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OZET

DUSUK GER1LIM DEVRELERL
VE
SIMULASYON PROGRAMLARIYLA ANALIZLERY

cuntimuzde devre simttlasyon programlari tasarimcila-
ra hem zaman bakimindan hem de ekonomik yonden ¢ok ya -
rarli olmaktadir, Bu programlarla hi¢ bir harcama yap-—
madan dustindudtinttz tasarimlari yapabilir, dedigtirebi -
lirsiniz,

Ancak yapilan bu analizlerin, dogruluklarainmin iyi
olmasi gerekir ki tasarimlarin gerceklegtirilmesi saf -
hasinda gereksiz harcama yapilmamis olsun, Bunun icin
kullanilan simttlasyon programinin analizler icin yeter-
1i oldugu kabulu ile devredeki elemanlari temsil edecek
model parametrelerinin dodru olarak verilmesi gerekir,
Bu da tretimde kullanilan devre elemanlarinin paramet -
relerinin iyi bir dogrulukla belirlenmesi ile mtmkiun o-—
lur,

Bu caligsmada EXAR B101~-NPN ve EXAR B102-PNP bipolar
tranzistorlarinin, SPICE, TIME-1 ve SPICE-3C simulasyon
programlarinda kullanilan model parametreleri belirlen-
mig ve bu parametrelerden dusttk gerilimle beslenen dev-
relerde baskin olan parametreleri alinarak birka¢ duguk
gerilim devresinin analizi yapilmisgtir, Analiz sonucla-
riyla karsilagstirmak ve analizlerde kullanilan simulas-
yon programlarinin nasil yakinsadidgini gormek acgisindan
da devrelerin laboratuvar olctumleri yapilmigtar,

_iv-—



SUMMARY

LOW~-VOLTAGE CIRCUITS
AND
ANALYSIS WITH SIMULATION PROGRAMS

Computer-aided design CCAD) enables the circuit de -
signer to do things which are not possible with other
techniques, Using the computer, he can

Observe waveforms and frequency responses
of voltages and currents without loading
the circuit as a probe would in an actual
circuit,

Predict the performance of an IC at high
frequencies, without the parasitics a
breadboard introduces,

Use ideal devices selectively, such as one
with an infinite bandwidth or a very large
gain, to isolate the effects of various de-
vice parameters on the circuit performance
or to do futuristic "blue sky"” analysis,

Feed into a circuit ideal waveforms, such
as extremely fast pulses or a mixture of
pulses and sinusoids,

Separate out de circuitry in order to un-
derstand the basic part of the circuit,

Open a feedback loop without disturbing
the dc levels,

Determine the poles and zeros of a trans-
fer function for even large circuits,



Do noise , sensitivity, worstcase and
statistical analysis.

The circuit designer today has programs available
which allow him to do a wide variety of analysis. How-
ever, the different programs with their differing input
formats, rules, notations and device models can be very
confisung and discouraging to the inexperienced user,
Fortunately, the program input formats and rules are
normaly well documented, so if mistakes are made they
are relatively easily detected Ceither by the computer,
the program or the user), The biggest problem, however,
lies in the lack of standardization of the notation and
device models being used and the measurement of the mo-
del parameters,

The model parameters are those parameters used in
the model equations to describe the device for a given
set of operating conditions, Some programs are very
flexible and allow some model parameters to be specifi-
ed indirectly,

EM2, EM3, GP are non-linear models which are based
on the EM1, Ebers-Mocll model,

EMl1 is the original Ebers-Moll model, It is a
non-linear dc model only,

EM2 is the next level of complexity. With the
EM1l model as its basis, it provides a first
order model of the non-linear charge-storage
effects and ohmic resistance,

EM3 is the third level of complexity. It inclu-
des such second-order effects as basewidth
modulation, 3 and T variations with current,

a better representation of the distributed
collector-base junction capacitance and an
improved temperature dependence.

GP 1s the Gummel -Poon model as implemented in
the program SPICE., It differs from the
Integral Charge—-Control model by Gummel and
Poon mainly in the input parameters required



and the absence of base push out modeling.
With respect to the effects that are modeled
in both the EM3 and GP models, the two models
are basically equivalent,

The usefulness of the different models can be
summarized ;

EM1 MODEL : This model is very useful for
first-order dc analysis,

EM2 MODEL : For most applications (especially
with digital circuitsd the EM2
model represents a good compromise
between accuracy, ease understand-
able results., It is the model most
often used,

EM3 and GP
MODELS : These models should only be used
when the extra accuracy they afford
is necessary,

A program may allow the user to specify some para-
meters from EMlI, some from EM2 and some from EM3, In the
programs any parameter not specified by the user has a
default value, If no parameters are specified, the re -
sulting model is the EMI model,

In this thesis SPICE, [16] TIME-1 [8], [15] and
SPICE-3C [17] programs are used, Spice simulation prog-
ram is based on modified GP model, TIME-1 and SPICE-3C
C(BSPICE) simulation programs are based on new modified
Ebers-Moll model [6], [9], [10].

In low-voltage circuit analysis it is used para-

meters which are I _, 2, N, V , I , N, I , R, R

s F F AF SE E KF B c

and R_as given Table-1 for SPICE, I_ _, 3., M, N, C_,

c so FO 2

NEL and ch as given Table-2 for TIME-1 and Is’ ﬁk, NF,

M, M ,C,N,I , R, R, R andR as given Tab-

F JC 2 E KF B c E cB

le-3 for SPICE-3C (BSFPICED,

- vii -



TABLE~-1 Parameters that use in analysis of low-voltage

circuits for SPICE Simulation Program,

EZ—Q2 B101-NPN]1-Gi Bi1O2-PNP |BIRIM
Is | 4,4, 10°%° 4,828, 10 '°| a
Pe | 207 61 -
Nr 1 1 -
VAF 88 20 v
Tse| 202, 10715 4,8, 1071 A
Ne | 1,88 1,426 -
Ter| 25,88, 1072 0,1. 10°° A
Re | 78 50 0
Re | 30 2es Q
Re | 3 18,4 0

TABLE-2 Parameters that use in analysis of low-voltage

circuits for TIME-1 Simulation Program,

E2-Q2 B101-NPN[1-Q1 Bi02-PNP[BIRIM]
lso| 4,45, 107 | 8. 1071° A
Bro 160,6 37,1 -
M 0,025 0,025 -
N 0,69 0,728 -
€ | 777 7 -
NEL 1,8 1,485 -
Ren| 23 0,7 MO

- viii -



TABLE-3 Parameters that use in analysis of low-voltage
circuits for SPICE-3C Simulation Program,

E2-Q2 B10O1-NPN[1-Q1 B102-PNP|BIRIM
Is | 4,398, 107%° | 4,758, 107*°| a
Be | 202,5 59,2 -
NF 1 1 -
Mr 0,028 0,038 -
MJC 0,433 0,45 -
cz 464 .2 9,46 -
Nz 1,86 1,426 -
Twr| 28,88, 10°® | 0,1. 107® A
Rs | 75 50 Q
Re | 30 2es Q
Re | 3 16,4 Q
ch 29, 41 80 MQ
To measure the basic model parameters ﬁr’ Iso’ the
classical measurement techniques are used [11]. To de -

termine the other model parameters M, N, C , N and R __,
: 2 EL CcB

new methods which are presented [6] are used. Parameters
that are not specified has a default value,

All of the large signal parameters are obtained from
Ln{(Ic), Ln(IB) versus VBeE curve for VcB=0 as given fig-1,
from ﬁr versus Ln (Ic) curve as given fig-2 and from the

variations of the h-parameters with the ccllector current
and with the collector-emitter voltage, From the ﬂ% ver —

sus Ln(Ic) curve, ﬁ}o and from Ln(Ic) versus VBE curve,
Iso are obtained directly., Using the variations of the
measured h-parameters with Ic and VCE, the model parame -

ters M and ch can be determined, With computer programs



C., NEL model parameters are determined,

Vae Ln(lc)

Figure-1 Ln(Ic) and Ln(Is) Figure-2 ﬂr versus Ln(Ic)

versus VBE curve, curve,

In this thesis measurement of model parameters which
are used in low-voltage circuits is given in Section-3.
In Section-2 low-voltage circuits and analysis of these
with simulation programs are given and are discussed,



BOLUM 1

GIRIS

Disttk gerilimle beslenen yapilarin guntumuzde cegitli
uygulama alanlari bulunmaktadir, Bunlarin arasinda beden
oztrlt kigsilerin kullanimina yocnelik duzenler sayilabile-
cedl gibi cesitli uygulamalar acisindan bir zorunluluk o-
lan, az yer kaplayan minyatur duzenlerde yer almaktadir,
1.3 volt gibi dusttk gerilimli bir gtc kaynagindan beslen-
mek Uzere ongordlen bu duzenler icin ozel bir devre tek -
nigi ve ozel devre topolojileri gelistirilmigtir [1], [2]
[3]. Dusuk gerilimli devre duzenleri kapsaminda cegitli
kuvvetlendirici yapilari, referans Uretecgleri, osilator-
ler vb, duzenler bulunmakta, cegitli tumdevre treticileri
tarafindan bu tur devre duzenleri yari ozel ve ozel tum-

devre teknigl ile tasarlanip tretilmektedir,

Dusttk gerilimli devrelerin tasariminda SPICE program
gibi simutlasyon programlarinin kullanilmasinin tasarimci-
ya buytk kolaylik saglayacadi aciktir [4]. Devre simu -
lasyon programlari, el ile analizlerinin yapilmasi mttmkun
olmayan devre yapilarinin analizlerini yapmak icin geligs-
tirilmig bilgisayar programlaradir, Bu programlarla ya -
prlan analizlerin dogru oclabilmesi icin devre yapisinda
yer alan lineer olmayan elemanlarin tanimlamasinin iyi
yapilmasi gerekir, Bu da elemanin tanimlanmasinda kulla-
nilan modelin dodru olmasi ve model parametrelerinin dog-

ru olarak belirlenmesi ile mitmktin clabilir,



Bipolar teknigdi ile gerceklegtirilecek devrelerin SPI-
CE simulasyonunda, bu programda kullanilan dedistirilmig
Gummel ~Poon modelinin Early olayini geometrik bir yakla-
simla temsil etmesinin ve bazi fiziksel olaylari icerme-
mesinin bir sonucu olarak, dogruluk acisindan bazi prob-
lemlerle karsilasilmaktadir, Ote yandan elemanin fizi -
dinden hareketle yapilan caligmalar sonucunda yttksek dod-
ruluklu bir model gelistirilmisg ve (GEM), Celigtirilmig
Ebers—Moll modeli olarak isimlendirilen bu model icin de
bir simulasyon program: yazilmgtir [B], [6], [7], [®8].

Daha sonraki yillarda yapilan calismalarda, SPICE BJT
modelinin matematiksel bicimi ile GEM modelinin sagladi-—
g1 ytksek dodruluk bir araya getirilecek gekilde SPICE
BJT modeli yeniden duzenlenmig, ortaya cikan yeni model
SPICE-3C programina yerlegtirilerek bu modelle devre si-
mulasyonu olanad saglanmigtar [8], [10].

Bu tezde EXAR-B101 npn ve EXAR-B10Z2 pnp dizileri icin
standart SPICE modeli ve GEM modeli parametreleri dustk
gerilim bolgesi icin belirlenmis, dusttk gerilimle besle-
nen onemli temel devre yapilari her ikl model yardimiyla
analiz edilmis, analizlerde kullanilan modellerin dodru-
luk derecesini saptamak amaciyla da gerekli laboratuvar
olcumleri yapilarak sonuglari verilmig, similasyon ve ol-
¢t sonuglari karsilagtirilarak simitlasyon igcin ytksek
dogruluklu bir modelin gerekli olup olmadig: tartisilms-

tair,



Bu boltimde,
ele alinarak standart SPICE simttlasyonu ve GEM modeliyle
simulasyonu yapilmig,elde edilen sonuglar olctt sonugclari
Standart SPICE simt-
GEM modeli

ile karsilastirilarak verilmistir,
lasyonu PSPICE programi yardimiyla yapilmsg,
ile simulasyon ic¢in ise TIME-1 ve SPICE-3C (BSPICE) prog-

ramlarindan yararlanilmistair,

Simulasyonlarda kullanilan model parametreleri de -

BOLUM 2

DUSUK GERILIMLE GALISABILEN DEVRE
YAPILARI VE SIMULASYONU

duuguk gerilimle calisan begs temel devre

gerleriyle birlikte Tablo-2.1"de verilmigtir,

TABLO 2.1

(a) -
(b) -
(e) -

Dusttk gerilimle calisabilen devrelerin simulas-

yonlarinda kullanilan model parametreleri.
TIME-1 Simulasyon Programi icin,
PSPICE Simulasyon Programi icin,
BSPICE Simulasyon Programi icin,
E2-Q2 B101-NPN[1-Q Bi0O2-PNP|BIRIM

Iso| 4,45, 107%° 6. 10 *° A

Pro| 180,86 37,1 -

M 0,028 0,025 -

N 0,69 0,72 -

€2 | 777 7 -

NEL 1,9 1,48 -

Ren| 23 0,7 MO

(2)




E2-Q2 B101-NPN[1-(0 B102-PNP|BIRIM
Is | 4,4, 107%° 4,828, 10°%°| A
Be | 207 81 -
NF 1 1 -
Var| 85 20 v
Tee| 202, 107%° 4,8, 10°*° A
Ne | 1,88 1,426 -
Iur| 28,88, 1072 0,1. 107° A
Re | 78 50 Q
Re | 30 225 Q
Re | 3 16, 4 Q
(b)
E2-Qf B1O1-NPN|1-(1 B102-PNP|BIRIM
s | 4,358, 107*° | 4,788, 10°*°| a
Pe | 202,85 50,2 =
NF 1 1 -
M. | 0,028 0,039 -
MJC 0,433 0,46 -
Co | 44,2 9,486 -
Ne | 1,88 1,426 -
Twr| 28,88, 107° 0,1. 107° A
Ra | 75 50 Q
Re | 30 aes 0
Re | 3 18,4 o)
Ren| 20,41 50 MO

(c)




2.1 Referans Gerilimi Ureteci Devresi

Referans Gerilimi Uretecleri, tasarimcinin istedigi
belirli bir gerilimi ureten devrelerdir. Bu devreler-

de,

1- Sicaklik degisiminin cikig gerilimi, V;EF'e etki-
si,
2- Yuklemenin V ‘e etkisi,
REF
3- Besleme gerilimindeki degismenin VREF’e etkisi,

olmamalidir. Tasarimin iyi olabilmesi icin tucuntn sag-
lanmasi gerekmektedir. Dustk gerilimle beslenen devre
tasarimlarinda bu kogullarin sagdglanmasi daha da onemli

olmaktadir.

Gunumizde standart Band-Aralidi: (Band-Gap) Referans
Gerilimi Uretecleri 1.3 voltluk besleme gerilimi ile
talisabilecek sekilde tasarlanabilir ve guc kaynagi o-—
larak Nikel-Kadminyum pilleri kullanilabilir. Nikel

Kadminyumun kullanilmasiyla besleme kata,

1- Cihazda fazla yer isgal etmez,

2— Cihaza agirlik getirmez,

3- (1) ve (&)'den oturtt cihaza tasinabilirlik ozelli-
di kazandarar.

4- En onemlisi, pilin tekrar doldurulup kullanilabil-
me ozelliginden pil ttiketimi yapilmaz. Bu da cihaza e -
konomik yonde bir kazan¢ sadglar.

Ancak bazi devrelerde veya tasarimlarda 1,3 volttan
daha dusttk gerilimle c¢aligabilecek dusttk referans gerili-
mi treteclerine ihtiyac duyulabilmektedir. Bu ihtiyacla-
ri bazi dedigikliklerle standart Band-Aralidi Referans
Gerilimi Uretecleriyle karsilamak mimkundur, fakat bu



gereksizdir. Bunun yerine daha dustk gerilimle calisa-
bilecek sekilde tasarlanmis referans gerilimi uretecleri

kullanmak daha uygundur.

Sekil-2.1'de bu dusunceyle tasarlanmig 200mV Referans
Gerilimi Ureteci devresi verilmistir. Bu devrenin el a -
nalizi yapilarak vasr cikis geriliminin matematiksel ifa-
desi cikartilmistir. PSPICE ve TIME-1 Simulasyon Program-
lary ile analizi, laboratuvarda deney yoluyla olctmleri
yapilmis, elde edilen scnuglar bu alt bolumde verilmistir.
Ayrica karsilastirma kelaylid:r ic¢in bolumin sonunda Tab-
lJo-2.5 karsilastairma tablosu cikartilmstar.

2.1.1 El Analizi—ViEF Cikis Gerilimi

~

Sekil-2.1 200mV Referans Gerilimi Ureteci.

Sekil-2.1’de verilen devreyi inlecelemeden oOnce bir



alt devresi
lim.

olan Sekil-2.2'de verilen devreyi inceleye-

Sekil-2.2 vns Cogalimalil Devre ya da Basit Referans
Gerilimi Ureteci.

2.1>
c Ri

I =1 + I 1 4+ —S ca. 2>
R1 R2 B R2 h

dir. (2.10 esitligi (2.8)'de kullanmilirsa,

Ch I + 1>

~ FE “R2
Inf‘ 1 + h_ D 2.3
FE
olur.
vnz
Inz= B 2. 4>

dir. (2.4) esgitligi (2.3)'de kullanilirsa,

h .V I
~ FE BE

L& cm ot e 2.5
2. FE FE




olur.
vV = Vk{r Viz= R‘.IR£+ Vﬁ:
dir. (2.8 espitligi (2.6>0°da kullanilairsa,
R1'hrs
K + 1
Rz‘C1+hrE)
olmak tUzere,
Ri.I
V=K.V +
BE (1+hrz)
olur.
hrz »» 1 olmasi durumunda,
R
Al 1
K =1+ B
2
R1.I
V=K.V +
BE
FE
olur.

2.8

C2.7>

2. 80

I-akim kaynadinin pA'ler mertebesinde alinmasi ile

ikinci terim birinci terimin yaninda ihmal edilebilir.

Bu durumda,

olur.

V =K.V
BE

2.9

Simdi Sekil-2.2'de verilen devrenin biraz geligtiril-
migi olan Sekil-2.3"deki devreyi inceleyelim.



I =1 4+ I = —REF C2.10d
E2 cz2 B2 R

I =1 -1 2.115

dir. €2.10) esitligl (2.11D>'de kullanilirsa,

I =1 - Vv /R_D c2.12
AKX REF 3
olur.
v =V + V 2.13
BE2 REF

dir. (2.8 esitligi (2.13)'de kullanilirsa,



_10_

R .I
1
vm:r K’vnm+ C1+hl-'E1) - vnx-:z c2.14

(2.12) esitligl (2.140’de kullanilirsa,

R1.IAK
K'vnm + C1+hrz1) - vnrcz
v = c2.18)
REF R1
1+ w3 >
3 FE41

olur. K, (2.7>'de verilen katsayidir.

»» 1 olmasi durumunda,

h
FE1
R1 Ez'IAK
[1+ R ]'vnzi+ h b Vnzz

- FE1
Vnzr R:
1+ T h

8 FE1

olur.

Sekil-2.2 ve Sekil-2.3’de verilen devrelerin ardin-
dan Sekil-2.1'deki asil devreyi inceleyelim.

cvnln— Vna,) c2.16d

R2
2

-
|
A

vV =l _+ I DO.R c2.17
R4 R2 E2 4

dir. (2.16> esitlidi (2.17>3'de kullanilirsa,



- 11 -

R
v 4 .CVB

= 4 Rz'IEz) 2.18d
R4 CR2+ R‘D

C2.17) esgitligi (2.163°'de kullanilarsa,

vms:x— R4'Izz
Iz R+ RO 2.19
2 4
olur.
IAK= Ia1+ Ins"' Icz
I =CI_ +I_ D0 4 CI 4+ I DO+ 1
AK R2 B1 c1 B2 c2
= IRz+ Im+ Ix-:z c2.200
dir. ¢2.19) esgitligi (2.203°de kullanilirsa,
v35:1+ Rz'Ilr.z
IAK= IE1+ CR + RD
2 4
Vm:z+ 12z'Ilzz
Im= IAK— c2.210
CR + RO
2 4
olur.
v 4+ V. =V 4+ V

+ V
REF BE2 RS BE1 R1

VREF+ VBE2+ Rs' C Ic1+ InzD =VBE1+ Rt' I pat I nzD

R.I -R.I_=V -V -V -R_.I + R_.I
5 7B F 5 €1 1B

2 1 R2 BE1 BE2 RE 1

dir.



olarak tanimlanirsa ve (2.18) egitligi kullanilarsa,

R, R,-R,
R ¢tisrh 5 Y tR3 ®> ce.22
FE2 2 4
olmak Uzere,
R,
1 BE1

a a°"E2 CR + RO
2 4

olur.

Ri- Rs'hrzz
R, = C2.83)

b Ci+h b
FE1

olmak Uzere,

olarak tanimlanirsa ve (2.21) esitligi kullamilirsa,

R+R-R
_ 2 4 b
kK = —fp 5 c2.24)
2 4
ve
R.R
R=_2DbD 2. 2%

c CR;+ R4)

olmak tizere,



olur.

olur.

dir.

ve

I

- 13 -

Va= V., oldugu icin

b
Ck+[RCR+ RD]3.V -V -V +R . I
I = 1 2 4 BE1 BEZ2 REF b ~ Ak
E2 CR + R D
a c
v =V +R.I
REF R4 8" TE2
Vn4 icin €2.18) egitligi kullanilirsa,
R4’ Vmu R4' Rz' Izz
Veer- CRT RS T Rr RSt Rale
2 4 2 4
yerine konursa,
E2
K =k + [E/CRz"' R.‘D]
R1+ Rz+ R“— Rb
RT ES c2.26)
2 4
Rd= Ra+ Rc
R5 R1.R4+ Rz.Rb
= <ish_ >t TR+ RO 2.27>
FE2 2 4
Rz. R4
Re- Ra+ (Rz+ -25) c2.28)
Rd.R4
R.=R .K + ce. 22
b e



olmak uzere,

R..V - R .V + R .R .I
) - f° BEs e BE2 e "b TaAx c2. 30

REF | CRd+ Re)

olur.

2.1.2 G.E.M Parametreleri Ile V
REF

200mV’luk Referans Cerilimi Ureteci Devresindeki Tz’
Tz tranzistorlari aktif bolgede calismaktadir. G.E. M’ de
tranzistorun Ic akimi aktif bolge icin,

M.v N
I=1I_.¢1+ —— %> [ExpCV._V -1
1 so’ > F P BE T 1
V.-V D
12= CE BE
R
cP
olmak Hzere,
I =1I+1 c2.31D
c 1 2
olarak, Ia akimida,
N
M .VCE
I .1 4+ —m
. SO 2 _
Is— " e . [Expcvss/v;) 1]
FEO.C1 + M.V b
CE
I‘= Cz.Iso.[Expcvnx/nELV}D—l]
(V. -V D
CE BE
I =
] R

cB
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olmak uzere,
IB= I§+ I‘- Is (2.32
olarak ifade edilmektedir [6],.

VREF *i burada verilen egsitlikleri kullanarak G.E. M

parametreleriyle ifade etmek miumktindur. Bunun icin VEE

yerine V s V ve V yerine V » V alarak bize
CE1 CE2 BE BE1 BE2

gerekli clan h =1 I , h =1 ~ 1 __ oranlarini
FE3, c1 B1 FE2 cz B2

bulmam z yeterlidir. Ancak ifadeler cok uzun olacadin-

dan ve sonuclari karsilastirmada gerekli oclacadindan bu

dustinceyl temel alan bilgisayar programi yazilmigtar.
Programin listesi Ek-1'de verilmistir.

2.1.3 Spice Parametreleri Ile V;EF

Spice analizinde kullanilan modelde ise,

1 = so . [ExpCV;E/V&)—l]

I =2C 'Iso'[ExPCst/nzLVED-ll
olmak tizere,

I = I£+ 1 2.33

ve

(o

olarak ifade edilmektedir [11].

I = Iso.[ExpCV;E/V;)—lj (2. 340



Herbir tranzistor icin hrm= Ic/Ia oranini bularak ci-
kig gerilimini veren vﬁzw.i’ Spice’da kullanilan model
parametreleriyle bulmak mtmkttn olur. Ancak bolum 2.1.2°
de de belirtildidi gibi bu ifadeler el analizi ic¢in ol -
duk¢ca uzundur. Basit bir devrede ortaya cikan bu zorluk
devre buyudtkce, karmasiklagtikca cok daha etkili olmak-
tadair. Artik boyle durumlarda el analizi yetersiz oldu -

dJgundan simtlasyon programlarini kullanmak gerekmektedir.

Bolum 2.1.2°de oldudu gibi bu bolumdeki ifadeleri kulla-
nan ve sadece 200mV’luk Referans Gerilimi Ureteci devresi
icin gecerli olmak tzere basit bir bilgisayar programx ya-
zilmistar. Programin listesi Ek-2’'de verilmistir.

2.1.4 Olgcme Sonucglari

Laboratuvarda yapilan oclcmede elde edilen sonu¢lar
Tablo-2.2°de verilmigtir,
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TABLO-2.2 200mV Referans Gerilimi Ureteci Devresinin
Olcttim Sonuglari.

Kullanilan Dugum Cerilimleri
Tranzistor CmVD
Kodu T1 Tz vcc IAK 2 3 4 5 =]
E1-NPN Q1 Q3 11,5V |25uA (700}610]133(6801188
E2-NPN . " " " 7301{630{137]720/186
E2-NPN " " iv . 727]630]137{717]190
E3-NPN " "t 11,58V ol 700{610(133}680{186
E4-NPN b L " . y 71016151135}]700/190
E5-NPN - " v h 705(610{130(695(187
EB-NPN " " A " il 720[626]135]710{1889
Y1-NPN "N " " - 695{6031130{685]184
Y1-NPN " e 1V " 685(603}130|685|184
Y2-NPN " "M 11,8V " 715(1620}1135]7051187
Y3-NPN i " . Yy 712]1618{134|702]188
Y4-NPN " " " " 700}61511331695(185
Y5-NPN " " " . 705]615(133|695]185
R1=22KQ, Rz=120KQ, R3=220KQ, R4=33KQ, Rs=4700

2.1.5 Spice Analizi ve Sonuclara

Analizde kullanilan devrenin semasi Sekil-2,.4'de ve-
rilmistir. Bu analiz yapilirken besleme gerilimindeki
dedigimin devrenin cikisini, akim ve gerilimlerini nasil
etkiledigide incelenmistir, 1lnceleme Vecc=1iV ve Vcc=1l,K 8V
i¢in yapilmsg, sonuclar toplu halde Tablo-2,3'de veril -
mistir,
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Sekil-2.4 Spice Analizinde Kullanilan 200mV Referans
Gerilimi Ureteci Devresi.

TABLO-2.3 Spice analizinde besleme gerilimindekil degisi-

min 200mV Referans Gerilimi Uretecinin, (a) du-
gum gerilimlerd,

(b) akimlara,
lari Uzerine etkisi,

(c) tranzistor-

DUGUM GER1L1MLER1

CVoltd

1>

2D

3

C4>

15>

(6D

1,0000

0,7301

0, 6350

00,1436

0, 7205

0, 2002

1,5000

0, 7301

0, 6350

00,1436

0, 7205

0, 2002

Cad




AKIMLAR
B Ics IBs Ic2 Inz2 VICIR1D [V3CIRS)
CuhAd nAd | Cudd | CnAD Cudd CuAd
A} 20,4 227 j0,242) 14,7 4,322 20,44
B| 20,4 227 |0,242)] 14,7 4. 322 20,44
Cbd
IRz = IRs1-IB1
Ira = Jcats2
Irs = IRrz¥R3
IrRs = Jci+Ipz ile belirlenebilir.
Q1 -NPN TRANZI STORU
' Is Ic VBE Vec VceE |Br(pc) |BFcac)
CnA [Cudd | VD CmVD | €V
Al 227120,4]0,635]-85,5]0,72 Q0 izs
B| 227]20,4]0,635]|-85,5]0,72 20 128
| Q2-NPN TRANZI STORU
All4,7]0,242}0,520}-9,60]0.53] 16,5 29,5
B|14,7]0,242}0,520}-8,60]0,83| 16,85 29,8

Ced

Bu tablolarda yer alan A ve B sembolleri analizde kul-
lanilan besleme gerilimlerini temsil etmektedir, Bunla -
rin temsil ettigi degerler asadida verilmistir,

A : Vcc= 1V
B : Vcec= 1.8V

‘dir.

Tablolardaki sonuc¢lar incelendidinde Vecc=1lV ve 1 8V
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icin 200mV Referans Gerilimi Ureteci Devresinde sonucla-
rin dedismedigi gorulmustur,

2.1.8 G.E.M Analizi ve Sonuclara

Spice analizinde oldugu gibi bu analizle de Vecc=1V
ve 1,85V icin inceleme yapilmstir, Sonuclar Tablo 2.4°
de, analizde kullanilan devrenin semasi da Sekil-2.8°'de
verilmistir,

——— o E1

Q(%

Sekil-2.5 G.,E.M analizinde kullanilan 200mV Referans Ge-
rilimi Ureteci Devresi,

Tablo-2.4°de kullamilan A ve B sembolleri,

A : Vecc= 1V luk,
B : Vcc= 1.5V'1uk

besleme gerilimlerini temsil etmektedir, Her iki durum
i¢in sonuclar tablodan incelendiginde fark bulunmadiga
gorulmektedir.



TABLO-2.4 G, E.M analizinde besleme gerilimindeki degisi-
min 200mV Referans Gerilimi Uretecinin (a) du-
gum gerilimleri, (b) akimlari, (c) tranzistor-

lary uzerine etkisi,

DUGUM GER!LiMLER?
CVoltd

Ml 1 2 3D C4d (5> q=>
A]1,0000}0,7343]0,6380]0,1443]0,7247]0,2016
B]1,8000}0,7343]0,6380]0,1443]0,7247]0,20186

Cad

AKIMLAR
l Icsa IBs Ic2 IB2 ViCIrR1D |[V3(IRS)
Cuhd CnAd | CuAd | CnAd CuAd CuAd

>

20,4 265 |0,245] 15,2 4,38 20, 4
B} 20,4 268 |]0,248] 15,2 4.38 20,4

Cbd
Irz = IrRt1t-IB1
IrRas = Iczt+m2
IrRe = IR2+R2
IrRs = Ici+Ipz ile belirlenebilir.

Q1 -NPN TRANZI STORU
. Ie Ic "VBE VBC VceE [BrF(pc) |BFcac)
CnAd [CpAd ] CV CmVD | CV

265120,410,680}-86,7 0,725 77 ———
B] 265]20,410,680}-856,7[0,725 77 ————
Q2-NPN TRANZI STORU
Al115,2]0,245(0,523]-9,6 |0,53] 16,12 -—-~-
B]15,2]0,245}0,523|-9,6 |0,53| 16,12 —-—--

>

Ccd
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PSPICE ve TIME-1 simulasyon programlariyla elde edilen
sonuclar karsilastirildiginda. 200mV Referans Gerilimi U-
reteci Devresi icin fark yok denilebilecek kadar birbiri-
ne yakin olduklari gorulmustur,

Olc sonuglary ile analiz sonuglarain: kargilagstirmak
icin 200mV Referans Gerilimi Uretecinin ciklsina, olcme-—
de kullanilan veoltmetrenin ic¢ direncini temsilen 1MQ luk
yuk direnci baglanarak analizler tekrar yapilmgstair, El-
de edilen sonuclar Tablo-2 8 karsilagtirma tablosu ile
verilmistir,

TABLO-2.,8 200mV Referans Gerilimi Ureteci Devresinin
PSPICE TIME-1 ve Olcum Sonuclarai

DUGUM GER1LIMLERI
<mVD
YAPILAN INCELEME (=) c3 c4d (435D e
G.E.M 734,21637,8]143,1|724,7|190,0
SPICE 730,11634,8(142,41720,5]188,6

OLCUM

V. _=1lvolt, I _= 25uA
Kullanilan ce Ax

Tranzistor
T T
Kodu 1. 2 e 3 4 8 6
E2-NFN nu nu 727 &30 137 717 190
Y1-NFN' o o 695 603 130 685 184
R =22KQ, R =120KQ, R_=220KQ, R =33KEQ, R_=4700
1 ! 2 3 < 5
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2.2 Dusttk Gerilimle Beslenen Darlington Devresi

Dustk girisg akimini cikisa ytukselterek veren, sagladi-
g1 akim kazancinin buytukludunden yttksek betali devre ele-
mani olarakta tanimlanan darlington devresinin dusuk bes-
leme gerilimi ile calisabilen devre yapisi Sekil-2.6°da
verilmigtir.

Sekil-2.6°da verilen bu devrenin DC ve kuUguk isaret
analizleri PSPICE, TIME-1 ve El ile yapilmstir. Devre
laboratuvarda kurularak karsilastirma icin gerekli olcum-
leri elde edilmistir.

Butun bu ¢alismalarin scnuglari ve karsilastirma tab-

lolari bu alt bolumde sirayla verilmistir.

2.2.1 DC El Analizi ve Ic=f(IBd

Y *Veep
' +
i ’ Tﬁ *1V
AK
CD’a ‘ sua T3 Ts “C
[
1KQ
Ig
— Ts ¢ 4 *—‘o—— ¢ Vo
Ts T2 l {Tr
R; Ry
15KQ 0 KQ v
i l o CeN
-1V

Sekil-2.6 Dusuk Besleme Gerilimi lIle Calisan Darling-

ton Devresi.
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I =1I_rh ’ c2.35
83 “¢3  FES

I =1I_rh ce. 360
B4 ~C¢  FEe

I =1 c2.37
ce c3

dir. (¢(2.37> egitligi (2.35)’de kullanilirsa,

I I

I+ 1 =—-S2% 4 O c2.38

B3 B4 h h
FE3 FES
olur.

I =h I C2. 380
c2 FE2 B2

I =1 +1I +1I C2.40)
cz c3 B3 B4

dir. (2.38 ve (2.38) esitlikleri (2.403'da kullanmi-

lirsa,

h + h + h .h
h = FES FE4 FES FEa4

F1 h . h .h
FEZ2 FES8 FE4

olmak zere,

I =h .I C(&8.412
olur.

I =1 + hr: >.1 C2. 42>

I =1 -1 Cs8.43>

I =dC1 + h 2.1 (2. 44O
G FEG B
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dir. (2.44) ve (2.43) esitlikleri (2.42)'de kullani-

lirsa,

h = di+h__>.C1+h__ D
F2 FES FES

olmak uzere,

I_=Cl+h D>.I_-h_ .I_ c2.45d
oclur.

I=h__.I Ce. 46>

I =1 +I -1I -1 Ce. 47D

dir. (2.41D0, (8.48), (2.47) egitlikleri (2.46)’da

kullanmilirsa,

.h
FE FE1 F2

h .Cil+h__DJ.Cl+h__ DO C2. 48D
FE1 FES FEG

= h .h . h + h .Ch + h
FE1 FE5 ' FEG FE1 FES FEG
ve
I =1 + Ci-h >.I - Ci+h .1 C2.49)
o AK F1i (7 FES R2
olmak Uzere,

I =nh 'In+ h .1 c2.800

olur.



Devredeki QB tranzistoru kesimde olursa devrenin ¢iki-
sindan Q6 iletime gececek dederde oluncaya kadar Chrsilo>
sabit akim akar. Bu durumda devre darlington ozelligini

kaybeder.

2.2.2 Kuguk lsaret El Analizi ve ic= fCib)

Q3 ve Q4'ten olugsan, destek akamini sadlayan akim ay-
nas1 ile IAK akim kaynadinin akimlarinin dedgismedidgi ka-
bulu altinda Sekil-2.6’daki devrenin kucuk isaret esdeder
devresi Sekil-2.7'de verilmisgtir.

Nreg.Vces  Nres.Vces

Sekil-2.7 Dusuk Gerilim Darlington Devresi Kugtuk lsaret

Esdegeri.
i =nh .1+ h .V (2.581)
c1 fexr b1 cel cedl
i ba= C1+h‘°5) . ibs-f hoes' Vces (e.52)
v = -h .i_ - h .V (2.53>
ces 104 ba rei cel

dir. (2.83) egitliai (2.52>'de kullanilarsa,



1 ite1’ oeS

olmak Uzere,

(11+hf 5).155— h 1.h sV .
i = e re oce ce1 2. 54
b1 k

1
olur.

i = d1+h, >.i + G+ h Jd.v c2. 88D
b5 fes bo 2 oced ces
v = C1-h d.v - h .i c2.562
ces res ces 1S bS

dir. (2.56) esitligi (2.855)’de kullanilarsa,
k =1+h _.CG+ h D
2 ies 2 o6
g=CG+ h D2.C1-h D
1 2 oces res
olmak Uzere,

Co ] 1° ceS -
1bs kz C2.87>

C1+hf96)'ib + g .v

olur. (2.53) esgitlidinin (2.57)'de kullanilmas: ile
elde edilen yeni egsitlik (2.54)°de kullanmilarsa,

+ h

= + .
hfi hfes hfed fes hfed

g,=h _.[g, .Cl+h D+k_.h___] c2. 58

olmak uzere,

hf:'ibo_ 92 Vee1
i = 2.5
b1 l:k‘.kz-!~ gi.htel.C1+hf95)]
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olur. (2.59) egitligi (2.51)°'de kullanilarsa,

hfea'hfi
h = _ {2.600
fe [k’.kz+ gz'hiex'C1+hfosjj
-g
- _ fes1 T2
hoe‘— hoe1 fk . x + g .h .Cl+4h_ D] ca.61>
1 2 1 ie1 fes
olmak Uzere,
i =h .i, + h .v (2.62>
c1 fe bo ce ce1l
olur.
v =h .i, 4Ch -=1>.v (2.63
bed ies bs res ces
dir. (2.852) esgitligi (2.853)'de kullanilairsa,
~h. 1.C1+h‘ 5).1b5— h Ve e
v A 1Le e re1i ce (2.64)
ces k
1
ve (2.64) egsitligi (28.561>'da kullanilairsa,
h, .Cil+h_ >.Ci-h D
r = -h _ Tte1 fe>S res
ieS k
1
h .C1-h b
hr'-_- re1i reS
k
1
olmak uUzere,
v =r.i _~hr.v : c2.65)
ces bs ced

olur. ((2.85) egitligi (2.685)'de kullanilarsa,



r.C1+h >.Ch  -1>
feo rec

h . Pt — T e+ 7573 c2.66>
2 ceds

hr.C1-h__ >
h = re C2.67
™ [1-r.¢c6. + h D1

2 ceds

clmak Uzere,

v =h i + h .v (2. 680
beds ie bos re ce1

olur.

£2.2.3 G.E.M Parametreleri Ile Ic=fCIn)

Sekil-2.6°deki devre sinirla I_ bolgesinde darlington
olarak calasar. Bu bolgede kalindidgy surece DC c¢ikig a-—
kimini veren (2.850) ifadesindeki ikinci terim birincinin
yaninda ihmal edilebilir. Cikis akimi yaklagsik olarak,

I=h .I 2. 690
c FE ' B

alinabilir.

2.1.2 alt bolumunde sozu edildigi gibi (2.31), (2.32)

ifadeleri kullanilarak C2.68)°deki h icin h » h .
FE FE1 FES

hrsa hesaplanabilir. Boylelikle parametreleri kullana-

rak, verilen bir In dederi icin devrenin vermesi gereken
Ic degeri el analizi ifadesini kullanan basit bir bilgi-
sayar programi ile yaklagsik olarak cok cabuk elde edile-

bilir.



2.2.4 Spice Parametreleri Ile Ic=fCIn)

2.2.3 Alt bolumundeki aciklamalar bu alt bolumde de
gecerlidir. Ancak kullanilmasi gereken ifadeler 28.1.3
alt bolumtindeki ifadelerdir.

2.2.8 G.E.M ve Spice Parametreleri 1le ic=f(1b3

Darlington devresinde el analizi bakimindan karmasik-
li1k getirecek miktarda tranzistor bulunmaktadir.

Sadece bir tranzistor i¢in once caligma akim ve geri-—
limleri Ia’ Ic’ VBE. ch’yi belirlemek ve sonrasinda bu
akim ve gerilimler icin h-parametrelerini belirlemek i-
¢in kullanacagdimiz ifadelerin uzunludu ve karmasgiklida
el analizi icin mumkttn olabilir. Ancak tranzistor mikta-
ri arttikca bu durum mumktn clmaktan cikar. Bu yuzden

bu bolumde verilmesi gereken ifedeler verilmemigtir.

2.2.6 DC Cikig Gerilimi ve vo/vg Gerilim Kazanca

(2.800'de verilen Ic ifadesi geg¢erli olmak uUzere
V=V - Ry.I 2. 70>

olur. Burada vccp pozitif besleme gerilimi icin kulla-

nilmstar.
v =-i .R 2.71>

dir. ((2.62) egitligi (2.710'de kullanilarsa,

Ci+R_.h DJ.v

Y ce ces
bo R .h
Y fe

ce. 72

ve (2.78) egitligi (2.68)°'de kullanilarsa,



-R .h
ce1 S T 2. 73
Yoeos hi'9+ RY'Choe'hie re fe
vo - Vo vbed
vg vb96 vg
r.
_ _ce1 i c2.74d
v * R +r
beos g 1

olur.

Bur ada Rg. Vg isaret kaynadginin i¢ direnci, r. ise

devrenin giris direnci olup yaklasik olaraklu@allnabi~
lir.

2.2.7 Olcme Sonuglara

Laboratuvarda yapilan olcmede elde edilen sonuglar

Tablo-2.6°da verilmistir. Bu olg¢tumlerde,

Vecr = +1 volt
Vecen = -1 volt
Jax = BuA
R1 = 10K
Rz = 15K
Ry = 1KQ
alinmigtar,

PNP ic¢cin B-B102 tumdevresi kullanilmistair,
Kazan¢ olcumiinde c¢ikis gerilimi,

V;Ceff) 100mV ya da

141 ,4mV°a

vthepe)

ayarlanmigtar,



TABLO-2.6 Dusttk Gerilimle Beslenen Darlington Devresinin

(a) - IcCuAD, dc ¢akig akimi,
(b) - kuctuk isaret kazanci ile harmoniklerinin
dedgerleri,
IcCuA)

InanD B0| 78|100{ 125} 150| 178] 200| 228| 2850

E4-B101 [{20]|270|820] 870]1200{18500]1700(1840|1860
E2-B101 |80]280|8380|1000]1350[1680}1750|1800{1800

Ry= 1KQ kullanilmistar,
Cad

VBCDC) ICCDC) v CmvD v /v HARMONI K DEGERLERI
mvV pAl € tepe| ol g {ICmVD [T1CmVD | II1CaVD

+494 | B08 12.2 |11.58|85.308|0.0794 |-———————

+ 8 202 8.47 |16.7011.412]0,1496 7.9

Ev= 1KQ kullanilmstar,
Cb>

2.2.8 Spice ve G,E.M Analizlerinin Sonuclarai

Darlington devresinin PSPICE, TIME-1 ve olcum sonuc-
lari hem dc hem de kuctk isaretler bakimindan Tablo-2.7°
de verilmigtir,



TABLO—-2.7 Dustik Gerilimle Beslenen Darlington Devresinin
PSPICE, TIME-1 ve Olc¢u Sonuclara,.
Cad— IcCuA), dec cikis akimi,
Cbd- ktucttk isaret kazanci ve harmoniklerinin deder-—

leri.
IcCpA)
6P | 55 | 3.8 | 83 | 100 [108,.78|120.18] 150
PSPICE | 2B.43|—~————|———-- 374.5| 505,3| 991.,4|1785
TIME-1 |294 s07 | e85 [1400 [-—-——c|-————- 1860
OLCUM-1| 80 |-—————|--—— 520 |--————|-————- 1200
OLCUM-2| 80  |-————=|-———— B50 |-—————|—~———- 1380
Rv = 1KQ kullanailmigtair,
Cad
Vgnc) Ignc) ngv) v°/vg HARMONIK DEGERLERI
mVv HA ICmVD IICmVD [IIIC VD
PSPICE [+495 |505.3|10.2 [13.95| 8,043 | 0.1258 | 13.22
TIME-1 [+493 |507 [10.8 [13.4 | 7.531 0.0314) 17.76
OLCUM +494 |BOB [12.2 |11.59] 5.308 | 0.0794]| ——~—-
PSPICE |+ B.86]|092 6.28|22.8 | 2.018 | 0.0477| 4.171
TIME-1 [(+15.2]|985 6.8 |20.88| 1.922 | 0.1417| 4.243
OLGCUM + 8 |og2 8.47]16,.70] 1.412 | 0.1496| 7.5
R = 1KQ kullanilmistar,

Y
Cb>

Buraya kadar ele aldidimz dusttk gerilimle besle-
nen devre yapilarinin analizleri, caligsmanin baglarinda
SPICE-3C simulasyon programinin olmamasindan oturtt TIME-1

ve PSPICE ile yapilmigtir. TIME-1 simttlasyon programinda
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Rn’ Rc’ RE ve Ixr model parametreleri verilemedigdinden
kullanilan parametreler test devreleri ile verilebilen
parametreler ile belirlenmig, devrelerin analizleri bu

parametre takimlari ile yapilmigtir,

Sonuclar incelendidinde ¢ck onemli bir fark gorul -
memigtir. Farkli ve daha karmasik devre yapilarinda si-
miilasyon preogramlarinin davranisinl incelemek icin uc te-
mel devre daha ele alinip, analizleri yvapilmigtir. Bu
devreler ele alindiginda SPICE-3C mevcut oldudundan bun-
dan sonraki analizlerde TIME-1 yerine SPICE-3C kullanil-

mistir. Boylelikle IKF, R Rc ve RE parametreleride

B’
kullanilmstar. Referans Gerilimi Ureteci Devresi ile
Darlingtonun analizleri yeni parametre takimiyla da ya-

pilms ve sonuclari Tablo-2.8, Tablo-2.8'da verilmigtir.

TABLO-2.8 Dusttk Gerilimle Beslenen Referans Gerilimi
Ureteci Devresinin Toplu Sonuclara.

DUGUM GERILIMLRL
CmVD

2 3D C4d 4=>) Ced
TIME-1 |734.2 |637.8 |143.1 |724.7 |190.0
PSPICE [730.1 |634.8 [142.4 |720.5 |i88.6
SPICE3C |729. 96 |638.12|142. 37|720. 41 |[188.15
OLCUM-1 | 727 630 137 717 190
OLCUM-2 |Bo5 603 130 685 184

V =1V yada V__= 1.8V, R = IMEGQ kullamilmigtar,
cc cc Y



TABLO-2.9 Dlisik Gerilimle Beslenen Darlington Devresinin
Toplu Sonucglarza.
Vénc) Vimv) v /v THD HARMONiK DEGERLERI
mv| ¢ ° 9 IT(mvy [ I1(mV) [111(aV)
FEPICE +425 110.2 (13.95|5.644 | 8.043 0.128 13.22
TIME-1 +493 110.6 |13.4 |5.295| 7.531 0.0314) 17.76
SPICE-3C|+498 (10.8 [12.9415.148} 7.083 0.4767|4581. 44
PSPICE + 8.6] 6.28|22.5 |2.0723] 2.%915 0.0477 4.171
TIME-1 +18.2) 6.9 |20.58}1.357] 1.222 0.1417 4.243
SPICE-3C|{+ 4.5 6.923[20.26}(1.588| 1.883 0.4771 [465. 28
RY=1KQ alinmistair.
OLCUM-1 4494 {12.2 |11.59|3.752| 5.308 0.0794 |-—-—--—-
O1CUM-2 [+503 [10.35]|13.66|5.616| 7.95 0.1120
01CUM-1 B.47(16.7011.004} 1.412 0.1496 7.8
C1CcUM-2 |+ 17 6.E8(21.12|2.176] 2.165 0.1498|~—-—-~~—-
6LCUM—1 E4-EXAR B10O1-NPN dizileri ile yapilan 6lcim,
OLCUM-2 Y2-EXAR B101-NPN dizileri ile yapllaqzélcﬁm—

gdr. Bu iki o6lg¢iimde PNF dizisi degistirilme-
mistir.




2.3 On Kuvvetlendirici

(Pre-Amp. > Devresi

Sekil-2.8°de devre semasa verilen 8n kuvvetlendiri-

ci devresinin analiz ve &6lcim sonuclari Tablo-2.10'da ve-

rilmistir.

TABLO-2.10 On Kuvvetlendirici Devresinin Analiz Ve Olcim
Sonucglara.

-1- FSPICE HARMONiKLERi
. THD I I1 I11
o ) 2! .
Vv, (mV) |V _(mV: vg<uv> Vv, (mV) VO/Vg o v [emvy | v
671.27 |865.3 3458 143.8 [416.8(7.811.23[0.542(15.5
671.62|694.3 248 141.1 S8 |5.8] 7.720.283] 3.45
£71.86[|540.6 200 140.6 702 |4.3| 6.06(0.182| 1.47
-2- SFICE-3C HARMONiKLERi
TAD| I I3 I11
vV, (mV> |V _(mV)> v_(pv> v, (mV) v /vg o vy | emvy | (v
671.21 |se7.2 355 143.95/405.8|7.8111.16]0. 766 491
671.58(694.71] 250 140.77|562.1|5.3| 7.232]0.544 | 470
€71.83|529.65] =201 140.66|699.84.1| 5.610.501| 4€8
-3 OLCUM HARMONi KLERi
: THD i 11 T11
v, (mV) |V _(mV) Vg(uV) v, (mV) vo/vg o V> | amvy | (v
672 e85 382 141.4 |370.2(8.9{12.6010.707}|--~—-
673 684 254.56(141.4 [555.5]5. 7.95(0.224 |-~-—~
673 540 212 141. 4 667 |4.7| 6.69]0.126|-~-—-




SEKiL-2.8 Dusttk Gerilimle Beslenen On Kuvvetlendirici

Devresi.

2.4 Gerilim Kontrolltu Kuvvetlendirici Devresi

Sekil-2.9°da devre semasi verilen Gerilim Kontroeollu
kuvvetlendiricinin PSPICE ile SPICE-3C analiz sonuc¢lara
Tablo-2.11 'de verilmistir.

Sekil—-2.8 Dusuk Gerilimle Beslenen Gerilim Kontrollu
Kuvvetlendirici Devresi.



TABLO-2.11 Dustuk Gerilimle Beslenen Gerilim Kontrollu
Kuvvetlendirici Devresinin Analiz Sonucglari.

~1- PSPICE HARMONi KLER{
THD | I 4 T1T
VaeS V2 Vi €V [V cm [V cmwd |V /vy covd [ [cnvd
0.2 | 0.15 {140.5 | 16.65|0.601|.772|77.16|2.903|145.3
0.2 | 0.20 |263.8 | 29 [0.345|1.46[145.7|8.504 401
0.2 | 0.25 |387.7 |108 . [0.003|8.61|855.7| 114 |18720
-2- SPICE~3C HARMONI KLER?
TAD | 1 11 T11
VaefW? [Ve WV cm |V cmW |V /v v leivs lenvd
0.2 | 0.18 |142.21| 18.63]|0.601|.96 [44.97|33.93|33.63
0.2 | 0.20 [2e8.08| 28.5 [0.351|1.41|112.2|34.42]|33.79
0.2 | 0.28 |324.1 [108.8 |0.095|8.21|812.7|112.4 52001

Cikis salinim geriliminin tepe dederi V°=

tar.

10mV alinmig-

£.8 Hattan Hatta Cikis Dalgalanmali On Kuvvetlendirici

Sekil-2.10°da devre semasi verilen bu kuvvetlendiri-

cinin analiz sonuclari Tablo-2.12°de verilmistir.
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TABLO-2.12 Hattan Hatta Cikis Dalgalanmali Kuvvetlendi-

ricinin Analiz ve Olgum Sonuclari.

cad

o

Sekil-2.10 Hattan Hatta

ci Devresi.

- Vy

-1- PSPICE HARMONi KLERi1
THD 1 11 111
VSCpV) VingD VgCyV) VOCmVD V'O/Vg ” cmVd [cuvd  [cuvd
+435 -105. 4| 460 140.3 305 |1.87(2.618{46.84 {30, 37
-300 +105.8| 520 140.5 |270.2|2.09{2.93666.02{31.03
-2- SPICE-3C HARMONI KLERT
THD I II 111
VSCpV) Ving) Vg(uV) VOCmVD VO/Vg % emWd [cpuvd |cpvd
+418 -103.4| 480 141.381284.5{1.75(2.1661478.71468.5
-308 26.9) 536 141.141263.3(1.8212.430({478.71468.5
Ry= B500KOQ alinmigtar.

Cikis Dalgalanmalai Kuvvetlendiri-
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-1~ PSPICE HARMONiKLERi
THD I 11 111
V_(uVv) Vang) Vg(yV) VO(mV) VO/Vg ¥ V) | (D V)
—————— +180.7] 1018 (141.7 1139.6]3.87] B5.47]| 243 ]13.27
—————— - 79.9 800 |141.2 [|176.8(3.24] 4.58190.42113.03
—————— -179. 85 7385 [141.6 [|192.B6l2.92| 4.13|55.78}115. 04
-2- SPICE-3C HARMCONi KLERi
THD I I1I 111
Vo (V) Ving) Vg(pV) Vo(mV) VD/Vg o Gavy | (v (V)
—————— +181 1032 |140.62|1236.113.84| 4.82|839.8| 464
—————— - 78.6 818 [140.401171.6{3.02| 4.07] 488 [463.7
—————— -179.8 T54 [141.48|187.6{2.73] 3.671482.6[|468.7
-3- OLCUM HARMONiKLERI
] THD h 11 111
N
V. (V) Viémv. Vg(NV) Vo(mV) VO/Vg o v | v LV
—————— +150 827.31141.4 (170.912.11} 2.99|—"———~}—~——~
—————— - 80 806 141.4 (175.412.00| 2.82| 282 |---—--
—————— -180 792 141.4 [178.8]1.78| 2.82|---—=~]|—==—~
(b)
R = 280KQ alinmmistar.

Ele alinain farkli dért temel yapainin PSPICE, TIME-1
ve SPICE-2C (BSPICE) ile vapilan analizleri disidk gerilim

btlgesinde farklilik getirmemistir.

Analiz ile bazi dev-

relerin 8l¢iim sconucglarinda ise az bir farklilaik gozikmek-

tedir.

Bu kigik fark kullanilan BJT dizilerinin imalat

geregdi gbsterdigi farklalaktan ileri gelmektedir.

Sonug oclarak disitk gerilim bdlgesinde yapilacak

analizler ic¢in model parametreleri iyi verildiginde

yliksek dogruluklu model kullanmilmayabilinir.




BOLUM 3

DUSUK GERILIMLE BESLENEN DEVRE YAPILARININ
SIMULASYONLARINDA KULLANILAN MODEL PARAMETRELERININ
BELIRLENMEST

Simtlasyonu yapilan BJT'l1i temel devre yapilari du-—
sttk gerilim belgesinde caligmaktadir, Bu yttzden BJT yi
modelleyen tum parametre takimini belirlemek yerine, ca-
lisilan bu bolgenin getirdigi kaisitlamadan yararlanarak
baskin olan parametreler belirlenmig, digerleri default

deger (simulasyon programinda verilen deder) alinmigtir,

PSPICE simttlasyon programinda bu caligma bolgesi i-
¢in baskin clan parametreler Is’ £ I N I \'

F’ sE’ E’ KF’ AF’
R, R ve R, TIME-1'de I , ., M, N, C, N ve R __,
B c E so FO 2 EL CcB
SPICE-3C'de ise I_, #, M, M , C, N, I _, R _, R,
s F F Jc 2 E KF CcB B

R wve R _‘dir.
c E

EXAR B101-NPN tranzistor dizilerine iliskin bu buytk
isaret parametrelerini belirlemek icin tc olcme yapilmg-—

tir,

I1. OLCME : Sekil-~-3,1°de verilen otlcu duzenedgi ile
VBE'e bagli olarak Ic ve In degerleri olc¢utlmus, bu de-
gerler kullanilarak LnCIed-VBe, LnCImd-VBeE ve f3-LnCIcd

edrileri elde edilmigtir,

IT, OLCME : Sekil-3.2°de verilen olcu duzenedi ile
sabit baz akimlari icin Ic~-VeceE statik cikis ozedrileri
elde edilmigtir,



II1. OLCME: Sekil-3.3'de verilen olcme devreleri {-
le Ve = B5Y icin hoe parametresinin Ic kollektor akimiyla
dedgisimleri, Ic = 2mA ic¢in VcE kollektor-emetor gerilimiy-
le dedisimleri bulunmustur,

SMU1 |[VCJIC] V |VARL
SMUZIVBI{IB| V [VAR1~
SMU3 {VE (I3 |COM

VARL  _
VART *

Ratio

Sekil—-3.1 Vce=0 icgcin VBE'e badgli olarak
Ic ve IBp'i olcmede kullanilan

olcme duzenedi.

SMU1 |VC|IC| V [VAR1

-———-@—%———KNPN smuz|vBliB| 1 |vaARe

Ig DI, |smuz|vel1E|coM

|

Sk
[g]

I#
r
«<l

Sekil-3.2 Ie=sabit icin ¢ikas ozegriléri~
ni elde etmede kullanilan ©lc¢cme
duzenedi.
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Vglett) =50 mv

$ekil-3.3 NPN Tranzistorunun hoe parametresini saptayan
ol¢cme duzenedi.

Bu olcme sonuclara kullamilarak ihtiyac duyulan mo-
del parametreleri belirlenmigtir. Parametrelerin belir-
lenmesi bu bolumiun alt bolumlerinde izah edilmistir. Bu-
rada verilmemekle birlikte NPN icin yapilanlar PNP ic¢in
de yapilmgstair,



3.1 Model Parametrelerinin Belirlenmesi

Bazi model parametreleri olcme sonuglarindan belir-
lenirken bazi parametrelerin belirlenmesinde bilgisayar-

dan faydalanilmigtar,

Butun parametreler beiirlendikten sonra simulasyon
programlarina Sekil-3.1, Sekil-3.2 ve Sekil 3.3'deki olc-
me devreleri verilerek sonuclarin oleme sonuglarina tu-
tarlalag: gozlenmisg ve bazi parametrelerin degerleri bu
uc test devresinin sonuclariyla yakinlasincaya kadar cok
kucuk dedgisimlere ugramistar,

3.1.1 Is Parameﬂresinin Belirlenmesi

Is parametresi, th=0 kogsulu altinda elde edilen
L.nCIc)-V’BE edrisinden ya da dustk akim bolgesinden ali-
nacak CLn Ici,VBE1L) ve (Ln Icz,VBE2) geklinde iki nokta
ile [6] belirlenebilir,

Bu calismada edri kullanilarak Is parametresi belir-—
lenmigtir. Ancak bu deder bu parametrenin kesin dedgeri
dedildir. Qunkt alinan edime gore bu parametrenin dedgeri
cok az asadl ya da yukari kayabilir. Bunun iyl belirlen-
mesi gerekir. Zira dugsttk gerilim bolgesinde oldukca et-

kili parametrelerden bir tanesidir.

3.1.2 f5rm Parametresinin Belirlenmesi

Bu parametre V£c=0 kogulu altinda elde edilen VBE
ile degigen Ln(Ied edrisinden bulunabilecedi gibi



C1-1/nEL)
az = Cz.Is
62
as =
ﬁ}u'Is
olmak uUzere,
- Cl/nEL—lb
3 = attaz.1 + as. I
F c c

badintisinin [11] cozumu ile belirlenebilir ki bu calig-
mada da bu yol kullanilmigtar.

ne. parametresi ve VEB=O icin cizilen B-Ln(lIcd) edri-
sinden alinacak iki nokta ile ﬁ}u’ Cz, €@ belirlenebilir.

Yazilacak kucttk bir bilgisayar programi bu iglemleri cok
stiratli bir bicimde yapacaktir. Ancak burada dikkat e -
dilmesi gereken bir husus var. O da secilecek bu nokta-
larin dusttk akim bolgesinden olmasidir. Elde edilen pa-
rametre dederleri diderlerinde oldudu gibi kesin degil -

dir.

3.1.3 NeL ve Cz2 Parametrelerinin Belirlenmesi

Bu iki parametre LnCInD—VBE edrisinden bulunabilir.
Ancak elde edilen olc¢tm sonuclarinda bu parametreleri be-
lirleyecek olan bolge belirgin olmadigindan NELe XR-kato-
logundaki deder verilmigtir. Cé icin ise Bolum-3.1.2°de
bulunan deder kabul edilmigtir.
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3.1.4 IxkF ya da @ Parametresinin Belirlenmesi

Bu parametre hem edriden hemde Bolum-3.1.2°'deki ifa-
deden belirlenebilir. Bu calismada dederi edriden bulun-—

mustur.

Buraya kadar ele aldidgimiz model parametreleri Vcn=0
i¢cin elde edilen VBE ile degigen LnCIcd ve LnCIBd edrile-
rinden, Boltum-3.1.2"deki badintinin c¢ozumunden ve kata -
logtan belirlenmigtir.

Ancak edriden okurken yapilacak okuma hatasi Ctaksi-
matlarin iyl olmamasindan oturud ve badintidaki akim bol-
geleri arasindaki sureksizlik ve en onemlisi caligilan
bolgenin bu hatalari kabul edemeyecek dusttk gerilim, du-
suk akim bolgesi olmasi dolayisiyla ilk etapta bulunan
degerler parametrelerin almasi gereken dederler dedildir.
Bu degerlerin ince ayardan ge¢gmesi gerekir. Bu da olcme-
de kullanilan tu¢ devrenin simulasyonda test edilmesi ile
olur. Bu yapilarken izlenmesi gereken bir sara vardar.

O da,

1- Is parametresi ile V&B= O kosulundaki dustik Ic
dederleri yakainlastairailar.

2- IKF ile II. ve 1II. bolgede Ic degerleri yakin-
lastaralar.

3- NEL ve ﬂru ile II. VE 1I1I. bolgedeki In akim de-
gerleri, Cz ile I. bolge Cdusuk akaim bolgesid In

dederleri ayarlanar.

4- Sarasaiyla Cz’ Bru

ve NEL tok az otelenerek LnCIcd
ile degisen ﬂr sonuglari da yakinlagtirilar.



3.1.8 Var Parametresinin Belirlenmesi

Caligma bolgesi gtz onune alinarak geometrik yontem-
le ci1kig ozedrilerinden belirlenir. Olcme devresi simu-
lasyon programina verilerek eldeki min. ve max. degerle-

re gore dedgeri belirlenir.

3.1.6 M, N ve Rcs Parametrelerinin Belirlenmesi

Hoe olg¢ttm sonuglari kullanilarak bilinen yontemle
[6] degerleri belirlenir. Olctumde kullanilan devreler-—

le simulasyon programlarinda test edilir.

3.1.7 G.E.M Parametrelerinden Bir Kisminin SPICE Paramet-—

relerinden Elde Edilmesi

ISOCGEMD, ﬁFDCGEMD ve CzCGEMD parametreleri ISCSPI),
BFMCSPI) ve C;CSPI) parametrelerinden elde edilebilir.

Bunu icin once SPICE parametrelerini belirlemek gerekir.
Sonrasinda Ek—-4'de cikarilisi verilmig olan agsadidaki i-

fadelerden G.E.M parametreleri bulunur.

€0,e873283.1_ (SPI) =1 (GEM = (0,88938a).I_  (SPID
sO so S0

€0,8780>.3  (SPID < B3 CCGEM = (C0,98096>. C(SPID
FM FO FM
C1,01884D.C;CSPID = CZCGEM) = Cl,OOQ?).C%(SPID

Mcdel parametrelerinin dodru olarak belirlenmesi o-
zellikle dusttk gerilimle beslenen devrelerin similasyon-
larinin dogrulugdu acisindan daha onemli olmaktadir. Ni-
tekim bu calismada farkli model parametre dederleri ile

daha once analizi yapilan devrelerin bazilarinin analiz -~



lerli de yapilmstair.
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Bu analizlerde kullanilan daha on-

ce yttksek akim bolgesi icin belirlenmis model parametre-—

leri ile bu parametreleri kullanarak elde edilen analiz

¢ikislari Ek~-5°de verilmigstir.

Ayni devrelerin dustuk ge-—

rilim Cdusttk akaimd bolgesi i¢in belirlenmis model para-

metreleri ile yapilan analiz sonuclari ile karsgilagtiril-

masi icin de Tablo—-3.1 olusturulmustur.

TABLO-3.1 Model Parametrelerinin Farkli Olmasi Durumunda
Cad— On Kuvvetlendirici Devresi,
C(b>~ Darlington Devresi

Sonuclarinin Karsilagtirilmasa.

YUKSEK AKIM BOLGESI PARAMEIRE-
1= ILERIYLE SPICE-3C L KLERL
THD| 1 11 T11
v, CmVD [V _CmVD vgcw:; v_CmVD vo/vg % | cmvo lcmvo |cuvo
671.58| 18.7 | 280 |0.0257|0.103|1.2].0002]|.0001 |. 0855
—-a- SPICE-3C HARMON1 KLERT
671.58|604.71| 250 [|140.77|563.1{5.3| 7.32/0.544] 470
Cad
YUKSEK AKIM BOLGESI PARAMEIRE- ’
1 LERIYLE  SPICE-3C HARMONI1 KLER1
V (mV) THD I i1 TI1
‘IB(nAD e VngV) VmeVD VO/Vg v caWd [cuvd [cuvd
43 12.2 | 10.8 |197.66|18.30|1.88|3.332|727.4|647.1
5g.2|-559.4| 6.93|132.05(19.05|1.04|2.266|602.8[|233.7
-2~ SPICE-3C HARMON1 KLER1
V (mV) THD i 11 TI1
IB(nA) “pe VngV) VOCmV) VO/Vg 9 R I R ()
43 408.1| 10.8 |130.7 |12.94(8.15(|7.093|476.7|451. 4
5g. 2 4.5| 6.93|140.41|20.26|1.59|1.883|477.1 {465.3

Cbd
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Parametrelerin belirlenmesinde kullanilan ol¢ttm dev—
relerinin gsemalari ile elde edilen ol¢tm sonuclar:i, si-
mulasyon programlarina test devresi olarak verildidginde
elde edilen ¢ikiglar ve bunlarin olg¢u sonuclari ile kar-
silastirilmasi Ek-6'da, analizleri yapilan temel devre-—

lerin simulasyon cikislari Ek-3'de verilmigtir.



SONUCLAR VE ONERILER

Bu tezde sunulmus olan ¢aligmada, dugtk gerilimli
devrelerin simulasyonunda sorun ¢ikaran SPICE BJT modeli
yerine yttksek dodgruluk sadlayan GCelistirilmis Ebers-Moll
modelinin kullanilmasinin gereklilidi arastirilmstar.
Yapilan incelemeler, dusuk gerilim teknigi soz konusu ol -
dudunda her iki modelin parametrelerinin . de bu bolge i-
¢in normal caligma bolgesi parametrelerinden ayri olarak
belirlenmesi gerektigini ortaya koymaktadir. Normal ca-
lisgma bolgesinde SPICE BJT modeline gore c¢ok daha dodgru
temsil eden G.E.M modeli, dustk gerilim bolgesi icin
standart BJT modelinden elde edilene yakin bir sonug ver-—
mekte ve bu acidan bakildidinda beklenenin tersi ile kar-
silasilmaktadir. Bunun temel nedeni, dusttk gerilim uygu-
lamalarinda tranzistorlarin aktif bolge ve doyma sinirina
yakin bir calisma bolgesinde bulunmalaridir. Dolayisiyla
Early olayini modelleyen fakirlesmig bolge normalize yuku
9 her iki modelin badaintilarinda da qc« 1 olmakta ve et-
kinligi azalmaktadar.

Model parametrelerinin bu bolge icin iyi bir bicimde
belirlenmeleri halinde qc‘nin etkinliginin az oclmasi nede-
niyle her iki model de ayni similasyon sonucuna gotturmek -
tedir.

Yapilan simulasyonlar ve olcumler, dusuk gerilim
teknigi devrelerinin similasyonu icin yttkksek dodruluklu
bir modelin gerekli clmadidini gostermektedir.

Varilan en onemll sonu¢ ise, devre tasarimcisinin

dusttk gerilim bolgesi i¢in normal calisma bolgesindekin-



den farkli model parametreleri belirlemesi ve bunlari kul-
lanmasi zorunlulugudur. Bu acidan bakildidginda, elde e -
dilen sonuclarin dusttk gerilimli devre teknidgi ile udra-
san tasarimcilara yol gosterecedl ve yararli olacadi a -

ciktar.
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EKLER

EK-1

PRINT CHR$(12):KEY OFF

ON ERROR GOTO 870

PRINT TAB(3);"BU PROGRAM DUSUK REFERANS GERILIMI
URETECININ EL-ANALIZINDE BULUNAN, " :PRINT

PRINT TAB(25);"RfXVBEl1l - ReXVBEZ + ReXRbxIak"

PRINT TAB(14);"VREF = ";STRING$(38,"-")

PRINT TAB(35);"(Rd + Rc )" :PRINT

PRINT * IFADESININ SONUCUNU G.E.M PARAMETRELERINI

KULLANARAK HESAPLAR." :PRINT

LOCATE 11,3:INPUT"Iso = ",ISO:LOCATE 11,23:INPUT"NEL
= ",NEL

LOCATE 12,3:INPUT"C2 = ",C2:LOCATE 12,23:INPUT"HFEO

= “,HFEO

LOCATE 13,3:INPUT"M = ",M:LOCATE 13,23:INPUT"N
",N y

LOCATE 14,3:INPUT"RCB = ",RCB:LOCATE 14,23:INPUT"VT
= ", VT

LOCATE 15,3:INPUT"R1 = ",R1:LOCATE 15,23:INPUT"R2

- n’Rz

LOCATE 16,3:INPUT"R3 = ",R3:LOCATE 16,23:INPUT"R4

= ",R4

LOCATE 17,3:INPUT"RS = ",R5:LOCATE 17,23:INPUT"IAK

= ",IAK

LOCATE 18,3:INPUT"VBEl= ",VBE1:LOCATE 18,23:INPUT"VB

E2= ",VBE2

LOCATE 18,3:INPUT"VCEl= " ,VCE1:LOCATE 19,23:INPUT"VC
E2= ",VCE2

DIM VB(2):DIM VC(2)
VB(1)=VBE1:VB(2)=VBE2:VC(1)=VCE1:VC(2)=VCE2

FOR X=1 TO 2

A=VC(X)"N

B=VB(X)/VT

E=EXP(1)

IC=ISOX(1+MX%A/2)X(E"B-1)+(VC(X)-VB(X))/RCB
IB=ISOX(1+M*A/2)Yk(E"B-1)/HFEQ/(1+MX%A)+C2%ISO*(E~(B/N
EL)~-1)-(VC(X)-VB(X))

VB(X)=IC/IB

NEXT

HFE1=VB(1):HFE2=VB(2)

ERASE VB,VC

R=R2+R4
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300 RA=R5/(1+HFEZ2)+R1%R4/R

310 RB=(R1-HFE1%R5)/(1+HFE1l)

320 K1=(R2+R4-RB)/R

330 RC=RZ*RB/R

340 K=K1+R1/R

350 RD+RA+RC

360 RE=R3+R2+%R4/R

370 RF=REXK+RD*R4/R

380 VREF=(RFXVBE1-REXVBEZ+REXRB*IAK)/(RD+RE)

380 LOCATE 22,1:PRINT"VERILERI DEGISTIRMEK ICIN < D »>,C
IKIS ELDE ETHMEK ICIN < C > TUSLARINI KULLANINIZ.®

400 M$=INKEY$

410 IF M$="D" OR M$="d" THEN 10

420 IF M$="C" OR M$="c"THEN 440

430 GOTO 400

440 PRINT CHR$(12)

450 LOCATE 8,25:PRINT STRING$(30,223)

460 PRINT TAB(35);"SECENEKLER"

470 LOCATE 10,25:PRINT STRING$(30,220)

480 LOCATE 12,28:PRINT"1- YAZICIDAN CIKIS AI1MA"

490 LOCATE 14,29:PRINT"2- EKRANA CIKIS ALMA"

500 LOCATE 16,28:PRINT"3- YENI VERI GIRME"

510 LOCATE 20,29:PRINT"4- PROGRAMDAN CIKIS™

520 S$=INKEY$

530 IF S$=1 THEN 710

540 IF S$=2 THEN 580

550 IF S$=3 THEN 10

560 IF S$=4 THEN 880

570 GOTO 520

580 REM *xxxx EEKRANA CIKIS ALMA *Xxkxx

580 PRINT CHR$(12)

600 PRINT R1 =";R1;TAB(20);"R2 =";R2;TAB(40);"R3
=";R3:PRINT

610 PRINT"R4 =";R4;TAB(20);"R5 =";R5;TAB(40);"IAK
=";IAK:PRINT

620 PRINT"VBE1 =";VBE1;TAB(20);"VBE2 =";VBE2:PRINT
630 PRINT"HFE1 =";HFE1;TAB(20);"HFE2 =" ;HFE2:PRINT
640 PRINT"OLMAK UZERE G.E.M PARAMETRELERINI KULLANARAK,

650 PRINT CHR$(13)

660 PRINT TAB(15);STRING$(30,223)

670 PRINT TAB(20);"VREF =";VREF

680 PRINT TAB(15);STRING$(30,220):PRINT

690 PRINT"BULUNUR."

700 GOTO 820

710 REM *Xkx*%x YAZICIDAN CIKIS ALMA XXXxkx

720 PRINT CHR$(12)

730 LOCATE 13,30:PRINT"LUTFEN BEKLEYINIZ."

740 LOCATE 14,25:PRINT"SONUCLAR YAZICIDAN ALINIYOR."
750 LPRINT "Iso = ";ISO;TAB(20);"NEL = " ;NEL:LPRINT
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LPRINT “C2 = ";C2;TAB(20);"HFEO= " ;HFEO:LPRINT

LPRINT "M = ";M;TAB(20);"N = ";N:LPRINT

LPRINT "RCB = ";RCB;TAB(20);"VT = "VT:LPRINT

LPRINT "VCEl= ";VCE1l;TAB(20);"VCE2= "VCEZ:LPRINT

LPRINT "R1 =";R1;TAB(20);"R2 =";R2;TAB(40);"R3
=" ; R3:LPRINT

LPRINT "R4 =";R4;TAB(20);"RS =";R5;TAB(40); "IAK
="IAK:LPRINT

LPRINT "VBEl1l =";VBE1;TAB(20);"VBEZ =";VBE2:LPRINT
LPRINT "HFE1l ="HFE1l;TAB(20);"HFE2 =";HFEZ:LPRINT
LPRINT "OLMAK UZERE G/E/M PARAMETRELERINI KULLANARAK

LPRINT CHR$(13)

LPRINT TAB(15);STRING$(30,223)

LPRINT TAB(20);"VREF =";VREF

LPRINT TAB(15);STRING$(30,220):PRINT
LPRINT"BULUNUR."

PRINT CHR$(12)

LOCATE 12,25:PRINT"CIKIS ISLEMI TAMAMLARMISTIR."
LOCATE 22,1:PRINT"DEVAM ETMEK ISTENIRSE < D >, CIKHM
AKX ISTENIRSE < C > TUSLARINI RULLANINIZ."
M$=INKEY$

IF M$="D" OR M$="d" THEN 440

IF M$="C" OR M$="c" THEN 880

GOTO 930

CLS:LOCATE 12,30:PRINT"HATA YAPIYORSUNUZ."GOTO 920
PRINT CHR$(12)

SYSTEM

END
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PRINT CHR$(12):KEY OFF

ON ERROR GOTO 820

PRINT TAB(3);"BU PROGRAM DUSUK REFERANS GERILIMI
URETECININ EL-ANALIZINDE BULUNAN, " :PRINT

PRINT TAB(25);"Rf*VBE1l - ReXVBEZ + Re*RbxIak"
PRINT TAB(14);"VREF = " ;STRING$(38,"~-")
PRINT TAB(35);"(Rd + Re )" :PRINT
PRINT *“ IFADESININ SONUCUNU SPICE PARAMETRELERINI
KULLANARAK HESAPLAR.":PRINT )
LOCATE 11,3:INPUT"Iso = ",ISO:LOCATE 11,23:INPUT"NEL
= ",NEL
LOCATE 12,3:INPUT"C2 = ",C2:LOCATE 12,23:INPUT"HFEM
= ",HFEO
LOCATE 13,3:INPUT"VT
: n VT
LOCATE 15,3:INPUT"R1 = ",R1:LOCATE 15,23:INPUT"R2Z
= ",R2
LOCATE 16,3:INPUT"R3 = ",R3:LOCATE 16,23:INPUT"R4
: (1] ,R4
LOCATE 17,3:INPUT"RS = ",R5:LOCATE 17,23:INPUT"IAK
= ",IAK
LOCATE 18,3:INPUT"VBE1l= " ,VCE1:LOCATE 19,23:INPUT"VB
E2= ",VCE2
DIM VB(2)
VB(1)=VBEl1:VB(2)=VBE2

FOR X=1 TO 2

B=VB(X)/VT

E=EXP(1)

IC=ISO%(E~B-1)
IB=ISO%(E“B-1)/HFEM/+C2%ISO%(E~(B/NEL)-1)
VB(X)=IC/IB

NEXT

HFE1=VB(1):HFE2=VB(2)

ERASE VB

R=R2+R4

RA=R5/(1+HFE2)+R1%R4/R
RB=(R1-HFE1%R5)/(1+HFE1)

Ki=(R2+R4-RB)/R

RC=R2*RB/R

K=K1+R1/R

RD+RA+RC

RE=R3+R2+%R4/R

RF=RE*K+RD*R4/R
VREF=(RF*VBE1-REXVBE2+REXRB*IAK)/(RD+RE)
LOCATE 22, 1:PRINT"VERILERI DEGISTIRMEK ICIN < D »>,C
IKIS ELDE ETMEK ICIN < C » TUSLARINI KULLANINIZ."
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M$=INKEY$

IF M$="D" OR M$="d" THEN 10

IF M$="C" OR M$="c"THEN 410

GOTO 370

PRINT CHR$(12)

LOCATE 8,25:PRINT STRING$(30,223)

PRINT TAB(35);"SECENEKLER"

LOCATE 10,25:PRINT STRING$(30,220)
LOCATE 12,28:PRINT"1~ YAZICIDAN CIKIS A1lMA"
LOCATE 14,29:PRINT"2- EEKRANA CIKIS ALMA"
LOCATE 16,28:PRINT"3- YENI VERI GIRME"
LOCATE 20,29:PRINT"4- PROGRAMDAN CIKIS"
S$=INKEY$

IF S$=1 THEN 880

IF S$=2 THEN 550

IF S$=3 THEN 10

IF S$=4 THEN 830

GOTO 480

REM xkkxkx EKRANA CIKIS ALMA XkxxXxk

PRINT CHR$(12)

PRINT R1 =";R1;TAB(20);"R2 =";R2;TAB(40);"R3
=";R3:PRINT

PRIRT"R4 =";R4;TAB(20);"R5 =";R5;TAB(40);"IAK
=";IAK:PRINT

PRINT"VBE1 =";VBE1;TAB(20);"VBEZ2 =";VBEZ:PRINT
PRINT"HFE1 =";HFE1;TAB(20);"HFE2 =" ;HFEZ:PRINT
PRINT"OLMAK UZERE SPICE PARAMETRELERINI KULLANARAK,

PRINT CHR$(13)

PRINT TAB(15);STRING$(30,223)

PRINT TAB(20);"VREF =";VREF

PRINT TAB(15);STRING$(30,220):PRINT
PRINT"BULUNUR."

GOTO 870

REM xx¥okkxkx YAZICIDAN CIRKIS ALMA *Xxkxx

PRINT CHR$(12)

LOCATE 13,30:PRINT"LUTFEN BEKLEYINIZ."

LOCATE 14,25:PRINT"SONUCLAR YAZICIDAN ALINIYOR."

LPRINT "Iso = ";ISO;TAB(20);"NEL = ";NEL:LPRINT

LPRINT "C2 = ";C2;TAB(20);"HFEM= " ;HFEM:LPRINT

LPRINT "VT = "VT:LPRINT

LPRINT "R1 =";R1;TAB(20);"R2 =";R2;TAB(40);"R3
=" ;R3:LPRINT

LPRINT "R4 =";R4;TAB(20);"R5 =";R5;TAB(40);"IAK
="IAK:LPRINT

LPRINT "VBE1 =";VBE1;TAB(20);"VBE2 =";VBEZ:LPRINT
LPRINT "HFE1 ="HFE1;TAB(20);"HFEZ =";HFE2:LPRINT
LPRINT "OLMAK UZERE SPICE PARAMETRELERINI KULLANARAK

3
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LPRINT CHR$(13)

LPRINT TAB(15);STRING$(30,223)

LPRINT TAB(20);"VREF =";VREF

LPRINT TAB(15);STRING$(30,220):PRINT
LPRINT"BULUNUR."

PRINT CHR$(12)

LOCATE 12,25:PRINT"CIKIS ISLEMI TAMAMLANMISTIR."
LOCATE 22,1:PRINT"DEVAM ETHMEK ISTENIRSE < D >, CIKM
AR ISTENIRSE < C > TUSLARINI KULLANINIZ."
M$=INKEY$

IF M$="D" OR M$="d" THEN 410

IF M$="C" OR M$="c" THEN 930

GOTO 880

CLS:LOCATE 12,30:PRINT"HATA YAPIYORSUNUZ."GOTO 870
PRINT CHR$(12)

SYSTEM

END
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REFERANS GERiLiMi URETECI

HEFERAMNS BERICIMI DEVRESI

ES S FESEESESEFSESSEEESESSE PSR EEERS LRSS LSRRt
VCC L 0 1
Vi 70

V2 28 0
VI 29 0
IAK 1 2 25U

st

RL 7 3 22K

R2 2 4 120K
R & 4 220K

R4 4 O F3E

R&a 2 3 470

0L 5 3 0 E2-TZ
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LMOCEL E2-T2 NFN IS=4.4E-186 BF=207 NF=1 VYA=83
+IBE=2. 02173 NE=1.84 ' TkF= 26.88E-3
+RE=73 RU=30 RE=3

« OF

«END

KRR R AR AR R KRR R KRR KRR KR R R ARk kR Rk kkk%
SMALL SIGHNAL BIAS SOLUTION TEMFERATURE= 27 DEG C
S ES S S S ST EF S LRSS TSRS EEFEELC TR EIERESETER SR
MODE  VOLTAGE MODE VOLTAGE NODE VOLTAGE
(L) 1.0000 {2y 7301 ) cAIEHO
(4} - 1436 {3 o 720 {5) o 2002
(7) W 7301 {8) 0 7E0L {?) L 7EOL

kkxdkkkkkkkis
vec 1 o 1.5
Fhpiokkkkdkkxgk

NODE VOLTAGE NODE VOLTAGE MODE VOLTAGE
(1) 1.3000 (2) 7301 (3) « 6330

(4) <1438 (3) o 72035 (&) « 2002
(7) 7301 (8) 7301 () » 7301



SREFERANS URETECI DEVRESI-GIRIS DOSYASI

A
l"“ :&\i
- ROLY
R

]

o THFENT ‘M o1°
6 NN ‘M1

ey
e L)

120873

DEOEZ

Q IIEE

3 470

1 0O 1

i’ 2 2OE-6

17 160,46 2.3 4,45E~-16 777 1.9 025 .49 2DESH SO Q.5 BE-4

-
w

B b B

g

~a 5
5

R NI IR TS B

T xm>p::n

S
1.7 .6 .15 .46 .2




- 82 -

TIME”].'.-:.---l.u.nl--n.nan-anlununnnn-u

.REFERANS URETECI DEVRESI
) o NFN M
& MNPN M
0, 2200405
0. 120D+04
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Pt
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-
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MODELDE KULLANILAN FPORAMETRE DEGER NO @ 1
BFO = 1&0.6 =1 2.5 180 0.445D~15 cz
NEL = 1.9 ™ 0,025 M 0,690 RCB
BYCEO = 50.0 NN F.300 K 0.800D~03

T77.0
0, 230D+08

nwn
o
no#

BASLANGIC DEGERLERI s { VOLT )

V 1 = 1.0000 2= 0, 7500 V 3 = 0.6350 V o4 = 0.1436
V& = 072058 V& = Q.2002

CALISMA NOKTASI GERILIMLERT: ( VOLT )

ITERASYON SAYISI: 4

V 1= 1.0000 V 2 = 0,7343 V 3 = 0.6380 V 4 = 0.1443%
V B = 0.7247 VWV &6 = 0.2016

1 0 0. 150D+01
1 2 0., #230D-04

MODELDE KULLANILAN PARAMETRE DEGER NOQ @ 1

BFO = 1&60.6 BR = 2.3 I80 = 0.448D-185 C2 = 777.0

NEL = 1.9 M= Q.023 N = Q.490 RCE = 0.230D+03
RVCEO = 50.0 NN = 9,500 K = 0.800D-073

BASLANGIC DEGERLERI & ( VOLT )
vV 1= 1.3000 V 2 = 0.7301 V I = 0.6350 V 4 = 0.1436
V &= 00,7208 V & = 0.2002

CALISMA NOKTASI GERIL.IMLERI: ( VOLT )
ITERASYON SAYISI: 4

1.5000 V 2 = 0.734% V I = 0.6380 V 4 = 0.144%
0.7247 Ve = 00,2016

o

o

Vv
v
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FISE=2.03E-13 NE=1.8548 IkF= 26.38E-3

+RE=749 RC=30 RE=3

cLMODREL PL-TL PRFE [8=4,325E-16 BF=41 NMNFE=1 YOa=320
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R KRR R R R KRR KA KRR KRR A KRR R R R KRRk Rk Rk Rk Rk %
SHMALL. SIGNAL RBIAS SOLUTION TEMFERATURE = 27.000 DEG C
SR AR R KRR KRR AR Rk Rk kR Rk ok kR kg kK
NODE VOL. TAGE NODE VOLTAGE
FERRR Rk kR Rk ke k kR R kR ek kR Rk

{ 1L 1.0000 { 2 ~1.0000
{ 3 - SF0T { 4) - BT
(¢ 8) 9744 { &) - BE97
( 7) - FHES { 8) — . 997
i 9 4134 ( 10) - Fh49
{11 VLT ( 13) - FEEGS

VOLTABE SOURCE CURRENTS

MAME CURRENT
FRdkwkkkRakkRkok Rk kkdok k%
VCCF —& . 13ZD-a8
VCON ~4 . 132D-08
Ve 2. 343D-05
VIN 5. 000OD-08
VRES 2.083IDN-06
VGEES ?.O0ITID-04
TOTAL FOWER DISSIFATION 7.58D-05 WATTS

DPERATING FOINT INFORMATION
PRk vkkdoiiiolokk R kR i ook kb Rk b ok ok Rk Rk kR ¥

TEMFERATURE =

F7.000 DEG C

BIFOLAR JUNCTION TRANSISTORS

Q1

MODEL ER2-T2

Im 2 HZE-0OT
1c 2.54E~05
VRE « 640

VEC ~1.35

VCE 1.97
BETADC 946.9
BETAAC «1IBE4AO3

as
Fi-01

~2.14E~07
-8.82E-06
= 60&

o JAGE~O1
- . 640
*41.2

Ta 4

Qs
E2-T2

S.00E-08

2.03IE-06
- 273

~1.39
1.97

40.7

&7 .1
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DuUsUl. GERILIM DARLINGTON DEVRESI RY=1& IB=100N
E RS2 2232 2323223233203 3222338032322 222223223820228228 232828

SMALL SIGHAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C
FRRCOR KRR R R R RO R R KRR RO R RO R R R R R R X

NODE VOLTAGE NODE VOL. TAGE
SRR RESLESES SR IISEE PG ERPEEIIFI S S
1} 1. 0000 { 2 -1, Q000
« -, 29885 ( 4) — . 2985
{ 5% L H255 {. &) - . 2887
{ 7 - o FOR20 { 8) - . 2887
{ ) - ?E4 { 10) ~ FOET
{ 11) ARG { 13) -, Q020

VOLTAGE SOURCE CURRENTS
NAFE CURRENT
EF RS TELE LIS EEL SIS SRR S SR

VCCF -4, Q4460—-04
VEC -4, 046D-014
UM D.745D-04
VIN 1.0000-07
VRIES 6. 252D-06
VEES 1.201D-05

TOTAL FOWER DISSIFATION 8.03D-04 WATTS

OFERATING FOINT INFORMATION TEMFERATURE = 27.000 DEG C©
ok keRRokok kR R R p ko kR ok koo kR ko kR kR Rk kR

BIFOLAR JUNCTION TRANSISTORS

@1 Q5 [of)
MODEL- E2-T2 F1-Q1 EZ2-T2
IR 2.22E-086 —2.80E-07 1.00E-07
IC J.73E-04 ~1.17E-0D 6.15E-06
VBE 2711 —.&613 . 604
VEC ~.914 SFBOE-OL  ~1.30
VCE 1.63 -.711 1.90
BETADC « L&GE+OQE  41.9 &61.5

BETAAC «194E+0Q3 43.9 8.1
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pustl, GERILIM DARLINGTON DEVRESI RY=1k IB=150H
BR X222 $222 2252822282828 0230222822328 8082232328200 0208

SMALL SIGNAL BIAS SOLUTION TEMFPERATURE = 27.000 DEG C
B0 0K ROR0R K OR R 30K RO 0ROk OO R ko ok kX

NODE VOLTAGE NODE VOLTAGE

KR K OHOR RO RO R R R R R R R Rk

( m 1 . 0000 { 2) =1 . D000

S — . 2066 ( 4) - 2066

{ 5) -, 7850 { &) -, 2427

{ 79 - B260 { 8) - 2427

{ 9 . 5847 { 1) -, 8447

( 11y  =-.78%0 ( 13) - B2HO

VOLTAGE SOURCE CURRENTS
NAME CURRENT
EEEREEERERRR R AR R Rk E KRR RS H R KR

VCCR -1 .8280D-03
VCON -1.828D~-0X
Ve 1.785D-0%
VIN 1.500D-07
VOESL 1.130D-05
VRAES 3.842D-06

TOTAL FOWER DISSIFATION F.63D-03  WATTS

OFERATING POINT INFORMATION TEMFPERATURE = 27.000 DEG C

BIFQLAR JUNCTION TRANSISTORS

a1 (E Qs
MODEL E2-T2 P1-G1 E2-T2
IH 1.40E~-05 —-9.346E-08 1.50E-07
1c 1.78E-03 ~3.75E~048 1.14E-08
VEE 787 -.983 619
VEC = 342 174 -1.21
VCE 213 . =« 787 1.83
BETADC « 128E4+03 39.2 78.7

BEETAAC « 196E+O3 42.73 » 11Z2E+0O3Z
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DLiglie GERTLIM DARL L DEY {(RHI=1K)
"." i - t .1 : .1-

VOO D 1

ot 2 ER-T2

11

o
G4
0%
0s
Tk
IH
R

R

e

105, 780N
Lok
15K
5 1
RG LD
C1 200N
VE L& 0 Al LO.EM ZIMIQ,10.2M 1D
MO 50011 00
VEaied 4 30
§lgleg

e e o
(i Ged e s D
P _
L PE ORI e Wl NG 0D R
[l e
T Mmh
fand
i
L8]
faed

1o ~—

YLy L 4 0

VRS 8 L O

LHODEL ER-TE NPN IS=4.4E-~-14 BF=207 NF=1 ¥&5=385
+IGE=2 02E-13% NE=1.848 IkKF= 26.83£-3

+RE=75 RO=30 RE=3

LMODEL FP1-T1 PHNF I85=4.8325E-14 BF=&481 NF=1 Va=20
+I8E=4.3E-13 NE=1.4324 ITEF=100E-&

+REB=50 RO=225 RE=154.4

- OF

LA0 LIN 1 1k 1K

- TRAM 1M 1M

LFOUR LK V(11,0)

SPRIMT AC V(L1)

SFPRINT TRAN V(11)

LEND

SMAalL SIGNAL RIAS SOLUTION TEMFERATURE = 27.000 DEG C

NODE VOLTAGE - NODE VOLTAGE
KRRk RRXRR R kbR k ki Rk kKRR Ek
1) 1.0000 ( 2 -1 . Q000
=) -.2879 ( 4) -.2879
3) 4947 { 6) = 2803
7) ~. 8937 { 8) C— . 2805
(
(
(

O e N

) P17 10) -.8972
( 11) A747 13) - 8937
{ 14) OO0 1%) « QOO0
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VOLTAGE SOURCE CURRENTS

NAME CURRENT
LSS S EPE SRS SRR 2ERTR RS RCERESEE R RS
VCCF ~B.A73D-04
VCCHN ~5 L, 3T7ID—04G
va < OOODH+00
v SL.05ZD~-04
VI 1.057D~-07
VEES H.8110D~06
VRES 1.1946D~0D5
TOTAL FOWER DISSIFATION L.O7D-0% WATTS
OFERAGTING FOINT ITNFORMATION TEMFERATURE = 27.000 DEG C
ES S S 2SS SRS RLER RSSO SES RS EREPEE SIS RS SSSsS]
BIFOLAR JUNCTION TRANSISTORS
ai as Gs
MUOBEL E2-T2 F1-011 E2-TZ2
Ir 2.89E-D8 ~2.7FE-07 1L .Q6E~OY
Ic B.08E—-04 ~1,17E-05 &.71E-D6
VRE «T20 - blA - B0G
VRC - 778 - 104 ~-1.29
VCE 1.4%9 - 720 1.8%9
BRETADRC « 17S5E+OQO3 41.9 Z.4
BETAALC ARPTE+OE .9 7.4
FT J.07E4+17 7.09E+13% 4.12E+15
Xi%  AC ANALYSIS  %¥%

gk ddokkorpdook Ry

FREQ
1.000E+03

Vi)
1.421E-01

¥43% FOURIER aNALYSIS #%%
EERRRRELXERREEAAKRERRRRERR

FOURIER COMFONENTS OF TRAMSIENT RESFONSE V(11)
DC COMFONENT =

HARMONIC
NO

ARRRRE R AR ERRRRRR R R Ok R R Rk ok ek ko kk ¥

B ld B

FREQUERNCY
(HZ)

1.000D+03
2. 000D+03
Z.000D+03
4, 000D+0Q3

4.866D-01

FOURIER
COMPONENT

1.423D~01
8.043D-03
1.230D-04
1.322D-05

FHASE
(DEG)

~-179.976
89.963
=-1.06%
88.911
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DUSU GERILIM DARLINGTON DEVRESI RY=1K IB=120.18 VGE=4.235M
LSS 2RSSR E RSS2SR RIS R YRR eSS

SMALL SIGNAL BIAS SOLUTION TEMFERATURE = 27.000 DEG C
(S SSESSE RIS RISEETIDEPPELE PSSR IRRS PSSR RT RS
MODE VOLTAGE MODE VOLLTAGE
S S S 2SS SRR SRS SRR TSRS SRR
{ 1) 10000 { 2) =1 L0000
( ) e 2é 13 4 4) —a2bl3
{ a3 - D084 { &) - . 2612
( 7 - 8721 ( a) - . & ld
{ ) . ST { 103 - 815
{ 11> - 008G { 13) -. 8721
{ 14) = Q000 { 13) = MO0
VOLTAGE SOURCE CURRENTS
NAME CURRERNT
FP SRS ESRTEEEET LS ED RS TP ELEDDS S
VCCF -1 . 0ZREDH-03F
VOO —~1 . 028003
VG & CHDODHO0
v ?.914D-04
YIN 1.2020-07
VOES 8.269D-06
VEES 1.100D-03

TOTAL FPOWER DISSIFATION 2.08D-03 WATTS

OFERATING FPOINT INFORMATION TEMFERATURE = 27.000 DEG C
Phddkpdakokrkr ik ki hack ek s ek wkx

RIFOLAR JUNCTION TRANSISTORS

e} o5 =7

MODEL E2-T2 F1-Q1 E2-T2

IR 5.36E-06 —2.57E-07 1.20E-07
ic 9.92E-04 ~—1.07E-05 8,15E-06
VEE L7339 -.611 611

VEC - 270 .128 ~1.26

VCE 1.01 - 739 1.87
BETADC . 1B8SE+O3 41.8 67.8
EETAAC . ZOVE+03 5.9 LOZE+O3

FT D.95E+17  &H.D3E+1S  D.01E+1S5



$X% AC ANALYSIS Xix

EREEEERIOOKEERRKRRKR KX
FREG Viil)
1. 000E+Q3 1.4092E-01

¥¥¥ FOURIER ANALYSIS %%k
fkdkdkrdkkkrd ik ridorxk

FOURIER COMFONENTS OF TRANSIENT RESFONSE V(11)
DC COMFONENT = 5.730D-03

HA&RMOMIC FREQUENCY FOURIER FHASE
NO {(HZ) COMFOMENT {DEG)
Adkdkdokerobr Rk Rk bk hoh ok kbR kR ke R kKK
1 1.000D+03 1.406D-01 -179.97&4
2 2. 000D+03 2.9218D-03 87.803
) FL000D+03 4.772D-0% . =177 .454
4 4. ODOD+HOE 4.171D-06 80.048
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TII""E-J.--n---:-------.-u-:nu-:--n--n--n---

T 1 4
T 2 4
T 3 &
T 4 b
T 5 )
T 6 3
R 1 7
R 2 3
R 3 1
E 1 1
E 2 Q
ko1 1
k2 1

CrHNe=MN»M»E>D

o~
L]

Sl A

MODELDE KULLAMILAN

BFO = 1460.6

NEL = 1.9

BVCRO = 30,0

ER
M
M

it

MODELDE EKULLANILAN

EFO = 37.1
« NEL = 1.4

BVCERO = §50.0

BR
M
NN

b

DARLINGTON DEVRESI.

2 NFEN
7 NN
1 FNF
i FNF
4 FHF
o NFN

QL 100D+05
0. 150D+05
0. 100D+04
0.100D+01
QL 100D+01
0., 500D~-07
QL. 500D-08

™

M

M

e BY 53 B

FARAMETRE DEGER NO

2.3 180 =
0.025 N

F . 500 K

8]

- HFO

g h

0.443D-15 ca =

RCE

0, 800003

FARAMETRE DEGER NO

1.0 150
0.0235 N
F . G000 K

CALISMA NOKTASI GERILIMLERI:
V 2 ==1.0000 WV X
V & ==0.9067 V &

Y 1 o= 1,0000

TRANZISTOR

VEBE = Q.,7072 (V)
IR = 0,.230D-05(A)

TRANZISTOR

VBE = 0.6139
IB =-0.337D-0&6 (A) IC

TRANZISTOR 6
VEE = 0.6050

V)

IB = 0,500D-07

DIRENC 1
DIRENC 2
DIRENC 3

= Q.3925 V 7

vCE
Ic

I}

=

0,600D-15 c
C

0.720

- -
H

o

—
=
o

2
RCE

0.800D-03

( VOLT )
~0.3017 V 4 =-0,2928
—0.9092 V 8 = 00,7085

-
=

VCE = Q.7072

1.7055 (V)
0.294D-0Z(A)

(V)

-0.109D-04 (A) IE

VCE =
IE =-0.297

VCE

o

0.1l

(V) VCE = 1.9067 (V) VCR =

(A) IC = 0.883D~-03 (R) IE =
VR = 0.0908 VOLT. IR = 0.908D-05
VR = 0Q.0933 VOLT. IR = 0.622D-08
VR = 0.294% VOLT. IR = 0.294D-03

777.0
0. 230D+08

7.(:’
Q.270D+07

0.998% (V)

D~0OZ(A)

D.093T (V)

2D-04(A)

1.3017 (V)
-0.323838D-05 (A)

AMFER.
AMFER.
AMFER.
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LRSS RSS2 EESTE SRS SRR eSS
K1 1 = 0.100D-06
Rk kkrkdk ik ki ks kkkx

CALISHMA NOKTASI GERILIMLERI: ( VOL.T )
V1li=1.0000 V 2 ==1,0000 ¥ 3 =—0,2300 V 4 =-0,.2803
V 3 =-0.8484 V & = 0.3842 V 7 =-0.8781 V 8 =-0.4935

TRAMZISTOR 1 :
VEBE 0.7497 (V) VCE
IE 0.103D04 (A) IC

0.3065 (V) VCR =-0.2432 (V) .
0.149D~-02 (A) IE =-0.,150D-02 (A)

L]
LI

TRANZISTOR S
VEE 0.5983 (V) VCE
IB =-0.173D-06 (A) IC

Q7497 (V) VCE
~0.398D-03% (A) IE

0.15814 (V)
O.614D-05 (A)

o
[ I

TRANZISTOR 6 @
VEBE = 0.6186 (V) VCE

= 1.8486 (V) VCEB
IBE = O,100D-06 (A). C

0.982D-03 (A) IE

L2E00 0 (V)
~Q.992D-05 (A)

u

o

DIRENC 1 : VR = 0.124%9 VOLT. IR = O.128D-04 AMFER.
DIRENC 2 : VR = 0.,1514 VOLT. IR = 0.101D-04 AMPER.
DIRENC 3 : VR = 1.49308 VOLT. IR = 0.149D-02 AMPER.

Fhdorrkdokxdbkkkkrdokrkkkhakkkkk

ko1 1 = 0.1530D-06

FRERRRR Rk Rk kR R Rk ke k

CALISMA NOKTASI GERILIMLERI: ( VOLT )

VL o= 1.0000 V2 =-1.0000 V 3 =-0.15%6% V 4 =-0.2444
VG ==0.7848 V &6 = 0.3832 V 7 =-0.8701 V 8 =-0.8579

TRANZISTOR 1 =

VBE = 0.7356 (V) VCE = 0.1421 (V) VCE =-0.6136 (V).
IB = 0.164D-04 (A} IC = 0.184D-02 (A) IE =-0.187D-02 (A)

TRANZISTOR & :
VEE = 0.5404 (V) VCE
IR =-0.190D-08 (A) IC

D.2152 (V)

D.7356 (VW) VCE
’ 0.647D-046 (A)

-0.,4667D-086 (AY IE

L]
o

" TRANZISTOR 6 @
VEBE = 0.628% (V) VCE = 1.7848 (V) VCER = 1.15363 (V)
IB = Q.150D-06 (A) IC = 0.142D-04 (A) IE =-0.143D-04 (A)

DIRENC 1 : VR
DIRENC 2 : VR
DIRENC 3 & VR

0.1299 VOLT. IR = 0.130D-04 AMFER.
0.2152 VOLT. IR = 0.143%D~-04 AMFER.
1.8579 VOLT. IR = 0.186D-02 AMPER.

nunn
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TIr"“E’"ilul--l-u.n.nnnu.-n--u----------un-

«DARLINGTON DEVRESI.

T 1 4 8 2 NFN M 1

T 2 4 é& 7 NFN M 1

T = & 6 1 FNF M 2

T 4 & 4 1 FINF M2

T 3 o 2 4 FPNF M 2

T & 3 i b NFH 13 .

R 1 7 2 £, 100D+03

R 2 3 2 0.130D+03

R 3 1 8 Q.100D+04

R 4 9 10 0.600D+0S

c1 9 3

E 1 1 0] QL 100D+01

E 2 (9] 2 0. 100D+01

K 1 1 = 0.100D-04

K 2 1 4 0. 300D-05

g 1 8 Q

Ui 10 a] 0. 690D-02 4 SIN

MODELDE KULLANILAN FPARAMETRE DEGER MO =@ 1

BFO = 160.6 BR = 2.3 IS0 = ©.443D-13 (2

NEL = 1.9 M= 0,025 N = 0,690 RCE

BVCRO = 30,0 NN = 9,300 k£ = 0.800D-03

MODELDE FULLANILAN FPARAMETRE DEGER NO ¢ 2

BFO = 37.1 ER = 1.0 I80 = 0.600D-15 C

NEL = 1.4 M= Q.02 N = 0,720 C

BVCEO = 50.0 KN = 9,50 k.= 0.800D-03

CALISHMA NOETASI GERILIMLERI: ( vaLT )

V1= 10000 V 2 ==1,0000 V 3 =—0,28942 V 4

Y 53 ==0.8688 V &= 0.3862 V 7 =-0.8841 V 8

V 2 = Q. 0000 VYi0 = O.0000

TRANZISTOR . 1

VEBE = 00,7387 (V) VCE = 1.0152 (V) VCE =
IR = 0.,703D-0Q3 (A) IC = 0.985D-03 (A) IE =

TRANZISTOR & i

VEE = 0.6075 (V) VCE = 0.7387 (V) VCE =
IB =-0,283D-086 (A) IC =-0.833D-08 (A) IE =

TRANZISTOR 6 &

VEBE = 0.6146 (V) VCE = 1.8488 (V) VCRE
IB = 0.830D-0Q07 (A) IC = 0.841D-08 (A) 1E

777.0
0. 230D+08

-
=

2
al,

7.0
2.970D+07

=
-
=

~ 26173

==}
= Q,0152

2764 (V)

0.
~0.992D-03(A)

0.1312 (V)
0.878D-05(A)

1.2842 (V)
~3.849D-03(A)

-
=

Py
o=
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00,1139 VOLT. IR

DIRENC 1 @ VR = = .116D-04 AMFER.
-DIRENC 2 : VR = 0.1312 VOLT. IR = 0.873D-05 AMFER.
DIRENC 3 : VR = 0.9848 VOLT. IR = 0.985D-03 AMFER.
DIRENC 4 : VR = 0.0000 VOLT. IR = 0.186D-19 AMFER.

HARMONIKE KATSAYILARI, 8 VE O DUGUMLERI ARASTI ICINDIR.

BIRINCI HARMONIK: )
GENLIK: 0.142 VOLT.
FaZ: ~F0.000 "DERECE.

HARMDMI K HARMONIEK DIST. GENLIkK DIST. FRZ DIST.
{ M) %) { VOLLT. ) { DERECE. )
2 01349D+01 0.1922D-02 0.000

%) 0.9944D-01 0.1417D-03 —F0.000

4 0.2978D-02 0.4243D-05 0. 000

3223223332233 3 3303282233832 22 2323522

L 1 3 . 6380-07

Ui 10 %) 0.106D-01 4 GIN

Rk RkRE R KRRk Rk kR kok kR kk %

CAL ISMA NOKTASI GERILIMLERI: { vOLT )

V1i=1.0000 V 2 =-1.0000 V 3 =-0,2822 V 4 =-0,2786
vV 7 =-0.8981 V B = 0.4932

V 8 ==0.8914 V & = 0.3893
V 9 = Q0000 V1o = O,0000

TRANZISTOR 1 3
VEBE = 0.7214 (V) VCE
IR = 0.378D-05(A)  IC

1.4932 (V) VOB = 0.7719 (V)
0.507D-03 (A) IE =-0.3511D-03(A)

o

TRANZISTOR D @
VEBE = 0.6128 (V) VCE = 0.7214 (V) VCE

0.1086 (V)
IB ==0.313D-086 (A) IC =-0.104D-04 (A) IE 0.1

Q8D~-04 (A)

TR&NZISTOR & 2
VEE = 0.6092 (V) VCE
IBE = 0.633D-07 (A) 1C

1.8%14 (V) VCE = 1.2822 (V)
0.46846D-05 (A) IE =-0.,692D-05(A)

i ou



DIRENC
DIRENC
DIRENC
DIRENC

Hd R

YR
VR
VR
VR

I (I

0.1019
0.1086

C0.50468

HARMOMIK KATSAYILARI., 8

BIRINCI HARMONIK:-
0,142
~G0 . 000

GENLIK:
FAaZ:
HARMONI K
{ N )
ﬂI.llélll
4

VOLT.

DERECE.

%)

VaLT.
VOLT.
VOLT.
VOLT.

HARMONIEK DIST.

0. 5305D+0L
0.2208D-01
0.123%1D-01

IR
IR
IR
IR

wuou

GENLIK DIST.
{ VOLT. )
O.7831D-02
Q.31353D-04
Q.1776D~-04

3.102D0-04 AMFER.
0.724D-05% AMFER.
0.5Q07D-03 AMFER.
0.267D-20 AMFER.

VE O DUGUMLERI ARASI ICINDIR.

FAZ DIST
{ DERECE.
O, 000

Q0 . OO0
0000

)



DUSUY BE
YECE L
VEON O
oL 8 4
02 &5 4
AR

iq4 4

T

IM DaRL .. DEY {(RO=1K OHMI-SFPICE 3C

-
~ 3

<IL.
1
1
BLOL
ISRRRNY
B1o2
BLO2
na =2 BiO2
s 1 BiOL
Texic l 4 5

I 473M

m-b»‘w~thMf=

[T B Y S ¥ o

RL 7 2 10K

B2 OB 2 OLSK

BCO1O8 LK

YE 3 0 AL 10.8M BIN(-294.74M,10.8M, 1K)

LMODEL B1O1 MBT (I85=4,3I55E-16 BF=R02.5% NF=1 CP=444.7 NE=1.36
+IF=24 8883 RE=75 F” 3 RE=D MF=,028 MIC=,433% ROA=Z29.41E4
FMEF=,0 VIO=,7 pMR=0 04=0 BR=Z.34353 NkKR=.3)

SMODEL BLOZ2 PRY (I8=4.755E-14 BF=089.2 NF=1 C2=9.44 NE=1.424
FIEF=100E~% RB=050 RC=22% RE=1&6.4 MF=.03%9 MIC=.446 ROCE=30ESL
HEF=, 5 VIC=.7 MA=0 C4=0 BR=1 MKR=,.5)

. OF

LTRAN 230 1M

JLOUR LK V(8)

- END

Fourisr analvsis for v{(8):
Mo. Harmonics: 10, THD: 5.1474% %, Gridsize: 200,

Harmanic Freguency Magnituds Phase Morm. Mag

T Sems vt saa s e Sostn Seewe sapos certh T NP b $5048 4eeD it X Rt — U cniat conrs sasn corie e a0

0 0.49498114 0 Q

1000 0. 1394598 175.911 1

2000 000707338 81.3387 . Q307744

Z000 0.000474661 -92.707 0. 00341207
000 Q.000451441 103,94 0.0DDI2F1LE5
KOO0 QLOO0487593  ~107 .45 QL.OOI27358
SH000 O, 000449394 —~110.96 Q.O032147

FO00 0.000479882 114,37 0,.0031488

8000 D,000429038% -117.74 0.00307115
OO0 0.000414692 -121.06 Q.00298447

-
s

e

S OND g b L e



SUELES GERILIM Daml. DEY (RO=L1} oMM -8R 108 350
SOE 1 0 1

WL 0 21

g1 o8 4 2 giol

72 & 4 7 Blul

15 & i

a4 4 1

RN
i
b P

{8 103 59.EN

L 7 @& 10K

2 5 2 15K
18 1k

ViR 0 AD &.95M BIMI-Z&7M.E.FEM, 1K)

LODEL BLol MET (I5=4.353E-14 BF=R07.5 MF=1 Of= 4&4.2 NE=1.84

FIEF=24, 88~ RE=75 RO=I0 RE=D MF=.1 MIl=.433% ROB=Z27,41E4

HREF =, 8 MIC=.7 MR=0 C4=0 HH::.E PR S R 2}

- MODEL Hlﬂ” FRT (I8=4.753532-148 BF=5%9.2 MF=1 CE=9.44 NE=1

FIRF=100E-4 RE=50 P“ 22% RE=l&.4 MF=,039 MIl=,44 ROCE=30E5H

R F = G VJL*;F FR = BR=1 MER=.53)

- OF

L FROAN 25U 1M
LFOUR L W8}
] Er‘-‘D

325

Fourisr analysis for v{8):
Mo. Harmonics: 10, THO: 1.588771 74, Gridsize: 200,

Harmonic Fregquency Magnitude FPhase Norm. Mag

1 ereap min Soere ek covee S S eesh et trbee sa St o089 i shm e A e Sorgs bt e s s P 00 sooes wosas novme soree sbve bnse e et

O 0 9, 0044837 0 )
1 1000 0. 140408 175,217 1

2 2000 OL.00183313 BL.0425% 0,0134124
=5 J000 Q. 000477058 ~110.24 Q.O0EZI771
4000 OL,000408287 —~103.94 0. 00FT1384
[000 0,0004854613467 ~107.41 0. 003285396
SO0 Q,000453514%9 —110.83 O.0O0322757
7000 Q.00044759 -114.22 D.00ZF1L5938
000 Q,0004326833  —~117.5846 0, 00308156
OO0 QL.O00420311 ~-120.858 Q.Q0299497

OO ND g
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£F LOW-VOL TABE PREAME . k¥
KRR KRR R RO R KRN R KAR KKK

VFoL 0 1.3

arL 2 3 4 ER-T2
arF2 5% 2 1 P1-T1
OME & 5 O E2-TZ
RL 1 2 30K

w2 4 0 BO0
RE 4 5 13
R4 1 & 10¥

YGEIM
- MOOEL
+ISE=2.02E~13
+RE=7E RO=30
LHMODREL PL-TL

[ Tt 4
M=

FrF 18=4.823E-1& BF=541 NF=1

+I5E=4,5E-19 MNE=1.426 THF=LO0E-&

+RE=50 RO=225
- OF
- TROM 20U 1M
SO LK V&)
SPLOT TRAM VIis)
- EMOD

RE=1&.4

MODE VOL TAGE MIODE

{13 1.3000 (2)
(4) - BB (5)

FOURIER AMNALYSIS

VOLTAGE

H3IFT

= bHF5H

EERARRR KRR KRRk bk Rk k%%

25 .8BE-3

30 AC 200U SIM(.&71856%5,200U, 1K)
E2-T2 NPN I5=4,4E-1& EF=207
NE=1.B&6 IKF=

MF=1 Wa=R3

V=20

HODE VIOLTAGBE
3

3 5719
{&)

» 3404

FOURTER COMPOMNENTS OF TRANSIENT RESFONIE Y(86)

DE COMPOMENT =

HARMOMIC FREGUENCY
NO {HZ)

1. O00E+03R
2.000E+03
R DDOE+DE
4 O00E+0O3
R.O000E+03
S 000E+OQO3
7 OODE O3
8.000E+03
QLO00E+0O3

N MNP R

TOTAL HARMONIC DISTORTION =

TOTAL JOB

TIME

9.348470E-01

FOURIER
COMPONENT

1.4046E-01
6. QHLE-~O3
1.317e~-04
1.473E-06
6. 450E-O7
1.482E-06
1.228E-06
3.364E-07

«20LE-0S

MNORFAL TIED
COMPONENT

1000 +00
4 BLOE~-02
1.078E-03
1.048E-05
4.394E-06
1.040E-03
B.729E~06
2.392E-06
8.340E-08

4.311169E+00 FERCENT

70.14



i LOW-VOALTAGE

*K***i?fi&K%kkﬂ??¥§*¥‘f@ﬁkﬁk§‘#§k?ik%kﬁkﬁﬁkﬁﬁ

VE 1 O
(R1
GE2
N3

1.3
L4 EE-TR
2 1 FL-TY
50 ED

F-¥i2

ATy

$oob= [ eR
i

"1 2 30
L2 O TR0

HEI o4 G 1EK

R4 1 & 10K

VEIM o0 A0 S48 S .AT
LMODEL EZ2-TZ2 MNFM [8E=4, 4~
+loE=2  02E-13 Wh 1.848 1K
FRB=7H RO=30 RE
SHODEL PL-TL PH” I?"ﬂ

+I6E=4 ,53E-15% MNE=1.424
+REB=50 RO=Z25 H:*l . 4
uOP

. TREeR 200 1M

FOUR LK V(&)Y

LLOT TRAM V&)

2 BEPD

£y
P 0

MODE  VOLTASE  MODE
(1} 13000 (2)
(4) 0328 (%)

FOURIER ANALYSIS
dhkRkkdkkkdhkdkddhhvkedxy

FOURIER COMPOMEMTS OF TRANSIENT RESFOMSE

DC COMPOMENT = 6H.86513
HARMOMIC FREQUEMCY
MO (HZ)

L O00OE+DR
FLLO0DEFOE
FLOQODEFDE
4 OODE+DE
DL QOODEHQOS
b OOOEFDE
7 2 ODDE+OZE
3.000E+03
P L.O00E+Q3

L OND WD LR) -

OTAL HARMONIC DISTORTION

TATAL JOBR TIME

1522 24840

L4 BF=207 MF=1
F= Z2&.88E-3

r:.xi;:' 1 £+ BF::CZ' !-
L=

LOGE=&

VOL.TAGE

Thxkk

FE~-D1L

FOURTER
COMPONENMT

L.411E~-01
7. 728E-03
2.932E-04
3. 4582E-046
2.430E-04
1.173£-06
1.409E-06
b.700E-07
4, LE0E-QT

= 2.477971E+00 FERCENT

MODE

Py
Eal

V=5

ME=1 VA=R0

o

HTLE
« BFH4E

N

VA

MORMALTZED

COMFOMNERT

1L O00E+00
S.473E-02
1.794E~03

LALLHE-OQOS
1. . 7 AS6E-DOS
8.509E-0Q6
F.93IE-Q6
4. 747E-06
2.926E-06

71.02

VOL. TAGE



£X LOU-VOLTAGE PREAMF . XK
KRR R R R R RS KR R LR E KKK

VR O LL3E
L 2 3 4 gER-T2
P2 5 2 1 PL-TL
GME & B8 O EZ2-T2
R1I1 2 30K
B2 4 O 500
RE 4 3 15k
4 L & LOK

VGIN I3 0 AL Z4350 BINDL&7LRT7 3430 1K)

LMOREL EZ2-TZ NPFMN IS=4.4E-14 BF=Z07 NF={ VA=H3
+I8E=2,00E-13 NE=1.84 [kKF= 26.88E-3

FRE=TE RO=30 RE=3S

JHMODEL FL-T1 PHNF [5=4.825E-14 BF=41 MF=1 Va=20
+IBE=4,3E-15 ME=1.424 ITKF=1008E-4

+RE=50 RU=225 RE=16.4

- OF

. TRAMN 201 1M

LFOUR LK V(&)

LLLOT TRAM VIS)

SEMND

HOGE VOLTAGE NODE VOLTAGE MODE VOLTAGE

(L) 1.3000 (2) . BERT {(3) ATLE
{4) L ERD (3) . 5549 (&) - BEHETF

FOURIER ANGLYRIS

FOURIER COMPOMENTS OF TRANSIENT RESFONSE Vi{é)

DC COMPOMENT = 8.540484E-01

HARMONIC FREGUENZY FOURIER MORMGL I ZED
NG (HZ) COMPORMENT COMPOMENT

1. 000E+03 1.438E-01 1, O00E+00
2. 000E+03 1.123E-02 7.814E-02

SL000E+0O3 S.413E-04 FTH7E-OF
4. 000E+0O3 1.550E-03 1.078E-04
SLO00E+O3 2.146E-06 1.4923E-035
6 OOOE+OT 2.68THE~0S 1.834E-03
7 O00E+03 1.683E-08 L.171E-05
8.000E+03 7.631E-0O7 9. 308E-06
P . ODOEFOT 1.0956E-056 7 JHR0E-06

N ONO O LR

TOTAL HARMONIC DISTORTION = 7 .822701E+00 FERCENT

TOTAL JOB TIME 71L.79



k¥ LOW-VILTAGE FPREAMP. X%
LOFT ITLI=7300 ARSTOL=1E-&
Y 0 1.3

art I 4 BlLOL

OF2 2 1 Bi0o2

aME S 0 RBLOt

R1i 2 30K
Rz O 800

R3 5 18K

Fd & 1Ok

VEINM 3 0 AC 201U SIN(.67183 201U 1K)

LHMODEL B1O1 NERT(IS=4,3558E~14 BF=202.58 MNF=1 C2=454.2 NE=1.84
+IF=256.88E-3 RE=73 RC=320 RE=3 MF=.028 MIC=.47%3 RCE=29.41E4
+EF=.5 VIC=,.7 mr=0 C4=0 hr=2.7345 NER=0.5)

SLMODEL BLIOQZ2 FET(IS=4.75353E~-14 BF=539.2 NF=1l C2=9.448 MNE=1.474
+IKF=1E-4 RB=30 RC=223 RE=16.4 MF=,03% MJIJC=.446 RCE=B0EA MEF=,5
+VIC=.7 mr=0 Cd=0 hr=1 NER=0.5)

O

< TRAN 20U 1M

LFOUR L VS

<END

g s e O oo B

Fourigsr analysis foar vid):
Ma. Harmonics: 10, THD: 4.,08073 4, Gridsize: 200,

Harmonic Frequancy

9] ]

Magrnitude

Morm. Mag

00N DU R

1000
2000
ZO00
000
SQ00
GO0
FO00
000
QOO0

2.53945 O

Q. 1408657
0.00561282
0. 000300508
0. 0004458013
QL000459875
0.000431712
Q. Q00442117

D, O00471222

0.000419071

1

0 L.OXFP044
D, 00335837
Q.DOIE2TE
0.00326949
0.00321146
0,00351432
QODIDERTE
Q.QO2FTIER



¥k LOW-VOLTAGE FREAMP.XX
LOFT ITLI=7300 ARSTOL=1E8-4

V10 1.3

OML 2 3 4 B1ad
aFrz2 3 2 1 Blo2
aMs & 5 0 BlO2
R1 L 2 30K
RZ 4 O 300

R3 4 3 15K
4 1 6 10K
VG O3 7 DO L5T7LET

VGIN 5 o AC 258001 SIN(.57138 23501

LMOREL BLOL NBT{IS=4.385E~-16 BF=20
+IKF=24.83E~-3 RB=73 RC=30 RE=3Z MF=,028 MIC=,4353

1E)
2.5 NF=1 (C2=464.2 NE=1.8&6

HiikF=,58 VJIC=.7 mr=0 C4=0Q br=2.343 pNKR=0.5)

SMODEL B1O2 PRT(IS5=4.733E-16 BF=37
+IEF=1E-4 RB=50 RC=225

+VIC=, 7 mir=0 C4=0
» DI

- TRAN 2010 1M
SFOUR LK V(6D

» END

Fourier analysis for vids):

No. Harmonicss: 10,

Harmonlic Freguency
§] 0

i 1000
o 200
FO00
4000
=000
L0
F00
8000
QU0

G N @i b

THD: 5.270332 4,

Magnitude
0. 674704
0.140774
QL.a07%518354
Q000544273
Q,000470247
Q. 000459215
QL.O00451035
Q. 000441474
QL.O00430584
0,00041843%7

3 .

173.911
g1.3395
~T2.734
~104.07
-107.52
-110.97
~114.38
-117.75
—121.07

FCE=29.41E56

2 NF=1 C2=9.46&6 NE=1.4286
RE=16.4 MF=.,039 MJIC=.4546 RCE=5DE&L NKF=.,3
br=1 MKR=0.35)

NMarm. Mag

D.0319345

0, 00385537
0. 00DIF4045
0, DOI2L5200
QL DIZ0EFT7
Q. 00313508
QL 00305871
Q,00297242



% LOW-VOLTAGE PREAME. $%
LOET ITLL=7500 ABRSTOL=1E-4
VE 1 0 1.3

OML 2 F 4 Blol
aFz2 2 2 1 gloz
ONZ &6 5 D B1lot
~L 1 2 Z0oK
R2 4 0 500
REZ 4 5 13K
R4 1 & 10K

VGTIN 3 O AC 383U SIN(.A71E1 IEBU LKD)

LMODEL BLOYL NBT(IS=4,3558E-15 BF=202.5 NF=1 C2=454.2 MNE=1.86
+IKF=24.88E-3% RE=73 RO=30 RE=3 MF=.028 MJC=.433 RCE=29.41E4
FMEF=,3 VJIC=.7 mr=0 C4=0 br=2.3545% NEKR=0,3)

LMODEL BLOZ PET(IS=4.7553E~-146 BF=089.2 NF=1 C2=%.44 ME=1.4324

+IRF=1E-4 RE=50 RC=225 RE=14.4 FF=,039 MIC=.446 RCE=30E4 NKF=,.5

WIC=.7 mir=0 C4=0 br=1 NKR=0.35)
- OF

- TRAM 20U 1M

LFOUR LK V(S)

LEND

Fourier analysis for vibH):
Mo. Harmonics: 10, THD: 7.B1l072 %4, Gridsize: 200

Harmonic Freguency Magnitude Morm. Mag
) 6] ﬂ BH7197 o]
1 1000 - 143952 1
2 2030 U.ulllou Q. 0773403
3 Z000 0. 0007466249 Q. O0OBIRIO9
4 4000 0, 0004720832 QL D0Z4097
5 SO00 Q. 000455425 0. 00324015
b &HOO00 0, 0004381733 0,00318254
7 7000 0.000443381 Q.00311482
g FOO0 0, 000437302 0. 00305734
‘.‘?

GO0 0000424957 Q. 00295194
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Akk EXAR LOW VOLTAGE-VOLTAGEE CONTROLLED AaMFP. CIRCUIT
W 1 9 1.3

vi o111 12

aF L 2 2 1 FPL-T1

aF2 2 1 PL-T1

QFs s 11 10 PL-TL

gra 11 11 10 F1L-TX

QNS 2 5 4 EZ2-T2

GFral © 7 % PL1-T1

aFr7r 8 2 I P1-T1L

grFrgl o 92 &6 F1-TL

aF?L 8 7 4 FPL-TL

R1 4 0D 10K

R2 g 0 10K

REA 1 10 1K

R4 12 © 10,745k

VE 3 13 .7

VREF 7 0O 0.2

VoaM 9 O 0,15

VIN 13 O AC 16.653M SIN(O,146.63M, 1K)
LMODEL EZ-T2 MFN IS=4.4E-14 BF=207 NF=1 V6=835

+IBE=2,02E-13 NE=1.84& IkF=
+RE=73% FC=30 RE=3

LHODEL F1-T1 PNP I5=4,.823E-1&4 BF=561 MNF=1 VAa=Z0
+I8E=4.5E~18 NE=1.424 IKF=100E-6

+RE=530 ROC=225 RE=146.4

26.88E-3

LOFTIONS NAOMOD NOPAGE
« OF
. TRANM 25U 1M
LFPLOT TRAN V(8) (125M, L50OM)
JOUR LK V(8)
. EMD
NODE VOLTAGE NODE  VOLTAGE NODE VOLTAGE NODE
{ 1) 1.3000 ( 2) .&837 ( 3) . 7548 { 4)
¢ 3) « 7000 ( 6) .8077 { 7) 2000 ( 8)
( 7) «» 1500 (L0) 1.2035 (11) . 3382 {132)
(13) 2, QOO0
FOURIER ANALYSIS
FOURIER COMPONENTS OF TRANSIENT RESFONSE V(8)
DC COMPONENT = 1.406212E-01
HARMONIC FREQUENCY FOURIER NORMALIZED
NO (HZ) COMFONENT COMFPONENT

ARAKRRRERKRKKRRRRKKRK KRR IR Aok Rk Rk R Rk kAR Rk kr kR A kR K

1 1.000E+Q3 1.000E-02
2 2.000E4+03 7. 716E-03
3 F.000E+03 2.903E-06
4 4 . DO0E+OZ 1.453E-07

TOTAL HARMOMIC DISTORTION =

7 721970E-01 FERCEMT

1. QO0E+0O0
7. 716E-0QF
2.90FE~04
1.453E-03

¥y

VOLTAGE

L0871
<1405

-
s ‘\:":'82



- 89 -

k% EXAR LOW VOLTAGE-VOLTAGE CONTROLLED AMF. CIRCUIT

vV I o 1.3
vi 11 12 0

GFL

oF2
Qs
ar4
GAME
arsi
arFr71

[

L FL-T1
1 F1-T1

1D FLI-T1

10 F1-TL
4 E2-T2
A PL-T1
3 FL-T1

aFs1 & F1-TL

Qr91L A FL-T1

R1 4 O 10K

R2 8 O 10K

A 1 10 ik

R4 12 0O 10.745K

VH 2 13 .7

VEREF 7 O 0,2

VCON 2 O O.2

VIN 13 0 AC 29M STIN(D,29M, 1K)

LHMODEL E2-T2 MFN IS5=4,4FE~14 BF=207 NF=1 YA=38%

+ISE=2,02E-17% ME=1.848 1kF= 24.88F-3

+RE=75 RC=Z0 RE=3

SHMODEL FPL-T1 PNF I8=4.82%E~-14 BF=41 NF=1 Va=20

+[8E=4 ,5E-19 NE=1.424 IKF=100E-4

+RE=580 RC=223 RE=148.4

LOPTIONS NOMOD NOFAGE

OF

. TRAN 251 1M

LFLOT TRAN W{8) (243M,280M)

LFOUR LK V(8)

- END

I
LR e i Y P

=
03 < 00 O ko= 0 GRS
~N gL

NODE VOLTAGE NODE  VOLTAGE NODE VOLTAGE

1} 1. 3000 { 2) . 6837 {( 3) 27714
{ 3) 7000 { &) .8411 { 7)  .2000
{ 2 « 2000 (10) 1.2036 {11) . 3382
(13) 0.0000
FOURIER ANALYSIS
FOURIER COMFOMENTS OF TRAMSIENT RESFONSE V(8)
DC COMFONEMNT = 2,4839739E-01

HARMONIC FREQUENCY FOURIER NORMAL.IZED
MO (HZ) COMFPONENT COMPONENT
ARRKKKKKEKKKKA KRR KKK KRR AR KRR KARRKRKRK KK KRRK KK

[

B

TOTAL HARMOMIC DISTORTION = 1.4581&40E+00 FERCENT

1.000E+O3 1.001E-02 1. 000E+00
2. 000E+03 . 1.437E-04 1.456E-02
F.O00E+HOZF 8.394E-06 8.588E-04
4 . OO0E+Q3 4.910E-07 4.906E~-03

KKK

VOLTAGE

0871
- 2563

. 3382



k¥ EXAR LOW VOL IASE-VOLTAGE CONTROLLED AMF.

Y= 1 o 1.2
vi o 11 12 @
oL 2

o

1 F1-T1

ar2 202 1 PL-TL
aF = & 11 10 PL-T1
aFd 11 1L 10 PL-TL
QM3 2 5 4 E2-T2
Qr&41L 0 7 E PL-TL
ar7i 8 92 I F1-T1
arFg1r o 9 4 F1L-T1
arFrelr 8 7 & FL-T1
R1 4 o 10k

R2 8 O 1ok

RE 1 1o 1k
R4 12 ©  10.7563K
VE 3 13 .7

VREF 7 O 0,2
VCOM 9 0 0,25

- 90 -

VIMN 13 O AC 108M SIM{O,108M, 1K)

LMODEL E2Z2-T2 MNFNM IS=4.4E-1& BF=207 NF=1
ME=1.84 IkKF=

+IBE=2.02E-13
+RE=73 RC=3I0 RE=3
LHMODEL F1-T1 PNF

+RBE=50 RC=225 RE=16.4
CLOPTIONS NOMOD NOFAGE
L

.« TRAN
LFLOT

230 1M
TRAN V{(8)

15=4.8

26H.803E-3

2HE-16 BF=61 NF=1 VY&=3Z20
+ISE=4.3E-13 NE=1.426 IKF=100E-&

{(Z73M, 405M)

LFOUR 1K Y (8)

<END

NODE VOLTAGE NODE VOLTAGE MODE
{ 1) 1.3000 { 2) .6887 { 3)
{ 3) s 7000 { &) .8380 « 7)
{ 9) » 2300 (10) 1.2036 {i1)
{13) ©0.0000

FOURIER ANALYSIS

FOURIER COMFONENTS OF TRANSIENT RESFONSE V(8)

CIRCUIT
V=85
VOLTARGE MODE
8062 {( 4)
o 2O00 ( &)
. 3THT (12)
NORMAL.IZED
COMFOMENT

1 . O0QE+00
g.5331E-02
1.137E-02

DC COMPONENT = 3.883831E-01
HARMONIC FREQUENCY FOURIER
NO (HZ) COMPONENT
ARRKKIKKRKKKERRKK A KRRk KRR ARk KRRk kkkhkrdohkkdokRpkikokk
1 1.000E+03 1.003E--02
2 2.000E+03 8.337E-04
3 3.000E+03 1.140-04
4 4. 000E+QO3 1.872E-05

TOTAL HARMONIC DISTORTION =

1.8467E-03

8.608875E+00 FERCENT

XK

VOLTAGE

L0871
- 3877
L2383



- g1 -

ik EXAR LOW VOLTASE-VOLTAGE CONTROLLED AmMP. CIRCUIT %k
LOFT ITLI=7300 ABRSTOL=1E~4

v I 0 1.3

Vi 11 12 o

arl 2002 1 Blof2
arz2 32 1 Brog
OFZ & 11 10 B1OZ
OrR4 11 11 10D BlO2
OMZ 2 & 4 Rlol
grFra © 7 3F B1OZ

w

gF7
0P3
OF9
R1
R2

7 BLOZ
7 &6 BLOZ
7 & RBLOZ
0O 10K
0 1
10 1k
R4 O 10.765K
VE 15 .7
VREF 7 0 0.2
VCOM 2 0 0.19
VIN 13 0 AC 156.63M SIN{O,146.563M, 1K)
SMODEL BLOL NMBT {(I8=4.385%E~14 BF=Z02.5% NF=1 CZ=444.32 MNE=1.84
+INF=26.88E~-3 RBE=73 RC=30 RE=IZ MF=,028 MIC=.433 RCE=2F.41E5H
HMEF=.3 VWIC=.7 MR=0 C4=0 BR=2.343 MNKR=.3)
LMODEL B1O2 FBRT (15=4.735E-16 BF=59.2 MNF=1 C2=9.44 NE=1.426
+IEF=100E~-6 RR=350 RC=225 RE=16.4 MF=.03%9 MJIC=.46 RCE=350ES
+HEF=.58 VJIC=.7 MR=0 C4=0 BR=1 NKR=.35)
» OF
- TRAN 25U 1M
LPLOT TRAN V(8)
LFOUR 1K ¥(8)
- END

o
*
o

[y
DAL N B ol vs IS

Fourier analysis Tfor v{(8):
Mo. Harmonics: 10, THD: 0.9839487 %, Grigsize: 200,

Harmonic Frequency Magnitude Morm. Mag.
0 Q 0.142204 0

1000 Q.0100877 1

2000 4.49681e-008 0.004454433
JO00 3.39278e—-003  Q.00F34997
4000 3.3630F7e~-003  0.00334048

RN S I



¥3x% EXAR LOW VOLTAGE-YOLTAGE CONTROL.LED AMF. CIRCUIT #X%x%
LOFT ITL1=7300 ABSTOL=1E-4

i 1 9 1.3

Vi 1t )

grl 2 1 Blo2

arld 3 1 B1O2

OF3 & 10 B102

aF4 11 1o R1OZ

oMa 2 R1O1

ars o Ri02

aFr7 8 R10O2

oFrg o BLO2

OF? BLO2Z

R1 10K

R2 1Ok

RE g 1k

R4 1 0 10,765k

VE 1z .7

VREF 7 € 0.2

VCOM 9 O 0.2

VIM 13 O AC 28.5M SIMN{D,28.5M, 1K)

LMODEL BLOL NMBET {(I8=4 . 35353E-14 BF=202.8 MF=1 C2=444.2 NE=1.8&
+IRF=26.88E-3 RE=73 RC=30 RE=Z MF=.028 MJIC=,43% RCE=27.41ES4
+NEF=.,8 VJIC=.7 MR=0 C4=0 BR=2.345 MER=.3)

LMODEL B1OZ PRT (I15=4.735E-146 BF=5%.2 NF=1 [2=9.4& NE=1.4246
+IKF=100E-6 RB=00 RC=225 RE=16.4 MF=.039 MIC=.446 RCEB=50ES
+NEF=.3 VIC=.7 MR=0 C4=0 BR=1 NKR=.3)

OF

< TRAMN 25U 1M

LFLOT TRAN V(8)

JFOUR 1k V(8)

. EMD

[

-
w0 D N P e B R

o Ol b

k1

.
‘-t

iRl b 080
=

Fourier analysis faor v(8):
No. Harmonics: ;Q, THD: 1.4104 %, Grigsize: 200,

Harmonic Fregquency Magnitude Morm. Mag.
() 9] 0.,268077 Q

1000 0.009993483 1

2000 0.0001121383 0.0112206
JO00 F3.44208-000 0.0034426
4000 F.379372—-003  Q.Q03F7988

B R e



¥k EXAR
LOFT [TL1=7300 ARSTOL=
1.3

VF 1
vi o1t
oF1L 2
aFz2 i
ops 6
oF4 11

aME 2
QFs 0

ar7 8
org o
OFrs &
R1 4
R2 a
RE 1
R4 12
Ve o
VREF 7
VCOoN 9
VIN 13
- FIODEL

« OF
« TRAN

0

e
4

o
OO N R e R

.
D)
"t

)

oo’

10
O
1%
0

)

B1O1 NBT
+IkF=24.88E-3
R =, 5

LW

8}
1
1
10
10
4

)

b

VOL TaGE-V

E1D2
B1032
Bloz
Bio2
Biol
BlO2
BLOZ
BLo2
BiozZ

104
10K

1K

1OLTHEK

d.}'
0.

oy
e

025
O AC 105.5M SIM{0O,105.5M, 1K)

i
1

L.
)

TG

- é

- 93 -

GE

COMNTROLLED

{I53=4,.353E~-14 BF=202.3
RE=73 RC=30 RE=3:

MF=,028

NF=1
MIC=.433

AME .

YVIC=,7 MR=0 C4=0 BR=2.345 NKR=.3)
~MODEL B10OZ
+IKF=100E-4&

23U 1M

FLOT TRaMN V(8)

- FOUR
- END

Lk v(8)

e e

Rt g AR

FBT (I185=4.753E-146 BF=59.2
RE=30 R(

TR=464, 3

CIRCUIT k%%

ME=1.84

RCB=29.41E4

MF=1 C2Z=9.446 NE=1.426

FRE=1&6.4 MF=.03% MIC=.44 RCB=3DES
+MEF=.53 VJC=.7 MR=0 C4=0 BR=1 MER=.3)

Fouwrier analysis for v(8):

No.

Harmonic

-
<

B

Harmonicss

10,

Frequency

Q
1000
2000
J000
4000

THD: 8.20811 %,

Magnitude
0.3941
0.0100499
0.0008122564
0.000112438
3, 20906e—-003

Grigsize:

200,

Morm. Mag.

0.0808238
0.0111878
0.00318321
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- 95 -

VF 1 o 1
Y 2 0 -1

Ve 5 0O O

IBEFL 1 4 100U
IBNZ 3 2 100U
GNL 19 8 3 ER2-TZ2
aNzZ 9 6 I E2-TZ2
arFZ 8 5 4 P1-T1
arF4 7 6 4 F1-T1
QMg 12 12 7 ER-T2
ONsd 13 12 8 E2-T2
prF7 12 11 9 P1-71
arFg 13 11 19 FP1-T1
R1 7 2 4.7k
R2 8 =2 4.7
R3 i 9 4.7K
R4 1 10 4.7k

RS 13 0O
VRl 1 11 .8
VIN S 0 AC J52M SIN(-Z00U, . 82M, 1K)
LMODEL E2-T2 NFN IS8=4.4E~-14 BF=207 NF=1

IO

VA=85

+ISE=2.02E-13 NE=1.846 IKF= 254.88E-3
+RE=73 RC=30 RE=3
+CIC=,433E-12 CIE=.94Z2E-12 CJ5=1.883E-12

LMODEL FL-T1 PNF I8=4.B235E-14& BF=61 NF=1 VA=20
+ISE=4.5E-13 NE=1.4246 IKF=100E-5
+CJC=,9471E-12 CJIE=.21E~-12

+RE=50 RC=225 RE=16.4

<OFTIONS NOMOD NOFAGE

. OF
L TRAN 2510 1M
LPLAOT TRAN YL3)
LFOUR 1K V(i3
.ENMD
NODE  VOLTAGE NMODE  VOLTAGE NODE  VYOLTAGE NODE  VOLTAGE
{ 1) 1.0000 {2 —1.0000 { 3) —.46583 { 4) « BESO
( 8)-300.0E-0&8 ( &) 0, 0000 ¢ 7y ~.7671 { 8) ~.7655
( 9) . 7397 (10) . 7620 (11) . 20010 (12) — o 2040
(13) 1059
FOURIER ANALYSIS TEMFERATURE = 27 DEG C
FOURIER COMFONENTS OF TRANSIENT RESFONSE V((1X) !
DC COMFPONENT = 1.028813E-01
HARMONIC FREQUENCY FOURIER NORMALIZED FHASE
NO (HZ) COMPONENT COMFPONENT {DEG)
1 1 .000E+OE 1.405E-01 1 L O0O0OE+OO 1 .794E+02
2 2.000E+03 2.PIEE~OR 2.089E-02 8.862E+01
3 JLO00E+OE 6. 602E-05 4.698E-04 -3 239E+01
4 4 QOOE+OT ZL10ZE-O5 2. 208E-04 -9 162E+01L

TOTAL HARMONIC

DISTORTION =

2. 07040ZE+00

FERCENT



- 96 -

VF 1 o 1

VN 2 0 -1

VB2 & 0O O

IBPL 1 4 100U
IBNZ 3 2 100U
GML 10 & 3 E2-T2
Nz 92 6 I E2-TZ2
GFZ 8 S 4 F1-T1
OoFr4 7 6 4 F1-T1
aME 12 12 7 EZ2-T2
anNeg 13 12 8 E2-T2
QF7 12 11 9 FP1-T1
arFrg 13 11 10 P1-Ti1
"R1 7 2 3.7k
R2 a 2 4.7k
R3 1 = 4.7k
R4 1 10 4.7k
Ra L3 0 SO0k
Vel 1 11 .8

VIN & 0 AC .46M SIN(+4Z8, . 46M, 1K)

LMODEL EZ-TE NPN IS=4.4E~-16 BF=R207 NF=1 VA=835
+IGE=2.02E-13 NE=1.86 IkF= 2&4.88E-3

+RE=73 RC=3IZ0 RE=3Z

+CI0=.430E-12 CJIE=.942E-12 CJIS5=1.883E-12
LMODEL F1-T1 PNFP IS=4.825E-16 BF=61 NF=1 VA=20
+I8E=4.8E~13 ME=1.426 IKF=100E-&
+CJ0=.9471E-12 CIE=,21E-12

+RE=30 RC=225 RE=1&4&.4

LOFTIONS NOMOD NOFAGE

L OF

- TRAN 23U 1M

LPLOT TRAN V(13)

LFOUR 1K V(13E)

«END
NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOL.TAGE
( 1) i.QOOO ( 2} —=1.0000 { 3) ~-.46880 ( 4) 6654
{ BI4ZB.0E~D86 ( &) 0, 0000 {( 7)Y —-.7641 ( B) ~.7&464
{ 9) 7624 (10) . 7892 (11) « 2000 (12) —-.2005
(13) ~-.1034-
FOURIER ANALYSIS TEMPERATURE = 27 DEG C
FOURIER COMFONENTS OF TRANSIENT RESFONSE V(13)
DC COMFONENT = ~1.080440E~-01 !
HARMONIC FREQUENCY FOURIER NORMALIZED FHASE
NO (HZ) COMFONENT COMFONENT {DEG)
1 1.000E+0Q3 1.403E-01 1.000E+00 1.794E+02
2 2000E+03 2.618E-03 1.866E-02 8.849E+01
3 JILO00E+OR 4,684E-05 I .3E9E~04 —4 . 7H7E+0O1
4 4, Q00E+O3 Z.0ZTE-OQOS 2.165E-04 -8.982E+01

TOTAL HARMONIC DISTORTION = 1.847303E+00 PERCENT
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¥ EXAR LOW VOLTAGE-INFUT STAGE WITH RAIL-TO~-FRAIL .
VF 1 o 1

VN 2 0 -1

VG2 &6 0 0

IBFL 1 4 1001

TENZ 2 2 100U

OMi1 10 5 2 Bi101

oMz2 2 6 3 Blol

Frz 8 & BR1O2

arg 7 6 R102

OM& 13 12 BElOl
oFr7 12 11 Bio2
gFg8 13 11 10 B1O32

4
4
ONS 12 12 7 BlOg
a8
9

R1 7 2 47K
R2 g =2 4.7k
RE b 47K
R4 1 10 4.7k

& 1% 0 SO0k
VEL 1 11 .8
VIN 8§ 0 AC .536M SIN(-305U, .334M, 1K)
MODEL 2101 NBT (IS8=4.358E-146 BF=202.5 MF=1 (C2=4&64.2 MNE=1.8&%
+IKF=26.88E-3 RB=75 RC=30 RE=3 MF=.028 MJIC=.433 RCBE=29.41EéH4
+MEF=.8 VWIC=,7 MR=0 C4=0 BR=2.7345 MNER=.9)
SMODEL B1lO2 PBT (I8=4.7583E~16 BF=39.2 NF=1 (C2=9.44 NE=1.424
+IKF=100E-& RE=30 RC=22Z3 RE=146.4 MF=.039 MIC=.44 RCB=30ES&
+NEF=.,8 VJIC=.7 FR=0Q C4=0 BR=1 NKR=.%)
LOFTIONS NOFAGE NOMODE
OF
. TRAN 23U 1M
LFLOT TRAM V(173)
FOUR LE V(1E)
. END
Fourier analysis for v{13):
No. Harmonics: 10, THD: 1.91%961 %, Gridsize: 200,

-

Harmonic Freqguency Magnitude Fhase Norm. Mag
O ¢ Q.,09685642 Q O
1 1000 ©.141142 175.911 i
2 2000 0L, 00243009 81.117 Q. Q172173
= J000 0.000479702 -94,081 0.00339871
4 4000 0.000468502 -103.92 Q. 003FLR36
5 S0O00 0.000442887 -107.32 Q.O0327934
& H000 0.000454539 -110.83 0. 00322043
7 7000 0.000445332 -114,.17 0.00313582.
8 8000 Q.000434046848 —117.62 0,00307338
9 FOOO 0.000422193% -120.8% 0.00299125



¥ EXAR LOW VOLTAGE~INFUT STAGE WITH RAIL-TO-RAIL
VP 1 o 1
VM 2 0 -1
VG2 & O 0
IBF1 1 100U

3 100U
Z B1Od
BiOl
Blo2
B1O2
BiO1
Biol
BlO2
BLO2

4
IgN2 3 2
OM1 10 3
oMz 2 6
OrFr: 8 3
or4 b
OmMs 12 12
Ors 13 12
aFr7 12 11
oFg 13 11
i 72 4.7k
R2 g8 2 4.7k
R 1 % 4.7k

1
1

o4 L

1
“ed

0w

‘,—b
&

R4 10 4.7k

R& 1% 0O BOOK

VEL 11 .8

VIN & 0 AC .48M SIMN(418, ..48M, 1K)

LAMODEL BLOL NBT (I5=4.3838E-16 BF=R02.3 NF=1 C2=444.2 MNE=1.86&
+IKF=26.88E~-3 RBE=73 RC=30 RE=3 MF=.028 MJIC=.433 RUCB=29.41Eé
HMEF=,.5% YI0=.7 MR=0 C4=0 BR=2.343 MkR=,3)

JMODEL BLOZ FPRT (I185=4.733E-16 BF=59.2 NF=1 C2=%.446 NE=1.426
+IEF=100E-5 RB=50 RO=2208 RE=16.4 MF=.039 MJIC=.46 RCE=30ES&
+MEF=.53 VJC=.7 MR=0 Cd=0 BR=1 MKR=.3§)

SOFTIONS NOPAGE NOMODE

OF

. TRAN 25U 1M

LFLOT TRAN V{13

LFOUR 1E V(13)

»END

Fourier analysis for v(13):
No. Harmonics: 10, THD: 1.73248 %, Gridsize: 200,

Harmonic Frequency Magnitude Fhase Morm. Mag
0 'y -0 .1034 O 0

1000 0.1413551 175.911 1

2000 0.0021465651 81.097 Q.0183272

I000 0.00047873% -94.4085 0.003328684
4000 0.000459461 -104.1 Q. 00332124

SO00 000045653332 -106.97 0..00329203
6000 0.000455858 -111.,07 0.O0322501

7000 0.000447475% -117.98 0.00318657
8000 0.000435149 -117.82 0.0030785
FOOO 0.000423068 -120.84 0.00299303

GONC R



1 o 1
YN 2 0 -1
V2 6 0O 0
IgFt 1 4. 100U
TBENZ 2 2 100U
My 10 5 3 E2-T2
anNz2 9 & F EZ2-TZ2
faFr3z 8 5 4 FL-T1
ar4 7 6 4 FPL-T1
OMS 12 12 7 E2-TZ2
ONGg 13 12 8 E2-TZ
ar7 12 11 9 Fr1-T1
arFg 13 11 19 PI1-T1
R1 7 2 4.7k
R2 8 2 4.7k
RE i 9 4.7k
Fa 1 10 4.7k
RE 13 O EBOK
VEBL 1 11 .8

VIN & © AC 1.015M SIN(~-920U,1.015M, 1K)

LSMODEL E2-T2 MNPFN IS8=4.4E-16 BF=207 NF=]1
NE=1.846 IkF= 26.88E-3

RC=30 RE=Z
CIE=.942E-~12
SMODEL PL-TL PNP

+ISE=2,02E-13
+RE=75
+CI0= . 4385E~-12

CI8=1

+I8E=4,53E-19 NE=1.426 I1EF=100E~&
+CJC=.9471E~12 CIE=.21E-12

+RE=50 RC=223 RE=14.4
LOFPTIONS MNOMOD NOFAGE

« OF
- TRAN 2311 1M
SFPLOT TRAM V(13)
LSFOUR 1K Y13
LEND
NODE VOLTAGE MODE VOLTABE
{ 1) 1. 0000 { 2) ~1.0000
{ S)—-920.0E-08b { &) O L D000
{ 2) « 7374 {(10) « 7642
(13) « 1507
FOURIER ANALYSIS
FOURIER COMFONENTS OF TRANSIENT R
DC COMFONENT = 1.451840E-01
HARMONIC FREQUENCY FOURIER
NG (HZ) COMPOMNENT
1 1.000E+03 1.417E~01
2 2.000E+03 S.473E-03
3 JLO000E+O3 2.429E-04
4 4, 000E+0O3 1.327E~0S

TaTAL HARMONIC DISTORTION =

VA=a5

LBRIE-1LR2

I53=4.825E-14& BF=41 NF=1 VA=20

NODE VOLTAGE

( 2} -—-.6386
{ 7) —.7&9%
(11) » 2000

ESFONSE V(13)

NORMALIZED
COMFONENT

1.000E+00
JI.861E-02
1.713E-03Z
?.361E-0Q3

NODE VOLTAGE
« 4)
{ 8)
(132)

5647
—. 7645
— . 2107

FHASE
({DEG)

1.796E+02
8.918E+01
~5., 284E+00
~9.244E+01

I.8652&ELE+HO0 FERCENT



- 100 -

YN 2 0 -1
VEZ2 6 O Q
IBFL 1 4 100U
IBNZ 3 2 100U
Nl 10 5 3 E2-T2
aNz2 9 & 3 EZ-T2
QFF B8 5 .4 FP1-T1
GFr4 7 6 4 FL1-T1
CONS 12 12 7 EZ-TZ
AN& 13 12 8 ER-TR
OF7 12 11 9 FPL-TL

arg 13 11 10 PL-T1

F1 7 2 4.7k
R2 8 2 4.7k
R3 1 9 4.7k
R4 1 10 4.7K
RS 13 0O 280
VE1L 1 11 .8

VIN § 0 AC 300U SIN{ZG0L,BOOU, 1K)

LMODEL E2-T2 MFN IS8=4.4E-~146 BF=207 NF=1 VA=83
+IBE=2.02E-13 MNE=1.84 IKF= 24.8BE-3

+RB=75 RC=Z0 RE=3

+CIC=.43ZEE-12 CJE=.942E~-12 0J8=1.883E-12
LMODEL FPL-T1 PP IS=4.828E-146 BF=561 NF=1 Va=20
+I5E=4.5E-150 NE=1.434 IKF=100E-4
+CIC=.947iE~12 CIE=.21FE~12

+RE=50 RC=225 RE=1&.4

LOFTIOMNS NOMDD MNOPAGE

« OF

- TRAN 25U 1M

LFPLOT TRAN Y(13)

SFOUR 1k V{13)

-END

MODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

{ 1) 1.0000 { 2) —-1.0000 { 3 —;éﬁ?q {
{ DIGBO0E-DS (&) 0.0000 ( 7)Y —.7637 (

{ 9} « 7THZ23 {(10) . 7388 (11 » 2000 {1

(13) -.079%
FOURIER ANALYSIS

FOURIER COMFONENTS OF TRANSIENT RESFONSE V(13)
DC COMFONENT = -8.4582358E--02

HARMONIC FREQUENCY FOURIER NORMAL IZED
NQ (HZ) COMPONENT COMPONENT

1 1.000E+073 1.412E-01 1.000E+00

2 2. 000E+03 4.976E-03 3. 240E-02

3 2. 000E+03 9.042E-03 6. 402E~-04

4 4, QOOE+Q3 1.303E-08 Q. 226E-085

TOTAL HARMONIC DISTORTION = Z.2404435E+00

4) - HbHE49

FHASE
(DERG)

1.796E+02
B.213E+01
-1 278E+01
-8 .803E+01

FERCENT
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VF 1 o 13

VM 2 0 -1

ve2 & 0 o0

IBFL 1 4 100U
IEN2 3 2 100U
GN1 10 8§ 3 E2-T2
ON2 92 o6 3 E2-T2
aF:z 8 9 4 FP1-T1
QF4 7 & 4 P1-T1
GNS 12 12 7 EZ2-T2
N6 13 12 8 E2-T2
ar7 12 11 9 P1-T1
grFrg 13 11 10 P1-T1
R1 7 2 4.7k
R2 8 2 4.7k
R3 1 2 4.7k
R4 110 4.7k
R& 13 0O 280K
VBl 1 11 .8

VIN & 0 AC 733U SIN(10%0U,735U,1K)

LMODEL EZ-T2 NFN IS=4,.4E-16 BF=207 NF=1 VA=85
+ISE=2.02E-13 NE=1.846 IkKF= 26.88E-3

+RE=73 RC=30 RE=3

+CIC=.43550E-12 CJIE=.942E—-12 CJS5=1.883E-12
MODEL P1-T1 FNF 18=4.825E-16 BF=61 NF=1 VYa=20
+I8E=4.0E-13 NE=1.4256 IKF=100E-6&
+CIC=.9471E~-12 CIE=,.21E-12

+REB=30 RC=2235 RE=16.4

LOFTIONS NOMOD NOFAGE

.OF

- TRAN 235U 1M

LFLOT TRAN V(13)

LFOUR LK V(LE)

.END

NODE VOLTAGE NODE VOLTAGE NODE VOLTABE . NMNODE VOLTAGE

( 1) 1.0000 ( 2) -1.0000 ( 3} =.68978 ( 4) » 6637
( 5) Q011 { &6) 0. 0000 (7)Y =.7615 ( 8) -.7&64%
« ?) 7647 {10) « 7568 (11) « 2000 (12) ~.19G85
(13) —.1735

FOURIER ANALYSIS
FOURIER COMFONENTS OF TRANSIENT RESFONSE V(13)

DC COMPONENT = -1.,834973E-01
HARMONIC FREQUENCY FOURIER NORMALIZED FHASE
NO (HZ) COMFONENT COMPONENT {DEG)
1 1.000E+03 1.416E~-01 1.000E+Q0 1.796E+02
2 2.000E+03 4.129E~-03 2.916E-02 8.910E+01
<3 J.000E+03F S5.9378E-05 3.940E-04 ~2.1865E+01
4 4 .000E+03 1.504E-03 1.062E-04 ~8.756E+01

TOTAL HARMONIC DISTORTION = 2.916866E+00 FERCENT
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X EXAR LOW VOLTABE-INFUT STAGE WITH RAIL-TO-RAIL
VFL 0L

UN 2 0 -1

VEZ & D0

IBFL 1 4 100U

TNz = 2 100U

Wi 10 & F B1Ol
OM2 2 & 3 Blol
OF3 8 3 4 BloO2
arFrg 7 & Blo2

oS 12 12

OM&e 13 12

Bl0l
BlOl.

GO0~

oF7 12 11 B1OZ
OF8 13 11 10 BLOZ

R 7 2 4.7k
R2 g 2 4.7k
R3 1 9 4.7k
R4 1 10 4,7k
R& 1% 0 2BOK
VEL 1 11 .8
VIMN 5 O AC 1.033M SIN(-1m,1.033m, 1K)
SMODEL BLIOL MNBT (IS5=4.3585E-16 BF=202,5% NF=1 C2=44&4.2 NE=1.84
+IEF=24 . 88E-32 RE=78 RC=30 RE=3 MF=.028 MJIC=,433 RCBE=29.41Es4
+HEF=.58 VYIC=,7 MR=0 Cd4=0 RR=2.345 NER=.3)
LMODEL BLOZ2 FBET (18=4.758E~1&6 BF=59.2 NF=1 ((2=9.446 NE=1.426
+IKF=100E~45 RE=50 RC=228 RE=14.4 MF=.039 MIC=.44 RCB=50ES
FNEF= .8 VJIC=,.7 MR=0 Cd=0 gR=1 NEKR=.%5)
LOFTIONS NOPAGE NOMODE
« OF
. TRAN 25U 1M
SLOT TRAN VLE)
LFOUR 1K V(13E)
« END
Fourier analysis for v{(13I):
No. Harmonics: 10, THD: 3.534606 %, Gridsize: 200,

. Harmonic Frequency Magnitude Fhase Norm. Mag
0 0 0,151001 e} 0
1 1000 0,140619 175.91 1
2 2000 0.00482168 81.2785 0.034289
= S000 0000339786 =73.580846 0.00383863
4 4000 0. 000453718 —-10Z,.98 0.O0329912
5 5000 Q. 0004590867 —107.38 0,00324459
& SOQ0 O.000450873  —-110.9 0 O0E206ES
7 7000 0.000441397 -114.Z 0, 00313896
8 8000 0.000430488 -~-117.869 Q.00ZF061738
9

FUOO 0.000418%63 —-120.98 0.00297314



- 103 -

¥ EXAR LOW VOLTAGE~INFUT STAGE WITH RAIL-TO-RAIL .
VE 1 0 1
VN 2 0 -1
Vg2 &6 0 0
IBFL 1 4 100U
IBMNZ 32 2 100U
ONL 1D 53 3 Bilol
&
5
&

w4

OonNZ2 Bilol

oPz B102

OF4a B1lO2

ONS E1o1

ON& BloL

aF7 B10O2

arg BLo2

R1 4.7k

R2 2 4.7

RE 9 4.7k

R4 10 4.7k

RS 0 280K

VEL it .8

VIN 5 O AC 318U SIN(S10U,818U, 1K)

LMODEL BLlO1l NEBT (IS=4.355E~-1&6 BF=202.5 NF=1 CEZ=464.2 MNE=1.364
+IKF=246.8BE~-3 RB=73 RC=30 RE=3 MF=.028 MJC=.433 RCE=29.41Eé4
FNEF=.5 VJIC=.7 MR=0 C4=0 BR=2,348 NkKR=.3)

<MODEL EB102 FPBT (IS=4.750E-1&4& BF=3%9.2 NF=1 C2=9.44 NE=1.426
+IKF=100E-5 RE=G0 RC=225 RE=16.4 MF=.03%9 MIC=.4& RCR=G0ES
+NEF=.0 VJIC=.7 MR=0 C4=0 BR=1 NKR=.3)

LOPTIONS NOPAGE NOMODE

. OF

- TRAN 285U 1M

LPLOT TRAM VW(13)

LFOUR LK V(13)

.EMD

[ SN
3
IR 5 B 65 U S < O 3 B

Poid ke 00N RS 2RI N N0
e
R
oy

s

Fourier analysis for v(13%):
No. Harmonics: 10, THD: Z.01783 %, Gridsize: 200,

Harmonic Frequency Magnitude Fhase Motrm. Mag
Q 0 -D,0785834 ©Q Q

1000 > 0.140401 175.911 1
2000 0.00406%44 81.2433 0.02895561
000 0.000484951 -89.538 0.00345404

4000 0.000486%717 —-103.97 Q. 00330281
SO00 0.0004461028 -107.24 0.00328386
H6000 Q.000432678  —-111.07 Q.O00522416
7000 0.000442554 -114.22 0.003215207
8000 0.000431383 -~117.84 Q.00307251

QBN PLUNR

FODO 0.000418435 —-120.9 0.00298029



- 104 -

¥ EXAR LOW VOLTAGE-INFUT STAGE WITH RAIL-TO-RATL
VF 1 9 1
VN 2 0 -1

a2 & 0O O

IBFL 1 inou

IBM2 3 100U

Onl 10D A B1O1L

oMz 9 Z EiD1

Ops 9 Hi02

aFga 7 B102

ONE 12 R101

Oné 13 B10O1 *

ar7 12 EBlO2

OorFrg 13 Bi02

Ri 7 4.7k

Rz a8 4,7k

RZ 1 4,7

R4 1 1 4.7k

Ra 13 O 280K

YE1r o 1 11 .8

VIN & 0 AT 734.5u SIMN{L.O73M,.754.5U, 1K)

LLODEL BLlOL NBT (I8=4,I3583E-146 BF=202.5 NF=1 C2=444.2 NE=1.86
+IKF=26.8BE~% RE=75% RC=320 RE=3Z MF=,.028 MIC=.433 RCE=Z29.41E4
+NEF=,3 VIC=,7 MR=0D C4=0 BR=2.345 NER=.%)

SHODEL BIOZ2 FBT (15=4,785E~16 BF=52.2 NF=1 (2=9.44 NE=1.424
FIRF=100E~4 RE=50 RC=225 RE=14.4 MF=,039 MIC=.44 RCR=50ES
+MNEF=.3 VJIC=,7 PMR=0 C4=0D RBR=1 NER=.,5)

LOFPTIONS MNOFPAGE HNOMODE

- OF

« TRAN 250 1M

LFLOT TRAM V{173)

SFOUR LK W13}

- END

SR T T AR

-
"4

e
e BB
GNP B

[
RS
=

1

Fourier analysis for v{13):
No. Harmonics: 10, THD: 2.72734 %4, Gridsize: 200,

Harmonic Freguency Magnitude Fhase Norm. Mag
Q 0 -0.17948 9] Q

1000 0.141484 175.911 1
2000 0.00TL6683 81.2308 0.025916%

Z000 0.00048258 ~03.663 0.007341084
4000 0.000456845898 ~104.,08 D.0O0D331273

JOO0 D.0004560151  -107.06 D.00E28766

6000 0.0004537049 ~111.08 0.0032304

7000 0.000446231 -114.,13 Q.O03I13393
8000 0.000433244 —117.74 O.00307428
FOOO 0.00042180868 ~120,93 0.0029813

BONDg bR =



EK-4

Vcn=0 ya da sifira ¢ok yakin oldudu bolgelerde tran-

zistorun I, ve I_ akimlari GEM icin Bolum-2.1.2'de €2.31)
C2.32), Spice BIT Modeli icin ise Bolum-2.1.3de (2.33),
C(2.34) esitlikleri ile verilmigtir. Bu egitliklerden,

I_CSPId=I CGEMD.C1+ -4 y N
o sOo 2

2
s BE

_ N
ﬁruc SPID —-ﬁFOC GEMD . C1+M, VBE b

I_ (SPIJX=CCSPI>.I_ CSPI>=C C(GEMD.I_ CGEMD
SE 2 so 2 so

C CGEMD =C CSPId.ci+-4. v N
2 2 2 BE

egsitliklerini elde edebiliriz.

0.57 £V, <078
0.0278 ¢ M ¢ 0.03

0.567 ¢ N ¢ 0.82

oldugunu dtstnursek ve VBECmin) . VBEC max), M(mind, MCmax>
NCmind, NCmax) dederlerini ele alirsak,

€0.9873280.1_ (SPI>I (CGEMD (€0.99389).I C(SPID
sSo tole) S0
€0.8780). ﬁruc SPID mmc GCEMD ¢ €0.28028). ﬁr“C SPID

C1.01884).C2CSPI) g_CzCGEM) < C1.OOQ7).C2CSPI)

elde ederiz.



EK-S5

% LOW-VOLTAGE FREAMT.X%

LOFT ITLL=7500 ABSTOL=1E-4

VF 1 0 1.3

oML 2 3 4 BLOL

OFZ 5 2 1 B10Z

OMZ &6 8% 0 BLOL .
1
4

(SIS (O (% I 2

R1 IOk

RE 200

RZ 4 3 15K

R4 1L & 10K

VG 3 7 DC .&7127

VGIN 2 0 AC 250U SIN{.47158 250U 1K)

SMODEL B10O1 NET(IS=4.353E-16 BF=202.3 NF=1 C2=4564.2 NE=1.86
+IF=24.88E~-3 RBE=73 RC=30 RE=F MF=.028 MJC=.437 RLCE=27.41Eé6
FMEF=.3 VIC=.7 mr=0 C4=0 br=32.343 NKR=0.5)

LMODEL BLOZ2 FRET(IS=4.753E~186 BF=32.2 NF=1 C2=9,44 ME=1.426

~
<

+IkF=1E-4 RB=310 RC=225 RE=l1l4.4 MF=.039 MJIC=.44 ROCBE=30E4H NEF=.5

+YJC=.7 mir=0 C4=0 br=1 MER=0.3)

» OF

. TRAN 20U 1+

SFOUR LK V(A)

LEND

Fourier analysis for v(4):

No. Harmonics: 10, THD: 5.27033% %, Gridsize: 200,

Harmonic Fregusncy Magnituds Fhase Narm. Mag
0 0. 5747084 0 O

10040 0.140774 175.911 i

2000 Q.00731334 81L.3393 Q.0319845
FO00 0.000544273% ~72.734 0, 0038464629
4000 D.000470247  ~-104.07 O.00FF4048
S000 0.000439215% ~107.52 0, 00326208
HOOO Q.000431035  -110.97 0. O03203597
7000 0. 000441474 ~114.38 Q.D0I1L3H06
8000 0.000430586 -117.75 0. 0003871
OO0 D.0004818439 —-121.07 0.00297242

.
b

OO bW



DUSUK BERILIM DARL .DEY

VCCF 1 0 1
VCCN © 1

g1y g B1OL
02 BE1O1
Q3 BLOR
04 Blo2
aa B102
0é& Bi101
Iak 1 4 5uU

ip S9.2M
H1 10K

R 15K

RC 1K

VG5

DRI AL B ¢ o o S
s e N R

R I - ol 1

I A AW

W N

- 107 -

(RE=1¥ OHM)

O AC 6.93M SIN{(-267M,6.93M, 1K)

LHMODEL B1ol NBT (IS8=135.3E-14 BF=240 NF=1 C2=1822 ME=1.94
+IKF=3Z3E-3 RB=73 RC=Z0 RE=3 MF=,076 MJIJC=.4253 RCE=Z27E4
+HEF=.3 YJC=.7 PMR=0 Cd=0 HR=3.4 MKR=.3)

LMODEL RIOZ PET (I8=412.1E-14&6 BF=28 MF=1 C2=51%.4 NE=1

+IKF=100E~-4 RB=80 RO RE=16.4 MF=_,116 MIC=.473 RCH=

R

e e et

+MEF=.5 VIC=.7 MR=0 C4=0 BR=.37 NER=.9)

. OF

. TRAM 250 1M
LSFOUR 1K V{(8)
. EMND

Fourier analysis for v(8):

No. Harmonics: 10,

Harmonic Frequency

oot oo s e s T i e S ot i e A e 0S40 B4 mimed

O 0

i 1000
) 2000
= Z000
4 4000
b 5000
b SHODHO
7 7000
8 8000
Q QOO0

THD &

Magnitude
-0, 385936

QL 132048
0,.002265473
0, 000469284
0, 000233877
Q.0O00450776
Q. 000454804
Q.000419972
0.000410057
0. 000393464

1.94Z35 %,

Gridsize:

Fhase

0
175.914
-78.242
-132.49
-101.01
~-946.814
-111.02
-114.8=
-117.43
—-120.78

a3
l4E4

200,

Morm. Mag

0.0171641
Q.O0O824701
0,00174768
0.003417381
D.00344432
0.00318052
0.00310344
0.00301893:
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DUSUE BGERILIM DARL.DEV (RC=1K OHM)

VCCF 0 1

VCON i

o1 g Bio1

a2 B1O1

a3 B1O2

G4 Bi02

05 Blo2

L& B1oO1

Ak 1 4 5U

Ir 43N

=1 2 10K

RZ2 2 13K

RC 8 1K

VG O AC 10.8M SIN{-2956.74M,10,.8M, 1K)

SMODEL BLOL MET (IS=13.3E-16 BF=240 NF=1 C2Z=1822 MNE=1.%4
+IEF=38E~3 RB=73 R{E=30 RE=Z MF=,076 MIC=.423 RCB=27EA4
+NEF=,5 WIC=.7 MR=0 C4=0 BR=3Z,4 NEkR=,5%)

JHMODEL BI1OZ PBT (IS=12.1E-14 BF=28 NF=1 CZ=512.4 NE=1.85
FIMF=100E~-6 REB=50 RC=225 HE=16.4 MF=.114 MIC=.475 RCHE=14E4
+NEF=,8 VIC=.7 MR=0 C4=0 BR=.37 NER=.5)

. OF

. TRAN 25%u 1M

LFOUR 1K Y (8)

«EMD

Fourier analysis for v{8):

No. Harmomnics: 10, THD: 1.89332 %, Gridsize: 200, .

D o

WO b b
b o i SRR

= B3 g OO

£

o B 0 W b

Harmonic Freguency Magnitude Fhase Norm. Mag

) D.01219946 0 0
1000 Q.19765%5 175.913 1

2000 0.00333239 81.1239 0.014B8594
Z000 Q. 000727441 —-126.15 QL QOZEROES
4000 0.00064705%6 -103.,9 0, O0ER27 364
SO00 0. 0004631417 ~-107.44 Q. QOIEPHT
&EQO0 O.000639835 -110.84 Q. O0323713
7000 0.000426F23 —-114 .27 0. 00314877
000 Q.000610919 -117.398 O L. 00F09083
000 0O,000593728 —-120.87 0O, 00300388

]

-,
"’

QBN B R



OKUTULACAEKE VERI GIRIS DOSYASI

VEE=VCE
[abiven ipdim bl el

.57
.58
.59
-

.61
.62
&3
. &4
.65
-
N-¥4
.68
.67
.7

.71

td
o/

T3
.74
W75
.76
77

OKUTULACAY VERI GIRIS DOSYASI : FNP.LDAT

S
S1
az.
83
54
G5
né
&7
58

s & » ® s

.sq

t NFN.DAT
IC(OLC) IBR(OLD) BF (OLC)

G S R R T T A B A S A T W S A TR AT I H AN SR S R S AR
1.676E-06 2.055E~08 79.6107
2.414E-06 2.848E-08 84.170195
3.584E-06 4,023E-08 89.08776
S5.26%E-06 5.601E-08 ?4.00107
« DO00O0O78 7 .B&ZE-Q8 9.2114
1.147~-008 1.099E-07 104,32676
1.701E-05 1.545-07 110.0973
2.509E~-05 2.168E-07 115.7268
2.701E~08 Z.045E~-07 1231.9435
8.418E-05 4, 25%E-07 127.3328
0007598 H.982E-07 133.377%
00011464 8.28BE-07 138.9022
L O001704 1.172E-06 145,24685
0002475 1.641E-06 150.8838
L OGO3EESL 2.292E-06 1586.23%1
~OO0ELE2 3.188E-06 160.9787

=% LOOD7247 4,.25E-06 1464.9886
LO01011 &6.014E-04 1£8.1077
L0132 8.191E-06 149.94%6
.001877 1.099E-0S 170.7%14
L O02487% 1.461E-05 147.9521
IC(OLC) 1E(OLC) EBF (OLC)

B R i N e NN s T A RS B S s
2.556E-08 1.992E-09 16.05528
3.779e~-083 2.184E-09 17.52783
5.598E-08 2.939E-09 19.0473
8.189E-08 3.985E-09 20.549546
1.217E-07 5.499E-07 22.1313
1.793E~07 7. S565E-09 2T.70126
2.6LE-Q7 1.051E-08 28.30923
3.872E-07 1.44%E-08 246.72188
S.712E-07 2,.02E-08 ZR.EIFTES
8.I294E~07 2,.818E-08 29.78708
1,326E-06 Z.934E-08 31.16421
1.797E-06 5.,.496E-08 32.62373
2, 626E-06 7 . 726E-08 3F3.94519
T . 686E-06 1.051E-07 3%.07136
5.508E-06 1.52E-07 36.21711
7 .86E-05 2.128-07 37.07547
1.113E~-05 2,.954E-Q7 37.67772
1,.562E~05 4,113-07 37.97715
2.173E-0D 5.72E-07 37.95459
2,971E~08 7.918E-07 37.54107
3.872E-05 1,081E-06 26.85062



FARSILASTIRILACAK OLCU DOSYASININ ISMI
DATA DDSYASININ ISMI
DATA DOSYASININ ISMI

EARSILASTIRILACAK I.

KARSILASTIRILACAK 11.

VEE=VCE

110

¢ npnl-olc.dat
s npnl-espi.dat
: npni-gem.dat

IC(OLC) 1C(I) IC(11)

.57 1.636E-06 1.63RE~-06 1.678526E-06
.58 2.414E~-06 2.411E-06 2.412182E-06
.59 3.984E-04 F.548E-06 J3.58171€-06

.6 5.265E-06 S.222E-06 S.227846E-06
.81 LO000078 7 .L8TE~-CH 7.L95231E-04
.62 1.147E-05 LD0001173 1.133011E-05
.63 1.701E-08 1,662E~05 1.667%75E-Q8
.84 2. 509E~-05 2.443E-05 2.455026E-05
3] F.701E-0S J.98%E-08 3. L14920E-05
L6b 5.418E-05 5.26BE-05 S.321727E-05
.67 Q0000798 7.722E-0S 7.834416E-05
.68 Q001164 L000143 1.153349E-04
.89 Q001704 L0001648 1.46977908BE-04
.7 LOGOZ476 L OO02394 2.499587E-04
.71 000581 LOOOT46T 3.47976E-04

.72 LO0081E2 » Q004969 5.41717E-04

.73 LO007243 L OO07059 7.9748945E~-04
.74 001011 L QOOF03 1.174023E-03
.78 LO01392 JOOL1TEB 1.728342E~-03
76 01877 LO016888 2.544378BE-03

EARSILASTIRILACAN OLCU DOSYASININ ISMI

FARSILASTIRILACAEK 1.
KARSILASTIRILACAK II

VEE=VCE

DATA DOSYASININ ISMI s
. DATA DOSYASININ ISMI :

npnl-clc.dat
npnli-ikf.dat
npni—-gem.dat

Ic(oLC) iccny IC(11)

.57 1.&7¢E-06 1.63%9E-06 1.638526E~08
.58 2.413E-06 2.812E-06 2.4121B2E-06
. 59 3.5B4E-08 Z.581E-08 Z.95131E-06
. & S.265E-06 5,227E-06 5.22784&E-0b6
.61 0000078 7. 6F4E-0& 7 . 696Z41E-06
62 1.147E-05 . .1 1.137011E-0S
63 1.701E-05 1.667E-05 1.667975E~0S
.68 2.509E-05 2.454E-08 2.458826E-05
.65 F.701E-0OB Z.61ZE-0S J.614925E~05
&b $.418BE-05 S5.318E-0S S5.321727E~08
67 - 0000798 7.828E-05 7 .83I4416E~05
.68 ~O001164 11520 1.193349E~04
.69 LO001704 LDD01696 1.697908E-~0Q4
.7 L 0002474 QO0O24%97 2.499533E~04
.71 LO003581 LOQQT675 I 67976E-04
.72 LOO08132 L000541 S.41717E-04
W73 <JO007243 0007964 7. 97489LE~D4A
.74 20010188 LO001172 1.174025E-03
T8 LO0L392 001726 1.728342E~03
7é 001877 Q0254

2.5443578E~-03
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EARSILASTIRILACAK DLCU DOSYASINIM J&M + npni-olc.dat
CARSILASTIRILACAK I. DATA DOSYASININ ISMI s npnl-spi.dat
EARSILASTIRILACAK 11. DATA DOSYAEININ ISMI : npnl-gem.dat

VBE=VCE TC(OLE) ICE%¢I)Y . ICT%(11)]
.57 1.6THE-08 1222431 1544015
.58 2.418E-06 1242728 7. Z3045BE-QZ
.89 I.5884E-06 1.004466 .912108%
) S5.2&6TE-06 8167143 7054746
.61 L Q000078 1. 500002 1.3720253
L2 1.147E-05 1.422128 1.21%¢11
.63 1.701E-0D 2.2927&1 1.9414%%
.54 2., OOSE-00 2. 6300524 DLrEIEAN
58 . T.70L1E-0S J.0286207 2,328721
Leh 5,418E-05 2,768%5 1.77690%
&7 000798 I.233078 1.824346
L 68 LO0011848 L P100OTL9
rx- nw017n4 L 3RT75128
.7 s FEDAKET
.71 . 2.757891
LT COHBGEIRD ?.1/&1q1 DLD0ET
LT LOODTO8E 2.840579 10.109%28
.74 SO0 2,047482 1601253
7D PRAIRD By 4 1.7241358 24,1625
L 7& LU0IBTT 1.17208 D& LLONT

EAREILASTIRILACAK GLOU DOSYASIMIN TIZM1 : noni-clo.dat

FAERETLASTIRILALAK 1. DATA DOSYSSIMNIN ISMY @ rpnl-ikf.dat

RARSILAETIRILATAK II. DATA DOBYASININ ISMI 1 nprl-gem.dat

VEE=VCE ICCOLe) ICLY(IN] CLICEY(IN ]
07 1. 63LE~06 - JBRIT72Y 1544015
Rt 2.414E~08 3.284917€-02 7. S3CAERE-0O2
L 08 2 OEAE-06 L F207618 «FIZI0ES
Lb 5, 268E~-06 7217398 7056744
&1 L CGOGOTE 1.:358983 1.330253
L6232 1.147E-05 ) 871739.¢&6 1.219611
6T 1.701E-08 1.59882% 1.94149%
- 2.50%E-05 2.192104 2,13123%
-3 T 701E-05 2.37773 2.325721
-1 $.418E-08 1.8457 | 1.77&%09
&7 L DO00NT798 1.R0476 1.82436
.68 LO001164 9.8%963F07E+09 «FLOO32Z
&9 L OO0L704 « 4454871 « 3575125
.7 0002478 .8481486 . 7524687
.71 < OOOZ5E] 2.624549 2.757891
.72 Q00OR1IE2 -5.41469837 . 8847
73 SOGOT7243 F.954442 10.10480
.74 LO001011 15.92482 16,12512
75 LO0NIIG2 2. 99425 24,1625

78 2001877 \5.;-~T7 5. 258887
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EARSILASTIRILACAK OLCU DOSYASININ ISMI : npni-clc.dat

EARSILASTIRILACAK I. DATA DOSYASININ ISMI  : npni-spi.dat

KARSILASTIRILACAK I1. DATA DDSYASININ ISMI : npni-gem.dat

VEE=VCE 1E(OLC) IR(1) IR(I1)
.57 2.055E£-08 . &16E-08 3. 620655E-08
.58 2.848E-08 4.642E-08 4,5648186E~03
.59 4,027E-08 5.995E~08 6.003225E-08
6 5.601E-08 7.792E-08 7 .8040445E-08
.61 7.86ZE-08 1.02E-07 1.,021615E-07
.62 1.099E-07 1.344E-07 1.347294E-07
L6T 1.545E-07 1.78LE-07 1.79051EE-07
.64 2. 16BE-Q7 2. 39E-Q7 2.398406E- 07
.65 3.085E-07 3.223E-07 T, 238IBE-G7
Y 4, 285E-07 4.377E~07 4,4073E-07
.47 5. 983E-07 5.587E-07 &.044821E-07
.68 8.3BE-07 8., 2T8E-07 8.3529E-07
&9 1.173E-06 1.139E-06 1.1&62435E~08
.7 1.631E~06 1.582E-06 1.678472E-06
.71 2.202E-06 . 0000022 2.295359E-068
.72 3. 108E-06 3.061E-06 3.25T4B2E-06
L73 4.39E-G6 4,247E-06 4,6T4836E-06
.74 b6.013E--06 £ .B6ZE~-06 &.532501E-06
.75 8.i91E-06 8.023E-06 G . 82Q0SSE-04
.76 1.099E-05 1.086E-05 1.373858E-0S

KARSILASTIRILACAK OLCU DOSYASININ 1SMI : npni-clc.dat

FARSILASTIRILACAK I. DATA DOSYASININ ISMI  : npni-ikf.dat

KARSILASTIRILACAYL II. DATA DOSYASININ ISMI : npri-gem.dat

VEE=\'CE IB(OLC) IB(I) . IB(I1)
.57 2.0S5E-08 3.617E-08 T.620655E--08
.58 2.BLEE~-OB “4,644E-08 4.6481BLE-08
.59 4.023E-08 5.997E-08 6.00T22SE-C8
2 5.601E-08 7.794E-08 7 .B0404LE-08
.61 7.862E-08 1.021E-07 1.021615E-07
.62 1.095E~-07 ) 1.34&E-07 1.347298E-07
L& 1.545e-07 1.787E-07 1.790518E-07
.64 2.14BE-07 2.35¢E-07 2.398406E-07
.65 3.045E-07 3.226E-07 3.23838E~-07
.66 4,255E~07 4 ,.44E~Q7 4,4073E-07
.67 S.983E-Q7 6.Q4E~07 €.044321E-07
.68 B.3BE-07 8.347E-07 8.3529E-G7
.69 1.173E-06. 1.162E-086 1.162435E-C6
.7 1.5641E-06 1.628E-06" 1.£2B47ZE-06
.71 2.2926-06 2.294E-0b6 2.295389E-06
.72 X.1BBE-06 3. 252E-06 3.253487E-04
.73 4 ,39E-06 4.6T4E-06 4,6T4846E-06
.74 &.014E-08 b8.6T1E-0b6 6. 63ZS01E-00
75 8.191E-054 9.528E-06 9.5S2905SE-06
.76 1.09GE-0%

1.374E-05

1.373785LE-0b
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KARSILASTIRILACAK OLCU DOSYASININ ISMI : npnl-clc.dat

KFARSILASTIRILACAK 1. DATA DDSYASININ ISMI  : npnl-epi.dat

KARSILASTIRILACAK II. DATA DOSYASININ ISMI : npnl-gem.dat

VEE=VCE IE(OLC) IBL%CI)] 1BL%(11)]
.57 2.085E-08 75.96106 76.18758
.58 2.848E-08 £1.854394 62.07064
.59 4,0272E-08 49.01815 49,2224
L& 5,601E-08 39.11802 39.33309
.61 7.B62E-0O3 29.73799 29,5434
L&2 1.095E-07 22.29299 22.59273
.63 1.545E-07 15,.59871 15.89113
.68 2. 1EBE-O7 10.23985 10.62758
&5 3.045E-07 5.84565 6.350744
.66 4,255E-07 2.86722 3.579319
&7 5, GRIE-OF 6.685729E-02 1.033781
. 68 8.38E-07 1.6594511 L 3233902
. 69 1.177E-06 2.898549 L900LE46
.7 1.841E-04 3.595372 L 76T4807
.71 2. 292E-0b 4.013569 .1465528
.72 . 188E-0& T.98769 2.054016
.73 4.39E-06 3.2574 5.577358
.74 &.014E-Ob Z.527439 10.98435
.75 8.151E-06 2.051032 16.33567
.76 1.099E-05 1.182893 Z5,00932

KAERETLASTIRILACAK
FARSILASTIRILACAK

FARSILASTIRILACAK 11,

OLCU DOSYASININ 18MI

I.

: npnli-ocle.dat
DATA DOSYASININ IS8MI t nepnl-ikf.dat

DATA DOSYASININ 1SMI

rnpnl-gem.dat

VEE=VCE IR(OLC) IB[Z(I)] IBLZ(I1)1
.97 2.025E-08 76.00973 76.18758
.98 2.E4LBE-OB 61.92469 62. 07064
.59 4.023E-08 49.0678s8 49.2226
.6 5.601E-08 39.18944 39 .33309
.61 7 .BL2E-08 29.86518 29.9434
.62 1.09%E-07 - £2.47498 22,99272
&3 1.345E-07 15.79288 15.87113
&4 2.148E-07 10.51461 10.62758
68 3.045E-07 S.94417 6.350744
b6 4.250E-07 4.347827 3.279319
&7 9.993E-07 . 9526939 1.033281
.48 8.38E-07 P JQ37933 » 32302
&2 1.173E-08 cFIT7662 7006844
.7 1.441E-06 » 7922083 «76T4407
.71 2.292E-06 8.725911E-02 . 14605028
.72 3.1BBE~-08 2. 00752 2.054016
.73 4.39E-06 5.55809 S.02773%8
.74 6.014E-C6 10.28929 10,28435
.75 B8.191E-08 16.32279 1&6,33567
76 1.099E~-05

28.02275

25.00982
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KARSILASTIRILACAK OLCU DOSYASININ ISMI
KARSILASTIRILACAK I. DATA DOSYASININ I1SMI
KARSILASTIRILACAK 1XI. DATA DOSYASININ ISMI

npnl-clc.dat
npni-spi.dat
npni-gem.dat

VEE=VCE EF (OLC) BF(1) BF(II)
.57 79.6107 45,29867 345.25456
.58 84.17015 51.97882 51.87513
.59 £9.08776 59,18266 59.15671
.6 3.00107 &67.01745 &6 .98893
.61 59.2114 75.32353 75.33406
.62 108,.34676 B4.07738 84.05531
LT 110,0971 93.05711 93, 15401
Y 115.7288 102.2176 102.3816
&5 121, 5435 111.3859 111.6276
.68 127,332 120 .35464 120.748
.67 133.3779 128.9795 129.6054
.68 138.9022 137.14692 178.0777
. 69 145,2685 1444883 144.0648
.7 150.8876 151.4539 153.4925
.71 156.2391 157,4091 160,3131
.72 180.9787 1623326 166, 5038
L7 144 .9686 166.2114 172, 0639
.74 168.1077 168,9355 177.0109
.75 169.9426 170.5098 181.376

CARSILASTIRTLACAE OLCU DDSYASININ I1SMI : npnl-clc.dat

KARSILASTIRILACAK I. DATA DOSYASININ ISMI  : npni-ikf.dat

KARSILASTIRILACAK Il1. DATA DOSYASININ ISMI : npni-gem.dat

VEE=VCE BF (OLC) EF(I) BF(1I)
.57 79,6107 45.3138 45.25496
.58 84.17015 .51.93799 51.89513
.57 89.087756 59.21294 59.15671
.6 94,00107 67.0472 66 .9B893
W61 9.2114 75.35748 75.33406
.62 104.3676 742942.1 B84.05531
&F 110,0971 93.18055 93.15601
.64 115.7288 102.4207 102.3616
.85 121.5435 111.9543 111.6276
s 1273326 119.7748 120.748
.67 1 3.3779 129.5027 129,6054
.68 =8.9022 1.380137E+10 138.0777
.&9 14‘.468ﬁ 145.9553 186.0648
.7 150.8836 153.3784 1534525
.71 154.2391 160.2005 160,.3131
72 160.9787 166.3592 166.5038
.73 164.9886 171.8502 172.0679
.74 168.1077 176.7456 177.0109
.75 169.9426 181.1503 181.376
LT 170.7916 184.8617 165.1595
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FARSILASTIRILACAK OLCU DOSYASININ ISMI s npni-olc.dat
LARSILASTIRILACAK 1. DATA DOSYASININ 1SMI @ npnl-spi.dat

FARSILASTIRILACAK 1I. DATA DOSYASININ 1I8SMI npnl-gem.dat

VEE=VCE BEF(QOLC) BFL%(IY] BFLZ{I1)]
« 27 79.6107 43.09277 47%,154¢48
.58 84.1701% 8.29307 I8.34497
-1 87 .08776 3I3.54814 23.899727
.6 §4.00107 28.7055846 2B.736
.61 59,2114 28 . Q7779 Z4,086714
A2 104 . 3E7S 19.44111 19.42393
L7 130,0971 1547723 15.3874
&4 115.7288 11.46749 11.53318
65 121.5432%8 8.381873 B.15%2834
Y 127,3326 %.47872 5.171171
.67 2E.ATTY 3297737 2 EZE412
<R3 138,2022 1,2476731 LEREELLTE
569 145.2&685 L 3GQ3773 LE481476
.7 150.,68%6 LE779413 1.72%103
.71 156.2351 L7AEB41T Z, &07 504
72 1&0.9787 .B410717 ZL.43217%8
« 73 144 .5E84 741146 4,288349
74 1458.1077 AF24342 5.296137
75 169.5426 P JARTTVOS &,.727807
.76 170.7914 1.096221E-02 8.435953

KARSILASTIRILACAK GLCU DOSYASININ 1&8MT : npnl-ole.dat

KARSILASTIRILACAK I. DATE DOSYASININ I18MY : npni-ikf.dat

KARSILASTIRILACAK 1IY. DATA DOSYASININ 18MI : npnl-gem.dat

VBE=VCE EF (OLE) BEIZ(I)] T BFL%(II)]
.97 79.6107 3.08078 47%.,154&62
98 B4.17015 28.294086 38.344397
.59 89.08778 33,.5341% AT.89727
- Sq.00107 28.674 28.726
.51 77.2114 24.,04353 24.,.06714
- 104 ,32676 711753.3 15 ,42393
.- 110,0971 15.36%512 15.3874
. 54 115.7288 11.49938 11.53318
-3 121.5435 7.854981 8.15874
YN 127 .3326 S, 935503 ©.1711713
.67 133.3779 2.830494 2.826412
LB 138.9022 Q. FTEOTIE+O9 59763173
.69 143.2685 472747 84814736
.7 150.8876 1.653448 1.75910%
.71 156.2391 2.5%3%48 2,6075086
L72 160.9787 3,.3423545 J.A43R175
73 154.53886 4,164874 4 ,2887.49
.74 168.1077 D.13831 H,29e137
7S 14649.9328 &.994934 &.727807
o7& 170.7916&6 8,218178 8.435953
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prpi-olc.dat

FARSILASTIRILACAE OLCU DOSYASININ ISMI :

FARSILASTIRILACAK I. DATA DOSYASININ 1SMI ¢ pnpl-spi.dat

FARSILASTIRILACAK II. DATA DOSYASININ ISMI : pnpl-gem.dat

VHE=VCE 1IC(OLE)- 1IC(I) JECIT)
7S 2.554E-08 2.555E-08 2.550956E-08
.47 3.775E-08 I.761E-08 3.755611E-08
.48 5. SYBE-0O8 5. 535E~-00 5.529141E-08
.49 38.189E-08 8.145E-083 8.140181E-08
.5 1.217E-07 1.19BE~07 1.198422E-07
.51 1.793E-07 1.763E-07 1.76435E-07
.62 P, EHE-OT 2. 85ZE~O7 R -U X Schd 2 e ¥ 4
.53 5L RIZE~DT Z.812E-07 F.828137E-07
.54 5 .712E~07 5, 6E~07 62GGBIE~07
L85 8.394E-07 8.221E-07 8.2688581E-07
.56 1.2R28E-06 1.205E-06 1.220261E-0&
57 1.793E-08 1.764E~Q& 1.796488E-04
.58 2L AZLE-DS 2.574E~0b Z.£44R218E-C6
.59 I.ABLE-0& 3.744E~08 3.E9T74ZE-06
s 5, 505E-06 5.417E-06 5,737417E-Cé
V&1 7 . BLE-06 7. 785E-08 8.4393T1E~0&
.62 1.113E-05 1.105E-0% 1.04C84TE~CR
&3 1.562E~08 1.,8558E-0O5 1.829136E—05
L &4 2.173E-05 2.177E-05 2. 692RL8E~CE

EARSILASTIRILACAK OLCU DOSYASININ ISMI : pripl-olc.dat

EAREILASTIRILACAK I. DATA DOSYASININ I1SMI  : prpl-ikf.dat

EARSTLASTIRILACAK II. DATA DOSYASININ ISMI : pnpl-gem.dat

VEE=VCE 1C(0Le) 1C(1) 1C(ID)
LAk 2.8546E-08 2, 8554E- 08 2, 550956E-08
.47 Z.779E-08 3.762E-0OB T.795611E-08
.48 5, 598E-08 5.538E~08 5.529141E-08
.49 8.189E~-08 ], 152E-083 8.149181E—08
. 5 1.217E-07 1.2E~07 .198422E-07
.S 1.793E-07 1. 76LE-OT 1.7643525—07
.52 2. LHE~0T 2. EE~07 2.557523E-07
53 3.872E-07 Z.827E-07 I.824137E-07
.54 5.712E-07 S .634E-07 8, 62998TE~-0O7
55 8.394E-07 8.293E~-07 8.288581E-07
. 58 1.22¢E~06 FRIE-06 1.2202¢1E-0¢
.57 1.793E-06 1.797E~0& 1.796488E-0&
.58 2. 6T6E-06 2,.645E-08 2.&448185406
.59 T .68BLE-06 3.894E~08 3.893742E-06
.6 5, 505E-06 S.732E-0& % 732417E-06
61 7 .8&8E-Q6 8.43I8E-0 8.4T93F1E-0L
162 1.113E~0% 1.242E-05 1.242447E-05%
+ 63 1.542E-05% 1.828E-0S 1.829136E-0%
<64 2.171E-0% 2.691E-05 2, 652B4BE-UD



EARSILASTIRILACAK
LARSILASTIRILACAK

OLCU DOSYASININ ISMI

I.
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t pnpl-olc.dat
DATA DOSYASININ ISMI t pnpl-spi.dat

FKARSILASTIRILACAK 11. DATA DOSYASININ IEMI : pnpl—gem.dat

VEE=VCE 1c(oLc) ICL4(I)) ICL%(11)]
.46 2.5084E-08 FL.912711E-02 - 1973382
.47 3I.779E-08 478585119 .618%187
.48 5.598E-08 1.1284 1.230065
.49 8.18%7E-08 . D373106 . SRL1566
.9 1.217E-07 1.561209 1.526%54
.51 1.797E~-0Q7 1.673172 1.5727774
.82 2.86LE-07 2,518794 2.248755
.53 I.B72E-Q7 1.,54958%9 1.236132
. 4 S.712E-0QOT7 1.96079 1.435874
.55 8.IZ94E-07 2.0860997 1.255885
.06 1.226E~06 1.712888 . 4481098
.7 1.797E-046 1.617403 . 1945358
.58 2. 626E~06 1.980195 .7368081
.99 TLERSE-0S 1.373523 5.635974
Y- 5.505E~-06 1.598%547 4,131097
.61 7 .86E-0O84 LF041742 7370624
L2 1.113E-O8 . SDGIBLI 11.63046
-3 1.962E-05 1280396 17.10218
&4 2.171E-05 27678674 24 ,038173

EARSILASTIRILACAK OLCU DDSYASININ ISMI

prpl-elc.dat

EARSILASTIRILACAE T. DATA DOSYASININ 1SM1  : pnpl-ikf.dat

KARSILASTIRILACAK II. DATA DOSYASININ ISMI : pnpl-gem.dat

VEE=VCE ic(oLe) 1CL%(1)) ICL%(I1)]
.46 2 B56E~08 s 1973382
.47 3.779E-083 4478475 .61871587
.48 5.598E-08 1.071812 | 230065
.49 8.18%E-08 ~ 4518267 5761588
.5 1.217E-07 1.39&879 1.524654
.51 1.793E-07 1.505859 1.597774
.52 2.68E-07 , Z.E556T7 2.348759
, 83 2.872E-07 ) 1.146219% 1.236132
.54 5.712E-07 1.3765548 1.435874
.55 ' 8.I94E~-07 1.20324 1.255885
.56 1.226E-06 407826 L4681098
.57 1.793E-06 . 2230874 .1945358
.58 2.626E-0& 723538 71466081
.59 3.6BLE-04 S.442982 5.635974
.6 5.505E-06 4,123522 4,121097
.61 7 .8B6E-0b 7 .353693 7.3706%4
.62 1.11ZE-05 11,5903 11.63046
%1 1.562E-05 17.02944 17.10218
.54 2.171E-08 23.95209

24,0813
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FARSILASTIRILACAK OLCU DOSYASININ 1SMI t pnpl-olc.dat

KARSILASTIRILACAK I. DATA DOSYASININ 1SMI  : pnpl-spi.dat

FARSILASTIRILACAK I1. DATA DOSYASININ 1SMI : pnpl-gem.dat

VEE=VCE 1E(OLC) TE(I) TE(II)
.46 1.592E-09 1.593E-09 1.593957E-09
.47 2. 156E-09 2.157E~09 2.157766E-09
.48 2.935E-09 2.927E-09 2.928950E-09
.49 3.985E-09 3.985E-09 F.987126E-09
.5 5.459E-09 5.34E-09 5.443724E-09
.51 . ELEE-09 7 .45E-09 7.4S5325E-09
L5% 1. OB1E-09 1.024E-08 1.0045LE-08
LE3 1.4459E-08 1.411E~-08 1.4117556-08
. 54 . OrE-08 1.95E-08 1.552245E-08
.55 2.818E-08 2.706E-08 2.708442E-08
.56 T.9TAE-08 3. T6LE-0B 3.770622E-08
.57 5. 494E-08 5, 7S8E-0B 5. 266388E-08
.58 7. 73LE-0S 7.368E~08 7. 37GLLIE~CE
.59 1. 0S1E-07 1.035E-07 1.037432E-07
.6 1.50°E-07 1.487E-07 1.483021E-D7
.61 2. 12E~07 2.05FE-07 2.0695L4E-07
A . YE4E~07 2.515E-07 . GTEOTTE~DT
S 4. 11TE-07 4, 135E-07 4.177262E-07
.54 5. 72E-07 5.675E-07 5.959F1TE-07

KARSILASTIRILACAK OLCU DOSYASININ 18MT : pnpi-clc.dat

HARSILASTIRILACAK 1. DATA DOSYASININ 18MI  : pnpl-ikf.dat

FARSILASTIRILACAK II. DATA DOSYASININ ISMI : pnpl-cem.dat

VEE=VCE 1IE(OLED) IE(I) IE(11)
.46 1.592E-09 1.593E~09 1.593987E-09
.47 2.18&E-09 2.157E-09 2.157766E-09
.48 Z.939E-09 2 9ZBE~09 2. 9TEPRGE-0Y
.49 3.985E-09 T.985E-09 T.9E7126E-09
.5 5.499E-09 5.441E-09 85.443724E-09
.51 7. S65E~09 7.451E-09 7.455325E-09
.52 1.091E-08 1.024E-08 1.0242¢E-08
.53 1.447-08 1.411E-08 1.411755E~08
.54 2.0ZE~-08 1.951E-08 1.982249E-08
.88 2.818E-08 2.707E-08 2.708642E-08
.56 3.934E-08 3.765E-08 3.770622E-08
.57 5.496E-08 5,2634E-08 5, 2647.88E-08
.58 7. 7I6E-08 7.376E~-08 7.375¢41E-08
.59 1.051E-07 1.037E~-07 1.037433E-07
W6 1.52E-07 1.863E-07 1.463021E-07
.61 2.12E-07 2. 069E-07 2.069514E-07
.62 2.554E-07 2.935E-07 2.93607E-07
.63 4.117€-07 4.176E-07 4.177262E~07
.64 5.72E-07 5.958E~07 5.945521 E-07
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FARSILASTIRILACAK OLCL DDSYASIWIN ISMI : pnpl-olc.dat
EARSILASTIRILACAK 1. DATA DOSYASININ 1S8MI : pnpl-spi.dat
KARSILASTIRILACAK II. DATA DOSYASININ ISMI : pnpl-gem.dat

VEBE=VCE IB(OLC) IBLZ(I1)] IBLY%(11)1
A6 1.892E-09 6.28126%E-02 - 1229265
.47 2.15&LE-07 4.637601E-02 8.190728E-02
.48 2.939E-09 = 408007 « 341642
.49 3.985E-09 0 S.335757E-02
o2 5.459E-09 1.072921 1.008197
.91 7. SEEE~09 1.820189 1.44978
. 02 1.051E~08 2.568982 2.544247
.93 1.447E-083 2.622498 2.570397
.54 2.02E-08 3.465347 F.354008
S8 2.818E-03 3.9744%5 JF.8B60L97
« 36 3.924E~08 4,270463 4.,152981
.57 5.494E~-08 4.330426 4,1778086
.58 7.73&E-08 4,80846B% 4, 806239
.59 1.051E-07 1.52236 1.290889
-3 1.52E-07 4,1447%6 F.748618
61 2.12E-07 2.8773463 2.381418
&2 2.954E~-07 1,320253 L BOEFI0T
L83 4.113E-07 . 534892 1.5462413
54 S.7ZE~07 2.709792 4.182037

FARSILASTIRILACAK OLCU DOSYASININ ISMI : pnpl-olc.dat
FARSILASTIRILACAK I. DATA DOSYASININ ISMI  : onpl-ikf.dat
KARSILASTIRILACAK II. DATA DOSYASININ ISMI : pnpl-gem.dat

VEE=VCE IBC(OLC) IBLZ(I)1] IBLA(ITI)]
.46 1.892E-09 " 2B126RE-02 1229265
.47 2.156E-09 4.437601E-O2 8.190728E~02
.48 2.939E-09 3742725 » 241642
49 3.985E-09 < 5.3357087E-02
S 5.499E-09 1.0547324 1.005197
.51 7 .SLEE-O9 1.5086745 1.44978
52 1.0%1E-08 2.568982 2.544247
.23 1.449E-08 ¢ 2.622498 2.570397
54 2.02E-08 X.41583%8 F.354008
=l 2.818E~-0Q 2.9389567 F.8808697
D6 3.934E-08 4.194207 4,152981
« 37 S.496E-08 4.221252 4.177806
.58 7.7346E-08 4.603569 4.606229
« 99 1.051E~-07 1,.332061 1.2908&9
.6 1.52E-07 Z.815792 3.748618
b1 2.12E~07 2.805563 2,7B81418
62 2.75%4E-07 6432023 6069103
63 4.113E-07 1.5831732 1.562413
&4 8.72E-07 4,160839 4.1820%7
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TRRSILASTIRILACAK OLCU DOSYASININ 1EMI

: prpl-oclc.dat
EARSILASTIRILACAK I. DATA DOSYASININ ISMI  : prnpl-spi.dat
KARSILASTIRILACAE 11. DATA DOSYASININ I1SMI : pnpl-gem.dat
VBE=VCE BF(OLC) EF (1) BF(I1)
-y 1&6.05528 ' 16,.07892 16.003%2
.47 17.52783 1747626 17.40509
.48 19.0473 18,91015 18.8775
, 49 20, 54954 20.43915 T0.41616
.5 22.131% 22.02206 22.01475
.51 TI.70126 ©T, L8443 TELLALSAG
LE2 2%, 30957 25,32227 25,74
L &3 T6.72168 27,0167 27 LOATES
54 B8,.27723 PR.71795 78.833845
.55 29,78708 30, 58064 . 30, L0081
LE& 31.16474 31.97681 22.36233
.57 BRLEZETS 33, 54568 34.11274
L 58 : AE. 94519 34.95333 35.83929
L9 A5,07136 6. 17391 W7 L EITAT
s Th.21711 37.17914 75, 1E8208
e F7.07547 3760562 40.77929
LA2 T7.67772 38,0446 42,31644
LT 37.97715 37.823458 43.78792
L4 B7 55455 3I7.05532 45.18932
KARSILASTIRILACAK DLCU DOSYASININ 15MI : pnpl-olc.dat
FARSILASTIRILACAK I. DATE DOSYASININ ISMI  : pnpl—ikf.dat
LARETLASTIRILACAE 1I. DATA DOEYASININ JEMI : prpl-gem.dat
VEE=VCE T OEF(OLE) EF(I) BF(IT)
.48 16,0558 16,6452 16.00352
.47 17.52783 17.84089 17.40509
.48 19,0473 , 13.91393 i8.8775
.45 20.54954 20,45671 20.41616
.5 22,1713 2 ,.08477 22,0147
3 TE.TOLIRG FI.70152 DI EEELL
.52 25, Z0923 25,3906 25.34
LET 26.72188 T7.12261 27.08783
.54 2B.2772 - 28.8775 28,6873845
.55 29.78708 30,63539 30.L0081
L5& F1.16421 32,39586 A2, T62IT
.57 32.62373 34,13754 54,1123
L& I3.54519 25,659958 35,83929
.59 35.07136 A7 .85063 n7.53247
.6 T6.21711 - 39.20657 39.18208
L&1 A7.07547 40.76259 40,77929
62 : 37.467772 - 42.31637 ) 42,31664
LS Z7.97715 43.77395 43%,78752

.54 27.95405 45.16817 45.188%2



YARSILASTIRILACAK OLCU DOSYASININ 1S8MI
I. DATA DOSYASININ 1SMI
DATA DOSYARSININ 18MI

EARSILASTIRILACAK
KARSILASTIRILACAK I1I.

VBE=VCE
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pnpl-olc.dat
prpl-spi.dat
prnpl-gem.dat

EF (OLC) EF{7%(1)] BFLZ(II)]
.46 16.,085:8 L1017006 . 3198396
.47 17.52783 5224588 7002675
.48 19.0473% . 7200686 8714939
.49 20.854956 » D372083 6491621
D E2.1313 4935977 . 5268647
.51 23.70126 15528683 1501897
.82 28.70923 5. 150978E-02 L 20059005
.E_ £6.72188 1.101795 1.365454
. 54 28.27723 1.50885&67 1.9847
« 88 =9.78708 1.992654 2,730792
1Y F1.164821 2.6716565 2.844537
.57 I2.62373 2.835813 4., 86299
.58 3T.94519 2.971379 G.279067
. 59 20.07136 3.143735 7.017422
b 36.21711 2,6558271 8.186591
&1 37.07547 J.98014 ?.589735&
62 I7.867772 973728 2,3121
$ &3 37.%771D LADA8671 4 15,3007
.64 37 .95439 2.3695F 19.0590%

FARSILASTIRILACAK
FARSILASTIRILACAK .
KARSILASTIRILACAK I1.

OLCU DDEYASININ ISMI

papl~olc.dat

:
DATA DOSYASININ ISMI @ prnpl-ikf.dat
DATA DOSYASININ I&MI :

prpl—gem.dat

VEE=VCE BF (OLC) EFL%(I)] EFL%(I1)]
.46 16,05528 6. 27970LE-OZ L I198896
.47 17.52763 . 4560047 L 7002675
.48 19,0473 700191 8914539
.49 Z0.54556 LASIETIY L&451621
.5 22,1313 3458105 5256649
.51 73.701%6 1.0868078-03 L1SDIBS7
.52 25, 30927 .3215588 . 2005505
.83 6.72168 1.459619 1.349454
.54 28.27723 2.122801 1.9847
.55 29.78708 2.847914 L7T0792
.56 31.16421 z.95214 3.344.--
.57 32.42373 4,640209 4. 5L2965
.58 33.94519 5, 639551 5.579857
.59 I8.07136 7.069207 7.017422
b T6.21711 8.254265 8.184591
.61 37.07547 9.999916 9.589956
62 27.67772 12.3127 12,3121
.63 27.57715 15,7639 15,3007
.68 37.95455 19, 00065 19.05907
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%% VCE=0 IKEN B1O1-NFN TRANZISTORU'NUN IB-IC DEGERI %¥¥
308K 3k ok ok 0K K ok ok o 3k 0K 3K ok ok 2K sk k3K ok ok ok ok ok ok ak ok 2k ok ok kol ok ok Kk Kok ok ok ok bk ok
VCE 1 O .57

VE_. 120

vt 30 ]

GN 3 2 0 E2-T2

LMODEL E2~-T2 NFN IS=4.4E-16 EBF=207 NF=1

+ISE=2.02E-13 NE=1.86

LOFTIONS NOMOD NOFAGE

.DC VCE .57 .77 .01

LFRINT DC I(VC) I(VR)

-.END

(222222222220 2228022020000 08 0200002200222 23222233¢828 231

VCE=VEE

S.700E-01

I(ve)

1.639E-064

I{VE)

3.617E-08

5.800E-01 2.412E-06 4.4644E~-08
9. 900E-01 F.S81E-06 D9.997E-08
6. 000E-01 S.227E-06 7 . 796E-08
6. 100E-0O1 7. 694E-0b6 1.021E~07

» 200E~01 1.133E-085 1.346E-07
6. I00E-0O1 1.4867E-0Q30 1.789E-07
6.400E-01 2.434E-0S 2.5396E-07
&.300E-01 3.613E-05 T.L-éE—U7
4. 600E-0L 2.318E-0% = 404E~-07
6.700E-01 7 .828E-05 6.040E—07
6.800E-01 1.152E-04 8.347E-07
6.900E-01 1.696E-04 1.162E~Q6
7 . O00E~OL 2.497E-04 «628E-06
7. 100E-01 F.675E-04 ‘.&94E 06
7. 200E-01 S5.410E-04 282E-06
7 . IO0E-0OL 7 .964E-04 4.634E-06

7. 400E~0L
7.500E~-01
7 . 600E~-O1L
7.700E-01

1.172E~03

A .726E-03

l— - 4( 'E—O-(
3.739E-03

b6.631E-06
?.828E-06
1.374E-0Q3
1.987E-00
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*¥%% VCB=0 IKEN B101-NPN TRANZISTORU’'NUN IB-IC DEGERI *#¥x
AR KKK KKK FOK KKK AR KK KKK K KA KKK KKK KKK KK ok 3K Kok Kok KoK ok o Kok koK

VCE 1 0 .57

VB 120

vC 130

QN 3 2 0 E2-T2

-.MODEL E2-T2 NPN IS=4.4E-16 BF= 207 NF=1

+ISE=2.02E-13 NE=1.88 IKF= 26.88E-3
+RB=75 RC=30 RE=3
.OPTIONS NOMOD NOPAGE
.DC VCE .57 .77 .01
.PRINT DC I(VC) I(VB)

.END
33K 3k ok k3K K kK 3K ok 3K K 3k 3k K 3K 3k ok ok 3K 3K 3K 3k 5k 3k 3K K 3k 3K 3k Sk 3K 3K ok 3K K 3k ok 3k 3k ok 3k 3K 5K 3K K 53¢ 3k 5K Ok ok oK XK
VCE=VBE I(VC) I(vB)
5.700E-01 1.638E-06 3.618E-08
5.800E-01 2.411E-06 4.642E-08
5.900E-01 3.548E-06 5.985E-08
8.000E-01 5.222E-06 7.792E-08
6.100E-0D1 7.683E-06 1.020E-07
6.200E-01 1.130E-05 1.344E-07
6.300E-01. 1.B82E-05 1.788E-07
6.400E-01 2.443E-05 2.390E-07
6.500E-01 3.588E-05 3.223E-07
6.600E-01 5.268E-05 4.377E-07
6.700E-01 7.722E-05 5.987E-07
6.800E-01 1.130E-04 8.238E-07
6.800E-01 1.648E-04 1.138E-086
7.000E-01 2.398E-04 1.582E-06
7.100E-01 3.483E-04 2.200E-06
7.200E-01 4 .989E-04 3.081E-08
7.300E-01 7.058E-04 4.247E-06
7.400E-01  S.903E-04 5.862E-086
7.500E-01 1.368E-03 8 .023E-06
7.8600E-01 1.855E-03 1.086E-05
7.700E-01 2.4B4E-03 1.451E-05
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k% BLOL1-NFN TRANZISTORU NUN VCE-IC DEGERI XXk

VCE 1 0 1

IBE 1 2 0

VC 1 3 0

GN 3 2 O EZ-TZ2

MODEL E2-T2 NFN 15=4.4E-16 EBF=207 NF=1
+ISE=2.02E-13% NE=1.88 VA=85

OFTIONS NOMOD NOFAGE

.DCVCE 1 2 1 IE 2U 18U 22U

LFRINT DE V(2,0) I(VC)

. END
KKERKKERRERERE R AR KRR R KRR R AL RN KRR RN R AR R KKKk X

VCE I(ve)

1. O00E+00
2 000E+O0
. 000E+00
1.000E+0D
2 O00E+O0
ILO00E+D0
1.000E+00
2. O00E+00
1. 000E+00
2 O0OE+O0
3. O000E+D0
1.000E+Q0
2. O00E+00
ZLO00E+0Q0
1.000E4+00
2L.O00E+OO
L QODE+QOD
1.000E+0Q0
2L 000E+00
2. 000E+Q0
1. 000E+00
2.000E4+00
ZLO00E4+O0
1.000E+00
2. 000E+00
AL OO0OE4+00

V(Z2,0)=VBE

7. 060E-01
7. 0580E-01
7 . O&0E-01
7. Z259E-01
7. Z289E-01
7.259E-01
7 E7E-0O1
7 Z72E~0L
7. 372E-01
7.4582E-01
7.482E-01
7.452E-01
7.313E-01
7 . DLFE-OL
7 S13E-01
7« DQIE-OL
7. D63E-D1
7. 863E-01
7.603E-01
7« HQSE-OL
7. 608E-01
7.641E~-01
7.641E-01
7. 641E-01
7. 673E-01
7.673E-01
7.673E-01

3.162E-04
Z.1992E-04
Z.2T6E-04
& BORE-O4
&.889E-04
6 .F6EBE-DG
1.056E~03
1.089E-03
1.081E-03
1. 4Z27E-03
1.454E-03
1.471E-03
1.822E-03Z
1.843E-03
1.8465E-03

2,209E-03 .

2.2IS5E-0F
2.261E-03
2.598E-03
2. 629E-03

, 2.6089E-03

2.98%9E-03
FOZ4E~-Q3
ZLOH0E-OT
F.IB2E-0O3
Z.421E-03
J.A61E~-0O3



¥k¥ B1O1-NFN TRANZISTORU'NUN VYCE-IC DEGERI X%%

0Kk K Rk K Ok R ko R Kok Kk kR kok kbR R Rk kok Kk k

vc

E101

IBE 120

ve

GN

+ISE=2,.02E-13

-(:)

b
-
3

-
20 E2-T2

.MODEL E2-TZ2

125 -

NFN I1S=4.4E-16 EF=207 NF=1

NE=1.86 IKF=

+RE=73 RC=30 RE=3

LOFTIONS NOMOD NOPAGE
.DC VCE 1 3
LFRINT DC V(2,0) I(VD)

-E

ND

VCE

1.000E+00
2. 000E+00D
ZLO00E+D0
1. 000E+00
2LO00E+00
ZLO00E+00
1.000E+00
2. O0DE+QOQ
FZLO00OE+O0
1. 0ODE+DD
2.000E+00
T LO0DE+DD
1.000E4+00
2L O00E+0O0
FLO00E+00
1. 00D0E+OO
2 QOOE+QOD
FLO00E4+O0
1.000E+00
2.000E+00
I O00E4+00D
1. 000E+00
2. 000E4+00
FLO0D0E+Q0
1.000E+00
2. 000E+00
J.O00E+00

V(2,0)=VEE

7.071E-01
7.071E-01
7.071E-01
7. 282E~-01
7. 28R2E-01
7 .28ZE-01
7 .407E-01

7.408E-D1

7 .408E-01
7 .497E-01
7. 500E~-01
7. S00E-0O1
7.97ZE-01
7. 277E~-0OL
7.274E-01
7 . 6Z4E-O1
7 6E5E-01
7 635E-0O1
7. 688E-01
7 .688E-01
7 «6&87E~01
7. 733E~01
7 . 7I6E-01
7. 73I7E-01
7.778E-01
7.779E~-01
7.781E-01

26.88E-3

1 IR 2U 18U 2U R

VA=83 |

I(vC)

Z.126E-04
Z162E~04
3.199E-04
6.5647E~-04
6.721E-04
& .777E-04
1.017E-03
1.029E~03
1.041E-03
1.367E-03
1.383E-03
1.39%9E-0Q3
1.712E-03
1.732E-03
1.752E-03
2.0851E-03
2.075E-03
2.099E-03
2.385E-03
2.413E-Q3

s 2.441E-03

2.713E-Q3Z
2.745E-03
2.777E-0QX
J.0IDE-0OZ
F.071E-0Q3
J3.107E-0OF
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¥%x¥% VCE=0 IKEN B1O2-FNP TRANZISTORU'NUN IB—-IC DEGERI XXx%Xx¥
FEKERERE R KRR RARRRR KRR AR ARk Rk Rk Rk hokkk Rk ok dok kK kK
VEC 1 O .46

VE 2 0 0

veC 3 00

aFr 3 2 1 F1-T1

+MODEL F1-T1 FHF 1I8=4.825E-16 BF=41 NF=1
+I8E=4,5E~-15 NE=1.426

LOFTION NOMOD NOFAGE

.DC VEC .46 .64 .01

5.000E-01
5.100E-01
5. 200E-01
5.5300E-01
5. 400E-01
5. S00E-O1
5.4600E-01
D.700E-01
5.800E-01
S.F00E-01
6. 000E~-01
6. 100E-0L

2O0E-0O1
6. 3O0E-OL
6. 400E-01

P QOOE-OQ7
1.785E-07
2. 600E-07
Z.827E-0Q7
S9.634E-07
8.293E~-07
1.221E-0Q6
1.797E-D4
2.645E~-04
Z.894E-DS
S.73ZE-06
8.438E-04

. 242E-0OD
1.828E-0%
2.691E-0G

LFRINT DC I(VC) I(VER)
.END
LSS SRR RSSO P PO RReS
VEC=VEER I(ve) I{VR)
4,.600E~01 2.856E-08 1.892E-09
4.700E-01 F.TEZ2E-O8 2.137E-09
4.800E~01 T SIBE-08 2.928E-09
4.900E-01 8.152E-08 F.985E-09

S.441E-09
7. 491E-09
1.024E-08
1.411E-08
1.951E-08
2.707E-0D3
2. 74&FE-0B
S.264E-08
7 A7AHE-D8
1.037E-0Q7
1.462E-0Q7
2.089E-07
2.9%28E-0Q7
4 ,176E-0O7
5.95BE-07
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¥3% VCB=0 ITKEN B1OZ-FNF TRANZISTORU'KNUM IE-IC DEGERI ¥¥X%X

AR R R XK KRR R kRN R K K N AN RN RN E X
VEC 1 O .46

VBE 20 0O

Ve 3 0 0

aFr 3 2 1 FP1-TL

.MODEL F1-T1 FNF 18=4.820E-16 BF=61 NF=1

+I5E=4.58E~13 NE=1.426 IkF=100e-6
+RE=050 RC=22% RE=16.4
LOFTION NOMOD NOFAGE

.DC VEC .46 .64

.01

LFRINT DC I(VC) I(VE)

.END
E2 2322322222022 2222230 2220222202 2328220220222 RS
VEC=VER T{VC) I{vE)
4.600E-01 2. 855E-08 1.59ZE-09
4. TO0E~DL Z.761E~-08 2.127E-09
4.800E-01 5.535E~08 2.927E-09
4.900E-01 8.145E-08 J.F3EE~0T
H.000E~01 1.198BE~-07 D.440E-09
5. 100E-01 1.763E-07 7 . 450E-07

5.200E-01
B I00E~DL

2. 592E-07
F.812E-07

1.024E-08
1.411-08

5. 400E-01 9. 600E-OF 1.950E-08
B S00E-01 L221E-07 2.706E-08
5.600E-01 1.203E-06 I.76H6E-DB
5. 700E-01 1.7463E~-06 9. 258E-08B
5.800E-01 2.874E-06 7. 364E-0R
5.R00E-O1 3. T744E-08 1.035E-07
6. O000E-0O1 D.417E-06 1.457E~07
6. 100E-01 7 .785E-056 2.059E-07

6. 200E~01
6. Z00E-01
5.400E~01

1.109E-03
1.564E~08
2.177E-0GS

2.915E-07
4.135E-07
S9.875E-07



- 128 -

¥¥5% BlOZ-PNP TRANZISTORU' NUN VEC-IC DEGERLERI %¥X%x
(RS2 ER SRR RSP RRRE s eReR et et s e s

VEC 1 © 1

IE 2 O SOE-9
VE F 00

GF 3 2 1 F1-T1

LMODEL F1-T1 PWNF 1S8=4.825E-16 BF=41 NF=1 VA=20
+I5E=4.5E-15 NE=1.42&6

LOFTIONS NOMOD NOFAGE

.DC VEC 1 3 1 IR G0OE~9 450E-9 SOE-9

LFRINT DC V(1,2) I(VC)

. END

VEC V(1.32)=VER I(vE)

1. OO0E+00
2L, O00E+00
ELDDOE+OD
1. O0O0OE+DD
2L O0D0E+OD
RLOOOE+OD
1. 000E+00
2. 000E+00
ALOOOE+OD
1. 000E+00
2 D00E+O0D
T LOO0E+OD
1. 000E4+QD
Z L QOOEFQD
FLO00E+00
1. 000E+Q0
2. 000E4+00
R QOO O
1.000E+00
2 L O00E4+0O0
T LODDE+OD
1. 000E+0Q0
2 OO0DE+OQD
T LOODE+OD
1. 000E4 00
2.000E+00
e QOOE+OOQ

5.683E-01
TL. 6BEE~-01
5.46B5E-01
5.88%E-01
S3.8B%E-01
5.88%E-01
6. D0OT7E-01
H.007E-O1
6. 007E-01
H.0F0E-01
& OF0E-01
&H.090E-01
6. 154E-01
6.154E~01
6. 134E-01
6. 208E-01
6 20&E-01
& . 206E-01
6. 250E-01
6. 250E~01

6. ZS0E-OL °

. 28BE-01
&.288BE~01
& 288E~01
. 321E-01
bHoI21E-01
&.E21E-D]

1.7230E~-08
1.815E-06
1.900E-0
Z.814E-06
4, 001E~D6
4,188BE-04
&6.018E~06
H.FIOE-O4
6. AEDBE-D6
&, 2856E-04
8.69ZE~-06
F.OT7E-08
1.061E-05
1.113E-0G
1.165E~05
1.296E-04

. SHOE-OD
1.424E-059
1.5358E-058
1.4811E-DG
1.6B4E-05
1.777E-08
1.864E~-0%5
1.931E~05
2. OR0E~OS
2.119E-08
Z.218E-05
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¥k BLOZ2-FNF TRANZISTORU NUN VEC-IC DEGERLERI ¥%X%X
(2222832222233 2 22280 RS2 R eRe Ry
VEC 1 O 1

IB 2 O S0E-9
Ve I 00
oF 3 2 1 F1-T1

LMODEL P1-T1 PNF 15=4.825%E-16 EBEF=61 NF=1 VA=Z20
+ISE=4.5E~13 NE=1.426 IKF=100e-6

+RE=050 RC=220 RE=1&6.4

LOFTIONS NOMOD NOFAGE

.DC VEC 1 3 1 IB 50E-9? 4350E-9 30E-9

LFRINT DC V(1,2) I(VC)

»END
(22222223233 2223 3232222203022 22030
VEEC Vi1l,2)=VER I{ve)
1. 000E+00 S 68EE~-01 1.70ZE~-06
2. 000E4+00 G.435E~01 1.783E-06

J.000E+00 G.4685E-01 1.8B89E-064
1. 000E+00 5.8%0E-01 J.4681E-06
2.000E+00 G3.890E-01 Z2.B&ZE-DS
3L 00D0E+O0 5.890E-01 4.042E-06
1.000E+00 6.008E-01 S5.6%96E-06
2. 000E+00 6. 008E-0O1 5.976E-06
F.000E+00 &, 00BE-0O1 - ZHDE-06
L. OQOE+OD 6. 092601 7« 70OIE-O6
2. 000E+00 6.092E~-01 8.081E-06
I O00E+O0 6.092E-01 8.459E-0Q64
1.000E+0Q0 b6.156E-01 7. 684E-06
2. QO0E+O0 6.155E~-01 1.015E-03
3 O00E+D0 &6.156E-01 1.063E-05
1.000E+00 «»208E~-01 1.16TE-QS
2. 000E+00 6. 20BE~OL 1.220E-05
3. O00E+00 6.209E-01 1.278E-0G
1.000E+00Q « ZHZE-O1 1.3533E-05
2, Q00E+00 6.233E-01 1.421E-05
Z000E+0Q0 6.29ZE-01 1.488E-Q5
1.000E+00 &.291E-01 1.543E-035
2, 000E+00 cEFIE-QL 1.4618E-035
F, OQ0E+OD &.291E-01L 1.4694E-0G
1.000E+00 - S24E-01 1.727E-03

2L OD0E+OD
ZLOO0O0DE+OD

- S24E-01
6. 324E-01

1.812E-05
1.896E-0G



OZGECMI S

Mesut BIROL 1865 yilinda Istanbul’da dogdu. 11k
ogrenimini Balikesir Dumlupinar Ilkockulu’nda, orta ogre— -
nimini Istanbul Kadikoy Ortaockulu’nda, lise ogrenimini
Istanbul S0. Yil Tahran Lisesi’®nde yapti. 1982 yilinda
girdigi Istanbul Teknik Universitesi Elektrik-Elektronik
Fakultesi’'nin Elektronik-Haberlegsme Bolumu’®nden 1886 yi-—
linda mezun oldu. Ayni yi1l Istanbul Buytik Sehir Belediye-—
si’nde Elektronik Muhendisi olarak gcaligti. 1688 yilinda
I.T.U Elektrik—Elektronik Faktultesi’'nde Yuksek Lisans og-
renimine basladi. Aym yil 1.T.U Elektrik-Elektronik Fa-
kuultesi Elektronik Anabilim Dali’'na Aragtirma Gorevlisi
olarak atandi. Halen ayni yerde gorevine devam etmekte-—
dir.
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