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Design and Simulation of a CMOS Integrated MEMS On-chip Spiral
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Abstract A CMOS-compatible MEMS integrated on—chip inductor is designed. The square planar spiral coil program is utilized. The
coils are made of copper with a higher conductivity than aluminum. In order to improve the quality factor (Q) of the inductor, thick metal
coils and cavities etched in the CMOS —grade silicon substrate are designed by the MEMS technology, which can reduce the serial
resistance of metal square planar spiral coils and the losses in the low resistance silicon substrate, respectively. A fully CMOS -
compatible low temperature MEMS process is presented and a 1nH inductor model with thick metal coils and low—loss MEMS substrate
is simulated by using HFSS software. Simulation results show that the inductor obtained by this CMOS —compatible low temperature
MEMS process enjoys a high peak quality factor of 22.37 and 20.74 at 6.6GHz and 10GHz with a self-resonant frequency over 20GHz,
respectively. The influences of metal coils” thickness on the quality factor and the inductance are also analyzed. When the thickness of
the inductor is increased, the quality factor is increased while the inductance is decreased. The fluctuation of the inductance is less than
5.5% in the simulation frequency range.
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Fig. 1 Typical on—chip spiral inductor layout
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Fig. 3 Fabrication process flow of inductor
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Fig. 4 Simulation models of inductor
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Table 1 Parameters of inductor
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Fig. 5 Quality factor of L; and L, vs frequency

Fo6 5K 755K L5 Ly tEART ty 20T Qi 545
Ak, B 6 A BN Q.. H, B 7H /=
10GHz I Q{8 o 7T WL Ly 19 Q EAEA Aty 25 FF T L Lo
Hr R, H2 Qu B, FEFEHEE Qu 1A 5—
OGHz, 1R TR | 12 401 B 25 Js 455 R %] 4ol G it FE 1) 13 368 5 SRR
Ko A B3R AR BELARE Ao G v 6 I % O 458 A6 8l 8 ¥
BN A R BFE D) FE R, HILER BB L 5 L1
Q EHA 2L 4L, 19 Q (HUGEAHXT T Lo 76 20%Lk I, [F 42
o TR IR AR B OR T A R R

HIPE 6 5T AT, 2 f, 3 KBS L Q (HFFEEIG K,
ot T 2R FH 22 £ Pl 45 0 e U, 4% Pl 2 T A7 A 405 T A 1y R AT AR



] jcmik

# S  2012,30(06)

5 3 (Articles) ﬁ\

. o o =290um
[ —a— d=0
2+
Qi 21
20 -
19 L 1 L Il L 1 L 1 " 1 L 1
0 5 10 15 20 25 30

/
Tineral LT

B6 LML QERKEM tuw BTKHL
Fig. 6 Maximum quality factor of L; and L, VS tua

L2 RN, BH T A 6 G D% 0T 0 O, A AR 4k Bl 2 i B R U A 2E
UG B ORT 2k B AR I R BEL, DT B I R BRI Q 1B, A TG
JE R A BRE R AR ST IR T 1 R R B B B V=25, 2k e
T AN 144pmx144pm B2 i T REER A T b as 454 Jf
BT TR KB, TS T HEAE 5 o 25T T 10
Q TR 4 R S 5 503 B 1 451 M) &

—e— d =290pm

Sl [—— d=0

o

L 1 L 1 L 1 L 1 L 1 L ]
0 5 10 15 20 25 30
fo o /um

metal” ¥

B 7 10GHz Bt LiF1 Li# QES tea IEXHL
Fig. 7 Quality factor of L; and L, vS f,m (=10GHZ)

8 P/ Ly B LA 5 AN £a IR R M 0 2 L

L I"‘\_________________, 1 — {,=3Hm
12k ol  — 22—,/ Sum
Ao~ — 3— 1 =8Bum

o 3 metal
E 1.0} 2\“________4____._; 4—1,,~14pm
L )\—/ 5— 1 =20pm
08k © 6— ¢ . =26um
0.6+
1 L 1 L 1 L 1 L 1 M 1
0 5 10 15 20 25
f/GHz

B8 FE twaFHT LEBRESMEXARMLE
Fig. 8 Quality factor of L; vs frequency and tmea

SCIESCE & TECHROLOGY REVIER

AR, Ly 09 E A (L ) /N, TE £,,,=20um B B AE
InH 2547, HAE05 B BEN AT T 1nH BT8R 28 1b 208 88
i 5.5%, 5 R BT bR ER

3 #Zip
BT T —F 5 CMOS T 2234510 MEMS f F 325 i Jgk
SR T 4 B 4 TR 2 8 45 4 ok Bl 3 W R ) Q LRk 5 350 1Y)
HLJER Q. A BN T 22,37 AL 521 CMOS i b v AT Bk 4
T o RPN [7) 4 ) JEE B X R IR Q (BRI L A 1Y 5% e i AT 405 2L 43
B 25 B X TR rh as S5 4 A AL KBk MR 1 ) 14
AR R N 4 JE )2 R R e A v LR Q B (EUR LS L
ECRR /DS, ) B FR BRI LA AR R W B B N AR b /N T 5.5%,
BAFHLARUE T L R — 2ok,

% %3 ik (References)

[1] Khalid A S, Al-Khateed K A S, Subki M M M. Low phase noise
performance of VCO using MEMS [C}/Proceedings of the International
Conference on Computer Communication Engineering. Kuala Lumpur,
Malaysia: Inst of Elec, 2008: 1278-1283.

[2] Yishay R B, Stolyayova S, Shapita S, et al. A CMOS low noise amplifier
with integrated front—side micromachined inductor [J]. Microelectronics
Journal, 2011, 42: 754-757.

[3] Raieszadeh M, Monajemi P, Yoon S W, et al. High —Q integrated

inductors on trenched silicon islands [C]/Proceedings of the 18th IEEE

International Conference on Micro Electro Mechanical Systems. Atlanta,

United States: Institute of Electrical and Electronics Engineers Ine, 2005:

199-202.

El Oualkadi A. 5-GHz low phase noise CMOS LC -VCO with PGS

inductor suitable for ultra —low power applications [C]//Mediterrannean

=
=

Microwave Symposium. Tangiers, Morocco: IEEE Computer Society,
20009.

[5] Yishay R B, Stolyarova S, Shapira S, et al. High performance MEMS
0.18pum RF -COMS inductors [C]/IEEE International Conference on
Microwaves, Communications, Antennas and Electronic Systems. Te —
Aviv, Israel: IEEE, 2008.

[6] Huang T H, Hsueh J J. 5-GHZ low phase—noise CMOS VCO integrated
with a micromachined switchable differential inductor [J]. IEEE
Microwave and Wireless Components Letters, 2008, 18(5): 338-340.

[7] Yue C P, Wong S S. On—chip spiral inductors with patterned ground
shields for Si—based RF IC’s [J]. IEEE Journal of Solid—State Circuits,
1998, 33(5): 743-752.

[8] Tseng S H, Hung Y J, Juang Y Z, et al. A 5.8-GHz VCO with CMOS—-
compatible MEMS inductors [J]. Sensors and Actuators A, 2007, 139:
187-193.

[9] MR J7, FEAR U7, M 3CoR . REFT IR CMOS S 45 46 Al v s v <6 J J52 8 X
S TR E LR Q LAY RE I (] BTG AR: AAA R R, 2005, 11
(5): 455-459.

Chen Xuefang, Cheng Dongfang, Yang Wenrong. Journal of Shangha
University: Natural Science Edition, 2005, 11(5): 455-459.
(FHEHHE LF4L AW)

23 Im



