz and adjust output con-
trols for a vertical display of 5 divisions. Adjust the
generator output and add or remove attenuators as
necessary to maintain a 5-division displaythroughout this
check.

c. CHECK—Flat-top waveform is within 4% orless (0.2
division) for the 5 mV, 10 mV, and 20 mV positions of the
VOLTS/DIV switch.

d. Movethe test setuptothe CH 1input connector and
set the VERT MODE switches to display CH 1.

e, CHECK—Repeat part c for Channel 1.

f. Disconnect the test setup.

15. Check CH 1 and CH 2 Bandwidth
a. Set:
VOLTS/DIV (both)

A TIME/DIV
A TRIGGER LEVEL

5mV
0.2 ms
Fully clockwise

b. Connect the leveled sine-wave generator output to
the CH 1 input connector via a 50 Q) bnc cable, 10X bnc
attenuator, and 50 Q bnc termination.

c. Set the sine-wave generator output for a vertical
display of 5 divisions at 50 kHz. Change the sine-wave
generator output frequency to 100 MHz.

d. CHECK—Display amplitude is 3.5 divisions or
greater.

e. Repeat partscand dfor all CH 1 VOLTS/DIV switch
settings from 5 mV to 0.5 V. Adjust the generator and add
or remove attenuators as needed to maintain a 5-division,
50 kHz reference display.

f. Move the sine-wave generator output signal fromthe
CH 1 input to the CH 2 input connector and set the VERT
MODE switches to display CH 2.

g. Repeat parts c and d for all CH 2 VOLTS/DIV switch
settings from 5 mV ro 0.5 V.
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h. Disconnect the test setup.

16. Check Cascaded Gain and Bandwidth
a. Set:

VERT MODE CH2
VOLTS/DIV (both) 5mV
TIME/DIV 1ms

b. Connect the CH 1 VERT SIGNAL output connector
(on the 465B rear panel) to the CH 2input connector viaa
50 Q cable and a 50 Q2 bnc termination.

c. Connect the calibration generator standard-
amplitude output to the CH 1 input connector via a 50 Q
bnc cable. Set the calibration generator output for 5 mV.

d. CHECK—Display vertical amplitudeis 5divisions or
greater.

e. Remove the calibration generator signal from the
CH 1 input connector.

f. Connect the leveled sine-wave generator output to
the CH 1 input connector via a 50 Q bnc cable, 10X bnc
attenuator, and 50 Q2 bnc termination. Set the generator
frequency to 50 kHz and adjust output controls for a
vertical display of 5 divisions. Adjust the generator output
frequency to 50 MHz.

g. CHECK—Display amplitude is 3.5 divisions or
greater,

h. Disconnect the test setup.

17. Check Trigger View Centering and Gain
a. Set:

VERT MODE A TRIG VIEW
A TIME/DIV 0.2 ms

A TRIGGER COUPLING DC

A TRIGGER SOURCE EXT

A TRIG MODE AUTO

b. Connect the calibration generator standard-
amplitude output to the A External Trigger input connec-
tor via a 50 Q bnc cable. Use no termination. Set the
generator output to 0.5 V.



c. CHECK—Display amplitude is 5 divisions 5% (5
divisions £0.25 division).

d. CHECK—Display will trigger symmetrically within
one graticule division when the A TRIGGER SLOPE is
switched between + and —.

e. Setthe ATRIGGER SOURCEto EXT/10and change
the output of the calibration generator to 5 V.

f. CHECK—Display amplitude is 5 divisions 5% (5
divisions +0.25 division).

g. Disconnect the calibration generator standard-
amplitude signal from the A External Trigger input
connector.

18. Check Trigger View Low-Frequency
Compensation

a. Set:
A TRIGGER SOURCE EXT
A TIME/DIV 0.1 ms

b. Connect the calibration generator high-amplitude
output to the A External Triggerinput connectorviaa50 Q
bnc cable and 50 Q bnc termination. Set the calibration
generator output for a vertical display of 5 divisions at
1 kHz.

¢. CHECK—Square wave has less than 10% overshoot
or rounding.

d. Set A TRIGGER SOURCE to EXT/10 and adjust
generator output for a vertical display of 5 divisions.

e. CHECK—Square wave has less than 10% overshoot
or rounding.

f. Disconnect the calibration generator high-
amplitude output from the A External Trigger input
connector.

Calibration Procedure—465B Service
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19. Check Trigger View High-Frequency
Compensation

a. Set:
A TRIGGER SOURCE EXT
A TIME/DIV 0.2 ms

b. Connect the calibration generator fast-rise + output
to the A External Trigger input connector via a 50 Q bnc
cable, and 50 Q bnc termination.

c. Set the calibration generator frequency for 100 kHz
and adjust output for a vertical display of 5 divisions.

d. CHECK—Square-wave front-corner aberration is
less than £10% (+0.5 division).

e. Disconnect test setup.

20. Check Zero Trigger View Delay

a. Set:

VERT MODE CH 1 and A TRIG VIEW
A TIME/DIV 0.02 us

X10 MAG On {button in)

A TRIGGER COUPLING AC
CH 1 VOLTS/DIV 01V

b. Connect output of sine-wave generator via bnc T,
two 42-inch (equal length) 50 Q bnc cables, and 50 Q bnc
terminations; one to the CH 1 input connector, and oneto
the A External Trigger input connector. Set sine-wave
generator for a 6-division display of A TRIG VIEW at
40 MHz, then adjust CH 1 VAR and VOLTS/DIV to match
the amplitude of the CH 1display tothe amplitude of the A
TRIG VIEW display.

c¢. CHECK—Time difference with displays superim-
posed is <0.15 horizontal graticule divisions.

d. Set:

HORIZ DISPLAY B DLY'D
A TIME/DIV 0.2 us

B TIME/DIV 0.02 us

e. CHECK—Time difference with displays superim-
posed is <0.15 horizontal graticule division.

f. Disconnect test setup.
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TRIGGERS

Equipment Required
1. Leveled Sine-wave Generator

2. Calibration Generator
3. 42-inch Bnc Cable (2 required)
4. Gr-to-bnc-female Adapter

5. Gr-to-bnc-male Adapter

8.

9.

. 50 Q Signal Pickoff Unit (Type CT-3)

10X Bnc Attenuator
2X Bnc Attenuator

50 Q2 Bnc Termination (2 required)

10. Dual-input Coupler (2 required)

465B Control Settings

POWER ON
CRT

INTENSITY As desired
FOCUS Best focused display
SCALE ILLUM As desired

Vertical (CH 1 and CH 2)
VERT MODE CH 1
POSITION Midrange
VOLTS/DIV 5mV
VAR VOLTS/DIV Calibrated detent
AC-GND-DC DC
INVERT Normal (button out)

Full bandwidth
{button out)

20 MHz BW LIMIT

Trigger (A and B)

COUPLING AC
LEVEL Midrange
SLOPE +
SOURCE NORM
TRIG MODE AUTO

A TRIGGER HOLDOFF NORM

Sweep (A and B)

HORIZ DISPLAY A

TIME/DIV S5 us

VAR TIME/DIV Calibrated detent
DELAY TIME POSITION  Fully counterclockwise
X10 MAG Off (button out)

POSITION (Horizontal) Midrange
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1. Check A and B Internal Triggering

a. Connect the output of the leveled sine-wave
generator to the A and B External trigger inputs viaa 50 Q
cable, Gr-to-bnc-male adapter, 50 Q2 signal pickoff unit
(Type CT-3) THRU SIG QUT output, Gr-to-bnc-female
adapter, 50 Q bnc cable, 2X bnc attenuator, 10X bnc
attenuator, 50 Q2 bnc termination and dual-input coupler.

b. Connect the SIG OUT 10% onthe CT-3tothe CH 1
and CH 2 inputs via a 50 Q bnc cable, 50 Q bnc termina-
tion and dual-input coupler.

c. Adjust the leveled sine-wave generator for either a
3-division, 50 kHz display and set both VOLTS/DIV
switches to 50 mV (0.3 division of display), or a 5-division,
50 kHz display and set both VOLTS/DIV switches to
50 mV (0.5 division display) as necessary for partsd and f
of step 1.

d. CHECK—Stable display can be obtained by ad-
justing the A TRIGGER LEVEL control in the following A
TRIGGER COUPLING and A TRIGGER SOURCE switch
positions:

A TRIGGER A TRIGGER
COUPLING SOURCE DISPLAY
AC NORM, CH 1, CH 2 0.3 Div
DC NORM, CH 1, CH 2 0.3 Div
LF REJ NORM, CH 1, CH 2 0.5 Div
HF REJ NORM, CH 1, CH 2 0.5 Div

e. Set:

HORIZ DISPLAY B DLY'D

A TRIGGER LEVEL Fully clockwise




f. CHECK—Stable display can be obtained by ad-
justing the B TRIGGER LEVEL control in the following B
TRIGGER COUPLING and B TRIGGER SOURCE switch
positions:

B TRIGGER B TRIGGER

COUPLING SOURCE DISPLAY
AC NORM, CH 1, CH 2 0.3 Div
DC NORM, CH 1, CH 2 0.3 Div
LF REJ NORM, CH 1, CH 2 0.5 Div
HF REJ NORM, CH 1, CH 2 0.5 Div

2. Check A and B External Triggering
a. Set:

CH 1 VOLTS/DIV 20 mV
TRIGGER SOURCE (bath) EXT
TRIGGER COUPLING (both)AC

b. Adjust leveled sine-wave generator output for 5
divisions of display on the crt.

c. CHECK—Stable display can be obtained by ad-
justing B TRIGGER LEVEL control in the following B
TRIGGER COUPLING switch positions:

AC, DC

d. Remove the 2X bnc attenuator and set B TRIGGER
COUPLING switch to LF REJ then HF REJ.

e. CHECK—Stable display can be obtained by ad-
justing B TRIGGER LEVEL control.

f. Set:

HORIZ DISPLAY A
A TRIGGER COUPLING  LF REJ then HF REJ

g. CHECK—Stable display can be obtained by ad-
justing A TRIGGER LEVEL control with A TRIGGER
COUPLING in both LF REJ and HF REJ.

h. Replace the 2X bnc attenuator.

i. CHECK—Stable display can be obtained by ad-
justing A TRIGGER LEVEL control in the following A
TRIGGER COUPLING switch positions:

AC, DC

Calibration Procedure—465B Service
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j. Remove the 10X bnc attenuator and set the A
TRIGGER SOURCE switch to EXT/10.

k. CHECK—Stable display can be obtained by ad-
justing the A TRIGGER LEVEL control in the following A
TRIGGER COUPLING switch positions:

AC, DC

I. Remove the 2X bnc attenuator and set A TRIGGER
COUPLING switch to LF REJ then HF REJ.

m. CHECK—Stable display can be obtained by ad-
justing A TRIGGER LEVEL control.

3. Check A NORM TRIG Mode
a. Set:

A TRIGGER COUPLING AC

A TRIGGER SOURCE NORM
A TRIG MODE AUTO
b. Adjust A TRIGGER LEVEL for a stable display.

c. Set TRIG MODE switch to NORM.

d. CHECK—Stable display is visible.

e. Set CH 1 AC-GND-DC switch to GND.

f. CHECK—No visible display in the absence of an
adequate trigger signal.

4. Check SINGL SWP TRIG Mode
a. Set CH 1 AC-GND-DC switch to DC.

b. Adjust A TRIGGER LEVEL until display just
triggers.

c. Set CH 1 AC-GND-DC switch to GND.

d. Press SINGL SWP push button in.

e. CHECK—READY LED comes on and stays on.
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f. Set CH 1 AC-GND-DC switch to DC. i. CHECK—Single sweep occurs every time SINGL
SWP push button is depressed.

g. CHECK—READY LED goes out and a single sweep

occurs. j. Disconnect test setup.

h. Press SINGL SWP push button in.
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IMPORTANT NOTE

OSCILLOSCOPES WITH DIGITAL MULTIMETERS ATTACHED, REFER TO THE DIGITAL MULTIMETER
MANUAL AT THIS POINT, THEN RETURN TO STEP 8 IN THE HORIZONTAL SECTION.

QSCILLOSCOPES WITHOUT DIGITAL MULTIMETERS, CONTINUE WITH THIS PROCEDURE.

HORIZONTAL

Equipment Required
1. Time-mark Generator

2. Calibration Generator

3. Leveled Sine-wave Generator

4, 42-inch, 50 Q Bnc Cable

5. 50 Q Bnc Termination

465B Control Settings

POWER

INTENSITY
FOCUS
SCALE ILLUM

ON

As desired
Best focused display
As desired

VERTICAL (CH 1 and CH 2)

VERT MODE
POSITION
VOLTS/DIV

VAR VOLTS/DIV
AC-GND-DC
INVERT

20 MHz BW LIMIT

CH 1

Midrange

05V

Calibrated detent
DC

Normal (button out)
Full bandwidth
(button out)

TRIGGER (A and B)

COUPLING
LEVEL
SLOPE

A SOURCE
B SOURCE
TRIG MODE

A TRIGGER HOLDOFF

REV A SEP 1979

AC
Midrange
+

NORM
NORM
AUTO
NORM

SWEEP (A and B)

HORIZ DISPLAY A
TIME/DIV 1ms
VAR TIME/DIV Calibrated detent

DELAY TIME POSITION  Fully counterclockwise
X10 MAG Off (button out)
POSITION (Horizontal) Midrange

1. Check A and B TIME/DIV Accuracy

a. Connectthetime-mark generatortoCH 1inputviaa
50 Q bnc cable and a 50 Q bnc termination.

b. CHECK—A and B timing accuracy according to
Table 4-4. Timing to be accurate within 2% (0.2 division at
the 11th time marker). If 11 time markers are not visible
when checking B sweep, set the A TIME/DIV switch one
step slower than the B TIME/DIV switch; for example:

A TIME/DIV 1ms
B TIME/DIV 0.5 ms

When checking B timing, set HORIZ DISPLAY to B
DLY'D and use B TRIGGER LEVEL to stabilizethe display.
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Table 4-4
A AND B TIMING ACCURACY

A and B CRT Display
TIME/DIV Time-Mark (Markers/
Switch Setting | Generator Output Division)
0.02 us 20 ns' 1
0.05 us 50 ns 1
A us 1 us 1
2 us 2 us 1
S us S us 1
1 us 1 us 1
2 us 2 us 1
5 us 5 us 1
10 us 10 us 1
20 us 20 us 1
50 us 50 us 1
.1 ms .1 ms 1
.2 ms .2ms 1
.5 ms 5 ms 1
1 ms 1ms 1
2ms 2 ms 1
5ms 5 ms 1
10 ms’ 10 ms 1
20 ms" 20 ms 1
50 ms® 50 ms 1
A SWEEP ONLY
as s 1
25 25 1
58" 58 1

*If the time-mark generator used does not have a 1-2-5 sequence,
set to 1 or 2 time-markers/division as necessary.

®For sweep time greater than 5 ms/divset TRIG MODE to NORM.

2. Check A VAR TIME/DIV Range

a. Set:

HORIZ DISPLAY A

A TRIG MODE AUTO
TIME/DIV 2 ms

b. Select 5 ms time markers from the time-mark gen-
erator.

c. CHECK—ALt least 1 marker per division can be
obtained by adjusting the VAR TIME/DIV control.

d. Return the VAR TIME/DIV control to the detent
position.
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3. Check Delay or Differential Time Linearity
a. Set:

A TIME/DIV 1 ms

B TIME/DIV 5 us

HORIZ DISPLAY B DLY'D

B TRIGGER SOURCE STARTS AFTER DELAY

b. Select 1 ms time markers from the time-mark
generator.

c. Turn DELAY TIME POSITION to set time marker
nearest 1.00 on dial to coincide with graticule center and
note reading.

d. Turn DELAY TIME POSITION to set time marker
nearest 2.00 on dial to coincide with graticule center and
note reading.

e. CHECK—Difference in readings is 1.00 £0.01 (0.99
to 1.01), from +15°C to +35°C; +0.03 (0.97 to 1.03), from
—15°C to +55°C.

f. Turn DELAY TIME POSITION dial to set every
adjacent time marker to coincide with graticule center and
note reading.

g. CHECK—Difference of readings between any two
adjacent time markers is 1.00, £0.01 (0.99 to 1.01), from
+15°C to +55°C; £0.03 (0.97 to 1.03), from —15°C to
+55°C.

4. Check Delay or Differential Time Accuracy
a. Set:

HORIZ DISPLAY B DLY'D
A TIME/DIV 0.2 us
B TIME/DIV 0.05 us

b. Setthe A TIME/DIV, B TIME/DIV andthetime-mark
generator to the settings given in Table 4-5. First set the
DELAY TIME POSITION dial to 1.00. Adjust the horizontal
POSITION control so the top of one of the displayed time
markers crosses the center vertical graticule line. (If the
top of the time marker at the beginning of the sweep isn’t
visible, then use the second time marker.) Without
touching the horizontal POSITION control, setthe DELAY
TIME POSITION dial to 9.00. Slightly readjust the DELAY
TIME POSITION dial to position the top of the displayed
time marker to the center vertical graticule line.



Table 4-5
DELAY OR DIFFERENTIAL TIME ACCURACY

A TIME/ B TIME/ Time-
DIv DIV Mark
Switch Switch Generator
Setting Setting Output
2 us .02 us A us
2 us .05 us L1 us
.5 us .05 us .5 us
1 us 1 us 1 us
2 us A us 1us
5 us S us 5 us
10 us 1 us 10 us
20 us 1 us 10 us
50 us 5 us 50 us
.1 ms 10 us .1 ms
.2ms 10 us .1ms
S ms 50 us .5ms
1ms .1 ms 1ms
2ms .1 ms 1ms
5ms .5 ms 5ms
10 ms’ 1ms 10 ms
20 ms* 1 ms 10 ms
50 ms® 5ms 50 ms
1s 10 ms s
25 10 ms s
5¢ 50 ms 5s

?For sweep times greater than 5 ms/div, set TRIG MODE to
NORM.

c. CHECK—DELAY TIME POSITION dial setting to be
8.92 to 9.08.

d. Repeat parts b and cfor each setting listed in Table
4-5.

5. Check Delay or Differential Jitter

a. Set:

DELAY TIME POSITION  9.00
A TIME/DIV 1 ms
B TIME/DIV 0.2 us

b. Select 1 ms time markers.

c. Slightly readjust DELAY TIME POSITION dial to
position a time marker on screen.

Calibration Procedure—465B Service
Performance Check

d. CHECK—Jitter on leading edge of the time marker
does not exceed 1 division (2.5 divisions if operating from
a 50 Hz line voltage). Disregard slow drift.

e. Set the DELAY TIME POSITION dial to 1.00 and
repeat parts ¢ and d.

f. Disconnect the time-mark generator.

6. Check ALT Horizontal Display Trace Separation
a. Set:

HORIZ DISPLAY A INTEN

A TIME/DIV 1ms

B TIME/DIV .1 ms

B INTENSITY As required for visible
display

b. Use CH 1 Vertical POSITION control to align the
trace with the center horizontal graticule line.

¢. Select ALT Horizontal Display.

d. CHECK—TRACE SEP control will movethe B trace
at least +4 vertical divisions from the center graticule line
with A trace centered.

7. Check A INTEN and B ENDS A Operation

a. Set:

A TIME/DIV 1ms

B TIME/DIV 1ms
DELAY TIME POSITION About 5.00
HORIZ DISPLAY A INTEN

b. CHECK—B portion of trace is intensified (about 1
division).

c. Rotate A TRIGGER HOLDOFF control clockwise to
the B ENDS A position (in the detent).

d. CHECK—Trace ends at the end of the intensified
portion.
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8. Check X Gain

a. Set:

TIME/DIV (both) X-Y
VOLTS/DIV (both) 5mV
CH 1 AC-GND-DC AC
CH 2 AC-GND-DC GND
HORIZ DISPLAY A

A TRIGGER HOLDOFF NORM

b. Connect a 20 mV standard-amplitude signal from
the calibration generator to the CH 1input viaa 50 Q bnc
cable.

c. CHECK—Display is 4 divisions (+0.16 division)
between the dots.

d. Disconnect test setup.

418

9. Check X Bandwidth

a. Connect the leveled sine-wave generator to the
CH 1inputviaa50 Q bnccableand 50 Q bnctermination.

b. Adjust the generator for a horizontal display of 10
divisions at 50 kHz.

c. Without touching the generator amplitude, adjust
the generator frequency to 4 MHz.

d. CHECK—Display is at least 7 divisions in length.

e. Disconnect test setup.
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ADJUSTMENT PROCEDURE

IMPORTANT—PLEASE READ BEFORE USING THIS PROCEDURE

Purpose

The purpose of the Adjustment Procedure is to provide
a calibration sequence for adjustments—not to provide a
troubleshooting guide. See the Troubleshooting Aids
portion of the Maintenance section for troubleshooting
information.

Limits and Tolerances

All limits and tolerances given in this procedure are
calibration guides and should not be interpreted as
instrument specifications unless they are alsofoundinthe
Specification section of this manual.

Tolerances given are for the instrument under test and
do not include test equipment error.

Step Titles

Where possible, instrument performance is checked
before an adjustment is made. Steps containing checks
and adjustments are titled Check/Adjust. Those with
checks only are titled Check.

Line Voltage Selection

This procedure is for 115 Vac line, medium range. If a
different range is to be used, set the Regulating Range
Selector and Line Voltage Selector for the available line
voltage (see Operating Voltage under Installation Instruc-
tions in Section 2 of this manual).

Internal Adjustments
Do not preset the internal controls or move the +55 volt

supply adjustment as this will typically require complete
recalibration of the oscilloscope.

Display

The most accurate display adjustments are made witha
stable, well-focused, low-intensity display. Unless
otherwise noted, adjust the Intensity, Astigmatism, Focus,
and Trigger Level controls as needed.

Test Equipment Required

Refer to Table 4-1, at the beginning of this section, fora
list of test equipment required, specifications, usage, and
recommended types.

REV A JUN 1979

Special Calibration Fixtures. Special calibration fix-
tures are used only where they facilitate instrument
adjustment. These fixtures are available from Tektronix
Inc. Order by part number through your local Tektronix
Field Office or representative.

Calibration Equipment Alternatives and Partial
Procedures. The Adjustment procedure is based on the
first item of equipment given as an example. When other
equipment is substituted, control settings or calibration
setups might need to be altered. If the exact equipment
listed is not available, check the Minimum Specification
column carefully to see if any other equipment might
suffice. Then check the Usage column to see where this
item is used. If used for a check that is of little or no
importance to your measurement requirements, the item
and corresponding step(s) can be deleted.

If the applications for which you will use the 465B do
not require the full performance available, the procedure
and the equipment list can be shortened accordingly. For
example, the basic measurement capabilities of this
instrument can be verified by checking and adjusting as
needed: vertical deflection factor, horizontal timing ac-
curacy, and the calibrator signal. If any step requires more
than a minor readjustment, check Table 4-6 for any
possible interactions.

If a Performance Checkindicatesthat only one subsec-
tion requires adjustment, each subsection (Vertical,
Horizontal, etc.), except the Power Supply, may be
adjusted independently. Also, if maintenance has been
performed in a subsection, the adjustments for that area
may be accomplished without completing the ad-
justments in other subsections. If any maintenance or
adjustments are changed in the Power Supply circuitry, it
is advisable to perform a complete adjustment procedure
including all subsections.

Interactions

Table 4-6 shows calibration adjustments and the
possible interaction each adjustment might have on other
adjustments. The use of Table 4-6is particularly important
if only a partial procedure is performed or if a circuit
requires recalibration due to component replacement.

To use this table, find the adjustment made in the
column at the left of the table. Then move to the right
across that row until you cometo adarkened square. From
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INTERACTION ————

ADJUSTMENT MADE

+55 V SUPPLY

TRACE ROTATION

+55 V SUPPLY

Y-AXIS ALIGNMENT

GEOMETRY

TRACE ROTATION

Table 4-6

ADJUSTMENT INTERACTIONS

Y-AXIS ALIGNMENT

GEOMETRY

CH1 VAR BAL

CH1 VAR BAL
CH 2 VAR BAL

(G o)
z(z
i e o
ww
HiE
212
wjw
ojo
212
alQ|o
< E|E
3|8
En.n.
L B3
>

I|I
Z|olo

CH 1 GAIN
CH 2 GAIN

VERT OUT GAIN

SWP START AND A SWP CAL
X1 HORIZONTAL GAIN
X10 HORIZONTAL GAIN

B SWP CAL

HIGH SPEED MAG TIMING (A AND B}

TRIGGERING SENSITIVITY (A AND B)

SLOPE CENTERING (A AND B)

TRIG LEVEL CENTERING (A AND B)
NORM TRIG DC BALANCE

CH1TRIG DC BAL
CH 2 TRIG DCBAL

TRIGGER VIEW CENTERING

TRIGGER VIEW GAIN

X GAIN

CRT GRID BIAS

CRT

CH 2 VAR BAL

INVERT BAL

CH 1 POSITION CENTERING

CH 2 POSITION CENTERING

CH 1 GAIN

CH 2 GAIN

VERT OUT GAIN

SWP START AND A SWP CAL

X1 HORIZONTAL GAIN

X10 HORIZONTAL GAIN

B SWP CAL

HIGH SPEED MAG TIMING (A AND B)

TRIGGERING SENSITIVITY (A AND B)

SLOPE CENTERING (A AND B}

TRIG LEVEL CENTERING (A AND B}

NORM TRIG DC BALANCE

CH1 TRIG DC BAL

CH 2 TRIG DC BAL

TRIGGER VIEW CENTERING

TRIGGER VIEW GAIN

X GAIN

CRT GRID BIAS

CRT
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the darkened square move up the column and check the
accuracy of the adjustment heading that column. Readjust
if necessary.

Preparation

Remove the 465B cabinet by following the procedure
listed under “Cabinet and Rack Adapter Removal and
Replacement” in the Maintenance section of this manual.

Connect test equipment and instrument to be
calibrated to an appropriate power source. Turn on and
allow a 20-minute warmup period before commencing
Adjustment Procedure.

INDEX TO ADJUSTMENT PROCEDURE
Power Supply

1. Check/Adjust Power Supply DC Levels, Regula- Page
tion, and Ripple (R4318) .........ciiiiiiinn 4-23
2. Check High Voltage Supply ...........c.v0e 4-24
Display and Z Axis

1. Check/Adjust CRT Grid Bias (R4109) ........ 4-25
2. Check/Adjust Trace Alignment (TRACE
ROTATION) ..itiiiiiiinnrarenamenaeeinans 4-25
3. Check/Adjust Y-Axis Alignment (R4072) ..... 4-26
4. Check/Adjust Geometry (R4069) ............. 4-26
5. Check/Adjust Z-Axis Compensation (C4217) 4-26
Vertical

1. Check Probe Indicator LED ................. 4-28
2. Check Input Coupling (AC-GND-DC) Switches 4-28
3. Check ALTMode .......ooiiiinnnineinsnns 4-28
4. Check CHOPMode ........covviniviiinniinnn, 4-28
5. Check BEAMFIND ......coviiiiininiinnnns 4-28
6. Check/Adjust CH 1 Var Volts/Div Balance and

VAR Indicator (R1484) ...........cooiiiiiiinnn, 4-29

7. Check/Adjust CH 1 Position Centering (R1135) 4-29

8. Check/Adjust CH 2 Var Volts/Div Balance and

VAR Indicator (R1884) ...........c.oovieinniant 4-29
9. Check/Adjust CH 2 Invert Balance (R1975) ... 4-29
10. Check/Adjust CH 2 Position Centering

(R1735) ittt a i iiiaa e 4-29
11. Check CH 2 and CH 1 Gate Current ........ 4-30
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12. Check/Adjust Gain (R1482, R2025, R1882)
(R1482, R2005, R1882 below SN B030000) ... ..

13. Check CH 1 and CH 2 Var Volts/Div Range . 4-31

14, Check ADDmode ........cciivnivnvennnnnnns 4-31
15. Check Compression and Expansion ........ 4-31
16. Check/Adjust Low-Frequency Compensation  4-32
17. Check/Adjust CH 1 Volts/Div Compensation  4-34
18. Check/Adjust CH 2 Volts/Div Compensation  4-34
19. Check/Adjust CH 2 and Output High-
Frequency Compensation .............ocveiiin 4-35
20. Check CH 2 Position Effect ................ 4-35
21. Check/Adjust CH 1 High-Frequency Com-
pensation ... ... . . i il 4-36
22. Check CH 1 Position Effect ................ 4-36
23. Check CH 1 Transient Response ........... 4-36
24. Check CH 2 Transient Response ........... 4-36
25. Check Bandwidth ........... ..ot 4-36
26. Check Cascaded Gain and Bandwidth ...... 4-37
27. Check Channel Isolation ................... 4-37
28. Check/Adjust Common-Mode Rejection Ratio
(RIBB2) ..ttt iia st nae s 4-37
29. Check Bandwidth Limit Operation .......... 4-38
30. Check/Adjust Trigger View Centering and Gain
(R7526, R7439) . ..vviivnnreaiiiiniianansann, 4-38
31. Check/Adjust Trigger View Low-Frequency
Compensation (C7505, C7506) .................. 4-38
32. Check/Adjust Trigger View High-Frequency
Compensation (C7425, C7529, R7423) .......... 4-39
33. Check/Adjust Zero Trigger View Delay (R6011,

213 7] PP 4-39
Triggers

1. Check/Adjust A Trigger Sensitivity and TRIG

LED (R724B) ....uiriuniiiniieiiinaeannnneneaans 4-39

2. Check/Adjust B Trigger Sensitivity (R7045) ... 4-41
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3. Check/Adjust B Trigger Slope Center and Level

(R7042, R7026) ......ccvviiurinniiniionnininnss 4-42
4. Check/Adjust A Trigger Slope Center and Level
(R7242, R7224) ... ..ttt iiiiiiiinnennnnans 4-42
5. Check/Adjust A Trigger DC Levels (R1202,
R1126, R1835) .....cciiiiii ittt 4-43
6. Check B Trigger DC Levels .................. 4-43
7. Check B Internal 10 MHz Triggering ......... 4-43
8. Check A Internal 10 MHz Triggering ......... 4-44
9. Check A External 10 MHz Triggering ......... 4-44
10. Check B External 10 MHz Triggering ....... 4-45
11. Check B and A External 100 MHz Triggering  4-45
12. Check A Internal 100 MHz Triggering ....... 4-46
13. Check B Internal 100 MHz Triggering ....... 4-46
14, Check A and B High-Frequency Reject
TrAggering ....cvviiinnii ittt 4-47
15. Check Single Sweep ............oviinuinnns 4-47
16. Check 60 Hz Internal Triggering ............ 4-48
17. Check 60 Hz External Triggering ........... 4-49
18. Check A and B External Trigger Level Ranges 4-49
19. Check Line Triggers ...........cooevvvnnnnn 4-50
20. Check NORM A Trigger Mode .............. 4-50
21. Check AUTO Recovery Time ............... 4-51
Horizontal

1. Check/Adjust Sweep Start and A Sweep Calibra-

tion (R4570, R6053) ........covviinienniiiennnnns 4-53
2. Check Delay or Differential Time Linearity ... 4-53
3. Check/Adjust Horizontal Amplifier Gain (R4373,
RA274) ..t e e 4-53

4-22

4. Check Sweep Linearity ................couae

5. Check/Adjust R4253 Magnifier Centering
(SN B011250—up) and R4275 Registration . .. 4-54

6. Check/Adjust B Sweep Calibration (R6052) 4-54
7. Check A Sweep Length ..................... 4-54
8. Check Var Time/Division .................... 4-54
9. Check Horizontal Position Range ............ 4-55
10. Check/Adjust A 10 us Timing (C6002) ...... 4-55
11. Check/Adjust A Sweep High Speed Timing
(0710 - T 4-55
12. Check/Adjust B Sweep High Speed Timing
(CBO42) ..t e 4-56
13. Check A and B Time/Division Accuracy ..... 4-56
14. Check/Adjust High Speed Magnified Timing
(C4246, C4247) .. 4-56
15. Check A and B Magnified Timing Accuracy . 4-57
16. Check Delay or Differential Time Accuracy .. 4-58
17. Check Delay or Differential Time Jitter ...... 4-58
18. Check/Adjust X Gain (R4381) .............. 4-58
19. Check X-Y Phasing and Bandwidth ......... 4-59
20. Check BENdS A .......coviiiiiiiiiinn... 4-59
21. Check A Trigger Holdoff ................... 4-59
Gates, Calibrator and Ext Z Axis

1. Check AandB+Gates ...................... 4-61
2. Check/Adjust Calibrator DC Level (R4293) ... 4-61
3. Check External Z Axis ...........cooevvnnnn. 4-62
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POWER SUPPLY

Equipment Required

1. Digital Voltmeter 4. Autotransformer
2. DC Voltmeter 5. 3-Inch Slotted Screwdriver

3. Test Oscilloscope

See | AD.II.'NT LOCATIONS 1 . in the Diagrams section for adjustments and test points (TP).

Triggering Controls

NOTE (both A and B if applicabie)
After performing the following control settings, LEVEL As needed for a stable
connect the instrument to a power source through a display
Variable Autotransformer. Set the Autotransformer SLOPE +
to 115 V before turning the instrument on. COUPLING AC
SOURCE NORM
TRIG MODE AUTO
465B Control Settings Sweep Controls
Power Controls HORIZ DISPLAY A
Regulating Range Selector Medium Eilia\;ng POSITION  Fully counterclockwise
Line Voltage Selector 115V s
POWER ON B TIME/DIV 1ms
VAR TIME/DIV Calibrated detent
X10 MAG Off (button out)
POSITION (Horizontal) Midrange
A TRIGGER HOLDOFF NORM
CRT Controls
INTENSITY As desired
FOCUS Best focused display
SCALE ILLUM As desired
' 1. Check/Adjust Power Supply DC Levels,
Regulation, and Ripple (R4318)
Vertical Controls NOTE

{both Channels if applicable)
Review the information at the beginning of the

VOLTS/DIV SmV Adjustment Procedure before starting the

VAR Calibrated detent procedure.

POSITION Midrange

AC-GND-DC GND

VERT MODE CH 1

INVERT Normal (button out) a. Connect the digital voltmeter common lead to

20 MHz BW LIMIT Full bandwidth chassis ground and the + lead to the test point given in
(button out) Table 4-7. Voltage to be within the given limits.

@ 4-23




Calibration Procedure—465B Service
Adjustment Procedure

Table 4-7
LOW VOLTAGE POWER SUPPLY LIMITS

Table 4-8

TYPICAL LOW VOLTAGE
POWER SUPPLY RIPPLE

Power Test
Supply Point Reading Tolerance
+55 V TP4338 +54.62 to +55.39 *+0.7%
+15V TP4339 +14.75 to +15.26 =1.7%
+5V TP4337 +4.92 to +5.09 +1.7%
—8V | TP4439 -7.86 to —8.14 +1.7%
+110 V TP4340 +106.7 to +113.3 +3.0%

NOTE

If the adjustment in step 1, part b, is made, the
oscilloscope will require complete recalibration.

b. Connect the digital voltmeter common lead to
chassis ground and + lead to TP4338. ADJUST—+55 volt
supply (R4318) for +55 volts. Recheck all supplies accor-
ding to Table 4-7.

¢. Connect the test oscilloscope to the indicated test
point and check theripple amplitude accordingto Table 4-
8 while varying the line voltage between 104 Vand 126 V.
For improved resolution when measuring ripple
amplitude, use a 1X probe and cascaded gain on the test
oscilloscope.

424

Typical Ripple

Power Supply Test Point (Peak-to-Peak)
+55 V TP4338 4 mV
+15V TP4339 2mV
+5 V TP4337 2mV
-8V TP4439 2mVv
+110 V TP4340 20 mv

d. Return line voltage to 115 V.

2. Check High Voltage Supply

a. Connect the dc voltmeter common lead to chassis
ground and the + lead to TP4129 on the interface board.
(TP4129 is accessible through a hole in the high voltage
cover.)

b. CHECK—High Voltage supply for —2450 V £2.2%
(—2396 V to —2504 V).

¢. Disconnect the dc voltmeter.
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DISPLAY AND Z AXIS

Equipment Required
1. DC Voltmeter

2. Test Oscilioscope
3. Time-mark Generator

4, 50 Q) Bnc Cable

5. 50 Q Bnc Termination
6. 10X Probe
7. 3-inch Slotted Screwdriver

8. Low-capacitance Slotted Screwdriver

See = ADJUSTMENT LOCATIONS 1  in the Diagrams section for adjustments and test points (TP).

465B Control Settings

Power Controls
Regulating Range Selector Medium
Line Voltage Selector 115V
POWER ON

CRT Controls

INTENSITY As desired
FOCUS Best focused display
SCALE ILLUM Fully counterclockwise

Vertical Controls
(both Channels if applicable)

VOLTS/DIV 5mV

VAR Calibrated detent
POSITION Midrange
AC-GND-DC GND

VERT MODE CH 1

INVERT Normal (button out)
20 MHz BW LIMIT Full bandwidth

(button out)

Triggering Controls
(both A and B if applicable)

LEVEL As needed for a stable
display

SLOPE +

COUPLING AC

SOURCE NORM

TRIG MODE AUTO

Sweep Controls

HORIZ DISPLAY A

DELAY TIME POSITION  Fully Counterclockwise
A TIME/DIV X-Y

VAR TIME/DiV Calibrated detent

X10 MAG Off (button out)

POSITION (Horizontal) Midrange
A TRIGGER HOLDOFF NORM

1. Check/Adjust CRT Grid Bias (R4109)

a. Connect the digital voltmeter common lead to
chassis ground and the + lead to TP4217. (TP4217 is
accessible through a hole in the high voltage cover.)

b. Set the INTENSITY control for +20 V on the digital
voltmeter.

c. CHECK—Display for a well defined, low intensity
dot. Use FOCUS and ASTIG controls as needed.

d. ADJUST—CRT Grid Bias (R4109) for a visible dot,
then back off control until the dot just disappears.

2. Check/Adjust Trace Alignment (TRACE
ROTATION)

a. Set:

A TIME/DIV 0.5 ms
INTENSITY As desired
SCALE ILLUM As desired
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b. Position the trace to the center horizontal graticule
line.

c¢. CHECK—Trace is parallel withthe center horizontal
graticule line.

d. ADJUST—TRACE ROTATION (front panel adjust-
ment) to make the trace parallel with the center horizontal
graticule line.

3. Check/Adjust Y-Axis Aiignment (R4072)

a. Connect 1 ms time markers from the time-mark
generator to the CH 1 input via a 50 Q bnc cable and a
50 Q bnc termination.

b. Set:

CH 1 AC-GND-DC DC
CH 1 VOLTS/DIV 01V

c. Adjust VAR TIME/DIV control for exactly 1 time
marker/major division. (Time markers should fill the
screen vertically. If not, reduce the VOLTS/DIV switch
setting.)

d. CHECK—Display for 0.1 division tilt or less, when
compared to the center vertical graticule line.

e. ADJUST—Y-Axis Alignment (R4072) to align to
center time marker with the center vertical graticule line.

f. INTERACTION—TRACE ROTATION.

4. Check/Adjust Geometry (R4069)

a. CHECK—Display for 0.1 division or less, vertical
curvature of the markers across the graticule area.
(Readjust A VAR TIME/DIV as needed to maintain exactly
1 marker per division.)
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b. ADJUST—Geometry (R4069) for minimum cur-
vature of the markers across the graticule area.

c. INTERACTION—Y-Axis Alignment.

d. Disconnect the test setup.

e. Return A VAR TIME/DIV to detent.

5. Check/Adjust Z-Axis Compensation (C4217)
a. Set the A TIME/DIV switch to 0.05 us.

b. Connect the 10X probe from thetest oscilloscopeto
TP4217.

c. Adjust the 465B INTENSITY control for a 15V
display on the test oscilloscope.

d. CHECK—Test oscilloscope display for optimum
square corner on the unblanking gate (with minimum

ringing).

e. ADJUST—Z-Axis Compensation (C4217), with a
low-capacitance screwdriver, for the best square corner
on the unblanking pulse viewed on the test oscilloscope.

f. Disconnect the test setup.

g. CHECK—Display for uniform intensity across the
graticule area (especially the first 2 divisions of the trace).

h. READJUST—C4217, if necessary.
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VERTICAL

Equipment Required

1. Calibration Generator

2. Test Oscilloscope (only if gain requires complete

recalibration

3. Leveled Sine Wave Generator

4. Two 10X Probes (one should have Scale-factor

Switching, however an 11 k{2 resistor may be substituted

in Step 1, part a).

5. 50 Q Bnc Cable (2 required)

6. Dual-input Coupler

7. 2X or 5X Bnc Attenuator
8. 10X Bnc Attenuator (2 required)

9. 50 Q Bnc Termination (2 required)

10. Low-capacitance Screwdriver
11. 3-inch Slotted Screwdriver
12. Bnc-to-probe tip Adapter

13. Bnc-female-to-coaxial-cable-connector
Adapter.

See  ADJUSTMENT LOCATIONS ‘ and A_DJL.IT LOCATIONS 3

ments and test points (TP).

465B Control Settings

POWER ON
Display
INTENSITY As desired
FOCUS For optimum definition
SCALE ILLUM As desired
ASTIG Best defined trace

Vertical (CH 1 and CH 2)

VERT MODE CH1

POSITION Midrange

VOLTS/DIV 5mV

VAR VOLTS/DIV Calibrated detent

AC-GND-DC DC

INVERT Normal (button out)

20 MHz BW LIMIT Full bandwidth
(button out)

in the Diagrams section for adjust-

Trigger (A and B)

COUPLING
LEVEL

SLOPE

A TRIGGER SOURCE
B TRIGGER SOURCE
TRIG MODE

A TRIGGER HOLDOFF

AC

As needed for stable
display

+

NORM

STARTS AFTER DELAY
AUTO

NORM

Sweep (A and B)

HORIZ DISPLAY

A TIME/DIV

B TIME/DIV

VAR TIME/DIV

DELAY TIME POSITION
X10 MAG

POSITION (Horizontal)

A

1ms

1ms

Calibrated detent

Fully counterclockwise
Off (button out)
Midrange
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1. Check Probe Indicator LED

a. Connect a 10X probe with a Scale-factor Switching
connector to CH 1 input (if no Scale-factor Switching
probe is available, an 11 kQresistor may be used. Connect
the resistor between ground and the metal coding ring on
the input connector).

b. CHECK—5 mV LEDisextinguished and 50 mV LED
is illuminated.

c. Set VERT MODE switchesto display CH 2 and move
probe to CH 2 input.

d. CHECK—5 mV LEDisextinguished and 50 mV LED
is illuminated.

e. Remove 10X probe.

2. Check Input Coupling (AC-GND-DC) Switches

a. Connect output of calibration generator to CH 2
input via50 Q cable. Set the generator for 20 mV standard-
amplitude output.

b. Position bottom of display to center horizontal
graticule line and set CH 2 AC-GND-DC switch to GND.

c. CHECK—No vertical deflection; trace is at center
horizontal graticule line.

d. Set CH 2 AC-GND-DC switch to AC.

e. CHECK—Display is centered about center horizon-
tal graticule line.

f. Set VERT MODE switches to display CH 1and move
test signal to CH 1.

g. Position bottom of display to center horizontal
graticule line.

h. Set CH 1 AC-GND-DC switch to GND.

i. CHECK-——No vertical deflection; trace is at center
horizontal graticule line.

j. Set CH 1 AC-GND-DC switch to AC.
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k. CHECK—Display is centered about center horizon-
tal graticule line.

|. Disconnect square-wave signal.

3. Check ALT Mode
Set:

VERT MODE CH1, CH 2, and
ALT: OUT

A TRIGGER LEVEL Fully clockwise

b. Position traces about 2 divisions apart.

c. CHECK—Sweeps alternate for all A TIME/DIV set-
tings except X-Y.

4. Check CHOP Mode

a. Set:

A TIME/DIV 0.5 us

VERT MODE CH1, CH 2, and CHOP
AC-GND-DC (both) GND

A TRIGGER COUPLING HF REJ

A TRIGGER LEVEL As needed for

stable display

b. Position traces about 4 divisions apart and set A
TRIGGER LEVEL control for a stable display.

c. CHECK—Vertical switching transients are com-
pletely blanked between horizontal chopped segments.

d. CHECK—Duration of each cycleis approximately 4
divisions.

5. Check BEAM FIND
a. Push in BEAM FIND button and hold.

b. CHECK—Trace remains entirely on screen,
regardless of the setting of vertical or horizontal
POSITION controls.

c. Release BEAM FIND button.



6. Check/Adjust CH 1 Var Volts/Div Balance And
Var Indicator (R1484)
a. Position trace to center horizontal graticule line.

b. CHECK—CH 1 UNCAL LED is illuminated when
VAR control is out of detent.

c. CHECK—Trace shift of 0.2 division or less when
rotating VAR control from one extreme to the other.

d. ADJUST—CH 1 Var Bal (R1484) for minimum trace
shift while rotating CH 1 VAR control from one extremeto
the other.

e. Return CH 1 VAR control to detent position.

7. Check/Adjust CH 1 Position Centering (R1135)
a. Set:

CH 1 VOLTS/DIV 2V
CH 1 AC-GND-DC AC
A TIME/DIV 1ms

b. Connect leveled sine-wave generator output to
CH 1 input via 50 Q bnc cable and 50 Q termination. Set
the generator for a vertical display of 2.4 divisions at
50 kHz.

c. Set CH1 VOLTS/DIV switch to 20 mV without
moving the VAR control.

d. CHECK—Top of display positions down to center
horizontal graticule line or below, bottom of display
positions up to center horizontal graticule line or above.

e. ADJUST—CH 1 Position Center (R1135) so display
positions same distance above and below graticule center
line.

f. Disconnect generator.

8. Check/Adjust CH 2 Var Volts/Div Balance and
Var Indicator (R1884)
a. Set VERT MODE switches to display CH 2.

b. CHECK—CH 2 UNCAL LED is illuminated when
VAR control is out of detent.

Calibration Procedure—465B Service
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c. CHECK—Trace shift is 0.2 division or less when
rotating VAR control from one extreme to the other.

d. ADJUST—CH 2 Var Bal (R1884) for minimum trace
shift while rotating CH 2 VAR control from one extremeto
the other.

e. Return CH 2 VAR control to detent position.

9. Check/Adjust CH 2 Invert Balance (R1975)
a. Set CH 2 AC-GND-DC to GND.

b. Positiontrace to center horizontal graticuleline and
push INVERT button in.

c. CHECK—Trace shift is 0.2 division or less when
switching from normal to inverted.

d. ADJUST—Invert Bal (R1975) for minimum trace
shift.

10. Check/Adjust CH 2 Position Centering (R1735)

a. Set:

INVERT Normal (button out)
CH 2 VOLTS/DIV 2V

CH 2 AC-GND-DC AC

A TRIGGER LEVEL Fully clockwise

b. Connect leveled sine-wave generator output to
CH 2 input via 50 Q bnc cable and 50 Q bnc termination.
Set the generator for a vertical dispiay of 2.4 divisions at
50 kHz.

c. Set CH2 VOLTS/DIV switch to 20 mV without
moving VAR control.

d. CHECK—Top of display positions down to center
horizontal graticule line or below, bottom of display
positions up to center horizontal graticule line or above.

e. ADJUST—CH 2 Position Center (R1735) so display
positions same distance above and below graticule line.

f. Disconnect generator.
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11. Check CH 2 and CH 1 Gate Current
a. Set:

AC-GND-DC (both) GND
VOLTS/DIV (both) 5mV

b. Position trace to graticule center and change AC-
GND-DC switch to DC.

¢. CHECK—Trace shift is 0.1 division or less, when
switching between GND and DC.

d. Set VERT MODE switches to display CH 1. Position
trace to graticule center and change AC-GND-DC switch
to DC.

e. CHECK—Trace shift is 0.1 division or less, when
switching between GND and DC.

f. Set both AC-GND-DC switches to DC.

12. Check/Adjust Gain (R1482, R2025, R1882)
(R1482, R2005, R1882 below SN B030000)

NOTE

It is not always necessary to do a complete readjust-
ment to meet instrument gain specifications. Use
following procedure to determine required ad-
justments.

a. Set:

VERT MODE CH2
CH 2 VOLTS/DIV 5mV
CH 2 AC-GND-DC DC

b. Connect calibration generator standard-amplitude
output to CH 2input via 50 Q bnc cable. Setthe generator
for 20 mV output.

¢. CHECK—Display is 4 divisions within 3% (4
divisions 10.12 division).

d. Change CH2 VOLTS/DIV and calibration
generator settings as shown in Table 4-9 and check that
deflection accuracy is within 3% for all VOLTS/DIV
settings listed.

e. Set VERT MODE Switches to display CH 1 and set
the CH 1 AC-GND-DC switch to DC.

f. Movetheinput signal fromthe CH 2input connector
to the CH 1 input connector.

g. CHECK—Display is 4 divisions within 3% (4
divisions +£0.12 division).

h. Change CH1 VOLTS/DIV and calibration
generator settings as shown in Table 4-9 and check that
deflection accuracy is within 3% for all VOLTS/DIV
settings listed.

Table 4-9
VERTICAL DEFLECTION ACCURACY
Calibration Deflection in Div
Volts/Div Generator For 3% Accuracy Reading

Setting Amplitude Divisions Accuracy In Div
10 mvV 50 mv 5 +0.15 div 4.85t0 5.15
20 mv 01V 5 +0.15 div 4.85t05.15
50 mV 0.2V 4 +0.12 div 3.88 to 4.12
AV 05V 5 +0.15 div 4.851t05.15
.2V 1V 5 +0.15 div 4,851t0 5.15
5V 2V 4 +0.12 div 3.88 to 4.12
1V 5V 5 10.15 div 4.85t0 5.15
2V 10V 5 +0.15 div 4.85t0 5.15
5V 2V 4 +0.12 div 3.88 to 4.12
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i. If both channels check within 3%, no further vertical
gain calibration is required. Proceed to step 13. If a check
at any setting of the VOLTS/DIV switch falls outside the
3% accuracy limits, a complete gain recalibration is
required. Continue with part j of this step.

j. Set CH 1 VOLTS/DIV switch to 5 mV and set the
output of the calibration generator to 20 mV.

k. Set the test-oscilloscope controls as follows:

Vertical Mode Add

Invert On (button in)

Volts/Div (both) .1V (with 10X probe)
Triggering Auto (free-running sweep)

Ext (no trigger
applied)

A Trigger Source

. Connect two 10X probes from the test oscilloscope
to TP1519 and TP1319 on the 465B Vertical Preamplifier
board. Connect the probe groundleads to chassis ground.

m. CHECK—Signal between TP1519 and TP1319 is
400 mV p-p (4 divisions).

n. ADJUST—CH 1 Gain Adjust (R1482) for 400 mV
P-p-

NOTE

This is a nominal value for this adjustment. If may be
reset to obtain correct CH 1 overall gain.

o. Remove 10X probes from TP1519 and TP1318.

p. CHECK—Display is 4 divisions within 3% (4
divisions +0.12 division).

q. ADJUST—Output Gain Adjust R2025 (R2005 below
SN B030000) on the Vertical Output board for a 4-division
display.

r. Set CH 2 VOLTS/DIV to 5 mV and move the input
signal from CH 1input toCH 2input. Setthe VERTMODE
switches to display CH 2.

s, ADJUST—CH 2 Gain Adjust (R1882) for a 4-
division display.
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t. Repeat parts e thorugh i to recheck the vertical
deflection accuracy.

13. Check CH 1 and CH 2 Var Volts/Div Range

a. Set VERT MODE switches to display CH 2 and set
both VOLTS/DIV switches to 10 mV and amplitude
calibrator for 50 mV signal.

b. Rotate CH 2 VAR VOLTS/DIV control fully coun-
terclockwise.

c. CHECK—Display reduces to 2 divisions or less.

d. Move signal to CH 1 input connector and set VERT
MODE switches to display CH 1.

e. Rotate CH 1 VAR VOLTS/DIV control fully coun-
terclockwise.

f. CHECK—Display reduces to 2 divisions or less.

g. Return both VAR VOLTS/DIV controls to calibrated
detent.

14. Check ADD Mode

a. Set:

VOLTS/DIV (both) 5mvV

VERT MODE ADD

INVERT Normal (button out)

b. Connect calibration generator standard-amplitude
output to both inputs via 50 Q cables and dual-input
coupler. Set generator output for 10 mV.

c. CHECK—Display of 4 divisions, within 3% (4
divisions £0.12 division).

15. Check Compression and Expansion
a. Set:

CH 2 AC-GND-DC GND
VERT MODE CH 1

b. Adjust CH 1 VAR control for a 2 divisions display,
centered about center horizontal graticule line.
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c. Position top of display to top graticule line.

d. CHECK—Display compression or expansion is 0.1
division or less.

e. Position bottom of display to bottom graticule line.

f. CHECK—Display compression or expansion is 0.1
division or less.

g. Set CH 1 VAR VOLTS/DIV control to calibrated
detent.

h. Disconnect generator standard-amplitude output
and dual-input coupler.

16. Check/Adjust Low-Frequency Compensation
a. Set:

A TIME/DIV 0.2 ms
VERT MODE CH 1
AC-GND-DC (both) DC
VOLTS/DIV (both) 5mV

As needed for stable
display.

A TRIGGER LEVEL

b. Connect calibration generator fast-rise + output to

CH 1 input via a 50 Q bnc cable, 10X attenuator, and 50 Q

bnc termination.

c. Adjust calibration generatortomaintain a 5-division
display throughout step 16.

d. CHECK—Display overshoot or rounding is within
3% (5 divisions +0.15 division) for each A TIME/DIV and
generator setting given in Table 4-10.

e. If above checks are within 3%, proceedto step 17; if

not, continue with part f.

Table 4-10
MAXIMUM OVERSHOOT OR ROUNDING
Calibration Maximum
Generator A Time/Div Overshoot or
Signal Setting Rounding in Div
1 kHz .2ms 4.85to0 5.15
10 kHz 20 us 4.85t0 5.15
100 kHz 2us 4.8510 5.15
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f. Set:

A TIME/DIV 0.2 ms

VERT MODE CH 1, CH 2, and ALT

AC-GND-DC (both) DC

VOLTS/DIV (both) 5mvVv

A TRIGGER LEVEL As needed for stable
display

A TRIGGER SLOPE — (minus)

g. Unplug cable connector from J4387 (Vert Alt Sync
pulse) and insert plug into bnc-to-cable-connector
adapter. Connect the square-wave output of low-
frequency generator to the bnc-to-cable-connector
adapter via a 50 Q2 bnc cable. Set the generator output
frequency to 1 kHz and adjust CH 1 and CH 2 Vertical
POSITION controls for a 6-division display. Adjust A
TRIGGER LEVEL control for a stable display. Presenta-
tion will be a square wave when the CH 1and CH 2traces
alternate at the generator frequency.

NOTE

As an alternate signal source, use the fast-rise —
(minus) output of the calibration generator. Do not
terminate the cable and adjust the output amplitude
to maximum.

h. ADJUST—Use the settings and adjustments in
Table 4-11 and adjust the Vertical Output for best flat top
within +=3%.

Table 4-11
VERTICAL OUTPUT LOW-FREQUENCY
COMPENSATION
Square-wave

Frequency |465B A Time/Div Adjustment
1 kHz 0.2 ms R2448 (R2550)*
10 kHz 20 us R2446 (R2540)*
100 kHz 2us R2436 (R2535)"
R2426 (R2520)*

* Below SN B030000.

INTERACTION—Repeat 1 kHz, 10 kHz, and 100 kHz until
no further improvement is noted.

i. Unplug cable connector from bnc-to-cable-
connector adapter and plug connector back into J4387.
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j. Set:
A TIME/DIV 2 us
HORIZ DISPLAY ALT

k. CHECK—TRACE SEP control will move the B trace
at least =4 vertical divisions from the Atrace whenrotating
TRACE SEP control to fully clockwise and fully
counterclockwise positions (A trace centered).

|, CHECK—B trace moves an equal distance above
and below the A trace (=4 divisions). Below SN B030000;
ADJUST—Trace Sep Range Adjust R2035 for +4 divisions
of trace separation when rotating TRACE SEP control to
fully clockwise and fully counterclockwise positions.

m. ADJUST—Trace Sep CenteringR2117 sothatthe B
trace moves an equal distance above and below the A
Trace (=4 divisions). Below SN B030000; ADJUST Trace
Sep Comp adjust R2030 for minimum movement of the A
Trace while rotating TRACE SEP control from fully
clockwise to fully counterclockwise positions.

n. Set:

A TIME/DIV 0.2 ms

VERT MODE CH 1

AC-GND-DC (both) DC

VOLTS/DIV (both) 5mV

HORIZ DISPLAY A

A TRIGGER LEVEL As needed for stable
display

A TRIGGER SLOPE +

o. Connect calibration generator fast-rise + output to
CH 1 input connector via 50 Q bnc cable, 10X attenuator,
and 50 Q termination. Set generator frequency to 1 kHz
and adjust amplitude for a 6-division display. Adjust A
TRIGGER LEVEL for a stable display.

p. ADJUST—Use the settings and adjustments in
Table 4-12 to adjust the CH 1 low-frequency compensa-
tion for best flat top within +3%.
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Table 4-12
CH 1 LOW-FREQUENCY COMPENSATION

Square-Wave 465B A
Frequency Time/Div Adjustment
1 kHz 0.2 ms R1176
10 kHz 20 us R1185
100 kHz 2us R2432 (R2530)" and

R2426 (R2520)" on
Vertical Qutput board
if needed. (See
Table 4-13.)

* Below SN B030000.

g. Movetheinputsignal from CH 1input connector to
CH 2 input connector and set VERT MODE switches to
display CH 2.

r. ADJUST—Use the settings and adjustments in
Table 4-13 to adjust the CH 2 low-frequency compensa-
tion for best flat top within £3%.

Table 4-13
CH 2 LOW-FREQUENCY COMPENSATION
Square-Wave 465B A
Frequency Time/Div Adjustment
1 kHz 0.2ms R1580
10 kHz 20 us R1582

100 kHz 2 us R2432(R2530)" and
R2426 (R2520)" for
best compromise
between CH 1
and CH 2.

* Below SN B030000.

s. Disconnect calibration generator fast-rise + output
from CH 2 input connector.
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17. Check/Adjust CH 1 Volts/Div Compensation
NOTE

C13010, in the CH 1 Preamplifier, is set at the factory
to give C13010, in the CH 2 Preamplifier, enough
range to match CH 2 input capacitance with CH 1
input capacitance. Unless there is a circuit malfunc-
tion, the CH 1 C13010 should not need readjust-
ment. When adjusting either C13010, or other ad-
fustments in this section, if the low-capacity screw-
driver contains a metal bit, the metal may affect the
adjustment. Check adjustment after the screwdriver
is remove, and re-adjust as necessary.

a. Set:

VOLTS/DIV (both) 5 mV (see note
below)

VERT MODE CH 1

A TIME/DIV 0.2 ms (see note
below)

20 MHz BW LIMIT Limited bandwidth
(button in)

NOTE

In steps 17 and 18, all VOLTS/DIV Checks and
Adjustments require the use of a 10X probe with
Scale-Factor Switching (preferably the probe
supplied as a standard accessory with the os-
cilloscope you are calibrating). If it is necessary to
use a 10X probe without Scale-Factor Switching, set
the VOLTS/DIV knob to indicate one-tenth of the
setting listed (5 mV instead of 50 mV, etc). When
adjusting compensation, one adjustment will affect
the waveform front corner, and another will affect
the flat top. Ignore the front corner when making the
flat top adjustment and vice-versa. The A TIME/DIV
switch should be set to 1 ms for the flat-top, and to
0.2 ms for front corner checks and adjustments.

b. Connect a 10X probeto CH 1input connector (note
that the VOLTS/DIV Scale-Factor LED will now indicate
50 mV).

c. Connect calibration generator high-amplitude out-
put to tip of the 10X probe via a 2X, 5X, or 10X bnc
attenuator (depending on generator amplitude) and bnc-
to-probe-tip adapter.
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d. Set the calibration generator for a 5-division, 1 kHz
display, add or remove attenuators or termination as
needed to maintain a 5-division display throughout steps
17 and 18.

e. Adjust probe compensation adjustment for best flat-
top waveform. Do not re-adjust probe compensation
throughout the remainder of steps 18 and 19.

f. Set CH 1 VOLTS/DIVto 0.1 V.

g. CHECK—Compensation for all VOLTS/DIV set-
tings listed in Table 4-14 for display overshoot, rounding,
and flat-top, is within 2% (5 divisions +0.1 division). If
compensation setting is within 2%, skip part h; otherwise
perform part h.

h. ADJUST—Any adjustment pair (see Table 4-14) as
necessary so compensation for all settings of the
VOLTS/DIV switch is within 2%,

18. Adjust CH 2 Volts/Div Compensation
a. Set:

VERT MODE CH2

b. Move the 10X probe connector from the CH 1input
to the CH 2 input connector.

¢. Adjust calibration generator for a 5-division, 1 kHz
display; add or remove attenuators or termination as
needed to maintain a 5-division display throughout the
remainder of this step.

d. CHECK—Display for flat-top waveform within 3%
(£0.15 division).

e. ADJUST—C13010inthe CH 2 Preampiifier for best
flat-top waveform using a low-capacitance screwdriver.

f. Repeat step 17, parts f through h for CH 2,

g. Disconnect test setup.
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Table 4-14
VOLTS/DIV COMPENSATION
Adjust
Time/Div Time/Div
Volts/Div Setting 1ms 0.2ms
(10X Scale-Factor) Flat Corner
AV C37 C36
2V C35 C34
SV C33 C32
1V Check Check
2V Check Check
5V C31 C30
NOTE

If the oscilloscope is to be used primarily with a 50 Q2
signal source, more accurate reproduction of the
waveform front corner may be achieved by
calibrating with a 50 Q system. To accomplish this,
substitute a properly terminated 50 Q) cable for the
10X probe while making the front corner ad-
justments listed in Table 4-14.

19. Check/Adjust CH 2 and Output High-
Frequency Compensation

a. Set:
VOLTS/DIV (both) 5mV
A TRIGGER SLOPE +

20 MHz BW LIMIT Full bandwidth

(button out)

b. Connect calibration generator fast-rise + (positive-
going) output to CH 2 input connector via a 50 Q bnc
cable, 10X bnc attenuator, and 50 {2 termination.

NOTE

Adjustments in steps 19 through 25 interact. Perform
ail of the checks, but not the adjustments, in these
steps before making any adjustments (unless
calibration is being performed after repair or
replacement of vertical components).

If all checks are within the given limits, proceed to
step 26.

If any of the checks are not within the given limits,
perform checks and adjustments in steps 19 through
25, using low-capacitance screwdriver.

If still not within the given limits—perform steps 6
through 25.
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c. Adjust calibration generator output for a 5-division,
100 kHz display.

d. Set A TIME/DIV to 0.2 us.

e. CHECK—Flat-top display aberrations are within 4%
(£0.2 division). See Figure 4-1 for typical display

2757-69

Figure 4-1. Typicai display when high-frequency compensation
is correctiy adjusted.

f. ADJUST—R1685. C1690, R1634, C1643, C2315
(C2308 below SN B030000), R2325 (R2312 below SN
B030000), R2243 (R2245 below SN B030000), and C2346
(C2350 below SN B030000), for best flat-top waveform
with fastest rise time.

g. Connect test setup to fast-rise — (negative-going)
output of calibration generator.

h. Set A TRIGGER SLOPE to

i. CHECK—Flat-bottom display aberrations are within
6% (0.3 division).

20. Check CH 2 Position Effect
a. Position bottom of display to top graticule line.

b. CHECK—Display aberrations are within 8% (+0.4
division).

c. Set A TRIGGER SLOPE to +.
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d. Connect test setup to fast-rise + output of calibra-
tion generator.

e. Position top of display to bottom graticule line.

f. CHECK—Display aberrations are within 6% (+0.3
division).

21. Check/Adjust CH 1 High-Frequency
Compensation
a. Set VERT MODE switches to display CH 1.

b. Move test signal from CH 2 input to CH 1 input
connector.

¢. CHECK—Flat-top display aberrations are with 4%
{(£0.2 division). See Figure 4-1 for typical display.

d. ADJUST—R1190, C1192, R1335, and C1342for best
flat-top display.

INTERACTION—It may be necessary to compromise
Vertical Output adjustment and CH 2 adjustment for best
high-frequency match between CH 1 and CH 2.

e. Connect test setup to fast-rise — output of calibra-
tion generator.

f. Set A TRIGGER SLOPE to —.

g. CHECK—Flat-bottom display aberrations are
within 6% (+0.3 division).

22, Check CH 1 Position Effect
a. Position bottom of display to top graticule line.

b. CHECK—Display aberrations are within 8% (+0.4
division).

c. Set A TRIGGER SLOPE to +.

d. Connect test setup to fast-rise + output of calibra-
tion generator,

e. Position top of display to bottom graticule line.
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f. CHECK—Display aberrations are within 6% (%0.3
division).

23. Check CH 1 Transient Response

a. Verify that A TRIGGER SLOPE is set to + and that
the calibration generator fast-rise + output is connected
to CH 1inputviaa50 Q bnc cable, 10X bnc attenuator, and
50 Q bnc termination.

b. Adjust generator and add or remove attenuators as
necessary to maintain a 5-division display throughout the
checks of the 5 mV, 10 mV, 20 mV, and 50 mV positions of
CH 1 VOLTS/DIV switch.

¢. CHECK—Display flat-top and aberrations are
within 4% (£0.2 division) for each position of the
VOLTS/DIV switch given in part b.

24, Check CH 2 Transient Response
a. Set VERT MODE switches to display CH 2.

b. Move test setup to CH 2 input connector.

c. Adjust generator and add or remove attenuators as
necessary to maintain a 5-division display throughout the
checks of the 5 mV, 10 mV, 20 mV and 50 mV positions of
CH 2 VOLTS/DIV switch.

d. CHECK—Display flat-top and aberrations are
within 4% (£0.2 division) for each position of the
VOLTS/DIV switch given in part c.

25. Check Bandwidth

a. Set:
A TIME/DIV 0.2 ms
CH 2 VOLTS/DIV 5mv

b. Connect leveled sine-wave generator reference
signal to CH 2 input via a 50 Q bnc cable, 10X attenuator,
and 50 Q termination.

c. Adjust generator for 5-division display.

d. Set generator for 100 MHz output frequency.

e. CHECK—Display amplitudeis 3.5 divisions or more.



f. Repeat step 25 parts c, d, and e, for 10 mV through
1 V positions of CH 2 VOLTS/DIV switch.

g. Change VERT MODE switches to display CH 1.
Move test setup to CH 1 input.

h. Repeat step 25, parts ¢, d, and e, for 5 mV through
1V positions of CH 1 VOLTS DIV switch.

i. Disconnect test setup.

26. Check Cascaded Gain and Bandwidth
a. Set:

VOLTS/DIV (both) 5mvV
AC-GND-DC (both) AC

VERT MODE CH 2
A TIME/DIV 1 ms

b. Connect CH 1 VERT SIGNAL OUT (on 465B rear
panel) to CH 2 input connector via 50 Q bnc cable and
50 Q termination.

c. Connect calibration generator standard-amplitude
output to CH 1 input connector via 50 Q bnc cable. Set
generator output to 5 mV.

d. CHECK—Display amplitude is 5 divisions or more.

e. Remove test setup from CH 1 input.

f. Connect leveled sine-wave generator reference
signal output to CH 1 input via 50 Q bnc cable, 10X
attenuator, and 50 Q termination.

g. Adjust generator output for a 5-division display.

h. Set generator for 50 MHz output frequency.

i. CHECK—Display amplitudeis 3.5divisions or more.

j. Disconnect test setup.
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27. Check Channel Isolation

a. Set:

CH 2 VOLTS/DIV 0.2V
VERT MODE CH 2
CH 1 AC-GND-DC GND

b. Connect leveled sine-wave generator output to
CH 2 input via 50 Q bnc cable, and 50 () termination.

c. Set generator for 256 MHz and adjust output for a 2-
division display.

d. Set:

VOLTS/DIV (both) 20 mvV

VERT MODE CH1

A TRIGGER SOURCE CH 2

A TRIGGER LEVEL As needed for a stable
display

e. CHECK—Display amplitude is 0.2 division or less.

f. Move test setup from CH 2 input to CH 1 input
connector.

g. Set:

CH 1 AC-GND-DC DC
CH 2 AC-GND-DC GND
VERT MODE CH2

A TRIGGER SOURCE CH1
A TRIGGER LEVEL As needed for a stable
display

h. CHECK—Display amplitude is 0.2 division or less.

i. Disconnect test setup.

28. Check/Adjust Common-Mode Rejection Ratio

(R1882)
a. Set:
VOLTS/DIV (both) 20 mV
AC-GND-DC (both) DC
A TRIGGER SOURCE NORM
VERT MODE CH 1
CH 2 INVERT Inverted (button in)
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b. Connect leveled sine-wave generator output to
CH 1 and CH 2 input connectors via 50 Q bnc cable, 10X
attenuator, 50 Q termination, and dual-input coupler.

c. Set generator frequency to 20 MHz and adjust
output for a 6-division display.

d. Set VERT MODE switchesfor ADD only (press CH 1
VERT MODE to remove CH 1 trace from crt display).

e. CHECK—Display is 0.6 division or less (indicates
CMRR of at least 10:1 at 20 MHz).

f. Proceed to part m if the check in part e meets the
requirements. If the CMRR is less than 10:1, continue with
this procedure.

g. Set VERT MODE switches to display CH 1.

h. Set generator frequency to 50 kHz and adjust
output for a 6-division display.

i. Set VERT MODE switches to display ADD only.

j. ADJUST—CH 2 Gain Adjust (R1882) for minimum
display (best CMRR).

k. Set generator frequency to 20 MHz.

I. CHECK—Display is 0.6 division or less (indicates
CMRR of at least 10:1 at 20 MHz).

m. Press CH 2 INVERT push button to release; dis-
connect test setup.

29. Check Bandwidth Limit Operation
a. Set:

20 MHz BW LIMIT Limited bandwidth

(button in)
CH 1 AC-GND-DC DC
VERT MODE CH1

b. Connect leveled sine-wave generator reference
signal output to CH 1 input connector via 50 Q bnc cable
and 50 Q termination.
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c. Adjust generator output amplitude for a 6-division
display.

d. Increase generator frequency until display is 4.2
divisions,

e. CHECK—Generator output frequency is 16 to
24 MHz.

f. Disconnect test setup.

30. Check/Adjust Trigger View Centering and Gain
(R7526, R7439)

a. Set:

A TRIGGER COUPLING AC
A TRIGGER SOURCE EXT

A TRIGGER LEVEL 0
A TIME/DIV 0.2 ms
VERT MODE A TRIG VIEW

b. Connect the calibration generator standard-
amplitude signal to the A External Trigger input connector
via a 50 Q bnc cable. Set the generator for 0.5 V output.

¢. CHECK—Display amplitude is 5 divisions 5% (5
divisions +0.25 division) and that display will trigger
symmetrically within one division of the center horizontal
graticule line when the A TRIGGER SLOPE is switched
between + and —.

d. ADJUST—Trig View Centering (R7526) to center
the display about the center horizontal graticule line.

e. ADJUST—Trig View Gain (R7439) for a 5-division
display.

f. INTERACTION—Between Trig View Centering and
Trig View Gain adjustments. Repeat both for no visible
interaction.

g. Disconnect the calibration generator standard-
amplitude signal from the A External Trigger input.

31. Check/Adjust Trigger View Low-Frequency
Compensation (C7505, C7506)

a. Connect the calibration generator high-amplitude
output to the A External Triggerinput connectorviaa50 Q
bnc cable. (Check generator output to seeifterminationis
required.)



b. Set calibration generator for a 5-division display at
1 kHz.

c. CHECK—Square wave has less than 10% overshoot
or rounding (£0.5 division).

d. ADJUST—CT7505 for best flat top on square-wave
display.

e. Change A TRIGGER SOURCEto EXT/10and adjust
calibration generator output amplitude for a 5-division
display.

f. CHECK—Square wave has less than 10% overshoot
or rounding (£0.5 division).

g. ADJUST—C7506 for best flat top on square-wave
display.

h. Remove bnc cable from high-amplitude output on
the calibration generator.

32. Check/Adjust Trigger View High-Frequency
Compensation (C7425, C7529, and R7423)

a. Set:

A TIME/DIV 0.2 us
A TRIGGER SOURCE EXT

b. Connect fast-rise + output from calibration
generator to the A External Trigger input connector via a
50 Q bne cable and a 50 Q termination. Set the calibration
generator to 100 kHz and adjust output amplitude for a 5-
division display.

c. CHECK—Square-wave front corner has less than
+10% aberration (0.5 division).

d. ADJUST—C7425, R7423, and C7529 for best front
corner and square-wave rise time of 5 ns or less.

e. Disconnect calibration generator.
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33. Check/Adjust Zero Trigger View Delay (R6011
and R6152)

NOTE

For instruments equipped with DM44 Option, access
to R6011 and R6152 is through a hole in the DM44
circuit board. See the DM44 Instruction manual,
Test Points and Adjustment Location foldout, for the
location of these adjustments.

a. Set:

VERT MODE CH 1 and A TRIG
VIEW

HORIZ DISPLAY A

A TIME/DIV 0.02 us

X10 MAG On (button in)

A TRIGGER SOURCE EXT
A TRIGGER COUPLING AC
CH 1 VOLTS/DIV 01V

b. Connect output of sine-wave generator via bnc T,
two 42-inch (equal length) 50 Q bnc cables, and 50 Q
terminations; one to the CH 1 input connector, and oneto
the A External Trigger input connector. Set sine-wave
generator frequency to 40 MHz and adjust output for a 6
division A TRIG VIEW display. Adjust CH 1 VAR and
VOLTS/DIV to match CH 1 display amplitude to A TRIG
VIEW display amplitude.

c. CHECK—Time difference with displays superim-
posed is <0.15 horizontal graticule division.

d. ADJUST—R6011 for zero time difference between
CH 1 display and A TRIG VIEW display.

e. Set:

HORIZ DISPLAY B DLY'D
A TIME/DIV 0.2 us

B TIME/DIV 0.02 us

f. CHECK—Time difference with displays superim-
posed is <0.15 horizontal graticule division.

g. ADJUST—R6152 for zero time difference between
CH 1 display and A TRIG VIEW display.

h. Disconnect test setup.
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TRIGGERS

Equipment Required
1. Leveled Sine-wave Generator

2. Low-frequency Generator

3. Time Mark Generator

4. Calibration Generator

5. 50 Q2 Signal Pickoff Unit (Type CT-3)
6. 10X Probe

7. 42-inch Bnc Cable (2 required)

8. Gr-to-bnc-female Adapter
9. Gr-to-bnc-male Adapter
10. 10X Bnc Attenuator

11.
12.
Bnc T Connector

13.

14.

50 Q BNC Termination (2 required)

Dual-input Coupler (2 required)

3-inch Slotted Screwdriver

See  ADJUSTMENT LOCATIONS 2 and

ments and test points (TP).

465B Control Settings
Regulating Range Selector Medium

ADJUSTMENT LOCATIONS 4

in the Diagrams section for adjust-

Triggering Controls

(both A and B it

applicable)

Adjust as needed for
a stable display

+

AC

NORM

AUTO

A

Fully counterclockwise
0.05 us

0.05 us

Calibrated detent

Off (button out)
Midrange

NORM

Sensitivity and TRIG

a. Connect a 10 MHz signal from theleveled sine-wave
generator to the A and B External Trigger inputs via a GR-
to-bnc-male adapter, CT-3 through output, GR-to-bnc-

Line Voltage Selector 115V LEVEL
POWER ON
SLOPE
COUPLING
SOURCE
TRIG MODE
CRT Controls
INTENSITY As desired SwespAControls
FOCUS Best focused display HORIZ DISPLAY
SCALE ILLUM As desired DELAY TIME POSITION
A TIME/DIV
B TIME/DIV
VAR TIME/DIV
X10 MAG
POSITION
Vertical Controls A TRIGGER HOLDOFF
(both channels If applicable)
VOLTS/DIV i0mv
VAR Calibrated detent 1. Check/Adjust A Trigger
POSITION Midrange LED (R7246)
AC-GND-DC DC
VERT MODE CH 1
INVERT Off (button out)
20 MHz BW LIMIT Full bandwidth

(button out)
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female adapter, 50 Q bnc cable, 10X attenuator, 50 Q
termination and dual-input coupler.




b. Connect CT-3 Sig Out 10% signaltoCH 1and CH 2
inputs via a 50 Q bnc cable, 50 Q termination and a dual-
input coupler.

c. Adjust the leveled sine-wave generator for a 3-
division display.

d. Set the CH 1 VOLTS/DIV switch to 0.1V (0.3-
division display).

e. CHECK—Stabledisplay can be obtained by rotating
A TRIGGER LEVEL control in both + and — slopes.

f. CHECK—TRIGLEDisonwhenthedisplayis stable.

g. Set CH 1 VOLTS/DIV switch to 5§ mV and adjust
leveled sine-wave generator for a 2-division display.

h. Set CH 1 VOLTS/DIV switch to 0.1 V (0.1-division
display).

i. CHECK—Stable display cannot be obtained by
rotating A TRIGGER LEVEL control in both + and —
slopes. Return the A TRIGGER SLOPE control to +.

j. If the checks in parts c¢ through i meet the re-
quirements, proceed to step 2. If not, make the following
adjustments.

k. Set the CH 1 VOLTS/DIV switch to 10 mV and
adjust the leveled sine-wave generator for a 2.5-division
display.

l. Set the CH 1 VOLTS/DIV switch to 0.1V (0.25-
division display).

m. ADJUST—A Trigger Sensitivity (R7246) so display
can just be triggered by rotating A TRIGGER LEVEL
control (A TRIGGER SLOPE in +).

n. Set CH1VOLTS/DIVswitchto10 mVandadjustthe
leveled sine-wave generator for a 2-division display.

0. Set the CH 1 VOLTS/DIV switch to 0.1V (0.2-
division display).
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p. CHECK—Stable display cannot be obtained by
adjusting the A TRIGGER LEVEL control in + slope only
(— slope is generally slightly more sensitive).

q. If astabledisplay can be obtained, thenthetriggeris
too sensitive. Adjust A Trigger Sensitivity (R7246) slightly
so display will just barely not trigger by adjusting the A
TRIGGER LEVEL control (in + slope only).

r. Repeat parts k through p until a stable display canbe
obtained on a 0.25-division display, but not on a 0.2-
division display (+ slope only).

g. Repeat checks in parts ¢ through i.

2. Check/Adjust B Trigger Sensitivity (R7045)
a. Set:

HORIZ DISPLAY
CH 1 VOLTS/DIV
A TRIGGER LEVEL
B TRIGGER LEVEL

8 DLY'D

10 mV

Fully clockwise

As needed for a stable
display.

b. Adjust leveled sine-wave generator for a 3-division
display.

c. Set the CH1 VOLTS/DIV switch to 0.1V (0.3
division display).

d. CHECK—Stable display can be obtained by
rotating B TRIGGER LEVEL control in both + and —
slopes.

e. Set CH 1VOLTS/DIV switchto5 mV and adjust the
sine-wave generator for a 2-division display.

f. Set the CH 1 VOLTS/DIV switch to 0.1V (0.1-
division display).

g. CHECK—Stable display cannot be obtained by
rotating the B TRIGGER LEVEL control in either + or —
slope. Return B TRIGGER SLOPE control to +.

h. If check results in parts b through g meet
requirements, proceed to step 3. If not, make thefollowing
adjustments.
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