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Fig. 1 Typical circuit of class E amplifier
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Fig.2 Microphotograph of completed MEMS switch

£h i H 7 25 40 B, IR 8l I OQ I L g Rl DA AR
@AV’

2
20g+ )

X e AT ETECV g FA 735 AR R
LIS R AR I P 2 AR T A 20 DA AR -
(ARG A 3O e M BRI IS . i 14) AT
K, TT R BT 528 g 5 INAE T R AR L 9K 3 HL s (19
7 AR . AR SR WL B K R R, A —
AP, 29K i sl B S I, 8 R
SRR B A TR R R A A P R el R

1
8kgd
V, = /E&I (15)

Horh go s R B TR AR, e S5

Fis (14)

FHICZ4E5]. MEMS FFXME8) &g )1 IF K
P [B] 52 0 R A OB S A4 F i 4 . g A5 K,
BEL A, BB T K Bl 1 Ty G208 (1 HE i s sl b 2 il
(O 2T dge 157 B (1 B g A L) o W K B o 8 A
Ha 39 ) A 9] 53 ) () & ik 3051 8 1 A7 B, AS
(i) FFI S 0F 1 AN () (1 v 3 7 3800k (] 52 1 . R4S
PA g3 #r, SR A BR T ST AT i e N UBORE 75 3 1
T T 4 T O R R 10 R/, R b TR 3 1
AL ZE A FFE, [RIRER ) PR S FE A L, 0 S04 3 HF K
A B HLE A 46V .

3.2 FFXRHME

P 8 R 1 5t e R SR T O W el = ARk
TEHETE ™. A B v R ) FL A R 4 F
HAGIEH n YR ARRERE B 7 D SR MR SR — 0k
ZI, RIE 2l s, T8 B & (XL SR i % ik v kA7
W8 P HOR N dum. T HUS R ICP L 2HE
BE R LT R B e g . 76 B Rk b L i SR
LPCVD i Bl— 2 Si02( 200nm) 5, 75 J9 32 1
Wz ) () 425 . 3 B R W1 R 78 R AE Si0: i
fi_E T W 55 50/200nm 1) Cr/Au MR, FF RO Z,
R 2 EIE S T RIE 5L TR s H

B 50/200/500nm I Ti/Pt/Au )82, Z )5 KR #
BLEEREZAERZE. UL ETEERGE, ¥ EELT
& I8 5 2R IO B RS B RS R A W R RE R E A
AT B R P R B A, AN A ik EDP
JEE R R, R 2 )5 19 B Sk B BE(SEM)
FR B 2 .

4 HR

4.1 ERIEHL

MEMS E JEJBUN 3 1Y J5UR 75 E 455 % 1B TT K
FRIATL A 185 0 A5 25 11 B A1 8 7 Wl 35 R o R 3R 15 42 o
TR B85 = AN T Tl ARVt w1 IO 2% AR A%
A 3kHz, ftH IPRAE T 10mW. T 52 H i L &0
B, AR A5 280 £ T G 530 L BEL D - LR i i U A Ky
15Q) . 75 J5U R AUl Iy B 5 i BEL DR 15, B i T ik
RATT 53, THEAS BBOCHS s i P L e oo . 2
E BRI HR LAEHIE Ve A IV IR, 45 3073 2
(YIRS i s 2 BORTBOR 38 1R TG — R B AR 1



404 £ gk

s,

s

i 24 4%

HLIEH L L Lo € FC ZE L, P HTBOK 254
IR, n O IROR SRR, k1 g, P LA R
KA RN 66.3%, i D)% A 2.89mW. |4 3
JIT 7S A 5 B0 3 ) SO B 8, 30 (a) & L b
(LA, (b) RIBOK 25 i IR BB B () A
JF % M Wi I 1, (d) R JT 5% L 1 v 38 JE .
(@) H I HERAE—A TR 5 0 8 I, R
B N YR, XU E S BOK 88 BB 15 L AE.
FEH () AT (d) T BAFE H, AT A8 I 20 FF 56 b i ' s 0
HL AL ) TR AR A A8 /0N, AT A TSR 88 R A 4 o P 28056
41 E IO E s g A5 B

Table 1 Experimental results of mechanical class E
amplifier
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Fig. 3 Simulated waveforms of circuit parameters of

class E amplifier
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Fig. 4  Experimental waveforms of voltage on
switch (upper trace, 2V/div) and current on

switch (lower trace. 10mA/div) of 3kHz class E

amplifier The horizontal scale is 100us/div.
T st . T
e ] fp S
> F— i
| N At N IV
Pl S i 000 23 00 RO 5 (ol T e T (L, 1V /) T

K2 IE N 100ps /4%

Experimental waveforms of output voltage

K B IRBETE( R 2V /%)
Fig. S
on switch (upper trace, 1V/div) and voltage on
switch (lower trace, 2V /div) of 3kHz class E ampli-

fier The horizontal scale is 100us/div.

5 #ie

KH MEMS JF%, il iE 4T 7 E 80K 4%
IV TE. BOK 2840 3%y 3kHz 1 1E 5% 3%, itk 1)
ol 2. 54mW, T 48 35 20 4 2000. K 38 K1)
RS 05 LA AN PR 45 15 A AR 4. ik i — 2P ek
BETZ, K IF 5610 530 e BEL PR 21 0. 1Q, TR 2311
WORAT A EIR 3] 99% . an HeIXFh TR 5 HE 8 1k 31| 52
FT BE, B 2515 2 SR a% LA S T N RS AT 85 25K
AT AT R K (¥ B T 5.

2% 3wk

| 1] Sokal N O, Sokal A D. Class E-A new class of high-efficiency

tuned single-ended switching-end switching power amplifier.



414 BRI MEMS E S0 % 405

IEEE J Solid-Sated Circuits, 1975, SC10: 168 switching class E amplifier. IEEE Trans Circuits and Sys—
[ 2] Liang Chunguang, Xu Yongqing, Yang Yongjun. Fabrication tems, 1990, CAS-37: 152

of MEMS optical switches. Chinese Journal of Semicondue— [ 5] Peterson K E. Dynamic micromechanics on silicon: techniques

tors, 2001,22( 12): 1151(in Chinese) [ 3 47)", #4035, ¥ and devices. IEEE Trans Electron Devices, 1978, ED-25: 1242

HEOMEMS JETFG. 2P SR, 2001, 22(12) : 1151) [ 6] YeeY ].ChunJ K. Lee J D, et al. Polysilicon surface-modifi-
[ 3] YaoJJ., Chang M F. A surface micromachined miniature cation technique to reduce sticking of microstructures, Sen—

switch for telecommunications with signal frequencies from sors and Actuators, 1996, A52: 145

de to 4GHz. In: 8th Int Conf Solid-State Sens, Actuators [ 7] Lee Y I, et al. Dry release for surface micromachining with

Stockholm, Sweden, 1995: 384 HF vapor-phase etching. ] Microelectromechanical Syst.
[ 4] Herman K J, Zulinski R E. The infeasibility of a zero-current 1997, 6(3): 1

MEMS Class E Amplifier’

Gu Hongming', Lu Miao’, Liang Chunguang’ and Gao Baoxin'

(1 Department of Electronic Engineering. Tsinghua University. Beijing 100084, China)
(2 Hebei Semiconductor Research Institute, Shijiazhuang 050051, China)

Abstract: A class E amplifier can be constructed using either bipolar transistor or MEM S switch. Because of the intrinsic prop-
erties of MEMS switch, the amplifier may easily get high efficiency and high power gain. T his concept is demonstrated by pro-
totype design and measurement. The measured results show that the mechanical amplifier can act as the active amplifier, with

the amplifier efficiency agrees well with the simulation result, and the amplifier power gain tested as high as 2000.
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