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1 - Directivitv Coaxial 
Iouplers 
d a reflecto- 

- -  - use.* This 
was a system that, like a slotted line measure- 
ment, gave quantitative impedance mismatch 
information but would give the information 
for a whole wave guide range of frequencies in 
about the same time that a slotted line measure- 
ment could be made at only one frequency. The 
saving of time and effort offered by a system 
that automatically presents quantitative mis- 
match information on a meter will be appreci- 

ttrements over wide frequency ranges with a 
slotted line. 

The speed of measurement of the reflecto- 
meter and the fact that it could be operated by 
non-technical personnel in production testing 
have resulted in considerable demand for a 
similar system for coaxial devices. To this end 
a series of new coaxial directional couplers 
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ated by anyone who has plotted VSWR meas- 
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and Reflectometers 
whose performance substantially surpasses any 
heretofore known to be available has recently 
been designed. The new couplers operate over 
2.1: 1 frequency bands in the 216-4,000 mega- 
cycle range, have coupling ratios of 20 db, and 
have directivities of at least 26 and 30 db, de- 
pending on their particular frequency range 
(see accompanying table). 

Coaxial couplers with these characteristics 
are obviously suited to forming accurate reflec- 
tometers for coaxial systems, and the final de- 
sign of the couplers has been carried out with 
a view toward reflectometer use. The couplers 
have thus been designed as dual couplers: one 
coupler provides a sample of both an incident 
and a reflected wave at separate terminals. 

The schematic arrangement of the couplers 
is shown in Fig. 2. They consist basically of a 
main arm with two coupled auxiliary arms. All - 
*J. K. Hunton and N. L. Pappas “The -hp- Microwave Reflectometers,” 
Hewlett-Packard Journal, VoI. d ,  No. 1-2, Sept.-Oct., 1954. 

Fig. 1. New -hp- coaxial dual directional couplers can 
be used for reflectometer, power monitoring or load-ad- 
justing applications. Model shown is for  2-4 knzc range. 

Fig. 2. (At right) Schematic diagram of  electrical opera- 
tion of new coaxial dual directional couplers. 
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Pig. 3. Typical directivity characteristics 

of new couplers. 

of the arms are constructed as strip 
transmission lines in which strip 
conductors are placed between two 
ground planes. 

If an incident wave is applied at 
the left as shown in the diagram, the 
wave passes down the main arm. In 
the region where the lines are cou- 
pled, a wave 20 db below the inci- 
dent wave will be coupled to the 
“Forward” terminal, while a second 
wave 20 db below the incident wave 
will be coupled to the resistive ter- 
mination in the “Reverse” arm. 
Since the combined power in the 
two split-off waves amounts to only 
2% of the power in the main wave, 
the main wave is essentially unalt- 
ered and continues to the right-hand 
terminal. 

A wave applied at the right end 
of the coupler is coupled in an analo- 
gous manner. Waves 20 db below the 
left-traveling wave will be coupled 
to the “Reverse” terminal and to the 
resistive termination in the “For- 
ward” arm, while the main part of 
the wave continues to the left-hand 
terminal. 

The couplers thus provide equal 

-hp- COAXIAL COUPLERS 

-hp- FREQ. DIREC- 
No. RANGE 

216- 450 MC 20 DB 30 DB 
450- 945 MC 20DB 30DB 
940-1975 MC 20DB 2GDB 

1900-4000 MC 20 DB 26 DB 

fractions of right-traveling and left- 
traveling waves at separate termin- 
als. The ratio of these waves will be 
equal to I p I*, the magnitude of the 
reflection coefficient of any device 
connected to the output of the cou- 
pler. This ratio can be measured 
(Fig. 4) by applying the outputs of 
the “Forward” and “Reverse” ter- 
minals to the -hp- 416A Ratio Meter, 
using suitable detectors to demodu- 
late the amplitude-modulated power 
which must be used with the system. 

In an ideal directional coupler, no 
power from a forward wave would 
be received at the reverse terminal 
and no power from a reverse wave 
would be received at the forward ter- 
minal. In practice some undesired 
power is received at these terminals, 
although it has been possible to de- 
sign the couplers so that this unde- 
sired power is at least 46 db below 
the parent wave, i.e, at least 26 db 
below the desired wave at the oppo- 
site terminal. In other words the di- 
rectivity of the couplers is at least 
26 db (30 db in the lower frequency 
couplers) over the complete fre- 
quency range {Fig. 3(a), (b)}. 

The coupling mechanism itself 
consists of quarter-wavelength sec- 
tions of the conductors placed suit- 
ably near one another to achieve the 
desired degree of coupling. The 
combined effects of electrical and 
magnetic coupling impart directiv- 
ity to the coupled wave. The unused 
terminal of each of the auxiliary 
arms is terminated in a special wide- 
range low-reflection resistor to ab- 
sorb any power coupled to that ter- 
minal. 
REFLECTOMETER SETUPS 

Fig. 4(a) is a diagram of the -hp- 
coaxial reflectometer setup for the 
range from 216 to 945 megacycles 
and Fig. 4(b) is a similar diagram 
for the range from 940 to 4,000 meg- 
acycles. In each of these ranges the 
generator must be amplitude modu- 
lated at a 1,000-cps frequency to cor- 
respond to the acceptance frequency 
of the ratio meter. 

For reflectometer purposes, it is 
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Fig. 4. Equipment arrangemat to form 
reflectometer using new coaxial couplers. 

convenient if the signal generator is 
capable of delivering at least 10 mil- 
liwatts to the reflectometer. If a gen- 
erator with this order of power is not 
available, however, a source capable 
of 1 milliwatt output such as the -hp- 
608, 612A, 614A, and 616A series 
can be used. Use of such a lower 
power source requires a special tech- 
nique in reading the ratio meter and 
limits the lowest readable reflection 
coefficient to about 396, but this is 
usually more than adequate for coax- 
ial systems. It is further desirable 
that the generator have a low VSWR 
similar to that of the generators in- 
dicated in Fig. 4. 

It is also convenient if the gener- 
ator is a swept type such as the -hp- 
670SM, since such a generator usu- 
ally permits faster examination of a 
given frequency range. At the lower 
of the frequencies in question few 
generators are mechanically swept, 
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Fig. 5 .  Accuracy of  reflection coefficient 
measurements after detector response has 

been applied (see text). 

but it is entirely practical to use 
hand-tuned generators such as the 
-hp- 608, 612A, 614A, and 616A se- 
ries indicated in the diagrams. If 
swept generators are used, their 
sweep rate should not exceed 2 to 3 
sweeps per second to avoid obscur- 
ing fine structure. 

When a swept generator which 
provides an external sweep voltage 
is used, the measured magnitude of 
reflection coefficient can be contin- 
uously displayed as a function of fre- 
quency on a d-c oscilloscope. The ra- 
tio meter is designed to provide a 
d-c voltage proportional to the meas- 
ured reflection coefficient for oscillo- 
scope presentation. 

DETECTOR MOUNTS 

It will be noted that the detector 
mounts indicated for the lower 
range (Fig. 4(a)) are different from 
those indicated for the upper range 
(Fig. 4(b)). The -hp- 476A Bolomet- 
er Mount indicated for the lower 
range consists of four bolometer ele- 
ments arranged to appear as a resist- 
ance of 50 ohms to a coaxial line. To 
supply biasing power to the ele- 
ments, the mounts should be used 
with the -hp- AC-6OK Matching 
Transformer. This device is designed 
to match the mounts to the ratio 
meter and at the same time to apply 
d-c bias power from a supply in the 
ratio meter to the bolometer ele- 
ments. 

For frequencies above 940 mega- 
cycles, a matched pair of -hp- 420B 
crystal detector mounts is indicated. 
These mounts use type 1N26 silicon 
crystals which are selected and load- 
ed to provide optimum square-law 

and frequency responses. When sup- 
plied in matched pairs, the relative 
frequency response is maintained to 
within 1 db. The crystal mounts can 
also be used in the lower range, if 
desired, but bolometer mounts gen- 
erally give superior performance 
and have thus been recommended 
for the lower range. In the higher 
range the performance of the bolo- 
meter mounts is inferior to that of 
the crystal mounts. 

ACCURACY 

A full analysis of reflectometer 
error is a lengthy matter, but the re- 
sults as applied to the coaxial reflec- 
tometer are summarized in Fig. 5. 
From these curves it will be seen that 
the accuracy of the coaxial reflecto- 
meter is entirely commensurate with 
that needed for measuring typical 
50-ohm coaxial devices. This be- 
comes more apparent when it is re- 
called that the reflection coefficient 
of a type N connector is likely to be 
10.1 1 (VSWR = 1.22) in the range 
between 1,000 and 4,000 megacycles 
and 10.05 I (VSWR = 1.1) in the 
range between 200 and 1,000 mega- 
cycles. The reflection coefficient of a 
measured device which uses a type N 
connector cannot be expected, then, 
to be below these values on a wide- 
band basis. 

In Fig. 5 it will be seen that the 
accuracy in the region between 200 
and 945 megacycles is somewhat bet- 
ter than that in the region between 
940 and 4,000 megacycles. This is 
principally due to the fact that the 
couplers have higher directivity in 
the lower range. 

It should be noted that the curves 
of Fig. 5 apply only after a reflecto- 
meter frequency response curve has 
been applied to the meter reading. 
Since the detector elements will have 
some difference in their frequency 
response, it is desirable to determine 
and plot this frequency response 
when the reflectometer is first put in- 
to use. Detector frequency response 
is obtained by a point-by-point cali- 
bration of the reflectometer as de- 
scribed later. 
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Fig. 6. Reversing phase of  PL (a, b )  by 
open- and short-circuiting output of  re- 
flectometer permits influence of  small er- 
rors to be avoided in calibration process. 
Dashed lines in (c)  show how aueraging 
causes small error terms to be mutually 

compensating in calibration process. 

CALIBRATION PROCEDURE 

The ratio meter is designed so that 
it will compensate for any differ- 
ences in the mean coupling value of 
the directional couplers as well as 
for differences in the efficiency (as 
distinguished from frequency re- 
sponse) of the detectors used on the 
coupled arms. It is desirable to cali- 
brate the reflectometer by suitably 
adjusting the gain of the ratio meter 
with the panel gain control each 
time the equipment is turned on. 

Calibration consists merely of 
short-circuiting and open-circuiting 
the end of the reflectometer at a sin- 
gle frequency and then adjusting 
the gain control so that the average 
of the two readings is 100%. When 
this has been done, the accuracy in- 
dicated in Fig. 5 will be obtained at 
that frequency.+ 

To clarify what the calibration 
process does, it is necessary to con- 
sider the error signals that arrive at 
the reverse and forward terminals. 
These error signals result from the 
fact that the reverse and forward 
halves of the couplers have a finite 
directivity. When the ratio of the 
total signal at the reverse and for- 
ward terminal is formed, it is found 
to consist of the true reflection pL 
from the load being measured plus 
two error terms Ear and EdrpL2, where 
Edr and Edi are the directivities of 
the reverse and forward halves, re- 
spectively, of the coupler. 

These two error terms combine - 
*To facilitate shorting the reflectometer, a plug-in 
shorting device is furnished with each coupler. 



out allowing error signals to in0u- 

ence the calibration. The error sig- THERM ISTOR POWER METE! 
nals will still be mesent with other 
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loads, however, and it is these that 
account for the error shown in Fig. 
5 (a). 
DETECTOR FREQUENCY RESPONSE 

The difference in the frequency 
response of the two detectors can be 
obtained by extending the calibra- 
tion process to other frequencies. 
The only difference in the procedure 
is that the setting of the gain control 
on the ratio meter should not be _ _  
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Fig. 9. Coupler can be used to extend 
power-measuring range of -bp- 430B OT 
430C Microwave Power Meter from 10 

milliwatts to 1 watt. 

POWER MONITORING 
A N D  LOAD ADJUSTING 

The accuracy and constancy of 
coupling of the new couplers means 
that they can readily be used in 
power-monitoring and load-ad just- 
ing applications. One of the couplers 
can be used to extend the range of 
the -hp- Model 430B/C Microwave 
Power Meter, for example, from 10 
milliwatts to 1 watt average (Fig. 9). 

The couplers can also be used with 
medium-power transmitters (up to 
50 watts average) to assist in antenna 
adjustments or to monitor the power 
fed to the antenna. 

J .  K .  Hunton, H .  C. Poulter, 
and C. S. Reis 
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ATIONS 
765D, 766D, 767D 

CTIONAL COUPLERS 
! -  -hp- 766D -hp- 767D 
945 Mc 940 Mc to 1975 Mc 1900 Mc to 4000 Mr: 

20 db 20 db 

&l db f l  db 

1.20 1.25 

1.30 1.35 

26 db 26 db 

3.20 db Approx. 0.25 db Approx. 0.35 db 

i* -hp-4208 -hp- 4208 
iry line Male, Female 
ectors: Type N 
sory furnished: 
iht: Approx. 2 Ibs.; 

1 -hp- 803A-76G shorting plug. 

4 Ibs. packed 
Price: (each model) $125.00 

-hp- Model AC-60K Barretter Matching Trans- 

-hp- Model 416A Ratio Meter, cabinet mount, 

-hp- Model 416AR Ratio Meter, rack mount, 

-hp- Model 430C Microwave Power Meter, cab- 

-hp- Model 430CR Microwave Power Meter, 

-hp- Model 477A Coaxial Thermistor Mount, 

former, $45.00 

$450.00 

$435.00 

inet mount, $250.00 

rack mount, $255.00 

$75.00 

N Adapters and 1 -hp- AC-60K 
476A's. 

Data subject to change without notice. 
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