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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 P404é Differential Probe is an active, dual input probe
designed for use with the Tektronix Type PAS 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 kody.
Calibrated vertical deflection factors of from 1 mV through
200 mV/division {in 1, 2, 5 sequence} can be selected by
switching at the Type TAS5 or ot the Amplifier for P6046.
These deflection factors can be increased o ten fimes the
indicated amount through use of a calibrated Dual Aften-
vator Head, which is a standard accessory to the P6046
Frobe.

The Probe and Type 1A5 combination has a 45MHz
bandwidth when used with an appropriote oscilloscope. The
Probe and Amplifier For PA046 combination has o 100 MHz
bandwidth, This provides ¢ 70 MHz overcll system bandwidth
when the Probe and Amplifier are cperated inte the single-
ended input of any 100 MHz oscilloscope having a vertical
deflection facter of 10 mV/division.

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

Characteristics

A summary of the P6046 Differential Probe electrical char-
acteristics, and perfinent mechanical and environmental
characteristics are contained in Table 1-1. Specifications per-
tain to operatien with both the Type 1A5 and the Amplifier
For P46046, except where noted otherwise.

Fig. 1-2, 1.3, and 1-4 contain graphs of common-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 0.95 fo determine the minimum CMRR value
which may be expected.

Fig. 1-6 displays the effect that source impedance has on the
gain of the Probe as a function of frequency. It can be ap-
plied to differentic! operation as foliows: Relate the upper
graph fo the display amplitude -+ input signal when the
signal source impedances are matched {up to ¢ 5:1 source
impedance ratic}; Relate the lower graph to the display
amplitude —+ input amplitude when the signal source imped-
ances are grectly mis-matched.

Accessories

A number of accessories which extend operating capabil-
ities are supplied with the P6046 Probe and the Amplifier For
P6046 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
miscellaneous accessories are listed in the Tekironix cataleg.
All accessories can be purchased through the Tekironix Field

Office.

TABLE 1-1
CHARACTERISTICS
Characteristic Performance Requirement at 25°C Supplemental Information
Step Response
With Type 1A5 Bandwidth Risetime
5 to 200 mV/CM =45 MHz <78ns
2mV/CM ond 20 mV/ > 43 MHz <8.1ns
CM-—Retained Range
I mV/CM and 10 mV/ =38 MHz <92ns
CM—Retained Range
With Amplifier For P6046 Bandwidth Risetime
I mV/DIV through 200 =100 MHz <35ns Bandwidth -in T and 2mV/DIV positions
mV/DIY decreases to 90 MHz ot 50°C.

@2
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Characteristics—P6046 Probe and Amplifier

Characteristic

Performance Requirement

Supplemental Information

Ringing, Rounding, Over-
shoot and Tilt

With Type 1A5

4% (6% peak to peak) in first 70 ns
+1.5% {<2% peak to peck} thereafter

With Amplifier For P6046

AN IPANRTAN

< 2% 1<2% peak to peak} after the
first 70 ns

2 to 200 mV/DIV

=49 {< 5% peak to peak} in first 70 ns

T mv/DIV

IAIA

+59 (<6%peck to peak) in first 70 ns

Percent of devigtion specification increases
by 4% within the first 10ns at 9°C and
+50°C.

AC Low Frequency Response
Basic {1:X)

20 Hz

With 10X Dual Atenuator
Head

2 Hz

At 70%, Voltage point (-3 dB}

Deflection Factor
Basic {1 X}

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

I mV/div through 2>500mV/div uncali-
hroted with 1A5

With 10X Dual Attenuator
Head

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

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

mY/div Accuracy
With Type 1A5
1 mV/CM to 20 mV/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 200 mV/DIV
Dual Attenvator Head Within 29 Probe and Type 1A5 or Probe and Ampli-

fier For Pé046 accuracy must also be con-
sidered

Source impedonce effect on
gain as a function of frequency

Basic 12X}

See Fig. 1-6

With 10> Dual Atenvator
Head

Typically within 1.5%

Common-Mode 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 +5VY {DC - peak AC)
at 10MHz toe =2V ot 50MHz

Linear Differential Input Range

=+ 10 div

Common Mode Rejection
Ratio, 25°C

Typically 100:1 at 100 MHz when used with
Ampilifier For Pa04é.

I mV through 20 mV/div See Fig. 1-2 See Fig. 1-5 for temperature effects
50 mV/div through 200 See Fig. 1-3 Alse pertains te 10 and 20 mV-Retained
mV/div Range positions of Type TA5
in combination with 103 See Fig. 14
Dual Aftenuator Head
Input Resistance 1MQ =1% See Fig. 1-7.

Input Capacitance
Probe

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

10X Dual Attenuator Head

3 pF or less

DC Thermal Drift
Probe

Equivalent to <25C pV/°C at Probe head

Amplifer

<200 pV/*C

<450 wV/°C combined drift of Probe and
Amplifier

1-2
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Characteristics—P6046 Probe and Amplifier

Characteristic

Performance Requirement

Supplemental Information

Displayed Noise
With Type TA5

200 4V tangentially measured

With Amplifier For PA046

280 uV tangentially measured

RMS value is approximately V, of the tan-
gentially measured value. Peak to peak
vatue is approximately 5.1 times RMS,

DC Shift Due to Overdrive

1.5% or tess of inputf signal

Overdrive Recovery Time

With Type 1A5

0.35us or less [fo within 10mV of DC
shifted level)

With Amplifier For P6046

0.1 ps or less {to within 10 mV of DC shifted
level)

5V Input

Maximum Allowable Input

25V total DC - Peak AC; 25V total dif-
ference between -4 and — Input tips

AC or DC-coupled

Gate Leakage Current

<03 nA ar 25°C

<20A of 50°C

Warm-up Time

20 minutes for rated accuracies at 25° C

+5° C

Amplifier For P&04é
Operating Yoltage

20 to 136V or 180 to 272V AC, 48 to 400
Hz

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

Temperature
Non-operating —40°C to +65°C
Operating 0°Cto 450°C
Altitude

Non-operating

To 50,000 feet

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

Operating

To 15,000 feet

Humidity
Non-operating

5 cycles MIL-STD-202C, Method 1048, omit-

ting freezing and vibration subcycles,

Vibration
Operating

15 minvtes each axis ot 0.015 inch. Fre-
quency varied from 10-50-1G ¢/s in 1-min-
ute cycles with instrument secured to vibra-
tion platform. Three minutes each axis at
any resonant point or at 50 ¢/s.

Shock
Nen-operating
Probe Body

Amplifier

400 g's 4, sine; 6 shocks clong transverse
axis af Voms, Tms and 2ms duration
{total of 18 shocks); 3 additioral shocks in
longitudinal axis of Yy ms, 1ms and 2 ms
{total of 9)

200 g's, ', sine, 3ms or 7ms duration:
3 shocks each direction along the 3 major
axes for o total of 18 shocks

Transportation
Package Vibration

1 hour at 1g

Package Drop

30 inches on 1 corner, all edges radiating
from that corner and all flat surfaces for
a total of 10 drops

Dimensions [inches) H W L
Probe Body 0.75 1 5
Cable 72
Amplifier 3.6 1.9 5
Power Supply 35 2.5 2.6
Power Cable 54

@3
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P6046 Probe und Amplifier

SECTION 2
OPERATING INSTRUCTIONS

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

rear of the manual.

CAUTION

Operating the P6046 Differential Probe without
a common reference {ground) between it and the
unit under test may destroy componenis in the
Probe input circuitry, Connect a ground fead from
the probe grounding lug to the equipment to be
tested before touching the Probe to the equipment
or its test jacks,

introduction

The P&046 Differenticl Probe is essentially o differential
amplifier with unity goin. Proper operation of it is de-
pendent upon o basic knowledge of differential principies.
A summary of these principles therefore precedes the op-
erating instructions.

GENERAL DIFFERENTIAL
AMPLIFIER INFORMATION

An oscilloscope with a differenticl amplifier is o device
that amplifies and displays o voliage difference which
exists at every instant between signals applied o its two
input connectors. The following conclusions can be drawn
from this definition.

1. i the two signals are in phase ond 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 cutput 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 [sinusoidal signals).

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

Common Mode Rejection

The definition of the term “differentic! amplifier” implies
a rejection of equel amplitude, c¢oincident signals.  This
implication is correct. However, the degree of rejection de-
pends primarily on the symmetry of the omplifier inputs,
The amount of difference signal contributed by a parficular
amplifier ot o specific frequency is documented with a math-
ematical relafionship that is called the common-mode re-
jeciion ratic {CMRR). This rotio and asscciated terms are
defined as follows:

@

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

Common-Mode Rejection Ratio—A ratio which expresses
the efficiency of a device in preventing common-mode sig-
nals from affecting ifs output. A differential amplifier, like
all other things, cannot be a perfect device. Some output
signal, however small, always occurs in response fo com-
mon-mode signals applied fo the two inputs. In any spe-
cific instance, an output resulting from application of com-
mon-mode signals can be duplicated by grounding one
input and applying o specific size sighal fo the second
input. The comparison of the common-mode signal to the
single-ended signal is the Cemmon-Mode Rejection Ratic

of the device. See Fig. 2-1,
..f.
}—o

0.5 mV
peak-to-peak

5 Y peok-to-peak
= signal

{A} Output caused by inabllity to completely

reject common-mode signals,
+
Al

- 0,5 my
0.5 mv peak-to-peni
I peak-to-peak
— o signad

{B) Equivelent ouviput coused by single-ended

signal.
5V
-------------- m =1 B
05 Wy 0,000:7 CMRR
{C} CMRR == rutioc of amplitude of common-

mode signal {A} to amplitude of single-ended
signal (B} which produces equivalent results.

Fig. 2-t. Common-mocds refection rotio.

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



Operating Instructions—P6046 Probe and Amplifier

Factors Which Affect CMRR

Frequency. Since the common-mode rejection ratio is
affected by the gain and phase shift intreduced by the twe
sides of the amplifier, the frequency of the input 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 tc
over 1kHz!.

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

Stgnetl Transporting Leads. The input connectors of a
differential amplifier are usvally remote from the actual
signal source. Even with a portable amgplifier such as the
P6046 Probe, some transporting of the signal is reguired from
the source fo connactors which are compatible with the
Probe inputs.

Several undesirable effects con be intreduced by trans-
peorting leads. ¥ they are unshielded, stray pickup will
occur. Differences between the stray pickup in the two leads
will be accepted by the differential amplifier as signals.
The capacitance of unshielded leads is relatively unpredict-
able and will vary with the lead location. AC signals will
be affected by this lespecially at high frequencies), and a
difference between the source signa! and thot delivered
to the differenticl amplifier will occur, Unless the introduced
difference is equal in both leads, the amplifier will again
see a differential signal that is not actuolly present at the
sources. See Fig. 2-2.

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

Signal fransporting cables can also affect the source sig-
nal by causing reflections. These reflections can be eliminat-
ed by terminating the cables in their characteristic imped-
ance uniess prohibitive source-loading would result.

Attenuators. Any device (such as capacitors or resistors)
connected between the source and the amplifier, unless per-
fectly matched, will also cause additiona! differences be-
tween the signals at the omplifier. Attenuators therefore
normally lower ¢ system's common-mede reiection capabil-
ities, This is illustrated in Fig. 2.3 and its aecompanying
table.

Ground Connections, in addition to providing a com-
mon reference for safety reasons, proper ground connec
tons are essential for eliminafing signal interference caused
by ground loop currents. Ground leads should be as short
as possible in all instances. A ground lead should accom-
pany each signal lead to the proximity of the test jack.
The shield of the signal’s coaxial cable is uvsually used for
this purpese.

2-2

Probe input tips very often are accidentally touched to
equipment ground during insertion info fest jacks. i suf-
ficient difference exists between the differential ampiifier
reference and reference for the equipmenr being tested,
valuable input components can be destroyed. Proper ground-
ing will also eliminate this problem.

P6046 DIFFERENTIAL PROBE
CONTROLS, CONNECTORS
AND ACCESSORIES

The P8046 Probe ond wccessories are shown in Fig. 2-4,
The P6046 Probe has an Amphenol 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
fips. Accessories and thelr uses are as follows:

1. Duel Aftenuator Head—Provides 10X attenuation of
signals applied to its inputs. Aftaches directly to P6046
Probe tips. Has same tip configuration as the Probe.

2. Swivel Tips—Sleeve-type connectors which fit individu-
ally over probe tip input connectors. Not eguipped with
coaxial ground ccnnectors, They adapt the probe fips to
terminals whose spucings are between %, and 1Y%, inches.

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

4. Special Ground Tip—Sieeve-type adapter, Infernally
short Hp to coaxial ground connection. Adapts Probe for
single-ended operation, A commeon ground connection be-
tween the Probe and the equipment under fest is shil re-
quired.

5. Test Jacks—Cogxial female connectors, normally 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, additianct spacings are
possible. it should be noted 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 fest juck in place with a nut
and star washer. A soldering fug can be fostened between
the nut and the back of the plate to facilitate the making
of ground connections.

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

7. Hook Tips-Sleeve-type connectors which fit individu-
ally over probe tip input connectors. Facilitates “hanging”
the Probe info circuitry.

8. Insulating Tube—Sleeve-type adapter for insulating the
tip's coaxial ground. Permits use of tip in close quarters
with minimum danger of causing a short circuit.

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

10. 5-inch Ground lead-—Equipped with a spring clip
on one end intended to snap onto the Probe ground lug;
machine screw on the other end for ctiochment to an clli-
gator clip. It should be connected between the Probe ground
lug and the equipment being tested before the Probe is
connected to the equipment.
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Fig. 2-2. Impedance effects upon appurent CMRR.

Amplifier For P6046

The Amplifier For P6046 is an optional P6046 Probe ac-
cessory consisting of an Amplifier unit and a Power Supply
unit, See Fig 2-4. It makes the Probe compatible with
any oscilioscepe 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 unreligble results because of overdriving the Probe
and Amplifier, Opercting it info a more sensifive device
can produce scme usable results if proper consideration
is given fo the signal-to-noise ratio.

®1

The Power Supply unit oftoched fo the Amplifier For
P4046 must be wired to conform with the source voltage.
Three ranges are availakle in the vicinity of 115 V-AC, and
three are available in the vicinity of 230 V-AC. Connection
instructions are contained in the Maintenance section.

The Amplifier For P6046 comes equipped wiith the fol-
fowing accessories:

An 18 inch 300 coaxial cable with which to couple ifs
output to an oscilloscope input connector.

2-3
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10 Probe A ;_———‘wu—‘_-—l‘
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1 M Ir i
resistors
! i
XKI0 Probe B ;
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Differential
amplifier
Worst case CMRR
difference {imitation
between introduced
Probe A and by probes
Probe B
1% 10.5% resistors) 111:%
2% 1% resistors) 55:1
10% (5% resistors} T1:1

Fig, 2-3. Simplified circult showing the limifotion in CMRR that o
difference between aftenuator probes con introduce. Differences
between probe copocitances add to the effect on AC signals.

A 508 BNC termination with which to terminate the
Amplifier output,

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

HANDLING THE PROBE

The P6046 Differential Probe is made as rugged as pos-
sible without sacrificing performance or portability. How-
ever, ifs sensitive circuitry, small size and mobility make
necessary the use of some caution in its hardling, Use
normal care to avoid severe mechanical shocks to the de-
vice, and do not subject the circuitry to voltages in excass
of its breckdown values. I is suggested that points to be
checked be tested with ancther device to insure that volt
ages do not exceed the P6046 Probe copabilities.

OPERATING PROCEDURE

The P604é Probe is designed to operate either with a
Type 1A5 Differential Amplifier Plug-in Unit or with an
Amplifier For P6046 whose output is connected to an os-
cilloscope having a 10 mV/div vertical sensifivify and an
appropriate bandwidth. This procedure covers both situa-
fions. f includes setting up the eguipment, performing
operator adjustments, checking goin through single-ended
operation, checking common-mode rejection, observing AC-
coupled operction and attenuator operation.  Differential
operation and exfernal triggering operation information is
also included. Pertinent precautions are contained along
with fechniques to improve operating results.

2-4

Equipment Required

The foliowing equipment is recommended for use in this
operdting procedure.

Oscilloscope.  Tektronix Type 544, 546, 547 or 556. A
580-series Oscilloscope may be used if it is equipped
with a Type 81A Plug-ln Adapter. {lf the Amplifier
For P6046 is fo be used with the P&046 Probe, any
oscilloscope and plug-in combinatien having a vertical
deflection facter of 10mV/div and an appropriate
bardwidth can be substituted.)

Type 1A5 Differential Amplifier Plugdn Unit. (Not re-
quired if the Amplifier For P6046 is to be used with the
Pé044 Probe.)

Amplifier For P6046 and Standard Accessories; Tektronix
Part No. 0i50106-00. {Not required if a Type 1AS5
Ditferenfial Amplifier Plug-In Unit is used.)

P&C46 Differenticl Probe, Dual Attenvater Head, and
Standard Accessories.

Probe Tip-to-GR Adapter, Tektronix Part No. $17.0076-00.
GR-to-BNC Male Adapter, Tekfronix Part No. 017-0044-00.

50 Q Termination, Tekironix Part Ne. 011-0049-00. [Not
required if the Type 1A5 is to be used)

Probe Dual Tip#o-BNC Female Adapter, Tektronix Part
No. 067-0562-00.

42 inch Coaxial Cable, Tekironix Part No. 012-0057-01.
GR-te-BNC Male Adapter, Tekironix Part No. 017-0064-C0.

Operator Adjustments

No adjustments at the Probe are associated with routine
operation. An affenuator balance adjustment is available
at both the Amplifier For P6046 [ATTEN BALL and the Type
TA5 [PROBE STEP ATTEN BAL) to eliminate trace shifts which
might otherwise accompany switching from one deflection
factor to ancther.

The exposed adjustments in the Duci Atfenuator Head
have been faciory-calibrated to the Probe with which the
Head is shipped, No further adjustment should be required
unless the Heod is used with o different Probe. In that
event, the attenuator calibration procedure cortained in
the Calibrafion section should be accomplished,

CAUTION

1. A common ground must always exist between
the P6046 Probe and any equipment with which
it is being used. A ground lug is built info the
Probe, and ground leads ore supplied as stand-
ard accessories for ground purposes.

2. Moximum cllowable single-ended input s
£25V DC 4+ peak AC with respect to Probe
ground.

3. Maximum allowable difference between volf-
ages ab the two tips is 25V DC 4 peak AC,

The Type 1A5 controls associated with the P6046 Differ-
ential Probe operation are high-lighted in Fig. 2-5. None

®
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(B] ~Amplificr For P6046, Optional mccessory to 6046 Differential Probe. !

Fig. 2.4. P60446 Differentiol Probe and Accessories.

2-5



Operating Instructions—P6046 Probe and Ampilifier

of the other controls on the Type 1A5 directly affect the
Type 1A5 operation while the Probe On lamp is on, oi-
though the comparison voltage {Vc} selected by the POLAR-
ITY and AMPLITUDE controls is skl available at the MON-
ITOR jack.

Preliminary Procedure For P6046 Differential
Probe-Amplifier For P6046 Operation

a. The Power Supply Unit shipped with the Amplifier
For P&04é6 is wired for 104 te 126V AC, 50 to 400Hz
operation. Rewire the unit in accordance with table 4-3
{located in the maintenance section) if the unit is to be used
with voltages outside this range. Then connect the Power
Supply Unit o the voliage source.

b. Connect the P6044 Probe Amphenol connector to the
Amplifier For P6046. Cornect the output of the Amplifier
For P4046 to the vertical input of the oscilloscope. H the
oscilloscope has 50 € input impedance, the connaction may
be made direcily through the 500 coaxial cable. If the
oscilloscope has a high input impedance, the 500 cable
must be connected to a 50Q termingtion [Ampiifier For
P&046 stendard accessory) at the oscilloscope input con-
nector,

c. Preset equipment controls as follows:

Oscilloscope

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

Verticel Deflection Factor
Amplifier For P4044
mVOLTS/DIV 20

d. Do not change the calibrated vertical deflection fae-
tor at the oscilloscope for the remainder of this procedure.
All vertical deflection facior chenges must be made at the
Amplifier For P4046.

10 mV/div [Calibrated)

Preliminary Procedure for P6046 Probe-Type
1A5 QOperation

a. Insert the Type TA5 into an uppropriate escillescope
and preset the contrels as follows:

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

Type 1A5
POSITICN Midrange
VOLTS/CM 20 mV
VARIABLE CAL

b. Connect the P6046 Differentici Probe Amphenol plug
to the DIFFERENTIAL PROBE jack on the Type 1AS5.

. Energize the equipment and depress the PUSH OGN/
OFF button to light the Probe On lamp whick 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 confrol is of o lower sensitivity [higher
VOLTS/CM] setting than 0.2V. The Prabe is
supplied with power whenever it is connected to
an energized Type TAS, regardless of the condi-
tion of the Probe On famp. Only the P4046
Probe inputs to the Type 1A5 are interrupted
when the Probe On lamp is out.

ATTEN BAL (PROBE STEP ATTEN BAL)
Adjustment

o, Connect special ground fips to the Probe -+ and —
Input fips. Wait 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 facior {at the Ampli-
fier For P4046, if used) fo 1 mV/div and adjust the ATTEN
BAL {PROBE STEP ATTEN BAL} control as necessary fo re-
turn the frace to the center of the graticule. Some smati
amourd of drift of the frace vertical pesition con be ex-
pecied of 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 of 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 lineur operction limit of the
Probe, with or without the Amplifier For P6046,
is 4+ or — 10 divisions of DC + peak AC deflec-
Hon 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 225V, DC 4 peak AC,
and extends to 250 V¥ when the Probe Dual Atten-
vator Head is installed,

a. Connect a special ground tip {Pé046 accessory) to
the — Input of the P6046 Probe. Connect a probe tip-to-GR
adapter to the Probe -+ Input ftip.

b. The habit of ALWAYS connecting o ground lead
before connecting the Probe tips should be developed.
Therefore, connect a ground lead and alligator clip (P6046

@
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FiLy MMM AT
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SHENAL HANEE

“Brobe On" lfump

Fig. 2-5. Type 1A5 front paunel, high.lighling controls directly associated with the P6046 Differentiol Probe operation.
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Probe accessories) from the Pé046 Probe ground lug to a
ground terminal at the oscilloscope.

c. Check that the oscilloscope's amplitude calibrator is
off. Set the Probe ACDC switch to DC. Then connect the
Probe tip to the oscilloscope calibrator output jack, via
the probe tip-fo-GR adopter and the GR-io-BNC male
adapter.

CAUTION

The output from the amplitude calibrator must
never exceed 25V while it is opplied to the
P6044 Probe.

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

NOTE

Although the gain can be adjusted to obtain
exact results, adjusiment Is not recommended if
the gain has been previously sel with o standard
amplitude calibrator. Most standard amplitude
calibrators have o higher accuracy than calibra-
tors which are built into oscilloscopes.

TABLE 2.1
P6046 GAIN CHECK

VYertical
AMPLITUDE | Deflection
CALIBRATOR Factor Amplitude Tolerance
5mV Tmy 5em
1GmV 2mV Sem
25mVY S5my 5cm
05v 10mVY 5cm
NRY 20 my 5cm
0 mv See
50 mY Retained 5¢m Performance
Range? er
20 mv Check
dy Retained 5em
Range?!
2Y 50 my 4cm
BY WBOmY L1V) 5cm
TV 200mV (2V) 5em

Type 1A5 only; VOLTS/CM knob placed af 50 mV, then pulled
out ond rotated clockwise.

e. Switch the P4046 AC.DC conirol fo AC. Two effects
are obvious. The 0-V DC reference supplied with the cali-
brater 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 1o 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 4 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 +4 peak AC when the Probe Dual Atfen-
vater Head is installed.

CAUTION

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

a. Disconnect the Probe and adapter from the colibrator.
Remove the adapter from the one tip, and the ground tip
from the other. Connect the calibrator signal to both fips,
using a probe dual tip-to-BNC female odapter and o 42
inch 500 coaxial cable equipped with BNC-male con-
nectors. Set the amplitfude calibrator control to 5V and the
vertical deflection factor to 1mV. Set the oscilloscope frig-
gering controls to stabilize the presentotion, 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 into 5V to determine 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 two separate signals, the
common-mode portions would be almost totally rejected,
with the difference between the two being processed for
display.)

b. Switch the P6046 AC-DC control to AC and again cal-
culate the CMRR. (A slight increase in display amplitude
and a change in the shape of the presentation will possi-
bly be noted. Both are caused by the lack of total identity
between the matched input coupling capacitors)

c. Turn the oscilloscope amplitude calibrator off and
disconnect the Probe and adapier from the colibrater out-
puf jack. Remove the adapter from the Prebe,

Attenuator Operation

a. Aftach the Dual Attenuvator Head to the Probe, At
tach a special ground tip to the — Input. Connect the
Probe -+ Input tip to the oscilioscope amplitude calibrator
jack, using the probe tip-to-GR adapter and ¢ GR-jo-BNC
male adapter. Set the vertical deflection factor te 20 mV
and the amplitude calibrator to 1 voit. Set the triggering
and position controls as necessary to chtain a centered
square wave. A 5cm square wave with sharp corners should

"be observed, indicating X 10 atienuation of the amplitude

calibrator signal, and proper compensation adiustment, Re-
move the adapter from the emplifude calibrator output
jack.



b. Disconnect the adaopter from the 4 tip and remove
the ground fip from the — fip. Attach the probe dual fip-
to-BNC adapter to the Dual Atftenuator Heed. Connect the
BNC connector to the amplitude calibrator output jock,
using o 42 inch coaxial cable. Set the amplitude calibrator
control to 50 volts. Measure the display amplitude and
divide it into 50 volfs. The gquotient is the CMRR of the
Attenuator-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-
uator Input tips.

Additional Operating Hints
Differenfial Amplifier Operafion

Connecting the two inputs fo separate signals will resul?
in o display of the instantaneous phasor and amplitude
differences between the two signals.

NOTE

Bo not exceed 3V DC 4+ peak AC common-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.

AL
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External Triggering

Use of one of the signal sources tc provide external
triggering will infroduce an apparent common-modes dif-
ference due to the leading caused by the triggering circuit,
External triggering during differentiol measurements which
require a high CMRR should only be used if identizal load-
ing is provided to the second signal source, or if o signal-
associated source is available which will not affect the
signal being observed.

Differential Comparator Operction

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

The Type 1A5 COMPARISON VOLTAGE mokes ¢ 0 to 5
volt DC output available which can be connected to one
side of the Probe [DC-coupled) while o signal is connected
to the other side. This enables common-mode canceliation
of an equivalent DC or instuntunecus level of AC, permit-
fing the observation of specific amplitude peints on sig-
nals up fo 5V DC - peak AC, using @ much more sensi-
tive VOLTS/CM setiing than would otherwise be possibie.
Use a comparison voliage of the same amplitude and polar-
ity as that exisfing «t the point being checked. A 001 uF
capacitor must be close-coupled befween the Probe tip and
ground to bypass voltages induced in the Ve lead which
would otherwise be accepted as signals.
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