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Introduction sen
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i V(D) @ Load V2 _ VO _V2 _,V _ Z2 //ZLoad +Zl +ZO
J_’_ Z2 //Zload Zl+ZO ? (ZZIIZLoad)(Zl+ZO) ’
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Low frequency condition:

—> wires length << signal wavelength

High frequency condition

- Wires length « signal wavelength
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Introduction sen

A conventional High frequency circuit consists of:
(0 1)

@

\p"

zZ

g
V(0) @ F 14 H Toad

The wires length Is proportional to the signal wavelength

The wires current or potential phase depends on the distance (I)

_\/ taif L\ ek
V(z)=V'e " +Ve } The equivalent impedance depends on

1(z)=1"e #—| e the position Z(d)
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High Frequency Analysis ‘e

i

k ® y The reflection coefficient is defined:
Zg |—)F rpm |:| . V V- elbD)
© f 2]
V(D) @ F}M' Load p(d ) = re = - = ‘pl ‘e JﬁZ
7l-r- Vinc V *e—Jﬂ(—Z)
There is a quite easy relation between Z and p.

V(d)=V'e v el =V*ej”‘[1+p(|)62jﬂ(z')ﬁ 2(2)=2 1+ p(z) , 1+ p(le2m 5 Z,Cos A+ jZ,senfdl
@)=YV i ppeve] T T p) 1 ple T Zocos A+ jZsenfi
1+ p(2) Z(2)-2,

Z(2)=2 z)=
(2) o 1—,0(2) — ,O( ) Z(Z)+ZO
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High Frequency Analysis

— VSWR:

Ve [ o Veul W(Ii

TIT

The transmitted Power:

P (2) = %EREB/ @)1(2)]= %Eﬁe{v e [1+ pf])e? ]\;_+ e[l p(1)e 2]

0

|

Vg =-Z,1(0)+V(0) j
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V * Easily solved from the relation:

v(0)= Z, \éi[l_p(l)ezjﬁ(*l)]_*_VJr[l_'_p(I)GZJﬁ(fl)]

High Frequency Analysis

< o y
Ij]zg FF@ |_>F(i‘) H z

Load
Power Adaptation: Z:I rZE

When Ze=Zo*, The power given to the load is the same as the power
available at the generator.
1 2 1 2
P (z) = Vi-|p(D" |= 0
(D=5 1o ] ez VO
- However, p could be different from zero.

o] ]

' p=0 — but Ze=Zo#Zq4
|—) ZO r}]ﬂ) @Zo
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High Frequency Analysis
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» A quite simple high frequency circuit could imply an embarrassing

solution, with a lot of complex operations.

»With this analysis method, there is no way to notice the circuit
behavior without analyzing it.

Graphic Method of Solution:

»In the 30’s, Smith, engineer at Bell Laboratories developed an easy
graphic method to solve high frequency circuits: The Smith Chart.

» This method allows us to obtain a general idea of what the circuit
behavior is without a complete analysis.
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High Frequency Analysis: =
Smith Chart

< 1—::-
T Z and p, in complex form:
Z(l .
| | @)= =ri

| Load 0 ~_ Normalized
; ] " imped
pl)=|pf =u+jv TS

le} |_){1}

Going on with the relation between Z and p :

(1-u)® +v? 1+r

2
2v —>(u—1)2+[v—£j =i2

X=—
(1-u)? +v?
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High Frequency Analysis: =
Smith Chart

e 1—= |1
T * _1-r+vd) +v) ( r T 2 1
DU | +V =
N | T (L-u)? +V2 1+r (L+r)
' | o ﬁ by v
|

an} |_){1}

Considering (u, v) the coordinates of our 2D coordinate system, the previous
relation means:

For different values of r (real part of the normalized impedance) we will plot
different circumferences, with features:

Center: C[ﬁ,oj and radius: R[ﬁj
In the same way, for different values of x (imaginary part of the normalized

impedance) we will plot different circumferences, with features:
Center: C(l,%) and radius: RGJ
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High Frequency Analysis: =
Smith Chart i:%

(2 2 2
L (u +V)—>(u r j 2 1

T d-u)? V2 T1tr T (@41’
2v ) 1Y 1
X=———>Uu-1)+|v—=| ==
(L-u)? +v? (u-1) ( xj x?

1
r: Center C(L,Oj and radius R(—)
1+r 1+r

x: Center C[l,%] and radius R[%)
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First case of study: movement over wires

When moving towards generator, we turn
towards right at the Smith Chart.
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High Frequency Analysis: =
Smith Chart

Second case of study: adding series resistor.

Z
V(0) (1) F11 H Load

Whe

imaginary part and change into another

real

Chart.

@(@) o
Ij N —ov—
Z
g

).

T

¥>

n adding resistor, we keep the

part circumference at the Smith
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High Frequency Analysis: =
Smith Chart

4

2
Z
V(0) (1) F1t H Load

).

When adding impedance with no real
part, we keep the real part and change

into another imaginary part curve at the
Smith Chart.
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Third case of study: adding series impedance with no real part.
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Fa High Frequency Analysis: =
SSB Smith Chart i

Fourth'case of study: adding parallel impedance.

When adding parallel impedance, we
transform impedance into admittance.

ZOHIzZ, =Y ()+Y, Z()=——
OHZ=YD+Y,  Z0=5p
To obtain the admittance at the Smith Chart, the take the mirror point
related to the center.
We solve as in the previous cases, taking admittance or impedance when
necessary.
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High Frequency Analysis: o
Smith Chart G

Circui example

o 11— J.l
T
| i
‘ Load
\
F’m

1.-Normalize Zi.

2.- plot Zwuat the S. chart.

3.- move towards the generator length |
4.- change Z(l) into Y(I).

5.-add Y=jB; Y’'()=Y()+Y.

6.- change Y’(l) into Z’(l).

7.- desnormalize Z’(1).

lel
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Scattering Parameters g:j}

Low frequency circuits are usually characterized with their Z (impedance)

parameters.

V - i - Ij
2 L= ZZ-T: 2y
b N =1 j=1 i

| i#j

. N V, Z, Zy Zyy I

! Vv, _ a Zn Z,y I,

Vi Zy, Zy, Zyn] LIn

There are other possibilities, in order to reduce the complexity of analysis in
any particular case, as F parameters, T parameters...

At high frequency circuits we define the S parameters. These parameters
simplify measurements, as we analyze circuits in terms of transmission and

reflection.
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Scattering Parameters g::g

Considering the current and potential waves:
Vi(Z) =Vi+eijﬁZ +erjﬁz

Ii(Z) = |i+e_mZ — |i_ejﬂz

1 —

[RIN]

We are able to define the non generalized power waves.
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Taking into account, potential and current definitions:
Vi =V, ++Vi . Iizzi[\/iJr_Vi_]

We obtain results below:

Zzﬁzpr b 2=t;=Pi
—

. Incident and reflected power at i port.

oV Zu+Z, R , Reflection coefficient at i port.
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Scattering Parameters %

K’ + Zoz'Iz
(Iz- =
- Zaz'
b = Vo= LT
827

The scattering matrix exnibits tne relation between a: and b

b, Sy o S\
B=S-A B T
bn Snl Snn a,

It is also possible to relate S parameters and Z parameters:

- _ 1o Where: ¢ _gi 1
B=S-A } A F[V +G I] F[Z +G]| F dlagonal[\/@]
V=271 B=FV-Gl1]=F[z-G] G = diagonal(Z,,)
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Scattering Parameters ik
-SSB Br/a\c{ical Meaning:

/ b, :ZSijaj
J

Zoi
i
— Zon
hi
It could be observed: 7am _ _
o V, +2Z41, There is no input power when
ViFI=Vi=-Z;1 >3, ~ ez, O loading the j port with Z..
b =S8 g D _VizZal _Zi-Zy _  Sishows the reflection
a Vi+tZuli Z,+Z, coefficient of the i port.
va;=0 - - - .
b, =S,a s, =0 Vi ¥2Za Vi [Zy  Suis proportional to power
i Vi'J2z,, V" \Zy  transmission from i to k port.

+— ANTENNA'DESIGNAND:-MEASUREMENT-TECHNIQUES = Madtiditd PM)—= March-2009




Scattering Parameters: ™
example

> |
22 |

i
| 14— 2{4 — )4ta

1 2
2,=1,
2 2143 } 3 dB coupler
0 -j -1 0 « Gate 1 : input
g Lt|-1 0 0 -1 - Gate 2 : -90° output

J21-1 0 0 —j

» Gate 3 : -180° output
0 -1 —-j 0

» Gate 4 : isolated port
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High Frequency Circuits B
Measurement Technigues. i:?
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High frequency circuits are measured with a Network Analyzer:

@ AVR

o
=

—
e

Device
T Under Test

S parameters are measured and shown:
»Transmission (S)

» Reflection (Su)

»Smith Chart (Sw)

Device Under
Test
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High Frequency Circuits B
Measurement Techniques. i:?
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The Network Analyzer presents the transmission and reflection for a
selected frequency spam:

0= ==

3 =
] |-
- =
o 20| A\
. / =
sl ||§W N
I 155 156 157 % 159 160 14 -
For the selected frequency spam:
»Transmission (S..)
i Device
»Reflection (S.) Under Test

ANTENNADESIGNAND:-MEASUREMENT TECHNIQUES = Madridib PM)= March-2009




High Frequency Circuits B
Measurement Technigues. gi}

The Network Analyzer presents the transmission and reflection for a
selected frequency spam:

= : =
[
=
|| = I
=
- =B B8 EE8
I freq (1.550GHz to 1.600GHz) -
@ @9
For the selected frequency spam:
»Smith Chart (Sw) '
Device
Under Test

ANTENNADESIGN-AND:-MEASUREMENT TECHNIQUES =" Madtidi(PM)= March-2009




