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

Course Slides

MDCR Lecture 1 (pdf, 5.43 MB, en, 83)
MDCR Lecture 2 (pdf, 3.67 MB, en, )
MDCR Lecture 3 (pdf, 4.76 MB, en, =)
MDCR Lecture 4 (pdf, 5.58 MB, en, 33)
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We are enlisted in the Telecommunications Department of the Electronics, Telecommunication and Information Technology Faculty (ETTI) from the "Gh. Asachi" Technical University (TUIASI) in Iasi, Romania

We currently cover inside ETTI the fields related to:

Microwave Circuits and Devices
Optoelectronics
Information Technology
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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 emai/online exam > Week4-Week6

used at lectures/laboratory



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 > R
nu exista Grupa 5700 (2019/2020)

Specializarea Inginerie electronica si telecomunicatii

Marca 7000000 Write the code
bilmu——i

pm——

< Access the site as this @gﬂuest access to software i%i @

Grades

Inca nu a fost notat. Send




Password

received by email
@tant message from RF@ nbox X

Radu-Florin Damian At k@ Subject °  Correspondents

me, POPESCU ~ < mportant message from RF-OPTO > =p POPESCU GOPO ION
Validation © rom 0Z2/05/2020 —

ettituiasi.ro> W

Me <rdamian@

Laboratorul de Microunde si Optoelectronica Important message from RF-OPTO
Faculta

Univers

de Electronica, Telecomunicatii si Tehnologia Informatiei

tatea Tehnica "Gh. Asachi” Iasi 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
Parole. QD

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare In atentia: POPESCU GOPO ION

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara Parola pentru a accesa examenele pe server-ul rf-opto este

Parole: RSN

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

Attention: POPESCU GOPO ION

2 - i Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara
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 .
Attention: POPESCU GOPO ION

Save this message in a safe place for later use
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.
4 Reply 4~ Reply all ®» Forward 5 E R

Save this message in a safe place for later use



Adrese emaill

Sefii de grupa
lista cu adrese de email utilizate de toti studentii
poate fi @student.etti.tuiasi.ro (@gmail @yahoo etc.)
rdamian@etti.tuiasi.ro



Online exam manual

The online exam app used for:
lectyres{attendance)

aboratory

project
.

Materials

Other data

Manual examen on-line (pdf, 2.6
Simulare Examen (video) (mp4, 6

B, ro, 1)
2 MB, ro, 11)

Microwave Devices and Circuits (Enalis



Examen online

[\

always against a timetable
long period (lecture attendance/laboratory results)

\ext timeframe in:

[ D05m43s

Refresh now

Announcement Support material
SN Y0Py )  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)

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

148.33 1 155.88 202.12 164.35 180.91 30.29 185.19 O\
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Online results submission

+ Quality of the submission



Computing Loss/Gain in circuits

P
Loss = Fout <1 Loss[dB] = 10 - log4, ( ;ut) <0

\

P
Loss/Attenuation[dB] = [—] 10 - 1Og10( 0ut>

mn

P;
P
Pin Pi
. Loss[dB]
Attenuation|dB/km] =

Length|km]



Computing Loss/Gain in circuits

Loss/Attenuation —» P,,,; < P;, = P,,,;|dBm] < P;,[dBm]

P,,.:|dBm] = P;,,|[dBm] — Loss/Attenuation|dB]

A%

Gain/Amplification - P,,,; > P;,, = P,,:|dBm] > P;,[dBm]

P,,.:|dBm] = P;,|dBm] + Gain/Amplification|dB]

V



Exam: 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 pW
-20dB = 0.01 -30 dBm =1 uW
-30dB = 0.001 -60 dBm =1 nW

[dBm] + [dB] = [dBm] [x] + [dB] = [x]
[dBm/HZz] + [dB] = [dBm/HZz] % I b




Introduction
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Electrical Length

Behavior (and

description) of any
circuit depends on
his electrical length segrapher’
at the particular |
frequency of o
Interest P —— =

E=o = Kirchhoff

E>o0 -2 wave
prOpagathn Maxwell’s Equations

(c)
27T |
E=01l=—1=271-| —
Fi= (/1)

(a) KVL, KCL




Maxwell’s Equations

vxE:_f;_'f’ Constitutive equations
oD D=¢-E
VxH ="+
§ o B=u-H
J=0c-E
V:-D=p
Vacuum
V-B=0 Hy =4rx107" H/m
v.]-_9 ¢, =8854x10 2 F/m
ot
C, = L =2,99790-10° m/s

Vo " Ho



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 =—w’cu+ jouc

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

_ ~yZ -z
E,=E.e”?+E. e

y=\-0'u+ jouc =a+j-p
Wave Propagation If we have only the positive direction wave E,=>A

E, = Ae~latiB)

. Harmonic Field

| z-axis

(me) E,=Ae™ .gll@t-£2) Wave Propagation
| o / (simultaneous space and
Circular Polarization Amplitude time variation)

Attenuation




TEM transmission lines




Course Topics

Transmission lines

Impedance matching and tuning
Directional couplers

Power dividers

Microwave amplifier design
Microwave filters

Yecill Leni )



Transmission line

TEM wave propagation, at
least two conductors

1(z,t)
A
V(& {; 7% ;{{j .

Vv N



Transmission line equivalent model

TEM wave propagation, at least two conductors

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

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



Telegrapher's equations

time domain

M:_R.i(z,t)_L@i(Z’t) K I
0z ot

ai(z’t):—G.v(z,t)—C-GV(Z’t) "
0z ot

armonic signals (frequency domain)

dv_(z):_(R+j-a)-L)'|(Z)

dz d
o /dz(...)

?Z—(G-l— j-0-C)-V(z)



SolvingT's E

V’E-y°E =0
V*H -y*H =0 E,=E,e”"+E.¢™

v =—w’cu+ jouc



Solutions

I(Z): |6Le—7-2 n |6e7-z 7/206+j-ﬁ:\/(R+j-a)-L)-(G+j.w.C)

Y + AL — A7
1(z)= V, e "=V, e’
d\;(z):—(R+j-a)-L)-l() 2) R+j-a)-L(O 0 )
Z
zozR“'C‘)’L:\/R“j‘“'L Characteristic
4 G+]-w-C ] .
impedance of the line
Vi Vg
0 7z __70 0,
TS ,1:%” V=g



The lossless line

Lossless: R=G=0

]/:0!+j’ﬂ:\/(R-l-j'(()'L)'(G‘Fj'G)'C)Z ja)m

a=0 ; pf=w-JL-C
R+ oL L :
Z = = —
0 \/Gﬂ..w.c - Z,is real
V(Z):VO+e_j'ﬂ'z+V0_ej'ﬂ'Z 2z 1
A= V=

()= Yo g-ine Vo gine
ZO ZO



The lossless line

voltage reflection

L . coefficient
l —
o F:Vo _ 4 -4,
V,£ Z, +Z,

Z, real



The lossless line

voltage reflection coefficient seen at the
input of the line

V-V e rer)-
o \Z -
1 e = v(0)=vy+y, r(o)er:\\;g
0
: V(=1)=V,e” v, eI/
EZ r(_l)_l_, _VO_.e‘Jﬁ" —F(O)-G_Zjﬂ'l
p . In ZO ZL — *IN VO+-eJﬂI
|
I
|
|




The lossless line

V(Z)ZVO+ .(e_j-ﬂ-z +F.ej-,3-z) |(Z)= \;_()Jr.<e_j.lg.z _r.ej.ﬂ.z)
0

time-average Power flow along the line

4 2
., Loyt A g

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



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 .......... .

el =cosx+ j-sinx;vxeR

Polar representation

z=a+ j-b=|z-e' @

z=a+ j-b=|z-(cosp+ j-sing) 0 X
/ :([z‘-ej‘”)n :‘Z‘” alne :‘z‘n [cos(n- @)+ j-sin(n-p)]
ﬁ I:qz‘,ew)%:\/ﬁ.ejz:\/ﬁ.(cos%—kj-singj

z-w=lz|-e7?-|w|-e'? =|z|-Jw|-e**?) =|z|-|w|-[cos(¢p + )+ j -sin(p + 6)]
Z/W = ‘Z"ej.‘o _I elv.g7i? =B-[COS(¢—6’)+ j-sin(p—0)]
w-e"” |w W




Polar representation

Euler's formula

el =cosx+ j-sinx;vVxeR

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

el +e 1 =cosx+ j-sin X+cosX— j-sin X =2-cos X

el ye
2

e —e1* =cosx+ j-sinx—cos(-x)- j-sin(—x)

el*—e 1 =cosx+ j-sinx—cosx+ j-sinx=2j-sin x

. e* —g )

2]




The lossless line

> V(=1)=V, el 1v;e I/

+ - . -
I(—|)=\;ie"ﬂ" —\;ie“'ﬂ"
0 0

, Ve

14+ .e 21/

SO e i

in

the input impedance

-__—_-_[;]——__-
>
N
N
il

seen looking toward

|
>
0 the load
7 .(ZL+ZO) eJ_ﬁ-|+(Z|_—ZO) e‘J-ﬁl - .ZL+j-Zo-tan(,3'|)
"z +Z,) e —(z, - 2Z,) 671 n =0z 4 -z, tan(B-1)



The lossless line

the input impedance seen looking toward
the load




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

@ 27
Vi =" =2 1=
r— s p
: 2r 2r - f 2r -
! pl="C = =
| A V, V,
: frequency dependence is periodical, imposed
: Zin Zo ZL by the tan trigonometric function
|
|
|
|
|




The lossless line, special cases

[=k-\2 ﬂ.|:27”.|:k.7z tan B-1=0 Zin: L
[=Ng + kA2 ﬂ-|=%+k.ﬂ tan -1 — o0

L

_______l;l_____..
S
N




Short-circuited transmission line

Z, =0 \

input purely imaginary for XA+

any length(
+/- > depending on [ value ~ /—

Zln:jozo.tanﬂ.l - 30 !

" Zy+j-Z tan(B1) : :



Open-circuited transmission line

ZL=00—>1/Z|_=O \ /I“T

input purely imaginary for E \/

any length | O o
+/- = depending on [ value
Lin=—]-Zy-cotf-| .

Z

_7 ,ZL+j.ZO.tan(IB.|) \i \ 4\
in 0 Zo+j.ZL.tan(ﬁ.|) | :vﬂ‘



Examples




Examples
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Examples
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) | & e’ X’ : : O ———
i .-‘ [ 1 ,._\ \ |
p .’. \ ® .I‘ !
I e o | 7 3 o & R
_— '7
= | " > l ®© e ‘
® 1 ® : . | el ) 1 \ 4 =D n



Examples




Examples

/qzrj'
20 ¢

—— s
———— e o b

S et nadl

° © 0 0 0 0 0 0 0 0 0 0 0 0 0 00
® 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Voltage standing wave ratio

V(z)=Vy 177 +re#7) N(2)=Ng e 77| L+ T 277 T=[r]e)
’V(Z)‘ _ ’V0+ -‘1+‘F‘ e0+2ip2

maximum magnitude value for | Vinax = ’VO+ '(1+‘FD

minimum magnitude value for | Viin =’\/OJr -(l—‘FD

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

Yecill Leni )



Matching

Source matched to load ?

—>

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




Matching, real mpedances

Source matched to load

I E
—_ | = '
R +R,
RI V_ Ei.RL
R +R,
Vv R




Matching, real impedances

RL 'Ezi
(Ri+RL)2

PL:RL'I2 P =

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

I E.
_— | =

Li+2Z,

Zi V = Ei°ZL

Li+7Z,

v L
<: P =Re{z, -|I[*}
EI 2

> v P =Re{Z, |




Matching

R, -|E|’ R, -|E|’
PL= 2~ : 2
Z+Z " |(Ri+R.)+j-(X+X,)
la+j-b|=+a® +b?
o R -|E°
L (Ri+RL)2+(Xi+XL)2
Matching

maximum power transmitted to the load
condition?



Matching, example

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

R.-|E;

LT RARP (XX, P <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

*

L, =



Reflection coefficient

Any impedance Z_ chosen as reference
[ |—> * -
L+7Z,




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 *

Z =7 _Z-1, I, =1,

complex numbers
in the complex plane
>Re [




Laboratory 1

Impedance Matching




The quarter-wave transformer

1
* Term W ' ’l( Term
Term1 T[1 Term2
Htim =1 7=54.772 Ohm MUm=2
7=100 Ohm i 7=30 Ohm
1 F=3 GHz Kl
m2 m1 m3
P freq=2.699GHz freq=3.000GHz freq=3.302GHz
o || P tARVMBIERS mag(S(1,1))=0.100| |mag(S(1,1))=4.669E-6| Imag(S(1,1))=0.100
S Param c 0.6
251 = i
Start=0.5 GHz
Stop=5.5 GHz
Step=0.001 GHz
23
(@)}
©
=
0.0 T T 1 T T

0.5 1.0 1.5 20 25 3.0 3.5 4.0 4.5 5.0 9.5
freq, GHz



Binomial multisection transformer

Term

Term1
Num=1
Z=100 Ohm

|
i

N = =

Term

TLIN TLIN TLIN
TL1 TL2 TL3 e
7=86.03 Ohm Z=5477 Ohm  Z=34.87 Ohm N
E=90 E=90 E=90 2590 Ohig
F=3 GHz F=3 GHz F=3 GHz 1
: m2 m1 m3
r;{’,;ﬂ S-PARAMETERS freq=1.915GHz freq=3.000GHz freq=4.085GHz
mag(S(1,1)=0.100| |mag(S(1.1))=3.449E-6| mag(S(1,1))=0.100
S _Param 05
SP1 ADS K
Start=0.5 GHz ]
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Chebyshev multisection transformer
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Microwave and Optoelectronics Laboratory
http://rf-opto.etti.tuiasi.ro
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