45 DIRECTI

ONAL COUPLERS

-port waveguide junction as shown in Fig. 4-5-1. It
consists of a pri ide 3—4. When all

cts are terminated in their characteristic impedances, there is free transmission of

wer, without reflection, between port | and port 2, and there is no transmission of
power between port 1 and port 3 or between port 2 and port 4 because no coupling
exists between these two pairs of ports. The degree of coupling between port 1 and
port 4 and between port 2 and port 3 depends on the structure of the coupler.

The characteristics of a directional coupler can be expressed 1n terms of its

coupling factor and its directivity. Assuming that the wave is propagating from port
| to port 2 in the primary line, the coupling factor and the directivity are defined,

A directional coupler is a four
imary waveguide 1-2 and a secondary wavegu

o— Primary waveguide
o : . — B Port 2
Coupling '
i device i
3 o Port 4
Secondary waveguide Figure 4-5-1 Directional coupler.
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Coupling factor (dB) = 10 logw P (4_3.1_ .
)

4

Directivity (dB) = 10 10810 sy |

where P, = power input to port 1
P, = power output from port 3

P, = power output from port 4

inated in thej
R ted that port 2, port 3, and port 4 are tcrmmgt ir i B
O s b e is a measure of the ratio of power g‘l‘é

acteristic impedances. The coupling factor [ ; :
pe lines. Hence if the coupling factor is known, a3 fractm; :

in the primary and secondary _ ;
of power measured at port 4 may be used to determine the power input at por |
This significance is desirable for microwave power measurements begause no disy,, |

measurements, occurs in the prip

bance, which may be caused by the power ' . ;
line. The directivity is a measure of how well the forward traveling wave in the o |
mary waveguide couples only to a specific port of the secondary waveguide. An

ideal directional coupler should have infinite directivity. In other words, the poyy |
at port 3 must be zero because port 2 and port 4 are perfectly matched. Actuall ’,
well-designed directional couplers have a directivity of only 30 to 35 dB. N

Several types of directional couplers exist, such as a two-hole direction
coulcr., four-hole directional coupler. reverse-coupling directional coupley ;
(Schwinger coupler), and Bethe-hole directional coupler (refer to Fig. 4-5-2) Opnl
the very commonly used two-hole directional coupler is described here. e

A

(a) | : )

Sccond'iry ‘
ond; Rot
waveguide scco:c::(riy

Primary waveguide
(d)

(c)

Figure 4-5-2  Different direct;
iIrectional co 3
(b) Four-hole directi uplers. (a) Two-hole direct
(‘Ol)] ;;2:" hole directional coupler. (c) Schwinger (c‘:‘)uplero zldo)lc ?:ec}:nonal coupler.
. | ‘ + {d) Bethe-hole directional
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A two-hole directional coupler with travelin

fig. 453 The spacing between the ccmevg :f' Y:,Z‘K&‘Z‘.‘,',,‘L’lfé': it is illustrateq in
L= (n+ M
where n is any positive integer, 4 (4-5-3)
L=(nt1)
1 Primary “——_—.{ waveguide
‘ a—
w - _—_*_'; """" ~— Port2
—JiL Ji L
5 Canceled Pl =~ X T TT T T I Added pons
secondary waveguide m""m Two-hole directional

A fraction of the wave energy entered into port 1
is radiated into the secondary guide as the holespoact asp:lsz:sa:\}::z‘;i.t?mmfm
waves in the secondary guide are in the same phase, regardless of the hole space
and are added at port 4. The backward waves in the secondary guide (waves are pro:
gressing from right to left) are out of phase by (2L/A,)27 rad and are canceled at

port 3.
4-5.2 S Matrix of a Directional Coupler

In a directional coupler all four ports aré completely matched. Thus the diagonal ele-

ments of the S matrix are z€ros and
Sy =Sp=Sn=S8«=0 (4-5-4)
nd
As noted, there is no coupling between port | and port 3 and between port 2.2
port 4. Thus s
Si3 = Sy = Su = Sa = 0

f a directional coupler becomes

Consequently, the S matrix 0
0 S O Si]
Sy 0 Sn» 0 (4-5-6)
S y 0 Su 0 S}‘
0 So .
LS“ ty of the S m
roperty
Equation (4-5-6) can be further reduced by means of the 260 P
ity (4-5-7)

Irix, so we haye i o
g2 8h + SuSu =
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S,.Si"; + S4|S:t.‘3 =0 \4-3~8')

. we can write
Also from the unity property of the S matrix,

SSh + SuSt = 1 | (4-5'9)
Iso be written
tions (4-5-7) and (4-5-8) can 2 5.
- | |Sizl| S1el = |SnllSwl (4 10
|Sat[|S25] = | Sa |Sas| (4-5-11)
= hen
Since Siz = a1, S1s = Sar, S = Sz, and 534. S43, the
11| = | Sl (4-5-12)
|S1a| = | S (4-5-13)
Let
Sz=S8Su=p ‘ (4-5-14)
where p is positive and real. Then from Eq. (4-5-8)
pSH+84)=0 | (4-5-15)
Let
| ' S»n = Sa = jg . (4-5-16)
where g is positive and real. Then fram Eq. (4-5-9)
The § mat Pite=1 (4-5-11)
€ S5 matrix of a directiona] coupler is reduced to
0 p 0 jg |
s=(P 0 jg o
0 jg 0 p (4-5-18
:—— : _jq O p O |
anmple 4'5'1: Dil'ectinnnl [ Py o e——
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lers consisting of four parallel g
ip cOU

ingle dielect;
gigitated M7 NG gle ground plarl‘:r’, acailedgla Langetrl:;:
Hybr! - .

RERANTIN

A signal wave incident in port 1 coy

ples equal power into ports 2 and 4, bug
none into port 3. There are two basic type

S of Lange couplers: 180° hybrids and ¥
(quadrature) hybrids. The latter are also called 3-dB d P ol
_ Hybrid couplers are frequently use

irectional couplers.
d as compop '

Figure 4-5-6 Lange hybrid coupler-

s an Insertion lo
less than 0.25 dB over a _40% bandwid

b n 0.13 dB, and an jmbalance?
o modern’ micriRe circuit design, Lange hybrid Couplers are

commonly
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Sl b

4 in balanced amplifier circuitr
u-:)cns. as shown in Fig. 4-5-7, Y Tor high-power ang o
(0% . gle-stage or cascaded double. broad-bandwidth applica-

3-dB and 90-d Stage GaA
allel to WO egree La S MESFET chi
ssed by the followi NBE hybrid coynter:  -cMPS are :
can be expre ing three equati Couplers Thei 4 connected in
ons: + I'heir basic relationshi
P

Sll = i(S“n - S'lb)

; Szz = %(Snu o Szu) (4.5.‘9)
an il (4-5-20)
in = e
and b indicate th 5P = S + S
where @ 3n - rese ¢ two GaAs MESFET chips (4-5-21)
and output poris. pectively. The VSWRs of thi ,band L 2nd 2 refer to the in
oresse d as alanced amplifier can be‘::.
VSWR = L F [Su] .
gt |S,“‘ for the input port (4-5-22)
and
VSWR = L* 18]
: I — |8z for the output port (4-5-23)
GaAs MESFET a
I i
Input
power l: :2
- \ r ; -4

: | S

, |

I I

| |

| ' | +-—

I : \

|

. l L

| I )

| y | Sus

T i

3! Lange : 4
500 | coupler |
GaAs MESFET b

Figure 4-5-7 Balanced amplifier with Lange couplers.
a double-stage

‘ four chips In .
ESFET chips lor 1o i R will be umty-

Theoretically, if the two GaAs M ,
really, | lifier is balanced and its VSW

amplifier circuit) are identical the amp u-
‘ S s ar
Practically, however, characteristics of the two GaAS ESFET chip are differ-

ally measured and they may not be the same. ‘When tt}cir :’hargitt:\ﬂstlgs
ent, the amplifier will not be balanced and manual tuning Wil %€ “o MESFET

i o i terize
it. Therefore, for mass production it 1* Hecessary to charac
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174 Microwave Waveguides and Components Chap |

chips in advance before placing them in the mif:rowave intcgljated CIrcuit in orde ’
minimize the tuning work, reduce the production cost, and increase the hybrig . |
producibility.
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