Lecturea
2022/2023

Microwave Devices and Circuits

for Radiocommunications




2022/2023

2C/1L, MDCR
Attendance at minimum 7 sessions (course or
laboratory)
Lectures- associate professor Radu Damian
Tuesday 12-14, Online, P8
E — 50% final grade
problems + (2p atten. lect.) + (3 tests) + (bonus
activity)
first test L1: 21-28.02.2023 (t2 and t3 not announced, lecture)
3att.=+o0.5p
all materials/equipments authorized




2022/2023

Laboratory — associate professor Radu Damian
Tuesday 08-12, I.23/ (08:10)
L —25% final grade
ADS, 4 sessions
Attendance + personal results

P —25% final grade
ADS, 3 sessions (-17 21.02.2022)
personal homework



Materials
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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

%
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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

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
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Grupa 5304 (2015/2016)

Specializarea Tehnologii si sisteme de telecomunicatii
Marca 5184

Trimite email acestui student | Adauga acest student la lista (0)

Detalii curente Observatii

Finantare Buget

Bursa Fara Bursa

Date:

Grupa 5304 (2015/2016)

Specializarea Tehnologii si sisteme de telecomunicatii
Marca 5244

Trimite email acestui student | Adauga acest student la lista (0)

Detalii curente Observatii

Finantare Buget

Bursa Bursa de Studii

Date:

Grupa 5304 (2015/2016)

Specializarea Tehnologii si sisteme de telecomunicatii
Marca 5184

=z 1

Acceseaza ca acest student

Note obtinute

17/01/2014
17/01/2014

Laborator Tehnologii Web 2013/

17/01/2014

Tema Tehnologii Web 2013/2014
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Grupa 5304 (2015/2016)
Specializarea Tehnologii si sisteme de telecomunicatii
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access to online exams requires the password
received by email

Main Courses Maser Staff Researd

DS

;’ﬁE_nglish | B Romana |

Main Courses Master Staff Research Stud

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




access email/password

Main Courses Master Staff Researc Main Courses Master Staff Researg

POPESCU GOPO ION POPESCU GOPO ION

Date: Date:

Fotografia T v Fotografia v aras

nu exista Grupa 5700 (2019/2020) nu exista Grupa 5700 (2019/2020)
Specializarea Inginerie electronica si telec Specializarea Inginerie electronica si telec
Marca 7000000 Marca 7000000

You access thsite as this student! You access the site‘s this student (including exams)! >




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



Manual examen online

The online exam app used for:
lectyres{attendance)

aboratory

project
.

Materials

Other data

Manual examen on-line (pdf, 2.65XB, ro, 1)

, 2 MB, ro, 11)

Simulare Examen (video) (mp4, 6

Microwave Devices and Circuits (Enalis



Examen online

[\

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

\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



MOTTO (RO)

"Universitatea nu e pentru mase locul de unde
emana cunoasterea, ci un obstacol intre individ
si diploma pe care i-a harazit-o destinul”

“"Universitatea fiind ceva care se interpune in
mod imoral intre individ si dreptul lui natural de
a fi diplomat, individul are obligatia morala sa
triumfe asupra universitatii prin orice mijloace”

Sursa citat: Internet, user: “un student batran si
I/
plesuv”



individual topics
Grades

2006: 7.43 .
2007: 7.23
2008: 7.98
2008: 6.42
2009: 7.14
2010: 6.34
2011: 7.79
2012: 7.77 :
First time (unannounced)
50% of the students left the exam in the first 10 minutes
0% of those who stayed did not pass

overall passing percentage 25%, litigation rate: 0%
Next examinations (announced)

litigation rate : 0%

2006 2007 2008a 2008 2009 2010 2011 2012



Exam




Statistici

Microwave Devices and Circuits (English) m

4 o |8
Course: MDC (2020-2021) 5 g |,

6 8
Course Coordinator: Assoc.P. Dr. Radu-Florin Damian - 7 4
Code: EDID407 8 :
Discipline Type: DID; Reguired, Domain > T

Credits: 3 , [
Enrollment Year: 4, Sem. 8 _ !

: 4 5 6 7 8 9 10
TOTAL | 26 |
= =g
Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Spedalization Section, Timetable:

iu-F A & #} 4 0
Laboratory: Instructor: Assoc.P. Dr. Radu-Florin Damian, 1 Hours/Week, Group, Timetable:
5 7
- 6 5
Evaluation
7 3
Type: Colloquium 8 |
Q 2 I
10 3 0

A: 50%, (Test/Colloguium)
B: 25%, {Seminary/Laboratory/Project Activity)
D: 25%, (Homework/Specizlty papers)

m : T 5 6 7 g 9 10

Pouered bu: RFTech - hitpi/Ammw.rftech.ro 0,005 sec

Laborator DCMR

0

4 10
5 4 g
6 4 5
=]
7 10
4
8 2

Bonus points (final) N = - I I
10 3 0 — l
4 ) 6 7 8 9 10
Tora | 26 |

Powered bui RFTech - httpi/Amms.rftech.ro 0.004 sec
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Examen DCMR

abs 4 5 6 7 3 9 10
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Attendance, Lists

Grades

Aggregate Resul Attendance
Attendance Minimum 7 sessions
{ Gboratoy Activity bonus

Lists Homework

ot acmibte 1) individual data
Materials etc.
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0.5 1 1.6 -

2411 4.6 0 0.1

5411 17 2.5 1 0.75 0 0.5 4.75 =
5411 12.6 2 1 0 0.1 3.1 -
5411 9.6 1.5 1 0.25 0 2.75 A
5411 5.2 0.5 1 0 0 1.5 -
5411 12 2 0.5 0 2.5 B
5411 16.15 2.5 0.5 0.5 0.3 3.8 -
5411 18 2.5 1.5 1 0 0.1 5.1 A
5411 15.725 2.5 1 .75 0 0 4.25 -
5411 18 2.5 1.75 1 0.63 0 1 6.88 :
5411 1.2 0 1 1 -
5411 13 2 0.5 1 0.13 0 0 3.63 =
5411 15.375 2.5 1 1 0 4.5 -
5411 5.075 0.5 0.05 0 0.55 :
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Previous years

Optoelectronics

Course: OPTO (2019-2020)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: DID405M

Discipline Type: DID; Required, Domain

Credits: 4

Enrollment Year: 4, Sem. 8

Activities

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

Evaluation

Type: Colloquium

A: 50%, (Test/Colloquium)
B: 30%, (Seminary/Laboratory/Project Activity)

2018-2019 2014-2015 More years...

Server-ul "rf-opto” past sto lelor pentru 2nii anteriori
Alegeti anul recent core zator pentru vizualizare sau "More years" pentru a afisa mai multi ani din istoric




Previous years

Examen DCMR 10 feb 2019 (pdf, 934.2 KB, ro, 1)
Rezolvari DCMR 10 feb 2019 (pdf, 825.2 KB, ro, 11)
Detalii notare DCMR/MDCR 2018 2019 (htm, 13.05 KB, ro, 1n)

Other data

Factorul "Andrei" (pdf, 15.85 MB, ro, 11)

Previous years

2017-2018 2016-2017 2015-2010 2014-2015 2013-2014

Microwave Devices and Circuits for Radiocommunications

Course: DCMR (2017-2018)

Course Coordinator: Assoc.P. D, Radu-Florin Damian
Code: DOS412T

Discipline Type: DOS5; Alternative, Spedalty

Credits: 4

Enrollment Year: 4, Sem. 7

Activities

Specizlization Section, Timetable:
k, Group, Timetable:

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/V
Laboratory: Instructor: Assoc.P. Dr. Radu-Florin Damian, 1 Hours,




Previous years, 2004-2021

Previous years

2018-2019 2017-2018

2016-2017

2015-2016

2014-2015 More years...

Optoelectronics

Course: OPTO (2018-2019)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: DIS405M

Discipline Type: DID; Required, Domain

Credits: 3

Enroliment Year: 4, Sem. 8

Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week,
Laboratory: Instructor: Assist.P. Dr. Petre-Daniel Matasaru, 1 Hours

Evaluation
Type: Colloquium
est/Colloguium)

v/Laboratory/Project Activity)
ests during semester)

Attendance

ialization Se
eck, Group, Ti

Previous years

2018-2019 2017-2018 2016-2017 2015-2016

2014-2015

Optoelectronics, Structures, Technologies, Circuits

Course: OSTC (2013-2014)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damizan
Code: DIS405M

Discipline Type: DIS; Required, Specialty

Credits: 4

Enroliment Year: 4, Sem. 7

Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/W
Laboratory: Instructor: . Dr. Petre-Daniel Matasaru, 1 Hours

zation Section, Timetable:
eek, Half Group, Timetable

Evaluation

Type: Colloguium

Grades

Aggregate Results

Materials

2013-2014

2012-201
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Course Objectives 1

Cell body
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Course Objectives 2

\ Dendrites o Microtubule

. Neurofibrils

Synaptic vesicles
Synapse (Axoaxonickd, -
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Course Objectives 3
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Course Objectives 4

“Engineering”
Sinapses



Deadline

80+

70+

65+
Senior (Decay starts)

FLeft Brain

Right Brain
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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)
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Technology

GARMIN

Cross
Traffic
Blind Spot et
Lane
Change Detection
Assist ! 4 '"" Lane Departure Warning
; Brake Assist/
l;:;::::s/! Parking | olision Ag:::‘.!e
i Avoid:
Vision At | Niision  Convol
“_Side Impact Lane Departure Warnini -
Lane -Parklng p 2
Change Blind Spot Cross
Assist Detection Traffic
Alert

BLUE = RADAR Application

OR E = Ultrasonic




Technology

1x1 =1 2x1 =2 3x1=3 4x1 =4 5x1 =5
1x2 =2 2x2 =4 3Ix2=6 4x2 =8 5%x2 =10
1x3=3 2x3 =6 3x3=9 4x3 =12 5x3 =15
1x4=4 2x4 =8 3x4 =12 4x4 = 16 5x4 = 20
I1x5=5 2x5 =10 3x5 =15 4x5 = 20 5x5 = 25
1x6 = 6 2x6 =12 3x6 =18 4x6 = 24 5x6 = 30
1X7 =7 2x7 =14 3x7 =21 4x7 = 28 5x7 = 35
1x8 =8 2x8 = 16 3x8 = 24 4x8 = 32 5x8 = 40
1x9=9 2x9 =18 3x9 = 27 4x9 = 36 5x9 = 45
1x10=10] 2x10=20 | 3x10=30 | 4x10=40] 5x10 =50
6x1 =6 71 =7 8x1 =8 9x1 =9 10x1 =10
6x2 =12 7x2 =14 8x2 =16 9x2 =18 J10x2 =20
6x3 =18 7x3 = 21 8x3 = 24 9x3 =27 J10x3 =30
6x4 =24 | 7x4 = 28 8x4 = 32 9x4 =36 [J10x4 =40
6x5 = 30 7x5 = 35 8x5 =45 9x5 =45 [|10x5 =50
6x6 = 36 7x6 = 42 8x6 = 48 9x6 =54 [|10x6 = 60
6x7 =42 77 =49 8x7 = 56 9%x7 =63 J10x7 =70
6x8 =48 | 7x8 = 56 8x8 = 64 9x8 =72 |J10x8 = 80
6x9 = 54 7x9 = 63 8x9 =72 9%x9 =81 |10x9 =90
6x10=60f 7x10=70 | 8x10 =80 | 9x10 =90 §10x10 = 100

Most used!!




(ﬁﬂ HEWLETT

PACKARD HP

1999

Agilent Technologies Al HP

2005

Agilent Avago AvaGo

TECHNOLOGIES

2014

KEYSIGHT

TECHNOLOGIES

Keysight Agilent



NPL, Londra




NPL, Londra




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]




Computing Loss In circults

Loss = 2= /

Loss[dB ~]10-1log, ( j

Loss[dB]=-]10-log, (F;O Emj [-l10- {'Og [PPO ] @P ﬂ

P

Loss|dB|=[-|(P,,,[dBm]|-P, [dBm])

h=9—®




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




Elementary operations

Addition
z+w=(a+j-b)+(c+j-d)
Subtraction
z—w=(a+j-b)—(c+j-d)=(a-c)+ j-(b—d)
Multiplication
z-w=(a+j-b)(c+j-d)=(a-c—b-d)+j-(b-c+a-d)
Division
-2 BE LY (scing), (2eces

(a+c)+j-(b+d)




Conjugate

Z Z=a+ J-b
Z* z =a—j-b

Im
Symmetry over the real axis y‘} _____ 2=x+Hy
Re(z):azl-(z+z*) /

' @
O N B ey
Z+W) =2 +W N\

« x Z=X—1y




Polar representation

Polar representation
modulus

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

zZ|=va®+b* )
arctanl — |, a>0
a
b
arctan| — |[+7, a<0,b>0
a
p=arg(z)=+
arctan E —r, a<0,b<0
a

‘nedefinit a=0

NN
7
NN



Polar representation

Euler's formula A
el =cosx+ j-sinx;¥xeR

Polar representation

z=a+ j-b=|z]-e” ¢

z:a+j-b:\2\-(COS(0+j°3i”€0) 0 X
/ :(]z‘-ej"p)n :‘Z‘“ plne :‘z‘n [cos(n- @)+ j-sin(n-p)]
é \E:(]Z\-e”’)% :\/ﬁ.ej'(g :\/ﬁ.(cosqu j-sin %)

2 w= 27 fuf-e <[z - ¢/ — z]-foos{ + 6)+ s+ )
z2l-et 2l .z o
Z/W: wl-el? - W el e :W'[COS(¢_9)+ J 'S'”(éf)—@)]




Polar representation

Polar representation A
z|=va® +b’ y

\z\zzz-z*

‘e‘ =|cos X+ j-sin x\:\/coszx+sin2x:1
3 e’|=1 vxeR
\ 0

z Z(JZ‘-ew) =|z|-(cosp+ j-sin @) =|z|-(cosp— j-sin @)=
=|2]-[cos(- @)+ j -sin(— )] =[] -¢7*




Polar representation

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

arctan ., a>0

arctan +7, a<0,b>0

I
N

¢ =arg(z)

arctan -, a<0,b<0

T | o |T

.nedefinit a=0

NN

z_
2!

dms ||cosh|| cos || x¥ || ¥x || 4 5 6 % 1/x

mn tanh || tan || ¥x 1 2

¢[°]:1800-¢[rad] olrad]= 7 1(p[°] o o o o B
T




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
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