Microwave Engineering

Chapter 7
Power Dividers and Couplers
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Learning Objectives

» Understanding what is coupled transmission line.

= [earn about coupled line theory

* Learn what are different configurations of coupled transmission lines.

* Single and Coupled Transmission Lines
* Coupled line theory

= Different Configurations of Coupled Transmission Lines



G Single and Coupled Transmission Lines

= Single transmission lines

- Consists of a pair of conductor (single signal conductor and ground conductor) separated by
dielectric layer
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0 Single and Coupled Transmission Lines

» Coupled transmission lines

- Two or more signal lines are placed closely together so that they interact with each other.

Power can be coupled between the lines due to the interaction of the electromagnetic fields of
each line.

TEM mode operation: strip-coupled line «— homogeneous structure

Quasi-TEM mode operation: microstrip coupled lines <— inhomogeneous structure
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e Coupled Line Theory

* Introduction of coupled line theory

- TEM propagation: The electrical characteristics of the coupled lines can be completely determined from
the effective capacitances between the lines and the velocity of propagation on the line.

- C,,: capacitance between two strip conductors in absence of ground conductor

- C,; and C,,: capacitances between one strip conductor and ground in absence of another strip conductor
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e Coupled Line Theory

= Coupled line theory

- If two transmission lines are identical, symmetric plane of circuit exists.

- Even and odd-mode analysis can be used to find even- and odd-mode characteristic impedances

of coupled line.
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Coupled Line Theory

»= Even-mode characteristic impedance

If two incident waves along two transmission lines are equal (i.e. equal in magnitude and phase),
then virtual open plane is created at symmetric center plane of circuit.

Under even-mode, 2C, capacitors are “disconnected’.

Even-mode capacitance per Virtual open
unit length of each plane\A
transmission line is given as 2C;, | 2Cp
C.=C,=C 1 LT L
e 11 22 ( ) : roio C. Cyy 22
Characteristic impedance for 1 X N H-plane -
even mode - '{

Virtual open plane

Ly, = = = (2) < v= \/_C v: velocity of propagation on transmission line




e Coupled Line Theory

* (dd-mode characteristic impedance

- If two incident waves along two transmission lines are opposite (i.e. equal in magnitude, but out-of-
phased (180°)), then virtual ground plane is created at symmetric center plane of circuit.

- Under odd-mode, a voltage null exists between the two strip conductors

- Odd-mode capacitance per unit
length of each transmission line is

given as
C =C,+2C,=0C,,+2C,

- Characteristic impedance for
even mode
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e Coupled Line Theory

= Even- and odd-mode characteristic impedances of
coupled line for given dielectric substrate

- For quasi-TEM lines, characteristic impedances can be
calculated numerically or by appropriate quasi-static
technique

- For symmetric coupled line, figure can be used to
determine necessary strip line widths and scaping for
given set of characteristics impedances — Educational

purpose

* Modern microwave circuits or EM simulators contain
physical structure evaluation programs.
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a Coupled Line Theory

= Example: Even- and odd-mode characteristic impedances of coupled line for given dielectric
substrate

- Assuming W >> §and W >> b for coupled strip line so that fringing fields can be ignored and determine
the even- and odd-mode characteristic impedances.

Solution

- Since line is symmetric, C,,= C,,

- Capacitance of a parallel plate capacitor with plate area, S, and
plate separation d

£ . :
C= R £ : permittivity of material between plates "

- Capacitance per unit length (— S=W X L=W) Cn = = C»,
. eeW N gEW &8 W N g6 W 4bzgr501;V (F/m] T
b=8)/2 o _(b=8) (b-8)/2 (b+S)/2 b =S =
2
Assumption: ¢ (thickness of metal line) — 0
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Q Coupled Line Theory

- Capacitance between coupled lines per
unit length

eeWw

C, = [F/m]

- Even-mode capacitance per unit length

4b5 S W

C, =G, = > F/m]

- Odd-mode capacitance per unit length

Co =G, +2C,
2b 1
=2¢ W + — | [F/m
e (bz—Sz Sj[ :
- Phase velocity on coupled lines
v=1/\l¢.&,u,

- Even-mode characteristic impedance

Z —L— \JEE —bz =5
“ e Eokl 4be e W

ILIO bZ S2
4bW\f

- Odd-mode characteristic impedance Cyy —

1 — \/grgOIUO

Ly, = 2 2
vC,~ 2s.sW[2b/(b"-S8")+1/S§]

_ /uo 1
&y 2W Je,[2b/ (b* - S*)+1/ 8]
1
oW [e,[2b/ (b* - S*)+1/ 5]

:770
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e Coupled Line Theory

= Even- and odd-mode characteristic impedances calculation of microstrip coupled lines by using

microwave circuit simulator

Component Physical dimensions of
Trpe (MO =D~ coupled transmission lines
Substrate Parameters i
! o | MSUB_DEFAULT ' v] - s S
: & N/A : 2 S 0200  |mm v
Substrate : o o787 [mm : B —
L] L] .
lnfOl‘mathll g |Hu [3.:9e+34 mi : e Synthesize Analyze Calculated Results
0T 0.035 mm 0w
’ o [ (4] vl KE = 1.847
. co'-‘d IL'”H ' ;TG en - ;
2 | Tan0 [o.000e+ |4 ectrical ' KO = 1.553
* | Rough oo Jm ][0 = 19232000 |jomm §v| | AE DB = 0.021
Component Parameters = AP0 Iiom (] AO_DB =0.039

80,481600 Ohm 0V
(]

Cc_DB -8.543030 NA g

E_Eff 87.601300 deg :‘

™~
o

Freq GHz v SkinDepth = 0.001

------'

E

N/A teosssscsssscssascsaas

ven and odd-mode
characteristic
impedances
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o Different Coupled Transmission Lines

= 4-port coupled lines impedance matrix (Z-parameters)

4 Z,
v, _ Zy
Vil | Zs
_V4_ _Z41
where
Zu - Zzz
Z12 - ZZ]
le = Z31
Z,=2,

ZlZ

N

22

N N

13

Zl4

N N

, ()

I 15
— e
+V 7 7 +V,
[3 0es &00 14 ZO
4 =
+; +7
= ZO | 0 >| Z()

- Z,,: even-mode characteristic impedance
- Z,,: odd-mode characteristic impedance

- 0 : electrical length of coupled line
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e Different Coupled Transmission Lines

= 2-port open-circuited coupled lines I, L=0
_> 4—
- Terminating ports 2 and 3 with open of 4-port /
coupled transmission line +V +V,
' . ZO I :O ZOe)ZOO [
- Setting I, = I;= 0 in (5), Z-parameters of two- = —
port coupled line can be found as V, L 4
+75 +V,

' ' Z, Z = | 0 > Z
Z%l Z%z =" Port Q) : open circuited
Z, Z,, Z, Z

0 Ly Port@ : open circuited -

| Z,,+Z

-7

0o __ 27 0e 0o

Sy eotd e esed L [1 0], Z,-7,[-cotf —csed
_= e _|_ e 0]

Z,,—Z, Z,,+7Z, Moolo 1|7 T2 —cscld —cotf
—j—¢_—"°cscl —]%cotﬁ

- Equivalent two open stubs with Z,,are connected series with ports 1 and 4, and coupled
transmission line (£, — Z,,)/2 with electrical length 0 is between open stubs.




o Different Coupled Transmission Lines

= 4-port coupled lines admittance matrix (Y-parameters)

1

I

L] |4 Y, Y, Y, |V
B T T nl o
3 Y31 Y32 Y33 34 1/3

o) o Yo Y YV,

where

Y, +7Y
Yw=Y,=Y,=Y,=-j 082 "-cotd

Y, -Y
K2:Y21:Y34:Y43:_j%0t9

Y -Y
Y13:Y31:Yz4:Y42:_j%CSCQ

Y +Y
Y14:Y41:Yz3:Yszz_].%CSC0

[1 ]2

— —
+V +V,
Zy JA Zoes Loo L Z
— ——
\ 4 =
: 13 7,
= ZO | 0 >| Z()

- Y,,=1/Z,,: even-mode characteristic admittance
- Y,, = 1/Z,,: odd-mode characteristic admittance

- 0 : electrical length of coupled line
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e Different Coupled Transmission Lines

= 2-port short-circuited coupled lines b P
- Terminating ports 2 and 3 with short of 4-port o~ +V€II;)
L 1 =
coupled transmission line 7 1=0 ZowZos L
- Setting V,= V5= 0 in (6), Y-parameters of two- '||7/_> ‘4—
port coupled line can be found as Ve
+V3 = O +V4
= e O ———> Zy
Y, Y, Y, Y, Port (2) : short circuited
z. Z. | Y, v, Port(3) : short circuited =
R Yoo Yoo
.y cotd —j e scd Y {1 O} _(YOO—YOe)(—cot(ﬁ+0) csc(z+06) }
- = _.] Oe + .]
_on();Yoe cscd _jK)e—;K)o ot 0 1 2 | cse(m+8) —cot(m+6)

- Equivalent two short stubs with characteristic admittance of Y,, are connected in
parallel with ports 1 and 4, and that transmission line (Y,, — Y, )/2 with electrical

length of (0 + &) is between short stubs.
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0 Review

* Single transmission line and coupled lines
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= Coupled line theory

- Even- and odd-mode characteristic impedances
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