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ABSTRACT

Using two-port network theory , we can systemize [1] the small-signal RF amplifiers design.
There are two types of two-port parameters widely used for this purpose, those are S—parameter and
Y-parameter. In the use and measurement point of view, the two possess different advantages over
each other. However, this is not as important as how we can get them, their accuracy and does it serve
our design targets. Because these will affect the design results directly. Incidentally, Information
from the semiconductor device manufacturers in the present and trend in the future will include the
SPICE model of their devices in the published datasheet[2] and databook[3]. In addition, the SPICE
model can be easily downloaded from the semiconductor device manufacturer’s website[4], so the
SPICE model of a device is easy available. Because of all the reasons mentioned, this thesis presents
how to extract two-port parameters of the bipolar transistors from their SPICE model, without
entering SPICE simulator as usual, but with the developed program in form of Scrip files of
MATLAB, so as to use the extracted parameters for designing the small-signal RF amplifier operating
at frequencies lower UHF range using S-parameters. The two-port parameters extracted with the
developed program are able to predict the power gain of the transistors with acceptable difference
compare to the one extracted with PSpice®. Based on experimentations, the transducer power gain

of the transistors and that of the implemented amplifiers differ from the calculated one less than 2 dB.
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:; n’l :i a 9 1
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L=l mddewsn (2.6)
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E
M) _ @+ solhe)- 2 212

v
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w o = [ 3
HASMBYNUT I(z) Meuny z 92 1@

— =YV 2.13
= (2.13)
¥
VAWM. 1208z (2. 13)meyRuFresde: 18
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o L 2.14
dz* dz i
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e Y 2.15
dz? dZ B
Wiaums (2.12) unulu.15) 9¢1a
2 2
E%:Yzm‘%‘e d—g-m:o (2.16)
dz dz
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2 2
Y vovnse &Y _vzv -0 (2.17)
dz? dz?
VNN (2.16) uaz (2.17) Sazd ITid g uuInas g uvesaNATeY T DUAUADA
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ﬂ-ﬁ:o (2.18)
dz?
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9_\2'1 -2V =0 (2.19)
dz
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ANoUURIAUMT (2.18)uaz (2.19) vy lug[13]
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JZ
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gmstmuali
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A (2.26)
ZO
-V (2.27)
Zo
P
1o

[z R + joL
T = e 2.28
° 7Yy \} G+jmC (2.28)
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LR
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B = wyLC (2.30)
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v w ' 4 P
VAANUTURUTILHINANNOINAU A ANUD fuaz anus e (Phase velocity;V )

AIAUNS

A=V, /f 9As (2.31)
1519214

V. = 1 (2.32)

PJic '

HagANNAUTUTTENI1991 wave number (B) 1z v, W

B= Vﬁ ISAUUADINAT (2.33)
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é 1 ‘!‘ E:I ar - ) { 1 T — oy o é

ol modenlFonlasmldadrenniagladidnasni lilverne Seigaauifdmis
Y o a -] 1w 2 . 24 W 1 =]

nRenimTINRD MFlTEneunUE(Velocity factor) Fesziiludruenmiaud ua
] ] s " ]

vosndaumaunlumedawiufsufunsiduniwesnduiugyaima Tasiiaida

= 1 1 o @ 1
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WIUIN13818 TouMas(Power transfer)nunasiutinasgaiods o s z =0 law
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v o ' i 1 o =& 1 = 1 o v
BONANYINTENINA Zg vounasiuiianaza z,, Auoadn lflumeds s dumis z=o
= 1 =) 1 o L U é & o ar 1 v 1 { 1 4
uazimauuAInAamsawleudrds 1) Idamiedadrde Idhardena1iiieglugvesnin

o -7 ) 1 ar A 1 4 r-% o
MaaPower wave)rziauneawevas 1 Inaadgafoinunfuduniii(ncident wave)
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A A o 1 a =) Ao ] =1 Y = = @ A
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mldgnounauINdumaIRUle FusuTend AdudazNOUNTU(Reflected wave) HIBAAUAT
naEunaNRmasi e o dunis z = 0 uazilaanzanyhitedsen e z, ves

1 o A 1 1 g o 4 1 @ A 5
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o ar a d :: A A 1 A o oo
wave)na lulds Inaauazezamemsoinuil lUdesy  uwozluvmsiadudumiehideing

g o 1 v u’;‘ a a A o wa 1 P T T o = A
aznounau lneglumeduiufziisdumdedndiunilsgaae Tounnunassuiiamuu

=3 n:& aan O w g

=] ° a  w a .3 1 a i A
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T 1

J ! & o o { 1 1 o = é’ U
wave) Yulumods Fsdhmnmdsndessmmodslisgafzildifannudouiuluavdsld
o w1 & LY 2 =t 9 o 4 Yo 4 a o & ga
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a 1 s a o D
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Y o o o A A 1 as a Y a ar .
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YBIAUAIAAU(Wave equation) Noglugilvosmmsaiuunznszue o dumis z lag vueme
¥
MIANTUNIG(2.21) LA (2.22) ANYU
Iz)=I*e™ -Ie"

V(z)=V*e ™ +v-er

Y=o+ jp
Y MU0D9 AIAIRINIUNINTZ18(Propagation constant)
o HNWH9 AINIRIAANDU(Attenuation constant)

B vuwde Anaduna(Phase constant)

[ 1A =t ' LY a 1 d a o
Tumsldaudlngfimedsiinnuen ldinmin mmmsoRnsanIdmedadusian

hifimsgaudoi 1914
v=ip (2.30)

wldaums 2.21) uag 2.22) Haniu
I(z)=1*e % _1-e¥? (2.34)
V(z) = v*te P 4 velb? (2.35)
“éﬁﬂlﬂﬂﬂ vte P 1ay I+e_sz ‘HN’IU’S\? ﬂﬁu!ﬁunﬁ?“ﬂﬂﬂmﬁuﬂ’l\ﬂuﬁ?ﬂﬁﬂiuﬁﬁ'ﬂ?ﬂ +z

-7 4 ar & _ ] =)
wazimen V-el*? Ay IelP? wuede aduazioundududumelumedeluiiani -z
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=Y c{ o T 3
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V+
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Zg Zg

wnumas luauns (2.34) uag (2.35) udnhumisauee la

V@z) oy o (e 41, elf?

P = c!' o r )
MNAUMS (2.39) uaz Ui 2.4 5 Wsanndwnus z =0 1w'la

1+T
Z00)=2.=2 L 2.40
0)-2:2[ 12 | 040
Mmlnla
w8 "Cg 2.41
 Bawiy @41
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T v 1oy d a wa £ Y w o kY

uat1ala udedielsnamm Tumalfidsuinezaulemsazdounduvesdyiamnied
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1 2.5 mldndnmsiosanauReddugli 2.4 seilild

[(z) =T, -e7 22 (2.42)
1o
T e
Ty = Zi-Zg (2.43)
Z +2,

& v . o
FIAUMS (2.42) 137903 “Smiith chart equation” [6] TUIBA

a d .

2.2 auN¥13A (Smith Chart)

Tunmsdnamegfinerdumsidanumeds @y mmdulszanimsazteundy ms

1 1 9 o l:id.v a v o a g
WA SWR 311 Return Loss dauitlumsdmadiildunlsioglugdvesimnuiedon
3 ny A =] ] A A 1 A & ' o v = 9 A
NaduuazdeNIANNgIINten Wonewaseadesislumsinuddides 1wl aa.
1939 3#IN5UBY Bell Laboratories 40 Philips Smith [6] lAfaAuuazinauamssaiiotisly

o U u’j 9 as a i Y d'l d'l =1 s 1 d'l = =Y 5"
nsmamaniuoldiunnuiouiazaen 185 onfemsededenaruedufosaudd
a g r < 4 a ¢ =) Y 1 a 9 ' = Y o
ANAUI "Smith Chart" 15z Terdvnsainmninnuennilonndlrosian ldanandsluneudun

1 ' 1 a 4 [=] 1 =Y v W
pgrry IFlunsudasmsuiuaud@)didudueaiauaud(vndendusy 14lunms
o U o o Y] o a A = ] = o
Annamsesidszneunesdmiumensufiuauduueda Wudu uazmaran aidnnia
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3.3.2 3% Resistive Loading
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M50 6.2 1Wisuiousm luueaii ldninmssuan Taeld Tusunsy AmpDe.m fusii1da1n

mstaeswalasldTUsunsy OrCAD PSpice® 10591 9.1

M Id9nmsfnn
9ANT99U I.=L5 mA V=6V I.=5mA, V=6V
AmpDe.m PSpice® AmpDe.m PSpice®
I 9.3uA 9.3uA 32.2uA 32.2u0A
I, 1.5mA 1.5mA 5mA SmA
Ve 0.683 0.686 0717 0.723
' -5.31 -5.31 -5.28 -5.28
Ve 6.0 6.0 6.0 6.0
BETADC 160 160 155 155
GM 0.0553 0.0552 0.1689 0.169
RPI 2.9873K 2.99K 837.7 838
RX 4.12 4.12 4.12 4.12
RO 42.2K 422K 12.62K 12.6K
Ru 6.97M Not shown 1.78M Not shown
CBE 23.75pF 20.1pF 35.80pF 32.5pF
CBC 1.20pF 1.20pF 1.20pF 1.20pF
BETAAC 165.06 165 141.48 141

* Munede Afgnimua
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n=i U { o 4 = o
M3190 6.3 Wisunsum luueah ldnnmssiaswanasnanmsnaasuiiolinsiuae mos

A1 I = 1.5 mA V=6V Tauildnlsznetasnsdagilii 6.8

. HAINNITNADDY
, HAY1IN1AaeN
i lunes . 2N5179 MPS5179
MINNIU
NO.1 | NO2 | NO.I | NO2 | NO3
I,(uA) 9.43 17 17 14 22 17

I(mA) 1.51 148 | 150 | 148 | 148 | 148
Vie 0.686 0.728 | 0728 | 0.738 | 0.745 | 0.742
Ve 5.96 6.0 6.0 60 | 601 | 601
BETADC 160 87.05 | 8823 | 10571 | 67.27 | 87.05
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A lune . 2N5179 MPS5179
MINNNIU
NO.1 | NO2 | NO. | NO2 | NOJ3
I,(uA) 33.4 573 | 580 | 477 | 702 68
I.(mA) 5.16 500 | 502 | 506 | 485 | 4.86
Vi 0.724 0.737 | 0.739 | 0763 | 0.772 | 0.767
Ves 6.01 596 | 596 | 595 | 599 | 597
BETADC 155 87.26 | 86.55 | 106.07 | 69.08 | 71.47
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6.2.2 HaMSMUIAUM Y W0n0s

4 i = o ar VA
maad 6.5 1Wisuiioua Y wisiiiwesimIaeldlusunsy pSpice® fumii ldnnms
o d.l 9 = o o e
i lasTsunsy AmpDem tioliniudmansiaui

I;=15mA V=6V uagniud 27 MHz

_ it Tdnnmssuan
Y N15UR095
AmpDe.m PSpice®

¥, (mS) (0.398 +j4.01) (0.376 +j 3.414)
¥, (S) (-3.5304 — j203.34) (-2.863 —j 202.95)
¥, (mS) (52.116 —j1.275) (52.150-j 1.115)
¥, (US) (23.667 + j247.36) (23.352 +j246.92)

MSG 24.09dB 24.1dB
C-Linvill 22.955 26.93

i = 1 ) d‘ ® L7 1 l='
M9 6.6 1WSeuiienn Y wisiiwesimlaeld 1usunsy PSpice . nuaii 1dainms
o A 9 = a0 =
Auan Iag Tsunsy AmpDem ialinsudameosinaum

I.=15mA V=6V 1azA1nui 150 MHz

= it I8 Innsfuam
Y W1510903
AmpDe.m PSpice®

¥,,(mS) (2.792 +j21.989) (2.115+ 18.803)
¥1,(uS) (-103.19 - j1118.84) (-87.958 -j1119.3)
¥,,(mS) (51.425 - j7.0009) (51.599 —j 6.1444 )
¥, (uS) (55.855 +31370.7) (51.613 + 1370.9)

MSG 16.65dB 16.66dB
C-Linvill 4.33 5.01
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o= 5mA V=6V uazmnnui 27 MHz

L, i 1dnnmsAn
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AmpDe.m PSpice
y,, (mS) (1.1571 + 5.3303) (1.1324 +j 4.8558 )
¥, (uS) (-5.1472 - j 203.38) (-4.127 - 202.048 )
y,, (mS) (142.99 — j 4.1324) (142.95 —3.7801 )
¥, (uS) (71.937 + j 234.39) (70.716 +j 322.57)
MSG 28.47dB 28.50dB
C-Linvill 16.70 19.08
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6.2.3 HANSINOATIVENEMAIVBINI I HT TIADS

gﬂﬁ 6.10 uw ﬂd!tﬁﬁdﬁ?tﬁﬂﬁ@ﬂg'lﬂlllﬁg Spectrum Analyzer #1959 Transducer power gain
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(dB) 150 9.59 10.34 9.0 9.4 9.0 9.0 9.4
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6.2.4 HOMIINMDATIVYMEI05UENY
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