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DESCRIPTION.

The Hewlett-Packard Model 774D and 775D Dual
Directional Couplers are three-port passive devices
for use in 7-mm, 50-ohm systems. A coupler is
essentially a device for sampling power flowing in
one direction in a transmission line. Since no
coupler is perfect, some power flowing in the
opposite (unwanted) direction is also sampled. The
rejection of power flowing in the unwanted direc-
tion is called directivity and is the most important
specification of a directional coupler. These coup-
lers have 40 dB directivity. Another specification is
the forward coupling aftenuation (usually called
just coupling} which is the fractional amount of
power transferred in the wanted direction. These
couplers have a nominal 20 dB of coupling. These
terms are defined in Figure 1. Figure 1 also shows a
typical coupling curve. This curve is not a specifica-
tion. The specifications are shown in Table 1.

Table 1. Specifications

HP 774D HP 775D
Frequency Range: 215450 MHz 450—9%40 MHz
Minimum Directivity:' 40 dB

Coupling Attenuation:
{each secondary arm)

20 dB (nominal)

Accuracy of Coupling: Mean coupling level within 0.5 dB
(each secondary arm) of 20 dB

Mazx. Coupling Variation: +1 dB
Max, Primary-Line SWR:' B B £
{50-ohm terminations)

Max. Auxiliary-Arm SWR: 1.20

{560-ohm terminations)

Primary-Line Power
Handling Capacity: 50 watts average, 10 kW peak

Primary Line

Insertion Loss: <0.3 dB <0.4 dB
Primary-Line
Connectors: Type N connectors, one male and

one female?

Auxiliary-Arm Connectors: Type N female connectors?

Size: (in.) 9-1/16x 3-1/8 x 1-3/4
(mm) 230x T2 x 45

Weight (net) : 31b (1,4 kg)

1Measured with Hewlett-Packard F102-909A (male) or HO3-900A
(female) termination.

2Ccmpatible with connectors whose dimensions conform to
MiL-C-39012 or MIL-C-71.
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Port Terminology.

The two directly-connected ports (on opposite
ends of the coupler) are called the primary-line
ports. The coupled ports on each side are called the
auxiliary ports. Coupling is in the direction of the
arrows on the nameplate. These coupled ports are
called auxiliary-line ports.

Accessories Availahie.

Two shorting connectors, Hewlett-Packard Model
11511A Type N female short and Model 11512A
Type N male short, are available as accessories.

INITIAL INSPECTION.

Mechanical Check.

If damage to the shipping carton is evident, ask
that the carrier’s agent be present when the coupler
is unpacked. Inspect the parts for mechanical
damage, such as scratches or dents. Also check the
cushioning material for signs of severe stress
{compacting).

Electrical Check.

The electrical performance should be verified as
soon as possible after receipt. Refer to the perfor-
mance test for further information.

Claim for Damage.

If a coupler is mechanically damaged or fails to
meet specifications upon receipt, notify the carrvier
and your nearest Hewlett-Packard Office immedi-
ately {a list of Hewlett-Packard offices is at the end
of this operating note). Retain the shipping carton
and the padding material for the carrier’s inspec-
tion.

REPACKAGING FOR SHIPMENT.
Using Original-Type Packaging.

Containers and materials like those used in factory
packaging can be obtained through Hewlett-
Packard offices listed at the end of this operating
nhote.

If the coupler is being returned to Hewlett-Packard
for servicing, attach a tag indicating the type of
service required, return address, model number,
and serial number. Also, mark the container
FRAGILE to assure careful handling.

In any correspondence refer to the instrument by
model number and serial humber.
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Using Other Packaging.

The following general instructions should be used

for repackaging with commercially available
materials.
a, Wrap the coupler in heavy paper or plastic

(if shipping to a Hewlett-Packard office attach a
tag indicating the type of service required, return
address, model number, and serial number).

b. Use a strong shipping container. A double-
wall carton made of 350-pound test material is
adequate.

c. Use enough shock-absorbing material (3
to 4 inch layer) around all sides of the coupler to
provide firm cushion and prevent movement inside
the carton.

d. Seal the shipping carton securely.

e. Mark the shipping carton FRAGILE to
assure careful handling.
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OPERATION.

Precautions.

Connectors. The type-N connectors used on these
couplers will mate with all other type-N connectors
whose dimensions conform fo MIL-C-71B and
MIL-C-32012. Do NOT mate with the male type-N
connector on other 774D’s with serials below 3119
or 775D’s with serials below 3141 (see caution
below}.
CAUTION

Do NOT mate with 0.071” diameter pin
male connectors. Damage may result.

When instailing be sure auxiliavry equipment sup-
ports its own weight. The coupler, particularly the
connectors, is not designed to carry weight.

Do Not Drop. Do NOT drop the coupler. While the
coupler probably will not break, it can be jarred
out of adjustment and the connectors can be
damaged.

{
]

VARIATION

COUPLER
PRIMARY PERFECTLY PRIMARY
LINE — TERMINATED M LINE
Py — [] L3 ourur il Lh—r
INPUT tT LT INPUT
P p
% 2
AUXILIARY AUXILIARY
ARM ARM
COUPLING auxiliary output (Pgy) Py
COUPLING =—10 log or = 10 log 10 P2
F

primary-line input (Pq)
The coupling varies with frequency so the following terms must be defined

COUPLING

!

DIRECTIVITY

FREQUENCY

Py

F
DIRECTIVITY = 10logjgp, ~ (dB)
R

Terms for the other auxiliary arm may be defined in a similar manner.

Figure 1. HP 774D/775D Coupler Terminology
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Ambient Conditions. Do not heat cycle this coup-
ler during use or storage Keep coupler near room
temperature (25°C). Coupler will stand relative
humidity of 956% but will be affected by condensa-
tion (keep at room temperature).

Signal Fiow.

Signal flow is indicated in Figure 1. Coupling is
indicated by arrows. These couplers are bi-
directional (signal may go through the coupler in
either direction}.

APPLICATIONS.

Introduction.

These couplers are usually used in a reflectometer.
Figures 3, 4, 5, and 6 illustrate typical setups. Note
that a line stretcher {or a longer length of cable)
must be used with vector voltmeters or network
analyzers to balance the two signal paths in the
coupler for zero phase reference,

Complementary Equipment. Figures 3, 4, 5 and 6
show Hewlett-Packard model numbers for equip-
ment suitable for use with the 774D/775D
couplers.

Error Analysis.There are certain errors present in
all reflectometer systems. Usually the most signifi-
cant error is that caused by the directivity of the
directional coupler. The magnitude of this error
can be measured accurately over the frequency
band (see Directivity Check under PERFOR-
MANCE TEST). Once the directivity is known, the

HP 774D/775D

ambiguity of any measurement can be determined
with the reflectometer calculator obtainable free
from any Hewlett-Packard office {a list of these
offices is at the end of this operating note).

Error also results from multiple reflections or
mismatch losses of the components of the reflecto-
meter system. The ambiguity introduced by this
error can also be calculated with the reflectometer
calculator mentioned above.

For more information on reflectometer systems
refer to Hewleft-Packard Application Note 865,
obtainable free from any Hewlett-Packard office.

Power Measuremeant.

The 774D and 775D may also be used for
measuring power as shown in Figure 6. Here the
coupler samples primary-ine power and a coaxial
thermistor mount is used as a power-detecting
device. The coupler can also be used for measuring
peak power up to 10 kW, provided average power
remains below the rating of the coupler (530 watts)
and the sampled pulses are attenuated to the
power-handling capability of the thermistor
mount,

When monitoring power with these couplers keep
in mind that the output power is the coupling {20
dB nominally) ABOVE the power sampled at the
auxiliary port. For very precise work, the insertion
loss of the coupler {attenuation of primary line)
must be subtracted from the calculated output
power.
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0. 210" MAX,

0.314" pIN,
0.316" MAX.

Figure 2. Dimensions of Type-N Connectors
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SWEPT FREQUENCY
OSCILLOSCOPE  INDICATOR VECTOR VOLIMETER
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Figure 3. Typical Reflectometry Setup Figure 4. Setup for Impedance Measurement
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CIIDOOIT] @

Cdl O 20 0 ©
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ouT FILTER 774D, 1750 CONNECT
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HERE

18 dB ATTENUATOR

LINE
STRETCHER

Figure 5. Network Analyzer in Reflectometer Setup
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432
POWER METER

472A
84784
COAXIAL

SIGNAL 774,7750 POWER SENSOR
SOURCE —» — LOAD
TMW TO TWATY

S09A
COAXIAL TERMINATION

Figure 6, Power Measuring Setup

The couplers can be used not only for power
measurement, but for system adjustment for best
power transfer as well, This adjustment can be
made easily with the setups of Figures 3, 4, or 5.
This adjustment can alsc be made with only a
power meter and a coupler. Alternately connect
the thermistor mount first to the incident auxiliary
arm and then to the reflected auxiliary arm. Con-
nect first as shown in Figure 6. Take a reading,
then interchange the thermistor mount and the
load and take another reading. Adjust the system
for a maximum incident/reflected power ratio.

Power Leveling,

The 774D and 775D can also be used for power
leveling, if a single directional coupler is not avail-
able. Connect as shown in the left half of Figure 3.
Terminate the unused auxiliary arm with a 50-ohm
termination.

PERFORMANCE TESTS.

Use the following procedure for initial inspection,
performance testing, or whenever the coupler per-
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formance is suspected. Table 2 lists the recom-
mended fest equipment. Other equipment may be
substituted provided its specifications equal or
exceed the specifications listed under Critical
Specifications. The coupler should be tested on a
swept-frequency basis to assure that there are no
out-of-specification narrow-frequency bands. The
performance test should be done in the order
listed. For instructions refer to the Performance
Test. Table 3, Performance Test Record, provides a
place to record the results.

IMPORTANT NOTE

When a low SWR termination is specified in
these tests, the accuracy of the measurement
is dependent largely on the quality of this
termination. Always use the best termination
available. 1f any of these tests do not mest
specifications, consider the ambiguity in-
troduced by the SWR of the termination
before rejecting the coupler. Try several ter-
minations before rejecting the coupler.
Sliding-load test techniques at single frequen-
cies are not practical due to the low frequen-
cies involved. For these reasons you are urged
to test the coupler as soon as it is received
with the lowest SWR termination available. If
results better than 38 dB directivity are
obtained assume the coupler is good. Keep
the load separate and use only for this testing.
It the coupler is suspected in the future, test
for any change in the incoming inspection test
results. If you get the same results assume the
coupler is good. If the results change send the
coupler to Hewlett-Packard for repair.

Repair

Do not attempt to repair these couplers. Their
high directivity characteristics depend upon the pre-
cision with which they are assembled. If a coupler
does not meet specifications or is damaged, it
should be returned to Hewlett-Packard for repair.
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Table 2. Recommended Test Equipment
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The following equipment is recommended for testing. Other equipment
may be used provided its specifications equal or exceed the specifications
listed under “Critical Specifications.”

Instrument

Critical Specifications

HP Model No,

Sweep Oscillator

Frequency: band of interest
Internal AM: 1 kHz squarewave
Power output: >10 mW

Power leveling: —V input

HP 8350B with 835224
plug in :

Low-pass filter Rejects: second harmonics 360A {for 774D)
Rejection: >40 dB 3608 {for T75D)

SWR Meter Frequency: compatible with sweep oscillator square- | 415B/E
wave modulation
Accuracy: <0.1 dB error/10 dB

Attenuator Attenuation: 10 dB, 40 dB 8491A/B Opt. 010 {10 dB)

Frequency Response: =0.5 dB

Opt. 040 (40 dB)

X-Y Recorder

Impedance: 200K ohms/V
Sensitivity: =50 mV /in

7035B

Low-8WR (1)
Termination

Frequency: band of interest
SWR: 1.01 at frequency tested

Coaxial: 50 ohms

HO02-909A (type N male)
HO03-908A (type N female)

Termination (3}

Frequency: band of interest
SWR: 1.05
Coaxial : 50 chms

909A Opt. 012

Dual Directional
Coupler

Frequency: band of interest
Directivity: >40dB
Nominal coupling: 20 dB

774D oy 775D

Crystal Detector | Frequency: band of interest 4234
Sensitivity: >4 mV/uW
Oscilloscope, Vertical Sensitivity: 0.5 dB/em 141T/1416A
Swept-Frequency | Accuracy: +0.02 dB/dB
Indicator
Barretter Frequency: band of interest PRD 627AM
Response: 0.1 dB/octave
Adapter Male-to-male type N 1250-0778 (UG-57B/U)
Adapter Female-to-female type N 1250-0777 (UG-29B/U)

Signal Source

Frequency: frequency of interest
Internal AM: 1 kHz squarewave
Power output: >10 mW

Any sweep oscillator
listed above operated in
Cw

Slotted Line

Frequency: band of interest
Residual SWR: <1.04
Impedance: 50 ohms

806C
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PERFORMANCE TESTS

DIRECTIVITY.
SPECIFICATION:

=40 dB (774D and 775D).

DESCRIPTION:

Directivity of a coupler is the ratio of power at the auxiliary port when coupler is in forward direction to
power at the auxiliary port when coupler is in reverse direction {coupler perfectly terminated each time and
same power). The T74D/775D should be swept-frequency tested to be sure that there are no narrow-band
out-of-specification points that would be missed with fixed- frequency testing. These couplers will be tested
on a swept-frequency basis with a standard reflectometer setup.

X-Y RECORDER

& 3 Y &l
3 RECORBER
) PENLIFT 3 /Xg} OUTPUT
EO | SWR
o] WETER
SWEEP OSCILLATOR o8 e
"IN
] @
crocorojl §
o.@? c o
lswat-:? ALC RF CRYSTAL P
ouT | ou DETECTOR
wm@?s 5 il ngSN UATOR
. - L (D open
t
'! (@) € e LOW SWR
@ TERMINATION
Figure 7. Swept-Frequency Directivity Test Setup
EQUIPMENT:
Sweep Oscillator . . . . . . . . . . . . . . . . HPModel 83508 with HP Model 83522A
Low-passFilber . . . . . . . . . . . . . . . . « .+« « . .« . . . . HPModel 360AB
SWR Meter e e e e e e e e e e e e e e s e e o oo ... . HPModel 41BE
Crystal Detector . , . . . . ., . . . . . . . . « .+ o« < . < .. . HPModel 4234
X-Y Recorder e e e e e e e e e e e e e e e e e o oo ..o .. .HPModel 7035B
Attenuator .. e e . . .HP Model 8491A

Low SWR Termination . . . . . .HP Model H02-909A (type N male); HO3-909A (type N female)
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PERFORMANCE TESTS (cont'd)

PROCEDURE:

Calibration:

a. Connect equipment as shown at @ in Figure 7.

b. To calibrate the reflectometer proceed as follows:

1. Set the sweep oscillator to sweep over the band of interest with automatic sweep.

2. Bet sweep oscillator for leveled squarewave-modulated output.

3. Bet sweep oscillator for manual sweep.

4. Set the SWR Meter to 30 dB or more sensitive range, vary the sweep oscillator RF power to
get a reading, and peak the reading with sweep oscillator internal squarewave frequency
control.

5. With manual sweep move the X-Y Recorder, with the pen up, throughout the band. Make sure
trace will stay on recorder, adjusting X-Y recorder position and gain controls if necessary.

6. Put the recorder pen down and run a trace. This is the calibration trace.

Measurement:

¢. To make a measurement proceed as follows:

1.

Connect the termination as shown in @ in Figure 7. Note that this termination must have an
SWR < 1.01. Do NOT use adapters, which will increase SWR, with this termination. If
adapters are used, the results will be degraded.

Remove the 40-dB attenuator and connect the crystal detector divectly to the auxiliary
output arm.

Run a trace on the X-Y Recorder. If the trace stays below the calibration trace, the directivity
signal plus the reflection signal from the load is 40-dB down. If not, the coupler could still be
good, depending upon the termination SWR. For a termination with a SWR of 1.005 and a
40-dB dirvectivity signal, the resultant could be as low as 38 dB. At Hewlett-Packard, selected
loads are used to ensure that the coupler is within specifications. See IMPORTANT NOTE in
performance test introduction.

Turn the coupler end-for-end and repeat the test on the other half of the coupler.
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PERFORMANCE TESTS (cont'd}

PRIMARY-LINE SWR.

SPECIFICATION: Note
To test a 774D use another good 774D as the
<1.15 (774D and 775D). directional coupler in Figure 8. To fest a 775D

use a good 7751,
Swept-Frequency Test:

DESCRIPTION:

SWR is measured by measuring return loss with a leveled source. As with any reflectometer, first calibration
is performed by reflecting all of the signal. Then the 774D/775D under test is connected and the SWR
measured.

From a reflectometer calculator, obtainable free from any Hewlett-Packard office listed at the end of this
note, we find that an SWR of 1.15 equals a return loss of 23.1 dB. However, with the ambiguity of 40 dB
couplers, we must test for a return loss of 24.5 dB or greater to be sure of an SWR of 1.15.

a. Connect the equipment as at @ in Figure 8,

* -
Ces O @ O

SWEEP OSCILLATOR ) HORIZ VERT
N out

@ CSCILLOSCOPE
WITH SWEPT-

FREGUENCY

INDICATOR

out iN out

lSWEE? ALC RE

Lervstal =< (D) opEN

LOW PASS DETECTOR

TERMINATION
FILTER

LOW SWR
TERMINATION

DIRECTIONAL
COUPLER

COUPLER

CRYSTALY UNDER-TEST

DETECTOR TERMINATION

Figure 8. Swept-Frequency Primary-Line SWR Test Setup

EQUIPMENT:
Sweep Oscillator . . . . . . . . . . . . . . . . HPModel 8350B with HP Model 83522A
Low-Pass Filber . . . . . . . . . . . . .« . . o .. . . . . . HP Model 360AB
Crystal Detector (2) . . . . . . . . . . . . . .. ' . . HP Model 432A
Directional Coupler . . ., . . . . . . . . . . . . HP Modei 7 74D T75D (see note shove)
Oscilloscope . . . . . . . . . +« « + « « « « « . . . . . . HPModel 141T with 1416A

Termination(3) . . . . . . . . . . . . . . . . < . . .« . . .HPModel 9094, Opt, 012
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PERFORMANCE TESTS (cont'd)

PROCEDURE:

Calibration:
b. To calibrate, proceed as follows:
1. Set sweep oscillator to sweep over the band of interest with automatic sweep.
2. Set sweep oscillator for leveled output.

3. With 5 dB/cm or more sensitive setting on the oscilloscope, obtain a trace. Mark this trace
with a grease pencil. This is the calibration line.

Measurement:
¢. To measure the primary-line SWR, proceed as follows:

1. Connect the dual-directional coupler under test as shown at @ in Figure 8.

9. TIncrease the gain on the swept-frequency indicator by 24.5 dB.

3. Observe the trace. The test trace should be below the calibration line at all frequencies. If so,
the coupler is in specifications without question at all frequencies. If the test trace is above
the calibration line the coupler may or may not be within specifications (directivity signal
may be adding). To determine if the coupler is within specifications, test at the frequency in

question on a fixed-frequency basis. The fixed-frequency test follows,

d. If the coupler is within specifications, turn coupler end-for-end and repeat the test on the opposite
port.
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PERFORMANCE TESTS {cont'd)

Fixed-Frequency Test:
DESCRIPTION:

This fixed-frequency SWR test should be used when the coupler does not meet the swept-frequency test or
when the equipment for swept-frequency testing is not available. The setup used is the standard method of
measuring SWR with a slotted line and SWR Maeter, '

SIGNAL SQURCE

21
SWR METER
~ Lo
23 G-
mmi—mi_”ﬂﬁ%y 20, J @
LOW PASS
FILTER
COUPLER TERMINAT!
ABUATOR SLOTIED LINE et NDER INATION
| ] & LOW SWR
:m; I | | TERMINATION
TERMINATION
Figure 9. Fixed-Frequency Primary-Line SWR Test Setup
EQUIPMENT:
SignalSource . . . . . . . . . . . . . . . . . . HPModel 83508 with HP Model 83522A
Attenuator e e e e e e e e e .. HP Model 8491A, 8B
Slotted Line . . . . . . . . . ..o, HPModeISOSC
SWR Meter e e e e e e e e e e e s s e . . HP Model 415E
Ferminations (2} . . . . . . . . HP ModeE 909, Option 012
Low SWR Termination . . . . . HP Model HO2 909A (typeNmale) H0O3-9092A {typeNfemale)
PROCEDURE:

a. Connect the equipment as shown in Figure 9.
b. Set signal source for a 1 kHz squarewave-modulated signal at the frequency in question.
¢. Set SWR Meter to HIGH XTAL input impedance and obtain a reading.

d. Peak reading by adjusting modulation frequency of signal source or frequency control of SWR Meter.

e. Set any convenient reference on the SWR Meter 40-dB NORMAL scale,

f. Slide slotted-line carriage to a minimum SWR indication (maximum meter deflection) as near the
center of the slotted line as possible,

g. Switch SWR Meter to EXPAND scale, 0-dB range, and set to 1.0 reading on SWR scale.

h. Slide slotted-line carriage to a maximum SWR indication {minimum needle indication) and read
meter. If reading is not 1.15 or less, try different low-SWR terminations and try testing other couplers
before rejecting the coupler under test.
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PERFORMANCE TESTS (cont'd}

AUXILIARY ARM SWR. NOTE
SPECIFICATION: < 1.2 (774D and T75D) To test a 774D use another good 774D as the
directional coupler in Figure 10. To test a 775D
Swept Frequency Test: use a good T75D.
DESCRIPTION: Same as for primary-line SWR.
SWEEP 0SCILLOSCOPE
OSCILLATOR @ WITH SWEPT-
FREQUENCY
ENDICATOR
o ] [ @ ]
SWEEP | ALC RF HORiZ VERT
ouT IN out N IN
TERMINATION
oPEN TERMINATION
(on eass cpvsra == —
FILTER i | UNDER
= —— t (z) TEST
CRYSTAL E DIRECTIONAL 1
DETECTOR ¥ COUPLER TERMINATION
Figure 10. Swept-Frequency Auxiliary Arm SWR Test Setup
EQUIPMENT:
Sweep Oscillator . . . . . . . . . . . . . . . . HPModel8350B with HP Model 83522A
Low-Pass Filter OO HP Model 360A,B
Crystal Detector (2) . . . . . . « « « « « v « « s « « « « « . . . . . HPModel 423A
Directional Coupler . . . . . . . . . . . . . . . .HPModel 774D, 775D (see note above).
Oscilloscope . . . . . . . « « « « o v v « « « « « « . . . HPModel 141T with 1416A
Termination{3) . . . . . . . . . . . . . « .« . « . « . . . .HPModel 909, Option 012

PROCEDURE:
a. Connect the equipment as shown at t@ in Figure 10.

Calibration:
b. To calibrate proceed as follows:
1. Set the sweep oscillator to sweep over the band of interest with automatic sweep.
2. Set sweep oscillator for leveled output.
3. With 5 dB/em or more sensitive setting on the oscilloscope, obtain a trace. Mark this trace with a

grease pencil. This is the calibration trace.

Measurement:
c. To measure the auxiliary-arm SWR proceed as follows:

1. Connect the 774D or 775D under test as shown at in Figure 10.

2. Increase the gain on the swept-frequency indicator by 21.9 dB.

3. Observe the test trace. It should be below the calibration trace at all frequencies. If so, the
coupler is within specifications at all frequencies. If test trace is above calibration trace, coupler
may or may not be within specifications. Check with following fixed-frequency test.

d. If coupler is within specifications, turn end-for-end and repeat measurement on other port.
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PERFORMANCE TESTS (cont’d)

Fixed-Frequency Test:

DESCRIPTION:

This fixed-frequency SWR test should be used when the coupler does not meet the swept-frequency test or
when the equipment for swept-frequency testing is not available. The setup used is the standard method of
measuring SWR with a slotted line and SWR meter,

SIGNAL SGURCE

pre——
i | =
i)
—~ 2
@ SWR METER
l
.o
» S Opo
C§ 8 @
%?L\,ym E;ASS TERMINATION
7 1048 TERMINATION
g ATTENUATOR SLOTTED LINE - %‘;giéﬁ
/ .
| ? TEST

= ] s|

TERM INATION

Figure 11. Fixed-Frequency Auxiliary-Arm SWR Test Setup

EQUIPMENT:
SignalSource . . . . . . . . . . . . . . .. . . HPModel 83508 with HP Model 83522A
Slotted Fine . . . . . . . . . ... oL L oL . . . . HP Model 805C
SWRMeter . . . . . . . . . . . . . . . ... . ... ..., . HPModel 415E
Terminations(3) . . . . . . . . . . . . . . . . . . . . . . ... . HPModel 909A

Attenuation . . ., . . . . . . . . . . . . . . . 4« . . . .. . .HPModel 8491AB
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PERFORMANCE TESTS {cont’d)

PROCEDURE:

a. Connect equipment as shown in Figure 11.

b. Set signal source for 1 kHz squarewave-modulated CW signal at the frequency in gquestion.

c. Set SWR Meter to HIGH XTAL input impedance and obtain a reading.

d. Peak the reading on SWR Meter either hy adjusting modulation frequency of signal source or
frequency control on SWR Meter.

e. Set any convenient reference on SWR Meter 40-dB NORMAL scale.

f. Slide slotted-line carriage fo a minimum SWR indication {maximum meter deflection) as near the
center of the slotted line as possible.

g. Switch SWR Meter to EXPAND scale, 0-dB range, and set to 1.0 reading on SWR scale.

h. Slide siotted-line carriage to a maximum SWR indication (minimum needle indication) and read
meter. If reading is not 1.15 or less, try different low-SWR terminations and try testing other couplers
before rejecting the coupler under test.
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PERFORMANCE TESTS (cont'd)

HP 774D/775D

COUPLING.
SPECIFICATION:

Accuracy of coupling; mean coupling within (.5 dB of 20 dB

{each secondary arm).

Maximum coupling variation; +1 dB

{50-ohm terminations).

DESCRIPTION:

Coupling will be tested using a leveled power source with a barretter on a swept-frequency basis. A barretter
is used because of the frequency range and its wider square-law range.

X-Y RECORDER

. Y .
3 @ RECORDER
T our
3 X
° 3 SWR
SWEEP OSCILEATOR METER
PENLIFT ’ e
N
®
mnnnininsnnl L 4
i S S BARRETTER
SWEEP [ALC RE L .
our N out ATTENUATOR
LCW PASS TERMINATION 1
FiLTER O, @
- P LOW SWR
DIRECTIONAL COUPLER TERMINATION
crvSTAL® * coupLER NDER
DETECTOR TEST TERMINATION

EQUIPMENT:
Sweep Oscillator
Low-Pass Filter
Directional Coupler

Crystal Detectors {(2)
Terminations (2) .
Low SWR Termmatmn
Attenuator

Barretter

SWR Meter

X-Y Recorder

Figure 12. Coupling Test Setup

HP Model 83508 with HP Model 83522A

HP Model 360A,B

HP Moaef '7"7 4D for testing 774D
HP Model 775D for testing 775D

HP Model 423A

. . . HP Model 9094, Opt. 012
HP Model 909A HOZ 909A (type N male) HO3-909A (type N female)

. HP Model 8491 A,B
. .PRD 627AM

. HP Model 415E
HP Model 7035B
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PERFORMANCE TESTS (cont'd)

PROCEDURE:

a. Connect the equipment as shown in @ in Figure 12.

Catibration:

b. To calibrate the setup, proceed as follows:

1.

2.

Set sweep oscillator to sweep band with squarewave modulation.
Set sweep oscillator for leveled output.
Set SWR Meter to the low (4.5 mA) bolometer input range and for 30-dB sensitivity range.

Set sweep oscillator for manual sweep and adjust sweep oscillator internal squarewave-
modulation frequency for a maximum reading on SWR Meter. Set sweep oscillator RF out for
a reading of 0 dB at some frequency (lowest frequency in band is convenient). Use this same
frequency for all subsequent level settings.

Manually sweep frequency range with X-Y Recorder pen up and adjust recorder to keep pen
holder in upper portion of graph but on the paper.

We will now run three traces 1 dB apart to calibrate the vertical scale. Set reading on SWR
Meter to 0 dB at lowest frequency. Run a trace. Label this trace 19 dB.

Set reading on SWR Meter to 2 dB at lowest frequency. Set pen down and run a trace. Label
this trace 21 dB. :

Set reading on SWR Meter to 1 dB at lowest frequency. Set pen down and run a trace. Label
this trace 20 dB. We now have three traces 1 dB apart. Do not change conditions from this
setting. We will insert the coupler and measure the deviation from this setting.

Measurement:

¢. To make a measurement, proceed as follows:

1.

Connect the coupler under test as shown at @ in coupling test setup, Figure 12. This will
insert the nominal 20 dB (down) coupling {attenuation) in the signal path.

Set the RANGE switch on the SWR Meter to the 50-dB range. This increases the gain back to
the calibration conditions.

Run a trace. This is the coupling curve or how the coupler varies from exactly 20 dB of
attenuation. :

Referring to definitions in Figure 1, measure accuracy of coupling (mean coupling) and the
maximum coupling variation by using the distance between any two adjacent calibration
traces on a vertical line as a 1-dB scale. Specification limits are given at the beginning of the
test.

Turn coupler end-for-end and test other half of coupler.
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PERFORMANCE TESTS (cont'd}

INSERTION LOSS. NOTE
. To test a 774D use another good 774D as the
SPECIFICATION: 774D <0.3dB, 775D <0.4dB  directional coupler in Figure 13. To test a 775D

DESCRIPTION: use a good 775D.

Insertion loss will be measured on a swept-frequency basis using an SWR Meter and an X-Y Recorder. For
calibration two traces will be run, a 0 dB trace and an insertion-loss limit trace. The coupler under test will
then be inserted and a test trace run. The test trace should lie between the two calibration traces.

X-Y RECORDER

o Y
- RECORDER
- out

L LA — oo

SWEEP OSCILLATOR METER
PENL IET 0O® ® 8

N
oy DO T b CRYSTAL
SWEEP | ALC RF ID[;JE'LESCTOR
our | N our ATFENUATOR
L0W PASS TERMINATION
FILTER
DIRECTIONAL
crrsaL B DIRECTION
|
COUPLER
TNOER TERMINATION
: TEST
Figure 13. Insertion Loss Test Setup
EQUIPMENT
Sweep Oscillator . . . . . . . . . . . . . . . . HPModel 8360B with HP Model 83522A
Low-Pass Filter . . . . . . . « +« « + « « « « +« « « . « . . . . . . HPModel 360A,B
Crystal Detector (2) . . . . . . « +« +« « « « « « « v v« v+ o .. . HPModel 423A
Directional Coupler . . . . . . . . . . . . . . . . HPModel 774D, 775D (see note above}
Termination(3) . . . . . . « + « « + « v« « « « « . . . . . HPModel 909A, Opt. 012
SWR Meter e e ... . ... .. ... . .. HPModel 415K
X-Y Recorder . ... . ... ... .. .HPModel 70358
Attenuator s ... ... ... . . . . . Model 84914, Option 010
PROCEDURE: '

a. Connect the equipment as at @ in Figure 13.

b. To calibrate the setup proceed as follows:

1. Set sweep oscillator to sweep over the band of interest with automatic sweep and squarewave
modulation.

2. Set sweep oscillator for leveled output over the frequency band of interest.

3. Set SWR Meter to high-impedance crystal input and to 30 dB or more sensitive range.
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PERFORMANCE TESTS (cont'd)

4. Set sweep oscillator to lowest frequency in band with manual sweep.

5. Adjust sweep oscillator RF output for a reading on SWR Meter and adjust sweep oscillator
internal squarewave frequency control for a peak reading on the SWR Meter.

6. Adjust reading on SWR Meter to be 0.3 dB for 774D or 0.4 dB for 775D (this reading is
maximum insertion-loss limit for coupler being tested).

7. Manually sweep frequency and adjust X-Y Recorder controls to keep pen holder on paper.
8. Set X-Y Recorder pen down and record a trace. This is the insertion-loss limit trace.

9. Set SWR Meter to 0.0 dB at lowest frequency in band and run a trace. This trace is the 0 dB
baseline, y

Measurement:

c. To make a measurement proceed as follows:
1. Connect the coupler under test as shown at @ in Figure 13.

9. Run a trace. This is the insertion-loss trace. This trace should fall between the baseline and
calibration traces.

Table 3. Performance Test Record

Model 77..D Tested by
Dual-Directional Coupler Date

Serial Number

Directivity dB (340 dB)
SWR
Primary Line ... (22 dB return loss)
Avnxiliary Avm . (>19.9 dB return loss)
Coupling:
Mean coupling dB (20 + 0.5 dB)
Maximum coupling variation . dB(x 1 dB)

Insertion Loss:

774D dB(<0.3 dB)
775D ——_dB (<0.4 dB)
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