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e Ceramic Packaged Gyroscope

Process Flow
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“Fiww- Wafer Level Vacuum Packaging
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| WLVP_1: Eutectic Bonding ﬁ

Device Wafer (Si) Cap Wafer(Si)
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- Bonding Temp. : ~400 C
- Bonding Force. : 200~500 N
7 - Bonding Time : 30min
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s WLVP_2: Glass Frit Bonding ﬁ

— Glass Frit Composition: Glass powder( B203-Pb0O -ZnO ) + Binder
— Glass Powder Size: 5 ~ 10 pym

-

— Glass Depo. Method: Screen printing
~ Glass Frit thick: <50 um

-

— Bonding Temp.: 500 ~ 600 °C
~ Bonding Time : 30 min

Cap Vacuum Cavity
Wafer
N\
Gyro Structure Screen
=y Printed
Glass Frit
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| WLVP_3: Anodic Bondmg - ﬁ

Principle Process Flow
PR |.;.'.' ....... S Device Wafer : SOI Cap Wafer: Glass |
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s Si+ o2 Na+ Vacuum anodic bonding
Sk Na+ > -Bonding Voltage : 350 ~700 V | ¢

- Bonding Temp. : 350 ~ 500 C
- Bonding Time : 30min

|
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A s Hermeticity Monitoring #1 ﬁ
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A Hermeticity Monitoring #2 ﬁ
=]

| Self Oscillation Circuit |
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e Residual Gas Analysis ﬁ
Vacuum Chamber
$ <+——Purging Gas (Ar)

N%Caviw Broking Tip
g Mass Spectrometer
N I

JARN

RGA Result For Anodic Bonded Gyro Sample

Detected Gas H0 0.042052 | 0.163977 | 0.068000 | 0.092708
{ul) 0, 0.000012} 0.008141] 0.012764 | 0.010476
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& Anodic Bonding Process Optimization ﬁ

Design of Experiment ( Full Factorial )
— Object : To Optimize the bonding conditions
— Factor : Voltage, Temp.
~ Level:2

Result

DOE # | Water 1p | PnIng voltage| Bonding Jem. | @ fastor | Q facor
1 s24 350 400 874 574
2 $25 500 400 1030 533
3 s15 350 520 2782 1441
4 s19 500 520 1216 415
5 526 425 460 3137 854
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< DOE#I - &

Descriptive Statistics

Variable: Qx_S24

Anderson-Darling Normality Test

A-Squared: 5749
P-Value: 0.000
Mean 874119
StDev 574.565
Variance 330125
Skewness 0485138
\ ) ) ) \ Kurtosis -8 0E-01
N 268

100 500 900 1300 1700 2100 2500
1 | |

Minimum 46.00
__—_______.___ 15t Quartile 363.75

Madian 753.50

3rd Quartle 1332.00

95% Confidence Interval for Mu Maximum 2451.00

— 95% Confidence Intarval for Mu

f | | ) 805.02 943.22
650 750 850 950 95% Confidence intervai for Sigma

1 | 1 |

95% Confidence Interval for Median

95% Confidence interval for Median 668.00 900.18
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A st DOE #2

Descriptive Statistics

Variable: Qx_8$25

Anderson-Darling Normality Test

A-Squared: 3377
P-Value: 0.000
Mean 1028.79
StDev §33.17
Variance 284268
Skewness 0.192266
Kurtosis -8.8E-01
N 564
Minimum 70.00
15t Quartile 565.25
Median 1004.00
3rd Quartle 1429.50
Maximum 2443.00
95% Confidence Interval for Mu
885.69 1073.89
95% Confidence Interval for Sigma
503.76 §66.25
" i ; 95% Confidence Interval for Median
95% Confidence Interval for Madian 948.24 1077.04

2003-4-9
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OF FECHMOLOGY
Descriptive Statistics
Variable: Qx_S$15

Anderson-Darling Normality Test
A-Squared: 7714
P-Value: 0.000
Mean 278229
StDev 1441.08
Vanance 2076722
Skewness 0.651668
Kurlosis 2.53E-02
I | | | i N 491

250 1250 2250 3250 4250 5250 56250

Minimum 0.00
1st Quartile 1806.00
Median 2427.00
3rd Quarﬁle 372900
95% Confidence Interval for Mu Maximum 6481.00
— 95% Confidence Inlerval for Mu
| ! \ 1 h \ \ | 265450 281007

2250 2350 2450 2550 2650 2750 2850 2950 95% Confidence interval for Sigma

! ﬁ ! ! ! ! 1356.23 1587.35 .

’ 95% Confidence Interva! for Median

95% Confidence Interva! for Median 228964 255727
ot S
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s DOE #4

Descriptive Statistics

Variable: Qx_S19

Anderson-Daring Normality Test

A-Squared: 2441
P-Value: 0000
Mean 1216.10
StDev 415.51
Variance 172649
Skewness -3.0E-01
Kurlosis -65E-01
! ! ! ! N 027
700 1000 1300 1600 1900
' i ! ! ! Minimum 291.00
———-————————-— 15t Quarile 937.00
Median 1251.00
3rd Quartite 1536.00
95% Confidence interval for My Maximum 204700
_ 95% Confidence Intarval for My
) ' ) 1176 .58 125563
‘2‘00 ‘?|5° ’3:’“ 95% Confidence Interval for Sigma

I . oo
95% Confidence Interval for Median

95% Confidence Interval for Median 119677 1308.23
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AT DOE #5 : Center Point

Descriptive Statistics
Variable: Qx_26

Anderson-Dading Normality Test

A-Squared: 6.525

P-Vaive: 0.000

Mean 313771

StDev 854.78

Variance 730845

Skewness -9.2E-01

\ \ | \ Kurtosis 1.31886

! ) N 603
400 1200 2000 2800 3600 4400 5200
| 1 [} 1 |

Minimum 112.00
[, —- . 15t Quartile 2681.00

Median 3279.00
3rd Quartile 374500
95% Confidence Interval for Mu Maximum 5350.00
— 95% Confidence Interval for Mu
i 1 | | 3069.35 3206.07

3°|5° 3‘|5° 32'50 33|5° 95% Confidence interval for Sigma
_ 808.10 905.96

" 95% Confidence Interval for Median
95% Gonfidence interval for Median 3184.88 3327.36
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A Main Effect Analysis ﬁ

Main Effects Plot (data means) for Qx

« Centerpoint
»° o RS @
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Gyro Project “19» Seokjine @samsung.com 2003-4-9

OF TECHNOLOGY

- Interaction Factor Analysis ﬁ

Interaction Plot (data means) for Qx

Bonding
voltage
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3000 — . 500

+ Centerpoint

s 2000 —
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Bonding temperature
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i Pareto Chart Analysis

Qx Pareto Chart of the Effects

Main Effect : Temp.

T T

T
0 500 1000
A: Bonding voltage
B: Bonding temp.

Gyro Project <21 > Seokjine @samsung.com 2003-4-9

ez Reproducibility of The Optimum Condition

- Optimum Condition: Voltage : 425 V, Temp. : 460 C
- Reproducibility

Descriptive Statistics Descriptive Statistics
Variable. Ox_28 Variable: Qx_30
#Anderaon-Daring Normalay Test Andere on-Darting Normaliy Teat
A Squared 2045 A-Squered 4913
Pavaive 0000 Fvaon 0000
Noan 280142 wnan 22070
StDev 87504 EDev 82673
‘Vanence 165697 Vanance 392797
Suawnoss 5 . 05906
Kufioe s 876E02 Kurtog iy 409220
N pe A R £
1200 2000 2800 300 4400 5200 600
Mmimum 1016 00 ' ! ' ' ' ' um 1001 00
181 Quertie 1845 00 .—-—-__ “woes 81 Quartls 216700
Nactan 2478 00 n 258100
oCuatie DS ed ScdQuetie 208700
B5% Corticlence intanal for My Masmum 631000 95% Contidance Irtervat for My Medmum
L | o I [ttt
1 \ ' 1 246839 2824 48 i v ' 248572 287675
z‘]” 2% &% =% B6% Confidence ironal for Sigms 2480 =50 2 85% Corfidence Intanel fo Sigma.
——— ' ' e
S6% Contden tana orHesion L 36% Candance rtena forbodian
5% Canfidence Intanal for Median 6772 266358 B6% Contidence Intanl lor Medn 21300 2630.00
Descriptive Statistics Descriptive Statistics
Variable: 537 Variable: $38
Andorson Ouing Nomatty Test Andorson Daring Nomasly Tast
Agauns v ASqured e
Pvaive 0000 PVake 0000
toan 2000 sasn s
50w 908 10w T 1y
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Skewnaas. 97t 8 -2
Kurtosla o9 Kistonia 01230
N o N
Mrimun s70 Mrimm sta00
121 Ouarte 1401 7 tatoutie 162300
an 150 n 2000
g Quartie ) 9 Quele 2060 00
95°% Confidence interval lor My Maximan 22000 95% Confldance ntsrval for My Maimum S27a.00
93% Cortdence Infanal kor MU #3% Confidence Inferel o Mu
' , \ q 2008 25010 . v ) o zar3e
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5 05°% Contdsnce Itansl o Mecan | 5% Condence Intenal kr Medan
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s Vacuum Level vs. Q Factor &

Qx factor vs. Vacuum level

Qx-factor
10000
9000 ’, s | %% N@ASUTEMENT (Gny Oriving in Vacuum Chamber)
— Vacuum Chamber With Eilectrical Feed through

8000 - Signal analyzer : 35670A

(Frea. domain measurement)
~ Micro probe tip & jig
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Gyro Project 23> Seokjine@samsung.com 2003-4-9

OF TECHMOLOGY

Descriptive Statistics

a3 .. Cavity Vacuum Level (Q) Control ﬁ

Variable: SA10

Anderson-Darling Normality Test

A-Squared: 0.343
P-Value: 0479
Mean 27395.7
StDev 33126
Variance 10973605
Skewness 6.03E-03
Kurtosis -5.1E-01
| 1 | | | I N 59
20000 23000 26000 29000 32000 35000
! ! ' ' ! ! Minimum 19889.0
_._.__-_.__..___ 1st Quartile 24900.0
Median 27548.0
3rd Quanile 29780.0
95% Confidence Intervas for Mu Meavimum 35311.0
95% Confidence Interval for Mu
| | 26532.4 28259.0
27000 28000 29?00 95% Confidence Interval for Sigma
d ! 28043 40479
. " 95% Confidence interval tor Median
95% Confidence Interval for Median 26358.5 28863.1
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ADYANCED IRETITUTE
OF TECHINOLOGY

Descriptive Statistics

Variable: SA07

Anderson-Darling Normality Test

A-Squared: 0.539

P-Value; 0.165

Mean 4394.91

StDev 90.44

Variance 8180.05

Skewness 0.183871

Kurtosis -4.7€-01

| ] i I [ | i N 251

4220 4280 4340 4400 4460 4520 4580

' ! l | ! ! { Mnimum 4205.00

-—————-—————————-— 1st Quartile 4329.00

Median 4386.00

3rd Quam'le 4456.00

95% Confidence Interval for Mu Maxmum 4604.00

_ 95% Confidence Interval for Mu

\ 1 1 | 438367 4406.16
4375 4385 4395 4405 95% Confidence Interval for Sigma

] o -
95% Confidence Interval for Median

95% Confidence interval for Median 4374.00 4405.00
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wm\mun WSS
NOLOGY

O TECHI

Descriptive Statistics

Variable: SA20

Anderson-Dariing Normality Test
A-Squared: 0.522
P-valye: 0.180
Mean 311742
StDev 228.65
Variance 522795
Skewness 0.285706
, ) 1 ) Kurtosis -2.8E-01
N 104

[ |
2600 2800 3000 3200 3400 3600
1 | I i ! I

Minimum 2643.00
-—-__——-_..._.._.____ 1stQuartile 2972.25

Median 3097.00

3rd Quartile 3252.50

95% Confidence Interval for Mu Maximum 3639.00

_ 95% Confidence Interval for Mu

| ] | 3072.96 3161.88
30|50 3110 3160 95% Confidence Interval for Sigma

I e o
95% Confidence interval for Median

95% Confidence Interval for Median 3065.89 3141.00
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Mva WS TITUTE
OF TECINOLOGY

Descriptive Statistics

Variable: SA12

Anderson-Darling Normality Test

A-Squared: 0.422
P-Value: 0.320
Mean 1299.98
StDev 48.66
Variance 2367.94
Skewness -1.2E-02
Kurtosis -1.3E-01
| 1 ! | | | | N 291
1190 1230 1270 1310 1350 1390 1430
! ! ! ! : ! ! Minim um 1179.00
SR " W——— sstQuartle  1267.00
Median 1301.00
3rd Quartile 1334.00
95% Confidence Interval for Mu Maximum 1430.00
| i | 1294.36 1305.59
12I95 ‘3:’0 ‘3:’5 95% Confidence Interval for Sigma
| o i
" 95% Confidence Interval for Median
95% Confidence Interval for Median 1294 .00 1305.69
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e Regression Analysis &

Regression Plot

l0g(Q factor) = 3.05 + 0.081 log{Pressure) + 1.51 log(Pressure)**2 + 0.258log{Pressure)**3

§-00228153 RSq= 996% R-Sqladj)= 99.6% clrgd'c‘” Coet SECoef T P
ss000 Constant  3.05197 0.02676 114.03 0.000
0 — fog p 0.0811 GC.1756 046 0645
3074.5
0000 — (logp)2 15055 03049 494 0.000
13024.9
(logp)l3 02576 0.1523 169  0.091
25000 = 3823.8
Analysis of Varlance
S a0 — Source OF s§ Ms F
2 P
i Regression 3 99334 33.131 63648.31
o 0.000
Resldual Error 701 0365 0.001
10000 — Total 704 99.759
— Regression
0 — 629 m——— 95%CI
. Tenunes — 95% P
| | 1 | T
0.1 0.2 0.3 0.4 0.5 0.6
Pressure(mbar)

log Q = 3.05 + 0.081 log p + 1.51 (log p)2 + 0.258 (log p)3
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m”:.w RF MEM SS WitCh

Resistive Type SPDT RF Switch of SAIT (2000.12)
. . H ;rmn e et

Driving Membrane
| Driving J

Critical Packaging Issues

- Low cost

- Small size

- Hermetic sealing
- Low Insertion Loss
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I RF SW Packaging

Cap wafer (HRS, LTCC) - Cap Wafer (HRS, LTCO) |

Flip Chip Bonding
- Bonding Temp. : 250 C
- Bonding Pressure : 5 ~ 10
N
- Bonding Time : 20~60 sec

i
Bottom Solder Burm

f

_L Device Wafer (Quartz) [

Device Wafer (CPW)

— !
i = |
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A e HRS Cap Wafer Process Flow ﬁ

< Seed layer deposition & passivation > < DFR pattern>

g

< Via hole etching > < Solder printing & Reflow>

.

< Via filling & lapping > ' ! l ! 1 l l l '

< DFR remove>

!
< Bonding pattern >
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T o Solder Thickness Uniformity Improvement ﬁ

e R e S

= After Reflow = After Lapping
Thickness Variation :
13.l6cumess arlation :lﬁxickness Variation :
O um

Lapping

[ I

e

wngo A

T T T T r T T T T : T
I8 & LABAE AAENAREY IS AR )
,um 043 0d oR 0D W 1T 0 @ en ©z ' la 0@ om  m m 1@ 1@ 1o am
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m""m P ackaging Res ult

- Simulated Insertion Losses and Isolations by HFSS

- Experimental Result

Packaged SW (test sample : 128 EA)

Items

Average CPW(ref) | Package

Insertion Loss (dB) | 0.1 @ 2GHz | 0.06 @ 2GHz | 0.08 @ 2GHz | 0.020 @ 2GHz

0.05 @ 2GHz | 0.030 @ 2GIiz
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s Packaged RF Switch
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@ ADVANCED MSTIRIE
OF TEQINNLOGY

1995. 10 : Red Laser Diode Ji & (Packaging & Reliability)

- 1995. 11. ~ 1999. 12 : MEMS Gyro JH & (MEMS Fabrication & Packaging)
-2000. 1. ~ 2001. 7. : RF MEMS Switch ) & (MEMS Fabrication & Packaging)
-2001. 8. ~ & H : MEMS Gyro 2 (MEMS Fabrication & Packaging)

2 20t
— MEMS Fabrication & PackagingJ| &
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