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U.S. MARKETING SALES RELEASE

(D
453/R453 and 422/R422 - QUANTITY DISCOUNT

A close look at the manufacturing processes for the 422 and the 453 have led
us to permit summation of both cabinet and rackmount instruments for quantity
discount purposes on these products.

One purchase order for both 453's and R453's which meets all requirements for
- quantity discount will be treated as follows:

, If there are ten or more 453's, R453's or sum of the two on one
purchase order, there would be a quantity discount. Where there
is to be a discount on a combination of standard and rackmount
instruments with one shipment the higher priced instrument -

R453 in this case - will be placed in the most favored position
from the discount standpoint. That is - they will be on the high
discount end.

Where multiple shipments of combinations of rackmounts and cabinet
453's are involved, the discount applying to each instrument will
be established by the shipping schedule. The first through ninth
will be at catalog price whether they are cabinet or rackmount, etc.
In case the discount break occurs within one shipment, the previous
paragraph applies - the higher priced items get biggest discount
within the shipment where the break occurs.

In the case of the 422, the same ground rules apply. 422 MOD 150B merits addi-
tional explanation. Since 422 MOD 150B is a dual configuration, it should be
considered two instruments in computation of quantity discounts. Of course
453's and 422's cannot be combined.

The basis upon which we are handling these two instruments in this manner is
that the cabinet and corresponding rackmount are produced simultaneously on

the same production line with identical processes up to cabinetizing which,

of course, is at the very end of the process. The ease with which the instru-
ment can be completed as either a cabinet or rackmount and the ability to retro-
fit with relative ease by a cabinet change accounts for our position. There

is no basis to take such an approach with other instruments presently in the
product line because earlier instruments are dissimilar and cannot be produced
simultaneously by identical processes up to the final stages of manufacturing.
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U.S. MARKETING SALES RELEASE

Ceemel L

P6012 BECOMES STANDARD ACCESSORY

FOR R317, 317, 310A, 321A, 422

The accessory change to provide two P6012 probe packages in place

422 RB
12-14-66

of two P6006 probe packages as standard accessories for the above instru-

ments is being implemented. This change provides the purchaser of these

products with added value at no increase in the price of these instruments.

The change will be made as follows:

PRODUCT SERIAL NUMBER
R317 : 880
317 4870
310A ' 21740
321A 3130
422 6990

Shipments of products with the new probe package will start by

December 27, 1966.

TEK 422 RB 12-14-66




PERFORMANCE

422 CRT's

TYPE PHOSPHOR TEK NUMBER
T4220-1-1 Pl 154-0466-01
T4220~-2-1 P2 154-0466-02
T4220-7-1 P7 154-0466-03
T4220-11-1 P11l 154-0466-04
T4220-31-1 P31 (std) 154-0466-00

Tony Bryan, 1-10-66

422 CRT LIGHT FILTERS

Filter,Light Smoky Grey 378-0549-00
. (std acc)

" " Green 378-0557-00

" " Blue 378-0558-00

" " Amber 378-0559-00

Tony Bryan, 1-10-66

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.
B (3)
There are many contributing factors and
the status of the problem is as follows:
(1) Cathode loading. Spot size and
writing rate requirements dictate
cathode loadings (A/cm?) much
higher than those used in CRI's
of older design. It is unrealistic
to expect more than about 5000 hours
of operation ypder "average"
conditions, which is roughly half
the life expectancy of the old
545 CRT.
'(2) Cathode processing. Our own life-
test results show considerable
varlations 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.

(4)

TEK 422 RB 4-19-68

John Thompson, 4-9-68

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.
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.

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.



Performance - continued

400-SERIES CRT's - PREMATURE FAILURES - continued

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.

Progress is necessarily slow in correcting
life expectancy problems since many weeks
of 1life 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.

2 4-19-68
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EMI TEST REPORTS

The attached 422-1 and 422-2 Test Reports are for your information and are not necessarily for
customers, since this is a report on one (1) instrument. It is intended to be typical and of one
instrument the same as you might expect to get if one instrument were measured for drift and
some other similar characteristic. The report does not become a part of the specification.

The catalog characteristic is that the instruments meet the Mil-1-6181D RFI spec to 1 GHz.
However, we are not prepared to supply free supporting documentation on an individual instru-
ment or group of instruments (which is called "type certification™).

In order for such documentation to be supplied, it would be necessary for us to test the specific
instruments to be shipped. This would mean a goodly number of man hours. If such documenta-
tion were required by a customer, then we would have to negotiate with him for the extra de-
lay in delivery and for the expense of the extra work from our normal manufacturing processes.

For certification by Serial Number, every instrument would require testing, with the test re-
cords to support the certification.

To certify by instrument type, enough sampling would need to be done to ensure that, statisti-
cally, a group of instruments conform to the specification so as to certify the group.

The catalog language is intended to call out the characteristic performances of the instrument,
not to imply that certification is available simply by asking. Additional copies of this report

may be had by writing Product Technical Information, if it can be useful in negotiating on
"catalog" purchases with EMI conscious customers.

TEK 422 PRB 1-19-66
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Report No.: 759018
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GENERAL: The Tektronix Type 422 is a high-performance, dual-trace
oscilloscope featuring light weight, small size, large CRT viewing
area, and the ability to survive severe environments. Two models
are available. One operates on AC; the other on AC or DC, witﬁ

an optional battery pack for completely portable operation.

The tests herein described were performed on the AC model.

PURPOSE OF TEST: This test was performed to determine the electro-
magnetic interference characteristics of Tektronix Oscilloscope
Type 422 (AC Model).

UNIT TESTED: Type 422 oscilloscope, serial number 515, with AC Power
Supply, serial number 515. CRT mesh filter (Tektronix, Inc., part
number 378-0571-00) was installed on this instrument. Manufacturer:
Tektronix, Inc., Box_SOO, Beaverton, Oregon.

DATE OF TEST: 13 July 1965

APPLICABLE SPECIFICATION: MIL-I-6181D

TEST SITE: All tésts were conducted in a double wall, solid shielded
room located in the Tektronix Environmental Test laboratory. The
shielded room is 12 x 20 x 8 feet and was manufactured by Topatron,
Incorporated. The ground plane is 3 x 20 feet x 0,064 inch copper,
and is bonded to the room walls in compliance with MIL-I-6181D.

TEST EQUIPMENT: Empire Devices Model NF-105 Noise and Field Intensity
Meter, with tuning units and associated antennas.
NF-105 S/N 3040
T-A/NF-105 S/N 3040
T-1/NF-105 S/N 3040 Calibration due 11/18/65
T-2/NF-105 S/N 3040
T-3/NF-105 S/N 3040
Line Impedance Stabilization Networks built in accordance with
MIL-I-6181D requirements.
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PROCEDURE: The Type 422 (AC Model) was operated normally. Modes

of operation were selected which were expected to produce maximum

" RF generation in each frequency band.

TEST

Each frequency band was scanned, with the measuring instrument in
"peak" function, and frequencies noted where RF emanations could

be detected. At each frequency so selected, front panel controls

of the test specimen were varied to produce the worst case condition.
Determination of the interference type, broadband or narrowband,

was accomplished, and the level measured and recorded.

In bands where no interference could be produced, representative

frequencies were selected, and ambient noise levels were recorded,

Frequency ranges measured are as follows:

Radiated 0.150 to 1000 MHz
Power-line Conducted 0.150 to 25 MHz

Figure 3 is a typical radiated interference test configuration.

RESULTS: Radiated interference levels, both narrowband and

broadband, were below the limits of MIL-I-6181D, as shown on

data sheets 3 and 4, No graphical presentation of radiated
interference is included because measurable radiated interference
occurred at only one frequency. A radiated interference level of
11.0 db above 1lpv (narrowband) was measured at 0,385 MHz. That
level is 12 db below the MIL-I-6181D limit of 23.0 db above luv.
It should be noted that the radiated interference data presented
is valid only with the CRT mesh filter in position over the CRT

face,

Power-line conducted interference levels, both narrowband and
broadband, were below the limits specified in MIL-I-6181D, as
shown on data sheets 1 and 2, Figures 1 and 2 present graphically

the conducted interference levels.
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CONCLUSIONS : The Type 422 (AC Model) with CRT mesh filter installed
meets the requirements of MIL-I-6181D for radiated interference
from 150 kHz to 1000 MHz and power-line conducted interference
from 150 kHz to 25 MHz.



12

K‘}"E SEmMItLUSArI I AMIW oUT-s1
KEUFFEL & ESSER CO, MADE IN U.S.A.
3 CYCLES X 70 DIVISIONS

11

et
o

O

[«

DB Above One Microvolt/MC At Meter Input

~

0t

Frequency *

Megacycles

BROADBAND AND PULSED CW CONDUCTED INTERF._..ENCE LIMITS USING STABILIZATION NETWORK

- N Ly 2] ~ oo O
- N W S o ] I
- r’ Ly o o - ~ 0 O
T i ||zl¥
IR
i Hi '»
TG i
til : 1
; T
AN ' Il E
L | b L ,
1 | o i
7 i |
§ pl
| i
i 3
1l
il
N 3K i gl
NI REY l
| i
T -
|
N -
N [
N | I 8!
| B 15 B
N i 3 I I
N i i
™ i Wit
N v 1l
N i
3 Iyl i ifil
N - |
\\‘ :
S‘\ ] i I
E T [ )
i | ;1__’_
L il ! ;
N : ! [ 1
; llf"" +i
i i L
1t |
i I _*
N P 1 i
Kay z ] EYiz, BV ,, Y ST
A Yy 1 ] g ] E_Il
727G (31 ’Iﬁ 4 N [ ) = _fi ] !
3 RPUNNY L
N LA eaP2d I i i} |
7 it Ll il
i:l| g i
N i it
N : i
A, t HEEY B! 4 $ai)
N f- i
i i
i i
1 ] A A
el B 4 a_ HER EARES 5 I.I.
i }L, i
\\ | N ,, Ll
i TR it
L g
\ | L b
N L L RN St
] 1] il
X




12

& ———tvee e srasns s aasrE e ~~o-a
ﬁ E KEUFFEL & ESSER CO, MADE IN U.S.A,
38 CYCLES X 70 DIVISIONS

ot

11

[y
o

O

-]

VUp ADCOvVe une riCcrovoLt/mMu At reter lnput

~

e ey

50

Flcurs 2

0
Frequency in Megacycles :

BROADBAND AND PULSED CW CONDUCTED INTERFERENCE LIMITS USING STABILIZATION NETWORK



Report No.: 759018

Date: 6 August 1965




Preproduction Engineering

TEKTRONIX, INC.
Beaverton, Oregon

751098
14 October 1965

Report No.:
Date:

EMI TEST REPORT

of

TEKTRONIX, INC.

TYPE 422 (AC/DC MODEL) OSCILLOSCOPE

Prepared by:

Keith W, Sessions

RFI Engineer

Environmental Test Dept.

Approved by:

ck Luscher

Manager

Environmental

Approved by:

Reliability Engineering






Report No.: 751098
Date: 14 October 1965
Page 1

GENERAL: The Tektronix Type 422 is a high-performance, dual-trace
oscilloscope featuring light weight, small size, large CRT viewing
area, and the ability to survive severe environments, Two models
are available, One operates on AC; the other on AC or DC, with
an optional battery pack for completely portable operation.

The tests herein described were performed on the AC/DC Model,
including the optional battery pack.

PURPOSE OF TEST: This test was performed to determine the electro-
magnetic interference characteristics of Tektronix Oscilloscope
Type 422 (AC/DC Model).

UNIT TESTED: Type 422 oscilloscope, serial number 762, with AC/DC power
supply, serial number 762, CRT mesh filter (Tektronix, Inc., part
number 378-0571-00) was installed on this instrument., Manufacturer:

Tektronix, Inc., Box 500, Beaverton, Oregon.
DATE OF TEST: 28 September 1965
APPLICABLE SPECIFICATION: MIL-I-6181D

TEST SITE: All tests were conducted in a double wall, solid shielded
room located in the Tektronix Environmental Test laboratory. The
shielded room is 12 x 20 x 8 feet and was manufactured by Topatron,
Incorporated. The ground plane is 3 x 20 feet x 0,064 inch copper,
and is bonded to the room walls in compliance with MIL-I-6181D,

' TEST EQUIPMENT: Empire Devices Model NF-105 Noise and Field Intensity
Meter, with tuning units and associated antennas,

NF-105 S/N 3040

T-A/NF-105 S/N 3040

T-1/NF-105 S/N 3040 Calibration due 11/18/65
T-2/NF-105 S/N 3040

T-3/NF-105 S/N 3040

Line Impedance Stabilization Networks built in accordance with
MIL-I-6181D requirements,
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TEST PROCEDURE:  Separate tests were performed with the 422 (AC/DC Model)
operating normally from each of the following power sources:
1. 120 VAC 1P 60Hz

. 25 VDC (external source)

W |

. self-contained battery pack

Modes of operation were selected which were expected to cause maximum
RF generation within each frequency band. Each band was scanned, with
the measuring instrument in 'Peak" function, and frequencies noted
where RF emanations could be detected. At each frequency so selected,
front panel controls of the test specimen were varied to produce the
worst case cbndition. Determination of the interference type, broad-
band or narrowband, was then accomplished, and the level recorded.

In bands where no RF emanations could be produced, represeﬁtative

frequencies were selected and ambient noise levels were recorded.

Frequency ranges measured are as follows:
Radiated 0.150 to 1000MHz
Power-1line Conducted 0.150 to 25MHz

Figure 8 depicts a typical radiated interference test configuration.

TEST RESULTS: Radiated interference levels, both narrowband and broadband,
were below the limits of MIL-I-6181D over the frequency range of 150 kHz
to 1000 MHz, as shown on data sheets 3, 4, 7, 8, 9, and 10, Figures
1, 2, and 3 present graphically the radiated interference levels with
respect to MIL-I-6181D limits. It should be noted that the radiated
interference data presented is valid only with the CRT mesh filter in

position over the CRT face.

Power=-line conducted interference levels, both narrowband and broad-
band, were below the limits of MIL-I-6181D over the frequency range

of 150 kHz to 25 MHz, Data is presented on data sheets 1, 2, 5, and

6. Figures 4, 5, 6, and 7 present graphically the power-line conducted
interference levels with respect to MIL-I-6181D limits.
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CONCLUSIONS: The Type 422 (AC/DC Model) with CRT mesh filter installed
meets the requirements of MIL-I-6181D for radiated interference
from 150 kHz to 1000 MHz and power-line conducted interference
from 150 kHz to 25 MHz.
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IMPORTANT INFORMATION ABOUT
THE USE OF NICKEL-CADMIUM BATTERIES

~ The Nickel-Cadmium cells supplied for use in Tektronix
oscilloscopes using battery power (321, 321A, and 422
AC/DC) have been selected as a result of exhaustive en-
gineering evaluation. Each cell has been rigidly inspected,
has received an ampere hour test, and has met or exceed-
ed the minimum ampere hour storage requirement.

These cells should provide a useful operating life extend-

ing over several hundred charge and discharge cycles,
providing the precautions listed below are observed:

PRECAUTIONS

The life of hermetically sealed Nickel-Cadmium cells may
be shortened: if abused in one or more of the following ways:

If recommended charge rate is exceeded.

2. If installed incorrectly and charged in reverse (321
or 321A).

3. If charger is operated incorrectly (see 422 AC/DC
or 321A Manuals).

4. |If discharged to a point where one or more cells
are reverse polarized.

The following information concerning Nickel-Cadmium
cells should prove helpful in avoiding the pitfalls men-
tioned above.

CHARGING PROCESS

During charging, sealed Nickel-Cadmium cells normally
contain an internal pressure, because gas evolution and
chemical recombination is taking place. As charging cur-
rent is increased, gas evolution and internal pressure also
increases so charging at rates in excess of those recom-
mended should be avoided. Cell cases and seals will with-
stand these excess pressures, but the pressure relief vent
may be punctured, which may result in shorter overall
battery life.

Periodic inspection of batteries and battery compartments
is recommended for signs of battery out-gassing due to
venting Any such signs should be cause for a closer
inspection of the cells. Any residue should be cleaned
immediately with a solution of baking soda and water.
After cleaning, the affected compartment or power supply
should be dried thoroughly at approximately 140°F for
12 hours to make sure that all water has been evaporated
before the instrument is put into use.

321/321A CHARGING RATES

TEKTRONIX Part Number 146-0005-00 may be charged
at the highest rate provided by the Type 321 or 321A
oscilloscope, which is 400 milliamperes. These cells should
be charged for the full time recommended on the cell jacket,
before operating the instrument on them for any length
of time. Leaving the cells on full charge for periods longer
than specified on the cell jackets may not cause damage,
but it is not recommended.

Cells procured from sources other than TEKTRONIX
should be charged at the 200 milliampere rate provided

062-0612-00

by the Type 321 or 321A, unless it is clearly indicated on
the cell that they will stand the 400 milliampere charging
rate. It would be unwise to assume that 3.5 AH cells other
than those supplied by TEKTRONIX can be charged at
400 milliamperes by reasoning that the TEKTRONIX P/N
146-0005-00 is rated at 3.5 AH and is charged at 400 milli-
amperes. When a Type 321 or 321A oscilloscope is oper-
ated from an external power source, a trickle charge of
approximately 30 milliamperes is applied to the batteries.
Type 321 instruments having serial numbers above 3259
may be set to trickle charge when the instrument is not
in operation. Type 321A instruments, all serial numbers,
have this feature. Type 321's below S/N 3259 have another
charging provision. Please see the instrument manual for
details.

422 AC/DC CHARGE RATES
(Battery pack 016-0066-00)

A battery pack, consisting of 20 specially selected cells
wired in series is provided for use with the Type 422 AC/DC
oscilloscope. The Type 422 AC/DC power supply contains
battery charging circuitry that may be operated from 115
V-AC or 230 AC. In the "Charge Batt 115 V-AC" or "Charge
Batt 230 V-AC" positions of the POWER MODE switch, this
internal battery pack is charged at approximately 400
milliamperes. In the “operate 115V-AC or 230 V-AC" posi-
tion, the batteries are trickle-charged at a 30 milliampere
constant current rate.

Thermal cutouts in the 422 AC/DC power supply provide
protection against overheating of the battery pack during
the charging process. In the event the battery temperature
exceeds the thermal monitor point, the charge rate is
reduced to 30 milliamperes, the trickle charge rate. When
the battery pack temperature drops sufficiently, the thermal
cutout resets and the charger resumes the 400 milliampere
charge rate. For more details, refer to the 422 AC/DC
manual.

STORAGE AND SHELF LIFE

TEKTRONIX P/N 146-0005-00 cells may be stored in a
charged or partially discharged condition. For best shelf-
life, fully recharge cells at 3-6 month intervals. Although
new cells are fully charged before packaging, they should
be recharged when put in service.

Cells used in battery pack 016-0066-00 are in a state
of total discharge during factory assembly, after which
they are charged for 15 minutes at a 2 ampere rate for
test purposes, and are shipped in this condition. The ter-
minal voltage of this battery is 24 volts, and it is capable
of delivering a tremendous amount of energy under short-
circuit conditions. It is shipped in a separate carton and
extra caution against accidentally shorting this battery in
transit or storage is advisable.

Charge retention characteristics of NiCd cells vary with
temperature. They may be stored at any temperature
between —40°F .and 120°F without damage, but the high-
er the ambient temperature, the faster will be the self-
discharge rate. Cells stored at 70°F will lose approximately

i



50% of their stored charge in 3 months. For this reason,
an occasional partial charge is recommended for cells
that are in storage for any period of time.

NICKEL-CADMIUM BATTERY
PERFORMANCE DATA

A battery of fully charged P/N 146-0005-00 cells should
operate the Type 321 for about 4/, hours at ambient
temperatures ranging from between 60°F and 80°F, or
about 4 hours at 50° to 60°F and at 80° to 90°F. The
321A will operate somewhat longer than the 321 on the
same cells, due to instrument improvements.

Operation of 4 hours may be expected of the 422 AC/DC
using the internal battery pack, 016-0066-00, that is in a
fully charged condition at the outset. Derating at extremes
of temperature should be expected. Also, some derating
with age and/or after dozens of charge-discharge cycles
will be necessary.

Discharging a cell to an excessively low terminal voltage
is not recommended since the likelihood of its reversing
polarity is greatly increased. Cells with very low terminal
voltage should not be charged in series with other cells
without first trickle charging them for at least 72 hours.

If, after this time they do not have their proper terminal
voltage, they should be discarded. If proper voltage is
evident, then it may be charged normally.

Battery pack, 016-0066-00, should be regarded as a bat-
tery rather than a set of cells. The cells are evaluated as
to their energy storage capabilities before assembly. It
is not expected that any single cells will be replaced, but
rather that the pack will be replaced. Any questions
regarding this practice should be discussed with your TEK-
TRONIX Field Engineer or Representative.

Since the cells are strapped together in the pack, it is
difficult to check the condition of a single cell. This may
be done, however, using needle nose probe tips on the test
leads of a suitable voltmeter. Such probe tips may be
used to penetrate the foam cushion visible at the holes
in. the pack, behind which each cell is located. Any cell
with a terminal voltage less than 1 volt should give cause
for concern.

The battery pack is not designed to be disassembled.
Refer to the 422 AC/DC manual for additional information
on the use of this battery pack. Any questions of perform-
ance should be referred to your TEKTRONIX Field Engineer
or Representative.
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422 RM
422 RACKMOUNTING HARDWARE HARDWARE

A prototype of the hardware for rackmountlng the 422 is shown in the
accompanying picture.

This configuration has been chosen since 2 complete Wrap- -around cases
of the 422 are easier to work with. Their side-by-side configuration
simplifies the dlstrlbutlon of stress and strain. '

It also provides ‘the most versatility in that the user may méunt two
instruments side-by-side or one 1nstrument and a storage compartment
in place of the other. -

The standard 422 may be mounted into this rackmounting adaptor and
may be converted back into aportable instrument very easily. It only
requires that the wrap-around to which the handle is affixed be put
back on the instrument after removal from the rack. ‘

The photo shows the conflguratlon of scope and storage compartment.

Some customers may want to build in their own equipment in place of the ,
storage. A blank panel secured by 4 binder head screws could be supplied
similar to the one on the rear of the storage compartment.

In a fixed rack situation such as in a lab or production situation, the
instrument may be mounted as pictured.

However, for a mobile or environmental application, slides to provide
support from the rear of the instrument will be necessary. They will be
similar to tracks but will not be of the conventional type. They will
support the instrument for easy removal but are more of a slide than a
track.

Other equipment, such as 184, 106, etc., could be fit in this hardware,
if one were determined enough. They are not physically larger than the
hole, but happen to be another shape.

This hardware gets its strength by virtue of two 422 wrap-arounds, minus
handle hardware, being spot welded together. Any other instrument adapted
to this hardware would have to fit inside a 422 case. Further discussion
is simply more discouraging.

** Change information

Tony Bryan
9/22/65

TEK 422 IRB 9-22-65
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TECHNIQUES

422 SAWTOOTH OUT FOR USE WITH 132 AND Dan Welch, 9-5-67
1L20/1L30 :

The following schematic illustrates how of the 132 as well as sweep the Spectrum
the sawtooth from a 422 may be taken in Analyzer.

order to horizontally sweep a 1L20 or

1L30 Spectrum Analyzer operating in a The 1L20 or 1L30 must be modified by

132 Power Supply.

placing a strap across R202 and selecting
the 100 volt sawtooth position with the

The 422 may be used to diéplay the output sawtooth selector switch.

- +30V
____4///1__ +12V +55V

FROM COLLECTOR Q441

TEK 422 RB

43k 30V 5%

151-0190-00

-—-43
4.7k OUTPUT / i
-3

91k
30k

-12v

=12V

ALL RESISTORS ARE LW 57%.
THIS CIRCUIT IS USEFUL ONLY FOR SPECTRUM ANALYZERS.
THE FASTEST SWEEP SPEEDS ARE DISTORTED.

9-15-67 \ 1



Product

422
422
422

422

## R422

TEK 422 PRB

Mod

1721
1524
702R

813X

1548

MODIFIED PRODUCTS

Description

External graticule.
Panel with "Property of Friden, Inc."

Flanged cabinet with front handles; cover, handle
and feet deleted; parallel rear miniature connectors
for 2 Vert, 1 Trig.

INPUT 1, INPUT 2 and EXT HORIZ OR TRIG IN paralleled
to rear BNC; probes changed to XI1.

Type-qualified for fungus-resistance by component
screening against sample tested to Mil1-E-5272C,
Para. 4.8. '

8-9-68 1



SPECIFICATION ADDENDUM

422-1 AND 422-2 SHOCK SPEC.

The specification on Page 1-8 of the instrument
spec #113 is revised under section 1.2.5 The re-
vision will include operating shock of 30 g's and
non-operating shock of 60 g's, for ene-half sine,
11 millisecond duration.

The same revision will be applicable to spec #123

Tony Bryan, 11-19-65

s0 as to call out operating 30 g's and non-oper-
ating 60 g's.

These changes will more nearly reflect the instru-
ment" s capabilities and make the spec comparisons
with the 453 more meaningful.

TEK 422 IRB 11-24-65
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INTRODUCTION

This is the Instrument Specification of the Type 422 Oscilloscope with the
Type 'A' power supply, and is the reference document for all company
activity concerning performance requirements. This specification is for
internal use only., It replaces the rough draft of the Type 422 Instrument
Specification dated October 9, 1964,

General Information

The Type 422 is a dual-channel, 15-mc, portable oscilloscope. It has been
designed and tested to meet Tektronix environmental instrument requirements.
It may be operated on line voltage, or from a rechargeable DC power supply.
The Type 'A' supply is AC only. Type 'B' will be AC, DC internal, or

DC external.

The Type 422 has calibrated sweep rates from 0.5 sec/div to 0.5 usec/div
extended to 0.05 psec/div with the X10 Magnifier.

The dual-channel vertical amplifier offers eleven calibrated Volts/Div
steps from .01 to 20, X10 AC Gain extends the Ch 2 deflection factor to
1 mv/div. Ch 2 has provision for signal inversion.

Triggering sources are Ch 1 and Ch 2, Ch 1 only, and External. Trigger

coupling available is AC, AC LF Reject, and DC. The 422 incorporates
automatic triggering (AC coupled ocnly) and normal triggering modes.

Characteristics Summary
All references to divisions are major divisions.

Vertical Deflection

Risetime

DC, X1 < 23 nsec

AC, X1 < 23 nsec

AC, X10 < 70 nsec
Frequency Response

DC, X1 > 15 me

AC, X1 2 cps to 15 mc

AC, X10 5 cps to 5 mec
Signal Delay 150 nsec
Calibrated Scan 8 div

Amplitude Calibrator
Voltage Output 2 volt External
0.2 volt Internal

Horizontal Deflection

Time/Div Range 0.5 sec/div to 0.5 psec/div

Variable > 2.,5:1

Trigger Modes DC, AC, AC LF Reject, Automatic
Trigger Slope "+ or -

Trigger Source Ch 1 and 2, Ch 1, External

Sweep Magnification X10 (extends sweep rate to 0.05 nSec)



External Horizontal Amplifier
Deflection Factor

HF Response
Variable Attenuator

Qutput Signal Amplitude
Gate Out

CRT Circuit
Tube Type
Accelerating Potential
Internal Graticule

Power Source (Type 'A' supply)

Environment
Storage
Operating Temperature
Operating Altitude

Maximum Overall Dimensions

Weight

10 v/div - Mag in X1
1 v/div - Mag in X10

DC to 500 kc (Mag in X10)
10:1 range

0.5 volt from 800 Q source, negative
going

T4220-31-1
6 kv
Illuminated, 8 X 10 div

115 vac * 10%, 50 cps to 400 cps = 10%

Can be connected for 230 v,c t 10%, 105 vac

* 10%, 125 vac * 10%, 210 vac i 10%,
and 250 vac t 10%

-55°C to +75°C, to 50,000 feet
-15°C to +55°C
to 15,000 feet

6.75" X 10.0" X 17.8" (main box, power
supply, panel cover and handle)

Power supply with batteries approximately
2 7/8" longer

Without panel cover 18 1lb., 8 oz.

With panel cover and power cord, 20 1b., 6 oz.

~II-



SECTION 1

1.0 Performance Requirements

1.1 Electrical

The following electrical characteristics are valid throughout the
environment specified in Section 1.2 unless there is a modifying
statement to the contrary. The electrical characteristics pertain
to the type 'A' power supply only.

Test and measurements are performed according to Sections 3 and L,

All references to divisions are major divisions.



l.1

VERTICAL AMPLIFIER

Characteristic

b

Performance Requirement

Supplemental Information

f——

Deflection Factor

Ch 1 and 2

10 mv/div to 20 v/div in 1-2-5 sequence

Ch 2 only, X10

1 mv/div to 2 v/div

Accurggy
Ch'land Che X1 + 3% + cal. Tolerance Set on internal calibrator
Ch 2 X10 + 7.5%
" Chland Ch2 X < 23 nsec
Ch 2 X10 < 70 nsec

Frequengy Response

DC, X1 DC to = 15 mc at 30% down
AC, X1 30% down < 2 cps to 2 15 mc
AC, X10 30% down <5 cps to 2 5 mc




l.1l Continued

VERTICAL AMPLIFIER

-Characteristic

Performance Requirement

Supplemental Information

Variable Range

>2,5:1

Extends maximum deflection
factor to ~ 50 v/div,
uncalibrated

Signal Delay

~ 150 nsec

Vertical Trace Drift with Line
Voltage Change

< 0.4 div, 103.5 v to 126.5 v after 30
seconds

Deflection Factor Change with
Line Voltage Change

< + 2% 103.5 v to 126.5 v

Transient Response
Peak=-to=Peak

< 3% overshoot, rolloff, ringing, or tilt,
with 4=div pulse, centered vertically.

< 5% with 8-div pulse centered vertically.

Linearity (Low Frequency)

< 0.2 div expansion or compression with 2 div
of deflection

Includes CRT linearity

Common Mode Rejection Ratio

100:1 at 50 kc with optimized setting of
GAIN adjustment

< 8-div of 50-kc common-mode
signal applied




1.1 Continued

VERTICAL AMPLIFIER

Characteristic

Performance Requirement

Supplemental Information

Input R and c
(Low Frequency)

1 meg tl1% paralleled by = 30 pf (both channels
matched for < 1% difference in time constant
with same probe)

Position Range

2 2.5 screen diameters (20 div)

Trace Drift with Time

<1 div in 24 hours after 20-minute warm-up

Input Grid Current

£ 2 namps (0.2 div at 10 mv/div)

Attenuator Isolation

2 100,000:1 (50-volt pulse into cne attenuator
produces = 0.5 mv signal in other channel)

Maximum Input Voltage

300 volts dc + peak éc

| Chop Repetition Rate

100 ke = 20%

Vertical Input Characteristics
with P6006 Probe

Attenuation Ratio

10:1

Input R & C

10 meg, 8 pf

Risetime

< 24 nsec

Transient Response

< 3% additional overshoot, rolloff, ringing,
or tilt

High-Frequency Response

2 15 mc at 30% down

Low-Frequency Response

"< 0,2 cps at 30% down

Maximum Input Voltage

600 volts dc + peak ac




l.1 Continued

Characteristic

Time/div Range

Switch Positions

Accuracy

Normal/Magnifier Registration

Variable

Expanded Sweep Linearity

HORIZONTAL AMPLIFIER and SWEEP

Performance Requirement

Supplemental Information

0.5 pusec/div to 0.5 sec/div in
1, 2, 5 sequence

+3% Normal 5% X10 Magnified

+0.2 div

2 205:1

Extends slowest sweep to & 1.25
sec/div

1% all sweep rates except S50 nsec/div
+3% at 50 nsec/div sweep rate after lst 1%
(1 div) of sweep

Sweep Expansion

X10 with push-pull switch

External Horizontal Amplifier
Deflection Factor

~ 10 v/div - MAG in X1
~1 v/div - MAG in X10

Bandwidth

2 500 kc at 30% down

MAG in X10

Vhriab1e~Attenuator

2 10:1 range

Trigger Sensitivity

DC 0.2 div up to 5 mc increasing to 1.0 div at
15 mc ’

AC -Same as DC except sensitivity decreases below| Low frequency response 30% down

INT 50 cycles at = 25 cps

AUTO 0.8 div from 50 cps to 4 mc increasing to 2.5
div at 15 mc '

AC LF REJ Same as DC except sensitivity decreases below Low frequency response 30% down
50 ke at a 25 ke
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1.1 Continued

TRIGGERS

Characteristic

Performance Requirement

Supplemental Information

Trigger Sensitivity (Cont.)

DC 125 mv up to 5 mc increasing to 0.6 v at 15 m¢

AC Same as DC except sensitivity decreases below Low frequency response 30% down
50 cycles at ~ 25 cps

EXT

AUTO 0.6 v from 50 cps to 7 mc increasing to 1.2 v
at 15 mc

AC LF REJ Same as DC except sensitivity decreases below |Low frequency response 30%
50 ke down at =~ 25 k¢

AUTO Repetition Rate

Sweep free runs with no trigger

Lo to 50 cps

CALIBRATOR

oltage Accuracy
Front-Panel Jack

1S

\

12,7% @ 25°C ambient 13.6% @ -15°C t,

+ 0°C

2 volts to Probe Cal jack on

front panel (0.2 v internal)
=~ 2 k output resistance

8 X 10 div @ 0.32 in/div
Internal illuminated

External Blanking

Internal $0,7% @ 25°C ambient 11.6% @ -15°C o +50%6
Repetition Rate 1 kc £20% T~
Duty Cycle LU5% to 55% T

' R
CRT DISPILAY
Graticule Area
Geometry Trace orthogonality 90° 0.1k div
T~

+2 volts completely blanks CRT

Tube Type

4___,_\\\5__7Input resistance is =~ 235 Q

Accelerating Voltage

T4220-31-1

~ 6 kv




422

1.1 Continued

CRT DISPLAY

Characteristic

Performance Requirement

Supplemental Information

——

Gun Voltage
(CRT grid to ground)

1400 volts 5%

Measured across V829

Trace Alignment Range

2 4° (additional 4° by reversing leads)

OUTPUT SIGNAL

Sweep Gate Out

2 0.5 volt rectangular pulse, negative going

~ 800 Q source resistance

S

I

POWER SOURCE

Input Voltage

115 vac £10%, 50 cps to 400 cps +10%
Sine wave S 1% distortion

Can be connected for: 105 vac
£10%, 115 vac t10%, 125 vac
£10%, 210 vac t10%, 230 vac
+10%, 250 vac *10%

Power Consumption

F==r

4O watts, maximum

POWER SUPPLIES

Tolerance (Type 'A' Supply only)

Ripple (peak-to-peak)
Line Frequency
HF Chopper

-81v

. =12v +12v +20v +55v +95v
$1.2%  Adj. 2% 7% Unreg  Unreg
: 1%
2 mv 1 mv 1 nmv 1 mv 2.5 v 3,5y
—I5—mv—30mv—

|

———

+55v and +95v are low line
measurements

-Z;’:‘v supply is adjusted within
1

Chopper Repetition Rate 15 kc -
25 ke ’

——




422

1.2 Environmental Characteristics

The Type 422 is an environmental instrument. Only the following environ-

mental

l.2.1

1.2.2

1.203

1.2.4

10205

102.6

1.2.7

limits are applicable.

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 reguired accuracy after
storage tests.

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,

Altitude

The instrument will perform to limits indicated in Section 1.1l
to 15,000 feet.

Humidity

The instrument will perform to limits indicated in Secti.n 1.1
following the humidity tests described in Section k4.

Shock

Nonoperating

30 &8's, 6ne-ha1f sine, ll=-millisecond duration. Two shocks
each diredtion along each of the three major axes; total

of 12 shocks.

Radio Frequency Interference

The instrument will perform to limits indicated in Section 4.6

Transportation

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

*Change Notice, 11-8-66



2.0

2.1

242

2.3

2.4

2.8

SECTION 2

Miscellaneous Information

Ventilation

Safe operating temperature is maintained by convection cooling.
Thermal cutout protects instrument from overheating.

Finish

Front panel has an anodized finish; the cabinet is finished in a blue
vinyl paint.

Maximum Overall Dimensions

6.75" X 10.0" X 17.8" (main box, power supply, panel cover and handle).
Power supply with batteries approximately 2.5" longer.

Weight

20 1bs., 3 oz. maximum (not including accessories, but including
panel cover).

Connectors

TRIG IN, EXT BLANKING, GATE OUT, INPUT 1 and INPUT 2 are BNC type.

2 VOLT PROBE CALIBRATOR is tip jacke.

Warm=up Time

Twenty minutes for rated accuracies at 25°C t5°C.

Accessories
1 161-024 Line Cord
1 378-549 Light Filter
2 010-127 P6006 Probes
1 012-084 BNC to BNC Patch Cord
1 012-088 BNC to Banana Patch Cord
1 012-092 BNC Jack Post
1 103=013 3-Wire to 2-Wire Adapter
2 070=434 Manuals

Power Supplies
Type 'A' Supply AC line only

Type 'B' Supply AC line (battery trickle charge)

Internal Battery Operation
(Note: There will External DC (no battery charge)
be a separate Battery Charge (line, fast charging batteries,
Specification for no operation) Note: The electrical test methods
Type 'B' supply.) (Section 3) are for the Type 'A' supply only.

Front panel power lamp blinks when Internal or
External DC supplies are below operating levels.






SECTION 3

3,0 Electrical Test Methods

3.1 Vertical Amplifier

3.1.1

3.1.2

3.1.3

3elult

3.1.5

Volts/div Accuracy

VARIABLE VOLTS/DIV is set to calibrated position. VOLTS/DIV
error is measured as the percentage of deviation from correct
amplitude (as indicated by input signal amplitude and VOLTS/DIV
setting). A Precision 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 combination of calibrator signal
and VOLTS/DIV setting.

Risetime

Risetime is measured using a pulse from a TU-5, Risetime is
the time interval between the 10% and 90% amplitude points on
the leading edge of the pulse., Using a lL-division pulse
centered vertically, measure the time interval between the 10%
and 90% points. 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 risetime
measurements.

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
display at 0.05 volt/div. Increase the frequency until 2.8
divisions of signal are observed. To check the low-frequency
bandpass use a Krohn-Hite low-frequency oscillator and monitor
the output with a dc-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.

Variable Range

VARIABLE range is checked by applying exactly 5 divisions of
signal from a Type 105. Turning the VARIABLE VOLTS/DIV control
fully counterclockwise, will result in less than 2 divisions of
display.

Deflection Factor Change with Line Voltage Change

Vertical Amplifiet deflection factor change with line voltage
change is checked by observing change in gain with a change

in line voltage. Obtain exactly 5 divisions of deflection of
a l-kc signal at 115 vac (design-center) line voltage. With
the line voltage varying between the specified limits (103.5 v
and 126,5 v), deflection factor change is expressed as a per-
centage of 5 divisions.,



3,1.6 Transient Response

Transient response is measured with the same setup used for
risetime, (3-1-2). Transient response is calculated by measuring
the maximum peak-to-peak pulse aberration in the form of
overshoot, rolloff, ringing, or tilt along the entire pulse top,
expressed in percentage of pulse amplitude.

3,1,7 linearity (Low Frequency)

linearity is measured using the 2-volt Calibrator signal into
Ch 1. Obtain 2 divisions of deflection, centered vertically
on the graticule. Positioning the display vertically + and -
3 divisions from center, linearity is the maximum change in
pulse amplitude occurring at either defined limit.

3,1.8 Common Mode Rejection Ratio

Common mode rejection ratio is measured by applying a 50-kc
signal from a Type 190B to Ch 1 and Ch 2 simultaneously.
Adjust the respective gains until 8 divisions of display is
obtained in both channels. Set Ch 2 to inverted with the PULL
TO INVERT switch and set the channel selector to ALG ADD. The
display should not exceed 0.08 div.

Input resistance is the resistance of the l-meg input

resistor. To adjust input capacitance, set Cl2 to midrange and
connect a 10X probe between INPUT 1 and a calibrator signal.
Compensate the probe for optimum square-wave response. Then
connect the probe to INPUT 2 and adjust Cll2 so that the display
is within 1% overshoot or rolloff of the Ch 1 display.

3,1.10 Position Range

Position range is checked by applying a 2-volt signal from the
Calibrator to INPUT 1 through a 1X probe, ac-coupled, at O.l
volt/div. (Note: Be sure the DC BAL control is properly }
adjusted). Turn the Vertical Position control counterclockwise;
the top of the display should position below graticule centere.
Then turn the Vertical Position control clockwise; the bottom of
the display should position above graticule center..

3,1.11 Input Grid Current

Input grid current is checked at 0.0l volt/div. 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-meg input resistance to
determine grid current.

3.1.12 Attenuator Isolation

Attenuator isolation is checked by applying a 50-volt pulse from
the Precision Square Wave Calibrator to Ch 1 with the deflection
factor at 20 volt/div. Less than 0.5 mv will be produced in

Ch 2, Ch 2 is checked in a similar manner.



3.1.13 Chopped Repetition Rate

Chopped repetition rate is checked by setting the sweep rate
to 2 usec and the input selector switch to CHOPPED. Obtain 2
divisions of triggered display using the INPUT 1 and INPUT 2
POSITION controls. Check for one cycle :20% of the chopped
waveform for 5 divisions of calibrated sweep.

3,2 Horizontal Amplifier and Sweep

3.2.1 Accuracy

Sweep accuracy is determined by applying time markers from a

Type 180A to a vertical input connector. 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-usec 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 9% marker from the
9t graticule line, expressed as & percentage of 8 divisions.

3,2.2 Sweep/Magnifier Registration

Magnifier registration is adjusted and checked by applying
S-msec markers from a Type 180A to a vertical input connector
with the Time/div switch at 1 msec/div and the Mag in X10.
Horizontally position the expanded sweep so that the middle
S5-msec marker falls behind the center vertical graticule line.
Change Mag to X1 and adjust R535 (MAG REGISTER) so that the
middle 5-msec marker again falls behind the center vertical
graticule line.

3.2.3 Expanded Sweep Linearity (Mag on)

Expanded sweep linearity is checked at two sweep rates. At a
sweep rate of 1 msec/div, apply 1 msec, 5 msec, and 100 usec
markers from a Type 180A to the vertical input connector.
Position the 2nd marker behind the lst graticule line and the
10t marker behind the 9% graticule line. 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 sweep
between the 1lst and the 9% graticule lines. Note any dis-
placement of the markers from their respective graticule line.,
Position the middle 5 msec marker approximately to the center
of the graticule and again align markers behind the lst and

Oth graticule lines. Note any displacement of the markers from
their respective graticule line. Horizontal linearity is
defined as the displacement of any marker from any graticule
line when the sweep is correctly timed, expressed as a per-
centage of 8 divisions. Apply 10 mc from the Type 180A to the
vertical input connector. Change the sweep rate to 0.5 usec/div.
Excluding the 1lst 1% of sweep (1 division), position the 2nd
cycle behind the 1lst graticule line and the 6% cycle behind

the ot graticule line. Note any displacement of the 3rd, 4w,
and 5% cycles from their respective graticule line. Horizontal
linearity is defined as the displacement of any marker from any
graticule line, expressed as a percentage of 8 divisions.

3=3



3.3 External Horizontal Amplifier

3¢5

3.301

3342

High-Frequency Response
To check the high-frequency response of the external horizontal

‘amplifier, set the TIME/DIV switch to EXT HORIZ, pull out the

X10 MAG switch, and apply a 50-kc reference signal from a

Type 190B to the HORIZ IN connector. Adjust the Type 190B
output amplitude for 6 divisions of horizontal deflection. Then
increase the frequency of the Type 190B signal until the
deflection decreases to 4.2 divisions. Note the frequency.

External Horizontal Variable Attenuator

The 10:1 ratio of the variable attenuator is checked by
applying a 10-volt signal from the Precision Square Wave
Calibrator with the Mag at X10, and noting the deflection.

Turn the HORIZ ATTEN full counterclockwise and increase the
output of the precision calibrator to 100 volts. The horizontal
deflection should be equal to or less than the previously noted
display.

Triggers

3.kl

3402

Internal Triggering

Internal triggering is checked by applying a signal from the
Type 190B to the vertical input connector. Amplitude of the
Type 190B is decreased until a minimum stable display is
obtained with an adjustment of the LEVEL control.

External Triggering

External triggering is checked with the same setup as internal
triggering (3.4.1) with the exception that the Type 190B is
applied to the TRIG IN connector as well as the vertical input
connector.

Calibrator

3.5.1 Accuracy

34502

The Calibrator is adjusted internally by applying a O.2-volt
square wave from a precision (0.25%) mixing-type voltage
calibrator. The Calibrator output accuracy is checked by
applying the 2-volt output to the precision mixing-type
calibrator set at the 2-volt range. The deviation must not
exceed 2.5% for the Calibrator to remain within its 2.7%
performance requirement.

Repetition Rate

The repetition rate of the Calibrator is measured by displaying
one cycle of the Calibrator waveform on an oscilloscope and
measuring the period of one cycle. The repetition rate is the
reciprocal of the period for one cycle.



3¢543

Duty Cycle

The duty cycle is determined by displaying one cycle of
Calibrator signal over 8 divisions horizontally, adjusted with
VARIABLE TIME/DIV control if necessary. The positive half
cycle must occupy between 4.6 and 5.4 divisions.

3.6 CRT Display

3.6.1

3.6.2

3.643

3604

3.7 Output

3.761

Geometry

Vertical geometry is checked by applying l-msec and 100-psec
markers from a Type 180A to a 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 0.1 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
geometry is checked by positioning a 0.5-msec/div free-running
sweep to the top and bottom of the graticule and observing the
amount of sweep bowing.

Orthogonality

Orthogonality is checked by aligning a free-running sweep
trace at 0.5 msec/div horizontally with the trace rotation
adjustment and applying l-msec and 100-psec markers from a
Type 180A, With a triggered display, adjust the VARIABLE
TIME/DIV control so that seven, l-msec markers occur every

10 divisions. The 100-psec markers will now be 0.14 division
apart. Position a 100-psec marker on the bottom center grati-
cule line. The adjacent 100-psec markers must not cross the
top center graticule line.

External Blanking

From a Type 105 apply a 2-volt, l-kc symmetrical square wave
through a 105/TU-5 adapter to a vertical input connector. Set
the vertical deflection factor to 1 v/div. Set the sweep

rate to 1 msec/div and establish a Gnd. reference. Set the
input coupling to DC and adjust the 105 amplitude to + 2
divisions. Through a BNC T-connector, apply this signal,
terminated in 50 Q, to the EXT BLANKING connector. The
positive half cycle of the square waves should be blanked at
normal intensity.

Gun Voltage

Gun voltage is measured using a calibrated 20kQ/volt voltmeter
(£3%) across V829.

Signals

Sweep Gate Out

Sweep gate out is measured using the test oscilloscope.



3.8 Power Supplies

3.8.1 DC Regulation

DC regulation is checked by using a John Fluke Type 801
differential voltmeter.

3.8.2 Ripple

Ripple is measured with an oscilloscope having a vertical
deflection factor of 0.005 volt/div and a 1X probe.



SECTION 4

4,0 Environmental Test Methods
4,1 Temperature

4,1,1 Nonoperating

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

4,1.2 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.

4,1,3 Failure Criteria
Nonoperating

Instruments and components must meet their electrical performance
requirements before and after storage. (Adjustments may be
performed if necessary to meet required accuracies.) Cracking,
warping, and significant color discoloration or deformation
which interferes with the normal mechanical function will not

be permitted,

Operating

All instruments must be within their electrical performance
requirements at each step of the operating temperature check.
Controls and switches shall be checked for ease of operation.

4,2 Altitude

4k,2.1 Nonoperating

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



4,3
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L,2,2 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.

L,2,3 Failure Criteria
Nonoperating

The Type 422 must meet its electrical performance requirements
before and after the 50,000 feet storage test.

Operating

The Type 422 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.

Humidity

4,3.1 Perform 5 cycles (120 hours) of Mil-Std-202B, Method 106A.
‘Front cover must be in place. Delete freezing and vibration.
Allow to dry for 24 hours at 40°C, 20% to 80% humidity prior
to operation. Allow one hour warm-up before making measurements.

4,3,2 Failure Criteria
Nonoperating

There shall be no significant deterioration of components,
materials or finishes. Type 422 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.

Vibration

4,4,1 Nonoperating

Perform resonant searches along all 3 axes at 0.030" total
displacement from 10-55 cps. All major resonances should be
above 55 cps.

L, 4,2 Operating

Vibrate for 15 minutes along each of the 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 vibra-
tion time 55 minutes.

k,4,3 Failure Criteria
Nonoperating

Broken leads, chassis, or other components, loose parts, exces-
sive wear or component fatigue. Change in value of any
component outside of its normal rated tolerance. Deformation
which interferes with the normal mechanical function.

L -2



422
4,5 Shock

4,5.1 Nonoperating

Subject the completed product to a "guillotine' type shock of
60 g's, % sine, nominal 1ll-ms duration. One shock to be
applied in each direction along each of the 3 major axes for
a total of 6 shocks. '

4,5.,2 Operating

%+ Apply 2 shocks of 30 g's, % sine and 1l1-ms duration along each
direction of the 3 major axes. Total number of shocks = 12.

4,5,3 Failure Criteria
Nonoperating

Cracked or broken chassis components or leads or deformed
chassis and components or deformation which interferes with the
normal mechanical function. Failure of active components will
not be permitted. The instrument and its components must
remain with their rated electrical performance requirements
before and after shock.

4,6 Radio Frequency Interference
4.6.1 Operating

Use the test set-up procedures and limits described in speci-
fication Mil-I-6181D and Mil-I-16910 A, Paragraph 3.6.1.1.5.1.
The tests will be performed within an electrically shielded
enclosure. The instrument must be equipped with a CRT face-
plate shield. RFI will be checked over the following minimum
frequency range: '

Radiated Interference - from the instrument under test
14 ke to 1000 mc.
Conducted Interference - from the instrument under test
150 kc to 25 mc.
4,6.2 Failure Criteria
Radiated and Conducted Broadband
The instrument shall not exceed the limits described in
Mil-I-6181D.
4,7 Transportation
The instrument when packaged must meet the National Safe Transit type
of test.
4,7.1 Package Shake

1 hour on the vibration platform with an amplitude sligﬁtly in
excess of 1 g and causing the package to just leave the
vibration surfaces.

*Change Notice, 11-8-68
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Le7.2

Le7.3

b.7.4

Failure Criteria

The unit must meet its electrical performance requirements
before and after the transportation test. There must be no
serious damage such as broken components, leads or chassis and
no deformation which interferes with normal mechanical function
will not be permitted.

Package Drop Test

Drop from a height of 30 inches on corners, edges, and flat
surfaces.

Failure Criteria

The unit must meet its electrical performance requirements
before and after the transportation tests. There must be no
serious damage such as broken components, leads or chassis
and no deformation which interferes with normal mechanical
function will not be permitted.
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INTRODUCTION

This is the Instrument Specification of the Type 422 Oscilloscope with the
AC-DC power supply, and is the reference document for all company

activity concerning performance requirements., This specification is for
internal use only. It replaces the rough draft of the Type L22 AC-DC
Tnstrument Specification dated December 31, 1964,

General Information

The Type 422 is a dual-channel, 15-mc, portable oscilldscope. It has been
designed and tested to meet Tektronix environmental instrument requirements.
It may be operated from line voltage, 1nternal re-chargeable batteries,

or from an external DC power source.

The dual-channel vertical amplifier offers eleven calibrated Volts/div
steps from 0,01 v/div to 20 v/div in a 1-2-5 sequence. X10 AC Gain extends
the Ch 2 deflection factor to 1 mv/div. Ch 2 has provision for signal
inversion.

The Type 422 has calibrated sweep rates from 0.5 sec/div to 0.5 usec/div
‘extended to 0.05 psec/div with the X10 Magnifier.

Triggering sources are Ch 1 & 2, Ch 1 only, and External. Trigger

coupling available is AC, AC LF Reject, and DC, The Type 422 incorporates
automatic triggering (AC coupled only) and normal triggering modes.

Characteristics Summary

(A1l references to divisions are major divisions.)
Vertical Deflection

Frequency Response
DC, X1 215 me

AC, X1 S 2 cps to 215 me
AC, X10 =5 cps to 25 me
Signal Delay 150 nSec
. Calibrated Scan 8 divisions

Horizontal Deflection

Time/div Range 0.5 sec/div to 0.5 psec/div

Variable 2.5:1

Trigger Modes DC, AC, AC LF Reject, Automatic

Trigger Slope + or -

Trigger Source Ch1l&2, Ch1l, External

Sweep Magnification X10 (extends sweep rate to 0.05 usec/div)

..I..



External Horizontal Amplifier
Deflection Factor

Frequency Response
Variable Attenuator

Amplitude Calibrator
Voltage Output

Output Signél Amplitude
Gate Out

CRT Circuit
Tube Type
"Accelerating Potential
Internal Graticule

Power Source
AC

DC External
DC Internal

Environment (without Batteries)
"~ Storage
Operating Temperature
Operating Altitude

Environment (with Batteries)
Storage
Operating Temperature
Operating Altitude

Overall Dimensions

Weight (with panel cover and accessories)
- With Batteries
Without Batteries

-]l-

10 v/div - Mag in X1
1 v/div - Mag in X10

DC to = 500 k¢ (Mag in X10)
10:1 range

2 volt External
0.2 volt Internal

0.5 volt from a 600 @ source,
negative going

T4220-31-1

6 kv

Illuminated, 8 X 10 div
1l div = 0.8 cm

115 vac * 20%, 45 to 44O cps
(Line voltate derated to +10%,
-20% at 45 cps operation)

Can be connected for 230 vac +20%

11l.5 v to 35 v dc, 25 Watts
24 v Battery (re-chargeable)
s 4 hours running time

-55°C to +75°C, to 50,000 feet
-15°C to +55°C
to 15,000 feet

=40°C to +h0°C

=5°C to +40°C (charge)
=15°C. to +40°C (discharge)
to 15,000 feet

6.75"H X- 10.0"W X gO.?"L~(p;ﬁe1 cover
and handle in carrying position)

& 29 1lbs 12 o2
w21 1bs 14 oz
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SECTION 1

1.0 Performance Requirements

1.1 Electrical 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)

(Internal Use Only)

(A11)

(Sampled)

(Traceable)

(Nontraceable)

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.

Traceable to the National Bureaubof Stan-
dards, to the limit of the Bureau's cali-
bration facilities.

Cannot be traced to the National Bureau of
Standards.

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

Test Methods).
performance requirement.

These conditions are an essential part of the

1-1
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1.1 Continued

/

VERTICAL AMPLIFIER

B

Characteristic Performance Requirement Code Supplemental Information
Deflection Factor
Chland2 10 mv/div to 20 v/div in 1-2-5 sequence ‘Ef:E_____f
Ch 2 only, X10 1 mv/div to 2 v/div GA-T
Accuracy
ChlandCh2 Xl + 3 GA-T Set on internal calibrator
Ch 2 X10 t 7,5% GA-T
Frequency Response
D,y 11 DC to 2 15 mc at 30% down GA-N
AC, 11 30% down < 2 cps to = 15 me GS-N
AC, X10 30% down < 5 cps to = 5 me GA-N
Gain Control Range +10%, -5% of calibrated setting IA-T

Variable Range

2 2,531

GA-T Extends maximum deflection
factor to & 50 v/div, un=

calibrated
Signal Delay ~ 150 nsec
Transient Response < 3% overshoot, rolloff, ringing, or tilt, with IA-T
L-div pulse, centered vertically.
< 5% with 8-div pulse centered vertically. IA-T

Linearity (Low Frequency)

< 0,2 div expansion or compression with 2 div of
deflection

GA-T Includes CRT linearity

See page 1-1 for coding legend
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l.1 Continued

VERTICAL AMPLIFIER

Characteristic Performance Requirement Code Supplemental Informatien
| Common Mode Rejection Ratio| 2 100:1 at 50._.kec with;optimized'setting of GAIN GA-T 8 div or less of 50-k¢
adjustment (Ch 1, Ch 2 centered vertically) common mode signal applied
Input R (Low Frequency) 1 meg * 2%. Both channels matched for < 1% differ- | GA-T Input C =~ 30 pf
ence in time constant with same probe.
Position Range 2 20 divisions GA-T
Trace Drift with Time <1 div in 24 hours after 20-minute warm-up GS=-T
at 10 mv/div
Input Grid Current < 2 namps (0.2 div at 10 mv/div) GA=-N
Attenuator Isolation 2 100, OOO 1 (50-volt pulse into one attenautor GA-N
: produces < 0,5 mv signal in other channel)
Maximum Input Voltage 300 volts combined DC
. + peak AC
Chop Repetition Rate 100 ke t 20% GA=T
| Vertical Input Characteris-
tics with P6006 Probe
Attenuation Ratio 10:1
Input R & C 10 meg, 8 pf Typical
Transient Response < 3% additional overshoot, rolloff, ringing, or tilt| IS-N
Frequency Respohse | DC to 2 15 mc at 30% down GS-N

Maximum Input Voltagj

600 volts combined DC
+ peak AC

See page 1-1 for coding legend
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1.1 Continued

HORIZONTAL AMPLIFIER and SWEEP

Characteristic Performance Requirement Code| Supplemental Information
Time/div
Switch Positions 0.5 usec/div to 0.5 sec/div in 1-2-5 sequence GA-T
Accuracy 3% Normal 5% X10 Magnified GA-T
Normal/Magnified 0,2 div GA-N
Registration
Variable 2 2,5:1 GA-T|Extends slowest sweep to
. & 1.25 sec/div
Magnified Sweep Linearity [f1% all sweep rates except 50 nsec/div; 3% at 50 GA~-T
nsec/div sweep rate after 1lst 1% (1 div) of sweep
Magnified Sweep Expansion [X10
Factor
-External Horizontal
Amplifier
Deflection Factor 10 v/div #25% - Mag in X1 GA-T
1 v/div $25% - Mag in X10
Bandwidth 2 500 kc at 30% down GA-N|MAG in X10
Variable Attenuator |2 10:1 range GA-T

Input R and C

= 300 k paralleled by a 30pf

Sweep Length

10.4 to 12.1 divisions

See page 1-1 for coding legend

GA-T]
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&_._1 Continued

TRIGGERS

Characteristic Performance Requirement Code Supplemental Information
Trigger Sensitivity
DC 0.2 div DC to 5 mc increasing to 1.0 div at 15 mc GA-T
AC 0.2 div, 50 c¢ps to 5 mc increasing to 1.0 div at GS-T Low frequency response 30%
Int 15 me ' ' down at =~ 25 cps
AUTO 0.8 div from 50 cps to 4 mc increasing to 2.5 div GA-T
at 15 mc
AC LF Rej 0.2 div, 50 k¢ to S mc increasing to 1.0 div at GS-T Low frequency response 30%
15 mc down at =~ 25 ke
Trigger Sensitivity
DC 125 mv DC to 5 mc increasing to 0.6 v at 15 mec GA-T Max input * 100 v rms
: ' t 250 v peak
AC 125 mv, 50 cps to 5 mc increasing to 0.6 v at GS-T Max input
15 mc ) DC component < 2250 v
AC component < 100 v rms -
Low frequency response 30%
down at ~ 25 cps
AUTO 0.6 v from 50 cps to 7 mc increasing to 1.2 v GA-T
at 15 mc
AC LF Rej 125 mv, 50 k¢ to 50 mc increasing to 0.6 v at GS=T Max input
15 me DC component < 250 v
AC component < 100 v rms
Low frequency response 30%
down at =~ 25 ke
AUTO repetition Rate 4o cps to 50 cps GA-T

See page 1-1 for coding legend
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1.1 Continued

CALIBRATOR

Characteristic Performance Requirement Code| Supplemental Informatiom
Voltage Accuracy
Front-Panel Jack t 2,7% @ 25°C ambient t 3.5% @ 515°C te + 50°C GA-T |2 volts to Probe Cal jack

Internal

t 0.7% @ 25°C ambient t 1.5% @ =15°C to + 50°C

GA-T

on front panel. =~ 2 kQ
output resistance. (0.2 v
internal)

Repetition Rate 1 ke t 20% GA=T
Duty Cycle k5% to 55% GA-T
CRT DISPLAY
Graticule 8 X 10 div, 1 div = 0.8 em
Internal, illuminated

Geometry

Raster Distortion * 0.1 div horizontal and vertical GA-N

Orthogonality 90° £ 1° GA-N
External Blanking + 2 volts completely b}.anks CRT GA-T|Input resistance is =~ 235Q
Tube Type T4220-31-1
Accelerating Voltage ~ 6 kv

Gun Supply Voltage 1400 volts 5% GA-N|Measured @ Pin 3 to Gnd.A
Trace Alignment Range > 4° (additional 4° by reversing leads) GA-T

OUTPUT SIGNAL
Sweep Gate Out > 0.5 volt rectangular pulse, negative going GA-T|~ 600R source resistance

See page 1-1 for coding legend

—.




1.1 Continued

POWER SOURCE

Characterisctic Performance Requirement Code Supplemental Information
Input Voltage
AC 115 vac *20% or 230 vac *20% (50 cps to 45 cps GA=T
derate linearly the upper limit 10% at 45 cps)
50 cps to 440 cps; Sinewave distortion < 1% GS-T
DC
External 11.2 to 35 v dc @ P 1000 GA=-T a~ 0.3 v drop on line
cord provided
Internal 20 Nickle Cadmium (1.2 v/cell) Front panel power lamp
blinks when Internal
battery is nearly dis-
charged
Power Injut
AC Typical 27 Watts
Power input remains =s
constant at all input
voltages
DC Typical 23 Watts
Chassis to Ext Power Source| 1200 v max (Ext DC input only) GS=N measured from chassis to
Potential power source
115 +10%, -20%, 45 cps to 440 cps GS-T

Battery Charge

See page 1-1 for coding legend

€ZT SIZ DJd-DV ¢tYy



1.1 Continued POWER SUPPLY
Characteristic Performance Requirement Code| Supplemental Information
| Voltages Regulation Ripple (Max p-p at 60cps line)
Line 8 ke

=81 t 1.2% 2 mv 5 mv GA-T
-110 t 3% - 0.5 v GA-T

# -12 t 1% Adj & mv 20 mv GA-T |-12 v is adjusted within

‘ t 1%

# +12 £ 2% & mv 20 mv GA-T
+20 £ 7% 2 mv - GA-T
+55 t 2% - 0.6 v GA=T
+95 t 2% - 0.8 v GA=T

# 12/19/7

See page 1-1 for coding legend




422 AC-DC

1.2 Environmental Characteristics

The 422 wlth AC-DC power supply is an environmontal instrument.
The following environmental limits are applicable.

l.2.1

1.2.2

l.2.3

1.2.4

1.2.5

1.2.6

Storage (without batteries)

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.

Storage (with batteries)

No visible damage or electrical malfunction after storage at
=40°C to +60°C and 50,000 feet, as described in Section-4,

Temperature (without batteries)

The insturment will perform to limits indicated in Section 1.1
over a range from -15°C to +55°C when tested according to
Section U4,

Temperature (with batteries)

Charge temperature range: =5°C to +40°C.
Discharge temperature range: =-15°C to +40°C.

Altitude (with or without batteries)

The instrument will perform to limits indicatedjin Section 1.1
to 15,000 feet.

Humidity (with or without batteries)

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

Vibration (with or without batteries)

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

Shock (with or without batteries)
Nonoperating

Sixty g's onthalf sine, 11 millesecond duration along each
major axes. One shock each direction for a total of 6 shocks.

Operating

Thirty g's, one~half sine, 11 millesecond duration. Two shocks
each direction along each of the three major axes; total of
12 shocks.

*Change Notice, 11-8-65
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1.2.6 Radio Frequency Interference
The instrument will perform to limits indic&ted in Section 4.

1.2.7 Transportation

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

1-10



2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.7

SECTION 2

Miscellaneous Information

Ventilation

Safe operating temperature is maintained by convection cooling.
Thermal cutout protects instrument from overheating at ~ + 57°C ambient

(internal temperature + 70°C).

Finish

Front panel has an anodized finish;

vinyl paint.

Maximum Overall Dimensions

the cabinet is finished in a blue

6.75"H X 10,0"W X 20.7"L (panel cover and handle)

Weight

With batteries, panel cover and accessories ~ 29 lbs 12 oz

Without batteries

Connectors

a 21 1bs 14 oz

TRIG IN, EXT BLANKING, GATE OUT, INPUT 1 and INPUT 2 are BNC type.

2 VOLT PROBE CALIBRATOR is tip jack.

Warm-up Time

Twenty minutes for rated accuracies.

Accessories
2 070-0471-00
2 010-0127-00
1 012-0084-00
1 103-0033~-00
1 354-0248-00
1 378-0549-00
1 386-0118-00
1 103-0012--00
1 161-0015-00
1 161-0016-00
1 016-0066-00

2-1

Instruction Manual

P6006 Probe

Patch Cord, BNC to BNC
Adapter, BNC to Binding Post
Ring, Ornamental

Filter, Light, Graticule, Smoke,
Gray

Plate, Protector, Clear, CRT
Adapter, 3 Wire to 2 Wire
Power Cord, 3 Wire AC w/Female
Conn. and Male Plug

Power Cord, 3 Wire DC w/Female
Conn.

Battery Pack



2.8 Power Supply
Mode Switch Functions

230 vac Charge Bat. Battery full charge, no operation

230 vac Operate Normal operation, battery trickle chg.
EXT. DC Operate Normal operation

INT. BAT Operate Normal operation

115 vac Operate Normal operation, battery trickle chg.
115 vac Charge Bat. Battery full charge, no operation

2.8.1 Battery Operation

The internal battery pack is twenty, 3.5 Amp-hour Nickle Cadmium
cells in series. :

Continuous operation time on a fully-charged battery pack is
approximately 4 hours. When front panel power indicator light
blinks indicating battery low voltage limit, operation should
be limited to about 15 minutes.

Batteries are charged at a 400 ma constant current rate.

Fully discharged, the battery will reach full charge in approxi-
mately 12 hours at the 40O ma charge rate. Batteries are
trickle charged at a 30 ma constant current rate in the AC
operation mode.

Temperature Derating for battery pack

Storage =4o°C to +60°C
Charge -5°C to +40°C
Discharge =15°C to +40°C

Note: Deratings are for optimum battery operation, if these
limits are exceeded battery life may be shortened. ~

2=2



SECTION 3

3.0 Electrical Test Methods

3,1 Vertical Amplifier

3.1.1

3.1.2

3.1.3

3.1k

3.105

3.106

Volts/div Accuracy

VARIABLE VOLTS/DIV is set at calibrated positiom. VOLTS/DIV
error is measured as the percentage of deviation from correct
amplitude (as indicated by input signal amplitude and VOLTS/DIV
setting). A Standard Square-Wave Calibrator signal is applied
and the accuracy checked at each setting of the VOLTS/DIV
switcli, Use either 4 or 5 divisions of displayed signal
amplitude, depending upon the combination of calibrator signal
and VOLTS/DIV setting.

Frequency Response

Frequency response is checked by applying a 50-kc signal from a
Type 190B to a vertical input connector. Obtain L divisions of
display at 0.05 volt/div. Increase the frequency until 2.8
divisions of signal are observed. To check the low-frequency
bandpass use a Krohn-Hite low=frequency oscillator and monitor
the output with a dc-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.

Gain Control Range

Set the LEVEL control to FREE RUN, sweep rate to O,1 psec/div,
Input Selector to Ch 1, deflection factor to CALIBRATE 4 DIVISIONS.
Turn the GAIN control fully clockwise from the claibrated setting.
The display will exceed 4.4 divisions. Turn the GAIN control
counterclockwise and the display will be 3.8 divisions or less.
Readjust the GAIN for 4 divisons. Repeat the above for Ch 2,

Varisble R-nge

VARIABLE range is checked by applying 5 divisions of signal
from a Type 105. Turning the VARIABLE VOLTS/DIV control fully
counterclockwise, will result in equal to or less than 2
divisions of display.

Transient Response

Measured suing a 4 div pulse from a TU-5 centered vertically.
Transient response is calculated by measuring the maximum
peak-to~-peak pulse aberration in the form of overshoot, rolloff,
rigning, or tilt along the entire pulse top, expressed as

a percentage of pulse amplitude.

Linearity (Low Frequency)

Linearity is measured using the 2-volt Calibrator signal into

the Ch 1 vertical inpet connector. Obtain 2 divisions of deflection,

centered vertically on the graticule. Positioning the display

vertically + and -~ 3 divisions from center, linearity is the

maximum change in pulse amplitude occurring at either defined limit.
3-1
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3.1.8

301.9

3.1.10

3.1.11

3.1.12

Common Mode Rejection Ratio

Common mode rejection ratio is measured by applying a 50-kc
signal from a Type 190B to Ch 1 and Ch 2 simultaneously.
Adjust the respective gains until 8 divisions of display is
obtained in both channels. Set Ch 2 to inverted with the PULL
TO INVERT switch and set the channel selector to ALG ADD. The
display should not exceed 0.08 div.

Input R and C

Input resistance is the resistance of the l-meg input
resistor, measured using a 0.25% resistance bridge.

Position Range

Position range is checked by applying a 2-volt signal from the
Calibrator to INPUT 1 through a 1X probe, ac-coupled, at 0.l
volt/div. (Note: Be sure the DC BAL control is properly
adjusted.) Turn the Vertical Position control counterclockwise;
the top of the display should position om or below graticule
center. Then turn the Vertical Position control clockwise;

the bottom of the display should position on or above graticule
center. -

Input Grid Current

Input grid current is checked at 0.0l volt/div. 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.

Attenuator Isolatiom

Attenuator isolation is checked by applying a 100-volt pulse
from the Precision Square Wave Calibrator to Ch 1 with the
deflection factor at 20 volt/div. No greater than 1 mv will
be produced in Ch 2. Ch 2 is checked in a similar manner.

Chopped Repetition Rate

Chopped repetition rate is checked by setting the sweep rate
to 2 usec and the input selector switch to CHOPPED. Obtain

2 divisions of triggered display using the INPUT 1 and INPUT 2
POSITION controls. Check for one cycle +20% of the chopped
waveform for 5 divisions of calibrated sweep.



3.2 Horizontal Amplifier and Sweep
3.2.1 Accuracy

Sweep accuracy is determined by applying time markers from a
Type 180A to a vertical input connector. 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 psec/div range where a l-pusec 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, Swecep accuracy is defined as the displacement
of the 9% graticule lines' respective marker from the 9%
graticule line, when the 2nd graticule lines' respective
marker is positioned behind the 2nd graticule line, expressed .
as a percentage of 8 divisionms.

34242 Sweep/Magnifier Registration

Magnifier registration is adjusted and checked by applying
S-msec markers from a Type 180A to a vertical input connector
with the Time/Div switch a 1 msec/div and the Mag in X10.
Horizontally position the expanded sweep so that the middle
S-msec marker falls hehind the center vertical graticule line.
Change Mag to X1 and adjust R535 (MAG REGISTER) so that the
middle 5-msec marker again falls behind the center vertical
graticule line,

3.2.3 Nagnified Sweep Linearity (Mag X10)

Magnified sweep linearity is checked at two sweep rates. At a

sweep rate of 1 msec/div, apply 1 msec, 5 msec, and 100 usec

markers from a Type 180A to the vertical input connector.

Position the lst marker behind the lst graticule line and the

9% marker behind the 9% graticule line. (Markers are numbered
. 0=1=2=3 ect).

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 sweep between the lst and the 9% graticule lines.

Note any displacement of the markers from their respective
graticule lines. Position the middle 5 msec marker approximately
to the center of the graticule and again align markers behind

the 1lst and 9B graticule lines. Note any displacement of the
markers from their respective graticule lines.

Apply 10 mc from the Type 180A to the vertical input connector.
Change the aveep rate to 0.5 psec/div. Excluding the 1lst 1%

of sweep (1 division), position the 2nd cycle behind the 1lst
graticule line and the 6% cycle behind the 9% graticule lines.
Note any displacement of the 3r, L4, and 5% cycles from their
respective graticule lines.

Horizontal linearity is defined as the displacement of any
marker from its graticule line when the sweep is correctly
timed, expressed as a percentage of 8 divisions.

3=3



3,3 External Horizontal Amplifier

3ok

3¢5

3e3.1

3.302

Frequency Response

Set the TIME/DIV switch to EXT HORIZ, pull out the X10 MAG
switch and apply a 50-kc reference signal from a Type 190B
to the HORIZ IN connector. Adjust the Type 190B output
amplitude for 6 divisions of horizontal deflection. Then
increase the frequency of the Type 190B signal until the
deflection decreases to 4.2 divisions. Note the frequency.

External Horizontal Vhriable Attenuator Ratio

Checked by applying a 10-volt signal from the Standard Square
Wave Calibrator with the Mag at X10, and noting the deflection.
Turn the HORIZ ATTEN full counterclockwise and increase the
output of the Standard calibrator to 100 volts. The horizontal
deflection should be equal to or less than the previously - '
noted display.

Triggers

3.4,

3.b4,2

Internal Triggering

Checked by applying a signal from the Type 190B to the
vertical input connector. Amplitude of the Type 190B is
decreased until a minimum stable display is obtained with an
adjustment of the LEVEL control. Note display amplitude.

External Triggering
Checked with the same setup as internal triggering (3.4.1) with

the exception that the Type 190B is applied to the TRIG IN
connector as well as the vertical input connector. Note p-p voltage.

Calibrator

3e51

3.5.2

3.5:3

Accuracy

The Calibrator output accuracy is checked by applying the

2-volt output to the precision mixing-type calibrator set at
the 2-volt range. The deviation must not exceed 2.5% for the
Calibrator to remain within its 2.7% performance requirement.

Repetition Rate

The repetition rate of the Calibrator is measured by displaying
one cycle of the Calibrator waveform on an oscilloscope and
measuring the period of one cycle. The repetition rate is

the reciprocal of the period for one cycle.

Duty Cycle
The duty cycle is determined by displaying one cycle of
Calibrator signal over 8 divisions horizontally, adjusted with

VARIABLE TIME/DIV control if necessary. The positive half
cycle must occupy between 3.6 and 4.4 divisions.

3=k
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3.6 CRT Display

3.6.1

3.6.2

34643

3:60“

3,645

Geometry

Vertical geometry is checked by applying l-msec and 100-usec
markers from a Type 180A to a 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-psec markers will be 0.1l division
apart. Position a 100-psec marker to the bottom of a vertical
graticule line. The adjacent 100-usec markers must not cross
the top of the same vertical graticule line. Horizontal
geometry is checked by positioning a O.5-msec/div free-running
sweep to the top and bottom of the graticule and observing

the amount of sweep bowing.

Orthogonality

Orthogonality is checked by aligning a free-running sweep
trace at 0.5 msec/div horizontally with the trace rotation
adjustment and applying l-msec and 100-psec markers from a
Type 180A. With a triggered display, adjust the VARIABLE
TIME/DIV control so that seven, l-msec markers occur every

10 divisions. The 100-psec markers will now be 0.14 division
apart. Position a 100-usec marker on the bottom center
graticule line. The adjacent 100-psec markers must not cross
the top center graticule line. :

External Blanking

From a Type 105 apply a 2-volt, l-kc symmetrical square wave
through a 105/TU-5 adapter to a vertical input connector. Set
the vertical deflection factor to 1 v/div. Set the sweep rate
to 1 msec/div and establish a Gnd. reference. Set the input
coupling to DC and adjust the 105 amplitude to + 2 divisions.
Through a BNC T-connector, apply this signal, terminated in

50 Q, to the EXT BLANKING connector. The positive half cycle
of the square waves should be blanked at normal intensity.

High Voltage

High voltage is measured using a calibrated (:3%) 20kQ/volt
voltmeter across V829,

Trace Rotation Range

Checked by turning the Trace Rotation control fully

clockwise., Position the start of a free-running, 1 msec/div -
trace to the graticule vertical center. Note where the trace
intersects the 10® division graticule line below graticule
center. Turn the Trace Totation control fully counterclockwise
and position the start of the trace to the graticule vertical
center, Note where the trace interspcts the 10® division
graticule line above graticule center. Note the total displace-
ment of the end of sweep.



3.7 Output Signals
3.7.1 Sweep Gate Out

Sweep gate out amplitude is measured using the test oscilloscope.

3,8 Power Supplies
3,8.1 DC Regulation

.DC regulation is checked by using a volt meter having an accuracy
of 0.1% or better,

3,8.2 Ripyple

Ripple is measured with an oscilloscope having a vertical
deflection factor of 0,005 volt/div and a 1X probe. When
measuring the 120 cps line ripple, disregard the 8 kc ripple.

When measuring the 8 k¢ ripple, disregard the 120 cps line
and measure only the total 8 kc ripple.

3,8,3 Battery Charge

Subsititute a bridged, 50-R2, 10 Watt resistor for the battery
pack. Set the POWER MODE switch to 115 VAC CHARGE BAT.
position. Measure the voltage drop across the load resistor.
To determine charge current divide the measured voltage

by the bridged resistance. Repeat the above with the POWER
MODE switch in the 115 VAC OPERATE.

Line voltage variations can be made using a Type TU-76.

Line frequency variations can be made using a Tel-Instrument
Type 1400-I-H10S.
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SECTION 4
4,0 Environmental Test Methods
4,1 Temperature (see Section 1.2 for temperature ranges with batteries)
4,1.1 Nonoperating

Store at =55°C for U4 hours and at +75°C for 4 hours. Repeat this
for a total of 4 cycles.

4,1.2 Operating (without batteries)

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 held for 4 hours. Perform complete electrical
checks. Return te room ambient and after 4 hours or temperature
stabilization perform complete electrical checks.

4,1.3 Operating (with batteries)

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., Turn off
instrument and raise the ambient temperature to +55°C and hold
for 4 hours. Turn on instrument and after 20 minutes warm-up
perform complete electrical checks. Turn off instrument and
return to room ambient and after 4 hours, or temperature
stabilization, perform complete electrical checks after 20
minute warm-up.

-

4,1.3 Failure Criteria
Nonoperating

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
Instrument must meet electrical performance requirements at
each step of the operating temperature check. Controls and
switches shall be checked for ease of operation.

4.2 Altitude (with or without batteries)

4k,2,1 Nonoperating

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

b1



4,2.2 Operating (without batteries)

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 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.

4,2,3 Operating (with batteries)

The instrument must be maintained at an altitude of 15,000 feet
for 4 hours. At the end of this period turn on instrument

and allow 20 minutes for warm-up. While the above conditions
are maintained, the electrical checks will be 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,

4.,2.4 Failure Criteria
Nonoperating

The Type 422 must meet all electical performance requirements
before and after the 50,000 feet storage test.

Operating

The Type 422 must meet all 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 (with or without batteries)

4.3,1 Perform 5 cycles (120 hours) of Mil-Std-202B, Method 106A. (with batt.
derate temperature to +60°C) Front cover must be in place.
Delete freezing and vibration. Allow to dry for 24 hours at
room conditions (25°C t5°C, 20% to 80% humidity) prior to
operation. Allow one hour warm-up before making measurements.

4,3,2 Failure Criteria
Nonoperating

There shall be no significant deterioration of components,
materials or finishes. Type 422 and all comvonents must meet
electrical performance requirements before and after the
humidity test. Deformation which interferes with normal
mechanical function will not be permitted.

L,4 Vibration (with or without batteries)
L.,4,1 Nonoperating
Perform resonant searches along all 3 axes at 0.030" total

displacement from 10-55 cps. All major resonances should be
above 55 cps.
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422 AC-DC

| ’+.‘+.2 Operating

Vibrate for 15 minutes along each of the 3 axes at 0.025"
10,003" total displacement (4 g at 55 cps) from 10-55-10 cpe
in 1 minute cycles. Held for 3 minutes at 55 cycles. Total
vibration time 55 minutes.

4,4,3 Failure Criteria

Nonoperating and operating

Broken leads, chassis, or other components, loose parts, exces=-
sive wear or component fatigue. Change in value of any
component outside of its normal rated tolerance. Deformation
which interferes with the normal mechanical function. The
instrument must meet electrical performance requirements

before and after the vibration test, '

4,5 Shock (with or without batteries)
4,5,1 Nonoperating

Subject the instrument to a "guillotine'" type shock of

60 g's, ¥ sine, nominal ll-ms duration. One shock to be
applied in each direction along each of the 3 major axes for
a total of 6 shocks.

4,5,2 Operating

*Apply 2 shocks of 30 g's, % sine and 1l-ms duration along each
direction of the 3 major axes. Total number of shocks = 12.

k.,5.3 Failure Criteria
Nonoperating and Operating

Cracked or broken chassis components or leads or deformed
chassis and components or deformation which interferes with
the normal mechanical function. Failure of active components
will not be permitted. The instrument and all components must
remain within rated electrical performance requirements
before and after shock.

4.6 Radio Frequency Interference

L4.,6.1 Operating

Use the test set-up procedures and limits described in speci=-
fication Mil=I-6181D and Mil-I=-16910A, P=ragraph 3.6.1.1.5.1.
The tests will be performed within an electrically shielded
enclosure. The instrument must be equipped with a CRT mesh
filter shield. RFI will be cheéked over the following minimum

frequency range:

Radiated Interference - from the instrument under test 14 kc
to 1000 mc

Conducted Interference - from the instrument under test 150 ke
to 25 mc both AC and DC inputs

*Change Notice, 11-8-65 L-3



422 AC-DC
4,6.2 Failure Criteria

Radiated and Conducted Broadband

The instrument shall not exseed the limits described in
Mil1-I-6181D and Mil-I-16910A

4,7 Transportation (with or without batteries)
The instrument when packaged must meet the National Safe Transit
Type of test. ' ‘
L.7.1 Package Shake

1 hour on the vibration platform with an amplitude slightly in
excess of 1 g and causing the package to just leave the
vibration surfaces.

4k.7.2 Package Drop Test

Drop from a height of 30 inches on corners, edges, and flat
surfaces.

4L,7.3 Failure Criteria

The unit must meet its electrical performance requirements
before and after the transportation tests. There must be no
serious damage such as broken components, leads or chassis.
Deformation which interferes with normal mechanical function
will mot be permitted.
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MAINTENANCE NOTES

TWISTING OUTPUT TRANSISTOR LEADS CAN BREAK SEAL

In some transistors of the TA-1938 family,it's
possible to break the hermetic seal and twist off
an internal connection by torque on the transistor
leads under certain conditions of use in recent
instruments (422 and 50 mc lines). The problem is
temporary and has already been cured by the vendor.

The- primary area of susceptibility is where the
transistor leads are left long and the transistor is
mounted with silicone grease on a heat sink. When
the leads are bent over to make contact with con-
nectors, the leverage is sufficient that twisting the
lead can crack the seal. The silicone grease then
penetrates the seal and lubricates the break,
allowing the lead to be rotated freely, snapping off
its internal connection, e

The susceptibletransistors are 151-0121-00, 151-

0124-00 and 151-0524-00 (matched pairs of 151-
0121-00's), carrying the following date codes:
WC C 4, WC W 4, WCG4,and WC I 4, and are con-
fined to the ones using a green glass material for
the hermetic seal. Those using black glass do not

Geoff Gass, 5-7-65

have this problem.
The critical applications are

422; Vertical output stage

544-6-7 (and RM's): Vertical output stage

647 and RM: Vertical output, hori- :
zontal output and Z-
axis amplifier

The transistors with green glass seals are not in
trouble when they are used in sockets with the leads
clipped short, or even on the heat sinks if the leads
haven't been twisted (e.g., by frequent removal for
testing), Wholesale field replacement is not indi-
cated.

It is recommended, however, that field office and
repair center stocks of the TA-1938's with green
glass seals be replaced with current-production
types having better seals, to forestall any future
problems, Beaverton can return the doubtful ones
to the vendor for credit.

CHOPPING TRANSIENTS IN TRIGGER

Alternate trace transients are causing some diffi-
culty with proper trigger operation when the trigger
selector switch is in Ch 1 only mode. Some instru-
ments are worse than others because of wire place-
ment in the laced cabling.

Mod 9491, starting sn 158, with about 12 exceptions.
Production instruments will use a modified cable

harness, but the field version of this change can be
as follows:

Buck Murphy, 5-13-65

There is a 9-7 and a 9-0-5Swirefrom R35, the Ch 1
variable attenuator balance adjustment, to connec-
tion points F and G on the Ch 1 preamp board.
Unsolder these two wires from R35, and pull them
back, one at a time (with care -- #26 wire breaks
easily), until they are free of the cabling. Now
reconnect the wires to R35. Wire dress is not too
important now -- just place the wires so they are
not as close to the chopping information as they
were when laced into the cable.

RECENT 422 MODS

Instrument Mod Notice M9491-422, effective in
production instruments at sn 158, takes care of
three problems:

1. Trigger tends to fire on "chopped signal
even when trigger source is "CH 1" Only
(Vertical Mode switch in chopped).

2. Glitch on start of sweep.

Tony Bryan, 6-4-65
3. Reduces jitter when using AC-DC supply.

The first and second problems were discussed in
green sheets. Separation of some wires in a cable
is all that is required. It is desirable to take care
of this as it is noticeable in operation of the in-
strument,

TEK 422 IRB 1-19-66



Maintenance Notes - continued
HV PICKUP

Otis Rich, Albuquerque, first noticed the Hi-Volt-
age pickup on Channel 1 in the .01 V/Div position.
He traced the problem to the hole in the chassis
that was formed when the tab was bent up to mount
the vertical output EC Board.

Tony Bryan, 6-4-65

A consequent Production Mod closed the hole by
using a bracket instead of the tabfromthe chassis.

Those demo instruments may be cured by covering
the hole! I have a box of "hole covers'. If anyone
needs one, drop me a note,

SWEEP START ABERRATION IN VERTICAL

An aberration from the sweep start is getting into

the vertical amplifier from intra-wire coupling in
a tightly laced cable.

Mod 9491, starting sn 158, with about 12 exceptions.

Part 1: Sweep information is coupling into V13

filament wire. The 9-02 coded wire from pin 12,
V13 to CSBI10 must be removed from cable and
reroute- as shown. You may have trouble pulling
this wire out of cable near the ceramic strips

without breaking the wire, It may be necessary to.

cut the wire up close to the cable and use a new
wire for this circuit.

Part 2: There is a #26 stranded wire, coded
9-200, breaking out of the cable to connector M on
the Cal Board. This wire must be partially removed
from the cable, and to do so you must cut off the
crimped connector so the wire can be pulled back
thru the cable. (Be careful nottobreakthis wire as
it is only partially removed from the cable.) Pull
this wire back several inches until it is even with
the plastic grommet in the center bulkhead.

Buck Murphy, 5-13-65

Now reroute this wire back to the Cal Board, by

" passing it thru the grommet to the other side of

the partition, and then back to connector (131-0371-
00) on wire and restore to point M.

After Mod 9491

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, FEN 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"”,

RFI LEAKAGE - S/N 101-699

Incomplete contact between the "A" power-supply
and indicator cabinets of the 422 s/n101-699 allows
radiated RFI far in excess of specification limits.
The problem is caused by an insulating layer of
paint on the forward edge of the "A" power
supply housings used in pilot and early production
(engineering models weren't so 'perfectly"

Tony Bryan, 8-5-65

painted). Most instruments shipped before July
20, 1965 will have this problem,

File, sand or scrape the forward edge of the drawn
aluminum cabinet for the "A'" power supply where
it mates with the indicator cabinet, to provide a
low-inductance ground for all parts of the cabinet,

1-19-66 TEK 422 IRB



Maintenance Notes - continued
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

‘0-‘&0 Screw ?

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.

.' it «=——s Chassls
H 47_- Stand=-6ff

2
Ecbaoard

‘ - m—— -
NN \'Aoo

(__1—— <Lock Washer
Leho Blnderhead 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,

422 H.V. REGULATOR

The 422 H, V. Regulator V829 is the first usage of
a new component, at least new to use by Tek.

The GV4S-1400 is a CORONA discharge regulator
tube, as distinguished from a gas discharge regu-
lator tube.

Internal pressure of the tube and electrode spacing
govern the voltage at which the tube will conduct
current due to ionization between the electrodes.

Tony Bryan, 3-26-65

Where as the gas discharge glow regulators such
as 5651, OG3, etc., have a voltage drop of approxi-
mately 87 volts when conducting 1.5 to 3.5 mills,
the GV4S-1400 has approximately 1400 volts drop
when conducting 300y amp to 1300 yu amp.

Tek purchases the tube to a Tek spec which is dif-
ferent than the "garden variety" GV4S-1400. For
replacements, the customer should be directed to
Tek.

TEK 422 IRB 1-19-66



Maintenance Notes - continued
AUTO TRIGGER DISCUSSION

A customer recently reported a problem of getting
the 422 to trigger in the Auto Mode using a time
marker as a signal source. This is an interest-
ing problem that is to be foundin greater or lesser
degree in all of our scopes with Auto Trigger.
except those that retain the trigger level selection
1 the Auto Mode. In the more conventional Auto
‘Trigger circuit, the trigger level is switched out
and the trigger signal is AC coupled into the cir-
cuit, This sets two trigger circuit functions that
you have no control over.

1) Triggering will occur only when signals ex~
ceed the Hysteresis of the trigger multi.
(Schmitt or otherwise, such as phase shifter
in 422). This Hysteresis is continually
changing due to the feedback nature of the
circuit,

2) The baseline DCfollowing the coupling capac-
itor will be proportional to the duty factor
of the input signal. The duty factor of time
markers is such that there is very little
average level above the baseline between the
marker pips. When this is coupled into the
Auto Multi, this average level is nearlymid-
way between the Hysteresis extremes., Dur-
ing a marker pulse, the signal will penetrate

Tony Bryan, 11-2-65

the - Hysteresis extreme and flip the multi.
As the marker pulse comes down, it only
‘returns to the center of the Hysteresis gap,
not enough to revert the multi, Result: The
trigger multi does not follow the input sig-
nal and poor triggering is experienced. How-
ever, if the input signal has a duty factor of
near 50%, then excellent and stable "No
Hands" triggering is available,

The exceptions to these are those instruments that
retain the tvigger level function in the Auto Mode.
For example, the 11B1, 544, 546, 547, 21A, 22A,
These units might be described as "Auto Sweep"
since their circuits control the sweep stability
rather than a rearrangement of the trigger cir-
cuits., For this reason, the tvigger level is re-
tained to allow adjustment of the trigger multi
and signal level relationship to assure trigger pro-
cessing regardless of the trigger signal composi-
tion. Even these have some low-frequency limits
that must be taken into account,

A conclusion to draw is that the automatic trigger
modes are the most useful on uncomplicated sig-
nals.

AC/DC SUPPLY Q1194

This transistor is mounted in an anodized heat
sink. It is quite easy to cut thru the anodize by
putting too much enthusiasm into tightening the
nut on the heat sink. The heat sink is mounted
to the EC board, where there is plenty of plating
on both sides, There should be no ohmic contact
between either the transistor and heat sink or
heat sink and EC board. The instrument will
work normally on EXT batteries and will work
OK when operated on AC on the end of the inter-
connecting cable.

When the power supply is attached to the main
frame, it completes some connections between the

Tony Bryan, 11-29-65

power supply bus and chassis and may take out
Q1194. :

The solution is to replace the heat sink and screw
down the cover on the transistor firmly, but not
too much,

The 0 V reference bus is tied to the power sup-
ply chassis but not to the main frame chassis.
This is completed when the supply is attached to
the main frame. The 0 V reference bus is NOT
connected to chassis ground when used on EXT
batteries.

1-19-66 TEK 422 IRB



Maintenance Notes - continued

CRT REPLACEMENT BELOW SN 1890

At the above SN, an orthogonality coil
was installed in production indicators
to allow for Y-axis correction to CRT's
that would otherwise have to be rejected.

A replacement CRT from Customer Service
stock may suffer from less than perfect
vertical/horizontal alignment. A re-
placement parts kit is forthcoming to
install a new CRT shield with coil in-

Tony Bryan, 12-3-65

stalled, the pot, and its mounting hard-
ware.

The existence of this replacement kit,
Tek # 050-0264-00, should be kept in
mind when changing CRT's in the early
422's. The coil will allow approximate-
ly 5° correction to the vertical/hori-
zontal alignment. Connections to the or-
thoganality coil may be reversed for
correction factors. ‘ '

BATTERY PACK VOLTAGE CHECK

A simple method for checking the 422 bat-
tery pack under normal load has been sug-
gested by Joe Vistica of our Palo Alto
Field Office.

First, the fuse cap for the 3 amp fuse

must be modified by punching a hole thru
the thin shell back. This can be accom-
plished quite easily with a metal scribe.

Dan Welch, 7-12-66

To check voltage, turn the power selector
switch to the Int. Battery position, turn
the front panel power switch to "ON" and
check the voltage between the hole in the
fuse cap and ground. This method allows
an accurate check of battery pack voltage
without removing the pack or the power
supply from the instrument.

422 SOLDER SPOOL SHORTING HAZARD

A few catastrophic failures have been
caused by the solder unraveling from the
spool and shorting to the power supply
EC board. The spool is mounted between
the indicator and power supply.

Dan Wélch, 11-14-66

The solution has been to remove the spool
from the instrument proper and store it
in the accessory compartment. We sug-
gest this be done on all 422's to avoid
any future failures of this nature.

LONGER LIFE GRATICULE BULBS FOR THE 422

A replacement parts kit, 050-0319-00, has
been put together for the replacement of
#336 graticule bulbs with #386 bulbs.

The new bulbs have a life expectancy of
10,000 hours.

Dan Welch, 2-17-67

They require more current which necessi-
tates changing R657 to a 15 Q,.1W, 5%.
The part number for the new bulb is
150-0059-00. The new bulbs are direct
replacements in the AC-DC version of the
422 (Mod 125B).

TEK 422 PRB
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Maintenance Notes - continued

422 POWER SUPPLY PROBLEMS

R614, R651, and R689 are 1 ohm fusable
resistors in the +12 and -12 volt power
supplies. Originally, they were held

to 5% tolerance by nicking the manganin
resistance wire until the resistance
fell within specs. This deformation of
the wire formed a hot spot in the center
of the 1/2 watt size form on which the
resistance wire was wound, which caused
a burn-out problem in several
instruments.

The intent 1is for this fusing resistor
to burn out quickly in the event of a
power supply failure and not burn up the
circuit board. Due to the deformation

) Dan_Welch,’10-27-66

of the wire, these resistors were burn-
ing out for no apparent reason.

This resistor has now been changed by
Mod 11558 to a smaller physical size
unit with *10% tolerance, thereby remov-
ing the need to 'tailor' the wire to
within specs.

Note that the physical size of the form
on which the manganin wire is wound has
no bearing on its power dissipating
qualities.

The change will take place in latter.
October.

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.

Nick Stadtfeld, 6-16-67

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.

3. TYPE DISCOLORATION

7-6-67

Browning or brown ring discolora-
tion of the 561A, 581, 585, 581A,
585A, 555, 547 and 565. The

browning or brown ring was also a

TEK 422 PRB



Maintenance Notes - continued

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
processing. The problem is
thought to have multiple causes
and all causes are not yet known.

CURE
A partial cure was obtained by
changing the CRT rubber support
pads to the four red silicone
pads, Mod #M10946.

" This problem is still under in-
vestigation. There is some chance
that a CRT which has been repotted
and placed in the scope with the
new silicone pads will still
develop a browning or brown rings.

CRT Production Engineering is in-
vestigating a protective seal for
around the silastic. They are also
looking into a new type of bonding
material, possibly epoxy.

For a number of reasons, many
CRT's are being converted from
glass to ceramic envelopes. The
new ceramic CRT's will not require
the plastic implosion shield and
thus will sidestep all possibility
of each of the three types of
discoloration discussed above.

TYPE DISCOLORATION

TEK 422 PRB

Yellow or yellowing of 453 CRT's.
This has shown up in a limited
number of instruments. Dis-
coloration is rapid and develops
much more quickly than the fogging
or brown ring problems.

CRT Face Plate Discoloration Problems - continued

CAUSE
The yellowing was caused by a
processing problem.

CURE
It was corrected by changing the
process.

_FEEDBACK
~Any CRT which displays face plate

discoloration should be reported via
the failure card route. Pertinent
information would be instrument type,
serial number, date code on the CRT,
type of discoloration and whether
this problem appeared before or after
the instrument was modified with red
silicone support cushions. It was
pointed out earlier that some CRT's
which have been repotted and supplied

with new cushions still develop dis-

coloration. Information on these
CRT's is particularly valuable.

REPAIR

If you decide to have a CRT repaired,
the repair job can be done by return-
ing the CRT to the CRT Quality
Assurance Department. The implosion
shield is removed and a new one glued
on. The manufacturing cost is approx-
imately $2.50 (shipping charges not
included).

There have been some complaints from
the field that the repair time is
excessive. Typically, a CRT can be
repotted in 48 hours, but shipping
and handling time usually means that
the total turnaround time, assuming
air transportation, would be two
weeks.

" The turnaround time could be speeded

up if the address label on the CRT
box was marked with a "FOR REPAIR"

or "REPOTTING" or "RUSH, CUSTOMER
INSTRUMENT" or any such notation.

This would alert the shipper, who

sees hundreds of CRT's returned each
week, and who can't easily determine
which CRT's are for routine evaluation
and which require speedy handling.

7-6-67






FACTORY TEST LIMITS

QUALIFICATION

Factory test limits are qualified by the
conditions specified in the main body of
the factory calibration procedure. In-
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 (TYPE A SUPPLY ONLY)
Voltage and ripple

max line max HF
supply value freq ripple ripple

-12V 1% 1ImV 15mV

81V +2.5% (-83V) 2mV 10mV (cali-
-1.25% (-80V) brator)

+12V +2% 1mV 10mV

+20V 7% 1mV

+75V +7% 90mV

-1385V: 5%, max

+4600V: £20%, max

SCALE ILLUMINATION

No illumination ccw
Max illumination cw

TRACE ALIGNMENT

Trace rotation range: 4°, min
Y Axis align 0.05 div, max

GEOMETRY

Adjust GEOM R854: 0.1 div,max
Horizontal Geometry: 0.1 div, max

TEK 422 PRB 12-26-66

ALTERNATE

Must alternate at all sweep‘rates
COMMON MODE CURRENT

R215: 0 +0.25V, max

GAIN

(H 1 Gain Range: +10%, -5%, min
(H 2 Gain Range: +10%, -5%, min

ALG ADD ' 2%, max
VOLTS/DIV

VOLTS/DIV accuracy: 2%, max
VARIABLE range: 2.5:1, min
CH 2 X10 GAIN: 3%, max

COMPRESSION, EXPANSION
Compression § expansion: 0.15 div, max
POSITION RANGE
Vertical Position range: 20 div, min
LINE VOLTAGE DRIFT
Trace drift with line voltage change:
0.2 div, max
Gain change with line voltage change:
1%, max
MICROPHONICS AND GRID CURRENT
Microphonics: 0 .5 div, max, no ringing
type
Grid current: 0.1 div, max
POSITION CROSSTALK
0.1 div, max

TRACE STABILITY :

1mV/div trace jump: 0 .05 div, max
trace noise: 0.05 div, max



Test Limits - continued

VOLTS/DIV COMPENSATION

(H 1 compensation: 2%, max
(1 2 compensation: 2%, max

HIGH FREQUENCY COMPENSATION

HF compensation: 2%, max
(H 2 HF compensation: *2%, max

BANDPASS

(H 1 bandpass: no more than 30% down

at 15 MHz

(H 2 bandpass: no more than 30% down

at 15 Mz

(H 2 X10 GAIN bandpass: no more than

30% down at 5 Mz

COMMON MODE REJECTION RATIO

Common Mode rejection ratio: 100:1, min

ATTENUATOR ISOLATION
Isolation: 100,000:1, min
AUTO CENTER

Auto center: 0V +15mV
Waveform amplitude:  +160mV

-200mV, min
TRIGGERING
Internal triggering:
Mode Frequency  Amplitude
AUTO 4.5 Miz .8 div
16.5 Miz 2.5 div
DC, AC and 5 MHz .2 div
AC LF REJ 15 Miz 1 div
AC LF REJ 50 kHz .2 div

External triggering:

Mode Frequency  Amplitude
AUTO 7 Mz 6V
15 MHz 1.2V
DC, AC and 5 Miz JA25V
AC LF REJ 15 Mz 6V
AC LF REJ 50 kHz 125V

Low Freq triggering (50 Hz):

Mode Internal External
AC .2 div 125V
AUTO .8 div 6V

LF REJ: not triggered with
1 div of 50 Hz

MAG REGISTER AND SWEEP LENGTH

Mag register: t,2 div, max
Sweep length: 10.4 to 12.1 div

X10 MAG TIMING AND LINEARITY

X10 MAG timing: t1%, max
X10 MAG linearity:  *1%, max

VARIABLE TIME/DIV

VARIABLE range: 2.5:1, min

. 5uSEC TIMING

.5uSEC X10 MAG linearity: 2%, max

TIME/DIV ACCURACY

X10 MAG: 3%, max
TIME/DIV accuracy: 2%, max
EXT HORIZ
Deflection factor: 10V/div

+25%, max
-ATTEN range: 10:1, min
Bandpass: no more than 30% down

at 500 kHz

12-26-66 TEK 422 PRB



Test Limits - continued

CHOPPED OPERATION
Frequency: 100kHz +20%, max
EXT BLANKING

Blanking: +2 volts, min
GATE OoUT

Amplitude: .5V, min

AUTO REPETITION RATE

40 to 55 Hz

CALIBRATOR

Cal Ampl: +.5%, max

2 VOLT amplitude: *2%, max

Repetition rate: 1 kHz *20%
Duty cycle: 45% to 55%

TEK 422 PRB 1-18-66






MODIFIGATION K

PORTABLE TO RACKMOUNT CONVERSION

For Tektronix Type 422 Oscilloscopes
with AC Power Supplies only --SN 100-up

DESCRIPTION

This modification supplies an R422 rackmount assembly
for rackmounting the above-listed instruments. Rear
support installation instructions are included in Manual
insert section supplied with this kit.

The R422 rackmount assembly has two oscilloscope
compartments. This feature permits the rackmounting
of two instruments, side by side, in the same relay
rack. If it is desired that only one instrument be rack-
mounted, then either the left or right compartment may
be chosen. The remaining compartment may then be
used as an instrument storage compartment. A con-
venient pull-down door is provided for the storage com-
partment to retain all accessories. Two rear support
brackets are provided with the kit for the purpose of
supporting two instruments in the same rack. If only
one instrument is rackmounted, then support to the
storage compartment is not necessary. The assembled
R422 rackmount assembly may be installed into any
standard 19 inch open or closed relay rack on slide-
out tracks.

The slide-out tracks used on the Type 422 consist of two
assemblies, one each for the right and left sides. Each
assembly consists of three sections. The stationary
section attaches to the rack, the chassis section attaches
to the surrounding instwument frame, and the inter-
mediate section fits between the other two sections to
allow the instrument to extend out of the rack.

When properly installed, the Rackmount Rear Support
assembly permits the R422to withstand an environmen-
tal shock or vibration as described in Characteristics
section of the 422 Manual. If the 422 is not properly
supported at the rear, then the instrument will not meet
the given environmental characteristics.

The assembly consists of: 1) Removing the instruments
from the cabinets. 2) Assembling the instruments into
the R422 rackmount assembly. 3) Installing the rear
support bracket assembly. 4) Rackmounting and pro-
viding rear support in a standard relay rack as
described in the Manual Insert section.

@1966 Tektronix, Inc.

040-0419-00

Publication:
Instructions for 040-0419 - OO
July 1966

Supersedes:
June 1966

All Rights Reserved.
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Quantity

(1 ea)

2ea
4 ea
2ea
4 ea
1pr
2ea
1ea
1ea

(1 ea)
2-ea
4 ea
4 ea
4 ea
4 ea
4 ea
2 ea
2ea
4 ea
4 ea
4 ea
2ea
2ea
4 ea
1 pr
4 ea
2ea
2ea
2 ea

Part: Number -

210-0410-00
210-0458-00
210-0805-00
213-0090-00
351-0104-00
367-0022-00
436-0065 -00
437-0082-00

210-0011-00

210-0803-00
210-0805-00
210-0833-00
210-0866-00
210-0917-00
210-0984-00
210-0985-00
211-0517-00
212-0520-00
212-0567-00
213-0134-00
214-0502-00
220-0410-00
351-0100-00
361-0118-00
361-0119-00
386-1066-00
407-0073-00

##PARTS LIST

Descrlptlon

Assembly, R422 Rackmounting, consisting of: -

. Nut, hex, 10-32x5/16
Nut, Keps, 8-32x11/32

Washer, flat, 0.204 ID x 0.438 OD
Screw, 10-32 x 1/2, HHS

Guide, chassis track

Handle

Compartment, storage assembly
Cabinet, rackmount assembly -

Hardware, Relay Rack and Rear Support cons1st1ng of:

Washer, 1/4 int

Washer, #6

Washer, #10

Washer, finishing #10

Washer, 0.264 IDx 1-1/8 OD x 0.1106
Washer, plastic, 0.191 ID x 5/8 OD
Washer, support, Neoprene*

Washer, 7/8 OD x 0.512 ID x 0.054
Screw, 6-32 x 1 PHS

Screw, 10-32 x 1-1/4 hex head

Screw, 10-32 x 7/8 OHS

Screw, 1/4-20 x 3/4 hex head

Pin, support

Nut, Keps, 10-32 x 3/8 hex

Track, slide, stationary and inter -section w/ mountmg hardware
Spacer, . sleeve

Spacer, block

Plate, retaining shaft

Bracket, angle support

*Carboline Co. registered trademark.

040-0419-00 ‘Page 3 of 7



INSTRUCTIONS

NOTE: Itis important that all mechanical components and hardware be

saved for future use, especially if the 1nstrurnent is re-assembled

into its original cabinet.

A. TO REMOVE THE INSTRUMENT FROM THE PORTABLE CABINET.
Refer to Fig 1 for steps 1-4.. - . - ‘

()
()

)
)

1.
2.

3.

4.

Remove the front cover asserhbly from the instrument.

Unscrew the four 10-32 screws, located in the four rear rubber feet, Wthh secure

the AC Power Supply to the instrument.

Remove the AC Power Supply from the instrument.

Remove the three 4 40x5 /16 screws which secure the wrap- around cabinet to the

instrument. SAVE.

EFRONT
coveRr
ASSEMBLY

—a22 |
OSCILLOSCOPE

cRT SHEILD

| /

4-40 X 5/1 &"
SCRews (@)

0-d2 X 22"
Screws (4)

Figl
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CABINET - uanon_e

ASSE M s LV

AC,
POWER

SuPPLY



INSTRUCTIONS (cont)
A. Continued.

() 5. .Remove the wrap-around cabinet from the instrument. (Refer to Fig 2.)

NOTE The R422 Rackmount assembly was designed with two 422 Oscilloscope
compartments. The right-hand compartment is supphed with a con-
venient accessory storage unit with a pull-down door. Two 422
Oscilloscopes may be mounted in the R422 Rackmount assembly, side
by side, or one 422 Oscilloscope may be mounted in either the left or
right compartment. This can be accomplished by removing or trans-
ferring the storage compartment. The storage compartment is secured
to the R422 rear panel with two 10-32 flat washers and nuts.

B. TO INSTALL THE OSCILLOSCOPES INTO THE R422 RACKMOUNT:
Refer to Fig 2 for steps 1 and 2. |
() 1. Slide the 422 Oscilloscope into the chosen compartment.

() 2. Secure the oscilloscope to the R422 Rackmount assembly, using the three 4-40x 5/16
screws removed in step 4.

FRONT COVvER
ASSEMBLY

Q22
/_ OSCILLOSCOPE

45&%:\(

COMPARTMENT

RIGWT N

C\OMPARTMENT

&

4-40 X S/\o
SCTREWS
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INSTRUCTIONS (cont)
B. Continued
() 3. Secure the AC Power Supplies to their respective oscilloscopes. (See Fig 3).

C. TO INSTALL THE REAR SUPPORT BRACKETS ON THE AC POWER SUPPLIES:
Refer to Fig 3 for steps 1 through 4.

LEFT COMPARTMENT ONLY

() 1. Remove the two 6-32 X 1/4 screws, located on the right side (rear view) of the AC
Power Supply.

() 2. Install the rear support bracket, spacers, and 6-32 x 1 screws on the right side (rear
view) of the AC Power Supply. :

RIGHT COMPARTMENT ONLY

() 3. Remove the two 6-32 x 1/4 screws, located on the left side (rear view) of the AC
Power Supply.

() 4. Install the rear support bracket, spacers, and 6-32 x 1 screws on the left side (rear
view) of the AC Power Supply.
THIS COMPLETES THE INSTALLATION.
() Fasten the Manual insert section to the front of your 422 Manual.

NOTE: See the R422 Manual Insert Section for relay rack and rear support 1nsta11at10n
instructions.

/7
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INSTRUCTIONS (cont)
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MODIFIGATION KT

RACKMOUNT TO PORTABLE CONVERSION

For Tektronix Type R422 Oscilloscopes
Serial numbers 100-up

DESCRIPTION

This modification kit supplies a cabinet-handle
assembly and front cover assembly for convert-

ing a single 422 Oscilloscope, which is contained
within an R422 Rackmount assembly, to a standard @Q@D@@}ZHD@@
422 portable oscilloscope.

The conversion to a portable instrument consists
of:

1) Removing the 422 Oscilloscope and AC
Power Supply from the R422 Rackmount.

2) Installing the 422 into the cabinet-handle
assembly.

3) Installing the AC Power Supply on the
422 Oscilloscope.

4) Replacing the Rear Support Bracket
assembly with two 6-32 screws.

5) Installing the front cover assembly.

Publication:
Instructions for 040-0421-00
August 1967

Supersedes:
April 1966

1966, Tektronix, Inc.
All Rights Reserved.
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Quantity

Q1 ea)

## 2ea

## 2ea
1ea
1ea

## 1 ea
2 ea

Page 2 of 5

Part Number Description
Assembly, cabinet-handle, consisting of:
210-0805-00 Washer, flat
213-0139-00 Screw, 10-24 x 3/8 HHS
367-0063-00 Handle assembly
437-0076-00 Cabinet assembly
200-0604-02 Cover, front, assembly
211-0565-00 Screw, 6-32 x 1/4 THS, Phillips
040-0421-00

PARTS LIST



INSTRUCTIONS
NOTE: It is important that all mechanical components and hardware
be saved for future use, especially if the instrument is to be
reassembled into the R422 cabinet. : o P

() 1. Remove the R422 Rackrhount assembly from the felay rack.

() 2. Loosen the four 10 -32 screws in the AC Power' Supply rear feet and remove the
power supply from the instrument. ’

REFER TO FIG 1 FOR STEPS 3 AND 4

() 3. Remove the three 4-40 x 5/16 screws that secure the 422 oscilloscope to the R422
cabinet. Save screws. :

() 4. Remove the 422 Oscilloscope from the R422 cabinet.

: — a2
/_ OSCILLOSCOPE

o
S N e 2 LEFT
/ ' N
ACCESSORY S e RIGHT N
COMPARTMENT { Q?ARTMENT ~
4/22 I,
RACKMOUNT 0~
ASSEMBLY

1O FLAT
was- e r

210 HEX NUT -

Fig 1
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INSTRUCTIONS (cont)
REFER TO FIG 2 FOR STEPS 5 THROUGH 9 *

() 5. Slide the 422 Oscilloscope into the cabinet-handle assembly (from kit) and secure the
cabinet to the instrument using the three 4-40 x 5/16 screws removed in step 3.

() 6. Place the AC Power Supply on the rear of the 422 Oscilloscope.

() Secure the power supply to the instrument by tightening the four 10-32 screws in the
AC Power Supply rear feet.

() 7. Remove the rear support bracket, spacers, and hardware from the AC Power Supply.

() 8. Install two 6-32 x 1/4 THS Phillips screws (from kit) in the holes vacated by the rear
support hardware. -

() 9. Secure the front cover (from kit) on the front of the 422 Oscilloscope.
THIS COMPLETES THE INSTALLATION.

NOTE: The parts included in this kit are already listed in your
Manual Parts List.

BE:ls
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HOBIEIGATION KT

IMPROVED POWER SWITCH ACTUATOR

For the following Tektronix Oscilloscopes:

Type 422 serial numbers 100-6989

Type 422-125B serial numbers 100-6989 -

Type R422 serial numbers 100-6989
DESCRIPTION

This modification provides an improved POWER
switch actuator assembly, which eliminates =
failure of the 'press=fit' pivot pin.

The switch actuator and actuator rod have been
modified to use a spiral spring pin.

The installation consists of replacing the POWER
switch actuator, actuator rod, and pivot pin.

This kit replaces the following parts:

Actuator, switch 2]4-0526-00
Pin, escutcheon - 214-0533-00
Rod, ass'y, POWER switch ~ 384-0336-00

040-0439-00

Publication:
Instructions for 040-0439-00

January 1967

© 1967, Tektronix, Inc.

All Rights Reserved.
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PARTS LIST

Quantity Part Number Description
1 ea 214-0526-01 Actuator, toggle switch, Delrin¥, 0.650 x 1.050 x 1.260
1 ea 214-0863-00 Pin, spiral spring, 0.062 x 0.375
1 ea 384-0336-01 Rod, Power switch assembly, w/molded gray nylon knob

INSTRUCTIONS

()
()
()

()

KH:ls

1. Disconnect the power supply and remove from the rear of the instrument.
Remove the cabinet.

3.  Replace the POWER switch actuator, actuator rod and pivot pin, located on the rear
of the instrument, with those from the kit. Refer to drawing.

NOTE: The 'spiral' spring pin can be easily installed, using a pair of pliers.
'‘Compress gently' and insert pin into the actuator rod. Refer to drawing.

MOUNTING
~__ |BRACKET
=)
/ s\SF:RING |
¢ &

8
e R ﬂ SWITCH

ACTUATOR ™ ACTUATOR

ROD A \

~

I
H'SPRING
PIN

4.  Replace cabinet.
5.  Replace the power supply and check operation of the new POWER switch actuator.

THIS COMPLETES THE INSTALLATION.

Correct thé Mechanical Part List-section of the Instruction Manual as required.

Page20f2 . 040-0439-00



-12V SUPPLY ZENER DIODE

For Tektronix Type 422 Oscilloscopes:
AC Power Supply s/n 100-594 (tentative)

DESCRIPTION

IN936, 9v Zener diode (152-0212-00) replaces
IN752A, 5.6 v Zener diode (152-0175-00) which
is no longer available,

To install the new diode, it is necessary to
change the values of several components in
the -12v power supply.

NOTE: If the serial number of your instru-
ment is above those listed or if this kit has
been installed, disregard the instructions as
part number 152-0212-00 is a direct replace-
ment.,

050-0257-00

Publication:
Instructions for 050-0257-00
August 1965

1965, Tektronix, Inc,
All Rights Reserved.
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PARTS LIST

Quantity Description
1 ea, Diode,Zener, IN936 9v 5%
1 ea. Potentiometer, WW 1.5k 5%
1 ea. Resistor, comp, 1k 1/4w 5%
1 ea. Resistor, comp, 2.7k 174w 5%
1 ea. Resistor, comp, 3902 1/4w 5%
1 ea. Resistor, prec, 953  1/8w 19
1 ea. Resistor, prec, 2,26k 1/8w 1%

1 ea. Tag, MODIFIED INSTRUMENT, gummed back

R637
qeza | Y =
\ —\

LOCATION OF COMPOWENTS
oN E.C. BSOARD

Fig. 1

Page 2 of 3 050-0257-00

Part Number

152-0212-00
311-0532-00
315-0102-00
315-0272-00
315-0391-00
321-0191-00
321-0227-00
1-910D



INSTRUCTIONS

() 1. Remove the six Phillips head screws that fasten the Power Supply cover in place and
remove the cover,

() 2 Terhporarily unsolder the negative wire of C642 from the etched circuit board and
remove the capacitor from the clip. '

3. Refer to Fig. 1 and replace the following parts with the new parts from the kit:

() R639: Remove a 2.5k potentiometer (-12v), and install a 1.5k WW potentiometer,
(Reinstall C642, removed in step 2,)

() D622: Remove a IN752A and install a IN936, banded end toward Q624.

() R622: Remove a1k 1/4w 5% resistor and install a 390 Q 1/4 w 5%, resistor.
() R624: Remove a 620Q 1/4w 5% resistor and install a 1k 1/4 w 5% resistor,
() R634: Remove a 2,4k 1/4w 5% resistor and install a 2.7k 1/4 w 5% resistor.
() R637: Remove a 6.34k 1/8w 1% resistor and install a 953 Q 1/8 w 1% resistor.
() R638: Remove a 4,02k 1/8 w 1% resistor and install a 2,26k 1/8 w 19, resistor.

THIS COMPLETES THE INSTALLATION,
() Check wiring for accuracy.
() Fasten the insert pages in your Instruction Manual.

() Moisten the back of the MODIFIED INSTRUMENT tag (from kit) and place it on the
AC Power Supply schematic.

() Refer to the Calibration Section of your Instruction Manual and recalibrate as required.

() Replace the Power Supply cover, removed in step 1,

JT/CH:ceb
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=12V SUPPLY ZENER DIODE

GENERAL INFORMATION

Type 422 AC Power Supply s/n 100-594 (tentative)
Installed in Type 422 AC Power Supply s/n Date

1N936, 9v Zener diode (152-0212-00) replaces 1IN752A, 5.6 v Zener diode (152-0175-00) which
is no longer available.

The information on these pages supersedes the information in your Manual,

ELECTRICAL PARTS LIST

Values fixed unless marked variable.

Ckt, No.

D622

R622
R624
R634
R637
R638
R639

Part Number

152-0212-00

315-0391-00
315-0102-00
315-0272-00
321-0191-00
321-0227-00
311-0532-00

Description
DIODES
Zener 1N936
RESISTORS

390 © 1/4w
1k 1/4w
2,7k 1/4w
953 Q 1/8w
2,26k 1/8w
1.5k

9v +5%,

comp
comp

comp

prec

prec

WW var

050-0257-00

5%
5%
5%
1%
1%
5%
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PARTS REPLAGERMENT KIT -

T4220 CATHODE RAY TUBE

For Tektronix Type 422 Oscilloscopes
Serial numbers 100-1889

DESCRIPTION

‘The orthogonality specifications for Type.
T4220 Cathode Ray Tubes have been modified.

To reflect this change, the CRT part numbers .

were changed as indicated below:

CRT ~  Part Number Replaces

T4220-31-1  154-0466-05 154-0466-00
T4220- 1-1  154-0466-06 154-0466-01
T4220- 2-1  154-0466-07 154-0466-02
T4220- 7-1  154-0466-08 154-0466-03
T4220-11-1  154-0466-09 154-0466-04

To assure orthogonal X-Y deflection, the new

Cathode Ray Tubes must be used with a "Y"
axis alignment coil and adjustment potenti-
ometer. These are included in this kit as
part of the new CRT shield assembly. The
CRT's are manufactured with P31, P1, P2,
P7, and P11 phosphors and must be ordered
separately.

The installation consists of replacing the old
CRT shield assembly with the new CRT shield
assembly and soldering one wire to a +12V
ceramic strip terminal. A partial Calibra-
tion procedure is included for making the
orthogonality adjustments.

NOTE: If the serial number of your instru-
ment is above those listed, or if this kit has
previously been installed, disregard these
instructions as the new CRT's listed above
are direct replacements.

]

050-0264-00

Publication:
Instructions for 050-0264-00
September 1967

Supersedes:
December 1965

1965, Tektronix, Inc.
All Rights Reserved.
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Quantity

PARTS LIST

Description

1 ea  Assembly, CRT shield, consisting of:

Part Number

## 1ea  Coil, fixed, Trace Rotator 108-0320-01
lea Coil, fixed, "Y" Axis Alignment, assembly 108-0350-00

- 2ea  Strip, liner, CRT clamp, polypropylene 124-0170-01
1 ea  Connector, contact, square pin 131-0371-00

6 ea Lockwasher, steel, ext. #4 210-0003-00

1 ea Lug, solder, 1/4" hole 210-0223-00

1 ea Nut, hex, brass 1/4-32x 5/16 210-0583-00

1 ea  Washer, flat, steel, 0.4000D x 0.2541ID x 0.006 thick 210-0980-00
2ea Screw, 4-40x 3/8 PHS ' 211-0012-00

2 ea Screw, 4-40x 5/16 FH stainless steel 211-0117-00

4 ea Nut, 4-40 hex, stainless steel 220-0438-00

1 ea Potentiometer, comp, 20k +20% Model G 311-0579-00

1 ea  Shield, CRT, painted blue 1337-0669-01

1 ea Clamp, CRT rear mount, bottom 343-0115-00

1 ea Clamp, CRT rear mount, top, w/2 mtg. ears 343-0116-00

4 ea  Cushion, CRT silicone sponge, adhesive back 348-0070-01

1 ea Board, circuit 388-0678-00

1 ea  Bracket, shield, CRT 407-0105-01

## 1 ea  Wire, #26 stranded, 8-1/2in. white-brown-red-black (175-0529-00)

1 ea Tag, MODIFIED INSTRUMENT, gummed back o 1-910D
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INSTRUCTIONS

)
()

()
()

()
()
()
()
)
)

()
()
()

()

()

)

()
()

()
()
()

1.

2.

3.

4.

10.

11.

12.

13.

14.
15.
16.

Remove the instrument from the cabinet.

Carefully remove the CRT screen from the instrument to prevent any possible
damage while performing mod.. :

Remove the three screws and rear CRT shield. (SAVE)

Remove the two bottom screws which secure the CRT shield bracket to the chassis.
(SAVE) Co

Disconnect the following square pin connector wires which connect to the CRT and
Horizontal Amplifier board: o

white to Horizontal A'mpliﬁef circuit board terminal I o
white-orange  to Horizontal Amplifier circuit board terminal F
white-red to "LEFT" CRT deflection plate pin | '
white-green to "RIGHT" CRT deflection plate pin

white-blue to "UPPER" CRT deflection plate pin

white-brown to "LOWER" CRT deflection plate pin

Disconnect the CRT HV anode connector from the CRT.
Disconnect the CRT socket from the CRT.

Remove both CRT graticule lamp holders from the CRT shield. (SAVE HARDWARE
AND HOLDERS.)

Carefully push the CRT and shield toward the rear of the instrument until it clears
the rear front panel casting. Tilt the front of the CRT up and remove from the
instrument.

Loosen the two CRT clamp screws which secure the CRT to the shield and remove
the CRT from the shield.

Loosen the two CRT clamp screws on the new CRT shield assembly (from kit),
install the new CRT in shield, and tighten the two CRT clamp screws.

Install the new CRT and shield assembly in the instrument.

Reinstall the two bottom CRT bracket screws removed in step 4.
IMPORTANT: Check the rear CRT socket pins to make sure none are bent.

Reinstall the rear CRT socket on the CRT.
Reinstall the rear CRT shield using the three screws removed in step 3.

Reinstall both CRT graticule lamp holders removed in step 8.

050-0264-00 Page 3 of 5



INSTRUCTIONS (con'd)

HOMIZOMNTAL AMP
CImMCLUIT BOoAKRD
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INSTRUCTIONS (con'd)
Refer to the drawing for the following CRT wire locations:

17. Connect the following square pin connector wires from the CRT assembly and
Horizontal Amplifier board:

() white to Horizontal Amplifier circuit board terminal I

() white-orange to Horizontal Amplifier circuit board terminal F

() white -red to "LEFT" CRT deflection plate pin

() white-green to "RIGHT" CRT deflection plate pin

() white-blue to "UPPER" CRT deflection plate pin

() white -brown to "LOWER" CRT deflection plate pin

() Dress the white-brown-red-black wire from the R856 circuit board terminal #3,

through the chassis grommet and solder to CSA-12.
() 1.8. Reconnect the CRT HV anode connector removed in step 6.
() 19. Reinstall the CRT screen removed in step 2.
THIS COMPLETES THE INSTALLATION.

() Adjust "Y" Axis Alignment potentiometer, R856, as described in the Manual Insert
Recalibration section.

() Moisten the back of the MODIFIED INSTRUMENT tag (from kit) and place it on the CRT
Circuit Manual schematic page affected by this modification.

() Fasten the insert pages in your Instruction Manual.

( ) Reinstall the instrument in the cabinet.

BE:ls
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T4220 CATHODE RAY TUBE

Type 422 Oscilloscopes -- s/n 100-1889
Installed in Type 422 s/n Date

GENERAL INFORMATION

The orthogonality specifications for Type T4220 Cathode Ray Tubes have been modified. To
reflect this change, the CRT part numbers were changed as indicated below:

CRT Part Number . Replaces
T4220-31-1 154-0466-05 154-0466-00
T4220- 1-1 . 154-0466-06 154-0466-01
T4220- 2-1 154-0466-07 154-0466-02
T4220- 7-1 154-0466-08 154-0466-03
T4220-11-1 154-0466-09 154-0466-04

To assure orthogonal X-Y deflection, the new Cathode Ray Tubes must be used with a "Y' axis
alignment coil and adjustment potentiometer. These are included in this kit as part of the new
CRT shield assembly. The CRT's are manufactured with P31, P1, P2, P7, and P11 phosphors
and must be ordered separately.

The installation consists of replacing the old CRT shield assembly with the new CRT assembly
and soldering one wire to a +12 V ceramic strip terminal. A partial Calibration procedure is
included for making the orthogonality adjustments.

The information on these pages supplements and/or supersedes the information in your Manual.
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RECALIBRATION NOTES
EQUIPMENT REQUIRED
1  Type 180 or 184 Time Mark Generator

NOTE: With exception of the Geometry con-
trol, this calibration procedure assumes that
all other adjustments have remained the same
and do not require further adjustment.

TYPE 422 BASIC FRONT PANEL SETTINGS

CH 1 input switch --DC
VOLTS/CM --1
POSITION -- midscreen
MODE --CH1
TRIGGERING --CH1
TRIG LEVEL -- AUTO
TIME /DIV -- 1mSEC

TRACE ROTATION  -- to align with cen-
ter horizontal
graticule line

From a Type 180 or 184, apply 1 msec and
100 psec time markers to CH 1 input. Set
the POSITION, VOLTS/CM, and VARIABLE
to appropriate position so that the markers
cover the entire graticule area. Set the
ASTIGMATISM, FOCUS, and INTENSITY
controls for a sharp display.
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1)

2)

3)

4)

RECALIBRATION

Adjust the Geometry control for minimum
bowing of vertical lines.

EAREN

p
3 .
[TEE (TN INUWE FERTE FUTT JUT1 P YTy PN I
HHHHHHHH HH
9
h
9
3
¥
-
b o

INCORRECT

Remove vertical signal and free run
sweep to produce a single line along the
center Horizontal axis. Adjust the trace
rotation control, R851, so that the trace is
parallel to the center Horizontal grati-
cule line.

3

-’

INCORRECT

Remove sweep and connect vertical sig-
nal to produce a single line along the
center Vertical Axis. Adjust the "Y"
Axis alignment control, R856, so that
the trace is parallel to the center
Vertical graticule line.
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-
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INCORRECT

Interaction may occur between the Geom-
etry, Trace Rotation and "Y' Axis align-
ment controls. Therefore, it may be
necessary to repeat steps 1, 2, and 3
until the adjustments ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>