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1. Sinyal

Verici ile alici arasindaki bir iletim ortaminda tasinan bilginin varligidir. Ancak bilginin
varligini temsil eden sinyaller iletim icin ortamda uygun bir bicimde bulunur. iletim
ortaminda bilgiyi bozan, zayiflatan, degistiren girilti kaynaklari bulumaktadir. Bilgiyi
bu gliriltlu kaynaklarinin igerisinden bozulmadan iletebilmek igin modilasyon yapilir.
Modiilasyon, bilgiyi baslangicindaki biciminden, verici ile alici arasindaki iletim ortami
icin uygun bir bigcime dénlstiirme islemi olarak tanimlanir. Demodiilasyon ise bunun

tersi bir islemdir. Yani modulasyonlu sinyalin ilk bicimine donustirilme islemidir.
Modilasyon islemi, modilator adi verilen devrede, demodiilasyon islemi ise
demodiilator adi verilen bir devrede gergeklestirilir.

Alici: Verici tarafindan kodlanmis olarak génderilen sinyalin kodunu ¢ézerek orijinal
bilgi sinyalini Greten elektronik devrelerdir.

Verici Sistem: Gonderilecek elektrik sinyallerini modilasyon islemiyle fiziki kanalda
veya yayilim ortamda génderilmeye uygun héale gevirir. iletim mesafesini belirleyen
parametrelerden biri de vericinin glicidur.

Alici sistem

Alinan sinyaldeki mesajin génderilmeden 6nceki haliyle elde edilmesidir. Dolayisiyla,
vericide alinan sinyalin glivenirligi ve kalitesi, sinyaldeki glirtilti siddetine, etki eden
diger zayiflamalar ile kullanilan modulasyon tipi gibi etkenlere bagldir.

Sinyal zayiflamasi: iletisim mesafesi ile sinyal giicii ters orantilidir. Mesafe arttikca
sinyal glicl zayiflar.

Sinyal bozulmasi (distortion): iletim ortaminda ilerleyen sinyalin icerdigi farkli
frekanslarin farkl zayiflamalarla aliciya ulasmasidir. iletilen veri bozulabilir.

Gecikmeden kaynaklanan bozulma (dispersion): Sinyali olusturan farkli frekanslarin
(ya da fiber optik kablo icerisindeki isik isinlarinin) farkli yollar Gzerinden aliciya farkl
zamanlarda ulasmasindan kaynaklanir.



1.1.  Analog isaret

Analog isaret, genlikleri ve frekanslari farkh sints dalgalarinin toplamindan olusur.
Frekans, bir saniyedeki titresim sayisidir. Tersi ise periyottur. Yani periyot bir tek
titresimin slresidir. Analog isaret, cok sayida frekans bilesiminden olustugundan
zaman domeninde isareti islemek zordur. O nedenle frekans domaininde islenir.
Frekans spektrumunda isaretin basladigi ve bittigi frekans araligl bant genisligini verir.

Analog isaret: isareti belirleyen temel 6zellikler genlik frekansi, faz ve bant genisligidir.
Analog isareti; genligi, frekansa ve faza badli olarak zamanla dedisen isarettir.

Q=M sin ¢

WA /\tm
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\/ v I=M cos ¢
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Sayisal isaret: bit temelinde O ya da 1 ile tanimlanan var/yok mantigiyla ¢calisan
isarettir. Bir isaret, farkh sinis
dalgalarinin toplamindan olusur. e PeriodT
(Genislik ve frekans) Frekansin temeli unitcirete
titresimdir. Frekans, bir saniyedeki /7\\ """"""""""" T s
titresim sayisidir. Tersi ise periyottur. 0 \ | \
Yani periyot bir tek titresimin siiresidir. \ @/ 0to Peak \\\ y
Analog isaret, ¢cok sayida frekans V/ \v
bilesiminden olustugundan isareti Peak-to-Peak

islemek zordur. O nedenle frekans
domaininde islenir. Frekans
spektrumunda isaretin basladigi ve bittigi frekans araligi bant genisligini verir.

Peryod: Bir x(t) analog isarette x(t+T)=x(t) olacak sekilde T positif bir sayi ise Bu isaret
peryodiktir. T degerine periyod ve f=1/T (Hz=1/sec) peryodun tersinede frekans denir.
Frekans 1 saniyedeki peryod sayisidir.



Frekans:
Frekans veya titresim sayisi bir olayin birim zaman (tipik olarak 1 saniye) icinde hangi
siklikla, kag¢ defa tekrarlandiginin 6lgimuidir, matematiksel ifadeyle periyodun
¢arpmaya gore tersidir. Bir olayin frekansini 6lgmek icin o olayin belirli bir zaman
araliginda kendini kag kere tekrar ettigi sayilir sonra bu sayl zaman araligina béliinerek
frekans elde edilir. Sl birim sisteminde frekans, Hertz (Hz) ile gosterilir. Bir Hertz, bir
olayin saniyede bir tekrarlandigi anlamina gelir. Olayin iki Hertzlik bir frekansa sahip
olmasi ise, olayin saniyede kendini iki kere yineledigini ifade eder. Frekansi 6lgmenin
baska bir yolu ise olayin kendini tekrar etmesi arasinda gecgen siireyi tayin etmektir zira
frekans bu siirenin carpmaya gore tersi oldugundan dolayli olarak elde edilebilir.

Kati Adi Sembol
1070 |Hertz Hz
1071 | dekahertz |daHz
1072 | hectohertz | hHz
1073 | Kilohertz kHz
1076 |megahertz | MHz
1079 |Gigahertz |GHz
10712 | Terahertz |THz
10715 | Petahertz |PHz
10718 |Egzahertz |Ehz
10721 |zettahertz |ZHz
10724 |yottahertz |YHz

Dalga Boyu
Wavelength: The distance between repeating units of the propagation wave
Elgciric

o= Wavele field
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isaretin 1 saniyedeki tekrarlama (cycle-saykil) sayisidir. Birimi Hertz'dir.



Dalgaboyu (A)

Dalga yiiksekligi
(Giic)

>

Zaman

Bir tam devir
(Frekans = 1 saniyedeki devir sayisi)

Frekans f=1/T formuliyle hesaplanabilir. Burada: f = Frekans, T= Peryot ‘tur.

f=1 KHz=1000Hz=10"3 Hz, f=1 MHz=1 000 000= 1076 Hz, f=1GHz=1 000 000 000=10"9
Hz

A=lsik hizi / frekans =f / ¢ (metre)

Band genisligi:
B=Veri hizi (bps)/(Kodlama orani x Sembol orani x FEC ), Hz olarak bulunur.
Bir isaretin alt frekansi =f1, Ust frekansi=f2 ise isaretin band genisligi BW=f2-f1 dir.

Bw=f2-f1



1.2. Gurilti

Sinyal zayiflamasinin en yaygin tipi, vericide sinyal ylkseltme islemi sirasinda gorilen
ve sinyalle birlikte ylikseltme islemine tabi tutularak ylkseltilen glirtilti ¢esidi olup,
cogunlukla termal giiriiltii olarak bilinir.

Telsiz haberlesmesinde ise, termal giriltiye ilave olarak insan eliyle meydana gelen
glriltu ve kanalda varolan atmosferik glrilti de alici antene ulasir. Telli veya telsiz
haberlesmede, kanaldaki diger kullanicilardan kaynaklanan girultilerin etkisi, sinyal
zayiflamasina etki eden diger bir girilti cesididir. Yiksek frekanslarda yapilan telsiz
haberlesmesinde, sinyal seviyesinin dlismesine sebep olan tipik bir etki de ¢ok yollu
yayilim olup, zaman bagimli olarak sinyal genliginin degisimidir. Gonderilen sinyaldeki
bitlin bu rasgele degisim ve bozulmalar istatistik terimlerle ifade edilebilir.

Glriltia: Gonderilen orijinal sinyali bozan ve sisteme istem disi dahil olan herhangi bir
enerji (isaret ya da sinyal). Guriltindn varligi analog veya sayisal sistemlerinin
performansini dislirir. Glriltindn iletisim sisteminin performansini ne kadar
etkiledigi sinyal gliciinlin glirtltl glicline orani (analog iletisim) ya da hata olasiligi
(sayisal iletigim) ile olgulur.

Girisim-Parazit (Interference): istenmeyen isaretlerin sistemimize girerek sinyalimiz
lizerinde yaptigi bozucu etkidir. C6ziim istenmeyen isaret kaynaklarinin sistemden
uzaklastiriimasidir.

Harmonik Bozulma: Sinyaller harmonik frekanslarin toplamindan olusur. Tek frekansli
bir siniis dalgasi; dogrusal olmayan bir cihazda yiikseltildiginde, bu tek frekansl siniis
dalgasinin istenmeyen katlarinin olusmasina denir. Harmonik bozulmanin gesitli
dereceleri vardir. ikinci derece harmonik bozulma v.b.

Modiilasyonlar Arasi Bozulma: iki veya daha ¢ok frekans; dogrusal olmayan bir
cihazda ylikseltildiginde, istenmeyen vektérel carpimlarin (toplam veya fark
frekanslarinin) olusmasidir. Harmonik bozulmada oldugu gibi, bu bozulmanin da
dereceleri vardir. Genel olarak 2. derece modiilasyonlar arasi bozulma yiizdesi
kullanilir.

Capraz Konusma (Crosstalk): Ayni kilif icerisinde yanyana bulunan kablolardaki
sinyallerin birbirlerini etkilemeleridir. C6ziim, biikiimlii kablo kullanimi)



Isil Giiriiltii: Devreyi olusturan; direng, transistor ,vb. elemanlarda bulunan serbest
elektronlar ortam sicakligl nedeniyle giirtltl olusturabilirler.Glriltu tarafindan
olusturulan gii¢ Johnson formiili ile ifade edilir.

Pn = 4kTB

Bu formiilde;

Pn; glrdlta tarafindan olusturulan gic,

k; Boltzman sabiti 1.38*10-23 J/K

T; sicakhk (Kelvin)

B; bant genisligi (Hertz)

Direng tarafindan olusturulan isil glirGltiintn efektif voltaj degeri;

en= Karekok(4kTBR)

Schottky Giiriiltlisii: Diyot, BJT, FET veya tip gibi etkin bir aygitin ¢ikis 6g8esine
tastyicilarin (elektronlar ve bosluk/delikler).Rasgele degisen bir glralta taradar. Var
olan her isaretin Gzerine binmis olarak bulunur. Bir diyot icerisindeki schottky
guraltusd;

In = Karekok(2 * ge * Idc * B)

Bu formiilde;

ge; Elektron yiki 1.6*10-19,

Idc ; Diyot dogru akimi (A)

B; Esdeger bant genisligi (Hertz)



1.3. Haberlesme kanali, Kanal kapasitesi ve Band genisligi

Nyquist teoremi glirtiltiislz iletisim ortamindan gonderilebilecek toplam sayisal veri
miktarini ve drnekleme araligini belirler. Bu teoreme gore analog sinyali sayisal isarete
donisip bozulmadan yeniden analog isarete doniisebilmesi icin 6rnekleme frekansinin
analog sinyalinin band genisliginin iki katina esit ya da biiyiik olmasi gerekir. Ornekleme
araligi; ornekleme frekansinin tersidir. Nyquist teoremi giriltisiz iletisim kanallarini
tanimlar oysa iletisim ortamlari girilti ile birlikte varhgini sirdirirler bu nedenle
isaretin glriltiye oranina bagh olarak kanal kapasitesini tanimlamak igin Shannon’in
teoremi kullanilir.

Haberlesme kanali sinyalin vericiden aliciya génderilmesine yarayan fiziki bir ortamdir.
Elektrik sinyallerinin gectigi, frekans ya da zaman ile ayristirilmis bant ya da yola kanal
denir. Telsiz haberlesmesinde kullanilan kanal genellikle atmosfer (serbest uzay) olup
telefon veya diger telli haberlesme cesitlerinde ise tel, koaksiyel kablo veya optik kablo
gibi gesitli fiziki ortamlardir. Kullanilan kanal, telli ortam da olsa gdnderilen sinyal bazi
rasgele zayiflama mekanizmalarina tabi olur.

Bir haberlesme sistemi tasarlanirken sinyal bozulmalarinin bitin etkileri gz 6niine
alinmaldr.

Spektrum; Bir isareti olusturan frekans araligi; fmin, fmax

Band Genisligi; Spektrum genisligi=fmax-fmin

Kapasite; iletilebilecek data orani bps
Gurdltu, SNR
V.

recelved
signal zighal

|nfarmation | ME+a08

S0LICE

[ECEIVES destination

franzmitter




* The maximum rate at which data can be transmitted over a given communication
path
* Relationship of
— Data rate: bits per second
— Bandwidth: constrained by the transmitter, nature of transmission
medium
— Noise: depends on properties of channel
— Error rate: the rate at which errors occur

* How do we make the most efficient use possible of a given bandwidth?
— Highest data rate, with a limit on error rate for a given bandwidth

A very important consideration in data communications is how fast we can send data,
in bits per second, over a channel. Data rate depends on three factors:

1. The bandwidth available

2. The level of the signals we use

3. The quality of the channel (the level of noise)

¢ Nyquist teoremi giiriiltiisiiz kanal igin gegerlidir
e Shannon’s teoremi giiriiltiilii kanalin kapasitesini tanimlar.



Nyquist Teoremi

Harry Nyquist (1889-1976), isvecde dogdu, 1907 yilinda Amerikaya tasindi ve AT&T Bell
Laboratuarinda ¢alisti. Dr. Nyquist ve Dr. Claude Shannon modern
telekomiinikasyondaki tiim teorik gelismelerin alt yapi teoremini gelistirmislerdir.

Nyquist teoremi gurultiisiz haberlesme kanalindan bir saniyede transfer edilecek bit
miktarini tanimlar.

C=2xBxn

C=64.000bps B=4.000Hz ise n=? >>>>n=64.000/(2*4.000)=8 bit. , Analog isaretin
orneklenecek aralik sayisi=2*n=256 dir.

Analogdan sayisala iletildikten sonra sayisaldan analoga déntislp orijinal isareti
yeniden elde etmede kriterler;

e Ornek alma aralig

e Ornek alinan isaretin degerin ifade edildigi sayisal bit sayisi

e Ortamin kapasitesini sinirlayan etkiler; giirilti, direnme, zayiflama

Ornek alma frekansi >=2*BW ise (BW: band genisligi), BW=10.000Hz ise érnek alma
frekansini bulunuz. Ornek alma zaman araligini saniye olarak bulunuz.
Fs=2*10.000=20.000Hz

Ts=1/20000=50mikrosaniyedir.

Soru: Analog isaret sayisal isarete donisup iletildikten sonra yeniden analoga
cevrildiginde ayni isaret nasil elde edilecektir?

Ornekleme aralig;

300 Hz 3400 Hz frekans araliginda isaretlerin toplamindan olusan;

Telefon haberlesmesinde 6rnekleme frekansi analog isaretinin bant genisliginin iki kati
alinirsa bant genisligi bozulmaz. 125 mikro saniye araliklarla 6rnek alip, analog isaret
sayisal isarete donlsturillrse orjinalite bozulmaz.

Eger bir f(t) analog isareti, bant genisliginin 2 katina esit ya da biyk bir frekansla esit
aralklarla 6rneklenirse sayisal isaretten orijinal analog isaret yeniden elde edilir.
Analog isareti sayisala cevirdikten sonra: Transfer edilir, bilgisayarda islenir, tekrar
duyabilmek i¢in analoga cevrilir. Nyquist’e gore: Analog frekansim, bant genisliginin 2
katindan buyik ya da esit olmalidir.



fs>= 2*Bw lletisim teknolojisinde 0 — 4 kHz arasindadir.

TSZ%E fs > 2*4KHz >8KHz
S

1 1 &
AnanE%ar%tem miido $8nipe8& 3 S8R alinip transfer edilip, tekrar analoga
cevirilirse isaretin orjinalitesi bozulmaz.
e Mizikte bant genisligi (Bw) 10 ile 12 kHz arasindadir.
o Cok yuksek kalite muziklerde Bw, 20kHz olmalidir.

MaxDataRate = 2B log, V [bits/sec]

C=2*B*log; (2”n)
C= Kanaldan gonderilebilecek 1 saniyedeki bit sayisi (bps)
B = Kanal Band genisligi (Hz)
V=22n= Ornek alinacak analog isaretin béliinecegi seviye sayisi

B=4.000Hz=4KHz

V=278=256

Orneklenen gerilim degeri 8 bit ile tanimlanir.
C=2*4000* log; (2"8)=2*4000*8=64.000bps
Shannon Teoremi (Claude Shannon 1916-2001 )

MaxDataRate = B log,, (1+ %) [bits/sec]

S
C :W Iogz[l'f‘ﬁj

S=EC
N = NW



Shannon limit

E:Iog2 1+5£
W N, W

As W — « or %—m, we get:

E, 1
—2 -
N, log,e

~0.693~~1.6 [dB]

There exists a limiting value of below which there can be no error-free communication
at any information rate. By increasing the bandwidth alone, the capacity can not be
increased to any desired value.

isaretin Giiriiltiiye Orani
SNR = 10 Log (S/N)

S: isaret Seviyesi (Watt)
N: GUrllth Seviyesi (Watt)

1.4. Gecikme
Gecikme ¢esitleri:
e sleme
e Protokol Kod Calistirmasina Zamani
o Kuyruk
o [slenmek Uzere Kuyrukta Bekleme Siiresi
e Transmisyon
e "Bijt Ortamdan Génderme Siiresi"
e Yayima

Yayilim ve iletim gecikmesi

Propagation speed - speed at which a bit travels though the medium from source to
destination. Transmission speed - the speed at which all the bits in a message arrive at
the destination. (difference in arrival time of first and last bit)

Propagation Delay = Distance/Propagation speed

Transmission Delay = Message size/bandwidth bps

Latency = Propagation delay + Transmission delay + Queueing time + Processing time



2. Logaritma
Log(1)=0,

Log(10)=1,

Log(a x b) = log(a) + log(b),
Log(a / b) log(a) — log(b),

Log(2)=0.3, Log(3)=0,477

P=1Watt, 10 x Log(P)=0 dBw

P=10Watt, 10 x Log(P)=10 dBw
P=100Watt, 10 x Log(P)=20 dBw
P=1000Watt=1KWatt, 10 x Log(P)=30 dBw

P=10000Watt=10KWatt, 10 x Log(P)=40 dBw

P=1miliWatt=10">Watt, 10 xLog(P)=-30dBw=0dBm
P=80Watt, 10 x Log(P)=10 x log(8 x 10)=10 x Log(2>)+10 x Log(10)=30 x 0.3+10=19dBw

KdB=10 x log(Po/Pin)

dBm=10 x log(Pmw),
dBW=10 x log(PW),
dBm=10 x log ( PW ) dBW + 30dBm

10log1o 2=3 dB dir.
10log19 3=4.77 dB dir.
10logio (1/2)=-3 dB dir.

10log1o (1.5)= 1.76dB=10logy, (3/2)=4,77-3=1,77

Soru: 10 dB ve 20 dB degerlerinin aritmetik ortalamasi nedir?
10 dB=10*log(X1), X1=10'"*=10

20 dB=10*log(X2), X2=10?"*°=10?=100

Aritmetik ortalama=(10+100)/2=55



2.1.  Olgiim birimleri

[—|-- ORTAM - SISTEM |~ -

P1,V1 P2, V2.
dB- desibel iki gli¢ seviyesi orani ilen tanimlandigindan birimsiz sayidir.

P
K =10Log,, (_2)
R

K>0 ise kazang vardir, K=0 ise buffer K<0 ise kayip vardir.

Soru: Kablonun girisinden 4 watt 6lglilmustir. Kablonun uzunlugu 100metredir.
Kablonun sonundan 1watt olglilmustiir. 100metrelik kablo kaybi kag dB dir.

KdB=10*log(1/4)=0-10*log(4)=-20*log(2)=-6dB dir.

I

N

100m |
Pl PZ

iki glic seviyesi birbirleri ile oranti temelinde iliskilidir. Eger P2 giic seviyesi P1 giic
seviyesinden blylk ise dB pozitiftir. Tersi durumda negatiftir.

Direng degerlerinde gerilimler 6l¢lildiglinde dB degeri gerilimler cinsinden asagidaki
V2
bicimde yazilir. P = F'

dB = 20Log,, (\i)
Vl



2.2. Serbest uzay yol kaybi

Serbest uzay yol kaybi, havada ya da boslukta yayilan elektromanyetik dalganin
enerjisini emen ortamin yok edici zayiflamasindan farkhdir. Uzakliga ve frekansa
bagli olarak yayilan dalganin giiciini zayiflatir.

Gt=Verici

Anten Gr=Alici
Kazanci ﬁgt:ar;m
Pe Pd
R
FSL=Bos Uzay Yol Kaybi
Lr=Kablo ve
Konnektor Kaybi
Lt=Kablo ve
Konnektér Kaybi
VERICI [ ALICI
Pt=Verici
Cikis Pr=Alici
Glcu Alis
Gilcl

Pr, alis glicli, antenin 6nlindeki gi¢ yogunlugu ile alis antenin 1sima agikligl,
anten kazanci ve kablo kaybinin c¢arpilmasidir. Alici antenin oniindeki gig
yogunlugu, verici gicl, anten kazanci ile kablo kaybinin carpilip kiiresel yizey
alanina bolimiine esittir.  Alig glici (6) nolu denklem ile tanimlanir. (Friis
denklemi)

P=PGLG,L, (L)2 Watt (6)
4R

Serbest uzay yol kaybi, FSL = (L)2 ., Watt
4R

Burada

Pr: alis glic seviyesi, Watt,

Pd; alis glic yogunlugu, W/m2,

Pt; verici ¢ikis glicli, Watt,

Gt; verici anten kazanci, (nimerik),

Lt; verici tarafta hat kaybi, (ntimerik),

Gr; alici anten kazanci (nimerik),

Lr; alici tarafta hat kaybi (nimerik),

R; Alici verici antenler arasindaki uzaklik (metre),



A==
f

Burada

A, dalga uzunlugu, (metre),
c=1sik hizi=3 x10® m/s
f=frekans (Hz=1/s) dir.

12
4—is Isima acikhgidir.  Verici glici dBW, anten kazanci dBi, kablo kaybi dB
V4

olarak verilirse (6) nolu denklemdeki alici gii¢ seviyesi dBW olarak hesaplanir

(7).

47 R
Pr=Pt+ Gt + Gr - Lt — Lr— 20 Log,, (%) (7)
Son terim serbest uzay yol kaybi olarak adlandirilir.

FSL= - 20 Loglo(?) dB.

10 T T 3 3 3
0«

10

201\
a0l 100MHz

-40

Pr, Alyp Guci, [dBm]

-50

-60

-70

_80 r r r r r
0 1000 2000 3000 4000 5000 6000

R, Uzaklyk, [m]




Yol kayiplari

Verici ve alici anten arasindaki yol kayiplari propagasyon gevre sartlarina glicli
bir sekilde baghdir. Birebir gorlise sahip birka¢ yansimaya sahip Cok yollu bir
cevrede yol kayiplari:

N 2

L g

2
I-path = (ij
47d ~ " dn

Burada d dogrudan 2 anten arasindaki uzaklik, I", n. Sayidaki objenin yansima

sabiti d, n. Objenin dogrudan alici antene uzakhg N toplam yansima sayisi.
Topraktaki yansiyan sinyalin genligi ve fazi dalga polarizasyonuna olus acisina ve
toprak oOzelligine baghdir. Birbirini takip eden topraktan gelen yansima

/1 2
Lpath = (MJ 1

Buradaki d birebir goristeki aliclya olan mesafe d1=1/d2+(2h)2 yansimis yol

uzunlugu. Uzun mesafelerde ise ( d >>= 4t h2 / A ), denklemde verilen yol kaybi

modelindeki yol kayiplari:

2

_ E g ik(d-d)

d,

d  ile orantili hale gelir. Alici bolgesindeki sinyal glicli yol kaybi formiliinden
bulunur:

P, =PGL

tag =R path



Verici giiciinden elektrik siddetinin hesaplanmasi
Verici antenden R [m] uzaktaki gli¢ yogunlugu,

P.G, L
47 R?

Serbest uzaydaki uzak alanda elektromagnetik dalganin tasidigi glic yogunlugu

W /m? (8)

d

(2) nolu denklemde verilen elektrik alan siddetinden hesaplanir.
E? E?
T, 1207

W /m? (9)

d

(8) ve (9) nolu denklemlerden elektrik alan siddeti glic yogunlugu ya da verici
glicli cinsinden hesaplanabilir.

E=.,1207P, =19.4\/P_d=5'—:8,/Pt GL V/m (10)

GUg¢ yogunlugu ve elektrik alan siddetinin dB cinsinden logaritmik olarak ifadesi
(11) ve (12) denklemlerinde verildigi gibidir.

Pd=-11dB-20 Log,,(R)+Pt (dBW)+Gt(dBi)-Lt(dB) dBW/m?  (11)
E=14.8dB-20 Log,,(R)+Pt (dBW)+Gt(dBi)-Lt(dB) dBV /m (12)

(12) nolu denklemden (11) nolu denklem cikarilirsa dBW/m2 cinsinden gii¢
yogunlugu dBV/m cinsinden yazilir.
E =25.8 dB + Pd(dBW/m2) dBV/m. (13)



Alig giiciinden elektrik alan siddetinin hesaplanmasi
Alici antenin 1sima agikhginda gli¢ yogunlugu, ahs gliciiniin anten kazanci, kablo
kaybi ve anten i1sima agikligina bélimine esittir.

B 47 P
°G L

r—r

P, W /m? (14)

(14) nolu denklemi (10) nolu denklemde yerine koyarsak elektrik alan siddetini
V/m cinsinden elde ederiz.

LN

—_—(— V/im 15
T GL (15)

Guc yogunlugu ve elektrik alan siddetinin dB cinsinden logaritmik ifadesi (16) ve
(17) nolu denklemlerde verilmistir.

P, =11dB - 20Log,, (1) + P. dBW —G,dB, — L, dB dBW/m?  (16)
E =36.8dB —20Log,,(1) + P. dBW —G,dB, — L, dB dBV/m (17)



Elektrik alan siddetinin alici devrenin giris gerilimi cinsinden ifadesi

Receiving antenna
E P3

9a2

a

coaxial line Z, = 50€ %SOD IV
L o

Fig. 4. Field intensity in terms of receiving voltage.

Antenden gelen isaretin maksimum, kayipsiz ve yiksek verimde alici devreye
aktarilmasi icin giris empedansinin konjigesinin antenin ¢ikis empedansina esit
olmasi gerekmektedir.
Antenin ¢ikis empedansi 50 ohm, hattin karakteristik empedansi 50 ohm ve alici
devrenin giris empedansi 50 ohm ise alis glicti (18) denklemi ile belirtilir.

VZ
P=—,

R

Anten 1s1ma acikliginda glic yogunlugu ise

0.251V?
ey w
Pd /12 Gr Lr %nZ ’ (19)

Alan siddeti ise (10) nolu denklemden

E=,1207P, =19.4,/P,  V/m. olur. (20)

w (18)

GUc yogunlugu ve elektrik alan siddetinin dB cinsinden logaritmik ifadesi (16) ve
(17) nolu denklemlerde verilmistir.

P, =—6dB-20Log,,(4)+V dBV -G,dB, — L, dB dBW/m2 (21)

E =19.8dB-20Log,,(4)+V dBV —-G,dB; — L, dB dBV/m (22)

Uretici tarafindan belirtilen antenin en 6nemli o6zelliklerinden biride anten
faktoradar. Alict giclh oOlglldiginde elektrik alan siddeti ve giris gerilimi

bulundugunda anten faktori (23) nolu denklem ile hesaplanir.

AntenFaktor (AF) :5 =19.8-20Log,,(1) -G, — L, dB



2.3. SAR specific absorption rates

Spesifik sogurma orani (SAR), radyo frekanslarindaki (RF) elektromanyetik alana maruz
kalan vicut tarafindan emilen enerji oranin élgtilmesidir. Birim doku kitlesi tarafindan
emilen gic¢ olarak tanimlanir ve kilogram basina watt birimine sahiptir. [7] SAR
genellikle ya tim viicut Gzerinde ya da kiguk bir 6rnek hacmi lizerinde (genellikle
dokunun 1g ya da 10g) ortalama kullanilir. Kabullenilecek deger, ifade edilen hacim ya
da kitle tzerinde ¢alisilan viicut pargasinda dlgtlen maksimum seviyedir.

SAR, doku igerisine yonelen elektrik alan degerinden hesaplanir:

2
sap=2E
p

where

o; dokunun elektriksel iletkenligidir.

E; RMS elektrik alanidir.

P; 6rnek yogunluktur.
SAR is used to measure exposure to fields between 100 kHz and 10 GHz.B 1t is
commonly used to measure power absorbed from mobile phones and during MRI

scans. The value will depend heavily on the geometry of the part of the body that is
exposed to the RF energy, and on the exact location and geometry of the RF source.
Thus tests must be made with each specific source, such as a mobile phone model, and
at the intended position of use. For example, when measuring the SAR due to a mobile
phone the phone is placed at the head in a talk position. The SAR value is then
measured at the location that has the highest absorption rate in the entire head, which
in the case of a mobile phone is often as close to the phone's antenna as possible.
Various governments have defined safety limits for exposure to RF energy produced by
mobile devices that mainly exposes the head or a limb for the RF energy:

SAR 100 kHz ve 10 GHz arasinda alanlara maruz kalmayi olgmek icin kullanilir. [8]
Yaygin olarak MRI taramalari sirasinda ve cep telefonlarindan emilen glicii 6lgmek i¢in
kullanilir. Degeri agirlikli oldugu RF enerjisine maruz kalmaktadir viicudun boélimdnin
geometri bagli olacak ve tam yeri ve RF kaynak geometrisine. Bir cep telefonu modeli
gibi her 6zel kaynagi ile yapilmalidir Boylece testleri ve kullanim amaci konumunda.
Ornegin, SAR telefon konusma konumunda basinda yerlestirilen bir cep telefonu
nedeniyle Olgme. SAR degeri daha sonra tim baskani olan bir cep telefonunun
durumunda mimkin oldugunca sik telefonun anteni yakin en ylksek emme oranina
sahip yerde olgllir. Cesitli hiiklimetler RF enerijisi bu cogunlukla veya RF enerjisi igin bir


http://en.wikipedia.org/wiki/Root_mean_square
http://en.wikipedia.org/wiki/Specific_absorption_rate#cite_note-1
http://en.wikipedia.org/wiki/Mobile_phones
http://en.wikipedia.org/wiki/MRI

uzuv kafa aciga mobil cihazlar tarafindan (retilen maruz kalma glivenlik sinirlar
tanimladiginiz:
e United States: the FCC requires that phones sold have a SAR level at or below

1.6 watts per kilogram (W/kg) taken over a volume of 1 gram of tissue.
e European Union: CENELEC specify SAR limits within the EU, following IEC
standards. For mobile phones, and other such hand-held devices, the SAR limit

is 2 W/kg averaged over 10 g of tissue (IEC 62209-1). For Magnetic Resonance
Imaging the limits (described in IEC 60601-2-33) are slightly more complicated:

[ ]
Averaging time |6 minutes

Whole body Partial body|Head

Local SAR
SAR SAR SAR
) exposed body -

Body Region whole body " head head |trunk |extremities

par
Operating Mode
N (W/kg) (W/kg) (W/kg) |(W/kg) (W/kg) (W/kg)
Normal 2 2-10(b) 3.2 10 (c) |10 20
1st Level

4 -10 (b) 3.2 10 (c) |10 20
Controlled
2nd Level

>(4 - 10) (b) >3.2 >10 (c) >10 >20
Controlled

The SAR limit over any 10 s period shall not exceed three times the
Short term SAR
stated values

Notes:

Local SAR is determined over a mass of 10 g.

The limit scales dynamically with the ratio "exposed patient mass / patient mass":
NORMAL OPERATING MODE: Partial body SAR = 10 W/kg — (8 W/kg * exposed patient
mass / patient mass) FIRST LEVEL CONTROLLED OPERATING MODE: Partial body SAR =
10 W/kg — (6 W/kg * exposed patient mass / patient mass)

In cases where the orbit is in the field of a small local RF transmit coil, care should be
taken to ensure that the temperature rise is limited to 1 °C.

For whole body exposure there is a limit of 0.08 W/kg averaged over the whole
body.[8]A whole-body average SAR of 0.4 W/kg has therefore been chosen as the
restriction that provides adequate protection for occupational exposure. An additional
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http://en.wikipedia.org/wiki/CENELEC
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safety factor of 5 is introduced for exposure of the public, giving an average whole-
body SAR limit of 0.08 W/kg.

Mikrodalga yayiniminin sagliga etkileri
Elektromagentik dalga ile yayinim beyin dokusundaki kalsiyum iyonlarinin degisimine
neden oldugunu belirtmektedir.

Chiang et al. (1989), yaptigi calismalarda; 0—-4 mW/cm2 ile 120 mW/cm2.” (p. 22)
Arasindaki radyo dalgalarinin beyaz kan hiicrelerini hareketlendirdigini gézlemlemistir.
Kan Uzerine yapilan diger bir calismada, Guinea domuzlari Gizerinde 30 glin boyunca 1,
5, 10, ve 50 mW/cm2 elektromagetik glic yogunlugu uygulandiginda kan akisindaki
degisimlerin 1 mW/cm2 biyuk etki gosterdigi , ve 50 mW/cm2 daha az etki gésterdigi
gozlenmistir.

Almanya daki Medical University of Lubeck den Dr. Lebrecht von Klitzing, Bazi
insanlarin 10 nanowatts/cm2 den diisuk guc yogunluklarinda bile hastalandigini ileri
sirmustlr. Dr. Lebrecht bebeklerin 1 nanowatt/cm2 gli¢ yogunluklarinda bile
etkilenecek kadara hassas oldugunu séylemistir.

IRPA (International Radiation Protection Association) genel halk icin maruz kalinacak
gli¢ yogunlugu seviyesinin 1ImW/cm”2, Radyo Frekansinda ¢alisanlarin ise 5mW/cm”2
oldugunu onerir. Maruz kalma limitleri 6 dakika ile sinirlandirilmistir.

Genel kabul mikrodalga isimanin viicut organlarinda emilen eneriji ile ilgili oldugudur.
Duyarli organlar; G6z, Bas ve beyindir. Mikrodalga frekanslarinda galisanlarin bas agrisi,
GOz yorgunlugu, Asiri halsizlik, bitkinlik, uykusuzluk tan sikayet ettikleri raporlanmistir.
Bunlarin timiiniin mikrodalganin viicudun sinir sistemini etkilemesi ile ilgili oldugu
gorulmektedir.
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10MHz ve 6GHz arasindaki frekans araliginda, etkilere karsi korumak igin SAR birimi
kullanihr. 6 GHz den 300GHz e kadarki frekanslarda ise viicut yiizeyine yakinindaki
organlarda isitmadan korunmak icin elektromagnetik dalganin gii¢c yogunlugunun
zamandaki ortalamasi dikkate alinir. Bu frekans araliginda organlara elektrik alanin
girme derinligi kiguk oldugundan, ve emilen enerjiyi degerlendirmedeki sikintilardan
dolayr SAR iyi bir 6l¢im degildir.

Radyo frekansi yayinimlarindan korunma standartlari
1. IEEE Std C95.1™-2005 (Revision of IEEE Std C95.1-1991,1999)
2. ARPANSA, Maximum Expsure Levels to radiofrequency Fields — to 3KHx to
3GHz
3. U.S. MILITARY RESEARCH AND EXPOSURE STANDARDS, HEALTH AND SAFETY
OF RADIO FREQUENCY RADIATION (NON-IOZING RADIATION)
4. IRPA, International Radiation Protection Association Recommendations



2.4. Uygulamalar
1) Log(10)=1; Log(2)=0.3; Log(3)=0.477; log(7)=0,845
Log(5)=? Log(5)=Log(10/2)=Log(10)-Log(2)=1-0.3=0.7 dir.

2) Olgiilen isaret seviyesi (S) 10mw, isaretin giriltiiye orani: S/N=20dB ise
a) S=? W; ImW=107-3 watt=0,001watt, 10mW=10"-2watt=0,01watt
b) S=? dBm

S(dBm)=10log(10mW)=10dBm; S(dBW)=10log(10”-2W)=-20dBW

S(dBW)=S(dBm)-30; S(dBm)=S(dBW)+30

c) N=?dBm
S/N (dB)=10*log(S)-10*log(N)=S(dBm) - N(dBm)
N(dBm)=S(dBm)-S/N(dB)=10-20= -10dBm
N(dBm)=10*log(N(mW))
-10=10*log(N(mW))
Log x=a ; x=10"a

N(mW)=10%-1=0,1mW

3) Nyguist Teoremi
C=2*B*log; (2*n)=2*B*n
C= Kanaldan gonderilebilecek 1 saniyedeki bit sayisi (bps)
B = Kanal Band genisligi (Hz)
V=2/n= Ornek alinacak analog isaretin béliinecegi aralik sayisi

B=4.000Hz=4KHz, V=2"8=256

Orneklenen gerilim degeri 8 bit ile tanimlanir.

C=2*4000* log; (278)=2*4000*8=64.000bps

Fs>2*B

B = Band genisligi (Hz), Fs=Ornekleme frekansi (Hz=1/saniye), Ts=1/Fs=Ornekleme
araligi (saniye)

B=4KHz, Fs=2*4000=8000Hz, Ts=1/8000=125us

125us de 8bit gonderilirse 1 saniyede 64.000bit gonderilir.

4) Gurilttustz kanaldan 1 saniyede 265kilobit gondermek istedigimizde, kanalin band
genisligi 20KHz ise Analog isarette drnek alinan deger kag bit ile tanimlanir?
Nyquist Teoremi; C=2*B*n, 265.000=2*20.000*n
n=265/40=6,625 > 7 bit alinir. V=Aralik sayisi=227=128 dir.



5) Gurdltila kanalin band genisligi 20MHz ise S/N=36 olan kanaldan 1 saniyede kag
bit génderilir?
Shannon Teoremi C = B*log, (1+S/N)
(S/N)dB=36dB, 10*log(S/N)=3 6, Log(S/N)=3.6,  S/N=1073.6=3981
1+S/N=3982, log, (3982)=x, 3982=2A, Log1o (3982)=x*Log1o (2)
Log(1000*4)=3+0,6=3,6,  Logio (2)=0,3
X=12, C=20.000.000*12, C=240Mbps

6) Gurultila kanaldan 1 saniyede 265kilobit gondermek istedigimizde, kanalin band
genisligi 20KHz ise S/N=? Shannon Teoremi C = B*log, (1+S/N)

1+S/N=2A(C/B); $/N=2/(C/B)-1

265.000=20.000* log, (1+S/N)
log, (14S/N)=13,25, log, X=a, X=2"a
1+5/N=2A(13,25), S/N=2/(13,25)-1, 10log(S/N)=10*13,25*log(2)=39,75dB

7) C=64.000bps, B=4.000Hz S/N=? dB
S/N=27(16)-1 ---> (S/N)dB=10*16*0.3=48dB

8) Logaritma

logio 1=0, logip 2=0.3, logio 3=0.477, logio 10=1
Log(a*b)=log(a)+log(b), Log(a/b)=log(a)-log(b), Log(a™n)=n*log(a)
a) log(128)=? log(128)=log(2~7)=7*log(2)=7*0,3=2,1
b) log(5)=log(10/2)=log(10)-log(2)=1-0,3=0,7
c) log(7)=0.845, Log(36/5)=0.857

9) Dalga Boyu
Dalga boyu A=c/f, f=1GHz=107"9Hz,  ¢=3x10"8 m/s, A=3*107-1=0,3m=30cm



3. Empedans

3.1. Complex

Complex numbers provide a compact way of describing amplitude and phase (and

Complex number z = x 4+ jy  (xandy real-valuedj — /1,

the operations that affect

r= |Z‘ = x4 yﬁ, them, such as filtering)

6 = arg(z) = tan~! 4
X

e’ =cosO+jsinf

(a+i*b)(a/(a%+b?)-i*b/(a*+b?))=? i=(-1)*>




3.2. Alternatif akimda seri bagh R-L-C devre analizi

RLC DEVRELER

Seri bagl direncg - bobin ve kondansatérden olusan sekil 3.8’ deki devrenin akimi | olsun. R
direncinde Ug, L bobininde U, ve C kondansatoériinde Uc gerilimleri diser.

Sekil: R-L-C Seri devresi

Akim baslangic fazi olarak alindiginda, U akim ile ayni fazda, U, akima gére 90° ileri fazda ve U
akima gore 90° geri fazda olarak devrenin vektor diyagrami sekil 3.15 a’ daki gibi cizilir. Ug, U,
ve U nin vektorel toplami ise devre gerilimi U' yu verir. Buna gore sekil 3.14’ a dan

P= Ué"‘ (U, _chz

veya U=UZ+ (U, —U.)>

UR=L.R, UL=I.XRUC= |.XC, U=I.Z

oldugundan formildeki yerlerine yazilirsa,

1.2 =R +[(1.%,) - (1.X)P

[ — -
1.Z =1R?+ (X, — X.)*

Z=R:+ (X, —X.)



UL }Uc U | Ve UL
------------------- ] 4 Uc
ULUc ' Ut-Uc 0 VR |
@ L U Ut-Uc=
Uc VR Uc }UL Uc 0=0
a) ' b) c
XLSXC Xi<Xc X1=Xc

Sekil: Vektor diyagramlari

Yukaridaki formuliin incelenmesi sonucu, R - L - C seri devrelerinde U¢ durum- la karsilas ilir.
Seri R-L-C devresinde direncg, bobin ve kapasitor elemanlar AC gerilim kaynagi ile seri baglanir.

¢+ Direng Gzerindeki Vi gerilimi akimla ayni fazdadir.

* Bobin gerilimi V, ile akim arasindaki faz farki 90%dir Gerilim akimdan 90° ileri
fazdadir.

+ Kapasitor tzerindeki v¢ gerilimi ise akimdan 90° geridedir.

¢ Bu duruma gore gizilen sekil 3.15 deki vektor diyagraminda gorildiuga gibi v, ve v
gerilimlerinin vektorleri ayni dogrultuda fakat aralarinda 180° faz farki vardir.

I R
— /MW 1uVL
Vr Vv
</\/ i Ve VgL Vi-Vc I
[ I V
C YVc

Bu vektor diyagram v, > v kabul edilerek gizilmistir.

Sekil:R-L-C Seri devresi ve akim-gerilim faz iliskileri



Devrenin toplam gerilimi ile akimi arasinda a agisi kadar faz farki vardir. sekil 3.16’de goriilen seri R-
L-C devresi vektor diyagramindan;

[
VEi=V+ (V- V) =2V = "qllvR: + (W, — V.)? (Pisagor teoreminden)

=

Ve =LRV, =1LX, veV,=1X. =V =LA+ (I.X, —1.X)?

Vv

= 2
— ) 2 _ s ﬁ. = —_—
V=I 1..."R + (X_:_ XC:] I VRS H( X X0

v 3 5
I=E=>z=wf;e*+(xl—xcjc

Bu formiiller elde edildikten sonra empedans liggeni cizilebilir.

X,

XL_ XC

[

R ¥ x.

Sekil: Seri R-L-C devresinde empedans liggeni

Empedans l¢geninden a faz agisi, farkl trigonometrik fonksiyonlar kullanilarak bulunabilir.

X —X R , i —K
tana=¥cosa=g Slﬂﬂ-=g



3.3. Transformatorler

il
— >
o

V 1. sargi

1

Transformatorler temel olarak benzer bir demir ¢ekirdek niive Gzerine sarilmis iki sargidan
olusurlar. Beslemenin yapildigi sargi (1.sargi) primer, diger yikin baglandig sargi ise sekonderdir.1.
sargl bir alternatif sebekeye baglanirsa, primer bobini sebekeden, bir alternatif alan treten, bir
alternatif akim geker.Bu alternatif alan N1 sarimli bobinde ve N2 sarimli bobinde gerilimler indiikler.

S E1 _ N1 . . . .
Bu iki gerilimin orani == olur.Bu orana transformatorin degisirime orani denir. 2. Sarginiyi bir

i2 akimiyla yiiklersek, 1. Sarginin alternatif akim sebekesinden, dnce demir gekirdegin

miknatislanmasina gerekli akimi (miknatislanma akimi) ve sonrada 2. Sarginin yiik akimi i2’nin

miknatislayici tesirini karsilayacak bir akim cekmelidir.Miknatislanma icin gerekli akim ihmal edilirse
I, _ B

E;1; = E, I, olur. Buradan; t=2= % elde edilmis olur. Demek oluyor ki bir transformatérde
2 1 2

akim oranlari sarim sayilarinin ters orantilisidir.

indiiklenen gerilimler sarim sayilariyla orantili olduklarindan verilmis yiikseklikteki bir
alternatif gerilim baska bir yikseklige dontsttrulir. Yiksek gerilim sebekesine bagli sargiya st
gerilim sargisi, algak gerilim sebekesine bagli sargiya da alt gerilim sargisi denir.

Bir fazli trafolarin kullanim alanlari:

1-Kuru transformator seklinde kiiclik giiclerde; Televizyon, Rontgen cihazlarinda

2-Tasima ve yedek tutmanin zor oldugu biiyik ve cok buyik glclerde; Blylk glicli ti¢ fazli
transformatorlerin tasinmasi zordur 6te yandan ariza durumunda biyiik sikinti ¢ekilir.Bunun yerine 3
tane tek fazli trafo kullanilir.Boylece tasima ve yedek tutma kolaylasir.

3-Elektriklendirilmis demir yollarinda; Demir yollarinin elektriklendirilmesi 50 Hz tek faz alternatif
akimla yapilir.



Transformator Esdeger devresi:

R1 X1o 12 R2 X2o
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Uy =(R1+]JX,,)xl; +E;, E2=(R;+]Xp,)xly + U,
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Ei=E =Ry +]Xz5)xI'; + U,
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RFE direnci goz oniinde bulunduruldugunda olusan esdeger devre

Bir Fazli Transformatorlerin isleme Ozellikleri:

1-Bos calisma:
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Primere sargilarina bir alternatif gerilim uygulanirsa ve Sekonder sargilarina herhangi bi r yik
baglanmayip bosta birakilirsa bu ¢alisma sekline trafonun bosta ¢alismasi denir.Bu durumda
primerden cok kiiciik bir akim geger, bu akima ib akimi (bos ¢alisma akimi) denir.Bos ¢alismada
olusan ib akimi gerilimden tam olarak 90 derece geride degikldir.Vektor diyagrami incelendiginde bu
durum acikga goériliir.ib akiminin tam olara 90 geride olmamasi demek ib akiminin iki bileseninin
oldugunu gosterir.Bilesenler, im miknatislanma akimi gerilimden tam olarak 90 derece geridedir ve
endiktif bilesene karsilik gelir (demir kayiplar), diger bilesen ise gerilimle ayni fazdadir, ie akimi.

Transformatoriin esdeger devresi gosterilirken primer sargi tarafinda R1 ve X1 degerleri mevcuttur.

Transformatoriin acik devre deneyinde Rc ve Xc degerleri cok yiksek oldugundan R1 ve X1 degerleri
gosterilmez. Sekonder sargi ise zaten acik konumdadir.Sekil asagidaki gibi olur.Rc ve Xc nin bulunusu
asagida gosterilmistir.

Soc = Vocior:

:Sﬁ QDC:J(SOC):_(PDC):

+ V72
s Re xe RC = ——
PDC
X = VD_C
C
QDI’:

Oto Trato

Test Trafosu

Bir fazl transformator bosta ¢alisma baglanti sekli



2-Kisa devre:

Tse > R X1 R2 X2
+

Vaso e

Transformatoériin primer tarafina AC bir gerilim uygulanir ve Sekonder tarafinda ise ¢ikis ampermetre
Gzerinden kisa devre edilir.Girise uygulanan gerilim 0 dan baslayarak yavas yavas arttirilir ve
sekonderdeki anma gerilimine geldiginde sargilarin yanamamasi icin primere uygulanan gerilim daha
fazla arttirilmaz.Rc ve Xc degerleri cok ¢ok biiyiik oldugundan kisa devrede ihmal edilir.

Trafo orani 1:1 ise R1=R2, X1=X2 olur buradan

Ssc =Vselsc
> : R =R = Reo
Osc =\/(Ssc)_ _(P':C ]_ | ? 2
X
R, =P{C X =X,= =
¢ 2

Q{C

X, =—

R

Bu devreyi seri RL devresi gibi diistiniirsek. Rk=R1+R2 ve Xk=X1+X2 olarak yaza bilirz.Toplam

empedansi Zk ile gosterelim bu durumda asagidaki devreyi elde etmis pluruz.
Rk Zk
) — AN " e T
In
Zk
Un Xk
Kisa devre direng liggeni

5 @k

Kisa
Rk

Rk=Zk x cos(@k)  Xk=Zk x sin(@k) kompleks sekli; Zk=Rk+JXk

olarak yazila bilir.



N v ¢

Oto Trafo

Test Trafosu
Transformator kisa devre deney baglanti sekli

3-Sargi direncinin belirlenmesi:

N Rs Transformator’in esdeger devresinin elde edile bilmesi
ey .. . o ..
1® 1 icin sargilarin direng degerlerinin bulunmasi

gerekmektedir.Hem primer hem de Sekonder devresinin
direnglerinin bulunmasi ayni yéntemle

Rx '6)U gergeklestirilir.Sekilde goriildigu gibi Dc kaynakla
beslenen devrede anahtar kapatildiginda, devreden akim
gecer Rs ayarlanarak devreden gecen akim sabitlenir ve
4@ elde edilen gerilim, akim degerleri okunarak Rx direnci

| bulunur. Rx=U/I (burada Rs kaldirihp ayarh gerilim
kaynagi kullanilabilir)  Bulunana Rx direncini 1.11 ile carparak AC deki direncini buluruz.




3.4. Empedans Problemleri

ImH =10"°H ImF =10"°F
1gH =10°H 14F =10°F
InH =107H InF =10"°F
1pH =10"H 1pF =10"F

1. Devrenin osilasyon frekansini bulunuz?

L=1nano Henry

C=1piko Farad Om—u_o
Z=jwL-J/(wC)

Osilator Z=0 ohm

wL=1/wC

¢ 1 1 1010

1
C27JLC 27010010722 27107 2g

10°° ~ 7

f=5GHz

2. Devrenin esdeger Zin empedansini bulunuz?

N

Cl C2




L1=1mH

Cl=1nF
L2=1mikroH
C2=1pF
F=1GHz
7, = i, ——L = jo*z*10° %10 - j j@*r*10° -1
wC, 2*r*10°*107° 2* 1w
1
WL1>> WCl oldugundan
Z, = jwl pratikte alinir.
- ] . 9 -6 j . -3 10°
Z, = JwL, — = ]2*7*10° *10™ — = J(2*7*107 -
2= W= wC, . 2* 7 *10°*107*? I 2*7z)
L NwL oldugundan
wC,”
z,=—3
wC, pratikte alinir.

Devrenin esdegerini bulunuz.

O

L1
—_—C2

O




R
_ Zl*ZZ _ WCZ _ C2
" Z,+Z, i . 1
WL, — WL, —
wl, We, jwly WCZ)
WL, = 2*7*10° *107° = 2* 7 *10°
1 1 1 10°

WC, 2*z*10°*102 2*7*10° 2%z

6
S T
wC, 2% 1

wL, — >0

oldugundan devrenin esdeger empedansi bir endiiktanstir.

Zin=j163.291 ohm

L=260 mikro Henry olur.



4. Transistorler

4.1. BJT Transistors

A transistor is a device which acts like a controlled valve. The current flow permitted can be
controlled.

The bipolar junction transistor (BJT) is a three-terminal electronic valve - the output
(collector) terminal current-voltage characteristics are controlled by the current injected
into the input port (base). The BJT is a semiconductor device constructed from two pn
junctions. There are two types of BJT: pnp and npn. Figures 1 and 2 show the circuit symbols
and common current and voltage polarities during normal (active) operation.

o

Upr

B

B it v

Figure 1: npn BJT circuit symbol.

—ig B

ey

UBR

i
i ig

E R ks

Figure 2: pnp BJT circuit symbol.

The terminals are named: base (B), emitter (E), and collector (C), as shown.

BJT Characteristics
We now look at the characteristics of the transistor that will be needed for analysing circuits
containing transistors. The transistor is a nonlinear device.

Collector Characteristic Curves
Consider the circuit of Figure 6, which we will use to learn about the operation of the
transistor in a circuit by adjusting the voltage sources Vg and V.



1t

Figure 6: Basic transistor circuit.

A graph of the collector characteristic, ic versus v is shown in Figure 7

N VO E
0.7V I'"(ff_‘.‘ ()

saturation active breakdown
region region region

Figure 7: Collector characteristic curves

Suppose Vgz and V¢ are set to produce a current iz > 0 and V=0 V. Then both BE and BC
junctions are forward biased. The saturation region corresponds to the case where both
junctions are forward biased.

As v¢e increases and reaches about 0.7 V, the BC junction becomes reverse biased (before
this, the transistor is in saturation). When v¢: exceeds 0.7 V, the transistor goes into the
active region, or linear region corresponding to the BE junction forward biased and BC
reverse biased. This is the normal mode of operation of the transistor, e.g. as in amplifiers.
In the active region the collector characteristic is almost flat, meaning that ic is almost
constant but v¢e can vary. The value of ic is determined by i,

ic = Big. (eq.2)

If vee increases too much, the transistor goes into the breakdown region. This should be
avoided.



Figure 8 shows collector curves for different values of base current. When ig=0 A, the
transistor is in its cutoff region , and only a small leakage current flows as ic.

I A

Jp=0
0.7V /( Ver

cutoff region
Total, DC and AC Currents and Voltages
Figure 8: Collector characteristic curves for various values of /.

In order to analyse and design transistor circuits, techniques have been developed to
simplfy the calculations by decomposing current and voltage signals into DC and AC
components. As an example, consider the following expression for the collector voltage (see
Figure 9):

Ve=Vce+ v,

Here,

vc is the total voltage at the collector,

Vcis a DC component,

V. is a time varying or AC component.

The subscript is a letter or letters used for labelling; here Cis used for collector. Case is
important in this notation, so v¢ indicates the total voltage, whereas v, indicates only the AC
component.



Figure 9: Total signal and DC and AC components.

We first do DC calculations to determine the DC bias or operating point for the transistor.
These calculations ignore all dynamic aspects, and only involve DC currents and voltages
together with the DC model

The total signal is viewed as a small variation about the operating point. When the DC
calculations are complete, we do the AC calculations and the total response is the sum of
the DC and AC components. The AC calculations use the AC model. When doing the AC
calculations, we make simplifications: (i) capacitors are short circuits at the frequencies we
are interested in, (ii) we zero out all DC sources, and (iii) we do not use phasor techniques.

DC Model and Parameters

We now look at a model which we use to analyse the DC operation of a transistor in a
circuit.

The ratio of collector current to base current is defined as

- (eq.3)

This is a very important parameter which will be used often. Related to this is the ratio of
collector to emitter currents:

Ic
a = IE- (eq.4)
«
g = 1—a (eq.5)

Typically, @ is close to 1, so that B is large. Common  values might be 20 to 400 or more,
and xsay 0.99.

We will use the model shown in Figure 10. The BE branch is like the practical model of a
forward biased diode, and the current gain relating base and collector currents is modelled
by a current controlled current source.



Figure 10: DC equivalent circuit model for an npn transistor, with V:=0.7 V.

The DC model is only valid when the transistor is operating in its active region.

Spice uses a more complex model that can describe saturation as well.

AC Model and Parameters

Note: The AC model given here is for reference purposes. There are 2 models: the hybrid —
h parameter model (as given in class) and the hybrid — m model (as goven in these notes)
We will also need an AC model for the transistor. There are AC parameters § and €, which
are in general slightly different from their DC counterparts. However, we will assume them
to be the same in this course. The equations for the AC currents are

ie = Pip. (eq.6)
and
fe = Qlig. (eq.7)

Of course we also have

o= iy + e (eq.8)

The AC model we use takes two equivalent forms, Figures 11 and 12.



5
Figure 11: AC equivalent circuit model for an npn transistor.
The small resistance r, takes into account Ohmic effects in the BE current path, and can be
calculated from

0.025
Ig

’.i"'e =

0 (eq.9)

where I¢ is the DC emitter current (in amps). (This equation is easy to derive from the diode
equation and the definition

L

d’iBE/d’UBE
We also need

Te

e = (0 -|-1)*.i"\g (eq.10)

ty

E
Figure 12: AC hybrid- T model for an npn transistor.

These AC models are only valid when the transistor is operating in its active region.
Introductory BJT Circuits



Consider again the circuit of Figure 6. We first do a DC analysis using the DC model of the
previous section. You can either re-draw the circuit substituting the model of Figure 10 for
the transistor, or simply keep the same diagram and write explicitly the algebraic equations

VBE = (.7 1", IC =J|'3.IB., I_E = IB +Iﬂ (eq.11)

corresponding to the DC model.
The left part of the circuit gives, using KVL,
Vg = Ig Rp + Ve

and hence the base current is given by

Ve — 0.7V
Ip = . (eq.12)
Rp
If Vgg is given, this can be solved to get /5. The right part of the circuit gives
Vec=1IcRe+ Vee
This gives a linear relationship (load line) for Ic and V.
Vee — Ver
Io=—"—— (eq.13)
Re
Bl
Since this must equal , one can solve for V¢ to find the quiescent or operating point

Q. Thisis often done graphically, as shown in Figure 13.

fe | Ip4
RC Q.:ir'(.". I
B3
I o)
! Ipy
1
; Ip;
I
! (2 euto i
. ' Vou
Ve S E{saf) ¥ CE{cutof f)

Figure 13: DC load line for the circuit of Figure 6.



The operating point Q can be anywhere on the load line that is intersected by a collector
characteristic. Note that this is the same as the diode method where one uses device
characteristics in combination with circuit equations.

Importantly, V. determination allows one to verify if the initial assumption of active bias
is correct!

The Transistor as a Switch

The two extreme possible operating points Qs+ and Qcutoif Show how the transistor can act
as a switch.

The operating point Q. corresponds to the maximum value of /c. As I increases from zero,
the voltage drop across R¢ increases, and so from (eq.13) V¢ must decrease until the BE
junction becomes forward biased and the transistor saturates. The saturation value of V¢ is
denoted Vg(sory and is typically 0.2 V. The saturation value of the collector current is

Vee — Vi
Togeay = ce RCCE{mt}_ (eq.14)

In order to achieve saturation, Vg must be large enough to ensure that /g is greater than

Ie(sat)

8

which means that Vgg must satisfy

IC{mt]l Rp
B8

In saturation mode, the transistor is on, allowing maximum current to flow.

Ve = + 0.7 V. (eq.15)

At the other extreme, Qutof the transistor is cutoff. This requires /5=0, and hence /c=0. The
cutoff value of V¢ is

Vce(eutorp = Vec - (eq.16)

Ves <0

Of course, in this mode the transistor is off. With the simple model this requires
The Transistor as an Amplifier

When the DC operating point Q is in the active region, the transistor can act as an amplifier
to AC signals. For such purpose, Q should be set midway between Qs and Qcuzofr to allow for
the maximum possible voltage excursions.

Let's analyse this by considering an AC source v;, added to the circuit of Figure 6, see Figure
14 (please note that this is not a practical circuit; just one we use here to teach ideas).
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Figure 14: Basic transistor amplifier.

We will use the AC hybrid-T model from the previous Section. It is convenient to re-draw
the circuit showing only the AC signals, Figure 15. Here, the DC sources have been zeroed

out; the AC component does not see them

iy

Iz

By KVL around the left loop we get

Vip = é’b{RB + ’r-rr)
and solving for the base current we get
Uin

. Uin _
Eb_Rsi"r, Rg'l‘{ﬁﬁ‘l)re-

Next, KVL around the right loop gives the AC collector voltage as

Ve=-icRe
and we get



Ve = _ﬁRCib-
Combining these equations gives
__ BRe

Rp + {JB + 1}Te

U = Vin- (eq.17)

Equation (eq.17) says that the input voltage v;, is amplified at the output (i.e. collector
voltage v.) by a gain factor

BR¢
Rg+ (B8 + 1)r.

A=— (eq.18)

B

Note the minus sign, indicating that it is an inverting amplifier. (Also, note thatif is very
large and Rg is not too high, the gain A equals -R¢/r. approximately.)

It is instructive to visualise the operation of the amplifier on the load line. When v;,=0 the
transistor is at the DC operating point Q. As vj, increases, the operating point moves up and
to the left along the load line, and when v;, decreases it moves down and to the right, Figure
16. Clipping of the waveform will occur if the operating point reaches either of the extremes
Qsat OF Qeutoff-

ch.fof f_
Ve

Vor (s0i) 1_(_" Efewctof )

Figure 15: AC equivalent circuit for the circuit of Figure 14.

Exercise. Determine the maximum value of v;, before clipping occurs.



DC Bias

An important part of amplifier design is setting the DC bias point Q. In this section we look

at a general bias network, Figure 17.

Ry

Ta

I"HH

oy
N

Fo\

Yoo

|\\_/+

Figure 17: General DC bias network.

Applying KVL to the left loop gives
VBB= IB RB+ VBE+IERE-

Ip=(8+1)Ip

Now since we can eliminate /¢ and solve for /g:
I — Ves — Ver eq.19)
B = . eq.
R+ (8 +1)Rg
VBE ~ 0.7
Now V, and since Vgg and the resistances are known, we can determine /3.

The right hand loop gives, using KVL,
Vec=IcRc+ Ve + I Re .

f{: ~ I
Now if ¥ is close to 1, we assume
_ Vee—Ver
C — -
Rg + B¢

This is the equation of the load line, Figure 18.

, and so eliminating /r and solving for /- we get

(eq.20)



H‘ T B
Bp+1y
1523
Ip2
I
Vee
Ve

Figure 18: DC load line for BJT transistor circuit of Figure 17.

The operating point Q=Qp¢ is determined from the load line and the collector characteristic
Ic=pIp

curves, or via . Notice that in this analysis we have made (implicit) use of the DC

model.

Example. Find the DC operating point for the voltage divider bias network shown in Figure

R31 = 4?ﬂkﬂ RBQ = 13kﬁ Rc = QSkﬂ

19. Use ) ) , V=20V, Vge=0.7 V, Re=0, and
£ =500
. Note that R:=0 in this example.
Vee
Ra § Re g
w2 R, %
oV

Figure 19: Voltage divider bias network.
To solve this problem, we first replace the voltage divider V¢, Rs1, R, by its Thevenin
equivalent, which will be Vpg in series with Rg, as in Figure 17. Now

RB - RB1 " RBQ = 17.34 k2



VecRp2
Vep=——"—""—=0.738V
%~ Rp + R
IC = JBIB =1.1
So from (eq.19) get Iz = 2.2 pA, and mA. Also from (eq.20) we get

Vce=9.22 V. Thus the DC operating point Qis Ic = 1.1 mA, V=9.22 V, which is not far from
midway along the load line (draw it!).

Note that absence of R makes /; critically dependent on exact V. Using an emitter resistor
Re improves the bias stability, meaning robustness of the bias point with respect to
parameter variations.

Small Signal Amplifier

We are now in a position to analyse a small signal amplifier circuit with source and load. The
amplifier in Figure 20 is called a common emitter amplifier. The term small signal refers to
relatively small excursions about the DC operating point Q.

RB]_ = ﬁgkﬂ RBQ = lﬁkﬂ

The component values we use in this section are: ,

Rc=22kﬂ RE=1{]kQ Rg=lﬂkﬂ RL=27kQ 1!
’ , , ,Cs=0.1 F,C=22 F,

1
CC=1 F, and VCC=25 V.
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Sourcc = Amplifier Lo Load

Figure 20: Small signal common-emitter BJT transistor amplifier.



The amplifier has a voltage divider bias network with a bypass capacitor C across Re. The
value of C¢is chosen so that its reactance at AC frequencies of interest is very small, so that
it provides an AC short circuit. The load is modelled by a single resistance R,, connected to
the output of the amplifier (collector terminal) via a coupling capacitor C.. The source is
modelled by a Thevenin circuit consisting of a voltage source v, and a resistor Rs, and is
connected to the input of the amplifier by a coupling capacitor Cs. The coupling capacitors
are chosen to provide an AC short circuit. The capacitors provide a blocking of DC (open
circuit).

We will analyse the circuit in steps, beginning with an analysis of the amplifier alone, and
later taking into account the effect of the load and source.

DC Bias Analysis

For the DC bias analysis, the capacitors are all open circuits, and so we need only consider
the network consisting of Rg1, Rsy, Re, Re and the transistor. This is just the voltage divider
network of Figure 19, and can be analysed by the methods of the previous section.

The first step is to replace the voltage divider V¢, Rg1, Rs; by its Thevenin equivalent, which
will be Vg in series with Rp, as in Figure 17. Now

RB = RBI " R32 =12.29 k2

and
Vec Rpa

Vegp = ———— =452 V.

%%~ Rpi + R
Also Vg=0.7 V and
Ic =81g
Next,
VBB = IB RB + VCE + IE RE

IE = {JB -|- 1)13

and , so that
Iy Ve —Ver  _ 12.2 pA

- Rpg +{,B'|‘1)RE

P IE
and Ic=3.66 mA . This gives

Vee = Vee — Ic(Re + Re) =13.3 V.



Thus the DC operating point Q is Ic = 3.66 mA, V=13.3 V, and the active mode assumption
is OK.

AC Analysis

Now that we know the DC operating point, and hence all DC currents and voltages, we can

analyse the AC amplification.

The next step is to draw the AC equivalent circuit. To do this, first consider the amplifier

circuit from the point of view of the small AC signals, as in Figure 21. Note that capacitors

are replaced by short circuits, and DC sources are zeroed out.

For the moment we ignore the effects of the load resistance R;, and also we assume v,,;=V,
tin 7 G

for AC signals. Note that , and vj,=vp.

ov

Figure 21: AC equivalent circuit for the circuit of Figure 20 neglecting R;.

The resistor Rr does not appear since it has been shorted out by the bypass capacitor C¢. The
DC voltage source Vcc is also shorted to ground, so Rg; and R connect directly to the AC
ground.

Using the AC hybrid- T model we get the circuit of Figure 22. It is now straightforward to
determine the gain
A — Jl:"~!.'|"t-!-t

O
W

and other properties of interest.
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Figure 22: AC equivalent circuit with hybrid- T model for the circuit of Figure 20 neglecting

R;.
The resistance r. can be calculated as
re = 6.83 (2

Ty
and the resistance is therefore

e = (8 + 1)r. = 2.056 k2

(by Ohm's Law) and so
] Ui
'Ec — JS 'Iﬂ-

Tx

Also

Yoyt = Ve = —t.Hg (= ﬂﬂa)
and so

BRc
Vout = — Vin-
w

This says that the amplifier has gain
BRe _ _BRc  _Re
T 8+ 1)r, Te
A>>1

The approximation is valid if . In this example we get

At’ﬂ-,wt =-

(eq.21)

(eq.22)

(eq.23)



Ain,out =-321.

The small signal AC input resistance looking into the amplifier from the input is defined by

-'IJ-
Tin = — = Rpy || Rpa || x
iin

T = 1.76 kQ2

and this calculates to The small signal AC output resistance looking into
the amplifier from the output is defined by
Ue

Tout = — = Hg

tout
SO oyt = 2.2 k 02
AC Load Line
Equation (eq.21) describes the AC load line, Figure 23, since it says

AC load ling

D(C load line
Figure 23: AC load line for the circuit of Figure 20.
In comparison, the DC load line is given by eq.20, and has slope -1/(Re+R().
The difference is due to the fact that R; is shorted out to AC signals, but not to DC.

Effect of the Load

The analysis so far has considered an unconnected or open-circuit amplifier. We now add in
the load resistance R; and see what effect this has. Remember that R, models the load that
is driven by the amplifier.



The load resistor R; has no effect on the DC bias because of the capacitor Cc, however it
does effect the AC signal path and should be added in parallel to Rc. In fact we define

Rer = Re || Ry

and here this is Rg=1.21 k (2. see Figure 24.

e |
<
11

c— ¥ out

oV

Figure: AC equivalent circuit with hybrid-T model for the circuit of Figure 20 including R,.
The calculations continues as before, with the change

Vout = Ve = -ic Ry

Consequently the gain is now given by

BRer _ BRew h

— ,.._‘l"""-"‘_, —

Tx {ﬁ + 1)T¢:= Te

In this example we have

Ainout=-177 .

Consequently the load can have a significant effect on the amplifier gain, and should be

Aiﬂ,ﬂt&t ==

taken into account unless R, is very large relative to ry.

Effect of the Source

The signal applied to the input of the amplifier comes from some source, which we model
by a Thevenin equivalent, as in Figure 20. So we now consider the gain from v, to v

A — Juﬂ'tlt

s.out —
H ,Ua



Now
_ Tipls
Tin + Hg

and so

Uin

Tin rmBReoL

Ayt = — A= —
S i+ Ry Tx(Tin + Rg)

which evaluates to be
As’out = _26.5 .

This substantial change in gain is due to the fact that Rs is much higher than r;, in this
example (think of voltage divider action). A large r;, is desirable.

Effect of the Bypass Capacitor

The emitter resistor Rg is used to enhance the stability of the DC bias with respect to
variations in the transistor parameters, and if it is not shorted out to AC signals it can have
an effect on the AC gain. So let's now remove the bypass capacitor Cg, and reconsider the
above analysis.

Tx
The main change is that r. gets replaced by re.+R;, and  gets replaced by

Tx + (ﬁ + I)RE

So the gains become

__ BRc __Re
Aimow = =B X ) (r. + Ra) ~ e+ Ra

and

A — riﬂJB RCL
U o (Tin + Rs)

with r;, now given by

Tim = Rp1 || Rpa || (8 +1)(re + RE)

These calculate to be rj, =11.81 k (2 and

At’ﬂ-,ﬂut =-12, As,ﬂut = —0.65.



Input resistance has increased, but the gain has decreased. It can be seen that the bypass
capacitor has a very significant effect on gain. Intermediate situations are possible with R
split into two Rg1+Re, with only one of these bypassed.

Il. Transistor and Transistor Application

1. Transistors

°  Typical, basic characteristics

2. Some basic transistor circuits

°  Transistor switch

"Transistor man"

°  Emitter follower

°  Emitter follower as voltage regulator
Transistor current source

Transistor

The transistor is the most important example of an active element. It is a device that can
amplify and produce an output signal with more power than the input signal. The additional
power comes from an external source i.e. the power supply.

The transistor is the essential ingredient of every electronic circuit: amplifiers, oscillators
and computers. Integrated circuits (ICs), which have replaced circuits constructed from
individual, discrete transistors, are themselves arrays of transistors and other components
built as a single chip of semiconductor material.

A transistor is a 3-terminal device (Fig.1) available in 2 kinds: npn and pnp transistors.

collector C
base 8 %
E
emitter E 1]:8?8
npo pnp
E
B¢ 1092

3
Fig.1. Transistor symbols and transistor packages.



The terminals are called: collector (C), base (B) and emitter (E). Voltage at a transistor
terminal (relative to ground) is indicated by a single subscript, V¢ is the collector voltage, for
instance. Voltage between 2 terminals is indicated by a double subscript: Vg is base-to-
emitter drop. If the same letter is doubled, it means power supply voltage: Vc (positive) is
power supply voltage associated with the collector and Vge (negative) is power supply
voltage associated with the emitter.

fe 1]
npn B pnp B E
/8\\ e

Fig.2. Direction of currents flow npn and pnp transistors.

The properties of npn transistors are:

1. The collector is more positive that the emitter.

2. The B-E and the B-C circuits behave like diodes (Fig.2): one of them is conducting and the
other is polarized in the opposite direction.

3. Any transistor has maximum values of current and voltage, which can be applied
without damage and costing the price of a new transistor (for instance, for general-
purpose transistors 1c=200-500 mA, V=20-40 V).

4. When 1-3 are obeyed, Ic is (roughly) proportional to Ig as follows: Ic=hgelg=Pls. The
current gain hgg, also called beta, is typically about $=100. Both Ic and Ig flow to the
emitter.

Note: the collector current Ic does not flow forwards the B-C diode - it has reverse

polarity. Do not think of the collector current as diode conduction. This is just "transistor

action".

From the property 4 results: a small current flowing into the base controls a much larger

(approximately 100 times larger) current flowing into the collector.

Note the result of property 2: the base is more positive than the emitter because of the

forward diode drop, which is equal to about 0.6-0.8 V. An operating transistor has

Ve=Ve+Vpg, Vpe=0.6-0.8.

When pnp transistor is considered, just reverse polarities normally given for npn transistor.

Also characteristics are the same and the only difference is that direction of currents and

voltages are opposed.

°  Typical, basic characteristics

U-I transistor characteristics are shown in Fig. 3a and Fig.3b. The characteristics show the

following properties:

1. Ic almost does not depend on Ucg for fixed value of I¢ (see Fig.3a). As long as lg=constant,
Ic does not change much when Ucg increases.



2. Ic almost does not depend on U for fixed value of I (see Fig.3b). As long as Ig=constant,
Ic does not change much when Ucg increases.
3. Icis almost equal to I (see Fig.3a).

3 o 1 b) eor- |
"ol g = 90mA ”;f, ¢ ip =500 ¢A
B | T | D04
‘ =40mA =400 1
40 i 40 — !
=30mA - =300 UA
30 - | 30
=20mA a =200 uA
" =10 mA " =100 uA
. - - =
0 meA __ch UCE
0 2 4 6 8 10 v12 0 2 4

- 6 8 0V 2

Fig.3. U-I transistor characteristics.

Some basic transistor circuits
°  Transistor switch
Transistor switch example is shown in Fig.4.

+10V
4
10V 0.1A
mechanical lamp
switch D
)
1.0k

Fig.4. Transistor switch circuit.

In this application, a small control current enables a much larger current in another circuit.

How it works?

1. When the mechanical switch is opened, there is no base current, therefore (see rule 4)
there is no collector current. The lamp is off.

2. When the mechanical switch is closed, the base rises to 0.6 volts (base-emitter diode is
forward conducting, emitter is at ground voltage level).

3. As collector is more positive than the emitter is (see rule 1) the collector current enables
the lamp to emit light.

°  Transistor man



The below cartoon will help you to understand principle of transistor operation.

V2]
Fig.5. Transistor man observes the base current and adjust the adjustable resistor in an
attempt to maintain the output current B=hg times larger.

His only job is to try to keep Ic=Blg by means of adjustable resistor R=0+%_As the resistor
can change from zero to infinity, thus he can go from a short circuit (saturation, large
current flow) to an open circuit (transistor is in the "off" state, no current flow), or to
anything in between. He is not allowed to use anything but the resistor.

At any given time, a transistor may be (see Fig.3):

1. Cut off, no collector current.

2. Inthe active region, some collector current flows.

3. In saturation, almost constant maximal collector current flows.

° Emitter follower

Fig.6 shows an example of an emitter follower.

+10V

out

\ —
Fig.6. Emitter follower.

The output voltage (emitter) follows the input voltage (base), less one diode drop:
Ve=V;p-0.6 volt.

The output is replica of the input, but 0.6 volt less positive. The main features:

i. Emitter follower has no voltage gain, but it has current gain, therefore it has power gain.



ii. The most important feature of emitter follower is that it has input resistance much
larger than its output resistance.

This circuit requires less power from signal source to drive a receiver (a load) that it would

be in case if the signal source drove the receiver (the load) directly.

In general the loading effect causes a reduction of signal (as you have discussed earlier).

unloaded loaded
Vin Vin
] Vout loaded
R1 || —\/?2
Vout unloaded 1
R2

=Vl R2 RIoad
L |
|

ground ground

Fig. 7. The effect of loading the source with Rp,q -

It is always required that V2=V1. It depends on how strongly Rj,.q is loading the output.
When Rjp;g—>infinity, there is no loading and V2=V1, when R,5—0 there is extreme loading
and V2=0 — no output signal at all. Therefore: the bigger Riyaq the better. What mathematics

says?
Unloaded circuit: Loaded circuit:
Vl =1I* R2 V2=1* Requivalent’
V,
1= where R = Ry|Rppg = — 2
R1 + R2 equivalent 2 load R2 /Rload +1
R
Vl = Vinput R ZR I _ Vinput
+ = &
: 2 Rl + Requivalent
R|
1+ R2 /Requivalent
V2=V

~ Vinput 1
R +R)| ————
l + RZ /Requivalent

R,,.a >, then R —R, and V, >V,

equivalent

Conclusion: When

The emitter follower is the circuit, which has Rigua >



°  Emitter follower as voltage regulator

The simplest regulated supply of voltage is a zener diode. The zener diode is an element for
which the ratio V/I is not constant (as it is for resistance R) but it depends on particular
value of V. It is important to know how the resulting zener voltage will change with applied
current. This is a measure of its "regulation" against changes in driving curent provided to it.
So called dynamic resistance is defined:

It has different value for different region of V-I characteristic:

A
|
Zener diode,
nonlinear

FORWARD Resistor,
current linear

v

REVERSE \
current -

Fig. 8. V-1 curves for linear (resistor) and for nonlinear (zener diode) elements.

For a certain negative value of V (zener voltage, typical value 5V) the reverse current rapidly
AV
increases and AL ” (ideal case). Within 0 and V,ener the current is constant and
am = o TP, . . .

Al (ideal case). The zener voltage is specific for a diode. It does not depend on
value of current (in reasonable limits) and is constant. Zener diodes with reverse current are
able to keep constant zener voltage even if the reverse current changes its value.

a) b)

out - zene-
(unregulated (unregulated)
with some
ripple)

Fig.8. a) Simple zener voltage regulator. b) Zener regulator with follower. Zener current is

much more independent of load current.



In Fig.8 are shown simple, exemplary voltage regulator circuits. They can be successfully
adopted in noncritical (not very exacting) circuits. However it has some limitations:

1. Vot is not adjustable.

2. Gives only moderate ripple rejection.

°

Transistor current source
The simplest approximation to a current source is shown in Fig. 9.

R 4
+V o— A N—0- -

load

Fig.9. The simplest current source approximation.

As long as Rjpag<<R (which means V,,,9<<V) the current | is nearly constant and is equal to
I=V/R. The current does not depend on Ry.q therefore the circuit can be consider as current
source. The simplest solution has an inconvenience: in order to make good approximation of
current source it is necessary to use large voltages. It causes lots of power dissipation in the
resistor.

It is possible to make a very good current source with a transistor (Fig. 10).

+Ven

load

= *  Fig.10. Transistor current source: basic concept.

Vg>0.6 volt applied to the base assures that the emitter is always conducting and Vg=V;-0.6

volt. So:
V., V,-06 V0.6
"R, TR, =1 =R
E E . Letus notice that "t = "¢ (see Fig. 3). Therefore E  and it does

not depend on V¢ as long as the transistor is not saturated (Vc>Veg+0.2 volt). This is current
source.



3.2. The MOSFET Transistor

A Metal-oxide-semiconductor field-effective transistor, or MOSFET, is responsible for
powering most electronic devices used today. A MOSFET transistor is a semiconductor
device used to amplify or switch electronic signals. This means that under certain
circumstances, the device can output more current and voltage than was inputted. One of
the first MOSFETs was invented at AT&T’s Bell Labs by John Bardeen and Walter Brattain
and had a dimension of a few inches. Due to the relatively large size of this transistor, it was
almost impossible to fabricate it on a chip. Today however, the smallest MOSFET has a
width of 16nm, approximately 100 times smaller than human hair, allowing for a couple
million to fit on a chip. In this document, the following aspects of the MOSFET will be
addressed.

e Components of a MOSFET

e MOSFET Component Functions

e Applications of the MOSFET

e Reasons for MOSFET Scaling and Moore’s Law

e Challenges Faced with Scaling
Components of a MOSFET
A MOSFET is composed of layers of metal, oxide, and a semiconductor respectively. The
metal consists of polycrystalline silicon, the oxide silicon dioxide, and the semiconductor
silicon substrate. Some MOSFETs are composed of germanium compounds instead of
silicon, but those are less common. The MOSFET also has three terminals; the gate, source,
and drain. All of these components can be seen in the figure bellow.

Gate METAL

Source 0O y Drain
T Oxide
\
AN

| I i l |

. J " J

SEMICONDUCTOR p

Fig. 1) Cross Section of a MOSFET (obtained from Wikipedia)



MOSFET Component Functions

In figure 1, notice that there are two regions in the Semiconductor material; n and p. The n
region consists of silicon with excess electrons, while the p region consists of silicon with a
lack of electrons. These two regions are separated by an insulator layer, which can only be
manipulated when voltage is applied to the gate terminal. When a voltage is applied to the
gate terminal, a thin n layer will appear on the bottom of the oxide. This layer acts as a
bridge between the two n regions and allows current to flow from the source to the drain.
When this bridge is active, the MOSFET is said to be in saturation mode. On the contrary,
when this bridge is non active, the MOSFET is said to be in non-saturation mode. The
minimum gate voltage, or the threshold voltage, that must be surpassed in order for the
MOSFET to conduct. The more voltage that is applied to the gate, the more current can flow
through the device. The max voltage that can be applied to the gate depends on complex
parameters of the MOSFET.

Applications of the MOSFET

One of the most common uses for the MOSFET is as an electrical switch. The applied gate
voltage can be controlled quickly and efficiently by an outside source, and as a result,
current within the device can be easily manipulated within the device. This is useful in
circuits when controlling which component within the circuit receives current as well as
controlling the amount of current it receives. For example, some integrated circuits work
within a binary system; meaning that certain devices are either on or off. The MOSFET can
switch these circuits on and off in a fraction of a second resulting in extremely fast response
time.

Another use for the MOSFET is to create amplifying circuits. An amplifying circuit is a circuit
where the output voltage to a system is increased by a factor compared to the input
voltage. The most common types of amplifying circuits include the common-gate, common-
source, and common-drain amplifying circuits. These circuits received their names due to
the terminal (gate, source, or drain) mentioned in the name being connected to a common
ground in AC analysis (V+ acts as a common ground in AC analysis). Common ground refers
to the 3 dashed lines in the circuits. The circuit diagrams can be found in the following
figures:



Vi V.,

Vi D
Rp .
D Vout D)
- D %llt v
Fig.2) Common-Gate Fig.4) Common-Drain

Fig.3) Common-Source

Amplifier Circuit Amplifier Circuit

Reasons for MOSFET Scaling and ﬁf‘&gliéig g\in';wit

Smaller MOSFETs are desirable for a number of reasons. The most important being that the
smaller the transistor, the more that can fit in a given chip area. This results in the same
amount of functionality in a smaller surface area. This is why devices today are decreasing in
size but increasing in productivity. In 1965, an observation was made by Gordon Moore, the
co-founder of Intel, that the number of MOSFETs in integrated circuits have doubled roughly
every 18 months since integrated circuits were invented. This observation is called “Moore’s
Law,” and is the leading factor for technological advancements today. Figure 5 depicts

Moore’s Law from 2002 to 2015.
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Another reason for MOSFET scaling is the  sprinking chips %%

smaller the transistor, the quicker the M et ofranelsors boughtper 3 E Mm#
’ 3 20nm

switch rate. If all the MOSFET parameters >

that correspond to its size; such as

19m
°

16nm
2014* 2015*

*Forecast Source: Linley Group

channel length, channel width, and oxide

g

2008

thickness decrease by a fraction, the time

at which the device switches modes will
decrease by that same fraction. This
allows our devices to respond at much

faster speeds. A great example of this is
2004

how computers have gotten smaller, but

Nanometres (nm)
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Fig. 5) Moore’s Law from 2002 to 2015



Challenges Faced with Scaling

One challenge MOSFET manufactures have recently run into is trying to make the channel
lengths smaller than a micrometer. Equipment must first be developed in order to work
with such small components before advancements are made. Problems have also arisen in
junction leakage in some of the extremely small models. This means that some electrons
can jump the p section without a gate voltage being applied due to the gap being so small. If
junction leakage happens at the wrong time, components within a chip could get destroyed.
The MOSFET’s switching function allows users to control current flow through various
components within a circuit with ease. Also, its ability to amplify signals through the
amplifier circuits listed earlier creates endless possibilities for electricians. If Moore’s Law
continues, the MOSFET will continue to get smaller and be more efficient approximately
every 18 months. Decreasing MOSFET size results in decreased switching rate time, which
leads to faster response time. The decreasing size also leads to an increase in number of
MOSFETSs per surface area on a chip. All of these things make the MOSFET transistor one of
the most important electrical innovations of all time.



5. Operational amplifier

Operational amplifier (Op-Amp) is highly stable, high gain difference amplifiers that can
handle signals from zero frequency (dc signals) up to the MHz range. They are used for
performing mathematical operations on their input signal(s) in real-time and are an
important component of analog computation networks. A large variety of OAs is
commercially available in the form of low cost integrated circuits. In these experiments, a
commercially available device (like the LM324 or the LM741) OA will be used.

Figure 1 shows the symbol for an OA. There are two inputs, the inverting input (-) and the
non-inverting input (+). These symbols have nothing to do with the polarity of the applied
input signals.

Noninverting Positive power supply
input —e+

, Output
Inverting —to—

input

Negative power supply

Copyright © 2011 Pearson Education, Inc. publishing as Prentice Hall

Figure 1 Circuit symbol for the operational amplifier (taken from [1]).

The output signal voltage, v, is given by:

Vo =A(vs - V)

where v, and v. are the signals applied to the non-inverting and to the inverting input,
respectively and A represents the open loop gain of the OA. The gain A is infinite for the
ideal operational amplifier, whereas for the various types of real OAs, it is usually within the
range of 10° to 10%. The input resistance of both OA inputs is extremely high (usually within
the range 10%- 10" MQ). For an ideal OA the input resistance is infinite, thus no current
flows into the two OA inputs.

Operational amplifiers, of the type used here, require a bipolar power supply to operate —
i.e. a positive voltage (+V) and a negative voltage (-V) with respect to ground. The bipolar
power supply allows OAs to generate an output voltage signal, v,, of either polarity. The
output signal range is not unlimited. The voltages of the power supplies determine its actual
range. Thus, a typical OA fed with -15 and +15 V, may yield a v, approximately within the -13
to +13 V range. This is called the operational range. Any result expected to be outside this
range is clipped to the respective limit, and the OA is in a saturation stage.

Because of their very high open loop gain, OAs are almost exclusively used with some
additional circuitry (mostly with resistors and capacitors), required to ensure a negative
feedback loop. The feedback loop stabilizes the output within the operational range and
provides a much smaller but precisely controlled gain, called the closed loop gain. For an
ideal OA with feedback, the voltages at the two inputs, v, and v,, are equal.



There are many circuits with OAs performing various mathematical operations. Each circuit
is characterized by its own input-output relationship which is the mathematical equation
describing the output signal, v,, as a function of the input signal(s). vy, vy, ..., Vn. Generally,
these relations can be derived by applying Kirchhoff’s rules and assuming an ideal OA.

Inverting amplifier
The circuit for an inverting amplifier is shown in Figure 2.

v v

Figure 2 Inverting amplifier circuit (taken from [1]).

1. Derive the input-output relation: v, = f(vs,Rs,R¢).
ForVec =15V, usevs =1V, Rs =1 kQ and R = 10 kQ. Measure v, and verify that the
input-output relation is satisfied.
3. Continuetouse Vec =15V, vi =1V and R =1 kQ. Choose values for Rsfrom 11 kQ to
20 kQ (in steps of 1 kQ) and measure v,. Discuss when the input-output relation is
satisfied and when clipping occurs. Why does clipping occur for some values of R¢?
Noninverting amplifier

The circuit for a noninverting amplifier is shown in Figure 3.

Rf

Figure 3 Noninverting amplifier circuit (taken from [1]).



1. Derive the input-output relation: v, = f(vg,Rs,Rf,Rg).

2. UseVcc=15V, vy =1V and R, =1kQ. Design a noninverting amplifier (choose values
of R and Ry) with an output voltage of v, = 3 V such that the power dissipated in R
and Rsis less than or equal to 0.003 W. Measure v, and verify that the input-output
relation is satisfied. Show all your calculations.

Ideal Differentiator
The differentiator generates an output signal proportional to the first derivative of the input

with respect to time. The circuit is shown in Figure 4.
R
Wiy

Vi°—||—:l>_w

Figure 4 Differentiator circuit

The input-output relation of this circuit is

dvi

dt

1. Derive the input-output relation given above and explain why any input noise is

amplified at high frequencies.

vy = —(RC)

Ideal Integrator

The integrator generates an output signal proportional to the time integral of the input
signal. The circuit is shown in Figure 5.

Figure 5 Integrator circuit



The input-output relation of this circuit is

vy = v; (t)dt

" RC

The output remains zero when the switch S remains closed. The integration starts (t = 0)
when S opens.

1. Derive the input-output relation given above and explain why any input noise is

amplified at low frequencies.

Example: Calculate overall gain A = Vo/V; of the circuit below. What is the input voltage V;
when the output voltage is Vo =—9.98V?

If Vo, =9.98V =» Input Voltage V1 =



6. Ekler

6.1. Topraklama ve Paratoner

Tesis edilecek tim topraklama ekipmanlari ve sistemleri ylrirliikteki ulusal ve uluslararasi
Elektrik Tesislerinde Topraklama standartlarina uygun olacaktir. Yapida bulunan tiim prizler,
metal gdvdeli aydinlatma armatdirleri, metal pano karkaslari, kablo raflari, mekanik tesisat
ekipmani ve metal yapi elemanlari topraklanacaktir. Topraklama iletkenlerinin birbirine
irtibati saglam bir sekilde uygun klemens veya kaynak ile yapilacak, kesintisiz iletkenlik
saglanacaktir.

Topraklama amaciyla yeterli miktarda bakir cubuk ya da plakalar teklif edilecektir.
Topraklama igin kullanilacak kablolar uygun kesitlerde olacaktir. Birimlere konulacak tim
dagitim panolarina topraklama hatti getirilecektir. Topraklama kablolarina hicbir sekil ve
yontemle ek yapilmayacaktir.

Direklerde Gévde Topraklamasi

Direk kaide insaatinin baslangicinda her bir direk icin direk gévde topraklamasi yapilacaktir.
Direk kaide zemininde, temel demir hasir orta diizleminde 50mm*2 6rguli bakir
kullanilarak, 2m x 2m ring donati tesis edilecektir. Direk kaide zeminindeki temel demir
hasirin diisey ve yatay kenar ortaylarina 30 x 3mm galvaniz serit iletken yerlestirilecektir.
Galvaniz serit, termokaynak (cadweld) ile temel demir hasira birka¢ noktadan baglantisi
yapilacaktir. Galvaniz serit 10cm disarida kalacak bicimde temel demir hasir ile birlikte kaide
betonunun icerisine yerlestirilecektir. 50mm”2 6rgill bakir ile Galvaniz seridin beton
disindaki kisimlari ring donatiya baglanacaktir. Baglantilarda termokaynak (cadweld)
kullanilacaktir. Ring donatinin bir kdsesine ?20mm 1.5m som bakir topraklama elektrotu
cakilacaktir. Ring donatiya baglantida termokaynak (cadweld) kullanilacaktir. Gévde
somunu 50mm”2 6rglli bakir ile cadweld kaynagi kullanilarak direk kaide zeminindeki ring
donatiya baglanacaktir. Topraklama yapilirken toprak ile notr arasindaki degerin TSE veya es
deger kalite standartlarinda 6n goériilen degere ve her haltkarda +1.5V sinirinin altinda
olmasi saglanacaktir.

Paratoner

Franklin France paratoneri ve diregi, aydinlatma platformu Gzerine, direk projesinde
goruldugi sekilde teleskopik ving veya asansor kullanilarak montaj edilecek ve kurulumu
yapilacaktir. Paratoner diregini sabitlestirmek icin paratoner diregi tespit kelepcesi
kullanilacaktir. Franklin France paratonerinden itibaren direk kaide zeminindeki ring
donatiya kadar, capi ?8mm=50mm~2 iki adet ¢iplak elektrolitik som bakir indirme iletkeni



kullanilarak tesisat yapilacaktir. indirme iletkeninin direk {izerinde tespit edilmesini saglayan
kizil d6kiim veya benzeri malzemeden ucu sivri veya vidali ¢atal direk tespit kroseleri
kullanilacaktir. Topraklama direncinin 6lctilmesine yarayan 2m yiikseklige muayene (test)
klemensi kullanilacaktir. indirme iletkeninin darbelere karsi korunmasi icin kontrol klemensi
ile zemin kaidesi arasinda kalan 2m yuksekligince, 2" galvanizli koruma borusu
kullanilacaktir. alvanizli koruma borusunu tespit etmek igin tespit kelepgesi kullanilacaktir.
Koruma borusunun iginde, iletkenlerin icerisinden gegirildigi PVC hortum kullanilacaktir.
Direk temel zemininde ring donatinin orta noktasindan 3m ileriye kadar kazi yapilacaktir.
Buraya ?20mm 1.5m som bakir topraklama elektrotu ¢akilacaktir. Diregin tepesinden inen iki
adet ciplak elektrolitik som bakir indirme iletkeni termokaynak (cadweld) ile hem
topraklama hem de ring donatiya baglanacaktir. Biitiin asiri gerilim koruma diizenlerinde
oldugu gibi topraga bosalma yolunun direng ve endiiktansi olabildigince kii¢lik tutulacaktir.
Bu sebeple topraklama elektroduna baglanti miimkiin oldugu kadar diiz, kdse yapmadan
(135 derece kivriml) ve en kisa yoldan yapilacaktir. Yildirim etkilerine karsi koruma
onlemleriicin ilgili standartlara (TS 622,TS IEC 61024 ve TS IEC 60364-4-443 vb ) ve diger
ilgili mevzuatta ( Bayindirlik Bakanhgi Teknik isler Sartnamesi Yildirimlik tesisati kismi vb)
belirtilen hususlara da uyulacaktir. Parlayici ve patlayici ortamlarda alinacak ek topraklama
dnlemleri icin ilgili standartlarda ( Ornegin EN 60079-14 vb ), tiiziik ve genelgelerde belirtilen
hususlara uyulacaktir.




Direk ici Kabinet Topraklanmasi

Sistem montaji yapilan her bir direk igin gerekli topraklama yapilacaktir. Topraklama
yapilirken toprak ile notr arasindaki degerin TSE veya es deger kalite standartlarinda 6n
gorilen degere ve her haliikarda +1.5V sinirinin altinda olmasi saglanacaktir. Direk yanindaki
ana rogardan kazi glizergahinda 20m uzakliga ?220mm 1.5m som bakir topraklama elektrotu
¢akilacaktir. Direk i¢i kabinet ile topraklama elektrotu arasindaki baglanti 1Ixémm”2 NYA-F
kablosu ile yapilacaktir. Baglantilar termokaynak (cadweld) ile yapilacaktir.

Gerilim Diisiimde Faz-No6tr Dengeleme Topraklamasi

Guc dagitim panosundan en uzaktaki sistemlerin bulundugu UPS in n6triine topraklama
baglantisi yapilacaktir. Direk yanindaki ana régardan kazi glizergahinda 20m uzakliga ?20mm
1.5m som bakir topraklama elektrotu ¢akilacaktir. Direk i¢i UPS n6tr ile topraklama
elektrotu arasindaki baglanti 1x6mm”2 NYA-F kablosu ile yapilacaktir. Baglantilar
termokaynak (cadweld) ile yapilacaktir.

Kabinet Topraklamasi

Tum kabinetlerde topraklama yapilacaktir. Yapida elektrik sisteminin glivenli islemesini
saglamak ve personeli korumak amaciyla bir topraklama sistemi tesis edilerek mevcut
dagitim panosunun topraklama barasina irtibatlanacaktir. Birimlere konulacak tim ener;ji
dagitim panolarina topraklama hatti getirilecektir. Topraklama kablolarina hicbir sekil ve
yontemle ek yapilmayacaktir. Topraklama yapildiktan sonra kullanici UPS prizinde 6l¢iim
yapilacak ve nétr toprak arasindaki voltaj degeri en fazla 1.5 Volt olacaktir. Kabinet
yanindaki ana régardan kazi glizergahinda 20m uzakliga ?20mm 1.5m som bakir topraklama
elektrotu cakilacaktir. kabinet ile topraklama elektrotu arasindaki baglanti Ixémm”2 NYA-F
kablosu ile yapilacaktir. Baglantilar termokaynak (cadweld) ile yapilacaktir. Topraklama
direnci 1000 metreye kadar olan mesafelerde 5 ? un altinda olmamalidir. Uzak noktalarda
toprak hattinin ¢ok blyuk kesitli bir iletkenle gecirilmesi yerine ikinci bir topraklama
yapilmasi tercih edilecektir.



6.2.

Montajda kullanilan el aletleri

Takim Cantasi; Pense, Kargaburun, Yan Keski, Saat¢i Tornavida Takimi, Tornavida
Takimi, Matkap, Havya Seti, lehim, Somun, Vida, Civata, Kontrol Kalemi, Cimbiz
Takimi, Entegre Sokim Aleti

is Glivenligi ve is saghg; is Elbisesi, Antistatik Bilezik, ilkyardim Malzemeleri, Toz
Temizleyici Araglar ( Kompresor ), Temizleyici Sprey, Temizleme Aletleri (Temizleyici
Sivi ve Spreyler, Temizleme Firgalari ), Elektrik Stpurge, Uyari Levhalari, Plastik
Eldiven, Merdiven, Aydinlatma, Zararh Atik Depolama, Geri Déntsumli Atik
Depolama ve Giivenligi, Isikl Mercek, Ozel Macun

Olgiim Cihazlar; Kablo Olgme Aletleri, Olgii Aleti (Avometre), Test Programlari ve
Cihazlari, osilaskop ve sinyal Ureteci vb.

Enerji, zayif akim giivenlik kablolar (fiber, koaksiyel, 2-tel, 4-tel burgulu); PVC Kablo
Kanallari ve tavalar, Numaralandirma Etiketi, izolasyon Bandi, Kablo Bagi, Uzatma
Kablolari, Tel Sarma ve S6kme Tabancalari, Kablo - Tel Siyirma, Badi, Baglama Dizisi,
izolasyon siyirmali kontak ve Tel irtibatlima Aleti

Yol Haritasi ve navigasyon; GPS

Dékiimanlar; Proje, is bitirme Formu, Miisteri Bilgi Formu, Malzeme Talep Formu,
Servis Formu, Sartnameler, Malzeme kataloglari / El kitaplari, Malzeme Fiyat Listesi,
Hesap Makinesi

iletisim Araglari; Telefon, faks, kablosuz, internet Baglantisi

Bilgisayar; CD ve DVD cantasi, Harici Depolama Birimleri, isletim Sistemi Kurulum CD
si ve isletim Sisteminin Katalogu, Giivenlik Programlari, islemci Sogutucusu, Sistem
Disketi, Sorun Giderici Yazilimlar, Tasinabilir Bellek, Temizleme CD' si ve Temizleme
Disketi

Yazilimlar; Donanim Sirimleri (Drivers) ve Donanim Teknik Dokiimanlari

Cevre Birimleri; Yazici,Tarayici, webcam,dijital fotograf mak, ADSL modem, dijital
kamera



