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U.S. MARKETING SALES RELEASE

453 MOD 127C

The Type 524AD Television Oscilloscope has been dropped
from our product line. Catalog 27 (March 68) will offer the
Type 453 MOD 127C. The description of this instrument will
be found in two places in the new catalog; in the rear por-
tion of the 453 specifications and in the TV section, next

to the 529, with a reference to the 453 specification page.

The 453 MOD 127C will be shown at IEEE, March 18 and

NAB, March 31, 1968,
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453 MOD 221-T FOR A, T. & T, ESS-1

Bell Telephone Laboratories has recommended to A. T. & T. maintenance engi-
neering and to the Bell System operating companies, the 453, Mod 221-T as
the maintenance and operating oscilloscope for their new central office
Electronic Switching System Number I, ESS-1.

This consists of a standard 453 and a special probe package including the
following:

9' P6010 Probe Package
9' P6019 Current Probe
Passive Termination

Special P6010 Probe Tip

N~ DN
[ |

This recommendation is not binding for the operating companies. Therefore,
we want to encourage field engineers to call on A. T. & T. plant engineer-
ing departments to recommend use of the 453. The main reasons for their
selection of the 453 are the following:

MEASUREMENT REQUIREMENTS - The 453 meets or exceeds their present
and foreseeable future needs. X-Y ability of the 453 is useful
to them in viewing their memory matrix.

RELTABILITY =~ Reliability and maintenance costs should be much
better than on any other of our 50 MH, delay-sweep instruments.

SIZE - A. T. & T. has 20-inch aisles, which make it difficult for
our scopemobiles; whereas, the 453 can be used on the floor or

on a Western cart. Also, for unmanned satellite offices, they
can transport the 453.

EASE OF OPERATION - Delay sweep is required and is much easier
on the 453 than the 540 series they used previously.
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IBM ICAR CENTER MAINTENANCE SUPPORT

During the next few months, you can expect increased requests for field engineer
maintenance instruction assistance from the IBM instrument calibration and repair
activities. The ICAR centers are becoming more active in the support of field
engineering division 453 MOD 210H's as increased numbers of the oscilloscope

have been in the field beyond the warranty period.

Our purpose here is to alert you to the anticipated increased need for normal
field engineering maintenance support by the IBM ICAR centers. ICAR personnel
have studied the 453 training package and manual. Some of them have attended a
one-week 453 training class conducted by IBM in September, 1965. Generally we
expect requests for field engineer maintenance assistance when the first complete
453 MOD 210H repair and recal is conducted in the ICAR center.

IBM ICAR centers are located as follows:

AREA. 1 BOSTON

520 Boylston Street
Boston, Mass.
617-267-9400 X 280

AREA 2 NEW YORK

111 8th Avenue
New York, N. Y.
212-989-4400 X 17

AREA 3 NEWARK

570 Broad Street
Newark, N, J.
201-623-6500 X 315

AREA 4 PHILADELPHIA

302 N. 13th Street
Philadelphia, Pa.
215-923-1088 X 77

AREA 5 WASHINGTON

3833 N. Fairfax Drive
Arlington, Va.
703-524-8900 X 296

AREA 6 ATLANTA

1439 Peachtree Street, NE

Atlanta, Ga.

404-872-0731 X 306 or X 307
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ARFA 7 DETROIT

22720 Michigan Avenue
Dearborn, Mich.
313-CR8-9000 X 250

AREA 8 CHICAGO

310 West Madison Street
Chicago, Ill.
312-341-7617

AREA 9 KANSAS CITY

1400 Baltimore Avenue

Kansas City, Mo.
816-221-0575 X 317

AREA 10 DALLAS

2911 Cedar Springs Road
Dallas, Texas
214-526-7651 X 280

AREA 11 LOS ANGELES

5359 Sheila Street
Commerce, Calif.
213-264-2940

AREA 12 SAN FRANCISCO

340 Market Street
San Francisco, Calif.

415-932-0100
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453 PRICE REDUCTION

The price of the 453 has been reduced from $2050 to $1950
effective January 16, 1967. The price of the R453 is reduced from

$2135 to $2035 effective the same date.

This price reduction will be implemented as outlined in the

sales policy on Page S-20 of the Field Administration Manual.

1-9-67
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U.S. MARKETING SALES RELEASE

453 FSN

The United States Navy Aviation Supply Office in Philadelphia,
Pennsylvania has advised us that, as of November 18, 1966, the new

active Federal Stock Number for the 453 is RX6625-930-6637-T050.

The old FSN, RX6625-930-5576-T050, has been set aside but will

remain in the files for reference only.
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U.S. MARKETING SALES RELEASE

453 FEDERAL STOCK NUMBER

The 453 is the most recent instrument in our product line to be assigned
a Federal Stock Number. The FSN has been assigned as a direct result of
Field Engineer efforts in promoting acceptance of the 453 at the various
Navy installations. The U. S. N. Federal Stock Number for the 453 is
RX-6625-930-5576-T050.

The C30/453 combination has been assigned U. S. N. Federal Stock Number
RX-6720-907-3600-T050.

The 453 is being purchased by the U. S. Navy Bureau of Weapons. It is
approved by the Bureau of Weapons as a standard general purpose oscillo-
scope and is an acceptable equivalent to the AN/USM-140B which has been
specified extensively by Navy contractors in recent years. The 453 is
substantially less expensive than the AN/USM-140B, out-performs it, and

is lighter and smaller (see HP EO 170B). Many of its features are attrac-
tive in naval requirements where high performance must be tucked into
small spaces.

Provisioning Documentation for the 453 is being provided under separate
contract with U. S. Navy Aviation Supply Office in Philadelphia.
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U.S. MARKETING SALES RELEASE

U. S. NAVY INTEREST IN 453

During recent months, we have had numerous reports of active interest in the
453 on the part of U. S. Navy personnel at the user level. They seem partic-
ularly interested in the portable high performance capability of the 453. At
this time our over-all interests can be well served by assuring that U. S. N.
oscilloscope users at the Navy installations are familiar with our line of

portable oscilloscopes.

Base avionics officers and individual squadron avionics groups at the Naval

Air stations should become acquainted with the characteristics of these prod-
ucts. Calibration centers, Shop 67's, Standards Labs, and base communications
officers are good prospects at the Navy shipyards. Efforts to gain acceptance
of our instruments by Navy procurement will be aided by any support that might
originate in these areas. Furthermore we are seeing increased willingness to

purchase immediate oscilloscope requirements locally from operating funds.

Individual programs to serve this market should be developed and co-ordinated

with the region sales manager.
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453
Inter-Office Communication

To: New Product Sales Release Distribution Date: June 2L, 1965

BEAVERTON

biect: U. S. Marketing New Product Sales
Subject:  pelease 453 Oscilloscope

Major Sales Features: The 453 is a lightweight, compact 50 MC dual-trace
oscilloscope with high writing rate and high sensitivity. It offers the
sweep features (delaying sweep, magnifier......) and vertical features
(alternate, chopped, added algebraic modes and single channel triggering)
of a plug=in oscilloscope. Some additional features are:

1. A mesh filter for high contrast viewing in high ambient light.
The contrast achieved with this filter is probably better than
any offered before. In addition it provides shielding against
radiated RFI.

2. A high accuracy calibrator providing Ty voltage and current sources
at a -0.5% repitition rate suitable for most amplitude and timing
checks to be made on the 453.

3. External D.C. Z axis unblanking.

L, High frequency reject triggering.

5. High sensitivity XY applications from D.C. to 5 MC.

6. Power supply capabilities of 115 v and 230 v without having to make
internal wiring changes; automatically accomplished when the correct
power cord is selected. External switch provides optimum accommodation
for. high and Tow line regulation for both voltage ranges.

7. Approximately 100 watts power consumption.

8. Wide range environmental capabilities.

9. €C-30 camera compatible with 453 size and weight.

10, Trace finder for vertically or horizontally overscanned signals,

11. Uses P6010 probe, a small lightweight probe suitable for probing in
sub-minfature, etched board and micro-miniature circuits. Development
of a high temperature capability will delay the pincher tip 12-16 weeks.

Customers will receive a notice with the accessory package telling them
that the pincer tip will be shipped later.
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The 1BM package 453 mod 210H differs from the standard 453 package as
follows:

1. The addition of a 230 v power cord.
2. One instruction manual instead of two.

3. Front panel nomenclature will identify IBM's instruments as the property
of |BM, ’

.Sales Strategy: The 453 is to be promoted as a Today's State-of-the-Art High
Performance Oscilloscope; a combination of performance, weight, size and price
($2000 or less). In addition to application areas based on its portability,

we wish to stress its sales to customers in all usage areas with measurement
requirements in the 15 to 50 MC range.

We wish to continue making the customer aware of the benefits of plug-in
oscilloscopes - - we educated them and the plug-in advantages we have stressed
in the past are still valid for many customers. However, without minimizing
plug-in capability we want to direct the customer to take a look at the 453,

The validity of needing plug=in capability may be true for many customers,
However, many other customers may already have all the plug=-in capabilities they
need and will find greater value in the 453.

In examining the needs of our customers in the 15 to 50 MC range their best
long term investment may be the 453,

Markets:
1. Service

a. Computer During March the 453 was made available to the
regions to be shown to computer manufacturers
competitive with I1BM., No type number appeared on
the instrument and it was shown as an engineering
model of our capability in 50 MC portable
instrumentation. |t was accompanied by the 422,
Reactions were quite favorable in spite of the
estimated price of $2400. We have since received
some orders based on this price.

b. NASA, Defense, Nuclear, Commercial Aircraft

Potential sales exist in most field service
activities where high performance with 1light
weight are requirements. Specific areas with
sales potential are the US Navy, US Air Force,
US Army, NASA, FAA and the Atomic Energy Comm,
The 453 without a type number was shown to the
Navy Buships in Washington, D, C. during the
week of 21 June.
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2, R&D Although this market is not as clearly defined
as the computer service area, we anticipate major
sales to this area based on the 453's performance/
price characteristic, It offers a high performance
state-of=-the-art general purpose laboratory instrument.
For the majority that already has specialized plug-ins
it offers a small package (less bench space) and low
power consumption,

3. Production This product use area is a question mark. Early
feedback of customer needs and usage will enable us
to identify further potential sales in this area.

Competition: Initial field forecasts based on an estimated $2L400 price, and later
forecasts on an estimated $2000 price indicated that the 453 would have a
profound impact on the Tektronix product line as well as Fairchild's and H-P's,

Tektronix The entire 540 series will be vulnerable to 453
penetration. Where plug-in compatibility is not a
must requirement vulnerability will increase as the
453 price approaches the following combinations:

S46/1AT . . . $2350.

ShL/1A1 . . . 2150,

SL5B/1A2 ., . 1875.

545B/CA . . . 1810.

547/1A1 . . . At a price of $2475 the customer will
have to make a trade-off choice of
dollars vs. sweep switching and
plug=-in capability.

647 line . . . Ranging from $2475 to $2900 the
customer will have a trade-off
choice of his needs for superior
environmental capabilities, better
accuracy in lab and field use,
somewhat more flexible performance
vs. dollars, weight and size.

Hewlett-Packard At a catalog price of $2225 the 175A/1755A/17818
combination with basic performance of 10 mv @ 50 MC,
5 mv @ 40 MC and delaying sweep should become an
increasingly more difficult instrument to market.
Customers who require special adaptive features -
XY plotter driver, print out - will be paying a
premium price for these features related to what
they would get in a 453. Combination sales and sales
at less than catalog can be expected and should be
reported to Ted Brandt.

1L0A Series. Although not performance competitive

with the 453, its catalog price of $1705 for 5 mv @ 20 MC
dual trace and delaying sweep leaves it vulnerable to

the performance/price characteristic of the 453.



L

Fairchild 765-6-7 Series. Primarily filling the need for a
lightweight, high performance oscilloscope,
Fairchild has been most successful in marketing
their 766 main frame - the 76-02A - dual trace
25 MC, 5 mv/div plug=in and a sweep delay plug=in
(74-13A). They also have added a dual trace 50 MC
piug=in and more recently a dual trace 100 MC
plug=-in.

25 MC 766H/76-02A/74-13A  $1820 less probes, less
delay line
50 MC 766H/76-08/74-13A $1995 less probes

100 MC 766H/79-02A/74-13A  $2780 includes $235 mod
kit* less probes

* the 79-02A priced at $1200 needs a vertical
stabilization modification kit to optimize its
performance with the 765H, 766H, 767H, 757 main
‘vame.  The $235 kit includes a new CRT and delay
Line termination.

With the B53's price and performance characteristic
we should be able to fill most of the reguirements

Fairchild was getting.

Support Activities:

Advertising Program

Press Release - | August 1967

0]

Spec. Sheet - ‘Week 28 Preliminary; Week 31 Final (in the field)

Mailings -~ Week 34 -~ insert which will also appear in Electronics News.,

«

Training Program

Traininc package - Week 27
Hot Line =~ Week 27
Lecture Notes -~ Week 36

Product Technical information Progrem

PRB - Week 27

Marketing Product Administration Program

Demo availability - Start week 27 = All requirements filled by week 3]

Customer instrument availability - We should be quoting stock position on
PAL week 31.

Major Trade Show Proqram

1. Introduced at Wescon '65

We will make approximately 25 to 50 453's available for customer loan at
Wescon. After public announcement on | August 1965 FE's can indicate to
their customers requestinc loaners that they can have the 453. As soon
as we have used up our quota of L53's we will notify the field that no

more are available for loan.



2. NEC '65
3. NEREM '65
L. I1EEE '66

5. SWIEEECO '66

Information on the 453 cannot be made public to any customer prior to press

release date of 1 August 1965.






Type 453: Specification Comparisons

'(Characteristics not listed are minor or similar for all instruments listed)

Type 422 HP140A DuF766H HP175A 546 453 647
W/Plug-in Type --- 1402A/1421A 76-08/74-13A 1755A/1781B 1A1 - 10A2/11B2
Price (W/probes) <$1325 $1750 $2060 $2275 $2350 $1950 $2795
Dual Trace
Sensitivity for 10mv/div 5mv/div 50mv/div Imv or 5 mv/div S5mv/div Smv/div 10mv/div
Bandwidth for
at 5 mv/div —_— 20mc —_— 40me 28mc 40me —
at 10 mv/div 15mc 20mc - 50mc 35mc 45me 50me
at 50 mv/div 15me 20mc 50me 50me 50mc 50me 50me
Hi-Gain Mode Ch2 None Stacked Dual Trace Stacked Stacked Stacked
Sensitivity 1lmv/div -— Smv/div Imv/div N0 . 5mv/div "ilmv/div vimv/div
Bandwidth AC-5mc — DC-25mc DC-20mc AC-15mc DC-25mc DC-20me
Single Channel
Trigger Ch 1 ch A(1) Ch B Ch 1 (Ext) Ch 1 Ch 1 Ch 2
Calibrator Range 2v&4div 1v&l0v lvé&bcem 1v&10v 0.2mv-100v 0.1&1.0v1% 0.2mv-100v
Frequency 1kc+20% line line lkc approx. 1 kc approx. lket1% 1ke+0.1%
Sweep (Basic)
Time/Div Range 0.5sec-0.5usec 1lsec-0.2usec 2sec-0.1lusec 5sec-0.lusec 5sec-0.1lusec 5sec-lusec 5sec-0.lusec
Mag X10 X10 X10 X10 X2-5-10 X10 X10
Internal Trigger
Coupling AC,DC AC AC,DC AC AC,DC AC,DC AC,DC
AC LF Rej. AC Fast AC LF Rej. AC LF Rej. AC LF Rej.
AC HF Rej.
Bandwidth DC->15mc AC->20mc DC->10mc AC->50mc DC->50me DC->50mc DC->50mc
Sync to>50mc
Delay
Range (Nominal) -—- 0.2usec- 0.25usec- 0.5usec- 0.lusec- lusec-50sec lusec-50sec
10sec 20sec 10sec 50sec
Range (Useful) —_— (?7)-10sec (?)-20sec 2usec-10sec lusec-50sec lusec-50sec lusec-50sec
Range (Max) -— 0.2usec- (?)-20sec 0.5usec—- 0.lusec— 0.lusec- 0.lusec—
25sec 10sec 120sec 120sec 120sec
Extra Features -—-—- Mixed Sweep ——— Mixed Sweep - —— ——
CRT
Graticule Div. 0.8lcm . 1.0cm 1.0cm 1.0cm 1.0cm 0.81lcm 1.0cm
Graticule 8x10 Int. lelO(3) Int. 6x10 Ext.(2) 6x10 Int. 6x10 Int. 6x10 Int. 6x10 Int.
Illuminated? yes no yes no yes yes yes
Accel. & Type 6 kv mesh 7.5 kv mesh 13 kv frame 12 kv mesh 10 kv post 10 kv frame 14 kv frame
Spot Size (Nom) .011" Unknown .013" .013" .009" .010" .012"
Writing Speed
Index 0.5(% Unknown 1.0 0.8 1.2 1.4(® 1.6
Z Axis Input pc(5) AC AC AC AC DC DC
Mechanical
Size (approx) 7x9x14+handle  9x17x18 14x%10x22 12x17x24 17x13x24 7x11x19+handle 14x10x23
Weight 20.2 1b. 48 1b. 41 1b. 70 1b. 70 1b. 29 1b. 52 1b.
Power 40 W 285 W 200 W 425 W 510 W 100 W 185 W
Frequency 50-60 and 50-60 cps(®)  48-450 cps 50-60 cps(®  50-60 cps (8)  45-440 cps 50-400 cps
360-440 cps
Regulation Range *107 +10% +9% +107% +107% +137% +137%
Environmental
Class Field Lab Lab Lab Lab Field Field

(1) 1In alternate and chop modes only.

(2) 1Internal graticule oEtional at $35 extra.

(3) Less corners. 88 cm“ total area.

(4) Tentative. No measurements yet from production instruments

(5) To deflection blanking plates -- useful for 2-value system only.
(6) 50-400 cps modification optional at extra cost.

12-7-65 Tony Bryan/PRB
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PERFORMANCE

453 COMPETITIVE PERFORMANCE ADVANTAGES

The 453 possesses several superior com-
petitive advantages over its nearest
competitor which may not be very well
known but which can result in extending
the capability and therefore the sales
of the instrument.

In comparative tests with other compet-
itive instruments, the 453 was superior
in VHF unmodulated and modulated car-
rier tests.

The application of 200 millivolts of
135 MHz RF carrier resulted in a stable
display of 50 millivolts of the applied
signal on the CRT.

Using the HF Reject Triggering mode to
attenuate the RF carrier, the 453 was
capable of displaying 1 kHz amplitude
modulation applied to the 135 MHz RF

Dan Welch, 9-22-66
carrier.

Oscilloscopes which do not possess HF
Reject capability in the trigger cir-
cuits have a difficult, if not impossi-
ble, task of maintaining stable trig-
gering in the presence of both high and
low frequency signals.

The X-Y feature of the oscilloscope is

very useful for obtaining a trapezoidal
modulation pattern for percent of modu-
lation measurements on amplitude modu-

lated transmitters.

These features extend the use of the

453 in transmitter and receiver trouble-
shooting, dme transponder adjustment,
weather radar equipment, maintenance

and repair for F.A.A., commercial air-
lines and private companies.

453 DESIGN IMPROVEMENTS

A number of electrical and mechanical
changes are being incorporated into the
453, They will help to maintain the
competitive status of the instrument and
also effect some production economies.

These improvements are effective at SN
20,000. Due to the extensive nature of
the changes involved there are presently
no plans to produce equivalent field
modification kits.

Principal advantages offered by the
changes are as follows:

1. Nuvistors in Vertical Amplifier,
Trigger and Sweep Generator circuits
are replaced by FET's. This minimizes
drift and microphonics and also reduces
the heat generated within the instru-
ment. Warm-up time is reduced and a
useful display is obtained approxi-
mately 5 seconds after switch-on. This
period is essentially the CRT and HV
supply warm-up time.

2. The Delay Pick=-off circuit is rede-
signed. This reduces the minimum sweep

John Thompson, 8-15-67

delay time from 0.5 to 0.2 times the
A sweep TIME/DIV switch setting.

3. The VOLTS/DIV switches are replaced by
a new type which will eliminate binding
and squeaking.

4, Circuits are redesigned where possible
to permit replacement of metal-case
transistors by the more economical
epoxy-case versions.

5. An additional mu-metal shield is fitted
to the rear of the present CRT shield.
This minimizes electrical interference
with CRT gun operation.

6. Rubber shock mounts are fitted to the
fan motor to reduce noise.

7. A new Line Voltage Selector assembly is
added to the rear panel and the power
cord is permanently attached to the
instrument. Operation of the selector
is shown in Figures 1 and 2.

TEK 453 PRB
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Performance - continued

COVER INSTALLED

Lo MlHI

90|104|112 1SV
1oji26{136

Z=\ 160[208|224 23OV
220252272 O |

FUSES INSIDE

~

FIGURE |.

TKIlOl

VOLTAGE
SELECTION
DEVICE \

The voltage selection device shown in Fig. 1 provides a rapid
and convenient means for adapting an instrument to a wide
variety of line voltage conditions. Input circuit combinations
are clearly indicated for visual examination and appropriate
line fuses are automatically selected when adaptive changes
are made. It consists of four parts (1) selector body, (2)
selector cover, (3) voltage range selection plug, and (4) 115V~
230V selection plug.

Power transformer leads are terminated in the selector body.
Rotating the 115V-230V selection plug 180° connects the
primary windings in series or parallel configuration. Move-
ment of the range selection plug to the left or right selects
the transformer taps which accommodate the instrument to
high, low, or medium (normal) line conditions. 115V and

o I o 230V line fuses (5), installed in the selector cover, are
————————— (POWER - -~~~ -~ - I snapped into clips (6) in the selector body when the cover is
\( installed. Red stubs (7) on the selector plugs project through
apertures in the selector cover, indicating the combination of
l RFLRLTER J connections selected. The schematic for the 453 voltage
| usv»c@ | selection is shown in Figure 2.
FIGURE 2.

8-22-67 TEK 453 PRB
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400-SERIES CRT's - PREMATURE FAILURES

There have been many reports of CRT
failures due to low emission after
periods of use which are much shorter
than can be considered satisfactory.

The 422 presents the most serious problem
but the 453 and 454 are affected also.

There are many contributing factors and
the status of the problem is as follows:

(1)

(2)

(3)

TEK 453 RB

Cathode loading. Spot size and
writing rate requirements dictate
cathode loadings (A/cm?) much
higher than those used in CRT's

of older design. It is unrealistic
to expect more than about 5000 hours
of operation under "average!'
conditions, which is roughly half
the life expectancy of the old

545 CRT.

Cathode processing. Our own life-
test results show considerable
variations in cathode quality. This
is a very complex problem and it has
not yet been resolved in spite of
intensive effort. Average test
results indicated 5000 hours life

in early 1966, falling to 2000 hours
in late 1966 and early 1967, and
rising again to 3000 hours at the
present time.

Life tests are run under standardized
conditions and cannot be accurately
related to hours of customer use

but the figures are a rough
indication of what to expect.

Cathode temperature. There is
evidence that cathode temperature
is running above the designed
figure when correct heater voltage
is applied and this will restrict
cathode life. Use of a lower-
current heater structure to correct
this is being evaluated.

There are many possible causes for
this departure from design
predictions. Variations in vendor-
supplied items is the most likely.

- continued

4-19-68

John Thompson, 4-9-68

Design requirements in 400-series
instruments dictate the use of
highly efficient low-power cathode
assemblies. Maintenance of optimum
temperature in these is a much more
critical problem than in the
relatively massive structures used
in older tube designs.
(4) Heater voltage (422 only). 422's
below SN 4330 produced excessive
CRT heater voltage when used with
the AC-only power supply. This can
significantly reduce cathode life.

The remedy is to install Mod 10517-2

(see PRB Mod Summary) or, more simply,

to fit a series resistor to reduce
CRT heater voltage to 6.3 volts.
If the resistor is used, its value
may have to be adjusted whenever
the CRT is replaced.
(5) Deflection blanking. (422 only).
The use of deflection blanking in
the 422 causes the CRT cathode to
emit as long as the instrument is
turned on, whether or not a display
is produced.

Cathode current is determined
entirely by the setting of the
INTENSITY control. If this is left
in the extreme CW position the CRT
will fail in just a few hundred
hours even though the sweep is never
triggered. It is most important

therefore, that customers be educated

to turn the INTENSITY control

counterclockwise except when actually

making measurements.

Customer satisfaction with CRT performance

tends to be related to months of use
rather than hours of operation and the
number of complaints is still small
compared to the total of instruments
sold. Problems arise where instruments

are used from 8 to 24 hours a day and for

this reason many complaints concern
rackmount instruments.



Performance - continued -

400-SERIES CRT's - PREMATURE FAILURES - continued

Progress is necessarily slow in correcting
life expectancy problems since many weeks
of like testing are required to evaluate
each modification which is introduced.

It must be recognized that even when
cathode life is restored to the level

we would like to see, a 400-series tube,
especially a T4220, will still fail in
less than a year in a 24-hour/day
application which requires above average
intensity. This performance will
necessarily compare unfavorably with
older instruments such as the 545.

We are naturally concerned in increasing
the inherent life expectancy of our

tubes. Developments in cathode material
are reported from time to time with
exciting claims for increased life at
high current densities. Those we have
evaluated have disadvantages, such as
high operating temperature, which
restrict their suitability for instrument
CRT's. The most promising approach is
to attempt to modify the electron-gun
design so that a greater proportion of
the total cathode current is converted
into useful beam current. Much work is
being done on this and first results

are encouraging but at best this will

be a long-term solution to the problems
discussed here.

453 MOD 127C TV GRATICULES

Two light-filter TV graticules are
included in the standard accessories
for 453 Mod 127C. Part numbers are:

378-0576-04
378-0576-05

(NTSC)
(CCIR)

Catalog #27 is in error in listing
only one graticule.

These graticules are essentially smoke
gray light filters to which white markings
have been added on the outside surface.
They snap into the CRT ornamental ring
(354-0269-00) in the same way as a
regular light filter or faceplate
protector. This arrangement imposes

two limitations which prevent photography
of the TV graticule and which may not

be recognized by customers when reading
the catalog description:

John Thompson, 4-9-68

a) Graticule illumination is not

possible. The existing graticule
lamps will not provide useful
illumination of the external TV
graticule and in any case the
SCALE ILLUM control must be turned
off to avoid illumination of the
CRT internal graticule.

b) Parallax errors. The spacing between
the graticule markings and the CRT
phosphor is greater than is usual
with external graticule instruments
due to the CRT lightpipe and the
fact that the markings are on the
outside of the TV graticule. Care
must be taken to avoid parallax
errors.

4 . 4-19-68
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(Characteristics not listed are minor or similar for all instruments listed)

Type 422 HP140A DuF766H HP175A 546 453 647
W/Plug-in Type --- 1402A/1421A 76-08/74-13A 1755A/1781B 1A1 -— 10A2/11B2
Price (W/probes) <$1325 $1750 $2060 $2275 $2350 $1950 $2795
Dual Trace
nsitivity for 10mv/div 5mv/div 50mv/div Imv or 5 mv/div 5mv/div 5mv/div 10mv/div
andwidth for
at 5 mv/div —_— 20mc —_— 40me 28mc 40me -
at 10 mv/div  15mc 20me -— 50mc 35mc 45me 50mc
at 50 mv/div  15mc 20me 50me 50mc 50mc 50mec 50mc
Hi-Gain Mode Ch2 None Stacked Dual Trace Stacked Stacked Stacked
Sensitivity lmv/div — Smv/div 1mv/div "0.5mv/div ~lmv/div ~vlmv/div
Bandwidth AC-5mc - DC-25mc DC-20mc AC-15mc DC-25mc DC-20mc
Single Channel
Trigper Ch 1 ch A(1) Ch B Ch 1 (Ext) Ch 1 Ch 1 Ch 2
Calibrator Range 2v&4div 1v&lOv lv&bem 1v&l0v 0.2mv-100v 0.1&1.0v17% 0.2mv~-100v
Frequency 1kc*20% line line lkc approx. 1 kc approx. lke*17% 1ke+0.1%
Sweep (Basic)
Time/Div Range 0.5sec-0.5usec lsec-0.2usec 2sec-0.1lusec 5sec-0.1lusec 5sec-0.1lusec S5sec-lusec 5sec-0.1lusec
Mag X10 X10 X10 X10 X2-5-10 X10 X10
Internal Trigger
Coupling AC,DC AC AC,DC AC AC,DC AC,DC AC,DC
AC LF Rej. AC Fast AC LF Rej. AC LF Rej. AC LF Rej.
AC HF Rej.
Bandwidth DC->15mc AC->20mc DC~>10mc AC->50mc DC->50mc DC->50mc DC->50mc
Sync. to>50mec
Delay
Range (Nominal) --- 0.2usec~ 0.25usec- 0.5usec~ 0.lusec- lusec-50sec lusec-50sec
10sec 20sec 10sec 50sec )
Range(Useful) —-— (?)-10sec (?)-20sec 2usec-10sec lusec-50sec lusec-50sec lusec-50sec
Range (Max) —_— 0.2usec- (?)-20sec 0.5usec- 0.lusec- 0.lusec- 0.lusec-
25sec 10sec 120sec 120sec 120sec
Extra Features -—-—- Mixed Sweep ——— Mixed Sweep - ——— ———
CRT
Graticule Div. 0.8lcm 1.0cm 1.0cm .1.0cm 1.0cm 0.81lcm 1.0cm
~raticule 8x10 Int. 10x10¢3) nt.  6x10 Ext.(2) 6x10 Int. 6x10 Int. 6x10 Int. 6x10 Int.
luminated? yes no yes no yes yes yes
accel. & Type 6 kv mesh 7.5 kv mesh 13 kv frame 12 kv mesh 10 kv post 10 kv frame 14 kv frame
Spot Size (Nom) .011" Unknown .013" .013" .009" .010" .012"
Writing Speed
Index 0.5(4) Unknown 1.0 0.8 1.2 1.4 1.6
7 Axis Input pc(5) AC AcC Ac AC DC DC
Mechanical
Size (approx) 7x9x14+handle 9x17x18 14x10x22 12x17x24 17x13x%24 7x11x19+handle 14x10x23
Weight 20.2 1b. 48 1b. 41 1b. 70 1b. 70 1b. 29 1b. 52 1b.
Power 40 W 285 W 200 W 425 W 510 W 100 W 185 W
Frequency 50-60 and 50-60 cps(6) 48-450 cps 50-60 cps(6) 50-60 cps (6) 45-440 cps 50-400 cps
360-440 cps
Regulation Range *10% +10% +9% +10% +10% +137% +13%
Environmental
Class Field Lab Lab Lab Lab Field Field
(1) 1In alternate and chop modes only.
(2) 1Internal graticule ogtional at $35 extra.
(3) Less corners. 88 cm“ total area.
(4) Tentative. No measurements yet from production instruments
(5) To deflection blanking plates —- useful for 2-value system only.
(6) 50-400 cps modification optional at extra cost.

12-7-65
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TECHNIQUES

453/TV SYNC SEPARATOR
(015-0062-00)

The versatility of the 453
can be extended by the use
of the TV sync separator.
The 453 must be modified to
supply power for the sync

‘ Added
Yy 6.8K 1/20 10% & =

unit.

To modify the 453, first
remove the coax that is
soldered to the "A' Gate

BNC connector. Slip a

piece of spagetti over the

end of this wire to eliminate
the possibility of a short. Cut
the leads on a 6.8K 1/2W 10%
resistor fo about 1/8". Solder
this resistor in a vertical
position, to the +150V side of
RI209 (12K 1/2W), see Fig 1 for
location. Solder a 13" length
of #22 stranded wire from the
top end of the 6.8K resistor.
Dress the wire under the
horizontal EC board toward
the front of the instrument.
Solder the free end of this wire
to the center conductor of the

To operate , the units should be
connected as shown in Figure 2.

The composite video signal must
be fed to both vertical inputs.
Channel 1 will be used to amplify
the video fo the required level at
the Channel 1 out connector. This
output level must be at least .5V
peak to peak and can be deter-
mined by temporarily connecting
Channel 1 out signal to Channel 2
input. Switch the mode switch to
Channel 2 and vary the Channel 1
attenuator until .5V peak to peak
signal is observed on Channel 2.
Reconnect the equipment as
previously indicated. The 453
should be operated in the Delay
Sweep mode of operation and the
vertical signal will be viewed on

Channel 2.

'A' Gate BNC connector.

-==Dan Welch

TEK 453 RB 1-13-67

To Selected Rate
Connector

2
&
Composite Video Source ‘

'A' Gate (+100 V)

|

Composite Video In
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453
453
453

453
452

453

453

453
453

RM453
RM453

TEK 453 PRB

Mod

120H
127C
1524

165M
1721

208A

2088B

210H
2217

127C
153F

MODIFIED PRODUCTS

Description

Sawtooth out.
Internal Sync Separator for TV applications.

Special panel with "Property of Friden, Inc."
lettering to be added to panel in standard 453 type
style wherever it will fit.

Watertight combination case; EMI to MIL-I-6181D.
External graticule.

Deeper panel cover and handle (Mod 147A);

P6019 and 3 9' P6010, vibration test (Mod 799H).

Deeper panel cover and handle (Mod 147A);
vibration test; probes changed to P6019, 9'
P6006 and 2 9' P6007.

IBM package. P6010.

Probes changed to one 9-foot P6019 w/passive

termination, and two 9-foot P6010, w/5" probe
tip cables.

Internal Sync Separator for TV applications.

Oversize rack panel, special handles, MS power
connector, tracks with extra travel.

2-26-68 1






INSTRUCTION

MANUAL - Serial Number

MODIFICATION INSERT

TYPE 453
MOD 165M

This insert has been written to supplement the
Instruction Manual furnished with this modified
instrument. The information given in this insert
will supersede that given in the manual,

This Insert Material Copyright (©) 1967 by
Tektronix, Inc., Beaverton, Oregon. Printed in
the United States of America. All rights reserved.
Contents of this insert may not be reproduced
in any form without permission of the copyright
owner, -

TYPE 453

MOD 165M

Tektronix, Inc. .
S.W. Millikan Way @ P.O.Box 500 @ Beaverton, Oregon @® Phone Ml 4-0161 ® Cables: Tektronix

08077 ds






INSTRUCTION

MANUAL  sioiwme

'MODIFICATION INSERT

TYPE 453
MOD 163D

This insert is provided as a supplement tothe -
Instruction Manual furnished with this modified
instrument. The information given in this insert
supersedes that given in the manual.

This insert material Copyright (© 1968 by
| Tektronix, Inc., Beaverton, Oregon. Printed in
the United States of America. Allrightsreserved.
Contents of this insert may not be reproduced
in any form without permission of the copyright
owner., '

TYPE 453

MOD 163D

Tektronix, Inc.
S.W. Millikan Way ® P. O. Box 500 ® Beaverton, Oregon 97005 ® Phone 644-0161 @® Cables: Tektronix

_ be
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TYPE 453
MOD 163D

This manual insert describes the features of MOD 163D as installed
in the Type 453. The instrument is modified to reduce conducted and
radiated interference in accordance with MIL-16181D and MIL-1-16910

over the frequency range of 150 kHz to 30 MHz (conducted) and 14 kHz

to 1 GHz (radiated). The following changes and additions are made to
this instrument:

A line filter is added between the AC connector and the power
supply.

The rear-panel Z AXIS INPUT connector is changed to BNC
type. A shorting chain cap is added to the connector.

Captive covers are added to the three BNC connectors on
the calibrator chassis.

Conductive finishes, securing, shielding,and metal gasketing
are added to frame and cabinet parts to minimize inter-
ference radiation, | :

CALIBRATION

This modification does not affect the operation of the instrument,
Therefore, it can be calibrated as directed in the Calibration section
of the manual,

PARTS LIST

The following changes should be made to the appropriate parts list
for this modified instrument, When ordering replacement parts,
specify instrument type, MOD number, and serial number, Include
the circuit number, part number, and description of the desired item.

INDUCTORS
1.448 Add 276-0507-00 Ferrite
FL1101 Add 119-0094-03 AC Line Filter

04228 1 of 2



TYPE 453, MOD 163D

MECHANICAL
BRACKET, outer support Add 1 407-0150-02
CABINET, bottom , Change 1 390-0003-00
CABINET, top Change 1 390-0004-00
CONNECTOR, BNC Change 1 131-0106-01
COVER, connector, shorting Add 1  200-0672-00
COVER, connector Add 3 200-0678-00
COVER ASSY., Line Voltage Selector Change 1 200-0764-00
FRAME, cabinet, rear Change 1 426-0317-04
PLATE, rear panel Change 1 386-1403-00
PLATE, subpanel Change 1 386-0207-04
STRAP, connector cover Add 3 346-0045-00
Fiol l TO Q443 T: Q454
———=K  SWIIO) _. Da4as
— K
I 448
‘ | s
LINE. Ima 4T IR4ma
FILTER
FLIIOI
Y \
. -2V -\2V
@ . PARTIAL
Pl11oI A TRIG. GEN.
1S VAC

PART. POWER SUPPLY

04228 2 of 2



TYPE 453
MOD 165M

This manual insert describes the features of MOD 165M, as installed
in the Type 453. The instrument is modified to provide a watertight
(submersible) transit case. Electromagnetic interference is also
minimized. The following changes and additions are made to the
instrument:

The cabinet is changed to a combination transit and operating
case capable of being sealed against entry of water by installation
of the front-panel cover., With the panel cover in place, the
instrument and normal operating accessories are watertight
according to the test methods and criteria of MIL-STD-108.

Gasketing and drain plugs are added to the rear and bottom of
the instrument for release of internal condensation,in accordance
with MIL-STD-108.

The case is provided with a breather valve for the release of
excessive pressure differentials which would interfere with
panel cover removal after air transit,

Signal inputs, operating controls, power input, and ventilating
holes are confined to the front of the instrument and are sealed
against moisture entry by installation of the front-panel cover.

A sealed rear-panel access port is provided for the line voltage
range switch, line fuses, and Z AXIS INPUT. A sealed access
port is also provided for the side-panel controls and connectors.

The instrument meets interference requirements of MIL-1-6181D
and MIL-I-16910A, Power line conducted: 150 kHz - 25 MHz.
Radiated (with mesh filter installed): 14 kHz - 1000 MHz.

An allen wrench to fit allcase fittings is added to the accessories.

A power cord, which mates with the front-panel power input
connector , is supplied.

NOTE

With the panel cover in place,this modified instrument is watertight,
but not necessarily vaportight, and so may tendto accumulate internally

condensed moisture unless the drain plugs are left open during extended

periods of storage, Where condensation has accumulated, a dryout
period with panel cover removed may be required before operation.

MO N7 S 1 of &



TYPE 453, MOD 165M

Dimensions

Weight

CHARACTERISTICS

Height: Cabinet only - 9 1/8"; Overall - 10 3/8" (handle in
forward position).

Width: Cabinet only - 12 15/16" including access port;
Overall - 14 13/16" including handle.

Length: Without panel cover (including knobs) - 21" ; With
panel cover - 22 1/2"; With handle in forward
position - 26",

Net weight, including panel cover and electrical and viewing

‘accessories (less manuals), approximately 47 pounds;

Humidity

Vibration

Tie straps '\

front & rear

shipping weight approximately 57 pounds,

ENVIRONMENTAL TESTING

For humidity tests,drain plugs are removed from waterproof
case,

For vibration tests, instrument is mounted as shown below.

Instrument
mounted on
Vibration 3/ x 8" x 18"
table [/ ) i :
~ board.,

08077
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TYPE 453, MOD 165M

part number and description of the desired item.

09067

PARTS LIST

The following changes and additions should be made to the mechanical
parts list of this modified instrument. When ordering replacement parts,
specify instrument type, serial number, and MOD number. Include the

Ref. No.

1

2
3

S
6
7
8

9
10
11
12
13
14
15

Refer to the WATERPROOF COVER drawing on page

1

2
3
4

Description

CABINET ASSEMBLY
Includes:
VALVE, Relief
PORT, Drain
Gasket, vent plug
Plug, vent
O-Ring
Washer, port
Washer, flat
DOOR LATCH
Bushing, door latch
Screw, thumb
CONNECTOR, Bendix, 4-pin
PLATE, Mounting
ROD, Spacer
FILTER, AC Line
HANDLE, Carrying
INDEX, Handle Ring
HUB, Handle Index
SPRING, Handle Index
COVER, Handle

CABLE, w/rt-angle female conn.

GROMMET, Plastic, 3/8"

COVER, Front, Assembly
Includes:
HOLDER, Fuse
BODY, Latch
STEM, Latch
PIN, Hinge (not shown)

3 of 8

Refer to the WATERPROOF CASE drawing on page 5:

Qty.

o= NN DNDN =N =

IS

—

N = = =

Part No.
390-0027-00
214-0976-00

214-0979-00
214-0985-00
354-0317-00
210-1051-00
210-1050-00

358-0255-00
213-0174-00
131-0281-00
386-1323-00
385-0168-00
119-0094-01
367-0081-00
214-0513-00
214-0578-00
214-1006-00
200-0602-00
161-0041-00
348-0056-00

200-0809-00

352-0109-00
204-0282-00
214-0787-00
214-0756-00



TYPE 453, MOD 165M

Refer to the MAIN CHASSIS drawing on page 7.

Ref. No.

1

2

3
4
S
6
7
8

Description

SHIELDING, Gasket, Assembly

Includes:
LATCH, Shielding
Housing, latch
Nut, latch
Screw, 6-32 x 1 PHS
Thumbscrew
Washer, shouldered
PLATE, Identification
RAIL, Guide, Right
RAIL | Guide, Left
IMPELLER, Fan, Axial
PLATE, Rear Overlay
POWER CORD, 9-inch

Accessory kit addition:

CABLE, Power, w/Bendix connector
WRENCH, Hex, 5-32

09067

4 of 8

Qty.

1

4

[ S S

Part No.

348-0135-00

380-0124-00
220-0481-01
211-0517-00
213-0175-00
210-0061-00
334-1144-00
351-0134-00
351-0135-00
369-0027-00
386-1308-00
161-0042-00

161-0039-00
003-0104-00



TYPE 453, MOD 165M

WATERPROOF CASE

“ ‘ ‘%ﬁgﬁx
Rl )
%3% R sy
( o~
/
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TYPE 453, MOD 165M

WATERPROOF COVER

08077 | 6 of 8



TYPE 453, MOD 165M

08077

MAIN CHASSIS
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TYPE 453, MOD 165M

MAIN CHASSIS

— — — —— — —— — — — va— —

WATERPROOF CASE

PART. POWER SUPPLY
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FPe0I0
IBM ACCESSORIES AND PROBE PACKAGE

INCLUDED IN 453 MOD 2I0H 010-0186-00

HOOK TIP — RETRACTABLE
013-0090-00

SLT TIP
206-0134-0l

S—c ¢ " m—

FITS .025" x ADAPTER: 6010 TO

10257 PIN 6-32 THREAD
103-005/-00

ALLIGATOR CLIP
344-0046-00 ¢

[

PROTECTOR CAP
200-0372-00

SMS SPRING-TIR FITS
.023’x .062" PIN
206-0061-00

HOOK TIP
206-0105-00 ggg

PACKAGE ALSO INCLUDES:
|EA. MANUAL— 0O70-0495-00
| EA. PLASTIC BAG— 006—035|-00

INSULATING TUBE
166-0404-00

FITS .025" X — > )
.025" PIN SLT TIP FOR 5“GND

206-0137-00

<«—6-32 THREAD

D0U0=!

E!;

GROUND STRAP

ﬁ‘\ 175-0124-00

0l0-0184-00

GROUND STRAP
166-0433-00

INSULATING SLEEVE — @ E}

PROBE HOLDER
352-0090-00

4
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SPECIFICATION ADDENDUM

R453 OPERATING TEMPERATURE SPEC,

Due to the operating conditions that might be ex-
pected and due to the restrictions of air flow that
result from rackmounting the R453, the operating
temperature spec will be +45° C instead of +55° C,
If the user mounts the R453 above a hot power sup-
ply, he may expect the performance to be affected.

Tony Bryan, 11-19-65

Because of such possibilities and the oft-timesre-
stricted air flow in rackmount situations it will be
wise to make users aware of this change in spec-
ifications. Storage temperature will remain un-
changed.

TEK 453 IRB 11-24-65
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INTRODUCTION

This is the Instrument Specification of the Type 453 Oscilloscope , and

is the reference document for all company activity concerning performance
requirements. This specification of for internal use only. It replaces
the rough draft of the Type 453 Instrument Specification dated February 26,

1965,

General Information

The Type 453 is a general purpose, high performance, portable wide-band
oscilloscope. It combines a dual-channel vertical amplifier with a de-
laying sweep feature. The Type 453 has been designed and tested to meet
certain Tektronix "environmental instrument specifications".

Characteristics Summary

Vertical System (Ch 1 and Ch 2)

Calibrated Deflection Factors 5 mv/div through 10 v/div
in a 1-2-5 sequence

Variable Attenuator Range 2 2.,5:1

Frequency Reponse

5 mv/div DC to = 40 mec
10 mv/div DC to = 45 mc
20 mv/div through DC to 2 50 mec
10v/div
Display Modes Ch 1, Ch 2 (normal or in-

verted) Alternate, Chopped
(@ 500 kc) Added Algebra-
ically

Trigger Source - Normal (displayed signal)
~ Ch 1 (pickoff ahead of
channel switching)

Ch 1 Out 2 25 mv/div signal can be
connected into Ch 2 to ob-
tain 1 mv/div, 25 mc per-

formance
Signal Delay 140 nsec
Calibrated Scan 6 divisions

Horizontal System

Calibrated Sweep Rates
Time Base "A" 5 sec/div to 0.1 psec/div
(A is the main and delaying
sweep) in a 1-2-5 sequence



Characteristics Summary (continued)

Time Base B 0.5 sec/div to 0.l psec/div
in a 1-2-5 sequence (B is
displayed only in the de-
layed or intensified modes)

A Sweep Length Variable from 4 to 10 divisions

Variable Range (A & B) 2 2,5:1

Trigger Coupling (A & B) AC, DC, AC LF Reject,
AC HF Reject

Trigger Slope (A & B) + and - .

Trigger Source (A & B) Ch 1l and 2, Ch 1, Line
External, External % 10

A Sweep Mode . AUTO TRIG, NORMAL TRIG, Single
Sweep

Sweep Magnification X10 (extends sweep rate to

10 nsec/div)

Amplitude and Time Calibrator 0.1 v and 1.0 v, 1 kc square
wave
CRT
Tube Type T4530-31-1
Accelerating Potential 10 kv
Graticule Internal, illuminated, 6 X 10 div

1 division = 0.8 cm
External Horizontai Amplifier (Input is Ch 1 Vertical or Ext Imput)

Calibrated Sensitivity Range

Input Ch 1 5 mv/div to 10 v/div in a
1-2-5 sequence
Ext Input 270 mv/div (2.7 v/div in EXT ¢ 10)
Frequency Response DC to 2 5 me
Z Axis Input
Sensitivity 5 v p~p causes noticeable

modulation at normal intensity
Usable Frequency Range DC to 50 mec

Input Resistance . L7 k @

II



Characteristics Summary (continued)

Cooling Filtered, forced air
Environment
Storage -55°C to +75°C, to 50,000 ft
Operating Temperature =15°C to +55°C
Operating Altitude to 15,000 ft

Maximum Overall Dimensions

Length (with front cover, handle
in carrying position) 22.4"

(with front cover, excluding

handle) 20, 4"
Width 12.5m
Height 7.2"
Weight, with Front Cover 28 1bs 12 oz
Power Source
Line Voltage Ranges (selected by 96 to 127 vac
switches at back panel) 103 to 137 vac

192 to 254 vac
206 to 274 vae

Line Frequency 45 cycles to 44O cycles
Power Consumption 100 Watts at 115 vac
60 cycles

111
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453/R453 EIS 133/127C

INTRODUCTION

Description

The Type 453 Mod 127C is a general purpose, portable wide-band oscilloscope
equipped with an internal Sync Separator circuit, permitting internal
triggering from a composite video signal. The Sync Separator circuit is
compatible with V and H sync signals of standard 405,625,819 line/50 Hz,
525 1line/60 Hz broadcast systems, and 405 to 1201 line closed circuit
systems.

Functions of Controls

~ A Sweep TRIGGER SOURCE Switch

EXT + 10 position has been replaced with TV FIELD OR LINE SYNC position.
B Sweep TRIGGER SOURCE Switch

EXT + 10 position has béen replaced with TV LINE SYNC position.
Side Panel

TV SYNC SEPARATOR Switch has been added

Selects LINE signals or FIELD sync signals as a trigger source
for A Sweep.
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SECT. . 1

CHARACTERISTICS
1.1 ELECTRICAL
1.1.1 SYNC SEPARATOR
ITEM QUOTABLE MAINTENANCE & TEST | VAL. ENGINEERING
. OPERATION RATE | STEP NOTES

Trigger Semsitivity

{

or H triggering

2 div or less will provide stable V

For sync-positive
operation, apply
signal to CH 2
set INVERT and

- SLOPE

DLZT/EET SIA €SHIA/ESh






453/R453 EIS 133/127C

SECTION 2

ELECTRICAL PERFORMANCE VALIDATION

2.1 Equipment Required
1l Video Receiver ¢ Conrac

2.2 Trigger Sensitivity

Connect Video signal to CH 1 INPUT. Set A TRIGGERING SLOPE to -.
Set A TRIGGERING SOURCE for TV FIELD OR LINE SYNC and TV SYNC
SEPARATOR to LINE. Check that 2 div or less of composite video
provides stable triggering. Set TV SYNC SEPARATOR to FIELD.
Check that 2 div or less of composite video provides stable
triggering.

Connect Video signal to CH 1 INPUT. Set TV SYNC SEPARATOR to FIELD
and B TRIGGERING SLOPE to -. Set A sweep rate for 2 ms/div, B sweep
rate for 10 us/div, and HORIZ DISPLAY for DELAYED SWEEP (B) and B
MODE for B STARTS AFTER DELAY TIME. Adjust DELAY-TIME MULTIPLIER
to display leading edge of H sync pulse. Set B MODE for B TRIGGER-
ABLE AFTER DELAY TIME. Check for stable triggering.






SECTION 1

1.0 Performance Requirements

1.1 FElectrical Characteristics

Performance requirements listed for the characteristics in this
section are valid throughout the environment specified in Section
1.2 unless there is a statement to the contrary.

Performance requirements are validated by Engineering according

to Sections 3 and 4.

Production test methods may differ.

The following codes are used to categorize performance requirements.

G (General Use)

I (Internal Use Only)

A (A11)

S (Sampled)

This performance requirement may, but not
necessarily will, be quoted to a customer.

This is a customer type performance require-
ment (not a factory test limit), but will
not be quoted to.a customer.

It is recommended by Engineering that elec-
trical testing of this performance require-
ment be performed on 100% of instruments.
Environm:ntal testing is performed on a
sample basis.

This performance requirement carries a high
confidence level and may be tested on a
sample basis,

Conditions under which a performance requirement is valid may be
listed under Supplemental Information or in Section 3 {(Electrical
Test Methods). These conditions are an essential part of the
performance requirement.
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This page revised May 17, 1965.
Specification 133 dated April 23, 1965.

Revised pertien/s deneted with asterisk.

Engineering Instrument specificatien, Type 453 Oscillescepe.

1.1.1 VERTICAL AMPLIFIER

Characteristic Perfermance Requirement Cede Supplemental Infermatien
Calibrated Deflectien { £ 3% (5 mv/div te 10 v/div im 1-2-5 sequence) GA with gain adjusted at
Facter Accuracy 20 mv/div
Input R and C 1 megohm * 2% paralleled by 20 pf * 3% GS #P 6010 3%2'= & 10 pf

6' = ~ 12 pf

Variable Range 2 2,5:1 GA
Frequency Respense @ input cemnecter swith P6010 prebe AC ceusling 30% down at
te 30% dewn ~ 1.6 cps

5 mv/div «DC te = 41 me DC te = 40 mc GA/GS [*~ 0.16 cps with P6010

10 mv/div *DC te = 46.5 mc DC te = 45 mc GA/GS

20 mv/div *DC te = 52.5 mc DC te = 50 mc GA/GS [*Measured using a 067-506

50 mv/div threugh *DC te = 52,5 mc DC te > 50 mc as  |*1 v/div te 10 v/div frequency

10 v/div response is calculated

Added Mode *DC te 2 52.5 mc DC te = 50 mc GA/GS

Ch 1 OUT @ 5 mv/div DC te = 25 mc iterminated in 50 Q) GS

Ch 1 out connected to | DC te > 25 mc (unterminated) GA

Ch 2
Risetime @® input cennecter * with P6010 prebe

5 mv/div *< 8.5 nsec < 8.75 nsec Gs

10 mv/div *< 7,5 nsec <€ 7.8 nsec GS

20 mv/div through *< 6.7 nsec < 7 nsec GS

10 v/div

Added Mede *< 6.7 nsec < 7 nsec GS Measured at 20 mv/div
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1.1.1 VERTICAL AMPLIFIER

Characteristic Performance Requirement Code Supplemental Information
Ch 1 OUT @ 5 mv/div < 14 nsec GS
(terminated in 50 Q)
Ch 1 OUT connected < 14 nsec @ < 1 mv/div (both channels at 5 mv) GS
to Ch 2 (unterminated)
Added Mode < 7 nsec GS Measured at 20 vm/div
Transient Response 4 div step centered
20 mv/div < 2% peak-to-peak overshoot, rolloff, ringing or IA
tilt '
10 mv/div < 2% IA
5 mv/div < 2% IA
50 mv/div to 2 v/div |< 3% IA
5 v/div to 10 v/div |< 6% IA
Added Mode < 6% IA Measured at 20 mv/div
Attenuator Compensation |
50 mv/div to 10 v/div |< 1% IA
Position Effect on < 5% peak-to-peak ovérshoot, rolloff, ringing or IA 6 div step
Transient Response tiit
Low Frequency Linearity < 0,15 divisions compression or expansion 18 Includes CRT linearity
Position Range 13,5 div to %16,.5 div IA VAR ATTEN in CAL, after
STEP ATTEN bal check
Maximum Input Voltage 600 volts combined DC + peak AC GS

See page 1-1 for coding legend
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1.1.1 VERTICAL AMPLIFIER

Characteristic Performance Requirement Code Supplemental Information
Trace Drift (after 20 Time Temperature
minute warm-=up
S mv/div <1 div/hr < 0,1 div/°C GS
10 mv/div < 0.5 div/hr < 0,05 div/°C GS
20 mv/div through < 0,25 div/hr < 0,025 div/°C GS
10 v/div
Microphonics at 5 mv/div |[< 1 div Ia
STEP ATTEN BAL Reserve 2 5 div from either end of range IA
Range at 20 mv/div
Variable Bal Centering 11 div of graticule center IA
Invert Zero Shift Point t1 div of graticule center IA
GAIN Range 2 5% from calibrated value IA Gain set at 20 mv/div
‘Input Grid Current < 2 namps GS
Amplifier Crosstalk > 100:1, DC to 20 mc GS
Attenuator Isolation = 10,000:1, DC to 20 mec GS
Common Mode Rejection > 20:1 at 20 mc for common mode signals up to 8 GA With optimized setting of
Ratio divisiens GAIN adjustment
Linear Dynamic Range in 2 110 times the VOLTS/DIV setting for < 10% dis- GS
Added Mode tortion
Signal Delay ~ 140 nsec
~ Chopped Repetition Rate 500 ke = 20% GA

See page 1-1 for coding legend




1.1.2 SWEEP GENERATORS A & B (A Sweep is the main & delaying sweep)

Characteristic Performance Requirement Code Supplemental Information

Calibration Accuracy 0°C to + Lo°C - 15°C to + 55°C

5 sec/div to 0.1 sec/ t 3% t 5% GA

div

50 msec/div to 0.1 * 3% t 5% GA

psec/div
X10 Magnified 1% in addition to specified sweep accuracies GA
Sweep Linearity * 1.5% GA
Variable Range 2 2,5:1 GA
Sweep Length A Variable from < 4 div to (11.0 + 0.5 div) GA Measured at 1 msec/div
Sweep Length B 11.0 + 0.5 div GA Measured at 1 msec/div
A Sweep Hold-off Time

10 usec/div to <1 X the A TIME/DIV Setting GA

5 sec/div

5 usec/div to < 2.5 psec GA

0.1 usec/div

See page 1-=1 for coding legend




1.1.3 VARIABLE TIME DELAY

Characteristic Performance Requirement Code Supplemental Information
Delay Time Range Calibrated, 50 sec to 1 usec in 1-2-5 sequencé‘ GA
with a 10-turn multiplier
Accuracy 0°C to + 40°C = 15°C to + 55°C
5 sec/div to + 2,5% * 3,5% GA
0.1 sec/div
50 msec/div to * 1.5% t 2,0% GA
1 psec/div
Multiplier Incremental t 0,2% t 0,3% GA
Linearity
<1 part in 20,000 of 10 times the "A" TIME/DIV GA

Jitter

setting

See page 1-1 for coding legend
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1.1.4 HORIZONTAL AMPLIFIER

Characteristic Performance Requirement Code Supplemental Information
Sweep Magnification See Sweep Generator A & B (page 1-5) GA Extends fastest sweep rate
Accuracy to 10 nsec/div
Normal/Magnified Registra-| < + 0.2 div GA
tion
Position Range

X1 clockwise Start of sweep must position to the right of GA Measured at 1 msec/div,

graticule center A sweep
X1 counterclockwise End of sweep must position to the left of graticule| GA
center
X10 FINE control 5 div to 8 div GA
range
1.1.5 EXTERNAL HORIZONTAL AMPLIFIER

Input to Vert Ch 1

Calibrated Deflection| 5 mv/div to 10v/div in 1-2-5 sequence GA Variable control is by-

Factor Range passed

Accuracy * 5% (0°C to +40°C) £ 8% (-15°C to +55°C) GA Ext Horiz Gain set @ 20 mv

Input R and C See Ch 1 vertical performance requirement

Frequency Response DC to 2 5.0 mc at 30% down GA

Phase Shift <3° €50 ke GS Between Ch 1 and Ch 2

See page 1l=1 for coding legend
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1.1.5 EXTERNAL HORIZONTAL AMPLIFIER

Characteristic Performance Requirement Code Supplemental Information
Input to EXT HORIZ
Connector
Deflection Factor
EXT 270 mv/div + 15% GA
EXT + 10 2.7 v/div + 20% GA
Input R and C =~ 1 meg Q paralleled by
~ 20 pf
Frequency Response DC to =2 5,0 mc at 30% down GS.
Phase Shift < 3° at 50 kc GS Between EXT HORIZ and Ch 2

Max Input Voltage

See Triggering A & B

See page 1-1 for coding legend




1.1.6 TRIGGERING A & B

Characteristic Performance Requirement Code Supplemental Information
Trigger Sensitivity
DC 0.2 div to 10 mc, increasing to 1 div at 50 mc GA
AC 0.2 div from 30 cps to 10 mc, increasing to 1 div GA Lower 30% down point of
at 50 mc coupling is = 16 cps
INT :
AC LF Reject 0.2 div from 30 kc to 10 mc, increasing to 1 div GA Lower 30% down point of
at 50 mc coupling is &~ 16 kc
AC HF Reject 0.2 div from 30 cps to 50 ke Lower 30% down point of
coupling is = 16 cps
Upper 30% down point of
coupling is a 100 kc
DC 50 mv to 10 mc increasing to 200 mv at 50 mc GA
AC 50 mv from 30 cps to 10 mc, increasing to 200 mv GA Lower 30% down point of
at 50 mc coupling is s 16 cps
EXT
AC LF Reject 50 mv from 30 kc to 10 mc, increasing to 200 mv GA Lower 30% down point of
at 50 mc coupling is &~ 16 k¢
AC HF Reject 50 mv from 30 cps to 50 kc GA Lower 30% down point of
coupling is ~ 16 cps
Upper 30% down point of
coupling is a¢ 100 kc
Auto (A only) Usable with signals above 20 cps GA Free runs A Sweep in absence
of triggering signal
Jitter < 1 nsec at 10 nsec/div GA

See page 1-1 for coding legend
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1.1.5 TRIGGERING A & B

Characteristic Performance Requirement Code Supplemental Information
Maximum Input Voltage 600 v combined DC + peak AC GS
Single Sweep (A only) Triggering level same as normal sweep Performance GA
Requirements
External Trigger Input
R and C ~ 1 meg paralleled by
~ 20 pf except AC LF Rej
Level Range
EXT 2t 2v GA
EXT + 10 2+t 20v GA
1.1.7 CALIBRATOR
Intial Setting 1 v % 0.,3% at 25°C ¥5°C
0°C to + 4o°C ' -15°C to + 55°C
Output Voltage 1 v or 0.1 v t 1% t 1.5% GA switch on side panel
Output Current 5 ma t 1% * 1.5% GA loop on side panel
Repetition Rate 1 kc t 0.5% t 1% GA
Risetime < 1 usec GA
Duty Cycle Lo¥% to 51% GA

Output Resistance

200 Q in 1 v position
& 20 Q in 0.1 v position

See page 1-1 for coding legend
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1.1.8 2 AXIS INPUT

Characteristic Performance Requirement Code Supplemental Information
Sensitivity 2 5 v peak-to-peak causes noticeable modulation at GA Positive signal blanks
normal intesity CRT
Usable Frequency Range DC to 2 50 mec GS Maximum Input Voltage
200 v combined DC + peak AC
Input Resistance at DC ~ 47 k Q
1.1.9 SIGNAL OUTPUTS
A & B Gates
Output Voltage 12 v £ 10% GA
Output Resistance ~ 1.5 k
Vertical Signal Out
(Ch 1 only)
Output Voltage > 25 mv/div into 1 meg Q GA Trigger at NORM, Ch 1
Variable at CALIBRATED
Output Resistance ~ 50 Q
Frequency Response (see Vertical Amplifier page 1-2)
1.1.10 POWER REQUIREMENTS
Line Voltage Ranges 96 to 127 vac Applicalbe when line
103 to 137 vac contains < 2% total
GA harmonic distortion
192 to 254 vac
206 to 274 vac Power consumption =~ 100 watt
Line Frequency L5 cps to 440 cps GS

See page 1-1 for coding legend
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1.1,11 INTERNAL POWER SUPPLY PERFORMANCE

Characteristic Performance Requirement Code Supplemental Information
Power Supply Tolerances
at 25°C = 5°C -12 v + 12,1 v + 75 v
Initial Setting t 0.27% + 1.0% t 0,37% GA
Long Term + 1% t1.7% 1% GS For any 500 hr period after
: the first 200 hr at 25°C
Ripple <2 mv < 2 av <2 mv IA
Variation from 25°C value t 0.5% t 0.75% t 0.75% I3
=15°C to + 55°C
High Voltage Tolerance
Initial Setting =1.95 kv * 1% IA
at 25°C = 5°C
Long Term =1.,95 kv * 3% GSs
Fuse Data Two, 0.8 amp slow blow for 115 vac or 230 vac Located on side panel

See page 1-1 for coding legend
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1.1.,12 CRT DISPLAY

Characteristic Performance Requirement Code Supplemental Information
Type T4530-1-31
Performance
Writing Rate Capable of single transient recording at _ GS Performance Requirement
sec/div, using Type ____ camera and Type ___ film undetermined
Luminance Performance Requirement undetermined
Trace Width < 0,030" at graticule center IA At normal intensity
Horizontal Resolution 150 lines in 10 divisions GA
Geometry
Scan Area > 6 X 10 div at 0.8 cm per div GA
Beam Imtercept
Vertical At 6 div scan, max intercept per plate 35% GA
Horizontal At 10 div scan max intercept per plate 50% GA
Spot Centering < 0,5 div radius from graticule center GA
Linearity < 0,5 minor div compression or expansion of 2 div IA
signal
Orthogonality 90° £ 1° GA Of CRT alone., Y-axis
alignment adj. sets ortho-
Trace Rotation Range|2 6° GA gonality to 90°
Raster Distortion < 0,5 minor div total GA

See page 1-1 for coding legend
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l.1.12 CRT DISPLAY

Characteristic Performance Requirement Code Supplemental Information
Internal Graticule
Luminance Performance Requirement undetermined
Contrast Performance Requirement undetermined
Display Defects
Flare No visible flare with CRT cut off or with low IA
intensity level
Grid Emission No visible effects of grid emission with CRT IA
cut off or with low intensity level
Cathode Interface No brightening of first 1 to 2 divisions of trace IA
Charging None perceivable IA
Burrs No burrs that cause beam to exceed trace-width and IA
horizontal resolution requirements
Double Peaking None IA
Heater Cathode None IA
Leakage
Electrical

Electrode Voltages to
Ground

Heater Voltage

Typical Values

6.3 v, 90ma (elevated to
=1.95 kv =~ 40 kc) pins 1, 14

Post Accelerator

+ 8.05 kv

See page 1-1 for coding legend
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1.1.,12 CRT DISPLAY

Characteristic Performance Requirement Code Supplemental Informztion
Cathode <1.95 kv (pin 2)
Post Accelerator ov fbin 10)
Mesh
D1-D2 Deflection O v to +75 v (pin 9)
Shield (Geometry)
Average of Deflec- +50 v
tion Plates
Astigmatism O v to +90 v (pin 5)
Accelerator +50 v (pin 7)
(1st anode)
Focus -1.2 kv to =1.65 kv (pin 4)
Grid No. 1 =2,055 kv to =1.98 kv
(pin 3)
Deflection Factors
Vertical 4,1 v/div to 5.1 v/div IA CRT alone L4.3 v/div to
L,9 v/div
Horizontal 10.7 v/div to 13.0 v/div IA CRT alone 11.0 v/div to

12.6 v/div

See page 1-1 for coding legend




1.1.12 CRT DISPLAY

91-1

Characteristic Performance Requirement Code Supplemental Information
Interelectrode CRT
Capactiance ONLY Typical Values
Grid to all 9¢5 pf
Cathode to all 2.6 pf
D1 to D2 1.9 pf
D1 to all 5.0 pf
D2 to all k.9 pf
D3 to D& 1.5 pf
D3 to all 3,2 pf
D4 to all 3.3 pf
D3 to Dk Eff Cap 6.8 pf max I Not tested
D1 to D2 Eff Cap 9.8 pf max I Not tested
Helix Resistance 200 Meg Q Min IS
Mechanical
Length 15 3/ " £ 1/8" IA
Light Pipe-to-Graticule|Undetermined
Alignment
Face Plate Tilt 0,032 IA

See page 1-1 for coding legend




1.1.12 CRT DISPLAY

Characteristic Performance Requirement Code Supplemental Information

Neck Pins No broken, bent or loose neck pins IA

No cracks around neck pins

Base No movement between base and bulb IA

No loose, bent or broken base pins

LT-T

Faceplate IA
Defects Inside None over 0,025" dia Excluding scratches.
Graticule Area Defeets whieh prevent light
(maximum allowable) | 3 defects 0,020" to 0,025" 2 ¥" apart from passing through the
glass.
6 defects 0,010" to 0.025" = %" apart
8 defects 0,007" to 0,010" = %' apart
under 0,007" not to be rejected unless
defects form a well-defined pattern
Defects Outside .| None over 0.025" dia IA Excluding scratches.
Graticule Area Defects which prevent light
(maximum allowable) | 6 defects 0,020" to 0.025" > %" apart from passing through the
glass.

10 defects 0.010" to 0,020" = %' apart

15/cm”® 0.007" to 0,010"

under 0.007" not to be rejected

See page 1-1 for coding legend
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l.1.,12 CRT DISPLAY

Characteristic Performance Requirement Code Supplemental Information
Scratches Inside None 0.004" to 0,005" wide IA
Graticule Area 0,070" to 0.150" long
(maximum allowable) —
3 defects 0,004" to 0,005" wide = ¥%'' apart
0,030" to 0,070" long
None 0,003" to 0.,004" wide
0.150" to 0,200" long
2 defects 0,003" to 0,004'" wide = %" apart
0,040" to 0.150" long
2 defects 0,002" to 0,003" wide = %" apart
0.,150" to 0,200" long
3 defects 0,002" to 0.003" wide = %" apart
less than 0.150" long
under 0.002" wide not cause for rejection
Scratches Outside 4 defects 0,004" to 0,005" wide = %" apart IA
Graticule Area 0,070" to 0,150" long
(maximum allowable)
6 defects 0,004" to 0,005" wide > %' apart
0,030" to 0,070" long
2 defects 0,003" to 0,004" wide > %' apart
0.150" to 0.200" long
L defects 0,003" to 0,004" wide > %" apart
0.,040" to 0.150" long

See page 1-1 for coding legend
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l.1.12 CRT DISPLAY

Characteristic

Performance Requirement

Code

Supplemeantal Information

Scratches Inside
Graticule Area
(meximum allowable)

L defects 0,002" to 0.003" wide = %" apart
0,150" to 0,200 long

6 defects 0,002" to 0.003" wide = %" apart
less than 0.150" long

under 0.002'" wide not cause for re-
jection

IA

See page 1-1 for coding legend
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1.1.12 CRT DISPLAY

Characteristic Performance Requirement Code Supplemental Information
Phosphor

Outside Grati- < 0.025" in any dimension

cule Area
< 0,020" x 0,025" (combined)
6 defects, (0.010" x 0,020") to (0.020" x 0.025") IA
and = %" apart
10 defects, < 0.010" x 0.020", and = K" apart
10 defects, total over 0.010"

Inside Graticule| < 0,025" in any dimensions

Area
< 0.020" x 0.,025" combined dimensions
3 defects, (0.010" x 0.020") to (0,020" x 0.025"), IA
and > %" apart
6 defects, 0.010" x 0,020" and < %" apart
6 defects, total less 0,010"

Total Screen L gefects, 0.003" x 0.070" (< 2 of these may appear] IA
inside graticule limits)

Graticule
Line Defects < 2 defects, < 0,008" x 0.015", > 2 cm apart IA

Line Breaks

Graticule line width must not exceed 0.015" over
length of 0,020" or greater

< 0.010" (with line thickness of 0.009" *0,002"

See page 1-1 for coding legend
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1.1.12 CRT DISPLAY

Characteristic Performance Requirement Code Supplemental Information
Line Waviness < 20% of line thickness IA
Glowing Spots & Max No. Max Size Min Separation
Fr ;tlgﬁgz ﬁne) L 0.011" to 0,015" 1 em- IA
&r 8 0,006" to 0.010" 1 cm
15/cm® 0.003" to 0,005" none

See page 1-1 for coding legend




1.2 Environmental Characteristies

The Type 453 is an environmental instrument. The following environ-
mental limits are applicable.

1.2.1 Storage
No visible damage or electrical malfunction after storage at
=55°C to +75°C and 50,000 feet, as described in Section 4.
Adjustments may be performed to meet required accuracy after
storage tests.

1.2.2 Temperature

The instrument will perform to limits indicated in Section 1.1
over a range from =15°C to +55°C when tested according to
Section 4,

1.2.3 Altitude

The instrument will perform to limits indicated in Section 1.1
to 15,000 feet. From 5,000 ft to 15,000 ft, derate temp. 1°C/1,000 ft.

1.2.4 Humidity

The instrument will perform to limits indicated in Section 1.1
following the humidity tests described in Section 4.

l.2.5 Vibration

The instrument will perform to limits indicated in Section 1.1
following the vibration tests described in Section 4.

1.2.6 Shock
Operating and nonoperating
Thirty g's, one<half sine, 11 millisecond duration. Two shocks
each direction along each of the three major axes; total of
12 shocks.

l.2,7 Transportation

The instrument will be so packed so that it will meet the National
Safe Transit requirements described in Section 4.

1-22



SECTION 2
ENVIRONMENTAL CHARACTERISTICS

453/R453 EIS 133A

The following Environmental Characteristics apply only when the instrument is
tested as described in Section 4, Environmental Performance Validation. The
Type 453/R453 is an environmental instrument.

Characteristic Performance Requirement Supplemental Information
m —
Temperature
Nonoperating -55°C to +75°C
Operating -15°C to +55°C
Altitude
Nonoperating To 50,000 feet May be tested during
nonoperating temperature
Operating To 15,000 feet tests. Derate tempera-
' ture 1°/1,000 ft. above
5,000 ft. i
Humidity
Nonoperating 5 cycles (120 hours) of MIL-
STD-202C, Method 106B. Omit
freezing and Vibration, Post-
test drying period at 25°C +5°C
at 20% to 80% relative humidity.
Vibration
# Operating 15 minutes along each of the 3
major axes at a total displace-
ment of 0.025", P-P (4 g's at
55 ¢/s) with frequency varied
from 10 to 55 to 10 ¢/s in 1
minute cycles. Hold for 3 min-
utes at 55 ¢/s. All major reso-
nances must be above 55 c/s.
Shock
Nonoperating and 30 g's, 1/2 sine, 11 ms dura-
Operating tion, 2 guillotine-type shocks
per axis each direction for a
total of 12 shocks.

#11/13/67
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453/R453 EIS 133A

Characteristic

Performance Requirement

Supplemental Information

#

ELectromagnetic Inter-
ference (Mod 163D onty)
As Tested 4in MIL-I-

61810 and MIL-1-16910C

#

#

Radiated Interfer-
ence

From the instrument unden test
14 kHz o 1000 MHz with Mesh
Filten installed

Conducted Inten-
ference

Through the power cord, 150 kHz
to 30 MHz

Transportation

#11/13/67

Package Vibration

1 hour slightly in excess of
lg

Package Drop

30" (18" for R453) on any cor-
ner, edge or flat surface

2-2




SECTION 3

3,0 Electrical Test Methods

3.1 Vertical Amplifier

J.lel

3.1.2

3.1.3

3.1.4

3.1.5

Volts/Div Accuracy

VARIABLE VOLTS/DIV is set at calibrated position. A Standard
Square-=Wave Calibrator signal is applied and the accuracy checked

at each setting of the VOLTS/DIV switch., Use either 4 or 5
divisions of displayed signal amplitude, depending upon the combina-
tion of calibrator signal and VOLTS/DIV setting. Express deviation
from correct amplitude as a percentage of correct amplitude.

Input R & C

Measured using a Resistance Bradge aad a Capacitance Bridge
(accuacy of 0.,2% or better).

Variable Volts/Div Range

VARIABLE range is checked by applying 5 divisions of signal

from a Type 105 with the Variable at CALIB, Turning the VARIABLE
VOLTS/DIV control fully counterclockwise will result in equal to
or less tham 2 divisions of display.

Frequency Response

Frequency response is checked by applying a 50=kc signal from

a Type 190B to a vertical input connector., Obtain 4 divisions

of diaplay at 20 mv/div. Increase the frequency to 50 mc.

A signal of 2.8 divisions or greater of signal will be displayed.
Repeat the above step to check all attenautor ranges. To

Check the low-frequency 30% down point use a Krohn-Hite low-
frequency oscillator and monitor the output with a dec-coupled

test oscilloscope to insure against changes in output amplitude.
Obtain 4 divisions of 50-kc¢ signal. Decrease the frequency

until 2.8 divisions of signal are observed, then note the frequency.

Risetime

Measured using a pulse from a TU=5 centered vertically. Measure

the time interval between the 10% and 90% amplitude points on the
leading edge of the pulse. The oscilloescope time base error

should be used as a correction factor when risetime is measured.

The effects of trace orthogonality and start of sweep onelinearity
should be taken into consideration when making risetime measurements.,



3.1.6

2.1.7

3.1.8

3.1.9

Transient Response

Transient response is measured using a 4 to 5 div pulse from a
TU-5 centered vertically., Adjust the TU-5 bias control so that a
step waveform just occurs. Set the sweep rate to 20 nsec/div.
Check transient reésponse from 5 mv/div to 10 v/div. From 50 mv/div
to 10 v/div use a Mercury Pulser (unterminated). Repeat for Ch 2.
Transient response is determined by measuring the maximum peak-
to-peak pulse aberration in the form of overshoot, rolloff,
ringing, or tilt along the entire pulse top, expressed as a
percentage of pulse amplitude.

Check transient response in the ADD mode using the same setup
as the previous step except set Ch 2 deflection factor to

20 mv/div, Input Selector to Gnd. Set the Mode switch to

ADD and measure total pulse aberration.

Attenuator Compensation

Connect a Type 105 set at 1 kc¢ through a selected attenuator to

a 50 @ termination through a 20 pf normalizer to the vertical

input connector. Set the sweep rate to 0.2 msec/div. Check
attenuator compensation using a 5-division step centered vertically.
Measure the maximum peak-to-peak pulse aberration in the form of
overshoot, rolleff, ringing, or tilt along the entire pulse

top, expressed as a percentage of pulse amplitude.

Position Effect on Transient Response

Connect a Type 105 to the Mercury Pulser 105 INPUT connector.
Set the repetition rate of the Type 105 to a 200 cps. Connect
the Standard Square Wave Calibrator to the Mercury Pulser CAL
INPUT connector. Connect the Mercury Pulser to the Vertical
Input connector, Set the Standard Square Wave Calibrator to
0.2 v and +DC, Adjust the amplitude control on the Mercury
Pulser to obtain a 6-div step. Position the top of the wave-
form to the bottom of the graticule and measure to pulse
abberation,

Set the Standard Square Wave Calibrator to =DC., Position the

bottom of the waveform to the top of the graticule and measure
the pulse aberration. Measure the maximum peak-to-peak pulse

aberration in the form of overshoot, rolloff, ringing, or tilt
along the entire pulse top, expressed as a percentage of pulse
amplitude,

Low Frequency Linearity

Measured by obtaining 2 divisions of deflection from the calibrator,
centered vertically on the graticule. Position the bottom

of the waveform to the bottom graticule line and note the change

in pulse amplitude. Position the top of the waveform to the top
graticule line and note the change in pulse amplitude. Linearity
is the maximum change in pulse amplitude occruing at the defined
limits.
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3.1.10

3.1.11

5.1.12

3.1.13

3,141k

3.1.15

Position Range

VAR ATTEN must be in the CAL position and STEEF ATTEN BALANCE
must be correctly adjusted. Set the Trigger Level control

fully clockwise, Trigger Source to EXT, sweep mode to AUTO,
sweep rate to 1 msec/div, vertical deflection factor to 0.1 v/div.
Set the Position to zero volts at its wiper arm, measured with

a 20,000 Q/volt 3% meter. Adjust R5S5 (Ch 2 - R155) if necessary
to position trace to graticule center. Set Input Selector to

AC and connect the Type 105 output to a 10X ATTEN and a 50 Q
Termination to Ch 1 vertical input connector. Adjust the Type
105 amplitude and symmetry controls to obtain a 6 div display
centered on screen. Do not adjust the vertical position control
to center the display. Set the deflection factor to 20 mv/div
and turn the position control fully clockwise. The top of

the waveform must position within 1.5 divisions of graticule
center,

Repeat the above with the position control fully counter-
clockwise. Repeat the check for Ch 2,

Trace Drift with Time

After the 15 minute warm-up period, note that the trace drift
does not exceed the limits stated in Section 1l.1.1.

Trace Drift with Temperature
Checked during environmental test phase.
Microphonics

Set the deflection factor to 5 mv/div. Both input selectors

are set at Gnd. The side of the Type 453 is then tapped lightly
with the fingertips and the amplitude of any resulting micro-
phonic noise is noted.

STEP ATTEN BAL Reserve Range

Checked at the 20 mv/div setting. Obtain a trace by setting
the A SWEEP MODE to AUTO. Position the trace to the bottom of
the graticule with the Vertical Position Control. Turn the
STEP ATTEN BAL counterclockwise from the calibrated position
and the trace will position at least 5 divisions. Recalibrate
the STEP ATTEN BAL and position the trace to the top of the
graticule with the Vertical Position Control. Turn the STEP
ATTEN BAL clockwise from the calibrated position and the trace
will position at least 5 divisionms.

Variable Balance Centering

Set the vertical deflection factor to 20 mv/div, Input Selector
to GND. Adjust the Position Comtrol to obtain a minimum trace
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shift while turning the Variable Volts/Div control through its
range. When balanced note the trace pesition from graticule
center. Repeat the above step for Ch 2.

3.1.16 Invert Zero-Shift Point

Using the same setup as in the previous step, adjust the Ch 2
Position Control to obtain a mimimum trace shift while switching
the PULL TO INVERT from normal to inverted. When balanced

note the trace position from graticule center.

3e1.17 Gain Range

Checked by setting the vertical deflection factor to 20 mv/div
and applying a 0.1 v signal from the calibrator. Set the Input
Selector to DC and position the bottom of the display to the
bottom of the graticule. Check for 5 divisions of deflection.
Turn the GAIN adjust fully clockwise and note that the display
increases to 5.25 divisions or greater. Set the GAIN adjust
fully counterclockwise and the display will decrease to 4,75
divisions or less. Readjust the GAIN for 5 divisions. Repeat
the above to check Ch 2,

301,18 Input Grid Current

Checked at the 5 mv/div setting. The trace is centered on the
graticule with the Input Selector in the GND position. The
Input Selector is then switched to DC and the voltage indicated
by the trace shift is noted. Indicated voltage is then divided
by the l-megohm input resistance to determine grid current.
Trace shift must be 2 minor divisions or less..

3.1.19 Amplifier Crosstalk

Set Ch 1 vertical deflection factor to 0.2 v/div and apply

a 20-mc signal from a Type 190B. Adjust the AMPLITUDE control
of the Type 190B to obtain a 2-division display. Set the

Ch 1 and Ch 2 VOLTS/DIV to 20 mv/div and the Input Selector

to Ch 2. Check for 0.2 div or less of amplifier crosstalk to
be within performance requirements stated in Section 1.1.
Repeat the above for Ch 2.

3.,1.20 Attenautor Isolation

Set the Ch 1 Inwvut Selector switch to DC, deflection factor

to 5 mv/div. Set the Ch 2 Input Selector switch to AC, deflection
factor to 5 v/div, Apply a 20 me, 10-volt signal from a Type
190B to the Ch 2 vertical input connector. Set the Vertical

Mode switch to Ch 1 and check for less than 1 minor division of
deflection. Repeat the above step to check Ch 2.



3.1.21

Linear Dynamic Range in Added Mode
Checked using the following equipment:

Type 190B

5X Attenuators
10X Attenuator

BNC "T'' Comnectors
50 @ Termination

HAW e

Necessary 50 Q BNC cables are used to connect the above items
as follows:

TYPE
190B

5x }—{500 Teru——( ) ch 2 Input

3.1.22

3.1.23

O EXT HORIZ INFUT

Set the HORIZ DISPLAY to EXT HORIZ, Trigger Source to EXT,

and the Calibrator to 1lv. Set the Type 190B to 50 kc,
attenuator to 10, amplitude to minimum, and Ch 1 and Ch 2
vertical coupling to AC. Note: The vertical gains must be
optimized, and the vertical positions must be centered. Set
Ch 2 to inverted and both vertical deflection factors to

20 mv/div, A Sweep Mode to AUTO. The display will be two
parallel lines, about one division apart. Increase the
amplitude of the Type 190B until the vertical separation of
the two lines at either extreme bows into 90% of midscreen
value., Switch the HORIZ DISFLAY to A. Measure the peak-
to-peak amplitude of the Type 190B signal. IMeasured value is
linear dynamic rang2 where 10% non-linearity occurs. Linearity
is expressed as the amplitude ratio of the 50 kc signal to the
calibrator signal. Repeat for Ch 2.

Common Mode Rejection Ratio

Apply a 20-mc signal from a Type 190B to the Ch 1 and Ch 2
vertical input connectors. Set the Ch 1 and Ch 2 deflection
factors to 20 mv/div. Obtain 8-divisions of signal in

both vertical channels. Invert Ch 2 and set the channel
selector to ADD. Common mode rejection is expressed as a
ratio of 8 divisions to the signal observed.

Chopped Repetition Rate

Checked by setting the sweep rate to 0.5 psec/div and the

in ut selector switch to CHOPPED. Obtain 2 divisions of
triggered display using the Ch 1 and Ch 2 POSITION controls.
Turn the intensity to an above normal setting. Check for one
cycle over 3.3 div to 5.0 div of calibrated sweep.



3.2 Sweep Generators A & B
3+2.1 Calibration Accuracy

Determined by applying time markers from a Type 180A to a
vertical input comnector. Time Marks and graticule lines are
counted beginning with zero (0-1-2-3-ect). Time markers
should be selected so that there is 1 mark/div at all '1,5,10"
ranges, and 2 marks/div at all 2 and 20 ranges with the exception
of the 0.5 usec/div range where a l-psec marker for every

2 divisions will be displayed. All timing measurements are
made over the middle 8-divisions of the graticule. The first
and last divisions should not be included in the measurement.
Sweep accuracy is defined as the displacement of the Ot
graticule line's respective marker from the 9% graticule line
when the lst graticule line's respective marker is positioned
behind the 1lst graticule line, expressed as a percentage of

8 divisions. :

3.2.2 Magnified Accuracy

Checked using the same setup as the Sweep Accuracy check.
Apply 100 psec markers from a Type 180A and set the sveep
rate to 1 msec/div, Magnfier to X10. One marker/div will
be displayed. Magnified sweep accuracy is expressed as a
percentage of 8 divisions.

3.2.3 Sweep Linearity (normal)

Checked at the 1 msec sweep rate by applying 1 msec markers

from a Type 180A to the Ch 1 vertical input connector.

Position the lst graticule line's respective marker behind

the lst graticule line and the 9% graticule line's respective
marker behind the 9% graticule line. Note any displacement

of the markers from their respective graticule lines. Note:

It may be necessary to change the sweep rate to 0.5 msec/div

and svitch the VARIABLE to uncalibrated to accurately time

the sweep between the 1lst and the 9% graticule lines. Linearity
is the displacement of any marker from any graticule line when the
sweep is correctly timed, expressed as a percentage of 8 divisions.

3.2.4 Sweep Linearity (Mag X10)

Magnified sweep linearity is checked at two sweep rates.

At a sweep rate of 1 msec/div, apply 1 wsec, 5 msec, and 100

usec markers from a Type 180A to the vertical input connector.
Adjust the Trigger Level control until the sweep is triggered

on a 5 msec marker. This time mark represents zero time.

Set the Mag to X10 and horizontally position the zero time

mark behind the zero graticule line. Position the lst graticule
line. Note any displacement of the markers from their respective
graticule lines. Note: It may be necessary to change the sweep
rate to 0.5 msec/div and switch the VARIABLE to uncalibrated to
.accurately time the aveep between the lst and the 9% graticule lines.,
Linearity is the displacement of any marker from any graticule line
when the sweep is correctly timed, expressed as a percentage of

8 divisions.
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3.2.6

2247

Note any displacement of the markers from their respective
graticule lines. FPosition the middle 5 msec marker approximately
to the center of the graticule and again align markers behind
the 1lst and 9 graticule lines. Note any displacement of the
markers from their respective graticule lines, Position the
last 5 msec marker approximately to the 10 graticule line
and again align markers behind the lst and 9% graticule lines.
Note any displacement of the markers from their respective
graticule lines. . Horizontal linearity is defined as the
displacement of any marker from any graticule line when the
sweep is correctly timed, expressed as a percentage of

8 divisions.

Set the sweep rate to O.1 psec/div and apply 50 mc from a

Type 180A. tstablish a sweep start reference by over-riding

the unblanking with the Intensity control. Fosition the

sweep start to the zero graticule line. Determine the 3rd

cycle and position it behind the 1st graticule line and the

7t cycle behind the 9 graticule line. Note any displacement

of the markers from their respective graticule line. Horizontal
linearity is defined as the displacement of any cycle from

any graticule line when the sweep is correctly timed expressed
as a percentage of 8 divisions.

Set the MAG to X1 and horizontally position the start of the
sweep to the zero graticule line. set the MHAG to 410 and
check linearity. Set the MAG to Xi and horizontally position
the 47% cycle to graticule center. Set the MAG to X10 and
check linearity.

Variable Time/Div Range

Checked by applying 1lU msec markers from a Lype 1804 to the

Ch 1 vertical input connector. Set the sweep rate to i wsec/div
and obtain a stable display. Iwc 10 msec markers will be
displayed. Fosition the lst marker behind the zero graticule
line and the 2nd marker behind the 10% graticuie line, lurn

the Variable contrul fully counterclockwise and note that the
2nd warker positions om or td the left of the Lt graticule line.

Sweep Length A

Checked at 1 msec/div sweep rate by applying 1 msec, and 100

psec markers from a Type 180A. Each 100 psec marker represents
1/10 of a major division. Turn the A SWELP LENGTH control

fully clockwise and note the A sweep length. Turn the A

SWEEP LENGTH control countercleckwise, not to the detent, and the
sweep length will be 4 divisions or less.

Sweep Length B

Measured using the same setup as A Sweep Length. Set the
A TIME/DIV to 2 msec/div and TIME/DIV to 1 msec/div, HORIZ



302.8

DISPLAY to DELAYED SWEEP (B), B SWEEP MODE to B SWEEPS
AFTER DELAY TIME, and the DELAY-TIME MULTIPLIER fully
counterclockwise. Using the B Trigger Level obtain a stable
display. The B sweep length will be 11.0 *+ 0.5 divisions
long.

A Sweep Hold-off Time
Checked using the Test Oscilloscope to monitor the + A GATE.

Measure the interval between + Gate waveforms to determine
hold=off time,

3.3 Variable Time Delay

3e3.1

3.3.2

Delay Time Accuracy

Checked by applying 1 msec markers from a Type 180A to the

Ch 1 vertical input connector. Set the A Sweep rate to

1 msec/div, HORIZ DISPLAY to A INTEN DURING B, B Sweep Mode
to B SWEEPS AFTER DELAY TIME, and B sweep rate to 10 usec/div.
Set the DELAY-TIME MULTIPLIER to 1.00 and note that the first
time mark is intensified. Set the HORIZ DISFPLAY to DELAYED
SWEEP (B) and adjust the DELAY-TIME MULTIPLIER so that the
1st, l-msec marker is at the start of the sweep. Note the dial
setting of the DELAY-TIME MULTIPLIER. Set the HORIZ DISFLAY
to A INTEN DURING B, and the DELAY-TIME MULTIPLIER to 9.00.
The 9% time mark will be intensified. Set the HORIZ DISFLAY
to DELAYED SWEEF (B) and adjust the DELAY-TIME MULTIPLIERK so
that the 9%, l-msec marker is at the start of the sweep.

Note the dial reading from the second dial reading. Delay
time accuracy is the percent of deviation from 800 divisions.

Multiplier Incremental Linearity

Checked by applying 1 msec markers from a Type 180A to the

Ch 1 vertical input connector. Set the A sweep rate to

1 msec/div, HORIZ DISPLAY to A INTEN DURING B, B Sweep Mode
to B SWEEPS AFTER DELAY TIME, and B sweep rate to 10 usec/div.
Set the DELAY-TIME MULTIPLIER TO 1.00 and the HORIZ DISPLAY
to DELAYED SWEEP (B). Horizontally position the displayed time
mark to a reference point on the graticule. Set the DELAY-
TIME MULTIPLIER to position the 9% time mark to the reference
point. Note the dial reading, and convert to minor divisions
by multiplying by 100. Subtract 100 from this reading (the
first 100 minor divisions are not included in linearity
measurements) and divide by 10 to determine the minor
divisions between each periodic major division for perfect
linearity.

At each periodic major division, position the time mark with

the DELAY-TIME MULTIPLIER to the reference point. Note the
dial reading at each periodic major division and subtract
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the measured dial reading from the previously calculated

perfect linearity. The difference must be + 1.6 minor divisions
or less to be within the performance requirement as stated in
Section 1.1.3.

3.3%.3 dJitter

Checked by applying l-msec markers from a Type 180A to the

Ch 1 vertical input connector. Set the A sweep rate to 1 msec/div,
HORIZ DISPLAY to A INTEN DURING B, B Sweep Mode to B SWEEPS
AFTER DELAY TIME, and B sweep rate to 1 psec/div. Set the
DELAY-TIME MULTIPLIER to 1.00 and the HORIZ DISFLAY to

DELAYED SWEEP (B). It may be necessary to adjust the
DELAY-TIME MULTIFLIER to display a l-msec marker in the
graticule area. Measure the horizontal excursion of the l-msec
marker in the graticule area. Measure the horizontal excursion
of the l-msec marker disregarding the drift. The horizontal
jitter of the l-msec marker must be 2.5 minor divisions or

less to be within the performance requirement as stated in
Section 1.1.3.

Set the HORIZ DISPLAY to A INTEN DURING B, and the DELAY-
TIME MULTIPLIER to 9.00. Set the HORIZ DISFLAY to DELAYED
SWEEP (B). It may be necessary to adjust the DELAY-TIME
MULTIPLIER to display a l-msec marker in the graticule area.
Measure the horizontal excursion of the l-msec marker dis-
regarding the drift. The horizontal jitter of the l-msec
marker must be 2.5 minor divisions or less to be within the
performance requirement as stated in Section 1.1.3.

3.4 Horizontal Amplifier
3.4,1 Sweep Magnification Accuracy
See 3.2.2 for test method.
3.4.2 Normal/Magnified Registration

Checked by applying 5-msec markers from a Type 180A to a
vertical input connector with the sweep rate at 1 msec/div and
the Mag in X10. Horizontally position the magnified sweep

so that the middle S5-msec marker falls behind the center
vertical graticule line. Change the Mag to NORM and note

the deviation of the 5-msec marker from graticule center,

Z.4.3 Position Range

The sweep length must be within its performance requirements

as stated in Section 1.1 prior to the position range check.

Apply 1 msec, and 100-usec markers from a Type 180A to the

Ch 1 vertical input connector.: Set the sweep rate to 1 msec/div,
HORIZ DISFLAY to "A", and A SWEEP MODE to AUTO. Turn the



coarse and fine Horizontal Position controls fully clockwise
and note that the start of the sweep must position to the
right of the graticule center.

Turn the Coarse and Fine Horizontal Position controls fully
counterclockwise and note that the end of the sweep must
position to the left of the graticule center. Set the
Magnifier to X10, FINE control fully counterclockwise, and
horizontally position a l-msec marker to the zero graticule
line with the Coarse control. Turn the FINE control fully
clockwise, The l-msec marker must position from 5 divisions
to o divisions to the right.

3.5 External Horizontal Amplifier

34,1

3562

3563

3.501"’

Input to Vert Ch 1

See Vertical Amplifier for Calibrated Deflection Factor Range
and Accuracy.

Frequency Response

Checked by setting Ch 1 VOLTS/DIV to 20 mv. Apply a 50-=kc
6-division signal from a Type 190B to the Ch 1 vertical
input connector. Set the B TRIGGERING SOURCE to INT, HORIZ
DISPLAY to EXT HORIZ, Input Selector to Ch 2. Increase the
frequency of the Type 190B until 4.2 divisions are observed.
Note the frequency of the Type 190B.

Phase Shift

Checked by applying a 4-division, 50-kc signal from a Type
190B to the Ch 1 and Ch 2 vertical input connector. 3Set the
B TRIGGERING SOURCE to INT, HORIZ DISFLAY to EXT HOR1Z, CH 1
and CH 2 VOLTS/DIV to 20 mVOLTS, Input Selector to Ch 2,
Measure the maximum separation of the displayed ellipse along
the vertical graticule line. The maximum separation measured
vertically must be 1 minor division or less, to be within
performance requirement as stated in Section l.1.5.

Deflection Factor, TRIGGER INPUT or EXT HORIZ

Set the HORIZ DISPLAY to EXT HORIZ, B TRIGGERING SOURCE to

EXT and apply a 2-volt square wave from the Standard
Calibrator to Exi HORIZ INPUT. The horizontal deflection must
be from 6.3 to 8.5 divisions to be within the performance
requirement stated in Section 1.1.5.

Set the B TRIGGERING SOURCE to EXT + 10, and apply a 20-volt
square wave from the Standard Calibrator. The horizontal
deflection must be from 6.0 to 8,8 divisions to be within the
performance requirement stated in Section 1l.1.5.
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3.5.5 Frequency Response

3.5.6

Set the B TRIGGERLNG Source to EXT, HORIZ DIS:LAY to EXT HORIZ.
Checked by applying a 6=-division, 50O-kc signal from a Type 190B
to the EXT TRIG INFUT or &XT HORIZ connector. Increase the
frequency of the Type 190B until 4.2 divisions are observed.
Note the frequency of the Type 190B.

Phase Shift

Apply a 50=kc signal from a Type 190B to the EXT TRIG INFUT
or EXT HORIZ comnnector, HORIZ DISFLAY to EXT HORIZ, and adjust
the amplitude of the Type 1Y0B for 4 divisions of horizontal
display. Apply the same signal to the Ch 2 vertical input
connector through a BNC "T'" connector and two equal length
cables. Set the HORIZ DISFLAY to "A", Ch 2 VOLTS/DIV to

20 mVOLLS and adjust the Variagle to obtain 4 divisions of
vertical display. Set the HORLZ DISPLAY to EXT HURIZ and
measure the maximum separation of the diaplayed ellipse along
the vertical graticule line. The maximum separation measured
vertically must be 1 minor division or less to be within the
performance requirement as stated in Section 1.1.5.

5.6 Triggering A & B

%.6.1 Trigger Sensitivity (lnternal)

Checked by applying a signal from a Type 190B to the Ch 1

vertical input comnector. Select the proper mode of coupling,
signal frequency, and amplitude as stated in Section 1.1.6.

Irigger Sensitivity is defined as the minimum peak-to-peak

signal required to obtain a stable display with an adjustment of the
LeVEL control while switching from + slope to - slope. To

measure the lower point of AC coupling it may be necessary to

use a Krohn-Hite oscillator applied to the vertical input

connector. Monitor the ampliitude of the Krohn-Hite oscillator

with a DC coupled test oscilloscope to insure constant amplitude.

Trigger Sensitivity (External)

Check using the same setup as 3.6.1 except apply the signal

to the Ch 1 Vertical and External trigger inputs. Observe
minimum peak-to-peak signal required to obtain a stable

display with an adjustment of the LkVmL control while switching
from + slope to - slope.

Automatic Triggering and Recovery Time

Connect 50-msec markers from a Type 1804 to the Ch 1 vertical
input connector. Set the sweep rate to 1 msec/div, A SWbiP
MODE to AUlU. Stable display must be obtained by triggering on
the leading edge of the marker with an adjustment of the

LeVsL control. Note that the trace free runs beyond triggered
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5.0.4

53605

3.647

area and through the full range of the LEVEL control.

Set the Uype 180A to 100-msec markers. It must not be possible
to obtain a stable display by triggering on the leading edge
of the time mark with the level control.

Jitter

Apply a 50-mc signal from a Type 180A to the vertical input
connector. Set the A SWkbl MUDE to NURM, Trigger Coupling

to AC, sweep rate to 0.l psec/div, MAG to X10, and Triggering
Source to INI. Using the LEVEL and HF STAB control obtain

a stable display. There must be one-half minor divisions or
less of horizontal jitter,

Maximum Input Voltage

The Lype 453 will trigger to the limits as stated in Section
1.1 after applying 600 volts DC to the kxt Trigger input.

Single Sweep

Using the same setup as in 3.6.1 obtain a stable display.
Set Input Coupling to GND. A SWEEP MODE to SINGLE SWEEP and
depress the RESET button (Reset light will light). Set the
Input Coupling to AC and note that the sweep runs once and

-once only.

Level Range

Apply a L-volt, 50-kc signal from the Type 190B to the vertical
input connector and the EXT TRIG INPUT. Set the vertical
deflection factor to 1 v/div, A TRIGGERING SOURCE to EXT,
TRIGGER COUPLING to AC, A SWEEP MCDE to AUTO. Obtain a stable
display with the LEVEL control. Turn the LEVEL control fully
clockwise and couterclockwise. The display must free run

at the extremes of the LEVEL control.

Set the vertical deflection factor to 10 v/div and the A
TRIGGERING SOURCE to EXT # 10. Apply a 40-volt signal from
the Type 105 Square Wave Generator to the vertical input
connector and the EXT TRIG input. The display must free run
at the extremes of the LEVEL control,

Check B TRIGGER LEVEL using the same setup as above. Set the

B SWEEF MODE to TRIGGERABLE AFTER DELAY TIME, HORIZ DISPLAY to
A INTEN DURING B, DELAY-TIME MULTIPLIER to 5.00, and B
TRIGGERING SCURCE to EXT. Adjust the LEVEL control until the
last half of the display intensifies. The display must return
to normal intensity at the extremes of the LEVEL control.

Set the vertical deflection factor to 10 v/div and the B
TRIGGERING SOURCE to EXT + 10. Apply a 20-volt signal from the
Standard Square Wave Calibrator to the vertical input connector
and the EXT TRIG input. The display must return to normal
intensity at the extremes of the LEVEL control.
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3,7 Calibrator

3.7.1

3.762

307.3

307014.

Initial Setting and Accuracy

Checked by removing @ 1255 and connecting the 1 v CAL

1 KC to the Input of a DC Voltage Bridge. Connect the DC
Voltage Bridge Output to the Test Oscilloscope Vertical Input.
Set the DC Voltage Bridge to the 11 v scale, 1 v range.

Set the Test Oscilloscope vertical deflection factor to 5 mv/div
and adjust the + 12 v (R 1152) control for minimum difference

in chopped levels,

Set the Type 453 Calibrator to 0.l v and connect a Standard
Square Wave Calibrator to the CAL 1 DC connector. Set the
Standard Square Wave Calibrator to + DC and Mixed at 0.1l v.
Connect the output of the Standard Square Wave Calibrator to

the Test Oscilloscope Vertical Input. Set the Test Oscilloscope
vertical deflection factor to 5 mv/div and note the difference
in the chopped levels. The chopped levels must be within 1
minor division to be within the Performance Requirement as
stated in Section l.1l. Replace Q 1255.

Output Current

Monitored with a Current Probe. If the calibrator voltage accuracy
is within its performance requirement and a current is present

in the current loop, it is within its performance requirement

as stated in Section 1l.l.

Repetition Rate

Checked by applying l-msec markers from a Type 1804 to the

Ch 1 vertical input connector. Apply the l-volt calibrator signal
to the Ch 2 vertical input connector. Set the TRIGGER MODE

to NORM, Input Selector to ALT, sweep rate to 1 msec/div, and
adjust the LEVEL control for a stable display. Position the

last marker to graticule center and set the MAG to X10.

Note the displacement of the leading edge of the Calibrator signal
from the leading edge of the l-msec marker. The displacement

must be % division eor less for the Calibrator to be within

its performance requirement as stated in Section 1l.l.7.

Duty Cycle

Checked by applying the l-volt Calibrator signal to the

Ch 2 vertical input connector. Set the vertical deflection
factor to 0.2 v/div, A sweep rate to 0.1l msec/div and obtain

a stable display. Vertically position the display about
graticule center. Adjust the A VARIABLE to obtain 5 divisions
of the positive half cycle of the Calibrator wave form.

Invert Ch 2 and note that the displayed half cycle is

5 divisions = 1 minor division to be within its performance
requirement as stated in Section 1.1.7.
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3.8

3.9

3.75

3.7.6

Z Axis

30801

3.8.2

Signal
3.9.1

36962

3943

Risetime

Measured using the Test Oscilloscope. Measure the time
interval between the 10% and 90% amplitude points on the
leading edge of 1 volt and 0.1 volt Calibrator signal.

Output Resistance

Measured using a resistance bridge having an accuracy of 0.1%
or better. Set the Calibrator to 1 volt and turn the
oscilloscope power to OFF.

Input
Sensitivity

Remove the ground strap from the Z Axis Input and apply a
5-volt signal from the Standard Square Wave Calibrator to

the Ch 1 vertical inrut connector and the Z Axis Input.

Set the A sweep rate to 0.5 msec/div, Ch 1 vertical deflection
factor to 1 v/div, and obtain a stable display. The positive
portion of the square wave must dim at a normal intensity level,

Usable Frequency Range

Checked by applying a S5-v signal from a Type 190B to the Z
Axis Input (with the ground strap removed) and the A

External Trigger Input., Set the A SWEEP MODE to NORMAL, A
TRIGGERING SOURCE to EXT, and adjust the LEVEL control to
obtain an intensity modulated sweep. Set the frequency of the
Type 190B to 50 mc, sweep rate to 0.l psec/div, and MAG to X10.
Check for 50 mc intensity modulation.

Outputs

A & B Gates Output Voltages

Checked using a test oscilloscope.

Vertical Signal Out

Obtain 5-divisions of deflection using the 1lv Calibrator.
Monitor the Ch 1 OUT connector with the test oscilloscope for
equal to or greater than 125 mv,

Frequency Response

See Vertical Amplifier test methods.

%.10 Power Requirements

3.10.1 Line Voltage Ranges

Checked using a TU-76 to vary the line voltage while monitoring
the regulated DC power supplies with the Test Oscilloscope.
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3.11

3.12

3.10.2

Line Frequency

Checked using a Tel-Instrument Type 4100-I-H10S or equivalent.
Monitor the regulated DC supplies with the test oscilloscope
at the frequency limits stated in Section 1.1.10.

Internal Power Supply Performance

%.11.1 Long Term Supply Tolerance
The supplies will be within the given tolerances at 25°C t55C
for any 500 hour period after the first 200 hours.

3.11.2 Initial Setting
The =12 v, + 75v, and High Voltage are set using a DC Voltage
Bridge. The + 12,1 v is measured after the 1 v CAL OUT is adjusted.

3.11.3 Temperature
Maximum variation from the value measured at 25°C +5°C, checked
from =15°C to +55°C.

CRT Display

3.12.1 Writing Rate
Intensity, Focus and Astig are adjusted for best resolution
with free-running sweep at 0.l msec/div. Sweep rate is then
increased to sec/div, and the Sweep Mode set to Single
Sweep. Using Type ___ camera and Type film, record a
single display.

3.12,2 Luminance
Test Method not yet determined.

3.,12.3 Trace Width
Apply a 2-divisions Calibrator signal to the Ch 1 vertical
input connector. Set the sweep rate to 1 msec/div, FOCUS
and ASTIG set for optimum focus, and position the display
about graticule center. Using a Calibrated, hand-held telescope
with a minimum usable intensity, measure the trace width
along the top of the square wave,

3.12.4 Horizontal Resolution

Checked by applying l-msec and 100-usec markers from a Type
180A to the Ch 1 vertical input connector. Set the sweep

rate to 1 msec/div. Using the VARIABLE VOLTS/DIV, obtain three
l-msec markers for every 2 divisions. Observe no overlap

of the 1lUO-usec markers over the scan area when the center

4 divisions are focused,
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3.12.5 Geometry
Scan Area

Set the sweep rate to 1 msec/div’ A Sweep Mode to AUTO, and
apply 10 mc from a Type 190B., Set the vertical deflection
factor so that the 10-mc signal exceeds the vertical graticule
limits. Set the MAG to X10. Note that the raster produced
exceeds the limits stated in Section 1.1.12,

Beam Intercept

Check the vertical intercept by "floating' a special pamp meter
(obtained through CRT Design Engineering) in the CRT anode
circuit. Set the A sweep rate to 1 msec/div, A SWEEF MODE to
AUTO, A SWEEP LENGTH to 4 divisions and position the focused
trace to graticule center. Turn the INTENSITY fully counter-
clockwise and null the meter with the Helix Balance control.
Turn the INTENSITY control clockwise to obtain 5 pamps of beam
current. Fosition the trace to the top of the graticule and
note the meter reading. FPosition the trace to the bottom of
the graticule and note the meter reading. Intercept is defined
as an offset reading expressed as a percentage of center reading.

Check the horizontal intercept by applying a sawtooth waveform
from the test oscilloscope to the Ch 1 vertical input connector.
Set the HORIZ DISPLAY to Ext Horiz, Ch 1 vertical deflection
factor to 20 volts/div and the variable to uncalibrated to
obtain 3 divisions of deflection. Horizontally position the
display to graticule center and turn the INTENSITY fully
counterclockwise. Null the meter with the Helix Balance control.
Turn the INTENSITY control clockwise to obtain 5 pamps of beam
current and note meter reading. Position the trace to the

zero graticule line and note the meter reading. Fosition the
trace to the right of the graticule and note the meter reading.

Intercept is defined as an offset reading expressed as a percentage
of center reading.

Spot Centering

Set zero volts between Horizontal deflection plates and between vertical
deflection plates (not to ground). Note the position of the
spot from graticule center.

Linearity
See Test Method 3.1.9

Orthogonality

Obtain a free-running sweep at 0.5 msec/div., Align the trace
horizontally with the trace rotation adjustment and apply
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l-msec and 100-psec markers from a Type 180A. With a trig-
gered display, check to see that there are ten, l-msec markers
for every 10 graticule divisions. The 100-psec markers will
now be 0,5 minor divisions apart. Position a 100-pusec marker
on the bottom center graticule line. The adjacent 100-psec
markers must not cross the top center graticule line.

Trace Aotation Hasage

Checked by turning the Trace Rotation control fully clockwise.
Position the start of a free-running trace to the graticule

center., Note where the trace intersects the 10% div graticule

line below graticule center. Turn the Trace Rotation control fully
counterclockwise and position the start of the trace to the
graticule center. Note where the trace intersects the 10 div
graticule line above graticule center. The total displacement

must be equal to or greater than 1 div to be within the performance
requirement stated& in Section 1.1l.

Raster Distortion

Checked by applying lemsec and 100-usec markers from a Type 180A

to the Ch 1 vertical input connector, with sufficient amplitude

to exceed the graticule height, at a triggered sweep rate of

1 msec/div., With the previously calibrated sweep, the 100-usec
markers will be 0.5 minor division apart. Position a 100-psec
marker to the bottom of a vertical graticule line. The adjacent
100-psec markers must not cross the top of the same vertical
graticule line. Horizontal trace distortion is checked by
positioning & 0.5-msec/div free-running sweep to the top and bottom
of the graticule and observing the amount of sweep bowing.

3.12.6 Internal Graticule
Luminance
Test Method not yet determined.
Contrast
Test Methed not yet determined.

3.12.7 Display Defects
Flare
Checked by applying a l-volt signal from the calibrator to the
Ch 1 vertical input connector. Set the vertical deflection
factor to 0.1 v/div and the VARIABLE VOLTS/DIV to uncalibrated to
obtain a 6-division display. Set the sweep rate to 0.1 sec/div, A
SWEEP MODE to AUTO, LEVEL control fully clockwise, MAN ON,
INTENSITY at a normal level, and position the start of the sweep

to graticule center. Cycle the free-running sweep for 5 minutes.

Set the Magnifier to OFF and horizontally center the display.
Vertically position the display over the scan area and check
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for flare. If there is no evidence of flare turn the INTENSITY
fully counterclockwise and observe the CRT using a viewing hood
and check for presence of flare,

Grid Emission

Obtain a low intensity spot and position it to graticule
center, Set the INTENSITY control fully counterclockwise and
observe the screei using a viewing hood. There will be no
grid emission present. Grid emission is defined as a spot,
or locus of spots, around the main beam.

Cathode Interface

Checked by setting the sweep rate to 0.2 sec/div, A SWEEP

MODE to AUTO, Ch 1 and Ch 2 Input Selector to GND, and set the
Intensity to a minimum usable level. The first two divisions

of the trace must be at the same intensity level as the remaining
eight divisions,

Charging

Checked by applying a l-volt calibrator signal to the Ch 1
vertical input connector. Set the Ch 1 deflection factor to

0.5 v/div, sweep rate to 1 msec/div, and obtain a stable display.
Using the FOCUS and ASTIG controls and a low intensity level,
obtain a well defined display.

Turn the INTENSITY fully counterclockwise and cycle for one
minute. After one minute, increase the Intensity and note no
de-focus or vertical gain change of the display.

Burrs
Vertically position a free-running trace over the vertical
scan area and note that the trace does not exceed focus or

trace width performance requirements stated in Section 1.12.

Double Peaking

Obtain a free-running trace at 0.1 msec/div. Turn the INTENSITY
control fully counterclockwise. Turn the INTENSITY control
clockwise, evenly, and observe that the intensity level
increases evenly. As the Intensity control approaches full
clockwise the intensity level may brighten then dim slightly.

Double peaking is defined as a brightening of the trace, dimming,
then brightening again as the Intensity control is turned fully
clockwise,

Heater Cathode Leakage

Set the sweep rate to 10 msec/div, TRIGGER SOURCE to LINE, and
Input Selector to GND. Observe no 60 cps intensity modulation
at normal intensity of the free-running trace.
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3.12.8

3012.9

3,12.10

Heater Voltage

Measured using an Iron Vane Voltmeter having an accuracy of
0.5% or better., Caution: The meter must be elevated to
cathode potential.

Deflection Factors
Vertical

Checked by connecting a 200,000 Q/volt meter across the vertical
deflection neck pins. Set the voltmeter to the 40-volt range
and position the trace to the bottom of the graticule and

note the meter reading (meter polarity must be changed when
positioning the spot above the center of the graticule).
Position the spot to the 1Ot graticule line and note the meter
reading. Divide the total voltage excursion by 6 to determine
volts/div,

Horizontal

Checked by connecting a 20,000 Q/volt meter across the horizontal
deflection neck pins. Set the HORIZ DISPLAY to EXT HORIZ

and obtain a low intensity spot. Set the voltmeter to the 160-
volt range and position the spot to the O graticule line.

Note the meter reading (meter polarity must be changed when
positioning the spot to the right ot graticule center).

Position the spot to the 10% graticule line and note the meter
reading. Divide the total voltage excursion by 10 to determine
volts/division.

Helix Resistance
Measured using a resistance bridge capable of measuring

200 meg Q or greater. Turn the oscilloscope off and measure
from pin 7 to HV pin near face of CRT.
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4.1

SECTION &4

Environmental Test Methods

Temperature

k,1.1

l+.1‘2

bk.1.3

Nonoperating

Store at =55°C for 4 hours and at +75°C for 4 hours. Repeat
this for a total of 4 cycles.

Operating

Perform complete electrical checks at room ambient. Turn off
instrument and store at =15°C for 4 hours. After 20 minutes
warm-up, perform complete electrical checks at =15°C. Raise

the ambient temperature to +55°C with the instrument still
operating and hold for 4 hours. Perform complete electrical
checks. Return to room ambient and after 4 hours or temperature
stabilization perform complete electrical checks.

Failure Criteria
Nonoperating

The instrument and components must meet electrical performance
requirements before and after storage. (Adjustments may be
performed if necessary to meet required accuracies)., Cracking,
warping, and significant discoloration or deformation

which interferes with the normal mechanical function will not
be permitted.

Operating
The instrument must be within electrical performance requirements

at each step of the operating temperature check. Controls and
switches shall be checked for ease of operation.

4,2 Altitude

k.2.1

Nonoperating

Store at 50,000 feet and =55°C for 4 hours. This should be ac-
complished during the temperature storage test and during each
of the 4 cycles.



4.2.2

h.2.3

Operating

The instrument while operating will be maintained at an
altitude of 15,000 feet for 4 hours. At the end of this
period and while the above conditions are maintained, the
most important electrical checks will be performed. When
necessary, the vacuum chamber may be opened and the necessary
switching performed as rapidly as possible. The instrument
will then be allowed to stabilize for 1 hour at the above
conditions before completing the electrical checks.

Failure Criteria
Nonoperating

The Type U453 must meet its electrical performance requirements
before and after the 50,000 feet storage test.

Operating

The Type 453 must meet its electrical performance requirements
during operation at altitude. Any evidence of malfunction will
constitute failure, i. e. random trace modulation, noise, corona,
etc.

4,3 Humidity

4-3.1

ll'.3.2

Nonoperating

Perform 5 cycles (120 hours) of Mil-Std-202B, Method 106A.

Delete freezing and vibration. Allew to dry for 24 hours at

room ambient conditions (25°C & 5°C, 20% to 80% relative humidity)
prior to operation. Allow one hour warm-up before making measurements.

Failure Criteria
Nonoperating

There shall be no significant deterioration of components,
materials or finishes. Type 453 and its components must meet
their electrical performance requirements before and after the
humidity test. Deformation which interferes with normal mech-
anical function will not be permitted.

4,4 Vibration

L.h.a

Operating

Vibrate for 15 minutes along all 3 axes at 0,025% = 0,003"

total displacement (4 g at 55 cps) from 10-55-10 cps in 1 minute
cycles. Held for 3 minutes at 55 cycles. Total vibration time
55 minutes.
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Failure Criteria

Instrument will meet performance requirements before, during
and after the operating altitude tests. Any evidence of mal-
function constitutes failure.

4.3 Humidity

4.3.1

Nonoperating

Perform 5 cycles (120 hours) of Mil-Std-202C, Method 106B.
Delete freezing and vibration. Allow to dry for 24 hours

at room ambient conditioms (25°C +5°C, 20% to 80% relative
humidity) prior to operating. Allow one-hour warm-up before
making measurements.

Failure Criteria
Nonoperating

There shall be no significant deterioration of components,
materials or finishes. Type 453/R453 and its components
must meet their electrical performance requirements before
and after the humidity test. Deformation which interferes
with normal mechanical function will not be permitted.

4.4 Vibration

4.4.1

Operating

Perform all electrical tests described in Section 3 before
vibrating the instrument.

Fasten the instrument securely to the vibration platform.
With the instrument operating, vibrate for 15 minutes along

each of the 3 axes at a total displacement of 0.025" (4 g's
at 55 c/s), and with the frequency varied from 10-55-10 c/s

in 1-minute cycles. Hold at any resonant point for 3 minutes.

If no resonances are present, vibrate at 55 c/s for 3 minutes
in each axis for a total vibration time of approximately
55 minutes.

Turn off the vibration platform and repeat all electrical
tests described in Section 3.

Failure Criteria
The instrument must meet performance requirements before and
after the vibration tests. (Sporadic output during vibration

is permissable.)
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Mechanical failures are indicated by:

Broken leads

Broken chassis

Broken compoents

Loose parts

Excessive wear

Component fatigue

Change in component value outside rated tolerance
Deformation which interferes with a normal
mechanical function

Test will be completely rerun after repairing any of these
failures.

4.5 Shock

4,5.1 Nonoperating and Operating

proceeding with the shock tests.

# Subject the instrument to guillotine-type shocks of 30 g's
©1/2 s4ine, 11 ms duration; 2 such shocks each direction along
each of the 3 major axes forn a total of 12 shocks.

Repeat all electrical tests described in Section 3.
Failure Criteria

The instrument will meet performance requirements before
and after the shock tests.

There must be no cracked or broken chassis, components or
leads; component deformation of 0.100" or more; nor any
deformation which interferes with a normal mechanical function.

4.6 Electromagnetic Interference
4.6.1 Operating

Use the test set-up procedures and limits described in speci-
fication MIL-I-6181D. The tests will be peformed within an
electrically shielded enclosure. The instrument must be
equipped with a CRT mesh filter. EMI will be checked over

|
Perform all electrical tests described in Section 3 before
the following frequency range:

I

# Radiated Interference - grom the instrument undern test
14 kHz £o 1000 MHz
# Conducted Interference - through the power cord 150 kHz
Lo 30 MHz
4=4
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PREFACE

This Engineering Instrument Specification is the reference document for
all company activity concerning the electrical, environmental, and physi-
cal characteristics of the subject instrument. This document is printed
in two issues: a tentative copy printed on or before Prototype Release

- of the instrument, and a final copy printed following Engineering Release.

Occasionally, if justified by the number of changes, the final copy is
updated and reissued following Pilot Production.

The major function of the Engineering Instrument Specification is to pro-
vide electrical, environmental, and physical characteristics to the
following departments:

Manuals Advertising

Product Technical Information International Manufacturing

Engineering Product Reliability Technical Support

Marketing Technical Training International Marketing

Product Manufacturing Staff Manufacturing Quality Assurance
Engineering Manufacturing Management

Electrical and environmental characteristics listed in Section 1 are

wonst case, and are to be treated as described on page 1-1. Factory test
Limits ane excluded grom the Engineening Instrnument Specification. Fac-
tory test limits are established by Product Manufacturing Staff Engineering,
and appear in documents issuing from that department.

Periodically, an Engineering Instrument Specification may be revised and
reprinted. The revised Engineering Instrument Specification will then have
a 3-digit specification number followed by a capital letter printed in the
upper right corner of the front cover, e.g. 000A for the first revision,
000B for the second revision, etc.

Changes in the Engineering Instrument Specification may be made only via
the Instrument Performance Characteristic Change Request form of which 3
are included at the back of this document (contact the PE&M Engineering

Writing Department for additional forms).

Abbreviations and symbols appearing in the Engineering Instrument Specifi-
cation conform to Tektronix Standard No. A-100, Recommended Short Fosms.
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CHANGE INFORMATION LOG

This page is used as a guide to insure that all changes to the main body
When a change notice is received, log it

on this page, then write in the actual change information on the approp-
riate page. Change Notice numbers are assigned in sequence. Absence of
a number from the sequence indicates a change which has not been entered.

of this book have been made.

CHANGE NOTICE NUMBER

EFFECTIVE DATE OF CHANGE

- PAGE NUMBER
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INTRODUCTION

This is the Engineering Instrument Specification for the Type 453/R453 Oscillo-
scope, and is the reference document for all company activity concerning per-
formance requirements. This specification is for Linternal wse only. It replaces
the Type 453 Instrument Specification dated April 23, 1965.

Description

The Type 453/R453 is a general purpose, high-performance, portable wide-band
oscilloscope. It combines a dual-channel vertical amplifier with a delaying
sweep feature. The Type 453/R453 has been designed and tested to meet certain
Tektronix "environmental instrument specifications".

Function of Controls and Connectors

INTENSITY Control.

Controls brightness of writing beam.
FOCUS Control

Permits adjustment of beam for optimum definition.
SCALE ILLUM Control

Controls light level of graticule.

TRACE FINDER Pushbutton

Compresses trace within graticule area independent of position control
settings or signal applied.

CH 1 and CH 2
VOLTS/DIV

Selects calibrated deflection factors from 5 mV/div to 10 V/div in a
1-2-5 sequence.

VARIABLE VOLTS/DIV Control
Provides uncalibrated continuously variable deflection factor to
* 2.5 X the calibrated setting (uncalibrated deflection factor range)
is extended to 25 V/div).

GAIN Control

Screwdriver adjustment allows calibration of vertical deflection factor.
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Input Selector Switch

AC

Capacitively couples input signal to vertical amplifier.
GND

Grounds input attenuator.
DC

Signal is directly coupled to vertical amplifier.
INPUT Connector
BNC connector for applying external signals.
POSITION Control

Vertically positions the display. In X-Y mode CH 1 positiomns in X
axis, CH 2 positions in Y axis.

MODE Switph
CH 1
Displays CH 1 only.
CH 2
Displays CH 2 only.
ALT

Selects alternate mode of operation (triggered electronic
switching between channels during the beam retrace interval).

CHOP

Displays both vertical channels simultaneously by electronic
switching.

ADD
Algebraically adds CH 1 and CH 2 input signals.
TRIGGER Switch

Selects NORMAL or CH 1 as an internal trigger source. CH 1 must
be selected for X-Y operation.

IT
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STEP ATTEN BAL Control

Screwdriver adjustment balances the Input Amplifier in the 5-10 and
20 mV positions of the VOLTS/DIV switch.

INVERT PULL Switch (CH 2 only)
Inverts CH 2 display.
UNCAL Indicator
Lights when VARIABLE control is turned ccw from detent.
DELAY-TIME MULTIPLIER 1-10 Control

Varies sweep delay from 0.2 to 10.2 times the Time Base A TIME/DIV setting
after A sweep start.

A SWEEP TRIG'D Indicator

Lights when A sweep is triggered.
UNCAL A OR B Indicator

Lights.when A or B sweep is uncalibrated.
A & B TRIGGERING

LEVEL Control

Selects amplitude point on the triggering signal where sweep-triggering
occurs.

HF STAB (A only)

Decreases display jitter when triggering on frequencies above approx.
10 MHz. ‘

SLOPE Switch
+ and -

Permits triggering the sweep on the positive or negative-going
portion of the trigger signal.

COUPLING Switch
AC '
Blocks the DC component of the triggering signal and allows trig-

gering only on the AC portion of the signal.

ITI
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LF REJ

Attenuates trigger signal below about 30 kHz, allowing the
trigger circuit to respond only to higher frequencies.

HF REJ

Rejects, DC, passes signals between 30 Hz and 50 kHz, and
attenuates all other signals.

DC
Permits triggering on signals from DC to > 50 MHz.
SOURCE Switch
INT
Uses a portion of the signal applied to the vertical channels
as a triggering signal when TRIGGER is set at NORM. Uses a
portion of the CH 1 signal as a triggering signal when TRIGGER
is set at CH 1 ONLY.
LINE
Uses a portion of line-frequency voltage as a trigger signal.

EXT

Permits triggering on signals applied to the EXT TRIG INPUT connec-
tor.

EXT + 10
Attenuates external trigger signal 10 times.
CH 1 Indicator
Lights when TRIGGER switch is set at CH 1 ONLY.
EXT TRIG INPUT Connector
Connector for applying external trigger signals.
B SWEEP MODE' Switch
TRIGGERABLE AFTER DELAY TIME

Permits delayed sweep (B) triggering after delay time.

IV



453/R453 EIS 133A

B STARTS AFTER DELAY TIME
Delayed Sweep (B) starts after delay time.
1 KC CAL Connector
Output BNC connector for calibrator signals.
A TIME/DIV Switch

Selects calibrated sweep rates and delay range from 5 s/div to 0.1 us/div
in a 1-2-5 sequence.

B TIME/DIV AND DELAY TIME Switch

Selects calibrated delayed sweep rates from 0.5 s/div to 0.1 us/div in
a 1-2-5 sequence.

A VARIABLE Control

Provides uncalibrated continuously variable A sweep rate to = 2.5 X the
calibrated setting (uncalibrated sweep rate is extended to 12.5 s/div).

HORIZ DISPLAY Switch
A
Displays the A sweep.
A INTEN DURING B

Intensifies the A sweep (after the delay time) for the duration of
B sweep.

DELAYED SWEEP (B)

Displays delayed sweep (B).
EXT HORIZ

Permits external signals to deflect beam in Y axis.
MAG Switch

Expands the horizontal display from graticule center by a factor of
10. Extends the fastest sweep rate to 10 ns/div.

POSITION (horizontal) Control

Positions trace horizontally.
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A SWEEP LENGTH Control

Varies A sweep length from 4 divisions to = 11 divisions.
A SWEEP MODE Switch

AUTO TRIG

Permits normal triggering on waveforms with repetition rates > 20 Hz.
Sweep free-runs with no trigger signal or with a lower repetition rate.

NORM TRIG
Permits normal triggering.
SINGLE SWEEP
Displays one sweep only until reset.
RESET
Pushbutton resets sweep circuits when in Single Sweep mode.
SIDE PANEL
ASTIG Control
Permits adjustment of beam for optimum definition.
A GATE, B GATE CONNECTORS

BNC conmectors provide a positive pulse of the same duration and coinci-
dent with the corresponding sweep during operation of the sweep genera-
tor.

B TIME/DIV VARIABLE Control

Provides uncalibrated continuously variable B sweep rate to = 2.5 X the
calibrated setting (uncalibrated sweep rate is extended to 1.25 s/div).

PROBE LOOP

Current loop provides a 5 mA squarewave current from calibrator circuit.

CH 1 OUT Connector

BNC connector for monitoring vertical signal when TRIGGERING is set to
NORM. Cascade operation with CH2 provides 1 mV/div deflection factor.

TRACE ROTATION Adjustment

Screwdriver adjustment aligns trace with horizontal graticule lines.

VI
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CALIBRATOR Switch
Selécts 1 Vor 0.1V calibrator -signal.
REAR PANEL
Z AXIS INPUT Connector

Binding Post for applying Z-axis modulation signals to CRT (DC coupled).
Negative signal intensifies.

Physical
Ventilation

Safe operating temperature is maintained by forced air cooling. Thermal
cutout protects the instrument from overheating.

Finish

Front panel has an anodized finish; the cabinet is made of vinyl clad alu-
minum alloy.

Warm-up Time
20 minutes for rated accuracies.
TYPE 453
Overall Dimensions

Length: 22.4" Includes feet and carrying handle (extended)
20.5" Includes feet and front cover

Width: 12.5"
Height: 7.25" Includes feet
Weight
28 1bs. 12 oz. Includes front cover.
TYPE R453
Overall Dimensions

Length: 17.75"

Width: 19"

Height: 7"
Weight

~ 35.5 1bs.

VII
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Section 3.
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SECTION 1

ELECTRICAL CHARACTERISTICS

IMPORTANT

The following performance requirements and
their related validation procedures in Section
3 apply only to a calibrated system operating
within the environmental limits specified in
Section 2, Environmental Characteristics,
unless stated otherwise.

requirements are validated by Engineering according to
Production test methods may differ.

Conditions under which a performance requirement is valid may be listed
under Supplemental Information or in Section 3 (Electrical Performance

Validation).

requirement.

These conditions are an essential part of the performance

The following codes are used to categorize performance requirements:

G

NOTE:

(General Use)

(Internal Use Only)

(Al11)

(Sampled)

(Not Tested)

This performance requirement may
be quoted to a customer.

This performance requirement will
not be quoted to a customer.

It is recommended by Engineering
that electrical testing of this
performance requirement be per-
formed on 100% of instruments.

This performance requirement carries
a high confidence level and may be
tested on a sample basis.

Code column also provides step number of related validation

procedure.
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1.1 VERTICAL AMPLIFIER
Characteristic Performance Requirement Code Supplemental Information
Attenuator Accuracy +3% (5 mV/div to 10 V/div in 1-2-5 sequence) 3.2.1 | With gain adjusted at
GA 20 mV/div
Input R and C 1 MQ +2% paralleled by 20 pF +3% 3.2.2 | P6010 3-1/2' = = 10 pF
GS 6' = = 12 pF
Variable Range > 2.5:1 3.2.3
GA
Bandwidth,25 Q source with 3.2.4 | AC coupling -3 dB at
and without P6010 ' ~ 1.6 Hz
5 mV/div DC to > 40 MHz GS = 0.16 Hz with P6010
10 mV/div DC to > 45 MHz
20 mV/div through DC to > 50 MHz 1 V/div to 10 V/div fre-
10 v/div quency response is calcu-
lated
CH 1 OUT at 5 mV/div DC to > 25 MHz (terminated in 50 )
CH 1 OUT connected to DC to > 25 MHz (unterminated) GA

CH 2

See page 1-1 for coding legend

VEET SIA €Sva/ESy
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1.1 VERTICAL AMPLIFIER (cont'd)
Characteristic Performance Requirement Code Supplemental Information
Risetime, 25 Q source, with 3.2.5
and without P6010 GS
5 mV/div < 8.75 ns
10 mV/div < 7.8 ns
20 mV/div through <7 ns
10 V/div
CH 1 OUT at 5 mV/div < 14 ns (terminated in 50 Q)
CH 1 OUT connected to
CH 2 < 14 ns at < 1 mV/div (both channels at 5 mV,
unterminated)
Transient Response 3.2.6 | 4 div step centered
20 mV/div < 2% P-P 1A
10 mV/div < 2% P-P
5 mV/div < 2% p-P
50 mV/div to 2 V/div < 3% p-p
5 V/div to 10 V/div < 6% P-P
Added Mode < 6% P-p Measured at 20 mV/div

See page 1-1 for coding legend
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1.1 VERTICAL AMPLIFIER (cont'd)
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VEET SIA €GHI/ESY

Characteristic Performance Requirement Code Supplemental Information
Attenuator Compensation 3.2.7
50 mV/div to 10 V/div < 1% IA
Position Effect on < 5% P-P 1 3.2.8 |6 div step
Transient Respomnse IA
Low-Frequency Linearity < 0.15 divisions compression or expansion 3.2.9 Includes CRT linearity'
IS
Position Range +13.5 div to #16.5 div 3.2.10 | VAR ATTEN in CAL, after
' IA | STEP ATTEN bal check
Maximum Input Voltage 600 V DC + peak AC (p~P AC < 600 V, < 1 kHz) GS
Trace Drift 3.2.11
‘ GS
Time
5 mV/div Typically < 0.08 div/hr
10 mV/div Typically < 0.05 div/hr
20 mV/div through o Typically < 0.03 div/hr
10 V/div ,
Temperature 3.2.12
5 mV/div ' GS Typically < 0.02 div/°C
10 mV/div - Typically < 0.0125 div/°C
20 mV/div through Typically < 0.0075 div/°C
10 V/div

See page 1-1 for coding legend
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1.1

VERTICAL AMPLIFIER (cont'd)

Characteristic Performance Requirement Code Supplemental Information
STEP ATTEN BAL Range > 10 div total range 3.2.13
at 20 mV/div > 2 div from calibrated setting IA
Variable Balance Centering | < +1 div of graticule center 3.2.14
IA
Invert Zero-Shift Point < #1 div of graticule center 3.2.15
IA
GAIN Range +5% to —5% from calibrated setting 3.2.16 | GAIN set at 20 mV/div
IA
Input Gate Current at 25°C| Negligible 3.2.17
+5°C GsS
Amplifier Crosstalk > 100:1, DC to 20 MHz 3.2.18
GS
Attenuator Isolation > 10,000:1, DC to 20 MHz 3.2.19
GS
Linear Dynamic Range in > #10 times the VOLTS/DIV setting for < 10% dis- 3.2.20
Added Mode - tortion GA
Common Mode Rejection > 20:1 at 20 MHz for common mode signals up to 8 3.2.21 |With optimized setting of
Ratio divisions ’ CA GAIN adjustment
Signal Delay GN = 140 ns
Chopped Repetition Rate 500 kHz +20% 3.2.22
GA

#9/14/67

See page 1-1 for coding legend
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1.2

SWEEP GENERATORS A & B (A Sweep is the main & delaying sweep)

Characteristic Performance Requirement Code Supplemental Information
Sweep Accuracy 0°C to + 40°C -15°C to +55°C 3.3.1
5 s/div to 0.1 s/div +3% +57% GA
50 ms/div to 0.1 us/div +3% +47, GA
X10 Magnified Accuracy < 1% in addition to specified sweep accuracies 3.3.2
GA
Sweep Linearity (Normal < +1.5% 3.3.3
and Magnified) GA
Variable Rénge > 2.5:1 3.3.4
GA
Sweep Length A Variable from < 4 div to (11.0 0.5 div) 3.3.5 | Measured at 1 ms/div
Sweep Length B 11.0 +0.5 div 3?3.6 Measured at 1 ms/div
GA '
A Sweep Hold-off Time 3.3.7
10 ps/div to 5 s/div < 1 x the A TIME/DIV Setting ' GA
5 us/div to 0.1 ps/div | < 2.5 us GA
See

page 1-1 for coding legend
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1.3

VARIABLE TIME DELAY

graticule center

X1 fully ccw

End of sweep must position to the left of graticule
center

X10 FINE control range

5 div to 8 div

Characteristic Performance Requirement Code Supplemental Information
Delay Time Range Calibrated, 50 s to 1 us in 1-2-5 sequence with a 3.4.1
10-turn multiplier GA
DTM Range 0.2 to > 10.2 times A TIME/DIV setting
Accuracy 0°C to +40°C -15°C to +55°C
5 s/div to 0.1 s/div +2.5% +3.5%
50 ms/div to 1 ps/div +1.5% +2.0%
Multiplier Incremental +0.27% +0.3% 3.4.2
Linearity GA
Jitter < 1 part in 20,000 of 10 times the "A" TIME/DIV 3.4.3
setting GA
1.4 HORIZONTAL AMPLIFIER
Sweep Magnification See Sweep Generator A & B (page 1-6) 3.5.1 Extends fastest sweep rate
Accuracy GA to 10 ns/div
Normal/Magnified Registra- |< +0.2 div 3.5.2
tion GA
Position Range 3.5.3
X1 fully cw Start of sweep must position to the right of GA Measured at 1 ms/div, A

sweep

See page 1-1 for coding legend
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1.5

EXTERNAL HORIZONTAL AMPLIFIER

Characteristic Performance Requirement Code Supplemental Information
Input to Vert Ch 1 3.6.1
Calibrated Deflection 5 mV/div to 10 V/div in 1-2-5 sequence GA Variable control is
Factor Range by-passed
Accuracy +5% (0°C to +40°C) +8% (-15°C to +55°C) Ext Horiz Gain set at 20 mV
Input R and C 1 MQ +27% paralleled by 20 pF +37%
Bandwidth DC to > 5.0 MHz at -3 dB 3.6.2
GA
Phase Shift < 3° at 50 kHz 3.6.3 |Between Ch 1 and Ch 2
GS
Input to EXT HORIZ
Connector
Deflection Factor 3.6.4
EXT 270 mV/div +15% GA
EXT + 10 2.7 V/div +20%
Input R and C ~ 1 MQ paralleled by
GN x 20 pF
. Bandwidth DC to > 5.0 MHz at -3 dB 3.6.5
GS
Phase Shift < 3° at 50 kHz 3.6.6 |Between EXT HORIZ and Ch 2
GS
Max Input Voltage See Triggering A & B GN

See page 1-1 for coding legend
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1.6

TRIGGERING A & B

Characteristic Performance Requirement Code Supplemental Information
Trigger Sensitivity 3.7.1
DC 0.2 div to 10 MHz, increasing to 1 div at 50 MHz GA
AC 0.2 div from 30 Hz to 10 MHz increasing to 1 div Lower -3 dB point of
at 50 MHz coupling is = 16 Hz
INT
AC LF Reject 0.2 div from 30 kHz to 10 MHz increasing to 1 div Lower -3 dB point of
at 50 MHz coupling is = 16 kHz
AC HF Reject 0.2 div at 30 Hz to 50 kHz Lower -3 dB point of
) coupling is = 16 Hz
Upper -3 dB point of
coupling is = 100 kHz
DC 50 mV to 10 MHz increasing to 200 mV at 50 MHz
AC 50 mV from 30 Hz to 10 MHz increasing to 200 mV Lower -3 dB point of
at 50 MHz coupling is = 16 Hz
EXT
AC LF Reject 50 mV from 30 kHz to 10 MHz increasing to 200 mV Lower -3 dB point of
at 50 MHz coupling is = 16 kHz
AC HF Reject 50 mV from 30 Hz to 50 kHz Lower -3 dB point of
coupling is = 16 Hz
Upper -3 dB point of
coupling is = 100 kHz
Automatic Triggering and Usable with signals above 20 Hz 3.7.2 Free-runs A Sweep in absence
Recovery Time (A only) GA of triggering signal
Jitter < 1 ns at 10 ns/div 3é2-3

See page 1-1 for coding legend
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1.6 TRIGGERING A & B (cont'd)
Characteristic Performance Requirement Code Supplemental Information
Maximum Input Voltage 600 V combined DC + peak AC (P-PAC < 600°V < 1 kHz)] OGN
Single Sweep (A only) Triggering level same as normal sweep Performance 3.7.4
Requirements GA
External Trigger Input
R and C = 1MQ paralleled by
= 20 pF except AC LF Rej
Level Range 3.7.5
EXT > 42V GA
EXT : 10 > 420 V GA
1.7 CALIBRATOR
Initial Setting and 1V +0.3% at 25°C +5°C 3.8.1
Accuracy
0°C to +40°C -15°C to +55°C
Output Voltage 1 V or 0.1 V| +17% +1.5% GA Switch on side panel
Output Current 5 mA +17 +1.5% 3.8.2 |Loop on side panel
GA
Repetition Rate 1 kHz +0.57% +17% 3.8.3
GA
Duty Cycle 497% to 517% 3.8.4
GA

See page 1-1 for coding legend
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1.7

CALIBRATOR

Characteristic Performance Requirement Code Supplemental Information
Risetime <1 us 3.8.5
GA
Output Resistance 3.8.6 = 200 @ in 1 V position
GN = 20 @ in 0.1 V position
1.8 Z AXIS INPUT
Sensitivity > 5 V P to P causes noticeable modulation at 3.9.1 |Positive signal blanks CRT
normal intensity GA
Usable Frequency Range DC to > 50 MHz 3.9.2 | Maximum Input Voltage
GS 200 V combined DC + peak AC
Input Resistance at DC = 47 kQ
1.9 SIGNAL OUTPUTS
A & B Gates 3.10.1
Output Voltage 12 VvV +10% GA
Output Resistance = 1.5 kQ
Vertical Signal Out
(Ch 1 only)
Output Voltage > 25 mV/div into 1 MQ 3.10.2 | Trigger at NORM, Ch 1
GA Variable at CALIBRATED

Output Resistance

= 50 @

Bandwidth

(See Vertical Amplifier page 1-2)

See page 1-1 for coding legend
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1.10 POWER REQUIREMENTS >
[~
Characteristic Performance Requirement Code Supplemental Information |Z
n
Line Voltage Ranges 90 to 110 V 3.11.1 |Applicable when line con- | _
104 to 126 V tains < 2% total harmonic |H
112 to 136 V GA distortion »
180 to 220 V =
208 to 252 V
224 to 272 V
Line Frequency 48 Hz to 440 Hz 3.11.2
GS
Max Power Consumption 92 W at 115 VAC, 60 Hz, 1 Amp
1.11 INTERNAL POWER SUPPLIES
Power Supply Accuracy at
25°C +5°C -12 v +12.1 V +75 V
Long Term +17% +1.7% +17% 3.12.1
GA
Initial Setting +0.27% +1.0% +0.37% 3.12.2
‘ GA
Ripple <2 mv <2 mvV <2 mV IA
Variation from 25°C value +0.5% +0.75% +0.75% 3.12.3
(-15°C to +55°C) IS
High Voltage Accuracy 25°C +5°C IA

Initial Setting

~1.95 kV +1%

See

page 1-1 for coding legend
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1.11 INTERNAL POWER SUPPLIES (cont'd)
Characteristic Performance Requirement Code Supplemental Information
Long Term -1.95 kV +3% GS
Fuse Data One 2 A Fast-blow (115 VAC line) GN

One 1 A Fast-blow (230 VAC line)

1.12

CRT DISPLAY

Type T4530-1-31

Performance

Writing Rate Capable of single transient recording at s/div .13.1

using Type camera and Type film GS
Trace Width < 0.030" at graticule center .13.2 |At normal intensity

IA

Horizontal Resolution|150 lines in 10 divisions .13.3
GA

Geometry .13.4
Scan Area > 6 x 10 div at 0.8 cm/div GA

Beam Intercept

Vertical

At 6 div scan, max intercept per plate 35%

Horizontal

At 10 div scan max intercept per plate 50%

See page 1-1 for coding legend
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1.12 CRT DISPLAY (cont'd)
Characteristic Performance Requirement Code Supplemental Information
Spot Centering < 0.5 div radius from graticule center GA
Linearity 2 0.1 div compression or expansion of 2 div IA
signal
Orthogonality 90° +1° GA Of CRT alone. Y-axis
alignment adjustment sets
Trace Rotation > 6° orthogonality to 90°
Range
Raster Distortion | < 0.5 minor div total-
Electrical

Electrode Voltages to
Ground

Heater Voltage

Typical Values

6.3‘V, 90 mA (elevated to
-1.95 kV = 40 kHz pins, 1,
14

Post Accelerator

+8.05 kV

Cathode

-1.95 kV (pin 2)

Post Accelerator
Mesh

0 V (pin 10)

D1-D2 Deflection
Shield (Geometry)

0V to +75 V (pin 9)

Average of Deflection]
Plates

+50 V

See page 1-

1 for coding legend
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1.12 CRT DISPLAY (cont'd)

Characteristic Performance Requirement Code Supplemental Information
Astigmatism 0V to +90 V (pin 5)
Accelerator
(1st anode) +50 V (pin 7)

Focus -1.2 kV to -1.65 kV (pin 4)
Grid No. 1 -2.055 kV to -1.98 kV
(pin 3)
Deflection Factors 3.13.5
Vertical 4.1 V/div to 5.1 V/div IA CRT alone 4.3 V/div to
4.9 V/div
Horizontal 10.7 V/div to 13.0 V/div IA CRT alone 11.0 V/div to

12.6 V/div

See page 1-1 for coding legend
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SECTION 2
ENVIRONMENTAL CHARACTERISTICS

453/R453 EIS 133A

The following Environmental Characteristics apply only when the instrument is
tested as described in Section 4, Environmental Performance Validation. The
Type 453/R453 is an environmental instrument.

Characteristic Performance Requirement Supplemental Information
| ——— = — ~
Temperature
Nonoperating -55°C to +75°C
Operating -15°C to +55°C
Altitude
Nonoperating To 50,000 feet May be tested during
nonoperating temperature
Operating To 15,000 feet tests. Derate tempera-
ture 1°/1,000 ft. above
5,000 ft.
Humidity
Nonoperating 5 cycles (120 hours) of MIL-
STD-202C, Method 106B. Omit
freezing and Vibration, Post-
test drying period at 25°C +5°C
at 207 to 80% relative humidity.
Vibration
Nonoperating 15 minutes along each of the 3
major axes at a total displace-
ment of 0.025", P-P (4 g's at
55 c¢/s) with frequency varied
from 10 to 55 to 10 ¢/s in 1
minute cycles. Hold for 3 min-
utes at 55 c¢/s. All major reso-
nances must be above 55 c¢/s.
Shock
Nonoperating and 30 g's, 1/2 sine, 11 ms dura-
Operating tion, 2 guillotine-type shocks
per axis each direction for a
total of 12 shocks.

2-1
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Characteristic

%

Performance Requirement

Supplemental Information

Electromagnetic Inter-
ference

Not yet determined

Transportation

Package Vibration

1 hour slightly in excess of
lg

Package Drop

30" (18" for R453) on any cor-
ner, edge or flat surface




SECTION 3

ELECTRICAL PERFORMANCE VALIDATION

3.1 Test Equipment Required

1

1

1

Oscilloscope

Sinewave Generator

Square Wave Generator
Time-Mark Generator
Standard'Amplitude Calibrator
Capacitance Bridge

Dual-Trace Unit

Current Probe

Line Voltage Control Unit
Line Frequency Control Unit

Low Frequency Oscillator

3.2 Vertical Amplifier

3.2.1 Attenuator Accuracy

3.2

Tektronix Type
Tektronix Type
Tektronix Type
Tektronix Type
Tektronix Part
ESI 250 DA

Tektronix Type
Tektronix Type
Tektronix Type
Tel-Instrument

GR Model 1310A

453/R453 EIS 133A

540-series
191
106
184

No. 067-0502-00

1A1
P6019
TU-76

Type 4100-I-H10S

Performance Requirement: +37% (5 mV/div to 10 V/div in 1-2-5 se-
quence)

Procedure: VARIABLE VOLTS/DIV is set at calibrated position. A

Standard Square-Wave Calibrator signal is applied and the accuracy
checked at each setting of VOLTS/DIV switch.
divisions of displayed signal amplitude, depending upon combina-
tion of calibrator signal and VOLTS/DIV setting. Express devia-
tion as percentage of correct amplitude.

.2 Input R & C

Use either 4 or 5

Performance Requirement: 1 MQ +27 paralleled by 20 pF +37

Procedure: Measured using a Resistance Bridge and a Capacitance

Bridge (accuracy of 0.2% or better).

3-1

Turn instrument off.
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3.2.3 Variable Range

Performance Requirement: > 2.5:1

Procedure: VARIABLE range is checked by applying 5 divisions of
signal from Type 106 with the Variable at CALIB. Turn VARIABLE
VOLTS/DIV fully ccw. Check for < 2 divisions of display.

3.2.4 Bandwidth 25 Q source, with or without P6010

Performance Requirement:

5 mV/div DC to > 40 MHz
10 mv/div DC to > 45 MHz
20 mV/div through
10 v/div DC to > 50 MHz
CH 1 OUT at 5 mV/div DC to > 25 MHz

(termi;éted in 50 Q)
CH 1 OUT connected
to CH 2 DC to > 25 MHz (unterminated)

Procedure: Frequency response is checked by applying a 50 kHz
signal from Type 191 to a vertical input connector. Obtain &4
divisions of display at 20 mV/div. Increase the frequency to

50 MHz. A signal of 2.8 divisions or greater will be displayed.
Repeat the above step to check all attenuator ranges. To check
the low-frequency -3 dB down point, use a GR 1310 frequency
oscillator and monitor the output with a DC-coupled test oscil-
loscope to insure against changes in output amplitude. Obtain 4
divisions of 50 kHz signal. Decrease the frequency until 2.8
divisions of signal are observed, then note frequency is ~ 1.6 Hz.

3.2.5 Risetime 25 Q source, with or without P6010

Performance Requirement:

5 mV/div

< 8.75 ns

10 mV/div < 7.8 ns

20 mV/div through

10 v/div <7 ns

Ch 1 OUT at 5 mV/div < 14 ns (terminated in 50 Q)

Ch 1 OUT connected to

Ch 2 < 14 ns at < 1 mV/div (both channels
at 5 mV)

3-2



3.2.6

3.2.7

3.2.8

453/R453 EIS 133A

Procedure: Connect Type 106 to input connector. Center the dis-

play. Measure the time interval between the 10% and 90% amplitude
points on the leading edge of the pulse. The oscilloscope time
base error should be used as a correction factor when risetime is
measured. The effects of trace orthogonality and start of sweep
nonlinearity should be taken into consideration when making rise-
time measurements.

Transient Response (overshoot, rolloff, ringing or tilt)

Performance Requirement:

20 mv/div < 2%
10 mV/div < 27
5 mV/div < 2%
50 mV/div to
2 V/div < 3%
5 V/div to
10 v/div < 6%
Added Mode < 67

Procedure: Transient response is measured using a 4 to 5 div pulse

from a Type 106. Center the display vertically. Set the sweep

rate to 20 ns/div. Check transient response from 5 mV/div to

10 V/div. Repeat for Ch 2. Transient response is determined by
measuring the maximum peak-to-peak pulse aberration in the form

of overshoot, rounding, ringing, or tilt along the entire pulse

top, expressed as a percentage of pulse amplitude.

Check transient response in ADD mode using the same setup as the
previous step except set Ch 2 deflection factor to 20 mV/div, In-
put Selector to Gnd. Set Mode switch to ADD and measure total
pulse aberration.

Attenuator Compensation

Performance Requirement: 50 mV/div to 10 V/div < 1%

Procedure: Connect Type 106---50 © termination---20 pF normalizer-

--vertical input connector. Set sweep rate to 0.2 ms/div. Check
attenuator compensation using a 5-division step centered vertical-
ly. Measure the maximum peak-to-peak pulse aberration in the form
of overshoot, rounding, ringing, or tilt along the entire pulse
top, expressed as a percentage of pulse amplitude. Repeat with-
out normalizer.

Position Effect on Transient Response (overshoot, rounding, ring-
ing or tilt)

Performance Requirement: < 5%




453/R453 EIS 133A

3.2.9

3.2.10

3.2.11

Procedure: Connect a Type 106 + FAST RISE OUTPUT to Vertical In-

put connector. Adjust amplitude control on Type 106 to obtain a
6-div step. Position top of waveform to bottom of graticule and
measure total pulse aberration.

Connect Type 106 - FAST RISE OUTPUT to Vertical Imput connector.
Adjust amplitude for a 6-div display. Position bottom of wave-
form to top of graticule and measure pulse aberration. Measure
maximum pulse aberration in the form of overshoot, rounding, ring-
ing, or tilt along the entire pulse top, expressed as a percentage
of pulse amplitude.

Low-Frequency Linearity

Performance Requirement: < 0.15 divisions compression or expan-
sion

Procedure: Set vertical deflection factor to 1 V/div. Apply 2 V

from calibrator and center the dipslay. Position bottom of wave-
form to bottom graticule line and note change in pulse amplitude.
Position top of waveform to top graticule line and note change in
pulse amplitude. Linearity is the maximum change in pulse ampli-
tude occurring at the defined limits.

Position Range

Performance Requirement: +13.5 div to +16.5 div

Procedure: Set LEVEL fully cw. TRIGGER SOURCE to EXT, MODE to

AUTO, sweep rate to 1 ms/div, wertical deflection factor to

0.1 V/div. Set POSITION to O V at its wiper arm, measured with a
20,000 9/V, 3% meter. Adjust R55 (Ch 2 - R155) if necessary to
position trace to graticule center. Set input selector to AC and
connect Type 106 output 10X ATTEN---50 @ termination---Ch 1 verti-
cal input connector. Adjust Type 106 amplitude and symmetry con-
trols to obtain a 6-div display centered on screen. Do not adjust
the vertical position control to center the display. Set the de-
flection factor to 20 mV/div and turn POSITION fully cw. The top

of the waveform must position within 1.5 divisions of graticule
center.

Repeat the above with POSITION fully ccw. Repeat the check for
Ch 2.

Trace Drift with Time

Performance Requirement:

5 mV/div Typically 0.08 div/hr
10 mV/div Typically 0.05 div/hr
20 mV/div through
10 V/div Typically 0.03 div/hr

3-4



3.2.12

3.2.13

3.2.14

3.2.15

453/R453 EIS 133A

Procedure: After the 20 minute warm-up period, note that the
trace drift does not exceed the limits stated in Section 1.1.

Trace Drift with Temperature

Performance Requirement:

5 mV/div Typically 0.02 div/°C
10 mV/div Typically 0.0125 div/°C
20 mV/div through
10 v/div Typically 0.0075 div/°C

Procedure: Checked during environmental test phase.
STEP. ATTEN BAL at 20 mV/div

Performance Requirement: 10 div total range

>
E 3 div from calibrated setting

Procedure: Set A SWEEP MODE to AUTO, and vertical deflection fac-
tor to 20 mV/div. Turn STEP ATTEN BAL fully ccw and position
trace to bottom graticule line with POSITION. Turn STEP ATTEN BAL
cw until trace positions to top graticule line. Turn POSITION ccw
to position trace 2 div down from top graticule line. Turn STEP
ATTEN BAL fully cw. Trace must position above top graticule line.
Recalibrate STEP ATTEN BAL and position trace to bottom graticule
line. Turn STEP ATTEN BAL ccw from calibrated position and trace
will position at least 3 divisions. Recalibrated STEP ATTEN BAL
and position trace to top graticule line with POSITION. Turn

STEP ATTEN BAL cw from calibrated setting. Turn STEP ATTEN BAL cw
from calibrated position trace will position at least 3 divisions.

Variable Balance Centering

Performance Requirement: < +1 div of graticule center

Procedure: Set the vertical deflection factor to 20 mV/div, In-

put Selector to GND. Adjust POSITION to obtain a minimum trace
shift while turning VARTIABLE VOLTS/DIV through its range. When
balanced, note the trace position from graticule center. Repeat
the above step for Ch 2.

Invert Zero-Shift Point

Performance Requirement: < + div of graticule center

3-5
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3.2.16

3.2.17

3.2.18

3.2.19

Procedure: Use the same setup as in the previous step. Adjust

the Ch 2 POSITION to obtain a minimum trace shift while switch-
ing the PULL TO INVERT from normal to inverted. When balanced,
note the trace position from graticule center.

GAIN Range

Performance Requirement: > +57% from calibrated value

Procedure: Apply 0.1 V from calibrator. Set deflection factor

to 20 mV/div, input selector to DC, and position the bottom of

the display to the bottom of the graticule. Check for 5 divisions
of deflection. Turn GAIN fully cw and note that the display in-
creases to 5.25 divisions or greater. Set GAIN fully ccw, and

the display will decrease to 4.75 divisions or less. Readjust
GAIN for 5 divisions. Repeat the above to check Ch 2.

Input Grid Current

Performance Requirement: Negligible

Procedure: Checked at 5 mV/div setting. The trace is positioned
to graticule center with the input selector in the GND position.
The input selector is switched to DC, and the voltage indicated
by the trace shift is noted.

Amplifier Crosstalk

Performance Requirement: > 100:1, DC to 20 MHz

Procedure: Set Ch 1 vertical deflection factor to 0.2 V/div and

apply a 20 MHz signal from a Type 191. Adjust AMPLITUDE of Type
191B to obtain a 2-division display. Set Ch 1 and Ch 2 VOLTS/DIV
to 20 mV/div and input selector to Ch 2. Check for < 0.2 div of
amplifier crosstalk. Repeat the above for Ch 2.

Attenuator Isolation

Performance Requirement: > 10,000:1, DC to 20 MHz

Procedure: Set Ch 1 input selector switch to DC, deflection

factor to 5 mV/div. Set Ch 2 input selector switch to AC, de-
flection factor to 5 V/div. Apply 20 MHz 10 V signal from a
Type 191 to Ch 2 vertical input connector. Set Vertical Mode
switch to Ch 1 and check for < 1 minor division of deflection.
Repeat the above step to check Ch 2. '
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3.2.21

3.2.22

453/R453 EIS 133A

Linear Dynamic Range in Added Mode

Performance Requirement: > +10 times the VOLTS/DIV setting for

< 10% distortion
Procedure: Checked using the following equipment:

Type 191
5X Attenuators
10X Attenuator

BNC "T" Connectors

H W R N e

50 Q Termination

Necessary 50 @ BNC cables are used to connect the above items

as follows:
10X () 1xcca

—~
Ch 1 Input
191 \) P

() ch 2 Tmput
O EXT HORIZ INPUT

Set HORIZ DISPLAY to EXT HORIZ, Trigger Source to EXT, and Cali-
brator to 1 V. Set Type 191 to 50 kHz, attenuator to 10, ampli-
tude to minimum, and Ch 1 and Ch 2 vertical coupling to AC.
Note: The vertical gains must be optimized, and vertical posi-
tions must be centered. Set Ch 2 to inverted and both vertical
deflection factors to 20 mV/div, A Sweep Mode to AUTO. The dis-
play will be two parallel lines, about one division apart. In-
crease amplitude of Type 191, until the vertical separation of
the two lines at either extreme bows to 90% of midscreen ampli-
tude. Switch the HORIZ DISPLAY to A. Measure the peak-to-peak
amplitude of the Type 191 signal. Measured value is linear dy-
namic range where 10% nonlinearity occurs. Linearity is expressed
as the amplitude ratio of the 50 kHz signal to the calibrator
signal. Repeat for Ch 2.

Common Mode Rejection Ratio

Performance Requirement: > 20:1 at.20 MHz for common mode signals

up to 8 divisions

Procedure: Apply a 20 MHz signal from a Type 191 to Ch 1 and

Ch 2 vertical input connectors. Set Ch 1 and Ch 2 deflection
factors to 20 mV/div. Obtain 8 divisions of signal in both verti-
cal channels. Invert Ch 2 and set the channel selector to ADD.
Common mode rejection is expressed as a ratio of 8 divisions to
the signal observed.
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3.2.23 Chopped Repetition Rate

Performance Requirement: 500 kHz +207%

Procedure: Checked by setting sweep rate to 0.5 us/div, and

input selector switch to CHOPPED. Obtain 2 divisions of triggered
display using the Ch 1 and Ch 2 POSITION controls. Turn the
intensity to an above normal setting. Check for one cycle over
3.3 div to 5.0 div of calibrated sweep.

3.3 Sweep Generators A & B
3.3.1 Sweep Accuracy

Performance Requirement:

0°C to +40°C -15°C to +55°C

5 s/div to 0.1 s/div +3% +5%
50 ms/div to 0.1 ups/div +37% +47

Procedure: Apply time markers from Type 184 to Ch 1 input connec-
tor. Time Marks and graticule lines are counted beginning with
zero (0-1-2-3 etc.). Time markers should be selected so that there
is 1 mark/div at all "1,5,10" ranges, and 2 marks/div at all 2 and
20 ranges with the exception of the 0.5 us/div range where a 1 us
marker for every 2 divisions will be displayed. All timing measure-
ments are made over the middle 8 divisions of the graticule. The
first and last divisions should not be included in the measurement.
Sweep accuracy is defined as the displacement of the 9th graticule
line's respective marker from the 9th graticule line when the 1lst
graticule line's respective marker is positioned behind the 1lst
graticule line, expressed as a percentage of 8 divisions.

3.3.2 X10 Magnified Accuracy

Performance Requirement: < 1% in addition to specified sweep
accuracies

Procedure: Use the same setup as Sweep Accuracy check. Apply
100 us markers from Type 184, and set sweep rate to 1 ms/div,
MAG to X10. One marker/div will be displayed. Magnified sweep
accuracy is expressed as a percentage of 8 divisionms.

3.3.3 Sweep Linearity (mormal)

Performance Requirement: < +1.5%

Procedure: Apply 1 ms markers from Type 184 to vertical input
connector. Set sweep rate to 1 ms/div. Position the 1lst grati-
cule line's respective marker behind the lst graticule line and
the 9th graticule line's respective marker behind the 9th grati-
cule line. Note any displacement of the markers from their
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respective graticule lines. Note: It may be necessary to change
the sweep rate to 0.5 ms/div and switch the VARIABLE to uncalibrated
to accurately time the sweep between the 1lst and the 9th graticule
lines. Linearity is the displacement of any marker from any grati-
cule line when the sweep is correctly timed, expressed as a percent-
age of 8 divisions.

Variable Range

Performance Requirement: > 2.5:1

Procedure: Apply 10 ms markers from Type 184 to Ch 1 Vertical

input connector. Set sweep rate to 1 ms/div and obtain a stable
display. Two 10 ms markers will be displayed. Position the lst
marker behind the zero graticule line and the 2nd marker behind
the 10th graticule line. Turn VARIABLE fully ccw and note that
the 2nd marker positions on, or to the left of, the 4th graticule
line.

Sweep Length A

Performance Requirement: Variable from < 4 div to (11.0 +0.5 div)

Procedure: Apply 1 ms and 100 us markers from Type 184 to Ch 1

input connector. Set sweep rate to 1 ms/cm. Each 100 us marker
represents 1/10 of a major divisions. Turn A SWEEP LENGTH fully
cw and note the A sweep length. Turn A SWEEP LENGTH ccw, not to
the detent, and the sweep length will be 4 divisions or less.

Sweep Length B

Performance Requirement: 11.0 +0.5 div

Procedure: Use the same setup as A Sweep Length. Set A TIME/DIV

to 2 ms/div and TIME/DIV to 1 ms/div, HORIZ DISPLAY to DELAYED
SWEEP (B), B SWEEP MODE to B SWEEPS AFTER DELAY TIME, and DELAY-
TIME MULTIPLIER fully ccw. Adjust B Trigger LEVEL to obtain a
stable display. The B sweep length will be 11.0 +0.5 divisions
long.

A Sweep Hold-off Time

Performance Requirement:

10 us/div to

5 s/div < 1 X the A TIME/DIV Setting
5 us/div to
0.1 us/div < 2.5 us

Procedure: Use test scope to monitor the + A GATE. Measure the

interval between + Gate waveforms to determine hold-off time.
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3.4 Variable Time Delay

3.4.1

3.4.2

Delay Time Accuracy

Performance Requirement:

0°C to +40°C -15°C to +55°C
5 s/div to 0.1 s/div +2.5% +3.5%
50 ms/div to 1 ps/div +1.5% +2.0%

Procedure: Checked by applying 1 ms markers from a Type 184 to
the Ch 1 vertical input connector. Set the A Sweep rate to

1 ms/div, HORIZ DISPLAY to A INTEN DURING B, B Sweep Mode to B
SWEEPS AFTER DELAY TIME, and B sweep rate to 10 us/div. Set the
DELAY-TIME MULTIPLIER to 1.00 and note that the first time mark
is intensified. Set the HORIZ DISPLAY to DELAYED SWEEP (B) and
adjust the DELAY-TIME MULTIPLIER so that the lst, 1 ms marker is
at the start of the sweep. Note the dial setting of the DELAY-
TIME MULTIPLIER. Set the HORIZ DISPLAY to A INTEN DURING B, and
the DELAY-TIME MULTIPLIER to 9.00. The 9th time mark will be in-
tensified. Set the HORIZ DISPLAY to DELAYED SWEEP (B) and adjust
the DELAY-TIME MULTIPLIER so that the 9th, 1 ms marker is at the
start of the sweep. Subtract the first dial reading from the 2nd
dial reading. Delay time accuracy is the percent of deviation
from 800 divisions.

Multiplier Incremental Linearity

Performance Requirement:

0°C to +40°C -15°C to +55°C

+0.2% +0.3%

Procedure: Apply 1 ms marker from a Type 184 to the Ch 1 verti-

cal input connector. Set the A sweep rate to 1 ms/div, HORIZ DIS-
PLAY to A INTEN DURING B, B Sweep Mode to B SWEEPS AFTER DELAY
TIME, and B sweep rate to 10 us/div. Set the DELAY-TIME MULTIPLI-
ER to 1.00, and the HORIZ DISPLAY to DELAYED SWEEP (B). Horizon-
tally position the displayed time mark to a reference point on the
graticule. Set the DELAY-TIME MULTIPLIER to position the 9th mark
to the reference point. Note the dial reading, and convert to
minor divisions by multiplying by 100. Subtract 100 from this
reading (the first 100 minor divisions are not included in linear-
ity measurements) and divide by 10 to determine the minor divi-
sions between each periodic major division for perfect linearity.

At each periodic major division, position the time mark with the
DELAY-TIME MULTIPLIER to the reference point. Note the dial read-
ing at each periodic major division and subtract the measured dial
reading from the previously calculated perfect linearity. The
difference must be +1.6 minor divisions or less to be within the
performance requirement as stated in Section 1.3
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Jitter

Performance Requirement: < 1 part in 20,000 of 10 times the "A"

TIME/DIV setting

Procedure: Apply 1 ms markers from Type 184 to Ch 1 vertical
input connector. Set A sweep rate to 1 ms/div, HORIZ DISPLAY to
A INTEN DURING B, B sweep Mode to B SWEEPS AFTER DELAY-TIME, and
B sweep rate to 1 ps/div. Set DELAY-TIME MULTIPLIER to 1.00 and
note that the 1lst, 1 ms marker is intensified. Set HORIZ DISPLAY
to DELAYED SWEEP (B). Measure the horizontal excursion of the

1 ms marker disregarding the drift.

Set HORIZ DISPLAY to A INTENSE DURING B, and DELAY TIME MULTIPLIER
to 9.00, and note that the 9th, 1 ms marker is intensified. Set
HORIZ DISPLAY to DELAYED SWEEP (B). Measure the horizontal excur-
sion of the 1 ms marker disregarding the drift.

3.5 Horizontal Amplifier

3.5.1

3.5.2

3.5.3

Sweep Magnification Accuracy
See 3.2.2 for validation procedure.
Normal/Magnified Registration

Performance Requirement: < +0.2 div

Procedure: Apply 5 ms markers from Type 184 to Ch 1 input con-
nector. Set sweep rate to 1 ms/div and MAG to X10. Horizontally
position the magnified sweep so that the middle 5 ms marker falls
behind the center vertical graticule line. Change MAG to NORM
and note the deviation of the 5 ms marker from graticule center.

Position Range

Performance Requirement:

X1 fully cw Start of sweep must position to the
right of graticule center

X1 fully ccw End of sweep must position to the
left of graticule center

X10 FINE control
range 5 div to 8 div

Procedure: The sweep length must be within its performance require-

ments as stated in Section 1.1 prior to the position range check.
Apply 1 ms and 100 ps markers from a Type 184 to the Ch 1 vertical
input connector. Set sweep rate to 1 ms/div, HORIZ DISPLAY to A",
and A SWEEP MODE to AUTO. Turn coarse and fine Horizontal POSITION
fully cw and note that the start of the sweep must position to the
right of the graticule center.
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Turn Coarse and Fine Horizontal POSITION fully ccw and note
that the end of the sweep must position to the left of the
graticule center. Set MAG to X10, FINE fully ccw, and hori-
zontally position a 1 ms marker to the zero graticule line
with the Coarse control. Turn FINE fully cw. The 1 ms marker
must position from 5 divisions to 8 divisions to the right.

3.6 External Horizontal Amplifier

3.6.1

3.6.2

3.6.3

3.6.4

Input to Vert Ch 1

See Vertical Amplifier for Calibrated Deflection Factor Range
and Accuracy.

Bandwidfh

Performance Requirement: DC to > 5.0 MHz at -3 dB

Procedure: Set Ch 1 VOLTS/DIV to 20 mV. Apply a 50 kHz,

6-division signal from a Type 191 to Ch 1 vertical input con-
nector. Set B TRIGGERING SOURCE to INT, HORIZ DISPLAY to EXT
HORIZ, Input Selector to Ch 2. Increase the frequency of

Type 191, until 4.2 divisions are observed. Note the frequency
of the Type 191.

Phase Shift

Performance Requirement: < 3° at 50 kHz

Procedure: Apply a 4-division, 50 kHz signal from a Type 191B

to the Ch 1 and Ch 2 vertical input connector. Set B TRIGGERING
SOURCE to INT, HORIZ DISPLAY to EXT HORIZ, CH 1 and CH 2 VOLTS/DIV
to 20 mV, Input Selector to Ch 2. Measure the maximum separation
of the displayed ellipse along the vertical graticule line. The
maximum separation measured vertically must be 1 minor division

or less to be within performance requirement as stated in Section
1.5,

Deflection Factor, TRIGGER INPUT or EXT HORIZ

Performance Requirement: EXT 270 mV/div +15%

EXT + 10 2.7 V/div +20%

Procedure: Set HORIZ DISPLAY to EXT HORIZ, B TRIGGERING SOURCE

to EXT AND APPLY a 2 V squarewave from the Standard Amplitude
Calibrator to EXT HORIZ INPUT. The horizontal deflection must
be from 6.3 to 8.5 divisions. ' ' ‘

Set B TRIGGERING SOURCE to EXT + 10, and apply a 20 V squarewave

from the Standard Amplitude Calibrator. The horizontal deflection
must be from 6.0 to 8.8 divisions.
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3.6.5 Bandwidth

Performance Requirement: DC to > 5.0 MHz at -3 dB

Procedure: Set B TRIGGERING Source to EXT, HORIZ DISPLAY to
EXT HORIZ. Apply a 6-division 50 kHz signal from a Type 191

to EXT TRIG INPUT or EXT HORIZ. Increase the frequency of the
Type 191, until 4.2 divisions are observed. Note the frequency
of the Type 191.

3.6.6 Phase Shift

Performance Requirement: < 3° at 50 kHz

Procedure: Apply a 50 kHz signal from a Type 191B to EXT TRIG
INPUT or EXT HORIZ, HORIZ DISPLAY to EXT HORIZ, and adjust
amplitude of Type 191 for 4 divisions of horizontal display.
Apply the same signal to the Ch 2 vertical input connector
through a BNC "T" connector and two equal length cables. Set
HORIZ DISPLAY to "A", Ch 2 VOLTS/DIV to 20 mV and adjust the
VARIABLE to obtain 4 divisions of vertical display. Set HORIZ
DISPLAY to EXT HORIZ and measure the maximum separation of the
displayed ellipse along the vertical graticule line. The maxi-
mum separation measured vertically must be 1 minor division or
less to be within the performance requirement as stated in
Section 1.5.

3.7 Triggering A & B
3.7.1 Trigger Sensitivity
Internal

Performance Requirement:

DC 0.2 div to 10 MHz, increasing to 1 div at 50 MHz
AC 0.2 div from 30 Hz to 10 MHz, increasing to 1 div
at 50 MHz

AC LF Reject 0.2 div from 30 kHz to 10 MHz, increasing to 1 div
at 50 MHz

AC HF Reject 0.2 div from 30 Hz to 50 kHz

Procedure: Apply a signal from Type 191 to the Ch 1 vertical

input connector. Select the proper mode of.coupling, signal
frequency, and amplitude as stated in Section 1.6. Trigger
Sensitivity is defined as the minimum peak-to-peak signal required
to obtain a stable display with an adjustment of LEVEL while switch-
ing from + slope to - slope. To measure the lower point of AC
coupling it may be necessary to use a Krohn-Hite oscillator applied
to the vertical input connector. Monitor the amplitude of the
Krohn-Hite oscillator with a DC coupled test oscilloscope to insure
constant amplitude.
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3.7.2

3.7.3

3.7.4

External

Performance Requirement:

AC 50 mV to 10 MHz increasing to 200 mV at 50 MHz

AC 50 mV from 30 Hz to 10 MHz increasing to 200 mV
at 50 MHz

AC LF Reject 50 mV from 30 kHz to 10 MHz increasing to 200 mV
at 50 MHz

AC HF Reject 50 mV from 30 Hz to 50 kHz

Procedure: Use the same setup as Internal Trigger Sensitivity

except apply the signal to the Ch 1 Vertical and External

trigger inputs. Observe minimum peak-to-peak signal required to
obtain a stable display with an adjustment of LEVEL while switch-
ing’ from + slope to - slope.

Automatic Triggering and Recovery Time (A only)

Performance Requirement: Usable with signals above 20 Hz

Procedure: Connect 50 ms markers from Type 184 to the Ch 1

vertical input connector. Set the sweep rate to 1 ms/div, A
SWEEP MODE to AUTO. Stable display must be obtained by trigger-
ing on the leading edge of the marker with an adjustment of
LEVEL. Note that the trace free-runs beyond triggered area

and through the full range of LEVEL.

Set the Type 184 to 100 ms markers. It must not be possible to
obtain a stable display by triggering on the leading edge of the
time mark with the LEVEL control.

Jitter

Performance Requirement: < 1 ns at 10 ns/div

Procedure: Apply a 50 MHz signal from a Type 184 to the vertical

input connector. Set A SWEEP MODE to NORM, Trigger Coupling to
AC, sweep rate to 0.1 us/div, MAG to X10, and Triggering Source
to INT. Using LEVEL and HF STAB obtain a stable display. There
must be < 1/2 minor divisions of horizontal jitter.

Single Sweep (A only)

Performance Requirement: Triggering level same as normal

sweep Performance Requirements

Procedure: Use the same setup as in Internal Trigger Sensitivity.

Obtain a stable display. Set Input Coupling to GND. A SWEEP MODE
to SINGLE SWEEP and depress RESET button (Reset light will light).
Set Input Coupling to AC and note that the sweep runs once and
once only.
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3.7.5 LEVEL Range

Performance Requirement: EXT > 42V

EXT + 10 > +20 V

Procedure: Apply a 4 V, 50 kHz signal from Type 191 to vertical
input connector and EXT TRIG INPUT. Set vertical deflection
factor to 1 V/div, A TRIGGERING SOURCE to EXT, TRIGGER COUPLING
to AC, A SWEEP MODE to AUTO. Obtain a stable display with LEVEL.
Turn LEVEL fully cw and ccw. Display must free-run with LEVEL
fully cw and fully ccw.

Set vertical deflection factor to 10 V/div and A TRIGGERING SOURCE
to EXT + 10. Apply a 40 V signal from Type 106 Square Wave Genera-
tor to vertical input connector and EXT TRIG. The display must
free-run at the extremes of LEVEL.

Check B TRIGGER LEVEL using the same setup as above. Set B SWEEP
MODE to TRIGGERABLE AFTER DELAY TIME, HORIZ DISPLAY to A INTEN
DURING B, DELAY-TIME MULTIPLIER to 5.00, and B TRIGGERING SOURCE
to EXT. Adjust LEVEL until the last half of the display intensi-
fies. The display must return to normal intensity at the extremes
of LEVEL. Set the vertical deflection factor to 10 V/div and the
B TRIGGERING SOURCE to EXT + 10. Apply a 20 V signal from the
Standard Amplitude Calibrator to the vertical input connector and
EXT TRIG. The display must return to normal intensity at the
extremes of LEVEL.

3.8 Calibrator
3.8.1 1Initial Setting and Accuracy

Performance Requirement: 1 V +0.3% at 25°C +5°C

Procedure: Remove Q 1255 and connect 1 V CAL 1 KC to Input of

DC Voltage Bridge. Connect DC Voltage Bridge Output to test

scope Vertical Input. Set DC Voltage Bridge to the 11 V scale,

1 V range. Set test scope vertical deflection factor to 5 mV/div
and adjust +12 V (R 1152) for minimum difference in chopped levels.

Set Type 453 Calibrator to 0.1 V and connect a Standard Amplitude
Calibrator to CAL 1 KC. Set Standard Amplitude Calibrator to +
DC and Mixed at 0.1 V. Connect the output of Standard Amplitude
Calibrator to test scope Vertical Input. Set test scope vertical
deflection factor to 5 mV/div and note the difference in the
chopped levels. The chopped levels must be within 1 minor divi-
sion to be within the Performance Requirement as stated in Section
1.1. Replace Q 1255,
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3.8.2

3.8.3

3.8.4

3.8.5

3.9 7 Axis

3.9.1

Output Current 5 mA

Performance Requirement: 0°C to +40°C -15°C to +55°C

+1% +1.5%

Procedure: Monitored with a Current Probe. If the calibrator

voltage accuracy is within its performance requirement and a
current is present in the current loop, it is within its per-
formance requirement.

Repetition Rate 1 kHz

Performance Requirement: 0°C to +40°C -15°C to +55°C

40.5% +1%

Procedure: Apply 1 ms markers from a Type 184 to Ch 1 vertical

input connector. Apply 1 V calibrator signal to Ch 2 vertical
input connector. Set TRIGGER MODE to NORM, Input Selector to
ALT, sweep rate to 1 ms/div, and adjust LEVEL for a stable dis-
play. Position the last marker to graticule center and set the
MAG to X10. Note the displacement of the leading edge of the
Calibrator signal from the leading edge of the 1 ms marker. The
displacement must be 1/2 division or less for the Calibrator to
be within its performance requirement as stated in Section 1.7.

Duty Cycle

Performance Requirement: 497% to 51%

Procedure: Apply a 1 V Calibrator signal to Ch 2 vertical input

connector. Set vertical deflection factor to 0.2 V/div, A sweep
rate to 0.1 ms/div and obtain a stable display. Vertically posi-
tion the display about graticule center. Adjust A VARIABLE to
obtain 5 divisions of the positive half-cycle of the Calibrator
waveform. Invert Ch 2 and note that the displayed half-cycle is
5 divisions +1 minor division.

Risetime

Performance Requirement: < 1 us

Procedure: Monitor 1 KC CAL OUT with test scope. Measure the

time interval between the 107 and 907 amplitude points on the
leading edge of 1 V and 0.1 V Calibrator signal.

Input
Sensitivity

Performance Requirement: > 5 V P to P causes noticeable

modulation at normal intensity

Procedure: Remove the ground strap from Z Axis Input and
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apply a 5 V signal from the Standard Amplitude Calibrator to
the Ch 1 vertical input connector and the Z Axis Input. Set A
sweep rate to 0.5 ms/div, Ch 1 vertical deflection factor to

1 V/div, and obtain a stable display. The positive portion of
the squarewave must dim at a normal intemsity level.

3.9.2 Usable Frequency Range

Performance Requirement: DC to > 50 MHz

Procedure: Apply a 5 V signal from Type 191 to Z Axis Input
(with the ground strap removed) and A EXT TRIGGER INPUT. Set

A SWEEP MODE to NORMAL, A TRIGGERING SOURCE to EXT, and adjust
LEVEL to obtain an intensity modulated sweep. Set the frequency
of the Type 191 to 50 MHz, sweep rate to 0.1 ps/div, and MAG to
X10. Check for 50 MHz intensity modulation.

3.10 Signal Outputs
3.10.1 A & B Gates Output Voltages

Performance Requirement: 12 V +107%

Procedure: Checked using a test scope.
3.10.2 Vertical Signal Out (CH 1 Only)
Output Voltage

Performance Requirement: > 25 mV/div into 1 MQ

Procedure: Obtain 5 divisions of deflection using the 1 V
Calibrator. Monitor Ch 1 OUT with test scope for > 125 mV.

Bandwidth

Performance Requirement: (See Vertical Amplifier page 1-2)

Procedure: See Vertical Amplifier test methods.
3.11 Power Requirements
3.11.1 Line Voltage Ranges

Performance Requirement:

96 to 110
104 to 126
112 to 136
180 to 220
208 to 252
224 to 272

SIS IR SEE S IR SERS)

Procedure: Vary line voltage with a TU-76. Monitor the regulated
DC power supplies with the test scope.
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3.12

3.13

3.11.2 Line Frequency

Performance Requirement: 45 Hz to 440 Hz

Procedure: Use a Tel-Instrument Type 4100-I-H10S to vary
line frequency. Monitor the regulated DC supplies with test
scope at the frequency limits stated in Section 1.10.

Internal Power Supply

3.12.1

3.12.2

3.12.3

Long Term

Performance Requirement: -12 V +12.1 V +75 V
+17% +1.7% +17%

Procedure: The supplies will be within the given tolerances
at 25°C +5°C for any 500 hour period after the first 200 hours.

Initial Setting

Performance Requirement: -12 V +12.1 V +75 V
+0.27% +1.0% +0.377%

Procedure: The -12 V, +75 V, and High Voltage are set using a
DC Voltage Bridge. The +12.1 V is measured after the 1 V CAL
OUT is adjusted.

Variation from 25°C value (-15°C to +55°C)

Performance Requirement: -12 V +12.1 V +75 V
+0.5%  +0.75% +0.757%

Procedure: Maximum variation from the value measured at 25°C
+5°C, checked from -15°C to +55°C.

CRT Display

3.13.1

Writing Rate

Performance Requirement: Capable of single transient recording
at s/div, using Type camera and
Type film

Procedure: Intensity, Focus and Astig are adjusted for best

resolution with free-running sweep at 0.1 ms/div. Sweep rate
is then increased to ___ s/div, and the Sweep Mode set to
Single Sweep. Using Type ___ camera and Type ___ film, record
a single display.
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3.13.2 Luminance

Performance Requirement: Undetermined

Procedure: Not yet determined.
3.13.3 Trace Width

Performance Requirement: < 0.030" at graticule center

Procedure: Apply a 2 division Calibrator signal to the Ch 1
vertical input connector. Set sweep rate to 1 ms/div, FOCUS
and ASTIG set for optimum focus, and position the display
about graticule center. Set INTENSITY at a minimum usable
level. Use a calibrated, hand-held telescope and measure the
trace width along the top of the squarewave.

3.13.4 Horizontal Resolution

Performance Requirement: 150 lines in 10 divisions

Procedure: Apply 1 ms and 100 us markers from Type 184 to Ch 1
vertical input connector. Set sweep rate to 1 ms/div. Use a
VARIABLE TIME/DIV and obtain three 1 ms markers for every 2
divisions. Observe no overlap of the 100 us markers over the
scan area when the center 4 divisions are focused.

3.13.5 Geometry
Scan Area

Performance Requirement: > 6 x 10 div at 0.8 cm/div

Procedure: Set sweep rate to 1 ms/div, A Sweep Mode to AUTO,
and apply 10 MHz from Type 191. Set vertical deflection factor
so that the 10 MHz signal exceeds vertical graticule limits.
Set MAG to X10. Note that the raster produced exceeds the
limits stated in Section 1.12.

Beam Intercept

Performance Requirement:

Vertical : At 6 div scan max intercept per plate 35%

Horizontal: At 10 div scan max intercept per plate 507%

Vertical

Procedure: Check the vertical intercept by '"floating" a special

LA meter (obtained through CRT Design Engineering) in CRT anode
circuit. Set A sweep rate to 1 ms/div, A SWEEP MODE to AUTO, A
SWEEP LENGTH to 4 divisions and position the focused trace to
graticule center. Turn INTENSITY fully ccw and null the meter with

3-19



453/R453 EIS 133A

the Helix Balance control. Turn INTENSITY cw to obtain 5 uA
of beam current. Position trace to top of graticule and note
meter reading. Position trace to bottom of graticule and note
meter reading. Intercept is defined as an offset reading
expressed as a percentage of center reading.

Horizontal:

Check horizontal intercept by applying a sawtooth waveform

from test scope to Ch 1 vertical input connector. Set HORIZ
DISPLAY to Ext Horiz, Ch 1 vertical deflection factor to

20 V/div and VARIABLE to uncalibrated to obtain 3 divisions of
deflection. Horizontally position display to graticule center
and turn INTENSITY fully ccw. Null the meter with Helix Balance.
Turn INTENSITY cw to obtain 5 puA of beam current and note meter
reading. Position trace to zero graticule line and note meter
reading. Position trace to right of graticule and note meter
reading.

Intercept is defined as an offset reading expressed as a percent-
age of center reading.

Spot Centering

Performance Requirement: < 0.5 div radius from graticule center

Procedure: Set O V between Horizontal deflection plates and
between vertical deflection plates (mot to ground). Note
the position of the spot from graticule center.

Linearity

Performance Requirement: < 0.5 minor div compression or expan-
sion of 2 div signal

Procedure: See Test Method 3.2.9.
Orthogonality

Performance Requirement: 90° +1°

Procedure: Obtain a freé-running sweep at 0.5 ms/div. Align
trace horizontally with trace rotation adjustment and apply

1 ms and 100 us markers from Type 184. Check for ten 1 ms
markers for every 10 graticule divisions. The 100 us markers
will now be 0.5 minor divisions apart. Position a 100 us
marker on bottom center graticule line. The adjacent 100 us
markers must not cross the top center graticule line.
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Trace Rotation Range

Performance Requirement: > 6°

Procedure: Checked by turning TRACE ROTATION fully cw. Posi-

tion start of a free-running trace to zero vertical graticule
center. Note where trace intersects the 10th div graticule
line below graticule center. Turn TRACE ROTATION fully ccw
and position start of trace to graticule center. Note where
trace intersect the 10th div graticule line above graticule
center. Total displacement must be > 1 div.

Raster Distortion

Performance Requirement: < 0.5 minor div total

Procedure: Apply 1 ms and 100 ps markers from a Type 184 to

Ch 1 vertical input connector. Adjust amplitude to exceed
graticule height. Set sweep rate to 1 ms/div. The 100 us
markers will be 0.5 minor division apart. Position a 100 us
marker to bottom of a vertical graticule line. The adjacent
100 us markers must not cross the top of the same vertical
graticule line. Horizontal trace distortion is checked by
positioning a 0.5 ms/div, free-running sweep to top and bottom
of graticule and observing the amount of sweep bowing.

Deflection Factors

Performance Requirement:

Vertical : 4.1 V/div to 5.1 V/div
Horizontal: 10.7 V/div to 13.0 V/div

Vertical

Procedure: Set HORIZ DISPLAY to EXT HORIZ and obtain a low-

intensity spot. Position spot to graticule center. Connect
voltmeter to lower deflection plate. Position spot to top
graticule line. Note meter reading. Position spot to bottom
graticule line (meter polarity must be changed when positioning
the spot to bottom graticule line). Note meter reading. Divide
total voltage excursion by 6 to determine VOLTS/div.

Horizontal

Procedure: Set HORIZ DISPLAY to EXT HORIZ and obtain a low-

intensity spot. Position spot to O graticule line. Connect
voltmeter to horizontal deflection plate. Note meter reading.
Position spot to the 10th graticule line (meter polarity must
be changed when positioning spot to right of graticule center).
Divide total voltage excursion by 10 to determine VOLTS/div.
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453/R453 EIS 133A

SECTION 4

ENVIRONMENTAL PERFORMANCE VALIDATION

4.1 Temperature

Perform all tests in a single chamber and, when changing chamber
ambient temperature, do not exceed a change rate of 5°C per minute.

4.,1.1 Nonoperating

Perform all electrical tests, described in Section 3, at
25°C. Then turn the instrument off and store at -55°C
ambient for 4 hours.

Change ambient temperature to +75°C and again store for
4 hours.

Return the ambient temperature to 25°C, allow 4 hours for
stabilization, and again perform all electrical tests.

Failure Criteria

Instrument and components must meet performance require-
ments before and after storage. If necessary, internal or
external adjustments may be performed to meet required
accuracies.

Cracking, warping, discoloration or any deformation which
interferes with a normal mechanical function also consti-
tutes failure.

4,1.2 Operating
Perform all electrical tests, described in Section 3 at 25°C.

With the instrument turned off, change ambient temperature to
-15°C and allow the instrument to stabilize for 4 hours. At
the end of this period, turn the instrument on, allow 20 min-
utes for warm-up, then check accuracy and operation of all
front-panel functions.

With the instrument operating, change the chamber ambient tem-
perature to +55°C and allow 4 hours for stabilization. (+45°C
for Type 453/R453.) : '

At the end of 4 hours, again check the accuracy and operation
of all front-panel functions.

Return the instrument to +25°C, allow 4 hours for stabiliza-
tion, then perform all electrical tests described in Section 3.
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4.2

Failure Criteria

Instrument must meet performance requirements at each step
in the test. Controls and switches must operate normally.

Altitude

Altitudes described in this section are referred to sea level.

"Normal

altitude", when used, refers to the natural elevation (outside the

chamber) of the test facility site.

4.2.1 Nonoperating

Perform all electrical tests described in Section 3 at 25°C
and normal altitude. Then store, with the instrument turned

off, for 4 hours at 50,000 feet and -55°C.

Return chamber to normal altitude and 25°C and allow 4 hours

for stabilization. At the end of this period, repeat the

electrical tests.

This test may be performed with the nonoperating temperature

test (4.1.1).

Failure Criteria

This instrument must meet performance requirements before and
after the altitude test, and must experience no cracking or

warping, nor any deformation which interferes with normal

mechanical function.

4,2.2 Operating

Perform all electrical tests described in Section 3 at 25°C

and at normal altitude.

Operate the instrument 4 hours at 15,000 feet. At the end of
this period maintain that altitude and measure accuracy and

operation of front-panel functions.

When necessary, open the vacuum chamber and perform required
switching as rapidly as possible. Then return the chamber to

the specified altitude and allow 1 hour for stabilization

before continuing the tests.

Return the instrument to normal altitude and repeat all elec-

trical tests described in Section 3.
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Failure Criteria

Instrument will meet performance requirements before, during
and after the operating altitude tests. Any evidence of mal-
function constitutes failure.

4.3 Humidity

4.3.1

Nonoperating

Perform 5 cycles (120 hours) of Mil-Std-202C, Method 106B.
Delete freezing and vibration. Allow to dry for 24 hours

at room ambient conditions (25°C +5°C, 20% to 807 relative
humidity) prior to operating. Allow one-hour warm-up before

making measurements.

Failure Criteria
Nonoperating |

There shall be no significant deterioration of components,
materials or finishes. Type 453/R453 and its components
must meet their electrical performance requirements before
and after the humidity test. Deformation which interferes
with normal mechanical function will not be permitted.

4.4 Vibration

4.4.1

Operating

Perform all electrical tests described in Section 3 before
vibrating the instrument.

Fasten the instrument securely to the vibration platform.

With the instrument operating, vibrate for 15 minutes along
each of the 3 axes at a total displacement of 0.025" (4 g's
at 55 c¢/s), and with the frequency varied from 10-55-10 c¢/s
in l-minute cycles. Hold at any resonant point for 3 minutes.

If no resonances are present, vibrate at 55 c/s for 3 minutes
in each axis for a total vibration time of approximately
55 minutes.

Turn off the vibration platform and repeat all electrical
tests described in Section 3.

Failure Criteria
The instrument must meet performance requirements before and
after the vibration tests. (Sporadic output during vibration

is permissable.)
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4.5 Shock

4.5.1

Mechanical failures are indicated by:

Broken leads

Broken chassis

Broken compoents

Loose parts

Excessive wear

Component fatigue

Change in component value outside rated tolerance
Deformation which interferes with a normal
mechanical function

Test will be completely rerun after repairing any of these
failures.

Nonoperating and Operating

Perform all electrical tests described in Section 3 before
proceeding with the shock tests.

Subject the instrument to guillotine-type shocks of 30 g's,
1/2 sine, 11 ms duration; 2 such shocks each direction along
each of the 3 major axis for a total of 6 shocks.

Repeat all electrical tests described in Section 3.

Failure Criteria

The instrument will meet performance requirements before
and after the shock tests.

There must be no cracked or broken chassis, components or
leads; component deformation of 0.100" or more; nor any
deformation which interferes with a normal mechanical function.

4.6 Electromagnetic Interference

4.6.1

Operating

Use the test set-up procedures and limits described in speci-
fication MIL-I-6181D. The tests will be peformed within an
electrically shielded enclosure. The instrument must be
equipped with a CRT mesh filter. EMI will be checked over
the following frequency range: - ‘

Radiated Interference - from the instrument under test
150 kHz to 1000 MHz

Conducted Interference- through the power cord 150 kHz
to 25 MHz
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Failure Criteria
Radiated and Conducted Interference.

The instrument shall not exceed the limits described in
MIL-I-6181D, figures 7,8,14 and 16.

4.7 Transportation
Perform all tests described in Section 3 before conducting the
transportation tests, then place the instrument in the carton in
the manner in which it is normally shipped.

4.7.1 Package Vibration

Vibrate for 1 hour in a manner causing the package to leave
the vibration platform (slightly in excess of 1 g).

4.7.2 Package Drop
Drop the package from a height of 30" on one corner, on all
edges radiating from that corner, and on all flat surfaces

for a total of 10 drops.

After the transportation tests, repeat all electrical tests described
in Section 3.

Failure Criteria
The instrument must meet performance requirements before
and after the transportation tests. There must be no broken

components, leads, or chassis members, nor any deformation
which interferes with a normal mechanical function.
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FACTORY TEST LIMITS

QUALIFICATION

Factory test limits are qualified by the
conditions specified in the main body of

the factory calibration procedure.

struments may not meet factory test limits
if calibration or checkout methods and
test equipment differ substantially from

those in the factory procedure.

These limits usually are tighter than ad-
vertised performance requirements, thus
helping to insure the instrument will meet
or be within advertised performance re-
quirements after shipment and during sub-
sequent recalibrations. Instruments that
have left the factory may not meet factory
test limits but should meet catalog or in-
struction manual performance requirements.

POWER SUPPLIES

-12 Volts: +,02V, max
+12 Volts: 1V +.002V, max
12V -0 +.2V, max

+75 Volts: t,2V, max
Ripple and regulation: 2ZmV, max

High: 103 to 137Vac
Low: 96 to 127Vac

HIGH VOLTAGE:

1

o\

, Mmax

TRACE ALIGNMENT

TRACE ROTATION:  Range: 6°, min

Geometry: .1 div, max
SCALE ILLUM

no illumination ccw
max illumination cw

STEP ATTEN BAL

+ and -5 div range from proper setting,

min

BALANCE

VARIABLE balance:  *1 div of graticule

center

(H 2 INVERT balance: 1 div of graticule center

TEK 453 PRB 1-18-66

GAIN

CH 1 GAIN Range: 5%, min
CH 2 GAIN Range:  £5%, min
ADD gain 1%, max
VOLTS/DIV

VOLTS/DIV accuracy:  *2%, max
VARIABLE range: 2.5:1, min

COMPRESSION, EXPANSION
.1 div, max

ALTERNATE

All sweep rates

MICROPHONICS AND GRID CURRENT

a. Microphonics: 1 div, max; no
ringing type
b. Grid current: .4 div, max

VOLTS/DIV COMPENSATION

(H 1 compensation: #*1%, max
(H 2 compensation: #*1%, max

HIGH FREQUENCY COMPENSATION
CH 1 20mV hf compensation:
2%, max
CH 2 hf compensation: #*2%, max
CH 1 5mV and 10mV compensation:
2%, max
TRANSIENT RESPONSE

Added mode transient response:

6%, max
-Polarity transient response

2%, max
Positioning effect on transient
response : £5%, max

Attenuator transient response:
50mV to 2V: #3%, max
5V and 10V: 6%, max
Risetime: 6.6ns, max



Test Limits - continued

BANDPASS
20mV/DIV bandpass: >52.5MHz
30% down
10mV/DIV bandpass: >46 . 5MHz
30% down
5mV/DIV bandpass: >41MHz at
- 30% down
(H 2 bandpass: within S5MHz
of (H 1 at
20mV
Added mode bandpass:  >52.5MHz
30% down
(H 1 OUT to (H 2 bandpass:
>25Mz at
30% down

VERTICAL POSITION RANGE
Position range: 13.5 to 16.5 div

COMMON MODE REJECTION RATIO AND
ATTENUATOR ISOLATION

Common mode rejection ratio:
>20:1 at 20MHz
Attenuator isolation: 10,000: 1 min,
at 20Miz

TRIGGERING

Internal triggering:
0.2 div at 10MHz
1 div at 50MHz
0.2 div from 30Hz to
10MHz AC
0.2 div from 30kHz to
10MHz AL LF REJ
External triggering:
' 50mV at 10MHz
200mV at 50MHz
50mV from 30Hz to
10MHz AC
50mV from 30kHz to
10MHz AC LF REJ

HF REJ: not triggered at 1MHz
SINGLE SWEEP: Same trigger level

as NORM
LINE: correct polarity
LF REJECT: Not triggered at
60Hz

TRIGGERING LEVEL RANGE
EXT LEVEL range: + and - 2V, min
EXT + 10 LEVEL range:

+ and - 20V, min
AUTO RECOVERY TIME
Recovery time: 50 to 100ms
DELAY TIME LINEARITY

+]1.,5 minor div, max

X10 MAG

Mag Gain: t1%, max

Linearity: 1%, max

Mag Regis: t,1 div, max

SWEEP LENGTH

B sweep length: 11 .5 div

A sweep length: <4 div to 11
.5 div

VARIABLE RANGE

A VARIABIE range: 2.5:1, min

B VARIABLE range: 2.5:1, min

POSITION RANGE

X1 position range: ends of sweep to
graticule center

X10 FINE range: 5 to 8 div

HIGH SPEED LINEARITY

.1 uSEC/DIV X10 MAG timing:
3%, max

B SWEEP TIME/DIV

2

o\

, max

A SWEEP TIME/DIV

.1 uSEC to 1 uSEC/DIV: *2%, max
1 uSEC to 50mSEC: 1%, max
.1 SEC to 5 SEC: 2%, max

1-18-66 TEK 453 PRB



Test Limits - continued

DELAY TIME JITTER

.3 div, max

EXT HORIZ

deflection factor EXT:
270mV/div +15%
EXT + 10:
2.7V/div £20%

bandpass: >5MHz at 30% down

CHOPPED OPERATION

Chopped frequency:  500kHz *20%

CALIBRATOR

Cal Freq: 1kHz *.05%
Duty cycle: 50% *1%
Risetime: lus, max
Voltage accuracy:  *.5%, max
Z AXIS

Sensitivity: 5V, min
max usable frequency: 50MHz, min

CH 1 oUT
Gain: 1mV/div, min
TRACE FINDER

trace must not position off
~ graticule

A AND B GATES

A GATE: 12V +5%

B GATE: 12V +5%

HOLDOFF

.1uSEC to 5uSEC: less than 2.5s
10, 20 and 50uSEC:  3.5-10us

.1, .2 and .5mSEC: 3.5-100us

1, 2 and 5mSEC: 3.5-1ms

10, 20 and 50mSEC:  3.5-10ms

.1 SEC to 5 SEC: 3.5-100ms

TEK 453 PRB 1-18-66






453 - 230 VOLT AC

MAINTENANCE NOTES APPLIED TO 115 V AC
CONNECTOR
BEAVERTON
PROBLEM : Damaging of components in the 453 because of the failure

SOLUTION:

3-31-67

of fuses F1101 and F1102 to blow when 230 volts AC is
mistakenly applied as a supply voltage to the 115 volt
connector.

e
.

Install modification 10485-2 in instruments s/n 100-3439.

2. Remove diodes D1159 and D1167 from the circuit (part of
Mod 12214).

3. Reduce the value of fuses F1101 and F1102 to 0.7 amp

SLO-BLO.

NOTE: When the higher supply voltage is applied D1159 and
D1167 are the first components to disintegrate. Their
purpose was to protect the +12 volt supply in the event
of a short occuring in the HV circuit. Effective with
s/n 3440, Mod 10485-2 was installed, which changed the
grounding of the HV circuitry eliminating the necessity
for these two diodes.

Dan Welch

453 RB 754
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MAINTENANCE NOTES

EC BOARD REPAIR

When and if it becomes necessary to replace a
component on an EC Board in "Environmental”
instruments, such as 422, care should be taken
to remove all soldering flux.

Under environmental conditions of high humidity,
considerable damage can result to the board from
the combination of moisture and flux. This com-

Tony Bryan, 7-16-65

bination causes corrosion, resulting in an instru-
ment which is designed as "Environmental", but
will not play under those conditions.

The same advice applies to any Tek-made EC
Boards. But, one could probably get away with
less thorough cleaning in a "Lab Instrument'.

EC BOARD STAND-OFFS

The stand-offs used for mounting the etched cir-
cuit boards in these instruments show signs of
developing high resistance paths between the stand-
off and the mating surface of the EC board.

Tests on samples and random stand-offs exhibiting
enough resistance to warrant further examination,
reveal passivated metal films (first stages of cor-
rosion) present. Presence of lacquers was also
evident,

The indications first noticed at the factory were
excessive power supply ripples, hum, etc. Such

Tony Bryan, 8-27-65

problems in 422/453's may make these stand-offs
suspect.

The repair solution is to install an internal lock-
washer with a 4-40 binder head screw. All the
standoffs are tapped with 4-40 threads inside since
they are mounted to chassis, rails, etc., by 4-40
SCrews.

The lockwasher used should have an internal ID
of sufficient size to clear the knurled edge of
the stand-off,

\nﬁ';

-~ «<=<—— Chassls

2 = Stand-off
¢ EC Board
«—

Lock Washer
L=4O0 Binderhead screw

USE OF HITACHI NUVISTORS IN ENVIRONMENTALIZED

INSTRUMENTS

Recent process changes to Hitachi Nuvistors make
them usable again in the above environmental
instruments. Their use was discontinued in June,
1965, due to the high incidence of corrosion of the
pins in environmental conditions of high humidity.

Tony Bryan, 10-6-65

New pin materials, plating, etc., now make them
acceptable devices. They are identifiable by a nickel
alloy finish on the nuvistor pins.

TEK 453 IRB 12-9-65



BANDPASS VERSUS ATTENUATOR SETTINGS

The following photographs were taken from three
453's selected at random in Plant 3's Q.C. De-
partment,

Because of the specification of no more than 6%
aberrations, overshoot, ringing, etc., it was felt
some photos typical of a production instrument
would . be helpful. All photos were taken at .l
usec/Div, MAG OFF and using a "Buzz Box",
which is a Production Test Device consisting of a
mercury switch, driven by a 105 square wave
generator, which switches a DC voltage.

The 453 manual calibration procedure does not
go into detail or explain that the stacking of pre-
viously adjusted attenuators may require some
compromise settings for best results inthe 5 V/Div

Tony Bryan, 11-10-65

and 10 V/Div positions. As a matter of fact, the
manual is quite short on any facts about such ad-
justments, Neither the Performance Check nor
Calibration Procedure detail the measurement of
bandpass or transient response in those positions.
However, Plant 3 Test Department does not have
any experience to indicate problems in this area.
They are really quite good considering the atten-
uation ratio together with the frequency response
that is typical of the vertical amplifier.

Following the photographs is a graph of 3 dB points
versus attenuator settings of 71 instruments, a to-
tal of 142 channels. As you can see, the average
bandpass is somewhat better than the instrument
specification, These figures are taken from test
records.

453 SN 325

CH1 5V/DIV

CH1 1:0V/DIV

e TS S I
+H+HH -+

CH2 5V/DIV

CH?2 10V/DIV
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Maintenance Notes - continued

453 SN 349

LaAm

CH 1

5V/DIV

CH2 5V/DIV

HHH

CH1

10V /DIV

453 SN 516

CH2 10V/DIV

CH1 5V/DIV

CH 2 5V/DIV

TEK 453 IRB

CH1 10V/DIV

12-9-65

CH 2

10V /DIV
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Maintenance Notes - continued
DELAY TIME MULTIPLIER

The "Delay Time Multiplier" has a CCW setting
of 0.5 on the helidial. The CW end is 10.5 so
that the coverage is a full 10 divisions. The rea-
sons for starting at the 0.5 setting are two-fold.

1. So that there is always an intensified trace
when the mode switch is placed in the
"A Inten during B'" position.

Teny Bryan, 11-2-65

2. To prevent the "B'" sweep from triggering
on a small amount of ringing on the "A"
sweep sawtooth when it returns to quiescent.

For these reasons, the dial is set at 0.5 and the
"B" sweep start is set to coincide with the dial,

VERTICAL TRACE BOUNCE

R343 and R353 (267 ohm metal film) has exhibited
some failures from one particular batch. Instru-
ments to approximately S/N 500 may be suspect.
At about that S/N, a new batch of resistors ar-

Tony Bryan, 11-29-65

rived and were used by production. The resistor
will exhibit rather large changes in resistance by
applying pressure to it, while measuring resistance.

TEK 453 IRB 12-9-65






Maintenance Notes - continued

VERTICAL POSITION POT REMOVAL

A couple of Field Engineers have recently
described their horrible experiences when
trying to remove the vertical position pot
by attempting to get at them after removing
the front panel.

From the accompanying picture it will be
seen that the input connectors, attenua-
tors, and vertical position pots are se-
cured to the bracket shown, which is a
part of the attenuator-switch assembly.
The attenuator shafts and vertical posi-
tion pot shafts are then secured to the
subpanel casting. To get to these com-
ponents, it is important to remove the
entire preamp assembly. The attenuator
bracket is further fastened to the sub-
panel casting by four captive screws with
lock washers and nuts from the back side.
Note the four evenly spaced holes at the
bottom of the bracket in the photo. Re-

Tony Bryan, 12-6-65

moving these fastenings, and the manual
procedure for removing the preamp (page
4-3) should give you a complete vertical
preamp assembly to work on. Do NOT re-
move the mode-trigger switch from the
assembly as suggested in the manual pro-
cedure. Take out the whole thing as an
assembly.

453 BOTTOM COVER FOOT ATTACHMENT

The problem of loose plastic feet was
solved, effective SN 3260. The original
assembly did not make use of a lock washer
and the mounting screw (211-0504-00) often
became free to cause damage inside the
scope.

Dan Welch, 3-7-67

The problem was solved by adding a
lockwasher (210-0055-00) between the
plastic foot and the outer surface of the
cabinet. To accommodate the addition of
a washer a longer screw (211-0507-00) was
required.

,453 DELAY LINE SHORTS

Investigation of delay line failures at
the plant has shown that the problem
occurs just inside the ends of the outer
shield and can usually be easily fixed.
With a gentle unwinding motion pull out
enough of both inner conductors to clear
the short, then trim the excess and
resolder.

A few delay lines were built using
polyethylene to moisture seal the ends.
These units cannot be repaired, so
replacement is necessary.

About 22 inches of inner conductors are
wound in each inch length of delay line.
You may remove up to 10 inches of inner

Dan Welch, 4-27-67

wire without changing the apparent delay
or transient response.

The Teflon insulation on delay line wires
is only 2 mils thick and is sometimes
damaged during weaving or when the wires
are pulled out of the finished assembly
to form pigtails.

The line cannot be inspected for damage
visually, once it is assembled. It is
assumed that the delay line is
satisfactory if it passes through the
instrument test and calibration procedure.
The insulation may break down later due
to vibration and handling or if the wires
are disturbed.

TEK 453 PRB
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Maintenance Notes - continued

CRT FACE PLATE DISCOLORATION PROBLEMS

There have been several FEN articles on
the CRT face-plate clouding and dis-
coloration problems. This is an effort
to consolidate and clarify them.

There are four different types of dis-
coloration. Each has a slightly
different cause and cure. All types

are concerned with the silastic which

is used to glue on the implosion shield.

1. TYPE DISCOLORATION
Fogging or milky white discolora-
tion of the 647 CRT viewing area.

CAUSE
This fogging was caused by an
incompatibility between the
silastic which bonded the implo-
sion shield to the face plate and
the silastic which bonded a
plastic mounting ring.

CURE
The problem was solved by using
the same silastic for both gluing
jobs. No more problems are

anticipated.

2. TYPE DISCOLORATION
Fogging or milky white discolora-
tion of 422 and 453 CRT.

CAUSE
This fogging was caused by dis-

coloration of the silastic bonding

material which glues the plastic
implosion shield to the CRT face.
The reaction in the silastic was
caused by the four vinyl pads,
which were used for CRT support
near the face plate end of the
tube. The rubber in the pad
attacked the silastic.

CURE

This problem was cured by changing

from the black vinyl pad to red
silicone support cushions. The
new pads are available through
Mod #M9993.

Nick Stadtfeld, 6-16-67

TYPE DISCOLORATION

12-19-67

Browning or brown ring discolora-
tion of the 561A, 581, 585, 5814,
585A, 555, 547 and 565. The
browning or brown ring was also a
discoloration of the silastic
bonding material which glues the
plastic implosion shield to the
CRT face. The problem usually
shows up after approximately six
months to one year of use.

CAUSE
The silastic bonding material used
for bond was affected by any rubber
or rubber product nearby. Also
some discoloration was caused by
contaminents ingested during pro-
cessing. The problem is thought
to have multiple causes and all
causes are not vet known.

CURE
A partial cure was obtained by
changing the CRT 