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The debonding of directly bonded wafers, sometimes

called reversible waferbonding, has different ping
applications for fabrication of microelectronic dms
based on thin, flexible and brittle wafers, for
optoelectronic devices like LED’s, solid state taser
solar cells, as well as for MEMS (Microelectromeical
Systems).

Reversible wafer bonding can be used, in geneoal, f
four different applications (i) mechanical stiffagi of
brittle thin wafers by a “thick” handling wafer order to
avoid bending and fracture during fabrication (Feyad),
(i), debonding of not well bonded wafers and rexdiog
after a new cleaning process in order to increaskl,y
(iii) protection of semiconductor surfaces during

transportation and storage, and (iv) transferrinj o

expensive layers to a low-cost substrate.

Different approaches can be found in literaturegllaon
the splitting of a wafer-bonded interface by appdyan
external mechanical force. It was shown that a wedg
inserted at the rim of the bonded wafers can béeapo
cleave the bonded wafers. This idea is similah&well-
known crack propagation test that is used to meatar
interfacial fracture surface energy. Later on défe
techniques addressing the problem of the mechanical
damage of the wafer surfaces during mechanicaviclga
have been proposed. In these approaches, thegdquir
cleaving force is provided by either the vaporizatof a
water drop enclosed in the bonded interface or by
applying a high-pressure gas (e.qg. air gy &t liquid jet
at the wafer edge or the mechanical cleaving isecéd
by debonding in water.

However, all these approaches are restricted toake of
directly bonded interfaces with low strength, thiosting
the bond annealing temperatures to the range fommr
temperature to about 110°C. They can not be apfdie
debonding of wafers after typical higher annealing
temperature (400 °C up to 1100 °C), where stable
covalent bonds have been formed.

In order to split directly bonded wafers even a#tdrigh
annealing step a new patented debonding approagh wa
developed. The technique is based on a contrdited s
crack propagation due to the stress corrosionafane
bonds in the bonded interface. To achieve a reiabl
control of the crack growth without kinking intoethvafer
requires the knowledge of several fracture mecisanic
parameters, which have to be determined by pregedin
experimental measurements.

In case of cleaving bonded wafer pairs by subatitic
crack growth, the process speed becomes a ciigiad.
It was shown that splitting velocities up to seer
millimeters per second can be reached in generahby
technique.

However, further investigations demonstrated that t
possible maximum splitting rate depends on the wafe
material (Si/Si, Si/GaAs), the wafer thicknessaatihe
bonding process parameters, and the environmental
conditions during cleaving. In addition, also dletaf the
cleaving process, in particular the precision eding
conditions, and the wedge geometry are of condidkera
influence on the results. These requirements coald
addressed by using a special cleaving setup whash w
accordingly adapted to the required high precigiche
loading conditions [Figure 2].

The technique allows to debond directly bondedasil
wafers after hydrophilic pre-treatment even after a
annealing temperature treatment at 1100°C. In
combination with wafer bonding, the method can sedu
for a temporary stiffening and handling of thin anitle
wafers during fabrication, even if the wafers axpased
to high process temperatures. The approach mayalso
applied to fabricate MEMS by transferring a thinfeva
which was temporally bonded to a handle wafer o th
sensor substrate.
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Figure 1: Schematic representation of wafer bamdind
debonding a) Alignment of the carrier and the pssce
wafer, b) waferbonding, c) Fabrication of electoahiand
mechanical structures on the surface of the prosessr,
d) separation of the process wafer from the hagdlin
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Figure 2: Cleaving device with completely debonded
wafer pair. The wafers bonded under hydrophilic
condition and annealed at 1100° C for 5 h.



