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MDCR Lecture 4 (pdf, 5.58 MB, en, 38)




actic Master Colectiv  Cercetare

Y
Grupa 5403

uelswdent erezent L welsudent et welsudent  [ereent

s \ - Puncte: an
ARIUS |¢ |

Fotogeafia oo ) ANTONICA Fotografia uncte: an
nu exista 3 BIaNCA nu exista
t
Fotografia Puncte an Fotografia an Fotografia Puncte: [0 |2
nu exista nu exista nu exista

_ sorezar an BUTUNOL Fotografia nee:l0 @Dy I Fotografia uncte: an
EMANUEL ® | CEORGE-MADALIN nu exista RALUCAMARIA nu exista

L

an

1

MARIUS

2

ANTIGHIN
FLORIN-RAZVAN

Prezent Pre: Prezant
ﬂ
Puncte ) Punct ¢ Pu
Nota: Nota

Fotografia
nu exista

Prezent [ ]

Puncte: [0 (WAl

Nota: {—O

Obs: ’ l




i

Date:

Grupa 5304 (2015/2016)
Specializarea Tehnologii si sisteme de telecomunicatii

Marca 5184

N

&
B
D

17/01/2014
17/01/2014
17/01/2014
17/01/2014

Discpiina|Tip|Data__[Descriers | Nota | puncte]obs.
W [rmoogiwer |

Nota finala 10 -
Colocviu Tehnologii Web 2013/2014 10 7.55
Laborator Tehnologii Web 2013/2014 9 =
Tema Tehnologii Web 2013/2014 9 =

Nume

od de verificare

Il ]

Trimite |




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
R-Az  L-Az V(z+Az,t)| _

V(z,1) G-Az

—C-Az

Az

—

V(z)=V, e 7 +V, e

1(z)=lge7*+15e""



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, special cases

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

_______l;l_____..
S
N




Impedance Matching with Impedance Transformers (Lab 1)

Impedance Matching




Matching, complex impedances

Im7Z
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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 3-4

Microwave Network Analysis




ABCD (transmission) matrix

V, A B Vv
C D 3

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




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,)]"




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



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
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Figure 4.7
Courtesy of Agilent Technologies



Impedance Matching

The Smith Chart
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RADIALLY SCALE
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The Smith Chart

ZL_ZO

L 2Ly 7 -1

Z,+Z, 1z, +1

:Yo —Y _1_ Yo

L, +Z,

Y +Y, 1+y,

—

—




Traditional usage

transmission line
1002 characteristic impedance

0.3\ length

Z| = 40Q+j-70Q load
" Zin=? rr , _ Zi+jZytan gl
! " Z,+j-Z, -tan B
|
I Z. =36.5340Q— j-61.11900
:Zln ZO ZL
I
|
|
|




Traditional usage

transmission line
100Q) impedance
0.3\ length
Z, = £L,0Q+j-70Q load

movement with 0.3\ o\

. . A ' ” ,
a line withZ_ =1000Q : a%‘*‘,zg.‘?igsﬁ%
" X SRR @0 e LY "k‘,’f"“ A
circle sen e
(cree) SNEE e
fromz, (0.105A) Do S
RN GO
to z,, (0.405A) N 4}##

I
o
)

E
00r-
0
o

=
/

2rg
(5]

7 ~0.36—j-0.6= 2
Z

0



The Smith Chart

o

=

+1

RESISTANCE COMPOMENT (R /2o, OR COMDUCTANCE COMPONENT (Y o!

02,

i
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The Smith Chart

+1 M Iml
/ M=1
Il
O=argl +1
1

Re [
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The Smith Chart

ly Z, T Yy Z
normalization Z, = z, allows using the
same chart for any reference impedance

O=arg I 1 Z_ (the plot becomes independent of the
> chosen Z,)
=T +jT
i 1+|0]-e? v i
L_l_‘r‘.ejg =L+ )X
. _ 11,17 L. 2-T,
~— (I-C.Y+1? ~ A-T.)+I7




The Smith Chart

+1 4 ImT . 1-T7-T7
— L 2 2
IM=1 L-L)+T,
/ X = 2-T;
] ©@-nyery
O=arg +1 R Rearranged

Rel Y %
[ ——L | +I7 =
1+ 1+

) {2 (2]




The Smith Chart

v MMTEY) xR (y—yo P = R?

Re [ (=x)



The Smith Chart

w1 N Iml

2 2
_— [Fr——rL ]Jfrizz[ 1 ]
/ |r|=1 1+ r|_ 1+ r.L
\2 2
I (Fr—1)2+£ri‘xi :Exij
L/ L
_ +1 : - B
B=arg I > = Circlesinthe (I, T;)

Rel complex plane

(x=% ) +(y-vyo) =R




The Smith Chart, resistance

_ — R? R=—
(% F +(y-yoF =R o

The locus (the set of all points whose location satisfies one or
more specified conditions) of the points generated by all
impedances having normalized resistance TS a circle which:

2
have its center on the horizontal axis (y,=0) [q__" | . _ 1
1+r1, 1+r1,

passes through x=1,y=0 point, whatever x_,r,

tends to 1 for smallr, r 2 1 2

hen r,_is 1 passes also through origin | 0———| = orn =1
" - 1+ 1+

have its radius betweenoand 1
tendsto o forlarger,




The Smith Chart, resistance

+
g small r_

=1

large r,

-1 +1

>
\ Rel




The Smith Chart, reactance

2 2 XO :l
(T, —1) +[ri —i] :[i] 1
X, X, 1Yo =

XL
2 2 52 1
(%o F +(y-yof =R R- L
LA
The locus of the points generated by all impedances having
normalized resistance x_ is a circle which:
have its center on a line parallel with the vertical axis (x =1)
passes through x=1,y=0 point, whatever x_,x_

2 2
have its radius between o and oo O+(O—i] _ (ij

tends to o for large || X »
tends to oo for small || L L

when x, is o transforms itself in the horizontal axis
if x_ > o the circle is above the horizontal axis, otherwise is bellow it




The Smith Chart, reactance

+1 X, >0

X
=

N\

@




The Smith Chart, impedance

A Im [

daw




The Smith Chart, reflection coefficient,

Cartesian coordinate system

A IMD

+1
~
|r|=1 l“i:0.8-sin600=®rz-840o r=r +j-TI
' ‘%/’ I'=|[-(cos@+ j-sinH)
r=[r]-el”
1 PRENT, . T=[rlzee
1 =08c0s60°=04]*1  Re[  ['=08,60°

[, =0.8-cos60°=0.4
[ =0.8-sin60° =0.693
['=0.8£60°=0.4+ J-0.693




The Smith Chart, reflection coefficient,

Polar coordinate system

IlM=1 —
) I =0.8.60° |
135 45° =T,+j-T;
|F I'=|[-(cos@+ j-sinH)
% 9 r=r-e!
180° Ve .
0.2/ 0.4 0.6/ 0.8 1.0 O FZ‘F‘ZHO
I'=0.8£60°
[, =0.8-cos60°=0.4
225° 315° I; =0.8-sin60° =0.693

270°



The Smith Chart, reflection

coefficient, impedance
90°

IMN=1 —
. I'=0.8£60° ]
135 4,5° r=|r£6

i . " =0.8./60°
" \6 roZi=Zo _z-1
OO

- Irj-e”

180° V4 Z +2Z, 1z +1

0. 0.4/ 0.6/ 0.8 1.0

. _1+I" 1+0.8£60°
" 1-T 1-0.8.60°
z, =0.429+ j-1.65

1+T 1+0.8260°
225° 315° 4L =40 T TR T

Z, =21.429Q+ j-82.4790

270°



Equivalence

reflection coefficient < impedance

X, =+1.65

I'=0.8/60°=0.4+ j-0.693
Z, -7, 1z, -1
Z,+2Z, z, +1
ZL:1+I1:1+OBABOO
1-T 1-0.8/60°
7, =0.429 + j-1.65
r,=0.429

=

180°

(whateverZ )

270°



The Smith Chart, reflection

coefficient < impedance

135° | 4,5° —
/ ('\ X, =+1.65
4 /'\
180° &/ 0°
\% z, =0.429+ j-1.65
\ / (whateverZ )
- r =0.429




The Smith Chart, reflection
coefficient, matching

o MatchingZ, loadtoZ,source.
We normalize Z, overZ,

Z, =21.429Q+ j-82.479Q)
z, =0.429+ j-1.65
I, =0.860°
We must move the point denoting
the reflection coefficient in the area
3150 where with a Z_ source we have:
[, =0 perfectmatch @

180°

225°

270o ‘Fo‘ <I}, “good enough” match



Example

Laboratory 1

m2 m1 m3
freq—1 453GHz freq=2.301GHz freq —4 548GHz
mag(S )=0.100] |mag(S(1,1))=0.099 mag(S )=0.100
05 \\
0.4 \\
= 03
5 7 |
\g) 02 ] 1 \
S @é j
0.1 ) /
] /
] m4 /
o8 T I A T S freq=4.548GHz

S(1.1y=0.100/-53.045 -/
impedance = Z0 * (1. 113/10 180)

05 10 §5 20 25 30 35 40 4} 50 55
freq, GHz

e
-
\\\-— //

—

freq (500.0MHz to 5.500GHz)

| <T,



Example

ADS
m2 m1 m3
freq—1 4536Hz freq=2.301GHz freq—4 548GHz
mag(S )=0.100] |mag(S(1,1))=0.099 mag(S )=0.100
05
-~ 0.3—:
73 ] —~
| TR -
£ ] 5 =
] 2 O © ® N O U W N
0.1
e0 | I T 1 T T 1 1
05 10 945 20 25 30 35 40 4} 50 55
freq, GHz

freq (500.0MHz to 5.500GHz)

| <T,



The Smith Chart,
Impedance/reflection coefficient

Z, =10Q+ j-100
z, =0.2+ j-0.2
I, =T, =0.678./156.5




The Smith Chart, series reactance

0° Z =R +]j-X_ =10Q+ j-10
z,=I +]-x, =02+]-0.2

I, =0.678./156.5°

Zin:ZL+j'X1=RL+j'(XL+X1:
Zin :rL+j'(XL+X1)

jx=jwl/Z,>0

lin =1 ] %=—]Jlw-C-Z,<0




ADS, Smith Chart, series reactance

B = 2d T 2 . erm. . lerm. .
Tem1  C Tem2 (<< |TeBm5s [ < |Tem6
Num=1 G Num=2 Num=5 Num=6
1Z=500hm" C=TpF{tff =~ =~ || |Zz=10+0 -~ =~ ~ "~ |'] [(Zz=500fm -~ =~ =~ =~ " '] [Z=10+*10"
T s R e —+ Ak
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ANAA

- Num=4 . Include Opt Params
1 Z=500hm ' | Z=1 0+J 10 . 4 . ' Enable/Disable. .. C;:) o

(nH)
[C] pisplay Full Name Value 39.605 | 0 =0
[T] snap Slider to Step Max |50 ‘ |40
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ADS, Smith Chart, series reactance

freq (1.000GHz to 1.000GHz)



The Smith Chart, series resistance

Xin = X

0° Z =R +]j-X_ =10Q+ j-10
z,=I +]-x, =02+]-0.2

I, =0.678./156.5°

Zin :ZL+R1:(RL+R1)+j'XL
Zin :ZL+r1:(rL+rl)+j'XL

=N +R /2,



ADS, Smith Chart, series resistance

e T T

\\\
ADS \\
m1
freq=1.000GHz \
S(3,3)=0.678 / 156.501

/ impedance =20 * (0.200 + j0.2Q0)
\

\
\
|
|
/

J

\ 5/

““H-E_._.———"“/

freq (1.000GHz to 1.000GHz)



The Smith Chart, series
transmission line, Z

0° Z, =R +j-X_ =10Q+ j-10:
20 =1 +j-x =02+ ]-0.2
I, =0.678./156.5°
1+ -e 21/
Zin =20 .1_11 o 21 p

= || wt)-otr) 20




ADS, Smith Chart, series
transmission line

-

. % Term |
1< | Term1
Num=1

Z=50 Ohm

n - nr-r
+

.. 2 Term . .
- § Term2

1

50.0 Ohm |

Num=2

oTmmN o

Z=10+*10

Term.

Term3

AMATT

i AR I
Z=50 Ohm

1 _Term . .
1< |Term4
Num=4

Z=104*10

gfji}) | S-PARAMETERS
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ADS, Smith Chart, series
transmission line

m71 - [m1
' freq=1.000GHz

S(3,3)=0.678/-156.501
impedance =Z0*(0.200 + j0.200)

m?2

freq=1.000GHz

S(1,1)=0.678/ 176,501
impedance =70 * (0.192 +]0.029)

freq (1.000GHz to 1.000GHz)



ADS, Smith Chart, series
transmission line, E=90°

"

m1
freq=1.000GHz

S(3,3)=0.678/-156.501
impedance =Z0*(0.200 + j0.200)

m?2
freq=1.000GHz

S(1,1)=0.678/ -23.499

impedance =270 * (2500 -j2.500)

freq (1.000GHz to 1.000GHz)



ADS, Smith Chart, series
transmission line, E=180°

m2 - [m1
' freq=1.000GHz

S(3,3)=0.678/-156.501
impedance =Z0*(0.200 + j0.200)

m2

freq=1.000GHz
S(1,1)=0.678/ 156,501
impedance =Z0 * (0.200 +{0.200)

freq (1.000GHz to 1.000GHz)



ADS, Smith Chart, series

transmission line, Z=25Q=7Z

ADS mi
freq=1.000GHz
S(3,3)=0.678 1 156.501
impedance =Z0 *(0:200 + j0.200) \
@ < o)

[0 .
& " m 2 5]
- ) S '

m2
\ freq=1.000GHz
S(1,1)=0.419// -99.926
\mpedance = 70*(0.625 - j0.625)
v

\M.._,__,_._.-——-"'/

freq (1.000GHz to 1.000GHz)




The Admittance Smith Chart
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The Admittance Smith Chart
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The Smith Chart, conductance

-1 +1




The Smith Chart, susceptance




The Smith Chart, reflection

coefficient & admittance

I =0.8/60°

. Z, =21.429Q + j-82.479Q)
& 7, =0.429+ j-1.65
I =0.8./60° .

\ \ y =-—~=0.148-]-0.568
L
OO

.| 1.0

' / g, =0.148
y, =0.148+ j-0.568

315° (whateverZ))




The Smith Chart, reflection
coefficient & admittance

OO

Z, =1250+ j-125Q

Z) =25+]-25

Y, = 1 =0.004S — J-0.004<
ZL

y ==Y _02_j.02

Z, Yo



The Smith Chart, shunt susceptance

OO

Jin = 9L

I, =0.678./235°

Y, =G, + j-B, =0.004S + j-0.004
y, =0, +]j-b =02-j-0.2
Yin =Y +j-B,=G_+j-(B.+B,)

Yin :gL+j‘(bL+b1)

iby=j-®CZy>0
j-b=—j Zylw-L <0



ADS, shunt susceptance
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ADS, shunt susceptance

®
ig—
s
DD D /

freq (1.000GHz to 1.000GHz)



The Smith Chart, shunt conductance

Z, =50Q,Y, =0.02S
0o° [ =0.678,23.5°
Y, =G, + j-B_ =0.004S + j-0.004
Y, =g, +j-b =02-j-02
Yin =YL +G :(GL +Gl)+ ]-B,
Yin = (gL + 91)+ J-b

A gin:gL+Gl'ZO




ADS, shunt conductance

freq (1.000GHz to 1.000GHz)
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