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Rapid market growth and miniaturization place stringent demands V. Dragoi E. Pabo. E. Cakmak. and T Tang

on device materials, including the quality of the seal made in frit P P ! . ’ )

bonding the cap wafer to the base wafer in MEMS. Seal quality EV Group, DI E. Thallner 1, 4782 St. Florian, Austria
depends on both glass material properties and processing E V e

conditions in the bonding equipment. This study evaluates the
effects of frit bonding process variables and two types of sealing

glass pastes on the quality of frit bonded seals in MEMS. B. Experl mental Glazi ng
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* Wafer used — 6” Si <100> boron doped with resistivity 0.01-0.02 Q-cm

Print Thickness

dried: ~27 um; glazed: ~17 pm; fired: ~9 um
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C. Plots to identify significant factors

Pareto charts

—e—Paste Type

—=—Back Fill

—&— Peak Temperature. C
—- Peak Time, min

—m- Ramp Rate, C/min
—+—Bonding Force

—m— Cool Down Rate, C/min|

factors |-

Factor Levels

“hA ﬁAAJE

11 401 401 401 401 01 401

Factor Levels

of defective bond line (SAM)

Measure

—
r//./'
./'/.

Measure of defective interface (SEM)

101 401 401 401 101 401

Factor Levels

/-

Acknowledgements
We gratefully acknowledge the excellent SEM work by Mr.

D. Results

Observed effects for different levels of factors

considered for DOE
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Back | Peak | Peak |Ramp |Bonding | Cool | pands Lead SEM | SAM
Facter| Paste Fill_|Tewmp. | Time | Rate | Force | Down |miced | | Vaid |Precipi Dafects Defects)
Rate, [EXPT
Row®| Typs | Typa C | Min |"Cmin] W ‘Cmin) Mo || scom ECare score | score
1| Megdaw | M2 | 800 | 15 | & E7 1] 5 [13,18]| 525 05 VN IEES]
T | Pogdw| W2 | 430 | 30 | 18 | 4000 | 13 |3, 43[|1376] 175 N5 | 375
] Rogulsr | N2 450 | 45 X AE0 A [ M\ [1280 200 176 | 992
] Fagular | None | 400 15 L] 4000 mn »m, ET) 100 S50 | 664
8 | Regular] None | 430 ] » A0 3 17, 43] | 5.25 1.25% 3.0 .38
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10| Hot meflt] N2 40 | 45 k1] 400 13 (35, %[ 125 075 25 | 612
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Blue coded conditions are optimums for each
paste type from this study.
Inferences
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To reduce
oids vaoid size HM ¥es £430C | 230min [ -eeee ] e Faster
To reduce
Lead ppts |lead ppts HM ¥es £430C | 15min [ - Faster
To reduce
Defecte in (debonds, 30 min
SEM voids & cracks|HM yes :430C Ok Faster Faster
To repduce
Defects in|poor bond
SAM lines Reqg ¥es 430 COK| 230 min | Slower [ -

Regular vs Hot melt for optimum

candidates
SAM images of frit seal lines

Frit bonded interface (SEM)

*Interaction plots show that as peak temperature
decreases, peak time must increase to produce
a good seal glass microstructure.

E. Main conclusions

Regular

Hot melt

® Peak temperature has the strongest influence on seal properties

® Defect score with HM ink is significantly lower over wider process conditions

Dave Gnizak of Ferro, Independence, and the screen
printing and firing work by Mr. Jeff Holthus of Ferro, CA

for these sealing glass pastes

® 400°C peak firing temperature is possible at certain combinations of factors
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