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Research status and experience of overseas MEMS metrology and testing technology
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Abstract: With the increasing application of small-sized, high precision and intelligent MEMS devices, the research on MEMS
metrology and testing technology is becoming more and more important. In order to improve China’s MEMS metrology and testing tech-
nology, the MEMS metrology plans and technical status of some overseas institutions and organizations are introduced, the research
works on advanced MEMS metrology and testing technology are reviewed, and the aspects in which China needs to learn from overseas
research experiences and achievements are pointed out. This can help domestic researchers to understand the research status of MEMS
metrology and testing technology in other countries, so as to promote the development of MEMS metrology and testing technology in
China.

Key words: metrology; MEMS; test; standard

—UIHEENERPHEA, 22— 5a %

0 =
515 JERRH AR Z — 1

WML RS (Micro-Electro-Mechanical System,
MEMS) & & T2 Ju 48R, BERE
T B R B LAl RS 8 R LA s B AR
(R SRR 1Y o HE T MEMS HOR Y g HA
AN KSR BREAL . AR ERT AT At A
SRERL, TEMUESAUR . AR K BT
IRZ AU N H ) IZ IR . MEMS $ORAE N

I EHE: 2021-09-14; 1&EIHH: 2022-01-12

29 AR R, M TR AR (Inte-
grated Circuit, IC) 7=, MEMS /= MbAK TH A K
o RETFICH=, MEMS =GBy . fmg .
e AE L AWE LA G, MEMS f3Eia
W TAEA REANAE S A 1C THE A b A faf B
ok, WEGGH T P AR FE L WEE
oo L EL R BEEFZ AR SR, W

IR 8, KE, WK%, % ESMEMS T H R PR IR KA T ], HHEoR, 2022, i

42(1): 18-25.

Citation: LI L., ZHANG H, SHA C T, et al. Research status and experience of overseas MEMS metrology
and testing technology[J]. Metrology & measurement technology, 2022, 42(1): 18-25.




it R

P MEMS H & 19 5 5 JF & MEMS 3 5 i i £ R
W% .

VAR, A EIEE T MEMS TR A
FIRESE, i F T MEMS (313 32 A e AS B
W, AT FUE S E SN MEMS HHEIREA, xiF
E MEMS Tl AR & e B s e 5 11EH .

1 BESPMEMS it MR AR N IR

L1 =EEZRFESRATRE

5 1 E AR ME S H R A5 BE (National Insti-
tute of Standards and Technology, NIST) & []i% %
THALHL RS (MEMS) FIANHLHL R 48 (Nano-
Electro-mechanical System, NEMS) i H , 5§74
#E MEMS/NEMS ] &5 £ A B9 @8, LA SCRF R K
MEMS/NEMS 44 Ji o EEN LT ILAST7 H T
TAE: FFE T MEMS/NEMS F = 4 & T 505
s XS T B AN 5 MEMS/NEMS #3-Y
PBRReE , U H AL AR U ERERR ) s TT & mliE
W) MEMS/NEMS 2 4%, T NIST K 3 =5 44 51
FRORG D 5 U E MEMS/NEMS TR

2009 4, NIST %4 ffi i) NISTIR (National Insti-
tute of Standards and Technology Interagency Report)
7604  CEFARGBLER TG -FIIRD) 7E g ks
P RIZRAE" 1, K MEMS/NEMS H-&4E A —4
T HEAT MR . AR B R T NIST T &
L T MR ERE Aok R AE MEMS/NEMS
Mg T2, AUAEREETH . Ok
MEMS £ — 5 ffEFE - RM8096 Al RM8097 /, 4l
K 1R, fdim RBiE (Youngs Modulus) . 5843
. 71 (Residual Strain) . K Z8 86 & (Strain Gradi-
ent) . 5P B (Step Height) . TN B (In-
Plane Length) ; @7 & SEMI (Semiconductor Equip-
ment and Materials International) #F5 #E MS5-0813,
v B3] B B 2 18 SR N T 0 S 235 4 1 0 3 e A
TR 02 T5 2 F R A IR AR HE P BT s B
i RA RO @5 AR AL T AR R 2
HLAS ABOR A FEFITT A o

1 T MEMS Gk 5 S )™, NIST #F 52 19 4t
W A2 . MEMS/NEMS 193z shil & . 08 f gk
o6 T AR L T AR AN IR S MEMS/
NEMS. A=#) MEMS A . 6 a7 4%
& RS T

" WUT 5-IN TEST CHIF  WIST SRW 29 ON SEAT |
STRALN w-s

f—“<
=

mUmPS-98

3.5TRRIN
ERRDIERT

I. YOURIES

~n
& =0 z gestounL
MODULUS STRAIN

iririziy

S, IN-PLRAMNE LERETH

(b) RM8097
BT MEMS T —bRifike i
Fig.1 MEMS 5-in-1 standard reference materials

1.2 EilERITENEHS

20074, TERCHS-CHEAHRIZ 2R SCHET,
KRN E K LA 32 (The European Association
Of National Metrology Institutes, EURAMET) F J&i
TRRUNIH RS 5531 R] (European Metrology Re-
search Programme, EMRP) ", 7£2011 %8 K
WHS, moeEEZRYPLEZE (National Physi-
cal Laboratory, NPL) FEHHIH (Metrology with/
for NEMS) (fijFK: MetNEMS) %X} MEMS/NEMS
TR TP TAHOCHIIE T TAE

MetNEMS 35T [ /4 8 5 H AR 2 78 LA B T
Beh T A OCBEEOR LA 2 NEMSTFR IR K. 1%
TH JF AT R M R A A
e PERE NEMS ISR A MIPAT 8%, ok T iz i
" GOREOR | B ARSFEHT R RIS SE A
AR, ROk RWAEHE T AR A R



L 20 - HATER

20225 % 42 % % 1

A2 B AT A5 ] 3 B R AR . R R
Wi . J1. R ANREAAR, LT T
ISP AE T Sk i R . BRI
PEUET R b AR i/ N L R SR Y A
ZIH IR Z W T — RV R, 0 s
s (—FhEAT T Z A s ke B 2D MRE) . A4k
(— AR 035 FH T Ve 8 4 T & A B vk g FH 1) 3
AU RARL) ) R s (e i AL )
&, ORIF R NEMS RALEE T, JF % @ RE NEMS
WRA . RIES, %I H I & T8 B R
W%, VAR A KGO e T8 ik,
HT NEMS iR & & Mz, X 4 NEMS gz

oA T R T 3 S ) R 0D R R R R e S
TAE.

MetNEMS 3 H 5280 7 H A~ HAR Hbr W F -
OMALH T e PEfE NEMS BB AR @NEMS iR
R RS R O s W] AE B L LT RO
W NEMS; ONEMS 4888 . il T a4
BT AR s O FIERTIE AL SQUID (1% i
SETTHEE) -NEMSA4, fii NEMSiEIRES 1
PR PO i AR

AN, MetNEMS B33 4 B 7 150 H - F2 401 (1] 1Y
BB AR A A LR AT L~ AR B, il
T 2015 H MEMS/NEMS i B 2R 1, anlE 2 firs .

Metrology with/for MEMS & NEMS 2015

L NEMS & ST T Te (A L R N AL SR B AR o ISR Bt T A PR i B

T8, BT R RISk, IF B LUBr R AR ke AT S AR B/ SE DL B g A

MEMS/NEMS 7k
g AN = B

Hir

71, BiE. WRER BT BT
BRI

fE R AR I

pEitE ||

Fr bR e AR AE

IR 75

BT SE I SSWLDG 2 5 1%
Y pN 2 Sy &

B SR B 7 77 ¥

A5 FH B A BRI 2%

BT

puil =3

BT
A R E:
ARTESTRIN 2%
AT P OK 23

BRUIZKSQUID L G

R BERN G B AL RAE
HANEMS S MBI, BIEGOREIE AT R

WA HAISQUID R 4

SeHEMBIEOR (I 8206, MeB,)
HGHRE. ZhAA R, R U R M B R

2010 2015

2020 2025

El2 2015k MEMS/NEMS i % £k K]
Fig.2 2015 metrology roadmap with/for MEMS&NEMS

1.3 REERYEXKE

20064 12 H, NPL &AM T (MEMS & &% )
o 1 By T R MR ), % H & DTIE Kl it
Z Y TR 2005~2008 4F 2 kL J 2§ 11
w7 ORI H s, FESE MEMS Tk 124
FIT A R B

I A BTSE T 2SR A MEMS i 58 A 83
A, VG T MEMSADI T Z0R, I8 S A431
T AE AN ] N S AL S HE SR ) MEMS 15 8#% (JE )
FEIRES . IEFE T BEIRAL . SHAAL SR RS AN O

K)o PEAS BTN B R R B i L sl
PRI, BT R et BRET . Fot T
ML FEOL 28 i AL S . B OGTE T MEMS
ARG (Rl AR s A s A5 &) , i ] e 2%
R IS 0RO 2 oA AT AR L ) 87 7 A 0

IS, %0 Qs S E EEAR, A6 AML,
BAE Systems, Epigem, ETB, GE Sensing, MEMS-
STAR, QinetiQ, CMF, STS, Tecan%§, X MEMS
T RIS, EEEHYE 1Y E MEMS ATl
AOTF iR GUfE b B S B2 PR RE L e TR v L



iR

HLOMIBEMDRE R . IRShINE . BRARR ) R T
P ES /INVRFE | SIORUEE R RERAE | e S 18] 2 B
T LI A R TSR A e R S 9 S A
REJE . JCRIE A

I H FUHAD NPLIEAEFEST ) MEMS I 5 155
ETAE—&, FA B Tl fR3eE MEMS /218817
e IR 2 3 B ) — S (), R A [ 7
423k MEMS AL &85 17 1 43 %01
14 ER¥FSERRELRBHKEE

50 24K, AP SAAT L — B IR IR E A Y
WARHTIE, X — B HAEIF TR KA B K,
MAE s 7RG TV ERRR . W& LA . s A At
G EMIEA: . O T8 S X e H it &, 1998
B, M SREE SR T P R, B T RO
HAS . s A G 5 E Z M X 25, W%
[ [ 5o SRR R SR R R e AT T BT, &
TERLT 1999 4F (4 56 — R[] PR SR B K e % 25
€l (The International Technology Roadmap for Semi-
conductors, ITRS),

2010 4%, ITRS B 32 T MEMS £ R T {4
(MEMS Technology Working Group, MEMS TWG) ,
IF T 2011 4 K Ai T 55 — B ITRS fi#% 2k Kl ——
(MEMS), AL mid it PR AR A . A5 ) & A
JC. AR GHIMEMS IS HRAS . HLTIT SRR
TRE . 201444 1, TTRS 25 bt 435 £ii 8 41 ITRS
FELRIEL, I AR N ITRS2. 0, LABE L i 247l
WioR o 2015 4F & A (W ITRS2. 0 i, MEMS TWG
A1 7 FF (Heterogeneous - Components) ( 5 #4
Ao

B MEMS THREFIPEREAVER T, ML RiAS Rk
BT, B R G AR 0 S A A B B A DR AN
R, X SHUHAHE . oy MEMS 3N 2 3
REFI4E m MERE R A Y . T R IR, e
7 LARE M P BOR & XA FERES 8. H A
PRl e =2 s o 1 5 B30 AR 8 4 il G vk AU o R
] AR A PERE . 72 ITRS 2. 09 “SEAW4LrE”
BEXS MEMS A9 I IATRR HE A5 5K . MEMS FIA& 248+
Aol 2 S T AR E R IR X —Fa ok, L EIT
RS HE R AR TR A A PERE I P, 3438
AP RECY RN B B (Inter-Integrated Cir-
cuit, 12C) JBAFPMSORIT A B0 AF BT .

1.5 EFRBEIRARZERS

[El bR, T $7 R 2% 61 25 (International Electro-
technical Commission, IEC) JE% & % MEMS #5 1
ETAE, K MEMS 244 A BRI D72 AR 22
512> (Technical Committee 47, TC47) F. 2008 4F
M TEC/TCAT Hhh 37 Hi o — 158 B MEMS 73 £ K 2%
512 —Sub-Technical Committee 47F, fi] FR SC47F,
TS E MEMS 2 FRifE 77,

IZ oy R Z2 Dl 5 st il E MEMS RYBETE L il
T AR PR T 0 [ PR AR, AR T
FGE X FHRAFS | FEARRUEE AR . Wy
B TSR O s AR R I T S . IRl
SATARA . RIEMEERTS TR . 45k
PEREIN IR T ik TARAL . de i ME 3 TAEH, ©Bik
A=Y . HAT, ZHARZE R E kA 38 10
MEMS bR, P2 T MEMS B ARIEFIE L, il
FHRLIE . MR REPE O Sl 7 v 5% . B R
PREILER 1.

1.6 ¥SEIZMEEHAZRS

FFE T Z B ARZE 512 (Semiconduc-
tor Equipment and Mterials International, SEMI) ]
SET 19704, 2R S5 T T A B Al i i
R S Y 42 Bk B ST AT B2 . A 20 11
28 90 4R R I LUK, SEMI— EL80H FIF % I Tl
& MEMS @A B AR 0 12, A AR | i
JERE | SRR R RUORE 5 0 B A I & . SEMI ST T
MEMS/NEMS 4Bk AR 22 bt 2k A3t MEMS 45 E /Y
il o HATE SEMIEYBRAEF, 4 10 56T MEMS
afFBIARIE, AL MEMS EARARIE | BRI it
a4 o T SEMIAE AR B AR Ry T B A 5
RIS Sy, HARMEZAE AN T3 iR = 1.2
WIS, B2 N FAE MEMS T 204k 148 5 7= 194
7, bEE LR 2,

1.7 (XEERMEMKE

% B B Z M2 At K (National Aeronautics
and Space Administration, NASA) K #i A& & /.0
Bt X MEMS AJ §E 74 7] UK Aii T JPLPUB 99-1 (5
fit HH MEMS A S PR QRUESE ) . 146 M TE A A 28
T 5 MEMS MG A BHE M . SR A=~ T
CEAR . AR KRR, I
FUBEY AR R T T A (B BR B ) MEMS g 4 T &
A SE PR B PR O s, Ml T T A ) R R N Y



- 22 - ZEER 20225 42K F 14
%1 1EC B2 & %4 MEMS /47 75 %
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A2 SEMIHZ 6 MEMS 47 % %
2 List of MEMS standards established by SEMI

B FRiES RARAER B
1 SEMI MS1-0812 i i it i — it FroRi 5 % i B AR 995 7
2 SEMI MS2-1113 AR & By e B2 il 5 1
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6 SEMI MS6-0308 {45 & Zi 4 35 A kL6 g
7 SEMI MS7-0708 Hi & il a4 2 1 B e e
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Fig.3 Recommended conformity assessment methods in "MEMS Reliability Assurance Guidelines for Space Application"
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Fig.4 Conformity assessment model based on failure analysis
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