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Analysis and Design of 60GHz VCO Using
0.18um SiGe BiCMOS Technology
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( Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: This paper introduces a 60GHz cross-coupled differential voltage-controlled oscillator (VCO) realized in 0. 18um
SiGe BiCMOS technology. After analyzing the performance of transmission line, the resonator is fabricated with A/4 short
— circuited transmission line. This paper presents noise {iltering technique to improve the performance of the VCO based
on the analysis of phase noise of the VCO. The VCO provides tuning ranges of 58. 377GHz~ 60. 365GHz when its bias
current is 11mA and supply voltage is 2.2V. The simulation result shows a phase noise of —79. 1dBc/Hz at 1MHz offset
and —99.77dBc/Hz at 10MHz offset {from 60.365GHz carrier.

Key words: SiGe; VCO; transmission line; phase noise

1 5l

SiGe BICMOS T2k H SiGe 5 i &5 DAk 5 14
E(HBT)VE A T 2% 14, SiGe HBT BE R B35 3) & 4R
BB fr AREAR R 5 DL RS BRI 4E B, BT
SiGe HBT HIR A% ME 75 | REF M 75 F0 A £ I 75 #F 4R
AN F B G CMOS .7, SiGe BICMOS T3
SFPAET R R, B AT SiGe HBT AI4RAE
W DIRBLE GHz MR K¥E. B FRES CMOS T
ZHE, SiGe BICMOS L7 A I R & 09 4 LB,
FrLA SiGe BICMOS T2k &1z FfEEtEfE VCO #)
Beitept23l,

KRB : 2009-09—-14; #EEIRHA: 2009 - 1118
EE&WA . EFREREL(20097X02303-04)

60GHz 1815 AR ALE = 28 L 58 15 B8 L& A5 5 7
HRETER S, FTLAR T & i A R IER P IR &
Z ) (R MU O LR A5 S, DA T 0 55 1 LA B A B % 2
M. BT SiGe BICMOS T. 28y &E e VOO BH
VLA R B 58 B P, SO T 60GHz VCO #4717 4
it
2 60GHz VCO i&it

2.1 tAfgE
AN E A R BRI EREA EE S H, Lee-
son £ T F 4 1 Leeson FHY .
~ 2
Lidw} = 101og[2§f’f[1 + (2@3201@) }




190 ol S R 2010 4F
Awq 4 1
el U4 8 ) =
1+ 55e) ] (1 Zinwe = 1/R ¥ j28wC 4)
o, kb & Boltzman %40, T IR, P, Rk {18 i R EWIEEE
MORERTN AR BRI A F R — SIS, TR R = %",c =2 L= gC,Q — wyRC
7SRRI ELE LA B, TR R T AR 35 4% 19 * 020 wo .

FROLIEFS PERE , X R Leeson HEAY I I [A] 451
Rael B RIBBIERR S0 00 7 07 125, o 52 e 2
e F 2o i g SR, AT RAME R EC(2) S TNk B

PRI MRS P REN
471 R 4
_ biast™ p 4
F=1+ ”VO +7 9 gmblasR[? (2)

RO T BrA B AR AL AR AR
B BN R G R/ T i R A T, 2550 X) &
BLA SlOME P B R TE OG , IR BB R [l %, Rt v =
(7 /2)R L. XF T X FAF L, F A9 TR ALy
27 XEWRE I g, RIFAZHIEHT , BAE
FEH RIS s BRI DRAFAAR R I 75 P R R
I Lo FOT I RRE. BRI, 2 05 2 v AR 2o i S 2
BT, Vo B R e IR, IR AR R AN AR M
PR (0 5 L AL PO A 52 188 0 i A 3R, Rk T AR
WEFS R LA, A T B/ MEARDL MR, (T a2 08540
FEE LRI IR R, T PG . R,
1 Q, BHRLAY AR /DIZ B E 1 8 4% 1 4K 3 2]
BOR AT R, B e Hs A7 B IXORTHE 3 32 R IX 9 58 3t
REUS). R RS AT R BT — LC ¥R 2.

AN, B FRGLIR G| AR IR RS 82 T
TR PR R IR 37 &5 A 0 M B 7 A TR,
FAMRFE TR IR RO W — A A Fi 25 R VR 3
AT LASEVR Z Wi I A R A0 1 B O VR MR PR RO, TR
TR AN BB X A S AR =2 Rl A — A~ RS R R
B, BHAE T 2R X A G TEL A S TR A 2 TR IR [0
FIAHFE.

2.2 IEHR[ERE

PR E B R VOO WYE 2380y, HiEE# I VCO
FIMERE. S A /4 B B AR 2R M i i [) %,
PRAT R R AT R RR B 1Y, X R AR T IR 5 48 X4 %
M R R . B4R SRR 2 ) R SR R B R 3 /D
BRI N S B E W T B R A A,
e e SE PR B AR B gt e L7

A /4 B R AR IR R (B B 5 K RLCIER (| B&
W INE LR, Z,, e 08 A /4 BB
KR ABLYL, Z,, ric BB RLC 1P Bl 3 1 5 A
REHL.

S
al + jrAw /2w,

(3)

Z in_A/4 =

o, Zo 2 A /4 S B E RE RHEBEDT , « R R
B L RS

N /ATH B 1% =
i ZerviZome C R

Bl A/4EHREREERABENT
FEE RLC {54R B %

SC PR R B 2R AR R 2% (singlewire) , BEFEAH LY
253 BIAE R 5 5 4% (signal — line) 13 28 (ground
plane) . A/4 5 BEAZ AR B IR 1] BR A TR A0 3R A R %
FEFE 60GHz, {H 2 2 T Hl 17 BH B B % A, FA P
B SRR E TR I A7 A B 2 S PR AIGE Ik 11] B Y TR i
AREE BT AR (] B Fe B 40 A3 2R R 18 A8 1 L H ARt
B E 2 R BRI L4 BRI R
8] B R I R AT R AE 110. 2GHz.

;“5)3 X M1(1.096 X 10",304.4) | ;(5)0

300
{50

= 250

§ 200 425

2 150 0
{-25

=
-50

. -75
50 100 150 200
Frequency(Eg)

Phase(Zin)(deg)

100 |
50.0 ¢
0

-50.0
0

MO(1.096% 10",0.0deg)

B2 A/4SmERLEREEBONEBRTRE

2.3 Ek@EREK
Bl 3251 T 60GHz MR ik BE 1A .
ch?
' M/AK B AR S AR '
= 1 }
C3 R3 = R4 C4
AF 'rﬁvm} 4 4,];—
__C‘_| Ct
Y L wod \
cEI_ Iy Tcz

L
ldc C

B3 60GHz VOO Bk 25 E
LC 25 B 88 2 A 2428 v th (Ih#EHE
Bt T BB 5 R S0 o, B AT S B B



104

R EARINGA. Q.. Q, 4L RS 2400, 32
BB ~ 2/g,, BOABE (g, RO S) , ¥
4 1 5 1 Bl B

H T Q. Q, L TREEHIRN, R SR 4
NHASES C, .Gy, LUEAFE KRR XY
AT HTE Q, \Q, JEMR LA B .

B TAE &l BB €., LIRS
A B — S A P e B HLAHE o PR B
TR e e () o
_ C1+-€i+—CBE (6)

B R, 2 LAE o P 254050
BT A L/ BT G R A TR PR
0, 3 ELI T AR i S ], 3 1T LA R AR
MR SCHR R T AR AR M L SRR 4 TR H A,
LRSS T Co, T 7 = Q—;—C—E

T F AR AS A AR PR R T
ARG R R A N AR A A C.
Cy BRI XY VA8, BAEEHKE S KEH R,
Ra HeHi 30K T 4R35 28 1OV ), U T AE
AL

FEL ) R 0 1 2 2 ke T R I £ L
B Cy . Cy LR IRE A A A A %

3 HRERSSH

%A SpectreRE Xt TR B B 24T T 45 B4
M. A TR B ASG R, TEREE Vcilh
2.2V RBEHEN 11mA. B E V.M 0V A5k
3V, M N A E K 58.377GHz AF fb F|
60.365GHz, 1A 4 FiR.

£ 60. 365GHz 5 3 A0 1 A5 B H AR AL IR 75 40
& 5 Fs . 1IMHz X 10MHz $54R Ab 59 4H 45 B 75 43 )
$5—179.1dBe/Hz., — 99.77dBc/Hz.

AT FAE VCO MBI RE, 8 % 5 AMEME
FOM A& Hoe LR -

n

ER,%E AT 0.18um SiGe BICMOS T.ZK) 60GHz VCO 4 #1551t 191
60.5
60.0
g
O 59.5
>
2. 59.0
=
585}
58.0 . 1 . . .
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Vtune
4 MEHBEBRETAHCEER
-20
-40
=
S5 -60}
=] MO(1MHz,-79.1dBc/Hz)
% -80
o
Z
2-100 b
S
“_120 I M1(10MHz,-99.77dBc/Hz)
-140

10 10° 10° 10’ 10°
relative frequency(Hz)

B 5 60.365GHz 34 VCO Rk A 1448

FOM = Li{Aw!} — 2010g(%>+ 101og(§n‘3v%)
w

H, wy HIRGIE, L {Aw! N Aw $FifRiab AR
W P S VCO ) H i DI #E. FOM 8IS, % 8
VCO ) PE BE BT . 7£ 60. 365GHz 1 10MHz 4% R
&b, R VCO B FOM & - 161.5.

F 1AW THE VOO B HLE . 78 By SRR B
T, FOM A BLIE , A B BUf (B AR H#R & —4¢
B oh T T HER, 9 FOM % — B4 XHE , 48 %
fEBRA, R H ARG

# 1 PHIRG AR SiGe 175, AT fE
GRSk F, U R VCO B9 E I Th #E b SRk
(2] 3CHR[3MRAR &, AL e A M BB A T SCRR[3 | )%
XHk[8], JF HAE & #y FOM.

®1 SHMIIERELE 60GH: BHEEHIRSFFEITLE

5% /GHz TEIHEE /mW LR /dBe |FOM| /dB CHR
45.55~59.45 132 —~108@1MHz at 52. 5GHz 189.6 (2]
53 252 ~ 58@1MHz at 53GHz — (3]
58~60.4 17.5 -~ 93@10MHz at 60. 32GHz 156 (8}
58.377—60.365 24.2 ~99.77@10MHz, —79.1@1MHz at 60. 365GHz 161.5 xH




192 ARSI R

2010 £

4 HERiIE

HF 0. 18pm SiGe BICMOS T2, R Flf& ik
FA 1 VBR8] %, SCHP 7E WS S BB L DR MR A M RS 4%
FEB T &SI, BT - XNBEER
VOO, HETEE N 58.377GHz~ 60. 365GHz. {5 H 4%
REWIZ VOO A B HGE, £ TEREN
2.2V RBEHER N 11mA B4 T, 7E 60. 365GHz
1 10MHz 431 4 4k B9 A5 7 B 75 24 — 99. 77dBc/He,
FOM 4 - 161.5.

SE k-

[1] Guofu Niu, Zhenrong Jin, John D Cressler. Transistor
noise in SiGe HBT RF technology []]. IEEE JSSC,
SEPTEMBER, 2001,36(9):1424 — 1427.

[2] Nakamura T, Hitachi, Kokubunji. A 59GHz push — push
VCO with 13. 9GHz tuning range using loop — ground
transmission line for a full — band 60GHz transceiver[ C]//
ISSCC, SESSION 29 mm— WAVE CIRCUITS. Reijing,
2009.

[3] Zhao Yan, Wang Zhigong,Li Wel, et al. Design and mea-
surement of a 53 GHz balanced colpitts oscillator[ ] ]. Jour-
nal of semiconductor, 2009, 30(1):1—4.

[4] Rael ] J, Abidi A A. Physical process of phase noise in dif-
ferential LC oscillator [ C]// IEEE 2000 CICC. USA:
Florida, 2000:569 — 572.

[5] #hEK, IR, S AR LR R RAR RIS CMOS B
R[], B F¥E5IHEL, 2009,26(6):50 - 53.

(6] Bk, MR, e, CMOS #HRB A ERIRGH T
XHFR M TS IR AR MBS (1], M T ¥ SR,
2007, 24(5):41-44.

[7] Veenstra H, Notten M G M. 60GHz VCOs with transmis-
sion line resonator in a 0. 25um SiGe BiCMOS technology
[C]// IEEE Radio Frequency Integrated Circuits Sympo-
sium. Atlanta, 2008:119 — 122.

[8] Ja— Yol Lee, Sang— Heung Lee, Haecheon Kim, et al. A
45 — to— 60 — GHz two — band SiGe: C VCO for millimeter
— wave applications[ C]// IEEE Radio Frequency Inte-
grated Circuits Symposium. Hawaii, Honolulu, 2007:709
—712.

[9] Jacques Verdier, José Cruz Nune Pérez, Christian Gontrand.
Analysis and design of 20GHz V(Os using cross — coupled dif-
ferential pair and balanced colpitts topologies in SiGe: C BiC-
MOS technology[ C]// International Conference on Design &
Technology of Integrated Systems. Nancscale Era, 2008.

fE&EE I

I K OFH,(984-) ML HFAE. BIFT 8 SR
£ A RS

REF H,(1968 ), H R, RMLETIW. FFHRTAAR
AESHERHEBERITEARE TS

B R (1968 ) BT, A RIT. BRI
TR Bt 7 3 BT EUR R &5

(E#% 188 ®)

[4] 3KJULER, BB 45, 2T RBF HZ MK HENE R B
WIT. WRZE¥BEA R ,2008,16(3):32 - 36.

[5] Johan Colliez, Franck Dufrenois, Denis Hamad. Optic flow
estimation by support vector regression [ ] ]. Engineering
Applications of Artificial Intelligence, 2006,19(7):761 —
768.

[6] Kuan — Yu Chen. Forecasting systems reliability based on
support vector regression with genetic algorithms[ J]. Reli-
ability Engineering & System Safety, 2007, 92(4):423 —
432.

(7] BfE , Jattul . 2T 38 m B AL 4l 5 B RURS: EA B

32[1). s ¥ 538 HL,2003,23(5) : 136 — 139.
[8] 3%, KKE, BE. ETFXHFmEVNMME ST
HiRER[]]. MET¥5HEN, 2007, 24(6):35-
37.
(9] WAL . 3238 i & 8 A U R (D). 63T db 38
JBKRH,2006.

1EE' T
FRO® 55,1971 ), BLBI A BIR T A O RESGE



