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MANUAL CHANGE INFORMATION

TEKTRONIX®| propuct __GENERAL CHANGE REFERENCE __ 523351

commilied to
technical excellence

DATE _ 4-~10-75

CHANGE:

DESCRIPTION

with IEC power

POWER CORD CHANGES

The 1974 Naticnal Electrical Code permits the use of
IEC (International Electrotechnical Commission) power
cord color codes. As production permits, we are

changing the eantire Tektronix product line to comply

cord color code requirements., As a

result, the power cord on Tektronix instruments may
conform to either IEC or the older NEC requirements.

The change consists of the following:

Conductor NEC IEC

Line Black Brown

Neutral White Light Blue¥*

Safety Earth Green w/Yellow  Green w/Yellow
Stripe Stripe

#Tinned copper conductor.,

PAGE 1 OF 1
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P6046 Probe and Amplifier

SECTION 1
CHARACTERISTICS

Change information, if any, affecting this section will be found at the

rear of the manual.

General Information

The P4046 Differential Probe is an aclive, dual input probe
designed for use with the Tektronix Type TAS5 Differential
Amplifier or the “"Amplifier For P6046". High common-mode
rejection ratios are provided at high frequencies by per-
forming the common-mode rejection within the probe body.
Calibrated vertical deflection factors of from 1 mV through
200 m¥/division {in 1, 2, 5 sequence) can be selected by
switching at the Type 1A5 or at the Amplifier for P6046.
These deflection factors can be increased to ten times the
indicated e@mount through use of o calibrated Dual Atten-
vator Head, which is a standard accessory to the P&046
Probe.

The Probe ond Type 1A5 combination has a 45MHz
bandwidth when used with an appropriate oscilloscope. The
Probe and Amplifier For P6046 combination has a 100 MHz
bandwidth. This provides a 70 MHz overall system bandwidth
when the Probe and Amplifier are operated into the single-
ended input of any 100 MHz oscilloscope having a vertical
deflection factor of 10 mV/division.

The Probe has a 5-V common-mode operating range and
a 25-V maximum input which can be extended by a factor
of ten through use of the Dual Attenuator Head.

Characteristics

A summary of the P6046 Differential Probe elecirical char-
acteristics, and pertinent mechanical and environmental
characteristics are contained in Table 1-1. Specifications per-
tain to operation with both the Type 1A5 and the Amplifier
For P&044, except where noted otherwise.

Fig. 1-2, 1-3, and 1-4 contain graphs of cemmon-mode
rejection ratios (CMRR} under different equipment setups at
25°C. MINIMUM refers to the values required to meet spec-
ifications, TYPICAL indicates the approximate values which
most probes will obtain.

Fig. 1-5 shows how CMRR varies as temperature deviates
from 25°C. For example, if the Probe is to be operated at
20°C to test a 50 MHz circuit, the specified CMRR should be
multiplied by 095 to determine the minimum CMRR value
which may be expected.

Fig. 1-6 displays the effect that scurce impedance has on the
gain of the Probe as a function of frequency. It can be ap-
plied to differential operation as follows: Relate the upper
graph te the display amplitude = input signal when the
signal source impedances are matched {up to a 5:1 source
impedance ratio); Relate the lower graph to the display
amplitude = input amplitude when the signal source imped-
ances are greatly mis-matched.

Accessories

A number of accessories which extend operating capabil-
ities are supplied with the P6046 Probe and the Amplifier For
P&044 as Standard Accessories. These are listed on the last
page of the Mechanical Parts List.

An optional accessory which must, be used during Probe
calibration is listed in the Calibration section. Additional
miscelluneous accesscries are listed in the Tekfronix catalog.
All cccessories can be purchased through the Tektronix Field

Office.

TABLE 1-1
CHARACTERISTICS
Characteristic Performance Requirement at 25°C Supplemental [nformation
Step Re;ponse | 7
With Type 1A5 Bandwidth Risetime
5 to 200 mV/CM >45 MHz <7.8ns
2mV/CM and 20 mV/ =43 MHz <8.1ns
CM—Retained Range
1 mV/CM and 10mV/ >38 MHz <%92ns
CM—Retained Range
With Amplifier For P6046 Bandwidth Risetime
1 mV/DIV through 200 >100 MHz <35ns Bandwidth in 1 and 2mV/DIV positions
mY/DIV decreases to 0 MHz at 50°C.

)
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Characteristic

Performance Requirement

Supplemental Information

Ringing, Rounding, Over-
shoot and Tilt

Percent of deviation specification increases
by 4% within the first 10ns at 0°C and

With Type 1A5 < 4% (£6% peak to peak) in first 70 ns

< =#+1.5% (<£2°% peak to peak] thereafter

With Amplifier For P6046 < 2% (<29% peak to peak] after the |
first 70 ns

2 to 200 mV/DIV < ==4% (5% peak to peak] in first 70 ns

+350°C,

At 70% Voltage point (—3 dB} '

1 mV/DIV < 5% (<<6%peak to peak} in first 70 ns
AC Low Frequency Response
Basic {1X) 20Hz
With 102 Dual Attenuator 2Hz

Head

Deflection Factor
Basic (1X)

1 mV/div to 200 mV/div calibrated in 1, 2,
5 steps

vneali-

1mV/div through 2>500mV/div
brated with TA5

With 10X Dual Attenuator
Head

10 mV/div to 2 V/div calibrated in 1, 2,5
steps

10 mV/div through >5V/div uncalibrated
with 1A5

mV/div Accuracy
With Type 1A5
TmV/CM to 20mV/CM

Within 29%,; function of Type 1AS

50 mV/CM to 200 mV/CM Within 4%, Function of Probe and Type 1A5
With Amplifier For P6046 Within 3% 1mV through 200mv/DIV
Dual Attenuator Head Within 2% Probe and Type 1A5 or Probe and Ampli-

fier For P6046 accuracy must also be con-
sidered

Source impedance effect on
gain as a function of frequency

Basic {1 X)

See Fig. 1-6

With 10X Dual Attenuator
Head

Typically within 1.5%

Common-Meode Operating
Range
DC to 10 MHz

+5V {DC + peak AC) from average sig-
nal level; not exceeding =5V with re-
spect to ground

10 MHz to 50 MHz

Decreasing from =5V (DC + peak AC)
at 10MHz to =2V at 50 MHz

Linear Differential Input Range

Common Mode Rejection
Ratio, 25°C

10 div

Typically 100:1 at 100 MHz when used with
Amplifier For P&046.

T m¥Y through 20 mV/div See Fig. 1-2 See Fig. 1-5 for temperature effects
30 mV/div through 200 See Fig. 1.3 Also pertains to 10 and 20 mV-Retained
mV /div Range positions of Type 1A5
In combination with 10X See Fig. 1-4
Dual Attenuator Head
Input Resistance I
Probe 1TMQ *=1% See Fig. 1-7.
10X Dual Attenuator Head | 10 MQ *2%

Input Capacitance
Probe

10 pF or less; see Fig. 1-7.

10X Dual Attenuvator Head

3 pF or less

"DC Thermal Drift
Probe

Equivalent to <250 xV/°C at Probe head

Amplifer

<200 uV/°C

<450 v/ °C combined drift of Probe and

Amplifier

1-2
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Performance Requirement

Supplemental _In?ormation

“Displayed Noise
With Type TA5

With Amplifier For P6046

DC Shiff Due te Oyé?ﬂr_Eve” -

Overdrive Recovery Time
With Type 1AS

With Amplifier For P6046

260 1V tangertially measured
280 4V tangentially measured E

1.5% or less of input signal |

RMS value is approximately ', of the tan-
gentially measured value. Peak to peak

i value is approximately 5.1 fimes RMS.

| 0.15 s or less {fo within 10mV of DC
" shifted level) i
0.1 us or 16ss (to within 10 mV of DC shifted |
level) :

5V Input

Maximum Allowable Input

25V total DC + Peak AC; 25V total dif-
ference bhetween + and — Input tips

AC or DC-coupled

Gate Leckage Current

<03nA at 25°C ‘

Warm-uvp Time

20 minutes for rated accuracies at 25° C \’

+5° C |

<2nA at 50°C

Amplifier For P6046
Operating Yoltage
Temperature

Nen-operating

90 to 136 V or 18010 272V AC,50t0
..A00 Hz

—40°C to +65°C

_ Operating
Altitude
Non-operating

7C7)prerafing' o
Humidity
Non-operating

Vibration
Operating

Shock
MNon-operating
Probe Body

Amplifier

10°Cto ¥50°C

Change power connections for range and
voltage within range. See Table 4-3.

To 50,000 feet

S S
|
I

_To 15000 feet

5 cycles MIL-STD-202C, Methed 106B, omit- ‘

May be tested during Non-operating Tem-
perature fests at —40°C

ting freezing and vibration subcycies. ‘

15 minutes each axis at 0.015 inch. Fre- -
quency varied from 10-50-10 ¢fs in 1-min-
ute cycles with instrument secured to vibra-

tion platorm. Three minutes each axis at
any resonant point or at 50 ¢/s.

400 g's V, sing; & shocks clong transverse |
;axis at Yams, 1ms and 2ms duration |
: {total of 18 shocks); 3 additional shocks in'
| longitudinal axis et Yo ms, 1ms and 2ms
{total of 9]

200 g's, Yo sine, 3ms or 7 ms duration: !
i 3 shocks each direction clong the 3 major
| axes for a total of 18 shocks

7Trcnspor1‘c:|ﬁon
Package Vibration

Package Crop

30 inches on 1 corner, all edges radiating

1 hour at Tg

from that corner and all flat surfaces for
a total of 10 drops

Dimensions [(inches)

ProbeiBad)fr

Cable
Amplifier

P_owgr Supply
Power Culaje 7

@

H W L

0.75 N 5

) - 72

3.6 1.9 5

o 35 25 25
L > ”

1-3
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SECTION 2
OPERATING INSTRUCTIONS

Change information, if any, affecting this section will be found at the

rear of the manual,

CAUTION

Operating the P&046 Differential Probe without
a common reference (ground) befween it und the
unit under test may destroy components in the
Probe input circuitry. Connect o ground lead from
the probe grounding fug to the equipment to be
tested before touching the Probe to the equipment
or its test [acks.

Introduction

The P4046 Differential Probe is essentially a differential
amplifier with urity gain. Proper operation of it is de-
pendent upon a basic knowledge of differential principles.
A summary of these principles therefore precedes the op-
erating instructions,

GENERAL DIFFERENTIAL
AMPLIFIER INFORMATION

An oscilloscope with o differential amplifier is a device
that amplifies and displays « voltage difference which
exists at every instant between signals applied to its two
input connectors. The follewing cenclusions can be drawn
from this definition.

1. If the two signals are in phase and of equal ampli-
tude (hereafter called common mode), the output will be
zero,

2. If the two signals are in phase but of different ampli-
tudes, the output will equal the amplitude difference.

3. If the two signals are out of phase and of equal am-
plitude the output will be the phasor difference between
the two signals (sinuscidal signals).

4. If the two signals are out of phase and of differant
amplitudes, the output signal will be o complex quantity
derived from both amplitude and phase differences.

Common Mode Rejection

The definition of the term “differential amplifier” implies
a rejection of equal amplitude, coincident signais. This
implication is correct. However, the degree of rejection de-
pends primarily on the symmetry of the amplifier inputs.
The amount of difference signal contributed by a perticular
amplifier at a specific frequency is decumented with a math-
ematical relationship that is called the common-mode re-
jection ratiec (CMRR}. This ratio and asscciated terms are
defined as follows:

@

Common Mode—Refers to signals that are identical in
both amplitude and time. It is also used te identfy the
respective parts of twe signais that are identical in am-
plitude and time.

Common-Mode Rejection Ratio—A ratio which expresses
the efficiency of a device in preventing common-mede sig-
nals from affecting its output. A differential amplifier, like
all other things, carnot be a perfect device. Some output
signal, however small, always occurs in response to com-
mon-mode signals applied to the two inputs. In any spe-
cific instance, an output resulting from application of com-
mon-mede signals can be duplicated by grounding one
input and applying o specific size signal to the second
input. The comparison of the common-mode signal to the
single-ended signal is the Common-Mode Rejection Ratio

of the device. See Fig. 2-1.
+
Az1

0.5 mV
peak-to-peak

5V peok-to-peak
- signal

{A] Output caused by inability to completely

reject common-mode signals.
+
A=l

0.5 mv
0.5 mv pedk-to-peck
peak-to-peak
- - signal

IB} Equivalent cutput coused by single-ended
signal.

5v
~ — 21
0.5 mvV 10,000:1 CMRR

{€C} CMRR — ratioc of amplitude of common-
mode signel [A) to amplitude of single-ended
sighal (B} which produces edquivalent results.

Fig. 2-1. Common-mode rejection ratio.

NOTE

Since the differential amplifier is part of an oscil-
loscope, the output signal used to calculate the
CMRR is measured from the CRT display and
VOLTS/CM switch setting.

2-1
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Factors Which Affect CMRR

Frequency. Since the common-mode rejection ratio s
affected by the gain and phase shift introduced by the two
sides of the amplifier, the frequency of the inpuf common-
mode signal has a direct bearing on the CMRR. General-
ly, as the frequency of the input signal increases, the CMRR
decreases. [Exception: with AC-coupled inputs the CMRR
will become higher as frequency is increased from DC to
over 1 kHz).

Source Impedance. To obtain optimum CMRR, peints
being measured must have identical source impedance. The
source impedance and the amplifier input impedance form
an RC divider which determines the portion of the signal
that appears across the amplifier input. Unequal scurce
impedances show up as an apparent decrease in CMRR.

Signal Transporting Leads. The input connectors of a
differential amplifier are usually remote from the actual
signal source, Even with a pertable amplifier such as the
P6046 Probe, some transporting of the signal is required from
the source fc connectors which are compatible with the
Probe inputs.

Several undesirable effects can be introduced by trans-
porting leads. If they are unshielded, stray pickup will
oceur. Differences between the stray pickup in the two leads
will be accepted by the differential amplifier as signals.
The caopacitance of unshielded leads is relatively unpredict-
able and will vary with the lead location. AC signals will
be affected hy this [especially at high frequencies], and a
difference between the source signal and that delivered
to the differential amplifier will occor, Unless the introduced
difference is equal in both leads, the amplifier will again
see a differential signal that is not actually present at the
sources. See Fig. 2-2.

The capacitance of shielded cables affects signals, just
as it does in unshielded leads. However, the capacitance of
shielded cables is known and can be kept relatively equel
by matching the two signal cables in every respect. The
cables should normally be short to keep their capacitance
as low os possible.

Signal transporting cables can alse affect the source sig-
nal by causing reflections. These refiections can be eliminat-
ed by terminating the cables in their characteristic imped-
ance unless prohibitive source-loading would result.

Attenuators. Any device {such as capacitors or resistors:
connected between the source and the amplifier, uniess per-
fectly matched, will also cause additional differences be-
tween the signals at the amplifier. Attenuators therefore
normally lower a system's common-mode rejection capabil-
ities. This is illustrated in Fig. 2-3 and its accompanying
table.

Ground Connections. In addition to praviding a com-
mon reference for safety reasons, proper ground connec-
tions are essential for eliminating signal interference caused
by ground icop currents. Ground leads should be as shert
as poessible in ali instances. A ground lead should accom-
pany each :ignal lead to the proximity of the test jack.
The shigld of the signal's coaxial cabie is uvsually used for
this purpose.

2-2

Probe input tips very often are accidentally touched to
equipment ground during insertion into test jocks. If suf-
ficient difference exists between the differential amplifier
reference and reference for the equipment being tested,
valuable input compenents can be destroyed. Proper ground-
ing will also eliminate this problem.

P6046 DIFFERENTIAL PROBE
CONTROLS, CONNECTORS
AND ACCESSORIES

The Pé046 Probe and accessories are shown in Fig. 2-4.
The P6046 Probe has an Amphencl power and signal con-.
nector, dual signal input tips, and an AC-DC Input Cou-
pling switch which controls the mode of coupling for both
tips. Accessories and their uses are as follows:

1. Dua! Attenvator Head—Provides 10X attenuation of
signals applied to its inputs. Attaches directly to P8046
Probe tips. Has same tip configuration as the Probe.

2. Swivel Tips—Sleeve-type connectors which fit individu-
ally over probe tip input conrectors. Not equipped with
coaxial ground cennectors. They adapt the probe fips to
terminals whose spacings are between 3, and 1Y, inches.

3. Spring Ground Clip—Clips to coaxial ground at probe
tip. Equipped with wire-soldering lug.

4. Special Ground Tip—Sleeve-type adapter. Internally
short tip to ceaxial ground connection. Adapts Probe for
single-ended operation. A common ground connection be-
tween the Probe and the equipment under tfest is still re-
quired.

5. Test Jacks—Cocaxial femcle connectors, normaily in-
stalled permanently into or near the equipment being tested.
Spacing should conform to the ' inch tip spacing, {If the
swivel tips are used with the probe, additional spacings are
possible, It should be ncted that no coaxial ground con-
tact accompanies the swivel tip] The test jacks can be In-
stalled by drilling holes through the selected mounting
plate, inserting the threaded end through from the front
of the plate, and fastening the test jack in place with a nut
and star washer. A soldering lug can be fastened between
the nut and the back of the plate to facilitate the making
of ground connections.

6. Aliigator Clip—Threaded for use with ground leads.

7. Hook Tips—Sleeve-type connecrors which fif individu-
ally over probe tip input connecfors. Faciiitates 'hanging’
tne Probe into circuitry.

8. Insyiating Tube—Sieeve-type adapter for insulating the
tip's coaxial ground, Permits use of hp in close quarters
with minimum danger of causing a short cireuit.

9. 12-inch Ground Lead—Same as 5-inch, except that it
should be used only when the 5-inch will not reach.

10. 5.inch Greound Lead—Equipped with a spring clip
on one end interded te srap onto the Probe ground lug;
machine screw on the other end for attachmert to an alli-
aater clip. |i should be connected between the Probe ground
iug and the eguipment being fested before the Probe it
connected to the equinment.
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Fig. 2-2. Impedance effects upon apporent CMRR.

Amplifier For P6046

The Amplifier For P4046 is an optional P6046 Probe ac-
cessory consisting of an Amplifier unit and a Power Supply
ynit. See Fig 2-4. It makes the Probe compatible with
any oscillescope and plug-in combination which has 10
mV/div deflection capability and appropriate bandwidth.
Operating it into a less sensitive device (higher mV/div]) will
provide unreliable results because of overdriving the Probe
and Amplifier. Operating it infoe a more sensitive device
can produce some usable results if proper consideration
is given to the signal-fo-noise ratio,

@1

The Power Supply unit attached to the Amplifier For
P604é must be wired to conform with the source voltage.
Three ranges are available in the vicinity of 115V-AC, and
three are available in the vicinity of 230 V-AC. Connection
instructions are contained in the Maintenance section,

The Amplifier For P&046 comes equipped with the fol-
lowing accesseries:

An 18 inch 50Q coaxial cable with which to couple its
output to an oscilloscope input connecter,

2-3
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Fig. 2-3. Simplified circuit showing the limitation in CMRR that a
difference between ottenuator prehes can introduce. Differences
between probe capacitances add te the effect on AC signals.

A 500 BNC termination with which to terminate the
Amplifier output,

A hanger bracket which can be mounted at a convenient
location on the side cover of the oscilloscope with which
it is vsed.

HANDLING THE PROBE

The P&046 Differential Probe is made as rugged as pos-
sible without sacrificing performance or portability. How-
ever, its sensitive circuitry, small size and mobility make
necessary the use of some caution in its handling. Use
normal care to avoid severe mechanical shoecks to the de-
vice, and do not subject the circuitry to voltages in excess
of its breakdown values. It is suggested that points to be
checked be tested with another device to insure that volt-
ages do not exceed the P&J4é Probe capabilities.

OPERATING PROCEDURE

The P&046 Probe is designed to operate either with a
Type 1A5 Differenfial Amplifier Plug-ln Unit or with an
Amplifier For P4046 whose output is connected to an os-
cilloscope having a 10mV/div vertical sensitivity and an
appropriate bandwidth. This procedure covers both situa-
tions. It includes setting up the equipment, performing
operaftor adjustments, checking gain through single-ended
operation, checking common-mode rejection, chserving AC-
coupled operation and attenuator operation. Differential
operation and external triggering operation information is
also included. Pertinent precautions are contained along
with techniques fo improve operafing results,
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Equipment Required

The following equipment is recommended for use in this
operating precedure.

Oscilloscope. Tekironix Type 544, 546, 547 or 556. A
580-series Oscilloscope may be used if it is equipped
with a Type 81A Plug-In Adapter. (If the Amplifier
For P4044 is to be used with the PA044 Probe, any
oscilloscope and plug-in combingtion having o vertical
deflection factor of 10mV/div and an appropriate
bandwidth can be substituted.)

Type 1A5 Differential Amplifier Plug-In Unit. [Not re-
quired if the Amplifier For P6046 is to be used with the
P&046 Probe.)

Amplifier For Pé046 and Standard Accessories; Tektronix
Part No. 015-0106-00. (Not required if a Type 1A5
Differential Amplifier Plug-In Unit is used)

P604é Differential Probe, Dual Atftenuvator Head, cnd
Standard Accessories.

Probe Tip-to-GR Adapter, Tektronix Part No. 017-0074-00.
GR-to-BNC Male Adapter, Tektronix Part Ne. 017-0064-00.

50Q Termination, Tektronix Part No. 011-0049-00. (Not
required if the Type 1A5 is to be used.)

Probe Dual Tip-to-BNC Female Adapter, Tektronix Part
Ne. 067-0562-00.

42 inch Coaxial Cable, Tektronix Part No. 012-0057-01.
GR-to-BNC Male Adapter, Tektronix Part No. 017-0064-00.

Operator Adjustments

Nc adjustments at the Probe are associated with routine
operation. An attenuator balance adjustment is available
at both the Amplifier For P6046 (ATTEN BAL), and the Type
1A5 (PROBE STEP ATTEN BAL) to eliminate trace shifts which
might otherwise accompany switching from one deflection
factor to ancther.

The exposed adjustments in the Dual Attenuator Heod
have been factory-calibrated to the Probe with which the
Head is shipped. No further adjustment should be required
unless the Head is used with a different Probe. in that
event, the attenuator calibration procedure contained in
the Calibration section should be accomplished.

CAUTION

1. A common ground must always exist between
the P5046 Probe and any equipment with which
it is being used. A ground lug is built into the
Probe, and ground leads are supplied as stand-
ard accessories for ground purposes,

2. Maximum allowable single-ended input s
+25V DC 4 peak AC with respect to Probe
ground.

3. Maximum allowable difference between volt-
ages at the two fips is 25V DC 4+ peak AC.

The Type 1A5 controls associated with the P&046 Differ-
ential Probe operation are high-lighted in Fig. 2-5. None

@
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(A} P6DAS Differential Probe and Standard Accessories.

e 208 95048
Bl ¥

{B} Amplifier For P&046, Optional accessory to P6046 Differenticl Probe,

Fig. 2-4. P6046 Differential Probe and Accessories.
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of the other controls on the Type 1AS directly affect the
Type 1AS operation while the Probe On lamp is on, al-
though the comparison voltage (Vc) selected by the POLAR-
ITY and AMPLITUDE controls is still available at the MON.
ITCR jack.

Preliminary Procedure For P6046 Differential
Probe-Amplifier For P6046 Operation

a. The Power Supply Unit shipped with the Amplifier
For P6046 is wired for 104 to 126V AC, 50 to 400 Hz
operation. Rewire the unit in accordance with table 4-3
(located in the maintenance section) it the unit is to be used
with voltages outside this range. Then connect the Power
Supply Unit to the voltage source.

b. Connect the P4046 Probe Amphencl connector to the
Amplifier For Pé046, Connect the output of the Amplifier
For P404é to the vertical input of the oscilloscope. If the
oscilloscope has 5092 input impedance, the connection may
be made directly through the 50 coaxial cable. #f the
oscilioscope has a high input impedance, the 50 @ cable
must be connected to a 50Q termination {Amplifier Fer
P6046 standard accessory) at the oscilloscope input con-
nector.

c. Preset equipment controls as foilows:

Oscilloscope

Sweep Rate 0.2 ms/div
Triggering Automatic, Internal
Amplitude Calibrator Off

Vertical Defiection Factor 10 mV/div {Calibrated)
Amplifier For P&046
mYOLTS/DIV 20

d. Do not change the calibrated verticai deflection fac-
tor at the oscilloscope for the remainder of this procedure.
All vertical deflection factor changes must be made at the
Amplifier For P6044.

Preliminary Procedure for P6046 Probe-Type
1A5 Operation

a. Insert the Type 1A5 into an appropriate oscilloscope
and preset the controls as follows:

Oscilloscope

Sweep Rate 0.2 ms/div
Triggering Automatic, Internal
Amplitude Calibrator Off

Type TA5
POSITION Midrange
YOLTS/CM 20mVY
VARIABLE CAL

b. Connect the P404é Differential Probe Amphenol plug
to the DIFFEREINTIAL PROBE jack on the Type TAS5,

c. Energize the equipment and depress the PUSH ON/
OFF button to light the Probe On lamp which is located
in the PUSH ON/OFF button assembly.
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NOTE

The Probe On lamp will not light if the YOLTS/
CM control is at a lower sensitivity {higher
VOLTS/CM] setting than 0.2V. The Probe is
supplied with power whenever it is connected to
an energized Type 1AS5, regardless of the condi-
tion of the Probe On lamp. Only the P6046
Probe inputs to the Type 1A5 are interrupted
when the Procbe On lamp is out.

ATTEN BAL (PROBE STEP ATTEN BAL)
Adjustment

a. Connect special ground tips to the Precbe 4+ and —
Input tips. Weit 5 minutes or more for the equipment oper-
ating temperature to stablize,

b. Set the CRT controls for optimum display.

c. Check that the vertical deflection factor is set at 20
mV/div. Using the vertical position control, set the oscil-
loscope trace to graticule vertical center.

d. Change the vertical deflection factor (at the Ampli-
fier For P6046, if used) to 1 mV/div and adjust the ATTEN
BAL [PROBE STEP ATTEN BAL) control s necessary to re-
turn the trace to the center of the graticule. Some small
amount of drift of the trace vertical position can be ex-
pected at 1 mV sensitivity, especially during warmup.

e. Repeat steps ¢ and d until no further adjustment is
necessary.

IMPORTANT

The ATTEN BAL {PROBE STEP ATTEN BAL) ad-
justment should not be used as a vertical position
control. The Vertical POSITION control at the
oscilloscope should be used for this purpose.
An occasional check of the ATTEN BAL adjust-
ment is recommended.

Single-Ended Operation—Gain Check

NOTE

The single-ended linear operation [imit of the
Probe, with or without the Amplifier For P6046,
is 4+ or — 10 divisions of DC 4 peok AC deflec-
tion from O reference position. The oscilloscope
and vertical plug-in limit must also be considered
in determining the limit of the complete system.

CAUTION

Breakdown voltage is =25V, DC 4 peak AC,
and extends to 250 V when the Probe Dual Atten-
vator Head is installed.

a. Connect a special ground tip [P6046 accessory] to
the — Input of the P604é Probe. Connect a probe tip-to-GR
adapter to the Probe 4 Input tip.

b. The habit of ALWAYS connecting a ground lead
before connecting the Probe tips should be developed.
Therefore, connect a ground lead and alligator clip {P6044

&


https://www.manualsplus.com/

Operating Instructions—P6046 Probe and Amplifier

. L . .
§
§
b compamsow voiTage (vo - - TYPE 1ADB
i AMPLITUDE DIEEE BENTIAL
! POLARITY AMELICIER t POSITION
¥ . . )
¥ RAGNETOR S e E :
4 FETRRS : [IEE e i
£ . omane " i N
DA R 3 ey , E3 %
i LAt : Bov ? AN ;
SRR PR
% u . ?)V é Fyspd ¢
- W b .
4 - %
: WA rptaiaan ooy ;;
: :
M H
4
: rsewos s j VOLTS/CM :
B I0 RETAIN . ; B
§ InNPLT oo L £
¢ [GMAL RANGE
. A mvn
X 7
» B9 @ ox
Wt DISPLAY
! :
Pra :
) :
R i
v i
#
B inpu :
M
g s
gm . §
A i
% i
phag s
E
B :
E R34 : B
ESRas s
DIFFERENTIAL PROBE cam VAR BAL e :
VI S my em GNLY ;
.

PROBE STEP
ATTEN BAL

o HERIAL
e y

TEXTRHOND NG PORTIAND. GRIGOMN. 1. §. A

¥ NOT AYAILABLE

®
#

Ea

S T e e e 0 T ot e e

s T B W SRS o @ e e e R B W Bt i oo o L% B R e e

“Probe On® lamp

Fig. 2-5. Type 1AS5 front panel, high-lighting controls directly associated with the P6046 Differential Probe operation.

2-7


https://www.manualsplus.com/

Operating Instructions—P6046 Probe and Amplifier

Probe accessories} from the P604é Probe ground lug to a
ground terminal at the oscilloscope,

¢. Check that the oscilloscope's amplitude calibrafor is
off. Set the Probe AC-DC switch to DC. Then connect the
Probe tip to the oscilloscope calibrator output jack, via
the probe tip-to-GR adapter and the GR-to-BNC male
adapter.

CAUTICN

The outpuf from the amplitude calibrator must
never exceed 25V while it is applied to the
P&046 Probe.

d. Set the vertical deflection facter and the amplitude
calibrator output to the vaiues given in Table 2-1. Set the
triggering and position controls to obtain a centered, stable
display. Check the display for the specified amplitude atf
each setting.

NOTE

Although the gain con be adjusted to obtain
exact results, adjustment is not recommended if
the gain has been previously set with a standard
amplitude calibrator, Most standard amplitude
calibrators have a higher accuracy than calibra-
tors which are built into oscilioscopes.

TABLE 2-1
P4046 GAIN CHECK

VYertical
AMPLITUDE | Deflection
CALIBRATOR Factor Amplitude Tolerance
5mV 1Tm¥Y S5em
10mY 2mY 5em
20mY 5mVy 4 cm
05V 10 mV 5¢cm
Y 20mV 5cm
10mv See
50 my Retained 5cm Perf
Range’ erformance
20 mv Check
dy Retained 5cm
Range!
2Y 50 mVY 4 cm
Sy 100 mY (1V) 5cm
1R 200mY (2V) Scm

Type 1A5 only; VOLTS/CM knob placed at 50 mV, then pulied
out and rotated clockwise.

e. Switch the P&D4é AC-DC control to AC. Two effects
are obvious. The 0-V DC reference supplied with the cali-
brator signal is blocked by the coupling capacitor and the
waveform shifts down 2%/, divisions to operate above and be-
low the Probe DC reference. The second result is that the
time constant introduced by the coupling capacitor causes
a tilt in the 1kHz square wave presentation. Return the
Probe switch to DC, and then turn the amplitude calibrator
control off.
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Common-Mode Rejection Check

NOTE

Linear common-mode operation with or without
the Amplifier For P6046 can be obtained up to
5V DC + peak AC, provided that the difference
between the two signals does not exceed + or
— 10 divisions of vertical deflection.

Linear common-mode operation is extended to
50V DC + peak AC when the Probe Dual Atten-
vator Head is instalied.

CAUTION

The applied voltage must never exceed 25V with
respect to Probe ground. The difference between
the voltages applied to the two tips of the Probe
must never exceed 25V DC 4 peak AC. These
values increase to 250V when the Probe Dual
Attenuator Head is installed.

a. Disconnect the Probe and adapter from the calibrator.
Remove the adapter from the one tip, and the ground tip
from the other. Connect the calibrator signal to both tips,
using a probe dual tip-to-BNC female adapter and a 42
inch 50Q coaxial cable equipped with BNC-male con-
nectors. Set the amplitude calibrator contrel to 5V and the
vertical deflection facter to 1 mV, Set the oscilloscope trig-
gering controls to stabilize the presentation, if possible,
(The CMRR may be so high that insufficient signal exists to
trigger the oscilloscope.) Divide the peak-to-peak value of
the presentation intfo 5V to deftermine the CMRR which is
in effect. LACK OF IDENTICAL SIGNAL CONNECTIONS
TO THE TWO TIPS WILL DECREASE THE APPARENT CMRR.
(If the two tips were connected to twe separate signals, the
common-mode portions would be almost totally rejected,
with the difference beiween the two being processed for
display.)

b. Switch the P&046 AC-DC control to AC and again cal-
culate the CMRR, (A slight increase in display amplifude
and a change in the shape of the presentafion will possi-
bly be noted. Both are caused by the lack of total identity
between the matched input coupling capacitors)

¢. Turn the oscilloscope amplitude calibrator off and
discennect the Probe and adapter from the calibrator out-
put jack. Remove the adapter from the Probe.

Altenuator Operation

a. Attach the Dual Attenuator Head to the Probe. At-
fach a special ground tip to the — Input. Connect the
Probe + Input tip to the oscilloscope amplitude calibrator
jack, using the probe tip-to-GR adapter and a GR-to-BNC
male adapter. Set the vertical deflection factor to 20 mV
and the amplitude calibrater to 1 volt. Set the triggering
and position controls as necessary to obtain a cenfered
square wave. A 5cm square wave with sharp corners should
be observed, indicating X 10 attenuation of the amplitude
calibrator signal, and proper compensation adjustment. Re.
move the adapter from the amplitude calibrator output
jack.
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b. Disconnect the adapter from the + tip and remove
the ground tip from the — tip. Attach the probe dual tip-
to-BNC adapter to the Dual Attenuator Head. Connect the
BNC connector to the amplitude calibrator output jack,
using @ 42 inch coaxial cable. Set the amplitude calibrator
contrel to 50 volts. Measure the display amplitude and
divide it into 50 volts. The quetient is the CMRR of the
Attenuater-Probe-Amplifier [or TA5) combination.

CAUTION

Never exceed 250 V DC 4 peak AC input to either
tip of the Dual Attenuator Head. Never exceed
250V DC +4 peak AC difference between Atten-
vator Input tips.

Additional Operating Hints
Differential Amplifier Operation

Connecting the two inputs to separate signals will result
in a display of the instantaneous phasor and omplitude
differences between the two signals.

NOTE

Do not exceed 5V DC + peak AC commen-mode
input, or 10 divisions of difference between sig-
nals for linear operation. Never exceed 25V DC
+ peak AC difference between signals applied
to the probe.

Operating Instructions—P6046 Probe and Amplifier

External Triggering

Use of one of the signal sources to provide external
triggering will introduce en apparent common-mede dif-
ference due to the leading caused by the triggering circuit.
External triggering during differential measurements which
require a high CMRR should only be used if identical load-
ing is provided to the second signal source, or if a signal-
asscciated source is available which will not offect the
signal being observed.

Differential Comparator Operation

Any adjustable DC voltage source of 5V or less can be
used for differential comparator operation.

The Type 1A5 COMPARISON VOLTAGE makes a 0 to 5
volt DC output available which can be connected to one
side of the Prohe (DC-coupled] while a signal is connected
to the other side. This enchles common-mode cancellation
of an equivalent DC or instantaneous level of AC, permit-
ting the ocbservation of specific omplitude points on sig-
nals up to 5V DC + peak AC, using a much more sensi.
tive VOLTS/CM setting than would otherwise be peossible.
Use a comparisen voltage of the same amplitude and polar-
ity as that existing at the point being checked. A .001 pF
capacitor must be close-coupled between the Probe tip and
ground to bypess volteges induced in the Ve lead which
would otherwise be accepted as signals.

2.9
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SECTION 3
CIRCUIT DESCRIPTION

Change information, if any, affecting this section will be found af the

rear of the manual.

NOTE

Electron flow is used throughout this circuit de-
scription,

PART A—P6046 CIRCUITRY

introduction

The P6046 Differential Probe circuitry has twe identical
signal processing circuits which are interconnected to pro-
vide push-pull outputs in response to either differential or
single-ended signals. Power for the Probe operction is ob-
tained through a %-pin Amphenol connector which also
conducts the output signals to the indicator unit with which
the Probe is being used. The Probe has high input imped-
ance and low output impedance, and normally provides
vnity gain. The gain factor can be electrically decreased
to 1/10 by application of a gain switching signal from the
parent equipment.

Block Diagrem Description

Refer to Fig. 3-1. The P6046 Prcbe circuitry can be con-
sidered as three sections—the plus side, the minus side
and the cirevitry which is comman to both sides. The two
sides derive their names from the polarity of input signal
required fo produce upward deflection on an oscilloscope
cathode-ray tube.

Each side consists of an Input Amplifier, a Bootstrap Cir-
cuit and an Output Amplifier. The Input Amplifier pro-
vides high impedance to input signals, and developes a
push-pull output in response to either single-ended or push-
pull signals. The Bootstrap Circuit permits good low-fre-
quency commen-mode rejection by preventing common-
mode signals from changing the voltage differences between
elements of the Input Amplifiers. The Cutput Amplifiers
deliver low impedance signals to the indicator unit via the
Amphenol connector, and insure that the output has unity
gain with respect to the Probe input signals.

+ + Input
Input O-—»——— Amplifier
Ql13

Bootstrap
Q134

Constant Bootstrap
Current Control
Circuit Circuit
Q224 Q123 Q124

— Ilnput
O Amplifier

input
P Q213

Bootstrap
Q234

+ Qutput
Amplifier o T ot
Q154 vip
Q164
D143 Q143
Prohe Guin
Gain Switching O Switching
Circuit Signal
D243 Q243
— Qutput —
Amplifier
Q254 Output
Q264

Fig. 3-1. P604S Differentinl Probe block diagram,
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The Constant Current Circuit aids in common-mode re-
jection and causes paraphase amplification of input signal
differences by providing a relatively constant current re-
gardless of the value of input signals. If identical signals
are applied to both inputs, each side will attempt to change
current conduction by the same amcunt, and in the same
direction. The two sides remain balanced and the current
through each side remains unchenged. When the signals
intfo the two sides are different in amplitude, ony change
in current through one side is accompanied by an equal
and opposite change through the other side, keeping the
total current constant and causing paraphase amplifica-
tion.

The Probe Gain Switching Circuit changes the goin of
the Probe to 1/10 of the normal unity gain factor whenver
switched inte the circuit by the gain control signal.

Detailed Description

Refer to the P&04é Differential Probe schematic near the
back of this manual.

Input Amplifier. Current for the Input Amplifier and for
the Bootstrap Control Circuit is supplied by Q224. The
voltage divider in its base sets the base and emitter volt-
age, which then defermines the total circuit current as a
function of R224 and the —50-volt supply. Under quiescent
conditions the current is divided equally through R117 and
R217, with the majority passing through Q113 and Q213.
During X1 Gain operation the resultant voltage drop across
R146-R147 and R246-R247 determines the voltage at the
bases of Output Amplifier fransistor Q154 and Q254. (Q143
and Q243 do not conduet during X1 gain operation.)

The N-channel Field Effect Transistors (FET) which re-
ceive the input signals cperate in essentially the same
fashion as friode vacuum-tubes, See Fig. 3-2. Like the tri-
cde, the gate is reverse-bicsed and draws virtually no
current during normal operating conditions.

ov

+1V

Fig. 3-2, Comparison hetween vacuum tube and N-channel field
effect tronsistor circuitry.

During unbalanced. input signal conditions, the saurce
voltages of Q113 and Q213 become unequal. Because of
the constant current source the current through one side of
the amplifier can only be increased by decreasing the cur-
rent through the other side. Most of this exchange of cur-
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rent flows through the low resistance path of R113, R114
and RI1Y5. This causes equal ond opposite signals to cccur
at the bases of Q154 and Q254, regardless of whether
the unbalanced input was caused by a single-ended or
differential input signal. R115 provides thermal compen-
sation for Q113 and Q213 tc maintain uniform gain re-
sponse throughout the normal operaling temperature range.

Bootstrap Circuit. The difference of potential between
the drains and gotes of Q113 and Q213 are kept constant
for all low frequency common-mode input signals by the
action of Q123, QI124, Q134 and Q234. This provides
linear operation throughout the common-mode operating
range of the Probe. The collector current of Q124 is de-
termined in much the same menner as was the Q224 cur-
rent. Since effectively no current flows through the Q123
gate junction, the voltage drop across R121 is wholly a
function of the Q124 current. The voltage at the wiper of
R120 s always equal to the instantaneous average of the
Q113 and Q213 source voltages. The veoltage at the Q123
gate is therefore equal to this voltage plus the voltage
drop across R121. This establishes the Q123-source voit-
aoge ond thus the Q134 and Q234 base and emitter volt-
ages. Q114 and Q213 drain voltages are thereby slaved
to follow the instantaneous average of the voltage at their
sources, which is in turn set by the value of input signal.

During common-mede changes, the voltages at the ele-
ments of Q113 and Q213 remain constant with respect to
each cther. During differential signal conditions, each FET
source follows its gate voltage, but the drain voltages
change in a direction opposite te that at the gates.

Balancing of the two sides of the circuit for optimum low-
frequency common-mode rejection is accomplished through
R120 (50 kHz CM BAL). R125 (DRAIN VOLTS) sets the qui-
escent voltage at the Q113 and Q213 drains.

Probe Gain Switching Circuit. The current path during
> 1 operation is through D143, R146, R147 and through their
counterparts on the other side of the amplifier. Q143 and
Q243 are kept cut off by the voltage divider operating
between the gain switching signal ot P150 ferminal D and
the +50-V supply. When a Probe gain facter of 1/10 is
selected, the gain switching signal line is opened externally.
Q143 and Q243 ge inte saturation. Q143 and Q243 emit-
ter-collector voltage is less than that required for conduc-
tion of D143 and D243. This causes the R146 and R246
part of the X1 load resistance to be by-passed and the
Input Amplifier gain is reduced to 1/10 of its X1 value.

A difference between circuit components in the two sides
of the amplifier can cause a slight unbalance in cutput volt-
ages. This unbalance will change by a factor of 10 dur-
ing gain switching. An adjustable compensating current is
therefore introduced by the R234.R235-R234 circuit to ad-
just the current to the load resistors. With the voltages
balanced across the load resistors, gain switching couses
equal changes at both sides and no differential output
oCCurs.

When a gain of 1/10 is selected, R144 and C144 provide
high-frequency coupling through the Q143 and Q243 base-
emitter junctions to the collectors of Q134 and Q234, This
compensates for the capacitive coupling effects of nen-
conducting diodes D143 and D243.
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Output Amplifier. The push-pull signals at the Q154-
Q254 bases increase the current through cne side of the
amplifier while decreasing it through the other. Total cur-
rent through the RI58-R159 paraliel combination remains
relatively constant. The signal current is exchanged between
the two sides of the amplifier, principally through R154 and
R155. Since one emitter increases its voltage as the other
decreases, a point midway through the combined resistance
of R154 and R155 remains at signal ground. The signal
current through these resistances is the same signal cur-
rent that flows through load resistor R164, making the gain
of the circuit approximately equal to R164 divided by '/,
the effective resistance of the R154-R155 combination. And,
as is charccteristic of push-pull amplifiers, circuit gain is
equal to the gain of either side and can be expressed in
the same manner.

Q164 and Q244 reduce the operating voltages across
Q154 and Q254 and act as buffers to isolate the Probe from
external circuit feedback. R161, C161, R261 and C251 pro-
vide thermal compensation for Q154 and Q254. In addi-
tion to acting as load resisters, R164 and R264 provide re-
verse fermination for the 93 Q signal-output cables,

Additional Components. Numerous additional compo-
nents are used to improve the operating characteristics of
the Probe. The following is a brief description of their
functions.

The AC-DC switch (SW101)} inserts or removes coupling
capacitors C101 and C201 from the signal path. These ca-
pacitors are matched to provide optimum AC-coupled low
frequency common-mode rejection. C107 permits adjust-
ment of the capacitance of the two inputs to further im-
prove the AC-coupled common-mode rejection ratio. (The
detachable Dual Attenuator Heed has adjustable capaci-
tors in each side to permit affenuator compensotion ac-
cording to the input copacitance established by C107)
Slight resistance mismatches which may exist in the de-
tachable Dual Attenuator Head can he compensated for
by adjustment of R105.

C113 and C155 improve circuit gain at upper frequencies
to provide Hatter overall gain response. C109, R109, C20%
and R209 permit matching of the Q113 and Q123 gate-te-
drain capacitances, C106, R106, C206 and R206 suppress
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high frequency oscillations, C245 and €246 permit match-
ing the capacitances at the ocutput amplifier, thereby im-
proving the high-frequency common-mode rejection.

PART B—AMPLIFIER FOR P6046 CIRCUITRY

The Amplifier For P6046é consists of an Amplifer unit and
a Power Supply unit. The Amplifier accepts the P4046
Probe's push-pull signal and develops a single-ended sig-
nal from it. A BNC connector makes the single-ended sig-
nat available for application to oscilloscopes or other dis-
play devices.

The Power Supply unit is connected to the Amplifier
through @ non-removable cord which provides 4 and —
50V, +206V and —6.2V for Amplifier operation.

Amplifier

Block Diagram Description. Refer to Fig. 3-3. The push-
pull signals from the Probe are applied to emitter followers
which provide isolation between the Probe and the Q424-
Q524 amplifiers. After being emplified by Q424 and Q524,
the signals pass through another pair of emitter-followers
and are applied te a second amplifier stage, consisting of
Q454 and Q554. The output from the + side of the sec-
ond amplifier stoge is then applied to the final emitrer-
follower stage, whose cutput is designed to supply a drive
signal into a 50Q load.

The gain of the various stages of the Amplifier For P4046
is controlled by the mVOLTS/DIV switch. This switch also
controls the Probe gain. The combined effect is that the
Amplifier supplies a 10 mV/div signal at its output, regard-
less of the Amplifier's mVOLTS/DIV switch setting. This is
illustrated in Table 3-1. The gain factors for the Probe and
each of the stages of the Amplifier are listed in the table
opposite each possible mYOLTS/DIV setting. Multiplying a
mVOLT/DIV factor by every gain factor appearing in line
with it results in a 10 mV/div in each case.

Detailed Description. Refer to the Amplifier For P&044
schematic which appears near the rear of this manual. Only
the top half of the amplifier will be explained, since the top
and bottom halves are basically the same.

TABLE 3-1
Probe and Amplifier Gain Analysis
System
Vertical Qutput
Deflection Probe Q424.Q1524 | Q454-Q554 Q473 Termination
Factor Gain Stage Gain | Stage Gain Gain Attenuation
(mV/div) ‘ ] i}
1 1 5 4 1 0.5
2 1 5 2 1 0.5
5 1 5 0.8 1 0.5
10 1 2.5 0.8 1 05
20 1 1.25 08 R 0.5
50 0.1 5 08 1 05
100 01 25 08 1 0.5
200 0.1 1.25 08 1 05
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+ Emitter Emitter Emitter
=  Follower Amplifier Follower Amplifier Follower ey Toy 50 02
i Q413 Q424 Q443 Q454 Q463, Q473 {! termination
at oscilloscope
vertical input;
10 mvOLYS/DIV
deflection factor
F——_—_—_—_———_——y—_——— e _—
/
Inputs L o |
pfé;:e mVOLTS/DIV
Probe
|
1
— Emitter Emitter
———  Follower Amplifier Follower Amplifier
! Q513 Q524 Q543 Q554
1

Fig. 3-3. Ampiifier For P6046 block diagram.

The push-pull signals arriving from the Probe at J150 termi-
nals C and J are applied to the bases of the input emitter
followers. D405, D505 and the associated voifage divider
provide a clamp at 426V to protect Q413 and Q513 when
the Probe is disconnected. No negative protection is re-
quired. The + signal is developed across emitter resistor
R415 and applied to the base of Q424. The resultant chenge
of current through R422 causes a signal voltage to be devel-
oped across R424 and applied to the base of Q443. (No
change of voltage occurs across R425, because of the equal
and opposite current changes occurring through Q424 and
Q524.) The gain of Q424 is equal to its load resistance
(154 ) divided by its emitter resistance (422 pius the in-
ternal emitter resistance which is approximated at 6 Q).
The result of this division is 5.

Under certain switching conditions, R429 is inserted into
the cireuit. The signal veltages at the base of Q443 and
Q543 change in opposite directions, leaving the point mid-
way through R429 at signal virtugl ground. This places ; of
the R429 resistance in parallel with R424, modifying the Q424
signal load resistance and the circuit gain accordingly. The
gain of the circuit under various switching conditions is given
in Table 3-1. R423 does net effect the cireuit gain, but is in
the circuit to suppress oscillations.

The signal is developed across R443 and applied to Q454,
where it encounters an amplifier circuit similar to the G424
circuit. There are, however, two distinct differences. The
emitter resistance Is varicble to permit gain adjustment, and
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only the output from the -+ side is used. The gain of the
Q545 circuit is also contained in Table 3-1.

R456 and C456 are thermal compensation components;
R445-C445 provides decoupling.

The output circuit consists of two cascaded emitter-fol-
lowers which prevent the output from loading the Q454
and Q554 circuits. The cascading of NPN and PNP transistors
prevides good thermal baiance.

Decoupling components are included in the collector
circuits of Q463 and Q473, and R473 thermally balances
Q473. The internal emitter impedance of Q473 combines
with R479 to create a 50 2 output circuit which, when applied
to a 50 Q load, delivers V, of the Q473 emitter signal.

Circuit Adjustments. R480 modifies the circuit current
as necessary to develop a 0-V output when the Q463 base is
at exactly O V. R555 medifies the total Q454-Q554 current as
necessary to obtain 0V at the Q463 base when the R456-R457
juncticn is at the same potenticl as the R556-R557 junction.
R550 divides the current between Q454 and Q554 as neces-
sary to develop @ 0-V output when the base of Q443 is at
the same potenticl as the base of Q543. Under this con-
dition, no frace shift should occur as a result of changing
the mVOLTS/DIV control setting, R400 permits modification
of drive current to Q413 to compensate for slight differ-
ences which may exist between compeonents in the two sides
of the input emitter follower and amplifier circuits.

@z
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Miscellaneous Circuitry. A Probe gain switching signal
originates in the Amplifier for P6046. When any deflection
factor between 1 and 20 is selected by the mVYOLTS/DIV
switch, R501 completes the Probe circuit which is connected
to J150 terminal D. This maintaing a Probe gain factor of
1. When 50, 100, or 200 mVOLTS/DIV is selected, R501 is
disconnected from ground and the Probe gain factor switches
to 1/10.

Constant current for the Q424-Q524 amplifier stage is
provided by Q534. A Voltage divider sets Its base and emit-
ter voltage, and therefore dictates the current which flows
through R536. This current is divided equally between Q424
and Q524 during no-signal conditions. D532 provides thermol
compensatien for 534 to maintain constant current through
a wide temperature range.

The Power Supply voltages are referenced to ground
within the Amplifier. 100V appears across terminals A and
B of the Qutput Board, and is applied across the Q497 ref-
erencing circuit. The emitter of Q4%7 is connected to ground,
and sets the base voltage at about 0.6 V. R493 and R4%94 are
of approximately equal value and therefore approximately
half of the 100 V supply is dropped across each of them. This
places terminal A at +50V and terminal B ot —50V. Any
attempt of these two points to shift positive or negetive will
either increase or decrease the current drive through Q49%7,
The frans-resistance of Q497 will change accerdingly, bel-
ancing the + and —50-V loads.

In @ similar manner, 26.8V appears across Output Board
terminals F and H. D499 causes terminal H to maintain
—8.2V with respect to ground. This causes point F te remain
at +20.6V with respect to ground.

Power Supply

Refer to the Power Supply schematic. The Power Supply
develops regulated 100V and 268V DC supplies from
either 115V ar 230V AC inputs. The supplies are referenced
te ground in the Amplifier unit, establishing potentials of
—50V, 450V, +206V and —62V DC with respect to
ground at Power Supply terminals E, C, B and D. These
voltages are routed to the Amplifier through o non-detachable
cord. 4+ and —50V and +20.6V are then made available
to the Probe through Amphenol connector Ji50.

The 100-V regulater consists of voltage comparotor-ampli-
fier Q324, non-inverting cmplifier Q304-Q314, and series
regulator Q327. The Q304 side of the non-inverting amplifier
also serves as the driver for Q327.

Circuit Description—P6046 Probe and Amplifier

Voltage from T301 secondary terminagls ¢ and 11 is full-
wave rectified by D302 and developed across C302 and
C303. (R302 and R303 maintain a balance of voltage across
the twe capaciters.) The voltage across C302 and C303
causes current flow through the parallel-peths of R308
and @327, Part of the current then flows through the regu-
lator control circuit to establish a reguloted 100-V supply
between terminals £ and C.

The voltage selected by the wiper of R325 is applied to
the base of Q324, where it compares against the reference
voltage established by D322 to set the current through
@324 and R321. The current through R3271 sets the base
voltage of 314 with respect to terminal C. The emitter of
Q324 follows its base, and establishes the voltage at the
emitter of Q304. This compares against the value set by
R306 and R307 to determine the Q304 collector current.
The current from Q304 flows through R304 to provide Q2327
with forward bias.

The setting of R325 determines the amount of drive which
Q314 receives, and therefore affects the emitter voltage of
Q304, This controls the amount of conduction of Q304,
which then controls the trans-resistance of Q327. When
R325 is properly set, encugh voltage will appear across
Q327 to maintain 100V between Power Supply terminais
C and E. If the voltage tends to increase, 324 conducts
more current, increasing the Q314 drive. This decreases the
@304 drive current, and therefore the Q327 drive current.
More voltage is dropped across Q327, keeping the 100-V
output within design limits.

C322 suppresses Zener noise. D323 protects the Q324
base-emitter junction during transient reverse-polarify con-
ditions.

Terminals 17T and 12 supply power to the 268 V part of
the power supply. The 50-V line provides current through
R344, forward biasing the base-emitter junctions of driver
Q343 and series-regulator Q347, causing them to conduct.
The resultant voltage drep across R347, R348 and R349 for-
ward biases the emitter-base junction of comparator transistor
@344, putting it into conduction. The setting of R348 deter-
mines the amount of Q344 conduction, thus setting the drive
current for Q343 and Q347. When properly set, the volt-
age drop across Q347 will couse 24.8V to exist across
Power Supply terminals B and D. If this voltage tends to
increase, Q344 will conduct more current, providing less
drive to Q343 and Q347. More volicge will be dropped
across Q347, keeping the output voltage within design
fimits.

3-5
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SECTION 4
MAINTENANCE

Change information, if any, affecting this section will be found at the

rear of the manual.

This section of the manual contains general maintenance
information, specific data ceoncering the Pé046 Differential
Probe, and specific data relevent to the Amplifier For P6044
and its asseciated Power Supply.

General

Maintenance of the P4046& Differenticl Probe and the Ampli-
fier For P4044 includes routine maintenance, calibration, and
corrective mainfenance. Routine maintenance consists  of
checking Probe and Amplifier performance approximately
twice a year. The Power Supply associated with the ampli-
fier should be opened and dusted out at that time. The ex-
terior surfaces of all components should be kept clean at
ail times to provide optimum heat dissipation capability.
Special ottention should be paid to the cleanliness of the
probe tips and the Amphencl connectors so that the high-
frequency performance is not impaired.

The Probe and Amplifier have a minimum number of
working parts and are relatively well protected from environ-
mental conditions. The minimum size and critical perform-
ance requirements make it practical to leave the units closed
except to correct malfunctions, and to recalibrate when
performance indicates that it is necessary. Any infternal
cleaning can be done af that time. Cleaning should be
limited to removing dust by brushing the components lightly
with @ soft-bristled brush, or blowing it out with a stream
of low pressure air. Solvents or high pressure air should never
be used on the Probe or its accessories.

The Performance Check and the Calibration Procedure
are located in separate sections of this manual under those
titles.

Soldering Techniques

A soldering iron with a V4 inch tip and a 15 watt rating
is recommended for use on circuit boards and on most com-
ponents in the P4046 Differential Probe and the Amplifier
For P60446. Do not attempt to sclder on the metalic plating
on the inside of the Probe case. Never fouch plastic parts
with tha soldering iron tip. Apply hect to component leads
only as long os required for removal or replacement, using
heat sinks as necessary. Old solder can be remcved and
holes cleaned cut by using @ vecuum-type solder removing
device after the solder is heated. If the device is plunger-
actuated, ke careful that its kick-back does not damage the
small circuit components.

Crdinary electrical solder is recommended for all solder-
ing work. All newly soldered joints should be cleaned with
rosin solvent and inspected for proper banding.

Pre-bend leads prior to component replacement, gripping
the lead between the compeonent and peint of bend with a

®

pair of pliers to avoid damage. Cut the leads to their proper
length, preferably before installation.

NOTE

Frequency response and common-mode rejection
are partiaily dependent upon component location
and lead length. All replacement parts should
therefore be installed in the same manner as the
original. The calibration status should be checked
after any soldering work has been done on the
Probe or Amplifier.

Test Equipment Recommended For Trouble-
shooting

The oscilloscope with which the Probe and Amplifier are
used can be used as a DC voltmeter as well as a waveform
monitor. An chmmeter with @ 1.5V and 2 mA or less outpuf,
and a transistor curve tracer [or transistor tester) are the only
additicnal testing units required for troubleshooting the
Probe and Amplifier,

Trobleshooting Techniques

Determining the Defective Unif, The fastest method of
isolating faulty system performance to o specific unit is to
use each unit with equipment that is known to be operating
properly.

In the event that additional equipment is not available,

trouble affecting DC and low-frequency operation can be
traced to the defective unit as follows:

1. Check the oscilloscope’s response to direct inputs.

2. Disconnect the Probe's Amphenol connector from the
Amplifier [or the TA5). Then connect two 51 Q resistors be-
tween ground terminals C and J of Ji50, as shown in Fig.
4-1. Be careful not to contact other terminals of J150; as
much as 100V may be present on them.

3. Perform the ATTEN BAL (PROCBE STEP ATTEN BAL}
adjustment.

4. Set the mVOLTS/DIV switch [VOLTS/CM on TA5) fo
10mVY. Set the oscilloscope Time/Div switch to 0.2 ms and
the Amplitude Calibrator to 50 mV.

5. Connect @ lead from the oscilloscope's Calibrator
Output jack through a 0.1 pF copacitor to terminal C of the
Amphencl connector and check for a square-wave presenta-
tien of approximately 2V, divisions.

6. Move the connection to ferminal J of the Amphenol
connector and again check for approximately 27/, divisions
of square-wave presentation.

4-1
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Fig. 4-1, Test setup for checking amplifier DC and low-frequency
response,

NOTE

The Amplitude Calibrator source impedance of 50 ¢
causes its output to be reduced to 1/2 when oper-
ating into a 500 load.

If the preceding proves satisfactory, turn the (PROBE STEP)
ATTEN BAL fully counter-clockwise and check the Amphenol
connector for output voltages approximately equal to those
given in Tabie 4-1.

TABLE 4-1
J150 Voltages With P6046 Probe Disconnected
D : E | F K
Amplifier For P046 | 0~ 450 | +20.6 | —50
1A5 +62 - 4207 | 450 | —150

If the voltege check clso proves satisfactory, the trouble
can be assumed to be'in the Probe.

Analyzing Symptoms. After the trouble has been iso-
lated to a unit, check for all the trouble symptoms which
can be found. The Performance Check can be used effectively
for this purpese. Analyzing a combination of symptoms will
often pin-point the trouble to a specific area or component.

Physical Inspection. FPhysically inspect the circuitry for
locse or broken connections, improperly seated transistors,
and burned or ctherwise damaged components. [nvestigate
the cause of any hect damage. A 43X or better magnifying
glass is recommended for examining the circuit boards and
components.

DC Balance Check. The balanced nature of the Prebe
and Amplifier circuitry provides a handy troubleshooling
tool.  Under quiescent conditions, identical points on the
+ and — side of the circuits should be operating at identi-
cal voltages. The source of unbalanced outputs can there-
fore be found by starting ot the output and checking to-
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ward the input until o balanced condition is found. The
area between the unbalanced and balanced condition will
probably be at fault.

Some of the transistors in the Probe respond to current
changes with no appreciable change in voltage. The pre-
ceding check is therefore not effective at Q154, and can be
vsed at Q134 only with an extremely sensifive volimeter.

Schematic Diagrams, The schematic diggrams located
nedr the back of this manual contain waveforms, voltages,
and resistor values to assist in troubleshooting. A preregui-
site for using the voltages and waveforms is that the
specified operating conditions be duplicated.

Several high impedance points exist in the Probe. A non-
loading voltmeter was therefore used to obtain the veltages
given on that schematic. Use of other than a non-leading
veltmeter will give o wide variety of readings and connot
be relied upon without individual analysts.

Transistor and Diode Troubleshooting. The principal
ways of troubleshooting transistors and diodes are by using
transistor checking devices {such as a Tekironix Type 575
Transistor Curve Tracer), voltage checks, signal tracing, re-
placement and ohmmeter checks. Recommended preference
is in the order given.

The results of signal tracing and of voltage checks can
be compared against those given on the schematics near the
rear of this manual, provided that the conditions given with
the schematics are duplicated before the comparisen is made,

Yoltmeter checks ccross base-emitter, gate-source, or di-
ode junctions are generally more effective than checks be-
tween elements and ground, because of the small differ-
ences in voltages, A conducting silicon transister will have
a forward emitter-base bias of approximately 0.6V. A
saturated transistor has approximately 0.2V across s
emitter-collector junction. The voltoge across a conducling
silicon diode is approximately 0.6V, (The bands on dicdes
are located nearest the cathode end.) N-channel field ef-
fect transistors normally have their gatesource junction
reverse-biased by approximately 0.5 te 2 V.

If the replacement method is used, replace only cone tran-
sistor at a time. Return each one tc ifs original socket be-
fore checking the next one. Bend the leads to the proper
shape before inserting. Use Fig. 4-3, 4-4 and 4-5 to insure
praoper insertion. Cut the leads to proper length {approxi-
metely 3, inch for plug-in type transistors in the Probe;
appreximately '/, inch for transistors in the Amplifier and
its Power Supply Unit] for permanent installation. Marched
components should only be replaced in pairs.

During ohmmeter checks, insure that the meter will not
apply more than 1.5V and 2mA to the trensistor. Typical
transistor resistance values are given in Table 4-2,

The soldered-in transistors should be checked in the cir-
cuit to avoid unnecessary circuit disturbance.

Resistors. Resistor types, sizes and tolerances vary as
necessary to meet circuit requirements and should only ke
replaced with cnes which are equivalent in all respects.
Resistances are either color-coded or written on each re-
sistor, but their small size may make the value difficult to
determine. The schematic or the parts list should be referred

@
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to in case of doubt. In-circuit resistance checks should not
be made with ochmmeters having more than 1.5V and 2 mA
output unless associated semiconductors are removed from
the circuit,

TABLE 4-2

Transistor Resistance Checks

Ohmmeter Resistance Reading fo be expected
Connections’ when wusing a 20,000Q/Y DC
Meter on the R X 1 k Range

High reading both ways ({100
k2 to 500 kQ, approx.}

High reading one way (200 kQ
or more). Low reading the ofher
way (400 Q to 3.5 kQ, approx.)
High reading one way (200 kQ
or more)., Llow reading the other
way (400 Q to 3.5 kQ, approx.}

Emitter-Collector

Emitter-Base

" Base-Collector

“Test prods from the ohmmeter are first connecled to the tronsistor
leads and then the test lead connections are reversed. Thus, the
effects of the polarity reversal of the voltage applied from the
ohmmeter to the transistor can be ohserved.

Capacitors, Although vaolues are written on capacitors
used in the Probe and Amplifier, miniaturization makes them
difficult to read. Refer to the schematic or parts list io
determine their values. Replace them with electrically equiv-
alenf capacitors of the same physical size. Matched capaci-
tors must be replaced in pairs. The capacitors which are
riveted in place in the Probe are supplied as integral parts
of the circuit board and are not replaceable.

Parts Procurement

All replacement parts can be purchased through a Tek-
tronix Field Office or representative, However, replacements
for standard electronic items can be readily obtained from
local electronic parts stores. Consult the Electrical Parts
List to determine the required specifications.

NOTE

When selecting replacement parts, it is important
to remember that the physical size and shape of
a component may affect its performance at high
frequencies. All replacement parts should be di-
rect replacements unless it is known that o differ-
ent component will not adversely affect instrument
perfoermance.

Special Parfs. Some electrical parts are specially re-
worked, quality checked, or menufactured by or for Tek-
tronix to fulfill @ specific requirement. Most mechanical parts
used are common to only Tekfronix instruments, er te «
particular type of instrument. All electrical parts whose
stock numbers are preceded by asterisks, and most mechan-
ical parts, can be obtained only through a Tektronix Field
Office or Representative.

P6046 DIFFERENTIAL PROBE

Compenent locations and wire color code appear in
Fig. 4-6. Transistor installation information appears in Fig.
4-3.

@
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IMPORTANT

Component size and performance requirements
make it advisable to return the P6046 Differential
Probe to a Tekironix Field Office in the event re-
pairs are necessary, Contact the office for instruc-
tions before sending the Probe. If repairs are
made locally, the precautions and corrective main-
tenance hints contained in this section should
be adhered to.

It is recommended that the Dual Attenuator Head
case never be opened, The resistors in it are not
replaceable, and the position of wires in it is
very critical. The Tektrenix Field Office should
be consulted in the event repdirs are required.

CAUTION

1. Read the disassembly instructions before open-
ing the Probe case. Failure to do so may result in
damage or loss of parts,

2. Ground connections are normally made through
the metallic plating on the interior of the P&046é
Probe case. Do not damage the plating. Do not
attempt to operate the Probe with the ¢ase open
except as specified in these instructions,

3. The Probe should be in a holding device while
it is being worked on. This minimizes the possi-
bility of causing short circuits. The holding device
should not apply so much pressure that the case
or board warps or is otherwise damaged,

4. Use a small screwdriver and slight pressure
when removing or fastening screws to insure
against damage to the plastic threads. Re-engage
screws into their original threads. The screws must
be tight enough to insure good ground connec-
tions, but not tight enough to damage the Probe,

5. Be careful not to lose the externally small de-
tent spring while the case is open. It is located
between the AC-DC switch lever and the tip as-
sembly. Keeping the AC-DC switch lever perpen-
dicular to the tips will help keep it in place.

Test Fixtures. A Cclibration Shield (Tekironix Part No.
067-0563-00) provides limited access to adjustments for cali-
bration purposes. No attempt should be made to calibrate
the Probe withour the shield in place.

The plating on the inside of the case completes the Probe
grourd circuits. This requires that special provisicns be made
for operating the Probe while the case is opened for trouble-
shooting purposes.

i total access to the transistor side of the main board
is required while the probe is energized, remove the top
and then bolt the board to the bhottom of the case with
one screw at the front and one screw ot the back, thus
completing the ground circuits. Two No. 2-56 nuts {not
supplied) are required. Tighten the screws sufficiently to
provide geod contact, bub not so much that the plastic be-
comes damaged.

For access to both sides of the main board during opera-
tion the board must be completely removed from the case.
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A shorting strap must either be bolted or clipped to a front
and rear post before the beard is energized. No connection
is required at the center post for DC or low frequency op-
eraticn. If clips are used, make the connections to the steel
posts. Do not scratch or otherwise damage the plating on
the circuit board.

PROBE DISASSEMBLY AND ASSEMBLY

Probe Case

Opening. Remove the two screws from the front of the
top of the case and then remove the four screws from the
bottom of the case. Set the AC-DC switch to mid-position.
Lift the top away from the bottom, keeping the two sec-
tions parallel. All of the components will remain in the
bottom of the case.

Closing, Set the AC-DC switch perpendicular to the tip
assembly. Bring the top and bottom of the Probe case to-

gether, keeping them parallel while doing so. Insure that
the tip assembly fits into its slot. Manipulate the strain
relief boot as necessary to align the hexagonal bushing
with the detents. The two parts should come together snug-
ly, with only slight pressure required at the rear end to
keep them that way. Insert and fasten screws through the
bottom of the case and the two screws through the front
of the case. Tighten the screws encugh to insure good
ground cennections, but not so tight that they damage the
plastic threads. Position the Input Coupling switch to either

AC or DC, as desired.

Circuit Boards

Circuit board component layout and wire color code is
shown in Fig. 4-6.

Removing the Main Bouard. Remove the one screw which
is located near the center of the board. This releases the
board and attached cable from the bottom of the case.
Lift the circuit board away from the case, cable-end first.

AC-DC switch shoft inserted
from fronl; lever kept perpen-
diculor to tip assembly.

(B) Tip assembly installed on bottom of case.

(€} Inserting board in bottom of cose « front first

Screw location \t

(D} Board installed.

Detent spring inserted in
graove on front of tip as-
sembly.

Switch wafer placed on rear of
tip ossembly with six contacts
toward rear; [large contocts
horizentally oppeosed.

Fiber insulator

O-ring resting on shoulder

Hexagonal bushing in detents

Fig. 4-2. Assembling probe components; see text for complete procedure.

4-4


https://www.manualsplus.com/

Replacing the Main Board. Put the large fiber insulator
in place in the bottom of the case. Insert the board front
first into the bottom of the Probe case as shown in Fig.
4.2 {C). Put the rear end of it into place, aligning the neo-
prene G-ring with the shoulder at the rear of the case. The
hexagona! bushing should fif in detents in frent of and be-
hind the shoulder. [nsert and tighten the short screw near
the center of the board. Be careful not to damage the
plastic threads. See Fig. 4-2 [D).

Removing the Upper Board. Grip the board near one
end at g point where no componenis or wiring are en-
countered. A small-nosed pair of pliers whose tips are
cushioned with elecirical tape can be used for this purpose
if extreme care is exercised. Lift very slightly. Repeat at
the opposite end. Continue pulling alternately at the twa
ends until the connectors are disengaged.

Replacing the Upper Board. Do not trap any wires
underneath the board. Align the pins and connectors care-
fully. Seat the board completely but do not apply excessive
pressure.

Tip Assembly

Removal. The main circuit board must be removed first.
Then remove the 2 screws from the front of the case. Keep
the AC-DC switch lever perpendicular to the case to hold
the detent spring in place. Slide the assembly from the case.
The tips of the probe cannct be removed from the tip as-
sembly. The switch lever and contact wafer can be dis-
assembled by removing the screw and plastic washer from
the rear of the lever shaft.

CAUTION

Be careful not to lose the extremely small detent
spring which is located between the AC-DC switch
lever and the tip body.

Replacement. The tip assembly should be put together
as shown in Fig. 4-2 (A] with particular attention being
given to the positioning of the AC-DC switch contact as-
sembly and the detent spring. Insert the assembly into the
bottom of the Probe case as in Fig. 4-2 {B] before the main
circuit board is installed. Keep the AC-DC switch per-
pendicular to the assembly to keep the detenf spring in
place. Fasten the two screws to the tip assembly through
the front of the probe case.

Strain Relief Boot

Removal. Remova! should not be required unless the
cable is replaced. Changing cable length will affect the
Prcbe performance.

Remove the mein board and cable assembly from the
case. Aftach a wrench to the hexagonal nut which is loca-
ted at the end of the cable. Then grip the strain relief boot
and unscrew it. Slide the boot up the cable far enough
to expose the plastic cable clamp. The nut assembly, plas-
tic cable clamp, and strain relief boot can now be slid to
the desired position. Use caution in unsoldering and sol-
dering wires on the circuit boards.

@n
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Replacement. Observe the color coding given in Fig.
4-6. The length of the cable shields between the cable and
the circuit board must be kept as short as possible. The
teflon heat-insulating sleeves must be in place over the
insulation on the signal output leads before the shield wires
are soldered to the board. The hexagonal nut which holds
the strain relief boot should be located at the extreme end
of the cable insulation, putting it approximately Vs, inch
from the large circuit board., Push the plastic cable clamp
up against the nut assembly, matching the clemp notches
with the keys on the nut assembly. Hold the nut assembly
in place and screw on the strain relief boot assembly.

Amphenol Connector

Removal. Using twe wrenches, unscrew the end nut.
Slide the nut ond the strain relief boot up the cable enough
to expose the inner nut. Again using two wrenches, un-
screw the inner nut. The contoct assembly now can be
pulled out of the rear of the housing.

Replacement. Observe the color coding given in Fig.
4-6 when re-connecting wires. Keep the soldered connec-
tions neat. Re-assemble in reverse order, insuring that the
notch in the contact assembly straddles the key located
in the housing.

AMPLIFIER FOR P6046

Amplifier Unit

Component locations and wire color code appear in
Fig. 4-7 and 4-8. Transistor information and miscellanecus
wiring information is shown in Fig. 4-4, Most components
in the Amplifier unit can be removed and replaced with
the circuit boards and switch left in place. | additional
access is required, it is recommended that the rear panel,
the frame-posts and the frent panel be removed.

A soldering iron with a 4 inch tip, a pair of tweezers,
end a vacyum-type solder removing device are recom-
mended for use in component replacement.

The following disassembly instructions are independent
of each other, except where noted otherwise.

Cover Removal. Extract the two screws from the rear
of the unit. Withdraw the unit from the cover.

Rear Panel and Frame-Post Removal. Remove the cov-
er. Check the rear panel wire color code against Fig. 4-7.
Disconnect the 6 square-pin connectors which connect the
cable and BNC connector to the circuit board. Unscrew
the 5 screws from the rear panel, freeing it from the assem-
bly.

i the frame-posts are to be removed, remove the 4 serews
which hold the output beard to the frame-posts. Remove
the mVOLTS/DIV knob, using a Y4 inch allen wrench. Re-
meve the nut from the front of the switch hushing. Pull
the ATTEN BAL knob off the front of its shaft. Lift the front
cover plete from the front panel, exposing the 4 frame-post
screws. Remove the screws, freeing the frame-posts,

4-5
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Superimposed Sketch of Transistor and
Socket as Viewed from Above

View of Bottom of Transistor

Q224

Q134

Q234 E <
B

Q113 D D

Q213 ‘,’ o N

Q154 Gio 0,5 s G

Q254 ©\ x 1t ® ® ©
Clipped
lead

Q124

Co:
B
B B
LN
4 A
\
Q264 N /
c /
Q143 B
Q243 Qﬂ
A Note th -
ore e
G D > terminal
alignment D G
Q123
S .
~N

Fig. 4-3. Probe tronsister installation.

Front Panel Removal. Remove the cover. Remove the
mVOLTS/DIV switch knob, using o /s inch allen wrench.
Then remove the nut which holds the switch in place. Pull
the ATTEN BAL knob off the front of its shaft. Lift the front
cover plate away from the front panel, exposing the frame-
post screws, Check the wire color coding against Fig. 4-7.
Unsolder the connecticns frem terminals C and I of the Am-
phenol connector. Disconnect the square-pin  connectors
which connect to terminals D, E, F and K. Unscrewing the
four frame-post screws at the front panel will free the panel
from the assembly.

Amphenol Connector Removal. Remove the cover. The
connector can then be removed with or without removing
the front panel. Unsclder the cernections from ferminals
A, C, F and J. Disconnect the square-pin connectors which
lead te terminals D, E and K. Remove the four bolts which

4-6

hold the connector in place and extract the connecter out
the front of the panel.

ATTEN BAL Potenfiometer Removal. The front panel
assembly must be removed frem the Amplifier before the
potentiometer can be removed. Unsolder the connections
from the three terminals. Remove the set screw from the
frent panel sleeve and unserew the potentiometer from the
front panel.

Output Board Removal. After the Amplifier cover has
been removed, the output board wire color code should
be checked cgainst Fig. 4-7, and any exceptions noted.
The 14 square pin connectors should then be removed from
the board pins. The 7 soldered connections which go to
the switch assembly must then be unsoldered. Do not use
too large an iron, or apply heat for too long a time. Use

@1
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LA) Transistors Ske.fch of Top of Sketch of
'I'rcmsusfor_und Socket, Bottom of
Superimposed Transistor
Q534 8 C
Q4%7 E @
Q463
c B
: B
Q473 c
E
dimple
8 C
Q454
E
Q554 )
clipped lead
Q413 Q513
E
Q424 Q524 CEB
Q443 Q543 ¢
{B) Amphenol Connector, rear (C) STEP ATTEN BAL, rear
te ground
R401
to Q513
to Q413
grn, brn, blk on tan c400 to Output
blv on wht —I Board - K
to Output R401 -
grn, brn, blk, on wht red, blk, blik on wht Board - L to 4180 - K
to J150 - F

Fig. 4-4. Amplifier component details,

a pair of pliers as heat sinks where necessary. Removal
of 4 screws from the corners of the board will then free
the board from the unit,

Switch Assembly Removal. The switch and Input Board
can be removed most easily as one unit. Remove the cover
and the rear panel, using the preceding directions. At the
Input Board, unsolder twa leads from between the Amphenol
connector and the Input Beard. Disconnect 5 square-pin
connectors from between the Quiput Board and the Input
Board. At the QOutput Beard, unsolder 7 connections which
go to the switch assembly.

Remove the mVOLTS/DIV switch knob, using a V4 inch
allen wrench to loosen the set screw. This exposes the nut
which holds the switch in place. Remove the nut, and slide
the switch and Input Boord assembly out the rear of the
urut.

®

The Input and Comp boards can be removed from the
switch assembly by using a vacuum-type solder removing
device to clean solder from the interconnecting points. Then
separate the board frem the switch, working from one end
and reapplying heat to each point as necessary.

Switch Maintenance Information. Switch wafers are
numbered from front to rear of the assembly. Lefters are
included to indicate whether the contacts are on the front
or the rear of the wafer. Example: 5R indicates the rear of
the fifth wafer from the front.

The switch pesitioning detent mechanism should receive
a light application of grease whenever the Amplifier Unit
is disassembled for repair or calibration, or ot yearly inter-
vals, whichever occurs first. The grease [Tektronix Part
No. 006-0219-00) contained in the Tekironix lubrication kit,
Part No. 003-0342-00, is recommended for that purpose.
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. Sketch of Top of Sketch of
T;:'“";"" Transistor and Socket, Bottom of
umber Superimposed Transistor
[« B
B [
Q304
E
E
dimple
B C
Q314, Q324 B
Q343, Q344 i £ @
B - yel, blk on wht
Q327 C - (bhody) - wht
E - orn, blk on wht
B - b, blk on wht
Q347 € - {body) - wht
E - red, blk on wht
Fig. 4-5. Power Supply transistor installation.

Individual parts of the mVOLTS/DIV switch are not Transformer Rewiring, The transformer must be re-
normally replaced. A complete switch, either wired or un- wired, and fuses changed according to Table 4-3 whenever
wired, should be ordered in event the switch becomes in- it is desired to operate from a source other than that for
operable. which it is wired. Only the cover need be removed to

perform this rewiring.

Power Supply Unit The Power Supply output voltage should be re-checked

Component locations and wire colors are shown in Fig. after the transfermer has been re-wired. Voltages should
4-9. Transistor Installation information appears in Fig. 4-5. remain within tolerance. If not, recheck the source voltage,
TABLE 4-3

Power Supply Transformer Connections

Fused Lead | Non-fused Jumper
Sgéft:gzo Hz | Power Source F301 Connec- | Lead Con- Co.m?ec-
Range Size tion{s} nection{s) tions
100 90-110 | 4 A 4 and 5 land 8 | o
o5 104126 | LA | 4and 3 1 and 2
13¢ | 112136 AT 4and 6 | 1 oand 7
200 180-220 7y A 4 1 5 to 8
230 208252 | VA | 4 1 2t03
T 248 224-272 Ve A 4 1 6 to 7
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the transformer connections, and then the Pewer Supply
Calibraticn Procedure.

IMPORTANT

A 115/230 operaiing voltage tag appears on the
base of the Power Supply Unit. Always invert
it to indicate the neminal operating voltage range
when the transformer is changed between the
100V and 200V ranges, {Engage the tag screws
into their previously-used threads to avoid strip-
ping threads.)

Maintenance—P6046 Probe and Amplifier

Disassembly of Power Supply Unit. Remove 2 screws
from the top of the Power Supply Unit cover and slide the
cover off the top of the Power Supply chassis. Remove the
two screws from the base of either or both of the two cir-
cuit boards. Check the wire color code against Fig. 4-9
before disconnecting the sguare-pin connectors.

Transformer Removal. After the screws are removed
from both boards, remeve the two screws which straddie
the fuse, and the two screws on the opposite side, Discon-
nect the 4 square-pin connectors which go to the transform-

blu to P150-D

— red to P150-E

brn to P150-K

—- grn te P15Q-F

to P150-C

(shield contains

red string) shields
connected
to P150
A&B

Fig. 4-6. P6046 Probe circuit hoard component locations,
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Fig. 4-7. Amplifier circuit board component locations.
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C454C R454D C454D R454C R454B

R458

€458

R559B

R559A {hidden)

€521
. R4598
R428 . \ i
-, X R459A
R400 -
oyl

(ATTEN BAL}

(A} Right Side

Wﬁ«

R501
L457 ladded
to instruments

mfg. after 6/68)

R429C - Ra294

R42%B
c429C

C429D [(added
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(B) Left Side

Fig. 4-8. Amplifier miscelleneous component locations.
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Fig. 4-9A. Power Supply component locations befare 7144,
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er. Slide the transformer holding bracket off the transform-
er. Remove the screw which fastens the fuse holder to the
transformer. Unsolder the power input leads at the trans-
former. The transformer now can be removed.

Reassembly. Replace the transformer, reversing the re-
moval procedure. Then re-assemble the wunit according to
Fig. 4-9 {C). The wire color code shown in Fig. 4-9 (A} and
{B) should be wused to avoid making incorrect connections.

Series-Regulator Transistors, Q327 and Q347 are pow-
er transistors and are therefore heat-sinked to the chassis.
Each transistor can be removed as follows: disconnect the

Maintenance—P6046 Probe and Amplifier

two square-pin <onnectors which are fastened to the wires
which are connected to the emitter and base leads; then
remove the two screws which fasten the transistor to the
chassis.

The transistor bodies are insulated from the chassis by
mica washers, Mounting screws are insulated from the body
by plastic bushings. Contact to the body [(collector) is made
by a soldering lug which fastens between the screw ir-
sulator and the transistor body. The insulater, bushings,
and soldering lug must be in place whenever the tran-
sistors are re-installed.

e ol em 3ot el s sy

orn, blk on wht

{ ‘7 %m om&}f

1] wyyrlam 3804 mﬁmwsm 5

brn, btk
; on wht
yel on wht &
grn, bik
‘k“ biu on wht ""t& on wht
vig on wht grn, brr, bik
on wht
grn on wht
grry, bro, blk on tan yel, blk on wht red, blk on wht
brn to cable grr, ben, bk, on wht \whtred grn)
to cable
100 V Regulator Board 26 V Regulater Board
Fig. 4-9B. Power Supply component locations after 7144,
4-13
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SECTION 5
PERFORMANCE CHECK

Change information, if any, affecting this section will be found at the

rear of the manual.

Introduction

This performance check offers a means of rapidly check-
ing the operation of the Pé044 Differential Probe and the
Probe's Dual Attenuator Head with either a Type 1A5 or
the Amplifier For P604é. Only external operating adjustments
are associated with if.

Procedure Format

Two separate Preliminary Procedures are included to
describe setting up the equipment with either a Type 1A5
of an Amplifier For P&046. The same performance check
is used for checking the Probe with either instrument.
Specific instances where deviations are unavoidable are
identified by the terms (P6046 Probe/Type 1A5 only), [P&046
Probe/Amplifier For P404é only} or similar notations.

The basic control settings are listed in the preliminary
procedures and apply to every step in the Performance
Check. Deviations are specified in each step as required.
Reproductions of waveform photographs are included where
appropriate.

The term “divisions” (or div) refers to graticule major divi-
sions. mVYOLTS/DIV and VOLTS/CM are both referred to
as “verfical deflection factor” fo allow interchangeable
application without misnaming the centrol.

Names of calibration equipment have initial letters cap-
italized. Names of the eguipment controls are written in
upper case letters for quick recognition.

Most checks have been outlined with reference to the
Probe + Input tip. Checks employing the — Input tip are
equally effective if due consideration is given to pelarity
in signal application and waveferm observation.

Commeon Reference (Ground)

The use of a ground lead is stressed throughout this pro-
cedure. It can be eliminated only if a common ground
definitely exists between all equipment used.

CAUTION

The Probe tips often come in contact with equip-
ment ground during insertion into test jocks, A
common ground between the Probe and equip-
ment being tested must therefore exist before the
Probe is connected to the equipment to insure
against Probe damage due to ground loop cur-
rents,

Equipment

The equipment contained in the following list is required
for performance-checking the P&04é Differential Probe, Dual
Attenuator Head and the Amplifier For P6046. Tektronix
part numbers are included for ordering purposes. ltems
which accompany the Probe and Amplifier are listed as
Standard  Accessories. The GR 90° elbow is an optional
item, used only for convenient positioning of the test cables.

All equipment must be operating within its specified limits.
Substitutions can be used in many instances, provided that
the substitute meeis or exceeds the performance requirements
of the equipment listed.

1. Oscilloscope.  Tektronix Type 544, 545, 547, or 556;
580-series Oscilloscopes equipped with a Type 81A Plug-in
Adapter can be used if the 5cm parameters are modified to
4 cm throughout the procedure. A Type 547 is used in this
procedure. [Not required if the Amplifier for P4044 is used
with the 100 MHz oscilloscope listed as item 3.)

2. Tektronix Type 1A5 Differential Plug-In unit. [Not re-
quired if the Amplifier For P6046 is used.)

3. Oscilloscope. 100 MHz  bandwidth, Tektrenix  Type
454 or Tektronix Type 647A equipped with 10A2A and 11B2A
plug-in units. {Not required if a Type 1A5 is used.)

4. Standard Amplitude calibrator.  Amplitude accuracy
within 0.25%; signal amplitude 50V, and 5mY through 1V
in 1, 2, 5 sequence; 1 kHz sguare wave output, Tekironix
Standard Amplitude Calibrator, Part No. 067-0502.00 recom-
mended.

5. Square-wave generator. Frequency —100kHz; High
Amplitude cutput of 5V inte 50 (2; Fast Rise output variable
from 50 mV to 100 mY into 50 2, with 1 nanosecond or less
rise time. Tektronix Type 106 Square-Wave generator recom-
mended.

6. Consfant amplitude sine wave genergtor, Qutput re-
quirements {peak-to-peak) inte @ 50 Q load: 80 mV at 50 kHz
and 50 MHz; 4mV through 800 mV at 50 kHz and 100 MHz;
5V at 50kHz and 1 MHz; 2V at 50 MHz. Tektronix Type
191 Constant Amplitude Signal Generator recommended.

7. Low frequency sine wave generator, Qutput require-
merts: 10V peak to peak ar 60Hz and T0kHz General
Radio Oscillator Type 1310-A ysed in this procedure.

8. Coaxial cable, 42 inches, 50 Q; equipped with BNC male
connectors. Tektronix Part No. 012-0057-00.

9. Cable, type RGB/213. GR connectors; 5ns delay; (5
ns GR cable), Tektronix Part No. 077-0502-00.

10. GR 90° elbow. Tektronix Part Ne. 017-0070-00. (Op-
tionai)
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11. Adapter, GR-to-BNC male. Tektronix Part No. 017-
0064-00.

12. Adapter, GR-to-BNC female. Tektronix Part No. 017-
0063-00.

13. Probe tip-to-GR adapter, Tektronix Part Ne. 017-
0076-00.

14. Probe dual tip-to-BNC adapter. Tekfronix Part No.
067-0562-00.

15. Termination, 50 0, GR-to-BNC. Tektronix Part No. 017-
0083-00.

16. Attenuator, 2:1, 50, GR type. Tektronix Part No.
017-0080.00.

17. Attenuator, 5:1, 50Q, GR type. Tekironix Part No.
017-007%-00.

18. Attenuator, 10:1, 50 Q, GR type. Two required. Tek-
tronix Part Ne. 017-0078-00.

19. Adapter, dual banana plug-te-BNC female connector.
General Radio Company Type 274-QBJ.

20, Special ground tip. Two required. Tektronix Part No.
010-0363-00. (P6046 Probe standard accessory).

21. 12-inch ground lead equipped with alligator clip.
Tektronix Part No. 175-0125-00 and 344-0046-00 (P6046 Probe
standard accessory].

22. Screwdriver, Phillips head, 4 inch tip.

23. Coaxial Cable, 18 inch, 50 0. Tektronix Part No. 012-
0076-00. [Amplifier For Pé046 standard accessory.)

24. Termination, 50 O, BNC. Tektronix Part No. 011-004%-
00. {Amplifier For Pé044 standard accessory.)

PERFORMANCE CHECK

NOTE

The Oscilloscope, Type 1A35, and all test equipment
and accessories must be within their specified oper-
ating limits before an effective performance check
can be performed on the P6046 Differential Probe.
The Probe and/or Amplifier should be recalibrated
if any of the performance requirements cannot be
met.

P6046 Probe/1AS5 Preliminary Procedure

a. Insert the Type 1A5 {item 2} into the plug-in compari-
ment of the Type 547 Oscilloscope (item 1},

b. Preset the equipment controls to the following positions:

P6046 Probe

Input Coupling DC
Type 1A5
POSITION Midrange
VOLTS/CM 20mV
VARIABLE CAL

5-2

Type 547 Oscilloscope

TIME BASE A
TRIGGERING
LEVEL 0
MODE AUTO STABILITY
SLOPE +
COUPLING AC
SOURCE NORM
TIME/CM S ms
VARIABLE CALIBRATED
HORIZONTAL
DISPLAY A
SWEEP
MAGNIFIER X1 OFF
HORIZONTAL
POSITION Midrange
AMPLITUDE
CALIBRATOR OFF

c. Energize the Oscilloscope and the test equipment which
is to be used in this procedure. Set the CRT controls for
optimum display.

d. Connect the P6046 Probe Amphenol connecter to the
Type TAS5 DIFFERENTIAL PROBE jack. Depress the PUSH
ON/OFF button, lighting the Probe On lamp which is lo-
cated in the buttan housing. Warm up the equipment for 20
minutes before continuing.

P6046 Probe /Amplifier For P6046 Preliminary
Procedure

a. Check that the Amplifer For P4046 Power Supply Unit
is not connected to a power supply. Then remove the Power
Supply Unit cover and determine the voltage for which the
transformer is wired, referring to Table 4-3 in the Maintenance
section. If necessary, rewire the transformer and change the
fuse and voltage tag (as outlined in the Maintenance sec-
tion) to conform to the voltage with which the Amplifier
For P6044 is to be used. Then replace the cover on the Power
Supply Unit.

b. Make the following equipment connections:

Connect a 50 Q BNC termination {item 24) to the Vertical
CH 1 INPUT connector of the Type 647A Oscilloscope {item 3).

Connect an 18 inch 50 © cable {item 23] from the 50 Q term-
ination to the Amplifier For P6046 QOutput connector.

Connect the Probe Amphencl plug connmector to the Ampli-
fier For P6046 Amphenol jack.

c. Set the equipment controls as follows:

P6046 Probe
Input Coupling DC

@1
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Amplifier For P6046
mVOLTS/DIV 20

Type 647A Oscilloscope

CH 1 AC.GND-DC DC
VOLTS/CM o1t
YARIABLE CAL?
INVERT PULL In
TRIGGER Norm
11B2A
MODE CH 1
HORIZ DISP A
MAG QFF
TRIG MCDE AUTO
TIME/CM Sms
VARIABLE A CALIB
A Triggering SLOPE +
COUPLING AC
SOURCE INT

The Oscillostope’s VOLTS/CM and VARIABLE c¢ontrols must remain
abt .01 and CAL throughout the procedure. Al deflection factoer
switching is to be performed at the Amplifier For P6046.

d. Apply power tc the QOscilicscope, Amplifier For P4046,
and to the test equipment which will be used in the pro-
cedure. Allow 20 minutes warmup hefore continuing.

1. Perform PROBE STEP ATTEN BAL
(ATTEN BAL Adjustment

REQUIREMENT—Trace remains within 1 div of reference
position at any of the 1 mV through .2V (200 mV} deflection
factor positions.

a. The preliminary control settings apply.

b. With no inputs to the Probe tips and a vertical de-
flection of 20 mV selected, sef the trace to graticule vertical
center, using the vertical POSITION control.

c. Select a vertical deflection facter of 1 mV.

d. Adjust the PROBE STEP ATTEN BAL {ATTEN BAL) con-
trol to return the trace to graticule vertical center.

e. Repeat steps b, ¢ and d until no further adjustment is
necessary.

2. Check Input Gate Current

REQUIREMENT—Not more than 0.3 nA at 25°C; Not more
than 2 nA at 50°C,

a. The preliminary control settings apply.

b. Attach special ground tips {item 20] to the Probe + and
— Input tips.

c. Switch to 1 mV vertical deflection factor.

@i
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d. CHECK—The — Input gate current by chbserving the
amount of instantanecus trece shift as the — Input ground
tip is removed or replaced. Not more than 0.3 divisions of
trace shift should occur, indicating not more than 0.3 nA
gate current. Replace the — Input ground tip.

e. CHECK—The + Input gate current, using the same pro-
cedure with the + Input ground tip.

3. Check Gain

REQUIREMENT TmV to 20mV/div: 2% with TA5;

<3% with Amplifier For P6046

50mV to 200 mV/div: <{4% with 1A5;
<3% with Amplifier For P&044

Dual Attenuator Head 2%
a. The preliminary control settings apply.

b. Switch to 20 mV vertical deflection factor. Check that
the special ground fip is on the — tip.

¢. Set the Standard Amplitude Calibrator [item 4] con-
trols as follows:

MODE Square Wave
Qurput Selector Up
AMPLITUDE 1 VOLTS

d. Connect the following components to the Standard
Amplitude Calibrator right OUTPUT connector in the se-
quence listed:

42-inch coaxial cable {item 8)
GR to BNC female adapter {item 12)
Probe tip-to-GR adapter [item 13)

e. Connect o ground lead [item 21} between the P404é
ground lug and the Standard Amglitude Calibrator case.

CAUTION

Do not set the Standard Amplitude Calibrator
AMPLITUDE to more than 20 VOLTS while it is
connected to the Probe.

f. Insert the P604é 4 Input tip into the probe tip-to-GR
adapter.

g. Adjust the vertical POSITION control to obtain a cen-
tered display. Set the Oscilioscope Triggering controls as
necessary to obtain a free-running sweep, resulting in two
horizontal traces.

h. [P6046 Probe/Type TA5 only) CHECK—Gain according
to the setups given in Table 5-1. Record {for later use) the
exact ampiitude obtained at 20 mVY/CM. Measure between
the trace cenfers to avoid the effect of trace width.

IMPORTANT

The 20 mV/CM gain of the Type TA5 must be
accurately calibrated in response to an A or B IN-
PUT signal before Probe gain can be checked.

i. [P604&/Amplifier For P6046 only] CHECK—Gain accord-
ing to the setups given in Table 5-2. Record {for later use)
the exact amplitude cbtained at 20 mV/DIV. Measure be-
tween the trace centers fo avoid the effect of trace width.

5-3
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TABLE 5-1
Vertical Standard
Deflection | Amplitude Display
Factor | Calibrator | Amplitude | Tolerance
20wy | OV Sdiv. | 201 div 2%)
2V 1V 5 div +0.2 div (4%)
IMPORTANT

The 10 mV/div gain of the 100 MHz Oscilloscope
must be accurately calibrated before the following
checks are made.

TABLE 5-2
Vertical ‘ Standard
Deflection Amplitude Display Tolerance
Factor Calibr_utor Amplifude | (3“_/,) ]

Adjust the 100 MHz Oscille-
scope GAIN contral to pro-
vide exactly 4 divisions of
! display amplitude

Sm¥Y | 20mV

200 mV v 5 0.15 div
100mV | N 0.15 div
50mV 2V 1 4 0.12 div
T omv 0 TV T 5 015 div
T TiomV . somV 5  0l5div
2mv 10mvV 5 0.15 div
Tmv . 5mv. 5 0.15 div

I. Move the equipment from the Probe -+ and — Input
tips ta the Dual Attenuator Heed + and — Input tips, re-
spectively,

k. Attach the Dual Attenvator Head to the Probe, matching
the detent and shoulder.

I. Switch the Standard Amplitude Calibrator AMPLITUDE
control to 1V,

m. CHECK—Dual Attenvator Head + Input attenuator ac-
curacy. Switch to 20 mV vertical deflection factor and check
for @ display amplitude which is within 0.1 div of the value
recorded in step h or i, as appropriate.

n. Remove the ground tip from the Dual Attenuator Head
- Input tip. Move the adapter from the + o the — In-
put tip. Cennect the special ground tip to the + Input tip.

0. CHECK—Dual Aftenuetor Head — Input attenuvater
accuracy. The display amplitude should be within 0.1 div of
the value recorded in step h or i as appropriate,

4. Check ATTEN DC BAL (R105)

REQUIREMENT—See graph, Fig. 1-4 for complete require-
ments. The balance is checked here for o CMRR of greater
than 800:1 at 1 kHz.

a. The preliminary contfrol settings apply, except that the
Dual Attenuator Head is connected to the P6046 Probe.

b. Remove the ground tip from the Dual Ahtenuator Head
+ Input tip and the adapter from the -~ Input tip. Then
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check the PROBE STEP ATTEN BAL (ATTEN BAL) adjustment
as explained in step 1 b, ¢, d and e.

¢. Check that the Probe ground lead remains connected
to the Standard Amplitude Calibrator chassis; then connect
the following components to the Siandard Amplitude Cali-
brator's right QUTPUT jack in the sequence listed:

42 inch coaxicl cable
Probe dual tip-to-BNC cdapter [item 14]
Dual Attenuater Head and Probe assembly

d. Set the Standard Amplitude Calibrator controls as
follows:

AMPLITUDE 50 VOLTS
MODE Square Wave
Qutput Selector Up

e. Select a 1 mV vertical deflection factor; then cdjust the
vertical POSITION control and the Cscilloscope triggering
controls for a centered stable display as in Fig. 5-1.

fgnore transients
g at lewding edges

i < & div amplitude be-

M tween troiling edges of
l successive square waves

Fig. 5-1. Attenvater DC balance waveform, step 4. Sweep rate 0.5
ms/div; deflection factor 10 mV/div.

f. CHECK—Attenuator DC balance. & divisions or less
display amplitude should exist between the trailing edges
of the square waves es indicated in Fig, 51,

g. Set the Standard Amplitude Calibrator AMPLITUDE to
1V,

h. Switch to a 20mVY vertical deflection factor and re-
move the Probe dual tip-to-BNC adapter from the Dual
Aftenuater Head.

5. Check Dval Aftenuator Head AC
Compensation

REQUIREMENT-—-Optimum squareness with 2% or less
aberration,

a. Preliminary control seftings apply, except that the Dua!
Attenuator Head is connected to the Probe.

b. Connect o special ground tip to the — tip of the Dua!
Attenuater Head.

@n
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¢. Check that the Standerd Amplitude Calibrator controls
are set as foliows:
AMPLITUDE 1V
MODE
Qutput Selector Up

Square Wave

d. Check that 20 mV vertical deflection facter is selected,
and that the ground lead remains connected between the
Probe ground lug and the Standard Amplitude Calibrator
chassis.

e. Connect the following to the Standard Amplitude Cal-
ibrator right OQUTPUT connector in the sequence given:
42-inch coaxial cable
GR-to-BNC female adapter
Probe tip-te-GR adapter
Dual Attenuvator Head 4+ Input tip
f. Adjust the Oscilloscope triggering controls and the ver-

tical POSITION control te obtain o stable, centered 5 div
square-wave display.

g. CHECK—Attenuater + Input AC compensation. Ob-
serve the upper left hand corner of the square waves for
optimum squareness with == 0.1 div or less aberration. See
Fig. 5-2,

Fig. 5-2. Waveform for Dual Attenuator Head 4 Input tip AC com-
pensation, step 5. Sweep rate 0.5 ms/div; deflection foctar 0.2
V/div (including Dual Attenvator head).

h. Remove the ground tip from the — Input tip. Move
the adapter from the 4 Input tip to the — Input tip. Cen-
nect a special ground tip fo the + Input tip.

i. CHECK—Attenuator — Input AC compensation. Ob-
serve the lower leff corner of the square waves for optimum
squareness; *=0.1 div or less aberration.

I. Remove the adapter from the Dual Attenuater Heed.
Disconnect the coaxial cable and the ground lecd from the
Standard Amplitude Calibrater. Use of the Standard Ampli-
tude Calibrator has heen completed.

6. Check DC Shift Due to Overdrive;
Check Overdrive Recovery Time

REQUIREMENT—DC shift: <1.5% of input signal. OQver-
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drive Recovery Time: <10mV within 150 ns with Type 1A5;
L10mV within 100 ns with Amplifier For P6046.

a. The preliminary control settings apply except that the
Dual Attenuator Head is connectad to the Probe.

b. Move the special ground tip from the + Input tip to the
— Input tip; then connect a ground lead from the P&046
ground lug to the chassis of the Type 106 Square Wave
Generator [item 5).

CAUTION

Never connect the HI AMPLITUDE QUTPUT to the
P&046 Probe without using a 500 termination,
Changing the HI AMPLITUDE/FAST RISE switch
position generates transients which, if unterminated,
exceed the Probe’s maximum input voltage.

c. Switch to 100 mY vertical deflection factor.

d. Set the oscilloscope TIMEf/CM control to .1 «SEC and
the TRIGGERING SOURCE to EXT; check that the TRIGGER-
ING SLCPE is at +.

e. Switch the Square Wave Generator HI AMPLITUDE/
FAST RISE switch to HI AMPLITUDE and set the AMPLITUDE
control fully counterclockwise. Check that the REPETITION
RATE RANGE is set to 100 kHz, and that the MULTIPLIER
controf is at 1.

f. Connect the 42 inch coaxial cable from the Square
Wave Generator TRIGGER QUTPUT connector to the oscille-
scope Trigger INPUT connector,

g. Connect equipment to the Square Wave Generator Hi
AMPLITUDE QUTPUT connecter in the sequence given:

GR 2X attenuator {item 18)

GR 90° elbow {item 10} (optional)
5ns GR cable {item 9}

GR-to-BNC female cdapter
GR-to-BNC 50 Q termination (item 5)
Probe tp-to-GR adapter

Dual Attenvater Head -+ Input tip

h. Adjust the Square Wave Generator AMPLITUDE control
te provide o 5 division square wave. Adjust the Oscilloscope
TRIGGERING LEVEL as necessary to obtain a stable display.
Using the horizontal positien controls, set the leading edge
of the square wave to start exactly 2 divisions from the first
vertical graticule line as shown in Fig. 5-3{A)]. Do not move
the horizontal position or triggering controls for the remainder
of this step,

i. Disconnect the Ducl Atenuator Head from the Probe.
Connect special ground tips to the Probe + and — Input
tips.

j. Check the PROBE STEP ATTEN BAL {ATTEN BAL) ad-
justment [see step b, ¢, d and e).

k. Switch to 20 mV vertical deflection factor. Using the
vertical POSITION controf, set the trace exactly one division
below graticule vertical center.

I. Remove the ground tip from the Probe + Input tip,
then remove the Dual Atenuator Head from the cable assem-
bly.
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Start of leading edge set ex-
W cctly 2 divisions from first B
graticule line

{A}l Deflection factor 1 V/div (including Dual Attenuator
Head); sweep rate 0.1 ps/div

Top of trace within 3.75 divi-
sions of trace reference posi- e
tion set i (B}

{C) Deflection factor 20 mV/div; sweep rate 0.1 us/div

Trace set 1 division below
center graticule line

{B) Deflection factor 20 mV/div; sweep rate 0.1 us/div

ETrailing edge set to graticule B g
center !

(D) Deflection factar 10 mV/div; sweep cate 1 us/div

1 division after
'IOO ns {Amplifier
For P6046!

.'al 1 division uﬂer

IlllhTso G ill

{E] Deflection factor 10 mV/div; sweep rate 0.1 us/div

Fig. 5-3. DC shift and overdrive recovery waveforms, step 6.

m. CHECK—DC shift due to overdrive. Cornect the + o. |P&046 Probe/Type 1A5 only) CHECK—Qver-drive re-

Input tip to the Probe tip-te-GR adapter and associated
equipment. (A special Ground tip should remain connected
to the — Input tip.) Check the position of the top of the
square wave 1 second after making the connection. 3.75
divisions or less trace shift should occur, for o trace shift of
1.5% or less of input signal. See Fig. 5-3 (B) and {C).

n. Switch to 10 mV vertical deflection factor. Switch the
Time/Div control to 1 us. Using the vertical POSITION con-
trol, set the trailing edge of the top of the square wave to
the vertical center of the graticule as in Fig. 5-3 (D).

5-6

covery time. Switch the Time/Div Control back to .1 pus and
check the vertical separation between the trace and the
graticule vertical center 5 divisions from the first vertical
graticule line (300 ns after start of step function as shown
in Fig. 5-3 E). At that peint the trace should be within 1
division of graticule vertical center, and stay within for the
remainder of the positive excursion of the square wave.

p. (P6046 Probe/Amplifier For P&046 only). CHECK—
Overdrive Recovery Time. Switch the Time/Div control back
to .1 us and check the vertical separation between the trace

@1
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and graticule center 3 divisions from the first vertical grati-
cule line {100 ns after start of step function). At that point
the trace should be within 1 division of graticule vertical
center, and stay within for the remainder of the positive
excursion of the square wave. See Fig. 5-3 (E).

q. Disconnect the cable assembly from the Probe and the
Square Wave Generator. Disconnect the external trigger-
ing cable; switch the Oscilloscope Triggering SOURCE to
Internal,

7. Check Transient Response

REQUIREMENT—With TA5; Transient response < —=4%
aberrations {not exceeding 6% peak to peak) in first 70 ns;
<=£1.5% aberrations {not exceeding 2% peak to peak)
thereatter,

With Amplifier For P4046; Transient response within the first
70ns as observed on a 100 MHz Qscilloscope:

1 mVOLTS/DIV < =#5%; < 6% peak to peak

2 through 200 mVOLTS/DIV << +4%; < 5% peak to
peak.

Aberrations < 2%, {not exceeding 2% peak to peak)
after 70 ns in all switch positions.

a. The preliminary control settings apply.

b. Switch to 20 mV vertical deflection factor. Check that
the Oscilloscope TIME/CM control is at .1 ps.

<. Connect the following components to the Type 106
Square-Wave Generator FAST RISE 4- OUTPUT in the se-
quence given:

GR 90° elbow [optional}
5ns GR cable

GR-t0-BNC female adapter
GR-to-BNC 50 Q termination
Probe tip-te-GR adapter

d. Check that a special ground tip is connected to the
Probe — Input tip and check that the ground lead remains
connected from the Probe ground lug to the chassis of the
Square Wave Generator.

e. Connect the Prebe + Input tip to the probe tip-to-GR
adapter.

f. Set the Square Wave Generater HIJAMPLITUDE FAST
RISE switch to FAST RISE, Adjust its 4+ TRANSITION AM-
PLITUDE to provide a 4 division display.

g. Adjust the Oscilloscope triggering and  horizontal
postion controls to position the display as shown in Fig.
5-4.

h. (P6046 Probe/Type TA5 only): CHECK—Transient re-
sponse. Optimum squareness should exist at the upper left
corner of the square wave, with == (.16 divisions or less
aberration, not exceeding 0.24 divisions peak to peak, within
the fist 70 ns; == .0¢ divisions or less aberration, not ex-
ceeding .08 divisions peak to peak, thereafter.

i. [P6046 Probe/Amplifier For P46046 only}: CHECK—
Transient response. Optimum squareness should exist at

®
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Optimum square cornetr;
aberrations within

limits given in text,

Fig. 5-4. Transienl response waveform, step 7. Sweep rate 0,1
psfdiv; deflection factor 20 mV/div.

the upper left corner of a four division square wave at each
position of the mVOLTS/DIV switch. Aberrations within the
first 70ns should not exceed the values given in Table
5-3. Aberrations after the first 70 ns should be within =+
.08 divisions, not exceeding .08 divisions peak to peak in
all mYOLTS/DIV switch positions.

TABLE 5-3
mVYOLTS/
DIV Allowabie Aberrations Comments
1 < =020 div; < 0.24 div p-p | Insert a 10:1
attenuator in
the signal
path
2 < =016 div; < 0.20 div p-p | Remove the
through 10:1 attenu-
100 afor at 10
mYOLTS/
Diy
200 < 4% of observed signal; | Observe
< 5% p-p maximum
signal {not
exceeding 4
divisions)
NOTE

Table 5-3 is applicable during ambient tempera-
tures of 15 to 35°C. 4% of the observed sig-
nal must be added to the tobulated allowable
aberrations during the first 10 ns at ambient tem-
peratures between 0 and 15° C and 35 to 50° C.

i- Set the Oscilloscope TIME/CM control to 5 ps. Cen-
ter the horizontal position controls.

8. Check Noise
REQUIREMENT—P4046 Probe/1A5 < 200 #V, tangenti-

ally measured; Pé046 Probe/Amplifier For P6046: << 280
VY, tangentially measured.

a. The preliminary control settings apply, except that the
Oscilloscope TIME/CM is at 5 ps.

5-7
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b. Check that the Probe ground lead is connected to the
Square-Wave Generator chassis, and that a special ground
tip is attached to the Probe — Input tip.

c. Connect the following components to the Square-Wave
Generator Fast Rise + OUTPUT in the sequence given:

GR 90° elbow (optional)

5ns GR cable

GR 52X atienuator {item 17)

Twe GR 105X attenuators {item 18)
GR-to-BNC female adapter
GR-to-BNC 50 £} termination

Probe tip fo GR adapter

Probe 4 Imput tip

d. Check that the REPETITION RATE RANGE is at 100 kHz.

e. Select a vertical deflection factor of 1 mV. Adjust the
Oscilloscope position controls and the Square Wave Gen-
erator 4 Transistion Amplitude as necessary to obtain a cen-
tered on-screen display of approximately 1 division am-
plitude,

f. Set the TRIGGERING LEVEL for o triggered display and
adjust the CRT controls for optimum viewing. Care should
be used to obtain the sharpest FOCUS and ASTIGMATISM
adjustment.

g. Turn the TRIGGERING LEVEL contro! fully clockwise.
Two traces should appear on the CRT, caused by the upper
and lower excursions of the square wave being presented
on a free-running sweep.

h. Decrease the 4+ TRANSITION AMPLITUDE to a point
where the dark line between the two traces is jusf eliminat-
ed. Use Fig. 5-5 as a guide. (The desired presentaticn is
obtained when a point is reached where deubt exists as to
whether the dark line is or is not eliminated.}

i. Remove the two 10X attenuators from the signal path.
Switch to 10 mV vertical deflection factor. Two traces will
again appear. (This increases trace separation by a factor
of 10, cllowing more accurate measurement.)

j- CHECK—Noise. Measure the vertical separation be-
tween trace centers. Divide by 10. The result should be as
follows:

P&046 Probe/Type 1A5: < 200 uV
P&046 Probe/Amplifier For P&046: < 280 uV

NOTE

The relationship between different measurement
units of noise is as follows:

P~ RrMS

5 Tangential = g—]

k. Disconnect the 5ns GR cable and the accessories from
the Probe and the Square-Wave Generator. Use of the
Square-Wave Generator has been completed.

9. Check Bandwidth

REQUIREMENT—With Type 1A5, 20mV/div vertical de-
flection factor: <{3dB attenuation at 45 MHz.

5-8
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Fig. 5-5. Noise woveform, step 8. Sweep rate 5 us/div; deflection
facter 1 mV/div.

With Amplifier For P6046: <3 dB attenuation at 100 MHz.
a. The preliminary control seftings apply.
b. Set the vertical deflection factor control to 20 mV.

c. Set the Oscilloscope Time/Div to .5ms and the Hori-
zontal Position controls te mid-position.

d. (P604é Probe/Type 1A5 only}

(1} Connect the following equipment to the QUTPUT
connector of the Type 191 Constant Amplitude Signal Gen-
erator [item &} in the sequence given:

90° elbow [optional}

5ns GR cable

GR-to-BNC female adapter
GR-to-BNC 50 Q termination
Probe tip-to-GR adapter

{2) Connect a ground lead from the Probe ground lug
to the Constant Amplitude Signal Generator Chassis. Con-
nect the probe + Input tip to the adapter on the cable assem-
bly. {A special ground tip should remain on the - Input tip.)

(3) CHECK—Probe/Type 1A5 Bandwidth. Set the Con-
stant Amplifude Signal Generator Frequency to 50 kHz
ONLY; adjust its Amplitude controls to provide exactly 4
divisions of display. Adjust the Vertical POSITION controf as
necessary to center the display. Switch the Generator fre-
quency to 45 MHz and check for 2.B divisions or more ampli-
tude, indicating 45MHz or greafer bandwidth.
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e. [Prche/Amplifier For P6046 oniy)

{1) Disconnect the 18 inch coaxial cable and 50 03 BNC
termination from the QOscilloscope Verfical INPUT conneclor.
Connect the GR-to-BNC 300 termination directly to the
Cscilloscope Vertical Input connector. Then connect the 5ns
GR cable between the Constant Amplitude Signal Gener-
ator and the GR-to-BNC 50 termination.

(2) With the OQscilloscope VYOLTS/CM control set at
10mY and the Constant Amplitude Signal Generator set
for a 50kHz ONLY output, adjust the Generator Amplitude
controls until the Oscilloscope display is exactly 4 divisions.
Switch the Generator frequency to 100 MHz and record the
number of divisions of 100 MHz display amplitude.

{3) Disconnect the 5ns GR cable and the 500 termin-
ation from the Oscilloscope Vertical INPUT,

{4) Reconnect the Amplifier Cutput connector to the Oscil-
loscope via the 18 inch coaxial cable and 50 ¢ BNC termi-
nation. Connect the following compenents to the Constant
Amplitude Signal Generator in the sequence given:

20° elbow {optional)

5ns GR cable

GR to BNC-female adapter
GR to BNC 50 ¢ termination
Probe tip to GR adapter
Probe + Input tip

(5) CHECK—Probe/Amplifier Bandwidth at edach
mVOLTS/DIV position of the Amplifier using the following
procedure:

{a) Switch the Generator frequency to 50 kHz ONLY.

ib) Adjust ihe Generator ouput for a 4 division display
at the selected mVOLTS//DIV position. (A 10X GR atten-
vator must be inserfed between the Generator and its 50 Q
termination to reduce the signal input for the 1 and 2
mVOLTS/DYV positions.)

[c] Switch the Generotor frequency to 100 MHz.

{d) Divide the display ampiitude by the display ampli-
tude recorded in step (2. The result should be 0.7 or more
for 30% or less voltage aftenuation, indicating a bandwidth
of 100 MHz or more.

NOTE

There is a direct relationship between bandwidth
and risetime expressed as approximately:

T. (us) X BW {MHz} = 035

Bandwidths of 45 and 100 MHz therefore indicate
risetimes of approximately 7.8 and 3.5 ns respec-
tively.

10. Check Common-Mode Rejection

REQUIREMENT—See Graph, Fig. 1-2, for complete re-
quirements. The foliowing values are checked here:

Performance Check—P6046 Probe and Amplifier

Common-Mode Rejection Ratio
Frequency DC-Coupled AC-Coupled
100 Hz 200:1
~ 50kHz 10,0001 10,000:1
1 MHz : 5,000:1 J
50 MHz S 1,000:1

a. The preliminary control settings apply.

b. Connect the following compenents to the Type 191
Constant Amplitude Signal Generator QUTPUT connector
in the sequence listed:

GR 90° elbow (optional)

5ns GR cable

GR-to-BNC 50 Q) termination
Probe duat tip to BNC adapter

¢. Set the Constant Amplitude Signal Generator controls
as follows, providing a 5V peak to peak output:

FREQUENCY RANGE 50 kHz only
AMPLITUDE 50
VARIABLE CAL
AMPLITUDE RANGE S5V

d. Connect a special ground lip to the + Input tip and
check the PROBE STEP ATTEN BAL (ATTEN BAL} adjustment
{step 1b, ¢, d ond e).

e. Remove the special ground tips from the + and —
Input tips; check that the Probe ground lead remains con-
nected to the Constant Amplifude Signal Generator chassis.

f. Connect the Probe tips to the Probe dual tip-te-BNC
adapter.

g- Switch the vertical deflection factor control to T mV.,

h. CHECK—50kHz CMRR. 0.5 division or less display
amplitude should exist, indicating 10,000:1 or greater CMRR.

NCTE

CMRR measurements can usually be made with a
free-running sweep by measuring total display
amplitude. However, a more accurate evaluation
of CMRR can be made by measuring the peak-to-
valley amplitude of a triggered display, allowing
for trace width, The TIME/CM control must he
reset according to the frequency being observed.
See Fig. 5-6. This method of determining display
amplitude should always be used when CMRR ad-
justment results {free-running} appear marginal.

i. CHECK—AC-coupled CMRR. With o 1 mV vertical de-
flection factor selected, switch the P&046 Input Coupling
switch to AC and check for 0.5 division or less display ampli-
tude, indizating 10,000:1 or greater CMRR.

| Switch the Probe Input Coupling switch back to DC.

k. CHECK—1 MHz CMRR. Set the Constant Amplitude
Signal Generator frequency to 1 MHz and check for T div
or less display amplitude, indicafing 5000:1 or greater CMRR.

I Switch the Constant Amplitude Signal Generator AMPLI-
TUDE control to 20 to provide a 2-V peak-fo-peck output.
Set its frequency to 50 MHz.

5-9
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4 .\ S O
Rl Peak-to-valley measurement ||
made to eliminate effect of

frace width

Fig. 5-6. Triggered CMRR waveform, step 10. Sweep rate depend-
ent upon frequency; deflection factor 1 mV/div.

m. CHECK—High frequency CMRR. Check for 2 divisions
or less display amplitude, indicating 1000:1 or greater CMRR.

n. Disconnect the cable assembly from the Probe and from
the Constant Amplitude Signal Generator, Disconnect the
Probe ground lead from the Constant Ampiitude Signal Gen-
eralor. Use of the Constant Amplitude Signal Gernerctor
has been completed.

o. Ceonnect a special ground tip to the Probe — Input tip;
connect o ground lead from the Probe ground iug to the
Low Frequency Sine-Wave Generater [item 7).

p. Switch to 200 mV vertical deflection factor. Set the
Oscilloscope Time/Div control to 2 ms,

g. Set the Low Frequency Sine Wave Generator output
omplitude to minimum, and its frequency to 100 Hz.

r. Connect the following compenents to the Low Freguency
Sing-Wave Generator in the sequence given:
Dua! banana plug-to-BNC femcle connector {item 19
42-inch coaxial cable
GR-to-BNC temale adapter
GR 5 attenuator
Probe tip-to-GR adapter
Probe + Input tip
s. Increase the 100 Hz signal amplitude and set the Oscil-

lescope Triggering conbrols to provide a stable 5 division
display.

t. Verify the 100 Hz signai frequency against the Oscillo-
scope time base [2 cycles per 10 divisions}.

u. Switch the Oscilloscope TIME/CM to .1s.

v. Disconnect the Probe tip-to-GR adapter from the Frobe
and remove the special ground tip from the — Input tip.

w. Replace the Probe tip-to-GR adapter with a GR-to-BNC
male adapter {item 11) and the probe dual fip-to-BNC
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adapter. Then connect the cable assembly to the Probe tips,
via the dual tip adapter.

x. Switch the vertical deflection factor control to T mV
and the Probe AC-DC Input Coupling switch to AC.

y. CHECK—10C Hz CMRR. 3 divisions or less disploy
amplitude should exist for 200:1 or greater CMRR.

z. Disconnect the probe dual tip-te-BNC adapter from the
probe,

11. Check AC-Coupled Low Frequency
Response

REQUIREMENT—3 ¢B or less attenuation at 20 Hz.

a. The preliminary equipment setiings apply.

b. Reduce the Low Frequency Sine-Wave Generater ampli-
tude output to minimum,

c. Set the vertical deflection factor contrel to 20 mV,

d. Connect a special ground tip to the Probe — Input tip.
Set the Probe Input Coupling switch to DC.

e. Check that the ground lead remains connected between
the Prche ground lug ond the Low Frequency Sine-Wave
Genercator chassis; then connect the following equipment to
the Generator output connector in the sequence given:

Banana jack-to-BNC adapter
42 inch coaxial cable
GR-to-BNC female cdapter
GR 10 attenvator
Probe tip-to-GR adapter
Probe + Input fip
f. Set the Generator for a 20Hz, 80 mV (4 divisicn) out-
put. {Confirm the frequency by comparing it agaist the QOscil-

loscope time base. 1 cycle/division should appear at 50
ms/CM.)

g. Check AC-coupled low frequency response. Set the
Probe Input Coupling switch t6 AC and check for 2.8 divi-
sicns or more display amplitude, indicating 3dB or less
AC-coupled attenuation at 20 Hz.

NOTE

This check, combined with the AC-coupled com-
mon-mode check (step 10}, verifies the AC-coupled
low-frequency —3 dB limit for both the 4 and
— inputs.

h. Switch the Probe Input Coupling Centrol to DC, and
disconnect the equipment. The Performance Check has been
completed.

(B
W
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SECTION 6
CALIBRATION

Change information, if any, affecting this section will be found at the

rear of the manual,

Introduction

The P&046 Differential Probe and Amplifer For P604é
should be calibrated whenever operation or the Performance
Check indicates that they are not operating within specified
capabilities. Calibration should be preceded hy cleaning
and inspection as outlined in the Maintenance section.

If the Probe is to used with a Type TAS5, it must be cali-
brated with a Type 1A5 unit. The Amplifier For P6046 can
then be calibrated to the Probe. This permits use of the
Probe interchangeably with Type 1A5 and Amplifier For
P&046 units,

The P&046 Probe and Amplifier For P4044 can also be
calibrated to each other, independent of a Type 1A5 unit.
They will then cperate within specification when used as a
set but will not provide specified results when used with a
Type 1A5, other Probes, or other Amplifier For P6044 units.

Table 6-1 lists the calibration steps that must be performed
to satisfy different cperating requirements.

A calibration record and index is contained at the beginning
of the calibration procedure. |t refers to each step by number
and gives the name and a brief description of the check or
adjustment performed. It is suggested that the calibration
record and index be duplicated for check-off and record
purposes.

Malfunctions

Any repairs require that a complete calibration procedure
be performed. Any malfunctions discovered during calibration
should be corrected at the time they are located. The cali-
bration procedure should then be performed from the begin-
ning.

Procedure Format

The basic control settings are listed in the preliminary
procedure (step 1} and apply to every step in the procedure.
Deviations are specified in each step as required. Setup
pictures, adustment locations, and waveform photographs
accompany the procedure where appropriate.

The adjustment sequence is designed to permif a complete
calibration with @ minimum of setups and interaction.

Those steps containing adustments are identified by the
symbol () appearing on the right margin of the column. AD-
JUST indicates the point within the numbered steps at which
the actual adjustment is performed. “CHECK" identifies
either a pre-adjustment check or a check of a non-adjustable
parameter. Specific equipment control names are written in
capital letters for easy recognition.

The term ‘‘division” (or div) refers te major graticule
divisicns. Smaller increments cre expressed as decimal parts
of divisions.

TABLE 6-1
Calibration Procedure and Equipment Guide
Operating Calibration Calibration Procedure Equipment
Requirement Requirement to be Performed Required Comment

Probe to be used with
Type 1A5 units, or in-
terchangeably with
Type TA5 and Ampli-
fier For P&046 units

Calibrate Probe to a
Calibrated Type 1A5

using

P&044 Probe Caiiribrarion Procedure, | Items 1, 2 and 4
the Probe-Type 1A5 Pre-
liminary Procedure

This is the recom-
mended procedure.
It permits use of the

through 25

Calibrate Amplifier

Amplifier For P&04é Calibration

Probe interchange-

ltems 3 through 6, |
ably with Type 1A5

For P6044 to o cali- | Procedure 8 threugh 13; i35, ki
brated P404é Probe 18, 20, 21, 26, | ard Amplifier For
through 29 P6046 units.

Prcbe and Amplifier
For P&046 to be used
as a set; Probe and
Amplifier wili not be
interchanged with oth-
er P604é Probes, Am-
plifier For P&046 units,
or used with Type
1A5 units

Calibrate Probe and
Amplifier For P&046,
independent of the
Type 1A5

Pé046 Probe Calibration Proce-
dure, using the Probe-Amplifier
For P6046 Preliminary Procedure
and additional steps as indicated

ttems 3 through 29

6-1
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Most adjustments have been outlined with reference to
the Probe + Input tip. Adjustments employing the — Input
tip are equally effective if due consideration is given to polar-
ity in signal application and waveform observation.

Partial Calibration Procedure

Each step in the procedure is complete within ifself, but is
dependent upon the preceding checks or adjustments being
within their limits. In addition, an adjustment will probably
have an effect upon performance qualities which are checked
or odjusted in subsequent steps. Partiai calibration proce-
dures are therefere not recommended, unless all subsequent
CHECKS are made.

Common Reference (Ground)

The use of a ground lead is stressed throughout this pro-
cedure. It can be eliminated only if a cemmon ground defin-
itely exists between all equipment used.

CAUTION

The Preobe tips often come in contact with equipment
ground during insertion into test jacks. A common
ground between the Probe and equipment being
tested must therefore exist before the Probe is con-
nected to the equipment to insure against Probe
damage due to ground loop currents,

CALIBRATION EQUIPMENT
ACCESSORIES AND TOOLS

The equipment contained in the following list is reguired
for calibrating the P604é Differential Probe, Dual Attenuator
Head and Amplifier For P6046. Tektronix part numbers are
included for ordering purposes. ltems which accompany the
Probe or Amplifier are identified as Standard Accesscries.
The GR 90° elbow is an optional item, used only for conr-
venient positioning of the test cables. Items are illustrated in
Fig. 6-1 and 6-2 except where noted otherwise.

All equipment must be operating within its specified limits.
Substitutions can be used in many instances, provided that
the substitute meets or exceeds the performance requirements
of the equipment listed.

Required Equipment (See Table 6-1 and
Figs. 6-1 and 6-2.)

1. Oscilloscope. Tektronix Type 544, 546, 547 or 556;
580-Series QOscilloscopes equipped with o Type 81A Plug-In
Adapter can be used if the 5cm parameters are medified
to 4 cm throughout the procedure. A Type 547 is used in
this procedure.

2. Tektronix Type 1A5 Differential Amplifier Plug-In unit.

3. Oscilloseope, 100 MHz Bandwidth, 10 mV deflection
factor. Recommended types are Tektronix Type 454 or Tek-
tronix Type 647A equipped with Type T0A2A ard 11B2A
Plug-fn units. The Type 647A appears in the accompanying
illustrations.

4. Standard amplitude calibrator.  Amplitude  accuracy
within 0.25%,; signal amplitude 50V and 5mV throeugh 1V
in 1-2-5 steps; 1 kHz square wave oufput. Tekironix Stand-
ord Amplitude Calibrator, (Part No. 067-0502-00] recom-
mended.

5. Square-wave generator. Frequency — 100kHz; High
Amplitude output of 5V into 50 Q; Fast Rise output variable
from 45mV to 100 mV into 50 Q, with 1 nanosecond or less
risetime. Tektronix Type 106 Square-Wave Generator recom-
mended.

6. Constant amplitude sine wave generator. Qutput re-
quirements (peak to peak) into a 50 Q load: 80 mV at 50 kHz
and 45MHz; 5V at 50kHz and 1 MHz; 1V and 2V at 50
kHz and 18, 42 and 50 MHz. Tektronix Type 191 Constant
Amplitude Signal Generator recommended.

7. Low frequency sine wave generator. Output require-
ments: 80 mV peak to peak af 20Hz, General Radio QOscil-
lator Type 1310-A used in this procedure.

8. Differential Voltmeter and test leads. Range 0 to 100
V. Accuracy 0.1% Fluke Model 825A used in this procedure.

9. Coaxial cable. 42 inch, 50 Q; equipped with BNC-male
connectors., Tektronix Port No. 012-0057-01.

10. Cable, type RG8/213. GR connecters; 5ns delay;
{5ns GR coble). Tektronix Part No. 017-0502-00.

it. GR 90° elbow. Tektronix Part No. 017-0070-00. (Op-
tional )

12. Adapter, GR-to-BNC female. Tektronix Part No. 0i7-
0063-00.

13. Probe tip-to-GR adapter. Tektronix Part No. 017-
0076-00.

14. Probe dual fip-to-BNC adapter. Tekironix Part No.
067-0562-00.

15. Termination, 509, GR-to-BNC. Tektronix Part No.
017-0083-00.

16. Attenuator, 2:1, 500, GR type. Tekironix Part No.
017-0080-00.

17. Attenuator, 5:1, 50, GR type. Tektronix Part No.
017-0079-00.

18. Attenuator, 10:1, 509, GR type. Two required. Tek-
tronix Part No. 017-0078-00.

19. Adapter, dual banana plug-to-BNC female connector.
General Radio Company Type 274-QBJ.

20. Special ground tip. Two required. Tektronix Part No.
010-0363-00. (P4046 Probe standard accessory).
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Fig. 6-1. Equipment required for calibrating the P404& Differential Probe and the Amplifier For P6046.
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Fig. 6-2. Accessories und tocls required for calibrating the P504& Differential Probe and the Amplifier For P6045.
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Fig. 6-3. P604& Probe with Calibration Shield installed.

21. 12 inch ground lead equipped with alligator clip.
Tektronix Part No. 175-0125-00 and 344-0046-00, (P4046
Probe standard accessory).

22. Calibration Shield. Tektronix Part No. 067-0563-00.

23. Aligring rod, non-metalic; 3/, inch standard screw-
driver tip. Tektronix Part No. 003-0301-00.

24. Screwdriver, phillips-head; %, inch tip. [Not shown).

25. Screwdriver, jewelers; 34, inch standard fip. [Not
shown.)

26. Termination, BNC, 50 2. Tekironix Part Ne, 011-0049-
00. Amplifier For P4046 standard accessory.

27. Cable, 18 inch, 50 . Tektronix Part No. 012-0076-00.
Amplifier For P6046 standard accessory.

28. Resistor; 100, ¥4 W, Leads should be cut so that over-
all length is 3/, inches.

29. Alignment tool, plastic handle and recessed metal
tip insert. Tektronix Part No, 003-0307-00 with Tektronix
Part No. 003-0334-00 insert.

P6046 PROBE
CALIBRATION RECORD
AND INDEX

The title and performance requirement of each calibration
procedure step is listed here. This record and index can be
used as a calibration check-off list, a record of calibration,
a page index for the calibration pracedure itself, or it can be
used as a short-form calibration procedure for experienced
calibrators, It is recommended that duplicate copies be
made for repeated check-off and record usage.

P&6046 Probe
Calibrated with (Type 1A5) {Amplifier For P6046)

Calibration Date . e

Calibration Technician .

Preliminary Procedure

[J 1. Adjust DRAIN VOLTS [R125) Page 6-7
105 == 0.25V DC at C209

[1 2 Adjust GAIN SWITCHING BAL (R235) Page 6-7

Adjust for centered trace of 1 mV/div after PROBE
STEP ATTEN BAL (ATTEN BAL) has been adijusted.

[1 3. Adjust 10X HEAD DC ATTEN CM BAL  Page 68
(R105]

Adjust ot 1 mV/div for minimum (2.5 div or less) dis-
play amplitude between trailing edges of 50V - 1 kHz
square wave applied common-mode to Dual Attenua-
tor Head inputs.

{1 4. Adjust X1 GAIN (R155) Check >(1/10 Page 6-9
Gain and Dual Atftenuator Head + Input Gain

With Type 1AS5.

Adjust at 20 mV/div for exactly 5 div amplitude
{01 V-1kHz square wave); check at 200 mV for
2% or better accuracy of 5 div squore wave; check
at 20 mV/div for 2%, or better accuracy of 5 div
square wave applied to Dual Attenuator Head +
Input.

6-5
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[] 5. Check Input Gate Current

6.

With Amplifier For P6046:

Adjust at 5mV/DIV for exactly 4 div amplitude
{20 mV-1 kHz square wave); check at all other posi-
tions for 3% or better accuracy; check at 20 mV/
DIV for 29 or better accuracy of 5 div square-
wave applied to Dual Attenuator Head + Input.

Page 6-10

Check for 0.3 div or less trace shift at 1 mV/div as
special ground tip is removed or replaced. {4+ and

-]

Adjust Transient Response (C155) Page 6-10

With Type 1A5:

Adjust at 20 mV/CM for + and —0.18div or less
aberration, not to exceed 0.24div peck to peak,
using a 4 division —100kHz Fast Rise signal from
Square-Wave Generator.

With Amplifier For P6046

Preset Amplifier's C454D to mid-position; adjust
Probe's C155 at 5mV/DIY for 0.1édiv or less
aberrafion, not to exceed 0.24div peak to peak,
of a 4 division signal. Then adjust or check Ampli-
fier for P&046 for the response indicated at each
deflection factor as follows, using a 4 division
signal:

1mV

+0.20 div;| <0.24 P-P | Adjust C521%, C454A

2my

+0.16 div;| <020 P-P | Adjust C454C, C521°

10 mVY

+0.16 div; |<0.20 P-P | Adjust C458

20 my

0.6 div; |<0.20 P-P | Adjust C429C

50 mVY

+0.16 div; | <0.20 P-P | Check

100 mV

+0.16 div; | <0.20 P-P | Check

200 my

Check; readjust
C429C if necessary
and recheck 20 mV

4%, of maximum
4 div) avaitable signal
5% P-P

AIAIAIAIAAIAIA

IA

1Adjust at 1 mV/DIV, Readjust at 2 mV/DIV if necessary; then re-
adjust C454A at 1 mV/DIV. Repeat as necessary.

[] 7. Check Noise

Page 6-12
With 1A5:
200 1V or less tangential noise at 1 mV/CM

With Amplifier For P&044:

280 pV or less tangential noise at 1 mV/DIV

[] 8. Check DC Shift Due To QOver-Drive; Check Page 6-13

Over-Drive Recovery Time

Check at 20 mV/div fer 3.75 div or less DC shift due
to overdrive 1 second after application of a 5V - 102
kHz signal from Square-Wave Generator. Using same
signal, check at 10mV/DIV for time required for
trace to recover fo within 1 division of the shifted DC
level. Requirements are as follows: With Type TAS5
<300 ns; With Amplifier For P6046 <100 ns.

o s

[7110.

1.

12

Check Bandwidth Page 6-15

With 1A5: < —3dB at 45MHz with 20mV/CM
vertical deflection factor.

With Amplifier For P&044: < —3dB at 100 MHz at
all vertical deflection factors.
Adjust Common-Mode Rejection Page 6-16
(R120, €107, C209, C245)

Signal applied common-mode to both inputs; adjust
R120 for minimum (0.5 div or less) display amplitude
of 5V peak to peak-50 kHz sine wave at 1 mV/div;
adjust R235 for centered display; Adjust C107 for
equal AC and DC-coupled (0.5 div or jess) display
amplitude of 5V peak to peak-50 kHz sine wave at
1 mV/div; adjust for minimum (1div or less) DC-
coupled display at 1mVY/div against 1V peak to
peak sine wave as follows: C209 and R209 at 21.35
MHz, C245 and R209 at 50 MHz.
Adjust Duai Attenuator Head Input AC  Page 617
Compensation [+ COMP, — COMP)

Adjust + COMP and — COMP at 20 mV/div for mini-
mum (0.1 div or less) rounding, overshoot or tilt of
1V - 1 kHz square wave applied to Dual Attenuator
Head + Input fip and — Input tip.
Check AC-Coupled Low-Frequency Page 4-18
Response

Check for —3 dB response at 20 Hz, using an 80 mV
peak to peak sine wave at 20 mV/div,

P6046 Probe—Type 1A5 Preliminary Procedure
a. Replace the upper half of the P6046 Probe body with the

calibration shield [item 22).

Follow the disassembly and

assembly procedure given in the Maintenance section. The

probe

cannot be reliably calibrated without the shield.

b. Insert the Type 1A5 (item 2} into the plug-in compart-
ment of the Type 547 Oscilioscope (item 1).

¢. Preset the equipment controls te the following posi-

tions:

P&6046 Prohe

Input Coupling DC
Type 1AS5
POSITION Midrange
VOLTS/CM 20 mV
VARIABLE CAL
Type 547 Oscilloscope
TIME BASE A
TRIGGERING
LEVEL 0
MODE AUTO STABILITY
SLOPE +
COUPLING AC
SQOURCE NORM
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TIME/CM Sms
VARIABLE CALIBRATED
HORIZONTAL DISPLAY A
SWEEP MAGNIFIER X1 OFF
HORIZONTAL POSITION Midrange

AMPLITUDE CALIBRATOR QFF

d. Energize the oscilloscope and the calibration equipment
which is to be used in this procedure. Set the CRT controls
for optimum display.

e. Connect the P6046 Probe Amphenol connector to the
Type 1A5 DIFFERENTIAL PROBE jack. Depress the PUSH ON/
OFF button, lighting the Probe On lamp which is located
in the button housing. Alfow 20 minutes warmup before con-
tinuing.

f. Perform the P404é Probe Calibration Procedure, ignor-
ing those steps specified for Amplifier For P4046.

Probe—Amplifier for P6046 Preliminary
Procedure

This Preliminary Procedure is to be accomplished only if the
P&046 Probe is to be calibrated independent of the Type 1AS.

a. Replace the upper half of the P4046 Probe body with
the calibration shield (item 22). Follow the disassembly and
assembly procedure given in the Maintenance section. The
probe cannot be reliably calibrated without the shield.

b. Perform steps 1, 2 and 3 of the Amplifier For P4044
Calibration Procedure which appears at the end of the P4046
Probe Calibration Procedure.

c. Perform the P4046 Differential Probe calibration pro-
cedure, omitting those steps specified for the Type 1A5. The
connections to the P6046 Probe, and the test equipment set-
ups remain as shown in the figures, although the Amplifer For
P6044 and the Type é47 Oscilloscope have been substituted
for the Type 1A5 and Type 547 Oscilloscope. The waveforms
may be used for reference, but indicated values must be
changed as specified in the text.

P6046 PROBE CALIBRATION PROCEDURE

NOTE

The Oscilloscope, Type 1A5, all calibrating equip-
ment and accessories must be within their specified
operating limits before an effective calibration
procedure con be performed on the P6046 Dif-
fenential Probe.

A smali-tipped non-metallic screwdriver {aligning
rod, item 23) must be used when performing Probe
adjustments throughout this procedure.

@1

Calibration—P6046 Probe and Amplifier

Differential
DC Voltmeter

$pecial Ground Tips

Fig. 6-4. Equipment setup for steps 1 and 2.

1. Adjust DRAIN VOLTS (R125) 0

a. Equipment setup, adjustment location and test point
are shown in Fig, 6-4.

b. Attach the special ground tips (item 20) to the P4046
Probe 4 and — Input tips.

¢. CHECK—Drain Voltage. Using the Differential Volt-
mefer (item 8}, check for 10.5V DC =025V at the C209
adjusting screw with respect to the Probe ground lug. {(See
Fig. 6-4).

d. Adjust—DRAIN VOLTS [R125, Fig. 6-4) for 105V
DC at the C209 adjusting screw.

e. Disconnect the Differential Voltmeter.

2. Adjust GAIN SWITCHING BAL (R235) O
NOTE

Final adjustment of this control is made during the
common-mode rejection adjustment, step 11.

a. The preliminary control settings apply. Locations of
adjustments are shown in Fig. é-4.

b. Switch the vertical deflection factor conirol to .2V
(200 mV).

6-7


https://www.manualsplus.com/

Calibration—P56046 Probe and Amplifier

¢. Using the vertical POSITION control, set the trace to
graticule center.

d. Switch the vertical deflection factor to 50 mV, and ad-
just the PROBE STEP ATTEN BAL {IA5) or the ATTEN BAL
(Amplifier For P&046) as necessary to return the trace to
graticule center.

e. Repeat steps b, ¢ and d until no further adjustment is
necessary.

f. Switch the vertical deflection factor to 1 mV.
g. CHECK—Trace is within 2 div of graticule center,

h. ADJUST—GAIN SWITCHING BAL (R235, Fig. 6-4] to
position the frace to graticule center. A slight amount of drift
around the adjusted position may be present af 1 mV sens-
itivity.)

i. REPEAT—Steps b through h until the trace is within
1 div of graticule center for any of the 1 mY through .2V
{200 mV) deflection factors.

IMPORTANT

During this calibration procedure, do not reset
the PROBE STEP ATTEN BAL {ATTEN BAL)} adjust-
ment unless directed to do so.

Standard
Amplitude
Calibrater

Ground

Probe Dual Dual
fip-to-BNC  Antenuator
Adapter Head

Fig. 6-5. Equipment setup for aottenuater DC common-mode balance,
step 3.

3. Adjust X 10 HEAD DC ATTEN 0
CM BAL (R105)

a. The preliminary control settings apply. The equipment
setup and adjustment location appear in Fig. 6-5.

6-8

b. Remove the ground tips from the Probe and attach the
Dual Attenuator Head to the Probe, aligning the detent and
shoulder.

c. Connect @ ground lead (item 21) from the Probe
ground lug te the chassis of the Standard Amplitude Cali-
brator (item 4); then connect the following components to
the Standard Amplitude Calibrator right QUTPUT jack in
the sequence listed:

47 inch cocaxial cale (item 9)
Probe dual tip-to-BNC adapter {item 14}

Dual Attenuator Head and Probe assembly

d. Set the Standard Amplitude Calibrator controls as fol-
lows:

AMPLITUDE 50 VOLTS
MCDE Square Wave
Qutput Selector Up

e. Set the vertical deflection factor control to 1 mV.

f. Adjust the vertical POSITION control and the Oscilio-
scope triggering controls for o centerad, stable display as

< 2.5 div amplitude be-
| tween trailing edges of
successive square waves

Fig. 6-6. Attenvator DE commeon-mode balance waveform, step 3.
Sweep rate 0.5 ms/div; deflection facter 10 mV/div.

g. CHECK—Attenuator DC balance. 2.5 div or less dis-
play amplitude should exist berween the frailing edges of
the square waves as indicated in Fig. 6-6.

h. ADJUST—X10 HEAD DC ATTEN CM BAL {R105, Fig.
6-5) for minimum display amplitude between the trailing
edges of the square waves. See Fig. 6-6. (Ignore the transients
at the leading edges of the square waves.) 2.5 div or less for
2000:1 or greater CMRR,

i. Set the Standard Amplitude Calibrator AMPLITUDE to
1 V: then disconnect the cable assembly and Dual Attenuator
Head from the Probe.
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Standard
Amplitude
Calibrator

Probe Tip;:
te-GR
h Adopter - -

Special
Ground
Tip {=~= Input)

BNC Female-
to-GR Adapter

Fig. 6-7. Equipment setup for gain adjustment, step 4.

4, Adjust X1 GAIN (R155); Check 0
¥ 1/10 Gain and Dual Atenuator
Head 4 Input Gain

IMPORTANT

The gain of the parent instrument should be check-
ed {and adjusted if necessary) before this step is
performed, Check the Type 1A5 at 20 mV/CM in
response to a direct input at the A or B INPUT con-
nector. Check the 100 MHz Oscilloscope at 10 mV/
div.

a. The preliminary control settings apply. The equipment
setup and adjustment lecation appear in Fig. 6-7.
b. Set the vertical deflection factor control as follows:
1A5 — 20 mV; Amplifier For P6046 — 5mV
c. Cennect a special ground tip to the Probe - Input tip.

d. Check that the Standard Amplifude Calibrater con-
trols are set as follows:

For Ampli-
fier Fer
_ For TA5 | Pé046
~ AMPLITUDE 1 VoS | 20my
MODE Square | square
Wave Wave
: Qutput Selectar Up Up o

e. Connect the following components to the Standard
Amplitude Calibrator right QUTPUT jack in the sequence

listed:

@&
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42 inch coaxial cable
BNC female-to-GR adapter [item 12)
Probe tip-to-GR adapter {item 13)

f. Check that the ground lead remains connected be-
tween the P4046 ground iug and the Standard Amplitude
Calibrator case.

g. Insert the P6046 - Input tip into the probe tip-to-GR
adapter.

NOTE

(P6046 Probe/Amplifier For P4046 only). If the
Amplifier For P6046& GAIN potentiometer has been
moved, reset it to its mid-position prior to perform-
ing step h. See Fig. 6-8.

h. Adjust the vertical POSITION control to obtain a cen-
tered display. Set the Oscilloscope TRIGGERING LEVEL
fully clockwise to obfain a free-running sweep, resulting in
two horizontal traces.

i. ADJUST—Gain [R155, Fig. 6-7} for exactly 5 divisions
{with the Type 1A5) or 4 divisions (with the Amplifier For
P6044) amplitude between centers cf the two traces. Ad-
just the vertical POSITION control as necessary for con-
venient measurement.

. [TA5 only] CHECK—X1/10 gain. Set the Type 1A5
VOLTS/CM conbrol to .2V and switch the Standard Ampli-
tude Calibrator AMPLITUDE contrel to 1 VOLT, Check for
5em =1 mm display amplitude.

k. (Amplifier For P4046 only) CHECK—Probe and Amplifier
gain response as indicated in Table 6-2. Readjust Gain,
R155, if necessary to bring oll deflection factors within toler-
ance.

GAIN {R450)

T L N s ST B

Fig. 6-8. Amplifier For P6046 GAIN adjustment location.

6-9
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TABLE 6-2
Standard Amplifier
Amplitude | For P6046 Display
Calibrator | mYOLTS/DIV | Divisions Tolerance
5mV 1 |5 | =015div
10 mv 2 5 +0.15 div
20 mV 5 4 T 012 div
50 mVy 0 5 +0.15 div
a1V 202 5 +0.15 div
2V 50 4 T+012 div
5V 100 5 ~+0.15 div
1V 200 5 +015 div

*Record the exact amplitude at this seting, for later use.

. Move the equipment from the Probe 4 and — Input
tips to the Dual Attenuatoer Head + and — Inputs tips, re-
spectively.

m. Attach the Dual Attenuator Head to the Probe.

n. Switch the Standard Amplitude Calibrator AMPLITUDE
control to 1 VOLT.

o. CHECK—Dual Attenuoter Head 4 Input attenuator
accuracy. Switch the vertical deflection factor control to
20mVY and check for 5 div display amplitude. Accuracy
should be within 0.1 div with the Type 1A5, or {with the
Amplifier For P&044}) within 2% of the value recorded in
step k.

p. Disconnect the cable assembly and Pual Attenuator
Head from the Probe. Disconnect the Probe ground lead
from the Standard Amplitude Colibrator chassis. (The —
Input attenuater accuracy will be checked during the Dual
Attenuater Head Common-Mode Rejection adjustment, step

12)

5. Check Input Gate Current
a. The preliminary control settings apply.

b. Attach special ground fips to the Probe 4 and — Input
tips; then check the PROBE STEP ATTEN BAL (ATTEN BAL)
adjustment by repeating steps 2b, ¢, d and e.

c. Set the vertical deflection factor control to 1 mV.

d. CHECK—The — !nput gate current by observing the
amount of instantaneous trace shift as the — Input ground
tip is removed or replaced. At 25°C a maximum of 0.3 div

trace shift should occur, indicating 0.3 nA or less gate current.
Replace the — Input ground fip.

e. CHECK—The -+ Input gate current using the same
procedure with the 4 Input ground tip.

6. Adjust Transient Response (C155) 0

a. The preliminary control settings apply. The equipment
setup and adjustment location appear in Fig. 6-9.

6-10

Square
Wave
Generator

Probe Tip-ta-GR Adapter {4 Input!

GR-to-BNL 50 22 Termination
GR-t0-BNC Female Adapter

Fig. 6-9. Equipment setup for transient response adjustment, step 8.

b. Set the vertical deflection factor according to the equip-
ment being used, as follows:

Type 1A5 20 mv
Amplifier For P6046 5my

c. Set the Oscilloscope TIME/CM control to .1 ps. In-
crease CRT brightness as necessary for optimum viewing.

d. Connect the following components to the Type 106
Square-Wave Generator {item 5} FAST RISE + OQUTPUT in
the sequence givem:

GR 90° elbow |item 11} [optional)

10:1 GR Attenuator (item 18} [Amplifier For P6044 only)
5ns GR cable (item 10}

GR-to-BNC female adapter

GR-to-BNC 50 Q1 termination {item 15}

Probe tip-to-GR adapter

e. Check that a special ground tip is connected to the
Probe — Input tip; connect o ground lead from the Probe
ground lug to the chassis of the Square-Wave Generator.

f. Connect the Probe + Input tip to the probe tip-to-GR
adapter and cable assembly.

g- Sef the Square-Wave Generafor controls as follows:

HI AMPLITUDE/FAST FAST RISE
RISE

REPETITION RATE 100 kHz
RANGE

MULTIPLIER 1
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h. Adjust the Square-Wave Generator + TRANSITION
AMPLITUDE to provide a 4 div display.

i. Adjust the Qscillocope triggering and horizontal posi-
tion controls to center the display as shown in Fig. é-10.

Optimum square corner;
aberrations within

limits given in text.

Fig. 6-10. Transient respense waveform, step 6. Sweep rate 0.1
ps/div; deflection factor 20 mV/div.

. CHECK-—Transient response. Optimum squareness
should exist at the upper leeading corner of the sguare wave,
with 4+ or — 0.76 or less aberration, not to exceed 0.24 div
peak fo peak with a Type 1A5, or 0.20 div peck to peck
with an Ampliifier For P&046, within the first 70ns; =0.06
div with @ Type 1A5 or ==0.08 div with an Amplifier For
P6046 (nol exceeding 0.08 div peak to peak) thereafter.

k. {Amplifier For P&046 only) If C454D in the Amplifier
For P6046 has been moved, reset it to mid-position prior
to adusting the Probe transient response. Observe the lead-
ing edge of the square wave while adusting C454D to de-
termine its mid-position, See Fig. 4-11 (B) for C454D location.

. ADJUST—C155 [Fig. 6-9) for optimum tfransient response
as exhibited by optimum squareness at the upper leading
corner of the square wave. Rounding, overshoot and ftilt
should be within the following valves, Use Fig. 6-10 as a
guide.

With Type TAS5: <006 div (<024 div
peak to peak) within the first

70 ns.

With Amplifier For P6046: <{=0.16 div {<<0.20 div
peak to peak) within the first
70 ns. Readjust C454D in the
Amplifier if this result cannot
be cbtained with C155.

m. [Amplifier For P&04é only) CHECK and ADJUST—
Transient respense of a 4 divisien square wave at each set-
ting of the mVOLTS/DIV switch in the same manner as
was done in the 5 mV/DIV position, using the Amplifier For
P4046 adjustments given in Table 6-3. See Fig, 611 for ad-
justment locations.

®
=
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Fig. 6-11, Amplifier For P6046 transient response adjustment {oca-
tions.

TABLE 6-3
mVOLTS/
DY Adjust  |Aberration Tolerance (DivisionsL
] C521+ << 0720, <<0.24 P-P
C454A
2 Ch521°¢ << =0.16; <0.20 P-P
C454C

Remove the 10:1 attenuator from the signal path

10 C458 £ <016, <020 P-P

20 C429C | -+ <016, <020 PP
50, 100 | Check —<{0.16; <0.20 P-P compromise
the C454D adjustment, if necessary,
ta bring the 5 through 100 positions
within allowable limits.
=<016 <020 P-P; readjust
C429C, if necessary, comprising be-
| tween the 20 and 200 mV pesitions.

200 Check

“Adjust at 1 mV in conjunction with C454A. Adjust at 2 mV only if
satisfactory results are not obiained with C454C, and then readjust
C454 ot 1 mV. Repeat as necessary,

6-11


https://www.manualsplus.com/

Calibration—P6046 Prohe and Amplifier

Square-Wave
Generator
%&:: Fesed
‘wﬁﬁGR 5% Aﬂenuaror“

.4

E 2

Ypecial Ground Tip (— [nput)

Probe Tip-to-GR Adapter {4 Input)
GR-to-BNC 50 I Termination

GR-to-BNC Female Adapter

Fig. 6-12. Equipment setup for neise measyrement, step 7.

7. Check Noise

a. The preliminary control settings apply.
ment setup is shown in Fig. 6-12.

The eguip-

b. Check that the Frobe ground lead is connected to the
Square-Wave Generator chassis, and that a special ground
tip is attached to the Probe —Input tip.

¢. Connect the following components to the Square-Wave
Generator Fast Rise 4+ OUTPUT in the sequence given:

GR 90° elbow {optional)
GR 5.4 attenuaters

Twe GR 10X attenuators
5ns GR cable

GR-to-BNC female adapter
GR-to-BNC 50 @ termination
Probe tip-to-GR-adapter
Probe 4+ Input tip

d. Set the Square Wave Generator + TRANSITION
AMPLITUDE fully clockwise. Check that the REPETITION
RATE RANGE is at 100 kHz.

e. Set the Qscilloscope Time/Div control to 5 us. Set the
vertical deflection factor contrel to 1 mV. Adust the hori-
zontal and vertical position controls to center the display.

f. Set the TRIGGERING LEVEL for a triggered display and
adust the CRT controls for optimum viewing., Care should be

used fo obtain the sharpest FOCUS and ASTIGMATISM ad-
ustment.

g. Turn the TRIGGERING LEVEL control fully clockwise.
Two traces should appear on the CRT, caused by the upper
and lower excursions of the square wave presented on a
frea-running sweep.

h. Decregse the + TRANSITION AMPLITUDE to a point
where the dark line between the two traces is just eliminated.
Use Fig. 5613 as a guide. {The desired presentation is ob-
tained when a point Is reached where doubt exists as to
whether the dark line is or is not eliminated.] The twe traces
are now separated by noise.

Fig. 6-13. Noise waveforms, step 7. Sweep rate 5 us/div; deflection
factor 1 mV/div.

i. Remove the two 10 attenuators frem the signe! path.
Switch the vertical deflection factor contral to 10mVY. Two
traces will again appear. (This increases trace sepcration by
a factor of 10, allowing more accurote measurement)

. CHECK—Noise. Measure the vertical amplitude be-
tween trace centers, Divide by 10. The result should be
tangenticl noise within the foliowing values:

With 1A5 —200 1V [represented by 2 divisions)
With Amplifier For P6046 —280 uV (represented by 2.8
divisions)
NOTE

Noise measurements are related as follows: 4 Tan-
gential = PP/5.1 = RMS.

k. Disconnect the 5ns GR cable and the accessories from
the Probe and the Square-Wave Generator,
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External
Squeare Trigger
Wave Cable
Generator

GR 2X

« Attenuator T
el LX)

GR 90° § T ON_ ..
Elbow 7 4

&

]

s _j_\ﬁw..
F \ Pual Attepvator Hend

Special Ground Tip {~= Input)
Probe Tip-to-GR Adapter [ 4 Input}
GR-to-BNC 50 {2 Termination
GR-to-BNC Female Adapter

Fig. 6-14. Equipment initial setup for DC shift and overdrive recovery
checks, step 8,

8. Check DC Shift Due to Overdrive: Check
Overdrive Recovery Time

a. The preliminary contrel settings apply. The equipment
setup appeadrs in Fig. é-14.

b. Set the vertical deflection factor to 100 mV.

¢. Set the Oscillescope Time/Riv control to .1 us and the
TRIGGERING SOURCE to EXT; check that the TRIGGERING
SLOPE is at .

d. Remove the ground tip from the Prche — Input tip
and attach the Dual Attenuator Head to the Probe. Connect
the special ground tip to the Ahenuator — tip.

e. Swilch the Squore-Wave Generctor HI AMPLITUDE/
FAST RISE switch to HI AMPLITUDE and set the AMPLITUCE
control fully counterclockwise. Check thot the REPETITION
RATE RANGE is set to 100 kHz, and that the MULTIPLIER
is at 1.

CAUTION

Never connect the Hl AMPLITUDE QUTPUT to the
P6046 Probe without using a 50 Q termination.
Changing the HI AMPLITUDE/FAST RISE switch
position generates transients which, if unterminated,
exceed the Probe’s maximum input voltage.

f. Connect the 42 inch coaxial cable from the Square-
Wave Generator TRIGGER QUTPUT connector to the Oscillo-
scope TRIGGER INPUT connector.

@1
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g- Connect equipment to the Square-Wave Generator Hl
AMPLITUDE QUTPUT connector in the sequence given:

GR 2X attenuator (item 16)

GR 90° elbow (optienal)

5ns GR cable

GR-to-BNC female adapter
GR-to-BNC 50 © termination

Probe tip-to-GR adapter

Dual Attenvator Head + Input tip

h. Adjust the Square-Wave Generator AMPLITUDE con-
trol to provide a 5 div square wave. Adjust the Oscillo-
scope TRIGGERING LEVEL as nscessary to obtain a stable
display. Using the horizente! position controis, set the lead-
ing edge of the positive square wave to start exactly 2 div
from the first vertical graticule line as shown in Fig. 6-15 {A].
Do net move the horizental position or triggering controls
for the remainder of this step.

i. Disconnect the Dual Attenuator Head from the Probe
and probe tip-to-GR adapter.

1. Check the PROBE STEP ATTEN BAL (ATTEN BAL) ad-
justment (see step 2b, ¢, d and e).

k. Set the vertical deflection factor confrel to 20 mV. Us-
ing the vertical POSITION control, set the trace exactly one
divisien below graticule vertical center.

l. CHECK—DC shift due to overdrive. Cennect a special
ground tip to the Probe — Input tip, then connect the +
Input tip to the Probe tip-to-GR adapter and essociated
equipment. Check the pasition of the top of the square wave
1 second after making the connection. 3.75 div or less trace
shift sheuld oceur, for a trace shift of 1.5% or less of input
signal. See Fig. 6-15 (B} and {C).

m. Set the vertical deflection facter control to 10 mY and
the oscilloscope Time/Div to 1 ps. Using the vertical POSI-
TION contrel, sef the trailing edge of the top of the square
wave to the vertical center of the graticule as in Fig. 6-15 (D}

n. [P604é Probe — Type TA5 only) Check—Overdrive re-
covery time. Switch the Time/Div control back to .1 ps and
check the vertical separation between the trace and the
graticule vertice! center 3.5 div from the first vertical grati-
cule line [150 ns after start of step function as shown in Fig.
6-15 E). At that point the trace should be within 1 div of
graticule vertical center, and stoy within 1 div for the re-
mainder of the positive excursion of the square wave.

o. [P40446 Probe — Amplifier For P604é only) CHECK—
Overdrive recovery time, Switch the oscilloscope Time/CM
to .1 us and check the vertical separation between the trace
and the graticule vertical center 3 divisions from the first verti-
cal graticule line {100 ns after start of siep function, as shown
in Fig. 6-15 E}. At that point the trace should be within 1 div
of graticule vertical center, and stay within 1 div for the
remainder of the positive excursion of the square wave.

p. Disconnect the accessories from the Probe and the
Square-Wave Generator. Disconnect the Probe ground lead
from the Square Wave Generater. Disconnect the external
triggering cable and switch the Oscilloscope TRIGGERING
SCURCE tc NORM.

6-13
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Start of leading edge set ex- .
actly 2 divisions from first B . _ B [ e et 1 division
graticule line

center graticule line

{A) Deflection factor 1 V/div lincluding Dual Aftenyator (B) Deflection factor 20 mV/div; sweep rate 0.1 us/div
Head); sweep rate 0.1 us/div

Top of trace within 3.75 divi-
sions of frace reference posi-
tion set in [B)

L Trailing edge set to graticele
center

(D) Deflection factor 10 mV/div; sweep rate 1 us/div

division ofter
L Amplifier

I 1 division uﬂerl

150 ns (1AS5] l

{E) Deflection factor 10 mV/div; sweep rate 0.1 us/div

Fig. 6-15, DC shift and overdrive recovery waveforms, step 8.

6-14
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Constant
Amplityde
Sine Wave
Generator

Probe Tap-io GR Adcpter t+- lnpul‘]

GR-fu BNC 50 Q Termma!lon

Gft to-BNC Femala Aduprer T

Fig. 6-16. Equipment setup for bandwidth check, step 9,

9. Check Bandwidth

d. The preliminary centrol settings apply, The equipment
setup is shown in Fig. 6-16.

b. Set the vertical deflection factor control to 20 mV.

¢. Set the Oscilloscope Time/Div to .5ms and the HORI-
ZONTAL POSITION control to mid-position.

d. (P4046 Probe/Type TAS conly)

(1) Connect the following equipment to the OUTPUT con-
nector of the Type 191 Constant Amplitude Signal Gener-
ator (item &) in the sequence given:

90° elbow [optional}

5ns GR cable

GR-to-BNC female adapter
GR-to-BNC 50  termination
Probe tip-to-GR adapter

(2) Connect a ground lead from the Prohe ground lug
to the Constant Amplitude Signal Generator chassis. Cannect
the probe + Input fip to the adapter on the cable assembly.
(A special ground tip should remain on the — Input tip.)

(3) CHECK—Probe/Type 1A5 Bandwidth. Set the Con-
stant Amplitude Signal Generator frequency to 50 kHz ONLY;
adjust the amplitude controls to provide exactly 4 divisions
of display. Adust the vertical POSITION control as necessary

@1
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to center the display. Swifch the Generator frequency to 45
MHz and check for 2.8 divisions or more amplitude, indi-
cating 45 MHz or greater bandwidth.

e. (Probe/Amplifier For P4046 only)

(1) Disconnect the 18 inch coaxial coble and the BNC
50 2 termination from the input of the Oscilloscope. Connect
the GR to BNC 50 0 termination directly te the Oscilloscope
vertical INPUT connector. Connect the 5ns GR cable he-
tween the 50 © termination and the Type 191 Constant Ampii-
tude Signal Generator QUTPUT connector.

(2) With the Oscilloscepe (Volts/DIV contral set at 10
mV, and the Constant Amplitude Signal Generator set for a
50kHz ONLY output, adjust the Generater Amplitude con-
trols until the Oscilloscope display is exactly 4 divisions.
Switch the Generator frequency to 100 MHz and record the
100 MMz display amplitude.

(3) Disconnect the 5 rs GR cable and the 50 ( termination
from the Oscilloscope Vertical INPUT. Reconnect the Ampli-
fier Qutput connector to the Oscilloscope, via the 18 inch
coaxial cable and 50Q terminction. Connect the following
componenfs to the Censtant Amplitude Signal Generator in
the sequence given:

90° elbow (opticnal)

5ns GR cable

GR te BNC-female adapter
GR to BNC 50 Q termination
Probe tip to GR adapter
Probe + Input tip

(4) CHECK—Probe/Amplifier Bandwidth at each mVOLTS/
DIV position of the Amplifier using the following procedure:

Switch the Generator frequency to 50 kHz ONLY.

Adjust the Generator output for a 4 division display
at the selected mVOLTS/DIV pesition, A {10 GR attenuator
must be inserted between the generator and its 50 Q termi-
nation to reduce the signal input for the 1 and 2 mVOLTS/
DIV positions.)

Switch the Generator Frequency to 100 MHz,

Divide the display emplitude by the display amplitude
recorded in step (2. The result should be 0.7 or more for
30% or less attenuation, indicating a bandwidth of 100 MHz
or more at 25° C. {Bandwidth for the 1 and 2 mVOLTS/DIV
position decreases to 90 MHz at 50°C}

NOTE

There is a direct relationship between bandwidth
and risefime, expressed as approximately:

T {us) X BW (MHz) = 0.35

Bandwidths of 50 and 100 MHz therefore indicate
risetimes of approximately 7 and 3.5 ns respec-
tively,
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Constant Amplitude
Signal Generator

\C107 "R120
GR ioc BNC Probe Dual- B
500 I Tip-to-BNC

Termination, = Adapter

Fig. 6-17. Equipment setup for CMRR adjustment, step 10.

10. Adjust Common-Mode Rejection 0
{R120, C107, C209, R209, C245)

a. The preliminary control settings apply, The equipment
setup and adjustment locations are shown in Fig. é-17.

b. Connect the following components to the Type 191
Consrant Amplitude Signal Generator QUTPUT connector
in the sequence listed:

GR 90° elbow (optional)

5ns GR cable

GR to BNC 50 @ termination
Probe dual fip to BNC adapter

c. Set the Constant Amplitude Signal Generator contrals
as follows, providing a 5V peck to peak output.

FREQUENCY RANGE 50 kHz ONLY
AMPLITUDE 50

VARIABLE CAL
AMPLITUDE RANGE 55V

d. Connect a special ground tip to the + Inputf tip and
check the PROBE STEP ATTEN BAL (ATTEN BAL) adjustment
{step 2b, ¢, d, and e).

e. Remove the special ground tip from the 4 and — In-
put tips; check that the Probe ground lead remains con-
nected to the Constant Amplitude Signal Generator chassis.

f. Cennect the Probe tips to the Probe dual tip to BNC
adapter,

g. Set the vertical deflection factor corfrol to 1 mVY.

6-16

h. CHECK—50kHz CMRR. 0.5 div or less display ampli-
tude should exist, indicating 10,000:1 or greater CMRR.

i. Set the vertical deflection factor contrel to 20 mV.

j. ADJUST-—50 kHz CMRR. Adust 50 kHz CMm BAL {R120,
Fig. 4-17} for minimum display amplitude; then adust GAIN
SWITCHING BALANCE (R235, Fig. 6-17) for a centered dis-
play.

k. REPEAT Step | adjustment at the 1 mV vertical deflection
facter positien. Adiust for 0.5 division or less display ampli-
tude at the 1mV position, indicating 10,000:1 or greater
CMRR.

NOTE

CMRR adjustments can usually be made with a
free-running display by measuring the total dis-
play amplitude. However, a more accurate eval-
uation of CMRR can be made by measuring the
peak-to-valley amplitude of o triggered display,
allowing for trace width. The Time/Div control
must be reset according to the frequency being
observed. See Fig. 6-18, This method of determining
display amplitude should always be used when
CMRR adjustment results (free running) appear
marginal.

i. CHECK—AC-coupled CMRR. With the vertical deflec-
tion factor control at 1 mV, switch the P4046 Input Coupling
switch to AC and check for 0.5 Div or less display amplitude.

m. ADJUST—AC-coupled CMRR. With the vertical de-
flaction factor control at 1 mV, adjust C107 (Fig. 6-17} for
equal AC-coupled and DC-coupled display amplitude. Switch
the Probe Input Coupling switch back and forth between AC
and DC for comparison purposes; 0.5 div or less for 10,000:1
or greater CMRR.

n. Switch the Prebe Input Coupling switch kack to DC.
Switch the Constant Amplitude Signal Generator AMPLITUDE
control to 10 to provide a 1V peak-to-peak output.

0. CHECK—High frequency CMRR. Check for 1 div or
less display cmplitude at 18, 42 and 50 MHz, indicating
1000:1 or greater CMRR.

p. ADJUST—High frequency CMRR. With the Constant
Amplitude Signal Generator set for a 1.0V peak to peak out-
put, adjust for minimum display amplitude in the sequence
listed in Teble 6-4. See Fig. 6-17 for adjustment locations.

) Paak-to-valley measuremenll
made to eliminate effect of |
trace width |

Fig. 6-18. Triggered CMRR wavefarm, step 10, Sweep rate depend-
ent upon frequency; deflection facter 1 mV/div.

®
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CAUTION
The €209 adjustment screw is at 10.5 V.
TABLE 6-4
Signal
Generator
Frequency Adjust Comment

21.35 MHz | C209; then R209 | Adjust for minimum display
50 MHz | C245; then R209 | ampiitude, adjusting the ca-
pacitor first at each frequen-
cy. Repeat the adjustment se-
quence twice. Then check for
1 division or less amplitude at
each frequency, indicating
1000:1 or greater CMRR. If
requirement cannot be met at
each frequency, reset R209 to
midrange and repeat the
adjustments twice more, |If
the amplitude still cannot be
reduced to within 1 divisicn,
select other posifions for R209
and repeat. If more than a
minimum amount of adjust-
ment is required, sfep 6
should be rechecked.

q. REPEAT—Step p until 1 div or less display amplitude
appears at each frequency, indicating 1000:1 or greater
CMRR.

r. CHECK—AC-Coupled 50 MHz CMRR. 2 division or less
display amplitude should exist, indicating 500:1 or greater
CMRR.

s. Switch the Probe Input Coupling switch to DC. Discon-
nect the cable assembly from the Probe and the Constant
Amplitude Signal Generator. Disconnect the Probe ground
lead from the Constant Amplitude Generator.

t. Switch the Probe Input Coupling switch to DC. Dis-
connect the cable assembly from the Probe and the Constant
Amplitude Signal Generator. Disconnect the Probe ground
lead from the Constant Amplitude Generator.

NOTE

If more than a minimum amount of CMRR adjust-
ment is required, steps 6 and 10 should be repeat-
ed.

Adjust Dual Attenuator Head AC 0
Compensation {4+ COMP — COMP)

a. Preliminary contrel settings apply. The equipment set-
vp and adjustment locations appear in Fig. 6-19.

b. Connect the Dual attenuator Head to the Probe.

c. Connect a special ground tip to the — input tip of the
Dual Attenuator Heod. Connect a ground lead between
the Probe and the Stendard Amplitude Calibrator chassis.

d. Set the vertical deflection factor control to 20 mV.
e. Check that the standard Amplitude Calibrator con-
trols are set as follows.
AMPLITUDE 1V
MODE Square Wave
Output Selector Up

Calibration—P6046 Probe and Amplifier

Standard
Amplitude
Colibrater

f o
GR-to-BNC Femafe Adnpier
&%

‘?
come (C4lp

Dual Attenuator Head
-~ COMP (5]

Special Ground Tip (— Input}
Proebe Tip-to-GR Adapter (4 Input)

Fig, 6-19, Equipment setup for Dual Attenvator Head AC compen-
sation, step 11,

f. Connect the following to the Standard Amplitude Cal-
ibrator right OUTPUT connector in the sequence given:

42 inch coaxial cable

GR-to-BNC female adapter

Probe tip-to-GR adapter

Dual Attenuator Head + Input tip

g- Adjust the Oscilloscope triggering controls and the
vertical POSITION control to cbtain a stable, centered 5
div square wave display.

h. CHECK—Attenuator -+ Input AC compensation. Oh-
serve the upper left corner of the square wave for optimum
squareness with ==0.1 div or less aberration. See Fig, 6-20.

Optimum square corner; 1R
< = 0.1 div aberration

Fig. 6-20. Waveform for Dual Attenvater Head 4 Input tip AC
compensation, step 11, Sweep rate 0.5 ms/div; deflection factor 0.2
V/div lincluding Dual Attenuater Head],

6-17
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H
Pual Banana ﬁ
Plug-to-BNC i

Adapter !

o
L

000

Ground*". ' T @ .
Lead .. | L )

GR-1e-BNC Specinl Ground Tip (— [INPUT)

Female Adaopter Probe Tip-lo-GR Adapter {4 Input}

GR 10> Atenuator

Fig. 6-21, Equipment setup for AC-Coupled low-frequency response
check, step 12.

i. ADJUST— + COMP (Fig. 4-19) for cptimum squareness
at the upper left corner of the square wave. 0.1 div or less
rounding, overshoot or filf.

j- Exchange the connections on the Dual Attenuator Head
4+ and — Input tips. Then readjust the vertical POSITION
control to center the display.

k. CHECK—Attenuator — Input AC compensation. Ob-
serve the lower left corner of the square wave for optimum
squareness with =01 div or less aberration.

. ADJUST—AMenuator — COMP {Fig. 6-19) for optimum
squareness at the lower left corner of the square wave, = 0.1
div or less rounding, overshoot or tilt.

12. Check AC-Coupled Low Frequency
Response

a. The preliminary equipment settings apply. The equip-
ment setup is shown in Fig. 6-21.

b. Swifch the Oscilloscope Time/Div control to 5 ms.

c. Remove the Dual Attenuator Head from the Probe tips.

d. Connect a special ground tip to the Probe — Input
tip.

e. Connect the Probe ground leod to the chassis of the
Low Frequency Sine-Wave Generator (item 7); then connect
the following equipment to the Generator output connector
in the sequence given:

Banana jack-to-BNC adapter
42 inch coaxial cable
GR-to-BNC female adapter
GR 10X attenuator

Probe tip-to-GR adapter
Probe <+ Input tip

6-18

f. Set the Generator for a 20Hz, 80 mV [4 div] display.
{Confirm the frequency by comparing it against the Oscillo-
scope fime base. 1 cycle/div should appear at 50 ms/div.)

g. CHECK—AC-coupled low frequency response. Set the
Probe Input Coupling switch to AC and check for 2.8 div
or more display amplitude, indicating 30% or less AC-cou-
pled voitage attenuation at 20 Hz.

NOTE

Step 12, combined with the AC-coupled common-
mode check {step 10), verifies the AC-coupled
low frequency —3 dB limit for both the 4+ and —
inputs,

h. Disconnect the adapter from the Probe. Use of the
Low-Frequency Sine-Wave Generator has been completed.
Disconnect the Probe from the Type 1A5 and replace the
calibration shield with the operating cover. The Probe Cali-
bration Procedure has been completed.

If the P6046 Probe was calibrated to a Type 1A5 in the pre-
ceding procedure, continue with the Amplifier For P6046 Cali-
bration Procedure to calibrate the Amplifier For P6046.

If the Pé044 Probe and the Amplifier For P6046 were cali-
brated together in the preceding procedure, no further cal-
ibration of the Amplifier For P6044 is required.

AMPLIFIER FOR P6046
CALIBRATION RECORD AND INDEX

The title and performance requirement of each calibration
procedure step is listed here. This record and index can be
used as a calibration check-off list, a record of calibration,
a page index for the calibratien procedure itself, or it can
be used as a short-form calibration procedure for exper-
ienced calibrators. It is recommended that duplicate copies
be made for repeated check-off and record usage.

Page 6-19
Page 6-19

j 1. Preliminary Procedure

[J 2. Adjust Power Supply 100 VOLTS (R325),
26.8 VOLTS (R348); Check +50V.
—50V, +206V, —6.2V.
Adjust for 100V differential between terminals C and

E on the 100V circuit board, and 26.8-V differential
between terminals B and D on the 26.8-V circuit hoard.

Check 50-V supplies for &= 1V, +20.6V supply for
+=0.6Y, —6.2-V supply for =03 V.

[ 3. Adjust Amplifier DC Output and BC
Balance {R480, R550, R555}

Adijust R480 for 0-V output with Q463 base grounded
through 10 Q, R555 for 0-V output with Q463 base
shorted through 10 Q to R556-R557 junction, R550 for
0-V output with 443 base shorted to 2543 base.

] 4. Adjust ATTEN BAL (R400) Page 6-20

Adjust ATTEN BAL {R400) for less than 1 div trace
shift when the mVOLTS/Div Control is switched
through its entire range with no signal input.

[] 5. Adjust GAIN [R450) Page 6-20

Adijust R450 for 4 divisions display at 5mV/div with
20 mV Standard Amplitude Calibrator input. Check
at all Amplifier switch positions for 3% accuracy.

1 & Adjust Transient Response (C521, C429C,  Page 4-22
C454A, C454C, C454D, C459)

Page 6-20

@1
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With 100 kHz input from square wave generator,
perform indicated adjustments for optimum squareness
at the upper left corner of a 4 division positive square
wave; note that C521 affects both the 1 and 2
mYOLTS positions and that the 5 mYOLTS position ad-
justment must be made before the 10 or 20 mVOLTS:
1 mVY — C454A and C521; 2 mV — C454C and C521;
S5mV — C454D; 10 mV — C458; 20 mV — C429C.

[ 7. Check Bandwidth Page 6-24

Check for 309, or less voltage atenvation of 100 MHz
input due to P&044 Probe and Amplifier For P6046.

AMPLIFIER FOR P6046
CALIBRATION PROCEDURE

This procedure contains instructions for calibrating the
Amplifier For P604é to a Probe which has been calibrated
to a Type 1A5 Differential Amplifier in accordance with
the P6046 Differential Probe Calibration Procedure.

1. Preliminary Procedure

a. Check that the Power Supply Unit is disconnected from
the power source. Then remove the two screws from the back
of the Amplifier For P4044 and pull the rear panel and cover
off foward the back of the chassis.

b. Remove the two screws from the top of the Power
Supply Unit. Then pull the cover off toward the top of the
chassis. Check that the transformer connections conform with
the voltage fo which the Power Supply unit will be connec-
ted during calibration. See Table 4-3 in the Maintenance
section, Rewire fthe transformer and change the tag on the
base of the unit as necessary.

¢. Make the following equipment connections:

50 © BNC termination [item 26) to the Type 647 A Oscillo-
scope CH 1 vertical INPUT connector.

18 inch 50 Q cable (item 27} from the 50 Q termination
to the Amplifier For P6046 output connector,

Probe Amphenol connector to the Amplifier For P40446
Amphencl connector.

De-energized line cord to Amplifier For P&046 Power
Supply unit. (Set the Power Supply unit down on its fused
side.)

CAUTION

Use extreme caution when handling the energized
Power Supply unit while it is uncovered,

d. Apply power to the Type 647A Oscilloscope, the Ampli-
fier For P&046 Power Supply unit, and to the test equipment
which will be used in the Calibration Pracedure.

e. Set the equipment controls as follows:

Type 647A Oscilloscope

CH 1 VOLTS/CM 014
VARIABLE CAL
AC-GND-DC DC
INVERT PULL In
MODE CH 1
TRIGGER NORM
CALIBRATOR OFF
TIME/DIV 5ms

@1
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Differential
DC Voltmeter

e
L)

50 £ BNC | .
Termination - |
- L ]

Supply

Unit special Ground Tips

Fig. 6-22. Equipment setup for steps 2 through 4.

VARIABLE A CALIB
HORIZ DISPLAY A

MAG QFF
TRIG MODE AUTO
A Triggering

SLOPE +

COUPLING AC

SOURCE INT

P6046 Probe

AC-DC DC

Amplifier For P6046
mYOLTS/DIV 5

The Oscilloscope VOLTS/CM control must remain at ,01 throughout
the procedure. All vertical deflection factor switching is to be done
at the Amplifier For P6046.

2. Adjust Power Supply 100 VOLTS 0
(R325 and 26.8 VOLTS (R348); Check
+50V, —50V, +206V, —6.2V

a. The equipment setup appears in Fig. 4-22,

b. Isolate both the + and — input connectors of the Dif-
ferential Voltmeter [item 8) from ground. Set the voltmeter
for 100 volts. Then connect the positive lead to terminal
C of the 100 V circuit board and the negative lead to the
body of Q327.  See Fig. 6-23.

¢. CHECK--100V =1V exists between terminal C and the
body of Q327.

6-19
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100V g325 R348
hotrd

B ired)

C Fuse Q327 26.8.¥

tgrn, brn, blk en whil board

Fig. 6-23. Voltage test peints and adjustment locations for step 2.

d. ADJUST—100 VOLTS {R325} for exactly 100V between
terminal € and the body of Q327.

e. Remove the Voltmeter leads from the 100V supply and
connect the positive lead te terminal B of the 268V cir-
cuit board; connect the negative lead to terminal D. See
Fig. 6-23.

f. CHECK—26.8V -+0.3V exists between terminals B and
D.

g. ADJUST—24.8 VOLTS (R348) for exacily 268V be-
tween terminals B and D.

h. CHECK— 4 and — Voltages. Check for voltages with
respect te ground at points indicated in Table 6-5. The values
are not adjustable with respect to ground. Values out-
side of allowable tolerances must be corrected by trouble-
shooting components in the Amplifier Unmit.

TABLE 6-5
Test Point
{Fig. 6-23] Voltage Tolerance
D v
Q327 Body —50 v
D - =62 +03V
B +20.6 +0.6V

i. Disconnect the Voltmeter. Replace the cover on the
Power Supply unit.

CAUTION

Avoid contact with the equipment circuitry. It is
advisable to de-energize the Power Supply unit
before replacing cover. Allow 5 minutes after re-
energizing fo permit temperature to stabilize,

6-20

3. Adijust Amplifier DC Output and DC O
Balance (R480, R550, R555)

a. The preliminary control settings apply. The equipment
setup appears in Fig. 6-22.

b, Set the Oscilloscope Vertical CH 1 thput AC-GND-DC
switch to GND.

c. Using the Oscilloscope Vertical POSITION control, set
the trace to the exact vertical center of the graticule.

d. Return the AC-GND-DC switch to DC.

e. CHECK and ADJUST—Amplifier DC balance. The trace
should remain exactly at graticule vertical center under the
setups given in Table 6-6. Perform the steps in the sequence
given. Temperarily solder a 102 —1, W resistor [item 28}
between indicated points while making each adjustment. The
resistor and lead length should be cut to 3 nch [end to
end) to minimize circuit interference. See Fig. 6-24 (B) and
{C) for connection and adjustment locations.

TABLE 6-6
~ Connect 10 O Resistor Between Adjust | Results
Q463 base and ground . R480 | Adjust
. frace to
Q463 base and the R556-R557 junction | R555 | graticule
. e vertical
Q443 base and Q543 base R550 | center

f. If the Probe Calibration Procedure has already been
cempleted in conjunction with a Type TA5, ignore step 3f
and continue with step 4. If the P6046 Probe is to be cali-
brated to the Amplifier For P4046, proceed with step 1 of
the P46046 Differential Probe Calibrafion Procedure.

4. Adjust ATTEN BAL (R400} 0

a. The preliminary control settings apply. The equipment
setup appears in Fig. é-22.

b. Set the Oscilloscope Yertical Input AC-GND-DC switch
to GND. Check that the Cscilloscope VOLTS/DIV switch is
set at 10mV. Then adjust the vertical POSITION contral to
set the trace to graticule vertical center.

c. Attach special ground tips (item 20) to the Probe's +
and — tips.

d. Switch the Oscilloscope Vertical Input AC-GND-DC
control to DC.

e. CHECK—I div or less trace shift occurs as the Amplifier
For P&046 mYOLTS/DIV control is switched between 20 and 1,

f. ADMJST—ATTEN BAL {located on the Amplifier front
panel} until less than 1 div trace shift occurs when the
mVOLTS/DIV control is switched through its entire range.

5. Adjust GAIN (R450} 0

IMPORTANT

The 10 mV/div gain of the 100 MHz Oscilloscope
must be accurately calibrated before the following
adjustment is made.
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to R428

Q543 hase,

Q443 buouse connecion

connection

® %

 n o

Fig. 6-24. Test points and adjustment locations for steps 3 and 3.

a. The preliminary control settings apply. The equipment
setup appears in Fig. 6-25.

b. Set the Amplifier mVOLTS/DIV switch to 5.

¢. Remeve a special ground tip from the Probe + Input
tip. Connect the ground lead (item 21) from the Probe ground
fug to the chassis of the Standard Amplitude Colibrator
(item 4).

®1

50 & BNC

Standerd Termination

Ampiitude
Caolibrator
T

N

GR-to-Probe Tig Adapter

Special Ground Tip (-—Input)

GR to BNC Adapter

Fig. 6-25. Equipment setup for GAIN adjustiment, step 5.

d. Set the Standard Amplitude Calibrator controls as
follows:

AMPLITUDE 20 mVOLTS
MODE Square Wave
Output Selector Up

e. Connect the following components to the Standard
Amplitude Calibrator right OUTPUT conrector in the se-
quence listed:

42 inch 50 Q cable [item )

GR to BNC female adapter (item 12
Probe tip to GR adapter [item 13)
Probe + Input tip

f. CHECK—Gain. 4 divisions ==0.12 divisions of display
amplitude should exist between trace centers. Use the ver-
tical POSITION control as necessary to center the pre-
sentation, {A more cenvenient gain measurement can be
made if the TRIGGERING LEVEL is adjusted to provide a
free-running sweep, resulting in two horizontal traces.)

g. ADJUST—GAIN, R450, Fig. 6-24 (B), to provide exactly
4 divisions of verlical display.

h. CHECK—Gain at all positions of the mVOLTS/DIV
switch, using Table 6-7 as a guide. Re-adjust R450, if neces-
sary, until gain is within ailowable tolerance in alt switch
positions.

6-21
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TABLE 6-7
Standard
Amplitude Amplifier Display Amplitude
Calibrator mVYOLTS/DIV {divisions)
5my 13 5 =015
10 mV 28 5 +0.15
20my 5 4 +012
50 mV 10 5 +0.15
100 mV 20 5 =015
200 mvY 50 4 4012
500 mv 100 5 0.5
1V 200 5 +0.15

SDisplayed noise can bhe decreased to permit easier measurement
by temporarily connecting a 0.1 uF —25 V capaciter from the Am-
plifier Output terminal to ground, (This method of decreasing
noise cannot be used at high frequencies because of the resultant
decrease in bandwidth.]

i. Disconnect the equipment from the Probe tip, then dis-
connect the ground lead from the Standard Amplitude Cal-
ibrator. Use of the Standard Amplitude Calibrator has been
completed.

6. Adjust Transient Response (C521, 0
C429C, C454A, C454C, C454D, C458)

a. The preliminary control settings apply. The equipment
setup appears in Fig. 6-26.

b. Check that the special ground tip remains on the Probe
— Input tip. Connect the ground lead frem the Probe ground
fug fo the chassis of the Type 106 Square-Wave Generafor
(item 5). Set the Square-Wave Generator controls as fol-
lows:

REPETITION RATE 100 kHz
RANGE

MULTIPLIER 1

H! AMPLITUDE/FAST FAST RISE
RISE

¢. Connect the following components to the Square-Wave
Generator + OUTPUT in the sequence listed:

90° GR elbow-(opﬁoncﬁ] {item 11}
10:1 GR attenuator {item 18}

5ns GR cable [(item 10)

GR to BNC-female adapter

GR to 50 Q termination (item 15)
Probe tip to GR adapter

Probe + Input tip

d. Set the Amplifier mVOLTS/DIV switch to 1 mV and ad-
just the Square-Wave Generator + TRANSITION AMPLITUDE
to provide a 4 division display.

6-22

50 {2 BNC
Square Termination
Woave

Generator

Speciai Ground Tip (—Input)
GR-to-Prabe Tip Adapter
GR-to-BNC 50 {1 Termination

GR-to-BNC Female Adapter

Fig. 6-26. Equipment sefup for transient response adjustment, step &,

e. Set the Oscilloscope TIME/DIV to .1 us and adjust the
triggering and position controls as necessary to provide ¢
presentation as in Fig. 6-27.

f. CHECK and ADJUST—Transient response of a 4 divi-
sion square wave at each setting of the mVOLTS/DIV switch
in the sequence listed in Table 6-8. Optimum squareness
should exist at the upper left corner of the square wave. Use
Fig. 6-27 as a reference. Adjustment locations are shown in
Fig. 6-28.

Ophmum square {orner;

uberrohons within  limTis

-l given in Table 6-8.
T

Fig. 6-27. Transient response waveform, step &,

@1
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10

TABLE 6-8
Aberration Tolerance
mYOLTS/DIV | Adjust (divisions)

1 C521¢ < =£0.20; <0.24 P-P
4544

2 YAl < +0.16; <0.20 P-P
C454C

5 C454D < =06, <0.20 P-P

Remove the 10:1 attenu

" 458

ator from the signal path

< =+=0.16; <0.20 P-P

20

C427C

< 016 <020 P-P

50, 100

Check

< +0.16; <0.20 P-P; com-
promise the C454D adjust-
ment, if necessary, to bring the
5 through 100 positions within
allowable limits.

200

Check

< ==0.16; <0.20P-P; readjust
C429C, if necessary, compro-

mising between the 20 and
200 mV positions.

Fig.

6-28. Transient response adjustment locations,

"Adjust at 1 mV in conjunction with C454A, Adjust at 2 mV only
if sotisfacfory results are not ohtained with C454C, and then re-
adjust C454A at 1T mV. Repeat os necessory,

g. Disconnect the equipment from the Probe + Input tip,
then disconnect the Probe ground lecd from the Square-

Wave Genercter. Use of the Square-Wave Gernerator has

been completed.

NOTES

6-23
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Constant
Amplitude
Signal
Generator

{A} Checking Oscitloscope bandwidih at 10 mV/div.

8 .

g o

Constant “’

Amplitude 50 2 BNC } o

Signal Termination ANgE & @ <
Generator & e

GR-to-Probe Tip Adeapter
GRulp-BNE 50 ! Termination

GR-1a.BNL Female Adapter

iB} Checking Probe ond Ampiifier bandwidth,

Fig. 6-29. Equipment setup pictures for bandwidth check, step 7.
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7. Check Bandwidth

a. The preliminary control settings apply. The equipment
setups are shown in Fig. 6-29.

b. Set the QOscilloscope TIME/DIV control to .5 ms.

c. Disconnect the Amplifier's 18 inch cable and 50 & BNC
termination from the Oscilloscope CH 1 INPUT connector.
Connect the following components to the OUTPUT con-
necfar of the Constant Amplitude Signal Generator [item 6}
in the sequence listed:

GR 90° elbow (optional)

5ns GR cable

GR to BNC 50 Q termination
Oscilloscope CH 1 INPUT connector

d. With the Oscilloscope VOLTS/CM contral set at 0.1V
and the Constant Amplitude Signal Generator set for a 50
kHz ONLY output, adjust the Generator Amplitude controls
until the Oscilloscope display is exactly 4 divisions. Switch
the Gererator frequency to 100 MHz and record the 100
MHz display amplitude,

e. Connect the ground lead from the Probe ground lug
to the Constant Amplitude Sigral Generater chassis, and a
special ground tip to the —Input tip. Disconnect the 5ns GR
cable and the 509 termination from the QOscilloscope Ver-
tical INPUT and cennect them to the Probe + Input Hp using
the GR to BNC female adapter and GR to probe tip adapter.
Reconnect the Amplifier Qutput connector to the Oscilloscope,
via the 18 inch coaxial cable and 50 2 BNC termination.

f. Check Probe Amplifier Bandwidth at each mVOLTS/
DIV position of the Amplifier using the following procedure:

{1) Switch the Generator frequency to 50kHz ONLY.

{2) Adjust the Generater output for a 4 division dis-
play at the selected mVOLTS/DIV pesition. (The 10:1
GR attenuator must be inserted between the generator
and its 50 0 termination to reduce the signal input for
the 1 mVOLTS/DIV position.]

S

Switch the Generator Frequency to 100 MHz.

(4) Divide the display amplitude by the display ampli-
tude recorded in step d. The result should be 0.7
or more for 30% or less attenuction, indicating a
bandwidth of 100 MHz or more.

The calibration procedure has been completed. Disconnect
the equipment from the Amplifier and disconnect the Ampli-
fier's Power Supply unit from ifs power source.

Replace the cover an the Amplifier unit.
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PARTS LIST ABBREVIATIONS

BHB binding head brass int internal
BHS binding head steel Ig length or long
cap. capacitor met, metal
cer ceramic mig hdw mounting hardware
comp composition oD outside diameter
conn connector OHB oval head brass
CRT cathode-ray tube OHS oval head steel
csk countersunk PIo part of

PHB an head bra
DE double end P rass
. . PHS pan head steel
dia diameter

plste plastic
div division

PMC paper, metal cased
elect. electrolytic

poly polystyrene
EMC electrolytic, metal cased .

prec precision
EMT electrolytic, metal tubular PT paper, tubular
ext external PTM paper or plastic, tubular, molded
F&I foeus and intensity RHB round head brass
FHB flat head brass RHS round head steei
FHS flat head steel SE single end
Fil HB fillister head brass SN or S/N serial number
Fil HS fillister head steel S or SW switch
h height or high 1C temperature compensated
hex. hexagonal THB truss head brass
HHB hex head brass thk thick
HHS hex head steel THS truss head sieel
HSB hex socket brass tub. tubular
H3S hex socket steel var variable
D inside diameter w wide or width

ine incandescent WW wire-wound
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PARTS ORDERING INFORMATION

Replacement parts are availchle from or through your lecal Tektronix, Inc. Field
Office or representative.

Changes to Tekironix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest crcuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number, instrument
type or number, sericl or model number, and modification number if applicable.

If a part you have crdered has been replaced with a new or improved part, your
local Tektronix, Inc. Field Office or representative will contact you concerning any change

in part number.

».000
00X
*000-0000-00

Use 000-0C00-00

SPECIAL NOTES AND SYMBOLS
Part first added at this serial number
Part removed after this serial number

Asterisk preceding Tekirenix Part Number indicates manufactured by
or for Tektronix, Inc., or reworked cr checked components.

Part number indicated is direct replacement.
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P&046 Probe and Amplifier

SECTION 7
ELECTRICAL PARTS LIST

P6046 PROBE

Values are fixed unless morked Variable.

Tektranix Serial/Model No.
Ckt. No. Part Ne, Eff Disc Description
Capauacitors

Tolerance =209 unless otherwise indicated.

cigit *295.0111-00 0.01 uF Cer 50V 10%
C104 783-0158-00 1 pF Cer 50V 0%,
C107e .
cio9 283-0158-00 | pF Cer 50V 10%
cn3 283-0157-00 7 pF Cer 500V 59,
C122 283-0185-00 X6934 2.5pF Cer 50V 5%
C131 283-07154-00 22 pF Cer 50V 5%
Cl44 283-0159-00 6811 18 pF Cer 50V 5%
C144 283-0148-00 6812 12 pF Cer 0V
Ci49 283-0156-00 6901 0.007 uF Cer 200V
C149 283-0176-00 6902 0.0022 uF Cer 50V
C150 283-0156-00 6901X 0.001 uF Cer 200V
C155 281-0123-00 5-25 pF, Var Cer 100V
C159 283-0156-0C 0.001 »F Cer 200V
C141 283-0156-00 0.001 pxF Cer 200V
C147 283-0154-C0 £.001 uF Cer 200V
czont *295.0111-00 0.001 uF Cer 50V 16%
C204 283-0158-00 1 pF Cer 50V 10%
C209 281-0124-00 6811 0.4-2 pF, Var Cer 400V
€209 281.0138-00 6812 0.4-1.2 pF, Var Cer 400V
C222 283-0156-00 0.001 uF Cer 200V
C245%
C244° 283-0160-00 1.5pF Selected {nominal value) 109
C261 283-0156-00 0.001 uF Cer 200V

Diodes
D143 *152.0185-01 Silicon Reploceable by 1N4152
D243 *152.0185-01 Silicon Replaceable by 1N4152

Transistors

Q1133 *153-0559-00 FET Tek Spec

Q123 *151-1017-00 FET Tek Spec
Q124 151.0188-00 Silicon 2N3206

Q134 *153-0557.00 4811 Silicon Tek Spec
Q1348 *153.0565-00 6812 Silicon Tek Spec
Q143 151-0206-00 Silicon 25C288A

‘€101 and C201 furnished as @ matched pair.

*Part of E.C. Board.

39113 and Q212 furnished as a matched peir; Q134 and Q234 furnished as a matched pair.
tAdded if necessary.

@ 7-1
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Transistors [coni)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Q154+ *153-0554-00 6811 Silicon Tek Spec
Q1544 *153-0566-00 6812 Silicon Tek Spec
Q164 151-0220-00 Silicon 2N4122
Q2134 *153-0559-00 FET Tek Spec
Q224 *153-0557-00 Silicon Tek Spec
Q234 *153-0557-00 6811 Silicon Tek Spec
Q2344 *153.0565-00 6812 Silicon Tek Spec
Q243 151-0206-00 Silicon 25C288A
Q2544 *153-0554-00 6811 Silicon Tek Spec
Q254¢ *153-0566.00 6812 Silicon Tek Spec
Q264 151-0220-00 Silicon 2N4122

Resistors

Resistars are fixed composition, ==10% unless otherwise indicated.
R102 325-0029-00 285 kQ /20 W Prec 1%,
R105 311-0614-00 30kQ, Var
R104 317-0391-00 %00 g W 5%
R10% 317-0102-00 1k Vo W 5%,
R113 317-0301-00 3000 Yo W 59,
R114 317-0271-00 2700 Vo W 5%
R115 307-0127-07 1 k2 Therma!
R117 325-0025-00 316 k0 1/20W Prec 1%
R120 311-0409-00 2 k2, Var
R121 317-0104.00 100 k2 Ve W 5%,
R122 317-0823-00 82k Vo W 5%
R124 317-G274-00 270k 1/10W 5%
R125 311-0660-00 200k, Vor
R131 317-0270-00 6811 7Q Ve W 5%,
R131 317-0390-00 6812 0 Vo W 5%
R141 317-0183-00 18 k22 Ve W 5¢,
R142 317-0623-00 62 kQ2 o W A
R144 317-0430-00 430 oW 5%
R146 325-0026-00 1802 1/20 W Prec 1%
R147 325-0028-00 6834 200 1/20W Prec 1%
R147 325-0041-00 6835 19750 1720 W Prec 19,
R154 317-0330.-00 330 e W 5°
R155 311-0622-00 1002, Var
R157 325-0031-00 25k 1720 W Prec 1%
R158 317-0242-00 2.5kn o W o
R159 317-0242-00 2.5k Vo W 5°
R161 317-0201-00 2000 Yo W 5%

1Q254 and Q154 furnished as a matched pair.

Q113 and Q213 furnished cs o matched pair; Q134 and Q234 furnished as o matched pair,

7-2
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Resistors {cont)

Tekitronix Serial/Model No.
Ckt. Neo. Part No. Eff Disc Description
R164 325-0027-00 930 1/20 W Prec 1%,
R1&7 317-0107-00 100 Q Va W %
R148 317-0512.00 5.1kQ e W %
R169 317-0153.00 15k0 o W 598
R202 325-0029-00 985 kQ 1/20 W Prec 1%,
R204 317-0391-00 320 Q Ve W 5%,
R209 311-04609-00 2 k2, Var
R217 325.0025-00 316ka2 120 W Prec 1%
R221 317-0622-00 6.2 k0 e W 5%,
R222 317-0622-00 62 k2 Ve W 59,
R224 308-0462-00 24k0 Vy W W IA
R231 317-0270-00 6811 27 Q Ve W 5%
R231 317-0390-00 6812 390 e W 5%,
R234 325-0030-00 150 k2 1720 W Prec 1%,
R235 311.0660-00 200kQ, Var
R234 317-0683-00 68 k) Vo W 59,
R241 317-0183-C0 18 k(1 Vo W 5%
R242 317-0423-00 62 k2 Vo W 59,
R246 325.0026-00 1800 1720 W Prec 1%
R247 325-0028-00 6834 200 1720 W Prec 1%
R247 325-0041-00 6835 19750 1/20 W Prec 1,
R257 325-0031-00 25kn Ve W Prec 1%
R261 317-0201-00 200 0 e W A
R264 325.0027-00 930 1720w Prec 19
Switch
Wired or Unwired
SW101°8

“See Mechanical Parts List for replacement ports,

7-3
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Valves are fixed unless marked Varigble,

Amplifier for P6046 PROBE

Tektronix Serial/Mode! No,
Ckt. Ne. Part No. Eff Disc Description
Capacitors
Tolerance =20% unless otherwise indicated.
302 290-0393-00 110 pF Elect. 75V 10%
C303 290-0393-00 110 uF Elect. 75V 109%
C307 283.0000-00 0.00% uF Cer 500V
C322 290-0246-00 3.3 uF Elect. 5V 109,
€324 290-0327-00 0.56 pF Elect. 100V
€325 290-0392-00 3.6 uF Elect. 125V 10%,
332 290-0394-00 160 puF Elect. 50V 109,
C333 290-0272-00 47 nF Elect. 50V
C342 290-0246-G0 33 uF Elect. 15V 10,
C344 283-0047-00 270 pF Cer 500V 5%
C348 290-0391-0C 15 ufF Elect. 0V 10%
C400 283-0000-00 0.001 uF Cer 500V
C420 281-0617-00 15 pF Cer 200V
C426 283-0067-00 X6828 0.001 nF Cer 200V 10%
C429C 281-0123-00 5-25 pF, Var Cer 100V
C429D 281-0618-00 X6828 4.7 pF Cer 200V =+0.5pF
C445 283-0000-00 0.001 xF Cer S50CV
C453 281.0615-00 39pF Cer 200V
C454A 281-0123-00 5-25 pF, Var Cer 00V
C454B8 281-0657-00 4905 13 pF Cer 500V 2%
C454B 281-0615-00 6906 39 pF Cet 200V
C454C 281-0123-00 5.25pF, Var Cer 100V
C454D 281.0123-0C 5-25pF, Var Cer 100V
C456 283-0000-00 0.001 uF Cer 500V
C458 281-0123-00 5-25pF, Var Cer 100V
C463 283-0000-00 0.001 xF Cer 500V
C472 281.0610-00 X6828 2.2 pF Cer 200V =+0.1 pF
C473 283-0000-00 0.001 uF Cer 500v
C479 281-0610-00 2.2 pF Cer 200V =+0.1 pF
C48% 281-0457-00 13 pF Cer 500V %
C49 283-0010-00 0.05 uF Cer 50V
C494 290-0273-00 68 uF Elect. Y 10%
C497 283-0026-00 0.2 uF Cer 25Y
499 283-0024-00 0.2 uF Cer 25V
€502 283-0000-00 0.001 uF Cer 500V
C521 281-0123-0C 525 pF, Yar Cer 100V
C534 281-0528-0C 6827X 82 pF Cer 500V 10%
€556 283-0000-0C 0.001 ..F Cer 500V
Diodes
D302A,B,C.D{4) *152-0107-00 Silicon Replaceable by 1Né47
D322 152-0127-00 Zener TN7554 04W, 75V, 59,
D323 *152-0185.01 Silicon Replaceable by 1N4152
D332A,8,C,D[4) *152-0107-00 Silicon Replaceable by 1N&47
D342 152.0127-00 Zener TN755A 04W, 75V, 59

7:4
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Diodes [cont)

Electrical Parts List—P6046 Probe and Amplifier

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
D405 *152-0185-01 Silicon Replaceable by 1N4152
D445 152-0055-00 X6828 Zener 1N9428 0.4W, 11V, 5%
D492 152-0241-00 Zener TN973B 0.4W, 33V, 5%
D459 152-0309-00 Zener 1N3828A W, 62V, 5%
D505 *152-0185-01 Silicon Replaceable by 1N4152
D532 *152-0185-01 Silicon Replaceable by 1N4152
Fuse

F301 159-0020-00 Vi A 3AG Fast-Ble

Connectors
150 134-008%-00 9 pin, Chassis mtd.
1489 131-0352-01 BNC

Inductor

L457 276-0528-00 X4828 Core, ferramic suppressor

Transistors
Q304 *151-0228.00 Silicon Tek Spec
Q314 151-0188-00 Silicon 2N3904
Q317 151-0190-00 X7144 Silicon 2ZN3204
Q324 *151-0192-C0 Siticen Replaceable by MPS-4521
Q327 *151-0210-00 Silicon Replaceable by RCA 40422
Q343 *151.0192.00 Silicon Replaceable by MPS-4521
Q344 *151-0192.00 Silicon Replaceable by MPS-4521
Q345 *151-0192-00 X7144 Silicon Replaceable by MPS-6521
Q347 *157.0148-00 Silicon Selected RCA 40250
Q413 *151-0199-00 Silicon Replaceable by MPS-3840
Q424 *151-0198-00 Sificon Replaceable by MPS-918
Q443 *151-0198-00 Silicon Replaceable by MPS-218
Q454 151-0202-00 Sificon 2N42641
Q463 *151-0198-00 Silicon Replaceable by MPS-18
Q473 151-0221-00 Silicon 2N4258
Q497 *151.0192-00 Silicon Replaceable by MPS.6521
Q513 *151-0199-0C Silicon Replaceable by MPS-3640
Q524 *151-0198-00 Silicon Replaceable by MPS-918
Q534 151-0190.00 Silicon 2N3%904
Q543 *151-0198-00 Silicon Replaceable by MPS-918
Q554 151-0202-00 Silicon 2N4281

Resistors
Resistors are fixed, composition, ==10% unless otherwise indicated.
R302 315.0104-00 100k Vi W 5%
R303 315.0104-00 100k YW 59
R304 315-0681-00 680 0 Vo W 5%
R305 314-0100-00 X7144 00 W
R306 321-0380-00 88.7 k2 Ve W Prec 1%
R307 321-0293-00 11 k2 Vo W Prec 1%
R308 315-0103-00 10 kQ Vi W 5%,
R309 315-0433-00 43kQ Vi W 5%
R310 315-0205-00 X7144 2 MQ VW 59,
R31& 316-0102-00 X7144 1kQ VW
R317 316.0332-00  X7144 33k Yy W

©)
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Resistors (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
F218 314-0102-00 X7144 1k} VW
k319 307-0107-00 X7744 560 W 5%
R321 315-0823-00 82 k02 Ve W 5%
R37Z3 316-0102-00 X7144 1kQ oW
R324 321.0634-00 84.65 k2 Ve W Prec 1%
R3Z5 311-0435-00 1k, Vaor
R326 321-0274-00 6.98 k22 VoW Prec 1%
R344 315-0i103-00 10k Y 5%
R345 316-0102-00 X7144 1 ko Vi W
R344 315-0203-C0 X7144 20k0 W 5%
R347 321-0267-00 59k Ve W Prec 1%
R348 317-0634-00 500 @, Var
R342 321.0279.00 2.37 kO Vs W Prec 1%,
R530 314-0100-00 X744 10 YW
R4TGO 311-0604-0C 250 k2, Var
R4GY 321-0354-00 429k0 Ve W Prec 19,
R4NS 317-0183-00 18 k0 Vo W 59,
R4G4 317-.0202-09 2k Ve W 5%,
par? 317-0111-00 1100 T W 5%,
Q413 317.0470.00 47 0 Ve W 59
RATA 317-0510-00 510 Ve W 52
pa1E 317-0512.00 51k Ve W LA
2420 315091100 10 Q Ve W 5%
RAZZ 317-0240-00 24 e W 5%,
R4Z3 317-0300-00 300 g W/ 5%
RAZ24 321-3115-00 154 0 Ve W Prec 1%
R425 315-0471-00 4811 4700 VoW 5%
RADS 323.0183.00  &812 787 Y, W Prec 12,
R424 315-0331-00 SBIIX 3300 YW A
R4Z8 317-0273-00 27 k) Ve W 5%
R420A 321-0143-00 301 Va W Prec 1%
RAZGR 3271 042400 o0 AR Prec oA
RA25C 317.06820-00 820 Y W %
R143 317-0421-00 8200 Yo W 5%
R444 317-0470-00 4827 47 1 Vo W 5¢,
R444 317-0131-00 46828 300 Ve W 5%,
FAa45 315.0142.00 46827X 160 YW 5%,
RA4Q 317-0220-00 220 Ve W 5%
RA50 311-0643.00 500, Var
RASY N7-0270-00 270 Vo W A
pALY 321.0164-00 439 0 Yo W Prec A
R453 317-0272-00 27 k(2 Ve W %
R4548 317020160 200 0 Ve W 5%
RASAC 317.0220-00 220 Vs W 59
R454D 317-0910-00 910 Ve W 5%
RA454 317-0300-00 na Va W 5%
RAS7 321-0127-00 2050 Ve W Prec 1%
R458 317-0201-00 200 @ Ve W o
RAE9 A 321-0124-00 20002 Ve W Prec 1%
RASSB 321.0751-04 500 Yo W Prec VA
P443 317-0332.00 3.3k0 Ve W 5%,
7-6 @,
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Resistors (cont]

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
R466 317-0122-00 1.2k0 Y W A
R471 317-0301-00 300 2 Ve W 5%,
R473 315-0270-00 46812 27 0 VW 5%
R473 315-0430-00 46812 430 W 5%
R476 315-0242-00 2.4k0 W 5%,
R479 317-0430-00 430 Ve W 5%
R480 311-0607-00 10 k2, Var
R481 317-0392-00 37k0 Vs W 5%
R483 317-0222-00 2210 Ve W 59,
R48%2 317-0270-00 270 e W 5%
R492 315047000 470 VW 5!
R493 321.0327-00 24.9 L0 VW Proc 1e
R494 321-.0328-00 255k Ve W Pra 17
R4%5 375-0153.00 15k0 VW 50
R501 315.0682-00 68Lk0 v 59
R502 315.0271-00 2700 W g
R513 317-0470-00 47 O Yo W 5eL
R514 317-0510.00 510 Ve W 5%,
R515 317-0512-00 571 kO PR 50
R522 317-0240-00 240 Ve W 57
R523 317-0300-00 00 Ve W 5
R524 321-0115-00 154 0 Vo W Proe HE
R531 321-0641-0C 18k0 Ve W Proe i
R532 321-0201-00 1.21 k0 Yo W Prae (S
R534 321-0300-00 13 k0 Vo W Proc 1el
R536 321.0122.00 1820 Vo W Prec 1%,
R543 317062100 620 k02 Ve W 5%
R544 317-0470-00 4827 47 0 Ve W/ A
R544 317-0131-.00 £828 1317 W 5e
R549 317-0220-00 220 Vo W 5o
R550 311-0433-00 100 7. Vaer
R551 317-0300-00 00 Ve W 59
k552 321-0164.00 499 2 Ve W Prec [A
R554 315-0301-00 3000 W 5ol
RS55 311-0442-00 2500, Var
R554 317-0300-00 300 Yy W 5%,
R557 321-0127-00 20502 Ve W Prac 1%
R558 321-0116-00 158 Vo W Prec 19
R559 A 317-0201-00 2000 Ve W 5ol
R359B 317-0510.00 510 Ve W A
Switches
Unwired or Wired
SW450 Wired *2462-0823-00 Rotary mVOLTS/DIV
SW450 260-0923-00 Rotary mVOLTS/ DIV
Transformer
T30 *120-0543-00 Power
© 7-7
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FIGURE AND INDEX NUMBERS

ltems in this section are referenced by figure and index numbers to the fllustrations which
appear either on the back of the diagrams or on pulleut pages immediately following the
diagrams of the instruction manual.

INDENTATION SYSTEM

This mechanical parts list is indented to indicate item relationships. Following is an
example of the indentation system used in the Description column.

Assembly and/or Component
Detail Part of Assembly and/or Component
mounting hardware for Delail Part
Parts of Detail Part
mounting hardware for Porls of Delail Port
mounting hardware for Assembly end/or Component

Maunting hardware olwoys appears in the same indentation as the item it mounts,
while the detail ports are indented to the right, Indented items are part of, and included
with, the next higher indentation.

Mounting hardware must bhe purchased separately, unless otherwise specified.

PARTS ORDERING INFORMATION

Replacement parts are available from or through your tocal Tektronix, Inc. Field Office
or representative.

Changes to Tektronix instruments are sometimes made tc accommodafe improved
components as they become ovoilable, and to give you the benefit of the latest circuit
improvements developed in our engineering department. |t is therefore importont, when
ordering parts, to include the following information in your order. Part number, instru-
ment type or number, serial or model number, and medification number if applicable.

If a part you have ordered has been reploced with @ new or improved part, your
local Tektrenix, fnc. Field Office or representative will contact you concerning any change
in part Aaumber.

Change information, if any, is located at the rear of this manual.

ABBREVIATIONS AND SYMBOLS

For an explanation of the abbreviations and symbols used in this section, please refer
te the page immediately preceding the Electrical Parts List in this instruction manual.
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INDEX OF MECHANICAL PARTS LIST ILLUSTRATIONS

FIG.

FIG.

FIG.

FIG.

{Located behind diagrams}

1 P6046 PACKAGE W/AMPLIFIER & POWER SUPPLY
2 P6046 PROBE PACKAGE
3 P6046 PROBE

4 AMPLIFIER & POWER SUPPLY
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Fig. &
Index Tektronix
No. Part No.

P6046 Probe and Amplifier

SECTION 8
MECHANICAL PARTS LIST

FIG. 1 P6046 PACKAGE W/AMPLIFIER & POWER SUPPLY

Serial/Model No.

Eff

Disc

Q
L

Y

Description
12345

1- 010-0232-00
-1 010-0213-00
-2 015-0106-00

®

—_— —

PACKAGE, P&046, w/amplifier & power supply
package includes:
PROBE PACKAGE, P&044
AMPLIFIER & POWER SUPPLY, P&046
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FIG. 2 P6046 PROBE PACKAGE

Fig. & Q
Index Tektronix Serial/Model No. t .
No. Part No. Eff Disc Y 12 3 465 DESCJ’IP"IOI"I
PROBE PACKAGE
1-11 010-0213.00 1 PROBE PACKAGE, P4044
------ probe package includes:
PROBE ONLY
1 010-0214-00 1 PROBE, P404é
STANDARD ACCESSORIES
2 010-0361-00 ] DUAL ATTENUATOR HEAD
3 206-0162-00 2 PROBE, tip, swivel
2056-0164-00  Xé831 2 PROBE, tip, swivel, round base
4 214-0283-00 é SPRING, ground contact
5 131-0258-0¢ 2 CONNECTOR, test point jack
6 344-0046-00 2 CLIP, probe
7 204-0163-00 Z SLEEVE, gnd, probe tip, hex., base
B8 206-0114.00 2 TIP, probe
¢ 166-0404-00 7009 2 TUBE, insulating
166-0404-01 7010 1 SLEEVE, insulating
10 175-0125-00 ) CABLE, ground lead, 12 inch
11 175.0124-00 1 CABLE, ground lead, 5 inch
016-0111.00 1 CASE, carrying (not shown)
200-0372-00 4 CAP, protective (not shown)
070-0756-00 ] MANUAL, instruction [not shown!

8-2
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Mechanical Parts List—P6046 Probe and Amplifier

FIG. 3 P6046 PROBE

Fig. & Q
Index Tektronix Serial/Model No. t P
No. Part No. Eff Disc Y 11345 Description
3 010-0214-00 1 PROBE, P&046
------ - probe includes:
-1 206-0153-00 1 TIP ASSEMBLY, probe, dual
------ . tip assembly includes:
-2 214-0948-0C 1 LEVER, switch
-3 214.0947-00 1 SPRING, detent
-4 388-0872-00 1 BOARD, circuit
-5 210-1037-00 1 WASHER, plastic, 0.093 IDx0.20 inch OD
6 213-0121-00 1 SCREW, 0-B0 x %3, inch, RHS
------ - mounting hardware: [not included w/tip assembly}
-7 211-0135-00 4 SCREW, 0-80 x 0.188 inch, FHS
-8 670-0160-00 6811 1 ASSEMBLY, circuit board, main
&670-0160-01 6812 1 ASSEMBLY, circuit board, main
------ . . assembly includes:
-9 136-0252-00 3% SOCKET, pin connector
...... - mounting hardware: (not included w/assembly)
-10 211-0069-00 1 SCREW, 2-56 x Wy inch, PHS
11 670-0164-00 1 ASSEMBLY, cirevit board, plug-in
-12 214-0946-00 1 INSULATOR, plate
-13  204-0303-01 1 BODY HALF
-14  204-0307-00 1 BODY HALF ASSEMBLY
------ - mounting hardware: (not included w/body half assembly}
-15 211-0034-00 4 SCREW, 2-56 x V3 inch, RHS
16 175-0477-00 1 CABLE ASSEMBLY
015-0201-00 1 ADAPTER, probe tip {IC test, not shown}
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FIG. 4 AMPLIFIER & POWER SUPPLY

Index Tektronix Serial/Model No. t .
No. Part No. Eff Disc Y 1:345 Description

4. 015-0106-00 AMPLIFIER & POWER SUPELY, P&046
...... - amplifier & power supply includes:

—

015-0115-00 1 AMPLIFIER
------ . amplifier includes:
-1 366-0322-01 1 KNOB, charcoal—mVOLTS/DIV
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x 3/;4 inch, HS

-2 262-0823-00 SWITCH, wired—mVOLTS/DIV
...... - switch includes:

260-0923-00 1 SWITCH, unwired

-3 670-0183-00 1 ASSEMBLY, circuit board—COMPENSATION
------ - assembly includes:
388-0972-00 1 BOARD, circuif

-4 670-0184-00 6827 1 ASSEMBLY, circuit board—INPUT
670-0184.01 6828 1 ASSEMBLY, circuit board—INPUT

______ - assembly includes:

388-0973-00 1 BOARD, circuit
-5 131-0371-00 5 CONECTOR, single contact
-4 136-0220-0C 2 SCCKET, transistor, 3 pin
-7 136-0235-00 3 SOCKET, transistor, 6 pin
------ - mounting hardware: (net included w/switch]
-8 211.0079-00 ] SCREW, 2-56x ¥\, inch, PHS
9 129-0157-00 1 POST, hex., 0.23 inch long
10 210-0405-00 1 NUT, hex., 2-56 x /14 inch
11 210-0840-00 1 WASHER, flat, 0.39C ID x %4 inch OD
-12 210-05%0-00 1 NUT, hex., 3-32 x 714 inch
13 3464-0238-00 1 KNOB, charcoal —ATTEN BAL
-14 136-0089-CC 1 CONECTCR, 9 pin
------ - mounting hardware: [not included w/cennector)
15 211-0097-00 4 SCREW, 4-40 x % inch, PHS
16 210-0201-00 1 LUG, solder, SE #4
17 210-0551-00 1 NUT, hex,, 4-40x '/, inch
-18  210-0584-00 3 NUT, keps, 4-40x '/ inch
19 67C-0185-00 1 ASEMBLY, circuit board—OUTPUT
------ - assembly includes:
388-0975-00 1 BOARD, circuit
20 134-0220-00 4 SOCKET, transistor, 3 pin
21 214.0506-00 15 PIN, connecfor
------ - mounting hardware: [not included w/board)
222 211-0008-0% 4 SCREW, 4-40 x '/, inch, PHS
23131035201 1 CONECTOR, BNC, female w/mounting hardware
------ - meunting hardware: [not included w{connector)
24 210-0255-00 1 LUG, solder, ¥, inch
-25  333-1050-00 i PANEL, front
-26  384-1347-00 1 SUB-PANEL, front
------ - sub-panel includes:
213-0020-C0 1 SCREW, 6-32 x Y, inch, H3S
27 211-0538-00 4 SCREW, 6-32 x 5/, inch, 100° esk, FHS
28 129-0149-00 2 POST, metal
2% 129-0149.01 2 POST, metal
-30 210-0006-00 4 LOCKWASHER, internal, #6
-31  386-1348-C0 1 SUB-PANEL, rear
______ - mounting hardware: (not included w/fsub-panel)
32 211-0538-C0 4 SCREW, 6-32x 5/, inch, 100° csk, FHS

=
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FIG. 4 AMPLIFIER & POWER SUPPLY (cont|

Fig. & Q
Index Tektronix Serial/Model No. H P
No, Part No. Eff Disc Y 12345 Description
4-33  358-0091-00 1 BUSHING, strain refief
-34  380-0127-00 1 HOUSING, amplifier
-35 384-134%9.00 1 PANEL, rear
------ - mounting hardware: (not included w/panel)
36 211-01671-00 2 SCREW, 4-40 x ¥/, inch, 100° csk, FMS
015-0114-00 1 POWER SUPPLY
------ - power includes:
37 175-0478-00 FT CABLE, special purpose, 4.5 feet
-38  200-0579-00 1 COVER, cable relief
-39 334.1177.00 i PLATE, identification
------ - meunting hardware: {not included w/plate]
-40  211-0008-00 2 SCREW, 4-40 x '/, inch, PHS
-41  200-06%1-C0 1 COVER, power supply
-42  407-0427-00 1 BRACKET, transformer
------ - mounting hardware: {not included w/bracket)
-43  211-0541-00 4 SCREW, 6-32 x Y/, inch, 100° esk, FHS
A4 - . - L - ? TRANSISTOR
------ - mounting hardware for each: {not included w/transister)
-45  211-0038-00 2 SCREWY, 4.-40 x %/, inch, 100° esk, FHS
-46  358-0288-00 2 SPACER
-47  210-0261-00 ] LUG, solder
-48  384-0143-00 ) PLATE, insulatar
391-0067-00 1 BLOCK, pressure (not shown)
-49  343-0158-00 1 CLAMP, cakle, strain relief
...... - mounting hardware: (not included w/clamp}
-50  211-0105-00 2 SCREW, 4-40x 3/, inch, 100° csk, FHS
-51 270-0406-00 z NUT, hex., 4-40x 3/, inch
-52 210-0259.00 1 LUG, solder, SE #2
------ . mounting hardware: [not included w/lug)
-53 211.0073-00 1 SCREW, 2.56 x %y, inch, FHS
-54  210-0405-C0 } NUT, hex., 2-56 x ¥, inch
-55  352-0103-00 ] HOLDER, fuse
...... - meunting hardware: {not included w/holder)
56 211.0021-00 ] SCREW, 4-40x 1Y/ inches, RHS
210-0054-00 1 LOCKWASHER, split, #4
-57  210-0406-00 1 NUT, hex., 4-40x ¥, inch
58  470.0187.00 7143 1 ASSEMBLY, circuit board—100V
670-0187-01 7144 1 ASSEMBLY, circuit board—100 V
...... . assembly includes:
388-0976-00 7143 1 BOARD, circuit
388-0976-01 7144 1 BOARD, circuit
-59 136-0220-00 7143 3 SOCKET, tramsistor, 3 pin
136-0220-00 7744 4 SOCKET, transistor, 3 pin
274.0504-00 7 PIN, connector
...... - mounting hardware: {not included w/assembly)
-60 211-0504-00 2 SCREW, 6-32 x 1/, inch, PHS

e
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FIG. 4 AMPLIFIER & POWER SUPPLY [cont)

Fig. & Q
Index Tektronix Serial/Model No. t -~
No. Part No. Eff Disc Y 12345 Description
441 670-0185-00 7143 1 ASSEMBLY, circuit board—26 V
670-0185-01 7144 1 ASSEMBLY, circuit board—26 ¥V
______ - assembly includes:
388-0974-00 7143 1 BOARD, circuit
388-0974-01 7144 1 BOARD, circuit
-62  136-0220-00 7143 2 SOCKET, transistor, 3 pin
136-0220-00 7144 3 SOCKET, transistor, 3 pin
63 214-0506-00 9 PIN, connectos
------ - mounting hardware: [not included w/assembly)
464 211-0504-00 2 SCREW, 6-32 x 'y inch, PHS
-65  131-0371-0C 17 CONNECTOR, single contact
66 426-0307-01 1 BASE, mounting
47 334-1067-00 1 TAG, voltoge
------ - maunting hardware: (not included w/tag)
48 213-0055-00 2 SCREW, thread forming, 2-32 x %, inch, PHS
69 377-0041-00 1 INSERT, plastic
70 214-0078-00 2 PIN, connecting
71 200-0185-00 1 COVER, plastic
72 129-0060-00 1 POST, ground
73 211-0015-00 1 SCREW, 4-40x '/, inch, RHS
STANDARD ACCESSORIES
74 011-0049-00 4901 TERMINATION, 50, BNC
011-0045-01 4902 TERMINATION, 50, BNC

75 012-0076-00
76 014-0029-00
070-0756-00

HAMTER arcessory

1

1

1 CABLE, BNC, 500, 18 inches long
1

1 MANUAL, instruction {not shown)

®
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