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The Chopped Voltage Reference provides two precise voltages for
differential amplitude measurements. This calibration fixture is
specifically designed for use with the Tektronix Type 1A5 Differ-
ential Amplifier in measuring television waveform amplitudes.

The output waveform is derived by mechanically switching between
the two precision voltage sources. Using chopped voltages instead
of a fixed DC level eliminates long-term level shifts in differen-
tial amplifiers usually caused by junction temperature changes.

Because of loading effects of external circuits connected to the Chopped
Voltage Reference Output, corrections will have to be used to

determine the actual settings of Vi VOLTS or V2 VOLTS dials for the
desired output voltages. The table, Section 10, corrects for 1

megohm loading.
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Type 067-0596-00

SECTION 1

CHARACTERISTICS
ELECTRICAL

Characteristic

Performance Limits

Chopped Output

Accuracy

Within 0.2 mV of the indicated V. or V2

VOLTS (OPEN CIRCUIT) 1

Frequency Range

Less than 15 Hz to greater than 100 Hz.
Set to 60 Hz

Noise

Less than 2 mV

POWER REQUIREMENTS

Characteristic

Performance Limits

Line Voltage

Selector switch on
rear panel

115 VAC

104 to 126 volts RMS

230 VAC

208 to 252 volts RMS

Line Current

0.1 A (maximum) at 115 V, 48 Hz

Power Consumption

4 watts maximum

Line Frequency 48 to 65 Hz
Fuse
115 VAC 0.2 A Slo Blo
230 VAC 0.1 A Slo Blo
ENVIRONMENTAL
Characteristic Performance Limits
Temperature Performance requirements listed apply over

a temperature range of 15°C to 35°C

Warm Up Time

5 minutes at 25°C
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PHYSICAL
Characteristic Information
Construction
Chassis Aluminum Alloy
Cabinet Aluminum Alloy with blue-vinyl finish
Panel Aluminum Alloy with anodized finish

Circuit Board

Glass-Epoxy finish

MECHANICAL

Characteristic Informati&n
Over=-all Dimensions

Height 6 inches

Width 9 inches

Depth 13 inches

Weight 8 1b, 3 oz
Connectors

Front Panel

BNC
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FRONT PANEL CONTROLS AND CONNECTORS
vy VOLTS (Open Circuit)

Selects the voltage within the range set by the Vi RANGE switch. Outer
knob selects first digit and 10 turn dial selects three digits.

Vy VOLTS (Open Circuit)

Selects the voltage within the range set by the Vo RANGE switch. Outer
knob selects first digit and 10 turn dial selects three digits.

V1 RANGE

Selects V; VOLIS range and polarity.
Vo RANGE

Selects V2 VOLTS range and polarity.
CHOPPED OUTPUT

BNC connector for chopped output signal.

OPERATING CONDITIONS

There are certain conditions that must be met before the performance limits
specified are valid.

The instrument must be calibrated at an ambient temperature between +20°C
and +30°C.

Unless otherwise noted, the instrument must be operating for at least 20
minutes within the environmental limits listed in Section 2.

The instrument is intended to be operated from a power source with its neutral
at or near ground (earth) potential. It is not intended for operation from

two phases of a multi-phase system, or across the legs of a single-phase, three
wire system.
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SECTION 2

OPERATING INSTRUCTIONS

The Chopped Voltage Reference consists of two identical voltage sources with
a mechanical chopper alternately switching between the two sources. When
used with a Differential Input Oscilloscope, signal voltages may be measured
very accurately by comparing the unknown signal with the Chopped Voltage Re-
ference. The measurement is made by adding (or subtracting), with the Dif-
ferential Amplifier, the chopped reference amplitude to the unknown signal.
This is particularly useful for accurately measuring incremental amplitudes
in complex waveshapes such as a television color bar signal.

Signal
Source
A Input
Type LAS . 547-Series
Differential Oscilloscope
Amplifier P
B Input
Chopped
Voltage
Reference Shielded-cablie NOTE: DO NOT TERMINATE.
Chopped Voltage Reference

is designed for high load

resistance.

Figure 3-1

TEST EQUIPMENT SETUP
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MEASURING THE AMPLITUDE OF AN UNKNOWN SIGNAL

Connect the Chopped Voltage Reference and Differential Amplifier as shown in
Figure 3-1. With the Differential Amplifier input grounded, and free-running
trace, establish a convenient zero reference with the Oscilloscope position
control. Set V] RANGE and Vj VOLTS to the approximate value of the voltage

to be measured; set Vo RANGE to zero. Apply the unknown signal and the Chopped
Voltage Reference to the inputs of the Differential Amplifier, DC coupled.
Trigger the Oscilloscope from the unknown signal; the Chopped Voltage Refer-—
ence should run asynchronously with the unknown signal. Adjust V] VOLTS until
the desired portion of the unknown signal is at the zero reference previously
established. The switch and dial reading is the voltage of the unknown signal.

NOTE: The switch and dial readings are open circuit voltages. The
readings must be corrected for loading of the Differential
Amplifier input resistance. Section 8 provides a correction
table for 1 megohm loads such as the Type 1A5. Corrections
for loads other than 1 megohm can be.calculated; see page 2-5,

The Differential Amplifier displays the difference between the two input sig-

nals, Vyeference @8nd Vunknown. When Vyeference is adjusted so that Vypknown
is at the zero position on the graticule, then

Vunknown =~ Vreference = 0

and Vunknown = Vreference

The attenuator of the Differential Amplifier may be set for any deflection
factor (within the limitations of the Amplifier) thus increasing the ability
to resolve amplitude measurements to a much higher accuracy than the oscil-
loscope alone. ’

This technique is essentially the same as using the comparison voltage feature
of the Type 1A5 Differential Amplifier except that the Chopped Voltage Refer-—
ence has a higher degree of accuracy.

An example of this measurement is illustrated by figures 3-2 and 3-3. Figure
3-2 is the unknown signal; the zero reference has been established. Applying
the Chopped Voltage Reference results in the display of Figure 3-3. The upper
waveform is the original unknown signal. The lower waveform is displayed by
the Chopped Voltage Reference Vjy; the fourth step is at the zero reference,
thus the amplitude of that step is.the V; VOLTS dial reading.

For this example, Vi VOLTS dial reading is 0.64210, or 642.10 mV. Referring to
Section 8, the nearest actual reading is 642.18; the absolute error is 3.1880.
Rounding and subtracting, 642.10 - 3.19 = 638.91 mV actual output voltage into

1 megohm load. Therefore, the amplitude of the fourth step is 638.91 mV.
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MEASURING THE AMPLITUDE OF MODULATION RIDING ON A DC LEVELA

Connect the Chopped Voltage Reference and Differential Amplifier as shown in
Figure 3-1. With the Differential Amplifier inputs grounded and free-running
trace, establish a convenient zero reference with the Oscilloscope position
control. Apply the unknown signal and the Chopped Voltage Reference to the
inputs of the Differential Amplifier, DC coupled. Trigger the Oscilloscope
from the unknown signal; the Chopped Voltage Reference should run asynchron-
ously with the unknown signal. Adjust V3 RANGE and V; VOLTS, and Vy RANGE

and Vo VOLTS such that the top and bottom of the desired modulation just meet
at the zero reference previously established. The Differential Amplifier dis-
plays the difference between the two signals,

(VDc + VAG peak) ~ (V1 Reference) = 0

I
o

(VDC - VAC peak) - (V2 Reference) =

Subtracting these two equationms,

VpCc + VAC peak = V1 Reference — VDC + VAC peak * V2 Reference = 0

Reducing terms,

2 Vac peak - 1 V1 Reference *+ V2 Reference = 0

Rearranging,

VAC peak-to-peak = V] Referenece = V2 Reference

The peak-to-peak AC voltage or modulation is the difference between the two
Chopped Voltage References.

NOTE: The switch and dial readings are open circuit voltages. The
readings must be corrected for loading of the Differential
Amplifier input resistance. Section 8 provides a correction
table for 1 megohm leads such as the Type 1lA5. Corrections
for loads other than 1 megohm can be calculated; see page 2-5.

An example of this measurement technique is illustrated by Figures 3-4 and
3-5. Figure 3-4 is the unknown signal with modulation riding on a DC level.
For this example, the modulation on the third modulated step is measured.

In Figure 3-5 the zero reference was established at the graticule centerline.
V1 VOLTS and Vp VOLTS were adjusted for the top and bottom of the modulation
to just touch the zero reference line (and each other). The difference be-
tween V] and Vo is the modulation amplitude.
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For this example, V; VOLTS dial reading is +0.6358 or 635.8 mV and V2 VOLTS
dial reading is +0.0602 or 60.2 mV from the tables, Section 8,

V] Vs
Actual Output mV 633.00 60.00
Actual Reading mV 636.12 60.15
Absolute Error mV 3.1270 0.1581
Thus, Actual Output V; = 635.8 - 3.1 = 632.7 mV
V2 = 60.2 - 0.15 = 60.05 mV

The peak-to-peak modulation amplitude is V1 - Vy or 632.7 - 60.05 = 572.7 mV.
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DETERMINING ACTUAL OUTPUT VOLTAGE

The Chopped Voltage Reference RANGE and VOLTS are calibrated as open circuit
voltages only. The loading effects of oscilloscope input circuits must be
considered to determine the actual output voltage.

Since most oscilloscopes have a 1 megohm input resistance, a correction table
is provided in Section 8, which gives the actual dial readings for actual
output voltages in 1 mV increments from O mV to 1099 mV. Also included is
the absolute error in mV (absolute error = actual reading - actual output).
The absolute error may be used for interpolation between 1 mV increments.

The table is written in millivolts and can be used directly with the 1.1 V
RANGE for Vi and Vp. For the 11 V RANGE of V; and Vy, multiply the num-—
bers in the table by 10.

For example, to set 368.0 mV actual output voltage at the input of the Differ-
ential Amplifier, the actual reading would be 369.62.

Or, to set 216.8 mV actual output voltage into 1 megohm, the actual reading
would be 216.8 + 0.7205 = 217.52.

If a load resistance other than 1 megohm is to be used with the Chopped Voltage
Reference, the value of Vi VOLTS or Vg VOLTS compensated for that load can be
calculated from the following:

-B +V B® - 4AC
2A

Where X = Actual Reading of ten-turn dial
A=49.4V
B=12.1 Ry, - 60.5 V + 2 NV
C=12.1 NV + 12.1 VR;, + 12.1 V - UN® +12.1 NRy,
V = Desired output voltage in volts
N = Actual reading of 11 position switch (0 through 10)

R;= Load resistance in kQ
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Figure 3-2

Unknown Signal; Zero Reference 1 cm Below Graticule Center

Figure 3-3
Measuring the Amplitude of the Fourth Step with the Chopped Voltage Reference
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Figure 3-4

Unknown Signal with Modulation; Zero Reference at Graticule Center

Figure 3-5

Measuring the Peak-to-Peak Amplitude of Third Modulation Steps with the
Chopped Voltage Reference
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BLOCK DIAGRAM
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Type 067-0596-00
' SECTION 3

CIRCUIT DESCRIPTION

" POWER SUPPLY

Power Input:

Power is applied to the primary winding of transformer Tl via the POWER
switch S1, fuse Fl, voltage selector switch S2 and the Range Selector S3.
The voltage selector switch S2 connects the split primaries of Tl in par-
allel for 115 volts range of operation, or in series for 230 volt range.

A second line fuse, F2, is connected into the circuit when the voltage
selector switch is placed in the 230 volts position to provide the correct
protection for 230 volt operation. The current rating of F2 is one half
of F1. The Range Selector switch S3 allows the instrument to regulate
properly on higher or lower than normal line voltages. Each half of the
primary has taps above and below the 115 volts (230 V) point. As the
Range Selector switch is moved from Lo to M and then to Hi, more turns

are added to the primary windings. Therefore, whether the primary voltage
has increased or decreased, the secondary voltage can be maintained at a
nearly constant level.

Vi and V, Reference Voltage circuits are identical. The following dis-
cussion uses Vj supply circuit numbers; the Vy circuit numbers are the
range from 100 to 159.

Supply:

The basic purpose of the supply is to provide a constant regulated 7.5 mA
current for VR30. Ql7 is a series regulator which provides a constant
regulated voltage at its emitter. The current through VR30 is set by R15
and is equal to the current through R21 minus 1 mA, which flows through
the output attenuator circuit. Since the voltage on one side of R21 is
held constant by the voltage regulator circuit and the voltage on the
opposite side is held constant by VR30 voltage drop the current is con-
stant. Ql6 is the voltage comparator stage for the supply and uses VR30
for a reference. Ql6A detects any change in the output voltage of Ql7
through the divider composed of R13, R15, and R17. VR1l provides approxi-
mate regulation for the collector supply of Q16A.

R23 makes the base driving impedance of Q1l6B equal to the impedance seen
by the base of Ql6A to provide temperature compensation.

C21 and Cl6 provide high frequency compensation. C23 attenuates AC error
signals at the base of Q16B.

The operating voltage for the multivibrator is developed from an unregulated
supply consisting of CR70, R71, and C71.
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Voltage Reference Range:

The voltage range circuitry consists of R30, R31, R33, R37. This portion
of the Vi RANGE switch selects the range of voltage applied to Vj VOLTS
controls.

R30 is selected to set the voltage within the adjustment range of the Vj
CAL control R3l. :

When the V, RANGE is set to +1.1 or -1.1, a precision divider network
consisting of R33 and R37 reduces the voltage to 10:1.

When the Vi RANGE switch (SW30) is set to the +11 or +1.1 position, (VR30)
cathode connects to the plug (+) side of the supply to provide the plus (+)
voltage to the output circuitry. VR30 anode connects to ground.

When the Vj RANGE switch is set to 0, -1.1 V, or -11 V, VR30 cathode con-

nects to ground and its anode connects to the minus (-) side of the supply
to provide the minus (-) voltage to the output circuitry.

Reference Voltage Output Circuit

The reference voltage output circuit is composed of the (Vy) VOLTS combina-
tion control (SW57) and (R57) with associated circuitry. The Vi VOLTS cou-
trol is a combination of two controls: (1) Switch SW57 selects the first
digit within the range set by the V; RANGE switch, and (2) the 10-turn
potentiometer (R57) selects the remaining digits.

A string of twelve resistors (R4l through R52) makes up the main divider.
This portion of the reference voltage output circuitry could be called a
hybrid Kelvin-Verley bridge. The reference voltage is applied to the top
end of the divider and the bottom end is grounded. A shunt divider con-
sisting of R55, R56, and R57 is connected across two of the resistors in
the main divider by means of SW57. The equivalent resistance of the shun-
ted portion of the main divider is equal to 1 K.

The TRACKING control (R56) provides the means for setting the shunt resis-—
tance accurately.

Switch SW57 has 11 positions to permit switching the shunt divider across
two resistors at a time along the string of resistors in the main divider.
Each position corresponds to one digit of voltage. Variable control (R57)
in the shunt circuit is the vernier control for dividing the reference
voltage further so smaller divisions of the voltage can be resolved. For
example, if the V; RANGE switch is set to +11, SW57 is set to 6, and R57
is set to 1 - 25, the reference voltage reading is +6.125 volts.
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Chopper Drive Circuit

Q75 and Q85 make up a free running multivibrator whose frequency cea.. pne
adjusted by R77. If a wider range of frequencies than can be reached by
the adjustment of R77 is desired, C75 and C85 are mounted so they can
easily be removed and other values of capacitors can be selected.

Q76, Q77, Q86, and Q87 are emitter followers that take the outputs from
the collectors of Q75 and Q85 and provide enough drive to run the chopper

(G90). G90 switches between the reference voltage set by V1 VOLTS and
Vy VOLTS.

3-4



NOTES




Type 067-0596-00

SECTION 4

MAINTENANCE

GENERAL INFORMATION
Introduction

This portion of the manual contains a complete calibration procedure for the
067-0596-00 Calibration Fixture. The instrument will not often require a
complete, start-from-scratch calibration, but will need occasional adjustments
as components age or are replaced.

Calibration is a valuable part of preventive maintenance, since many types
of minor troubles may be discovered and corrected before they become serious
enough to disable the instrument. Also, certain troubles can be easily iso-
lated to a particular section of the instrument by attempting calibration.

This section includes a list of all instruments required to calibrate the
Type 067-0596-00 Calibration Fixture, a check out list, and a step-by-step
calibration procedure. The check out list is, essentially, a short form
calibration check; it has the same sequence of steps and the same limits on
checks or adjustments as the calibration procedure. This list may be used to
quickly check performance or locate faulty circuits.

It will be assumed in this manual that appropriate intérconnections and
necessary adapters are available.

It will also be assumed that a control will be left in the position indicated
on the previous step unless otherwise indicated.

All front-panel control labels of the 067-0596-00 Calibration Fixture or test
instrument are in capital letters (V] RANGE), etc. Internal adjustment labels
are identified by an R or C number (R156, Vp Tracking).



























































































































