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Reliability Assessment and Improvement of MEMS Vacuum
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MEMS Lab., Samsung Advanced Institute of Technology

Abstract

We carry out reliability tests and investigate the failure mechanisms. of the wafer level
vacuum packaged MEMS gyroscope sensor using an accelerated degradation test. The
accelerated degradation test (ADT) is used to evaluate reliability (and/or life) of the
MEMS vacuum package and to select the accelerated test conditions, which reduce the
reliability testing time. Using the failure distribution model and stress-life model, we are
able to estimate the average life time of the vacuum package, which is well agreed with
the measured data. After improving several package reliability issues such as prevention
of gas diffusion through package, we carry out another set of accelerated tests at the
chosen acceleration level. The results show that reliability of the vacuum packaged
gyroscope has been greatly improved and can survive without degradation of
performance, which is the Q-factor in gyroscope sensor, during environemental stress
reliability tests.



104 / 7548t/ IE S H4 8 MENS 37149 484 84 9 A

1. A &
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MEMS (Micro Electro Mechanical Systems) 7l&<& 71£9 Ww&H T4 71€& o&
3t Z1AIAoln A71HQ vlo]A 2w E Ar|e] 24Y JAE MEEe MEL Jle Eof
015} oA wEAA = JAEL AA, dFdolH, BA77 & FBE 771Y 7S Ut

F Ao, thddt RofoA $8E 5 Utk HZ MEMS 7|&E ©

&3 dAld HI2E "z MEMS AEFEY U7A4 2 A A7 2A4 dFEH 9l
E} 53] MEMS 427} A5 2 &5 &3 59 I A8 ALLEHAR= Z 47t
ot el wal MEMSAZe] Z7] AA TA7E o3t Hi vk, 23y ofa71x] MEM
71eg o8&t AFd £ € AFEol oAEA FHHE A A= ot —‘?’-—5??_

Jejoln] ol&= MEMSE &38sle & ZEE0° Ha gth

MEMS 7]&& o] €3 Ao dEAHYU #AoFZE MEMS Ao]l223 X A A(gyroscope
sensor)7F Ut Ao|EAIEE Aty g7 T olFAY AAMe ZEEE HEIE
A2 o] g 5o o, HIoe AR &Y BAE AA, AF F39 AAZ FA,
navigation Al=® Fo &&8=H3 U} FH 7|EQ Ao|22IZE | AYoY F
< $HAAEE AHEetd AZFHAeH, AL TS €S F Ue FEJE i A
"] &o] Wol E3 FII} AA Ut 44, 71FE HAAFA AHSEHT A E FAESIT o
of wal &%, AVtAs 9 diFAAdelA FEld MEMS 7S ol &3 HeE A%
2rzze a7 2 Jide] dstA JPHR Ut [1). e AFE Ao)223xe ¢
e BAZHA ol g3 F2ES 5F AFoZ AFAZ FHAAA RN Z}ﬂ?ﬂ(_,_

Zk& o] FARAE AFH HAWFe] A7 et ZelEgl g (Coriolis force)

ZAste Zojth. oy mtelagglk A7 AEE Aolm
uf £ ) ekgh —*T’—E]%El de AESV7 oAF7) Wi FREY TS o83}
g deur =3 FxEY FHAEA HY F2E FHY 37 5 2 FAEA o
rEH Aoz ¢ldte] Q-factor (=& quality factor)7} ZHAst7] Wi +ZES
A ZAEA Ak 39, ol Hdtd nWF HI AL doof g

B dyodE MEMS AolZAa X Ao F 23 doly #@¥ 2373 (wafer
level vacuum packaging;WLVP)® MEMS Ao]l22zT FHo IARE A=A 42 4
AlstRth. mdwizde] e JE dAe S GAIZ A EA/EME AAE
3 FIEESAgES A gt ol Y3 WLVPE AolZ223= e nPREE
33 F2 7HEAAE AAIFen QA FEE MEAEE AAEEY AEE
e ZAdEle] WLVP 2EFH S dFsta 7t4dzte 88 74 e E A&
Rz FHF EANPeZRE JdFH 39 HuE B ERL fFEAS
sttt
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2. 1 wWAYEF T4

MEMS ztoj2 A3 X M (o]3} ‘Atol& MAM)d HE&3 sloly #d AT H7)A ¥y
oz AF™HE H7)A9 F2E <Figure 1>#F Zt}h HF1X & SOI (silicon on insulator)
AGE do)HY S °1°]iﬂg AZAg o)A FZH3 (anodic bonding)std 2kt
A2 golsd Aol T2E FAsn S dolHY R FF (cavity)E B3t
T AAH ABTYS FAFgozA YR FAHE AYE FxE AEF ¥ (damping)
oA FEo] @ 5 U=FE AT

MEMS Aol2 AA T Aoz o QY AHA 7HF $2IY F 7/HHe 1588
FA TEHE F2EY 29 f71A9 IAFTE FA "é%"]‘?},

Vacuum Area Elecirk Connection (metal)

<Figure 1> Conflguratlon of wafer level vacuum package
for MEMS gyroscope chip.

B zlo)2 Fo) AL FTREY HZHEAL UE AR BFHUOY AT A wp
77 W2 A3z ¥zl dFHAY. ATE AIE BH] 29E = AR W
ozEE A FgH 7129 WS (out-gassing), IF k29 Ay Az 2 GAE T
7}2E3} (permeation), FAE W 5L EF R 71A2IE (leakage) 59 "WAYF|
a#dA A [21 MEMS #olz AF #A7|A A didsle og 2 AFxE 39 n%

MHAUEZL <Figure 2> 2t}
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Permeation

Permeation

<Figure 2> Failure mechanisms of the MEMS vacuum package.
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tol2 3 AR vy Ze) W MEEE <Figure 3> 2t} 2ol AA Alg
A3 8% NEAY 1ZYHE 48 & dF £8 L= (sensitivity) W 3}o|t}
A 87T S vAE 4 AAE 2olz F (chippd ;HANA WP Age B
3 & ol W& Q-factro ¥Mtoln A olv FEREY HAFE m ZAHE k 9% AFE

cBhn ¥ o g3 2ol elwr
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3 J4s AF A71A9 ZZR=E Fogh. ol LFR=E dodlE AW

2 tARR 9 t2AE Qg o). o9 e nF WAUEL EF 1
A WA 7tA Bt (gas diffusion)o] &4 APPEtn Lz Ao [2.

7h28AE BA Y FFS vX = FO AAE H7)X] E 2 R A Lol
[3], ZtelZ 39 A$ #HFA] WRe 4H2 HAdA ZAHD AL F 712 ik F2
2% ®gd o&stA "Eoh uA AR =7t S w2t A iR 71F (pore),

A3 (defect) 2 HFZ (leak channel)$] 37]7} F7tet 7ba BAY EFAUAIIE S0t
ol met st Ay olFo] HojX 1 JtA FIgo] FUg) olgt 2ol 1y A7t 7
R Jtxre] FUFL 25V BEFE "7}?5}04 WEe Mg vE:u APYdsE F7}
AlA Q # W3 (7L_’-\_
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[ Failure Jl Sensitivity of the Sensor Changes J

i

l Q-factor changes ‘J

Failure Mode

l Vacuum level in the cavitychanges J

i

i Failure Mzcha.n.istL Permeation, Outgassing, Leakage J

E>

Cause of Failure i“r Gas Diffusion

E>

| Stress || Pressure, Temperature J

<Figure 3> Failure mechanism cf MEMS gyroscope sensor
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3. 7% €3k AE

Aoz 3 AFAAINAY st E S g AAHA &4 2FZdeolH 3 (Step

2B md HA (Step 2), 2EH2-+9 Ed AA (Step 3), d¢AH £ &AL A
E (Step 4), 87 9 % 71&EAE 274 HA (Step 5)olth (<Figure 4>).

AL 2Efg 2 QAR EEFFEL 60T, T % 125C 3 FH)ol9 4 25 Ag
AZEE 71z AEE T8 4 -’F—T—EP—E stz Zk Alg F AL Al FE 1042 &g
(<Table 1>). ¥ Alg& Ag59 AL d&5¥o=z E'_L]H‘%‘f‘a 4 Q7] e 94A
Aznith A #E EASD olBRE LFATNE dF3E HEE AFESHUT

o2 e 1 #ae Ee] HE A% A Eoln tg A3 2o x7]
Q% iy AFE T Q e WEgo] 50 %7t He A& nFAZ (TTF, time to failure)
o2 Bt

(o))

o& fl

TTF= Tz'me_to_[AQ=;Q—1Q_O—QOXIOO=50(%) 2)

4714 Qo= AE A Q &M @ & N8 F Q gelth

Q-factor var. due to accel. factor J

Degradation model selection J

Compute TTF
{Tire for AQ =50 %)

Faihwe Distrds. Model | Stress-Life Model
Weibull, Exponential |/ Arrhe nius, Inverse Power
Normal, Log Normsl Eyring, efe.
Logistic, Log Logistic

Extrerae Value

Check Fittahility & Accelerability

Estimate Avg. Life
&
Select Accel. Test Conditions |

<Figure 4> Schematic for accelerated degradation test of WLVP
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31 12 x]- q]o] E1 Axl

Zhol2 AFH7IA Y 2% FeHlE A% A o
59 g g 2dg Toio e o= 4o
Ak Aol BE Q F WEL 98 4 BT To| AFHA #HaE ;mc}.

Q= Qe " 3

4 @ o] Q Wahgol 50 % Ae AMHA B 4 @) L 4 B 2ol
FALE T F Ak

__ 1, ([ e

t= cln( QO) 4)
__1

TTF=—-+1(.5) 5)

<Table 1> Test plan for ADT of WLVP

Temperature ' Test Time 'I No. of SPL I
60 °C 120 b 10 EA
240 hr

360 hr

T
I 120 hr

85°C 10 EA

I 240 hr
‘ 360 hr

Ok
125°C 24hr 10 EA
I
RN A G5 2ol AFAez pasts Q WHEAY A4 oo FoolH
Alg A 9 o G BAMoAME ol 2ol

¥ 2FAHe <Table 2>% 2t} ©]
iy

AHHo dz8 1PARE ol gath

4 ox
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32 IFEE

aFEE 2de 7 71A BEF (Weibull, Lognormal, Normal, Exponential, Extreme
value, Log-logistic, Logistic)o @3l A §4-& neiste HdAAT =45 (MiniTab) [4]
S ol &d 7 /A FER T 3 dolgo it ¥ e <Table 3>3 2o

<Table 2> TTF (time to failure) data from ADT

Ng2x 605 855 1255
Ne N Q0 c TTFhr} Q0 € TTF[hr] Q0 c TTF i}
#1 1 000126 552 3508 000307 226 2996 001305 53
#2 2994 0.00145 478 3315 000219 316 3040 001323 52
#3 3083 0.00160 432 3152 000271 256 2998 001351 51
#4 3098 600137 505 3090 0.00264 263 3004 0.01381 50
#5 3132 0.00162 428 2721 000256 271 3104 001274 54
#6 3123 000124 558 2690 000260 267 2080 001262 58
#7 3357 0.00189 366 2574 000291 238 3128 001137 61
43 3253 000138 502 223 600187 370 3014 001335 52
#9 3124 000112 618 2031 000188 369 3096 001399 50
#10 3182 000140 496 1481 000198 350 3292 001522 46
2 3137 000143 493 2678 000244 293 3065 001329 52
EEFA| 107 0.00022 73 629 000043 54 95 000100 4

<Table 3> Compatibility of failure distribution
by Anderson-Darling (AD) index.

Distribution | Test Temp— Distribution | Test Temp—
Model erature (’g) AD Index Model erature ('E) AD Index
60 1,246 60 1,296
Weibull 85 1,687 | Extreme Value 85 1,629
125 1.668 126 1.763
60 1.262 60 1.174
Log-normal 85 1,496 | Log-logistic 85 1512
126 1,388 126 1.369
80 4,119 60 1,202
Exponential 85 3.87 Logistic 85 1,697
125 4586 126 1.416
60 1,229
Normal 85 1.671
125 1.436

Z} £¥4¥ A¥EE Anderson-Darling (AD) A& AM&3l X7 H&FE HIL
bFoET [l A sEH x4 dist ADAIFE ¥ndd ARFeR TaERA LY
(Log-logistic) #E7} WLVPS] R EX A 714 ¢S & 4+ YU}

Aoz 2F = A doly dd AFHIIXS] nFEEE <Table 3> X9} o] 2
2A2gB¥oln] nFgsy (4] 6), nAFELETES (A7), 1ZETF (4] 8) 2 A=
g (4 9 O 29 [4].
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F(tp,0)= 0 logis(—m—t;&)

f(ﬁ/l,d):# ¢ 1ogis(‘LntT_I£)

h(t e, 6)=Tit 0 logis(—l_ntT_li)

R(tp.0)=1—F(tu.o)
1 —
=1-0 logis(Lto-—E)
where,

2

¢ logis(z)z_L——

Qlogis(z):_e___. 0T ez)2

1+ e*’

4@, D 6 %A @4 &
¥4e ARRE A=RFE
£ g%, 29e 95 R AIE Fe
NgzAd WE F Es § o ge
0.1059, 1259} 7% 3.953% 0.0371°|tt.

ul

OL O
2 oo

s WY, S o

X FAAXNE AAste AANESFH
vebdich, WLVP Alg "ol digh g,
<Figure 5> #Zt}
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<Figure 5> Plot of stress-life distribution model
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33 2EH2-57 3 7t& 2
Aoz Q #ozZ AHAY AT FHE FIANIE F S dAE EExoH 9
S 2Ed2-$% RS dgd 22 otdly$2 (Arrhenius) E¥o] d8 AHEH Sl

o [5].

Lo

E,
L=C'eXF’( T ) (10)

A AelA L& HEed, Ce W AFd e A5, Es 843 odyA (eV), k=
F (8617110-5 eV/K), T= AHd 2E& Yedn. 4 (10)9] FHd

o
o,
o}
)
=
N
=}
o
2
o

E,\1

A (ADAA F389 dgs dd2xe 99 A¥HY BAE Ui 45 InC
8438 AiA EE F3d rt&2xd nE #3F £3E 458 & o nYEE o8
diolel £X4Z23% InC=-76957, E,~040285¢]t}. o] & 4 (1Dl ddstz A st ztol

2 AFHIAY 2Ed2 £ 2L g 2 (12) 2 2 (13)74 2o

_ 4675
lnL=7.6957+“——T— (12)

b~
I
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(]
(]
[an)
=
(93]
[$2]
o
i
ko]
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L
{p]
-
al
e
o]
by
X,

(13)

| He B4 AE2M Y £ e 7tEzA4M9 39 v
o 2 (13)ezE g 4 (149 2ol verd + gk

L, 11
AF=—" _exp[4675( T, T)] (14)

AF= 7HEA%, L B4LE TolAe $9, L H42E TN 38 22

UL

34 $HEE R 2Eda-5 wye] AT/ HEA

WLVPY e 2% 2 2Ed2-59 23 A0 neg 3% 2T A3
o Fh&Aol O doe <Figure 6> 2tk IPAA doleiSo] Fu A TEH
7l WESl FHETE AT F F Yol e 2AW BZH A2 FYsoE v
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ol 9&e ¢ 4 3o M) £F FER4E 013582 JPED. o AR WLVP
£ 2azX2dY olUss 2dd o8 A5 & ee ¢ £
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<Figure 6> Compatibility and accelerability

35 FHdF 9 JMEA S

MEMS Ao]223% AA4 WLVPY 2743 & AE 2749 771048 ws)of
@t WLVPSl ~me el AFE fA45e] & Addes QBe Wi el
AES) A4 FRgo]l Wi AP T geby WLVPS 49 nEsgoz Add &
duh, Aed nLBANYY L& WY WelM pe 1P dAYZL =gz sHHEE
2o BARE AW AAT 4L BE UG AP 27T & gon BAANAL
S8 4e5Ee d2s= o] st 4 (674 (99 azArY RTRE oo
A (159 2ol BFFHL 7 5 ok [4],

MTTF= e*I{1+o)I'(1—0) (15)

where,

oo

F(a)=f0 x° Ve *dx

AerE L2 HY BCTE 7HASL dads T8l <Figure 7>3 #o]
4

= FHg
2033A|7to B QT EE SHAZtd A B UL & & )
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BREEANY AT SFE A IEAE S AAS] A A (1495 ol &3t At
NE&e 714 A5 (acceleration factor; AF)= <Table 4>9} Zt} AolZAFX A
SFEE BHRE I AERAL &BTAA 10008 Ft HA st Feltt utebA 7t
EAF AEA J1E REE BTR stgden] g9 2ol 85T 7I&ASFE 1o "ok 34
AY %7k 125TS A9 7F5ATE 3709 o o A£Q5E AFALL 270 Ao =
AAAA FAHAYG AIZEA 10004 kol Tisl) oF 1/379] AdE 2947 Ao

Relation Plot (Fitted Arrhenius) for Fail_Time
Loglogistic Distribution - ML Estimates - 85.0% ClI

Complete Data
100003 - -~ 100%
- — 500%
B CE T T T T T 90.0%
2933
o
= 1000 -
w -
w ]
o J
)
£ T
| o

T T T T ¥ T T

0 25 40 60 80 100 120 140
Temp

<Figure 7> Estimation of the WLVP life for average
operational temperature.

g ol8% 1&gANYY A
A7 Asl A4 ASEANA S WLVP 59 2HRT 30709 Aol tal 0 A
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Fol AFAA 458 2ZALL Table 59 2t

<Table 4> Acceleration factor for various temperatures.

Unit: °C, hour
Temp erature Life Time [hr] AF Equiv. Test Time
8 21 10 1000
95 1488 14 2
105 106.4 20 502
1us 774 27 365
s 572 37 20
150 26 74 135
175 154 138 3
200 89 238 42

<Table 5> Time-to—failure under normal
operation condition.

o 2 onz | sizuz | 1104n2 | 2584n 2

# 3306 2857 2206 1702

# 2829 2451 2009 1632

#3 3274 2825 2153 1656 3100.9 0.000260 2862
#4 3037 2688 2296 1786 29325 0.000200 2463
#5 3564 2924 2284 1762 3296.6 0.000261 2651
#6 3522 2874 2446 1799 3292.6 0.000245 2828
#7 3207 2941 2419 1882 3142.9 0.000207 3334
#8 3177 2959 2228 1840 3090.0 0.000217 3188
#9 3025 2646 2174 1740 28835 0.000208 3325
#10 3402 3012 2239 1893 32125 | 0.000227 | 2060
#11 3222 2941 2344 1778 3154.6 0.000232 2997
#12 3809 2674 1974 1802 3167.6 0.000258 2685
#3 2978 2451 2273 1793 2784.5 0.000178 3501
#14 3119 2924 2123 1788 3026.6 0.000224 3100
#15 31N 2392 189 1570 2785.3 0.000248 2792
#16 305 3030 2508 1947 32566 | 0.000207 | 2351
#7 3003 2809 2174 1797 2932.5 0.000204 23g6
#18 3439 2732 213 1675 3115.7 0.000263 28358
#19 3034 2283 1899 1596 2666.8 0.000222 3121
#20 3103 2747 2174 1769 2960.1 0.000215 2228
#21 3338 2488 2432 1869 2994.2 0.000191 3632
#22 2720 2358 1982 1670 2566.0 0.000180 3845
#23 3334 3030 2133 1900 3182.3 0.000222 2118
#24 3245 2825 2184 1861 3043.9 0,000211 3288
#25 3155 2778 1590 1774 2797.9 0.000229 3024
#26 3247 2732 2027 1774 2973.9 0.000226 3060
#27 3117 2778 2284 1866 2990.0 0.000195 3852
#28 3232 2924 2459 1937 31455 0.000196 3533
#29 3079 2475 1965 1579 2805.6 0.000243 2849
#30 3146 2890 1991 1777 2984.9 0.000228 3038
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AZAZE dojEle] g EXe <Figure 8% Zon 2oz FX JAEF
=8.0524 % HEEF =0.0631°t}. w2td FEFgo i 4L o5 4 16)% 2o

_  8.0524 0.0631  —x ©0.0631  —x
MTTF= e j:x e dxf() X e “dx 16)
2l (1) 25 E A AAAEH WLVP +£9-& 31622701 7FESA P2 HE

23 2033 A7 oF 72 %o} MEH AL eV EAG &AM FENS FAY
F gioh
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<Figure 8> Distribution under normal operation condition.

HEAFY FEAY BEL A9 GHYAE AT HAAAE FIRT AE2A 12
5C, 20 AUe2 AENEE AAS A3 A A% Q @ Aol washA ol
WLVPS 987l #4sta gsivhs 288 At o8 U8/ sl AMEY 4F of
W A4 NERAA 85T, 10004 APe AAHHH BAAZ AE RF WLVPY
st WA Qop AheASd FEYE FAT ¢ AN
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iih

MEMS Ael223Z Z4% Axel dols a4 AF H713 (WLVP)S BARE A
A4 B4 2 AYAT BEE A8 ASEHAES AAART. WLVPSY 1A WAUZLS
A=Y Wsoln o= stxsate] o3 o] FojTh W WLVP 488 A&7 7}
sAxdzt NYLEE 4ASAT dFHAE AFEYoz AHY £9 B F @
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g AZFANNE d2sgnt. 449 A48z E 2a82X28 (log-logistic)E ¥ o]0 AE
-4 2L o2 EPo] TS A AT

7MEEEHE o] &3t AF3 WLVPY Hit F£HE 2 3/\\7}0131 A exd 7147
FE T HEAE S B8 dE3F 9 2 EAre FEAS A5 29 £
A % 72 %Y LAE R JIEAEY {FrAE 1T F %l‘ii‘i} AR BFHAY
Z79 87T, 1000417k digk 7188 24L& 125C, 27047t 2 1/3.79] A7 ©@& S o
o A=A MAE WLVPY AEA 4% 2L 3224 EAFY FEXE
g8 = JAch

o]¢} Zo] MEMS Alo|2A3aX 9] do|y #d NF FH71x o g /1&g EE §
 AgE AF A7) vlE) FFHeE N ALE a7 FABE A AFe
NzZtgEo] 71esly HEAERd S T AT FHS dAY 4S5 5 UeS
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