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Abstract．Experimental observations were condueted to investigate the effects of various

parameters∞the SlLrface finish end subsurface damage(SSD)ofground sdicon wafers．A novel
destgn in wet chemical etehmg was proposed and implemented to provlda wafers a means of
strength enhancement whale allowing the usef to control the backside wafer surface fimsh．The
results inthcate that no propagating crystalline defoct was accompamed．but lenvmg the wafer in a

rather good surface inte鲥ty for back metal adhesion parposes．

IntroductiOll

Silicon wafers are most extensively used materiaIs for integrated circuit(IC)substrates．As the

demand of numaturization wtth higher performance standards for electronic devtces such as

memory cards，smart cards，portable communication devices，and portable computem becomes a
clear trend．IC package髂a whole makes it a requirement to reduce both featare sizes and chip
thickness．These requirements render协e chip end packaging demgners to develop hi曲一speed，
ultra-thar chipa that uulize less in&vtdual area end overall package height to accommodate muluple
layers of dense intetcormects．The chips that&re required to fit into these so-called intelligent
devices have to be remarkably thlll,which in&cates that sihcon chip thmnmg end stress relief
considerations have been turned inte sigmficent iSSUeS in the backend treatment and assembly of
semiconductor component manufactunng．
There are foor primary methods for wafer thinning(ManfreA and Gerald 2003)：mechanical
grinding．chemlcal mechanical pollshmg(CMP)，wet etching end atmospheric downstream plasma
(ADP)dry chemical etching(DeE)．Because of its higll thmning rate，mechanical gnnding
currently is the most common technique for wafer thinning．HOWeVer,there is a remaining defeet
band near the surface．The remaining defeet layer and surface roughness are the reasons for an

addltienal thinning process after mechanlcal grinding．This can be done elther bv CMP，dry etehmg
or wet chemtcal etching，Wat chemtcal etching is one of the most comnlon thinning techmques．
One ofthe commercial wet chemical etching equipments was shown in Fig．1．
Besides substrate thinnlng．there are sttll back surface roughness requirements for differcot back
metal adhesion．The chermeal wet etching process can be chemically tonghened to provtde the
optnnal conditlons mcreased surface area for improved back metal adhesion．
1n this paper．the ductile grinding technique was introduced experimentally with i乜benefit on
minimum micro-fracture and lirmtstton on ultra thin wafer thickness．And then,wet chemtcal
etchmg technoIogY was conducted to meet advanced wafer thinning requirement．A new type wet
chemical etchmg equipment was designed and setup for this rescarcll,end three thfferent chemical
solutions were developed and experimental parameters and results were discussed．
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(a)Rotating wafer with simultaneous etchant delivery (b)Overview

Figure 1 Commercml wet chemical etehmg equipment

(Solid State Equipment Corporation，2004)

Ductile grinding and subsurface damage layer

Because the properties of single crystalline silicon are hard and brittle，surface and subsurface

damage are easily mduced dunng the machlmng processes includmg sawing，gnnding，and lapping．

To achieve a better surface and subsurface performance，ductile regime gnndmg has been proposed
(Blfano et a1．1991)．Wlth ductile regime gnnding，the chip removal mechanism will induce
minimum micro-fracture and micro．crack shown in Fig．2 and Fig．3．

Figure 2 Chip removal mechanism(a)bnttle Co)ductile．(Pumck et a1．1996)

Figure 3 Chip removal mechanism(a)brittle(b)ductile．(Zhong 2003)
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An important condition for ductile regime grindmg is that the grain depth of cut(dg)of every
grits on the wheel should be less than the eritical depth of cut(dc)of sihcon wafer．We had

proposed∞effective means to investigate dc of sthcon wafer grinding in previous paper(Young
2005)．It was shown that the value ofthe erltlcal depth(de)is Wlthin the rangeof2㈣um and the
gram depth of cut(dg)would change with different gnnding conditions．From the defmttion of
ductile regime grinding dg<dc．it means to∞hteve ductile re．me grinding．dg must be less than all
the critical depth of cut of ground sthcon wafer(about 20 mn In the experiment)．The研ndmg
condition for duetile regime grinding is shown in Eq．1．

dg=7．37R(袅)“删一 (1)

Where f is the infeed per revolution of the grinding wheel,r|is the distance from silicon wafer
centre to the sample location,∞l is the chuck rotatlonal speed m rpm，∞2 is the wheel rotationaI
speed in rpm，Fv is the grain volume fractton in the binder,L is the mean circumference of the
gnnding wheel and w2 is tlle diamond cup whccl thickness．
Ductile regime grinding can get good result wh!le wafer thickness is above 250pm．In this
research．the G&N Nanogrinder MPS N0 940 grinding equipment was use to try the extreme
thickness that grinding could achieve．The resuIts showu in Fig．4 and Table l indicated that

mechanical grinding process would meet the limit with the requirement ofultra thin wafer thlnmng．
Thus wet chemical etching technology was in．educed below．

Figure 4 Warped wafer after ground

Table 1 Results ofdifferent Grinding thickness

lmtlal Thickness[∥m】 Final Thlchness【∥m】 Resul协

Raml 725 200 Warp_ed-
Rum2 725 175 Warped
Rum3 725 150 Warped
Rum4 725 140 broken
Ram 5 725 125 broken

Wet etching process in wafer thinning

The strength ofwet chemical etching includes simple process，low cost。high etching selechvity and

high yielding rate．The etchants for silicon wafer backs!de etching are mostly mLxtures of HF．

H3PO,b CH3C00H and HN03，ctc．The different mixtures conduct different etching rates and are
characterized by different selecttvlUes．Also various degrees ofbackside wafer surface finish can be
achieved．

In this research,a novel type wet chemical etching equipment was designed and setup as shown
in Fig．5．
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(a)3DCADModel

Figure 5 Wet chemical etching equipment designed and fabricated prototype

The difference between tins technology and the traditional wet chemical etching is the use of

surface tension ofetehant．as the schema shown in Fig．6．

Figure 6 Wet chemical etching schema

The wafer is floating on the surface of chemtcal etchmg solutmn with backside down and
chemtcal solmlon flows are conducted from bottom of the reaction chamfer．At the same time，the

wafer is spun and protectedby the action ofairflows from the upper Slde．

In this researcIL sihcon wafers were thinned with floating etching process in this equipment．And

three aqueous ehemtcal etchents(Soluttou A(HF，CH3COOH，HN03)、Solution B(HF，NH4F，

HN011、Solution C(HF，HN03，buffer acid))were developed and used in the experinlents．The

results were discussed below．

ResuIts and discussion

TTV and etching rate．To study the Total Thickness Variation㈣and etching rate of the
flouting etching process，expenment had been down u／the wet chemlcal etehmg equlpment
developed in this research with tmy pieces of 200 toni silicon wafers，At first,all wafers wgre
thinned to 250}nn by mechanical gnnding．In the 300 sec etching processing with Solution A，
Thtckness of each wafer was measured per 30 sec．and rrv was measured at the end of etching

process．

The resultswere showninFig．7 andFtg．8．The etchingratell．6iam／min andtheTTvl8．8 pm
can be reached in average．
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Etching tlJe(see．)

Figure 7 Wet etching rate

"V(um)

Figure 8 TTv measured for 50 warm

Subsurface damages removed．The experimental results in&cated that wet chemical etching
process can fine remove damages produced winle grmdIng by using either solution A，B or C as
shown in Fig．9，wtth：(a)surface ground with#2000 g-nd abrastves；(b)surface etched with
Solution C after ground；(C)cross-sectional view of sample(a)；(d)cross-sectional view of sample
(b)．

(c) (d)

Figure 9 Ground damage removed by etching
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Bow．A major problem in throning wafers is bowing．11lis is the wafer bends or evil rolls up in'
due to residual stresses left m the wafer．
As shown in Fig．10，the valu∞of bow of the 14 wafers were about 801an before鲥nding,and
rise to 80"-,120 Itm after rough grinding process，Wlth 25 sec etching treatmenL bow values reduced
obviously to less than 20“111．but stall higher than initial values slightly．
n shows mat the wet che／llical etching process cau effieiently埘∞ve residual stresses l矾in the
wafers．

Ftgure 10 Bow variations

SoluttonA Solution B Solutlon C

Figure 1 1 The surfaces etched by solution A，B and C．

Figure 12 Peeling test for back side metal vapour adhesion



Proceedings ofthe ICSFT,September 2006 285

Surface conditioning with ditierent etchantl．11”chemical etch锄协utilized are optimized in

this research for various back metal schemes and prowde the optimal conditions for adhesion

purposes．Fig．1l shows the snrfaccs etched by solution九B and C．The surface roughness etched
by Solution Cwas ten times rougherthan Solution A and Solution B．

m this research,Peva-900E Evaporator(Advanced System Technology Co．Ltd．1 was used to
adhesion titanium．niekel and siiver membrane on silicon wafcr．And followed wah the peehng test
by 2．0300wi血3M Scotc姻Brand Tape Core Series．as shown in Fig．12．
The results are conclusive and could be seen that eifiler Solution九B or C can effectively
remove SSD and resldual stress oll wafers，but only wafers etched with Solution C can pass throu曲
the peeling teSt．

Breakage while handling．Wlth the process ofthis researcIL 200 mm wafers could be thinned to

100．1251am in thickncss．Wh∞the wafers were further thraned to 751j_m and below．breakage
always accompanied dunng handling by robotic ann or in detaping process，as shown in Fig．13．

Figure 13 Wafer broken whale in handling

Summary

In this paper,a minimum thickness of 150 tan(accompanied with large bow)for 200 inln wafers
witll precision grindmg process was observed experimentally．A wet chemical etching equipment
was developed and applied to thin the 200 ham sihcon wafer to 100-125 Itm in thickness by the

process with precision gnnding followed by wet chemical etchmg．Also in thm study the capabflity
ofwet chermcal etehrag process in SSD and residual stress removing．and surface conditioning was
v两fied．
When the wafer was thinning to 75岬and below，breakage is always aeeom-panied in robot arm
handhng and detaping process．It is suggested that an mnovated wafer handhog method will be
required to handling the ultra thin wafers as the diameter increases．
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