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1. DESCRIPTION.

9. The Hewlett-Packard Model 779D 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 direction is
also sampled. The rejection of power flowing in the
unwanted direction is called directivity and is the
most important specification of a directional
coupler. This coupler has 26 or 30 dB directivity,
depending upon the frequency. Another specifica-
tion is the forward coupling (usually called just
coupling) which is the fractional amount of power
transfer in the wanted direction, This coupler has a
nominal 20 dB of coupling. These terms are de-
fined in Figure 3, Coupler Terminology. Figure 3
aiso has a drawing of a typical coupling curve. This
is a typical curve and not a specification. Table 1
contains the specifications.

Table 1. Specifications

Frequency Range: 1.7 to 12.4 GHz
Mean Coupling: 20 dB 0.5 dB
Coupling Variation: +0.756 dB

Directivity:
>30 dB from 1.7 to 4 GHz
>26 dB from 4 to 12.4 GHz

SWR and (Reflection Coefficient):
Primary line <1.2 (0.091)
Auxiliary line <{1.2 (0.091)

Insertion Loss: <0.6 dB

Maximum Power Input:

Primary line 50 watts
Auxiliary line 0.5 watt

Connectors:
Input, Type-N male

Qutput, Type-N female
Auxiliary, Type-N female

Precision 7-mm APC-7* connector on any
{or all) port(s) on special order

Model 779D

3. These couplers may be used in the measure-
ment of reflection coefficient or SWR over a very
wide frequency range. Because of the wide fre-
guency range these couplers may also be useful as
attenuators.

4, Port Terminology.

5. The two directly-connected ports are known as
the primary-line ports. Note that these couplers are
polarized, i.e., the input should be at'the indicated
port. The third, coupled, port is known as the aux-
iliary pori, These couplers may be ordered with
any combination of Type-N {male or female) con-
nectors or APC-7* connectors on any or all ports.

6. INSTRUMENT IDENTIFICATION.

7. The Model 779D is identified by its serial
number found on the back plate (opposite the
nameplate). All correspondence with Hewlett-
Packard Sales/Service offices in regard to this
coupler should reference Model 779D and this
serial number.

8. OPERATING NOTE CHANGES.

9. This note provides complete information for
any Model 779D with the serial prefix indicated on
the title page. If your serial prefix is different than
shown on the front cover, a yellow change sheet
should be supplied to adapt this note to your serial
prefix coupler. If this sheet is missing contact your
nearest Hewlett-Packard office.

10, INITIAL INSPECTION.
11. Mechanical Check.

12. 1f damage to the shipping carton is evident,
ask that the carrier’s agent be present when the
instrument is unpacked. Inspect the parts for
mechanical damage, such as scraiches or dents.
Also check the cushioning material for signs of
severe stress {compacting).

13. Electrical Check.

14. The electrical performance should be verified
as soon as possible after receipt. Refer to the Per-
formance Test for further instructions.

*Amphenol, RF Division, Danbury, Connecticut.
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OPTION 010 APC-7* CONNECTORS
INPUT, TYPE N FEMALE PRECESION 7-MM APC-7*
OUTPUT, TYPE N MALE CONNECTOR ON ANY (OR ALL
AUXILIARY, TYPE N FEMALE PORTIS) ON SPECIAL ORDER.

Figure 1. Connector Options

DIRECTIVITY 30 dB

I 26 dB

P i, —_——
L 20 dB
OPERATING RANGE

COUPLING-
DIRECTIVITY

0.5 19 L7 4.0 8.0 12.4 GHz

FREQUENCY (GHz!

Figure 2. Coupling and Directivity Characteristics of the 779D Directional Coupler
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15. Claims for Damage.

16. If there is mechanical damage or the coupler
fails to meet electrical specifications upon receipt,
notify the carrier and your nearest Hewlett-
Packard office immediately {a list of offices is at
the end of this operating note). Retain the shipping
- carton and the padding material for the carrier’s
inspection.

17. REPACKAGING FOR SHIPMENT.
18. Using Factory-Type Packaging.

19. The same type containers and material used in
factory packaging can be obtained through the
Hewlett-Packard offices listed at the end of this
operating note.

20. If the coupler is being returned to Hewleti-
Packard for servicing, attach a tag indicating the
type of service required and the return address.
Also mark the container FRAGILE to assure care-
ful handling. '

21. Using Other Packaging.

22. 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 or service
center attach a tag indicating the type of service
required, and your return address).

b. Use a strong shipping container. A double-
wall carton made of 350-Ib. test material is ade-
gquate,
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¢. Use enough shock-absorbing material (3-
to 4-inch layer) around all sides of the coupler to
provide firm cushioning and prevent movement
inside the container.

d. Seal the shipping container securely.

e. Mark the shipping container FRAGILE to
assure careful handling.

23. OPERATION.
24. Signal Flow

25. Figure 4 shows the signal-flow path in the
779D when connected in the forward direction
(779D shown with label facing reader, as with all
diagrams in this operating note).

CAUTION

Do NOT exceed a maximum of 50 waits
in the primary line. Do NOT exceed 0.5
watl in the auxiliary line.

26. Precautions.

27. Type-N Connectors. Type-N connectors used
on the Model 779D are stainless steel for long wear
and are compatible with connectors whose
dimensions conform to MIL-C-39012 or MiL-C-71
(see Figure 5).

CAUTION

Do NOT mate with TypeN male
connectors with a pin diameter of
greater than 0.0655”, as a discontinuity
producing excess SWR will be formed
even if the connector is not damaged.

20 dB (NOMINAL DOWN
AUXILIARY OUTPUT PORT

PRIMARY LINE
QUTPUT PORT

PRIMARY LINE
INPUT PORT

Figure 4. Signal Flow Path for Coupler Connected in the Forward Direction
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Figure 5. Type-N Connector Dimensions

28. APC-7 Connhectors. Protect the face of the
connectors from damage. Any scoring or burring of
the mating surfaces causes discontinuity; the
resulting increase in SWR degrades performance
{see Service Note concerning APC-T connectors

obtainable free from any Hewlett-Packard sales/
service office).

Do not exceed the load limits given in Figure 6 for
this type of connector.

29. 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.

FULCRUM
POINT . . . AT
CONTACT PLANE

TORQUE
2-12FT-LBS

APC-7 CONNECTORS

AUXILIARY EQUIPMENT

BENDING
MOMENT

@ 1-1/2 FT-LBS

Figure 6. APC-T Connector Load Limits
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30. USES.

31. Reflectometer. Two 779D Directional Coup-
lers connected together can be used with a sweep
oscillator for making broadband reflectometer
measurements. In the reflectometer, one coupler
samples power going to the unknown while the
other samples power reflected from the unknown.
When the couplers are used with two Hewlett-
Packard Model 423A Crystal Detectors, swept-
frequency measurements of reflection coefficient
versus frequency can be made easily. The detected
output of the reverse coupler is displayed by an
output indicator calibrated in reflection coef-
ficient. For more information on reflectometer
techniques, request a copy of Application Note 65,
“Swept-Frequency Measurements”, obtainable free
from any Hewlet{-Packard office listed at the end
of this operating note.

32. Power Leveling. With ifs broad frequency
coverage, the 779D can be used in leveling applica-
tions formerly requiring three or more couplers.
When the 779D is used with sweep oscillators, the
power output is sampled at the auxiliary porl and
detected with a crystal detector. The rectified
detector voltage, when appiied to the sweep oscilla-
tor ALC input, maintains a constant RF power
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level cut of the main line of the direclional coup-
ler, within the flatness of the coupling curve of the
directional coupler.

33. PERFORMANCE TEST.

34. Use the following procedure for initial
electrical check, performance testing, or whenever
the coupler performance is suspected. Table 2 lists
the recommended test equipment. Other
equipment may be substituted provided its
specifications equal or exceed the critical
specifications, Table 3 provides a place to record
the results of the test. The coupler should be {ested
on a swept-frequency basis to assure that there are
no out-of-specification narrow-frequency bands. If
the results of the swept-frequency testing are
doubtful, or if the equipment for swept-frequency
testing is not available, the fixed-frequency test
may be used. The performance tests should be
performed in the order given. Note that in many of
these tests a 10-dB atfenuator is used in series with
the flexible arm. This attenuator reduces mismatch
ambiguity by isolation. With the attenuator the
mismatch is reduced to approximaiely the
mismatch of the attenuator which is lower than the
mismatch of the ofher components,

Table 2. Recommended Test Equipment

Specifications,”

The following test equipment is recommended for testing the 779D. Other test eguipment may be
substituted provided its specifications equal or exceed the specifications listed under “Critical

Instrument

Critical Specifications

HP Model Number

Sweep Oscillator
Power outpuf: >10 mW

Frequency: band of interest

Directional Coupler | Frequency range: 1.7 -12.4 GHz 779D
Directivity: >30dB 1.7 - 4 GHz
>26dB 4-12.4 GHz

8690A /B mainframe with
86998 (110 MHz to 4 GHz)

A690A/B mainframe with
8691A/B (1 to 2 GHz)

8690A /B mainframe with
8692A/B (2 to 4 GHz)

8690 A /B mainframe with
8693A/8 (4 to 8 GHz)

8690A/B mainframe with
8694A/B (8 to 12.4 GHz)
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Table 2. Recommended Test Equipment (cont’d)

Instrument

Critical Specifications

HP Model Number

Network Analyzer

Sliding Load

Oscilloscope with
Swept-frequency
Indicator

Reflection/
Transmission
Test Unit

Flexible Arm

10-dB Attenuator

X-Y Recorder

Coaxial Termina-
fion {2)

Slotfed-Line
Sweep Adapter®*

Slotted Section **

No other network analyzer will do

Slides A/2 at test frequency
SWR: <1.05

Vertical Sensitivity:
50 mV/em linear
0.5 dB/cm log.

Provision for storing trace
Bandwidth: variable to 30 kHz

Sweep and Blanking: compatible
with sweep oscillator

No other transmission/refiection test
unit will do.

Frequency range: 1.7 —12.4 GHz
SWR: <1.25

Frequency: 1.7 — 12.4 GHz

Attenuation: 10 dB (accuracy not
important since used for isolation)

SWR: < 1.25

Sensitivity: 50 mV/inch
Impedance: 200K ohms/V

Impedance: b0 ohms
SWR: <1.1

Frequency: 1.8 — 12.4 GHz
Matched crystal detectors

Frequency: 1.8 —12.4 GHz

Compatible with carriage

8410A/8411A/8413A

905A (1.8 to 18 GHz)

141A with 1416A

8T45A

11606A

8491A/B (Type-N connector)
Opt. 010

8492A (APC-7* connector)
Opt. 010

7035B

909A Option 12 (Type-N male)
909A Option 13 (Type-N female)
909A Standard APC-7

448A (includes 447B)

816A
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Table 2. Recommended Test Equipment (cont’d)
Instrument Critical Specifications HP Model Number
Carriage** Holds slotted section 809C
BNC Tee BNC: 2 female thru, 1 male 1260-0781 {(UG-274A/U)
Oscilloscope Vertical Sensitivity: > 10 mV/em 140A/1405A/1422A or
Bandwidth: 5 MHz 180A/1801A/1821A
Short Connector: coaxial 7-mm 11511 A (Type-N female)
11512A (Type-N male)
1156HA (APC-T)
* Amphenol RF Division, Danbury, Connecticut,
* * Hewleti-Packard Mode! 817A Swept Slotted Line System may be used instead of these items.

Table 3, Performance Test Record

Hewlett-Packard Model 779D Tested by
Directional Coupler Date
DIRECTIVITY:
1.7 to 4 GHz —dB (> 30dB)
4 to12.4 GHz dB (> 26 dB)
COUPLING:
Mean coupling 4B (20:0.5dB)
Coupling variation — _dB{x0.75dB)
INSERTION LOSS : — dB(<(.8dB)
SWR {(REFLECTION COEFFICIENT):
Primary line {< 1.2 {0.091)]
Auxiliary line e { < 1.2 (0.091)]
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PERFORMANCE TEST

35. DIRECTIVITY.
SPECIFICATION:

1.7 to 4 GHz, >30 dB
4 to 12.4 GHz, >26 dB

DESCRIPTION:

Directivity of a coupler is the ratio of power at the auxiliary port with coupler in forward direction to
power at the auxiliary port with coupler in reverse direction (coupler terminated each time and same
power). The 779D 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. A fixed-frequency test
follows the swept-frequency test. The fixed-frequency test should be used at frequencies where
ambiguous results are obtained with swept-frequency testing.

Swept-Frequency Test:
This test will be performed using a network analyzer and a reflectometer setup. The procedure is
similar to using any reflectometer; ealibration by returning all of the output signal and then using a

sliding load to determine the true directivity (see Application Note 65, obtainable free from any
Hewlett-Packard sales/service office, for further information).

SWEEP OSCILLATOR - NETWCRK ANALYZER

! - SWEEP REFERENCE
i P
5 HARMON1C @ e o @
FREQUENCY |y
] CONVERTER @+ e o ooz
{UPSIDE DOWN) =L
rgl TEST
e 0SCILLOSCOPE
s | Rer
DIRECTIONAL R
COUPLER 41 RecTionaL coupLer
/HP"Z?QD
g OPEN
i
b € ™ skort
the”l @ SLIDING LOAD
Bl ey ey
.,
EQUIPMENT
SWEEP DSCILLATOR 0\ttt e e e e e e e e e HP Model 8690A/B with 8691-4A/B plug-ins
DIRECTIONAL COUPLER . . .\ttt oo it e e et e e e e e et HP Modet 7790
HARMONIC FREQUENCY CONVERTER © 0 oottt v et HP Mode! 84114
NETWORK ANALYZER . L. ettt e e e e e e e e e HP Model 8410A with B413A plug-in
OSCILLOSCOPE. Lottt e HP Model 140A
FLEXIBLE ARM .o 0o e e e e e HP Hiodel 116054
10708 ATTENUATOR. . ot e e e e HP Model 84924
SHORT L et e HP Moda! 11511A (Type-N fernale)
115124 (Type-N male)
115634 {Type APC-7)
SLIDING LOAD, . ... \\o. s, T HP Model 9054

Figure 7. Directivity Test Setup
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PERFORMANCE TEST {(cont'd)

PROCEDURE:

a. Connect the equipment as shown in Figure 7.
b. Set the oscilloscope sensitivity to 50 mV/em.

c. Adjust the network analyzer to get an amplitude trace on the oscilloscope.

d. Open@ and short@the 779D under test. Take the average of the iraces as the
calibration trace. Mark the trace on the CRT with a grease pencil. If a short is not available use
just the open circuit trace.

e. Connect a sliding load to the 779D under test.

f.  Increase the network analyzer test channel gain by 30 dB (1.7 to 4 GHz) or 26 dB (4 to
12.4 GHz}.

g. Run a slow trace while rapidly phasing the sliding load over at least A /2. The average of
the traces should be below the grease pencil line at all frequencies. If not, proceed with the
following.
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PERFORMANCE TEST {cont'd)

Single-Frequency Test:
DESCRIFPTION:

The following single-frequency test will enable you to find the true value of directivity. A sliding
load is used and both the maximum indication {whete the voltage reflected from the load adds to
the directivity signal) and the minimum indieation (where the voltage reflected from the load
subtracts from the directivity signal) are determined. Entering these values in Figure 8, Signal
Separation Chart, will enable you to determine the true directivity. With a good load this should

be close to the average reading. The corrected directivily reading should be less than the divectivity
specification at the frequency tested.

h. Manually set the sweep oscillator to the frequency of interest.

i. Remove the sliding load and set the open and short@readings on the 8413A meter
equally spaced around zero using the most sensitive scale,

j.  Replace the sliding load and increase the gain as in step { above.

k. Observe amplitude meter readings while phasing sliding load.

m. To find the true value of directivity subtract the two readings (for example, 34 dB — 31
dB = 3 dB). Enter the following signal separation chart on the vertical scale at 3 dB, read over to
the curve and drop down to the value of M, = 1.25 dB. Add this correction to the lowest

numerical reading (31 + 1.25 dB = 32.25 dB) as the true reading. This reading should be greater
than the directivity specification at that frequency.

NOTE

Only the left-hand curve (ejgaq < €unknown) nNeed be consulted since, with a good
load (SWR < 1.06), the unknown voltage being measured will be greater than the
voltage reflected from the load.

n. Repeat the above measurement at all frequencies of interest.
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PERFORMANCE TEST (cont'd)

Page 13
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PERFORMANCE TEST {contd)

36. COUPLING.

SPECIFICATION:
Mean coupling, 20 dB £0.5 dB
Coupling variation, +0.75 dB.

DESCRIPTION:

Coupling is measured by first calibrating a network analyzer for a transmission measurement
without the coupler inserted. The coupler is then inserted and the amount of power coupled out
the auxiliary port is measured. This value is the coupling of the directional coupler.

SWEEP OSCILLATOR

NETWORK ANALYZER

o & ity
SWEEP REFERENCE .
3 @ @ 9 ®=e o [
® e w o €,y e AMPL
oos  QEMAE 8 EEEM uj © - e ’v]m
o) & o0 0 o
Iphessr - ===
wp F REFLECTION-TRANSHISS N IRANSMISS ION
out QurT
HARMONIC
FREQUENCY * -
CONVERTER 10 48
ATTENUATOR
h-ewm»tn-v-s--—-------r-—-:i * @ - = Enq‘j
RF - '. 110 &B
I ~ ATTENUATOR gé%ii&om
UNKNOWN
PORT HPTI9D
'ﬁ
X-Y RECORDER COAXIAL
TERMINATION
i [ TS S O TP B O |
» @ J
- o
N ’
- 21
. J
EQUIPMENT
SRR R S ILLATOR L it e e e e e e e e e HP Mode! 8690A/8 with 8691-4A/8 plug-ins
REFLECTION-TRANSMISSION TEST UNIT L L i e ettt s et e PN HP Mode! 87434
NETWORK ANALY ZER . . L i e e e HP Medel 8410A with BA13A plug-in
B 1 01 1 HP Model 70358
HARMONIG FREGUENCY CONVER IR . . i e e e e et et e et et et e e ee e a e HP Medel 8411A
FLE X IBLE AR o it st e e e e e e e e e e e e e e e HP Mode! 11605A
a8 ATTENUATOR . . e e et e e e e e e e HP Model 84927
COAX AL TERMINATION L. . i i i i ettt st e n et HP Model 90%A Qption 12 (Type-N maia}
9094 Cption 13 (Type-N female!
909A Standard (APC-T)
Figure 9. Coupling Test Setup
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PERFORMANCE TEST {cont'd)

PROCEDURE:
Calibration:
a. Connect the eguipment as shown in Figure 9, Coupling Test Setup.

b. Connect the two ports of the 8743A together as shown for “CALIBRATE” with a
10-dB attenuator (see Performance Test introduction). If any adapters will be necessary later in
the test fo connect the 779D under test, the adapters should be inserted now so that their
insertion loss will be calibrated out.

c. Tune sweep oscillator manually throughout its entire frequency band without recording
to be sure the X-Y recorder will remain on-scale throughout the entire frequency range. Do not
reduce the sensifivity much below about 100 mV/inch sinee the output of the 8413A is 50
mV/dB and 0.5 dB must be resolved. The sensitivity may be increased if the trace will still stay
on-scale.

d. Record a reference line on the X-Y recorder across each frequency band and mark this
trace 20 dB. Record the value of network analyzer test channel gain for future use.

e. Record two traces that represent limits of acceptable coupling variations as follows;
1. Increase the test channel gain 1 dB and run a line.

2. Decrease the test channel gain 2 dB (1 dB less than the reference line) and run a
line,

Measurement:

f.  Detach the flexible arm at the unknown port of the 8743A and insert the 779D under
test, as shown for “MEASURE.” Detach at the end of the 10-dB atienuator connected to the
unknown port.

g. Increase the test channel gain 20 dB from the setfing in step d and record a trace.

h. Sweep each band and record the trace until the entire frequency range from 1.7 to 12.4
GHz has been covered.

i.  Measuring from the Z0-dB line recorded in step d and using the limit lines as +1-dB
calibrations, find the highest point and lowest point on the measurement traces.

Highest + Lowest
2

= Mean coupling

Highest - Lowest

5 = Coupling variation
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PERFORMANCE TEST {cont'd)

37. INSERTION LOSS.

SPECIFICATION:
<0.6dB

DESCRIPTION:

The insertion loss specification includes the loss in the coaxial line plus the coupling loss. A
network analyzer is used to measure transmission loss without and with the coupler inserted. The

difference is the insertion loss.

SWEEP OSCILLATOR

NETWORK ANALYZER

- : v et® SWEEP REFERENCE
3 3 @ 9 @@= ||[7]
$ o @ s | @ AMPL
o er MW N EWNE | o RE OUT @0 o] cmm (0]
L1 G oG O e
et HARMONIC —
FREQUENCY
swp CONVERTER
out .
REFLECTION-
TRANSMISSION
TEST UNIT
UNKNOWN TRANSMI$S (ON
PORT\ /RETURN PORT
| lo-gs
TEST Y ATTENUATOR
P
0SCILLOSCOPE
DIRECTIONAL COUPLER .
HP779D
comuiaL gt b o
TERMINATION
\, S

SWEEP OSCILLATOR ..o i
REFLECTION-TRANSMISSION TEST UNIT. ... .. ... ..
HARMONIC FREQUENCY CONVERTER............. ..
NETWORK ANALYZER. . ........ ..ot
OSCILLOSCOPE . ...
FLEXIBLE ARM ..o e
16-dB ATTENUATOR ., ... ..o o

COAXITAL TERMINATION

Figure 10.

.................................

................................................ HP Mode! 1404
e e e e - HP Model T1605A

EQUIPMENT

........................... HP Model 8690A/B with 8691-4A/B piug-ns

HP Model 8743A
HP Model 8411A
HP Model 8410A with 8413A plug-in

HP Model 8492A

............................... HP Model 909A Option 17 {Type~-N malet

909A Option 13 {Type-N female}
9094 Standard (APC-T)

Insertion Loss Test Setup
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PERFORMANCE TEST (cont’'d)

PROCEDURE:
Calibration:
a. Connect the equipment as shown in Figure 10.

b. Connect a 10-dB attenuator, such as the Hewlett-Packard 8492A Option 10, to the
Hewlett-Packard 11605A Flexible Arm (see pavagraph 33), and connect the attenuator to the
8743A unknown port. Include any adapters necessary to later connect the 779D under test. This
will cancel out the loss of the adapters.

c. Set the sweep oscillator to sweep the desired band. Adjust 8410A for a stable display
over the entire band being swept.

d. Dc¢ couple and de-balance the oscilloscope vertical amplifier. Adjust the oscilloscope to
display the amplitude output from the 8413A. Set the display for 10 mV/cm sensitivity.

e, Set the trace approximately two centimeters from the top of the screen. Draw the trace
on the screen of the oscilloscope with a grease pencil.

f.  Decrease the 8410A test channel gain by 1 dB. The frace on the oscilloscope should
drop exactly b centimeters. This checks the calibration of the oscilloscope. If the trace does not
drop exactly 5 cm with 10 mV/cm sensitivity, set the oscilloscope vertical gain vernier for exactly
5 cm vertical deflection.

g. Go back to the original setting on the 8410A. Drop the {race down 3 cm = 0.6 dB. Do
this by noting the value where the trace crosses the center vertical graticule line. Then, with the
8410A amplitude vernier control move the trace down exactly 3 cm. Draw this trace with &
grease pencil. Reset the trace to top grease pencil line with the 8410A amplitude vernier control.

Measurement:

DESCRIPTION:

Since we have two insertion-loss limit lines drawn we can now insert the primary line of the 779D
and see if it falls within these limit lines. If it does, the 779D is within insertion-loss
specifications. Proceed as follows:

h. Open the flexible arm between the unknown port and the 10-dB attenuator (or between
adapters, if used) and insert the primary line of the 779D as shown for “TEST.” Be sure to
support the weight of the 779D independently,

i.  The trace on the oscilloscope should be between the two grease pencil lines on the CRT

for the 779D to be within specifications. If not, check the connectors and especially the
connector faces,
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PERFORMANCE TEST {cont’d)

38. SWR AND (REFLECTION COEFFICIENT):

SPECIFICATION:
Primary line <<1.2 (0.091)
Auxiliary line <1.2 (0.091).

DESCRIPTION:

SWR (Reflection Coefficient) is measured with a swept slotted-line system. This system enables
the SWR to be measured on a sweptfrequency bhasis so that there are no narrow-band
out-of-specification frequencies which could be missed with spot single-frequency testing. SWR is
measured using a storage oscilloscope and while moving the probe in the slotted-line section. This
procedure moves the indication through all possible phases so that the maximum SWR may be

measured.
SWEPT
FREQUENCY
SWEEP OSCILLATOR OSCILLOSCOPE  INDICATOR
%3 LT
: = o 6 ¢ §
Q Q Q ? o o ¢ o
L e @ @ ®
@ e [ j
oD @ Op 0 Otk o0 ®0
g
SWP ALC RF HORIZ VERT.
our N out INPUT INPUT
e ] SLOTTED LINE
SLIDING LOAD
&} i L e
SLOTTED LINE ' @ DIRECT [ ONAL COUPLER
SWEEP ADAPTER CARRIAGE HPTTID
COAXIAL TERMINATION
EQUIPMENT
SWEEP OSCILLATOR &\ ottt e et e e e e e e HP Model 8690A/B with 8691-4A/B plug-ins
SLOTTED-LINE SWEEP ADAPTER™ ..\ttt et s e e e e e e e e e e e e i, HP Model 448A
CARRIAGE™ o e e e e HP Model 809C
BNG TEE . v s e e e e HP 1250-0781 (UG-274AIU)
SLIDING LOAD « . ottt e e HP Mode! 905A
T TH R 1 ors) HP Model 1414
SWEPT FREQUENCY TNDICATOR .. oo ottt et e e e e e e e e e e e e e e HP Mode! 14164
SLOTTED LINE™ s v e e s e e e e e e e e e e e e e e HP Mode! BL6A
COAXEAL TERMINATION et et et e e HP Model 9694 Option 12 (Type-N male)

Option 13 (Type-N femaiel
Standard (APC-T)

* These items can be obtained as the Hewlett-Packard Mode! 816A Swept Slotted Line System.

Figure 11. SWR Test Setup
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PERFORMANCE TEST (cont'd}

PROCEDURE:

Power Leveling:
a. Connect the equipment as shown in Figure 11.
b. Set sweep oscillator to sweep desired band.

¢.  Level the output of the sweep oscillator as instructed in the operating instructions for
the swept slotted-line system. Note that, due to the extremely wide frequency range of the
swept-slotted line system, the RF output may vary widely even though the input is leveled. This
occurs because the efficiency of both probes drops off at the lower frequencies. Since leveling is
controlled by the de voltage developed by the leveling probe, this voltage will depend upon the
efficiency of the probe pickup. However, by matching the characteristics of both probes and
using them as a matched pair the output variation can be held to approximately +3 dB per
octave.

Measurement:

a. Set sweep oscillator for single-frequency (CW) operation at the center of the band
under test.

b. Locate a maximum in the standing-wave pattern. A maximum is the widest portion of
the display (see Figure 12 for a typical display).

c. If the slotted-line probe penetration has not been set,loosen the carriage probe by
turning the knurled lock in the carriage and move the probe until the output is 5 mV.

d. Set the sweep oscillator to sweep the band of interest.

e. To make sure that the maximum picked in stepb is the maximum in the display,
observe the oscilloscope in linear operation on the 1 mV/em range,adjusting probe for 5-cm high
display. Tighten the knurled lock. The position of the carriage probe is now correct for
square-law operation.

t.  Set swept-frequency indicator to logarithmic mode and move the carriage over at least
one-half wavelength while viewing on a storage oscilloscope (if storage oscilloscope is not
available take a time exposure of the frace}. Read maximum width of frace in dB.

g.  Compute the voltage ratio using the formula:
SWR = log'l (dB/20) or 1.2 SWR =1.58 dB.

If bandwidth of swept-frequency indicator is too low or the sweep rate too high, some of the fine
structure of the SWR pattern may be lost. Due to noise the widest bandwidth may not give the
best pattern, but the optimum combination can easily be determined experimentally by keeping
the slotted-line carriage stationary and adjusting the sweep rate and bandwidth for the most fine
structure,
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PERFORMANCE TEST {cont'd)

Figure 12. Typical Oscilloscope Display

h. If the results do not meet specification, the width of the trace may be at fault. To
compensate for the width of the trace, proceed as follows.

i Observe the trace with the carriage stationary. Read the frace-width. Subtract this
reading from the reading obtained in step f.

. If the results are still not within specifications, the reflection vector from the
termination may be adding in-phase to the reflection vector being measured. These two signals
can be resolved by using a sliding load as the termination as follows.

1. With the above setup, set the sweep oscillator to CW on a single frequency under
question.

2. Obtain the maximum height vertical trace by moving both the slotted-line probe
and the sliding load. Grease pencil the path followed by the spot.

3. With the slotted-line probe still at the maximum trace height position move the
sliding load for the minimum height trace (by moving the bottom of the trace

up).
4. Measure the SWR in the same manner as with the swept-frequency test.

k. Repeat the measurement on the other ports. Be sure to keep all ports not under test
properly terminated.

For a discussion of swept-slotted line systems and other information concerning this method see
Stephen F. Adam, “Swept-Frequency SWR Measurements in Coaxial Systems,” Hewlett-Packard

Journal, Vol. 18 No. 4, obtainable from your nearest Hewlett-Packard office.
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39 REPAIR.
40. APC-7 Connectors.

41. Directional couplers with APC-7 connectors
should be handled with particular care for two
reasons:

a.  Continuity through APC-7 connectors is
obtained by end-to-end contact of the inner and
outer conductors. Consequently, the elecirical
performance of the connector is largely dependent
upon the condition of these exposed surfaces.

b. The inner conductor of the APCT
connector is connected directly to the inner
coaxial conductor of the directional coupler.

CAUTION

Any twisting force on this inner
conductor may throw the directional
coupler out of specifications.

42. 'The part of an APC.7 connector that is most
likely to be damaged is the inner conductor
contact. Since it protrudes slightly beyond the
plane of electrical contaci, any wiping action of
one conductor across the other can damage the
contact enough fo cause a discontinuity. If damage
is suspected, examine the contact with a
magnifying glass and push lightly with the eraser
on the end of a pencil. As the pressure is released
the contact’s spring action should cause it to move
outward. If not, the contact is defective, Replace
as follows:

43. Contact Replacement. Replacement inner
conductor contacts are available from Hewlett-
Packard (Part Number 1250-0907), and from
Amphenol RF Division, Danbury, Connecticut,
(Part Number 131-129). When ordering from
Hewleti-Packard also request the Service Note con-
cerning 7-mm connectors for further information.

44. The important precautions that apply to the
replacement of inner conductor contacts are these:

a. Do NOT disassemble the connector.

b. Do not apply more than slight inward
pressure to the inner conductor.

Page 21

¢. Do not apply ANY twisting force to the
inner conductor,

d. Do not attempt to repair contacts.

e. Do not re-use contacts.

CAUTION

Inward pressure or twisting force applied
to the inner conductor of the APC-7
connector can throw the 779D out of
specifications.

45, Because of the above considerations, contact
removal should not be attempted with ordinary
hand tools., Only the Hewlef{i-Packard
self-positioning, hypodermic-action contact
extractor tool (part number 5060-0236) should
be used. This tool exerts no appreciable inward
pressure and no twisting force on the inner
conductor. Instructions for removing contacts are
supplied with the tool.

46, No tool is required for installing a
replacement contact. Insert the contact gently by
hand, applying only encugh inward pressure to
snap it in place. Then check for proper installation
by inspecting the contact with a magnifying glass
for even spacing of its four segments. Also, test for
normal spring-action by applying light inward
pressure against the end of the contact with an
craser at the end of a pencil. As the pressure is
released the contact’s spring-action should cause it
to move outward. If not, the contact is defective.
Replace with another contact.

47. Type-N Connectors.

48. Replacement of Type-N connectors is not
recommended, since just loosening the outer shell
mounting screws may throw the coupler out of
specifications. Return the coupler to
Hewlett-Packard if a Type-N connector needs
repair.

Ipare of APC-7 Connector Tool Kit 115914,
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& Miinchen 9

Ted: D811 69 59 T1/7S

Cable: HEWPACKSA Minchen
Telpa: 52 49 £5

GREECE.

Xestas Karayznats

18, Ermou Strest

Athgns (76

Tel: 230303 232947
Cable: RAKAR Athens
Teiex: 21 59 52 RKAR GR

IRELAND
Hewletl-Pacdard Lid.
224 Bath Road

Stough, Bucks, Erigland
fel: Slosgh 753.333431
Cable: HEWPIE Sigugh
Telex: BA41Y

ITALY

Hewtet!-Fackard Paiiana $.p.8
Via Amerigo Vespusct ¥

20124 Mikang

Tel: §251 {1 lines)

Gable: HEWPACKEY Bilan
Fekr: 32045

AFRICA, ASIA,

The Sgientitic Instrument
Ta., Lig.

17, Kamalnayar Society

P.G. Navapwan

Ahmerabad 14

Cahie: SICO. Armedabad

The Sciertific Instrumen? Co. 140,
5.8-525 Mahatma Gandhi Road
Hyderabad-3 (A-P; india

Catrle: SICG Hyderadad

The Sejentific instrument Co., Ld
8.7, Ajmer] Gate Extr

New Dethi 3

Tei: 273053

Cable: SIE0 New Deini

INDGNESIA

Bah Belon Trading Coy. BV
Dilan Merdeha 2%
fandung

Tei 4015 51560

Cante: L8

Telez: B0%

IRAN

Telecom. bid.

P90, Ber 1812

240 Kk, Saba Shamali
Yeheran

Tel: 4nB50, 483111
Cable: BASCOM Feheran

SRAEL

gieclronics & Tngisening
Bv. of Motoreia Isragl Lid

37 Aminaday Sireet

Tai-Aviy

Tep: 38941 (3 Binest

Cable: BASTEL Yei-Auiv

Telex. Bastel v 033569

JAPAN

Yohopawse Hawlet!-Packasd Lid.
Hisei tharapi didg

2.2-8 Kasuga

sharagi 5ei

Qaaka

Tel: 231641
YokopawaHewlett-Pachad its
Ite Buiiging

M. 53, Kobodi-cho

Makamusa-ku, Nageya Cify
Tet: 5518215

HewlettFachare I1alana $.p.8,
Paiazro Iaila

Piaua Marcori 25

60144 Rome - Eut

Tel: 591 2544

Cabse: HEWPACK:IT Rome
Feia: 61544

NETHERLANDS
Hewlett-Packard Benelux, NV
Weerdestein F17

Amsterdam, 7 11

Tet: 42 77 17

Cable: PALOBEN Amsterdam
Fetex: 13 216

NORWAY
Hewletl-Packard Narge #
Box 148

Nesugien 13

Hashum

fel. 53 83 64

Cabie: HEWPACK Oslo
Felex: 6621

PORTUGAL

Talertra

Ruz Radrige d3 Fanseca 103
PO Box 2531

Liskon 3

Tei: 68 6O 77

Cable: YELECTRA Lishon
Tetex: 1538

AUSTRALIA

Yokogawa Hewlet Packard S1d
Dhashi Buiding

53 Yoyagi 1-chigme
Shibsya-ke, Tokyo

Tel: 370-2281:7

Telex. 232-20297HP

Gakle YHPMARKET TORH 23704

KENYA

R, 1. Tiibury Ltd

P. 0 Box 2754

Suite 517518

Holet Asmassadeur
Hairobi

Fei 25670, 68206, 53194
Cable: ARTAYTEEL Mairoh:

KOQREA

American Traging Co.. ¥ovea, (14
PO Box 1103

Dae Kyung Bidgg

107 Sejong fio

Chongro Ko

Seoul

Tel: 785847 {4 [ipes:

Cable: AMTRALO Secul

LEBANON

Constanlin £. Macrigis
Clemenceau Stres!

£.0. Box 723

Betrut

Tel: 720846

Cable: ELECTRONUCLEAR Beirut

MALAYSIA

MECOMB Malaysia et
2 bargng 13784
Section 13

Pelsing Jaye, Selangar
Labie: MECOMB Mustz Lumpur
MOZAMBIQUE

A N Gongalves, 194
4.1 Apt. 14 Av. D. Luis
P.Q. B 107

Lawrencs Margues
Cable: KECON

NEW ZEALAND

Mewlelt Packard (N.Z.: Ltd
32-34 Kent Terrace

F.0. 8gx 3443

WeHingten, N.2.

Tef. 59559

Cable; HEWPADK Wellinglon

PAKISTAN (EAST)
Mushke & Company, Lid.
2isat Chambers

33, finnah Avenue

Bacea

Tef: 2B0GSE

Cable: NEWDEAL Daces

SPAIN
Rtain Iagenieros
Ganduxer 75

Barchlona &

Tek: 214465

Ataio Ingemicros

Enrigue Earrsta 12
Matlrid, 16

Tel: 235 43 44

Cable: TELEATAID Madriz
Telex. 2 72 43

SWEREN

Hewlett-Packast (3verige; AB
Hagakeesgatan 96

§ 431 04 Meingal 4

Tel: 31 - 27 6% af

Hewletl-Packart (Sveviges AR

Syefszevipen

$171 25 Solea 1

Tul: {0B; 98 12 50

Coble: MEASUREMENTS
Stockholm:

Teler: 10771

SWITZERLAND
Hewlelt Packasd (Schweari AD
Jarcherstrasse 20

2 Schlieron

Tel: (D51; 98 18 2] 74
Cabie: HEWPACKAR Zuich
Tefex: 53933

PAKISTAN (WEST)
Mutbho & Lompary, 114,
Dosmar Chambers

Yictotla Read

Xararhi 3

Tel: 531027, 12827

Lable: SOOPTRATOR Karachi

PHILIPPINES
Tiectromes inc

7129 Pasong Tams
Makali. Rizal

PG Bax 4325

Manita

Tel: 88.%5-71 or B&-23-76
Cable: ELEMEX Manila

SINGAPORE

Mechanicai and Combustion
Engineesing Company Lid.

4, Jaizn Kilang

Singagore, 3

Tel: B43363-3

Sable: MECOMB Singapace

SOUTH AFRICA

Hewiell Packard South Africe
Py, Lid.

Hsil House

43 Somesset Rd

Lape Town

Tel- 31-60%%

Cable: HEWFACK Cape fowe

Telex: 7038LT

Hewlett Packare Soulh Afrita
(Ply ], Ltd

£.0, Bex 31716

30 Dy Berr Shreetl

Brapmfonieis, jshannesburg

Tel. 724-4577 724-3195

Tebex: 226 M

Cabie: HEWPATH Jobannesburg

TAIWAN REF. OF CHINA

Hwa Sheng Electronic Go., Ltd.

PG oBox 1508
Room 404
hig Ean Bulging
Mo, 85 Cheng Shan
Ketth Road, Ser. 7
Taige
Tei: 555211 £xb. 532.51%
545935, 546675, 548661
Cable: VICTRONIX Taipet

Hewlelt Fackard (Schweiz; A.G.
Rue gy BoisduLan 7

1217 Meyrin-Geneva

Tal. {022 4} 54 80

Cabie; KEWPACKSA Geneva
Telex: 2 24 86

TURKEY

Tetekom £ngineering Bureay
P.0. B 376 - Galata
Istanbul

Tal: 45 49 45

Coble: TELEMATION istanbui

UNITED KINGDOM
Hewleit-Packgrd Lid.
224 Bath Aoad
Slough, Bucks

Fei: Slough 33341
Cable: HEWPIE Stough
Teipx; 8413

YUGOSLAYIA

Belram S4

83 avenue des Mimasas
Brussais 15, Belgium

Tel: 24 3322, 35 28 13
Cable: BELRAMEL Brussels
Tedeas 21790

FOR AREAS NOT LISTED.
CONTACT:

Hewletl-Packaic 5.A.

Rue du B suiar 7

STLT steyrin-Genssa

Tei: 10223 41 54 00

Conie; HEWPACHSA Geneva
Telex: 2.24.86

TANZANIA

R Tithary Ltg

PO Rox 3754

Suite 3177518

Hatel fembassagews

Hairahi

Tei: 26624, 25803, BE2OG, 58198
Cabie: MIAYTEE Nairabi

THAILAND

The Internationz!
£ngineering Lo, L.

PO Box 38

E14 Sukhumvit Road

Banghok

Tei: 9H727 {7 lnes:

Telex: SHTENEG 8K 226

Cable: GYSOM BANGHOX

UGANDA

k. i Tisuey kg

P "o 2758

Suste 517858

Hote! Ambagsadeu

Nairasi

el 2BAFD. 76803, 63206, 58196
Cabie: ARIAYTEE Hairgbi

VIETNAM

Peninswiar Troding Inc.
P.0. Box HA

218 Mien-Yubng
Saigon

Cale: PENINSULA Sasgon

LTAMBIA

Rox Telbury (Zambsat-lig
#0, Box 2792

insaks

Zambia. Cenlrai Adrica

FOR AREAS NOT LISTED,

CONTACT.

Hewle!t-Packard
INTERCONTINENTAL

2704 Hitiview Ave,

Pelo Alla, Califoraia 943040

Tel: phi5: 328-7000

TWX: 9103731267

Lable. SEWPATE Pal Alta

Teigxn. 934.846}
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