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OPERATORS SAFETY SUMMARY

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

Terms in This Manual

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

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

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 applicable
A cautionary or other information is to be found.
For maximum input voltage see Table 1-1.

Symbols As Marked on Equipment

& 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 volts rms between the
supply conductors or between either supply conductor and
ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for safe
operation.

Grounding the Product

This product is grounded through the grounding conductor
of the power cord. To avoid electrical shock, plug the power
cord into a properly wired receptacle before connecting 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, all accessi-
ble conductive parts (including knobs and controls 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 connectors
see Figure 2-1.

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 Explosive Atmospheres

To avoid explosion, do not operate this product in an explo-
sive atmosphere unless it has been specifically certified for
such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product covers
or panels. Do not operate the product without the covers
and panels properly installed.
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General Information—2215A Operators

Table 1-1
Electrical Characteristics

Characteristics

Performance Requirements

Supplemental Information

VERTICAL DEFLECTION SYSTEM

Deflection Factor

Range 2 mV per division to 5 V per division
in a 1-2-5 sequence.
Accuracy +3%

5 mV per division to 5 V per division
gain is adjusted with VOLTS/DIV switch
set to 10 mV per division.

2 mV per division gain is adjusted

with 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
Rise Time

0°C to +35°C

5 mV per Division to 5 V per
Division

5.8 ns or less.

Rise time is calculated from the formula:

0.35
Bandwidth (—3 dB)

0°C to +50°C

2 mV per Division to 5 V per
Division

7.0 ns or less.

Bandwidth (—3 dB)
0°C to +35°C

5 mV per Division to 5 V per
Division

Dc to at least 60 MHz.

0°C to +50°C

2 mV per Division to 5 V per
Division

Dc to at least 50 MHz.

Measured with a vertically centered
6-division reference signal from a 50 Q
source driving a 50 Q coaxial cable
that is terminated in 50 Q, 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
10 MHz +15%.

Chop Mode Switching Rate

500 kHz +30%.

Input Characteristics

Resistance

1 MQ £2%.

Capacitance

20 pF £2 pF.

Maximum Safe Input Voltage A
DC Coupled

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

See Figure 1-1 for derating curve.

AC Coupled

400 V (dc + peak ac) or 800 V ac p-p
to 10 kHz or less.
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Table 1-1 (cont)

General Information—2215A Operators

Characteristics

Performance Requirements

Supplemental Information

VERTICAL DEFLECTION SYSTEM

Common-Mode Rejection Ratio
(CMRR)

At least 20 to 1 at 25 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.

Trace Shift with Attenuator Rotation

0.75 division or less.

VOLTS/DIV Variable control in CAL
detent.

Trace Shift as VOLTS/DIV
Variable Control is Rotated

1.0 division or less.

Trace Shift with Invert

1.5 division or less.

Channel Isolation

Greater than 100 to 1 at 25 MHz.

TRIGGER SYSTEM

A TRIGGER Sensitivity
P-P AUTO and NORM/TV LINE

Modes 5 MHz 60 MHz
Internal 0.3 div 1.0 div
External 40 mV 150 mV

External trigger signal from a 50 ©
source driving a 50 Q coaxial cable
terminated in 50 Q at the input connector.

Lowest Useable Frequency in P-P
AUTO Mode

20 Hz with 1.0 division internal
or 100 mV external.

TV FIELD Mode

1.0 division of composite sync.

B TRIGGER Sensitivity (Internal Only)

10 MHz 60 MHz

0.4 div 1.5 div

EXT INPUT
Maximum Input Voltage A

400V (dc + peak ac) or 800 V ac p-p
at 10 kHz or less.

See Figure 1-1 for derating curve.

Input Resistance

1 MQ +2%.

Input Capacitance

20 pF +2.5 pF.

AC Coupléd

10 Hz or less at lower —3 dB point.

LEVEL Control Range
A TRIGGER (NORM)

INT Can be set to any point of the trace
that can be displayed.
EXT, DC At lease =1.6V, 3.2V p-p.
EXT,DC = 10 At least =16V, 32 V p-p.
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 10.

1-3
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General Information—2215A Operators

Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM

Sweep Rate
Calibrated Range

A Sweep 0.5 s per division to 0.05 us per
division in a 1-2-5 sequence. X10
magnifier extends maximum sweep
speed to 5 ns per division.
B Sweep 50 ms per division to 0.05 us per
division in a 1-2-5 sequence. X10
magnifier extends maximum sweep
speed to 5 ns per division.
Accuracy Unmagnified Magnified Sweep accuracy applies over the
s center 8 divisions. Exclude the first
+15°C to +35°C +3% +4% 25 ns of the sweep for magnified
sweep speeds and anything beyond
0°C to +50°C +4% +5% the 100th magnified division.

POSITION Control Range

Start of sweep to 10th division in X1 or
100th divisions in X10 will position past
the center vertical graticule line.

Sweep Linearity

+7%.

Linearity measured over any 2 of the
center 8 divisions. With magnifier in X10,
exclude the first 25 ns and anything past
the 100th division.

Variable Control Range

Continuously variable between
calibrated settings. Extends the A and
B sweep speeds by at least a factor of
25.

Delay Time

Dial Control Range

Applies to 0.5 us per division
and slower.

<0.5 +300 ns to >10 divisions.

Delay time is functional but not
calibrated at sweep settings above 0.5 us
per division.

Jitter

One part or less in 20,000 (0.005%) of
the maximum available delay time.

Differential Time Measurement
Accuracy

+15°C to +35°C

+1% +0.015 major dial division

0°C to +50°C

+2% 40.015 major dial division.

Exclude delayed operation when A and B
SEC/DIV knobs are locked together at
any sweep speed or when A SEC/DIV
switch is at 0.5 us per division or faster.
Accuracy applies over the B DELAY TIME
POSITION control range.

14
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Table 1-1 (cont)

General Information—2215A Operators

Characteristics

Performance Requirements

Supplemental Information

X-Y OPERATION (X1 MAGNIFICATION)

Deflection Factors

Same as Vertical Deflection System
(with VOLTS/DIV Variable controls in
CAL detent).

Accuracy Measured with a dc-coupled, 5-division
MeAYiE e reference signal.
Y-Axis Same as Vertical Deflection System.
Bandwidth (—3 dB) Measured with a 5-division
X-Axis Dc to at least 2 MHz. it
Y-Axis Same as Vertical Deflection System.

Phase Difference Between X- and
Y-Axis Amplifiers

+3° from dc to 100 kHz.

With dc-coupled inputs.

PROBE ADJUST

Output Voltage of PROBE ADJUST
Jack

0.5V *5%.

Repetition Rate

1 kHz +20%.

Z-AXIS INPUT

Sensitivity

5 V causes noticeable modulation.
Positive-going input decreases
intensity.

Useable frequency range is
dc to 10 MHz.

Maximum Safe Input Voltage

30 V (dc + peak ac) or 30 VC p-p ac at
1 kHz or less.

Input Resistance

10 k2 +10%.

POWER SOURCE

Line Voltage Ranges 90 V to 250 V.
Line Frequency 48 Hz to 440 Hz.
Maximum Power Consumption 40 W (70 VA).

Line Fuse 1.0 A, 250 V, slow-blow.
CATHODE-RAY TUBE

Display Area 80 by 100 mm.

Standard Phosphor P31.

Nominal Accelerating Voltage 14 kV.

15
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General Information—2215A Operators

Table 1-2
Environmental Characteristics
Characteristics Description
NOTE
The instrument 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 lll, Class 5 equipment, except where other-
wise noted.
Temperature

Operating 0°C to +50°C (+32°F to +122°F).

Nonoperating —55°C to +75°C (—67°F to +167°F). Tested to MIL-T-28800C 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 (—55°C nonoperating test). Equipment shall remain
off upon return to room ambient during step 6. Excessive condensation shall be
removed before operating during step 7.

Altitude

Operating To 4,500 m (15,000 ft). Maximum operating temperature decreased 1°C per
1,000 ft above 5,000 ft.

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

Humidity (Operating and Nonoperating)

5 cycles (120 hours) referenced to MIL-T-28800C paragraph 4.5.5.1.2.2 for Type
lll, Class 5 instruments. Operating and non-operating at 95% +0% to —5%
relative humidity. Operating at +50°C and +30°C. Non-operating at +30°C to
+60°C.

Vibration (Operating)

15 minutes along each of 3 major axes at a total displacementof 0.015 inch p-p
(2.4 g's at 55 Hz) 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 axes. All major
resonances must be above 55 Hz.

Shock (Operating and Nonoperating)

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

EMI

Meets radiated and conducted emission requirements per VDE 0871 Class B.

1-6
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Table 1-3

Physical Characteristics

General Information—2215A Operators

Characteristics

Description

Weight With Power Cord

With Cover, Probes, and Pouch

6.2 kg (13.7 Ib).

Without Cover, Probes, and Pouch

5.2 kg (11.5 Ib).

Domestic Shipping Weight

7.3 kg (16.0 Ib).

Height

With Feet and Handles

137 mm (5.4 in).

Width

With Handle

360 mm (14.2 in).

Without Handle

327 mm (12.9 in).

Depth

With Front Cover

445 mm (17.5 in).

Without Front Cover

440 mm (17.3 in).

With Handle Extended

511 mm (20.1 in).

VOLTS
(DC PLUS

PEAK AC)

400

300 \
200

100

S0

12.5V

i

20

/

10 KHz

5@ KHz 100 KHz
FREQUENCY

500 KHz

1 MHz

1800 MHz

C4207-28

Figure 1-1. Maximum input voltage vs. frequency derating curve for CH 1 OR X, CH 2 OR Y, and EXT INPUT connectors.
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Figure 1-2. Physical dimensions of the 2215A Oscilloscope.
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SLOPE Switches—Selects the slope of the signal

that triggers the sweep.

OUT—When button is released out, sweep is trig-
gered from the positive-going slope of the trigger
signal.

IN—When button is pressed in, sweep is triggered
from the negative-going slope of the trigger signal.

A SOURCE Switch—Determines the source of the
trigger signal that coupled to the input of the A Trigger
circuit.

INT—Permits triggering on signals that are applied
to the CH 1 OR X and CH 2 OR Y input connec-
tors. The source of the internal signal is selected by
the A & B INT switch.

LINE—The power-source waveform is the source
of the trigger signal. This trigger source is useful
when vertical input signals are time related (multi-
ple or submultiple) to the frequency of the power-
input source voltage.

EXT—Permits triggering on signals applied to the
EXT INPUT connector.

A&B INT Switch—Selects the source of the internal

triggering signal when the A SOURCE switch is set to
INT.

CH 1—The signal applied to the CH 1 OR X input
connector is the source of the trigger signal.

VERT MODE—The internal trigger source is deter-
mined by the signals selected for display by the
VERTICAL MODE switches. See Table 2-1 for
VERT MODE trigger source.

CH 2—The signal applied to the CH 2 OR Y input
connector is the source of the trigger signal.

@ A EXT COUPLING Switch—Determines the method

used to couple external signals to the A TRIGGER
circuit from the EXT INPUT connector.

AC—Signals above 60 Hz are capacitively coupled
to the input of the A Trigger circuit. Any dc compo-
nents are blocked, and signals below 60 Hz are
attenuated.

Preparation for Use—2215A Operators

Table 2-1
VERT MODE Trigger Source

VERT MODE Trigger Source
CH1 CH 1 OR X input signal.
CH 2 CH 2 OR Y input signal.

BOTH and ADD

Algebraic sum of CH 1 OR X and
CH 2 OR Y input signals.

BOTH and CHOP

Algebraic sum of CH 1 OR and CH
2 OR Y input signals.

BOTH and ALT

Alternates between Channel 1 and
Channel 2 on every other sweep
(i.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).

DC—AII frequency components of the signal are
coupled to the input of the A Trigger circuitry. This
position is useful for displaying low-frequency or
low-repetition-rate signals.

DC-+10—10-External trigger signals are attenu-
ated by a factor of 10. All frequency components of
the signal are coupled to the input of the A Trigger
circuit.

EXT INPUT Connector—Provides a means of intro-
ducing external signals into the A Trigger circuit
through the A EXT COUPLING switch.

B TRIGGER LEVEL Control—Selects the amplitude
point on the trigger signals at which the sweep is trig-
gered. When fully clockwise (B RUNS AFTER DLY),
the B Sweep circuit runs immediately following the de-
lay time selected by the A SEC/DIV and the B DELAY
TIME POSITION control.

VAR HOLDOFF Control—Provides continuous con-
trol of holdoff time between sweeps. Increases the
holdoff time by at least a factor of 10. This control
improves the ability to trigger on aperiodic signals
(such as complex digital waveforms).
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Operators Familiarization—2215A Operators

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 connec-
tor and wait several seconds for the input coupling capacitor
to discharge.

3-2

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.
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Operating Procedures—2215A Operators

POSITION TO
CENTER LINE

@

H

E VERTICAL
1 DEFLECTION
10 :
r.. ::.
MEASURE AMPLITUDE
FROM @& TO b

Figure 4-1. Peak-to-Peak waveform voltage.

7. Horizontally position the display so that one of the
positive peaks coincides with the center vertical graticule
line (see Figure 4-1, Point B).

8. Measure the vertical deflection from peak-to-peak
(see Figure 4-1, Point A to Point B).

NOTE

If the amplitude measurement is 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.

9. Calculate the peak-to-peak voltage, using the follow-
ing formula:

VOLTS/DIV
vertical switch setting
Volts (p-p) = deflection x indicated by 1X
(divisions) (or 10X PROBE when

10X probe is used)

EXAMPLE: The measured peak-to-peak vertical deflec-
tion is 4.6 divisions (see Figure 4-1) using a 10X attenua-
tor probe with the VOLTS/DIV switch set to 5 V (at 10X
PROBE setting).

Substituting the given values:

Volts (p-p) = 4.6 div x 5 V/div = 23 V.

4-2

Instantaneous Voltage

To measure instantaneous level at a given point on a
waveform, referred to ground, use the following procedure:

1. Preset 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. Verify that the VOLTS/DIV Variable control is in the
CAL detent and set the Coupling switch to GND.

4. Vertically position the baseline trace to the center hor-
izontal 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 refer-
ence (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
switch is in its noninverting mode (button out).

6. If necessary, repeat Step 4 using a different reference
line which allows the waveform in Step 5 to be displayed on
screen.

7. Adjust the A TRIGGER LEVEL control to obtain a sta-
ble 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 4-2).
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Figure 4-2. Instantaneous voltage measurement.

10. Calculate the instantaneous voltage, using the fol-
lowing formula:

VOLTS/DIV
Instanta- vertical switch setting
neous = deflection x polarity x indicated by 1X
Voltage (divisions)  (+ or —)  (or 10X when 10X

probe is used)

EXAMPLE: The measured vertical deflection from the
reference line is 4.6 divisions (see Figure 4-2), the wave-
form point is above the reference line, a 10X attenuator
probe is being used, and the VOLTS/DIV switch is set to
2V (at 10X PROBE setting).

Substituting the given values:
Instantaneous Voltage = 4.6 div x (+1) x 2 V/div = 9.2 V.

Algebraic Addition

With the VERTICAL MODE switches set to BOTH and
ADD, the waveform displayed is the algebraic sum of the
signals applied to the Channel 1 and Channel 2 inputs (CH 1
+ CH 2). If the Channel 2 INVERT button is pressed in, the
waveform displayed is the difference between the signals
applied to the Channel 1 and Channel 2 inputs (CH 1 —
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.

Operating Procedures—2215A Operators

a. Do not exceed the input voltage rating of the
oscilloscope.

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 ex-
ample, with a VOLTS/DIV switch setting of 0.5 V, the
voltage applied to that channel should not exceed ap-
proximately 4 volts.

¢. Use Channel 1 and Channel 2 POSITION control
settings which most nearly position the signal on each
channel to midscreen, when viewed in either CH 1 or
CH 2 VERTICAL MODE. This ensures the greatest
dynamic range for ADD mode 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 un-
wanted 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 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 4- or 5-divisions in amplitude.

5. Adjust either VOLTS/DIV switch and VOLTS/DIV
Variable control so that both display signals are the same
amplitude.

6. Adjust the 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 4-3A).
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5. Position the display to place the time-measurement
points on the center horizontal graticule line (see Figure 4-5).

6. Measure the Horizontal distance between the time-
measurement points.

7. Calculate time duration using the following formula:

horizontal A SEC/DIV
Time distance x switch
Duration _ (division) setting

magnification factor

EXAMPLE: The distance between the time measurement
points is 8.3 divisions (see Figure 4-5), and the A
SEC/DIV switch is set to 2 ms per division. The X10
Magnifier is off (knob in).

Substituting the given values:

Time Duration = 8.3 div x 2 ms/div = 16.6 ms

Frequency

The frequency of a recurrent signal can be determined
from its time-duration measurement as follows:

1. Measure the time duration of one waveform cycle us-
ing the preceding “Time Duration” measurement procedure.

2. Calculate the reciprocal of the time-duration value to
determine the frequency of the waveform.

EXAMPLE: The signal in Figure 4-5 has a time duration
of 16.6 ms.

Operating Procedures—2215A Operators

Calculating the reciprocal of time duration:

1 1
time duration  16.6 ms

Frequency = = 60 Hz

Rise Time

Rise-time measurements use the same methods as time
duration, except that the measurements are made between
the 10% and 90% points of the low to high transition of the
selected waveform (see Figure 4-6). Fall time is measured
between the 90% and 10% points of the high to low transi-
tion of the waveform.

1. Preset instrument controls and obtain a baseline
trace.

2. Apply an exact 5-division signal to either vertical-
channel input connector 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 reference
of the waveform touches the 0% graticule line and the top of
the waveform touches the 100% graticule line.

5. Horizontally position the display so the 10% point on
the waveform intersects the second vertical graticule line.

/ \‘é / T - (?)
e T siGNAL ] L4 e
£\ i AMP“TDE / @ 10
i A 1 ,~
e —'-‘ HORIZONTAL [-=—
HORIZONTAL DISTANCE
DISTANCE
C4207-16 C4207-17

Figure 4-5. Time duration.

Figure 4-6. Rise time.

4-5
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6. Measure the horizontal distance between the 10%
and 90% points (between Points A and B of Figure 4-6) and
calculate the time duration using the following formula:

horizontal A SEC/DIV
distance x switch
Rise Time _ (divisions) setting

magnification factor

Example: The horizontal distance between the 10% and
90% points is 5 divisions, and the A SEC/DIV switch is
set to 1 us per division. The X10 magnifier knob is off
(knob in).

Substituting the given values in the formula:

5 div x 1 us/div

= S
1 i

Rise Time =

Time Difference Between Pulses On Time-Related
Signals

The calibrated sweep speed and dual-trace features of
the 2215A allow measurement of the time difference be-
tween two separate events. To measure time difference,
use the following procedure:

1. Preset instrument controls and obtain a baseline
trace, then set the A TRIGGER SOURCE switch to CH 1.

2. Set both Input Coupling switches to the same posi-
tion, depending on the type of input coupling desired.

3. Using either probes or cables with equal time delays,
connect a known reference signal to the Channel 1 input
and the comparison signal to the Channel 2 input.

4. Set both VOLTS/DIV switches for 4- or 5-division
displays.

5. Select BOTH VERTICAL MODE; then select either
ALT or CHOP, depending on the frequency of input signals.

6. If the two signals are of opposite polarity, press in the
Channel 2 INVERT button to invert the Channel 2 display
(signals may be of opposite polarity due to 180° phase
difference).

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

8. Set the A SEC/DIV switch to a sweep speed which
provides three or more divisions of horizontal separation be-
tween the reference points on the two displays. Center each
of the displays vertically (see Figure 4-7).

CHANNEL 1 (REFERENCE)

N /
s

e
50% = k| 0|

AMPLITUDE BT 1T measure
LEVEL-:L—H—!—)\ pei b TIME FROM

: @ ® 10

CHANNEL 2

HORIZONTAL

DIFFERENCE

C4207-18

Figure 4-7. Time difference between pulses on time-related
signals.

9. Measure the horizontal difference between the two
signal reference points and calculate the time difference us-
ing the following formula:

A SEC/DIV horizontal
Time switch x difference
Difference setting (divisions)

magnification factor

EXAMPLE: The A SEC/DIV switch is set to 50 us per
division, the X10 Magpnifier is on (button out) and the hori-
zontal difference between waveform measurement
points is 4.5 divisions.

Substituting the given values in the formula:

Time 50 ws/div x 4.5 div

Difference 10 = 22.5ps

Phase Difference

In a similar manner to “Time Difference Between Two
Time-Related Pulses” phase comparison between two sig-
nals of the same frequency can be made using the dual-
trace feature of the 2215A. This method of phase difference
measurement can be used up to the frequency limit of the
vertical deflection system. To make a phase comparison,
use the following procedure:

1. Preset instrument controls and obtain a baseline
trace, then set the INT switch to CH 1.
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2. Set both Input Coupling switches to the same posi-
tion, depending on the type of input coupling desired.

3. Using either probes or cables with equal time delays,
connect a known reference signal to the Channel 1 input
and the unknown signal to the Channel 2 input.

4. Select BOTH VERTICAL MODE; then select either
ALT or CHOP, depending on the frequency of input signals.
The reference signal should precede the comparison signal
in time.

5. If the two signals are of opposite polarity, press in the
Channel 2 INVERT button to invert the Channel 2 display.

6. Set both VOLTS/DIV switches and both Variable con-
trols so the displays are equal in amplitude.

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

8. Set the A SEC/DIV switch to a sweep speed which
displays about one full cycle on the waveforms.

9. Position the displays and adjust the SEC/DIV Variable
control so that one reference-signal cycle occupies exactly 8
norizontal graticule divisions at the 50% rise-time points
(see Figure 4-8). Each division of the graticule now repre-
sents 45° of the cycle (360° -+ 8 divisions), and the horizon-
tal graticule calibration can be stated as 45° per division.

10. Measure the horizontal difference between cor-
responding points on the waveforms at a common horizon-
tal graticule line (50% of rise time) and calculate the phase
difference using the following formula:

horizontal horizontal

Phase = difference x graticule
Difference (divisions) calibration
(deg/div)

Example: The horizontal difference is 0.6 division with a
graticule calibration of 45° per division as shown in Fig-
ure 4-8.

Substituting the given values into the phase difference
formula:

Phase difference = 0.6 div x 45°/div = 27°

Operating Procedures—2215A Operators
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Figure 4-8. Phase difference.

More accurate phase measurements can be made by us-
ing the X10 Magnifier function to increase the sweep speed
without changing the SEC/DIV Variable control setting.

EXAMPLE: If the sweep speed were increased 10 times
with the magnifier (X10 Magnifier button out), the magnified
horizontal graticule calibration would be 45°/division divided
by 10 (or 4.5°/division). Figure 4-9 shows the same signals
illustrated in Figure 4-8, but magnifying the displays results
in a horizontal difference of 6 divisions between the two
signals.

Substituting the given values in the phase difference
formula:

Phase difference = 6 div x 4.5°/div = 27°

CHANNEL 1 (REFERENCE) CHANNEL 2

ol 7) 209 4
—— J_ MEASURE
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Figure 4-9. High-resolution phase difference.
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amount of time between start of the A Sweep and start of
the B Sweep) is accomplished with the B DELAY TIME PO-
SITION control. With either ALT or B HORIZONTAL MODE
selected and B TRIGGER LEVEL control set fully clockwise
(B RUNS AFTER DLY), the B DELAY TIME POSITION con-
trol 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 any location within the A
Sweep interval. When ALT HORIZONTAL MODE is se-
lected, the B SEC/DIV switch setting determines the B
Sweep speed and concurrently sets the length of the inten-
sified zone on the A trace.

Using delayed-sweep magpnification may produce a dis-
play with some slight horizontal movement (pulse jitter).
Pulse jitter includes not only the inherent uncertainty of trig-
gering the delayed sweep at exactly the 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” procedure which follows the dis-
cussion 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 result-
ing apparent magnification factor.

1. Preset 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 to produce a
display of approximately 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
appropriate channel POSITION control 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 posi-
tion the start of the intensified zone to the portion of the
display to be magnified (see Figure 4-10).
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Figure 4-10. Delayed-sweep magnification.

7. Set the B SEC/DIV switch to a setting which intensi-
fies the full portion of the A trace to be magnified. The inten-
sified zone will be displayed as the B trace (see Figure 4-10).
The B HORIZONTAL MODE may also be used to magnify
the intensified portion of the A Sweep.

8. The apparent sweep magnification can be calculated
from the following formula:

Apparent ; :
Delayed Sweep — A SEC/DIV switch setting
Magpnification B SEC/DIV switch setting

EXAMPLE: Determine the apparent magnification of a
display with an A SEC/DIV switch setting of 0.1 ms per
division and a B SEC/DIV switch setting of 1 us per
division.

Substituting the given values:

Apparent  1x10 ¢

e e I 100
Magnification 1 x 10-° .
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Figure 4-12. Time difference on single waveform.

9. Adjust the B DELAY POSITION control clockwise to
move the intensified zone to the leading edge of the second
point of interest (on the A trace); then fine adjust until the
rising portion (on the B trace) is centered at the same conve-
nient vertical graticule used in preceding step 7.

10. Record the B DELAY TIME POSITION control dial
setting.

11. Calculate the time difference between repetitive
pulses using the following formula.

Time second first A SEC/DIV
Difference =( dial — dial )( switch )

(Duration) setting setting setting

EXAMPLE: With the A SEC/DIV switch set to 0.02 ms
per divisions the first B DELAY TIME POSITION dial set-
ting is 1.20 and the second B DELAY TIME POSITION
dial setting is 9.53 (see Figure 4-13).

Substituting the given values in the time difference
formula:

Time Difference = (9.53 — 1.20) (0.2 ms/div) = 1.666 ms

Figure 4-13. B DELAY TIME POSITION control settings.

Rise Time

Rise-time measurements use the same methods as time
interval on single waveform, except that the measurements
are made between the 10% and 90% points of the low to
high transition of of the selected waveform. Fall time is mea-
sured between the 90% and 10% points of the high to low
transition of the waveform.

1. Preset instrument controls and obtain a baseline
trace.

2. Apply an exact 5-division signal to either vertical-
channel input connector 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 reference
of the waveform touches the 0% graticule line and the top of
the waveform touches the 100% graticule line.

5. Set the A SEC/DIV switch for a single-waveform dis-
play. Ensure that the SEC/DIV Variable control is in the CAL
detent.

6. Select ALT HORIZONTAL MODE and set the
B SEC/DIV switch to spread the rise-time-measurement
portion of the display as much as possible.

411
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7. Select the B HORIZONTAL MODE. Adjust the
B DELAY TIME POSITION control until the display inter-
sects the 10% point at the center vertical graticule line (see
Figure 4-14, Point A).

8. Record the B DELAY TIME POSITION control dial
setting.

9. Adjust the B DELAY TIME POSITION control until the
display intersects the 90% point at the center vertical grati-
cule line (see Figure 4-14, Point B).

10. Record the B DELAY TIME POSITION control dial
setting.

11. Calculate rise time using the same formula listed in
the “Time Difference On Single Waveforms” measurement
procedure.

EXAMPLE: With the A SEC/DIV switch set to 1 us per
division, the first B DELAY TIME POSITION dial setting
(Point A) is 2.50 and the second B DELAY TIME POSITION
dial setting (Point B) is 7.50.

THE 10% POINT ON THE WAVEFORM INTERSECTS
THE CENTER VERTICAL GRATICULE LINE.

THE 90% POINT ON THE WAVEFORM INTERSECTS
THE CENTER VERTICAL GRATICULE LINE.

473212

Figure 4-14. Rise time, differential time method.
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Substituting the given values in the time difference
formula:

Rise Time = (7.50 — 2.50) (1 ps/div) = 5 us

Time Difference Between Two Pulses On Two
Time-Related Signals

1. Preset instrument controls and obtain a baseline
trace, then set the VERTICAL MODE to BOTH and ALT.

2. Using probes or cables having equal time delays, ap-
ply the reference signal to the Channel 1 input and apply the
comparison signal to the Channel 2 input.

3. Set the appropriate VOLTS/DIV switch to produce a
display of approximately 2- or 3-divisions in amplitude.

4. Set the A SEC/DIV switch to display the measure-
ment points of interest within the graticule area.

5. Select ALT HORIZONTAL MODE and CH 1 VERTI-
CAL MODE. Adjust both the Channel 1 POSITION control
and the A/B SWP SEP control so that the A trace is dis-
played above the B trace.

6. Rotate the B DELAY TIME POSITION control to
move the intensified zone to the appropriate edge of the
reference signal (on the A trace); then fine adjust until the
edge of the reference signal (on the B trace) is centered at
any convenient vertical graticule line (see Figure 4-15
Point A).

7. Record the B DELAY TIME POSITION control dial
setting.

8. Select CH 2 VERTICAL MODE and adjust both the
Channel 2 POSITION control and the A/B SWP SEP control
as necessary to display the A trace above the B trace.

9. Rotate the B DELAY TIME POSITION control to set
the appropriate edge of the of the Channel 2 pulse (on the
B trace) to the same vertical reference point as used in pre-
ceding step 6 (see Figure 4-15, Point B). Observe the
A trace to position the intensified zone to the correct pulse
(if more than one pulse is displayed). Do not change the
setting of the Horizontal POSITION control.

10. Record the B DELAY TIME POSITION control dial
setting.
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Figure 4-15. Time difference between two pulses on two time-
related signals.

Operating Procedures—2215A Operators

11. Calculate the time difference between the Channel 1
and Channel 2 pulses as in the preceding “Time Difference
On Single Waveforms” measurement procedure.

EXAMPLE: With the A SEC/DIV switch set to 50 us per
division, the dial reading for the reference pulse (Channel 1)
is 2.60 and the dial reading for the comparison pulse (Chan-
nel 2) is 7.10.

Substituting the given values into the time-difference
formula:

Time Difference = (7.10 — 2.60) (50 us/div) = 225 us

4-13


https://www.manualsplus.com/



https://www.manualsplus.com/



https://www.manualsplus.com/



https://www.manualsplus.com/

TE'(tI'OI'Ii)(@ MANUAL CHANGE INFORMATION

COMMITTED TO EXCELLENCE Date: November 17,1983 Change Reference: _C1/1183
Product: _2215A Operators Manual Part No.: 070-4732-00
DESCRIPTION PG. 46

EFFECTIVE ALL SERIAL NUMBERS

TEXT CHANGES

For Page 1-2, Table 1-1
VERTICAL DEFLECTION SYSTEM

Add the following specification to the Bandwidth (—3 dB)
under the 0°C to +35°C characteristic.

Bandwidth (—3 dB) Measured with a vertically centered
0°C to +35°C 6-division reference signal from a 50 Q
2 mV per Division Dc to at least 50 MHz. source driving a 50  coaxial cable

that is terminated in 50 Q, both at
the input connector and at the probe
input, with the VOLTS/DIV Variable
control in the CAL detent.

5 mV per Division to 5 V per Dc to at least 60 MHz.
Division

Page 1 of il

000-2775-00D
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e «  MANUAL CHANGE INFORMATION
mron[x UK Dpate: _April's4 Change Reference: __U.K. .

HOddeSdon, Product: _2215A Manual Part No,: .070-4732-00

DESCRIPTION

EFFECTIVE ALL U.K. SERIAL NUMBERS UNLESS OTHERWISE STATED

Ckt No. Part No. Eff Sn Description Mod Ref
Mech /Parts

REMOVE :

Qty 2 010-6122-01 Probe EM1513
ADD: '

Qty 1 015-0467-00 Probe Kit EM1513
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