Directional Coupler

Understand The Basics

01 Microstrip Directional

Gouplers ;.o o dirctionnt coupirs
characteristics, and equations needed
Sfor micvowave applications.

" three different Lypes of directivity
- (Fig.1).* In this article, port 1 is cho-
~sen as input to the coupler. An ideal
directional coupler should have an
infinite directivity. In an actual :
- directional coupler, the isolated port
. is never completely isolated due to
" mismatching of terminations, losses,
discontinues and manufacturing tol-
. erances.
* Phase balance is the relative phase |

Table 1: Characteristics of ring and two-branc

7 &,
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tmalora@mbnotes.collins.rockwell.com = A directional coupler can have = difference of output waves. Quadra-

ture (90 deg.) and in-phase-out-of-
phase (0-deg. or 180-deg.) directional

couplers are the most popular
. devices {(Fig.1).

For the purposes of analysis and

- calculation, symmetry is a very
- important characteristic of direction-

al eouplers. There are three types of

- symmetry: complete (axes XX and
- YY), XX-axis partial symmetry, and

YY-axis partial symmetry. Con-
nections
between
| types  of
symmetry,

“Granch hybrid

t(port1) reftection

directivity

coefficient L+ 1)

P

Insgrtion loss

and phase
—) differences
are shown in

(d8) -g:;ﬁu + D1+ )

200+ Ty)(1+ Iyl ) Fig 1.*
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P2 ters of actual
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Isolation
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Directional Coupler

tions, losses, discontinuities, as well
as manufacture Lolerances,

The two most popular ring direc-
tional couplers are of length 3/2A and
A, where A is the guide wavelength.
In the case of perfect input matching
of the ring coupler of length 3/2 A
(Fig. 2a),

Vvi=1 (1)

where:

Y| = zy/z; and Y,= 24/z, are normal-

ized admittances of the ring coupler
(Fig. 2a ).

The scattering matrix of the ring
coupler is: °

0 v, ¥, o
Y, 0 0 -y,
¢ Y, -¥, 0

It follows from Eq. 2 that arg

812/813 =0 and arg 842/’843 =T, i.e., :

the ring is an in-phase-out-of-phase
directional coupler. Since 8,, = S, =

[Sa4] = 0, the four-port network will
have ideal directivity of type II
(Fig.1) and perfect matching.

The simplest hyhrid ring has equal :
segment admittances Y, = Y, which :
- where:
Q = P/2a is the quality factor of a °

by substitution in Eq. 1, yields:

= :]
h=h= V5o

Usually the ring coupler is loaded :
by terminations at ports 1, 2,3, and 4

with reflection coefficients T, I, Ty,
I'y. Characteristics of ring couplers
versus reflection coefficients are
shown in Table 1, where:

(I +13) (4)
Graphs of operating parameters of
the hybrid ring versus termination
refiection coefficients are shown in
Fig. 3. Absolute values of reflection
coefficients of terminations eonnect-

ed to adjacent ports (with respeet to -

the input) mainly affect the input
matching, while the Isolation is deter-
mined by relative values of reflection
coeffieients. 1t should be noted that
the previously discussed characteris-
ties of the ring coupler do not account
for power dissipated as a result of

l 1 ]
: o 04 40 -0, 40
Tyve st 10—t: ~0310~T -o31o-l 53
“directivi
RS 34 23] - 34 2] =
X XI .
‘ 193] 3 1] I 3127 3
Type of Y ~—— i -y ! Y — Y
symmetry 5 O | 94 28] ; 54 25 34
X "
Completely Partial Partial
‘Phase Quadrature Inphase  Out of phase
_b_alal_l_l:e 99 deg. 0 deg. 180 deg.

1. The various kinds of directivity, symmetry and phase balance that a
directional coupler can have are shown here,

conduector, diclectrie, and radiation

. losses.
Sy =8y =0and S| = [Seal = [Susl =
- of normalized attenuation:

Define the resistive losses in terms

al= i1,’ {Nepers)

5
OA )

l/4-wave resonator which is shorted

at one end and B = 27/A is the phase
constant.
Characteristics of planar ring cou-
. plers depend on transmission line
- losses (Table 23,17
Consider the influence of fabrica-
tion tolerances va parameters of the
hybrid ring. The results of ealeula-
tions of the hybrid ring on microstrip
line with 1 relative permittivity of
substrate € = 4.8 are provided in

1. A4 3
- r
A4 +180°
27 A/ %
{b)
4
Ip AM Ip Iy A A I Iy A4 A I
1 =3 15 53 15 3
el 2 2 2] 2] 7
AT " 24 Az AMIZY_ 738 "7 A/ AL “7ofAA TN
Iz | 5 4] Y, A ’< I3 3 . .
Iy A8 I Iy A A Qg g AMZI Al Ig
4
() {d) (e}
1.7 2.3 1 o Ly, 3
SN N —~
A TR M 2% g4
{n {o)

2. Directional couplers fall into three basic architectures: ring couplers {a and
b), branch couplers with cither two or three branches (c, d, and e), and coupled
lines (f and g).
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Directional Coupler

VSWR By J e nuities are shown
- ! A |lp| 2 012 m Fig. 5>
LA e o The ring coupler :
_ et e == of length 3/2A; has |
12 - 40 - the disadvantage :
] o = of a narrow band- -
- width (approxi- .
10 =t L | _ mately 20 percent) ,
N | 0.05 010 015 g due t{o the in-:
(aj‘._ R R . : creased length -
CRyz cRy3(aB) iryl=0 - of the 3/4-wave- -
. length section
3.6 Rl ¢ . (Fig. 2a). Also, it
IS - 0.0 occupies a large
- $ = 0.20 S| Y eircuit arca. There
30 . —=l4|=0.30 | are modifications
R [Ca2f=0.20 of this coupler in
26 - - FIINZ0.09 which a 1/2-wave-
- HI% z L Lo lengtth—;otrﬁg s?jir— _
o [P ; : ment of the 3/4-
(,,)22 i 1:.'_5-1 160 015 rgl wavelength
A T : SR S section is replaced
7T =0 Tg)=0.08 [I|=0.90 [Pyl =0.15 Tz/=0.20 by a 1/4-wave-
Ry 2(0B) T 1L ) ; ; lenﬁthf sc;ciigon :
T gy - with a fixe 0-°
o " N CANUN A0 5 ——(lgl=0 deg. phase shifter
s ) 3 XY d §——|T4I="-15 (phase inverter
- TR A P RRES = —r =030 (Fig. 2b).” This A
PH=ZxapZ> FS 3 =290 ring coupler has
_ po e A = RS 4 perfect isolation .
2 % = M REETRER and is independent
gt _ s of frequency. The |
o 0.5 010 015 g phase difference -
between the two

3. These curves show the matching (a), insertion loss (b),
and isolation (c) of a hybrid-ring as a function of ter-
mination reflection coefficients (|I',, |, (U, and I°,).

Fig. 4%
AX = AW/Ah

where:
AW = the width of the mierostrip
line, and
h — the thickness of the substrate.
In the ring directional coupler, it is

influence of discontinnities where the
coupler connects to the input and out-
put lines. This is most important for
the high-frequency range when the
size of the discontinuities is more

than 1/10 the height of the guide °

wavelength. This type of discontinu.

ity is equivalent to a T-cannection. :

The characteristies of isolation,
VSWR, and insertion losses of the
hybrid ring with discontinuities an(

octave.

Most commonly used is the two-
branch coupler (Fig. 2¢). In the case

~ of perfect matching of input port 1,
element S, must be equal to zero

which yields:

TR (6)
whoere:

Yy = V7, and Y,= I/Z, are admit-
tances normalized with respect to the
input admittance Y,

without disconti- :

A two-branch coupler is ideally

. matehed if Eq. 6 and its seattering

. matrix is:
[5]=-~ !
NI
0 0 iy
0 0 ¥, i 5
Iy o0 0 (7)
Y‘l i 0 0
It follows from Eq. 7 that:
Spp = Sy =0
arg Siz = y
514 2 (8)

which means that the two-branch
coupler has an ideal directivity of

- Type 1 (Fig. 1) and that there exists

an inherent 90-deg. phase difference

. between the output ports.

For the 3-dB coupler (hybrid), the
normaliized admittances of two seg-
ment lines are provided by:

Y= 1LY,=42 (9)

Isolation of the hybrid ring has

- wider bandwidth than the isolation of

the two-branch hybrid. Two-branch

- hybrid isolation is usable only
output ports (0
deg. or 180 deg.) is °
alse independent °
of frequency. In
- praclice, bandwidth is equal to one

bver approximately a 10-percent
bandwidth.

Consider the parameters of a two-
branch hybrid where the termina-
tions have reflection coefficients I' 1

1y, I'y, I'.* The main parameters of
The branch-line coupler (Fig. 2¢ to

. @) consists of 2 main line which is cou-
~ pled to a secondary line by Ay/d-long -
branches spaced by A//4.1%11 The

- bandwidth of the branch-line coupler |
can be enlarged by increasing the

. humber of branches.
often necessary to account for the

the two-branch hybrid are shown in
Table 1, where:

¢y = 21+ 00 +

(I—=15)1 - T,) (10)

The graphs of two-branch hybrid

. parameters versus modules of termi-

nation reflection coefficients are
shown in Fig. 6.

Comparing parumeters of the two-
branch coupler with those of the ring
coupler with mismatched termina-

'+ tions leads to the following conelu-

sions. In the ring coupler, isolation is
better, but matehing is worse than in
the two-branch coupler. If the output
ports have identical terminations,
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Divectional Coupler
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input matching is not, while for the
two-branch coupler, matching is per-

E-mail: sales@precisionphotofab.com . fect, but. its isolation is not.
N : Consider the parameters of g
: ‘Ve b Ry l le: 1) rec I S I o7 : jz=4 i branch hybrid with losses. The two-

branch hybrid with ideal matching of
all ports has the characteristiecs
shown in Table 1.* The power split in
the two-branch hybrid, (C®5-C",, -
0}, unlike the hybrid-ring power split
{see Table 2), does not depend on
losses. This is generally characteris-

B ROA DB AN D e tic of full symmetry couplers.
_ ¢ ¥ L. B Figure 7 shows the graphs of
: I T = " E microstrip two-branch hybrid par-
DC Bln‘ks & Blas_ Tees i ameters versus AX = AW/A h for a
- . I : : | relative substrate dielectric constant
of 9R. Figures 4 and 7 show that the
two-branch hybrid is more sensitive

Lo production tolerances than the
hybrid ring.
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Consider the
effect of dis-

continuities rameters

which arise in
T-connections
between

SIGN FEATURE

Divectional Coupler

. Table 2: Characteristics of planar couplers vs. transmission-line losses

coupler

i branches, con-
{ necting lines,
and input/out-
put (1/0) lines.
In general, all

6420l + 2
dol + 2

I/0 lines at
these T-c¢on
nections have
different char-
acteristic

"g'(_.i + 2.414ali)

- 62l + 2
Jog —— =
% 3o+ 42

impedances.
Analysis of the
effects of dis-
continuities

g(1+ 2.414a)

I Zal+ 4

shows that
working parameters of the two-

braneh coupler (Fig. 8) are more sen- |
sitive to them than ring-coupler char- |

acteristics (Fig, 5).

The branch coupler has the advan-
tage of adjacent output ports which

permit combining them in the planar
design. For example, a balanced
mixer that has the two-branch cou-

intermediate-frequency (IF) port.
Consider the three-branch coupler

whose circuil view is shown in Fig.

2d. Similar to the two-branch cou-

pler, the three-branch coupler has |

the ideu] directivity of type L
S;p =8 =0 (11)

Thus, it i evident that port 2 is iso-
lated and waves reaching port 8 and

port 4 have a differential 90-deg. :
_ phase shift:
pler and two diodes in output ports 3 :
and 4 ean have one planar outpul |

S
arg 14813:% (12)

Several remarks on the three-

branch coupler are in order. The
bandwidth of the three-hranch cou-

pler is similar to that of the ring cou-

. pler, however, its parameters, to a
- great extent, depend on discontinu-

ities and tolerances of line dimen-
sions.

The three-branch coupler has a
larger bandwidth than the two-
branch coupler. Additional branches

¢ can expand the bandwidth even fur-
- ther. However, couplers with more

than four branches are difficult to
fabricate in microstrip because the
end hranches require impedances
which reach the upper limits of prac-
tical realization.
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The three-branch coupler with

power-si)lit regulation is shown in .
¥ Two apen or short lines are |

Fig. 2e.
connected to the center branch, The
power split between port 2 and port 4

Table 3: Characteristics of print dir

SIGN FEATURE

Dievectional Coupler

depends on the length of these stubs.
This directional coupler has Type 111
directivity (Fig. 1).

One of the most usefu} structures
of directional couplers is the four-

port network formed by two coupled
lines that are close enough to cach
other so they are coupled through
eleciric and magnetic fields (Fig. 21
and g).

ectional couplers
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High Performance Wideband Synthesizers
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and ultra high spectral purity, but can't wait - call ITT. Direct Digital Synthesis concepts
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fixed frequency outputs. Visit our web site for

more details. www.ittmicrowave.com
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DESIGN FEATURE

Directional Coupler

A coupler can be represented by
independent even and odd modes.
The final results are vbtained by
superposition of the two modes. In
the even-mode case, currents in both
lines are equal and co-directional, In
the odd-mode case, currents are :
equal and opposite. Aecording to the
mirror-reflection method, it is possi-
ble to caleulate homogencous coupled
lines with normalized characteristic
impedances Z, (even mode) and Z,,
{odd mode) [the last suffix identifies
the mode]. :

Perfect matching (S,; = 0) oceurs
when:

ZpeZga = 1 (13)

The seattering matrix of the ideal-
ly matched coupler and its frequency

: where:

operating frequency, O = 2nl/A= the

characteristics can be derived from:-

0 S 53 07

S;; 0 o 3,
Sl = 14
157 S 00§, ()

S =ifZy, Zp,)sinQ/
2cos@ + i(Zy, + Zy, ) sin@ (15)

S,y =2/
Zeos@ +i(Zy, + Zp )sin® (16)

whera:
the suffix “o” denotes the midband

electrical length of the coupled lines,
and

G14 (dB)
22
18
14 1 i 1
@ “og 0.9 1.0 1.1 o
CRyz ¢By3 (48) M-___E =
3.0 -
20E= i 1 1 CH1 2
(b) 0.8 0.9 1.0 11 iy
VSWR Ry
15
] Mt L == =T
¢ o8 0.9 1.0 1.7 T

5. Discontinuities have an effect on a hybrid ring as illustrated by curves of
isolation (a}, insertinn losses (b), and VEWR (c) [solid lines]. The dashed Hnes

are plots without discontinuities.

VSWR By
1.20 N ://
\\09U Ny y
Q.
1.10 \/ LS
Qd
\ “j\‘a

@ 0 005 010 035 |y

CBya (d8) [\
36/ N

Y
\ R
090 PO 2l =03
imss

20 - -..____- "-....__'
-
N S, S,
~ —— e
F — —~—] -..\-'-::

0.20 e

1
0 005 010 015 |y

(b)

6. These plots are of matching (a) and isofation (b) versus reflection

coefficients for a two-branch hybrid.
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Directional Coupler

A = the guide wavelength.
The real directional coupler cou-

pling (Cip) and insertion luss (Cpg)
will be a combination of coupling loss, :
conductor loss, dielectric loss,
mismatch loss, discontinuities loss,
along with loss due to production

tolerances.

The characteristics of coupled-line
couplers will be investigated where |

* terminations have reflection coeffi- ;
cients Iy, Fy, Ty, Iy that are connect- -

ed correspondingly to ports I, Z, 3,
and 4.
The plot of the VSWR, as a fune-

tion of reflection coefficients |I's) and

IT'y| of output terminations is shown
in Fig. 9a.* As illustrated, the best
matching of the 3-dB coupler is real-

1ized when the reflection coelfivients

KDi/Triangle’s RESISTOR PRODUCTS GROUP

KDI'yesistor products are distributed by Richardson Electronics, Ltd,

7. The two-branch hybrid’s graph of
matching and isolation (a) and
insertion loss (b) as a function of
tabrication tolerances is shown here.

of loads in ports adjacent to the input
are equal,

Figure 9b shows the dependence of
parameters ACy, = Cp, - C°, (solid
]ines) and AC];; = 013 - 0013 (daShed
lines} from coefficients I'y] and Iy
for coupling of ("), = 5 dB and C°; =
20dB.

Characteristics of directivity ver-
sus reflection coefficients [[",] and |Iy|
are plotted in Fig. e, For a particu-
lar C°,, curves corresponding to dif-
ferent values of I, diverge in a fan-
like pattern as [Ty} decreases.?

Table 2 defines the main perfor-
marnce parameters of directional eou-
plers, taking losses in lines into
account. The line losses of the two-
branch hybrid and the coupled-line
coupler vary identically with the
losses in the lines,

Table 3 illustrates the perfor-
mance, matehing eonditions, equa-
tions, and other characteristics of the

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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8. These three curves iliustrate the
effect of discontinuities (solid lines)
on isolation (a), insertion loss (b), and
matching {c) as a function af
frequency. The dashed lines show the
effects on these parameters without
discontinuities.

print directional couplers thut are
shown in Fig. 2, ee
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graphs.
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