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Method for Measuring the Directivity

of Directional Couplers*
G. E. SCHAFER~ AND R. W. BEATTY~

Summary—This method of measuring directivity requires the

measurement of the ratio of powers delivered to the side arm when

the normal input arm is connected alternately to an adjustable sliding

termination and a sliding short circuit. The short circuit is phased to

yield maximum and minimum responses and the amplitudes are

averaged. Two techniques of adjusting the termination may be used,

One procedure requires zero reflection from the termination. The

other procedure requires adjustment for a null at the detector and

then measurement of the maximum response due to changing the

phase of the termination. The inherent errors of the method are ana-

lyzed and found to be within the limits—O.01 to 0.00 db in a specific

example.

INTRODUCTION

A

METHOD to measure directivity of a rjirectiollal

coupler is described. The errors in the method

are evaluated and graphs are presented for esti-

mating the total error.

Previously described methodsl,2 required measure-

ment of the combined attenuation of coupling and

directivity, the impedance of an auxiliary component,

the reversal of the directional coupler, or a combination

of these. This method permits measurement of the

directivity values up to the entire dynamic range of the

attenuation measurement system and completes a meas-

urement by attaching first a short circuit and then an

acfj ustable sliding termination to the same terminal.

PROCEDURE

The arrangement of equipment is indicated in Fig.

1, with. the coupler oriented as in Fig. 2. Preliminary

adj ustrnents3 are made to the tuners shown in Fig. 1

so that: 1 ) the calibrated attenuator is operated in a

matched system, (the condition under which it was

calibrated) and 2) the reflection coefficient 172; (measured

at terminal surface 2 of the directional coupler with

the normal signal source inactive) has a magnitude

less than 0.01.

Procedure 1) is to attach the short circuit and ob-

tain a maximum and minimum amplitude reading by

* Manuscript received by the PGMTT, May 1, 1958; revised
mamrscri pt received, June 13, 1958.

~ Nad. Bureau of Standards, Boulder, Colo.
1 C. G. Montgomery, cd., “Techniques of Microwave Measure-

merits, ” M.I.T. Rad. Lab. Ser., McGraw-Hill Book Co., Inc., New
York, N. Y., ch. 14; 1947.

2 M. Wmd and H. Rapaport, “Handboolc of Microwave Meas-
urements,’> Polytechnic Institute of Brooklyn, Microwave Res.
Inst., Brooklyn, N. Y., 2nd ed.; 1955.

i If the detecting system has sufficient gain: the tuners may be
replaced by well-matched broad-band pads with little loss in ac-
curacy. ‘This would simplify the procedure, especially in the case
where measurements were to be made at a number of different fre-
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Fig. l—Arrangement of equipment.
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Fig. 2—Representation of directional coupler as a 3-arm junction.

adjusting the phase of the short circuit. The average

of these two readings is a reference level and is denoted

by I b,l av. An adjustable sliding termination (abbrevi-

ated AST in the remainder of the paper) is then at-

tached in place of the sliding short. This AST must be

capable of providing zero reflection at the frequency

being used. The condition of zero reflection is indicated

by no fluctuation in the output level of the detector as

the termination is moved along the waveguide. This

level is called 163] o and is determined either by the

calibrated attenuator or the detector.

I b~] ,V is approximately equal to the amplitude of the

forward coupled wave, while I b~ \ O is the amplitude of

the reverse coupled wave. Therefore, the directivity

can be determined to a good approxirnation by the

expression

The adjustment of the AST for rL = 01 [in procedure

1)] is often tedious. Procedure 2) eliminates this opera-

4 R. W. Beatty, “An adjustable sliding termination for rectangu-
lar- waveguide, ” I R13 TRANS. ON MICROWAVE THEORY AND ‘,fkcH-
NIQuES, vOI. MTT-5> pp. 192–194; July, 1957.quencies.
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tion and substitutes instead a null adjustment which is

readily obtained.5 (The short circuit measurement re-

mains unchanged from the first procedure and the signif-

icance of \ bj 1.“ is the same.) The AST is manipulated

to yield a null in the output of arm 3, and is then moved

along the waveguide until a maximum response, I & I ~,

occurs. This is approximately twice I bj 10. The ratio

can also be used to determine the directivity to a good

approximation by the expression

21b31av
D — .=20 log,, ~ b, ,T

THEORY

Analysis of this method is accomplished by writing

a matrix equation for the three-arm junction repre-

sentation of a directional coupler

b = Sa, (1)

(where .S is the scattering matrix, and b and a refer

respectively to outgoing and incoming wave ampli-

tudes), and solving for the above ratios. The elements

of a and b in (1) are displayed in Fig. 2.

The substitution of the appropriate elements into

matrix (1) yields a solution for the amplitude of the

emergent wave from arm 3,

1 s,, I - s,2rL 1

I s,, - s2,rL I
bs=–b,

I 1 – sllr. – sl,r. – S,JrD I
, (2)

– &2r G 1 – s22~L – s23rD

– s13r G – s23rL 1 – s33rD

where bu is the fixed wave amplitude characteristic of

the equivalent generator as designated in Fig. 2, and

where reciprocity in the form S~J = Sj% has been assumed.

This may be written in a convenient partition sug-

gested by the form derived by McPherson and Kerns,e

where

1
R=

1– /mL12’
7= \mL\R,

6 A similar technique is described by H. C. Poulter in “.% note on
measuring coaxial coupler directivity, ” Hewlett-Packard J., vol. 8,
PP. l–~; lMay–June, 1957.

‘ A. C. McPherson and D. M. Kerns, “A new technique for the
measurement of microwave stand irw-wave ratio s,” PROC. IRE. vol.

and

For the arrangement with the short circuit attached,

maximum and minimum responses are obtained as the

phase of rL is shifted. These responses are given by

b,:

\b31max= (4)

IM-I++RII ‘

and

The average value of these two responses maybe written

= b,;
171

2
. (6)

Y2 — :+R

For procedure 1), the AST is adjusted for zero reflec-

tion (1’L = O), and the response may be written

lb3\O= b,; ,Y;21. (7)

The ratio of these two responses is a measure of the

directivity and the apparent directivity is given by

In procedure 2), it is convenient to express the re-

sponse as

lb,l=lbol ,
Ikl

2 1’
(9)

44, pp 1024-1030; August, 1956. -
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Fig. 3 —Limit of error calculated from (1 7a) (Term 1) and (20),

’12 OR rL

l\il I i

DIRECTIVITY, db

where /31 is the electrical length between reference
Fig. 4–-Limit of error calculated from (17a) (Tel-m 2).

planes of the load and the junction. One adjusts \ 17L I

and 1 to give a null response and it is apparent from (9)
y= O, which reduces the ratios in (8) and(11)

that A1’I,e-2~~Z = — 1. ln deriving the equation for maxi-

Imurn response as 1 is varied, one considers that the 10CLW tO / m7, I ; (11)

~r~ I = 1, which reduces (14) to ] K 1;of (1.5)

] s,!, /
SZZ = 0, S’H = 1, which reduce (15) to ———

I S:J “
(16)

when I KTLI = 1, is a straight line parallel to the imagi- It is assumed that departures from these conditions

nary axis through the point (1, O) in the complex plane. will be small and are therefore considered as individual

The maximum response may be written as cases.

\ bgk \
lb,l~=m (lo)

Case I

SZZ#O and SIZ # 1, but other conditions arc satisfied.

where g is the real part of y. Therefore, the apparent Since ~A~ and ~Az reduce to 20 10g10 ~~~ in Case I,

directivity may be written as the error is

14
I I

= 2olog,o (g + 1)

11

.J; +R 2 1“ (11)

)

s23
EI = 20 loglo

SK&3 – S13S22

—
= 20 loglo S13S22’ .

s+ :--)
(17)

S1J23,

~RI<O1{ &.\ LYSIS One can separate (17) into two terms. Ii the coupling

The sources of error can be evaluated by considering
ill decibels is 10 db or more, .S’Iz may be eliminated

the true directivity, defined by
from the second term with littie loss of Z1CCLK21Q’:

EJ = — 20 loglo / S12 ~— 20 loglo
(12)

1–:: (17a)

S13 I
and evaluating the error in clb as

The magnitude of the contribution from the first
e = Dy. — DA (13)

and second term is shown in Figs. 3 and 4, respectively.

where DA is given by (8) and (11) for procedures 1) If the coupling in decibels is less than 10 db, the contri-

and 2), respectively. bution of the second term is appreciably larger than

The following three conditions are sufficient to reduce shown in Fig. 4 and it is advisable to em,ploy (1 7) for a

the error to zero: mom accurate estimate of the error. (In these cases
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where the error caused by assuming I Slz] = 1 would be

large, it would probably be desirable to determine

I Slz] and make a correction to the measured ratio.)

Case II

y #O, but other conditions are satisfied. Considerable

manipulation of (12) minus (8) and use of the approxi-

mation

Y 17zi
—=
2K

yields for procedure 1),

r2i
1–2 y –41r2il’

20 Ioglo 5 ~Ir,l

r2i
1+ ~

.

1+21; – 4]r,il’

<20 log’o ‘—- I r,, I
(18)

l—l

IKI

where 17z~is the reflection coefficient of arm 2, with the

inactive generator and detector connected to arms 1 and

3. For the second procedure the Iimitsof error after similar

manipulation of (12) minus (11) may be expressed as

r2i
1–2= –41r2il’

20 loglo — s EII,2

l-lrzi

K

rzi
1+2 ~ –41r2,~s

< 20 log,o . (19)
r2i

1–2 ~

This expression differs from W,l only in the denominator.

Fig. 5 shows the limits of error for both procedures 1)

and 2) as a function a,;, (the VSWR corresponding to

I’z;). The solid lines indicate the limits of error for

procedure 1) and the dashed lines the limits of error

for procedure 2). The limiting values for the error as

the directivity becomes infinite are indicated on the

right-hand side of the graph.

Case III

An imperfect short circuit, I P.L I #1, but other condi-

tions are satisfied.

I

\

‘\

------
~, .,.- {- ———
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Fig, 5—Limit of error calculated from (18) and (19).

By use of (16) and implications of (17), the error may

be written

~111 = — 20 @J [ rL \ . (20)

This is of the same form as the first term of (17a) and

is included in Fig. 3 as an alternate abscissa, This for-

mula applies to both procedures.

The following example shows the limits of error for a

case that might be considered typical. For a well-con-

structed, high directivity, 20-db coupler ( I S2JI =0, 1),

the absolute values of the other coefficients are usually

\ Sn I <0.025, [ S12 [ = 0.995,

] S,l I ~ 0.025, [ S,3 [ <0,001.

I S,, I <0.025,

With the preliminary adjustment of I I’Z~ I to less

than 0.01, and use of a short circuit with a reflection

coefficient of magnitude greater than 0.995, the limits

of error from the above sources are —0.01 to +0.08.

By measuring \ Sl, I and I I’~ I , and applying correc-

tions for their departures from unity, the limits of error

are reduced to — 0.01 to 0.00 db. One must also con-

sider the error made in measuring the ratio

\ b&r lb,la~

/b,lo ‘r ]b31T “

Using IF substitution techniques with a below-cutoff

standard attenuator, the error may be held to +-0.05

db with normal precautions. Unless this error is reduced

to + 0.01 db or less, the error in measuring directivity

in this example would be limited by the error in measur-

ing the above ratios.


