HP 1740A

3d0J2SOT110S0 Voril

1740A

OSCILLOSCOPE

OPERATING
AND SERVICE
MANUAL

l

60606-0v.L1L0

% HEWLETT ﬁ PACKARD

COLORADO SPRINGS DIVISION

LS

|

VoviL dH



CERTIFICATION

Hewlett-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.
The cathode-ray tube (CRT) in the instrument and any replacement
CRT purchased from HP are also warranted against electrical failure
for a period of one year from the date of shipment from Colorado Springs.
BROKEN TUBES AND TUBES WITH PHOSPHOR OR MESH BURNS,
HOWEVER, ARE NOT INCLUDED UNDER THIS WARRANTY.
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 MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. HEWLETT-PACKARD IS NOT
LIABLE 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 following general safety precautions must be observed during all phases of operation, service,
and repair of this instrument. Failure 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 liability for the customer’s failure 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.

SS-2-1/76
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Model 1740A

General Information

SECTION |

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. The Hewlett-Packard Model 1740A is a dual-
channel, 100-MHz, delayed sweep oscilloscope de-
signed for general-purpose bench or field use. The
dual-channel vertical deflection system has 12 cali-
brated deflection factors from 5 mV/div to 20 V/div.
Input impedance is selectable (50 ohms or 1 megohm)
to meet various measurement requirements. The
horizontal deflection system has calibrated sweep
rates from 2 s/div to 0.05 us/div and delayed sweep
rates from 20 ms/div to 0.05 us/div. A 10X magnifier
expands all sweeps by a factor of 10 and extends the
fastest sweep to 5 ns/div. In alternate or chop modes,
the trigger-view control feature will display three
signals: channel A, channel B, and trigger signal. This
allows correlation of the time between the trigger
signal and the channel A and channel B signals. With
the A VS B control, an X-Y mode of operation is
possible. The channel A input (Y-axis) is plotted versus
the channel B input (X-axis).

1-3. This manual contains installation and operating
instructions, as well as maintenance information for
the Model 1740A. Instrument specifications and pro-
cedures for verifying proper operation are included.
Procedures are also included for adjusting the instru-
ment to its performance specifications. Schematic
diagrams, the theory of operation, and troubleshooting
information are provided for use in maintaining the
instrument.

1-4. This section of the manual contains the perform-
ance specifications for the Model 1740A, and a list of
the options available. It also lists the accessories sup-
plied with the Model 1740A and other accessories that
are available. Instrument and manual identification in-
formation are also included.

1-5. SPECIFICATIONS.

1-6. Table 1-1 is a complete list of the Model 1740A
critical specifications that are controlled by tolerances.
Table 1-2 contains general information that describes
operating characteristics of the Model 1740A.

1-7. Any change in the specifications due to manufac-
turing, design, or traceability to the U.S. National
Bureau of Standards will be listed on a manual change
sheet included with this manual. The manual and
manual change sheet supersede all previous infor-
mation concerning specifications of the 1740A.

1-8. ACCESSORIES SUPPLIED.

1-9. The following accessories are supplied with the
1740A.:

One Blue Light Filter, HP Part No. 01740-02701

One Front-panel Cover, HP Part No. 5040-0516

One Accessory Storage Pouch, HP Part No. 1540-
0292

Two 10:1 Divider Probes, HP Model No. 10006D

1-10. ACCESSORIES AVAILABLE.

1-11. The following accessories are available for the
1740A:

Model 10002A 50:1 Divider Probe

Model 10004D 10:1 Divider Probe

Model 10007B 1:1 Divider Probe

Model 10020A Resistive Divider Prove Kit (Divi-
sion ratios of 1:1, 5:1, 10:1, 20:1, 50:1, and 100:1)

Model 10173A: RFI Metal Mesh Contrast Screen

Model 10140A: Collapsible Viewing Hood

Model 197A: Oscilloscope Camera (Requires a
Model 10376A Adapter for mounting on 1740A)

Models 1001A, 1002A, and 1114A: Testmobiles
(All accept the Model 1740A and provide mobile
stands for the oscilloscope)

1-12. OPTIONS.

1-13. The options listed below extend the usefulness
of the Model 1740A.

OPTION 001. Option 001 replaces the standard de-
tachable power cord with a captive power cord. There
are two standard options available that install a special
CRT in the standard instrument. The only difference
between the optional CRT and the standard CRT is the
phosphor used in the CRT. Option 007 uses P7 phos-
phor and Option 011 uses P11 phosphor.

OPTION 090. This option omits the two Model 10006D
divider probes normally supplied as accessories. Other
probes listed under Accessories Available, which are
more suitable, may be specified.

OPTION 101. Option 101 is designed for optimum per-
formance with the HP Model 1607A Logic State An-
alyzer to provide both digital logical state and analog
electrical analysis. (Refer to Section IV for circuit de-
tails and Section VI for a list of replaceable parts in
Option 101.)



General Information

OPTION 102. Option 102 is Option 101 with an addi-
tional special adapter plate (HP Part No. 5061-1213).
The special adpater plate is used to attach the 1740A
and 1607A instruments together as a single unit.

OPTIONS 900 - 903. Options 900 through 903 are
special cord options. The connector configurations
are shown in Section II of this manual.

1-14. INSTRUMENT AND MANUAL IDEN-
TIFICATION.

1-15. Instrument identification by serial number is
located on the rear panel. Hewlett-Packard uses a
two-section serial number consisting of a four-digit
prefix and a five-digit suffix, separated by a letter

Table 1-1.

Model 1740A

designating the country in which the instrument was
manufactured. (A = U.S.A; G = West Germany; J =
Japan; U = Unit Kingdom.)

1-16. This manual applies to instruments with a serial
pretix number as shown on the title page. If changes
have been made in the instrument since this manual
was printed, a "Manual Changes” supplement supplied
with the manual will define these changes. Be sure to
record these changes in your manual. Backdating
information in Section VII adapts the manual to in-
struments 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.

Specifications

VERTICAL DISPLAY MODES
Channel A; channel B; channels A and B displayed
alternately on successive sweeps (ALT); channels A
and B displayed by switching between channels at
an approximate 250 kHz rate with blanking during
switching (CHOP); channel A plus channel B (alge-
braic addition); and trigger view.

VERTICAL AMPLIFIERS (2)

Bandwidth and Rise Time at all deflection factors
from 0°C to +55°C.

BANDWIDTH: 3 dB down from 6 div reference signal.

DC-Coupled: dc to 100 MHz in both 50Q and 1 MQ in-
put modes.

AC-Coupled: approx 10 Hz to 100 MHz; 1 Hz with 10:1
divider probes.

BANDWIDTH LIMIT: limits upper bandwidth to approx
20 MHz.

RISE TIME: <3.5 ns, measured from 10% to 90% points
of a 6 div input step.

DEFLECTION FACTOR

Ranges: 5 mV/div to 20 V/div (12 calibrated positions)
in 1, 2, 5 sequence, accurate within 3%.

Vernier: continuously variable between all ranges,
extends maximum deflection factor to at least 50
V/div. UNCAL light indicates when vernier is not
in the CAL position.

POLARITY: channel B may be inverted, front panel
pushbutton.

DELAY LINE: input signals are delayed sufficiently to
view leading edge of input pulse without advanced
trigger.

INPUT COUPLING: selectable AC or DC, 509 (dc), or
ground. Ground position disconnects input connector
and grounds amplifier input.

INPUT RC (selectable)

AC or DC: 1 MQ +2% shunted by approx 20 pF.

50 Ohm: 50Q +3%; SWR <1.4 at 100 MHz on all
ranges.

MAXIMUM INPUT

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

50 Ohm: 5 V rms.

A+B OPERATION

Amplifier: bandwidth and deflection factors are un-

VERTICAL MAGNIFICATION (X5)

TRIGGER SOURCE

TRIGGER VIEW

HORIZONTAL DISPLAY MODES

changed; channel B may be inverted for A—B oper-
ation.

Differential (A—B) Common Mode: CMRR is at least
20 dB from dc to 20 MHz. Common mode signal
amplitude equivalent to 8 divisions with one vernier
adjusted for optimum rejection.

BANDWIDTH: 3 dB down from 8 div reference signal.

DC-Coupled: dc to approx 40 MHz.

AC-Coupled: approx 10 Hz to 40 MHz.

RISE TIME: <9 ns (measured from 10% to 90% points of
8 div input step).

DEFLECTION FACTOR: increases sensitivity of each
deflection factor setting by a factor of 5 with a maxi-
mum sensitivity of 1 mV on channels A and B.

Selectable from channel A, channel B, composite, or
line frequency.

CHANNEL A: all display modes triggered by channel A
signal.

CHANNEL B: all display modes triggered by channel B
signal.

COMPOSITE: all display modes triggered by displayed
signal exceptin Chop. In Chop mode, trigger signal is
derived from channel A.

LINE FREQUENCY: trigger signal is derived from
power line frequency.

Display internal or external trigger signal in
Alternate or Chop mode, channel A, channel B, and
the trigger signals are displayed. In channel A or
B mode, Trigger View overrides that channel. Inter-
nal trigger signal amplitude approximates vertical
signal amplitude. Ext trigger signal deflection factor
is approx 100 mV/div or 1 V/div in EXT =+10.
Triggering point is approx center screen. With
identically timed signals to a vertical input and
the Ext trigger input, trigger signal delay is 2.5 ns
+1 ns.

Main, main intensified, mixed, delayed, mag X10,
and A vs. B.

1-2
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Table 1-1. Specifications (Cont'd)

MAIN AND DELAYED TIME BASES
RANGES
Main: 50 ns/div to 2 s/div (24 ranges) in 1, 2, 5 se-

quence.
Delayed: 50 ns/div to 20 ms/div (18 ranges) in 1, 2, 5
sequence.
Accuracy
*Accuracy
Sweep Time/Div Temp Range
X1 X10
50 ns to 20 ms +3% 4% 0°C to +15°C
+2% 3% | +15°C to +35°C
+3 49, | +35°C to +55°C

*Add 1% for 50 ms to 2 s ranges.

MAIN SWEEP VERNIER: continuously variable be-
tween all ranges, extends slowest sweep to atleast b
s/div. UNCAL light indicates when vernier is not
in CAL position.

MAGNIFIER (X10): expands all sweeps by a factor of
10, extends fastest sweep to 5 ns/div.

CALIBRATED SWEEP DELAY

DELAY TIME RANGE: 0.5 to 10 X Main Time/
Div settings of 100 ns to 2 s.(minimum delay
150 ns).

DIFFERENTIAL TIME MEASUREMENT ACCURACY

*Accuracy

Main Time Base Setting (+15°C to +35°C)

100 ns/div to 20 ms/div | £(0.5% + 0.1% of full scale)

50 ms/div to 2 s/div +(1% + 0.1% of full scale)

*Add 1% for temperatures from 0°C to +15°C and
+35°C to +55°C.

DELAY JITTER: <0.002% (1 part in 50 000) of maxi-
mum delay in each step from +15°C to +35°C;
<0.005% (1 part in 20 000) from 0°C to +15°C and
+35°C to +55°C.

TRIGGERING

MAIN SWEEP

Normal: Sweep is triggered by internal or external
signal.

Automatic: bright baseline displayed in absence
of input signal. Triggering is same as Normal
above 40 Hz.

Single: sweep occurs once with same triggering
as Normal; reset pushbutton arms sweep and
lights indicator.

DELAYED SWEEP (SWEEP AFTER DELAY)

Auto: delayed sweep automatically starts at end of
delay.

Trig: delayed sweep is armed and triggerable at end of
delay period.

INTERNAL: dc to 25 MHz on signals causing 0.3 divi-
sions or more vertical deflection, increasing to
1 division of vertical deflection at 100 MHz in
all display modes (required signal level 1is
increased by 2 when in Chop mode and by 5
when X5 vertical magnifier is used). Triggering
on Line frequency is also selectable.

EXTERNAL: dc to 50 MHz on signals of 50 mV p-p
or more increasing to 100 mV p-p at 100 MHz
(required  signal level is  increased by
2 when in Chop mode).

EXTERNAL INPUT RC: approx 1 MQ shunted by
approx 20 pF.

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

LEVEL and SLOPE

Internal: at any point on the positive or negative slope
of the displayed waveform.

External: continuously variable from +1.5 Vto —1.5V
on either slope of the trigger signal, +15V to —15V
in divide by 10 mode (+10).

COUPLING: AC, DC, Main LF REJ, or Main HF REJ.

AC: attenuates signals below approx 20 Hz.

LF Reject (Main Sweep): attenuates signals below
approx 4 kHz.

HF Reject (Main Sweep): attenuates signals above
approx 4 kHz.

TRIGGER HOLDOFF (Main Sweep):
sweep holdoff time in all ranges.

increases

CALIBRATED MIXED TIME BASE
Dual time base in which the main time base drives
the first portion of sweep and the delayed time base
completes the sweep at the faster delayed sweep.
Also operates in single sweep mode. Accuracy, add
2% to main time base accuracy.

A vs. B OPERATION

BANDWIDTH

Channel A (Y-axis): same as channel A.

Channel B (X-axis): dc to 5 MHz.

DEFLECTION FACTOR: 5 mV/div to 20 V/div (12
calibrated positions) in 1, 2, 5 sequence.

PHASE DIFFERENCE BETWEEN CHANNELS: <3°,
de to 100 kHz.

1-3
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Model 1740A

Table 1-2. General Information

CATHODE-RAY TUBE AND CONTROLS

TYPE: Hewlett-Packard, 12.7 cm (5 in.) rectangular
CRT, post accelerator, approx 15 kV accelerating
potential, aluminized P31 phosphor.

GRATICULE: 8 X 10 div (1 div = 1 c¢m) internal, non-
parallax graticule with 0.2 subdivision markings
on major horizontal and vertical axes and markings
for rise time measurements. Internal floodgun
graticule illumination.

BEAM FINDER: returns trace to CRT screen regard-
less of setting of horizontal, vertical, or intensity
controls.

Z-AXIS INPUT (INTENSITY MODULATION): +4 V,
>50 ns width pulse blanks trace of any intensity,
usable to <10 MHz for normal intensity. Input R,

1 kQ +10%. Maximum input +20 V (dc + peak ac).
REAR PANEL CONTROLS: astigmatism and trace
align.
NOTES:

1. DIMENSIONS ARE FOR GENERAL
INFORMATION ONLY. IF DIMENSIONS
ARE REQUIRED FOR BUILDING
SPECIAL INCLOSURES, CONTACT
YOUR HP FIELD ENGINEER.

2. DIMENSIONS ARE IN MILLIMETERS AND

(INCHES).
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GENERAL

REAR PANEL OUTPUTS: main and delayed gates, 0 V
to >+2.5 V capable of supplying approx 5 mA.-

AMPLITUDE CALIBRATOR (0°C to +55°C)

1 V p-p into 21 MQ

0.1 V p-p into 50Q +1%

Output Voltage

Rise Time <0.1 us

Frequency approx 1.4 kHz

POWER: 100, 120, 220, 240 Vac, +10%; 48 to 440 Hz;
100 VA max.

WEIGHT: net, 13 kg (28.61b); shipping, 15.7 kg (34.6 1b).

OPERATING ENVIRONMENT

Temperature: 0°C to +55°C.

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

Altitude: to 4600 m (15 000 ft).

Vibration: vibrated in three planes for 15 min. each
with 0.254 mm (0.010 in.) excursion, 10 to 55 Hz.

DIMENSIONS: see outline drawing.
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Installation

SECTION Il

INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains information and instruc-
tions necessary for installing and interfacing the
Model 1740A Oscilloscope. Included are initial inspec-
tion procedures, power and grounding requirements,
installation instructions, and procedures for re-
packaging 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.
WARNING

Read the Safety Summary at the front
of the 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
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.

STD-002-07-76
HP POWER CABLE PART NUMBERS
8120-1692 8120-0696 8120-1703 8120-1521
Option 902 Option 901 | Option 900 | Option 903

INPUT POWER RECEPTACLE TYPES

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

2-7. POWER REQUIREMENTS.

2-8. The 1740A can be operated from any power
source supplying 100 V, 120 V, 220 V, or 240 V
(£10%), single phase, 48 to 440 Hz. Power dissipation
is 100 VA maximum.

CAUTION

Instrument damage may result if line-
voltage selection switch is not correctly
set for the input power source.

2-9. The instrument is normally set at the factory for
120-volt operation. To operate the instrument from any
other ac power source, proceed as follows:

a. Verify that Model 1740A power cable is not
connected to any input power source.

b. Stand instrument on rear legs. Use a blade-
type screwdriver to position linevoltage selection
switch through opening in bottom cover. (Figure 2-2
shows switches set for 120-V operation.)

c. For 220-V or 240-V inputs, replace fuse F1 with
0.5 A slow-blow fuse supplied with instrument.

d. Connect input power cable to power source.

240 —I
220 —_

1740A-200-07-76
Figure 2-2. Line Voltage Selection Switch Settings

2-10. REPACKING FOR SHIPMENT.

2-11. 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.

2-12. 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



Operation

s

:  TIME/DIV

PSS

60

1740A-037

Figure 3-1.
Controls and Connectors
3-0

1740A-038-07-76

LINE. Switch turns instrument power on
and off.

€ LINE INDICATOR. Indicator lights when

the instrument power is on.

@© BEAM FIND. Pressing this pushbutton in-

creases the intensity and compresses the
display within the viewing area.

BEAM INTENSITY. Controls the brightness
of the CRT display.

FOCUS. Adjusts the writing beam for the
sharpest trace. Always keep this display
focused to prevent damaging the CRT in-
ternally.

SCALE ILLUM. Adjust the CRT background
illumination for good contrast between the
background and the graticule.

ALT. Channel A and Bsignals aredisplayed
alternately on consecutive sweeps.

Channel A. Displays the channel A input
signal.

Channel B. Displays the channel B input
signal.

A+B. Pressing both channel A @) and chan-
nel B o displays the algebraic sum of the
channel A and channel B input signals. If
the channel B display is inverted (press
CH B INVT 0), an A minus B display
results.

CHOP. Channel A and B signals are dis-
played simultaneously by switching bet-
ween channels at a 250-kHz rate.

TRIG VIEW. Displays the selected internal
or external trigger signal at a fixed sensi-
tivity of approximately 100 mV/div or
1 V/div with EXT = 10Q). TRIGGER
LEVEL @ positions the display vertically.
Center screen indicates the trigger thres-
hold level with respect to the trigger signal.
If ALT @ or CHOP @) is selected, three
signals are displayed: channel A, the sel-
ected trigger signal (at center screen), and
channel B.

MAG X5. Magnifies the vertical presenta-
tion five times, and increases the maxi-
mum sensitivity to 1 mV/div. The band-
width is decreased to 40 MHz.

BW LIMIT. Reduces the bandwidth of
channel A and channel B to approximately
20 MHz.

CH B INVT. Inverts the polarity of the
channel B signal. In A+B o& © mode,
pressing CH B INVT @ results in an A
minus B display.

TRIGGER A. Selects a sample of the chan-
nel A signal as the trigger signal when
INT/EXT @ is in INT.

TRIGGER B. When in INT, a sample of the
channel B signal is selected as the trig-
ger signal.

COMP. When the display mode is set to
channel A, channel B, ALT, or A+B, the
sweep is triggered by the displayed signal.
When in CHOP, the sweep is triggered by
the channel A signal only.

AC. Selects the input coupling and imped-
ance for the vertical amplifiers. In the AC
position the dc component of the input
signal is blocked. The lower 3-dB limit
is approximately 10 Hz.

GND. The input signai is disconnected
from the amplifier, and the amplifier input
is grounded.

DC. All elements of the input signal are
passed to the vertical amplifier. The input
impedance is approximately 1 megohm
shunted by 20 pF.

50Q. The input signal is dc coupled, and the
input impedance is 50Q. Pull the lever
forward and down to select this position.
Do not apply more than 5 V rms to the
input connector.

VOLTS/DIV. Selects the vertical deflection
factor in a 1, 2, 5 sequence from 0.005 V/
div to 20 V/div, accurate within 3% with
vernier () in the CAL position.

Vernier. Provides continuous control of the
deflection factor between calibrated
VOLTS/DIV ranges. Vernier range is at
least 2.5 to 1.

UNCAL. Lights when the vernier control
is out of detent position to indicate
VOLTS/DIV is uncalibrated.

INPUT. BNC connector to apply external
signals to the channel A (Y) and channel
B (X) amplifier. Impedance and coupling
are selectable bya. Do not apply more
than 250 V (dc + peak ac) or more than
500 V p-p ac at 1 kHz or less.

POSN. Controls the vertical position of the
display.

CAL 1 V. Provides a 1-V peak-to-peak
(within 1%) square-wave voltage signal
recurring at an approximate rate of 1.4
kHz (100 mV peak-to-peak when termi-
nated in 50Q).

GROUND POST. Convenient chassis ground
connector. Useful to ensure a common
ground with equipment under test.

POSITION. Coarse @ and FINE O ad-
justments position the display horizontal-
ly.

AUTO/NORM. AUTO sweep mode (push-
button out). A free running sweep provides
a bright display in the absence of a trigger
signal.

NORM sweep mode (pushbutton 1in)
requires an internal or external signal to
generate a sweep and must be used if the
input frequency is less than 40 Hz.

SINGLE. Sweep occurs once with the same
triggering as in NORM. After each sweep,
the trigger circuit must be manually RE-
SET@®.

RESET. Momentary pushbutton that arms
the trigger circuit in the single-sweep
mode. After pressing RESET @), the sweep
can be triggered by an internal or exter-
nal trigger signal or by rotating the TRIG-
GER LEVEL control €) through zero.

Reset Lamp. When lit, indicates the trigger
circuit is armed. Lamp goes off at the end
of the sweep and remains off until the
trigger circuit is again armed by pressing
the reset button.

MAIN. Selects main sweep for horizontal
display. Sweep rate and triggering are
selected by the main-sweep controls ) -

Q and Q-0

(32)

A VS B. Selects an X-Y mode of operation
with channel A input (Y-axis) plotted
versus channel B input (X-axis). Vertical
positioning is adjusted by channel A
POSN@, and horizontal positioning is
adjusted by POSITION @) and FINE@.

OPTION 101. Deletes the A VS B function
and adds logic state display. When the
Model 1740A is connected to a HP Model
1607A Logic State Analyzer, pressing
STATE DSPL @ displays a 16-word
table of 16-bit words.

MAG X10. Magnifies the horizontal display
10 times, and expands the fastest sweep
time to 5 ns/div, maintaining a sweep
accuracy within 3% at room temperature.

MAIN TIME/DIV. The inner knob controls
the main-sweep rate, which is indicated by
the numbers displayed in the knob skirt
opening. Sweep accuracy is within 2% (un-
magnified) at room temperatures.

DLY'D TIME/DIV. The outer rotating
section selects the delayed-sweep rate,
which is indicated by the marker on the
outer knob. Sweep accuracy is the same as
with MAIN TIME/DIV. An interlock is
incorporated so the delayed sweep is al-
ways faster than the main sweep. When
rotated out of the off position in the MAIN
modeo, a portion of the main sweep is
intensified indicating the length and delay
position of the delayed sweep with respect
to the main sweep.

SWEEP VERNIER. Provides continuous ad-
justment of main sweep TIME/DIV bet-
ween calibrated positions, extending the
slowest sweep to 5 s/div.

UNCAL. Lights when SWEEP VERNIER
@ is out of the CAL detent position, and
indicates that the sweep is not calibrated.

TRIGGER HOLDOFF. Increases the time
between sweeps and aids triggering on
complex displays such as digital words.

TRIGGER LEVEL. Selects the voltage level
on the input trigger signal where the sweep
is triggered. With external trigger signals,
the trigger level is continuously variable
from +1.5 V to —1.5 V on either slope of
the input trigger signal; +15 V to —15 V in
EXT + 10 ) mode. With internal trigger
signals, the trigger level selects any point
on the vertical waveform displayed.

O & @ POS/NEG. Two-position pushbutton switch

0«0

0«0

that selects the slope of the (EXT @ or
INT@) trigger siganl used to start the
sweep. »

LF REJ. Attenuates internal or external
trigger signals below approximately 4 kHz.
This is useful to condition high-frequency
signals for best synchronization by elimi-
nating unwanted high-frequency signals
such as power line interference.

HF REJ. Attenuates internal or external
trigger signals above approximately 4 kHz.
This is useful to condition low-frequency
signals for best synchronization by elimi-
nating unwanted high-frequency signals
such as RF.

LINE. Selecting both LF REJ @ and HF
REJ @ removes all EXT Q input or
INT 0 displayed signals from the trigger
circuit and applies a power-line frequency
signal for triggering.

AC/DC. Selects ac or dc coupling of the
input (EXT @ or @) or displayed (INT
@ or @) signal to the trigger circuit. The
DC position must be selected for signals
below approximately 20 Hz.

INT/EXT. INT selects a sample of the inter-
nal vertical signal chosen by the TRIGGER
source @ or@, while EXT selects the
signal at the EXT TRIGGER @ or @ in-
put for application to the main trigger
circuit.

EXT + 10. Attenuates EXT TRIGGER @
or @ input signal by a factor of 10.

EXT TRIGGER. BNC connector for external
trigger input. Input impedance is approxi-
mately one megohm shunted by approxi-
mately 20 pF. Do not apply more than
250 V (dc + peak ac) or 500 V p-p ac at
1 kHz or less.

DELAY. The DELAY control provides a
variable delay time from 0.5 to 10X the
MAIN TIME/DIV settings of 100 ns to 2 s.

DLY'D. Selects delayed sweep for horizon-
tal display.

o
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MIXED. Selects main and delayed sweeps
for the horizontal display. The first portion
of the sweep is at the main sweep rate,
and the second portion of the sweep
(starting point chosen by DELAY @) is
at the delayed-sweep rate.

SWEEP AFTER DELAY AUTO/TRIG. Selects
the method of starting the delayed-sweep
when in main intensified, delayed, or
mixed mode operation. In AUTO, delayed
sweep starts immediately after the delay
interval, which is the product of the DE-
LAY @ dial reading (div) and the main
TIME/DIV @) reading. In TRIG, the de-
layed-trigger circuit is armed after the
delay interval and delayed sweep must be
triggered by either an internal or external
trigger signal.

Z-AXIS INPUT. BNC connector for inten-
sity modulation of the CRT display. A
+4-volt, >50-ns width pulse blanks a trace
of any intensity. Do not apply more than
+20 V (dc + peak ac).

TRACE ALIGN. Screwdriver adjustment to
align the horizontal trace with the grati-
cule.

ASTIGMATISM. Screwdriver adjustment
used in conjunction with FOCUS e to
achieve a clean, sharp spot or trace. Ad-
justinent is easier with a stationary spot.

LINE INPUT. Connector for the power cord.

MAIN GATE OUTPUT. Provides a rectan-
gular output of approximately +2.5 V
coincident with the main gate.

DLY'D GATE OUTPUT. Provides a rectan-
gular output of approximately +2.5 V
coincident with the delayed gate.

1607A INPUTS. Option 101 only.

HORIZ. X-axis
1607A.

input from HP Model

VERT. Y-axis input from HP Model 1607A.

Z-AXIS. Intensity input from HP Model
1607A.

FUSE. | A 250 V SLO-BLO for 100-V or
120-V operation. 0.5 A 250 V SLO-BLO for
220-V or 240-V operation.
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SECTION Il

OPERATION

3-1. INTRODUCTION.

3-2. This section provides general operating instruc-
tions for Model 1740A. Front- and rear-panel controls
and connectors are identified and described in figure
3-1. An initial turn-on procedure, operators calibration,
trigger selection table, and procedures for obtaining
basic displays are also included. The index numbers
after control and connector names in the text are keyed
to figure 3-1.

3-3. TURN-ON PROCEDURE.

Before turning on the oscilloscope, read
the safety summary located at the front
of this manual.

3-4. To turn on the Model 1740A, perform the fol-
lowing steps:

a. Turn all control knobs to the 12 o’clock posi-
tion except verniers ) and SWEEP VERNIER @
should be in CAL position; TRIGGER HOLDOFF €
on MIN. MAIN TIME/DIV € fully clockwise.

b. Verify pushbuttons out except A o, A @,
and MAIN @

c. Press LINE switch 0 ; LINE indicator o
should light. After CRT warm up, a free-running trace
should be observed near center screen.

d. Increase (or decrease) BEAM INTENSITY @
to comfortable viewing level, and adjust FOCUS o as
necessary for sharpest trace.

3-5. OPERATOR CHECKS.

3-6. A few checks and adjustments may be required
to verify that the Model 1740A is operating properly.
If the oscilloscope is moved from one electromagnetic
environment to another, the trace alignment control
may need adjustment to align the horizontal trace with
the graticule.. Astigmatism and focus controls may
need adjustment to obtain the sharpest display. Probe
compensation may be required, since total input
resistance and capacitance can vary slightly from one
oscilloscope to another.

3-7. Adjust trace alignment as follows:

a. Obtain a display as described in the turn-on
procedure.

b. With vertical POSN control @, align trace
with center graticule line.

c. With a screwdriver, adjust TRACE ALIGN @
(on rear panel) for best trace alignment with graticule
line.

3-8. Adjust astigmatism and focus as follows:

a. Select A VS B @ and lower BEAM INTEN-
SITY @ to a low level.

b. Position spot near center of CRT with POSN
@ and POSITION @ controls.

c. Adjust FOCUS @ and ASTIGMATISM @

(on rear panel) for the smallest round spot.

3-9. Perform probe compensation adjustment as
follows:

a. Connect probe to be compensated to appro-
priate vertical INPUT connector Q and the CAL1V

output @.

b. Set VOLTS/DIV @ to 0.1, MAIN TIME/DIV
@ to 0.2 mSEC, and input coupling 0 to DC.

c. Adjust main TRIGGER LEVEL @) for a stable
display of the calibrator square-wave voltage. Display
should have flat tops. Any distortion in presentation
is caused by incorrect probe compensation.

d. If overshoot or undershoot is present, turn
screwdriver adjustment in probe for a flat-top pre-
sentation (see figure 3-2).

3-10. Perform vertical accuracy check as follows:

a. Set controls to positions indicated in turn-on
procedure.

b. Apply CAL1V @ signal to channel A INPUT
connector using a BNC to banana plug adapter
and a test lead with alligator clips.

c. Adjust channel A VOLTS/DIV @ to 0.2 V/div
and MAIN TIME/DIV @ to 0.2 mSEC/div. Square-

3-1
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Figure 3-2. Probe Compensation

wave amplitude should be five major divisions within
4%. For complete calibration check, refer to Section V.
3-11. Perform timing accuracy check as follows:

a. Apply an accurate calibration signal (such as

from HP Model 226A Time-mark Generator) to the
channel A INPUT 0 connector.

b. Set controls to the positions indicated in the
turn-on procedure except for MAIN TIME/DIV which
should be adjusted to 0.5 uSEC/div.

c. Set marker on graticule line at far left with
horizontal position control. Markers should line up ap-

Model 1740A

proximately with each graticule line across the CRT.
The marker on the far right-hand side should be with-
in 2 mm of the graticule line.

3-12. TRIGGER SELECTION TABLE.

Table 3-1 will aid in determining the best trigger
mode for various signal conditions.

3-13. OBTAINING BASIC DISPLAYS.

3-14. These procedures will aid the operator in
becoming familiar with the operation of the Model
1740A so commonly used displays can be obtained.
Before performing the procedures, complete the turn-
on procedure and adjust the following controls:

Channel A TRIGGER................ A
Channel A coupling................ DC
Channel A VOLTS/ DIV .......... 0.05
MAIN TIME/DIV @ .......... 0.5 mSEC
DELAY@ ..................... fully CCW

3-15. NORMAL SWEEP DISPLAY.

a. Connect a Model 10006D probe to channel A
INPUT Q connector, CAL 1V @ output, and ground

post @.

Table 3-1. Display and Trigger Selection Table

SIGNAL CONDITIONS DISPLAY MODE

TRIGGER SELECTION

I. Single Signals

A or B
Applied to

Channel A or B ALT> or CHOP?

II. Time Related Signals ALT
Applied to
Channels A & B CHOP
A+B (A—B)
II1. Nontime Related Signals ALT

Applied to
Channels A & B

A B COMP EXT
OK or OK OK OK
OK or OK NG OK:!
OK OK:] NG' [OK:
OK: OK:] NG
OK OK OK
NG NG @ NG

3-2

Assume time related signal applied.
Time relation displayed.
No time relation displayed.

If COMP is selected in CHOP, switching
overrides and selects A.

Signal is only displayed on one channel.

6 Triggers on algebraic sum or difference of
signals.

OK Useable trigger mode.

OK

Good trigger mode.

Best trigger mode.

NG Unuseable trigger mode.
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b. Adjust POSN @ to align base of square wave
on the center graticule line, and adjust TRIGGER
LEVEL @ for a stable display. A square wave with
an amplitude of two divisions and approximately five
to nine positive-going pulses will be displayed.

3-16. MAGNIFIED SWEEP DISPLAY.

a. Perform paragraph 3-15 to obtain Normal
Sweep Display.

b. Adjust horizontal POSITION @ to place
waveform portion to be magnified on CRT center
graticule (see figure 3-3).

1740A-004

Figure 3-3. Normal Display

c. Press MAG X10 @ and adjust horizontal
FINE @ for precise placement of magnified display
(see figure 3-4).

3-17. DELAYED SWEEP DISPLAY.

a. Perform paragraph 3-15 to obtain Normal
Sweep Display.

b. Adjust delayed TIME/DIV @ for 50 uSEC/
div, and observe intensified portion of square wave.
Set BEAM INTENSITY @ control to a comfortable

viewing level.

c. Set SWEEP AFTER DELAY to AUTO and
turn DELAY @ clockwise until intensified portion of

50%

1740A-005

Figure 3-4. Magnified Display

Operation

trace is over trace area to be investigated. This is
demonstrated in figure 3-5.

40A-
1740A-006

INTENSIFIED

Figure 3-5. Normal Display with Intensified Area

d. Press DLY'D @ and note that intensified
portion of trace is now displayed across entire CRT
(see figure 3-6).

e. DELAY Q control may be adjusted to view
other pulses in the pulse train.

1740A-007

Figure 3-6. Delayed Sweep Display

3-18. MIXED SWEEP DISPLAY.

a. Perform paragraph 3-15 to obtain Normal
Sweep Display.

b. Adjust delayed TIME/DIV @ for 50 uSEC
and note intensified portion of square wave. Set BEAM
INTENSITY @ to comfortable viewing level.

¢. Turn DELAY @ clockwise until part of wave-
form in second half of CRT is intensified (see figure
3-7).

d. Press MIXED @ and observe that first portion
of the display is at main TIME/DIV @ sweep rate and
second portion is at delayed TIME/DIV @ sweep rate
(see figure 3-8). The transition point from main sweep
to delayed sweep can be varied by adjusting DELAY

control Q).
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1740A-008 INTENSIFIED

Figure 3-7. Normal Display with Intensified Area

3-19. X-Y DISPLAY.

a. Press A VS B@. BEAM INTENSITY @ may
need to be decreased. Apply vertical (Y-axis) signal
to channel A INPUT @) connector and horizontal
(X-axis) signal to channel B INPUT connector. Chan-
nel A POSN @ adjusts vertical positioning; POSI-
TION @) adjust horizontal positioning. Adjust channel
A and B VOLTS/DIV @) controls as required.

b. If display is not visible, press BEAM FIND @
and adjust channel A and B VOLT/DIV controls
until display is compressed vertically. Center com-
pressed display with POSN @) and POSITION @

1740A-009

Figure 3-8. Mixed Sweep Display

3-4
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-controls. Release BEAM FIND, and adjust FOCUS

© for a sharp display.

3-20. SINGLE SWEEP OPERATION.

3-21. Single sweep mode is often used to photograph
single occurrence events. To use this mode, proceed
as follows:

a. Select SINGLE @ sweep mode.
b. Set AUTO/NORM to NORM@).

c. Set all trigger processing controls to desired
settings; for example, INT/EXT ), slope @, and
TRIGGER LEVEL @.

d. Depress RESET@ pushbutton; the red RE-
SET @ lamp will light.

3-22. The sweep circuitry is now armed; as soon as
a trigger signal is received that meets the preset
requirements (slope, coupling, level, etc.), the time
base will generate one sweep. As soon as the sweep
ends, the RESET ®lamp will extinguish and the
time base must be reset again.

3-23. SINGLE SWEEP USING TRIGGER

VIEW.

3-24. To use the trigger view feature in single sweep,
perform the following steps:

a. Press TRIG VIEW @. This turns off both ver-
tical channels; however, trigger view circuitry will not
be activated until a certain transition occurs at the
end of the sweep.

b. To activate trigger view, press RESET @) and
rotate TRIGGER LEVEL @) from one extreme to the
other or engage AUTO Q and press RESET, then dis-
engage AUTO.

3-25. After one sweep has been manually generated,
the necessary transition will have occurred and trigger
view mode will operate in a normal manner.
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SECTION IV

PRINCIPLES OF OPERATION

4-1. INTRODUCTION.

4-2. This section contains functional descriptions
keyed to simplified block diagrams. The block diagrams
are drawn for function and do not show circuit details.
Schematics and an interconnection diagram arelocated
in Section VIIL.

4-3. VERTICAL SECTION BLOCK DIA-
GRAM. (Figure 4-1.)

4-4. INPUT ATTENUATORS. The attenuators have two
functions: (1) they select the type of input coupling
(50Q, DC, GND, or AC), and (2) they determine the
vertical deflection factor (5 mV/div to 20 V/div) as
selected by the front-panel VOLTS/DIV switches. Only
contact strips and their actuating cams are contained
in the attenuator assemblies. The major part of each
attenuator is on the preamplifier substrate. The only
passive attenuation is a X100 section preceding the
discrete, dual-FET impedance converter in each
channel.

4-5. VERTICAL PREAMPLIFIER. The preamplifier
substrate (A3A1) performs the necessary control func-
tions for both channels A and B, including six dc-
actuated ranges of attenuation per channel. Along
with the X100 section, this configuration provides
12 calibrated levels of vertical sensitivity, ranging from
5 mV/div to 20 V/div. Peripheral circuitry includes
control logic for the preamplifier substrate and a
trigger-view amplifier, which routes signals from the
external trigger input through the delay line and out-
put amplifier.

4-6. DELAY LINE. The purpose of this assembly is to
delay the vertical signal approximately 100 nano-
seconds. This allows the sweep to trigger before the
vertical signal reaches the CRT plates.

4-7. VERTICAL OUTPUT AMPLIFIER. The vertical out-
put amplifier provides drive to the CRT vertical de-
flection plates.

4-8. HORIZONTAL SECTION BLOCK DIA-
GRAM. (Figure 4-1.)

4-9. TRIGGER CIRCUIT. The internal sync amplifier
provides the signal for synchronization to the vertical
signal. The set and trigger gates drive a current
switch that starts the sweep. In the main AUTO
mode, the bright-line auto circuit detects any absence
of trigger signal and forces the main sweep to operate.

4-10. In delayed sweep, the main sweep and the
DELAY potentiometer drive the delay comparator.
When the comparator conducts, it enables the set and
trigger gates for delayed sweep. In the AUTO SWEEP
AFTER DELAY mode, the delayed sweep starts when
the comparator conducts. In TRIG SWEEP AFTER
DELAY, the delayed sweep will not conduct unless a
trigger signal occurs after the trigger gates are enabled.

4-11. SWEEP AND INTEGRATOR CIRCUITS. The main
and delayed sweep circuits initiate horizontal sweeps
by the trigger signal applied to their inputs. Miller
integrators produce the horizontal sweep ramps;
their slopes are controlled by the front-panel TIME/
DIV switches. The outputs from the Miller integrators
are applied through the horizontal display mode
switches to the horizontal preamplifier.

4-12. The horizontal sweep is also compared to a
reference voltage by a ramp comparator that drives
the reset circuit. The reset and holdoff circuits control
the timing sequence of the sweep ramp.

4-13. HOLDOFF CIRCUIT. The holdoff circuit estab-
lishes a time interval at the end of the sweep that
disables the trigger generator. The trigger generator is
armed at the end of holdoff and is ready for the next
trigger signal. The duration of holdoff is controlled
by the TIME/DIV setting and the TRIGGER HOLD-
OFF control.

4-14. HORIZONTAL PREAMPLIFIER. The horizon-
tal preamplifier provides amplification for the sweep
ramp. The horizontal POSITION control establishes
a reference level for the horizontal sweep. Trace
magnification (X10) is also accomplished in this stage.
When the BEAM FIND switch is pressed, the emitter
current in the output stage of the preamplifier is
reduced and the horizontal output stage cannot drive
the beam beyond the viewing area of the CRT.

4-15. HORIZONTAL OUTPUT. The horizontal output
stage provides drive to the CRT horizontal deflection
plates.

4-16. GATE CIRCUITRY. (Figure 4-2.)

4-17. The gate amplifier assembly contains the cir-
cuitry necessary to control brightness of the CRT dis-
play. An intensity control circuit is used for brightening
or blanking the CRT when necessary. BEAM FIND,
and BEAM INTENSITY controls are part of the gate
amplifier assembly.
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4-18. HIGH-VOLTAGE POWER SUPPLY.
(Figure 4-2.)

4-19. The high-voltage power supply consists of a
high-voltage oscillator, a high voltage transformer, and
a rectifying circuit. The high-voltage oscillator pro-
duces cathode, grid, and focus voltages for the CRT.
A secondary winding on the high-voltage transformer
provides voltage for the CRT cathode heater.

4-20. The rectified CRT cathode voltage is sampled
and fed back to the high-voltage oscillator. Changes
in cathode voltage are fed back to the high-voltage
oscillator, causing the amplitude of its oscillation to
change. The change corrects the rectified cathode volt-
age returning it to the normal operating value.

4-21. The unrectified cathode voltage in the second-
ary of the high-voltage transformer is applied to a
multiplier assembly where it is multiplied four times.
The multiplier output is connected to the CRT post-
accelerator.

4-22. LOW-VOLTAGE POWER SUPPLY.
(Figure 4-2.)

4-23. The low-voltage power supply operates from an
ac power source. The ac line is applied to the input
power circuit (100-, 120-, 220-, or 240-Vac operation
is selectable). The input power circuit contains the ac
line protection fuse. The ac input is applied to a step-
down power transformer.

4-24. Secondary outputs from the power transformer
are applied to rectifiers and voltage regulator circuits,
which convert input ac power to usable dc outputs of
different voltage levels.

4-25. CIRCUIT DETAILS.

4-26. The following paragraphs provide a detailed
explanation of individual circuits in the Model 1740A.
Circuits that are identical for both channels are ex-
plained for channel A only.

4-27. ATTENUATOR ASSEMBLIES. (Sche-
matic 4.)

4-28. GENERAL INFORMATION. The channel A at-
tenuator is a cam-actuated switch assembly. Only
contact strips and their actuating cams are contained
in the switch assembly. The contacts short appropriate
pads on the preamplifier circuit board and only the
first five (A1S1A-E), controlling the input coupling
modes (AC, GND, DC, and 50Q) and the X100 dis-
crete attenuator, carry signal currents. The second five
contacts (A1S1F-J) switch dc control voltages to the
preamplifier substrate (A3A1) that switch attenuation
on the substrate.

4-29. INPUT. The input signal applied to channel A
INPUT connector J6 is routed through appropriate

4-2

Model 1740A

contacts A1S1A-E. With input coupling in the AC posi-
tion (A1S1B closed; A1S1A, C open), the input signal
is applied through capacitor A3C1 to the 1-megohm
input section in the preamplifier. The value of A3C1
is such that signals below 10 Hz will be attenuated.
In GND position (A1S1C closed; A1S1A, B open) the
input signal is disconnected and the attenuator input
is grounded through A3R1. In DC position (A1S1A, B
closed; A1S1C open) a straight-through connection
applies the input signal directly to the high impedance
circuit of the attenuator. When input coupling is in the
50Q position (A1S1A-C closed), the input signal is
terminated in 50 ohms.

4-30. ATTENUATOR STAGES. The VOLTS/DIV
switch activates various combinations of switch
closures (A1S1D-J) to obtain the 12 calibrated ranges
of vertical sensitivity from 5 mV/div to 20 V/div.
The input attenuator has a X1 and a X100 position,
and preamplifier substrate A3A1 has a X1 and X10
attenuator section followed by a second section pro-
viding a X1, X2, X4 attenuation sequence that repeats
four times through the 12 ranges of vertical sensitivity.
In the 5 mV/div VOLTS/DIV position, the input
attenuator is in the X1 position and both attenuator
sections in A3A1 are set to X1 attenuation. In the 10
mV/div and 20 mV/div positions, the second attenu-
ator section in A3A1 steps to the X2 and X4 attenuation
ranges respectively. In the 50 mV/div position, the
second attenuator section reverts back to the initial
X1 attenuation range, but the X10 attenuator in the
first section of A3A1 is activated. For 100 mV/div and
200 mV/div, the second attenuator section again steps
to the X2 and X4 attenuation ranges. The input at-
tenuator is next switched to the X100 position for the
remaining six ranges from 0.5 V/div to 20 V/div,
and the sequence described for X1 input attenuation
is repeated.

4-31. VERTICAL SECTION. (Schematics 4,
5, and 6.)

4-32. GENERAL INFORMATION. Signal conditioning
is accomplished primarily by two substrates: preampli-
fier substrate (A3A1) and vertical output amplifier sub-
strate (A5A1). The preamplifier substrate provides two
pairs of differential outputs: the main vertical signal
driving the delay line and the internal sync signal. The
vertical output amplifier substrate provides the drive
capability for the CRT vertical deflection plates.

4-33. PREAMPLIFIER STAGE. Since channels A and B
are almost identical, only channel A will be described
in detail. Where channel B differs from channel A, the
difference will be discussed.

4-34. The input signal from the 1-megohm input
section is applied to a high-to-low impedance con-
verter stage consisting of a dual field-effect transistor
(FET) A3Q2 connected in a source follower configur-
ation. The second half of the FET, A3Q2B, provides
a current bias for the source of A3Q2A. Because they
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Vertical and Horizontal Block Diagram
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are a matched pair, the current changes due to temper-
ature variation track. Therefore, the source voltage of
A3Q2A will not vary substantially with temperature.
The FET balance adjustment, A3R11, ensures a zero-
volt input to pin 10 of A3A1, the channel A input.

4-35. The preamplifier substrate contains 31 thick-
film resistors and three monolithic chips: channel A
and B preamplifiers and a delay-line driver amplifier.
Each of the preamplifier chips consists of 27 transis-
tors, 23 diodes, and 34 monolithic resistors. These
chips perform the conventional control functions of
signal polarity, gain vernier, channel switching, and
sync extraction; in addition, they control six ranges
of vertical sensitivity. The gain chip is a four-transistor
differential shunt-feedback amplifier that provides
a current gain of eight and directly drives the
balanced delay line.

4-36. The output of A3Al is connected to delay line
A4. The bandwidth limit circuit shunts the delay line
input, and by switching the appropriate capacitance
across the line limits the frequency response to ap-
proximately 20 MHz. Trigger view amplifier, A3Q6/
A3Q7, also at the input of the delay line, routes signals
from the external trigger input or from the vertical
internal sync line through the delay line and Vertical
Output Amplifier Assembly A5. In channel A or B
DISPLAY, TRIG VIEW switch A3S1A replaces the
main channel display with the triggering waveform.
In ALT or CHOP, channel A, channel B, and the trig-
ger signal are displayed.

4-37. When BEAM FIND switch A12S1 (schematic 3)
is pressed, current is applied through A3CR4, A3CR5,
A3CR6, and A3CR7 lowering sensitivity at the input
to the delay line enough to return the trace to the
viewing area of the CRT.

4-38. Each channel has a vertical POSN control
(A3R61 and A3R36) operated from the front panel.
Vertical positioning of the viewed display is accom-
plished in the appropriate preamplifier chip in A3A1l
by differentially varying the bias current in the main
signal path. This results in shifting the differential dc
level of the vertical output plates and causes the trace
on the CRT to move up or down.

4-39. The display of an input signal applied to chan-
nel B can be inverted by front-panel CH B INVT
switch A3S1D. This function is accomplished by the
channel B preamplifier chip in A3AL.

4-40. With front-panel vernier controls A1R1 and
A2R1 out of the CAL position, the gain of each chan-
nel is continuously variable over at least a 2.5:1 range.
These resistors control current ratios determining the
gain of analog multiplier sections in each channel.
The circuitry is contained on preamplifier chips in
A3A1l. Channel B has a vernier interface circuit,
A3Q21, that allows A2R1 to control channel B gain
in both normal and A VS B operation.
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4-41. PREAMPLIFIER CONTROLS. (Schematic 6.)
Vertical Control Switching Assembly A13 controls
operation of substrate A3A1 on the vertical preampli-
fier as described in the following paragraphs.

4-42. Channel A Display. The channel A input signal
is selected for display by pressing DISPLAY A switch
A13S2B. Engaging A13S2B grounds the preset input
(pin 4) of A3U2A, forcing Q high (pin 5). This state
along with a high Q output (pin 5) from A3U4A
Forces NAND gate A3U3C low (pin 8), which turns
channel A on at pin 1 of A3Al. A voltage of 2.7 V at
test point 7 indicates channel A is on; 4.7 V indicates
channel A is off.

4-43. Channel B Display. The channel B input signal
is selected for display by pressing DISPLAY B switch
A13S2C. Engaging A13S2C grounds the clear input
(pin 1) of A3U2A, forcing Q high (pin 6). This state
is inverted by A3U3A (pin 3) to turn channel B on at
pin 20 of A3Al. A voltage of 2.7 V at test point 5 indi-
cates channel B is on; 4.7 V indicates channel B is off.

4-44. Channel A+B Display. To algebraically display
input signals applied to both channels, DISPLAY
switches A13S2B and A13S2C are pressed simulta-
neously; preset (pin 4) and clear (pin 1) inputs of
A3U2A are grounded, forcing Q (pin 5) and Q (pin 6)
outputs high. These states are inverted by ASU3A and
A3U3C to force both channels on (2.7 V at test points
5 and 7).

4-45. ALT Mode Display. When ALT mode is selected
by DISPLAY switch A13S2A, alternate control pulses
correlated to the horizontal sweep are routed through
the saturated transistor switch A3Q10 and emitter
follower A3Q12 to the clock input (pin 3) of A3UZ2A.
As A3U2A is switched by successive sweeps, channels
A and B are turned on alternately.

4-46. CHOP Mode Display. When CHOP mode is
selected by DISPLAY switch A13S1C, channels A and
B are alternately switched on as they were for ALT
display by A3U2A, except in CHOP mode the clock
signal for A3U2A comes from chop oscillator ASU1B-D
through saturated transistor switch A3Q11 and emitter
follower A3Q12. The chop oscillator runs continuously

at 500 kHz; therefore, a single channel cycles on and
off at 250 kHz.

4-47. TRIG VIEW Mode Display. If either channel A
or channel B display is chosen, pressing the TRIG
VIEW switch A3S1A forces a low state on one input
of NAND gates A3U3A and A3U3C. This condition
ensures that both channels are off (4.7 V on test points
5 and 7). The Q output of A3U4A (pin 6) is forced
high by a low input. This state switches on transistors
A3Q8 and A3Q9, thereby turning on trigger view
amplifier, A3Q6/A3Q7.

4-48. If ALT or CHOP modes are chosen, forced low
states are removed from the inputs of ASU3A and
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A3U3C and a divide by three counter, formed by
A3U2A, A3U4A, and A3U3C, is switched by either the
chop oscillator or alternate control line. In this manner,
channel A, channel B, and the trigger signal are
alternately switched on.

4-49. Channel A Sync Circuit. Vertical Control Switch-
ing Assembly A13 contains the sync control switches
necessary for selective internal triggering.

4-50. Engaging TRIGGER A sync switch A13S1A
grounds the preset input of A3U2B (pin 10), forcing
Q high (pin 9). This state is inverted by A3U3D,
placing a logic "0” on the channel A preamplifier
sync control line (test point 8) through emitter
follower A3Q14 to pin 13 on A3Al. Zero volts at test
point 8 indicates sync A is on; 4.2 V indicates sync A
is off.

4-51. Channel B Sync Circuit. Engaging the TRIG-
GER B Sync Switch, A13S1B, forces the clear input
of A3U2B (pin 13) low causing Q (pin 8) to go high.
This state is inverted by A3U3B, placing a low on the
channel B preamplifier sync control line (test point 6)
through emitter follower A3Q15 to pin 32 on A3Al.
Zero volts at test point 6 indicates sync B is on; 4.2 V
indicates sync B is off.

4-52. Composite Trigger Circuit. When composite trig-
ger is sclected, channel A and B sync switches,
A13S1A and A13S1B, are pressed simultaneously.
In A+B display mode low states appear on both clear
(pin 13) and preset (pin 10) inputs of A3U2B forcing
both Q (pin 9) and Q (pin 8) to their high states.
This condition forces the sync control lines low through
A3U3D, A3Q14, A3U3B, and A3Q15 to pins 13 and 32
on A3Al. With both sync paths on, the display is
triggered by A+B. If channel B is inverted, sync B is
also inverted. In ALT display mode, engaging A13S1A
and A13S1B simultaneously removes preset and clear
overrides from A3U2B and allows this flip-flop to
switch from the alternate control signal generated in
the horizontal section. This triggers channel A from
the channel A signal and channel B from the channel
B signal. If trigger view is also selected, triggering will
change to channel A only. This is accomplished by
grounding one input of A3UlA (pin 1). In CHOP
mode, engaging A13S1A and A13S1B selects sync A
only as the internal trigger source. Once again, pin 1
of A3UI1A is grounded.

4-53. DELAY LINE ASSEMBLY. The output of pre-
amplifier substrate A3Al is applied to delay line
assembly A4. The delay line has a differential imped-
ance of approximately 180 ohms and provides a time
delay of 100 nanoseconds which allows the internal
sync signal to trigger the time base and start the
horizontal sweep. Without the insertion of this time
delay in the signal path, the sweep would start after
the signal reached the vertical deflection plates of the
CRT, and the leading edge of fast rise time signals
would not be displayed.

Theory

4-54. VERTICAL OUTPUT AMPLIFIER. (Schematic 5.)
Vertical output assembly A5 consists of a vertical
amplifier and output amplifier substrate AbHAL.
Vertical amplifier A5Q1/A5Q3, terminates the differ-
ential delay line assembly A4 and translates the
common-mode bias level to ground for the output
amplifier substrate. A X5 magnifier, A5Q2 and A5Q4,
increases the vertical gain by a factor of five, but with
the bandwidth limited to approximately 40 MHz.
Engaging MAG X5 switch A3S1B turns off A5Q2 and
A5Q4 (normally saturated). This increases system gain
by a factor of five and complementary circuitry on
the preamplifier simultaneously diminishes position
range by the same factor to maintain a consistent
position control range.

4-55. Substrate A5A1 contains nine thick-film resis-
tors, one high-frequency monolithic chip, and two
discrete transistor chips. It provides drive capability
for the CRT vertical deflection plates and has a dif-
ferential voltage gain in excess of 100. High frequency
adjustments A5R24, A5R20, A5R19, and A5R22 con-
trol the shape of the pulse response.

4-56. HORIZONTAL SECTION.

4-57. MAIN TRIGGER CIRCUITRY. (Schematic 7.) The
internal sync signal developed on vertical preamplifier
A3 is connected to the base of A7Q9 and A7Q10
through a cable. Shunt feedback stage A7Q11 drives
emitter followers A7Q7, A7Q8, and A7Q12. The cutput
of A7Q12 goes to display switch A7S3D and is used in
the A VS B display mode. Transistor A7Q7 provides
internal sync drive for main sweep, and A7Q8 provides
internal sync drive for delayed sweep. When EXT
trigger mode is selected, the input is from EXT TRIG-
GER connector J1 of the front panel. This signal is ap-
plied to INT/EXT switch A7S2E through EXT + 10
switch A7S2F. When A7S2F is engaged, the external
trigger signal is reduced by a factor of 10.

4-58. The sync signal (external or internal) is applied
to a two-path amplifier. The high-frequency path
through A7Q4 and A7Q5, passes frequencies above
4 kHz. The low-frequency path through A7U1, passes
all frequencies below 4 kHz. Both the high- and low-
frequency cutoffs are determined by A7R5 and A7C6.
With the LF REJ switch A7S2B engaged, the input to
A7U1 is disconnected and only the high-frequency
path is enabled. With HF REJ switch A7S2C engaged,
A7Q4 is biased off and only the low-frequency path
is enabled. When AC/DC switch A7S2D is in its AC
position, the dc component of the trigger signal is
blocked. When both HF REJ and LF REJ are engaged,
a line frequency signal from the power supply is
applied to A7U1. The outputs of the two-path ampli-
fier are summed at the base of A7Q1 and the emitter
of A7Q1 drives the signal input (pin 14) of A7U2.

4-59. The trigger level signal is applied to the level
input (pin 11) of A7U2 through A7Q6. Integrated cir-
cuit A7U2 contains a differential amplifier and three
dual-input Schmitt triggers. The first Schmitt trigger
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determines the end of sweep and disables the other
two Schmitt triggers until the end of the holdoff period.
At the end of holdoff, the holdoff comparator develops
a reset signal that is applied to the first Schmitt trigger.
This arms the second Schmitt trigger. The second
Schmitt trigger conducts when the input trigger signal
crosses the trigger level threshold. This arms the third
Schmitt trigger that conducts when the input signal
recrosses the trigger level threshold.

4-60. The input sensitivity on which A7U2 generates
a trigger signal is controlled by A7R20 and input sync
signal slope is controlled by main slope switch A7S2A.
ATS2A applies a ground to pin 16 for positive-slope
triggering and +5 V for negative-slope triggering.

4-61. The output of A7U2 (pin 1) is applied to a three-
transistor current switch (A7Q19, A7Q20, and A7Q21).
When AUTO/NORM switch A7S1A is in NORM, the
base of A7Q21 stays at +6 V and A7Q21 stays off.
The bases of A7Q19 and A7Q20 are differentially
driven from A7U2. The collector of A7Q19 going
low starts the sweep. The complementary signal at the
collector of A7Q20 enables the gate Schmitt (schematic
12) and turns the gate on. Current switch A7Q13/
A7Q14 drives the RESET light and the bright-line
auto circuit.

4-62. The bright-line auto circuit consists of A7Q15,
A7Q16, A7Q17, and A7Q18. When the AUTO/NORM
switch is in NORM, no bias is applied to the emitters
of A7Q15, A7Q16, and A7Q17, and the bright-line
auto circuit is inoperative. In the AUTO position, a
bias is applied to these transistors and the bright-
line auto circuit is activated. As long as the trigger
circuit is being switched at a rate above 40 Hz, A7C13
will stay high and A7Q17 will remain off. When the
trigger signal is lost, A7C13 discharges and A7Q17
turns on. As long as the trigger signal is absent, the
bright-line auto circuit loop operates as follows. When
A7Q17 turns on, A7Q21 turns on and main sweep
starts. When the sweep reaches +11 volts, the reset
Schmitt trigger on A7U2 conducts forcing pin 6 low.
This turns on A7Q14 and A7Q15; A7Q17 and A7Q21
turn off and the sweep resets. The sweep stays
reset until the end of holdoff. At the end of holdoff,
pin 6 of A7U2 goes high, A7Q15 turns off and A7Q17
turns on starting another sweep. This completes the
cycle and sweep continues in this mode until a trigger
signal is present.

4-63. For single-sweep operation, SINGLE switch
A7S1C is engaged. The SINGLE mode overrides the
AUTO switch and also applies a bias signal of
+4.7 volts to pin 5 of A7U2. This bias on pin 5 prevents
the input Schmitt of A7U2 from resetting at the end
of holdoff, and no trigger signal can be developed.
The Schmitt does not reset until the RESET switch,
A7S1B, is pressed. Capacitor A7C14 is at ground
potential and pressing RESET momentarily pulls pin
5 of A7U2 low and resets the input Schmitt. A trigger
signal can now be developed.

4-6
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4-64. MAIN SWEEP AND INTEGRATOR. (Schematics
7, 8, and 9.) The main integrator, in conjunction with
the sweep time controls, generates the main sweep.
The Miller integrator circuit is comprised of current
source A8Q13, source follower A8Q5, common-emitter
stage A8Q6, and the integrating capacitor between
the gate of A8Q5 and the collector of A8Q6. In the
reset condition,current for A8Q13 is supplied through
A8Q3. The main-sweep output stays at +1 volt. When
a trigger signal is received, the base of A8Q1 goes low
and A8Q1 turns on. This turns A8Q3 off. Current in
A8Q13 is now supplied through the integrating
capacitor resulting in a linear ramp at the collector of
A8Q6. This ramp drives emitter followers A8QS8,
A8Q9, and A8Q10. When the ramp reaches +11 volts,
the emitter of A8Q10 is at +5 volts and A7U2 is set.
This turns off A8Q1l. With A8Q1 off, current from
A8R7 flows through A8Q3 and discharges the selected
integrating capacitor. When the voltage level at the
base of A8Q4 falls to the voltage applied at the base
of A8Q2, both A8Q2 and A8Q4 are conducting and the
sum of the currents at the gate of A8Q5 is zero.
This is the reset condition for the ramp.

4-65. The output of constant-current source A8Q13
is controlled by operational amplifier A8U1. Different
reference voltages are developed for different ranges
on TIME/DIV switch A8S1. The reference voltage
is applied to A8U1 (pin 3). When different ranges are
selected on the TIME/DIV switch, values of the ramp
capacitor, integrating resistor, and reference voltage
are changed. This changes the ramp slope for various
sweep speeds. The ramp slope can be varied for any
sweep speed by SWEEP VERNIER potentiometer R8.

4-66. The emitter of A8Q9 drives a particular holdoff
capacitor (A8C13 through A8C18) depending on the
position of TIME/DIV switch A8S1. At the end of the
sweep, the holdoff capacitor is discharged through
A8R40 and TRIGGER HOLDOFF potentiometer R9.
When the voltage at the base of A8Q11 decays to
+0.7 volts, A8Q12 turns on and the reset line to A7U2
(pin 4) goes low. This resets A7U2 so it can accept
another trigger.

4-67. The positive-going ramp of the main sweep is
also applied to pin 9 of delay comparator A7U4, which
controls arming of the delayed sweep. DELAY
potentiometer R6 establishes a reference voltage that
is applied to buffer amplifier A7U3. The output of
A7U3 drives pin 6 of A7U4. When the main sweep
ramp voltage slightly exceeds the level established by
R6, the comparator changes states. Its output arms the
delayed-trigger circuit. When the delayed sweep
switch is in the off position, A7U4 is inhibited at pin
13 and no delayed sweep can be generated.

4-68. The gate Schmitt circuit (see figure 4-3 and
schematic 12) provides Gate Amplifier Assembly A12
with the proper input for each display mode. Gate
Schmitt A7Q28 - A7Q32 is controlled by horizontal
mode switch A7S3. It is set by the first positive control
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pulse and resets on the first negative control pulse.
In main sweep operation, the gate follows the main
sweep. In delayed operation, the gate follows the
delayed sweep. In mixed operation, the gate is started
by the main sweep and terminated by the end of
delayed sweep. Figure 4-4 shows the timing relation-
ship of the gate and sweep waveforms.

| MAIN
GATE QUTPUT
MAIN ALT SIGNAL
_j_—(iﬂlE_ TO VERT PREAMPL
GATE
SCHMITT | COMPOSITE GATE
_J_|— A70Q28-032 T0
DELAYED GATE GATE
AMPL
BUFFER| INTENSIFIED GATE _
A7Q033

-

vt
1 DLYD ]

GATE OUTPUT
Figure 4-3. Gate Schmitt Simplified Block Diagram
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COMPOSITE

A

A7R129

INTENSIFIED
GATE DRIVE
A7TP5

GATE
OUTPUT

A12TP2

RN

|
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Figure 4-4. Timing Relationship of the Gate and
Sweep Waveforms

4-69. DELAYED TRIGGER OPERATION. (Schematic9.)
Delayed trigger operation is similar to main trigger
operation. The sync input to delayed trigger integrated
circuit A10U1 is supplied through an impedance
converter consisting of an FET matched pair (A10Q1
and emitter follower A10Q3). Delayed sweep is started
by a negative-going pulse at the collector of A10Q10.
When SWEEP AFTER DELAY switch A10S1D is in
AUTO position, this will occur as soon as A10U1 is
armed at pin 5 by a negative-going pulse from delay
comparator A7U4. In TRIG position, the negative-
going transition from the delay comparator does not

Theory

immediately cause delayed sweep to start. It arms
A10U1 and a delayed trigger will be formed if a sync
pulse occurs during the main sweep time.

4-70. DELAYED SWEEP. (Schematic 10). The opera-
tion of delayed sweep is similar to that of main sweep.
One major difference is the delayed sweep reset level
applied to the base of A9Q1. In the delayed mode of
operation, this level is fixed at 1 volt, but in the mixed
sweep mode of operation this reference is connected
to the main sweep ramp. Output of the delayed inte-
grator (TP1) follows the main sweep ramp until the
delayed sweep start signal at the base of A9Q3 goes
low. When this sweep start signal goes low, the
delayed integrator no longer follows the reset level,
but ramps up at a slope determined by the selected
integrating capacitor and selected current source resis-
tor.

4-71. HORIZONTAL DISPLAY SWITCH ASSEMBLY
A7S3. (Schematics 7, 11, and 12.) The four switches in
this assembly select the modes of horizontal display:
delayed sweep, mixed sweep, main sweep, and A VS
B display.

4-72. Delayed Sweep. The DLY'D sweep switch
A7S3A performs two functions. When engaged, it
reverse biases diode A7CR7 and prevents the main
gate signal from driving the gate Schmitt. A7S3A
also routes the delayed sweep ramp to the horizontal
preamplifier.

4-73. Mixed Sweep. MIXED sweep switch A7S3B also
performs two functions. When engaged, A7S3B ap-
plies the main sweep ramp as the reset reference to the
delayed sweep integrator circuit. A7S3B also routes
the delayed sweep ramp to the horizontal preampli-
fier.

4-74. Main Sweep. MAIN sweep switch A7S3C routes
the main sweep ramp to the horizontal preamplifier.

4-75. A VS B Control. The A VS B switch A7S3D
performs several functions. It sends a control signal
to the vertical preamplifier which is used to select
channel A vertical display and channel B sync. It
biases the gate Schmitt to turn the gate on and forces
the main trigger circuit to the single-shot mode.
It also connects the sync amplifier output to the
horizontal preamplifier.

4-76. HORIZONTAL PREAMPLIFIER. (Schematic 11.)
The horizontal preamplifier converts the single-ended
sweep or A VS B signal to a differential signal suitable
for driving the horizontal output amplifier. The
preamplifier provides sweep gain adjustment, sweep
magnification adjustment (MAG X10), horizontal
position, beam find control, and X10 magnification
centering.

4-77. Transistor A7Q22 is a shunt feedback stage
that level shifts the sweep ramp and drives differential

4-7
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amplifier A7Q23/A7Q27. Transistor A7Q26 is a shunt
feedback stage that is used to temperature compensate
A7Q22. Horizontal POSITION control R11 drives this
stage. When MAG X10 switch A7S1D is engaged,
current from mag-center potentiometer A7R105 also
drives this stage. Current source transistor A7Q24
provides bias for shunt feedback stage A7Q22. Current
source transistors A7Q25 and A7Q34 provide bias for
the differential amplifier. The X1 sweep speed is cali-
brated by emitter resistor A7TR93. MAG X10 control
is calibrated by A7R117.

4-78. When BEAM FIND switch A12S1 is engaged,
voltage at the bases of A7Q25 and A7Q34 is lowered.
This decreases the amount of current available to the
output stage and prevents it from driving the trace off
screen.

4-79. HORIZONTAL OUTPUT. (Schematic 11.) The
horizontal output is a differential shunt feedback
amplifier. Current required by A7Q23 is supplied
through A11R4. This determines the voltage driving
one horizontal plate through A11R7. Current required
by A7Q27 is supplied through A11R23 which deter-
mines the voltage driving the other horizontal plate
through A11R21. Transistors A11Q1, A11Q2, A11Q5,
and A11Q6 are emitter followers that provide a high
impedance for each side of the output amplifier. High-
speed linearity is controlled by a lag network at the
input of each amplifier. Resistor A11R10 controls one
side and A11R15 the other side. Each side of the out-
put amplifier can swing from approximately +8 volts
to +110 volts.

4-80. GATE AMPLIFIER ASSEMBLY A12.
(Schematic 3.)

4-81. The gate amplifier assembly controls trace
intensity on the CRT. Gate preamplifier A12U1 sums
all the desired functions necessary for control of trace
intensity (see figure 4-5 for a simplified block diagram

of the gate circuit).

T )

FEEDBACK LOOP

MAIN GATE——

DELAYED GATE—— GATE o GATE
CURRENT A IER OUTPUT
CHOP BLANKING—— SWITCH A1201- »TO
BEAM FIND—— A12U1 A1204 HVPS

MAIN INTENSITY —=

1740A-044-09-75

Figure 4-5. Gate Control Simplified Block Diagram

4-82. Front-panel BEAM INTENSITY control A12R3
establishes the level of current supplied to current
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switch A12U1Q1/A12U1Q2. Output of the current
switch is applied to a gate amplifier circuit consisting
of A12Q1 through A12Q4. Intensity adjustment A15R2
on the high-voltage power supply establishes the mini-
mum cut-off level for the CRT.

4-83. The main gate signal is applied to the base of
A12U1Q1 controlling its operation. When the main
gate signal is low, A12U1Q1 turns off and A12U1Q2
conducts. With A12U1Q2 conducting, the CRT is
unblanked. The same applies for the delayed gate
signal which is applied to the base of A12U1Q5.
When the delayed gate signal is high, A12U1Q5 con-
ducts, unblanking the CRT.

4-84. Chop Dblanking 1is accomplished through
A12U1Q3. When CHOP mode of operation is selected,
the chop blanking signal applied to the base of
A12U1Q3 turns it on and off. The alternating action
of A12U1Q3 turns A12U1Q2 on and off. This results
in the blanking and unblanking of the CRT at the chop
blanking repetition rate (=250 kHz).

4-85. A Z-axis signal of +4 V, pulse width =50 nano-
seconds, dc to <10 MHz will blank the CRT trace of
normal intensity. A Z-axis signal of +5 V (dc + pk ac)
will blank the CRT trace regardless of intensity setting.

4-86. When BEAM FIND switch A12S1 is engaged,
the setting of BEAM INTENSITY control A12R3 is
added to a fixed voltage and supplied through the
gate amplifier to the CRT. This causes intensification
of the CRT trace.

4-87. The gate amplifier output is a shunt feedback
stage consisting of A12Q1 through A12Q4. Transistors
A12Q1 and A12Q3 are emitter followers with A12Q1
providing the ac signal path. Network A12R13/A12C8
provides the feedback path.

4-88. HIGH-VOLTAGE POWER SUPPLY.
(Schematic 2.)

4-89. The high-voltage power supply contains an
oscillator and a rectifying circuit. When the instrument
is turned on, +15 volts (unregulated) is applied to pin 3
of A15U1 causing the output to go high, turning on Q1.
As Q1 conducts through the primary winding of A15T1
(pins 3 and 4), positive feedback to the base of Q1
occurs through another winding on the transformer
(pins 1 and 2). The circuit oscillates at a rate
determined by the inherent distributed inductance and
capacitance of the transformer. The magnitude of the
oscillations, and consequently the output of the power
supply, is controlled by the voltage at the output of
differential amplifier A15U1.

4-90. The voltage reference from the +15 V supply
is established at the junction of A15R22 and A15R23.
This reference voltage is applied to the inverting
input of amplifier A15U1l. A sample of the rectified
cathode voltage is also applied to the junction of
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A15R22 and A15R23 through A15R13/C8. Any change
in cathode voltage is amplified by A15U1. The change
is coupled through the primary winding on A15T1
to the base of Q1 and causes the amplitude of its
oscillations to change. The change is in such a direc-
tion as to correct the original change in the rectified
cathode voltage. Diode A15CR1 protects the oscillator
transistor base from excess reverse voltage.

4-91. The CRT cathode and grid voltages are devel-
oped in the secondary of high-voltage transformer
A15T1. The cathode voltage is rectified and filtered
before application to the cathode of the CRT. It is
also used as a feedback control to the high-voltage
oscillator, as a reference for the CRT filament winding,
the grid bias supply, and for the focus voltage divider
network. The cathode voltage will vary between
—2970 V to —3030 V, depending on component
tolerances of A15R13 and A15R22 and is not adjust-
able.

4-92. The CRT grid voltage is supplied by a voltage
tap (pin 5) on the secondary winding of A15T1. The
voltage is developed and applied through a series RC
network (A15C2/A15R3) to diodes that clamp the
voltage swing between that established by intensity
control A15R2 and the gate dc levels. The peak-to-
peak voltage swing is rectified and applied to the CRT
grid with reference to the cathode voltage. This con-
trols brightness of the trace.

4-93. The unrectified cathode voltage in the second-
ary of A15T1 is applied to multiplier assembly A6
where the voltage is multiplied four times. Output of
the multiplier (approximately 13 kV) is applied to the
post-accelerator connector on the CRT.

4-94. Another secondary winding of transformer
A15T1 furnishes the filament voltage for the CRT.
This winding is referenced to the rectified cathode
voltage through A15R14.

4-95. Transistors A15Q1 and A15Q2 sense the +120 V
supply and if it is not above 100 volts, the high-
voltage oscillator will not run. This protects the CRT
from high-intensity burns.

4-96. LOW-VOLTAGE POWER SUPPLY.
(Schematic 1.)

4-97. The low-voltage power supply provides
regulated +5 V, +15 V, +43 V, +120 V, and —15 V
for operation of the various circuits in the instrument.
All low voltage supplies are referenced to the +15 V
supply for regulation purposes.

4-98. +15-VOLT SUPPLIES. One of the secondary
windings on input power transformer T1 is connected
to bridge rectifier A16CR4. The rectified voltage
(nominally +21 Vdc) is maintained at +15 volts by
integrated circuit A16U1 and series regulator transis-
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tor Q4. Regulator A16Ul contains a temperature
compensation reference circuit (pin 4) and a differ-
ential amplifier with a Darlington output. The
reference circuit is connected to the noninverting input
of the differential amplifier (pin 3) through A16R23.
The +15-volt output is attenuated through A16R25-
R27. The wiper of A16R26 is connected to the inverting
input of the differential amplifier. The Darlington
output (pin 6) drives the base of series transistor
Q4. A16R26 is adjusted to compensate for variations
of the reference voltage so that with an output of +15
volts from the supply, the inverting and noninverting
input voltages are equal.

4-99. The IC regulation includes an output current
limiting circuit consisting of an NPN transistor whose
collector is connected to the differential amplifier and
first base of the Darlington pair (within the IC).
The emitter and base connections for the NPN transis-
tor are pins 10 and 6 on A16Ul. When load current
through A16R24 produces a sufficient voltage drop,
the NPN transistor conducts, pulling the input to the
Darlington pair toward the emitter potential of Q4.
This limits the output current.

4-100. The —15-volt supply, consisting of A16U3
and Q6, operates identically as the +15-volt supply
except that the noninverting input to A16U3 (pin 3)
is the sum of the +15 V and —15 V outputs (nominally
zero volts).

4-101. +5-VOLT SUPPLY. The +5-volt regulator A16U2
functions identically to that of the +15 V regulator
except that the reference voltage is provided by the
output of the +15-volt supply and attenuated by
A16R28 and A16R29.

4-102. +120-VOLT AND +43-VOLT POWER SUPPLIES.
The +120-volt and +43-volt power supplies function
identically; therefore, only the +120-volt supply will
be discussed.

4-103. The ac input voltage from power transformer
T1 is applied to bridge rectifier A16CR1. The dc output
from the rectifier is filtered by A16C3. A +15-volt
reference is applied through A16R1 to the base of
A16Q1 which is part of differential amplifier A16Q1/
Q2. The base of A16Q2 is connected to a voltage divi-
der network across the output circuit. If the output
falls below +120 V, the base of A16Q2 becomes less
positive and A16Q2 conducts harder. A16Q2 is direct-
coupled to Darlington pair A16Q4 and Q2. When
A16Q2 current increases, conduction through A16Q4
and Q2 increases. This results in an increase in output
voltage. When the output voltage reaches +120 volts,
A16Q2 current reduces and equilibrium is reached.
Transistor A16Q3 and resistor A16R2 form a current
limiting circuit. As the current requirements increase
towards the limit of the supply capability, the voltage
drop across A16R2 is applied to the base of A16Q3
which conducts and limits the current drain from the
Darlington pair.

4-9
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4-104. The +43-volt power supply functions identical-
ly as the +120-volt supply. The Darlington pair
consists of A16Q8 and Q3, and the current limiting
circuit consists of A16Q7 and A16R10.

4-105. FLOODGUN FILAMENT VOLTAGE. Floodgun
filament voltage is developed in a secondary winding
of ac power transformer T1. The ac input voltage is
rectified by A16CR3 and filtered by A16C7. The
rectified voltage is applied through SCALE ILLUM
potentiometer R12, (schematic 3) and dropping resis-
tor A16R19 (schematic 1) to the floodgun filaments of
the CRT. Potentiometer A16R20 adjusts the floodgun
pattern.

4-106. LINE FREQUENCY. (Schematic 1.) The line
frequency sync signal is developed in the same second-
ary winding of ac input power transformer T1 that
is used for the +120-volt supply. The signal is applied
through A16R40 to HF REJ switch A7S2C on assembly
A7 (see schematic 7).

4-107. OPTION 101. (Schematic 14.)

4-108. Option 101 provides the capability of using
the Model 1740A to present logic state display infor-
mation from a logic state analyzer such as the HP
Model 1607A. State display inputs are provided by
input BNC connectors J8, J9, and J10 on the rear
panel of the Model 1740A. With Option 101, the A VS
B horizontal display mode is omitted and replaced by
the state display mode pushbutton.

4-109. Option 101 incorporates the following changes
to the standard Model 1740A:

a. The standard Interface Assembly Al4 is re-
placed with Option 101 State Display Interface
Assembly Al4. Three wires from this assembly to the
rear panel provide the inputs from the logic state
analyzer. Two wires from Al4 are soldered to the
option inputs on Horizontal Sweep Assembly A7 (see
schematic 11). Two more wires from Al4 are soldered
to Vertical Preamplifier Assembly A3 (see schematic 4).
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b. Four diodes, A7TCR17-A7CR20 are added to
assembly A7.

c. Two resistors, ABR142 and A3R143, are added
to assembly A3, and A3CR25 is moved to a new
position on A3 (see schematic 4). Components A3C77,
A3CR28, A3CR29, A3Q21, A3R139, and A3R140,
which are associated with A VS B vernier control,
are omitted from assembly A3 for Option 101.

4-110. When the STATE DSPL button is engaged,
switch A7S3D (labeled A—B on schematics) performs
the following functions. The main sweep is forced to
single sweep. The horizontal preamplifier is disabled.
Channels A and B of the vertical preamplifier are
shut off. The trigger view amplifier is turned on.
The gate Schmitt on assembly A7 is forced on, and
control of the gate is from the rear panel Z-axis input
J8.

4-111. Option 101 circuits on assembly Al4 operate
as follows. The gate is blanked by a positive signal
on the rear-panel, Z-axis input from the Model 1607A
Logic State Analyzer. When the state display mode is
selected, the line labeled A—B control on the interface
board is forced to ground, turning A14Q1 off. When
the Z-axis input goes positive, the cathode of A14CR4,
which drives the chop blanking line, goes positive and
blanks the gate.

4-112. Differential amplifier A14Q4/A14Q5 amplifies
the horizontal input from J10 on the rear panel and
drives Horizontal Output Assembly All through
diodes A7CR19 and A7CR20. The A—B ground level
signal on the anodes of A14CR7 and A14CR8 back
bias the diodes and permit the differential amplifier,
A14Q4 and A14Q5, to drive the output stage.

4-113. Differential amplifier A14Q2/A14Q3 amplifies
the vertical input from J10 on the rear panel. The
A—B ground level signal turns off A14CR5 and A14CR6
and enables this differential amplifier. The collectors
of A14Q2 and A14Q3 drive A3R142 and A3R143. The
trigger view amplifier is enabled in this mode and the
vertical state display signal drives the delay line
through the trigger view amplifier. Gain and position
of the vertical and horizontal sections are controlled
from the logic state analyzer.
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Performance Tests

SECTION V

PERFORMANCETESTS AND ADJUSTMENTS

5-1. INTRODUCTION.

5-2. This section contains performance tests and
adjustment procedures for the Model 1740A Oscillo-
scope. The performance tests determine whether your
instrument is operating within its published specifi-
cations. The adjustment procedures are provided to
help you maintain your instrument within specification
limits.

5-3. RECOMMENDED TEST EQUIPMENT.

5-4. Test equipment required for the performance
tests and adjustment procedures is listed in table 5-1.
Any equipment that satisfies the critical specifications
given in the table may be substituted for the recom-
mended model.

5-5. TEST RECORD.

5-6. A Performance Test Record is provided at the
end of this section for the purpose of recording the
results of the Performance Tests. This record lists all
of the tested specifications and their acceptable
limits. This record can be removed from the manual
and retained as a permanent record of the incoming
inspection or routine maintenance performed on the
instrument. This record may be reproduced for your
use without special permission.

5-7. PERFORMANCE TESTS.

5-8. Use the following test procedures to determine
whether your instrument is operating within its
published specifications. The test limits given in the
accuracy tests and on the performance test record
compare the instrument to the published specifications.
The performance of the instrument should be tested
upon receipt, and at regular intervals determined by
your accuracy requirements. If the 1740A fails to meet
one or more of its specifications, refer to the Adjust-
ment Procedures, paragraph 5-36. The 1740A and test
equipment should be operated at normal line voltage,
with the 1740A line selector switch set to the correct
positions for corresponding input line voltage.

5-9. INITIAL CONTROL SETTINGS.

5-10. The control settings listed below must be used
for each performance check and adjustment proce-
dure. Exceptions to these settings will be noted as
they occur. After completing a check or adjustment,
return the Model 1740A controls to the following
settings:

CONTROL SETTING

All Pushbuttons

(except as noted below)....... out position

VOLTS/DIV (Channels Aand B) ........ Nt
CAL (Channels A and B) .. detent (full cw
Coupling (Channels Aand B) .......... DC
POSN (Channels A and B)....... midrange
DISPLAY ...........o . A
TRIGGER ............ ... ... ... ........ A
FOCUS............. best trace
BEAM INTENSITY ........ 10 - 11 o’clock
LINE ... . ON
POSITION ...................... midrange
TRIGGER LEVEL

(Main and Delayed)............. 3 o’clock
Sweep Mode ........................ MAIN
DELAY ......................... fully CCW
MAIN TIME/DIV ................ .1 mSEC
DLYD TIME/DIV.................... OFF
SWEEP VERNIER ................... CAL
TRIGGER HOLDOFF ................ MIN

5-11. PERFORMANCE TEST PROCEDURES.

5-12. BANDWIDTH. 3 dB down from an 6-division
reference signal; dc to 100 MHz, dc¢ coupled; and
10 Hz to 100 MHz, ac coupled. In the vertical MAG X5
mode, bandwidth is reduced to 40 MHz.

5-13. A signal generator is used to provide the refer-
ence signal. An rf voltmeter is used to monitor the
signal level at the input connector to verify that the
signal amplitude remains constant.

Equipment Required:

Signal Generator

RF Voltmeter

BNC Cable (48 inch)

BNC Tee

Adapter (GR874 to Male BNC)
Adapter (GR874 to Female BNC)

5-14. Perform bandwidth test as follows:

a. Connect signal generator and rf voltmeter as
shown in figure 5-1.

b. Set Model 1740A controls as follows:

Coupling (both channels)............... 50Q
Channel A VOLTS/DIV .............. 0.01
MAIN TIME/DIV ................. 1 uSEC
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Table 5-1. Recommended Test Equipment

Model 1740A

Instrument Recommended Required Required
Type Model Characteristics For
Digital HP Model 3465A Accuracy: 0.1% A
Voltmeter
Oscilloscope HP Model 1707B Bandwidth: 50 MHz A
10:1 divider probe
Oscillator HP Model 204C 1 kHz to 500 kHz, 1 V p-p A
Signal HP Model 3200B 100 MHz, 30 mV p-p P, A
Generator
Time-mark HP Model 226A Time Marks 2 s to 5 ns P A
Generator
LCR Meter HP Model 4332A 20 pF range A
Square-wave HP Model 211B 10-kHz square wave
Generator 3V pk
Fast-rise Rise time: less than 500 ps P, A
Pulse 50-ohm output
Generator Variable amplitude
Overshoot less than 3%
DC Standard HP Model 740B 40 mV to 160 V P, A
Accuracy: 0.1%
RF Voltmeter | HP Model 3406A P
with 11063A
50-ohm Tee
Adapter HP Part No. Male banana jack to female P A
1251-2277 BNC adapter
Adapter (3) HP Part No. GR874 to female BNC P, A
1250-0850
48-inch HP Model 10503A | 50-ohm, BNC male to BNC P A
BNC Cable male, approximately 48 inches long
9-inch HP Model 10502A | 50-ohm, BNC male to BNC P, A
BNC Cables (2) male, approximately 9 inches
long (must be equal length)
Power Divider General Radio 50 ohms at all connections P, A
Model 874-TPD
BNC Tee HP Part No. 1 male, 2 female A
1250-0781
Adapter HP Part No. Female banana jack to male P
1250-1264 BNC adapter
Adapter HP Part No. GR874 to male BNC P
1250-0849
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Table 5-1. Recommended Test Equipment (Cont'd)

Performance Tests

Instrument Recommended Required Required
Type Model Characteristics For
Feedthrough HP Model 10100C 50-ohm, male BNC at one end, P
Termination female BNC at other end
Test Lead Alligator to male banana or A
alligator to alligator, approxi-
mately 12 inches long

Note: P = Performance Tests, A= Adjustment Procedure.
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Figure 5-1. Bandwidth Test Setup

c. Set signal generator frequency for approxi-
mately 10 MHz with exactly 6 divisions of vertical
deflection on oscilloscope.

d. Note rf voltmeter indication.
e. Set signal generator frequency to 100 MHz.

f. Adjust signal generator amplitude to obtain
same indication as in step d. Amplitude of display
should be equal to or greater than 4.24 divisions.

g. Set Model 1740A controls as follows:

DISPLAY ... B
TRIGGER .................. ... B

h. Connect signal generator to channel B INPUT
and repeat steps b through f for channel B.

i. Disconnect equipment and return Model 1740A
controls to initial settings.

5-15. COMMON MODE REJECTION RATIO (CMRR).
CMRR is at least 20 dB from dc to 20 MHz. Common
mode signal amplitude is equivalent to 8 cm with one
vernier adjusted for optimum rejection. Identical
signals are applied to both channels with channel B
operated in the inverted mode. The displayed signal
is the common mode signal.

Equipment Required:

Signal Generator

50-ohm, 44-inch BNC Cable

Two 50-ohm, 9-inch BNC Cables

Three GR874 to Female BNC Adapters
50-ohm Power Divider

5-16. Perform CMRR test as follows:

a. Connect equipment as shown in figure 5-2.

SIGNAL GENERATOR

MODEL 1740A

@ Ppheq
N ®
;@: % R

N v
00! e ®
9-IN. BNC
~ABLES
48-IN.
(MUST BE SAME
BNC CABLE CENGTEY
50-0HM

1740A-046-10-75 POWER DIVIDER

Figure 5-2. CMRR Test Setup
b. Set Model 1740A controls as follows:

VOLTS/DIV (both channels)............. 1
DISPLAY ... A
MAIN TIME/DIV ................. 1 uSEC
Coupling (both channels)............... 50Q
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c. Set signal generator controls to observe a 20-
MHz signal, 8 divisions in amplitude.

d. Set Model 1740A controls as follows:

CHBINVT....................... engaged
DISPLAY . ... A+B

e. Adjust either channel vernier (whichever is
most effective) to achieve minimum deflection.

f. Deflection should be less than 0.8 division
(20 dB).

g. Return Model 1740A controls to initial settings
and disconnect equipment.

5-17. TRIGGERING.

5-18. Internal Triggering. DC to 25 MHz on signals
causing 0.3 division vertical deflection increasing to
1 division at 100 MHz. The output of a signal generator
is applied to the vertical input to check internal trig-
gering.

Equipment Required:
Signal Generator
50-ohm, 48-inch BNC Cable

5-19. Perform the internal triggering check as
follows:

a. Connect signal generator to channel A INPUT.

b. Set signal generator controls to obtain a 25-
MHz signal with 0.3-division amplitude.

c. Set Model 1740A controls as follows:

Channel A Coupling ................... 50Q
MAIN TIME/DIV ...............

d. Adjust main TRIGGER LEVEL to obtain
stable display. Stable display confirms proper trig-
gering.

e. Change signal generator controls to obtain a
1-division signal at 100 MHz.

f. Readjust main TRIGGER LEVEL to obtain
stable display. Stable display confirms proper trig-
gering.

g. Change Model 1740A controls as follows:

MAIN TIME/DIV ................ 1 uSEC
DELAYED TIME/DIV........... .05 uSEC
SWEEP AFTERDELAY ............. TRIG
Sweep Display ..................... DLY'D

h. Adjust delayed TRIGGER LEVEL to obtain
stable display (slight readjustment of main TRIGGER
LEVEL may be required).

5-4
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i. Change signal generator output to 0.3-division
amplitude at 25 MHz.

j. Readjust delayed TRIGGER LEVEL (and main
TRIGGER LEVELifnecessary) to obtain stable display.

k. Return Model 1740A controls to initial settings.

5-20. External Triggering. DC to 50 MHz on signals
50 mV p-p, increasing to 100 mV p-p at 100 MHz.
The output of a signal generator is split using a power
divider, and equal amplitude signals are applied to
both channel A and the main EXT TRIGGER INPUT
to check external triggering.

Equipment Required:

Signal Generator

50-ohm, 48-inch BNC Cable

Two 50-ohm, 9-inch BNC Cables
Three GR874 to Female BNC Adapters
50-ohm Feed through Termination
50-ohm Power Divider

5-21. Perform external triggering test as follows:

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

50-CHM
FEED-THROUGH
TERMINATION

MODEL 1740A [
e

SIGNAL GENERATOR

®

ettt

N

00! o @
———

9-IN. BNC

48-IN. / CABLES
BNC CABLE

\ 50-OHM

POWER
DIVIDER

Figure 5-3. External Triggering Test Setup

1740A-047-10-75

b. Set Model 1740A controls as follows:

Channel A VOLTS/DIV ............... .05
Channel A Coupling ................... 50Q
MAIN TIME/DIV ................ .1 uSEC
MAGX10......ooiii i engaged
Main INT/EXT ....................... EXT

c. Set signal generator controls to obtain a
50-MHz, 50-mV p-p signal (1 division).

d. Adjust main TRIGGER LEVEL to obtain stable
display.

e. Set signal generator controls to obtain a 100-
MHz, 100-mV p-p signal (2 divisions).
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f. Adjust main TRIGGER LEVEL to obtain stable
triggering.

g. Set Model 1740A controls as follows:

Main INT/EXT ....................... INT
Delayed INT/EXT .................... EXT
SWEEP AFTER DELAY ............. TRIG
Delayed TIME/DIV .............. 05 uSEC
Sweep Display ..................... DLY'D

h. Disconnect signal from main EXT TRIGGER
and reconnect to delayed EXT TRIGGER input.

1. Adjust delayed TRIGGER LEVEL to obtain
stable display (main TRIGGER LEVEL may also
require adjustment).

j. Set signal generator controls to obtain a 50-
MHz, 50-mV p-p signal.

k. Adjust TRIGGER LEVEIL(S) as necessary to
obtain stable triggering.

l. Return Model 1740A controls to initial settings
and disconnect equipment.

Performance Tests

5-22. SWEEP TIME ACCURACY. (+15°C to +35°C)
+2% in unmagnified mode and 3% in MAG X10 mode.
Refer to table 1-1 for other variations in ambient
temperatures. In 50 ms to 2 s ranges, add 1% error.

Equipment Required:
Time-mark Generator
50-ohm, 48-inch BNC Cable

5-23. Perform sweep time accuracy test as follows:

a. Connect time-mark generator to channel A
INPUT.

b. Set time-mark generator and main TIME/DIV
controls as shown in table 5-2 and check accuracy as
indicated.

c. Change Model 1740A sweep display to DLY'D.

d. Set main and delayed TIME/DIV controls as
indicated in table 5-3 and check accuracy. It may be
necessary to make a minor adjustment of DELAY con-
trol to align markers with graticule lines.

e. Return Model 1740A controls to initial settings.

Tabie 5-2. Muin TIME/ DIV Accuracy

Accuracy
Main TIME/DIV Time-mark Generator

Setting Settings X1 X10
.05 uSEC 50 nSEC 1 mark/div +2% +3%

.1 uSEC .1 uSEC 1 mark/div +2% +3%
.2 uSEC .2 uSEC 1 mark/div +2% +3%

5 uSEC 5 uSEC 1 mark/div +2% +3%

1 uSEC 1 uSEC 1 mark/div +2% +3%
2 uSEC 2 uSEC 1 mark/div +2% +3%
5 uSEC 5 uSEC 1 mark/div £2% +3%
10 uSEC 10 uSEC 1 mark/div 2% +3%
20 uSEC 20 uSEC 1 mark/div 2% +3%
50 wuSEC 50 wuSEC 1 mark/div £2% +3%
.1 mSEC .1 mSEC 1 mark/div 2% +3%
.2 mSEC .2 mSEC 1 mark/div +2% +3%

5 mSEC .5 mSEC 1 mark/div +2% +3%

1 mSEC 1 mSEC 1 mark/div +2% +3%
2 mSEC 2 mSEC 1 mark/div 2% +3%
5 mSEC 5 mSEC 1 mark/div 2% +3%
10 mSEC 10 mSEC 1 mark/div +2% +3%
20 mSEC 20 mSEC 1 mark/div +2% +3%
50 mSEC 50 mSEC 1 mark/div +3% +4%
.1 SEC .1 SEC 1 mark/div +3% +4%
.2 SEC .2 SEC 1 mark/div 3% +4%
.5 SEC b5 SEC 1 mark/div +3% +4%

1 SEC 1 SEC 1 mark/div 3% +4%
2 SEC 2 SEC 1 mark/div +3% +4%
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Table 5-3. Delayed TIME/DIV Accuracy

Main Delayed Time-mark Accuracy
TIME/DIV TIME/DIV Generator
Settings Settings Settings X1 X10
.1 uSEC .05 uSEC 50 nSEC 1 mark/div +2% 1 mark/div +3%
.2 uSEC .1 uSEC .1 uSEC 1 mard/div +2% 1 mark/div +3%
.5 uSEC .2 uskEC .2 uSEC 1 mark/div +2% 1 mark/div +3%
1 uSEC .5 uSEC .5 uSEC 1 mark/div +2% 1 mark/div +3%
2 uSEC 1 wuSEC 1 uSEC 1 mark/div +2% 1 mark/div +3%
5 MSEC 2 uSEC 2 MSEC 1 mark/div +2% 1 mark/div +3%
10 uSEC 5 wuSEC 5 uSEC 1 mark/div +2% 1 Mark/div +3%
20 WuSEC 10 uSEC 10 uSEC 1 mark/div +2% 1 mark/div 3%
50 wuSEC 20 wuSEC 20 uSEC 1 mark/div +2% 1 mark/div 3%
.1 mSEC 50 wuSEC 50 uSEC 1 mark/div 2% 1 mark/div +2%
.2 mSEC .1 mSEC .1 mSEC 1 mark/div +2% 1 mark/div +3%
.5 mSEC .2 mSEC 2mSEC 1 mark/div +2% 1 mark/div +3%
1 mSEC .5 mSEC .5 mSEC 1 mark/div +2% 1 mark/div +3%
2 mSEC 1 mSEC 1 mSEC 1 mark/div +2% 1 mark/div +3%
5 mSEC 2 mSEC 2 mSEC 1 mark/duv 2% 1 mark/div +3%
10 mSEC 5 mSEC 5 mSEC 1 mark/div +2% 1 mark/div +3%
20 mSEC 10 mSEC 10 mSEC 1 mark/div 2% 1 mark/div +3%
50 mSEC 20 mSEC 20 mSEC 1 mark/div +2% 1 mark/div +3%

5-24. DIFFERENTIAL TIME ACCURACY. Main time
base: 100 nSEC/div to 20 mSEC/div, #(0.5% of mea-
surement + 0.1% of full scale) at ambient temperature
of +15°C to +35°C. Refer to table 1-1 for complete
specifications. A time-mark generator is used in
delayed sweep mode to check accuracy.

Equipment Required:

Time-mark Generator
50-ohm, 48-inch BNC Cable

5-25. Perform differential time accuracy test as
follows:

a. Connect time-mark generator to Channel A
INPUT.

b. Set Model 1740A controls as follows:

Main TIME/DIV ................. 1 mSEC
Delayed TIME/DIV.............. 10 uSEC
Channel A Coupling ................... 50Q

c. Set time-mark generator for 1 mSEC marker.

d. Adjust DELAY dial to intensify second time
marker from left.

e. Set sweep display to DLY’'D.

f. Adjust DELAY dial to place visible time
markers exactly on center vertical graticule line.

g. Record DELAY dial reading

h. Set sweep display to MAIN.

5-6

i. Adjust DELAY dial tointensity 10th time marker
from left.

j. Set sweep display to DLY'D.

k. Adjust DELAY dial to place visible time marker
exactly on center vertical graticule line.

1. Record DELAY dial reading

m. Subtract DELAY dial reading obtained in
step g from reading in step 1, difference obtained
should be 8 +0.05.

n. Return Model 1740A controls to initial settings.
5-26. DELAY JITTER. <0.002% (1 part in 50 000) of
maximum delay in each step from +15°C to +35°C.
Delay jitter is checked by expanding the sweep by
50 000 and visually monitoring the jitter.

Equipment Required:

Time-mark Generator
50-ohm, 48-inch BNC Cable

5-27. Perform delay jitter test as follows:

a. Connect time-mark generator to channel A
INPUT (1 mSEC markers).

b. Set Model 1740A controls as follows:

Main TIME/DIV .................
Delayed TIME/DIV...............
Channel A VOLTS/DIV ................. b
Channel A Coupling ...................
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c. Adjust DELAY dial to position intensified
portion of sweep on 11th time marker.

d. Set sweep display to DLY'D, and observe
horizontal axis jitter on time marker. Jitter should be
less than 1 division (corresponds to 1:50 000).

e. Return Model 1740A to initial settings and
disconnect equipment.

5-28. RISE TIME. <3.5 ns, measured from 10% to 90%
points of a 6-division input step, and <9 ns in X5 vertical
magnification mode. A fastrise pulse generator is
applied to the vertical input; display rise time is then
checked to see if it is less than 3.5 ns.

Equipment Required:
Fast-rise pulse generator
Adapter: GR874 to male BNC
5-29. Perform rise time test as follows:

a. Connect fastrise pulse generator to channel
A INPUT.

b. Set channel A VOLTS/DIV and pulse genera-
tor controls to obtain 6 divisions of vertical deflection.

c. Using channel A POSN control, center 6-divi-
sion display on CRT.

d. Set Model 1740A controls as follows:

MAIN TIME/DIV ............... .05 uSEC
MAGXI10. .. ... engaged
Channel A Coupling ................... 50Q

e. Adjust horizontal POSITION as necessary
to measure rise time between 10% and 90% points
(inner set of dots across CRT face). Rise time should
be equal to or less than 3.5 ns.

NOTE

If the fast-rise pulse generator has a rise
time slower than the recommended 500
ps, the observed rise time will be slower
also. To compensate for pulse generator
rise time, use the following formula:

Tr(observed)f/ Ty%(oscilloscope)+Ty2(pulse generator)
or

Tr(oscilloscope)f/ Ty2(observed)—Ty2(pulse generator)

For example, a pulse generator with a 2 ns rise time
would cause a properly operating oscilloscope with a
rise time of 3.5 ns to display a rise time of 4.03 ns.

Ty (observed) =/3.52 + 22 = 4.03 ns

Performance Tests

f. Depress vertical MAG X5 switch.

g. Reset channel A VOLTS/DIV and pulse
generator controls to obtain an 8-division display.

h. Center display on CRT. Rise time should be
equal to or less than 9 ns.

i. Connect the fast-rise pulse generator to chan-
nel B input and repeat steps b through h for channel B.

j. Return Model 1740A controls to initial settings
and disconnect equipment.

5-30. Z-AXIS BLANKING. +4V, >50-ns wide pulse
blanks trace of any intensity, usable to 10 MHz for
normal intensity. +4 V signal is applied to the Z-axis
input and the CRT is monitored to verify blanking.

Equipment Required:

De Standard
50-ohm, 48-inch BNC Cable
Adapter: male banana jack to female BNC

5-31. Perform blanking test as follows:

a. Connect voltmeter calibrator to Z-AXIS INPUT
on rear panel.

b. Set voltmeter for +4 Vdec.

c. Verify that the free-running baseline is blanked,
regardless of INTENSITY setting.

5-32. DEFLECTION FACTOR. Accuracy *3% on all
ranges. A voltmeter calibrator or dc power supply is
connected to the vertical inputs and deflection is
checked on all ranges.

Equipment Required:
Dc Standard

50-ohm, 48-inch BNC Cable
Adapter: male banana jack to female BNC

5-33. Perform deflection factor test as follows:

a. Connect dc standard to channel A INPUT.

b. Set channel A VOLTS/DIV control and dc
standard as indicated in table 5-4. Deflection should be

8 divisions *3% for each checkpoint.

c. Change DISPLAY to B and repeat step b for
channel B.

d. Return Model 1740A controls to initial settings.
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Table 5-4. Deflection Factor Accuracy

VOLTS/DIV Dc Standard
Settings Settings
20 160 V
10 80 V
5 40 V
2 16 V
1 8§ V
5 4 VvV
2 1.6 V
.1 8V
.05 4V
.02 16V
.01 .08V
.005 04V

5-34. CALIBRATOR. Amplitude: 1 V p-p into 1
megohm, £1.0%; 0.1 V into 50 ohms with <0.1 us rise
time. Calibrator amplitude is checked against a known
dc standard. Rise time is measured directly on CRT.

Equipment Required:

Dc Standard

Adapter: male banana jack to female BNC
50-ohm, 48-inch BNC Cable

Test lead

Adapter: female banana jack to male BNC

5-35. Perform calibrator test as follows:
a. Set Channel A VOLTS/DIV to .2.
b. Connect de standard to channel A INPUT.

c. Set dc standard for a +1 V output and care-
fully note vertical deflection.

d. Disconnect dc standard and connect CAL 1V
output to channel A INPUT using test lead and
adapter. Deflection should be within +1.0% of that
noted in step c.

e. Set channel A VOLTS/DIV to .02 and coup-
ling to 50 ohms. Set MAIN TIME/DIV control to
.05 uSEC and measure rise time. Rise time should
be less than 0.1 us.

f. Disconnect equipment and return controls to
initial settings.

Model 1740A

5-36. ADJUSTMENTS.

5-37. The following paragraphs provide adjustment
procedures to return the Model 1740A to peak oper-
ating condition when repairs are required. In addition
to complete step-by-step procedures, a condensed
adjustment procedure is included (table 5-9) for the
convenience of technicians who have sufficient
experience with the Model 1740A. For best results,
adjustments should be performed at room temperature
and in the sequence provided, since several adjust-
ments are directly related to preceding adjustments.
Adjustment location photographs are provided on a
foldout page at the rear of this section. Schematics,
troubleshooting information, and other service data
are provided in Section VIII.

5-38. Althrough this instrument has been designed in
accordance with international safety standards, this
manual contains information and warnings which must
be followed to ensure safe operation and to retain the
instrument in safe condition. Service and adjustments
should be performed only by qualified service person-

" -

Read the Safety Summary at the front of
this manual before performing adjustment
procedures.

NOTE
See figure 5-5 for adjustment locations.

5-39. Remove top and bottom covers from Model
1740A, set controls to initial settings, apply power,
and allow fifteen minutes for instrument warmup.

5-40. LOWVOLTAGE POWER SUPPLY ADJUSTMENT.
Equipment Required:
Digital Voltmeter

a. Connect digital voltmeter between A16TP4
and ground test point, A16TP3.

b. Adjust A16R26, +15 V Adj., for +15 Vdec 10
mV.

c. If desired, check other voltages as indicated in
table 5-5. Supplies should remain within ripple speci-
fications at both high- and low-line conditions.

d. Disconnect equipment.

Table 5-5. Low-voltage Supply Limits

VOLTAGE TEST POINT LIMITS RIPPLE
—15V A16TP1 +300 mV <10 mV
+HV A16TP2 +100 mV < 5mV
+15V A16TP4 previously set to <t10 mV <10 mV
+43V A16TP5 t 8V < 5mV
+122 V A16TP6 +t6 V <20 mV
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5-41. INTENSITY LIMIT ADJUSTMENT.
a. Set Model 1740A controls as follows:

DLYD TIME/DIV ............... 10 uSEC
BEAM INTENSITY ...... minimum (CCW)

b. Adjust A15R2, intensity limit adj. until intensi-
fied portion of sweep is just extinguished.

c. Return controls to initial settings.
5-42. ASTIGMATISM AND FOCUS ADJUSTMENT.
a. Set Model 1740A controls as follows:

MAIN TIME/DIV .................. 1 SEC
SWEEP VERNIER ............. fully CCW
BEAM INTENSITY .... barely visible spot

b. While spot slowly moves across CRT, adjust
FOCUS on front panel and ASTIGMATISM on rear
panel for smallest and best-defined spot.

¢. Return controls to initial settings.
5-43. GATE RESPONSE ADJUSTMENT.

Equipment Required:
Monitor Oscilloscope (HP Model 1707B with
10:1 divider probe)

a. Using 10:1 divider probe and monitor oscillo-
scope, monitor gate output at A12TP1.

b. Vary BEAM INTENSITY to set gate amplitude
to 25 V peak.

c. Set Model 1740A MAIN TIME/DIV to .5 uSEC.

d. Adjust A12R12 and A12C11, gate comp adj.,
for best response, <3% overshoot.

e. Disconnect equipment and return Model
1740A controls to initial settings.

5-44. FLOODGUN GRID ADJUSTMENT.
a. Set SCALE ILLUM fully CW.

b. Adjust A16R20, F.G. adj., for maximum bright-
ness with uniform illumination.

c. Decrease SCALE ILLUM and verify that CRT
remains evenly illuminated.

5-45. TRACE ALIGN AND Y-AXIS ALIGN ADJUST-
MENT. (Omit this paragraph for Option 101 instru-
ments and proceed to paragraph 5-46.)

Equipment Required:
Oscillator

Adjustments

a. Obtain horizontal baseline.

b. Adjust TRACE ALIGN on rear panel to make
horizontal trace exactly parallel with the CRT graticule
lines.

c. Set display mode to A VS B.
d. Connect oscillator to channel A INPUT.

e. Adjust oscillator for approximately 1-kHz
signal with 8 divisions of vertical deflection.

f. Adjust A12R16, Y-align, so that vertical trace
is parallel with the vertical graticule line.

g. Disconnect equipment and return Model
1740A controls to initial settings.

5-46. TRACE ALIGN AND Y-AXIS ALIGN ADJUST-
MENTS. (Option 101 instruments only.)

Equipment Required:
Oscillator
a. Obtain horizontal baseline.

b. Adjust TRACE ALIGN on rear panel until
horizontal trace is exactly parallel with the CRT
graticule lines.

c. Set main TIME/DIV to 1 mSEC.
d. Connect oscillator to channel A INPUT.

e. Adjust oscillator for approximately 500-kHz
signal with 8 divisions of vertical deflection.

f. With horizontal POSITION, place left side of
raster at center screen.

g. Adjust A12R16, Y-align, until left side of raster
is parallel to vertical graticule lines.

h. Disconnect equipment and return Model
1740A controls to initial settings.

5-47. CALIBRATOR AMPLITUDE ADJUSTMENT.
Equipment Required:
Digital Voltmeter

a. Connect digital voltmeter between CAL 1 V
output and ground.

b. Adjust A3R116, calibrator amp., for an indi-
cation of 0.500 V +5 mV. Since the calibrator signal is a
symmetrical square wave, by adjusting the amplitude
for 0.5 V average value, the peak value of the calibrator
pulse will be 1 V +10 mV.
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c. Disconnect equipment.
5-48. TRIGGER SENSITIVITY ADJUSTMENT.

Equipment Required:

Oscillator

BNC Tee

Adapter, male banana to female BNC
50-ohm feedthrough termination

Two 50-ohm, 48-in. BNC Cables

a. Set Model 1740A controls as follows:

VOLTS/DIV (channel A) ............. .005
Coupling (channel A) ............. 50 ohms
Main INT/EXT ....................... EXT

b. Connect oscillator to both channel A INPUT
and main EXT TRIGGER input, using adapter and
BNC Tee. Terminate the EXT TRIGGER input with
the 50-ohm feedthrough termination.

c. Set oscillator to obtain a 50-kHz, 15-mV p-p
sine wave (3 div).

d. Set main AUTO/NORM to NORM.

e. Adjust main trig. sens. A7R20 fully CW.

f. Slowly rotate main TRIGGER LEVEL from one
extreme to the other. Note that one sweep occurs for
each direction of rotation.

g. While rotating TRIGGER LEVEL, slowly ad-
just main trig. sens. A7TR20 CCW until sweep occurs
for only one direction of rotation of TRIGGER LEVEL.

h. Set main AUTO/NORM to AUTO.

i. Increase oscillator amplitude to 20 mV p-p
(4 div).

j. Set main AUTO/NORM to NORM.

k. Rotate main TRIGGER LEVEL. A sweep
should occur for each direction of rotation.

1. Change Model 1740A controls as follows:

Main AUTO/NORM ................ AUTO
Sweepmode ....................... DLY'D
Main TIME/DIV ................. 1 mSEC
Delayed TIME/DIV.............. 50 uSEC
Main INT/EXT ....................... INT
Delayed INT/EXT .................... EXT

m. Disconnect oscillator from main EXT TRIG-
GER and connect to delayed EXT TRIGGER.

5-10
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n. Set oscillator for a 50-kHz, 15mV p-p sine
wave.

o. Set SWEEP AFTER DELAY to TRIG.

p. Adjust delayed trig. sens. A10R9 fully cw.

q. Whilerotating delayed TRIGGER LEVEL from
one extreme to the other, adjust A1I0R9 CCW until
sweep occurs for only one direction of rotation or
not at all.

r. Set SWEEP AFTER DELAY to AUTO.

s. Increase oscillator output to 20 mV p-p.

t. Set SWEEP AFTER DELAY to TRIG.

u. Rotate delayed TRIGGER LEVEL. A sweep
should occur for each direction of rotation.

v. Disconnect equipment and return controls to
initial settings.

5-49. SYNC ZERO ADJUSTMENT.
Equipment Required:
Oscillator
a. Connect oscillator to channel A INPUT.

b. Set oscillator controls to obtain a 1-kHz sine
wave at approximately six divisions.

c. Adjust main TRIGGER LEVEL for a stable
display.

d. Change main trigger coupling between AC
and DC and note shift in trigger point.

e. Adjust A7R41, sync zero, until no shift occurs.

f. Disconnect equipment and return Model

1740A controls to initial settings.
5-50. TRIGGER VIEW BALANCE ADJUSTMENT.
Equipment Required:

Oscillator

a. Set Model 1740A controls as follows:

TRIGGER VIEW ................ depressed
Main AUTO/NORM ............... NORM
Main INT/EXT ....................... EXT

b. Connectoscillator tomain EXT TRIGGER input.

c. Set oscillator for approximately 100-mV p-p,
10-kHz sine wave.
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d. Adjust main TRIGGER LEVEL for stable
display.

e. Decrease oscillator amplitude to lowest
amplitude where stable triggering can be maintained.

f. Adjust A3RS86, trig. view bal., until trigger
view display is centered on middle horizontal graticule
line.

g. Disconnect equipment and return Model
1740A controls to initial settings.

5-51. DELAY START ADJUSTMENT.
Equipment Required: None.

a. Set Model 1740A controls as follows:

MAIN TIME/DIV ................ .1 mSEC
DLY'D TIME/DIV ............... .05 uSEC
DELAY .. ... ... 2

b. Set horizontal POSITION control so that
sweep starts exactly on the far left graticule line.

c. Adjust A7R169, delay start, until intensified
marker is 2 mm after sweep start point.

d. Return Model 1740A controls to initial set-
tings.

5-52. HORIZONTAL AMPLIFIER GAIN ADJUST-
MENTS.

Equipment Required:

Time-mark Generator

a. Set Model 1740A controls as follows:

Channel A Coupling ................... 500
Channel A VOLTS/DIV ................. 5
DLY'D TIME/DIV............... 05 uSEC
DELAY .. ... 1.00

b. Adjust horizontal POSITION control until
intensified dot is exactly on second vertical graticule
line.

NOTE

A slight reduction in intensity may be
helpful.

c. Set DELAY control to 9.00 position.

d. Adjust A7R93, X1 gain, until intensified dot
is on 10th vertical graticule line from left.

e. Set DELAY control to 1.00 position.

f. Repeat steps b through e until intensified dot
is on second vertical graticule line when DELAY con-
trol is a 1.00 position and is on 10th vertical graticule
line from left when DELAY control is at 9.00 position.

Adjustments

g. Connect time-mark generator to channel A
INPUT connector.

h. Set time-mark generator for .5 uSEC time
markers. .

i. Set MAIN TIME/DIV to .5 uSEC.
j. Using horizontal POSITION control, align
time markers with vertical graticule lines.

k. On main sweep assembly, A8, adjust .05 - 2
uSEC, AS8R43, for exactly one time marker per
division.

1. Set HORIZ DISPLAY control to MAG X10.

m. Using horizontal POSITION control, align
one time marker with first left vertical graticule line.

n. On horizontal sweep assembly, A7, adjust
ATR117, X10 gain, until one time marker coincides
with first left vertical graticule line and one time
marker coincides with last right vertical graticule line.

o. Disconnect equipment and return Model
1740A controls to initial settings.

5-53. X10 AMPLIFIER BALANCE ADJUSTMENT.
Equipment Required:

Time-mark Generator

a. Set Model 1740A controls as follows:

Coupling (channel A) .................. 50Q
VOLTS/DIV (channel A) ................ b
MAIN TIME/DIV ................. 1 uSEC

b. Connect time-mark generator to channel A
INPUT connector.

c. Set time-mark generator for 5 uSEC time
markers and observe three time marks.

d. Using horizontal POSITION control, center
middle time marker on CRT screen.

e. Engage MAG X10 switch and adjust A7TR105,
mag. center, to center time mark.

f. Disconnect equipment and return Model
1740A controls to initial settings.

5-54. HORIZONTAL LINEARITY ADJUSTMENT.
Equipment Required:
Time-mark Generator

a. Connect time-mark generator to channel A
INPUT.

b. Set Model 1740A controls as follows:

Coupling (channel A) .................. 500
VOLTS/DIV............ ... ............ 2
MAIN TIME/DIV ............... .05 uSEC
MAGX10.........ooiiiie ... engaged
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Adjustments

c. Set time-mark generator for 10 ns markers.

d. Starting with A11R10 and A11R15, linearity
adj. fully CW, adjust for best overall linearity in the
center 8 divisions of unmagnified sweep (center 80
divisions of magnified sweep).

e. Disconnect equipment and return Model
1740A controls to initial settings.

5-55. PRELIMINARY MAIN SWEEP CALIBRATION.
Equipment Required:
Time-mark Generator

a. Set MAIN TIME/DIV and time-mark generator
as indicated in table 5-6 and make adjustments to
obtain one marker/division.

Table 5-6. Preliminary Main Sweep Calibration

MAIN TIME/DIV Time-mark Generator Adjust
Settings Settings

1 uSEC 1us A8R43

10 uSEC 10 us A8R12

1 mSEC 1 ms A8R13

50 mSEC 50 ms A8R14

5-56. DELAYED SWEEP ADJUSTMENT.

Equipment Required:
Time-mark Generator

a. Connect time-mark generator to channel A
INPUT.

Model 1740A

7

b. Set Model 1740A controls as follows:

Coupling (channel A) .................. 500
VOLTS/DIV ... 5
SweepMode ....................... DLY'D

c. Set time-mark generator, MAIN TIME/DIV,
and DLY'D TIME/DIV as indicated in table 5-7 and
make necessary adjustments. If necessary, com-
promise so that all ranges controlled by a particular
adjustment are in specified tolerance.

d. Disconnect equipment and return Model
1740A controls to initial settings.

5-57. MAIN SWEEP FINE ADJUSTMENTS. These ad-
justments utilize the accuracy of the DELAY dial to
calibrate main sweep more accurately than is possible
using the visual method (paragraph 5-54). These
adjustments must be accomplished if the differential
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