Lecture 3
2025/2026

Microwave Devices and Circuits

for Radiocommunications




2025/2026

2C/1L, MDCR
Attendance at minimum 7 sessions (course or
laboratory)
Lectures- associate professor Radu Damian
Tuesday 12-14, P2
E — 50% final grade
problems + (2p atten. lect.) + (3 tests) + (bonus
activity)
first test L1: 24.02.2026 (t2 and t3 not announced, lecture)
3att.=+o0.5p

all materials/equipments authorized




2025/2026

Laboratory — associate professor Radu Damian
Monday 14-16, 11.13 / (even weeks)
L —25% final grade
ADS, 4 sessions
Attendance + personal results

P —25% final grade
ADS, 3 sessions (-1? 24.02.2026)
personal homework



Materials

e (&7 ® Not secure | rf-opto.etti.tuiasi.ro,

Main Courses Master Staff Research Students Admin

Microwave Devices and Circuits for Radiocommunications (English)

Course: MDCR (2017-2018)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: EDOS412T

Discipline Type: DOS; Alternative, Specialty

Credits: 4

Enrollment Year: 4, Sem. 7

%

IVERSH
ey

Activities
Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Specialization Section, Timetable:
Laboratory: Instructor: Assoc.P. Dr. Radu-Florin Damian, 1 Hours/Week, Group, Timetable:

g

Evaluation

Type: Examen

iﬁE_nlishl b Romana |

A: 50%, (Test/Colloquium)
B: 25%, (Seminary/Laboratory/Project Activity)
D: 25%, (Homework/Specialty papers)

Grades Main Courses Master Staff Rese

Aggregate Results

Attendance

Course
Laboratory.

Lists
Bonus-uri acumulate (final) l =
Studenti care nu pot intra in examen on l n e Exa ms

Materials

In order to participate at online exams you must get ready following

Course Slides

MDCR Lecture 2 (pdf, 3.67 MB, en, )
MDCR Lecture 3 (pdf, 4.76 MB, en, 3)
MDCR Lecture 4 (pdf, 5.58 MB, en, 38)

MDCR Lecture 1 (pdf, 5.43 MB, en, 83) P L . > S PO, RSy (. ) L S N S B 3 2y 7 S X



Materials

RF-OPTO

https://rf-opto.etti.tuiasi.ro
David Pozar, “Microwave Engineering”,
Wiley; 4th edition, 2011

1 exam problem € Pozar
Photos

sent by online exam
used at lectures/laboratory



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 -10dBm =100 pW
-20dB = 0.01 -30 dBm =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



Complex plane

abscissa — real part

ordinate —imaginary part

any of them can be negative, whole plane, 4
quadrants Im

b

P Re




Polar representation

Polar representation

modulus

phase relative to the real axis
z=a+j-b=|z|-(cosp+ j-sing)

‘Z‘:\/aerbz r
b
arctan| — |, a>0
a
b
arctan| — |+ 7, a<0,6>0
a
p=arg(z)=
arctan é -, a<0,b<0
a

N

,—%,nedeﬁnit a=0



Polar representation

Euler's formula A

e/* = cosx -+ j-sinx:Vx € R Yl AN

Polar representation

Z:a+j.b:‘z‘,ej-§0 ;

z:a+j.b:‘z‘-(COS(p+j.sin(p) 0 X » Re
o6 < 17 o) i ]

- \! j.ﬂ ¢ o (0
— fz(}zﬁe””)é :\E-e 2 Z\/;°(COSE+]'SIII5]
z-w=lz]-e’|w- e’ =|z|- | €’ Ho+0) =z|-|w-[cos(p+ &)+ j -sin(p+O)]

‘Z‘ [cos(go H)+] sm(go 6?)]

Je
‘Z‘°€ ‘Z‘ : .
: —-j0 _
Je o7

‘e

Z/ W= — =
P e "I



Polar representation

Polar representation A
o =a? +5° y

2 *
‘Z‘ =ZZ

‘e”‘ :‘cosx+j-sinx‘ —Jcos® x+sin’ x =1
‘e”‘ =1; VxeR

z' = qz‘fj.(o)* :‘Z"(COS(0+j-Sin¢)* :‘Z"(COSCD—j-sin(p):
- ‘Z‘ ' [COS(_ (P)-l- J- Sin(— gp)] — ‘Z‘ Lol

0



Polar representation

standard unit for angles — radians
microwaves traditional unit for angles —
degrees in decimal form (55.89°)

Faiculato

b
arctan — ) a>0 D
b
arctan| — |+7, a<0,b>0 0
o =arg(z) = a
b M M- MS
arctan| — |— 7, a<0,b<0
a A Trigonometry [ Function «
T T . o e C &
PR nedefinit a=0 ’ , . - =
( ) n! =
[ ] 7 8 9 X
[md ] o " : . > -
CD[O] =180°- v T ¢[rad] =7 1200 log 1 2 3 -
In /- 0 =



Polar representation

Attention to angle numerical values!!

math software — work in standard unit: radians

a conversion is necessary before and after using a
trigonometric function (sin, cos, tan, atan, tanh)

scientific calculators have the built-in option of
choosing the angle unit
always double check current working unit

O N 1 ® ~ = o
w
a + | |



Introduction



~ Microwaves

Electrical Length (Phase Length)
| — physical length
E = B-1 — electrical Length

27 [
pi=Sa-an{g)

Ezlg.lzz_”.(g.f.\/g)

Co

V, [ vary
~ useless

Dependency
antenna gain
radar cross-section



Electrical Length

Behavior (and
description) of any
circuit depends on
his electrical length
at the particular
frequency of
Interest

E=~o =2 Kirchhoff

E>o0 -2 wave
p I’O pa g at | O n Maxwell’s Equations

(c)
27 /
E: 'l:—'l:27z-' —_—
& A (ij

KVL, KCL




TEM transmission lines




Course Topics

Transmission lines

Impedance matching and tuning
Directional couplers

Power dividers

Microwave amplifier design
Microwave filters

Vil Leni )



Transmission line

TEM wave propagation, at

least two conductors
I(z,t)

—

V(z,1)




Transmission line equivalent model

TEM wave propagation, at least two conductors

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

distributed (line) parameters R, L, G, C (eg. Q/m)



Telegrapher's equations

time domain

6V(Z,t):_R.i(z,t)_L.al.(Z,t) K1l
0z ot

ai(Z,f):_G.V(Z,t)_c.g\/(Z,t) K|
0z ot

armonic signals (frequency domain)

/jz(...)

dz—gz):—(R+j-a)-L)-I(z)

dl (z)

~ =—(G+j-w-C)V(z)




SolvingT's E

y=a+j f=(R+j o L)(G+j -w-C)

V’E—-y*E =0
V*H - y*H =0 E,=E e’ +Ee”

v =—w'su+ jouc



Solutions

pu—

V(z)=VSe7* +Vye'*

7 I(z)zlge_”+]0_e7'z 7/:05+j-,8:\/(R+j-a)-L)-(G+j-a)-C)
Viz)=V, e +Vye'* ,
I(z)= Ve —Vy el
VE)_ (R jow-L) 1) i R+j-w-L(°e 7<)
dz
ZOER”""'L:\/R”“"'L Characteristic
y G+j-w-C . _
impedance of the line
vy vy
— =4y =——= 2 _o_
A & zzf Vf—E—/l-f



The lossless line

Lossless: R=G=0

7/:05+j-,[)’:\/(R+j-a)-L)-(G+j-a)-C):j-a)-\/ﬁ

a=0 ; =w-JL-C

=

R+j-w-L L :

Z = = —

0 \/Gﬂ..w.c - Z,is real
V(z)=Ve /P 1V, /P P 27 1

V = —
_ o L / [

I(z)= W iz Vo gipe oNEe Le

Zy Zy



The lossless line

MW V(z)=Vy e /77 +Vy el P

1(z)= ’; —Jﬂz_gej'ﬂ'z
0 0

|

|

|

|

| _V O) Ve +V,
| Z Z, =

|

|

|

|

'ZO

voltage reflection
coefficient

VO_ _ ZL _ZO
Ve Z,+7Z,

A'\

I =

Z, real



The lossless line

voltage reflection coefficient seen at the
input of the line

V(Z)z VO+ e /Py Vo_ej'ﬂz I'= F(z) = IIiO; EZ;
0 \Z _
> L2 )= T0)=r =0
0
: V(-l)=V,S e +V e /P
EZ Ci)=T, - vo.e /P! _1(0)-¢
p in ZO ZL — <IN — I/O+'€j.’8'l =
|
l
|
|

r(-1) =[rO)fe>*|=|r(0)

-1 0 E > Iy =1} eI FIN‘ = ‘FL‘




The lossless line

V(Z)= Vy '(e_jﬂ’z +F°ejﬂ’z) I(z)z Z_(;,(e—j-ﬂ-z —F-ej'ﬁ'z)
0
time-average Power flow along the line
2
. Vy \ . .
P, :1-Re{V(z)-1(z) = LI -Re{l—F YRR R —\r\z}

2 Z,

V+
'
ZO

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

(Z—Z* =Im




The lossless line

Average power flow is constant along the line

(noP,4(z))
can be measured
We can use the power to characterize the

amplitude of a signal
a very “energetic” (basic physics) point of view
more power = “more” signal



Polar representation

Euler's formula A
y .......... ]

e/ =cosx+ j-sinx;VxeR

Polar representation

Z=a+j-b=‘z‘-e”” 0
Z=a+j-b=‘z‘-(008(p+j-sin(p) 0 X » Re
z" =([z‘-e””)n =|2|" -/ =|z|" -[cos(n- @)+ j-sin(n- )|

\/;z(Jz‘-e””)% :\/E-ej.(g :\/g(cos%Jrj'sin%j

z-w=|z|-e7 W&’ = ‘z‘-‘w‘-ej'((p+0) = ‘Z‘"w"[cos(g0+¢9)+j-sin(g0+<9)]
_ ‘Z"eﬂo _ ‘Z‘ e —j0 _H, _ : o _
z/w= —=1e/?. e’ =" [cos(p—0)+ j-sin(p—0)]
w-e’” | W




Polar representation

Euler's formula

e’ =cosx+ j-sinx;VxeR

e/ +e " =cosx+ j-sinx+cos(—x)+ j-sin(—x)

e’ +e /" =cosx+ j-sinx+cosx—j-sinx=2-cosx

e’ e’

2
e’* —e " =cosx+ j-sinx—cos(—x)— j-sin(—x)

e’ —e " =cosx+ j-sinx—cosx+ j-sinx=2j-sinx

. e
é SIN X =

- .
J —e J

2j




The lossless line

rr V(i-l)=V;e' P 1V, e /P!
| A -

](—Z)ziefﬂ'l — 20 oI F
Z Z

1+T.¢ 25
1-T-e 2P

the input impedance
seen looking toward
the load

N
-]
N
N
—
S
~
|
~
~
S

P4 (2,—7,) e Z,+ - Zy-tan(B-1)
) . JBl B . —j-pl Zin :ZO. . ) )
(Z,+2,)-e (Z,-2,)-e Zy+j-Z; -tan(B-1)




The lossless line

the input impedance seen looking toward
the load

L, +j-Z, tan B-1

Zin :ZO '

Lo+ j-Z, tan B-1




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 -1

vf:E:z-f A==

2 2 f
A=—"I1= -
p A

Vy Vy

frequency dependence is periodical, imposed
in 7 ZL by the tan trigonometric function

—_-—-[;]-__-"




The lossless line, special cases

[=k-A2 ,3.1:27”.1:1(.7; anp-1=0 |Lw=Z1

ZZ
l=>\/[|.+|(}\/2 ,B-l=§+k-7z tan f-1 — oo Zm :Z_O
Mg -

quarter-wave transformer




Short-circuited transmission line

Z =0 \

input purely imaginary for NE/2 T

any length [
+/- > depending on [ value Y /

L. =j-Ly-tan B-1 A~

7 -7 .ZL+j'ZO'tan(,B°l) A\j \j
" Zy+ )z, tan(B-1) : :



Open-circuited transmission line

ZL=00—>1/Z|_=O \ /IT
input purely imaginary for R Ny
any length [ .

+/- = depending on [ value
Zln — _.] ) ZO . COtﬂ .l (b)




Examples




Examples




Examples
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Examples




Examples
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Voltage standing wave ratio

V@)=t et 1re2) RN =Fle e T=jne”
V() =i

maximum magnitude value for et IhE =1 Vinax = Vo' '(1+‘FD

minimum magnitude value for et PE =~ V. =WV, -(1—\1“\)

SWR is defined as the ratio between maximum and
minimum
(Voltage) Standing Wave Ratio

VSWR — Vmax — 1+‘F‘
Vi 1-|T]

min

real number 1 <VSWR < o
a measure of the mismatch (SWR =1 means a matched line)



The lossless line +/-




Power transfer

Impedance Matching




Course Topics

Transmission lines

Impedance matching and tuning
Directional couplers

Power dividers

Microwave amplifier design
Microwave filters

Vil Leni )



Matching

Source matched to load ?

—_—

. impedance values ?
i existence of
V Z,  reflections?




Matching, real impedances

Source matched to load

| E,
— ]: !
R +R,
R. yo Lk
R +R,
R
V L




Matching, real impedances

RL ) 21
(R+R, )

})L:RL.[z PL:

Power dissipated on load

R, = 50()
Ri=02>P, =0
R =002 P =0



Matching, real impedances

05

o5




Matching, complex impedances

Source matched to load

| ,__E
E Z+7Z,
Zi V= k-2
Z,+7Z;
v e 2
PL:RG{ZL'M }




Matching

Ry |E[

1

) ‘Zﬁ‘ZL‘Z ) ‘(Ri+RL)+j'(Xi+XL)(2

R, -|E|

1

L

Matching
maximum power transmitted to the load
condition?



Matching, example

E=10V
Z. =50 () +j-500)
P (Z,)?

T RAR P (X, ) <E>




Matching, example

P (Z
L( L)
0.45
05 .- 0.4
- 10.35
- 0.3
"fﬁ‘fff{'f ’f’,ﬂo ? L . :
%%Wﬁj?ﬁq : o F 10.25
*f’fﬁfé’%
!H
aﬂ“%”(’ . - SR
,,mﬁm e . 015
0.1
0.05
0

Im7 -100 ¢

ReZ



Matching, example

100

80

60

40

20

2, =50-j 50

E=10,P =0.50

max

100

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05



Matching , from the point of view of

power transmission
P ‘Ei‘z
R;>0,R, >0 AR+ (R=R,)  (X+X,)
L RL
2
P ‘El‘ =P Ry =R;, X| =-X,
4R

Z, =27,



Reflection coefficient

Any impedance Z_ chosen as reference
[ |—> * -
Z+ 2,




Matching, from the point of view of

power transmission




Matching, from the point of view of
power transmission




Matching , from the point of view of

power transmission

If we choose a (any) real Zo 2

Z, =27 zZ-2, I, =T,

complex numbers
in the complex plane
>Re [




Reflection and power /| Model

Z P, Z >
P, Z P, L Z
O, O,
Z, =7 Z, +7Z:

£, =1, ry <F,



Reflection and power /| Model

Z P|_
Pa Z Z; ;éZl.*
©
—Powerreflection

Power of the reflected wave



Reflection and power /| Model

Z. P PL . s PL
! :> Z, " B

S o) @1

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” (model) some of the power is
reflected P, =P_,- P,

The power is a scalar!




The lossless line

Average power flow is constant along the line

(noP,4(z))
can be measured
We can use the power to characterize the

amplitude of a signal
a very “energetic” (basic physics) point of view
more power = “more” signal



Reflection coefficient

r—
<€ ri
Z
ZL Zi L
Zl
* Z,-7
F.:Zi_ZL FL—ZL_I_Zi
" Z+Z,



)
-
D
.
v
)
O
)
c
o
)
)
D
(-
)
o

I

i =[]



Reflection and power /| Model

E[
P, ~
L 2
P R, -|E;
' (Ri+RL )2 T (Xi+XL )2
r
2 2 2
pep-p=tl _ RAEL B ARCR
4R (Ri+RL) +(Xi+XL) AR (Ri+RL) +(Xi+XL)

reflection coefficient

a

.—RL)2+(XZ.+XL)2}:P I 7|2 is a power



The quarter-wave transformer

Impedance Matching




The lossless line, special cases

[ = k}\/z ﬂ-l:%-l:k-ﬂ' tan f-1=0 in _ZL
[=Ng + kA2 ﬂ-z:§+k.ﬁ tan B-1 — o

L

_______l;l_____..
S
N




The quarter-wave transformer

Feed line —input line with characteristic

impedance Z_

Real load impedance R,

We desire matching the load to the feed line
with a second line with the length A/4 and

characteristicimpedanceZ,  _ 1+re?”
in 11_1_,8_2]"51

1-*0 — VO_ — RL_ZI

Zy |:‘1> Z }RL VO+ RL -|-Z1
o R, +jZ, tan(fl)

| i Zin :Zl .
Z, + jR, tan(fl)

Zjn

-
T )N —




The quarter-wave transformer

Z>—7 -R
L == 0 "L I =0 Z =+ZR
in le+ZO'RL in 1 0"*L

In the feed line (Z,) we have only progressive
wave

In the quarter-wave line (Z,) we have standing
waves



The quarter-wave transformer

The Multiple-Reflection Viewpoint

[ =T — BT + LTI — 11008 + - W
o0 T, ——
_ . ) . A\ -
=T — 1 I Z(:)( [»I3)" Z, . R,
n=
I = A1 =40 [e2C >, <
Z1 —}—Z()’
Zo — 71 -~ )\ —
N A | T
0+ Z1 r, I
[y = L — 41 T,T,T -<—T3-<—————<—/r3
3_RL+ZI’ 4213 ,TT ?
T,T,I'3T, e .
I = 221 \ o [ ?
SRR G IR : f -
270
15 = ,
Z1+ 2y



The quarter-wave transformer

The Multiple-Reflection )

Viewpoint U
= | |
Zx” = for |x| < 1, 7 [ -— 7 7,
n=0 — 1

nnrs T+ Dy -0

"= I

 14+To0s 14Tl
PR Y S
2(Z7 — ZoR; | o

FI_F%<F%+TIT2): ( 1 ) ; [ ———> ?
(Z1+ Zo)(RL + Z1) | T, 3
T, e -’

2 (Zl _Zo)2 42,7, T I [
rl +]-i]—12 — 5 + ) :1 T]qu—::l—j - 2] - A
(ZI+ZO) (Z1+ZO) T r ?
<

2 .
I'=024-72,-R, =0 :




Frequency response

()A
()V

Ly =42y 2,
Zy Z, Z; (real)
] ] (only) at f,
" y) 27 Z 7z
2 Do /1 1
/ +]Z tan(ﬁl) not not
Z- - : L 1 — . = .
in 1 Zl+j’ZL’tan(,8‘l) 9—,8 l t tan(ﬂ Z)
Zin:ZI‘ZL+]-Zl-t
L +jL,t
. - ] 2
Zin—2y _ Z1(ZL = Z) + 1 (Z) - ZoZ1) 72=7,-7,

B Zin + 2o Z1(Zp + Zy) + jt (Z%—I—Z()ZL)
B Zr — 2o
 Zi 4+ Zo+ j2uNZoZL




Frequency response

matching quality = power reflection coefficient

\Z1 — Zo|

'l =
((Z1 + Zo)? +412Zo Z1 |

1/2

|
{(ZL ~+ ZO)2/(ZL — Zo)2 4 [4[22()ZL/(ZL . Zo)z]}
|
(14+[4Z0Z1 /(Z1 — 2021 + [4Z0Z112/(Z1, — Zo)*1}
|

{1+ [420Z1/(Z1 — Z0)?] sec?0)* 1
secld =

1/2

%
cos @

sec’@=1+tan’ @ =1+1¢"



Frequency response

we assume that the operating frequency is

near the design frequency (narrow bandwidth)

f=f lzﬁ 9~" sec’ @ =1+tan” @ >> 1

4 2

‘ ‘




Frequency response

we set a maximum value I for an acceptable
reflection coefficient magnitude then the
bandwidth of the matching transformer, 6,

2

1 2/ 20”2 IT14
—1—|—< J Lsec@,,,) . r

2 — _
Fm ZL ZO A9:2(£—9m>
g Tn WTZI 2
T JT=T2|ZL — Zo|
for TEM lines
dr-f 1 v . 0 .
9:13.1213.’10: - f Ly _=f fmzzgm-ﬁ)
4 v, 4 f 2f, T

N _2:h=S)_, 40 4 r, 2vZ,-Z,

= m =2——-cos" -
fo fo 7T Q I:\/lrnzi ZLZO}



Frequency response

When non-TEM lines (such as waveguides) are
used, the propagation constantis no longer a
linear function of frequency, and the wave
impedance will be frequency dependent, but in
practice the bandwidth of the transformer is
often small enough that these complications do
not substantially affect the result

We ignored also the effect of reactances
associated with discontinuities when there is a
step change in the dimensions of a transmission
line (Z, ->Z,). This can often be compensated by
making a small adjustment in the length of the
matching section



Frequency response

Bandwidth depends on the initial mismatch

1.0

0.75

increased bandwidth
for smaller load

. Tl 05
mismatches

0.25

0

0

-3



Example

A quarter-wave matching transformer to
match a 10Q) load to a 5o Q) transmission line at
f,.=3GHz

Determine the percent bandwidth for SWR<1.5

SWR -1 1.5-1
= = - T = = = 0.2.
Z\ = ZoZ1 = /(50)(10) = 22.36 , " SR = T

A_f — i COS_I | IANVAVAS
fo 7 | V1 -T2 |ZL = Zo|
4 [ 02 2/GOO0)
=2 — — oS
7 | V1 —(0.2)2 [10-50|

= 0.29, or 29%.



Simulation

ADS Simulation

0.40— m1 m2 Af =(0.88GHz

freq=2.560GHz freq=3.440GHz
035 mag(S(1,1))=0.200 mag(S(1,1))=0.200

0.30—

T(3GHz)=3-10"°

0.20—

mag(S(1,1))

Af _0.88
/o

=0.2933

0.15—

0.10—

0.05—

0.00 ,

freq, GHz



Full bandwidth simulation

0.7 m2
0.6
i m2
_ freq=6.000GHz
0.5 mag(S(1,1))=0.667
= 04—
5]
g -
g 03
i m3
D] freq=9.000GHz
] mag(S(1,1))=3.040E-5
O] m1
. freq=3.000GHz
: mag(S(1,1))=3.040E-5
0.0

l | | l ! | | l | | | I | | l | ! |
: : 50 55 60 65 70 75 80 85 90 95 100

o
3
—
o
—
o
N
o
N
o
w
o
w
o
I
o
I
o

freq, GHz



Laboratory 1
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The quarter-wave transformer

—
* Term W # Term
Term1 T[1 Term2
a4 7=54.772 Ohm NUm=S
=100 Ohm =i Z=30 Ohm
1 F=3 GHz Kl
m2 m1 m3
P freq=2.699GHz freq=3.000GHz freq=3.302GHz
o || o FARVMEBTERS mag(S(1,1))=0.100| |mag(S(1,1))=4.669E-6| Imag(S(1,1))=0.100
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x e ]
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Binomial multisection transformer

Term

Term1
Num=1
Z=100 Ohm

TLIN TLIN
TL1 TL2
Z=86.03 Ohm Z=54.77 Ohm
E=90 E=90
F=3 GHz F=3 GHz
r;.?,'ﬂ S-PARAMETERS
S_Param
SP1
Start=0.5 GHz
Stop=5.5 GHz

Step=0.001 GHz

TLIN t ferm
TL3 Term2
Z=34.87 Ohm e
=1 Z=30 Ohm
F=3 GHz

m2
freq=1.915GHz

m 1
freq=3.000GHz
mag(S(1,1))=3.449E-6

m3
freq=4.085GHz
mag(S(1,1))=0.100
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Chebyshev multisection transformer

t Term

Term1 TLIN TLIN TLIN
Num=1 LA T2 TL3 Termf
Z=100 Ohm Z=77.68 Ohm Z=54.77 Ohm Z=38.62 Ohm D=
= E=90 E=90 E=90 Z=30 Ohm
i F=3 GHz F=3 GHz F=3 GHz 1
- m?2 m1 m3
r".?,."' S-PARAMETERS freq=1.453GHz freq=2.301GHz freq=4.548GHz
mag(S(1,1))=0.100{ |mag(S(1,1))=0.099 mag(S(1,1))=0.100
S_Param 05
SP1 ADS N
Start=0.5 GHz -1
Stop=5.5 GHz i
Step=0.001 GHz 04—
- 03—
2 J.
8 02—
5
1 2 m1 m
0.1—
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Contact

Microwave and Optoelectronics Laboratory
https://rf-opto.etti.tuiasi.ro
rdamian@etti.tuiasi.ro
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