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MKRVM prediction of capacitive RF-MEMS
switching life based on DE-QPSO algorithm

He Yigang Bai Yuejiao Lu Li

(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei 230009, China)

Abstract: To further study the reliability problems of capacitive RF-MEMS switches in practical applications, a multi-core relevance
vector machine ( MKRVM ) method based on differential evolution quantum particle swarm optimization ( DE-QPSO) is proposed to
predict the switch lifetime. First of all, bandwidth restricted empirical mode decomposition (BREMD) is used to denoise the life data
obtained during the experiment to improve the data reliability; secondly, DE-QPSO is used to obtain the optimal sparse weight of
MKRVM, and the MKRVM algorithm is used to predict the life of such switches; finally, the actual data obtained by experiment is used
to test the accuracy of the methods. The experimental results show that MKRVM can obtain the prediction results within 0. 21 s. The root
mean square of the data is 3. 104 3x10% s, which is the closest to the original data of 3. 065 7x10° s; DE-QPSO can be optimized within
0.45 s, the variance is 7x107. At the same time, it is concluded that the switch life is the longest when the elastic coefficient is in the
range of 4~16 N/m.
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Fig. 1 RF-MEMS switch for curved cantilever beam

WEIETT I, SRS 5 B4 i A5 i o A R MR S T
B AL A LA B R A% 3l B4 <5 o v RV BT 7 DX Bl
SCHESTAE ARG BT Al DU X 2638 rp B i (] Bt 3]
PR RIS LI A A0 P 5 S b G 0T 5 PAY 03 Bl e B il e, e
PARACRELR G A o2 BB T B St i gl A h e 07
TSR TCAR PEAR T R v AR SRR W DR T < S
P AR 2 [R] F) Z 3  dAHSE F8i

NN i 5 FEL P R Sl PR A R SIS R 5 PR B R/ A



- 68 - LSRR R e o

o 34

ARG S 0 H A, S0 &R E LT, S
{55 AT LA JLF-JC A2 A 18 D\ — 3 A 3% 3] 5 — g , 3 I 19 F
KA FIFIARAS R AN (1) Fis

g,A
- g, tt,/¢, (D
s &, FRAS AL B A TR A% i 2 R0 I 1Y T
B gy R GBI L )R Z M WA IR S ; ¢, Ay
T2 5 &, FoRAXT A HLH L

VAN R O, FEAE AR S AR b AR 8] ) T
LRI ZERE R I AOVERT T TR ) RS 8, B0 7] [R]
AR/ T AL 238K U0 T 7 BB S5 4 o 2 st
55 M2 IR Sy | I AT DAL TR
1.2 ZImEAR RF-MEMS FX&EGEZR

3R TF & 1 T4 SR B AT 61, L 25 28 RF-MEMS FF
K 1) 745y -5 1 i 14 2 LRI EL A TR T FEL SN AT O g
i H R AN 2 5 A sl A e R SR A 2 Y
PR EEL 7 A R ] DT T 56 19 75 A e ol — 2 AR S )
AR ST AN T Y 78 HL RO X T I S A S
3 X L ML B 1 o W BIF 9 55 W T G T 4% 77 1 R
£, IFFIFH MATLAB #4204 740 C 9 58T

T o At AH 56 SR 9 BF 55 T 0, MEMS 56 1) 2 3%
FERR ARG RN EBE 2 iR,

up

K2 BT R R 5
Fig.2  Adhesion failure caused by dielectric charging

S I 7 A B4 R A e B o (R A, DR
ZRAEACAIA BUZ I A R A, 24 T L I ) LA B A
JZ N R B B R 7 AR AR HL TR > VL, B2
RS AL 10T A A A B s PR Ak R 7 AR 2R 11
T FEL O PR i 1 SRR AT A7 A o PRI 24 T SR e it
AR faf AR P 3 TR

+—0s
CPVEL

K3 JFSCHL AT oA

Fig. 3 Switching charge distribution

AR o) KR AT S R B BT, o, KR

A B I RAT L, o 9 CPW SRR HAT# L, ¢,
HHELA AT R, V, -V, N RE R, E, - E,
SEHLI AN 0 RIF SRR T AR E], § MRS 5 10 o
2, m A R R, e, FCFRAHRT A B 2L
U SR A1 e, R R S 45 R 22 R, S A Al L 6 T

H T AT Sl A S A T

F=Kx=K(g, -1t) (2)
HLZ 3 A AT
E=¢g x 27Ut (3)
CER g (1
£,E,8
g=CV= ; x U (4)
AR IR - R AR L FE AT
Jep =P exp ~ (& _eﬁm)} (5)
kT
Ohimic &5 HL 2 FE IR
-E,
Jo =poexp|: KT :| X E, (6)
S AR .
J=Jo+Jp =
Poexp|:_KET‘Qj| xE, +pFPEdeXp|:_ (£ _K;ﬁ «/E):'
(7)

LA 52 P A EL T SRR AR

o= X X ] X1 =

£xn xEd{pOexp[‘K’;ﬂ} +,,Fpexp[— (E, - o8 ﬁ)}}

KT

(8)
A S I O A3 i A A DG 24 2 2 e, g A ] 2
TR TP BRI, A

U &8

K(g, —1t)=¢, X5

BB AT HE S P AR L

2Khridgeggg >

gong = Ve (10)
H LS HU A G &R T

IAt (-]bp +JQ)A§77
Vpull—oul = VChargc = ? = fAt ( 11)

x U (9)

Vpullwm -

2K, 000850 o€, ’
A 8o

“(E -e - E,
ek, (pFPexpi:(EtTm} +poexp( ) )

K



12 3

5T DE-QPSO H: ) MKRVM X HLZ5 2 RF-MEMS ¥ ¢ 1 2 i Bl 75 v - 69 -

I, AHEE H 520 L2 X RF-MEMS F 56 HF 4 i)
R FENE R K, A 2R o, BRI g,
IR e 2

Horp i Sy 2 R T MEMS #3485 2 AN w] 20
Y, T B e RE R LS B R ARG A ERAR B YA P EL A
SRR RE ELH AR O, 1 T Sl A 1) 5 1 2R ORI O Y B
SRR HE B VIR, IR R SR T R EHZE S5
Z— RTA S EE e M R K X Farisg i, 315
F MATLAB #fit47 Hanfii B,

2 BREMD X

F T A 5 A i A B A R T B s R A e
RA G PR AR G T, 3XRE 23 BRI B i
FETER 22, 380 T 2 05 P00 I 56 743 i 3o A2 19 A v o 12k
PRI, Sk T 38R B ] SR X6 UG B R B 2 Mg
BT O R BRI T — 2 R & RS 5
EMD ) 7 %, EMD 53 2 —Fp b B AR G 5 1
HE BT AR FIAE AR AR LS S, aE TR
P SERE S AR S PR I & B S IR S 4,
— BRI G B AE AR AS R Bt 2k 25 T B X IR
AR CAE EMD Y5l R B BREMD #9725 5k X5 5 it
AT RN ab P

BREMD AMAEPIA L #E, 1) Gk 72 52) A4
Rkt B i R R AR 1R S o — R S
ARNEAEZS PR IMF A A RS BRI 50 (1),
SR G IR (55 50 T AR i

x(1) = Zci(t) +r,(1) (13)
L. (o) R A IMF; r (1) AR,

JF AR5 5 FEE B L HISER IMF R EURIAy =
A, PG, LR S s, 0 Tl A1 G IMF s, 1958
SCETREY

s, = Zx(t)ci(t)/Jsz(t) Zcf(t) (14)

Hrr s, BRRFHBIREEE R B 1 AME (A
R=0.3),k e [1,n], AR IMF BEFRAEN 29 21200
WS Y SR IMF(NDIMF) T B 8 25 M 07 805 5y 552
B, BT LA T E R SR MR R A, 3R kA A 0 S
WA 1 86 5, Frh SUREShrink {6 1 VisuShrink
(BT RPN N N Tz B e B R ik AR,
VisuShrink AR RESAT “ 1L EE D" L4, X PP EL 4
P Bl — S0 H L 1Y 55 %7 E . SUREShrink 5 {6 J7 1
DU 2 30 3 ¥ R 22 1) TG A A 11 2 9 (E ( MSE) |, I 7 7k
AT LARAE 5 TR A5 B (R AR T DLk 1l i
A7 BIIRG:  h  RR E s (A k25 . R, 7E

AR SC 4 — RSR[5 (7 R ok L3R B RO 3 1T g
B A ), PR [ (8 vk R — s I eR AR —
ANBROR DX IR A LY [ 52 B, A\ VisuShrink J7 7%
FRAR Y B (IS AE V) R BRI X 3R S A
SUREShrink BBy 2% #5210 (04 B (ICAE S) 1R B
X3 N5, L, 228 NDIMF A0 .

¢, (1) =c(1) - p(e (1)) (15)
A: o (1) A XM NDIMF; c(:) 4 )5 4 NDIMF;
w (e, (1)) HAHRNL IR JE R AL,

UL AT %0, NDIMF iR R 3530 VA 3% B AT /M i
JE ], e B E S AL s 55— 5 1T, NDIMF A i 42 301
S LA R A S A, 9T SR B RN T

1, ey 1=V
we, (1)) = (C"‘” _S)z, S< e, <V (16)
V-5
0, \cim \<S
Pk, EMAESwT L an s =i
(=T e+ el 4 (17)

PRI 22 i T o M i i LA B BRI R

1) 7E R HA 155 HR W BREMD 33K BUA 51K IMF

2) MRAEAALL R B (14) FRAFAHSE ) TMF

3) Ml LM NDIMF FIsR & B R gy =X (15) L (16)
HWEEM e (1) Ble, (1) o

4) i EMESR(17) KB LGS,

3 MKRVM EHAER 7%

RVM J&— Ff & T 7 i D1 i 30 B 38 (O HL 28 24 ) B
gl 5 SVM BEEAE A, RVM S B, i A s [ o
B, AE T EZ RVM R AE [ T i 2ARSE T 4056,
PR T AR BB e P 16 % A0 A7 A6 S /N0 TR T AR SR 22
Wiz 2 17, B MKRVM BEAT 300, ©4 3 1) 4 ik ] 45
S EARZERER B A, B2 i IO A4 vt o

B —dINGEAREE N {x, 0,00, Hodbx, AT
W, ¢ AN HbRm . HARmE ¢, AT R SO

t.=y(x;0) +6.,8, ~N(0,0°%) (18)
X w = (0,0, ,0,)" ERERE; S, WS,

IR ¢, RASTAFAERY AR A S BB vT LAt e SR
1

207

p(t\w,«ﬁ:<2WZ>*“““exp{— ||t—/uw||2}

(19)
A= (,0,0,0) = (p(o) (x,) o m(xy))
p(x) = [1,K(x, %) ,K(x;,%,) -, K(x;,2,)]" ,K(x, ,x)
IR @ T o BRI T AT RS S BOS LA B
G, TR, R FH 2 35 (8L v 397 56 36 MR 4 40 A ok 247 35X 7 A~



70 - BT 2 A 934 %
e K(x,x)=[x -x+1]" (27)
. S EERC, A SRR MKRVM 25 F 1% b

A) = N(w.|0,A; 20
pwd)=TIN(o 10,07 (200 Loty LTI M 10 4 B BRAEL G, 3 I o 2

Kol A N+ BB R
AT 125 5 B 09 AL O 0 78
plw, A0’ (1) =
p(tlw,A,0*)p(®,A,0%)
fp(t\w,)t,o'z)p(w,/\,a'z)dwd/\da'z
Hrp p(w,/\,a'2 |t) AT LASEAT IR 20 M .
plw, A0’ [t) =p(w|t,A,c’)p(A,0c’[t) (22)
_ptlw,o?)p(w|) _

(21)

P(w‘t,A,U ) p(t‘A,(Tz)
, -0.5(w -¢)"
m)-(N+1)2|% “x{ 1 } (23
™) = ( | 3| Pl 51 - ) )

Ko =0c"3u"t,3=(c7u'n +A)" A =(A,,A,,
A

p(t| A o) ATLIGE Ot (24) , FR M5 —
%&O

p(t1A,0%) = [p(t|@,0")p(@| Q) doo =

W

(zﬂ_)-s\vz ‘ o’l +;LA_];LVIV ‘rzl cexp{—0. 5t"'(0'21 +;LA_I;LT)_It}
(24)
X —ASHr s A & e, |, B 1) & B9 Tl A
ATLLE(25) 3175
p(t, ‘t’)‘MPE’O-iIPE) = fp(t* ‘W’U;PE)P(‘U ‘tv)‘MPEy
O-iIPE)dw (25)
T A BRI T B R U FR R B A B R
Bz RN R KO R R
%, = x|l 2)

e (26)

K.(x,x;) = exp(—
K0 AT,

22113 N A% PRESCRE UE SR 5 T I A RSO — FP AT
B RhTE ) T R BT AR R (27)

v,(t +1) +{0.5+0.5 X
x(t+1)=
v,(t +1) —{0.5+0.5 X

K p, WFPEEEE, ¢, o, 2T A, — U 5, A
XHE ¢, =¢, =251, .1, N[0, 1THIBENLEL; p.(1) AR
B p, (1) AERBIE; v, € [ = v .00, ] 30 BN
RTEARUEL; T A B REARIR B
4.2 DEE%

DE B3ER 73 AR 5 A8 LA Rk #, DL ok 38 5 i
Pef R

T -1
X‘mi
T
T -1
X‘mi
T

 RF-MEMS JF 3¢ #E A7 75 i B0, 22 500N A% AT L) gl
A
K(x,x,) = ZvJKG(x,x[) + Zvl,Kp(x,xi) (28)

s v, Mo, SR IRARER j A A PR ECRIES r A 22300

ABBRBIRTE, Yo, + Yo, =1, KL L=5,0=3.

SRIMT, PN A2 BRI B A 25 7 s Vi 0300 ) 388 ARV A 3
T FRATTEE R AL A0 53 3 oFe 4% 3] 9 4% o B 7 B A,
FAPEACS T T LAY/ #5310 S A0 A 1 BsF ], R L e o o
W75 B R R S, A SR R AL Bk A BA
SR AN NI RSN NS | Wi 7 NIVAS A O A SO v N S
SCRH DE-QPSO #3225 34k MKRVM H 8% pR 011 e
R,
ASCR P 7 A D i S bR (HL) 8 SCUnF .

HI = /%iyf (29)

o, o, B | AN TR
4 DE-QPSO &%

4.1 QPSO &%

QPSO AFI AR AT MR FREF D i TR T
ARSI R E S B AR AL, BT LA Sun 48
TEEGRLFRER L 0 FE Al B A oot IR T & TR
TFREAL AL X R L R T B R B DL Ry
TR 5| S oA LA & BBk A T AU E R T8, X
FEEE R TR )RR, HHE AR T,

m, = Y, p(1)/p, (30)

vy = Leyrp(1) +czrng(t)]/(clr1 +oyry) (31)

—x,(t) [xInu, u>0.5
(32)
-x,(t) [Xlnu, uw<0.5
1) FiERItR AL, BEL™ A ta R 2>
x,(0)=x] +rand x (x/ —x/) i=1,2,- ,N;j=1,

2,-,P (33)
o v, W AR [ A x! FR AR
N RFRBERN P ARSI A rand 49515045
HIBEHLEL,

2) A5 FERTA Y EHUR B b 0O ] B 7 1
ot 2 5 SR A PR AP R



12 3

5T DE-QPSO H: ) MKRVM X HLZ5 2 RF-MEMS ¥ ¢ 1 2 i Bl 75 v - 71 -

FEAE RTINS ERRE  HA TR AR
V(t+1)=X,(t) +S x (X, (t) = X,(t)) (34)
Hrbr ey R0, n ] BYBEALEE RS M [0.5,1] 48

TR T 50 St EAARE X (o) S5 o ARFIEFRY 26 § AN
3) X, T IR B 2R BT A S

P B AR SRR AE RRIRE V(0 + 1) 3738, HARSRAE

W IR
Ut + 1) = (u, (0 + 1) u (0 + 1) 0 u, (1 + 1))

(35)
u (t+1)=
vi'j(t +1), rand(0,1) < CR EZ] = Jrand
{xl,,m, Jof (36)

4) ii%%,ﬁﬁﬁ@iﬂ% (77 2k HEE AT — A B A
N S
Ut +1),
X, (1),

X.(t+1)={ SCU(t + 1) < f(X(1))
' HoAth

(37)
4.3 ET DE-QPSO &%

QPSO k4 2 P, AR A D (B AE WS )
FRE (%) A 1 2 0 />, 2 1 B30 B A DR 35 S P A, i
DE B335 IE 45 0] LAWK RN X AN Sl B, 38 I FpoRE i Z2 A6 1, (H
DE F31% (18 356 AR Kk 22 350 fuf 8 B2 AR, DRI T AR S 435 W e
BEEE A B — Fh AL B e——DE-QPSO , 13 A 19 Fh 5 12
AT DL E A SRR FBREE 380 5k e 1, e Oe A Sk
SN ILEA T kAR A 4 FTR

1) BEAL AR IR R R, IF 3% B 00 16 L AR 1Y 4
HFTEURE DL RS TR AU ¢ R KA T

2) 7 e>T, W p,(¢) , FWBEFT R —2;

3) HHRL T I R

4) XA B AT DE FL A

5) PRRRAL M AIENAT AR, WIS p, (1) HYME;

OBt =1+ 1 ZIRHEETE2)

foJr 15 B B LS 2 MKRVM 9 N AZ AL

5 A5

RG220 RF-MEMS £ & Ay =X (12) AT, 52
M HAF A R E A W R K IR T, e 5
H K AR SCGER IR R K VRIS 42, il i R [R]
B ZECT AR RF-MEMS JF G 54, A 31 6 1
o 5 R BN R T AR5 X 2L B A MKRVM
Xt FE AT A TN, P ke BB A5 3 B Sk R AGA F
O AR S R P A TS B Y, A S IR R
e s fims,

BEBL=AE
HIGh P

'

WEAIEL
UGS vanalivl
{r B A

Y
BB Y ATEA
WHuRR K
BRRET

N it Rt

Pg(t)
R
AR

v
ST
[VA=ReiZ

DESE#AE

v

R BARAE
Pg(t)

¥ 4 DE-QPSO S ikt
Fig. 4 DE-QPSO flow chart of the algorithm

AR YR S 55 70 A (B R R 9K B0 R R R AT G
Framilia , S HOT AR A & TR 4, 2K R 200 wm, 2
Fo R 30 pm, BEEN 1 pum  WAR R ES R 2 pm , (L5285
FES 150 wm, B BT AL RE G ZAGER , S8 fm & L e 18
i b I O FRL R RS [ S R RO X S AT
A IS 06, 5 Je AR T 581 2 ks 4k 22 A0 OC 19 %K
P b LA Je T
5.1 BREMD X[Eid72

FEFATSCH R4y VA0 M)A i) BREMD 25 i 7
X AR IR S5 s 7 i M R AT 2 MR A B FE R A T G
FEA A Al | DS 204 e RO B i v v H
G AE S5 0 0k AR b B Y R T R R 25 SR A 6
FR

FMRZEIANIE 6 PR, Ry SR A5 5 | REAIRGE 4
PME R 4~5 N/m WIEGRRRZER 6 iR IE, W LR
i BREMD M5 vk 78 et 4 B0 1) St b #E AT J A, LE
AR B Y B Y Hh 26, 224 BREMD 25 M A4b B 2 )5 1)
2R S IEIE , HERR T — S A0 E BT R B 2, ]
PLAE B i MKRVM 0045 56 0 w1
5.2 ETF DE-QPSO it &%

X F MKRVM 537 H P A% R 2500 # i A e (L i 1Y)



=72 - LSRR R e o

o 34

IR S

v
REUEARRF-MEMS
FERAEAF) HiE R B

T H A

v
J#5E BREMDX 3K EU S
HEHAT 2R A3
v

BT DE-QPSOf= 4
MKRVM F 5 B A &

IR AL E R
HAR R AR
LIS ROA N

]

PHHMSE

REBIEE
ek

REEA
MKRVM

'

MKRVMIH) %y
fgbl]

TSR

K5 MKRVM Zfiir Fi i
Fig.5 MKRVM flow chart for life prediction

45 7><]O“
e Raw Data
41 ——BREMD
35t
® 3¢ Raw Data
X 6
£ s 30010
o BREMD
T 2L
1.5¢
Raw Data
.6
s 4.0 45 50
PHERE/(N-m ")
0.5 .

2 4 6 8 10 p)
PP RBU(N-m ")
El 6 BREMD M

Fig. 6 BREMD denoise

Wl AR SCRAT T 3 FRAL SR FEEATXT B, 43 B2 DE
B, QPSO Bk, DE-QPSO 7k ARS8 13 & 1 B kK
BEARUEL T=100, FREFECE R 581, B 740k 500, 45 i A
T 0.6,38 UAHEF N 0. 80, ZF FHER N 0. 05, = FhE 3k
FEAS A FRAG B A 305 N7 B (AR YR S 56 36 B3 1% 143 N B
25K SR PR HRORE - 1R WSO BIORE B,y 2 /N D) B3 1
PRRCR BT ) B AR AL an i 7 B

wooqer. DE
- DE-QPSO

0 10 20 30 40 30 60 70 80 90 100

K7 RS AR G X L
Fig.7 Comparison of sparse weight in different

optimization algorithms

®1 TREENRUER

Table 1 Optimization results of different algorithms

(=R7S U= YL/ s
DE-QPSO 7%107° 0.453 21
QPSO 1.8x107* 1.789 35
DE 1.2x107* 2.873 64

ME 7 0] LI B A B QPSO B kfeiafTid fih 4
Fa A JR B8 S AL 1T DE BBk AR B 25 A 3 Aoy ik
B TZEHAIZ 1 AT LUE Y DE Bkia 170 ] 5 Kk 5
2.873 64 s, iMi DE-QPSO AR H &, HA 0.453 21 s,
QPSO B AT [A] 24 1. 789 35 s Iidi W & J7 22 il DL i
DE-QPSO 77 Z /MR 7x107° ) J DL A AL B3 i i
HERR R Je =, QPSO W7 Z e K, a6 %) 1.8x 107, A Ik
QPSO Bk A AL AR B 25, E R B AIK, DE 1907 22 1
1.2x107* &b TP ], 25 L RTiR A% DE A QPSO
IR L, DE-QPSO B8 3k (1 vERfA I A A3k 2R LA K iz 41
Bf [T BH S 50 AT O 95, 3% 2 9 FIH DE-QPSO it fb 53k
53] MKRVM (R S A i S L2 2R
x2 MRUBHENE
Table 2 Optimized sparse weights
WE 1 2 3 4 5 6 7 8
& 0 0012 0 0.1435 0.1837 0.2736 0 0.1223
5.3 MKRVM #1T& Ml

FEARR SR SR BT 1 e i 0 ) i ke T G
FEAr AT, 4358 RVM FIl MKRVM, % ‘& £ 9 4%
PR R 1,23, o A% ek B0 9 B R 743301 0. 1
0.2.0.3.0.4.0.5, Fi&E RAnE 8 frw,

5 8 ORI R T 3t Rk 7~ 10 N/m Y EI1R,
AL LRI B A9 HRH MKRVM A5 21 i) 7500 K30 o8 42
IR IREAE . T R B by B AR I v A
45 A SCRI W Ah 7 45 2 77 i F000 14 245 SR 5 52 B o




8 12

9512 3 5T DE-QPSO H 1) MKRVM XJHLZ5 20 RF-MEMS F 3¢ ) 2 iy T 75 v =73 -
50210 =3 FETN T &R TN A E
a5l MKRVM Table 3 Prediction time for different prediction methods
40t ik MKRVM RVM
35 T Ji /s 0.21 0.63
“30 *4 HIBETE
% 55k 42 ++*N+T Table 4 HI data calculations
= 20} € 4.0 MKRVM #wtﬁf——""" Irik JE R A e MKRVM RVM
D38 A e HI/s 3.065 7x10° 3.104 3x10°  3.196 1x10°
1.5} r T 3.6} tﬁ'“‘\R 5 A ‘ \ —
o 'g"’ al aw bata N T RN AR RF-MEMS FF G (4 7T 5 1,
! i 8 9 10 . i e
, ‘  BERNUNm ) AT LA T 45 50 1 BE Aty _E X T JC R TR AR (8 75 i RUL
2 10

4 6
APk RE/(N-m ™)
E 8 AN A T Jr ik xd b

Fig. 8 Comparison of different life prediction methods

43T 1% 25 error HLHI R L | error B X UM (38) s,
Dreal - DprP
D,

(38)

error =

020
0.18}
0.16

~ 0.14

£ 012

—RVM
=+ MKRVM

= 0.10¢
¥ 0.08
& 0.06]

0.04}

0.02F

Ko PR BTN LR 2

Fig. 9  Error of two prediction algorithms

M 8 Fi19 AT LIFS R DL R 4518 , MKRVM 53 iy F0
P AR A I 4a X R 2230/, b RVM B3 Tui 45 21 i
AECE T B 250 T A ) SR (R Y R b A
iR LW S B ) | RIR FH 2 4% 24 2 B 5 45 31
) TR 225 5 b BRLAZZ 114 2 2] D7 IR AR B 0 45 SR v B o v
— 77 T AT 7 1) FUI0) s () A8 HE %o L, e 3
7%, MKRVM &3 fir B[R] A 0. 21 s, RVM &35 Bt FH s [i)
4 0.63 s, MKRVM 5.3k (F) 3R FE 2T RVM B3k 5 —TJ7
T A (29 ) 15 21 4 A 5 3k 0000 1) 77 i 504 1153 e e
BAR, Z5 AN 4 R, N3 4 W LUA H MKRVM i 45
S REFE bR 3. 104 3x10° s, BT 3530 T IR 06 B Hie
FfEREFEFR 3. 065 7x10° s, RVM 4 3. 196 1x10° s; 4% |
JIT iR 33k TR 25 SR A A B s AT ) DL R fE RS bR —
D7 EXT EE, MKRVM # 68+ RVM 553, BRI AR SC e #5
MKRVM 3%} Bt 2820 RE-MEMS ¥ 56 #5475 i

(remaining useful life) FAFUN , 25 BE /R Ho T30 4 52 1Y
RUL, 23 K B2 870 B Ry 25 R 400 DK T -5 350 R G T i Ak 22
IEH BT IMER I DA DB 2 B 8 0 &R Ge i ]
EEPE L B MKRVM T A 50 1 sk R 5000 T 56 i
e, M RSEPRE LB Ty ¢, BT AF &Y RUL
Al AR (39) A,

RUL =1, -1, (39)

i 1 % L 78 2 RE-MEMS JT 56 7 4% 73 i (1% 500 7 )
15 Y TF LY M B BUE 4~ 16 N/m B, FF G ik
K, kBT TE R ECH 10 (7SR, PLi ) 754y il DLk
£ 1388 h 247, I MR X E L8417 T 88 h, k55|
FF3E1% RUL SN 1 300 h, 2 54 d, e84k 223547 50 d VUG,
R TR SR X S A7 B ok 2 R R A Ak S E R B AT, R
B R G T SR

6 & it

ARSCIH] BREMD J5 32 % 52 36 v AR L 22 3 RF-
MEMS 3¢ A7 gt i 17 2 Wb 28 ) 2 )5 >R A DE-QPSO
PUALSRE A B MKRVM (9 1AL, - F1H MKRVM i
FIIFLI 5 A 3 RUL, 3873 MKRVM 5 RVM 55
XT3 MKRVM HA B0 1927 > PR RE 72 e £ 001k
BRI A SO R F Y DE-QPSO &% [ DE %51 QPSO
SR FAT S v A A P R0 B X g g ] LA
FIAEHAB RN B A BT o A ST IE T 5k R 4K
K XL A0 RF-MEMS JF 5 A5 i YRR, 7545 HO B
B2 YRS ST FAL R 38 0] A5 il R 5 e aE— 25
MEMS g Al SEPE RIS, (E AT 58 S 421
B2
C1] B LR RF MEMS TFX 5 AR5 D],
WA IR W R BE B T K 2%, 2013.
ZHENG G X. Study on design and failure of capacitive
RF MEMS switch [ D]. Harbin; Harbin University of
Technology,2013.

[ 2] XK MEMS PR 2 MEMS JF 5 TE U
BER P BOATSEL D] AR - v TR R, 2017.



<74 - e R = I O 934 4
LIU R L. Failure mechanism of MEMS switch and ZHANG CH L, HEY G, YUAN L F. Prediction method
application of MEMS switch in microwave circuit research of lithium battery residual life based on EEMD and
in China [ D]. Chengdu: University of Electronic MKRVM [ J]. Power system Journal of Automation,
Science and Technology, 2017. 2018,30(7) :38-44.

[3] HRSESE,HHF RE 2. RF MEMS JFRIUMIESER  [12] WANGT, HEY G, SHIT C, et al. Transformer health
¥atET]. Eﬁ,%ﬁﬁ:'ﬁﬂ’ﬂ—,ZOOS ,24(3) .47-51. management based on self-powered RFID sensor and
SHAO W W, HUI CH, XU AI L. Calculation of bridge multiple kernel RVM [ J ]. IEEE Transactions on
membrane elastic coefficient of RF MEMS switch [J]. Instrumentation and Measurement, 2018,28(51) :40-45.
Electronic Components and Materials, 2005, 24 (3). [13] HONG K, HUANG H, ZHOU J, et al. A method of real
47-51. time fault diagnosis for power transformers based on

[ 4] JDGIE. RF MEMS ﬁﬁéﬂiﬁﬁﬁ%[])] W& BH . TR B vibration analysis [ J ]. Measurement Science and
K2 2013, Technology, 2015,26(11) :50-61
ZHOU G Y. Reliability research of RF MEMS [14] SHARK L K, SHARK C K. Denoising by optimal fuzzy
switch[ D]. Luoyang: Henan University of Science and thresholding in wavelet domain[ J]. Electronics Letters,
Technology,2013. 2000,36(6) :581-582.

[5] R, HIL3, TT. A2 A H % RF [15] DONHON D L, JOHNSTONE I, KERKY G, et al.
MEMS H & 52 m [ J]. 15 &+ R 244, 2006 (5) ; Wavelet shrinkage; Asymptopia [ J]. Journal of the
1955-1958,1962. Royal Statistical Society Series B,1995,57(2) :301-369.
WU Y F, WAN J W, YU N. Influence of dielectric [16] CHANG M H, KANG M, PECHT M. Prognostics-based
charging on capacitive RF MEMS switch [ J]. Journal of LED qualification using similarity-based statistical
Sensing Technology,2006(5) :1955-1958,1962. measure with RVM regression model [ J ]. IEEE

[ 6] skikfe, W, #iosms. fd zt RF MEMS F ¢ )i Transactions on Industrial Electronics, 2017, 64 (7).
SEPE(T]. R TR 2010, 47(11) :701-707. 5667-5677.

ZHANG Y H, CAO R P, LAI Z SH. Reliability of [17] XUF, MA L, WANG J. A fault diagnosis method based
electrostatic RF MEMS switch [ J]. Micronanoelectronic on optimized RVM and information entropy for quadruped
Technology, 2010, 47(11) .701-707. robot [ C]. China Control Conference, 2016, 62 (6) .

(7] FEBEAR, K%, R X RE TS L A SAH S T 5 6617-6622.

PR R AL [T ). A2 B R F i, 2006, 19 (1) [18] SU Y, CHI R. Multi-objective particle swarm-differential
87-92. evolution  algorithm [ J J. Neural ~ Computing
YUAN X L, HUANG Q AN. Model of dielectric charge &Applications, 2017,28(2) . 407-418.

and related reliability of capacitive RF switch [ ] ]. [19] Z4&3C, 508, . RAE R FRE e 250
Journal of Sensing Technology,2006,19( 1) :87-92. PALE DAL BP 22K Y BERPR ZE TN 55 [ ] ].

[ 8] HUANGJ W, WANG Z G. RF MEMS switches based on Wit 5815 ,2018,20(6) :105-109.
thermal actuator [ J ]. Journal of Southeast University WU J W, WANG Y P, ZHOU H B. Optimization of BP
(English Edition) ,2007, 23(4) :520-523. neural network milling by quantum particle swarm

[9] Z&5, 5B, X%, 55 B8 RFMEMS ¢ algorithm coupled with differential evolutionary algorithm
RO aR R [T ], B Tolk % 4%, 2007 (1) . 18- prediction of bed heat error[ J]. Design and Research,
20,30. 2018,20(6) :105-109.

LI Q B, JING Y P, LIU M ZH, et al. Research status of [20] REHMAN O U, YANG S Y, SHAFI U K. A modified
electromagnetic  driving RFMEMS  switch [ ] ]. quantum-based  particle  swarm  optimization  for
Specialized Equipment for the Electronic Industry, engineering inverse problem[ J]. International Journal for
2007(1) : 18-20,30. Computation and Mathematics in Electrical and Electronic

[10] CHEN CH W, ZENG T. RF MEMS capacitive switch Engineering,2017,36(1) ; 170-186.
with Leaky nanodiamond dielectric film [ J]. Diamond [21] k2. EBFR FREEEMHNHID]. A%, itk
and Related Materials,2018,20(4) :546-550. 2 2010.

[11]  SkEAJE AN, = AT 25. 2£F EEMD Fl MKRVM 44 ZHANG L. Quantum Particle Swarm Algorithm and Its
LRI A O i (1], B R R H A sk Application [ D]. Xi'an; Northwestern University,2010.
#,2018,30(7) :38-44. [22] DASR J, SINGHN K J, TAPAN K G. Estimation of



12 3

5T DE-QPSO H 1) MKRVM XJHLZ5 20 RF-MEMS F 3¢ ) 2 iy T 75 v - 75 -

dimensions for a trapezoidal-shaped steel fin using hybrid
differential evolution algorithm [ J]. Neural Computing
and Applications,2017,28(7) . 1683-1693.
[23] SUY, CHI R. Multi-objective particle swarm-differential
algorithm [ J ].  Neural

evolution Computing &

Applications,2017,28(2) . 407-418.
EE®E T

fAERI, 1992 4F T 1 7 K2 3R A3 1+
2200, 1996 4F T P4 42 A8 R 2E R AR 12
P BAEA I TAL KA S S A aifh TR
BERed, 25 I 10 Oy B 3O R I
F S TR A5 5 i ik 5 e 12
FELA S AR, 2 i e 0, T S A W A

AR AL,
E-mail ; 18655136887@ 163. com

He Yigang received his M. Sc. degree from Hunan
University in 1992 and Ph. D. degree from Xi’an Jiaotong

University in 1996. He currently works as the Head of School of
Electrical Engineering and Automation, Hefei University of
Technology. His main research interests include power electronic
circuit theory and its applications, testing and fault diagnosis of
analog and mixed-signal circuits, electrical signal detection,
smart grid, satellite communication monitoring, and intelligent
signal processing.

B AR, 2017 47 F 1A 580 o e 4145
E e VA DRy I N 22 1 A S
FEHFETT 10 9 IGBT S L - TT 48 1 (9 7]
E-mail :857429407@ qq. com

Bai Yuejiao received her B. Sc. degree
from Shandong Jiaotong Institute in 2017. Now she is a M. Sc.
candidate at Hefei University of Technology. Her main
research interests include reliability of IGBT or electronic

components.



