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2236A instruction

OPERATORS SAFETY SUMMARY

The safety information in this summary is for operating personnel. Warnings and cautions will also be found throughout

the manual where they apply.

Terms in This Manual

CAUTION statements identify conditions or practices

that could result in damage to the equipment or other

property.

WARNING statements identify conditions or practices

that could result in personal injury or loss of life.

Terms as Marked on Equipment

CAUTION indicates a personal injury hazard not immedi-

ately accessible as one reads the markings, or a hazard

to property, including the equipment itself.

DANGER indicates a personal injury hazard immediately

accessible as one reads the marking.

Symbols in This Manual

This symbol! indicates where applicabie
cautionary or other information is to
be found. For maximum input voltage

see Table-1-1.

Symbols as Marked on Equipment

h DANGER— High voltage.

© Protective ground (earth) terminal.

A ATTENTION —Refer to manual.

Power Source

This product is intended to operate from a power source

that does not apply more than 250 V 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.

viii

Grounding the Product

This product is grounded through the grounding con-

ductor of the power cord. To avoid electrical shock, plug

the power cord into a properly wired receptacle before

making any connections to the product input or output

terminals. A protective ground connection, by way of the

grounding conductor in the power cord, is essential for

safe operation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, ail

accessible conductive parts, including knobs and con-

trols that may appear to be insulating, can render an

electric shock.

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 con-

nectors, see Figure 2-2.

Use the Proper Fuse

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

voltage rating and current rating as specified in the parts

list for your product.

Do Not Operate in an Explosive

Atmosphere

To avoid explosion, do not operate this instrument in an

explosive aimosphere.

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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Section 1—2236A Instruction

SPECIFICATION

INTRODUCTION

The TEKTRONIX 2236A oscilloscope js a lightweight

100-MHz instrument with a Counter, Timer, and Mullti-

meter (CTM). Measurement values are displayed on the

Vacuum Fluorescent nine-digit readout.

The dual vertical channel system supplies calibrated

deflection factors from 2 mV per division to 5 V per

division. Trigger circuits enable stable triggering over the

full bandwidth of the vertical deflection system. The hori-

zontal system provides calibrated sweep speeds from

0.5 s per division to 50 ns per division, along with

delayed-sweep features. A X10 magnifier circuit

extends the maximum sweep speed to 5 ns per division

when the A and B SEC/DIV switch is set to 0.05 ys per

division.

Tne Counter Timer section of the CTM measures

frequency, period, width, and totalizes, and provides a

digital readout of oscilloscope delay time and delta

time. It also provides frequency, period, and width

measurements and totalizes on portions of a waveform

selected by the intensified zone (gated measurements).

Counting and timing measurements are made through

the A and B Trigger system. All Counter Timer measure-

ment values are displayed on the readout.

The Multimeter section of the CTM measures voltages

and resistance through the floating input connectors

located on the right side of the instrument. Voltages can

also be measured through the CH 1 OR X & DMM con-

nector. Temperature measurements can be made by

connecting the optional temperature probe to the

Multimeter input conmectors. The Multimeter measure-

ment values are displayed with a 3 3/4—digit (6000 count)

format, on the digital readout.

ACCESSORIES

The instrument is shipped with the following standard

accessories:

Instruction manual

Multimeter test lead clips

Multimeter test leads

10X probes with accessories

Power cord

Power cord clamp

Flat washer

Self-tapping screw

FusehtAOR
For part numbers and information about both standard

and optional accessories, refer to the Accessories page

atthe back of this manual. Your Tektronix representative,

jocal Tektronix Field Office, or Tektronix product catalog

can also provide accessories information.

PERFORMANCE CONDITIONS

The following electrical characteristics (Table 1-1) are

valid for the instrument when it has been adjusted at an

ambient temperature between + 20°C and + 30°C, has

had a warm-up period of at least 30 minutes, and is

operating at an ambient temperature between 0°C and

+50°C (unless otherwise noted).

Items listed in the Performance Requirements column

are verifiable qualitative or quantitative limits that define

the measurement capabilities of the instrument.

Environmental characteristics are given in Table 1-2.

The 2236A meets the requirements of MIL-T-28800C,

paragraphs 4.5,5.1.3, 4.5.5.1.4, and 4.5.5.1.2.2 for Type

ll, Class 5 equipment, except otherwise noted.

Physical characteristics of the instrument are listed in

Table 1-3.
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Table 1-1

Electrical Characteristics

Characteristics Performance Requirements

VERTICAL DEFLECTION SYSTEM

Deflection Factor

Range 2 mV per division to 5 V per division in a 1-2-5 sequence.

Accuracy

+ 15°Cto +35° 12%.

O°CS to +50°C 43%23

For 5 mV per division to 5 V per division VOLTS/DIV switch set-

tings, the gain is set at a VOLTS/DIV switch setting of 10 mV per

division.

2 mV per division gain is set with the VOLTS/DIV switch set to
2 mV per division.

Range of VOLTS/DIV Variable Control Continuously variable between settings. Increases deflection

factor by at least 2.5 to 1.

Step Response

Rise Time

+ 10°C to +35°

5 mV per Division to

5 V per Division

3.5 ns or less.

2 MV per Division 3.9 ns or less.

+35°C to +50°

§ mV per Division to

5 V per Division

3.9 ns or less.

2 MV per Division 4.4 ns or less.4

0.35
Rise time is calculated from the fOrrla: _———aemne

Bandwidth (~3 dB)

Aberrations

Positive-Going Step

2 mV per Division to 0.5 V per Division +4%, -4%, 4% p-p.A

1 V per Division to 5 V per Division +12%, -12%, 12% p-pa

Measured with 5-division reference signal, centered vertically,

from a 50 0. source driving a 50 0 coaxial cable terminated in

50 2 at the input connector with the VOLTS/DIV Variable control in

the CAL detent. Vertically center the top of the reference signal.

4 Performance Requirement not checked in Service Manual.
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Tabie 1-1 (cont)

Characteristics Performance Requirements

Bandwidth (-3 cB)

+0°C to +35°

5 mV per Division to

5 V per Division

Dc to at least 100 MHz.

2 mV per Division Dc to at least 90 MHz.

+35°C to +50°

5 mV per Division to

5 V per Division

De to at least 90 MHz?

2 mV per Division Dc to at least 80 MHz*

Measured with a vertically centered 6-division reference signal

from a 50 © source driving a 50 0 coaxial cable that is terminated

in 50 ©, both at the input connector and at the probe input, with the

VOLTS/DIV Variable control in the CAL detent.

AC Coupled Lower Limit 10 Hz or less at -3 dB?

Bandwidth Limiter Upper limits (-3 dB) bandpass at 20 MHz 10%.

AC Coupled Lower

Cutoff Frequency

10 Hz or less at -3 dB?

Chop Mode Switching Rate 500 kHz 430%?

Input Characteristics

Resistance 1MO +2%A3

Capacitance 20 pF 42 pra

Maximum Safe Input Voltage A

DC Coupled

See Figure 1~1 for derating curve.

400 V (dc + peak ac) or 800 V ac p-p to 10 kHz or less8

AC Coupled 400 V (de + peak ac) or 800 V ac p-p to 10 kHz or less

Common-Mode Rejection Ratio (CMRR) At least 10 to 1 at 80 MHz.

Checked at 10 mV per division for common-mode signals of 6

divisions or less with VOLTS/DIV Variable control adjusted for

best CMRR at 50 kHz.

Input Current 1 nA or Jess (0.5 division or less trace shift when switching

between DC and GND input coupling with the VOLTS/DIV switch

at 2 mV per division)3

Trace Shift with Volts/Div Switch Rotation 0.75 division or less.8

VOLTS/DIV Variable control in CAL detent.

4 Performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics Performance Requirements

Trace Shift as VOLTS/DIV

Variable Control is Rotated

1.0 division or less.4

Trace Shift with Invert 1.5 division or less.4

Channel Isolation Greater than 100 to 1 at 50 MHz.

POSITION Control Range At least 411 division from graticule center.

TRIGGER SYSTEM

A TRIGGER Sensitivity 10 MHz 60 MHz 100 MHz

(P-P AUTO and NORM)

A Sweep

Internal 0.35 div 1.0 div 1.5 div

External 35 mV 120 mV 150 mV

Counter

Internal 0.5 div 1.5 div 2.0 div

External 50 mv 160 mV 300 mV

HF REJ Reduces trigger signal amplitude at high frequencies by about

20 dB with rolloff beginning 40 kHz £25%a

LF REJ Attenuates signals below 40 kHz (~3 dB point at 40 KHz £25%)a4

Lowest Usable Frequency in

P-P AUTO Mode

20 Hz with 1.0 division internal! or 100 mV external.4

TV LINE (Sync Amplitude) internal 4 External?

0.35 div 35 mV p-p

TV FIELD Mode 21 division of composite sync.

B TRIGGER Sensitivity (Internal Only) 10 MHz 60 MHz 100 MHz

B Sweep 0.4 div 1.2 div 1.5 div

Counter 0.5 div 1.5 div 2.0 div

EXT INPUT

Maximum Input Voltage A 400 V (de + peak ac) or 800 V ac p-p at 10 kHz or less?

See Figure 1~1 for derating curve.

Input Resistance 1MQ 42%

Input Capacitance 20 pF +2.5 Fa

AC Coupled Lower Cutoff Frequency 10 Hz or less at lower ~-3 cB point.4

Offset 25 mV or less.

4 Performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics Performance Requirements

LEVEL Control Range

A TRIGGER (NORM)

INT Can be set to any point of the trace that can be displayed.?

ExT, bC Atleast +1.6V, 3.2 Vp-p.

ExT, DC + 10 Atleast +16 V, 32 V p-p.4

B TRIGGER (Internal) Can be set to any point of the trace that can be displayed.#

VAR HOLDOFF Control Increases A Sweep holdoff time by at least a factor of 103

Trigger View System

Deflection Factor

Internal Same as vertical.

External

AC and DC 100 mV per division,

DC + 10 1 V per division.

Accuracy 420%.

Delay Difference Between EXT

INPUT and Either Vertical Channel

Less than 3.0 ns.4

HORIZONTAL DEFLECTION SYSTEM

Sweep Rate

Calibrated Range

A Sweep 0.5 s per division to 0.05 xs per division in a 1-2-5 sequence of 22

steps. X10 magnifier extends maximum sweep speed to 5 ns per

division.

B Sweep 50 ms per division to 0.05 ys per division in a 1-2-5 sequence of

19 steps. X10 magnifier extends maximum sweep speed to 5 ns

per division.

Accuracy Unmagnified Magnified

+ 10°C to +35°C +2% t3%

0°C to +50°C 43% t4%

Sweep accuracy applies over the center 8 divisions. Exclude the

first 25 ns of the sweep for the X10 magnified sweep speeds and

anything beyond the 100th magnified division.

POSITION Control Range Start of sweep to 10th division will position past the center vertical

graticule line in X1 or 100th division in X10.

4 Performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics Performance Requirements

Sweep Linearity +5%.

Linearity measured over any 2 of the center 8 divisions. With mag-

nifier in X10, exclude the first 25 ns and anything past the 100th

division of the X10 magnified sweeps.

Variable Control Range Continuously variable between calibrated settings of the SEC/

DIV control. Extends the A and the B Sweep speeds by at least a

factor of 2.5 times over the calibrated SEC/DIV switch settings.

Sweep Length Greater than 10 division.

A/B SWP SEP Range £3.5 divisions or greater.

Delay Time Applies to 0.5 us per division and slower.

Delay time is functional, but not calibrated at A sweep speeds

above 0.5 us per division.

Delay POSITION Range Less than (0.5 div + 300 ns) to greater than 10 divisions.

Jitter One part or less in 10,000 (0.01%) of the maximum available

delay time.

X~-Y OPERATION (X1 MAGNIFICATION)

Deflection Factors Same as Vertical Deflection System with the VOLTS/DIV Variable

controls in CAL detent positions.

Accuracy

X~Axis

+ 15°C to 35°C £3%.

O°C to +50°C t4%A

Measured with a dc-coupled, 5-division reference signal.

Y-Axis Same as Vertical Deflection Systern.4

Bandwidth (-3 dB)

X-Axis Dc to a least 2.5 MHz.

Y-Axis Same as Vertical Deflection System.?

Phase Difference Between X- and

Y~-Axis Amplifiers

+3° from dc to 150 kHz.

Vertical Input Coupling set to DC.

4 Performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics Performance Requirements

PROBE ADJUST

Output Voltage of

PROBE ADJUST Jack

O5V 2%.

Repetition Rate TkHz £5%. 4

Z-AXIS INPUT

Sensitivity 5 V causes noticeable modulation. Positive-going input

decreases intensity.

Usable: frequency range is de to 20 MHz.

Maximum Safe Input Voltage 30 V (dc + peak ac) or 30 VC p-p ac at 1 kHz or less.2

input Resistance 10kQ 410%?

COUNTER-TIMER

Frequency

Maximum Input Frequency

Ranges Maximum Resolution

100 Hz 0.00001 Hz

1 kHz 0.0001 Hz

10 kHz 0.001 Hz

100 kHz 0.01 Hz

1 MHz 0.1 Hz

10 MHz 1 Hz

100 MHz 10 Hz

Same as trigger specifications?

Minimum Displayabie

Frequency

0.20000 Hz?

Time Base Error

Standard £1X 10-6 (10 parts per million). Less than 5 X 10-6 change per

year. 4

Option 14 +5 X 10°7 (0.5 parts per million). Less than 1 X 10°7 change per

month.

Nongated Mode (Hz)

Resolution Error E (AP) Fe & is0| ab

Accuracy Resolution Error + (TBE)F.

TJE = Trigger jitter error (seconds).

F = Frequency ofinput (Hz).

N = Number of input samples accumulated = F(0.25 second 10,01 second) 21.

LSD = One count in least significant digit.

TBE = Time base error (fractional).

8 Performance Requirement not checked in Service Manual.

DReduces to + LSD for pulse inputs with transition times <20 ns.
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Table 1-1 (cont)

Characteristics Performance Requirements

Frequency (cont)

Gated Mode (Hz)

Resolution Error AATIE ) oo 4 abE (Ns Fe + LSD

Accuracy Resolution Error + Frequency Gating Error + (TBE)F.

Gating Error —2NS_ | p4

Ng

Period Ranges Maximum Resolution®

5 Ss 1 ops

ios 100 ns

100 ms 10 ns

10 ms 1 ons

1 ms 100 ps

100 ys 10 ps

Minimum input Period See trigger specifications.

Maximum Displayable 5 seconds.4

Period

Nongated Mode (seconds)

Resolution Error E CA) + iso a,b

Accuracy Resolution Error + (TBE)P. ?

Time Interval Gating Error ace

F = Frequency of input (Hz).

G = Number of gate intervals in one measurement = (A sweep repetition rate) (0.25 second +0.01 second) 21.

LSD = One count in least significant digit.

N = Number of input samples accumulated = F(0.25 second +0.01 second) 21.

Ng = Number of samples inside one gate interval >1.

P = Period of input (seconds),

TBE = Time base error (fractional).

TJE = Trigger Jitter error (seconds).

4 Performance Requirement not checked in Service Manual,

PReduces to + LSD for pulse inputs with transition times <20 ns.
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Table 1-1 (cont)

Characteristics Performance Requirements

Period (cont)

Gated Mode (seconds)

Resolution Error 14 TE abE towoe is]

Accuracy Resolution Error + Time Interval Gating Error +(TBE)P.

Time interval Gating 2.n8_
Error Ng

Width Ranges Maximum Resolution®

§ s 1 ous

1 os 100 ys

100 ms 10 ns

10 ms 1 ons

ims 100 ps

100 ps 10 ps

Minimum Input Width 5ns3

Maximum Displayable 5 seconds3

Width

Nongated Mode (seconds)

Resolution Error E Th (TJE of leading edge +TJE of
trailing edge) + tons |*°

JN

Accuracy Resolution Error + (TBE)W tHysteresis Error £10 ns.

Checked in A TRIGGER NORM Mode.

Gated Mode Accuracy

(seconds)

Resolution Error4 + (TBE)W + Hysteresis Error + Time Interval

Gating Error +10 ns.

G = Number of gate intervals in one measurement = (A sweep repetition rate) (0.25 second + 0.01 second) 2 1.

LSD = One count in least significant digit.

N = Number of input samples accumulated = F(0.25 second £0.01 second) 21.

Ng = Number of samples inside one gate interval >1.

P = Period of input (seconds).

TBE = Time base error (fractional).

TJE = Trigger jitter error (seconds).

W = Width being measured in seconds.

2 Performance Requirement not checked in Service Manual.

PReduces to +LSD for pulse inputs with transition times <20 ns.
10 ns

© Reduces to £ JG for pulse inputs with transition times S20 ns.

4 Save as Resolution Error in hongated mode.
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Table 1-1 (cont)

Characteristics Performance Requirements

Width (cont)

Hysteresis

Error (seconds) | Sensitivity
1

slew rate of trailing edge

slew rate of leading edge

Slew rate expressed in divisions on screen per second.

Sensitivity See A and B TRIGGER sensitivities expressed in divisions on
screen?

Delay Time Ranges Maximum Resolution®

5 s 1 ys

1 os 100 ns

100 ms 10 ns

10 ms 1 ons

ims 100 ps

100 ps 10 ps

Minimum Displayable 500 ns.4

Delay Time

Maximum Displayable 2.5 seconds.4

Delay time

B Triggered After Delay

(seconds)

Resolution Error + F (TE of leading edge + TJE of
os 10ns |#f

trailing edge) +
VG

Accuracy Resolution Error + (TBE)Td +20 ns.

G = Number of gate intervals in one measurement = (A sweep repetition rate) (0.25 second +0.01 second) 21.

TBE = Time base error (fractional).

Td = Delay time being measured in seconds.

TJE = Trigger Jitter error (seconds).

3 Performance Requirement not checked in Service Manual.

© Reduces to 5 ns for pulse inputs with transition times < 20 ns and trigger level centered on waveform.

F Reduces to + ve for pulse inputs with transition times 320 ns.
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Table 1-1 (cont)

Characteristics Performance Requirements

Delta Time Ranges Maximum Resolution?

5s 1 ops

1 os 100 ns

100 ms 10 ns

10 ms 1ons

ims 100 ps

100 us 10 ps

Maximum Displayable Delta Time 2.5 seconds3

B Runs After Delay + 2(delay time jitter) + 10ns

(seconds) VG VG

Accuracy Resolution Error £ (TBE)TA.

B Triggered After Delay With

Vertical MODE Switch in CH 1,

CH 2, ADD, and CHOP (seconds)

Resolution Error + 8 (TJE of leading edge + TJE of
i 20ns at

trailing edge) + ———
VG

Accuracy Resolution Error + (BE)TA + 50 ps.

Resolution and Accuracy Definitions

Trigger Jitter Error (TJE), (Eni)? + (Cne)? ‘
Through Vertical input Sl te of ti ~ 7

Connectors (in seconds) ew rate of triggering cage

Slew rate expressed in divisions on screen

per second.

Value of e,, (divisions, BW LUMIT BW LIMIT

RMS) on@ off.

2 mV per Division 0.08 0.1

5 mV per Division to 5 V 0.04 0.05

per Division

G = Number of gate intervals in one measurement = (A sweep repetition rate) (0.25 second £0.01 second) 21.

@n1= RMS noise of vertical system (in divisions on screen).

enz= RMS noise voltage of input signal (in divisions on screen).

TBE = Time base error (fractional).

TA = Delta time being measured in seconds.

TJE = Trigger jitter error (seconds).

4 Performance Requirement not checked in Service Manual,

Reduces to + 79 for pulse inputs with transition times 320 ns.
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Table 1-1 (cont)

Characteristics Performance Requirements

MULTIMETER

DC VOLTS Ranges Resolution #

0.5 V 100 pV

5 Vv imv

50 V 1OmvV

500 V 100 mV

Accuracy

+ 18°Cto +28°C +£(0.1% of reading + 1 LSD).

O°C to + 18°C and £(0.2% of reading + 4LSDs).?

+ 28°C to + 40°C

Normal Mode Rejection 2 50 GB from 48 Hz to 62 Hz.

RMS Volts (AC Coupled) Ranges Resolution @

0.5 V 100 pV

5V imv

50 V 1omv

500 V 100 mv

Accuracy (20 Hz to 20 kHz

+18°Cto +28°C +(1.0% of reading + 6 LSDs).

0°C to + 18°C and +(1.5% of reading + 8 LSDs)3
+28°Cto +40°C

Common Mode Rejection 2 60 dB from 48 Hz to 62 Hz.

Crest Factor 3.0 to maintain stated accuracy.?

Resistance Ranges Resolution®

50 0 0.01

500 O01 0

5 ko 1 2

50 ko 10 2

§00 ko 100 2

5 MO 1 ko

50 MO 10 ko

200 MQ 100 ko

260 10 MO

LSD = One count in least significant digit.

4 Performance Requirement not checked in Service Manual.
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Specifications— 2236A Instruction

Characteristics Performance Requirements

Resistance (cont)

Overrange Indication

(Resistance 22 GQ)

Display indicates OPEN?

Diode Detection (Fully Automatic)

Detectable Forward Voltage Drop 0.15 volts to 2.0 volts?

Minimum Shunt Resistance 2 2000 2 per volt of forward drop4

Resistance shunts detectable device.

Maximum Series Resistance 400 Q per volt of forward drop.@

Resistance in series with detectable device.

Forward Drop Measurement Accuracy +(1% of reading + LSD)?

Accuracy

+18°C to +28°C

0°C to + 18°C and

+ 28°C to +40°C

500 2 to

500 50 MO 200 MQ 260

t(0.3% +(0.15% | +(1.0% +(10.0%
of of of of

reading reading reading reading

+ 20 +2 +1 +1

LSDs) LSDs) LSD) LSD)

+(0.3% +(0.15% | +(1.0% £(10.0%
of of of of

reading reading reading reading

+ 20 +2 +1 +d

LSDs/? LSDs)? LSD)? LSD}?

Continuity With less than 5.00 +1 Q measured,

generated.

an audible tone will be

Temperature

Probe Tip Measurement Range -62°C to + 240°C in one rangea

Accuracy (At These Instrument Ambient

Temperatures)

+18°C to +28°C 4+(2% of reading +1.5°C) or + (2% of reading + 2.7°F).

0°C to + 18°C and

+ 28°C to +50°C

+(2% of reading £2.0°C) or + (2% of reading £3.6°F).

No special calibration required for temperature (P6602).

LSD = One count in least significant digit.

4 Performance Requirement not checked in Service Manual.



Specifications— 2236A instruction

Table 1-1 (cont)

Characteristics Performance Requirements

Multimeter Inputs

Input Impedance

Resistance (DCV)

Isolated from the oscilloscope ground.@

10 MQ, £0.25%3

Capacitance (AC RMSV) 180 pF +10%?

Maximum Safe Input Voltage

+ (Positive) Input to Ground 500 V (de + peak ac)2

~ (Negative) Input to Ground 500 V (de + peak ac)

Positive to Negative Inputs 500 V (de + peak ac)?

in all CTM functions and ranges.

CH 1 Volts

1X Probe

10X Probe (P6121)

Ranges Resolution 4

0. 100 nV

imv

10mv

1mv

1OmvV

100 mV88aSaa <<<<<<
Ranges determined by CH 1 VOLTS/DIV switch. Multimeter

automatically switches to 10 X ranges when a P6121 is used.

De Voits

Accuracy

+ 18°C to +28°C

0°CS to + 18°C and

+ 28°Cto + 50°C

1X Probe 10X Probe

+(0.30% of reading| +(0.50% of reading

+ 6LSDs) + 6LSDs)

+(0.5% of reading | +(0.7% of reading

+ 20LSDs)@ + 20LSDs)#

Normai Mode Rejection Ratio 230 dB from 48 Hz to 62 Hz.

LSD = One count in least significant digit.

3 Performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics Performance Requirements

CH 1 Volts (cont)

AC RMS Volts

Accuracy

+ 18°Cto +28°C

0°C to + 13°C and

+ 28°C to +50°C

1X PROBE 10X PROBE

50 Hz to 100 Hz to 20 Hz to

100 Hz 20 kHz 20 kHz

+(2.0% of £(1.0% of £(2.0% of

reading + 6 | reading + 6 | reading + 6

LSDs) LSDs) LSDs)

£(2.25% of £(1.25% of £(2.25% of

reading + 8 | reading + 8 | reading + 6

LSDs)@ LSDs)@ LSDs)4

Probe compensation is adjusted 0.1% of

reading with CH 1 VOLTS/DIV switch set to

0.5 (X10), apply 4 V £0.01%, 20 kHz

sinewave.

Crest Factor $3.0 to maintain stated accuracy.?

POWER SOURCE

Line Voltage Ranges 90V to 250 V.2

Line Frequency 48 Hz to 440 Hz?

Maximum Power Consumption 75 W (130 VA).2

Line Fuse 1.25 A, 250 V, slow-blow4

CATHODE-RAY TUBE

Display Area 80 by 100 mm?

Standard Phosphor P313

Nominal Accelerating Voltage 14kV?

LSD = One count in least significant digit.

4 Performance Requirement not checked in Service Manual.
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Table 1-2

Environmental Characteristics

Characteristics Description

Environmental Requirements Instrument meets or exceeds the environmental requirements

of MIL-T-28800D for Type Ill, Class 5, Style D equipment as

described below.

Temperature

Operating

AC RMSV, DCV, and 0 Modes O°C to + 40°C (4+. 32°F to + 104°F).

All other Modes. O°C to + 50°C (4 32°Fto + 122°F).

Nonoperating -40°C to +71°C (-40°F to +160°F). Tested to MIL-T-28800D

paragraphs 4.5.5.1.3 and 4.5.5.1.4, except in 4.5.5.1.3 steps 4

and 5 (0°C operating test) are performed ahead of step 2 (~40°C

nonoperating test). Equipment shall remain off upon return to

room ambient during step 6. Excessive condensation shail be

removed before operating during step 7.

Altitude

Operating To 4,570 m (15,000 ft). Maximum operating temperature

Gecreased 1°C per 1,000 ft above 5,000 ft.

Nonoperating To 15,240 m (60,000 ft).

Exceeds requirements of MIL-T-28800D paragraph 4.5.5.2.

Humidity (Operating and Nonoperating) 5 cycles (120 hours) referenced to MIL-T-28800D paragraph

4.5.5.1.2.2 for Type ill, Class 5 instruments. Operating and non-

operating at 95% +0° to -5% relative humidity. Operating at

+30°C and + 40°C for AC RMSV, DCV, and © Modes only and

operating at 30°C and 50°C for all other modes of operation.

Non-operating at 30°C to 60°C.

Radiated and Conducted Emission

Requirements Per VDE 0871

Meets Class B.

Electrostatic Discharge Withstands discharge of up to 20 kV. Test performed with probe

containing a 500 pF capacitor with 1 KQ series resistance

charged to the test voltage.

Conforms to Tektronix Standard 062-2862~00.

Vibration (Operating) 15 minutes along each of 3 major axis at a total displacement of

0.015 inch p-p (2.4 g's at 55Hz) with frequency varied from 10 Hz

to 55 Hz to 10 Hz in 1~minute sweeps. Hold for 10 minutes at

55 Hz in each of the 3 major axis. All major resonances must be

above 55 Hz.

Meets requirements of MIL~T-28800D, paragraph 4.5.5.3.1,

Bench Handling Test (cabinet on

and cabinet off}

Each edge lifted four inches and allowed to free fall onto a solid

wooden bench surface.

Meets requirements of MIL-T-28800D, paragraph 4.5,5.4.3.
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Table 1-2 (cont)

Characteristics Description

Shock (Operating and Non-operating) 30 g’s, half-sine, 11-ms duration, 3 shocks per axis each direc-

tion, for a total of 18 shocks.

Meets requirements of MIL-T-28800D, paragraph 4.5.5.4.1,

except limited to 30 g’s.

Transportation

Packaged Vibration Test Meets the limits of the National Safe Transit Association test

procedure 1A~B~1; excursion of 1 inch p-p at 4.63 Hz

(1.1 g) for 30 minutes on the bottom and 30 minutes on the

side (for a total of 60 minutes).

Package Drop Test Meets the limits of the National Safe Transit Association test

procedure 1A-B-2; 10 drops of 36 inches.
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Physical Characteristics

Table 1-3

Characteristics Description

Weight with Power Cord

With Cover, Probes and Pouch 7.3 kg (16.0 Ib).

Without Cover, Probes and Pouch 6.0 kg (13.3 Ib).

Domestic Shipping Weight 10.1 kg (22.2 Ib).

Height

With Feet and Handles 137 mm 6.4 in).

Width

With Handle 360 mm (14.2 in).

Without Handle 327 mm (12.9 in).

Depth

With Front Cover 445 mm (47.5 in).

Without Front Cover 440 mm (17.3 in).

With Handle Extended 511 mm (20.1 in).

400
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7685-48

Figure 1-1, Maximum voltage versus frequency derating curve for the CH 1 OR X, CH 2 OR Y, and EXT INPUT OR Z
connectors.
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Figure 1-2. Physical dimensions of 2236A Oscilloscope.
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OPERATING INSTRUCTIONS

PREPARATION FOR USE

SAFETY

Refer to the Operators Safety Summary at the front of this

manual for power source, grounding, and other safety

considerations pertaining to the use of this instrument.

Before connecting the instrument to a power source,

carefully read the following about line voltages, power

cords, and fuses.

LINE VOLTAGE

The instrument is capable of continuous operation using

input voltages that range from 90 V to 250 V nominal at

frequencies from 48 Hz to 440 Hz.

POWER CORD

A detachable three-wire power cord with a three-

contact plug is provided with each instrument to permit

connection to both the power source and protective

ground. The plug protective-~ground contact connects

(through the protective-ground conductor) to the

accessible metal parts of the instrument. For electrical-

shock protection, insert this plug only into a power outlet

that has a securely grounded protective-ground

contact. To secure the power cord to the instrument, use

the power cord clamp as illustrated in Figure 2-1.

The instrument is shipped with the required power cord

as ordered by the customer. Available power-cord infor-

mation is illustrated in Figure 2-2, and part numbers are

listed in Section 10 at the back of this manual. Contact

your Tektronix representative, local Tektronix Field

Office, or Tektronix product catalog for additional

power~cord information.

LINE FUSE

The instrument fuse holder is located on the rear panel

(see Figure 2-1) and contains the line fuse. The following

procedure can be used to verify that the proper fuse is

installed or to install a replacement fuse.

1. Unpiug the power cord from the power-input source

(if applicable).

WARNING
RIGH LEAKAGE CURRENT.

70 AVOID ELECTRIC

SHOCK, THE POWER

WARNING
FOR CONTINUED FIRE PROTECTION

REPLACE ONLY WITH SPECIFIED

TYPE AND RATED FUSE. DISCONNECT

POWER ANPUY BEFORE REPLACING FUSE,

TUNE VOLTAGE RANGE] FUSE 250¥

30280 AC [228A SLOW.

SORA PROTECTIVE

SAOLNDING CONAUCTER

MUST BE CONNECTED

TO SROUKD,

EXT Z-AXIS INPUT

WOXG, POSITIVE GOING

INPUT DECREASES

saTeNSITY

5 VOLT PP CAUSES

ROTICEARLE

MODULATION AT

NORMAL INTENSITY.

S30V PEAK

©
POWER oo ©)
MAX WATTS 75

MAX YA 109

FREQ 48-4400

TEKPRONIK, INC, BENERTON, OREGON, 5.4

A iN

00 NOT REMOVE

OVER, REFER

SERVICING TO

DUALER

PERSONNE

POWER

CORD
CONNECTOR

© ~. power corp CLAMP

FLAT WASHER

g— SELF-TAPPING SCREW
{4998-02)7685-49

Figure 2-1. Power cord clamp and line fuse.

2. Press in and slightly rotate the fuse-holder cap

counterclockwise to release it.

Pull the cap (with ihe attached fuse inside) out of the

fuse holder.
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4. Verify proper fuse value (1.25 A, 250 V, slow blow).

§. Reinstall the fuse {or replacement fuse) and the

fuse—holder cap.

Playig Power Cord/ Line Reference
Configuration Plug Type Voitage Standards ©

ANSI C73.14

oS & US. US. 4120 NEMA 5~15-P
Lo Std. 120 IEC 83

is SS 2 UL 198.6

Option

CEE(),
EURO AV, Vii

a 2200 220v EO 83
[EC 127

." BS 1983Cy A2 Ka 240 IEC 83
a jd 2aov lec 127

oy?

J ~ Austrailan AS C12& lad 2a0v 240V 1EC 127

~ 

ANSI 073.20<i North

S Aa American 240v NEMA 6-15-P
240V

UL 198.6

‘€e. | » Switzerland

220V

SEV

220 1EC 127

3 A 6A, type C fuse is also Installed inside the plug of the Option A2
power cord.

© Reference Standards Abbreviations:

ANSI— American Natlonal Standards Institute

AS — Standards Association of Australia

BS— British Standards Institution

CEE— International Commission on Rules for the Approval of Electrical

Equipment

iEC— International Electrotechnical Commission

NEMA— National Electrical Manufacturer’s Association

SEV— Schwelzervischer Eiektrotechnischer Verelt

UL- Underwriters Laboratories Inc. 7685-18

Figure 2-2. Optional power cord data.
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INSTRUMENT COOLING

Always maintain adequate instrument cooling. The

ventilation holes on both sides of the instrument cabinet

and on ihe rear panel must remain free of obstruction.

INSTRUMENT REPACKAGING

To ship an instrument, it is recommended that it be

packaged in the original manner The carton and

packaging material in which the instrument was shipped

should be saved and used for this purpose. The

Accessory Pouch should be removed by a qualified

service person before being shipped in the original

carton.

If the original packaging is unfit for use or is not

available, repackage the instrument as follows:

1. Obtain a corrugated cardboard shipping carton

having inside dimensions at least six inches greater

than the instrument dimensions and having a carton

test strength of at least 275 pounds.

2. lf the instrument is to be shipped to a Tektronix

Service Center for service or repair, attach a tag to

the instrument showing the following: owner of the

instrument (with address), the name of a person who

can be contacted, complete instrument type and

serial number, and a description of the service

required.

3. Wrap the instrument with polyethylene sheeting or

equivalent to protect the outside finish and prevent

entry of packing materials into the instrument.

4. Cushion the instrument on all sides by tightly

packing dunnage or urethane foam between the

carton and the instrument, allowing three inches on

each side.

5. Seal the carton with shipping tape or with an indus-

trial stapler.

6. Mark the address ofthe Tektronix Service Center and

the return address on the carton in one or more

prominent locations.
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CONTROLS, CONNECTORS AND INDICATORS

DISPLAY AND POWER

Refer to Figure 2-3 for location of items 1 through 8.

internal Graticule—Eliminates parallax viewing

error between trace and graticule lines. Rise-time

amplitude and measurement points are indicated at

the left edge of the graticule.

POWER Switch—Turns instrument power on and

off. Press in for ON; press again for OFF.

@) Power Indicator —An LED that illuminates when the
instrument is operating.

(4) Focus Control~Adjusts for optimum display
definition.

(8) SCALE ILLUM Controt—Adjusts the light level of
the graticule illumination.

(6) BEAM FIND Switch—When held in, compresses
the display to within the graticule area and provides

a visible viewing intensity to aid in locating off-

screen displays.

(7) TRACE ROTATION Controt~ Screwdriver adjust-
ment used to align the crt trace with horizontal

graticule lines.

(8)A and B INTENSITY Controls—Determines the
brightness of the A and B Sweep traces.

VERTICAL

Refer to Figure 2-4 for location of items 9 through 18.

@)cH 4 VOLTS/DIV and CH 2 VOLTS/DIV
Switches— Used to select the vertical deflection

factor in a 1-2-5 sequence. To obtain a calibrated

deflection factor, the VOLTS/DIV Variable control

must be in the calibrated (CAL) detent (fully clock-

wise). In CH 1 V CTM mode, the CH1 VOLTS/DIV

switch selects the voltage range for the Multimeter.

1X—Indicates the deflection factor selected

when using either a 1X probe or a coaxial cable.

10X PROBE —iIndicates the deflection factor

selected when using a 10X probe.

a INTENSITY

7 PO)

TRACE ROTATION

co BEAM FIND 6)

7685-20

Figure 2-3. Power and display controls and power-on

indicator.
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Figure 2-4. Vertical and CAL controls and connectors.

(0) VOLTS/DIV Variable Controis—When rotated
counterclockwise out of their calibrated detent

positions, these controls provide continuously

variable, uncalibrated deflection factors between

the calibrated settings of the VOLTS/DIV switches. In

CH 1 V CTM mode, the CH 1 VOLTS/DIV Variable

control has no influence on the Channel 1 volts

measurements.

@) POSITION Controls —Used to vertically position
the display on the crt. When the SEC/DIV switch is

set to X-Y, the Channel 2 POSITION control moves

the display vertically (Y-axis), and the Horizontal

POSITION control moves the display horizontally

(X-axis).

(2) A/B SwP SEP—Vertically positions the B Sweep
trace with respect to the A Sweep when ALT Hori-

zontal MODE is selected.

(3)CH 1 OR X & DMM and CH 2 oR Y Input Con-
nectors— Provide for application of external signals

to the instrument deflection system for display or to

the Multimeter (CH 1 OR X & DMM input connectors

only). In normal deflection mode (SEC/DIV switch

not set to X-Y), signals from both connectors pro-

vide vertical deflection for the display. In the X-Y

mode, the signal connected to the CH 1 ORX&DMM

input connector provides horizontal deflection

(X-axis), and the signal connected to the CH2 ORY

input connector provides vertical deflection

(Y-axis).



(4) Input Coupling (AC/RMSV AC-GND-DC/DCV
and AC-GND-DC Switches—Three-position

switches that select the method of coupling the input

signals to the instrument deflection system. When in

CH 1 V CTM mode the Channel 1 Input Coupling

switch selects the type of voltage measurement the

Multimeterwill perform on the Channel 1 input signal

(RMSV AC or DCV).

AC— input signal is capacitively coupled to the

vertical amplifier. The dc component of the input

signal is blocked. Low-frequency limit (~3 dB

point) is about 10 Hz.

GND—The input of the vertical amplifier is

grounded to provide a zero (ground) reference—

voltage cisplay (does not ground the input sig-

nal). This switch position allows precharging the

input coupling capacitor.

DC—All frequency components of the input

signal are coupled to the vertical deflection

systems.

(5) vertical MODE Switches—Two three-position
switches and two button switches are used to select

the mode of operation for the vertical deflection

system.

CH 1—Selects only the Channel 1 input signal

for display.

BOTH — Selects both Channel 1 and Channel 2

input signals for display. The CH 1-BOTH-CH 2

switch must be in the BOTH position for either

ADD, ALT, or CHOP operation.

CH 2—Selects only the Channel 2 input signal

for display.

ADD ~ Displays the algebraic sum of the Chan-

nel 1 and Channel 2 input signals.

ALT ~ Alternately displays Channel 1 and Chan-

nel 2 input signals. The alternation occurs

during retrace at the end of each sweep. This

mode is useful for viewing both input signals at

sweep speeds from 0.05 ys per division to

0.2 ms per division.

CHOP—The display switches between the

Channel 1 and Channei 2 input signals during

the sweep. The switching rate is about 500 kHz.

Operating Instructions— 2236A Instruction

This mode is useful for viewing both Channel 1

and Channel 2 input signals at sweep speeds

from 0.5 ms per division to 0.5 s per division.

BW LIMIT~ Limits the bandwidth of the vertical

deflection system and the A Trigger system to

about 20 MHz when the button is pressed in.

Button must be pressed in a second time to

release it and regain full 100-MHz bandwidth

operation. Provides a method for reducing

interference from high-frequency signals when

viewing low-frequency signals.

TRIG VIEW—Press and hold the button in to

display a sample of the signal present in the A

Trigger amplifier (for all A & B SOURCE switch

settings). All other signals displays are removed

while the TRIG VIEW button is held in.

(6) INVERT Switch—Invers the Channel 2 display
when button is pressed in. Button must be pressed

in a second time to release it and regain a

noninverted display.

7) CAL I1 Connector —Provides a 0.5 V, negative-
going square-wave voltage at 1 kHz for compen-

sating voltage probes and checking the operation of

the oscilloscope’s vertical system. It is not intended

to verify the accuracy of the vertical and the hori-

zontal deflection systems.

(8) GND Connector-Provides direct connection to
the instrument chassis ground.

HORIZONTAL

Refer to Figure 2~5 for location of items 19 through 23.

(8)A and B SEC/DIV Switches—Used to select the
sweep speeds forthe A and B Sweep generators ina

1-2-5 sequence. To obtain calibrated sweep

speeds, the A and B SEC/DIV Variable contro] must

be in the calibrated detent (fully clockwise).

A SEC/DIV—The calibrated sweep speed is

shown between the two black lines on the clear

plastic skirt. This switch also selects the delay

time for delayed-sweep operation when used in

conjunction with the B DELAY TIME POSITION

control,
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ORIZONTAL

> aan)

B DELAY ue)
POSITION

7885-22

Figure 2-5. Horizontal controls.

B SEC/DIV ~The B Sweep is set by pulling out

the DLY’D SWEEP KNOB and rotating it clock-

wise to a setting opposite the white line scribed

onthe knob. The B Sweep circuit is used only for

delayed~sweep operation.

@0)A and B SEC/DIV Variable Control and xo
Magnifier Switch — Provides continuously variable,

uncalibrated A Sweep speeds to at least 2.5 times

the calibrated setting. It extends the slowest sweep

speed to at least 1.25 s per division.

To expand the crt display by a factor of 10, pull out

the X10 Magnifier control (SEC/DIV Variable control

knob). The display portion of the sweep will be 10

times faster than the A and B SEC/DIV switch set-

tings. This allows a maximum sweep speed of 5 ns

per division. Push in the SEC/DIV Variable knob to

regain the X1 (normal) sweep speed.
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@) Horizontal MODE Switch~ Determines the mode
of operation for the horizontal deflection system,

and for CTM frequency, period, width, and totalize

measurements.

A—Horizontal deflection is provided by the A

Sweep generator at a sweep speed determined by

the A SEC/DIV switch setting. Nongated frequency,

period, width, and totalize measurements are made

on the A Trigger signal.

ALT~Alternates the horizontal displays

between the A Sweep (with an intensified zone)

and the B Delayed Sweep. The A Sweep speed

is determined by the setting of the A SEC/DIV

switch. The B Sweep speed and the length of

the intensified zone on the A Sweep are both

determined by the B SEC/DIV switch setting.

Gated frequency, period, width, and totalize

measurements are made on the B Trigger

signal. The gate interval is defined by the length

of the intensified zone and is valid only when B

Sweep is triggered.

B-— Horizontal deflection is provided by the B

Sweep generator at a sweep speed determined

by the B SEC/DIV switch setting. The start of the

B Sweep is delayed from the start of the A

Sweep by a time determined by the settings of

both the A SEC/DIV switch and the B DELAY

TIME POSITION control. Gated frequency,

period, width, and totalize measurements are

made on the B Trigger signal.

@) POSITION Control— Horizontally positions the A
Sweep display, B Sweep display, and X-axis in

X-Y mode.

@3) B DELAY TIME POSITION Control- Selects the
amount of delay time between the start of the A

sweep and the start of the B Sweep. In A TIME

mode, the B DELAY TIME POSITION control

operates in conjunction with the A TIME POSITION

control. The B DELAY TIME POSITION control

moves both intensified zones (reference and com-

parisons), while the A TIME POSITION control

moves only one intensified zone (time-

measurement point). Time difference between the

start of the two intensified zones is displayed on the

readout. In DLY TIME mode, only one intensified

zone is displayed which is controlled by the B

DELAY TIME POSITION control. The time difference

between the start of the A Sweep and the start ofthe

intensified zone is displayed on the readout.



TRIGGER

Refer to Figure 2-6 for location of items 24 through 34.
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Figure 2-6. Trigger controls, connector, and indicator.

@aa TRIGGER Mode Switches—Determine the A
Sweep triggering mode.

NORM ~ Sweep is initiated when an adequate

trigger signal is applied. Inthe absence of a trig-

ger signal, no baseline trace will be present.

P-P AUTO/TV LINE—Permits triggering on

trigger signals having adequate amplitude and

a repetition rate of about 20 Hz or faster. In the

absence of a proper trigger signal, an

Operating Instructions— 2236A Instruction

autotrigger is generated, and the sweep free

runs. The range of the A TRIGGER LEVEL control

is restricted to the peak-to-peak range of the

trigger signal. P-P AUTO is the usual trigger

mode selection to obtain stable dispiays of TV

Line information.

TV FIELD~ Permits stable triggering on a tele-

vision field (vertical sync) signal when the P-P

AUTO and the NORM Trigger buttons are

pressed in together. In the absence of an ade-

quate trigger signal, the sweep free-runs. The

instrument otherwise behaves as in P-P AUTO,

SGL SWP—Arms the A Trigger circuit for a

single-sweep dispiay or to reset the CTM when

in TOTALIZE mode. In CH 1 V mode, pressing

the SGL SWP button will enter or cancel relative

reference mode. Triggering requirements are

the same as in NORM trigger mode, except only

one sweep is displayed for each trigger signal.

After the completion of a triggered sweep,

pressing in the SGL SWP button rearms the trig-

ger circuitry to accept the next triggering event.

This mode is useful for displaying and photo-

graphing either nonrepetitive signals or signals

that cause unstable conventional displays

(e.g., signals that vary in amplitude, shape, or

time).

@8) RESET/READY Indicator—A dual-tunction LED
indicator. In P-P AUTO and NORM Trigger modes,

the LED is turned on when triggering occurs. In SGL

SWP Trigger mode, the LED turns on when the A Trig-

ger circuit is armed, awaiting a triggering event, and

turns off again after the single sweep event occurs.

A TRIGGER LEVEL Control-—Selecis the voltage

level on the A Trigger signal that produces triggering.

@7) A TRIGGER SLOPE Switch—Selects either the
positive slope (bution out) or negative slope (button

in) of the trigger signal to start the A Sweep. In

WIDTH mode, the A TRIGGER SLOPE switch selects

the positive displayed or the negative displayed half

cycies of the trigger signals to be measured by the

CTM.

A & B SOURCE Switch—Selecis the source of the

trigger signal for both the A and the B Trigger Gen-

erator circuits.

2-7
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The A Trigger source will be a sample of the ac line

voltage regardiess of the setting of the A & B

SOURCE switch when the A COUPL switch is set to

ALINE SOURCE.

VERT MODE ~Trigger signals for both A & B

are obtained alternately from the Channel 1 and

Channel 2 input signals in ALT Vertical MODE. In

the CHOP or ADD Vertical MODE the trigger sig-

nal is the sum of the Channel 1 and Channel 2

input signals. See Table 2-1 for VERT MODE

trigger source.

CH 1—The signal applied to the CH 1 ORX &

DMM input connector is the source of the A & B

trigger signal.

CH 2~The signal applied to the CH 2ORY input

connector is the source of the A & B trigger

signal. The polarity CH 2 Trigger signal may be

inverted by the Channel 2 INVERT switch so the

displayed slope agrees with the Trigger SLOPE

switch.

A EXT—Signals applied to the EXT INPUT con-

nector are routed to the A Trigger circuit. The B

Trigger source will be as described for VERT

MODE.

Table 2-1

Vertical MODE Trigger Source

BOTH and ADD

BOTH and ALT

VERT MODE Trigger Source

CH 1 CH 1 OR X AND DMM input

signal.

CH2 CH 2 OR Y input signal.

Algebraic sum of CH 1 OR X

and CH 2 OR Y input signals.

BOTH and CHOP =| Algebraic sum of CH 1 OR X

and CH 2 OR Y input signals.

Alternates between.Channel 1

and Channel 2 on every other

sweep (L.e., CH 1 OR X input

signal triggers the sweep that

displays Channel 1, and CH 2

OR Y input signal triggers the

sweep that displays Channel 2.)
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A COUPL Switch— Selects the method of coupling -_
the input trigger signal to the A Trigger circuit.

NORM - All frequency components of the trig-

ger signals are coupled to the A Trigger circuit.

HF REJ—Attenuates the high-frequency tig-

gering signal components above 40 kHz of the

trigger signal.

LF REJ—Attenuates low-frequency triggering

signal components below 40 kHz of the trigger

signal.

A LINE SOURCE— Routes a sample of the ac

power source waveform to the A Trigger circuit

regardless of the setting of the A & B SOURCE

switch.

Goa EXT COUPL Switch--Selects the method of
coupling the external signal applied to the EXT

INPUT connector to the A Trigger circuit.

AC —Input signal is capacitively coupied, and

blocks the dc component of the signal.

DC-—Couples dc and all frequency com-

ponents of the external trigger signal.

DC/10— Attenuates the external signal by a fac-

tor of 10. Couples de and all frequency com-

ponents of the external trigger signal.

EXT INPUT Connector — Provides for connection of

external signals to the A Trigger circuit.

62)B TRIGGER SLOPE Switch—Selects either the
positive slope (oution out) or the negative slope

(button in) of the B Trigger signal (internal source

only) that starts the B sweep. In WIDTH mode, the B

TRIGGER SLOPE switch selects the positive dis-

played or the negative displayed half cycles of the

trigger signals to be measured by the CTM.

@3) B TRIGGER LEVEL Control~Selecis the ampli
tude point on the B Trigger signal where triggering

occurs in triggerable after delay mode. The fully

clockwise position of the B TRIGGER LEVEL Control

selects the runs after delay mode of operation forthe

B Trigger circuitry. Out of the cw pasition, B Sweepis .

triggerable after the delay time. :



; G4) VAR HOLDOFF Control—Varies the holdoff time
over a 10 to 1 range. Variable Holdoff starts at the

end of the A Sweep. This control improves the ability

to trigger on aperiodic signals (such as complex

digital waveforms).

COUNTER, TIMER, AND MULTIMETER

Refer to Figure 2-7 for location of items 35 through 38.

UPPER FUNCTIONS/LOWER FUNCTIONS

Switch ~Push-push switch that determines which

set of CTM functions is activated by the Function

Select switches.

Function Select Switches —Five button switches

along with the UPPER FUNCTIONS/LOWER FUNC-

TIONS switch select the CTM functions. With all the

switch buttons out, the CTM is disabled and the

readout is blank.

With the UPPER FUNCTIONS/LOWER FUNCTIONS

switch in the IN position the following CTM functions

can be selected.

FREQ— Measures the frequency of the trigger

signal from the output of the A Trigger circuit

(instrument in A Horizontal MODE) or the B

Trigger circuit (instrument in ALT or B Horizontal

MODE).

PER — Measures the period of the trigger signal

from the output of the A Trigger circuit

(instrument in A Horizontal MODE) or the B

Operating instructions— 2236A Instruction

Trigger circuit (instrument in ALT or B Horizontal

MODE).

TOTALIZE—Press in both FREQ and PER

buttons. Counts trigger events in the A Trigger

circuit (instrument in A Horizontal MODE) or the

B Trigger circuit (instrument in ALT or B Hori-

zontal MODE). The displayed count can be

teset to zero by switching between A and ALT

Horizontal MODE or by pressing in momentarily

the SGL SWP RESET button.

WIDTH — Measures the width of the trigger sig-

nal from the output of the A Trigger circuit (instru-

ment in A Horizontal MODE) or the B Trigger

circuit (instrument in ALT or B Horizontal MODE).

With the trigger slope switch in positive

position, the CTM measures the positive dis-

played half cycles of the trigger signals; when in

negative position the CTM measures the

negative displayed half cycles of the trigger

signals.

DCV—Measures dc voltage from 0 to 499.9

volts when applied to the Multimeter inputs. The

word OUCH is displayed if 500 V or more is

applied to the Multimeter inputs.

Of (Resistance/Semiconductor) —
Measures resistance up to 1.99 GO or indicates

that the device-under-test is a forward-biased

semiconductor when applied to the Multimeter

inputs.

With the UPPER FUNCTIONS/LOWER FUNCTIONS

switch in the OUT position the following CTM functions

can be selected.

@)

106 Mre Osx
COUNTE

SCOPE
AULT IME TER.2236A ATIMESPOSIT

FREG(Hz}

TIME(SEC}

‘

(FROM SIDE PANEL

BCY 7p [UPPER FUNCTIONS

ACTS) Teme [LOWER FUNCTIONS

KON

Lk ATIME OLY TIME
7686-24

Figure 2-7. Counter, timer, and multimeter controls and indicator.
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A TIME— Provides two intensified zones on the

cri trace for differential time measurements. The

location of the first intensified zone is

determined by the B DELAY TIME POSITION

control, and location of the second intensified

zone is determined by the A TIME POSITION

control. The time difference between the start of

the two intensified zones is displayed on the

readout.

DLY TIME—Measures and displays on the

readout the time difference between the start of

the B Sweep (B DLY’D SWEEP) and the start of

the A Sweep in ALT and B Horizontal MODE.

CH 1 V—Measures dc voltage or true ac rms

voltage signals appiled to the CH 1 OR X &

DMM vertical input connector. For de voltage

measurements set the Channel 1 Input Coupling

switch to DCV measurements, and for true ac

mms voltage measurements set the Channel 1 In-

put coupling switch to the AC RMSV position.

There is nonautoranging; CH 1 VOLTS/DIV

switch selects the range for the CTM voliage

measurements. The readout will indicate the

measuring mode the CTM is in by displaying an

Ac or de on the left side of the voltage reading.

In overrange condition, the CTM readout will

display the word OUCH.

in CH 1 V mode, the CTM has the capability of

storing a relative reference value, such that the

displayed value is the input voltage minus the

stored reference value. When either Channel 1

AC RMSV or DCV volts are first entered, the

stored reference value is zero, and the Channel

1 input voltage is displayed directly. To set the

reference value, press in the SGL SWP button

momentarily, and the value on the readout

becomes the stored reference value. To regain

normal voltage measurement press again the

SGL SWP RESET button momentarily or change

the CH 1 VOLTS/DIV switch position.

AC RMSV— Measures the true ac rms value of

the input signal applied to the Multimeter inputs,

from 0 V to 349.9 V rms. The word QUCH is dis-

played if 350 V or more is applied to the

Multimeter input connector,

TEMP Measures temperature when the

optional P6602 temperature probe is connected

to the MULTIMETER INPUTS connectors. Tem-

peratures are measured in degrees Celsius °C

when the TEMP button is pressed in, or degrees

Fahrenheit °F when both TEMP and A TIME but-

fons are pressed in. Temperature readings fol-

lowing by °C or °F are displayed on the CTM

readout.

<0 (Continuity)—Press in both AC
RMSV and TEMP buttons for continuity

measurements. For resistance readings below

5.0 O the word Short is displayed and an

audible tone will be generated. For resistance

readings greater than or equal to §.0.0, the word

OPEN is displayed.

Self-Test Routine ~The CTM can be entered

into a Self-Test routine by setting the UPPER

FUNCTIONS/LOWER FUNCTIONS switch to IN

position and pressing in the FREQ, PER, and

WIDTH buttons at the same time. The message

SELF tESt will be displayed on the readout to

indicate that the routine Is in self test mode. To

exit from the routine press in any of the CTM

front-panel buttons to regain normal measure-

ment mode. Repeated pressing of the SGL SWP

button will cause the CTM to advance through

the test menu. To exit from the test menu, con-

tinue pressing the SGL SWP button until END

$-t message is displayed on the readout and

then press one of the CTM front panel buttons,

The self test routine should be performed by a

qualified service person.

@&) A TIME POSITION Control—Used in conjunction
with the B DELAY TIME POSITION control in TIME

mode. The control determines the time difference

between the starts of the two intensified zones.

8) Readout —Consists of a nine-digit vacuum
fluorescent unit which is used to display measure-

menis selected by the CTM. No polarity indication is

displayed for positive values. Negative polarity indi-

cation is automatic for negative values. In Counter

and Timer modes the decimal point is always

placed in one of the three most significant digits,

and the exponent is always an integer multiple of

three. Resistance measurements are also displayed

with an exponent. All frequency measurements are

in Hertz, and time measurements are in seconds,



RIGHT SIDE PANEL

Refer to Figure 2-8 for location of item 39.

Multimeter Connectors —Two banana like jacks

provide positive (red) and negative (black) inputs for

voltages, resistance, and temperature measure-

ments.
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REAR PANEL

Refer to Figure 2-9 for location of iter 40.

(40) ext Z-AXIS Connector—Provides a means of
connecting external signals to the Z-Axis amplifier

to intensity modulate the crt. Applied signals do not

affect display waveshape. signals with fast rise

times and fall times provide the best intensity

change, and a 5 V p-p signal will produce notice-

able modulation. The Z-axis signals must be time-

related to the display to obtain a stable presentation

on the crt.

4208-08

WARNING
WARNING HIGH LEAKAGE CURRENT.

FOR CONTINUED FIRE PROTECTION TG AVG ELECTRIC

REPLACE ONLY WITH SPECHAEO SHOCK, THE POWER

‘TYPE AND RATER FUSE, DISCONNECT CORD PROTECTIVE

POWER INPUT BEFORE REPLACING FUSE, GROUNDING CONDUCTOR

Mus Be cuMnEreD

POWER

MAX WATTS 75

MAX VA 130

FREQ 68-4407

YEKTRONIX INC., BEAVERTON, OF/GON, U.S.A,

7685~26|

Figure 2~8. Multimeter right side panel connectors. Figure 2-9. Rear-panei connector.
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OPERATING CONSIDERATIONS

GRATICULE

The graticule is internally marked on the faceplate of the

crt to enable accurate measurements without parallax

error (see Figure 2-10). It is marked with eight vertical

and ten horizontal major divisions. Each major division

is divided into five subdivisions. The vertical deflection

factors and horizontal timing are calibrated to the

graticule so that accurate measurements can be made

directly from the crt. Also, percentage markers for the

measurement of rise and fall times are located on the left

side of the graticule.

1ST OR LEFT ITH OR RIGHT

VERTICAL VERTICAL

GRATICULE GRATICULE

LINE LINE

fl

400 fee feed.

{eo

{ 10
0% [owe eee

RISE AND CENTER CENTER
FALL TIME VERTICAL HORIZONTAL

MEASUREMENT GRATICULE GRATICULE
PERCENTAGE LINE LINE

MARKERS

7685-27

Figure 2-10. Graticule measurement markings.

GROUNDING

The most reliable signal measurements are made when

this instrument and the unit under test are connected by a

common reference (ground lead), in addition to the sig-

nal lead or probe. The probe’s ground lead provides the

best grounding method for signa! interconnection and

ensures the maximum amount of signal~lead shielding

in the probe cable. A separate ground lead can also be

connected from the unit under test fo the oscilloscope

GND connector located on the front panel.

For floating Multimeter measurements the — (negative)

connector (located on the right side panel) should be

connected to the lower impedance point of the unit-

under-test being measured, to minimize loading.

SIGNAL CONNECTIONS

Generally, probes offer the most convenient means of

connecting an input signal to the instrument. They are

shielded to prevent pickup of electromagnetic inter-

ference, and the supplied 10X probe offers a high input

impedance that minimizes circuit loading. This allows

the circuit under test to operate with a minimum of

change from its normal condition as measurements are

being made.

Coaxial cables may also be used to connect signals to

the input connectors, but they may have considerable

effect on the accuracy of a displayed waveform. To main-

tain the original frequency characteristics of an applied

signal, only high-quality, low-loss coaxial cables

should be used. Coaxial cables should be terminated at

both ends in their characteristic impedance. If this is not

possible, use suitable impedance-matching devices.

INPUT COUPLING CAPACITOR

PRECHARGING

When the Input Coupling switch is set to GND, the input

signal is connected to ground through the input coupling

capacitor in series with a 1 MQ resistor to form a

precharging network. This network allows the input

coupling capacitor to charge to the average de-voltage

level of the signal applied to the probe. Thus any large

voltage transients that may accidentally be generated

will not be apptied to the amplifier input when the Input

Coupling switch is moved from GND to AC. The pre-

charging network also provides a measure of protection

to the external circuitry by reducing the current levels that

can be drawn from the external circuitry during capacitor |

charging.



The following procedure should be used whenever the

probe tip Is connected to a signal source having a

different dc level than that previously applied, especially

if the dc-level difference is more than 10 times the

VOLTS/DIV switch setting:

1. Set the Input Coupling switch to GND.

2. Insert the probe tip into the oscilloscope GND

connector and wait several seconds for the input

coupling capacitor to discharge.

3. Connect the probe tip to the signal source and wait

several seconds for the input coupling capacitor to

charge.

4. Set the Input Coupling switch to AC. The display will

remain on the screen, and the ac component of the

signal can be measured in the normal manner.

CTM MEASUREMENT CONSIDERATIONS

Nongated measurements are performed from the A Trig-

ger system on signals selected by the A & B SOURCE

switch. Signals may be applied through CH 1 OR X &

DMM, CH 2 0R Y, or the EXT INPUT connectors. Non-

gated measurements may also be performed on the

instrument power source by setting the A COUPL switch

to ALINE SOURCE position. The A TRIGGER LEVEL con-

trol, A TRIGGER Mode, A TRIGGER SLOPE, A & B

SOURCE, A COUPL, A EXT COUPL, and BW LIMIT

switches are effective in conditioning the input signal.
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Trigger status messages no A trig and nob trig are not

displayed in any mode of the width function so that

measurement results can be displayed indefinitely. This

allows single pulse measurements.

Gated measurements are performed from the B Trigger

system on input signals being applied to either CH 1, or

CH 2 input connectors. The gate interval (set by adjust-

ing the intensified zone with the B DELAY TIME

POSITION control and the B SEC/DIV switch) must be

shorter than the A Sweep duration, such that the intensi-

fied zone ends before A Sweep ends. The A & B

SOURCE switch and the B TRIGGER LEVEL control and

SLOPE switch are effective in conditioning the input

signal.

Noise may be coupled to the trigger circuits along with

the signal to be measured. Noise may originate from the

operating environment, the signal source, or by

improper connections. if the noise is of sufficient ampli-

tude, if can result in inaccuraie measurements due to

false triggering. The instrument 20 MHz Bandwidth

Limiter may be helpful in removing or reducing the noise

in the A Trigger system.

Channel 1 volts measurements should be mace with the

signal fully displayed within the graticule area through

the appropriate use of the CH 1 VOLTS/DIV switch and

Variable control. This preventsthe Channel 1 input circuit

trom being overdriven and distorting the voltage

measurements.
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OPERATOR’S CHECKS AND ADJUSTMENTS

INTRODUCTION

To verify the operation and accuracy of this instrument

before making measurements, perform the following

check and adjustment procedures. Adjustments beyond

the scope of Operator’s Adjustments are in the Adjust-

ment Procedure, Section 5 of this manual.

Before proceeding with these instructions, refer to

Preparation for Use in this section for first-time startup

considerations.

Verify that the POWER switch is OFF (button out). Then

plug the power cord into the power-source outlet:

BASELINE TRACE

First, obtain a baseline trace using the following

procedure:

Display

A and B INTENSITY Fully counter-

clockwise

FOCUS Midrange

Vertical (Both Channels)

POSITION Midrange
A/B SWP SEP Midrange

MODE CH 1

BW LIMIT Off (button out}

VOLTS/DIV 10 mv

VOLTS/DIV Variable CAL detent

INVERT Off (button out)

Input Coupling AC

Horizontal

POSITION Midrange
MODE A

A and B SEC/DIV 0.5 ms

SEC/DIV Variable CAL detent

X10 Magnifier Off (knob in)

B DELAY TIME POSITION Fully counter-

clockwise

B TRIGGER

SLOPE Positive

(button out)

LEVEL RUNS AFTER

DLY (fully

clockwise)

A TRIGGER

VAR HOLDOFF NORM

Mode P-P AUTO

SLOPE Positive

(button out)

LEVEL Midrange

A & B SOURCE VERT MODE

A COUPL NORM

A EXT COUPL AC

CTM

UPPER FUNCTIONS/

LOWER FUNCTIONS OUT

Function Select

4 TIME POSITION

All buttons out

Midrange

2. Press in the POWER switch button (ON) and allow

the instrument to warm up (20 minutes is recom-

mended for maximum accuracy).

3. Adjust the A INTENSITY control for desired display

brightness.

4, Adjust the Vertical and Horizontal POSITION con-

trols as needed to center the trace on the screen.

TRACE ROTATION

Normally, the resulting trace will be parallel to the center

horizontal graticule line, and the Trace Rotation adjust-

ment would not be required, If adjustment is needed,

perform the following procedure:

1. Preset instrument controls and obtain a baseline

trace.

2. Use the Channel 1 POSITION control to move the

baseline trace to the center horizontal graticule line.

3. If the resulting trace is not parallel to the center

horizontal graticule line, use a small, flat-bladed

screwdriver to adjust the TRACE ROTATION control

and align the trace with the center horizontal |

graticule fine.



PROBE COMPENSATION

Misadjustment of probe compensation is one source of

measurement error. Most attenuator probes are

equipped with a compensation adjustment. To ensure

optimum measurement accuracy, always compensate

the oscilloscope probes before making measurements.

Probe compensation is accomplished as follows:

1, Preset instrument controls and obtain a baseline

trace.

2. Connect the two 10X probes (supplied with the

instrument) to the CH 1 and CH 2 input connectors.

3. Connect the Channel 1 probe to the CAL output

connector.

4. Use the the Channel 1 POSITION control to vertically

center the 5-division display. Adjust the ATRIGGER

LEVEL control to obtain a stable display.

5. Check the waveform display for overshoot and

rolloff (see Figure 2-11). If necessary adjust the

probe compensation for flat tops on the waveforms.

Refer to the instructions supplied with probe for

details of compensation adjustment.

CORRECT

400 «ferred eee FLAT

90

er ara aea a re aeeee a oe

r OVER

Anas CBA GRAAL +) COMPENSATED

L. (OVERSHOOT)
omen | ote | gem | seem | gah

10 Panct jpmtee peace fomTD
0% Eeere a

UNDER

COMPENSATED

ra ed ee eel (ROUNDING)
hee Jenene — _ —

7685-28

Figure 2-11. Probe compensation.

NOTE

Channel 1 ac rms volts measurement accuracy

above 1 kHz depends directly upon the pre-

cision with which the preceding adjustment is
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performed. An overshoot of 0,2 division (or 4%

of a 5-division display) will add approximately

4% to the displayed reading. Compensation

related errors can be reduced 1/2% or less by

carefully adjusting the probe compensation to

the CAL square-wave signal.

For best measurement accuracy above 1 kHz

with a 10X probe, refer the X10 probe adjust-

ment to a qualified service personnel to perform

Channel 1 RMSV AC probe adjustment in the

Adjustment Procedure, Section 5 of this

manual.

6. Disconnect the Channel 1 probe from the CAL

connector.

7. Connect the Channel 2 probe to the Cai connector.

8. Set the Vertical MODE to CH 2 and vertically center

the 5-division display using the Channel 2

POSITION control.

9. Check the waveform display for overshoot and

rolloff (see Figure 2-11). If necessary adjust the

probe compensation for flat iops on the waveforms.

Refer to the instructions supplied with probe for

details of compensation adjustment.

VERTICAL DEFLECTION CHECK

The CAL signal can be used as a convenient way of

checking the instrument vertical deflection system with

the following checks:

1. Preset the instrument controls and obtain a baseline

trace.

2. Connect the two 10X probes (supplied with the

instrument) to the CH 1 OR X and CH 2 OR Y input

connectors.

3. Set both VOLTS/DIV switches to 0.1 V 10X PROBE

setting and set both Input Coupling switches to DC,

4. Select CH 1 Vertical MODE and connect the Channel

1 probe to the CAL connector.

5. Using the 1 kHz CAL square-wave signal as the

input, obtain a 5-division display of the signal.

6. Set the A SEC/DIV switch to display several cycles

of the CAL signal. Use the Channel 1 POSITION con-

trol to vertically center the display.

2-15
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7. Check for a vertical display amplitude of

approximately 5 divisions.

8. Select CH 2 Vertical MODE and connect the Chan-

nel 2 probe to the CAL connector.

9. Use the Channel 2 POSITION control to vertically

center the display and repeat step 7 for the Channel

2 probe.

10. Disconnect the probes from the instrument.

POWER-UP CHECKS

The Counter, Timer, and Multimeter (CTM) contains

Power-Up Checks that are performed each time the

instrument is turned on. These checks consists of ROM

checksum, counter, and DMM In this order. Each of these

checks must pass before proceeding to the next check.

lf a check fails, and error message will appear in the

readout (see Table 2-2). Refer the error message to a

qualified service person.

Table 2-2

Power-Up Checks

Check Error Message

ROM Checksum FAIL-ro

Counter FAIL~ctr

DMM FAIL~d

STATUS AND ERROR MESSAGES

The Counter, Timer, and Multimeter (CTM) system will

display several types of status and error messages on

the readout.

Control button Error—When the buttons are in an

illegal mode, the readout will display Control button

Error by scrolling it across the readout. The error

message will repeat itself until a correction is made.

O’FLO —When measuring the width of an input sig-

nal that exceeds five seconds in duration, the over-

flow message O’FLO will be displayed on the

readout.

no ALt H—-With the instrument in A Horizontal

MODE (non-delay), the readout will display a no

ALt H message when either the A TIME or DLY TIME ">

mode is selected.

no A trig —With the A TIME mode and either the ALT

or B Horizontal MODE selected, the readout will dis-

play no A trig message when either the A Sweep is

not running, or is too slow. This message is also

displayed with the instrument in A Horizontal MODE

and either the FREQ or PER mode selected, and the

CTM is not receiving a trigger signal.

no b trig—When either the A TIME or DLY TIME

mode and either ALT or B Horizontal MODE is

selected with the A Sweep triggered and the B Trig-

ger circuit not receiving a trigger signal in delay

mode, the readout will display no b trig message.

This message is also displayed with the instrument

in either ALT or B Horizontal MODE and either FREQ

or PER mode selected, and the CTM is not receiving

a trigger signal.

OPEN-~The readout will display OPEN with the

CTM in either Ohms or Continuity mode (AC RMSV

and TEMP buttons pressed in) under the following

conditions; in Q mode one or both test leads dis-

connected or when the resistance exceeds 1.99 GQ,

in Continuity mode when the resistance equals or

exceeds 5.09,

diodE~in Resistance/Semiconductor mode the

readout will momentarily display diodE, and an

audible tone will be generated if the device being

measured is a forward-biased semiconductorjunc-

tion. After about one second, it will display the

forward voltage drop of the device.

Fd—in Ohms mode Fd will be displayed on the left

side of the readout to indicate that a forward voltage

drop is being displayed.

Probe-?— When the temperature probe exceeds its

internal resistance limits the readout will display

ProbE-? to indicate that the temperature probe is

either faulty or disconnected from the Multimeter

input connectors.

Short—In Continuity mode the readout will display

Short when the measured resistance is less than

5.0.0.

OUCH—The message OUCH is displayed when

the input voltage to the multimeter inputs is 500 volts

or more in DOV mode, and 350 volts or more in AC

RMSV mode. In CH 1 V mode, the message OUCH |

is displayed if overranged. :



de —In CH 1 V mode with Channel 1 Input Coupling

switch in GND or DCV position, de will be displayed

on the left side of the readout.

Ac—In CH 1 V mode with Channel 1 Input Coupling

switch in AC RMSV position, Ac will be displayed on

the left side of the readout.
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r~—InCH 1 V Relative Reference mode, r will be dis-

played on the right side of the right side of the

readout.

no dELTA—When in A TIME mode with the

measurement intensified zone (moved be rotating

the A TIME position control) dialed off the right end

of the trace, the readout will display no dELTA.
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BASIC APPLICATIONS

INTRODUCTION

The information in this part is designed to enhance

operator understanding and to assist in developing

efficient techniques for making specific measurements.

Recommended methods for making basic measure-

ments with your instrument are described in the pro-

cedures contained in this section.

When a procedure first calls for presetting instrument

controls and obtaining a baseline trace, refer to the

Operator's Checks and Adjustments part in this section

and perform steps 1 through 4 under Baseline Trace.

INDEX TO BASIC APPLICATION

PROCEDURES

VOLTAGE MEASUREMENTS

AC Peak~to~Peak Voltage ..... 0.2.2.0... 2-18

Instantaneous Voltage .................. 2-19

Algebraic Addition .............0..0.40. 2-20

Common-Mode Rejection ............... 2-20

Amplitude Comparison ................. 2-21

TELEVISION DISPLAYS

TV Line Signal . 6.0...eee eee 2-21

TV Field Signal .............0..0 0.0 2-22

DELAYED-SWEEP

Magnification... 0... eee 2-22

Magnified Sweep Runs After Delay ....... 2-23

Pulse Jitter Time Measurement ........... 2-23

Triggered Magnified Sweep .............. 2-24

TIME AND FREQUENCY MEASUREMENTS

Pernod 26... cece nes 2-24

Frequency 2.0.0.6 0 000ee eee 2-24

WIG 20c cee e eee 2-24

Time Interval On Signal Waveform ........ 2-25

Rise Time 00.0. eeeeee ee 2-25

Time Difference Between Pulses On Two Time-

Related Signals (Short Method) .......... 2-26

Time Difference Between Points On Two Time-

Related Signals (General Method) ........ 2-27

Phase Difference .......0..0. .......000, 2-28

Gated Measurements ................00. 2-28

MULTIMETER MEASUREMENTS

Resistance and Semiconductor Junctions .. 2-29

Determining Semiconductor

Leakage Current... 0... 2-30

Continuity... 0.2 eeeeee 2-31

AC RMS Volts... eee 2-31

DC Volis .... 0... eee, 2-31

Channel 1 Volts ......0... eee eee ee 2-31

Temperature oeee eee 2-32

VOLTAGE MEASUREMENTS

AC Peak-to~Peak Voltage

To make a peak-to-peak voltage measurement, use the

following procedure:

NOTE

This procedure may also be used to make volt-

age measurements between any two points on

the waveform.

1. Preset the instrument controls and obtain a baseline

trace.

2. Apply the ac signal to either vertical—-channel input

connector and set the Vertical MODE switch to dis-

play the channel used.

3. Set the appropriate VOLTS/DIV switch to display

about five divisions of the waveform, ensuring that

the VOLTS/DIV Variable control is in the CAL detent.

4. Adjust the A TRIGGER LEVEL control to obtain a

stable display.

5. Set the A SEC/DIV switch to a position that displays

several cycles of the waveform.

6. Vertically position the display so that the negative

peak of the waveform coincides with one of the hori-

zontal graticule lines (see Figure 2-12, Point A).

7. Horizontally position the display so that one of the

Positive peaks coincides with the center vertical

graticule line (see Figure 2-12, Point B).

8. Measure the vertical deflection from peak-to-peak |

(see Figure 2-12, Point A to Point B).



NOTE

if the amplitude measurements critical or if the

trace is thick (as a result of hum or noise on the

signal), a more accurate value can be obtained

by measuring from the top of a peak to the top of

a valley. This will eliminate trace thickness from

the measurement.

POSITION TO

CENTER LINE

46 a

e
jRa, ail

VERTICAL

DEFLECTION

|

MEASURE AMPLITUDE

FROM @ TO
4732-07

Figure 2-12. Peak-to-peak waveform voltage.

9. Calculate the peak-to-peak voltage, using the fol-

lowing formula:

VOLTS vertical VOLTS/DIV switch setting in-
- =: deflection x dicated by 1X (or 10X PROBE

{p-p) (divisions) when 40X probe is used)

EXAMPLE: The measured peak-to-peak vertical

deflection is 4.6 divisions (see Figure 2-12) with a

VOLTS/DIV switch setting of 5 V (at 10X PROBE indi-

cator), using a 10X probe.

Substituting the given values:

Volts (p-p) = 4.6 divX 5 V/div = 23 Vv,

Instantaneous Voltage

To measure instantaneous voltage level at a given point

on a waveform, referred to ground, use the following

procedure:

1. Preset the instrument controls and obtain a baseline

trace.
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2. Apply the signal to either vertical-channel input con-

nector and set the Vertical MODE switch to display

the channel used,

3. Verify that the VOLTS/DIV Variable control is in the

CAL detent and set the Input Coupling switch to

GND.

4. Vertically position the baseline trace to the center

horizontal graticule line. This establishes the ground

reference location.

NOTE

if measurements are to be made relative to a

voltage level other than ground, set the Input

Coupling switch to DC instead, and apply the

reference voltage to the input connector. Then

position the trace to the reference (horizontal

graticule) line.

5. Set the COUPLING switch to DC. Points on the

waveform above the ground reference location are

positive. Those points below are negative.

NOTE

if using Channel 2, ensure that the Channel 2

Invert mode is not selected (INVERTbutton out).

6. if necessary, repeat Step 4 using a different ref-

erence line which allows the waveform in Step 5 to

be displayed on screen.

7. Adjust the A TRIGGER LEVEL control to obtain a

stable display.

8. Set the A SEC/DIV switch to a position that displays

several cycles of the signal.

9. Measure the divisions of vertical deflection between

the ground reference line and the point on the

waveform at which the level is to be determined (see

Figure 2-13).

10, Calculate ihe instantaneous voltage, using the fol-

lowing formula:

VOLTS/DIV
instan- vertical ‘ switch setting
taneous = deflection x Potarty x Indicated by 1X
Voltage (divisions) (or 10X PROBE when

10X probe is used)
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EXAMPLE: The measured vertical deflection frorn

the reference line is 4.6 divisions (see Figure 2-13).

The waveform point is above the reference line, A

10X attenuator probe is being used, and the VOLTS/

DIV switch is set to 2 V (at 10X PROBE setting).

Substituting the given values:

Instantaneous Voltage = 4.6 div X (+ 1) X2V/div =

9.2V.

NEGATIVE a

REFERENCE = 83

ween eee ae ee eed

=

VERTICAL
DEFLECTION

} MEASURE POSITIVE
AMPLITUDE

POSITIVE

REFERENCE LINE @® To ®
OR NEGATIVE AMPLITUDE

To ®

4732-08

Figure 2-13. Instantaneous voltage measurement.

Algebraic Addition

With the Vertical MODE switches set to BOTH and ADD,

the waveform displayed is the algebraic sum of the sig-

nals appliedto the Channel 1 and Channel 2 inputs (CH 1

+ CH 2). If the Channel 2 INVERT mode is selected

(INVERT button in) the waveform displayed is the dif-

ference between the signals applied to the Channel 1

and Channel 2 inputs (CH 1 minus CH 2). When both

VOLTS/DIV switches are set to the same deflection

factor, the deflection factor in the ADD mode is equal to

the deflection factor indicated by either VOLTS/DIV

switch.

The following general precautions should be observed

when using the ADD mode.

a. Donot exceed the input voltage rating of the oscillo-

scope.
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b. Do not apply signals that exceed the equivalent of

about eight times the VOLTS/DIV switch settings,

since large voltages may distort the display. For

example, with a VOLTS/DIV switch setting of 0.5 V,

the voltage applied to that channel should net

exceed about 4 volts.

c. Use Channel 1 and Channel 2 POSITION control set-

tings which most nearly position the signal on each

channel to midscreen, when viewed in eitherCH 1 or

CH 2 Vertical MODE. This ensures the greatest

dynamic range for ADD mode of operation.

d. To attain similar response from each channel, set

both the Channel 1 and Channel 2 Input Coupling

switches to the same position.

Common-Mode Rejection

The following procedure shows how to eliminate

unwanted ac input-power frequency components.

Similar methods could be used either to eliminate other

unwanted frequency components or to provide a dc

offset.

1. Preset the instrument controls and obtain a baseline

trace.

2. Apply the signal containing the unwanted line-

frequency components to the CH 1 input connector.

3. Apply a line-frequency signal to the CH 2 input con-

nector. To maximize cancellation, the signal applied

to Channel 2 must be in phase with the unwanted

line-frequency component on the Channel 1 input.

4, Select BOTH and ALT Vertical MODE and set both

VOLTS/DIV switches to produce displays of approxi-

mately four or five divisions in amplitude.

5. Adjust ihe CH 2 VOLTS/DIV switch and CH 2 VOLTS/

DIV Variable control so that the Channel 2 display is

approximately the same amplitude as the undesired

portion of the Channel 1 display (see Figure 2~14A).

6. Select ADD Vertical MODE and press in the INVERT

button, and slightly readjust the CH 2 VOLTS/DIV

Variable control for maximum cancellation of the |

undesired signal component (see Figure 2-148).



Operating Instructions— 2236A Instruction

4. Disconnect the reference signal and apply the

iN a = unknown signal to be measured to the same
WITHUNWanven DoS Px Me channel input. Adjust the vertical position of the
LINE FREQUENCY |, ad Ae waveform so that its bottom edge just touches the

COMPONENT SKE 3t “ee 0% line on the screen.
r \ a .

CH2SIGnaL 5. Horizontally position the waveform so that its top

FROM LINE be fi ww most features cross the center vertical graticule line
iea ih, ES N (see Figure 2-15).

6. Read the percent ratio directly from the graduations

(A) CH1 AND CH2 SIGNALS. of the center line graticule line, referring to the 0%

and 100% percentage marks on the left edge of the

graticule (1 minor division equals 4% for a 5-

i division display).

SIGNAL WITH Sk ial eh ial nia Sia Gael a ea
LINE FREQUENCY [-

COMPONENT

CANCELED = page pee pegey ares onere re ree paee eee
p+ REFERENCE

our J SIGNAL
ia
i wT oe ree

(B) RESULTANT SIGNAL. r

4732-09

UNKNOWN
Figure 2-14. Common-mode rejection. SIGNAL

ran en

Amplitude Comparison (Ratio)

In some applications it may be necessary to establish a

set of deflection factors other than those indicated by the

VOLTS/DIV switch settings. This is useful for comparing

unknown signals to a reference signal of known ampli-

tude. To accomplish this, a reference signa! of known

amplitude is first set to an exact number of vertical

divisions by adjusting the VOLTS/DIV switch and the

variable control. Unknown signal can then be quickly

and accurately compared with the reference signal with-

out disturbing the setting of the VOLTS/DIV Variable

control. This procedure is as follows:

1. Preset the instrument controls and obtain a baseline

trace.

2. Apply the reference signal to either vertical channel

input and set the Vertical MODE switch to display the

channel used.

3. Set the amplitude of the reference signal to five verti-

cal divisions by adjusting the VOLTS/DIV Variable

control.

READ

PRECENT

RATIO 4732-10

Figure 2-15. Voltage ratios.

TELEVISION DISPLAYS

TV Line Signal

The following procedure is used to display a TV Line

signal.

1. Preset instrument controls and setATRIGGER mode

to P-P AUTO/TV LINE.

2. Apply the TV signal to either vertical-channel input

connector and set the Vertical MODE switch to

display the channel used.

8. Set the appropriate VOLTS/DIV switch to display

0.35 division or more of composite sync signal.

4. Set the A SEC/DIV switch to 10 ps.
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5. For positive~gaing TV signal sync pulses, set the A

TRIGGER SLOPE switch to positive (button out); for

negative-going TV signal sync pulses, set the A

TRIGGER SLOPE switch to negative (button in).

NOTE

To examine a TV Line signal in more detail,

either the X10 Magnifier or the Delayed-Sweep

Magnification feature may be used.

TV Field Signal

The television feature of the Instrument can also be used

to display TV Field signals.

1. Preset the instrument controls and obtain a baseline

trace.

2. Select TV FIELD A TRIGGER mode (pushed both

P-P AUTO and NORM buttons in) and set the A SEC/

DIV switch to 2 ms.

3. To display a signal field, connect the TV signal to

either vertical-channel input connector and set the

Vertical MODE switch to display the channel used.

4. Set the appropriate VOLTS/DIV switch to display

0.35 divisions or more of composite sync signal.

5. For positive~going TV signal sync pulses, set the A

TRIGGER SLOPE switch to positive (button out); for

negative-going TV signal sync pulses, set the A

TRIGGER SLOPE switch to negative (button in).

6. Tochange the TV field thatis displayed, momentarily

interrupt the trigger signal by setting the Input

Coupling switch to GND and then back to AC until

the desired field is displayed.

NOTE

To examine a TV Field signal in more detail

either the X10 Magnifier or the Delayed-Sweep

Magnification feature may be used.

7. To display a selected horizontal line, first trigger the

sweep on a vertical (fieid) sync pulse, then use the

Magnified Sweep Runs After Delay procedure in this

part (steps 5 through 7) to magnify the selected hori-

zontal line for a closer examination. This procedure

is useful for examining Vertical Interval Test Signals

(viTs).
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8. To display either Field 1 or Field 2 individually, c °
connect the TV signal to both CH 1 and CH 2 input

connectors and select BOTH and ALT Vertical

MODE.

9. Setthe A SEC/DIV switch to 0.5 ms or faster sweep

speed (displays of less than one full field). This will

synchronize Channel 1 display to one field and

Channel 2 to the other field.

DELAYED-SWEEP MAGNIFICATION

The delayed-sweep feature of the instrument can be

used to provide higher apparent magnification than is

provided by the X10 Magnifier switch. Apparent magni-

fication occurs as a result of displaying a selected

portion of the A trace at a faster sweep speed (B Sweep

speed). The A SEC/DIV switch setting determines how

often the B trace will be displayed. Since the B Sweep

can occur only once for each A Sweep time duration sets

the amount of time elapse between succeeding B

Sweeps.

The intensified zone is an indication of both the location

and length of the B sweep interval within the A Sweep

interval. Positioning of the intensified zone, (i.e., setting

the amount of time between start of the A Sweep and |

start of the B Sweep) is accomplished with the B DELAY

TIME POSITION control. With either ALT or B Horizontal

MODE selected and B TRIGGER LEVEL control set fully

clockwise (RUNS AFTER DLY), the B DELAY TIME

POSITION control provides continuously variable

positioning of the start of the B Sweep. The range of this

control is sufficient to place the B Sweep interval at most

locations within the A Sweep interval. When ALT Hori-

zontal Mode is selected, the B SEC/DIV switch setting

determines the B Sweep speed and concurrently sets

the length of the intensified zone on the A trace.

NOTE

Gated FREQ, PER, WIDTH, or TOTALIZE func-

tions alter the length of the intensified zone to

indicate the gate interval established by the

CTM section, when the B sweep is triggered.

Therefore, in these cases the B sweep duration

does not match that of the intensified zone.

Using delayed-sweep magnification may produce a

dispiay with some slight horizontal movement (pulse

jitter). Pulse jitter includes not only the inherent

uncertainty of triggering the delayed sweep at exactly

ihe same trigger point each time, but also jitter that may |

be present in the input signal. If pulse jitter needs to be



measured, use the Pulse Jitter Time Measurement pro-

cedure which follows the discussion of Magnified

Sweep Runs After Delay.

Magnified Sweep Runs After Delay

The following procedure explains how to operate the B

Sweep in a nontriggered mode and to determine the

resulting apparent magnification factor.

1. Preset the instrument controls and obtain a baseline

trace.

2. Apply the signal to either vertical-channel input con-

nector and set the Vertical MODE switch to display

the channel used.

3. Set the appropriate VOLTS/DIV to produce a display

of about 2 or 3 divisions in amplitude and center the

display.

4. Set the A SEC/DIV switch to a sweep speed which

displays at least one complete waveform cycle.

5. Select ALT Horizontal MODE. Adjust both the appro-

priate vertical POSITION conitrol and the A/B SWP

SEP control to display the A trace above the B trace,

6. Adjust the B DELAY TIME POSITION control to

position the start of the intensified zone to the portion

of the display to be magnified (see Figure 2-16).

7. Setthe B SEC/DIV switch to a setting which intensi-

fies the full portion of the A trace to be magnified. The

intensified zone will be displayed as the B trace (see

Figure 2-16). The B Horizontal MODE may also be

used to magnify the intensified portion of the A

Sweep.

8. The apparent sweep magnification can be calcu-

lated from the following formula:

Apparent A SEC/DIV switch setting
Delayed Sweep) = - ~

Magnification B SEC/DIV switch setting
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INTENSIFIED ZONE

TO BE MAGNIFIED

so seeledeeleee ae fe

{B} B DELAYED DISPLAY

4207-21

Figure 2-16. Delayed-sweep magnification.

EXAMPLE: Determine the apparent magnification of

a display with an A SEC/DIV switch setting of 0.1 ms

and a B SEC/DIV switch setting of 1 us.

Substituting the given values:

Apparent _ ixiots _ >

Magnification ~ 7x jo85 ~ 10¢ = 100

Pulse Jitter Time Measurement

To measure pulse jitter time:

1. Perform steps 1 through 7 of the preceding Magni-

fied Sweep Runs After Delay procedure.

Referring to Figure 2-17, measure the difference

between Point C and Point D in divisions and caicu-

late the pulse jitter time using the following formula:

Pulse Horizontal B SEC/DIV
Jitter = difference x switch
Time (divisions) setting
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INTENSIFIED ZONE

TO BE MAGNIFIED

| Ox
+

t
+

f

i
MEASURE '
TIME FROM ~— JITTER
© TO ® AT32-44

Figure 2-17. Pulse jitter.

Triggered Magnified Sweep

The following procedure explains how to operate the B

Sweep in a triggered mode and to determine the

resulting apparent magnification factor. Operating the B

Sweep in a triggered mode provides a more stable dis-

play, since the delayed display is triggered at the same

point each time.

1. Perform steps 1 through 7 of the preceding Magni-

fied Sweep Rums After Delay procedure.

2. Adjust the B TRIGGER LEVEL control so the intensi-

fied zone on the A trace is stable.

NOTE

The intensified zone seen in the ALT Horizontal

MODE display will move from trigger point to

trigger point as the B DELAY TIME POSITION

control is rotated.

3. The apparent magnification factor can be calculated

from the formula shown in step 8 of the Magnified

Sweep Rums After Delay procedure.

TIME AND FREQUENCY

MEASUREMENTS

Period

To measure period between repetitive pulses use the fol-

lowing procedure:
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1. Preset the instrument controis and obtain a baseline

trace.

2. Apply the signal to either vertical-channel input con-

nector and set the Vertical MODE switch to display

the channel used.

3. Adjust the A TRIGGER LEVEL control to obtain a

stable display.

4. Set the A SEC/DIV switch to a position that displays

the point of interest within the graticule area.

5. Set UPPER FUNCTIONS/LOWER FUNCTIONS

switch to IN and press in the PER button.

6. Read the period between repetitive pulses on the

readout.

Frequency

For frequency measurements, use the same method as

previously described in Period procedure, except that in

step 5, the FREQ button is pressed in along with the

UPPER FUNCTIONS/LOWER FUNCTIONS switch. The

readout will then display the frequency measurement.

Width

When in WIDTH mode, the CTM measures the time

interval between a point on the first slope of the selected

polarity and the same point on the following slope of the

opposite polarity. For waveforms with either slow rise

time or fall time, width measurement can be made more

accurately by adjusting the A TRIGGER LEVEL control so

that the start of the trace is at the 50% point of the

waveform. The A Trigger threshold affects the width

measurement and should be set carefully.

NOTE

The no A trig message is not used in this func-

tion, allowing indefinite display of measure-

ment results.

1. Preset the instrument controls and obtain a baseline

trace.

2. Apply the signal to eithervertical-channel input con-

nector and set the Vertical MODE switch to display

the channel used.

3. Set A TRIGGER Mode to NORM.

4, To measure positive half cycles of the input signal, /

set the A TRIGGER SLOPE switch to positive (outton *-



out); to measure negative half cycles of the input sig-

nal, set the A TRIGGER SLOPE switch to negative

(button in).

5. Adjustthe ATRIGGER LEVEL control to trigger about

the midpoint on the waveform.

6. Set the UPPER FUNCTIONS/LOWER FUNCTIONS

switch to IN and press in the WIDTH button.

7. Read the waveform width on the readout.

Time Interval On Single Waveform

The built-in A Time function provides tremendous flexi-

bility for making genera! timing measurements. An

internal circuit generates two different delay times alter-

nately which results in two intensified zones on the A

Sweep. The A TIME POSITION control adjusts the

separation of the two intensified zones, and in con-

junction with the B DELAY TIME POSITION control,

allows the start of each B Sweep to be positioned at any

desired waveform location. In RUNS AFTER DLY mode,

the time interval is measured and displayed on the

readout. This is a nontriggered A tirme measurement.

In triggered A Time measurement mode, the time inter-

val to be measured is defined by similar pulse edges

(i.e. positive or negative slopes). The B Sweep is trig-

gered on those edges alternately and the time between

the trigger events is measured and displayed on the

readout. The intensified zones relocate to correspond

with the starts of their respective B Sweeps. Because

this mode eliminates oscilloscope delay time jitter from

the measurement, over the starting (reference) point.

1. Preset the instrument controls and obtain a baseline

trace.

2. Apply the signal to either vertical-channelt input con-

nector and set the Vertical MODE switch to display

the channel used,

3. Set the appropriate VOLTS/DIV switch for a con-

venient amplitude display of the waveform.

4. Set the A SEC/DIV switch to display the measure-

ment points of interest on the waveform.

5. Select the ALT Horizontal MODE and adjust both the

appropriate vertical POSITION control and A/B SWP

SEP control to display the A trace above the B trace.

6. Set the UPPER FUNCTIONS/LOWER FUNCTIONS

switch to OUT and press in the A TIME button.
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7. Set the B SEC/DIV switch to the fastest sweep that

provides a usable (visible) intensified zone.

8. Adjust the B DELAY TIME POSITION control to move

ine first (left) intensified zone to cover the starting

(reference) point.

9. Adjust the A TIME POSITION control to move the

second intensified zone to cover the ending

(measurement) point.

NOTE

To perform a nontriggered measurement

proceed to step 10; to perform a triggered

measurement proceed to step 17.

10. Adjust both B DELAY TIME POSITION and A TIME

POSITION controls until the points of interest on the

two B traces intersect at any convenient vertical

graticule line. Read the time interval on the readout.

11. Adjust the B TRIGGER LEVEL control counter-

clockwise to midrange position to trigger at the

desired threshold on the waveform. Read the time

interval on the readout.

Rise Time

The following technique describes how to measure rise

time between the 10% and 80% points of the low to high

transition of the selected waveform using a nontriggered

A time measurement. Fall time is measured between the

90% and 10% points of the high to low transition of the

waveform.

1. Preset the instrument controls and obtain a baseline

trace.

2. Apply the signal to either vertical-channel input con-

nector and set the Vertical MODE switch to display

the channel used.

3. Set the appropriate VOLTS/DIV switch and variable

control for an exact 5~division display.

4. Vertically position the trace so that the zero refer-

ence of the waveform touches the 0% graticule line

and the top of the waveform touches the 100%

graticule line.

5. Setthe A SEC/DIV switch to spread out the transition

of interest as much as possible,
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Select ALT Horizontal MODE and set the B SEC/DIV

switch to the fastest sweep speed that still allows

the intensified zone to overlap the transition of

interest.

Set UPPER FUNCTIONS/LOWER FUNCTIONS

switch to OUT and press in the A TIME button.

Select B Horizontal MODE and adjust the B INTEN-

SITY control as desired.

Rotate the A TIME POSITION control to its fully

counterclockwise position.

10. Adjust the B DELAY TIME POSITION control until the

11.

displayed waveform intersects the center vertical

graticule line at the 10% point (see Figure 2-18,

Point A).

Adjust the A TIME POSITION control so that as the

waveform splits into two, the left most one (corre-

sponding to the longer of the two delay times) inter-

sects the center vertical graticule line at the 90%

point (see Figure 2-18, Point B).

12. Read the rise time on the readout.

wor feces feeeebeee eden

90

4205-11

Figure 2-18. Rise time.
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NOTE

To measure fall time, the procedure is the same

except that the right-most transition display is

positioned (by the B DELAY TIME POSITION

control) so that it intersects the center vertical

graticule line at the 90% point. The left-most

transition is positioned (by the A TIME

POSITION control) so that it intersects the

center vertical graticule line at the 10% point.

Time Difference Between Pulses On Two

Time-Related Signals (Short Method)

Time difference between two time related pulses can

often be measured using the triggered delay time tech-

nique. This is accomplish by triggering the A Sweep

externally on the reference pulses, and the B Sweep on

the pulses whose timing relationship to the reference is

to be determined. The measurement is performed from

ihe event triggering the A Sweep to the one triggering the

B Sweep. This is possibile when the time between the

pulses to be measured exceeds 500 ns.

1. Preset the instrument controls and obtain a baseline

trace,

Set the A & B SOURCE switch to A EXT, UPPER

FUNCTIONS/LOWER FUNCTIONS switch to OUT,

and press in the DLY TIME button.

Apply the reference signai to EXT INPUT connector

and the comparison signal to CH 1 or CH 2 input

connector.

Press and hoid in the TRIG VIEW button, adjust the A

TRIGGER LEVEL control to obtain a stable display,

triggered on the appropriate edge of the reference

signal.

Select CH 1 or CH 2 Vertical MODE and set the

appropriate VOLTS/DIV switch to produce a display

amplitude of 3 divisions.

Select ALT Horizontal MODE and rotate the B TRIG-

GER LEVEL control to its fully clockwise position,

Position the intensified zone to cover the pulse to be

measured and adjust the length of the zone with the

B TIME/DIV switch.

Select the appropriate B TRIGGER SLOPE, and

rotate the B TRIGGER LEVEL contro! counter-

clockwise to the midrange position, and trigger on

the transition to be measured.

Read the time from the reference edge to the edge |

displayed by the B Sweep on the display.



' Time Difference Between Points On Two
Time—Related Signals (General Method)

Time difference between pulses on two time~related sig-

nals can also be measured in a manner similar to that

previously described for measuring time difference

between two time related pulses on single waveforms

using the delta time measurement procedure.

Increased timing accuracy may be obtained by

externally triggering the A Sweep, while internally trig-

gering the B Sweep alternately from Channel 1 and

Channel 2 (triggered delta time). The following pro-

cedure describes how to measure from a point of interest

on the Channel 1 display to a point of interest on the

Channel 2 display, with or without the benefit of triggered

delta time.

1. Preset the instrument controls and obtain a baseline

trace. For nontriggered mode, set the A & B

SOURCE switch to CH 1, and for triggered mode set

A & B SOURCE switch to A EXT.

2. Using probes or cables having equal time delays,

apply the reference signal to the CH 1 input con-

nector and apply the comparison signal to the CH 2

input connector, For triggered measurement, the

signal to EXT INPUT connector must also be applied

to the CH 1 input connector.

3. Adjust the A TRIGGER LEVEL control to obtain a

stable display.

4. Select BOTH and ALT Vertical MODE, and set both

VOLTS/DIV switches to produce a display amplitude

of 3 divisions.

5. Select ALT Horizontal MODE. The first intensified

zone (reference) will appear on the Channel 1 trace

and the second intensified zone (comparison) will

appear on the Channel 2 trace.

6. Adjust Channel 1 POSITION, Channe! 2 POSITION,

and A/B SWP SEP controls to display the A traces

above the B traces.

7. Set the A SEC/DIV switch to display the measure-

ment points of interest within the graticule area.

8. Set UPPER FUNCTIONS/LOWER FUNCTIONS

switch to OUT and press in the A TIME button.

9. For the most accurate measurement, set the B SEC/

DiV switch to the fastest sweep speed that provides

a usable (visible) intensified zone.
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10. Adjust the B DELAY TIME POSITION control to move

the reference zone to the reference signal on the

CH 1 A trace (see Figure 2-19).

11. Adjust the A TIME POSITION control to move the

comparison zone to the comparison signal on the

CH 2 A trace (see Figure 2-19).

12. To perform a nontriggered measurement proceed to

step 13, and to perform a triggered measurement

proceed to step 14.

13. Adjust both B DELAY TIME POSITION and A TIME

POSITION controls until the points of interest on the

two B traces intersect at any convenient vertical

graticule line. Read the time difference on the

readout.

14. Adjust both B TRIGGER LEVEL controls counter-

clockwise to midrange position to trigger at the

desired threshold of the waveform.

—,

| HORIZONTAL [._

| DIFFERENCE }

CHANNEL 7 | CHANNEL2
(REFERENCE) (=) | COMPARISON

2 ee
te INTENSIFIED [-]-|)) MEASURE

ZONES TIME

FROM ATOB

i

“CH 2 SIGNAL+

CH 1 SIGNAL

®- CH 1 SIGNAL Na FOR CH 1
+ | B FOR CH2

\

ALT HORIZ SWEEP VERTICAL REFERENCE

DISPLAY LINE

4205-12)

Figure 2-19. Time difference between points on two

time-related signals in nontriggered mode.

Phase Difference

The phase difference between two signals of equal fre-

quency is determined in a manner similar to that

described in the preceding procedure for measuring

time difference between two time-related pulses. To
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measure the phase difference between two time-related

signals, use the following procedure:

1. Perform steps 1 through 14 of the preceding Time

Difference Between Two Time-related Pulses

procedure.

2. Record the time difference on the readout.

3. Set the A & B SOURCE switch to CH 1.

4. Select A Horizontal MODE and set UPPER

FUNCTIONS/LOWER FUNCTIONS switch to IN and

press in the PER button.

5. Read the period of the two signals on the readout,

and calculate the phase difference using the fol-

lowing formula:

time difference
Phase Difference = 360 x period

Gated Measurements

Gated measurements of frequency, period, width, and

totalize are performed through the B Trigger circuitry.

When the B Sweep is properly triggered, the intensified

zone duration indicates the gate interval over which the

CTM samples the displayed waveform, rather than the

duration of B Sweep. The intensified zone blinks at the

measurement cycle rate (except when in totalize mode)

to indicate that the B Sweep is triggered, and that the

CTM is receiving the B Trigger signal.

In gated frequency and period mode, the intensified

zone will completely cover one period of the input signal

(two consecutive trigger edges) if the B Sweep duration

is less than that period. The CTM extends the intensified

zone to cover this interval when the B Sweep is triggered.

ifthe B Sweep duration is actually longer than one period

of the input signal, all consecutive periods that fall within

the B Sweep duration will be included in the gated

measurement. In frequency mode the CTM will display

the reciprocal of the average of all periods with the

blinking intensified zone. in period mode the CTM will

display the arithmetic average of all periods with the

blinking intensified zone.

In gated width mode, the intensified will cover one pulse

width on the input signal, if the B Sweep duration is less

than that width. If the B Sweep duration covers more than

one pulse width, then the CTM will display the arithmetic
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average of all the pulse widths insides the blinking (

intensified zone. Gated width does not display the no b

trig status message.

The accuracy in gated frequency, period, and width

measurements improves as the number of samples

within the gate interval increases. It is advantageous to

lengthen the intensified zone to include as many trigger

events as possible within the gating interval.

In gated totalize mode, one event is counted for each

period of input signal inside the intensified zone (the

stop trigger edge is not counted).

The following procedure describes how gated measure-

ments are accomplished.

1. Preset instrument controls and obtain a baseline

trace.

2. Apply the signal to either vertical-channel input con-

nector and set ihe Verlical MODE switch to display

the channel used.

3. Adjust the A TRIGGER LEVEL control to obtain a

stable display.

4. Set the A SEC/DIV switch to a position that displays

the point of interest within the graticule area.

5. Select ALT Horizontal MODE, rotate the B TRIGGER

LEVEL control to its fully clockwise position and

adjust both the appropriate vertical POSITION con-

trol and the A/B SWP SEP control to display the A

trace above the B trace.

6. Set the B SEC/DIV switch to the desired sweep

speed and adjust the B DELAY TIME POSITION con-

trolto move the intensified zone to that portion of the

display to be measured.

7. To select the desired gated measurement function

(frequency, period, width, or totalize), set UPPER

FUNCTIONS/LOWER FUNCTIONS switch to IN and

press in FREQ, PER, WIDTH, or TOTALIZE (FREQ

and PER) buttons.

8. Adjust the B TRIGGER LEVEL control for a stable

display.

9. Observe that the intensified zone moves, covering

the interval that the CTM is sampling.

10. Read the measurement on the readout.



MULTIMETER MEASUREMENTS

Resistance and Semiconductor Junctions

Before making resistance measurements, ensure that

the readout displays the message OPEN. If the device

under test Is a linear resistance, the CTM will display the

resistance on the readout. If the resistance is a nonlinear

device (semiconductor), the CTM will automatically

enter into the junction test mode and display the

message diodE on the reacout and at the same time

generate and audible tone. After a brief moment the CTM

will display the forward voltage drop of the semi-

conductor on the readout. The red lead sources the

measuring voltage (+2.5 V in series with 1 kQ). To

measure resistance or forward voltage drop of a semi-

conductor use, the following procedure:

1. Set UPPER FUNCTIONS/LOWER FUNCTIONS

switch to IN and press in the ohms button.

2. Connect the multimeter leads across the unknown

resistance or across the semiconductor as indi-

cated in Table 2-3. The diode detection circuitry will

be activated only when the readout displays the

message OPEN before the multimeter leads are

connected across the device under test.

3. Read the resistance value or the forward voltage

drop of the device on the readout.

Determining Semiconductor Leakage Current

The Multimeter preforms resistance measurements with

divider technique. A reference voltage of about +2.5

volts Is applied through an internal precision resistor

(reference resistance) to the Multimeter + (positive)

connector (see Figure 2-20).

Operating Instructions —2236A Instruction

The unknown resistance is calculated from the following

formula:

reference Veerminal
resistance * “$25 volts -Vismnar

Unknown

Resistance

A typical semiconductor will have a reverse leakage

current-vs-reverse voltage drop as shown in Figure

2-21. Observe that the typical semiconductor leakage

current is relatively constant as the reverse voltage drop

increases,

To measure the reverse-leakage current, perform a ner-

mal resistance measurement with the Multimeter +

(positive) connector connected to the cathode of the

device (reverse biased).

REFERENCE

RESISTANCE , W7 RED

Why {

+

VTERMINAL

25 V OC 3 UNKNOWN
RESISTANCE

BLACKva
<

t 4205-43

Figure 2-20. Resistance measurement technique.

Table 2-3

Multimeter Connections to

Forward Bias Semiconductors

Semiconductor Red Lead Black Lead Typical Forward Drop

(volts)

Silicon Diode Anode Cathode 0.65

Silicon NPN Transistor Base Collector or 0.70

Emitter

Silicon PNP Transistor Collector or Base 0.70

Emitter

N Channel FET Gate Drain or 0.80

Source

LED Anode Cathode 1.5 to 2.0
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REVERSE

LEAKAGE

CIRCUIT

6 0 Trait

0.5 V REVERSE VOLTAGE DROP

4205-14

Figure 2-21. Reverse voltage drop to reverse leakage

current characteristics for typical semiconductor.

Calculate the reverse-leakage, using the following

formula:

Reverse-Leakage _

Current

reference voltage (+ 2.5 volts)

reference resistance

resistance + displayed

(see Table 2-4) on the readout

Table 2-4

Reference Resistance Values

Resistance Displayed Reference

On Readout Resistance

0 to 500 1ka

509 to 500 0 1 ka

500 to 5koO 10 kQ

5kQ to 50 ko 100 kO

50 kO. to 500 ko, 1 MO

Greater than 500 ko 10 MO

Continuity

Continuity checks are made by connecting the test leads

across the device under test and measuring the

unknown resistance. If the resistance is greater than or

equal to 5 © the readout will display the message OPEN;
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if the resistance is less than 5 Q an audible tone is gen-

erated and the readout will display the message Short.

1. Set the UPPER FUNCTIONS/LOWER FUNCTIONS

switch to OUT and press in both AC RMSV and

TEMP buttons.

2. Connect ihe test leads across the device under test.

3. Read the readout and fisten for an audible tone.

AC RMS Volts

if the readout displays the message OUCH

(input voltage equals or exceeds 350 V),

immediately disconnect the test leads from the

unit-under-test to prevent possible instrument

damage.

1. Set the UPPER FUNCTIONS/LOWER FUNCTIONS

switch to OUT and press in the AC RMSV button.

2. Connect the - (negative) lead to the reference point

(usually a ground or test point) and connect the + —

(positive) lead ta the unknown voltage to be

measured.

3. Read the rms value of the input signal on the

readout.

DC Volts

if the readout displays the message OUCH

(input voltage equals or exceeds 500 V),

immediately disconnect the test leads from the

unit-under-test to prevent possible instrument

damage.

i. Set the UPPER FUNCTIONS/LOWER FUNCTIONS

switch to IN and press in the DCV button.

2. Connect the ~ (negative) lead to the reference point

(usually a ground or test point) and connect the +

(positive) lead to the unknown voltage to be

measured,

3. Read the de voltage on the readout.



Channel 1 Volts

The instrument has the capability to measure the de and

true ac coupled rms values of the input signal through

CH 1 OR X & DMM connector. Maximum voltage

measurement when using elther a 1X probe or cable is

49.99 V (dc or ac rms). Maximum voltage measurement

with a 10X probe is 499.9 V de and 349.9 Vrms ac. When

an overrange condition exists the readout will display the

message OUCH. The procedure for measuring voltage

through the CH 1 OR X & DMM input connector is as

follows:

1. Preset instrument controls and obtain a baseline

trace.

Connect either a probe (1X or 10X) or a cable to CH 1

OR X & DMM input connector.

Set the Channel 1 input Coupling switch to either

RMSV AC position for ac rms voltage measurement

or to DCV pasition for dc vollage measurement.

Set the UPPER FUNCTIONS/LOWER FUNCTIONS

switch to OUT and press in the CH button.

Connect the probe ground clip to a reference point

(usually a ground or test point)d and connect the

probe tip to the unknown voltage to be measured.

Observe the readout. If necessary, select the next

lower CH 1 VOLTS/DIV position to obtain maximum

resolution without overranging.

Operating Instructions ~2236A Instruction

NOTE

CH 1 AC RMS voltage measurements are

influenced above 1 KHz by compensation when

aX10 probe is used. Below 100 Hz the CH 1 AC

coupling time constant degrades direct

measurements. Use of a 10X probe increases

the time constant and extends the useful range

to 20 Hz. CH 1 de voltage measurements are

made without the benefit of a two-pole low pass

input filter. De voltage measurements made

through the side inputs utilize such a filter and

therefore offer better normal mode rejection

(rejection of input signal noise).

Temperature

1. Connect the P6602 temperature probe to the

Multimeter input connector.

Set the UPPER FUNCTIONS/LOWER FUNCTIONS

switch to OUT.

Press in the TEMP button for temperature measure-

ment in Celsius or press both the TEMP and TIME

buttons for temperature measurement in Fahrenheit.

Read the temperature on the readout.
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