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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)
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Materials

RF-OPTO

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

1 exam problem € Pozar
Photos

sent by emat/online exam

used at lectures/laboratory



Profile photo

Profile photo — online “"exam”

Examene online: 2020/2021

Disciplina: MDC (Microwave Devices and Circuits (Engleza))

Pas 3
o T N N
1 Profile photos 03/03/2021; 10:00 08/04/2021; 08:00 Online "exam" created f.

2 Mini Test 1 (lecture 2) 03/03/2021; 15:35 03/03/2021; 15:50 The current test consis ..



access to online exams requires the password
received by email
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Login

Use the last name and email glored in the database

POPESCU GOPO ION

Name
POPESCU GOPO

Date: ‘ Email/Password

Fotografia z PESREI
nu exista Grupa 5700 (2019/2020)

Specializarea Inginerie electronica si telecomunicatii

Marca 7000000 Write the code
bH

—

< Access the site as this @Qﬂuest access to software ?%E @

Grades

Inca nu a fost notat. Send




Password

received by email
@tant message from RF@ Abox x

Radu-Flor

in Damian

In atentia: POPESCU GOPO ION

Parola pentru a accesa examenele pe server-ul rf-opto este
Parole: QD

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara

Attention: POPESCU GOPO ION

The password to access the exams on the rf-opto server is
Password

Login to the server, with this password, as soon as possible, for confirmation

Save this message in a safe place for later use

4. Reply 4~ Reply all ®» Forward

Atk Subject oo Correspondents

< mportant message from RF-OPTO > =) POPESCU GOPO ION
Validation © rom 0Z2/05/2020 _

Me <rdamian@ettituiasi.ro> W

Important message from RF-OPTO

Me <rdamian@etti.tuiasi.ro> #

Laboratorul de Microunde si Optoelectronica
Facultatea de Electronica, Telecomunicatii si Tehnologia Informatiei
Universitatea Tehnica "Gh. Asachi" lasi

In atentia: POPESCU GOPO ION

Parola pentru a accesa examenele pe server-ul rf-opto este

Parola: QUMD

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare.

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara

Attention: POPESCU GOPO ION

The password to access the exams on the rf-opto server is

Password: (D

Login to the server, with this password, as soon as possible, for confirmation.

Save this message in a safe place for later use



Online Exam manual

The online exam app used for:
ectures (attendance)
aboratory

project
examinations

Other data

Online Exam manual (pdf, 2.56 n, £3)
Exam Simulation (video) (mp4, 41.9/MB, en, m)

Previous years

2010-2020 2018-2019 2017-2(



Examen online

[\

always against a timetable
long period (lecture attendance/laboratory results)
short period (tests: 15min, exam: 2h)

\ext timeframe in:

Announcement Support material
23:59 (10/05/2020) 00:05 (11/05/2020)

Exam Topics Results End Confirmation
00:07 (11/05/2020) 00:10 (11/05/2020) 00:20 (15/05/2020) 00:20 (16/05/2020)

Refresh now

Announcement

This is a "fake" exam, introduced to familiarize you with the server interface and to perform the necessary actions during an exam: thesis scan, selfie, use email for cc

Server Time

the server's time zone (it may be different from local time). For reference time on the server is now:
10/05/2020 23:59:16
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Online results submission

many numerical values
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Online results submission

+ Quality of the submission



Course Objectives 4

“Engineering”
Sinapses



Course Topics

Transmission lines

Impedance matching and tuning
Directional couplers

Power dividers

Microwave amplifier design
Microwave filters

Vil Leni >



Textbooks

Irinel Casian-Botez: "Microunde vol. 1:
Proiectarea de circuit", Ed. TEHNOPRES,
2008

David Pozar, Microwave Engineering, Wiley;
4th edition, 2011, ISBN : 978-1-118-29813-8
(E), ISBN : 978-0-470-63155-3 (P)



Introduction



Electrical Length

Behavior (and
description) of any
circuit depends on
his electrical length selgraghe’
at the particular |

frequency of o 4 ? -

(a) KVL, KCL

Interest P R B
E=o0 = Kirchhoff -
E>o0 =2 wave
prOpagathn Maxwell’s Equations

(c)
27 |
E: -I:—-I:Z]Z'- —
P A ( j



Maxwell’s Equations

VxE:—%—? Constitutive equations
oD D=¢-E
VxH =%
X p +J B=u-H
J=0-E
V:-D=p
Vacuum
V-B=0 Ly =47 x107" H/m
V. ] :_%P ¢, =8,854x10"2 F/m

1

Véo Mo

C, = =2,99790-10° m/s




Interface conditions on the interface
between two different media

h A e

nX(El_Ez)
n><(H1—H2

0 n'(Dl_Dz):ps
=Js n'(Bl_Bz):O

N

If one of the media is a perfect conductor
(metal) all fields are annulled inside



Electromagnetic fields with
harmonic time dependence

Maxwell’s Equations more simple
V°E + 0°suE = jould +1Vp
&

VH + o°suH =—V xJ

v.E=F
E

V-H=0



Mathematical models

particular cases where analytical solution exists

harmonic signals, Fourier Transform, frequency
spectrum

X — Xoej.w.t %: j-w-X g(a)):ji f(t)-e_jwtdt f(t):j:g(a)).ejwtda)
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Wave equations

Helmoltz equations or Wave equations

Medium void of free electric charges
V?E - y°E =0
V’H -y°H =0
2

v =—0’su+ jouoc

v — propagation constant (known also as phase constant or wave number)



Solutions of the wave equations

Electric field only in Oy direction, € through judicious choice
> wave traveling after Oz direction € of the coordinate system

— —rZ vz
E,=E,e’""+E.e

}/=\/—a)25,u+ Jouo =a+ |- p
If we have only the positive direction wave E,=>A
E — Ae(a+ip)z
y

Harmonic Field

—a i(t—23-
E,=Ae™ el & Wave Propagation

/ (simultaneous space and

Amplitude time variation)

Circular Polarization

Attenuation




Attenuation

Ey(zl): Ct.e_a-Zl .ej(a)-t—IB.Zl) Ey(22)= Ct. e_a.zz . ej(w't_ﬂ'ZZ)
W,P~[E®
2 a1
A: PZ . Ct -e 22 :e_za.(zz_zl)

F)l o Ct2 .e—Za-Zl

AldB] =10log4g % =10log,, [e—Za-(Zz—Zl)]
1
A[dB]=-20-a-(z, —7)log;g e =-8.686 - - (2, — 7)

A/L[dB/km]=-8.686-a <0

Attenuation usually expressed in
most of the time a positive value is used

W 7z7

-"sign = implied by the word used



Plane wave parameters

VxE=—jou-H

P X wH
* Lossless Medium, 6 =0 Y = JG) \ EH
E u o |
n=—2=_[|= intrinsic impedance of the medium
H, £
Ey — A e @t .pllot=p2) constant phase points: (a)-t — - Z) = const
i | v dz w 1
Phase velocit — = =
y Pdt B \feu
dz dw
Group velocity V, = = in dispersive media where 3 = B(®)

" dt dp



Group and phase velocities

Phase velocity — virtual speed at which a constant phase
point travels (in certain conditions might be greater than
the speed of light)

Group velocity — speed at which the signal (energy,
information) propagates (always less or equal to the speed
of light in that medium)

SAVAVAVAVEVAVAVAVAS S VAVAVAVAYS S VAVAVAVAYS

o - ] o L an
D’i'l_ L L T
ra -
\_.I_
Y

position {pm)



Plane wave parameters

T= |2 =377Q  v=v =C, Cy= L 299790.10° m/s

€y ’ VE€o " Ho
_2m _G 7_2r_1
Y o f
Space periodicity Time periodicity

In mediu nedispersiv €,

1 1 C
c— _ _ %
VEHy &b My \/‘?r

_ . . Co
N=,/&  refractive index of a medium C=—
n
2r 1 2w C
T - —— ﬂ/ e
w f Js)




Solutions of the wave equations

Electric field only in Oy direction, € through judicious choice

_Etp 72 —p’? -
Ey =E"e +Ee wave traveling after Oz direction € of the coordinate system

yz\/—a)zg,u+ jouoc =a+j-p

Wave Ey — E+.e—OC°Z .ej(a)t_ﬂz)
incident (w-t— -2)=const
reflected - points of
E, = E.e%?.gllot+f2) constant
wave phase
direct (w-t+B-2)=const

Inverse



Solutions of the wave equations

wave E _E*.ao? ej(a)t ﬂ'z)—I—E o2 eJ(a)t+,BZ)
incident ’
reflected H,=H".e %% .eil@tF7) y-.g 2 gll@t+/2)
wave
Inverse



Modes in delimited media

Electromagnetic fields with harmonic time
dependence

Maxwell's Equations simplified

- X . o0 | » _
X =X, %z]-a)-x g(w)=| f(t) e 'dt f(t):j_oog(a))-e‘”tda)

o —00

In delimited media the solutions of Maxwell’s
Equations must also verify boundary
conditions

solutions must respect some supplemental
conditions



Modes in delimited media

Electric field must always be
normal on an electric wall or
annulled @
Magnetic field must always o )
be tangent to an electric wall
or annulled

Aok Ah VY YV AR AR YV YY O AA Ak vy
e & fie B 5 T IR P

1"‘,/ //\\ Substrate
XRIIRE

\\\\\\\\\\\\\\\\\\\\\\\\\\\\

s AP 0ot A I A

PEAIEN
A LN

ALK s $ %3 T

Grownd (1) Signal (1g) L i - -
= N ] ; : o T A e T
/’ /’#" 'i;‘. e N 40 e -]: 3 R g y i \
N 1 b o vy /o AR I (7 s W A 00 5 e AR
| y. ," | \




Moduri in medii delimitate

TE10

TM11

[=] T 2 &8 ==z e 200

TM22

TE41

TE21 TE30 TM31 TM32 TE32 TES50
L | O N
2eh soe "Wes
_ e S -
TE31 TEO2 TE40 TM51 TE51 TM42

Similar with Fourier Transform g(w)= .Lo f(t) e dt f(t):.ro 9(w)-e“dw

E*,E—zZA -Mod, A =(E,Mod,)



Mathematical modeling

particular cases where analytical solution exists

harmonic signals, Fourier Transform, frequency
spectrum

X — Xoej.w.t %: j-w-X g(a)):ji f(t)-e_jwtdt f(t):j:g(a)).ejwtda)

15

I 7 I




(@)
=
U
-

O

=
(S
-
afd

(o]

=

()
o -
afd

(o]
=

TT [
=] [ | [ | =] [ | =] [ | [ | =]
| Wy Wy - v Wy =1 L =1 Uy Wy =1 W =
= = = = = = = = =
=] [ | [ | =] [ | =] [ | [ | =]
(=] (= (= — O (= — O (= [= o D=
=2 = = =2 = =2 = = =2
=] [ | [ | | o = I =] - o= [ =]
| oy oy | oy | oy oy |
____.U_ | | | | __.U | | __.U | 1 | __.U |
TmownT TononT Toownt Tnows TnonT Tuonn TuoonT Tnons Tuons Tuon
o o o o o o o o o o o o o o o o o o o o
[ECTR]E (ZHE)Es (ZH (= (ZHGIGE (ZHE)gs (ZHs (ZHEEs (ZH@EE  (ZHOLoLS
i ..,. L k1 %
\ v T 1 e
... 1 5
., -
. 5 _,... Al - - !
@ . " "\ ~ ..
o . 1 N
X v
[ 1) % ™
4 b % . [
Lt b L1 - n.
Y b % n
Y % N .
| . . L - == -
. N
2 -
— $ —z.. & - Ir.ﬂ
=2 . )
- * - .
] R - mmmmm——————— L]
— .
| hC -
(D) . B @
o
W . -
— ™ |- -
dd
( T
— . [ L
a 8 | 1 1 1 1
E— ) - a L=} = 3] [ ]
o ) o o
__ Haa

150

100

a0

10



(@)
=
U
O

O

=
(S
-
afd

(o]

=

()
o -
afd

(o]
=

150

100

50

0 150

10

50

[E3
e od

noa

(=HNT2

o o o o
- o © o Zi o
= T T T T
T TTeees - >
-
w
=}
B i »
. S =
= — - pi———
& -
=1
; - -- 4
K B v ——————
8 ! R
L L L IR
(sHS)S2  (sH (sl (sHZ)22  (sHE)&2  (sHT)%e  (sH®)E&2  (sHY)S:  (sHOM)Orz
s®d, oB, oo o6 o8, oo, od oa. oo
cmiomnsl cgomd cmond cdomd csondd cdomd cmodd cdomd omogd
=T T T T T T T 7 1] T
wl i 4 o W wl = o T m = of® mf=
o g g g o g o g o
= B=5 = — 8- = - g = - g 5=
o g = = g = g = =
- [z i — o i =) o e o =! o -
= g g = =t = =1 = =

rrrrrrrr

o2

oor

oz2r

)

=HLLs

o=
1x

)

)

)

)

)

T

= = = o of o of o ol
= a k= T e =l - H= E = & B
= o = o o o o o ol
= 19 9 9 = 39 = 9 E
a7 d = 1 a5 o o = o ml=E =
& g b & b & o
1t 1 -4 1 L 1 L 1 L il i
Cpony —oogT CgonT COons CeonT CoogT —aons ConT CnonT
o g =] o g oo o g oo o g o o o g
(zHD)Ts (ZHglss  (2HE)Es  (@HOss (zHOLIOLS

100

50

150

100

&0




Mathematical modeling

particular cases where analytical solution exists
wave in a single direction E*(E*) E(E7)

wave
incident E, =E*.e*?.ell@#7)  pr.gmoz pllotf?)
reflected y 2
E, =E e’ +E, e*—> D—> E., =E, e’ +E, e
wave
direct

Inverse E.e’”* ——]| ¢4|—— E,, e
E < >EOUT
E, e ——]| A|l—— E, €’




Mathematical modeling

particular cases where analytical solution exists

modes in delimited media B (A)
TE10 TEO1 TE20 E:ZA 'MOdi A :<E’M0di>

B == I
R =N _,D_, E...
T™M11 TE11 TM21
[=] T o e
e e .

TE21 E30 A B <E'N ’ MOdi>
¢ T = A1—> Al——> B
= 110 "o !
TE31 TEO2 TE40
ians == NN e I

(A) EOUT— ZB -Mod.




TEM transmission lines




Transmission line

TEM wave propagation, at

least two conductors
I(z,t)

—

/’ Ie % e L - '{_ ¢ i-l!.',:u'
Y QIHHV/" WERERIIAR

la) (bl

R N

h

Ground (=12

Vv N




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




Telegrapher's equations

time domain

M:_R.i(z’t)_bai(z,t) Kl
0z ot

ai(Z’t)z—G-v(z,t)—C-éV(Z’t) K|
oz ot

armonic signals (frequency domain)

dv (z) =—(R+j-0-L)1(z)

dz d
o /dz(...)

= (G+j-»-C)V(z)




SolvingT's E

y=a+i-p=JR+j-0L1C+]-0C)

V’E -y°E =0

ViH-y?H=0 B =Ee7+Ee”

' =—0’su+ jouoc



Solutions

V(Z):V0+e—7/.z _'_Vo_e}/.z
I(z): IFe7? 4+ 15e7 7/:0‘+j'ﬁI\/(R+j°CO-L)-(G+j-a)-C)

4 + A2 — A7
1(z)= _ Ve 7t =V, e
d\;(z):—(R+Ja)L)|(2) () R-I—JC()L(O 0 )
Z
zozR“'C"'L:\/RU"‘)'L Characteristic
4 G+ ] w-C ] i
impedance of the line
Vi Vg
0 7z _—_ 70 0,
Iy ° ly /1:%[ Vs ZEZZ"C



The lossless line

Lossless: R=G=0

y=a+j-B=yJR+j-@L)(G+j-@C)=j-w-L-C

a=0 ; p=w-+L-C
R+j-wL L .
Z p— pu— _
0 \/Gﬂ.mC - Z,is real
V(z)=V, e 7% yv,elr? 27 1



The lossless line

rr V(z)=Vye 177 yv, el#?

1(2)= Yo g-ip2 \;_emz
0

|

! Z,

|

: 7 VO Z
A T ()] RVANRVE R
|

|

! voltage reflection
|

L . coefficient
X Vo _Z-7,
V, Z_ +Z,

Z, real



The lossless line

voltage reflection coefficient seen at the
input of the line

V(z)=V5 e 77 +Vy el r :F(Z):\\;0+Ezg

| | o (Z v-

" W~ v(@)=vy+v;  10)=r, :V0+
0

: V(=1)=V, e yv eI

: VO_ e 1A _2j-p1

' Z;, Z, Z, r(-1)=T,, = Vo7 =1(0)-e

|

I

|

|

F(1}=Ir) 7 =0}
N _ 2j.4 —
-1 0, Ly=1_-¢€ FIN‘_‘FL‘




The lossless line

V(z)=V, .(e_j-,b’-z +F.ej-,8.z) 1(2)= V" _(e_j.ﬂ.z r _e,-.ﬂ.z)

0

time-average Power flow along the line

4 2
P.., =1-Re{v(z)- |(z)*}= 1-’\/0 ‘ -Re{l—r* e 2P L T.e?1P? —|r|2}
2 2 Z,
» _1 M -(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]



Polar representation

Euler's formula

el =cosx+ j-sinx;VxeR
Polar representation
z=a+ j-b=|z-e'”

z=a+ j-b=|z-(cosp+ j-sing)

2= (0] =[af e ="

5 x
cos(n- )+ j-sin(n- )]

— \E:([z\-e"‘(/’)y2 :\/ﬁ-ejg :\/E-(cos%+j-sin§j

2 w=[z]- ¢ juf-7* =g} e1*) <[z wf-[cosp+ )+  sin(p+ 0]

it

o 7 .
T Wl w ere :W.[COS(WQ)H'SIH((D—H)]



Polar representation

Euler's formula

e/ =cosx+ j-sinx;VxeR

e’ +e ¥ =cosx+ j-sinx+cos(—x)+ j-sin(—x)

el* e 1 =cosx+ j-Sin X+CoSX— j-Sin X =2-cosx

el eI
é COS X =
2

iy

eJ

—e ¥ =cosx+ j-sin x—cos(— x)— j-sin(-x)

el —e ¥ =cosx+ j-Sin X—COSX+ j-SinXx=2j-sin X

. elX_e
2]




The lossless line

> V(=1)=Vy el 1y, e/

| (_ | ) — ﬂejﬂl _\ie_j‘ﬂ‘l
ZO ZO

_V(=1) 1+ .e 27
Zin 1(—1) Z‘”:ZO'l_r.e—Zj-ﬂ-l

the input impedance

-_-—-_[;]-__-
>
N
N
il

seen looking toward
the load

_- Z, +]j-Z,-tan(B-1)
> Zo+j-Z, -tan(B-1)



The lossless line

the input impedance seen looking toward
the load

.ZL_l_j'Zo‘ta.nﬂ'I




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 g1

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




The lossless line, special cases

[=k-\2 ﬂ.|:27”.|:k.7z tan3-1=0 Ly =L,
[=MNg + k-A2 tan -1 — oo , ZOZ
in :Z_
M -

quarter-wave transformer

_______l;l_____..
S
N




Short-circuited transmission line

Z =0 G\

purely imaginary for any a2 N

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

Zi.=]-Ly-tan B -1

Z

in = 40 Zo+j°ZL°tan(,B-|) : y :



Open-circuited transmission line

ZL:OO—):]_/ZL:O \ /I—T
purely imaginary for any E \/

length [ 0 o

+/- = depending on [ value
/m )

L =—]-Zy-cotg-|
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Examples
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Voltage standing wave ratio

V(e)=vg 7 sren) Vel=p |l per et r=re
’V(Z)‘ _ ’VO+ . 1+‘1—«‘ a0+2jp2

maximum magnitude value for /2P =1 Virex :’VO+ °(1+‘FD

minimum magnitude value for elt?Ihr = 1 Viin 2’\/0+ -(1—\r\)

SWR is defined as the ratio between maximum and
minimum
(Voltage) Standing Wave Ratio
Vv 1+\F\
VSWR = —max _
Vi 1-T

min

real number1<VSWR <
a measure of the mismatch (SWR =1 means a matched line)




The lossless line +/-
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