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BOW AND WARPAGE OF SILICON WAFERS

Shin. faka.rr1, H. otsuka2, N. yoshihiTor, ,!, Oku4 and M. Ishida5

VtrSf Cooperative laboratories,

1-4-1, Miyazaki, Takatsuku, Kawasaki 21J, JAPAN.

During the past ten years, the wafer dia.meter increased from !O rnm to over 100 nn even up to

12J nm, and 200 mm diameter wafer has been macle experimentally. 0n the othei hand, the device

d.esign rule became d.rastically smaller anal smal-ler to 1 micronmeter vrhich coulcl realized by

electron bearn technique. The wafer flatness in the focal plane of electron beam d-elineator or

optical printer is crrrcial for a.n uniform imaging in the photo- or el-ectron beam- lithographic

process. This flatness is inclependent of wafer diarneter whil-e bow clepend.s on the clia,rneter.

It is important to control the wafer curvature, concave or convex in device side, to keep

chucked wafers flat in a.:ry lithographic apparatus usi.ng'vacuum, electrostatic or mechanj-caI

chuck clepend on each conclitions. Iilafer warpage after repeatecl high temperature LSI processes

has been reportecl to depend on initial wafer bow.

The relation between initial wafer bow ancl warpage caused. by thermal treatment were d.j-s-

cussed on two p"p"r"1)' 2), But these papers basecl on a simple heat treatment 6f wafer ancl on

characterization data by a few measuring methocls. Real time in-process observation for warping

of wafer during a heat treatment was not achievecl d.ue to the difficulty of making of long work-

ing distance observation instrument with wafer warpage patterrr inforrnation.

In this paper, we cl-iscuss systernaticalJ-y the bow and warpage cluring whole the process from

crystal growth to heat treatment and characterization methocls and their instnlnentation irlclud-

ing above mentioncl real tirne in-process wafer warping observation instrurnent with patterrr infor-

nation. Ilafer warpage in heat treatments are calcul-ated theoretically and it is conforrned to

cueing the real tJme in-process measurement.

In situ observation of wafer heat treatnent show the wafer warpage type ( concave, convex

anil saclalle ) depend on initial wafer bow types. The observetl therrnal strain and elaetic clefor-

mation of wafer were agreed well computer sinulation. This elastic d-eformation was changed to

plastic deforrnation at higher temperature heat treatment above critical temperature. The

resiclual ilamage on the back side of wafer infl-uenced to plastic deformation due to generation of
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dislocation by the therrnal stresses.

In summary, Table 1 shows the corelation table for wafer bow and warpage over the whole

prrocess and counterpla,yls for wafer bow ancl warpage in each unit process from this study.
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