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CERTIFICATION

Heuwlett-Packard Company certifies that this instrument met its published
specifications at the time of shipment from the factory. Hewlett-Packard
Company further certifies that its calibration measurements are traceable
to the United States National Bureau of Standards, to the extent allowed
by the Bureau's calibration facility, and to the calibration facilities of other
International Standards Organization members.

WARRANTY AND ASSISTANCE

This Hewlett-Packard product is warranted against defects in materials
and workmanship for a period of one year from the date of shipment.
Hewlett-Packard will, at its option, repair or replace products which prove
to be defective during the warranty period provided they are returned
to Hewlett-Packard, and provided the preventive maintenance procedures
in this manual are followed. Repairs necessitated by misuse of the product
are not covered by this warranty. NO OTHER WARRANTIES ARE EX-
PRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANT-ABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. HEWLETT-PACKARD IS NOT
LLIABLE FOR CONSEQUENTIAL DAMAGES.

Service contracts or customer assistance agreements are available for
Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and
Service Office. Addresses are provided at the back of this manual.
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SAFETY SUMMARY

The foliowing general safety precautions must be observed during all phases of operation, service,
and repalr of this Instrument. Fallure to comply with these precautions or with specific warnings
elsewhere In this manual violates safety standards of design, manufacture, and Intended use of the
Instrument. Hewlett-Packard Company assumes no llabliity for the customer’s fallure to comply
with these requirements.

GROUND THE INSTRUMENT.

To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical
ground. The instrument is equipped with a three-conductor ac power cable. The power cable
must either be plugged into an approved three-contact electrical outlet or used with a three-contact
to two-contact adapter with the grounding wire (green) firmly connected to an electrical ground
(safety ground) at the power outlet. The power jack and mating plug of the power cable meet
International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE.

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components with
power cable connected. Under certain conditions, dangerous voltages may exist even with the
power cable removed. To avoid injuries, always disconnect power and discharge circuits before
touching them.

DO NOT SERVICE OR ADJUST ALONE.

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

USE CAUTION WHEN EXPOSING OR HANDLING THE CRT.

Breakage of the Cathode-ray Tube (CRT) causes a high-velocity scattering of glass fragments (implosion).
To prevent CRT implosion, avoid rough handling or jarring of the instrument. Handling of the CRT shall
be done only by qualified maintenance personnel using approved safety mask and gloves.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT.

Because of the danger of introducing additional hazards, do not install substitute parts or perform
any unauthorized modification to the instrument. Return the instrument to a Hewlett-Packard
Sales and Service Office for service and repair to ensure that safety features are maintained.

DANGEROUS PROCEDURE WARNINGS.

Warnings, such as the example below, precede potentially dangerous procedures throughout this
manual. Instructions contained in the warnings must be followed.

Dangerous voltages, capable of causing death, are present in this instrument.
Use extreme caution when handling, testing, and adjusting.

8S8-2-1/76
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Model 1220A

General Information

SECTION |

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. The Hewlett-Packard Model 1220A is a general-
purpose oscilloscope designed for bench or field
service. The 1220A provides accurate measurements
of signals with 2 mV/div vertical deflection capability
over the full 15 MHz bandwidth.

1-3. This manual contains installation and operating
instructions, as well as maintenance information for
the Model 1220A. Instrument specifications and pro-
cedures for verifying proper operation are included.
Procedures are also included for adjusting the instru-
ment to its performance specifications.

1-4. This section of the manual contains the perfor-
mance specifications for the 1220A and a list of options
available. It also lists the accessories supplied with
the instrument.

1-5. SPECIFICATIONS.

1-6. Table 1-1 is a complete list of 1220A critical
specifications that are controlled by tolerances. Table
1-2 contains general information that describes the
operating characteristics of the 1220A.

1-7. Any change in the specifications due to manu-
facturing design, or traceability to the U.S. National
Bureau of Standards will be listed on a manual change
sheet included with this manua!. The manual and
manual change sheet supercede all previous infor-
mation concerning specifications of the 1220A.

1-8. ACCESSORIES SUPPLIED.

1-9. The following accessories are supplied with the
Model 1220A:

One ac power cord, HP Part No. 8120-1538.

One blue light filter, HP Part No. 4114-0521.

One fuse for 100/120-V operation, HP Part No.
2110-0202.

One fuse for 220/240-V operation, HP Part No.
2110-0201.

1-10. ACCESSORIES AVAILABLE.

1-11. The following accessories are available for the
Model 1220A:

HP Model 10119A - Rack Mounting Kit

HP Model 10013A - 10:1 Attenuator Probe

HP Model 10110A - BNC/Banana Plug Adapter

HP Model 123A - Camera (requires adapter)

HP Model 10373A - Camera Adapter

HP Model 10117A - Front-panel Cover with acces-
sory storage compartment

HP Model 10116A - Viewing Hood

1-12. OPTION.

1-13. The following option is available for the
1220A:

OPTION 007 (factory Installed). Replaces standard
P31 phosphor CRT (V1) with internal graticule P7
phosphor CRT.

1-14. INSTRUMENT AND MANUAL IDENTI-
FICATION.

1-15. Instrument identification serial number tag is
located on the rear panel. Hewlett-Packard uses a two-
section serial number consisting of a four-digit prefix
and five-digit suffix, separated by a letter designating
the country in which theinstrument was manufactured.
(A = USA,; G = West Germany; J = Japan; U =
United Kingdom.)

1-16. This manual applies to instruments with serial
prefix numbers as shown on the title page. If changes
have been made in the instrument since this manual
was printed, a “Manual Changes” supplement sup-
plied with the manual will define these changes. Be
sure to record these changes in your manual. Back-
dating information in Section VII adapts this manual
to instruments with serial numbers lower than that
shown on the title page. Part numbers for the manual
and the microfiche copy of the manual are also shown
on the title page.

1-1
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Model 1220A

Table 1-1. Specifications

VERTICAL AMPLIFIERS

BANDWIDTH: <3 dB down from 50 kHz, 6-division
reference signal (from terminated 50-ohm
source).

DC Coupled: dc to 15 MHz.
AC Coupled: =2 Hz to 15 MHz.

DEFLECTION FACTOR

Ranges: 2 mV/div to 10 V/div (12 calibrated
positions) in 1, 2, 5 sequence. +3% attenuator
accuracy in calibrated position on 20 mV/div
to 10 V/div ranges. t5% attenuator accuracy
in calibrated position on 2 mV/div, 5 mV/div,
and 10 mV/div ranges.

Vernler: continuously variable between all
ranges; extends maximum deflection factor
to at least 25 V/div.

Maximum Input: +400 V (dc + pk ac).

TIME BASE
SWEEP

Ranges: 0.1 us/div to 0.5 s/div (21 ranges) in
1, 2, 5 sequence. ¥4% with expander in cali-
brated position.

Expander: expands (continuously) sweeps at
least 10 times. Maximum usable sweep
speed with expander is approximately 20
ns/div (0.2 us/div range).

TRIGGERING

Internal: approx 10 Hz to 15 MHz on signals
causing 1 div or more vertical deflection.

External: approx 10 Hz to 15 MHz on signals
0.1 V p-p or more.

TV Sync: Separator for + or — video; requires
1 div of video signal to trigger; automatic
frame (0.5 s/div to 100 wus/div) and line
select (50 us/div to 0.1 us/div).

Level and Slope
INTERNAL: at any point on waveform dis-

played.

EXTERNAL: continuously variable for +0.5 V
to —0.5 V on either slope of trigger wave-
form; +5 V to —5 V in +10 position.

X-Y OPERATION
Bandwidth (X-axis): dc to 1 MHz.
Deflection Factor:

X-Mode Deflection
Expander Attenuator | Factor
Ccw 1:1 100 mV/div
Cal 1:1 1 V/div
Cal 1:10 10 V/div

Continuous adjustment between ranges by-
expander.
X-Y Phase Shift: <3° at 100 kHz.

CATHODE-RAY TUBE AND CONTROLS
BEAM FINDER: returns trace to CRT screen re-
gardless of setting of horizontal or vertical con-
trols.
INTENSITY MODULATION (Z-AXIS INPUT): +5V
(TTL compatible), 10 Hz to 1 MHz blanks trace
of any intensity. Maximum input 7 V rms.

Table 1-2. General Information

VERTICAL AMPLIFIERS

MODES OF OPERATION: channel A; channel B;
channels A and B displayed alternately on
successive sweeps (0.1 us/div to 0.5 ms/div);
triggering by channel A or external; channel A
and B displayed by switching between channels
at approx 200 kHz rate with blanking during
switching (1 ms/div to 0.5 s/div); alternate and
chopped mode of display automatically selected
by setting of TIME/DIV control.

RISE TIME: approx 23 ns.

INPUT RC: approx 1 megohm shunted by approx
30 pF.

INPUT COUPLING: selectable; AC, DC, or GND.
GND position disconnects signal input and
grounds amplifier input.

TIME BASE
SWP MODE: sweep triggered by internal, ex-
ternal, or line frequency signal.
X-Y MODE: sweep supplied by external signal.

X-INPUT
INPUT RC: approx 1 megohm shunted by approx
30 pF.

CATHODE-RAY TUBE AND CONTROLS

TYPE: mono-accelerator, approx 2 kV acceler-
ating potential, P31 phosphor.

GRATICULE: 8- by 10-div internal graticule:
0.2 div subdivisions on major horizontal and
vertical axes. 1 div=1 cm.

INTENSITY MODULATION (Z-AXIS): input R
approx 1000 ohms.

GENERAL

PROBE ADJUST: approx 0.5 V, 2 kHz square
wave for probe compensation.

POWER: 100, 120, 220, and 240 Vac, —10% +5%,
48 to 66 Hz, approx 40 VA.

WEIGHT: net, 7.3 kg (16 1b); shipping, 9.5 kg
(21 lb).

DIMENSIONS: see outline drawing.

1-2
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General Information

Table 1-2. General Information (Cont'd)

ENVIRONMENT:

NOTES:

(INCHES)

(oscilloscope operates within

specifications over the following ranges.)

Temperature: 0°C to +45°C (operating); —40°C
to +75°C (non-operating).

Humlidity: at 95% relative humidity to +40°C.

1. DIMENSIONS ARE FOR GENERAL
INFORMATION ONLY. {\F DIMENSIONS
ARE REQUIRED FOR BUILDING
SPECIAL ENCLOSURES, CONTACT
YOUR HP FIELD ENGINEER.

2. DIMENSIONS ARE IN MILLIMETRES AND

SIDE

k1l

Altitude: to 4600 m (15 000 ft).
Vibration: vibrated in three planes for 15 min-
utes each with 0.25 mm (0.010 in.) excursion,
10 to 55 Hz.
H A o
TOP
INLR R R R R R D S—
303.2 (11 15/16)—4
311.2(121/4) &,
'\
181.0
(7 1/8) REAR
[Y] O
. Y ]

396.9 (16 5/8) —>1

4128016 1/4) — g

1-3/(1-4 blank)
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Installation

SECTION I
INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains information and instruc-
tions necessary for installing and interfacing the
Model 1220A Oscilloscope. Included are initial inspec-
tion procedures, power and grounding requirements,
installation instructions, and procedures for re-
packing the instrument for shipment.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both
mechanically and electrically before shipment. It
should be free of mars or scratches and in perfect elec-
trical order upon receipt. To confirm this, the instru-
ment should be inspected for physical damage in-
curred in transit. If the instrument was damaged in
transit, file a claim with the carrier. Check for supplied
accessories (listed in Section I) and test the electrical
performance of the instrument using the performance
test procedures outlined in Section V. If there is dam-
age or deficiency, see the warranty in the front of this

manual.

Read the Safety Summary at the front
of this manual before installing or
operating the instrument.

2-5. POWER CORDS AND RECEPTACLES.

2-6. Figure 2-1 illustrates the standard configuration
used for HP power cords. The HP part number directly

HP POWER CABLE PART NUMBERS
81201692 8120-0696 8120-1703  8120-1521

1

INPUT POWER RECEPTACLE TYPES
$TD-002-05-76

Figure 2-1. Types of Power Source Receptacles and
Applicable Input Power Cable Part Numbers

above each drawing is the part number for an instru-
ment power cord equipped with a connector of that
configuration. If the appropriate power cord is not
included with the instrument, notify the nearest HP
Sales and Service Office and a replacement cord
will be provided.

2-7. POWER REQUIREMENTS.

2-8. The Model 1220A can be operated from any
ac power source supplying 100 V, 120 V, 220 V, or
240 V (—10% +5%), 48 to 66 Hz (see figure 2-2 for
proper switch positions). Power dissipation is ap-
proximately 40 watts. Refer to Section III for instru-
ment turn-on procedure.

LINE LINE LINE LINE
SELECT SELECT SELECT SELECT
240 120 240 120 240 120 240 120
100 220 100 220 100 220 100 220

v v v v
240 220 240 220 240 220 240 220

100 120 100 120 100 120 100 120

100V 120V 220V 240V
SETTING SETTING SETTING SETTING

1222A-001-05-76

Figure 2-2. AC Input Switch Settings

2-9. REPACKING FOR SHIPMENT.

2-10. If the instrument is to be shipped to a Hewlett-
Packard Sales/Service Office for service or repair,
attach a tag showing owner (with address), complete
instrument serial number, and a description of the
service required.

2-11. Use the original shipping carton and packing
material. If the original packing material is not
available, the Hewlett-Packard Sales/Service Office
will provide information and recommendations on
materials to be used.

2-1
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1. LINE. Applies primary ac power to the instru-
ment.

2. INTENSITY. Controls brightness of the display.

3. FOCUS. Controls sharpness and clarity of dis-
play.

4. BEAM FINDER. Returns display to viewing
area of the CRT regardless of other control
settings.

Figure 3-1.
Front- and Rear-panel Features
30

19.

20.

21.

22.

23.

Channel A VOLTS/DIV. Selects channel A
vertical deflection factor necessary for cali-
brated measurements when vernier is in CAL
detent. Dial setting indicates voltage ampli-
tude required for one division of vertical de-
flection.

Channel A Vernier. Provides continuous ad-
justment of volts/div between calibrated posi-
tions of VOLTS/DIV control (19).

Channel A GND. In GND position, this control
disconnects the input signal applied to chan-
nel A and grounds the input to channel A
vertical preamplifier.

Channel A AC/DC. Selects capacitive (AC) or
direct (DC) coupling of the input signal to
channel A vertical preamplifier.

Channel A INPUT. BNC connector for channel
A input.

24-29.

30.

31.

32.

33.

34.

35.

36.

Channel B controls same as channel A. Refer
to 18 thru 23.

VERTICAL DISPLAY. Selects input signal ap-
plied to channel A or channel B, or both to be
displayed on CRT. With both channels select-
ed, internal triggering occurs on input signal
applied to channel A.

LINE SELECT. Switch provides selection of
100, 120, 220, or 240 Vac for correct primary
input voltage.

AC Input. Power input connector.
FUSE. Ac input power fuse.

Z-axis Input. Banana jack connector used for
intensity modulation (Z-axis). A +5 Vac signal
applied to the Z-axis will blank a trace of any
intensity. Maximum input is 7 V rms.

":L. Chassis ground connection for external
equipment.

~12 V. 12 Vac output for external use.
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Operation

SECTION Il

OPERATION
3-1. INTRODUCTION. 3-101.SGENERAL OPERATING INSTRUC-
TIONS.

3-2. This section contains information and instruc-
tions necessary for operation of the 1220A Oscillo-
scope. Included are power and warmup information,
functional identification of all controls and connectors,
and special applications information.

3-3. INSTRUMENT CAPABILITIES.

3-4. The 1220A oscilloscope contains dual vertical
preamplifiers for dual-channel operation. Each chan-
nel offers a choice of ac or dc input coupling. With the
dual trace feature, displays can be obtained on either
channel A or channel B or on both channels. Simulta-
neous display of two signals is possible in either chop
or alternate mode of display, depending on the
TIME/DIV control setting. Slower sweep-speed
settings on the TIME/DIV control automatically select
the chop mode of display while faster sweep-speed
settings automatically select the alternate mode of
display.

3-5. Twelve calibrated switch settings on each
vertical amplifier provide a deflection factor range
from 2 mV/div to 10 V/div in 1, 2, 5 sequence. The
vertical verniers permit continuous adjustment be-
tween calibrated steps and extends the least sensitive
deflection factor (10 V/div) to at least 25 V/div.

3-6. Vertical input signals can be displayed by either
an internally generated trigger or an external trigger
signal. Trigger level and slope are also selectable.

3-7. Horizontal amplifier sweep-speed settings from
0.1 us/div to 0.5 s/div are available in 1, 2, 5 sequence.
Expander control allows continuous adjustment be-
tween steps and expands the sweep up to 10 times.
Usable maximum sweep speed with the expander is
approximately 20 ns.

3-8. A bright baseline is always present in the
absence of a trigger input signal when using the
1220A. A trigger signal of 10 Hz or greater will over-
ride the auto function.

3-9. FRONT- AND REAR-PANEL DESCRIP-
TIONS.

3-10. Front- and rear-panel features are described in
figure 3-1. Description numbers match the numbers
on the illustration.

3-12. Before connecting ac power to the 1220A,
make sure the rear-panel line selector switches are
set to correspond to the voltage of the available power
line, as shown in Section II. If the instrument is to be
operated from a 220- or 240-volt ac power source,
replace rear-panel fuse with 0.25-ampere slow-blow
fuse. The instrument is normally shipped from the
factory set to operate from a 120-volt ac source and
is fused with a 0.5-ampere slow-blow fuse.

NOTE

In the following paragraphs all control
numbers (in parentheses) refer to the
numerical assignments in figure 3-1.

3-13. INITIAL TURN-ON PROCEDURE. To prepare
the 1220A for operation, perform the following steps:

a. Set INTENSITY control (2) fully counter-
clockwise.

b. Set VERTICAL DISPLAY to channel A (30).

c. Set vertical vernier (20) for channel A fully
clockwise to CAL detent position.

d. Set channel A input coupling to GND (21).

e. Set channel A POSITION control (18) to mid-
range.

f. Set horizontal POSITION control (5) to mid-
range.

g. Set TIME/DIV control (6) to 1 mSEC position.

h. Set sweep expander control (7) fully counter-
clockwise to CAL detent position.

i. Set TRIGGER SOURCE to INT (10).
j- Except for controls indicated in steps a thru i,

make sure that all other pushbutton switches are
disengaged.
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CAUTION

Make sure ac power switches on rear
panel of instrument are set for proper ac
power input (refer to paragraph 3-12).

k. Set LINE switch (1) to ON and allow 30
minute warm-up period.

CAUTION

A trace or spot of very high intensity
(brightness) may burn the phosphor inside
the CRT face. To prevent such damage
always adjust INTENSITY as low as
possible for comfortable viewing.

1. Slowly turn INTENSITY control (2) clockwise
until trace is just visible.

m. Set channel A AC/DC input coupling switch
(22) to AC position.

n. Release channel A input coupling GND
switch (21).

3-14. TRACE ALIGN ADJUSTMENT. The trace align
adjustment compensates for external magnetic fields
that may affect the alignment of the horizontal trace
with respect to the graticule. When the instrument is
moved to a new location, trace alignment should be
checked and adjusted if necessary. To align the trace,
proceed as follows:

a. Accomplish paragraph 3-13.

b. Using channel A vertical POSITION control
(18), position trace on center horizontal graticule line.

c¢. Using non-metallic alignment tool, adjust
A3R25 (accessible through hole in side of case) until
trace aligns with horizontal graticule.

NOTE

If intensity modulation of trace is appar-
ent, refer to high-voltage power supply
adjustment in Section V.

3-15. FOCUS ADJUSTMENT. To adjust the front-
panel FOCUS control (3) for the best display, proceed
as follows:

a. Accomplish paragraph 3-13.

b. Set INTENSITY control (2) fully counter-
clockwise.
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c. Set X-Y/SWP switch (15) to X-Y position.

d. Slowly turn INTENSITY control (2) clockwise
until spot becomes visible on CRT.

e. Using INTENSITY (2) and FOCUS (3) con-
trols, adjust display for smallest, sharpest, spot
possible.

f Set INTENSITY control (2) fully counterclock-

wise.
g. Set X-Y/SWP switch (15) to SWP position.

3-16. SIGNAL APPLICATION. To apply an external
signal, proceed as follows:

a. Accomplish paragraph 3-13.

b. Set channel A VOLTS/DIV control (19) to 10
V/div.

c. Connect sine-wave signal of 10 V amplitude,
1 kHz frequency to channel A INPUT connector (23).

d. Position display on CRT, using horizontal
POSITION (5) and channel A POSITION (18) controls.

e. Adjust TRIGGER LEVEL control (8), if
necessary, for stable display.

3-17. APPLICATION PROCEDURES.

3-18. PEAK-TO-PEAK VOLTAGE MEASUREMENTS.
To measure the peak-to-peak voltage of an input
signal, proceed as follows:

a. Accomplish paragraph 3-13.

b. Connect input signal to be measured to
channel A INPUT connector (23).

c. Set channel A VOLTS/DIV control (19) for
signal display of at least three divisions in amplitude.

d. Set TIME/DIV control (6) so that display
contains two or three cycles of input signal.

e. Adjust TRIGGER LEVEL control (8) for stable
display.

f Using channel A POSITION control (18), posi-
tion negative peaks of input signal on horizontal
graticule line near bottom of graticule.

g. Using horizontal POSITION control (5), posi-
tion one positive peak of input signal on center vertical
graticule line.
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h. Count number of vertical divisions from most
negative to most positive portions of waveform
(estimate to nearest tenth of division).

1. Multiply number of divisions noted in step h by
channel A VOLTS/DIV ¢ontrol (19) setting for peak-
to-peak voltage of input signal.

NOTE

If the input signal is applied through a
divider probe, multiply the results obtained
in step i by the attenuation factor of the
probe.

3-19. DC VOLTAGE MEASUREMENTS. To determine
the dc component of an input signal or a dc level
point on an input signal, proceed as follows:

a. Accomplish paragraph 3-13.

b. Connect input signal to be measured to chan-
nel A INPUT connector (23).

c. With channel A input coupling GND switch
(21) engaged, posifion baseline on convenient hori-
zontal graticule line using channel A POSITION
control (18).

NOTE

Reference for positive dc voltages should
be below the center horizontal graticule
line; reference for negative dc voltages
should be above the center horizontal
graticule line. Once a particular horizontal
graticule line is selected as reference, do
not change channel A POSITION con-
trol (18).

d. Set channel A AC/DC input coupling switch
(22) to DC position.

e. Release channel A input coupling GND switch
(21).

f. Set channel A VOLTS/DIV control (19) so that
point of input signal to be measured is as far as
possible from zero-volt reference line selected in step c.

g. Using horizontal POSITION control (5), move
point on signal to be measured until it rests on center
vertical graticule line.

h. Count number of vertical divisions between
zero-volt reference graticule line and point on signal
to be measured (estimate to nearest tenth of division).

i. Multiply number of divisions noted in step h
by channel A VOLTS/DIV control (19) setting for dc
voltage measurement.

Operation

NOTE

If the input signal is applied through
a divider probe, multiply the results
obtained in step i by the attenuation
factor of the probe.

3-20. TIME-INTERVAL MEASUREMENTS. To measure
the time interval between two events of interest,
proceed as follows:

a. Accomplish paragraph 3-13.

b. Connect signal to be measured to channel A
INPUT connector (23).

c. Set TIME/DIV control (6) so that both events
of interest are displayed on CRT.

d. Adjust TRIGGER LEVEL control (8) for
stable display.

e. Using horizontal POSITION control (5), posi-
tion one measurement point on signal to convenient
vertical graticule line.

f. Using channel A POSITION control (18),
position other measurement point on center hori-
zontal graticule line.

g. Count horizontal divisions between two mea-
surement points (estimate to nearest tenth of division).

h. Multiply number of divisions noted in step g by
TIME/DIV control setting for time interval between
two events of interest.

3-21. FREQUENCY CALCULATION. To determine the
approximate frequency of an input signal, proceed as
follows:

a. Accomplish paragraph 3-20 using start and
ending points of one cycle of input signal as events of
interest.

b. Calculate input signal frequency using the fol-
lowing formula:

1
time in seconds noted in step a

3-22. PROBE COMPENSATION. To adjust divider
probes having a compensation adjustment, proceed as
follows:

a. Accomplish paragraph 3-13.

b. Connect divider probe cable to channel A
INPUT connector (23).

3-3
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c¢. Connect probe tip to PROBE ADJ terminal (9).

d. Set channel A VOLTS/DIV control (19) for
square-wave display having two or three division of
vertical deflection.

e. Set TIME/DIV control (6) for horizontal dis-
play of at least two full square waves.

f. Adjust divider probe compensation adjustment
for correct display (see figure 3-2).

1222A-003-05-76
OVER- CORRECTLY UNDER
COMPENSATED ADJUSTED COMPENSATED

Figure 3-2. Divider Probe Adjustment Display

i
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3-23. TV SIGNALS. To observe a television composite
or sync-only signal, proceed as follows:

a. Accomplish paragraph 3-13.

b. Connect input signal to be measured to chan-
nel A INPUT connector (23).

c. Set TV/NORM control (13) to TV position.

d. Set channel A VOLTS/DIV control (19) for
desired vertical amplitude display.

e. Set TIME/DIV control (6) for desired hori-
zontal display (typically in range area of TIME/DIV
control dial marked FRAME).

f. If individual lines of picture signal are to be
observed, set TIME/DIV control dial to area marked
LINE (typically 2 us/div). Oscilloscope will trigger
on each line sync pulse. (See figure 3-3 for typical
TV waveforms.)

T T

Pattern generator color TV signal, line trigger

Color bar signal frame trigger 0.5 ms/div

AT T I T I T e i nmm

Staircase Signal, line trigger 10 u/div

Color Staircase Signal, frame trigger 0.5 ms/div

1222A-004-05-76

Figure 3-3. Typical TV Waveforms
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3-24. TIME DIFFERENCE MEASUREMENT. To mea-
sure the time difference between two events having a
common source, for example, propagation delay,
proceed as follows:

a. Accomplish paragraph 3-13 for both channel
A and channel B.

b. Connect one signal of interest to channel
A INPUT connector (23).

c. Connect other signal of interest to channel
B INPUT connector (29).

NOTE

Make sure reference signal is connected
to channel A since the trigger signal for
both channel A and channel B is obtained
from channel A.

d. Set channel A and channel B VOLTS/DIV
controls (19/25) for desired vertical amplitude of
display.

e. Set TIME/DIV control so that two events of
interest are at least four horizontal divisions apart.

f. If necessary, adjust TRIGGER LEVEL control
(8) for stable display.

NOTE

If stable display is not obtainable, exter-
nally trigger the oscilloscope with the
common source signal.

g. Using horizontal POSITION control (5), posi-
tion first event of interest on convenient vertical
graticule line.

h. Using appropriate vertical POSITION con-
trol (18 or 24), position second event of interest on
center horizontal graticule line.

i. Count horizontal divisions between two mea-
surement points (to nearest tenth of division).

j.  Multiply number of divisions noted in step i
by TIME/DIV control (6) setting for time difference
between events.

3-25. PHASE DIFFERENCE MEASUREMENTS. To
measure the phase deference between two signals of
the same frequency, proceed as follows:

a. Accomplish paragraph 3-13.

b. Set X-Y/SWP control (15) to X-Y position.

c. Connect one signal to channel A INPUT con-
nector (23).

Operation

d. Using channel A VOLTS/DIV control (19),
POSITION control (18), and vernier control (20),
obtain two spots separated vertically by exactly eight
divisions.

e. Using horizontal POSITION control (5), posi-
tion two spots on center vertical graticule line.

f. Press channel A input coupling GND switch
(21).

g. Connect second signal to X INPUT connector
(17).

h. Using expander control (7) and channel A
POSITION control (18), position two spots exactly
eight divisions apart horizontally on center graticule
line.

1. Release channel A input coupling GND switch
(21).

j. Compare display to figure 3-4A for approximate
phase difference of signals.

k. For actual phase difference, center ellipse at
intersection of center vertical and horizontal graticule
lines (see figure 3-4B).

1. Measure distance C and D.

m. Substitute measurements of C and D in
formula given in figure 3-4B for sine of phase angle.

n. Refer to table of sines to determine phase
angle.

A
PHASE DIFFERENCE

/0 O QN

0’ 45° 90° 136° 180°
B
. D
%=l sin @
1222A-005-05-76 Y

Figure 3-4. X-Y Phase Measurements
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Theory

SECTION IV

PRINCIPLES OF OPERATION

4-1. INTRODUCTION.

4-2. This section contains descriptions of circuits
keyed to a simplified block diagram (figure 4-1) and
a detailed theory of operation keyed to a functional
block diagram (figure 4-3). Schematics are located
in Section VIII of this manual.

4-3. OVERALL DESCRIPTION.

4-4. ATTENUATORS. Channel A and channel B at-
tenuators accept the input signals applied to the front-
panel INPUT connectors. The input signal can be
coupled to the attenuator directly (DC) or capaci-
tively (AC). A GND position is also available for
disconnecting the input signal and grounding the
attenuator input. The GND feature permits the operator
to establish a baseline reference level without dis-
connecting the input signal from the INPUT connector.

4-5. The input impedance on all ranges is one
megohm in parallel with approximately 30 pF. The
vertical deflection factor is selected by the VOLTS/
DIV switch which divides the input signal by 1, 10, or
100. Division by 1, 2, and 5 is accomplished in the
preamplifier.

4-6. VERTICAL PREAMPLIFIER. The vertical pre-
amplifier accepts the single-ended signal from the
attenuator and converts it to a differential signal.
The signal is amplified and a portion of it is used for
the sync amplifier while the main path is applied to
the vertical output amplifier.

4-7. VERTICAL OUTPUT. The vertical output ampli-
fier converts the single-ended signal from the vertical
preamplifier stages to a differential signal. It also
provides the drive required by the vertical CRT plates.

4-8. TRIGGER CIRCUIT. The trigger switches select
the source of the sync signal (INT, LINE, or EXT). The
sync signal is ac coupled to the trigger amplifier and
offset by the TRIGGER LEVEL control. Selection of
trigger slope is also accomplished at the input to the
trigger amplifier.

‘49, The signal from the trigger amplifier is applied
to the trigger circuit through the TV/NORM switch.
When the TV/NORM switch is in the TV position, the
sync signal is developed by the TV Sync Separator
circuit.

4-10. The trigger circuit develops the trigger signal
required to start the sweep generator. The output
voltage from the sweep generator increases linearly
at a rate proportional to time established by the setting
of the TIME/DIV control. The output of the sweep
generator is buffered to the horizontal output circuit.

4-11. The horizontal output circuit provides drive to
the CRT horizontal deflection plates.

4-12. DETAILED THEORY.

4-13. The following paragraphs provide explanations
of the individual circuits in the 1220A. When using
this portion of the manual, see figure 4-3 (functional
block diagram) and the schematics which are located
in Section VIIL

4-14. LOW-VOLTAGE POWER SUPPLIES. The low-
voltage power supply provides +5 V, +12 V, +95 V,
+210 V, and —12 V for operation of the various circuits
in the instrument. All supplies are regulated except
the +210 V supply. The +210 V supply is an unregulated
+115 V which is offset by +95 V at the junction of CR7
and CRS of bridge rectifier CR5 - CRS8.

4-15. +5 V Supply. The output of the 12 Vac secondary
of A4T1 is rectified by bridge rectifier CR1 - CR4 and
regulated by Ul.

4-16. +95 V Supply. The +95 V supply is a fully
regulated, current-limiting supply. A sample of the
output voltage is applied to pin 4 of U2 where it is
compared with a reference voltage applied to pin 5.
The difference between these two voltages cause an
error output from pin 9 which is applied to the base
of series-regulator transistor Ql. When the output
voltage decreases, the error voltage causes Q1 to
conduct more and supply more current to the load.
When the output voltage increases, the error signal
tends to cut off Q1 to reduce the output current and
effect a lowering of the output voltage.

4-17. Current limiting is accomplished by R9 and a
cut-off transistor in Ul. As the current output in-
creases, the voltage drop across R9 increases. Pins 2
and 3 of Ul are the base and emitter connections of
the cut-off transistor. When the voltage drop across
R9 is sufficient to cause the transistor to conduct, it
removes the error signal from Q1 causing the output
current to decrease, thereby reducing the output
voltage.

4-1
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4-18. +12 V Supply. The +12 V supply is also a series-
regulated, current-limiting supply that operates in a
similar manner to the +95 V supply. The reference
voltage with which the output sample is compared is
derived from the +95 V supply.

4-19. —12V Supply. The —12 V supply is also a series-
regulated, current-limiting supply. However, the sam-
ple of the output voltage is derived from both the
+12 V and —12 V outputs, so that the difference be-
tween the +12 V and —12 V supplies is always constant.
When the current through R23 is sufficient, it turns
on Q4 and the transistor drains some of the current
from U4 causing the output current to decrease.

4-20. HIGH-VOLTAGE POWER SUPPLY. The voltage
from the 1600 V secondary of A4T1 is rectified by
A3CR1-A3CR¢4, filtered by A3C1, regulated by A3Q1,
and applied to the intensity network and CRT filament
circuit.

4-21. Regulation is accomplished by comparing a
portion of the HV output with the +95 V supply and
applying the comparison to A3Ul. The output of
A3U1l controls the emitter-collector resistance of
A3Q1 so that the voltage drop across the transistor
compensates for high-voltage fluctuations. A zener
diode chain (VRI1 - VR3) is connected across the col-
lector and emitter of A3Q1 to prevent its breakdown
potential from being reached.

4-22. The operating characteristic of the high-voltage
supply is shown in figure 4-2. The horizontal position
of the characteristic, and consequently the level of

LINE VOLTAGE V
[

TRACE MOOULATION

V6% pm————————— -

OPERATING RANGE

V-10% p=———— 7 e

{
|
|
[
: TRACE MOOULATION
|
|
|
|
]

\

HIGH VOLTAGE
SUPPLY

1222A-007-05-76 —1900V

Figure 4-2. HVPS Operating Characteristic
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the high-voltage supply, is adjusted by A3R20. The
vertical portion of the characteristic is set by A3R3
so that proper regulation occurs in the +5%, —10%
range of the selected line voltage. If the line voltage
goes outside this range, regulation will cease and
ripple will cause visible trace modulation.

NOTE

In areas where the line voltage excursions
lie outside one of the regulator limits,
A3R3 should be adjusted so that the char-
acteristic brackets these excursions rather
than the nominal 100, 120, 220 or 240
volts, +5% —10%.

4-23. VERTICAL SECTION. In the following discus-
sion, circuits which are identical for both channels
A and B are discussed for channel A only.

4-24. Attenuators. The input impedance on all ran-
ges of the VOLT/DIV switch is one megohm shunted
by a capacitance of approximately 30 pF. The atten-
uator divides the input signal by 1, 10, or 100. The
resistor-divider network for the +10 range consists of
R27 and R28. The resistor-divider network for the
+100 range consists of R29 and R30.

4-25. Vertical Preamplifier. The preamplifier is a
three-stage differential amplifier with switched gain
control and input protection. Diodes CR21 and CR22
limit excessive signal swings from the attenuator to
approximately 4.1 V as established by zener diodes
VR2 and VR3. The signal is applied to the first
differential amplifier stage (pin 6 of U5) by way of
source-follower Q5A and an emitter-follower section
of U5 (pin 3).

4-26. In conjunction with the input attenuator,
ranging is accomplished by selecting different emitter
current paths in the first and third preamplifier stages.
In the first stage, this is effected by differential switches
Q6 and Q7 which are controlled by the position of the
VOLTS/DIV switch. In the 2 mV, 5 mV, and 10 mV
positions, the VOLTS/DIV switch connects the voltage
from the junction of R24 and R25 to the base of Q7.
Transistor Q6 cuts off and Q7 routes the emitter
current through R54, R55, and CR23. In the other
VOLTS/DIV switch positions, Q6 conducts (Q7 cuts
off) and routes the emitter current through R52 and
R53. In this instance, the amplification is one tenth
of that selected in the three lower ranges of the
VOLTS/DIV switch.

4-27. In the last preamplifier stage, gain is con-
trolled in the same manner as the first preamplifier
stage by U6. The voltage at the junction of R24 is
applied to a particular transistor in U6, depending on
the position of the VOLTS/DIV switch. The transistor
that is turned on enables a particular current path
which establishes the gain of the output stage of U6.
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4-28. Fine control is achieved with vernier A2A2R3
in the second preamplifier stage. Overall gain of the
vertical channel is accomplished by R144 (with vernier
A2A2R3 in CAL detent position). Balance potentio-
meters R49, R62, and R64 are adjusted so that the
trace does not move when switching from one range
to another.

4-29. For internal triggering, one output of the pre-
amplifier is buffered to the trigger circuits by common
base stage Q13. The other output is buffered to the
CHOP/ALT control by common base stage Q15. In
this stage the signal is offset by a current derived
from vertical position potentiometer R1.

4-30. The CHOP/ALT control (CR35-CR38) is biased
by CHOP/ALT flip-flop A1A1U3A. During channel
A operation, CR37 conducts causing CR38 to cut-off
and block the channel B signal. At the same time,
reverse bias is applied to CR35 cutting it off. This
enables CR36 to pass the channel A signal to the
output amplifier. During channel B operation, the
situation is reversed so that only the channel B signal
is displayed.

4-31. When both channels are to be displayed in the
chopped mode of operation (TIME/DIV switch in 1
ms to 0.5 s range), the CHOP/ALT control switches
between channel A and channel B so that both
channels are displayed during the same sweep. When
both channels are to be displayed in the alternate
mode of operation (TIME/DIV switch in 0.5 ms to
0.1 us range), the CHOP/ALT control alternately
selects channel A on one sweep and channel B on
the next.

4-32. Output Amplifier Input. The signal from the
CHOP/ALT control circuit is applied to current ampli-
fier Q17/Q18 which in turn drives vertical output
amplifier. The output amplifier is comprised of a
differential input stage that drives two identical
negative feedback amplifiers.

4-33. The differential input stage consists of U9. Two
of the transistors in U9 are connected as back-to-back
diodes and linearize the logarithmic characteristic of
the differential amplifier at high signal levels. At low
signal levels the characteristics require no lineariza-
tion. Diodes CR39 and CR40 prevent the amplifier
from going into saturation when excessive signals are
applied or when the vertical position control is at one
of its extremes.

4-34. The BEAM FINDER switch, when pressed, dis-
connects R173 from the emitter circuit of the dif-
ferential input stage. This reduces the overall gain of
the output stage, so the trace is always displayed
regardless of the vertical POSITION control setting.
This does not affect the intensity.

4-35. Output Amplifier. The final output is comprised
of two identical amplifier stages. Therefore, only one
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stage is described. Transistors A1A1Q3/Q4 form a
cascode amplifier with negative feedback supplied to
drive stage A1A1Q1/Q2. Transistors A1A1Q5/Q6,
connected in series, comprise a driven current source.
The steady-state current level is established by
A1A1R22 while extra current for fast transients is sup-
plied by A1A1C10. High-frequency components of the
deflection signal are coupled through A1A1C8 to the
current source.

4-36. HORIZONTAL SECTION. There are two basic
modes of operation of the horizontal deflection circuits:
X-Y operation and normal sweep operation. In X-Y
operation, an external signal is used to provide the
reference source for the horizontal axis of the display.
A signal applied to the EXT TRIGGER/X INPUT
connector is used for this purpose.

4-37. X-input Signal Path. The X-input signal is ap-
plied through the EXT TRIGGER/X INPUT connector
and external input buffer A1A1Q13/Q14 to the X-Y/
SWP switch. With the X-Y/SWP switch in X-Y posi-
tion, the signal from the external input buffer is
applied directly to the horizontal-output amplifier
circuit.

4-38. External Input Buffer. The external-input buffer
is made up of A1A1Q13/14. The source follower (Q13)
provides high-input impedance, and emitter follower
(Q14) provides low-output impedance for driving the
trigger amplifier.

4-39. Trigger Switches. The trigger switches select
the source of the trigger signal. When EXT switch is
pressed, the signal from the external input buffer is
applied to the trigger amplifier. When LINE switch is
pressed, the switch connects the line frequency signal
(from the +5 V secondary winding of A4T1) to the
trigger amplifier. When LINE is not selected, the line
frequency signal is grounded through R46 so that it
cannot be a source of line frequency interference.
Similarly when EXT triggering is not selected, the
output of the external input buffer is grounded through
R45.

4-40. Trigger Amplifier. The trigger signal is ac coupled
through C22 to the trigger amplifier which consists of
Q15 - Q18, and Q21. At the input to the trigger ampli-
fier, the signal is offset by TRIGGER LEVEL control
R4 so that the output signal from the trigger ampli-
fier is shifted relative to the threshold level of input
Schmitt trigger U5A. This permits U5SA to trigger at
various levels of the input signal. The —/+ switch S1E
selects the slope on which the threshold level is de-
fined. Resistor R51 is a symmetry control that is
adjusted so that the dc level of the trigger amplifier
output is the same for inverting (—) or non-inverting
(+) operation.

4-41. When TV/NORM switch is in TV position, the

trigger signal is taken from Q16 and applied to the
TV Sync Separator. Transistor Q21 cuts off to prevent
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the unprocessed video signal from reaching the trigger
circuit.

4-42. TV Sync Separator. The TV Sync Separator
separates the Frame and Line Sync pulses of a com-
posite video signal and outputs either Line sync
pulses or a Frame signal to the trigger circuit.

4-43. RC network C24 and R61 filter the video portion
of the signal to produce a mean dc level. When a sync
pulse occurs, it is superimposed on this dc level and
turns on Q19 so that only sync pulses reach the sync
separator.

4-44. When the TIME/DIV switch is in the range 0.1
us/div to 50 us/div, flip-flop U3B is held in its preset
state and only the Line circuit provides an output. In
the Line circuit, Q22, U2B, and R73 are connected as
a Schmitt trigger so that the sync pulses are only re-
shaped. When the TIME/DIV switch is set to sweep
speeds of 0.1 ms/div or longer, the ground is removed
from the preset input of U3B and the Frame circuit is
enabled. This signal is integrated by R65/C25 and
applied as a clock input to U3B by way of Schmitt
trigger Q20, U2A, and R68.

4-45. Only when Frame sync pulses occur does the
integrator output reach a sufficient level to clock U3B.
Because U3B divides sync pulses by a factor of two,
triggering occurs on alternate Frame sync pulses.
When Frame circuit operation is selected, the Line
circuit output is always high (+5 V) so that U4A is
enabled and inverts the Frame signal from U3B. In the
Line mode of operation, U3B is in the preset state and
its Q output is high. This enables U4A which inverts
the Line sync pulses.

4-46. Trigger Circult. On the negative transition from
either the trigger amplifier or the sync separator, the
output of Schmitt trigger USA (pin 6) goes high. The
high is applied directly to an input on NAND gate
U6D causing its output to go low since its other input
from U1C is still high. However, the output of U6D is
low only for the propagation delay time that it takes
for the Schmitt trigger output to pass through UlA,
U1B, and U1C. When the output of U1C goes low, the
output of UBD again goes high.

4-47. The output of U5SA also clocks U7A (through
U1A) and U8 (through UlA and Ul1B). When the Q
output of U8 goes high, it enables U2D. When the Q
output of U7A goes high, it enables U6C.

4-48. After the propagation delay time of UlA, U1B,
and U1C, the output of U6D (pin 11) goes high. The
positive transition is inverted by U6C (enabled by
U7A) clocking U7B. The Q output of U7B goes high
and the Q output goes low. The low Q output enables
the ramp generator and causes the blanking circuits
to remove the blanking signal. The high Q output
causes a low at the output of U2D (enabled by U8). A
low at the output of U2D holds off input Schmitt
trigger USA.

4-4
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4-49. Ramp Generator. The ramp generator consists
of a constant current source (Q24 and associated
circuitry) which charges a selected capacitor (C32/
(33, C34, C35, or C36). Ramp output voltage increases
linearly with time at a rate determined by the value
of the selected capacitor and the charging current.
The charging circuit is controlled by Q23. When con-
ducting, Q23 functions as a current sink, discharging
the selected ramp capacitor and preventing it from
recharging. When Q23 is cut off, the current source
charges the selected capacitor. Transistor Q23 is
turned on or off by the signal generated in the trigger
circuit.

4-50. Completion of the ramp signal is detected at
the input of cut-off Schmitt trigger U5B. The negative
transition of the output of U5B clears U7B. This dis-
ables the ramp generator, and the hold-off signal
applied to the input Schmitt trigger U5A is removed.
To prevent premature triggering, the hold-off circuit
keeps U7A and U7B in the clear state (pins 3 and 8
low) until the ramp generator is fully reset. When the
holdoff signal is removed, the next trigger signal will
restart the sequence.

4-51. Bright-line Auto Operation. If no trigger signal is
received within approximately 500 milliseconds of the
last trigger signal, the bright-line auto monostable
flip-flop U8 returns to its stable state (Q output low,
Q output high). When the Q output goes high, it pre-
sets U7B by way of U6A. The ramp generator is en-
abled and a sweep occurs, although it is asynchronous.
At the end of the sweep, if no new trigger signal has
been received, the end of the hold-off signal presets
U7B by way of UBA and another sweep is started.
Until U8 is set to its quasi-stable state by a new trigger
signal, continuous sweeps occur with minimum time
between them. In the normal mode of operation (with
trigger signals constantly applied), U8 is always in
its quasi-stable state since it is a retriggerable
monostable flip-flop.

4-52. Hold-off Circult. The hold-off circuit is a mono-
stable circuit that holds off the trigger circuit while
the ramp generator capacitor is discharging. The
circuit consists of A1A2A1C1-C4, U6B and R86. When
the output of cut-off Schmitt trigger U5SB goes low,
the output of U2C goes high. The loop U2C/U6B
retains this status for an interval of time determined
by the selected capacitor (A1A2A1C1-C4) and RS86.
During this interval, U7B is held in a clear state and
permits discharge of the ramp capacitor.

4-53. Sweep Output. The sweep output circuit Q25/
Q26, connected as a Darlington pair, provides high-
input impedance, low-output impedance, and high-
current gain. The sweep output circuit buffers the
ramp generator to the horizontal output amplifier.

4-54. Horizontal Output Amplifier. The horizontal out-
put amplifier is very similar to the vertical output
amplifier. The differential input stage Q27/Q28 pro-
vides gain adjustment and horizontal position control.
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When the BEAM FINDER switch is pressed, the gain
of the amplifier is reduced because +95 V is now ap-
plied to the input stage through R101 instead of direct-
ly from the switch. This reduction in gain shortens the
sweep so that it can be seen on the display regardless
of the position control setting. The output stage is
made up of two channels which are identical to those
described for the vertical output amplifier (paragraph
4-35).

4-55. Chop Osclllator. NAND gates U4B and U4C are
connected as a free-running multivibrator. The oscil-
lator which runs at approximately 200 kHz is dis-
abled in the single channel display mode and at sweep
speeds faster than 1 ms/div. The oscillator is also
disabled between sweeps (by the Q output from U7B
through R75).

4-56. CHOP - ALT Control. In the chop mode (sweep
speeds of 1 ms/div and longer) with dual trace opera-
tion, the Chop-Alt control flip-flop U3A is clocked by
the output of the chop oscillator by way of U4D. In the
alternate mode of operation (sweep speeds of 0.5 ms/
div and faster) with dual trace operation, flip-flop U3A
is clocked at the end of each sweep by the signal from
Schmitt trigger U5B. In single trace mode, the flip-flop
is held in either the preset (channel A display) or the
clear (channel B display) state.

4-57. Blanking. The purpose of the blanking circuit is
to suppress the display (trace) during retrace, during
switching in chop operation, and to provide a Z-input.

Theory

Retrace is suppressed by the Q output of U7B through
CR6, U4D, and RC network C15/R35 to the blanking
amplifier. The connection through CR7 from Schmitt
trigger U5B ensures that blanking takes place im-
mediately when the sweep ends.

4-58. In chop operation, the output of U4D pro-
vides blanking during switching from one channel to
the other.

4-59. Z-input and the output of U4D are fed through
similar shaping networks to the blanking amplifier on
assembly A3.

4-60. Blanking Amplifier. The blanking amplifier
A3Q2-Q4 is an inverting amplifier that drives the grid
of the CRT through A3C15 to cut off the electron beam
during trace return, during chop mode of operation,
and under control of the Z-axis input. A3Q2 acts as a
static current source at low frequencies and as an
active current source at high frequencies. Commuta-
tion capacitor A3C14 and decoupling capacitor A3C7
improve the high frequency response. A3Q4 acts as a
preamplifier to improve response. A3C15 isolates the
amplifier from the high grid voltage. A3Q5 and its
associated circuitry ensure that the CRT remains
blank until the start of a sweep. This feature is
necessary when the bright-line auto circuit is inhibited.
The probe calibrator signal ensures that a blanking
signal is always applied to the CRT in the absence of
an unblanking signal from chop-blanking NAND gate
AlA1U4D.

4-5
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Performance Check

SECTION V

PERFORMANCE CHECK AND ADJUSTMENTS

5-1. INTRODUCTION.

5-2. This section contains performance checks and
adjustment procedures for the 1220A. The perform-
ance checks verify that the instrument meets specifi-
cations as listed in table 1-1. Adjustment procedures
are provided to help maintain the instrument within
specification limits.

$5-3. RECOMMENDED TEST EQUIPMENT.

5-4. Equipment required for the performance checks
and adjustment procedures is listed in table 5-1. Any
equipment that satisfies the required characteristics
given in the table may be substituted for the recom-
mended model(s).

$5-5. PERFORMANCE CHECK RECORD.

56. A performance check record is provided at the
end of this section for recording results of the perform-
ance checks. This form lists all performance checks
and their acceptable limits. The form may be removed
and retained as a permanent record of the incoming
inspection or routine maintenance performed on the
instrument.

NOTE

To ensure your instrument is operating
within  specifications, a  30-minute
warmup period should be allowed after
turn-on.

$5-7. PERFORMANCE CHECKS.

5-8. These checks are provided to verify instrument
performance within the specifications outlined in table
1-1 of this manual. None of these checks require access
to the interior of the instrument. If it has been deter-
mined, after the performance checks, that the instru-
ment does not meet one or more of its specifications
refer to the adjustment procedures.

5-9. INITIAL CONTROL SETTINGS. The control
settings listed below are to be used for each perform-
ance check and adjustment procedure. If a control
is to be set to another position, it will be listed in the
procedure. After the completion of each performance
check or adjustment procedure, set the controls back
to the original front-panel settings.

Control Position
Vertical (channels A and B):
POSITION ....................... centered
VOLTS/DIV..........ccoiviiiin.. 100 mV
Input coupling ......................... AC
Verniers ............coooiviiiiinnnnn. CAL
VERTICAL DISPLAY ................... A
Horizontal:
POSITION ............c.......... centered
TIME/DIV ....................... 0.1 msec
TRIGGERLEVEL............... midrange
TRIGGER SOURCE .................. INT
TV/NORM ........................ NORM
e e +
X-Y/SWP i SWP
L10/1:0 o 1:1
INTENSITY .................. visible trace

5-10. DEFLECTION FACTOR. The ranges are from
2 mV/div to 10 V/div (12 ranges) in 1, 2, 5 sequence.
With vernier in calibrated position, the attenuator
accuracy is 3% for 20 mV/div through 10 V/div
ranges and 5% for 2 mV/div, 5 mV/div, and 10 mV/
div ranges. Vernier is continuously variable between
all ranges and extends maximum deflection factor to
at least 25 V/div.

5-11. The deflection factor is checked by applying a
voltage-calibrated signal to the input. The displayed
signal is compared against the voltage standard.
Equipment Required:

Voltmeter calibrator

Adapter (HP Part No. 1251-2277)

44-in. BNC cable
5-12. Perform deflection factor check as follows:

a. Connect equipment as shown in figure 5-1.

b. Set channel A and channel B VOLTS/DIV
controls to 20 mV position.

c. Set voltmeter calibrator for 0 volt output.

d. Using channel A POSITION control, set trace
to bottom horizontal graticule line.
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Table 5-1. Recommended Test Equipment

Model 1220A

Instrument Required Required
Type Model Characteristics For
Voltmeter HP Model Voltage: 10 mV to 50 V P
Calibrator HO01-738BR Accuracy: to 0.1%
Oscillator 8 HP Model 204C Output Voltage: >5 V rms P
Accuracy: £3%
Constant Ampli- (User's Frequency: 50 kHz to 15 MHz P
tude selection) Accuracy: 2%
Signal Generator
Time-mark HP Model 226A Time marks: 0.1 us to 0.5 s P
Generator
TV Sync Telechrome TV line and frame P
Generator Model 3519 generator
Multifunction HP Model Voltage Range: >210 Vdc A
Digital 34702A with Accuracy: >x0.1%
Voltmeter 34740A
Variable HP Model Voltage Range: 100 - 250 V A
Transformer K09-0982B Rating: >50 VA
Square-wave HP Model Frequency: 1 kHz A
Generator 211B Output Termination: 600 ohms
LCR Meter HP Model 4332A Range: to 36 pF
Adapter (2) HP Part No. Twin banana plug to P
1251-2277 BNC female adapter
44-in. BNC HP Model BNC, 44-in cable P
Cable (2) 10501A
Cable Assy HP Model Dual banana plug to P
11000A dual banana plug
50-ohm HP Model Termination: 50-chm P
Termination 10100C
9-in. BNC HP Model BNC, 9-in cable P
Cable (2) 10502A
BNC Tee HP Part No. BNC Tee Adapter P
1250-0781
Test Leads (2) HP Model 11002A P,A
1000:1 HP Model Divider: 1000:1, 5 kV A
Divider Probe 11039A
HP Part No.
BNC Barrel 1250-0080 BNC female to BNC female P, A
Adapter HP Model Twin banana plug to BNC male A
10110A adapter
Note: P = Performance Check, A = Adjustment Procedure.
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Figure 5-1. Deflection Factor Test Setup

e. Set voltmeter for +100 mV output.

f. Note display. Vertical deflection should be
5 divisions +3%.

g. Observe vertical deflection factors specified in
table 5-2.

Table 5-2. Deflection Factor Accuracy

Voltmeter
Calibrator Settings | VOLTS/DIV | Vertical Dispiay
(Volts p-p) Settings (div)
.01 2 mV 5 5% (¢.25)
.03 5mV 6 5% (.3 )
.05 10 mV 5 5% (.25)
1 20 mV 5 £3% (¢.15)
3 50 mV 6 t3% (£.18)
5 100 mV 5 3% (¢.15)
1 200 mV 5 +3% (¢.15)
3 500 mV 6 +3% (¢.18)
5 1 Vv 5 3% (¢.15)
10 2V 5 $3% (¢.15)
30 5 V 6 £3% (¢.18)
50 10 V 5 3% (¢.15)

h. Connect voltmeter calibrator to channel B
INPUT connector.

i. Set VERTICAL DISPLAY control for channel
B only operation.

j. Repeat steps c through g for channel B.
k. Disconnect test equipment.
1. Set Model 1220A front-panel controls to ini-

tial settings.

5-13. Z-AXIS BLANKING. A signal of +5 Vac, 10 Hz to
1 MHz blanks a trace of any intensity.

5-14. A trace of normal intensity is obtained on the
CRT. A signal of +10 Vac pk-pk is applied to the Z-input
connector on the rear panel and to the EXT TRIG-
GER connector on the front panel of Model 1220A.
The display should be chop-blanked regardless of
INTENSITY setting. The chop-blanking effect results
from the sine wave input.
Equipment Required:

Oscillator

Two adapters (HP Part No. 1251-2277)

Two 44-in. BNC cables

9.in. BNC cable

BNC tee

5-15. Perform Z-axis blanking check as follows:
a. Set TIME/DIV control to 1 msec position.
b. Obtain baseline on CRT.

c. Adjust INTENSITY control for normal viewing
level of baseline.

d. Connect equipment as shown in figure 5-2,
and set 1220A TRIGGER SOURCE to EXT.

e. Set oscillator for 10 kHz, 10 V p-p output.

f. Verify modulated blanking of CRT regardless
of INTENSITY setting.

g. Set INTENSITY control fully counterclock-
wise.

h. Disconnect test equipment.

i. Set Model 1220A front-panel controls to initial
settings.

5-16. BANDWIDTH CHECK. <3 dB down from 50 kHz,
6-division reference signal (terminated 50-ohm source).

5-17. To check the bandwidth, a constant amplitude

signal generator is used to apply a 6-division, 50 kHz
reference signal to the input of Model 1220A. The

5-3
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Figure 5-2. Z-axis Blanking Test Setup

constant amplitude signal generator frequency is
increased to 15 MHz. Displayed amplitude on the CRT
must be equal to or greater than 4.2 divisions.

Equipment Required:
Constant amplitude signal generator
44-in. BNC cable
50-ohm termination

5-18. Perform bandwidth check as follows:

a. Connect equipment as shown in figure 5-3.

b. Set channel A and channel B input coupling
to DC position.

c. Set channel A and channel B VOLTS/DIV con-
trols to 2 mV position.

d. Set TIME/DIV control as required.

e. Adjust constant amplitude signal generator
for 50 kHz, 6-division display on CRT.

f. Increase frequency output of constant ampli-
tude signal generator to 15 MHz.

CONSTANT AMPLITUDE
SIGNAL GENERATOR

Q

CONSTANT AMPLITUDE
SIGNAL GENERATOR

OUTPUT

1220A-026-05-76

g. Observe display on CRT. Signal amplitude is
equal to or greater than 4.2 divisions.

h. Disconnect input signal from channel A

INPUT connector.

i. Connect input signal to channel B INPUT
connector.

j. Set VERTICAL DISPLAY to B only.
k. Repeat steps e through g for channel B.

1. Disconnect test equipment.

m. Set Model 1220A front-panel controls to in-
itial settings.

§5-19. TRIGGERING CHECK. Internal triggering

occurs from approximately 10 Hz to 15 MHz on signals
causing one division or more of vertical deflection.
Triggering on line frequency is also selectable.
External triggering occurs from approximately 10 Hz
to 15 MHz on signals 0.1 V p-p or more.

CHA
INPUT
% |  cus
== @ INPUT

TERMINATION

44-IN. BNC CABLE

Figure 5-3. Bandwidth Test Setup
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MODEL 1220A
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Figure 5-4. HF Triggering Test Setup

5-20. In the internal trigger mode of operation, trig-
gering is checked against certain vertical deflections
on the CRT. In the external mode of operation, the
input signal amplitude determines trigger require-
ments.

Equipment Required:

Constant amplitude signal generator
Oscillator

Adapter (HP Part No. 1251-2277)
44-in. BNC cable

Two 9-in. BNC cables

BNC tee

One 50-ohm termination

BNC barrel

5-21. Perform triggering check as follows:
a. Connect equipment as shown in figure 5-4.

b. Set channel A and channel B input coupling
to DC position.

c. Set TIME/DIV control as required.

d. Adjust constant amplitude signal generator
for 15 MHz, 1 division amplitude display on CRT.

e. Adjust TRIGGER LEVEL control for stable dis-
play (if necessary). Stable display indicates proper trig-
gering.

f. Change trigger slope from + to — and back to
+ position. Display remains stable. (If necessary,
adjust TRIGGER LEVEL controtl for stable display.)

g. Set TRIGGER SOURCE to EXT position.
Display remains stable. (If necessary, adjust TRIGGER
LEVEL control for stable display.)

h. Set TRIGGER SOURCE to INT position.

i. Disconnect constant amplitude signal gener-
ator from instrument.

j. Connect HP Model 204C Oscillator to Model
1220A as shown in figure 5-5.

k. Set TIME/DIV control as required.

1. Adjust oscillator for 10 Hz, 1 division ampli-
tude display on CRT.

m. Adjust TRIGGER LEVEL control for stable
display (if necessary). Stable display indicates proper
triggering.

n. Change trigger slope from + to — and back to
+ position. Display remains stable. (If necessary, adjust
TRIGGER LEVEL control for stable display.)

0. Set TRIGGER SOURCE to EXT position. Dis-
play remains stable. (If necessary, adjust TRIGGER
LEVEL control for stable display.)

p. Set TRIGGER SOURCE to INT position.

q. Set VERTICAL DISPLAY to B only.

r. Repeat steps c through o for channel B.

s. Disconnect test equipment.

t. Set Model 1220A front-panel controls to in-
itial settings.

5-22. SWEEP TIME ACCURACY. The ranges are from
0.1 us/div to 0.5 s/div (21 range<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>