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Silicon to dlicon wafer bonding uilizing an
intermediate sputtered glass film was presented by
Hanneborg et al [1] as a promising seding technique for
highly structured wafers at temperatures < 450°C. We
have optimized this technology and present a fast bonding
processwith high yield numbers (93-100%) and strengths
(9.2-10.0 MPa). The dfeds of sputtering in different
gases and banding in vacuum or at atmospheric presaure
are verified. We present pull test results with focus on
geometry dependence

Sili con wafers were structured in KOH with amask for
pull testing. Blank or patterned wafers were @vered with
0.3 um of slicon oxide axd 3 um of sputtered Pyrex
#774Q A sputter gas of pure Ar or 20% O, and 80% Ar
was ®leded. The sputter rate for pure Ar was twice &
high as for the gas mix with 20% O,. Bonding was
performed with a SUSS 86 bander in either vacauum or
at atmospheric presaire. The voltage was ramped linealy
up to 100 V for two hours or ten minutes and
subsequently turned off. Before gplying any voltage, the
wafers were held at the bonding temperature (350°C) for
ten minutes to achieve auniform temperature and some
stressrelief in the glass Two sili con wafers, one patterned
in KOH, were fusion bonded for comparison. Anneding
of this wafer couple was performed at 1100C for two
hours.

The fast bonding processes resulted in lightly stronger
bonds than the slow bonding processes. Vaues from pull
tests of mesa structures (4 mn¥) are presented in Table 1.
Typicdly, about the same amount of charge was moved
during the fast and the slow processs. By ramping the
voltage dowly, the probability of eledricd breakdown
during bonding is deaeased, but a short throughput time
iscrucial for a ommercia process With two hours or ten
minutes ramp time, a substantial bonding current was
always measured, and eledricd breskdown did usualy
not occur. Conversely, eledricd bre&kdown took place
before awy bonding current could be observed when a
“zero” ramp time was tested. The bonding yield for each
of the fast bonded wafers ranged from 93 to 100%. In
work presented by e.g. Drost et a [2] and Weichel et a
[3], processtimes of 1-2 hours were used to achieve high
yield numbers.

Other reseach groups have reported that the sputter
gas has an effed on the residual stress the refradive
index and the bonding quality of the glass[2,4,5]. From
the fradure surfaces, it was observed that fradure
typicdly occurred inside the glass for the wafers with a
film sputtered in an oxygen rich gas and at the bonded
interfacefor the wafers with a film sputtered in pure Ar.
For egual bonding conditions, the average bonding
strength was largest for the wafers guttered in pure agon.
The observations indicaed that the bulk of the film
sputtered in pure Ar was dronger than both the bonded
interfaceof these wafers and the bulk of the fil m sputtered
in an oxygen rich gas (after this gedfic bonding process-
slow/atm). The bonding processwith the film sputtered in
pure Ar can thus probably be further optimized (e.g. with

an incressed maximum voltage) urtil fradure occurs
within the glass If atoo high woltage is used, fradure is
expeded to initiate & the glasgoxide or oxide/silicon
interfacedue to segregation of sodium [6]. Wafers with a
layer of PECVD nitride, as a sodium barrier between the
glassand the oxide, have been bonded to wafers patterned
in KOH. The bond strength will be measured.

Table 1: Pull test results from mesa structures (4 mnr)

Sputter gas Bond Charge Bond
(#wafer process moved strength
stacks) (mC/em?) (MPa)

1006 Ar (2) Slow/atm 75/76 89+32
WithO,(1)  Slow/atm 5.7 6.1+18
WithO,(1)  Slow/vac - 82+35
“With0,(2)  Fastivac ~ 9.6*/133*  92+41
WithO,(3)  Fast/atm 51/4.9/ 100+ 4.0
9.2
Noglass(l) Fusion NA 188+8

*Charge moved before eledricd breskdown included.

As ealier reported [6], the average strength of wafers
bonded in vaauum was dightly lower than for wafers
bonded at atmospheric presaure. An equal observation
was made during regular anodic bonding of Pyrex #7740
glass wafers to bare silicon wafers and silicon wafers
coated with aluminum. The observations can be explained
by a better thermal distribution at atmospheric pressure
than in vaauum, but the role of water in the bonding
process $ould also be onsidered [7].

Influence of pull test structure geometry was tested for
frames of different widths, 200, 400 and 800 pum. The
related band strengths were 27, 16 and 15 MPa for the
fusion bonded wafer, and 13 11 and 9 MPafor one of the
wafers bonded with an intermediate glass film. The
difference in geometry dependence (less dominant where
a glass film was present than for the fusion bonded
wafers) could be explained by the dissmilar mechanisms
for fradure initializaion and propagation in the two
systems. For the fusion bonded wafers, a wide variety of
fradure surfaces was observed, predominantly in bulk
silicon. For the wafers bonded with an intermediate glass
film, more regularly shaped fradure surfaces of glasswere
observed. Fradure into the bulk of the silicon was rarely
observed for these wafers. Numericd analyses will be
performed in order to try to predict the observed geometry
dependence
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