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Figure 1. Model 6500 Phasemeter
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Section 1 - General Description
SR

SECTION 1
GENERAL DESCRIPTION

1.1 INTRODUCTION

The Krohn-Hite Model 6500 Phasemeter measures the phase angle between two
waveforms of coincident frequency, over a range of 3 Hz to 5 MHz, and provides a
typical accuracy of 0,029, with 0,01° resolution, A 5 digit planar gas discharge
display provides direct readout of the phase angle from 000, 00° to 360, 00°, The
6500 accepts input voltages from 0,01 volts RMS to 120 volts RMS, The fluctuations
or inconsistencies normally encountered in phase angle readings near zero and 360°
(sometimes referred to as ambiguity) are eliminated by a unique network in the 6500
that permits readlngs as small as 0,01° to be observed, without the need of chang-
ing ranges or 180° shifting, In addition, the circuitry of the 6500 significantly
reduces the effects of distortion and noise on phase accuracy, An analog output on
the rear panel provides a DC voltage equal to -10 mv/degree phase, for use with an
external meter or recorder, An optional BCD output is also available, A read/hold
switch also provides continuous display of the phase angle reading, or holding of the
reading for an indefinite period,

An optional rack-meounting kit (Part No, RK-319) is available from Krohn-Hite, for
installing the Model 6500 in a standard 19" rack-spacing.

The phasemeter is carefully inspected, aged, and adjusted before shipment, and
should be ready for operation when it is unpacked, If it appears to have been
damaged in shipment, make a claim with the carrier, and notify Krohn-Hite
immediately,

1.2 SPECIFICATIONS

Frequency Range

3 Hz to 5 MHz

Accuracy

{(For typical performance, refer to Figure 4)

Sinewave: +0.1°+1 digit from 20Hz to 50kHz, rising to *0. 7° at 100kHz; +0.2° at 10Hz;
for any amplltude within the selected voltage range. Above 100kHz, +0. 7° per 100kHz,
with equal amplitude and the same voltage range on each input.

Squarewave: +0.1°+1 digit from 10Hz to 20Hz, rising to +0.7° at 100kHz; for any amp-
litude within the selected voltage range. Above IOOkHz, +0.7° per 100kHz, with equal
amplitude and the same voltage range on each input.
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Input Signal Amplitude

0,01 volts RMS to 120 volts RMS in three ranges: 0, 1-1,2, 1-12 and 10-120, For
higher input voltages, the use of matched attenuator probes, such as Tektronix types
P6006, P6H007, P6013A, P6H049A, or PHEO60 is recommended,

{For input levels between 0,01 volts and 0, | volts RMS, the 0, 1-1, 2 volt range is
used; refer to Figure 4 for typical performance).

fnput Waveforms
Sine, triangle, square and positive pulse waveforms,

{(The phasemeter is triggered on the negative-going transition of the input waveform
in both sine and square wave positions of the WAVEFORM switch, )

Input Impedance
I Megohm in parallel with 50 pf,
Maximum DC Component

+200 volts (for higher voltages, the use of matched, attenuator probes, such as
Tekironix types P6006, P6007, P6013A, P6049A, or FPH060 is recommended),

Response
Time constant: Less than 500 msec,

Settling Time: To within specified accuracy, within one to eight seconds, dependent
upon imput signal amplitude,

Display

0. 55 inch, 7-segment, planar gas discharge
Display Range

Continuous, 000, 00° to 360, 00°

Resolution

0,01°

Repeatability

Better than +1 digit _

Dirift

None

VS TIME (30 days without CAL reset):

Sine Wave: #0,025° from 20 Hz to 100 kHz; 0, 12 at 10 Hz; 20, 35° per 100 kHz
above 100 kHz,

Square Wave: =0, 025° from 10 Hz to 5 kHz; 0. 05° to 100 kHz; %0, 35° per 100 kHz
above 100 kHz,
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Analog OQutput: 0, ! mv (&0, 01°)

VS TEMPERATURE {(without CAL reset):

+0,01°/°C, 10 Hz to 100 kHz; %0, 05¢/°C to 1 MHz; *0.05°/°C per MHz about
1 MH=z,

Ambient Temperature Range
09C to 45°C
Analog Qutput

(For use with an external meter or recorder): 0 to -3, 6 volts DC, -10 mv DC/
degree phase, impedance 250 ohms,

BCD Output {Optional)

Provides 18 lines of phase angle equivalent BCD output, plus polarity, data ready,
read /hold and read rate control lines, Compatible with DTL, TTL logic,

Programming connector AMP type 200277-2 rear panel mounted; mating connector
{AMP type 200276-2), is provided, :

Panel Controls and Adjustments

Front Panel: 3 decade push-button RMS VOLTS RANGE control (each channel), plus
push-button READ/HOLD, WAVEFORM, POWER, 0° CAL and 360° CAL,

Rear Panel: 115/230V LINE, CHASSIS/FLOATING.
Terminals
Front Panel: BNC for A input, B input,

Rear Panel: BNC for A input, B input, analog output, AMP type 200277-2 for BCD
output {optional).

Power Requirements
105-125 volts, or 210-250 volts, single phase, 50-60 Hz, 40 watts,
Dimensions and Weights

Model 6500: 16-1/2" wide, 3-1/2" high, 16" deep, 151bs/6, 8 Kgs net, 18 1bs/8 Kgs
shipping.

Optional Rack Mounting Kit

Part No, RK=-319, permits installation of the 6500 into a standard 19" rack spacing,
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1.3 FACTORS AFFECTING PHASEMETER ACCURACY
1.3.1 Inconsisiencies in Meter Readings Near 0° and 360°

A problem affecting a phasemeter's accuracy is the inability of the phasemeter cir=
cuit to detect relatively small phase angles, resulting in meter fluctuations or incon-
sistencies in readings. The 6500 overcomes this inconsistency (or ambiguity as it
is sometime referred to} by using a specially designed network that permits meas-
urements as small as 0, 01?2 to be made without meter fluctuations or repeatability
errors, and eliminates the need for multiple meter ranges, or shifting of the meter
scale,

1.3.2 Distortien Present on the Input Signal

If there is distortion present on one of the signals, a phase error may be introduced,
depending on the relationship between the fundamental and its harmonics. If the
amplitudes of all odd or even harmonics add up to zero at the negative zero crossing
of the fundamental, then the harmonics will produce no phase error, If the resultant
of the amplitudes is not zero, however, it will cause a shift in the zero crossing of
the input waveform, {Worst case would occur when the maximum of the harmonic
coincides with the negative zero crossing of the fundamental.) The effect of an even
harmonic will not only shift the zero crossing of the waveform, but also alter the
symmetry of the comparator or detector output. If a symmetry control loop is added
to the phasemeter circuit, the effect of the even harmonic on accuracy can be mini-
mizned, The 6500 uses the type of symmetry loop mentioned above,

The effect of an odd order harmonic, however, is not as easily corrected. An odd
order harmonic simply shifts the phase of the output of the comparator or detector
loop. Since the symmetry is not affected there is no way to detect any phase error,

Figure 2 shows the maximum phase error introduced versus the percentage of har-
monic distortion present on each input channel.
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Figure 2, Maximum Phase Error vs % Harmonic Distortion
(Worst case would occur when the maximum of the harmonic
coincides with the negative zero crossing of the fundamental, )
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1.3.3 Noise Present on the Input Signals

Another problem affecting phase accuracy is random noise., If there is a sufficient
noise level on either input (or both), false i{riggering will occur and a phase error
is introduced, The 6500 uses special circuits plus filtering to minimize the effects
of noise on the phase accuracy. Typically, any broadband noise present on both
inputs 40 db down from the input signals will produce only a 0, 05° error, Figure 3
gives a typical curve for phase error versus input frequency, for a signal to noise
ratio of 10:1 on both inputs.

1.3.4 Typical Performance

The typical performance of the Model 6500 is illustrated in Figure 4.

3.

M

PHASE ERROR (DEGREES)

"\-

I0HZ IOOHZ KHE IO HE 100K HE
INPUT FREQUENCY

R W

Figure 3. Phase Error vs, Random Noise

%0

20 -

.
50 /
’
ra
2.0 s
1.0 ”
=1
o8

I { IQHY-KI0MY PUT LEVELS 1 >IG0Hz

1
1
e
A3
0.2 Hy - :
‘\ 9 ! 1
FLY Y ; i
. ; i
i
008 N t SPECIFICATION LIMITS .
' 8 T
002 \ 0.1V —120¥ INPUT LEVELS /

0.0
3

PHASE ACCURACY (DEGREES)

10 100 1K 10K 100K L} &M
FREQUENCY (Mz)

Figure 4, Typical Performance



Model 6500 Phasemeter

| T 7
® © é@éo

DIGITAL. PANEL METER
SET RANGE INDICATORS

POWER RECEPTACLE

BCD QUTPUT ( OPTIONAL
AMP TYPE 200277-2)

POWER SWITCH (I) CHANNEL A INPUT (BNC)
WAVEFORM SWITCHES (12) CHANNEL B iNPUT (BNC)
RMS VOLTS RANGE SWITCHES (3} CHANNEL B REAR INPUT (BNC)
READ/HOLD SWITCHES (49 ANALOG DC OUTPUT
0° CAL SWITCH (I5) GROUND SWITCH (CHASSIS/FLOATING)
0° CAL SCREWDRIVER ADJUST (I§) CHANNEL A REAR INPUT (BNC)
(7) 360° CAL SWITCH | (7D Fuse
5). 360° CAL SCREWDRIVER ADJUST (18 LINE SWITCH
| (19
€

Figure 5. Operating Controls, Displays and Connectors
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SECTION 2
OPERATION

2,1 POWER REQUIREMENTS

The Model 6500 Phasemeter may be used with either a 105 - 125 volt, 50 - 400 Hz
line or a 210-250 volt 50 - 400 Hz line, The line voltage can be selected by opera-
tion of the LINE switch on the rear panel. When the line voltage is 115 volts, a

0.5 ampere fuse is required; when the line voltage is 220 volts, a 0,25 ampere fuse
should be used.

2.2 OPERATING CONTROLS, DISPLAYS AND CONNECTORS (See figure 5)

2.2.1 Front Panel Controls
POWER: On-off pushbutton switch.

WAVEFORM: Two-position push button switch selects sine wave or square wave
mode of operation. When sine or triangle waveforms are used as input signals, the
WAVEFORM switch should be set for ™\_; when square waves or positive pulses
are used, the WAVEFORM switch is set to the ]| mode.

RMS VOLTS RANGE: Three position push button switch (each channel) for selecting
input voltage ranges from 0,01 volts RMS to 120 volts RMS, For input levels between
0.01 volts and 0, I volts RMS, the 0, 1-1, 2 volt range is used. (Refer to Figure 4,
Page 5 for typical performance.) The voltage ranges are 0, 1-1,2, 1-12 and 10-120,
The voltage range may be extended using Tektronix matched probes. (Types P6006,
P6007, P6013A, PH049A, or PH06K0, )

READ/HOLD: Two - position push button switch, In the READ mode, the phase
angle being measured is continuously displayed on the readout. In the HOLD
mode, the last reading is held for an indefinite period.

0° CAL: Push-button hold-release switch for checking 0° calibration. A front
panel screwdriver control is also provided for adjustment of zero scale.

360° CAL: Push-button hold-release switch for checking 360° (full scale) calibra-
tion. A front panel screwdriver control is also provided for adjustment of full scale.

2.2.2 Rear Panel Controls
LINE: Two-position slide switch for selecting 115 or 230 volt operation,

CHASSIS/FLOATING: Two-position slide switch for selecting chassis or floating
ground, In the FLOATING mode, signal ground is isolated from chassis ground.
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1 2,2.3 Displavs

5 digit planar gas discharge displays the phase angle being measured, in degrees,
from 000, 00° to 360, 00°,

SET RANGE: Front panel LED indicator, {one for each channel) illuminates when
the input voltage for that particular channel is either above or below the selected
range.

2.2.4 Connectors
Front panel: BNC connector for each channel input.

Rear panel: BNC connector for each channel input, ANALOG OUTPUT, BNC, equal
to -10 mv/degree phase, for use with external meter or recorder. BCD QUTPUT
{optional), AMP type 200277-2 connector., Power Receptacle for line cord,

2.3 OPERATION
To operate the 5500 phasemeter proceed as follows:
1. Make appropriate power connections (see Section 2. 1).

Z.  Push the POWER switch to the ON (recessed) position, and allow the unit to
warm up for at least 30 minutes to achieve rated accuracy.

3.  Set the READ/HOLD switch to the READ position.

4. Push the 0° CAL button. Adjust the 0° screwdriver control (if necessary)
so that the meter reads 000, 00°,

5. Push the 360° CAL button. Adjust the 360° screwdriver control (if necessary)
so that the meter reads 360, 000,

After the unit has been allowed to warm up, connect the reference signal to the
A input and the signal to be measured to the B input,

(It is recommended that matched, equal length, coaxial input cables be used, as a
difference in length or cable capacitance may affect the phasemeter accuracy,
particularly at highfrequencies. As an example, consider two cables that are the
same type (approximately 30 pf/foot) but of different length. A difference of one
foot between the two cables will create an error at 100 KHz of about 0. 06°.)

After connecting the cables to the two input channels, set the WAVEFORM switch
to the desired mode. Inthe N\, mode, the phasemeter will measure phase angles
between sine waves, a sine and triangle wave, or triangular waves. In the )
mode, Square waves, a square wave and positive pulse, or positive pulses should
be used. If a sine wave is used in the "-I__, mode or vice-versa, an error of several
degrees can be expected. '

After selecting the proper WAVEFORM mode, set the VOLTS RMS RANGE buttons
to a position where the LED indicator is extinguished., This will indicate that the
input signal level is within the proper range. The 6500 will now display the phase
angle, in degrees, between the two input signals, Refer to Section 1 for the
appropriate accuracy specifications.

For phase angle readings passing through 360, 000, the meter reading will remain
at the 360, 00° end until the reading is approximately 364. 00", At this point the
meter reading will shift itself 360° to its corresponding low end, or 004. 00°,
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Conversely, if the meter reading passes ghrough 000, OOO, the meter readingowill
remain at the low endémtil about -004, 007, where it will then shift ifself 360" to a
new reading of 356, 00",

This feature allows readings to be taken at or near 0° or 360° without meter
fluctuations,

It is also possible to shift the phase reading as follows {applicable to sine wave
position of WAVEFORM switch, only):

If the meter is reading near 0°, and a reading near 360° is de sired, simply
depress the 360° CAL button for about 3 seconds, then release. If the meter
reading is near 3609 and a reading near 0~ is desired, simply depress the 0°
CAL button for about 3 seconds, and then release,

When the input voltage level exceeds 120 volts RMS, or the DG component of the
signal exceeds 200 volts, the input range of the 6500 can be extended with

Tektronix or similar type matched probes. (Tektronix types P6006, P6007,
P6013A, P6049A or P6060, or equivalent).

The probe should match an input resistance of 1 megohm and should be adjustable
to match an input capacitance up to 50 pf. The broadbanding screw should be
adjusted for 0° (or 360°) reading with a signal directly on one of the phasemeter
inputs and the probe {on the other phase meter input) connected to the same signal,
Reverse the procedure for a probe on the other phase meter input, For optimum
accuracy, the probe(s) should be adjusted at each frequency used before making

phase measurements, For less stringent accuracy requirements, the probe(s)
need not be adjusted carefully.

If a 10 Megohm probe {or 10 Megohm source impedance) is used on one channel
only, below 200 Hz, or a 1 Megohm source impedance below 20 Hz on one channel
only, an appreciable error is introduced, bhecause of the phasemeter input coupling
capacitors. (10 Megohms will produce approximately 0. 8° at 10 Hz). This error
can be cancelled by adding an equivalent source impedance in series with the input
to the other channel at these low frequencies. (If left in at higher frequencies, it
must be accurately broadbanded with a shunt capacitance).

2.4 BCD OUTPUT (OPTIONAL)

A digital programming connector (AMP type 200277-2), is mounted on the rear panel,
and provides an equivalent BCD output of the front-panel display, plus four additional
data control lines. A total of 22 programming lines plus 3 lines of the programming
ground return are provided,

A total of 18 lines are used to provide the BCD equivalent output of the 5 digit, front
panel display. Each digit, with the exception of the 100's digit, is represented by
four output lines, and is binary-coded in a 1-2-4-8 format. The 100's digit is rep-
resented by two lines, coded in a 1-2 format,

The four additional data control lines provide the following functions:
I, POLARITY (OUTPUT): The output logic level of this line remains in a "High"

state when the displayed phase angle is positive; output level will convert to a
"Low' state if the phase angle display goes negative,

(Con*t on Page 11}
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Table 1,
OPTIONAL BCD OQUTPUT PIN CONNECTIONS
(Using AMP type 200277-2 Connector)

Pin Letter Function Description

A 000, 01 A
000, 02
000, 04
000, 08
DIG. GND.

000, 10

e S B N o N & B =

000, 20

[

000, 40
000, 80

DIG, GND.

001, 00 Phase Angle BCD
OUTPUTS

002, 00
004, 00
008, 00
DIG. GND,
010, 00
020, 00
040, 60
080, 00

100, 00

W X 2 < d a4 @w o wmw Y oz 2 o &

200, 00 v

N

Polarity (Output) "High" for pos, angle
"Low'" for neg. angle

a Conversion Complete "High" for data ready
{Output) "Low'" for conversion

b Transfer Inhibit "Low' for data read
(Input) "High' or open for data hold

c Read Rate {Input} "High' for 4 cts/sec
"TLow' for 20 cts/sec

10



Section 2 ~ Operation

The

The

CONVERSION COMPLETE {OUTPUT): The output logic level of this line will
remain ""Low' during the Digital Panel Meter' s measurement or conversion
cycle; the output will convert to a "High'" state when conversion of data is com-
pleted,

TRANSFER INHIBIT (INPUT): This input is used in conjunction with the front
panel READ/HOLD switch, and provides remote control of the READ/HOLD
function, When the front panel READ/HOLD switch is in the READ mode, the
TRANSFER INHIBIT control line is inoperative; when the switch is in the HOLD
mode, a "Low' level applied to the TRANSFER INHIBIT input line will allow
hoth the front panel display and the BCD outputs to be continuously updated by
new data. A "High" level applied to the TRANSFER INHIBIT line will hold or
maintain the last data displayed, plus the equivalent data on the BCD outputs,

READ RATE (INPUT): This input is provided for selection of the DPM's read/
rate, A '"High' level applied to the READ/RATE input will effect a DPM read/

rate of 4 counts/second; a "Low' level will convert the read/rate to 20 counts/
second,

logic levels for all OUTPUT lines are as follows:

OV = Low = 0,5V; I . = 10mA
sink

2,4V = High = 5.5V, R = 6K Ohm
source

logic levels for all INPUT lines are as follows:

0V = low=20,8V; 1. = 1, bmA
sink

2,0V = High= 5,0V; I =0, ImA
source

A mating connector for the AMP type 200277-2 (Part No. AMP type 200276-2) is
provided.

11
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SECTION 3
INCOMING INSPECTION AND CHECKOUT

3.1 INTRODUCTION

The following procedure is used to verify that the phasemeter is operating within
specifications, both for incoming inspection and for routine servicing, Tests
should be made with all covers in place, and the procedure given below should be
followed in sequence,

SPECIAL NOTE

As an alternate to the following procedure, a Primary Phase Angle
Standard such as the Dytronics Model 311/RT-1/7175 may be used
for accuracy measurements between 30 Hz and 10 KHz. A second
alternative is the use of a Computing Counter System such as the
Hewlett Packard Model 5360A when used with a suitable phase shifting
circuit),

3.2 EQUIPMENT REQUIRED

(a) 10 Hz to 100 KHz low distortion™ oscillator, with output adjustable from
0.1 velts RMS to 10 volts RMS, Krohn-Hite Model 4000A or equivalent,

(b) 10 Hz to 10 MHz sine wave oscillator, with two outputs, 180° apart, and
output voltage adjustable from zero to 1, 5 volts RMS, Hewlett Packard Model 654A
or eguivalent.

(c) Variable phase generator, capable of providing two sine wave and/or square
wave outputs, with adjustable phase angle from 0° to 360° Hewlett Packard Model
203 A or equivalent,

(d) 10 Hz to 5 MHz square wave signal source, with two outputs, not in phase,
and cutput voltage at least 1 volt peak to peak. (If a signal source with two outputs
is not available, a single source may be used with a suitable balanced transformer
such as the North Hills Electronics Model 50-201RA, to produce two outputs ap-
proximately 180° apart. )

{e} 50 ohm terminators, (2 required), Tekironix type 011-0055-00 or equal,
{For use with above transformer only).

{f) Calibrated DPM, zero to -3, 6 volts DC, with 0. 1 millivolt resolution,
Newport Model 2000AS or equal.

(g) Matched set of coaxial cables (BNC} for connections to inputs, (Same
length and impedance).

* Less than 0, 01% from 10 Hz to 20 KHz, rising to 0. 1% at 100 KHa.

12
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3.3 PROCEDURE

After allowing the instrument to warm up for at least 30 minutes, set the controls
to the following positions:

WAVEFORM v

RMS VOLTS RANGE {input A) 0.1-1,2
RMS VOLTS RANGE (input B) 0.1-1.2
READ/HOLD RE AD
GROUND SWITCH CHASSIS

3.3.1 Meter Calibration

Press the 0° CAL button. Adjust the screwdriver control on the front panel until
the meter reads 000. 00°. Press the 360° CAL button. Adjust the screwdriver
control on the front panel until the meter reads 360. 00°,

3.3.2 100 Hz Sine Wave Check

Connect the output of the low distortion oscillator to both inputs of the phasemeter,
using the set of matched cables. Set the oscillator frequency to 100 Hz, output
amplitude to 0. 1 volts RMS, Depress the 0° CAL button momentarily, then release;
meter should read 000. 00° £0, 05°, Depress the 360° CAL button, then release;
meter should read 360, 009 £0. 05°. Repeat procedure at 20 Hz, 1 KHz and 10 KHz.

3.3.3 10 Hz Sine Wave Check

Repeat procedure of 3.3.2 at 10 Hz; meter tolerance is %0, 2°,
3.3.4 100 ¥Hz Sine Wave Check

Repeat procedure of 3, 3.2 at 100 KHz; meter tolerance is +0, 7°,
3.3.5 High Freguency Sine Wave Check

Connect the outputs of the 10 MHz oscillator to the phasemeter inputs, using the
matched cables., Set the oscillator frequency to 200 KHz. and both output voltages
to 0.1 volts RMS, Observe the phase reading.

Reverse the two inputs. Observe the phase reading, The Total™ of both readings
should equal 360, 00° £2, 8° at 200 KHz. Repeat this procedure at 500 KHz, ! MHa,
2MHz and 5 MHz. Tolerance of the total reading is =7¢ at 500 KHz, +14° at 1 MHz,
+28° at 2 MHz and £70° at 5 MHz. Disconnect the oscillator.

3.3.6 100 Hz Square Wave Check

Set the phasemeter WAVEFORM switch to™ . . Connect the outputs of the square
wave sipnal source to the phasemeter inputs. (If a signal source with two outputs
is not available, proceed as follows: Connect a single sguare wave source to the
input of a suitable balancing transformer, as described in 3. 2.c. The output im-
pedance {Z) of the signal source should approximately equal the input Z of the
transformer. Some transformers require a load onr their ocutputs equal to their
output 7. Check manufacturer' s specifications). Set the signal source output
voltage for 1 volt peak to peak at the phasemeter inputs, Observe the phase read-
ing. Reverse the inputs and observe the reading. The Total™ of both readings

* If both readings are in error by E degrees, the total will be off by (2xE) degrees.
Therefore the tolerance of the total is twice the specified accuracy. (See Section 1, 2)

13
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should equal 360° £0. 19, Repeat this procedure at 10 Hz, 1 KHz and 5 KHz. Total
of the two readings should be 360° £0, 1°,

3.3,7 20 Kz Sguare Wave Check

Repeat the procedure of 3. 3, 6 at 20 KHz; total of the two readings should be
360° £0, 2°.

3.5.8 High Freguency Square Wave Check

Repeat the procedure of 3.3, 6 at 200 KHz, 500 KHz, 1 MHz, 2 MHz, and 5 MHz,
Tolerance of the total reading from 360° should be 2. 8% at 200 KHz, +7° at
500 KHz, +14° at 1 MHz, +28° at Z MHz and =709 at 5 MHz. Disconnect square
wave source {(and transformer if applicable).

3.3.9 Analog Qutput Check

Set the phasemeter WAVEFORM switch to ™. . Connect the sine wave outputs
of the variable phase generator to the phasemeter inputs. Set the generator
frequency to 1 KHz, output voltage to 1 volt RMS., Connect the DVM to the analog
output, Check to see that the analog output is approximately-10 mv/degree for
any phase angle between 09 and 3600,

3.32.10 Bead/Hold Control Check

Set the output angle of the variable phase generator to some angle between 09 and
360° Press the front panel HOLD button. Remove the phasemeter inputs. The
last meter reading should remain stored until the READ button is pressed.

NOTE

The analog output voltage will still vary with a change
in the input phase angle, even though the meter display
is in the HOLD mode,

3.3.11 Optional BCD Qutput Check

The operation of the phasemeter's optional BCD output can be checked by connecting
the variable phase generator to the phasemeter inputs, and measuring the logic
levels on the respective pins for the meter readings listed in Table 1, Page 10, It
may be necessary to use a large angle to measure the BCD outputs of phase angles
less than 1,07, for example, 200,01, 200,02, etc, Be sure to connect the common
or ground lead of the DVM to the BCD output Digital Ground (pins E, L or 8},

To check the ""Conversion Complete" output {pin a), the logic level should remain
"high' Whenothe meter reg.ding is stable, To check the "low" condition, depress
either the 0~ CAL or 360~ CAL bution; the level at pin a should go '"low' while the
meter reading is converting.

To check the "Transfer Inhibit" input, place the READ/HOLD switch in the HOLD
mode, Vary the phase angle of the generator, The meter reading should not
change, Connect a jumper from pin b to pin E, L or S and vary the phase angle of
the generator; the reading should vary as the phase angle is varied.
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SECTION 4
CIRCUIT DESCRIPTION

4.7 SYSTEM OPERATION

SYMMETRY \
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Figure 6. Simplified Block Diagram

A simplified block diagram of the phasemeter circuit is shown in Figure 6, A
reference signal is applied to the A input and the signal to be measured is applied to
the B input. Each input signal goes through a coupling capaciter, an attenuator,

a high impedance (FET} amplifier for iscolation and a switched filter that reduces
any high frequency signals or noise. Each signal is then fed to a high speed com-
parator. The comparator detects the point where the input signal crosses the zero
axis, and produces a square wave. The output of each comparator is then used to
trigger a bi-stable flip flop, The output of the flip flop is'a square wave, with a
duty cycle that is proportional to the time between the two trigger inputs. The DC
average of the accurately clamped flip-flop output is displayed by a digital meter,
and corresponds to the phase angle, in degrees, between the two input signals,
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4.2 ATTENUATOR AND FET INPUT AMPLIFIER (see figurs 6)

TO
WAVEFORM
SWITCH

TG
Q425 SWITCHED
FILTER

Q424

CR422

TO
y INCORRECT
AMPLITUDE
DETECTOR

CR423

Figure 7, Attenuator and Fet Input Amplifier

{INOTE: since both channels are similar up to their comparator outputs, we shall
limit part of the circuit description to channel A.)

The input signal first goes through an AC coupling capacitor, C400, that is matched
with C200 for equal low frequency phase shift. The signal is then fed to an attenua-
tor that provides a constant input impedance on all three ranges. Capacitors C401
through C411 are used for broadbanding and to keep the impedance the same on 2all
three ranges at high frequencies. Diodes CR420 and CR421 on the attenuator
output prevent damage of the FET amplifier by excessive input signal levels,

The FET amplifier is a high impedance non-inverting amplifier with gain, and
consists of an input stage Q420, a balanced differential stage Q421 and Q423, a driver
stage Q424, and an emitter follower Q425. The amplifier provides both isolation

and gain between the attenuator and the switched filter {section 4. 4.} A degenera-
tive path from the amplifier output through CR422, CR423 and R443 limits the
amplifier gain and output swing.

4.3 INCORRECT AMPLITUDE DETECTOR (see figure 8)

The incorrect amplitude detector monitors the output of the Fet amplifier. When
the input signal voltage falls within the attenuator voltage range selected, the
positive DC voltage developed on C464 opens diodes CR 464 and CR465, so that

the current in R475 turns Q46! on, turning off Q460, and turning off the LED Set
Range Indicator, When the input signal exceeds the upper limit of the attenuator
range, the negative DC voltage developed across C463 is sufficient to turn on
CR466, turning off Q461 and turning on the LED. When the input signal falls below
the selected range Q461 is shut off by the current from the -8v supply through
R478, CR464 and CR465. Diode CR465 is in series with CR464 for temperature
compensation.
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RS i i
+av
+8v
7 st pance
nars INDICATOR
R4BT CRA46Z CR466 |
Qa8 Q460
Ca63 CR465
FROM FET
INPUT AMP GUTRUT
c464 CR464
— 8By
RATC CR463
R478
-8v
Figure 8., Incorrect Amplitude Detector

4.4 SWITCHED FILTER AND HOT CARRIER LIMITER (see figure 9)

R5Z{

RrR522

R523

T0
FROM_QUTPUT °
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321 o522 CRS20 CR52)
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-
cs40
I R544 csm C543
TOBASE =

OF Q310
(CHANNEL B)

Figure 9, Switched Filter and Hot Carrier Limiter

The switched filter is a low pass filter that is used to reduce excessive high fre-

quency noise at input frequencies below 200 Hz. The control signal is taken from
the output of IC540. At low frequencies, the control signal charges C541, turning
on Q541 and Q540. This drives the base of 3520 plus, providing a path to ground
for CH21 and C522.
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At frequencies above 200 Hz, the control signal is removed by a bypass capacitor
G543, discharging C5h4l, and turning off Q541 and Q540. This drives the base of
Q520 negative and opens the path to ground.

The hot carrier limiter consists of two diodes CR520 and CR521. These diodes
clamp the input signal at a level of approximately + 0. 3 volts and - 0. 3 volis,

4.5 LINEAR AMPLIFIER {see figure 10)
+8v
FRO
CAl

M
HOT RRIER IC520 3 Q521
LIMITER

TO iNPUT
OF COMPARATOR
{1 540)

Q522

~8v

Figure 10, Linear Amplifier

The linear amplifier is an inverting amplifier with gain and consists of an integrated
circuit 1C520 and a push-pull emitter follower Q521 and Q522. The amplifier serves
two purposes: (1) although the hot carrier limiter clamps its input signal at 0. 3
volts, the slope of the clamped signal will vary with the amplitude of the input signal,
which in turn will affect the point where the comparator is triggered. The linear
amplifier provides sufficient gain so that the difference in the slope is negligible;

(2) since the output of the limiter is not sufficient to drive the low impedance of

the comparator, the linear amplifier provides the current needed.

4.6 COMPARATOR (see figure 11)

The comparator consisting of IC540 converts the output of the linear amplifier to a
fast square wave that is clamped at + 10 veolts by CR545, The negative excursion
of each comparator is capacitively coupled to the flip flop.

18



Section 4 - Circuit Description

B B
+ 13V
R570
FROM
LINEAR ICc540 B 2= TOFLIP FLOP
AMPLIFIER

CR545

2546

Figure 1i. Comparator

4.7 SYMMETRY CORRECTION LOOP (see figure 12)

T
WAVEF ORM a4
SWITCH

TO
Q465 INFUT OF
FET AMPLIFIER

FROM
Q463 QUTPUT OF
\ 1C540

Figure 12, Symmetry Correction Loop

The symmetry correction loop is switched in when the Wavefdrm switch is set to
the "\ mode, and consists of an integrator IC460 and C470, a gated filter Q462
and Q463 and buffers Q464 and Q465. The purpose of this loop is to compensate for
phase errors caused by a shift in the DC level of the input signal, which shifts the
zero crossover point, The symmetry loop averages the output of the comparator
signal from Q466 and Q467 and the resultant DC voltage is fed back to the -
complementary input of the FET amplifier. If there is no shift in the DC level of
the input signal, the signal from Q466 and Q467 will be symmetrical about zero
volts, and the DC average will be zero. If a level shift occurs, the square wave
signal from Q466 and Q467 will no longer by symmetrical about zero volts, and the
average DC voltage from Q466 and Q467 will be fed back to the FET amplifier
input and cancel the error.
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4.8 FLIP FLOP (see figure 13)

TO
COMPARATOR 2> BASE OF
QUTPUT e Q830
CHAMNEL A
COMPARATOR
outpuT =>— |} T0
CHANNEL B » BASE OF
063

Figure 13,

Flip Flop

The Flip Flop consisting of Q600, Q601, Q602 and Q603 operates in a bi-stable
non-saturating mode, and is triggered on the negative excursion of each comparator
output.

The outputs are taken from the colleciors of Q601 and Q602,

4.9 DIFFERENTIAL AMPLIFIER AND METER NETWORK (see figure 14)

ANALOG
DC
CUTPUT
ey 650
|t ©
R6 37 §
FROM U630 0633 l
FLIP FLOP @ 16630 T Q636 Q837
QB3 cess ]
D ma RE63
Q632 :_[
5 n
CUTPUT OF Q634 000 .00 e
DIGITAL
METER

Figure 14, Differential Amplifier and Meter Network
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The push-pull output of the flip flop is fed to a difierential amplifier Q630 and 631,
which cancels any drift and increases the amplitude of the flip flop output. The base
to emitter junction of Q632 functions as a zener, and the base to collector junction
clamps the output of the Differential Amplifier at approximately + 6 volts.

The output of the Differential Amplifier is converted to a DC voltage by an active
filter, IC 630 and a gated filter Q633 and Q634, providing additional smoothing of
the active filter output, .

A buffer stage, 0636 and Q637 provides isolation between the gated filter and the
digital meter,

The digital meter displays the resultant DC voltage, which corresponds to the phase
angle in degrees, between the two input signals.

4.70 POWER SUPPLIES (see figure 15)
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Figure 15, Power Supplies

There are three supply voltages used in the Phasemeter. The + 8 volt supply is
used to power the 1C' s, and wherever a large signal swing is not needed. The + 13
volt supply is used to provide the additional voltage swing needed on the outputs of
the comparator and differential amplifier. Q105 is used as a zener reference for
the +8 volt master supply. IC100 is used for improved temperature compensation,
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SECTION 5
MAINTENANCE

5.1 INTRODUCTION

If the Phasemeter does not appear to be working properly, the following procedure
may facilitate locating the source of trouble. First, check to see if all controls

are properly set, and all external connections have been made. Next, make a
visual inspection of the unit to locate any broken wires or burnt or broken compo-
nents. If a visual inspection does not locate the source of trouble, the trouble -
shooting procedure given in this section should help to localize the problem. Before
attempting any detailed troubleshooting however, reference should be made to
Section 4, Circuit Description.

5.2 TEST EQUIPMENT REQUIRED

{a} 10 Hz to 100 kHz low distortion oscillator, with two outputs 180° apart,
adjustable from 0.1 volts RMS to 10 volts RMS,

(b} Oscilloscope, with | mv/cm sensitivity and bandwidth of at least 45 MHz,
Tektronix type 7403N or equal, with 7B50 Time Base and 7Al13 Differential Com-
parator Ampiifier,

{c}) Digital voltmeter, zero to 15 volts DC, with | mv resolution.

{d) Matched set of coaxial cables {BNC) for connections to inputs, (Same
length and impedance).

5.3 POWER SUPPLY

if the phase meter does not seem to be working properly, the power supply circuit
should be checked first. The three regulated outputs should measure + 8V £0. 2V,
-8V 0.2V, and +13V £0.3V. Normal 60 Hz ripple should be less than 2 mv peak
to peak. If the preceding three voltages appear to be correct, go to Section 5. 4.

The regulated voltages are provided with current limiting circuits that will shut
dewn the supply when excessive current is being drawn from it. Because of this,
an apparent power supply malfunction may be the result of an overload in the phase
meter circuits. This may be determined by measuring the voltage drop across
R104, RI16 and R134. These voltages should be no greater than 0. 7V. If the
voltage across R104, R116, or R134 is considerably greater than 0. 7V, measure
the voltage across the three power supply PC busses which feed the left channel,
the right channel and the rear card circuits, A drop of over 10 millivolts on any
of these will indicate that the overload is in that section.

Less than 0.01% from 10 Hz to 20 kHz, rising to 0, 1% at 100 kHz.
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Check the unregulated voltages on the + end of C103 and the - end of C104., If these
voltages are correct and if there is no indication of overload, but the +8V regulated
output is not correct, check the +8V supply first, because it is the reference for the
other supplies, If the +13V {as well as the +8V) is low, connect a 4, 7K resistor
from the collector of Q103 to the + end of C103. If this corrects the + 8V, but not
the + 13V, the trouble is in the + 13V supply.

Normal voltages for various points are given on the schematic diagram in the
appendix. A good way to find the source of trouble in any of the three supplies is
to trace the error signal developed. For example, if the -8V supply were to be-
come less negative than normal, the base of Q109 would tend to become more posi-
tive, allowing less current to flow through it and R140, making both the collector
of Q109 and the base of Q107 more negative. This would allow more current to
flow through Q107 and make its collector more positive, thus turning on the series
transistor Q106 and restoring the -8V supply to its normal level.

NOTE: Most of the circuitry discussed in the following sections is of high im-
pedance making it necessary to use high impedance, low capacitance equipment
when making AC or DC measurements.

5.4 SIGNAL TRACING ANALYSIS

If the power supply seems to be functioning properly then the following procedure
should localize the malfunction. Set both attenuator switches to the 0, 1V-1, 2V
position. Apply two I kHz, 0, 1V rms sine waves, 180° apart, to the inputs of the
phasemeter. Set the MODE switch to the “\_ position. The schematic shows
various test points with their correct signal levels. The test points basically trace
the signal through the entire system. A quick look at either the Bloeck Diagram
(Figure 5, Section 4) or the detailed schematic {appendix) will show that before

the two input signals reach the flip-flop, they are processed independently by
identical circuitry. Therefore the notation Q222 {Q423) implies that Q222 and Q423
have identical functions in their respective channels.

6.5 FET AMPLIFIER

If test point TP1{6) appears incorrect check Q220 (Q420), CR220 (CR420) and
CR221{CR421), If test point TP1 {6) is normal but test point 2(7) is in error first
check the output from the symmetry correction loop on TP11 {(TP12). If this value

is greater than 0. 35 volts DC, switch the sine-square switch to square wave. If the
output of the symmetry loop is then less than £ 0. 35 volts DC, the trouble is probably
in the limiter (section 5. 10), the Linear Amplifier {(Section 5. 6) or the Comparator
{Section 5. 7). If there is still more than £0. 35 volts DC, the malfunction is likely
to be in the symmetry loop or its associated gated filter or buffer. .

If the preceding voltage check shows no malfunction in these circuits, then the
malfunction is somewhere between Q221 (Q421) and Q225 (Q425). The signal error
can be traced back from test point 2 in the direction of Q221 until the faulty com-
ponent{s} is {are) located.

5.6 LINEAR AMPLIFIER

If the DC voltage on TP3 (8) is incorrect tie pin 5 to pin 10 of IC310 (IC520).

Pin 5 should be zero volts, and TP3 (8) should be approximately -0, 6V. If TP3(8)
is not -0. 6V, check the two diode drop from pin 5 of IC310 (IC520) to the base of
0312 {Q522). This shoud be around 1, 2V. If this checks out and pin 5 of IC310
(IC520) is at 0. 0V then the malfunction is associated with either Q311 (Q521) or
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Q312 (Q522). If pin 5 of IC310 (IC520) is not zero, check to see that the plus and
minus supplies reach their respective pins on IC310 (IC520}. If they do, then
[C310 (IC520) is the source of the problem. If TP3(8) does go to ~0. 6V check the
negative feedback loop from TP3 to pin 10 to see if there is an open circuit, If
not, the malfunction is probably between TP2 and the inputs of IC310 {IC520). The
problem can be further localized by tracing the signal from TP2 towards IC310
{IC520).

5.7 COMPARATOR

First check pin 3 of IC330 (IC540) to see that the signal, normally around 8V p-p,
reaches it from TP3(8). If not, check the components between the two above men-
tioned points, There is a small amount of regenerative feedback from the output
{pin 7 of IC330 (IC540}) to the + input (pin 2), but the DC signal level at pin 2
should not be much greater than 100 mv p-p. If it is, check the feedback cir-
cuitry, If both inputs appear normal but the output, pin 7, refuses to change state
(OV or +10V) in response to pin 3, the problem is probably with IC330 (IC540)

but it could also be accounted for if CR331 (CR546) has gone bad or CR330 (CR545)
is shorted.

5.8 FLIP FLOP AND DIFFERENTIAL AMPLIFIER

Depress the 0° CAL button and then the 360° C AL button while monitoring the DC
level at TP 4. The voltages should be approximately OV and 6. 6V for 0% and

360° respectively. Correct values here indicate that the source of the problem is
after the Differential Amplifier. If these voltages are incorrect, monitor the col-
lector of Q630 in the 0° and 360° cal modes, Correct levels here are -0.5V and
8.5V for 09 and 3607 respectively. Repeat for Q631. Correct levels here are
8.5V and -0. 5V for 0° and 360° respectively. Correct levels here indicate the
malfunction is between the two above mentioned collectors and TP4, If these
voltages are incorrect check the DC levels at the collector of Q602 in the 09 and
3609 cal. modes. Correct values are 9.5V and 8V respectively., Using this same
procedure check the 02 and 360° CAL levels at the collector of 601, Correct
levels are 8V and 9.5V respectively. Proper levels at the collectors of Q601 and
0602 indicate that Q630 or Q631 or their associated circuitry is the source of the
malfunction. Incorrect voltages at the collectors of Q601 and Q602 indicate a mal-
function in the flip-flop or the calibration switch. Check the switch for faulty
contacts, If the switch seems in order, then the malfunction is most likely
associated with the four transistors that make up the flip-flop. Measure the emit-
ter to base voltage drop in each of the four transistors while in the 360° and 0°
CAL modes. In at least one of the two CAL positions the transistor in question
should show a minimum voltage drop of -0, 6V. (On 0° CAL, Q600 and Q602 are
ton'" and Q601 and Q603 are biased off, On 360° CAL, Q600 and Q602 are biased
off and Q60! and Q603 are "on').

5.9 ACTIVE FILTER LOOP, GATED FILTER AND BUFFER

For this section it will be necessary to short pin 5 to pin 10 of IC630. This can
be most easily done by putting a jumper wire across C650, The DC level at pin 5
should now be OV plus a small offset (a max. of 15 mv). If not, check the

DC level of pin 9 of IC630. 1If this does not produce results IC630 is probably

the source of trouble, If pin 5 showed only the acceptable offset check the

DC level at the drain of Q633. It should have essentially the same value

as pin 5 of IC630. Monitor the signal level at the collector of 0634, There
should be a base line DC level of =7V with pulses to +7V. (DC average
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approx. -4, 6V). I not check Q634 and CR637.  Monitor the signal level at the base
of 0634, There should be a base line DC level of -7V with pulses to -12V. If not
check CR548, C547, and R574. Check the DC level at the source of Q636 (R679).
This should be 0,3V, x0,2V. If not check the voltage drop across CR640. If it
is normal {(between 0.5V and 0.8V), Q636 is probably bad, If the drop across
CR640 is not within these normal limits set, check the diode itself. Monitor the
DC level at the base of R637. It should be around -0.65V. If not check R679,
Check the DC level at the emitter of Q637. This voltage should be around -1.3V,

If not, Q637 is probably the source of trouble.

5.10 LIMITER

If the limiter output at the junction of R294 (R505) and R295 (R506) is not swinging
sufficiently positive, the trouble may be Q266 (Q466). If this output is not negative
enough, the trouble may be Q267 {Q467) or the driver Q268 (Q468) or the associated
circuitry.

5.11 SYMMETRY CORRECTION, GATED FILTER, BUFFER

Tn this section it will be necessary to short pin 5 to pin 10 of IC260 (1C460). This
can be most easily done by placing a jumper wire across C270 (C470). The DC level
at pin 5 should now be OV except for a small offset {a max. of £15 mv). If not
check RZ283 (R487). If this does not produce results IC260 (IC460) is probably the
source of trouble. If pin 5 showed only the acceptable offset check the DC level at
the drain of Q262 {Q462). It should have essentially the same value as pin 5 of
IC260 {IC460), Monitor the signal level at the base of Q263 ({2463) to see that the
comparator output reaches it, The signal should be around -7 VDC base line with
pulses to -12V. Check the signal level at the gate of Q262 (QQ462). This point
should be around -8V DC base line with pulses to +2.5 V. If not, check Q262
(Q462) and Q263 (Q463). Monitor the DC level at the source of Q264{0Q464). The
correct value here is about +2 VDC. If this disagrees with the measured value
check R287 (R497), R289{R498) and Q264 {Q464). In narrowing down the mal-
function to the faulty component, it will be helpful to note that the base of Q265
{Q465) should be around + 0.5 VDC. Check the DC level at TP1I {TP12) [ emitter
of 265 {Q465)] for a value of 0 0,6V, If the measured value is very different,
Q265 (Q465) is probably defective.

5.12 SET RANGE INDICATORS

If the LED Set Range Indicators are not working properly, proceed as follows:
Apply a .08 volt RMS, 100 Hz sine wave to both inputs of the phasemeter. Set

the VOLTS RANGE switches to 0, 1-1. 2, WAVEFORM switch to ™. Adjust

R273(R477) until the LED flickers or just goes out, If RZ73(R477} cannot be ad-

justed properly then Q260{Q460) or Q261(QQ461) or their associated components are
defective. ({Refer to Section 4. 3.}
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SECTION 6
CALIBRATION

6.1 INTRODUCTION

The following procedure is provided for periodic calibration and adjustment of the
phasemeter in the field, and adherence to this procedure should restore the phase-
meter to its performance specifications. All tests should be made with covers in
place. If the phasemeter cannot be calibrated by the proceduve given, refer to
Maintenance, Section 5, or consult our factory service department. The location
of test points and adjustable components are shown in Figure 16,
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SPECIAL NOTE

As an alternate to the following procedure, a Primary
Phase Angle Standard such as the Dytronics Model
311/RT-1/7178 may be used for accuracy measurements
between 30 Hz and 10 KHz., A second alternative is

the use of a Computing Counter System such as the
Hewlett Packard Model 5360 A when used with a suitable
phase shifting circuit).

6.2 TEST EQUIPMENT REQUIRED

(a} Oscilloscope, with 1 mv/cm sensitivity and bandwidth of at least 45 MHz,
Tektronix type 7403N or equal, with 7B50 Time Base, 7Al3 Differential Comparator
Amplifier and calibrated X1 probe:

(b 10 Hz to 100 KHz low distortion” oscillator, with 200 ohm main and
quadrature outputs adjustable from 0. 1 volts RMS to 10 volts RMS, Krohn-Hite
Model 4024 A or equivalent.

{c) 10 Hz to 10 MHz sine wave oscillator, with 135 ohm balanced outputs
{67. 5 ohms each output), adjustable from zero to 1.5 volts RMS, Hewlett Packard:
Modgel 654 A or equivalent,

(d)y 10 Hz to 10 MHz sine/square generator, output adJuStable from zero to
10 volts RMS, Krohn-Hite Model 4300A or equivalent,

{(e) Digital voltmeter, zero to 15 volts DC, with | mv resolution, Fluke Model
8000A or equivalent,

(f) AC differential voltmeter, 10 mv to 10 volts RMS, Fluke Model 931A or
equivalent. '

{g) Wideband attenuator, 50 ohm input and output impedance, Texscan
Model LA-51 or equivalent,

(h) X10 oscilloscope probes (2 required), Tektronix type P6006, P6049A or
P6060,

(i} 75 ohm terminator (2 required), Tektronix type 011-0055-00 or equal.
(i) 50 ohm terminator, Tektronix type 011-0049-01 or equal.

(k) Matched set of coaxial cables {BNC) for connections to inputs. (Same
length and impedance}.

6.3 TEST PROCEDURE

After allowing the unit to warm up for at least 30 minutes, set the controls to the
foliowing positions:

WAVEFORM ~,

RMS VOLTS RANGE (input A) 0.1-1.2

* Less than 0. 01% from 10 Hz to 20 KHz, rising to 0. 1% at 100 KHz,
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RMS VOLTS RANGE (input B) 0.1-1.2
READ/HOLD READ
GROUND SWITCH CHASSIS

6.3.1 Powsr Supplies

Check the voltages at the following test poinis, and adjust if necessary.

Test Point Value Adjustment
TP + 8 18V £ 0.2V | R131
TP + 13 + 13V £ 0,3V R112, R113
TP - 8 -8V £ 0,2V R142, R143

8.3.2 00 and 3609 CAL Adjust

Set the front panel 0°ADJ pot {R642) for 0 £ 0. 1 volts DC on its center arm.
Adjust R647 for 0 + 1 mv at TP4, Depress the 09 CAL button. Adjust R642 for a
meter reading of 000. 00°.

"~ Set the front panel 360° ADJT pot (R649) for the center of its range. Depress the
360° CAL button and adjust R653 for a meter reading of 360, 00°,

6.3.3 Symmetry Correction Loop Adjust

Connect one of the outputs of the balanced oscillator to channel A; connect the
other output to channel B, Set the oscillator frequency to 1 KHz, output to

1V RMS at each phasemeter input. Adjust R247 for 0 £ 0. 1 volts DC at TP11,
Adjust R446 for 0 £ 0. 1 volts DC at TP 12. Disconnect the balanced oscillator,

8.2.4 09 and 3600 Cajibration (100 Hz}

Depress the phasemeter 0° CAL button, Adjust the 0% ADJ pot for a reading of
000, 00°, Depress the 360° CAL button. Adjust the 360° ADJ pot for a reading of
360, 00°,

Connect the output of the low distortion oscillator to both inputs of the phasemeter,
using a matched set of coaxial cables. Set oscillator frequency to 100 Hz, output to
0.1 volts RMS., Depress the 0° CAL button momentarily, then release. Meter
should read 000. 00.© If off, adjust R501,

Depress the 360° CAL button momentarily, then release. Meter should read
360.00° If off, adjust R490. Recheck 0° CAL and readjust, if necessary.
Disconnect the oscillator.

6.3.5 Phase Vs, Amplitude, input A

Connect the low distortien oscillator and wideband attenuator to the phasemeter
as shown in Figure 17, Set the oscillator frequency to 10 KHz, and adjust the
main and quadrature outputs for I Volt RMS at each phasemeter input. Adjust
R524 for a minimum change in meter reading when switching the wideband
attenuator from 0 db to 20 db. Tolerance: +0, 01°,
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Figure 17, Phase Vs, Amplitude, Input A, Test Set-up

Set oscillator to 50 KHz. Maintain 1 volt RMS on phasemeter inputs. Adjust
C531 for a minimum change in meter reading when switching the wideband attenuator
from 0 db to 20 db. Tolerance: = 0,01°,

Switch wideband attenuator from 0 db to 10 db. Adjust C436 for a minimum change
in meter reading. Tolerance: %0,01.9

6.3.6 Phase Vs. Amplitude, Input B

Connect the low distortion oscillator and wideband attenuator as shown in Figure 18,
Set the oscillator frequency to 10 KHz, and adjust the main and quadrature outputs
for 1 volt RMS at each phasemeter input. Adjust R314 for a minimum change in
meter reading when switching the wideband attenuator from 0 db to 20 db.
Tolerance: #0,01,°

LOW DISTORTION OSCILLATOR WIDEBAND ATTENUATOR DIGITAL. PHASEMETER

2000000 .
0 G Do (@D = & g

Figure 18, Phase Vs. Amplitude, Input B, Test Set-up

Set oscillator to 50 KHz. Maintain | volt RMS on phasemeter inputs. Adjust
C321 for minimum change when switching wideband attenuator from ¢ db to 20 db,
Tolerance: =0,01.9

Switch wideband attenuator from 0 db to 10 db, Adjust C236 for a minimum change
in meter reading, Tolerance: = 0.01,° Remove terminators, attenuator and
quadrature output from phasemeter.

6.3.7 Phase Vs, Frequency Adjust
Reset 0° CAL and 360° CAL adjust (if necessary), Connect the main output of the
low distortion oscillator to both inputs of the phasemeter, using matched cables.

Set oscillator frequency to 100 Hz, output to 0. 1 volts RMS. Depress 0° CAL
button momentarily, then release. Meter should read 000. 00.% If off, readjust R501.
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Set oscillator frequency to 50 KHz. Maintain 0, 1 volts RMS on osciliator output.
Depress 360° CAL button momentarily, then release, Adjust C225 for a meter
reading of 360, 00°, +0.03°,

Set oscillator frequency to 100 KHz output at 0. I volts RMS. Depress the 360° CAL
button momentarily, then release. Adjust R436 for a reading of 360,000 % 0, 07.°
Recheck 50 KHa.

© 8,3.8 Phase Vs, Atienuator Setting, Input A

Change oscillator frequency to 10 KHz, output to 1 volt RMS. Depress 360° CAL
button momentarily, then release. Meter should read 360.00° Switch input A
attenuator to 1-12V position. Adjust C403 for minimun% change when switching
from 0.1-1.2 V to 1-12 V position. Tolerance: *0.02.

Switch input A attenuator to 0. 1-1, 2V position, Change oscillator frequency to
40 KHz, Depress 360° CAL button momentarily, then release, Switch input A
attenuator to 1-12V position. Adjust R403 for minimum change. Tolerance %0, 02°,

Set both input attenuators to the 1-12V position. Change the oscillator frequency
to 10 KHz, output to 10 volts RMS, Depress 360° CAL buiton momentarily, then
release., Meter should read 360. 00. © Swiitch input A attenuator to 10-120 V
position. Adjust C408 for minimum change. Tolerance: %0, 02°,

Switch input A attenuator to 1-12V position. Change oscillator frequency to 40 KHz,
output at 10 volts RMS, Depress 3609 CAL button momentarily, then release.
Meter should read 360, 00. 9 Switch input A attenuator to 10-120V position, Adjust
R408 for minimum change, Tolerance: *0, 02°,

'6.3.9 Phase Vs, Attenuator Seiting, Input B

Set both input atienuators to 0. 1-1, 2V position. Set oscillator frequency to 10 KHz,
output to 1 volt RMS, Depress 09 CAL button momentarily, then release. Meter
shoutd read 000, 00°. Switch input B attenuator to 1-12V position. Adjust C203

for minimum change. Tolerance: =0, 02°,

Reset input B attenuator to 0, 1-1, 2V position. Set oscillator frequency to 40 KHz,
output to 1 volt RMS, Depress 0° CAL button momentarily, then release, Meter
should read 000.00° Switch input B attenuator to 1-12V position, Adjust R203
for minimum change. Tolerance: *+0.02°,

Set both input attenuators to 1—12Veposition, Change oscillator frequency to 10 KHz,
output fo 10 volts RMS. Depress 0"CAL button momentarily, then release, Meter
should read 000, 00°, Switch input B attenuator to 10-120V position. Adjust C208
for minimum change. Tolerance: *0. 02°,

Switch input B attenuator to 1-12V position. Change oscillator frequency to 40 KHe,
output to 10 volts RMS. Depress 00 CAL button momentarily, then release. Meter
should read 000, 00°, Switch input B attenuator to 10-120V position, Adjust R208
for minimum change. Tolerance: #0.027, Disconnect phasemeter inputs..

6.3,10 Ausnuator Impadance Adjust {Inputs A and B)

Connect a square wave generator to the phasemeter inputs, using two {2) x 10 probes
as shown in Figure 19, Set input attenuators to 0. 1-1. 2V, phasemeter waveform
switch to T[,. BSet the generator frequency to 1 KHz, output to .3V p-p. Connect
the oscilloscope, using a calibrated X10 probe to phasermeter TP7. Set the oscil-
loscope for 10 mv/cm, Cal., AC coupled, horizontal to.2 ms/cm Cal. Adjust

the probe connected to input A for a good square wave on the scope. {A slight
ringing is normal).
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Figure 19. Attenuator Impedance Adjustment Test Set-up

Connect the oscilloscope probe to TP2. Adjust the probe connected to input B for
a good sguare wave on the scope. (A slight ringing is normal).

Switch both input attenuators to 1-12V position. Set generator output to 3V p-p on
each phasemeter input. Change the scope vertical to .1 volt fem, Cal. Connect
scope probe to TP7. Adjust C405 for a geod square wave. Connect scope probe
to TP2. Adjust C205 for a good square wave.

Switch both attenuators to 10-120V position. Set the generator output for 30V p-p.
Change the scope vertical to 1 volt/em Cal, Connect the oscilloscope probe to TP7,
Adjust C409 for a good square wave.

Connect the oscilioscope probe to TP2. Adjust C209 for a good sguare wave. Re~
move generator, oscilloscope, and X10 probes,

6.3.11 Incorrect Amplitude Indicator Adjust

Connect the main output of the low distortion oscillator to both phasemeter inputs,
using matched cables. Set the oscillator frequency to 100 Hz, output amplitude

to exactly 0. 09 volts RMS. Set both phasemeter input attenuators to 0. 1-1,2V
positions, waveform switch to M. Adjust R477 so that the input A indicator light
just goes out, Adjust R273 so that the input B indicator light just goes out.

6.3.12 Phase Vs, Frequency Calibration Check {60 kHz)

Leave the output of the low distortion oscillator connected to both phasemeter inputs.
Change the osciliator output to 0. 1 veolts RMS. Depress the 0° CAL button and
readjust the 0° CAL ADJ pot for a meter reading of 000, 00°, Depress the 360°
CAL button and readjust the 360° CAL ADJ pot for a reading of 360, 00°. Depress
the 0° CAL button momentarily, then release. Readjust R501 for a reading of
000.00° Depress the 360° CAL button momentarily, then release. Readjust R490
for a reading of 360, 00°,

Change oscillator frequency to 50 kHz, output to 0.3 volts RMS, Depress the

360° CAL button momentarily, then release, Readjust C225 for a reading of

360, 00°, Depress the 0° CAL button momentarily, then release., Adjust C647 for
a reading of 000, 00°, Recheck 360.00% at 50 kHz {C225). Disconnect the low
distortion oscillator,
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RE43 . 1 VAR 4B cc13any 0482 FET. H-CHANNEL WAT  MPFA392 CRS48 DIORE. SWITCHING APD THA149
REM AD TYPE %Esss‘ 4463 TRAHSISTOR, HAH WOT  EPS2360
RBAS 1780 TRH  TYPE 464 FET, N-CHARNEL 5L 219340 : W
RE46 1 178 e L2093 0465 TRARSISTOR. (PR T Tise i o T elng PR
1647 B 72PM 456 TRAHSISTOR, PRP HOT  1PS3640 LRG0Z DI09E, SHITCHIGG APD N9
BG4z lr . 174 AB CCIOGLF G467 TRAMISISTOR, PP HOT - PSIRAD CRED3 O107E, SWITCHINE LS HERES)
RE4Y i pDT, 3600 AD) vH B3304-C e TRANSISTOR. TPN MaT  MPS3GAE ' ’
7650 10 14 8 cA1otl . .
p651 I 180 TRW  TIPE RMSSET LRE30 DIODE, SHITCHING. H.C. HOT  1BDSOd
652 ) 1754 TRW  TYPE RUBSE* 0520 TRAUSISTOR, MFH . 1597 £R631 DIDOE, SHITCHING, H.C. Myt 6B0501
R653 ! o 720 fez1 TRANSISTOR, NPl WaT  HPSES]5 CRE32 DINOE, SWITCHTNG APD M4139
RE54 gtk 1. /i 4B LC6192F a2z TRANSISTDR, PNP Wt IpaEsIs CREI3 9I0DE, SWLTCHING APD TH4149
RE5S 13 16" 174d BB L6332} ' CRE34 DIGDE, SHITCHENG AP 14149
RG36 TRiM RB TIPE €B Egsig DIODE, SS}}E'””E‘ H.C. :1581 ngsm“
ROSFA TRIK aB TYPE CB 0540 TRANSTSTOR, MPH HDT  2H5087 5 DIGOE, SHITCHING, H.C. 0T MBDSO1"
RESTS TRIK ’ T q54} TRAISISTOR, PO MOT  HPSESIS CRE37 OT00E, SHITCHING APD InaT48
RE 1801 10 170W 542 v WO MPSEEH T3 e <l )
nese | 1ok 0 i e L8153 e sl e CRG33 DIOE. SUITCHING APD IN3140
R660 TRIM AR TYPE CB 0544 TRANSISTOR, PHP HOT MRSERAE ECL s CRGAD DYODE, SWITCHING APD 149
0545 FET, N-CHATMIEL MgT  MPFA392
RGE2 z 150 1744 4B ceerat [EEEH] DIDDE, ZEMER, 9V APD  LN93T
#663 100k 1o 1784 AB 81047 YR5AG DIODE, ZEHER. 9V APD  LND37
0600 TRANSISTOR, PP HOT  TS3640
R5ﬁg a; o 18k ig Egggg 0601 TRANSISTOR, PHP HOT  HPS364D
[ % i aH 1
we | A e o
A 1221 5.6UH 0 174k Y 15370
671 i 10 1780 ] CEIDE Leez 5. 6ul 0. 144 DLV 15303
178 A8 CL432TF - )
Re2Z [ 42 1 /80 he et 0630 TRANSISTCR, PHP MT HPS36A0 Lz2a 5 ol " 1t gy 18373
673 220 10 e 5 TRANSISTOR, PUP HOT  MPSIRAD P Yran DLy 133713
RE74 131 0. 1734 Ag o CB3IN 0612 TRANSISTOR, PHE MOT  HPS1640% L2zo Tul 19 / -1
1533 FET. H-CHAHHEL WO PFAIS7
534 TRRHSISTOR, HPH W HPSZI60
ket 5.5 w LA i% E’é?gii ! 1330 5. Guk 10 1A% oy 151-
RE7E | I 16 172 - (636 FET, DUAL H-GHANHEY! SIL 5U2366 3. bufl 23
RE79 " 19 1744 A c81021 Q637 TRANSISTOR, NiPH Tl tis97 L331 47ul 1 180 DLy 1537-61
LT 5 5D L CB2245 ) A
2681 ¢ 3.3 - T7e0 8 83321 1420 5. fuH 10 174 o 183-H
' uz60 op Ap NAT  LM21BN 1421 5. Bl 1y 1 pLy 153731
*T.C.: 25 pmesfoC u3n or Ane RAT  LM3LAN %k ¥ 1422 5. fuH . Hal bLY 1537-0
— . a
1330 VOLTAGE COMPARATOR Hs LH05H La24 5. puit 1 A v 1513
1460 o AP NRT  [M3lBH Ph oy 133740
U520 il NAT  LM318Nk % L1425 Tt n T84 | 537+
usan VOLTAGE COMPARATOR NS LM30EH
U630 08 AP W07 LM30IAN
1540 5. 6uH 1M 174 by 1537-3
L5341 47uH 10 1444 pLy  1537-6
' "
cR220 HOT - PSESIS L6320 - W Vi oy 153
CR221 WOT  MPSBO1S 1 Voa ooy 33000
CRZE2 DIBDE., SHITCHING APD 144149 L1631 100uH 1o L I
CcR2z3 AI0DE, SHITCHING D 114149 Leaz 22Ul / B
n5201 LIGHT, THDICATOR,SET RANGE prA  2-939-
CRZBD DIODE, SWITCHING APD IHA149 D501 L1GHT . 150 ICATOR.SET RANGE niA 2-550-
CR2E1 DIODE. SWITCHING AP #4140 . .
Che6? DICBE, SHITCHING APD 114140 520! SWITCH, PUSHGUTTON, RHS KH Part. t
CR263 DIODE, SHITCHLUG AFD 1HANM9 YOLTS 4B32H
cRzEd DIODE, SHITCNING ARD  1HA149 407 SRITCH, PUSHAUTTON, RHS K
LR265 DTODE. SWITCHING AR 1d1ag YOLTS
CR266 DIGDE, SHITCHIHG APD 14149 q L -
5501 SulTCh, PUSHRUTTON, 0F 1 H part 1
. tAL 41330
CR310 DIODE, SWITCHING, W.L.7 WOT  HRD5A1 B0 SWETCH, PUSHBUTTON, 360° Kk
£R3T QIODE, SHITCHING, H.C. T HE0501 L L UAL b
LR3ITZ DIODE, SHITCHING ARD 15149 {5701} SWITCH, PUSHEBUTTON, [ml Part s
LR3I DIODE, SWIFCHING AP 1H4143 WAVEFORH B3z
HOTES:

*Q270, Q240 selected for 0.7V - Wgs _ 1.0 B 1, = 4G0uA, and For Vgs matching o 200 uv.

* 0632 seterted for a¥ o 3mY @ LU PR

-850 - T, 0%
AN = HOT CARRIER.
UWRAGE selected for L, ¢ Imh @ Yp = 1250
¥CRG3S, CRE36 T.0. matched within Su¥/9C, plus thermat clamping.
*  SELECTED FOR LOW HOISE
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101, DIGITAL BOARD

(C-3453)

prisaRY (3 TN
(C-3453)

RESISTORS

TITLE ] THIS DRAWING AND INFORMATION
DIGITAL PAMEL HITE IS PROPRIETARY AND UNAUTHORIZED
REPRODUCTION FORBIDDEN.
TOLERAHCES FRACTIOMS PECIMALS ANOLEY
K‘}___%KFIOHN = RITE
% * £
- COoORPORATION
MODE! RN BY DATE . '
.
J. Asterbury  3-7-7% AVON, MASS. US4
SCALE CHD. . BATE eV
& Buinta 3-7-79 % 44101 R
AP BY DATE | APP, BY DATE | APP. BY GATE

SHEET QF

Syimbol Description Mfr.  Mfr. Part No. Symbot Description Mfr.  Mfr. Part No.
Rr100 §.31K T1/8W AB CCO311F Ri24 81 1% /9K AB CC681LF

R101 51.1K 1/4W AB ccsltzr R125 332 1% 1/4K AB TCII20F

R102 2.2¢ 1/4W AS 82221 R126 15K 10% 1/44 AB CBI531

R103 G20 1744 AB £Ba211 rz7 2.32K % 1743 AR CC2321F

RiQd 2.7 1/4W AB CB27:1 R128 3.6K e 1744 AB CB3625

R105 100 W AB GB1011 RI29 1.07% 1 1/8d AB CCI07IF

R106 ar 1/4W AR cB4701 R130 16.2% 1e 1784 AB CCIE22F

R107 VAR 1/74d AR cez21F RI31 100K POT BRM ieen

R108 27K /4 AB 82731 R132 1.78K 13 1/4KW AR CCY17BTF

R109 18K 1/4W AB £Biaal 133 4.7K 10% T/4KH AB CB4727

10 5.1K 1/8W EB CB5125 Ri3d 2.7 105 1/74% B CB27G1

RrRI111 33K 1/ AB CRIZN R135% 35 10% M AB HE 3301

R112 3,324 1/4W A8 £C3321F R136 220 10% 1440 AR cB2211

R113 3.32K % T/AW AB £C3321F R137 39 10% 1/44 AB CB3901

R114 27 10% oW AB HB2701 R138 680 10% 174K AB 86811

R115 220 0% W A8 GB2211 R139 330 10% T/4W AB B3N

R1l6 2.7 104 1/44 AB £B27G1 R140 12K 10% T/4W A8 CB1231

RI17 3.3k 10% 1744 AB €B3321 R141 1.2K 10% 1744 AR tB1221

R118 220 10% 1444 AB €B2211 R142 3.32% & 1/4W AB CC3321F

R119 56 0% 1£44W AB CB5601 R143 3.32K & 1744 RB £C33217

R120 9.1K # 1/4u AB CBI125

R121 680 10% 1744 A% CB6811

RiZ2 3k 10% 174 AB CB3331 R&E76 1.5K 18% 1744 AB £81521

Riz3 91K 5% 1/8W AR CB9125 R681 3.3K 10% 1/48u AR CB3321

CAPACITORS
Symbo} Description Mfr.  Mfr. Part Ho. Symbal Description Mfr.  Mfr. Part Ho.
ci00 0.002uf 204 T000% 5P €023B102F202M N 0.00Tuf 20% 500V SP CO23BS01ETOZM
10 0.002uf 20% 1000% 5P £0238102Fr202M €1z 0.001uf 20% 500V sp C023B501E102M
cio2 0.002uf 20% 1000y sP CO23B102F202M 13 0.01uf 20% 100V sp {C023B5016103M
£103 500uf +75%-10% 25Y MAL TTS0IND25G1ATP ci14 0.001uf 20% 5OV sP £0238501E102M
€104 500uf +75%-10% 5% MAL TTS0INGZ5G1A1R C115 Tuf +80%-20% 25Y SP 50C02310508250B3
C105 0.91uf 20% 180 SP C02365016103M clie Tuf 20% 39V 5P 1960105%0035HA1
€106 0.07uf 20% TO0V 5P C02385016103M c17 tuf 20% 35V 5P 1960105X0035HA1
clo? 330pf 5% 500Y ELM BM15C3314 c1ig 0.0047uf 20% 500V SP CO23IBSOTFAT7EM
108 0.001uf 20% 500Y SP CO23B501E102M 1y 6.8uf 20% 35¢ SP 1960685X0036FB
c108 Tuf 20% 35Y Sp 196D105x0035:HA7 €120 Tuf 20% 35v SP 1960105X0035HAY
ci1o 0uf +75%-10% 25V 5P 30D506GO25CCE ci21 10pf 10% 500¥ ASP 9213-10110
SEMICONDUCTORS & MISC.

Symboi Description Mfr,  Mfr. Part No. Symbo ] Description Mfr. Mfr. Part No.
Q100 TRANSISTOR, WPN HoT MPS6515 ¥R105 DIODE, ZEMER, 6.4V WS THA57TA

ioi TRANSISTOR, PNP Mot 2M2905A YR110 DIODE, ZENER, 6.8V APD 1HG57B

juy o3 TRANSISTOR, NPN MOT ZNZ219A

Q103 TRANSISTOR, WPM HOT MPSE515 F101 FUSE, SLOW BLOW, 115VAC BuUS MDL-.5A

Q104 TRANSISTOR, NPN HOT MPSEE15 FUSE, SLOW BLOW, Z3CYAC BUS MDL-, 25A

3106 TRAKSISTOR, PN MOT  2N2219A 1 RECEPTACLE, AC POWER SWC EAC-300

Q107 TRANSISTOR, PNP MOT ZN5087

0108 TRANSISTOR, HPN MOT 2H5225% M10% METER, DIGITAL Hp 2000A5~2

Q109 TRANSISTOR. PNP MOT 2NG087*

Pl CONNECTOR, MALE, DPM TRY 250-22-30-270

CRI0O DIOBE, RECTIFIER, 10QPIV T 1NADO2 DIGITAL BOARD

CRIOT DIODE, RECTIFIER, 10DPTY 17T 164002 F2 CORNECTOR, MALE, DP¥ TRW  ?50-15-30-170
CR102 Digng, RECTIFIER, 1DOPIV T 1N4D0Z ANALOG BOARD

103 DIODE, RECTIFIER, P

22134 DICDE, DUAL 10072 ,{& Jﬁ‘;ggi 5101 -[SWITCH, PUSHBUTTON , POWER vl fPart of Assy.
CRIGS DIODE, SWITCHING APD 1NG149 5603 SWITCH,PUSHBUTTON, READ/ B3301-B

CR106 ngonz, DUAL MOT  MZ2361 HOLD

DIODE, SWITCHING
oL | crooe’ oval AL it 5102 SWITCH, SLIDE, LINE SHC  46256LFR
CR109 DIODE, SWITCHING APD 14149 5103 SWITCH, SLIDE, GROUMD CW GF-123
DIODE, SWITCHING

CRI10 T AFD - THANAD Tn TRENSFORMER, POWER KE  B2975-E

CR112 DIODE, SWITCHING APD TH4149

u100 TRANSISTOR ARRAY RCA CA3054 *(168, Q109 physically clamped to cancel thermal drift.

L 1
MANUFACTURERS CODE

AB 01121} Allen Bradley Company ~ Milwaukee, W1 GE {03508) General Electric Syracuse, RY
APD 50273} Amerfcan Power Davices Andover, MA 7 3 ITT Semfconductor Woburn, MA

ASP {82142) Airco Speer Dubois, PA MAL  (37942) P. R. Mallory & Co. Indianapolis, IN
BKM {30646} -Beckman Instrument Co. Cedar Grove, NJ M7 {04713} Motorola Semicenductor Phoenix, AZ
BRN [ } Bourns, Inc. Riverside, CA NP {22873) Mewport Labs., Inc. Santa Anna, CA
BUS  (71400) Bussman Mfg. Co. St. Louis, MO NS {36462) Mational Semiconductor Plattsburgh, NY
[%1] (88479] Corne}i-Dubilier Hewark, NJ RCA  (49671) Radic Corporation of America Harrison, NJ
CGH Ufﬁ?d} Covning Glass Works Corning, HY sIL {17856} Siliconix Sunnyvale, CA
cop {16352} Computer Diode Corp. Fairlawn, NJ sP {56289) Sprague Electric North Adams, WA
CH (79727) C.W. Industries Harminster, PA SIT Stettner-Trush, Inc. Cazenovia, NY
oiA ] Dizlight Corp. Brooklyn, NY SWC  {82389) Switchcraft, Inc. Chicago, IL
DLy {99800) Delevan Electronics East Aurora, RY TI  {02195) Texas Instruments, Inc. Dalias, TX
ELM  {72136) Electro-Motive Mfg. Co. Willimantic, CN R (03877) Transitron Electric Co. Wakefield, MA
ERT  (72982) Erie Technological Prod. Erie, PA TRW  {84611) TRW Capacitor Div. Dgallala. NB
FR {07263} Fasrchild Semiconductor San Rafael. CA






