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Introduction

1) Wafer Backdde Etching: In the semiconductor
production sequence some processes ae used which deposit
layers smultaneoudy on the wafer frontsde and backside.
Examples are oxidaion (themd oxide) and CVD-processes
(doped and undoped polyslicon, dlicon oxide, slicon nitride).
Since a (sandwich) layer on the wafer backside is not dways
beneficid  (i.e.  reproducibility problems of temperature
messurement  during RTP-processes), these layers have to be
removed periodicaly.

Current agpproaches use a frontsde protection condgting of
photoresist. The layers on the backside are removed by a wet
chemical dip or an isotropic CDE dry etch step (Chemicd
Downgtream  Etching). Following the backsde etch the
photoresist protection on the wafer frontsde has to be
removed. This sequence with the (additiond) photoresist
coating and sripping steps shows a long cycle time, requires
equipment  cgpacity  (PR-coater, stripper, and  cleaner),
represents a contamination risk, and consumes a sgnificant
amount of chemicals (environmental pollution problems).

To avoid these problems, a wet chemica gpproach without
frontside protection has been introduced by SEZ [1]. The
frontside of the wafer is placed upsde down on the air cushion
provided by a specidly designed chuck. While the chuck with
the wafer is rotating a high speed, the wet chemicd etchants
are grayed onto the backsde. Due to the rotation the etchants
move to the wafer edge and are flinged df without contacting
the wafer frontsde. This agpproach is meanwhile established
on the world market, but shows, neverthdess, some
drawbacks. The consumption of chemicas induding the DI-
water for the water rinse causes high cods and is criticd in
terms of disposa. Furthermore, the nitride etch rate is very
dow compared to the high polysilicon and oxide etch rate
Considering dl thexe facts, a new method of backsde remova
seemsto be desirade.

2) Damage Removal: After thinning finished dlicon
wdes, ther backsde have a disturbed, compressive dress
casing surface, which is - especidly in the case of very thinly
grinded wafers (e g. chip card applications) - removed with a
wet process (damege etching). This is connected with a high
consumption of chemicds and DI-water and, in the case of a
spin etcher, also with very ddlicate handling for thin wefers.

Therefore, a process based on microwavesupported down-
sream etching was developed, which works without wet chemistry
and dlows gentle manipulation. Regarding results (bow removd,
breaking strength), the process is comparable to wet processes and
because of the minimd media consumption, chesper than
competing wet processes.

Principle of New Approach

The new approach [2] has been developed in cooperation with
the Augrian equipment supplier SECON. It is based on chemicd
downgream etching with a high yield radicad generator based on
the SEMWAVE technology [3] without additiona frontsde
protection on the wafer.

The substrate is transported and placed in the etch chamber in
the norma mode (frontsde up). The radica generator is mounted at
the bottom of the chamber (see Fig.l). According to norma CDE,
the radicds diffuse to the subdtrate and react there. The etch
products are pumped off viaaringshaped dit above thewafer edge.

The frontsde of the wafer is protected non invasivly by a
neutral gas. The neutra gas flow, which suppresses the diffusion of
the reective radicds to the frontdde, is maintained by a specid
design of the chamber head. Due to this design, it is possble to etch
in different modes. Often it is beneficid to remove layers not only
from the wafer backsde. Etching the rim of the wafer and a smdl
but sharply defined region on the wafer edge on the frontsde (edge
excluson) can avoid cracking or popping on these aress (better
contamination control)

chamber heed

neutra ges
sealing mechanism inlet /
(see Fig.2) F
|

%

ringshaped dit
(to pump) ringshaped dlit
(to pump)
SEMWAVE microwave
redical genergtor i gesiriet

Fig. 1: Principle chamber design



The edge excluson can be redized by use of a specid
seding mechanian (Fig.2). After the wafer is placed to a
movable chuck (the spider), the chuck moves towards the
upper seding. The spider is Stopped by an indirect stop
outsde the area reserved for the wafer. With a correct
adjustment of the stop, the distance betwen sealing and wafer

frontsdeis£ 0.1 £ 0.01 mm.

Fig. 2: Priciple of the sedling mechanism

Applying a dight overpressure of the neutrd gas within
the seding, a condant ges flow towards the seding can be
maintained. This gas flow prevents a penetration of the
reective radicds but is not strong enough to influence the
process on the wafer backsde and the defined wefer edge
aess. The pressure difference between the etch and the neutra
(protection) gas influences drongly the trangition region
betwen etched and unetched regions under the seding. It is
therefore, an important parameter to adjust a sharp transtion
between these regions. With an optimized setup, a transition
length smdler than 0.2 mm can be obtained which means that
the trandtion looks opticaly very sharp. Using an optimized
six pin spider, the regions under the pins can be eiched
residue-free.

The backsde etch chamber itsdlf is attached to a MESC-
compatible cluster tool (IRIDIUM) also built by SECON (Fig.
3). It consists of two ports for bad/unload stations, and ports
for up to four process chambers. For the experimets a 150 mm
verson of the tool has been used, but dso 125 and 200 mm
versons are available.
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Fig. 3: Schematics of the IRIDIUM backside etcher

Application for
Nitride Removal beforeFied O xidation

One interesting gpplication for the new tool is the stripping of
the PBL-mask (Pdy-Buffered-LOCOS) from the wafer backdde
before fidd oxidation. Stripping before the LOCOS-process is
beneficia, because the wafer backsde will be oxidized as wdl and
protected againgt contamination this way. For this application a
SF/N,O etch process with a LPCVD-nitride etch rate of 300
nm/min, a polydlicon etch rate of 1000 nnVmin, a therma oxide
etch rate of 10 nm/min, and a uniformity of £+ 5 % has been
developed. The nitride/oxide sdectivity is 30. If this sdectivity is
not sufficient, some percentages of chlorine can be added to the
process. Depending on the chlorine flow, sdectivities up to 100 can
be achieved as well. For a sandwich of 150 nm nitride and 150 nm
polyslicon, the throughput of a system with two etch chambers is
more than 40 wafersh, and for 250 nm nitride on 250 nm
polysilicon more than 30 wafersh.

Table 1 : Comparison of standard, SEZ and WBP (Wafer
Badkside Processing) process flow

sd. | sEz [wBP

Nitride/poly-deposition and LOCOS:-litho X X X
Petterning of LOCOSitride on frontside X X X
PR-strip in Ox-plasma X X X
Cleaning X X X
Protection coating on frontside X

Nitride/poly backside etch X X X
PR-strip X

Cleaning X

Teble 1 shows a process sequence with normd  frontside
protection, with the SEZ-method, and with the new WBP-method
(Wafer Backsde Processing). With the WBP- and the SEZ-
approach, it is possible to get rid of three additiond process steps.
The gain in cycle time is severd hours. Unfortunately, the SEZ etch
process is very expensive due to inefficient use of wet chemigtry. In
comparison, the new WBP-approach shows high throughput and
low consumption of chemistry (gases). The costs are a fraction
compared to both other methods.

Application for
Simultaneous Etch of Both Wafer Sides

For some gpplicaions it is necessary to etch frontsde and
becksde of the wafer smultaneoudy. This dso can be done in the
WBP chamber. In this case the spider remans in loading postion
(no movement to the stop) and no neutral gas flow is turned on.
Contary to existing CDE frontsde etching systems, the wafer
backsde clears dightly before the frontside is finished. This is
beneficid because the overetch can be adjusted specificdly to the
requirements on the wafer frontdde

The new sysem enables furthermore the important option to
perform a two-step process with a backside etch only in the firg
step, and an etch of both sides in the second step. This may be
necessary incase of a more sophisticated application where the
frontside nitride is dready thinned digtinctively by a CMRstep.

If the WBP-chamber should only be used for backsde etching,
it is possble to etch the frontside sequentidly in a standard Seoon-
CDE-chamber on the same tool (see Fig. 3).



Application for
Damage Removal on Mechanically Thinned Wafers

At the end of the manufacturing process of slicon wafers
with semiconductor elements, wafers are thinned and then cut
into single chips. This thinning process leaves a disturbed,
stressed slicon surface on the backsde. When the wafers are
extremly thin (e. g. for chip card gpplications < 200 pm), they
can bresk during handling (find wafer tedting, transport,
dicing, ..) or during subsequent bendtests because of this
stress.

To prevent uncontrolled breeking, the backsde is etched a
few micrometers in a wet etch system, in order to remove the
stresscausng damage zone. The wafer frontsde is protected
by a thick & 100 pm) foil, which is applied for its protection
dready before the backside grinding process

Next to dip-etching, which is suitable only for smdl
throughputs, a spinetcher is being used more and more. In this
process, slicon wafers are clamped onto a rotating chuck with
the face down. Between chuck and wafer, ar flows redidly
outwards, while the wet chemistry is sprayed from above onto
the wafer backsde. Due to the fast rotetion and the air cushion
of the wefer, the chemicds are spinned outwards over the
edge of the wder backsde and thus cannot attack the
frontdde. This process works consderably better than dip-
etdwmg but has also severd disadvantages :

high consumption of wet chemicasand DI -water

supply being available and controlled disposd of media

intricate  waferhandling with danger of breskage of very

thin wafers

the protective foil practically has to be removed before the

etch process, since it can lift off the wafer in the region of

the clampfinger, and thus etch liquid can get in between.
On the other hand, it would be desrable to leave the foil on
until after the etch process, as it would hold the wafer
fregments together in case of breskage, and thus make the
cleaning more smple.

A dry remova of the damage layer was invesigated by
usng  getle microwave-excited  chemicd  downdream
processes with fluorine compounds.

Etching of dlicon on the wafer backsde can be done with
CFJ/O,-chemistry as wel as NFz oder SF¢/O./Ny(or NLO)-
chemistry. Since eching is done preferdbly on damaged
locations or adong gresdines, respectively, only a short
etchtime is necessary (depending on the thinning process and
etch chemistry between 10 sec and 2 min), to remove the
dress from the wafers. This can be checked with measuring
the bow.

Controlled overetch rounds the terson cracks in the
subdtrate at their ends so that the required bresking strength is
obtained. SEM examingtions show that the surface changes
condderably dready after 15 sec NR microwave plasma
After longer etch times, deeper trenches are levded, whereby
their appearance strongly depends on the etch chemistry used.
Contours will be softest with a SFe-chemistry, while a certain
roughness will reman with NFs und CFschemistry and
trenches caused by more severe dameges will even show
anisotropic contours. The etch rate with NRs-chemigtry is » 1
pm/min, and » 05 pm/min with SFe and CFschemistry,
respectively.

On grinder-thinned wafers, the bow disappears dready after 10
sc of NFsmicrowave plasma The decresse of the bow is
propartional to the etch time.

Damage Etch with Microwave Radicals
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Fig.4: Breaking Stress in Dependence of Etching Time

For teting the influence of microwave damege etching on the
bresking drength, extensve examindions on breskeges were made
by customers. For this purpose, blank slicon wafers (100) were
haved &fter thinning and damage etching, and one hdf of a wafer
was broken into gpproximately 50 pieces measuring around 12 by
12 mm? per test. The 50 pieces were then subjected to a bresking
test, and the bresking force applied via a so-cdled Wabull-Plot.
The respective other hafs of the wafers were used for SEM
investigationsand X -ray topologica examiretions.
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3. 3: Damage etching with Microwave Downstream Plasma; Bow (um) in depen
dence of grinding method, etch chemistry and etching time

The results show that even after 1 min etch time with the
microwave downsream plasma on a SFe-base, the bresking
drength has doubled, after 2 min vaues over 2000 MPA ae
dready reeched for S Then & gradudly goes into saturation to
reech, after 3 to 4 min, bresking strengths, which match those after
awet chemica damage etch process (remova gpprox. 5 um).

The same result is obtained with thinner grinded wafers (E 200
pm find thickness) which can be handled and processed esder
when using afail.

Even though the highest Si-etch rates and shortest bow remova
times can be obtaned with NFR-chemistry, Sks-chemistry shows
better values regarding breeking strength and optica quality of the
wafer backsde. As it is by far the cheapest chemidry, this
chamistry remainsin the focus of atention.

As far as costs (appr. 10 cents/wafer) and results are concerned,
CF;-chemistry can dso be conddered, egpecidly when a rough
arface is dedrable, eg. to obtan better glueing on SOJ led



franes or a better adheson of the moulding mass for LOG
mounting due to an enlarged surface.

With X-ray topologicd examinations, the breskage-
examinations could be confirmed in respect to the fact, that
dter gpprox. 1 to 1,5 min microwave damage etching, none of
the diffraction images typica for a previous grinding process
could be seen.

Snce the wafes ae not subjected to a “heding”
tempaing dep, as mentioned before, a damagefree process
such as the “remote’” microwave CDE (Chemicd Downstream
Etch)-process, should be used.

As the wafer frontside is protected by the fail, the wafers
could be transported face down and be etched in the
conventional way, i.e. from above, in the chamber. Of course,
an etch equipment in which mechanicd handling of the thinly
grinded wafers is gentle, is recommended. This, eg., is the
cae, when the etch equipment is designed as a loaddock
system, and the whole charge can be pumped down and
vented, respectively, in the loaddock, while the other charge is
being processed. This has been redised in the Secon wafer
backside etcher XCD-240. The use of the chamber, developed
for backside etching without photoresist frontside protection,
has the advantage that the wefers remain in ther naturd
postion, i. e face up, as the wafer backsde is etched from
below in the chamber (Fig 1).

Conclusion

A new chamber for wafer backdde etching and damege
remova without frontsde protection has been developed and
tested. The chamber has been atached to a MESC-compatible
cluster tool. In a two-chamber configuration, a throughput of
more than 40 wafersgh can be obtaned for PBL-mesk
backdde removal. The cogts for this PBL-process ae a
fraction compared to conventiond methods. The gain in cycle
time for a 50 wafer Iot is nearly hdf a day compared to the
approach with frontside protection.
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