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Examen: Logarithmic scales

dB =10°log,, (P,/P,) dBm =10°log, (P/1mW)

odB =1 odBm =1mW
+0.1dB = 1.023 (+2.3%) 3dBm =2 mW
+3dB =2 5 dBm =3 mW
+5dB =3 10 dBm =10 mW
+10dB =10 20 dBm =100 mW
-3dB = 0.5 -3dBm = 0.5 mW
-10dB =0.1 -10 dBm =100 uW
-20dB = 0.01 -30dBm =1 uW
-30dB = 0.001 -60 dBm =1 nW

[dBm] + [dB] = [dBm]

[dBm/Hz] + [dB] = [dBm/HZ]

[x] + [dB] = [X]




Complex numbers arithmetic!!!!
z=a+j-b;)P=1



TEM transmission lines




Transmission line equivalent model

TEM wave propagation, at least two conductors

(z,t) 1(z+Az,t)
> Y Y —>
R-Az LAz
V(z,t) G-Az| | T CBZ | vz+azt)

Az




Solutions

gu—

V(Z)=V0+e‘7'Z +V, e”*
I(Z): Ile 7% 41 e y=a+ | -,B:\/(R+ jro- |_).(GJr j -a)-C)

—

“——

V(z)=V, e +V, e

Y + AL — A7z
1(z)= V, e 7" -V, e
d\;(z):—(R+j-a)-L)-l(Z) ) R+j-a)-L<O ° )
Z
zozR“'“"L:\/Rﬂ_'”'L Characteristic
4 G+]-w-C ] ]
impedance of the line
Vo 5, _ Vo
T, A2y =P
0 0 F; f B



The lossless line

Lossless: R=G=0

7=a+j-,B:\/(R+j-a)-L)-(G+j-a)-C)= ja)\/ﬁ

a=0 ; pf=w-+L-C
R+j-wL [L .
Z = = —
0 \/Gﬂ.mC - Z,is real
V(z)=V, e 7% pv,el?? S 2

()= Yo gine Vo gine
ZO ZO



The lossless line

|

|

|

|

' V, +V,
| l, =——= Z, =2 0 .7
A Z. 70 RVENRVE
|

|

|

|

|

voltage reflection

L . coefficient
o F:Vo_:ZL_Zo
V£ Z, +Z,

Z, real



The lossless line

V(z)=V, .(e_j-,B.z +T .ej-ﬂ.z) 1(z)= \;_J .(e_,-.ﬂ.z r .ej.ﬂ.z)
0

time-average Power flow along the line

+2
P.., =%- Re{v(z)- |(z)*}= 1 Vo -Re{l—r* g1/ LT .e?P7 —|r|2}
+2 0 -
avg:1. 0 -(1—|F|2) (z—z =Im
2 Z,

Total power delivered to the load = Incident
power — “Reflected” power
Return “Loss” [dB] RL =-20-log|l| [dB]



The lossless line

input impedance of a length [ of transmission
line with characteristicimpedance Z,, loaded

with an arbitrary impedance Z,
L

_______l;l_____..
S
N




The lossless line

input impedance is frequency dependent
through g-1

0, 27
M f s
: 27 2r - f 2r -
! B-l="21= | = .
! A V, V,
: frequency dependence is periodical, imposed
: Zin Zo ZL by the tan trigonometric function
l
|
|
[
|




The lossless line, special cases

[=k-A2 B
[=MNg + k-A2

_______l;l_____..
S
N




Impedance Matching with Impedance Transformers (Lab 1)

Impedance Matching




Matching, real impedances

Source matched to load

I E
— I = !
R +R,
RI V — Ei ) RL
R +R,
Vv R




Matching, real impedances

0.5

o3f

025F

oosf




Matching, complex impedances

Source matched to load

I E
S | —

i+7Z,

Zi V _ Ei 'ZL

L, +7Z,

Vv Z,
<: aszz,mﬂ
E. 2

> M PL :Re{ ZL} Ei




Matching, example

100

80

60

40

20

2, =50-j 50

E=10,P .. =050

Re ZL

0.45

0.4

0.35

- 1025

0.1

0.05




Matching, from the point of view of

power transmission

If we choose a real Zo *

Z, =7 -2, [ =T

complex numbers
in the complex plane
>Re [




Reflection and power [ Model

Power of the reflected wave



Reflection and power [ Model

z.P I:)L .PaPL
L) | |2 IR

Sadion ot

The source has the ability to sent to the load a certain
maximum power (available power) P,

For a particular load the power sent to the load is less than
the maximum (mismatch) P, <P

The phenomenon is “as if” (modael) some of the power is
reflected P.=P_ - P

The power is a scalar!




Lecture 3

Microwave Network Analysis




Network Analysis

We try to separate a complex circuit into
individual blocks

These are analyzed separately (decoupled from
the rest of the circuit) and are characterized only
by the port level signals (black box)
Network-level analysis allows you to put
together individual block results and get a total
result for the entire circuit

[Z] [ABCD] [S] [£]




Impedance matrix —Z

3 2 |:V1:|:|:le le:|.|:|1:|
Vs Ly Zyp]|l
v |21 | v
¥ V i=4p-li+Zp-l,
Vo=LZyn-li+Zyp-1;
V Z11 —input impedance with
Vi=2Zy -1 2= L
1~ <117 1l),=0 e open-circuited output
1,=0
V V \Y \%
Z11:|_1 Z12:|—1 Z21:|—2 Z22:|—2
1i1,= 211,=0 111,=0 211,=0



Admittance matrix-Y

l, 2 |:I1:|:|:Y11 Y12:|.|:V1:|
o] [Ya Yoo [Vo
v, Y] v,
¥ | TR R PR
Iy = Y51 -V + Y5 -V,

Y11 - input admittance with

Vi, o  short-circuited output
v, =1 y,-1 Y, =2 Y,, = 2
11—\, 12 =\, 21 — \, 22 T\,
Vi V,=0 Va V;=0 Vi V,=0 Vy V,=0




ABCD (transmission) matrix

s

I, C D||I,
A B
v |leall v
! C D ! V,=AV,+B-Il,
V, _ 1 | D -B .Vl
I, A-D-B-C |-C A I
Vs 1,=0 F V,=0 Vs 1,=0 F V,=0




ABCD (transmission) matrix

V, A B Vv
C D 3

A Bl |A B|lA B
{c D}_{Cl D1ch Dj




Library of ABCD matrices

TABLE 4.1

ABCD Parameters of Some Useful Two-Port Circuits

Circuit ABCD Parameters
A 7 | a
- | £ 1 - = B=127

C=0 D= ]

l i A=1 B=0

‘ g C=Y D=1
o | O
o 0

Zo. B A = cos St B = jZysin Bt
O [ 0 C = jYosing¢ D = cos Bt




Library of ABCD matrices

>

O~ O
5 ! | et
T 1% 9
] [n

O 1 o

A =N
C=0
L
T
C=Y +Y,+ -2
)’3
T
=1+
o
C=-
Z3

B =10
l
D :
N
|
B=—
Y3
D=1+
- -+ )'3
. 12
B=2721+2)»4+ —=
1 2 Z:
7,
D = | 4 —
- v Z

Table 4.1
© John Wiley & Sons, Inc. All rights reserved.



Example for ABCD matrix

Find the voltage V| across the load resistor in
the circuit shown below

50 Q l:2 =——9pf=——»

MW o
%g Z,=50Q 1 Z; =125Q

Q

@)



Example for ABCD matrix

3/0¢

|

We break the circuit in elementary sections
Sources are left outside

If necessary, input and output ports are created (and left

open-circuited)
50 Q

MWW
VO@

A B
C D

1

:|:M1-M2-M3-M4 V1:A‘V2+B'|2‘I2:O V:AVL_)VL:

V



Example for ABCD matrix




Continued

Microwave Network Analysis




Scattering matrix-S

Scattering parameters

_\/1_> <_V2 Vl_ — Sll 812 . Vl+
«— — Vo] [Sa Sa] V)
V V
RS R
2> Sii=o% Su=%
Vi V, =0 Vi V, =0

V,; =0 meaning: port 2 is terminated in
matched load to avoid reflections towards

the port
I,=0->V, =0



Scattering matrix-S

V; [S] V; S11 :VL_

VAl
1 +_
r1 —> F2 > B Vy =0
Sy="2| =T,
21 V + 21 1"220
1 V2+:O

Sa1is the reflection coefficient seen looking into
port 2 when port 2 is terminated in matched load
S21is the transmission coefficient from port 2
(second index) to port 2 (first index) when port 2 is
terminated in matched load



Scattering matrix-S

S matrix can be extended to multiple ports

I Vk+=0,Vk¢i J Vk+=O,Vk7’—'j

S. is the reflection coefficient seen looking into
port / when all other ports are terminated in
matched loads

S; is the transmission coefficient from port
(second index) to port i (first index) when all
other ports are terminated in matched loads



Properties of S matrix

If portiis connectedtoa o
n n n n 01
transmission line with z,]=| :
charateristicimpedance Z_, | 0 Zogy
Lecture 2 v(z)=v e 47 4y el |(Z):Vie—j~ﬁ~2 Vo ,ipa
Z, Z,
In the pczrt’s reference VERVEIRYE | Vit Vi
plane, z=o0 b ! ! Zoo  Zy;

Relation to Z matrix 2] ]
Z)[N=[z. ] (2] V'] -z [z -] MI=hvel+v-
[z, 2} Vv ] =[z] 2 v = s ve] (220D v

v =[s]v] s|=(z]-[z,)-(z]+[z,)]"




A Shift in Reference Planes

| [
vit UM vl 1,
Vi <—f'[1[]j1 Vi <—Q{JU‘
<] lll <] |=0
N-port
network
[S1, [S']
: :
qnp | qﬂp |
Vi | Va I Port n
|~ <—ruﬂp Va <—‘UU‘
| [
Z ll z,l|=0
" e’ 0 0 e’ 0 - 0
Sl o el 0 0 0 e 0 O
[S ]: . . . . [S] . . : .
O e j"gN O e JRZY




Properties of S matrix (Z,Y)

Reciprocal networks (no active circuits, no ferrites)
Sj =S, Vj#i [S]=[s]
Lossless networks

11 N
Re } 0, V1, | Zski'S;Fl
Zskl Skj_ V1, ] k
ZSK, SkJ—O Vi# |

[ST [s] =[] =




Generalized Scattering Parameters

The total voltage and current on a transmission
line in terms of the incident and reflected

voltage wave amplitudes

V=Vi+V,  I= zi \VARRYAY

In the port’s reference

plane, z=0
0
We find the incident and reflected voltage wave
amplitudes
v Y2yl v V2]
2 2

The average power delivered to a load :

I:)L = % ' Re{v ' I*}: le ' Re{’\/(f 2 _Vo+ ’Vo_* +V0+* 'VO_ —’\/0_‘2}

0
1 ,
F)Lzz-zo'UV"

) e




Generalized Scattering Parameters

We define the power wave amplitudesaand b

V+27, . :
a= the incident powerwave 7. =R, +j-X

/ R R
2: Any complex impedance,

V-7 named reference impedance
b= R__ thereflected power wave

2:Re
Total voltage and current in terms of the power
wave amplitudes

V:z;-a+zR-b
\/RR
a—>b

R



Reflection and power [ Model - L3

R |E|

) (Ri+RL)2 +(X i+XL)2
CED P r|_:ZL_ZO
r Z +Z,

oY 2 [, power reflection
(Ri=R.)" +(X+X, ) Mk coefficient




Power waves

—
Z b - )
: PLZE-Re< ZR.a+ZR.b'[a_b] .
VAR EA 2 JRz JRs

1 * * * *
6/; PLZE-RQ{ZR-‘a‘Z_ZR,a.b _|_ZR.a b_ZR‘b‘Z}
v

1 1
PL :E-‘a‘z _E‘b‘z

I :E:V_Z;'I :ZL_Z;
P g V+Z.-1 Z,+Z,



Power waves

Vo -4, VY Voz, R
Zy+Z, T Z,+2, 2 |z,+2,[

If we choose Zp=27
z, ., Z

V+Z, v L,+Z, L, ,+Z, Y JR,

a . — .
2. 1/ ’ 2- R, P Z,+Z,
z, Z
b_V—Z;-I v Zy+Z, Zy+Z,
2. JR, 2- /R,
2
PL:E.‘a‘zzvg R,



Power waves

When the load is conjugately matched to the
generator
12 V02

o * P =—-|d =
Zy=2, e = [ 3R
Power reflection: L3

7z
Z+Z,
ZLiZi I:)r:Pa'|F|2 PL:Pa_Pr:Pa_Pa'|r|2:Pa.(1_|r|2)

Z, =Z. P =P, I

Power reflection: L3
P _P_l 2 P_l 2 1b2 FZE:V—ZR-|:ZL—ZR
e =P =g W Rl b A VHZgl Z+Z,

P :%.‘a‘z _%.‘af rf PR-=P .(1—\rp\2) p.=P, I :%.\b\z




Power waves

To define the scattering matrix for power
waves for an N-port network

(Zoy - 0] _]7/2 Ry -+ 0
Zal=| ¢ . Fl=| :

0 - Zg | i 0 ]7/2 /RRn_




Power waves for N ports

bl=[F-(z]-[ze] ) (2] + [z ) [FT*[a]
The scattering matrix for power waves, [S ]
b]=Is,] [a]
s, |=[F]-(z]-z] ) (2] + (2D [FT
But:  [s]=(z]-[2,)-(2]+[2,)*

Typically

Zoi =Zgi =Ry, Vi [S ] _ s th_ey_
R, =50Q p o [ ] coincide!!!




Scattering matrix-S

d, d, |:bl:|:|:sll S12} |:a1:|
<b— —b—> b, Sy1 Sy | | &
1 |
o [s1 [ X b
4 a,=0 dy a,=0

S.,and S, are reflection coefficients at ports
1 and 2 when the other port is matched



Scattering matrix-S

S.,siS_, are signal amplitude gain when
the other port is matched



Scattering matrix-S

a, d, |:bl:|:|:sll 312]{31}
«— —> b, Sy Sxp | @

S ‘2 _ Power in Z, load
*'" Power from Z, source
D
a,b
information about signal power AND signal phase
S.

]
network effect (gain) over signal power including
phase information



Measuring S parameters - VNA

Vector Network Analyzer

Agilent Techaologies

TRACE/CHANNEL 4
' @ @ : !
- PRTED e o1 te - 4 T -y o -
i i 4y
" I
|

RESPONSE ENTRY

SIS AN
=N N N
™ & (* ¢ ) tEAE
=) CICC A
=) GG

STIMULUS uTTY

e CaCNE
GG e

<

uoo0ouooou

Figure 4.7
Courtesy of Agilent Technologies



Relation between two port S

parameters and ABCD parameters

A — Loy, (1"' 11~ 99— AS) S = ALy +B7CLy2g, = D2y,
- Z,, 25, AZ,,+B+CZ,Z,,+DZ,,
B (7 7. (1+S,,+S,,+AS) S, 2(AD —BC),/Z,,Z,,
25, AZ,+B+CZ,Z,,+DZ,
c le 1—3112—8522 +AS . Zm
V F01%02 21 * AZ,+B+CZ,Z,,+DZ,
D= ;02 - 51128522 —43 g - ALy, +B-CZy 2y, +DZy
01 21 *  AZ,+B+CZ,Z,,+DZ,

AS = 51152, = 512521



Microwave Network Analysis



Even/Odd Mode Analysis

useful method, necessary even for multiple
ports

example, resistors, two port circuitcircuit
100 Q

50 Q 50 Q

® o ®




Even/Odd Mode Analysis

|
assume we want to computeY Y., :V—l
E.=o0 Liv,=0
=
100 Q
50 Q
== == 100 Q

® O

R,., =100Q2|| (50Q+ 2502 || 500) = |
1

=100Q | (500 +16.670) =100Q|66.67Q0 =400 1=,
1

25 Q 50 Q

=0.025S

V2 :0




Even/Odd Mode Analysis

Even/Odd mode analysis benefit from the
existence of symmetry planes in the circuit
existing or

created (forced) | symmetry plane

100 © 50 Q 50 O

50 Q 50 Q 50 Q 50 Q

G e ®E

I
_
I
I
[

I
I
I



Even/Odd Mode Analysis

when exciting the ports with symmetric/anti-symmetric
sources the symmetry planes are transformed into:

: : R R
open circuit WV, —o |y,
virtual ground N | « 1=0,vV,

1=0
500 : Symm;g?/zplane @D : @D symmetry plane

— open circuit

50 O 50 Q o —— ' Y,
+Vx I:\)ech OV' Rech 'Vx
50 50 O . M |- P=0,VvV,

symmetry plane
virtual ground

(<)
)
<
2=
<
(<)
)



Even/Odd Mode Analysis

the combination of any two sources is equivalent for
linear circuits with the superposition of:

a symmetric source and +
a anti-s i N C) E=E"+F°
-symmetric source |, Ee 1
'symmetry plane (El & : E, = E°-E°
50 O 50 O) >
" @)
50 O 50 O Z Ee:E1+E2

50 Q 50 Q

O =@ ens
- @)

+




Even/Odd Mode Analysis

In linear circuits the superposition principle is
always true

the response caused by two or more stimuli is the sum
of the responses that would have been caused by each
stimulus individually

Response ( Source1 + Source2 ) =
= Response (Source1 ) + Response ( Source2)

Response(ODD + EVEN ) = Response (ODD ) + Response ( EVEN )

N S

We can benefit from existing symmetries !!



Even/Odd Mode Analysis

| symmetry plane

50 Q

SOQ“

example 10¢
50 Q 50 Q
—
)| E
G o
’ 50 Q
|
Y11=\71 I-sosz
1V2=O Ee :E CED
V,=E,=0= < 504
1
2

1
[
I
I
[
I

G




Even/Odd Mode Analysis

Even/Odd mode analysis
iSOfé 50 Q
50 O 50 O

Gl oF K
V, 50 O V, 50 Q

v v

RS, =500+ 5002 =1000 RS, =50Q||50Q = 250
e_E _E2_ E o_E _EB/2_E

' TR, T 100Q 2000 ' RL 25Q 500

ech




Even/Odd Mode Analysis

superposition principle

100 Q
50 Q . =1°+1°
20 1= Th
—
" V, =V +V.°
® ® um
V, 25 Q)
=17+ 5, + 5 5,

172000 50Q 400 Y, = 1 — 0.025S
Vl ZVle +V10 = El Vl 4OQ



Even/Odd Mode Analysis

In linear circuits we can use the superposition
principle
advantages

reduction of the circuit complexity

decrease in the number of ports (main advantage)

Response(ODD + EVEN ) = Response (ODD ) + Response ( EVEN )

N S

We can benefit from existing symmetries !!



Power dividers and directional
couplers




Power dividers and couplers

Desired functionality:
division
combining

of signal power

DiVider = P2 = aP] P] - P2 + P3 DiVider <_P2

Py > or E or
coupler f——m9 Py=(1-a)P, coupler -~

(a) (b)

Figure 7.1
© John Wiley & Sons, Inc. All rights reserved.



Three-Port Networks

also known as T-Junctions

characterized by a 3x3 S matrix
S11 S12 S13

[S]: So1 Sy Sy

] _S_31 832_ S33_ . i

the device is reciprocal if it does not contain:
anisotropic materials (usually ferrites)

active circuits
to avoid power loss, we would like to have a
network that is:

lossless, and

matched at all ports
to avoid reflection power “loss”




Three-Port Networks

reciprocal

[s]=[s] S;j =S;i,Vj#1
S12 — S21’ S13 = S31’ S23 — S32

matched at all ports
S, =0,Vi S,=0,S,,=0,S,,=0

then the S matrix is:

0 S12 813_
[S] = S12 0 S23
_513 S23 0




Three-Port Networks

reciprocal, matched at all ports, S matrix:
| 0 S12 Sl3_
[S]: S, 0 Sy
_813 S23 0

lossless network

all the power injected in one port will be found
exiting the network on all ports

[S]k-[S]t =[1] Zski 'S:j =8, V1, ]
k=
N

N
k=1 k=1



Three-Port Networks

lossless network

N

"0 S, S. kzski°5ki=1
=S, 0 S, N
S, S, O | Zsk. Sy =0,Vi# ]

k=1

6 equatlons/3 unknowns

812 +

2
S| +

2
Sia +

Nno SO

13‘ =1 S13823 =0

S23‘ =1 S,.,S,,=0
2 *
S23‘ =1 S,.5,=0

ution is possible



Three-Port Networks

0 S12 S13
[S] = S12 0 523
_813 S23 0

6 equations / 3 unknowns
no solution is possible

A three-port network cannot be simultaneously:
reciprocal
lossless

matched at all ports
If any one of these three conditions is relaxed,

then a physically realizable device is possible



Nonreciprocal Three-Port Networks

usually containing anisotropic materials, ferrites
nonreciprocal, but matched at all ports and
lossless S, #S;

S matrix 0 s, S.”
S]=]S,, 0 S,
Sy, S, O
6 equations [ 3 unknowns

S +[Sia| =1 S3Ss =0

Sy #[Sp =1  S$5,S,5=0

Syl +|Ss,| =1 S;,S,5=0




Nonreciprocal Three-Port Networks

two possible solutions
circulators

clockwise circulation

0
S1228232831:0 [SI:[I

0
‘521‘ = ‘532‘ = ‘813‘ =1

counterclockwise circulation

S212832 281320
0
[SI=[

‘512‘ :‘323‘ :‘831‘ =1 (1)

-

-



Mismatched Three-Port Networks

A lossless and reciprocal three-port network
can be matched only on two ports, eg. 1 and 2:

0 S, S S1*3823 =0
[S]=]S, 0 S, S.S,,+ 555, =0
S Sa S;k3812 T S;813 =0
S13 =9, =0 8122+ 513‘2 =1

‘513‘ = ‘523‘ i

S13 + S23‘2 +‘833‘2 =1

‘812‘ :‘833‘ =1



Mismatched Three-Port Networks

A lossless and reciprocal three-port network

(0 S,
S, O
_813 S23

S [ N

S33_
[S]

S N S S S S U — S —

€

0

jo

0

el?

0
0

S13 = S23 =0

'

pl?

‘812‘ :‘833‘ =1
Sy = e’

S33 =gl

A lossless and reciprocal three-
port network degenerates into
two separate components:

a matched two-port line

a totally mismatched one-

port:



Four-Port Networks

characterized by a 4x4 S matrix
_Sll S12 Sl3 814_

the device is reciprocal if it does not contain:
anisotropic materials (usually ferrites)
active circuits
to avoid power loss, we would like to have a
network that is:
lossless, and

matched at all ports
to avoid reflection power “loss”



Four-Port Networks

reciprocal
[s]=[s] S;j =S;i,Vj#1
S12 — S21’ S13 — S31’ S23 — S32

matched at all ports
S, =0,Vi s,=0,S,,=0,S,,=0,S,,=0

then the S matrix is:

O S12 Sl3 S14
S12 O S23 SZ4
Sl3 S23 0 S34

s]-




Four-Port Networks

reciprocal, matched at all ports, S matrix:
| O S12 S13 814_
S12 O S23 S24
S13 S23 O S34
S14 Sz O3 0
lossless network

all the power injected in one port will be found
exiting the network on all ports

N
ST -[S] =[1] Zski 'S:j =0, V1, ]
k=

N

N
k=1 k=1



Four-Port Networks

S1*3'823"'81*4’824:0 /’824 S1*2'823"'81*4'8:«;4:O /'812
S1*4'813"'824'823:O /'81*3 SI4'812+S;4'823:O /'8;4
« 2 2 2 2

814'(‘813‘ _‘824‘ ):O 823'(‘812‘ _‘534‘ ):0

One SOlUtion: 814 :Szg :O I O SlZ Sf|.3 O ]

resulting coupler is directional 5] S, 0 0 S,

2 2 _ S 0 0 S

S| + S13‘ = 13 34
Si, g 324\2 = > Siaf =[S |0 S Sy 0

2 2
S, +S34\ =1 \

‘312‘ :‘834‘
Syl? +[S,ff =1 =7




Four-Port Networks

(0 S, S O]
[S]: S, O 0 S, ‘812‘2‘834‘20[ ‘813‘:‘824‘218
S, 0 0 S, | B
0 S, S, O B — voltage coupling coefficient

We can choose the phase reference
Sz =Sy =a S,,=/3-e'’ S,u=p-e"
S.,-S,;+S,,°S,, =0 — O+p=n+2n-7x
S| +[S,. =1 — a’+p*=1
The other possible solution for previous equations offer either

essentially the same result (with a different phase reference) or
the degenerate case (2 separate two port networks side by side)

St (IS 182 )20 Sy ([0l —[5uf )= 0



Four-Port Networks

A four-port network simultaneously:
matched at all ports
reciprocal

lossless
is always directional

the signal power injected into one port is transmitted
only towards two of the other three ports

0 a p-e? 0
s]= a 0 0 p-eV

p-el? 0 0 a

0 pBe¥ « 0




Four-Port Networks

two particular choices commonly occurin

practice
A Symmetric Coupler 6=¢=7/2
(0 o j8 0
5] a 0 0 Jp
iB 0 0 «
0 jf a O
An Antisymmetric Coupler 6=0¢=x
(0 o B 0
s]= a 0 0 -p
p 0 0 «
0 - a 0




Directional Coupler

Input @ @ Through
npu» \ - > ‘812‘2 — o’ =1—,32
~€ > S 2 s Y
Isolated @ ©) Coupled ‘ 13‘ o 'B
Coupling
P
put @D @  Througn C=10log El =—20-log(B)[dB]
> > 3
>< Directivity
~ P
solated (7 ®  Cowled  p_10log % =20 |og(8ﬁ) [dB]
o b Wi e, e AT, 4 14
Isolation

| =10Iog% —20-logS,,| [dB]

| =D+C, dB 4



Directional Couplers

Laboratory no. 2




Directional Coupler

Input @ @ Through
npu» \ - > ‘812‘2 — o’ =1—,32
~€ > S 2 s Y
Isolated @ @ Coupled ‘ 13‘ o 'B
Cuplaj
P
put @D @  Throush C=10log— =-20-log(S)[dB]
> > P3
>< Directivitate
~€ > P
solated (7 ®  Cowld  p_10l0g—2 =20 Iog[ﬂl [dB]
o b Wi e, e AT, P4 ‘ S 14 ‘
Izolare

| =10Iog% —20-logS,,| [dB]

| =D+C, dB 4



Quadrature coupler

@ (Output)

@ (Output)
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C[dB]=—20-log,, ¥Y2
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Quadrature coupler
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Ring coupler

C [dB]=—20-log,,(y,) 057 Z 15

Figure 7.46



Ring coupler

Figure 7.43
Courtesy of M. D. Abouzahra, MIT Lincoln Laboratory, Lexington, Mass.




Coupled line coupler

Zce — Zco 60 | | | | | | | | | | | | | | | | | | |
C[dB]=-20-log,, - 7 1.0 2.0 3.0 4.0 5.0

ce co

Frequency (GHz)

Figure 7.34
© John Wiley & Sons, Inc. All rights reserved.



Coupled line coupler
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