4. 3-Ports and 4-Ports
Microwave Components

The information in this work has been obtained from sources believed to be reliable.
The author does not guarantee the accuracy or completeness of any information
presented herein, and shall not be responsible for any errors, omissions or damages
as a result of the use of this information.
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1.0 3-Ports Microwave
Components/Networks
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Example of 3-Port Component - Power
Divider and Combiner

» Power division and combining can be achieved with 3-Port networks.

P,=aP,
Py Divid S
vider Power division
or P, =(1-a )P
Coupler 3= ( 1
| a is known as the division ratio
PZ
P1=P;+P5 Divider
y or p Power combining
3
Coupler
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Another Example — 1-to-N Power Divider

This is an example of 1-to-4 power divider.

a,a; P,
———
ap 1-to-2 Power
b 1 1: Divider (1-a,)a,P,
1 1-to-2 Power ——
> Divider (1-a,)P a, (1-a; ) P1
™ 1-to-2 Power
Divider (1-ay) (1-a;)
P
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General Properties of 3-Port Networks

Like 2-Port network, n-port networks are described by their
corresponding S-matrix. For a 3-port network, the S-matrix has 9
elements.

_ S S S
S=8y S, Sy
S S S
If all ports are matched, then s; = 0, i=1,2,3... (explain this).
_ 0 s, s,
S='s, 0 sy
Sy Sp O

It can be shown that the S-matrix of a 3-port network cannot be
matched, lossless and reciprocal at the same time. One of these
characteristics has to be given up if the 3-port network is to be
physically realizable, see Exercise 1.1 for the mathematical proof.
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3-Port Networks (1)

¢ Alossless network results in Unitary S-matrix.

When the S-matrix is non-reciprocal ( si* s; ), but the conditions of port match
and lossless apply, the 3-port network is known as a Circulator.

Check that both 001 010
eck thatboth = -

matrices are not  Sew_cir = 100 Sacw cir= 0 0 1
symmetry 010 100
Note:

Here a =1

e Circulator usually has ferrite material at the junction to cause the non-reciprocity
condition.

* Read chapter 9 of [1] for the complete discussion.
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3-Port Networks (2)

« Alossy 3-Port network can be reciprocal and matched at all ports.
This type of network is useful as power divider, in addition it can be

made to have isolation between its output ports (for instance s,; = S5, =
0).

_ 0 s, s
S='s, 0 s,
S: Ss O

« A third type of 3-Port network, which is also used as power divider is
reciprocal, lossless and matched at only 2 ports. It can be shown that
its S-matrix is given by:

0 €7 o
s=el9 0 0
o o eif
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Example 1.1A - Usage of circulator

Transmit Power

Transmitter Generator

Amplifier

@71
h
3 l\ Antenna matched load
Receiver Receive Power
_ —
In a transceiver, to separate the }Jsmg a circulator as an
transmit and received signal. isolator.

June 2008 © 2006 by Fabian Kung Wai Lee 9 -

Example 1.1B - Construction of Stripline
Circulator

s ) Metallic enclosure
D.C. magnetic field to bias

he ferrite disks

Ferrite disc

Stripline
conductor

Ground

Permanent magnet
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Exercise 1.1

Show that the S-matrix of a 3-port network cannot be matched, lossless
and reciprocal at the same time. Hint: Use proof by contradiction, assume
all three conditions are fulfilled in a 3x3 S-matrix, show that this will lead to
a contradiction.

Solution...
Since the 3-port network is assumed matched and reciprocal, the matrix would be:
_ 0 s2 sg3 The diagonal
S=s5, 0 sp3 (EL.1) elements are zero,
Si3 3 O and this matrix is
symmetry

Including the unitary condition (for lossless 3-port network):

- 100 100
SxS =010 SS=010 (E1_2)
001 001
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Exercise 1.1 Cont...

Expanding (E1.2):

[s12” +[s19” =1
|312|2 +|323|2 =1 (EL3)
5197 +[s9” =1

S1383 =S1253 =953 =0 (EL4)

To fulfill (E1.4) for arbitrary S-parameters, 2 of s,,, S;3 and s,; must be 0.
Substituting this result into (E1.3), it is discovered that (E1.3) cannot be
fulfilled. This leads to a contradiction, which shows that our assumption

of a 3-port network with matched, reciprocal and lossless conditions is wrong.
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T- Junction Power Divider

e The T- junction power divider is a simple 3-port network that can be
used for power division or power combining, and can be implemented
on stripline, coaxial cable, and waveguide technologies.

Equivalent electrical
circuit:

Port 1

Yo = B 4=
Port 2 L Z; Z
We can made B to be negligible or cancel it over

a band of narrow frequencies by compensation.

1 + 1 _ 1 No dissipative gl:dmagnetic

e - component A

Z Z Z e nonlinear
POF'[ 3 1 2 ¢ by material

Yin The T-junction power divider is lossless and reciprocal .
Input is matched but output is not matched. Verify it for
yourself by deriving the S matrix!!

The output impedance Z, and Z, can then be selected to provide various
power division ratio a. Quarter-wave transformers can be used to bring the
output line impedance back to the desired levels.
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Various Configurations of T- Junction
Power Divider

—

i) {/:ﬁ)

June 2008 © 2006 by Fabian Kung Wai Lee 14 -




Example 1.2: T- Junction Power Divider
Design

A lossless T-junction power divider has a source impedance of Z_, = 50W.
The impedance is matched at the input. Find the output characteristic
impedance so that the input power is divided in a 2:1 ratio. Compute the
reflection coefficients seen looking into the output ports.

Implement this power divider using microstrip line on a printed circuit
board.

2
ivi _1V| vt ey =yt
Input power to a matched divider p =35 V=V VS =V

2
1V

2 :§ =
_aMe _ap I Z2=3%c= 19N
22y 3

Input impedance to matched divider: Z;, =75||150=50W

In general this is true for - Rzftz) 2
arbitrary power divider ratio, a """ 1z.+ L1 7. (-a)Zctazc ~ ~°
at'1a‘c
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Example 1.2 Cont...

Looking into the Z, = 150 output Tline we see:

50||75=30W G = 30-150_ 666
30+15C

Looking into the Z, =75 output Tline we see:

50][150=375W Gy =— 2" /2~ _(333
375475

Implementation
on microstrip

Port 2
line

Port 1
GND plane
at the bottom -To view
of the PCB 0

© 2006 by Fabian Kung Wai Lee

Port 3
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Example 1.2 Cont...

* Including quarter-wave transformers and step compensations for the

Tline...
Quarter wave transformer

Port 1

The observant reader will notice that this realization is a Narrowband
power divider, by virtue of the wavelength it is only valid at the operating frequency.
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T- Junction Power Divider S Matrix

« Based on the previous analysis, we can show that the S matrix for the
input matched T-junction power divider is as given below (try to derive
this as an exercise, using the fact that voltage on each port consists of
incident and reflected components and Kirchoff's Laws).

17
Port 2 VAVNA, :ﬁzzc

0 |Ze |Ze
Port 3 Z1 Zy

g_ Zc ZollZo-27 7 1
T \NZ1 ZcllZp+zZm TN Z792Zo

Hint: Zc 1 ZcllZ1- 29
When energize port 1, no reflection, Zo Zc Z1Zy  ZollZ1+Zo
when energize port 2 and 3, reflection

exist.
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Resistive Divider

The circuit below shows a resistive divider, Port 1 is the input and Port 2
and 3 are the outputs. Z,, Z, and Z, can be selected to give a certain
power division ratio. The resistance can also be selected so that all 3

ports are matched. The circuit below can be analyzed using circuit
theory.
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Example 1.3 - Resistive Divider Design

Analyze the resistive divider below, show that it is an equal split (-3 dB)
divider.

The impedance Z, looking into the Z /3
resistor followed by the output line is:
Z= é + ZC = ﬁ

3 3

The input impedance of the divider is:

Zo 2

EERERaE

Since the network is symmetric for all
3 ports, all ports are matched and:
S11=S5,,=S33=0

N
S

June 2008 © 2006 by Fabian Kung Wai Lee 20 -
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Example 1.3 Cont...

Let input voltage at port 1, _ 22,13 _ 2V
ivisi : I ———— A ]

by voltage division rules: Z./13+2Z,13 3

Output voltage at p'ort 2, Vy =V = Zg _3y- 1\/1

port 3 are given by: Zo+Z.13 4 2

If we divide all port voltages by (Z.)°®, we see  _ 1 011
that S,; = S;, = S,3 = 1/2. The network is S=-1 0 1

reciprocal, so the S matrix is symmetric: 2 110

2 2
The input and output power are: p = lLlZ P, = P3 -1 (%Vl) _;Vi -1 =
n 227, 2~ ) Z, —SZC_4|n

This shows that half of the supplied power is dissipated in the resistors.
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Wilkinson Power Divider (1)

e The Wilkinson power divider is a lossy 3-port network having all ports
matched with isolation between the output ports.

« The Wilkinson power divider can be made to give arbitrary power
division. The example shown here is the equal-split (3dB) case.

Port 2| Only valid at operating

frequency.

0
- g I
S=— j 0 0
Port 3 2 j 00
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Wilkinson Power Divider (2)

Despite being a lossy 3-port network, the Wilkinson divider has the
property of being lossless for ‘forward’ wave, it is only dissipative for

reflected power. E—>

L A
/
T2
2
A
4 /
L A
4
A
4 /

Zc No power loss

—w\jz
<—\
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Analysis of Symmetry Wilkinson Divider

1)

The equal-split Wilkinson divider is a symmetrical structure, thus it can be
analyzed using even and odd mode analysis.

Any signal imposed on a pair of terminal can be split into even and odd modes
components.

For a symmetry circuit, it can be split into even and odd half circuits, the
voltages at Port 1, Port 2 and Port 3 being analyzed for each modes and
summed up.

S-matrix can then be obtained for the system. See Chapter 7,
Ref. [1] for more
information

Vi N N

= +

o I

—
V2 =VeventVodd veven:%(vl +Vy) Vodd =%(V2 V)
V1 =Veven- Vodd
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Analysis of Symmetry Wilkinson Divider

(2)
Even mode half circuit 5 (37) _I—

Z; J—
No current flows

across this link,
it can be disconnected.

Virtual GND 3 T

N4
Odd mode half circuit

June 2008 © 2006 by Fabian Kung Wai Lee

Analysis of Symmetry Wilkinson Divider

©)

As in the 2-port case, to find
the values of S-parameters,
we need to energize each
port individually. Suppose
we energize Port 2 first.

Even excitation

June 2008 © 2006 by Fabian Kung Wai Lee 26 -
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Analysis of Symmetry Wilkinson Divider

(4)

Even circuit analysis:

Port 1
From quarter-wave transformer 4
formula: 2 —
_ W2z, _
Zine = IZ_ZEE =2

Also G- 22.-42Z, _2-\2
2Z.+/2Z,  2+2

|V2e :Vzte =Vo Ve = 0|

Zc‘ ¢ 2VO
VZe:Vo v

_ —\/t~ B - il
Vl(l - /f)_vlee : +V:Lee :

iz iz . = = =V = iVo(G+1)
:Vl;(elz +Gle"2): Vi(- G)=V, =V, V. =Vi(1 =0)=V,:(1+G) L
FEEEA Vv, =% 2-\2+2+2) _ VA
Vle )] le 2-4/2-2-42 ) 0 .22
Vle =- jfzvo
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Analysis of Symmetry Wilkinson Divider

(5)

Odd circuit analysis:

The quarter-wave transformer
changes the shorted end into
an open-circuit as looked from

V,,. Thus: Zio =20

VlO =0
Voo :V2+o =Vo , Voo =0

June 2008 © 2006 by Fabian Kung Wai Lee 28 -
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Analysis of Symmetry Wilkinson Divider

(6)

Finally, combining the even and odd responses to give the voltage on
Port 1 and 2:

+ _\,t + _ _
Vo =Voe +Voo =2V 22 | g v

Vo =Vpe +V5q =0
VI =V +Vip =- [V [g, =2 =it =2l L=y

Due to short and open at the line-of-symmetry (the bisection):

By symmetry, it is obvious that similar relationship |s3=s3;=- j%
holds for voltage on Port 3, thus: 2

June 2008

$33=0
© 2006 by Fabian Kung Wai Lee 29 -

Analysis of Symmetry Wilkinson Divider

()

Now consider the
excitation source
at Port 1.

From the second
equivalent circuit
as shown below,
it is obvious that
S, =0.

$11=0

(QED).

© 2006 by Fabian Kung Wai Lee
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Microstrip Realization of Wilkinson
Power Divider

* An equal power division divider:

SMT resistor
2Z,

- 0 j ]

Port 2 Szﬁj_ 00

Port j 00
Port 3

We would like to keep the separation
between conductors of port 2 and
conductors of port 3 as large as

Top view possible. This configuration is the
best as it reduces EM field coupling
between the two paths.
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Example 1.4

Design an equal-split Wilkinson power divider using microstrip line, with
d = 1.57mm, e = 4.2 and operating frequency at 1.8GHz. The system
uses microstrip line with 50W characteristic impedance.

June 2008 © 2006 by Fabian Kung Wai Lee 32 -

16



Example 1.4 - ADS Software Simulation
of Wilkinson Divider (1)

For d=1.57mm, \/EZC =7071

] @] e=e2

Zc =50 Vp =1716 108
“ ?pefaﬂﬂg W/d =1.048
- req.
()er a8 = 1.8GHz / 14=240mm
%& " ! | |
$ ! | S| | I
n 12 120
! 1- 1" +
45 5 45 5 -
3 * L 3-% 0 /
45 1- 1 -
P g L
3
3-% =
| 1
| — Y LI
. . 120 120
MICI‘OStl‘Ip 1 1*
T-junction ot ® s °
= model v ! °,
To be more realistic you can L
also model the discontinuity
at this node. = -
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Example 1.4 - ADS Software Simulation
of Wilkinson Divider (2)

S,, , » -3dB at 1.8GHz
(power is divided by 2)

S,s , indicates isolation ] \

between port 2 "

and port 3, should be

as small as possible._{_l Frequency range
1 of interest

Sy, , input port matching, -
should be as small as
possible at 1.8GHz.

678

June 2008 © 2006 by Fabian Kung Wai Lee 34 -
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Unequal Power Division Wilkinson

Divider

* The analysis of unequal power division Wilkinson divider has to be
carried out using circuit theory as in the previous derivation, interested
reader can refer to Chapter 6 of Ref. [2]. Here only the design
equations are given.

June 2008
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An Example of Equal Division Wilkinson
Power Divider

—Not good, substantial
coupling between
two paths

(Source: [1])

June 2008
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Increasing the Bandwidth of Wilkinson
Power Divider (1)

* Adding compensation quarter wavelength transmission line in Port 1 [5].

Z. =500

Port 2

Port 3

June 2008 © 2006 by Fabian Kung Wai Lee 37 -

Increasing the Bandwidth of Wilkinson
Power Divider (2)
» Using multi-stages power divider. See [5] or Wilkinson, E. J., “An n-way

hybrid power divider”, IEEE Transaction on Microwave Theory and
Techniques, MTT-8, pp.116-118, January 1960.

Port 2
Port

Port 3

Top view

June 2008 © 2006 by Fabian Kung Wai Lee
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2.0 4 Ports Networks
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General Properties of 4-Port Networks

1)

A 4-port network S-matrix contains 16 elements in a 4x4 arrangement.
Unlike a 3-port network, a 4-port network can be lossless, reciprocal
and matched at all ports simultaneously, i.e. the S-matrix has the
following form (The matrix is symmetric and unitary):

We have more degree 0 s2 513 si14

of freedom, so the problem
is not over-constrained,
unique solution can exist.

One way for the matrix above to satisfy unitary condition is:

s;i2 0 sp3 sp8
513 23 0 s34
S14 Sp4 s34 O

S=

0 19 peid ¢
[13=[s24  514=523=0 et peil
_ »s: : :
|512| _|534| el 3 ael’
0 eV 0

June 2008 © 2006 by Fabian Kung Wai Lee
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General Properties of 4-Port Networks
(2)

It is customary to fix S5, S;53 and s,, as:

s2=s34=a si3=bel?  spyu=pel

» Further application of unitary condition yields: g+f=px2np
» Letting n =0, there are 2 choices that is commonly used in practice.
e q=f=p/2 qg=0,f =p:
These two matrices
has the character-
0 a jb O 0 a b 0 istics of a directional
. coupler.
S= a 0 0 jb <= 2 0 0 -b
jb 0 0 a b 0 0 a
0 jp a O 0 -ba O
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Directional Coupler (1)

» Consider the matrix of (2.2a), when an incident power wave a, is
directed to port 1 (assuming all ports to be matched):

0 a jb 0 & O

a 0 0 jb 0o aay == 2%
jb 0 0 a O jb &g 4 port
0 jbp a 0 O 0 — | L —> ba,

« From the theory of S-parameters, the power delivered to port 1, port 2
and port 3 are: 1112 _ 2 )
R=5la” PR=a’R R=bR

« From the lossless condition of the 4-port network:
a+p%=1
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Directional Coupler (2)

We could repeat the previous exercise, with an incident power wave a, in
port 2.

— 2 — a2 — pn2
P2—%|8.2| Fi—a P2 P4—b P2

We conclude that for this particular matched 4-port network, when power
is injected into a port, a portion of the power is transmitted to the opposite
port while another portion is coupled to the port adjacent to the opposite
port. While the adjacent port is isolated.

This conclusion can also be arrived if we use the matrix of (2.2b), the
only difference being the phase of the output voltage waves.

-b——T—-'

— — =
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Directional Coupler (3)

A 4-port network described by S-matrix of (2.2a) or (2.2b) is known as
a directional coupler. The following 3 quantities are used to
characterize the quality of a directional coupler.

Input=—> —— —T —— —»Through

Isolated —— = Coupled

Coupling=C = 10Iog% =-20log b dB

Directivity =D = lOIogE = 20Iogi dB
P |S14

Isolation=1 = 10Iog% =-20log|S 4 dB
4

June 2008 © 2006 by Fabian Kung Wai Lee 44 -
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Some Typical Directional Couplers

. !—lyb(id couplers are directional coupler with coupling C = 3 dB. This
implies a=p ::I/ﬁ

« Quadrature hybrid has a 90° phase shift between port 2 and 3 when
fed at port 1. It is an example of symmetrical coupler.

01 0

j
= 1 1 0
S=—
V2 0
01

O K —

e The magic T or rat-race hybrid has a 180° phase difference between
port 2 and 3 when fed at port 1, it is an example of anti-symmetrical

coupler. 011 0

-1

wnl
1

S
o R P

0
0

» O O

1
-1 0
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Branch Directional Coupler or
Quadrature Hybrid (1)
* Quadrature hybrids are 3dB directional couplers with a 90° phase

difference in the outputs of the through and coupled arms. Itis usually
implemented in microstrip or stripline form.

Input (1)

ZC

Isolated (4)
ZC

June 2008

Top view

Output (2)

%zc

Coupled (3)

%zc

© 2006 by Fabian Kung Wai Lee

wnl

N

o P —

[N

o

kO O —

— o O P,

= O

o —-
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Branch Directional Coupler (2)

The operation of the branch coupler can be analyzed using even and odd
mode analysis due to its symmetrical nature. Refer to chapter 7 of [1]
for the detailed analysis.

Input (1)
Output (2)

lFi , Lvlej(jzl)

Must terminate
here with Z,,

Isolated (:

Top view
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The 180° Hybrid Directional Coupler

The 180° hybrid junction is a 4-port network with 180°/0° phase shift
between the 2 output ports.

A signal applied at port 1 will be evenly split into 2 in-phase (0°)
components at port 2 and port 3, and port 4 will be isolated.

A signal applied at port 4 will be evenly split into two components with
180° phase difference at ports 2 and 3, port 1 will be isolated.

When operated as a combiner, input signals are applied at ports 2 and 3,

the sum will be formed at port 1 while the difference will be formed at port
4.

180° Hybrid

June 2008 © 2006 by Fabian Kung Wai Lee 48 -
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Implementation of 180 °© Hybrid on
Microstrip PCB

¢ An implementation of the 180° hybrid using microstrip line is shown
below, this is commonly known as ring hybrid or rat-race. Again the
analysis can be carried out using even and odd mode analysis, refer to
[1] for details and more examples of implementation.

0 1 1 0
S.-i1 00 -1
J21 0 0 1
0 -11 0
Top view
June 2008 © 2006 by Fabian Kung Wai Lee 49

Coupled Line Directional Couplers

¢ When 2 unshielded Tlines are close together, power can be coupled
between the lines due to interaction of EM fields of each line. For TEM
or quasi-TEM mode Tlines, this can be represented in equivalent circuit
for:

C,, = Per unit length mutual capacitance
L,, = Per unit length mutual inductance

Top view

June 2008 © 2006 by Fabian Kung Wai Lee 50 -
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Crosstalk (1)

« This phenomenon of coupling of EM energy from one Tline to another
is commonly known as crosstalk in high-speed digital circuit design.

* The amount of crosstalk is determined by L,, and C,,.

« Forinstance, when an electrical pulse is send down Tline 1, electrical
signal will appears at both ends of Tline 2 due to crosstalk.

* The crosstalk signals are divided into near end crosstalk (NEXT) and
far end crosstalk (FEXT).

June 2008
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Crosstalk (2)

Port 2

—> Currentdueto C,,

= Currentdue to L,,

Far End
Crosstalk
Port 3 FEXT

Port 1 .
1+
Port 4 T
S\ -
[J
Near End @
Crosstalk Note:
NEXT

June 2008

Observe that there is a possibility for the
far end crosstalk to cancel off. By proper
design of the Tlines, this can be done and
port 3 become isolated. This is the
principle of coupled line directional coupler.

© 2006 by Fabian Kung Wai Lee
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Single Stage Coupled Line DC Design
1)

e Similar with the Quadrature Hybrid and 180° Hybrid Directional Coupler,
the Coupled Line Directional Coupler can be analyzed using the odd
and even mode circuits concept. Please refer to Chapter 7 of [1] for
more details.

& o }
P9

* Inthis case, 3 impedance can be defined. (A) The characteristic
impedance of each tline, Z.. (B) The impedance with odd mode signal is
travelling along both lines, Z,. (C) The impedance when even mode
signal is travelling along both lines, Z.

* Z,,and Z,, for stripline and microstrip line configuration are widely
tabulated [1].

June 2008 © 2006 by Fabian Kung Wai Lee 53 -

Single Stage Coupled Line DC Design
(2)

C =VoltageCouplingFactor= V—3 = }ﬁ
Vine VR

Coupled line design data for microstrip Z =7 1+C
line, with g = 10. Taken from Pozar, Ref. [1]. o€ Cyi1-C

Zoo= ZCV%

| , is the wavelength at the intended
operating frequency

June 2008 © 2006 by Fabian Kung Wai Lee
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Single Stage Coupled Line DC Design
3)

» From the previous slide, we begin the design by specifying C. Then
use (2.6b) and (2.6c) to obtain the even and odd mode impedance.
From design tables for coupled microstrip or stripline, the physical
dimension such as W, S and d (dielectric) thickness can be obtained.

* Note that this design only works best at f,, the intended operating
frequency, it is narrowband. For a wideband directional coupler, we
would need to cascade a few stages of the narrowband directional
coupler.

» Finally, a good coupled line directional coupler is usually constructed
using stripline, as microstrip line does not support pure TEM mode and
suffers from dispersion.
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The Lange Coupler

* Able to achieve a coupling C of more than 3dB, not easily achieved with
coupled line directional coupler. Recall than the quadrature hybrid and
180° hybrid all have coupling C of 3dB only.

« Higher bandwidth than coupled line directional coupler.
¢ 90° phase difference between port 2 and 3.

GND plane

is assumed at .

the bottom of
the PCB

June 2008 © 2006 by Fabian Kung Wai Lee

28



Another Form of Lange Coupler - The
Unfolded Form

June 2008 © 2006 by Fabian Kung Wai Lee

Examples of Directional Coupler (1)

Commercial Directional
Coupler with coaxial terminals

880 to
2300 MHz

g - e B2t Sk e ot
Coupled transmission line Directional Coupler

Lo . . (Source: [1])
Thin-film multi-layer ceramic

3dB Directional Couplers from AVX Corporation (2007) (www.avx.com).
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29



Examples of Directional Coupler (2)

DBTC-7-152+ DBTC-7-152L+
10-1500MHz
a B
Example of coil-type B v
Directional Coupler from 2 iu J_E ?“
Mini-circuits Corporation ° ¢ « (
(Source: www.minicircuits.com) = (- j|: ::5(
¢
«
Example of lumped LC T
Directional Coupler (narrowband). e i
For calculation of L, C,; and C,, 11 114
see C. W. Sayre, “Complete wireless

design”, 2001 McGraw Hill. i.,

June 2008

© 2006 by Fabian Kung Wai Lee

Things You Should Study Own Your

Own

* Waveguide Magic-T (180° hybrid coupler).

» Tapered line 180° hybrid coupler.

* Waveguide Bethe hole coupler.

* Multi-section coupled line directional coupler.

June 2008
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Miscellaneous - Microwave Switches

e Can be constructed using Circulators, with the permanent magnet
replaced by electromagnet.

* Mechanical-type relay.
« Semiconductor-type switch, using PIN diodes, GaAs field-effect

transistor etc.

June 2008

© 2006 by Fabian Kung Wai Lee

Miscellaneous - Microwave Integrated

Circuit (MIC)

June 2008

© 2006 by Fabian Kung Wai Lee

(Source: [1])
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Miscellaneous - Example of RF/Microwave
Integrated Circuit and PCB Assemblies

June 2008 © 2006 by Fabian Kung Wai Lee

THE END
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