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Design and fabrication of the surface mountable
VCO operating at 3V for PCS handset
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ABSTRACT

In this paper, the design and the fabrication of the surface mountable voltage controlled oscillator is described
for local oscillator in PCS(WACS/TDMA) handset. The VCO employs two silicon bipolar transistors of fy of 4
GHz as active devices. These are assembled to form the VCO on the 4 layer PCB of the size 12 X 10mm which
provides the strip line resonator at the third layer. The fabricated VCO shows tuning range over 50 MHz, phase
noise -100 dBc/Hz at the 100 kHz frequency offset, and 0 dBm output power with the consumption of 22 mA at
3V. It is believed that the size will be more reduced by employing 1005 chip components and that the current con-

sumption will be improved by employing transistors of higher fy.
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Hy= FZ2F 3k vk

2. MAH oY T|e] &2 7Y
718 4o ¥ o] ALEH Mgt e 3B
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O3 4. 8 el A o] &3 AdekAo %7 32

‘_Z_L
“‘T
T

DC bias A& Hwjgk xalo] transistor Q2] base
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package® t}Eb+ inductanceE LHERRILE o] A
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capacilor 58 A A3} WL GA 22jW 29
63 7ok 21y 69 A Co ‘%l ro S0 Aol uls)
Bafo]l Ao ArA B on o 1Y 69 FHEE &

Alshyzul Eatol & =] S}

e e e — -

[s]
Q

a3l 6 AR e BA T ool 9w

21® 694 L3 varactor diode?] packagei <13}
ubAl 8l inductance® YUEMA M, Ly, ey, Coa 9
g transistor Q9] F7FI 2 frEel™ Ly e
Cywr transistor Q,2] base emitter 7+2] 78 & ¢ i
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X338 capacitor?] 324 38 C 2 & A5 HAFH
e e 2ol 24 Uk

i
2a[LAC, + Cy +(CLICH + ([l Coy?
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A "t
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o ©
Em _ CPCk
Coer  (Cr+Ch)

9} 7o} & & Utk R AL 2 RE A7 FoM E
ot} B 2 A conductance G¢| A7)\ 7t E4
golatA Hed o A5 C,=Cd 4
& o vk & Fol O dEAA CpE 2 =F
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% &= capacitor C, & 2R oA ML Aojdd 4=
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DF YL HoAA HY aA & As 44X F
= A3 3 Fogrt FA5F 05 o ol
R 2%3} ANNBR HA ol HxF A4 g
27t o

2% Cr wel 2FS A% O, @A da
A sled o A& Cel AA A-EEHY, o] A&
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U3 ol AL Atz A =i A2ZA B AS
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9 Q7F et A WA wE e FE st obd s
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R0, Capcitor Co, C, Criz W) B4 2 2]
a8 @ b 8o FEG Ado gy uey
A AAE AgA o] Rz ] FES FAFHg
BE NNes 7H 2247 A Hed ol
capacitor C,Z2A] patterng- 330 & A 4] Fut4

AR 2% 5 0 Fv

it

J8 7. 3% e e

2% 7o) B 227127 capacilor Cg ¥
o Y5 MSHE vebdth o] 2 transistor Q.9
Coz Tl L /718HA =M, o] f7148 3t
u}a} transconductance g,,& A3+E ZalA #u} o]
o 718 AFe AR Rl S2A FHof, 3
3l Reoll 2l &8 o] vehuAl Hlo o3 H43¥ &
Fgdoz Agwr] YA #3} Ry TLy, Cui

Cm2Z ©]50] 2 impedance A3 285 #x HA
e Ag e E wE .

Z capacitor C 2] reactance 377} 38} R 9l H]
a) Aha 3 AS 2y 7ol HAIE impedance Zo,
high Q Z#oA R, ¥ Cppol dl&l parallel series

conversion@t ¥ CHA] C& E3Fste] s 4o cffaf

serics parallel conversion® 4 -9- A4 o & b3}
2ol % % 9.
] C 1 + sz 2
Loy = - || (TR )]
¢ ]CO(Cm| ” sz) ( le ) ¢

wa}A] capacitor Cpy 2 ConZ 24 A7) Ao A
S A71E 2T & Ak A Tlyz 1/4 3
Ar A dF 5ol 1 o] e sof glonw

790

7F Ao & inductor2A] 2&8}A Hc}. o] inductor
¥ Zow® AFE 24 A RAR 7,0 S5 o
Wb A Cnob WA Sk g 9]
Faloll A FAsHA Aot

LA QF transistor Q,9] YUub2 Joad®] )&
whH28] A8 capacitord o] 2H 0w Ag 4 A
S x4 Al A3 capacitanceE S H A TL,ol
ols] FHAIFIEA] HA A FHconjugate matching)
& AAH Aol e g sl R AEtE Aot}

transistor &%

919 & Bl Re] F-T sl HES A5
71 A 29l 49k P 325 MDSe g3l
MDS/}ell A4l harmonic balance& 31 W2 7] &]4]
WS ol Bstrh -4 F Q3 transistore] WA &
57} modelg- - 8o sly=tl], A4 ¥ NECAL] transistor
285C42262] 73-9- MDSo)A] A &8} library?t 9o
o] & o]8-8] 37, varactor diode 1SV2292] A ¢ a4l 8
hets] stz fEAl 413 R-L-C 4E g3 32 = o
x| 84l o] & capacitor g8 parameterZ sweepA] 7
wk Fukaro) x4 WeE UEIE A x*}ﬂq
ol & st e} varactor®] A M Es 3 R
2} & k3 biasoll whE capacitance 3} ¥ 97} {113
gld AP A og o] AEE 3 { o] ghg AlE-3
At

Varactor diode?] 24t 43 R-L-C 48%F
71328 A7) 938t varactor diode?] impedance &
network analyzerE E3f A=)
analyzer |-port calibrationg} 3- varactor diode9]
impedance & Al &sl: o] A& MDSE H#E¢]
FAH A A datadl EHSH curve fitting ?}3:11\1
ol#1dk R-L-C #k& 9& + AUk & varactor?]
impedance S Z,2} & wj)

3. M “E‘EUIS M A
-2
o

9 network

Z,=R,+ jw(w + ;(’J(U ®)
2 REAT Fdenz [Hyge FHE 29 4R

HE A 4 Ui L9 CE AE FR F9F o,
Ko *1 oo A3 Zho]l A Z, 3] Fupp
of wh slope W F7 Fa5 0,5 o] &3t 7+
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dz,
dw )

)

w=w

Cv = —“ (] 0)
w

Y 8ol olrol 3 F3F Hgte] 0 VY w 4]
3 A ZHE] AL varactor dioded] 71322 A A
H o] A F A FAE ¥ A3 AT

E E I
s 2 Measured Reactance A
o
- of Varactor X
prel Model |
.
3 B
5§ p
5 O
§ 2 //
r « /
b4
c/ | _ Varactor diode
A resistance
- /
[<3
E =L A\_NMLMN—MV\"!J
800 MHz 3 GHz
Frequency

2! 8. $2-A¢ OVl 9 varactor diode®] A& im-
pedance?] d¢¥s AR 9 FoHE gog
AAtE 3R

2% 89] inductancet= 1.77 nHel® o] w} capaci-
tancex 8.1 pFAth. &2 Ajbg HiF L ThA] o] 2
AL B 7 folx o 4 & inductance®] 7k
Aol Wk egken F2 Aol whet capacitance
g ogste A8 o g AT T3 kel 3V Y
o capacitancex= 3.3 pF& ..M inductance= 1.69nH
2 A9 Wgst giich =d 29y 8olA] varactor
diode?] A3 k2 &A% impedance?] A K2R
B o 0.50hm9Y 2 & 4 U3 o] A E3 T3 zgte
HEol FAglo]l Ao A A

o|g A 3} 3} varactor diode?] R-L-C 5713
2E 9493 ¥ varactor diode2] Aol wtE capaci-
tance®] W3lE MDS AollA M3¥ capacitor?] par-
ameter sweep 2. 2 Tl X5} 2 A A st & & 4 83

Al Aret7] ¢18te] varactor diedeE F&A o] wE
W M8 model & ¢ sl Al Absokat A akael H
2 A S 2 transistor Tt libraryd] Sl dlAls 57t
model & o ] 8} 2 varactor diodeZ A1 & capacitor®
A ]88l 7 capacitancee] W 3}e] W& WA Fnp
& ALratdrh

2719 4% YEE b A AelM geitont
QA A A E A A of 71

A

WAy Bz B2 9y
719ko 2 Ayt parameter® Yty oz £33
H gk 71]*“0}01 dete AE d& 7 AU A

71] il%: wra) Heo] Wi 2 dBm ARHOH, Fuip
1 9] = 1840 ol A] 1900 MHz7A] 24 5] 9]t

%J,fs e AA e 92 H F27)= ¥4 through
hole g X33t 483t z]olE 7] Y8l A] EM simu-
latorg] SONNETE AS AAXE F A& A
gaeon pPon, o/gdA &M Aozl SON-
NET 2ol Aje] Fz2712) #HF patterng ©]-& AYA
o] WA 7|9 Lo Has 2 AAES FAR A7)
djoll v 2} layoutd .

4. Layout % Al&lZ Dt

TL.‘

OC Bias GND Terminal Varactor Bias

RE OUT GND Terminal NG
W stlayer . 3rd Layer
2l 9, A kAl o) w2 7] 2 layout
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29 9ollA] 1o BgAom s HA WO
A} ¥ = A2 layere}t A4 layere A 283 Al 1 layer
9} A3 layeryt VFERU AEh. H3tEE 2 o] )5
A4k 19y 49 F 2wk AA Sl A 1 layers
Fo) B Wog AbgEw 1y 904 B upg)
gro) Nzkbml R ol Ao BE o] JAdHE 4 2
layer7t A Wolm g Al layere] A ARES
microstrip 2 & A2+eF = A5 A g e] Zoji= a5t

e inductor® 2887 Wil by e
Ao havle AR ol &A st skt
Layout Al 8 &= glo] AA| ¥ ol diajrl= M
27 ol induclanced] FEFE ¢ o] Aol 4
2+ 5] &= capacitor®] $H-8& Fo A 3t

A3 layeroll & X719} transistor Q,2] A4 3tel ¥
Q3% RF choke (729 99} TL,) ¥ varactor diodc]
biase] ¥ 8%t RF choke (72§ 99} TL)) 22|l A1
ol 4] microstrip line®] inductance 4 &£ 2| A-3}3}

9sta] BHEL vhFe BA AAT o A 1A
dA7o] obu]i= RLE F simulation A G ko] sh4 A
& 918 A3 layer& Faba] TAA T

Aol Al 7 o} G E A F8h7] flehe] 1E 4
7ol A3 7| AR 4 o] HZ 1 mme
through holeZ. A} WHE o], o] holed wro it Hyisld
27 99} o] WAt ARG OB, o] AMgtAe} wA
12 g %) A A F% WA WS AE e 9
e Al HE AR @A (2 99 GND terminal)y=
e} 742 272 zhe through holed F%38] 97
sle] o] Fol At F& to g HYE WE ol &
sled A2tsl= PCBY W& BloAM HA7F ¥ @
th 2 o] 9lo] AlE-H holeE BF 4ol 0.5mm#E
A} ground hole® A1 W3}t A3 WL AA s = A4
hole E¢] 25 %7} deul, 29 901] A1 layers} =)
3 layeryt 21 o]l LPERA] o] o] PRl ¢tH] o
ol ground hole?] ¢ 1ol (14 QEHch

18 9o o] 88 %33} capacitore 1608 type (7]
] 1.6mm = 0.8mm)¢] chip ¥-FEo|H, 1y 92 A
ROy FAe T FupE vl4 24 9
patch pattern® 2 A Z}o|i} laserd trimmingdlo] 2
A A FAEE 248 £ AA AT ko]
22| trimming 24 -& Al ahAl aH7] f18te] o 1A
de B2 /M5 9 AA7 R % st

=
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ol Zg sk F vCO2| F¢-& 1] 9)3A o
A AN test jigell AzslT &2 S spectrum
analyzers. 18l A Rtk b4 24 W7t AA A
A4 el 1850-1890MHzA A &
v} AN 9] patternd ZHE tim3le] 248 €S Al
Ty AU REs 27 99 A RHE 24
ek MgHA o] HR 7] o) DC FHddo] 3Vl JH
o A1, varactor A gFS 00|41 3VE W akA 7l G5
Aty 48 AAYS o oy 103 gFo] of
18500 A1 190SMHz% wWslglonm S48 A8 A5-
AT E AAAes SMHzY L & 2AHAU
vl 219 109 57 0) e Aol A] varactord
FFAgbo] 7zt 03} 3Vel o spectrum analyzerd 2} &
WS el ek 298 Sk 24 A HeAM 0

MKA 1.908 5 GHz

hp REF__©0.0 dBm ATTEN 10 dB 0.00 dBm
10 9B
ov
v
Varactor &
[~ Varactor Bias
1.851% Ghz A1 1.908 GMz
s

CENTER 1.881 G

HZ 200 MAZ
RES BW 1 MHZ

8PAN
vBW 30 kHZ SWP 20.0 masec

22410 AgHAI0) WA 9] o 2 KA

MKA 1.907 086 GHZ
he REF__O.0 d8m ATTEN 10 d8 -0.20 dBm

10 uB/
Varsctor biss = 3V
Freq. offset = 100 kHz
I - 108 dBo/Hz b—
| "
T
T
CENTER 1. 907 06 GHZ SPAN 1. 00 MHZ
RES BW 10 kHZ VBW 3 kHZ SWP 100 msec
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FASEPCS U1 4 RAdAE AdA ) HAse A4 £ A%

dBm A= ov o] o 2FRAFE oF 22mAG Ut

A37E 54¢ B7] At varactor FF Aol
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Aaa-e A& o] A8 1Y 1o Yehlidle
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-105dBc/HzY & & + AU} Varactor FFHste]
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. ZE % 74 vtsl

2 mRdAe 27 #FEANM AAY A%
21402 @718 TDMA WACS 7FA 02 A8 +
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2mA 9 AFE 288, o] Fute st #a
ol 0dBmo}} F b 2HE 50MHzol 4} A4 7t
£©] 100kHz offsetA] 100dBc/Hz& ¥4-& 4= AUt

Aztd A2 = durle FEA8 AFH A
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transistore] Algo] @7E o] dAEc. @A
silicon bipolar transistor2] 71& 2 & 3VlA F %3}
™ 900 MHzt 9 o] ® 4733 AstAl oo 37
o] AHFQ AKE Fol7] 913l emitter current &%
22E vheA %S AoR AIEHY, A Fool
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& &Y F Ug HoE AREH NS Be Aol
st s
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st Al&AR dF7h Hadg A 2 sydM e
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A7E A Al E R L B AN oy 248
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