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(57) Abstract: A liquid composition for wet etching has improved selectivity for polysilicon over silicon dioxide, even when the
polysilicon is heavily doped and/or the silicon dioxide is a low temperature oxide. The composition comprises 0.05-0.4 percent by
weight hydrofluoric acid, 15-40 percent by weight nitric acid, 55-85 percent by weight sulfuric acid and 2-20 percent by weight wa-
ter. A method and apparatus for wet etching using the composition are also disclosed.
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METHOD, APPARATUS AND COWPCSI TION FOR WET ETCH NG

BACKGROUND OF THE | NVENTI ON

1. Field of the Invention

The invention relates to a nethod, apparatus and
conmposition for wet etching, and nore particularly, a
nmet hod, apparatus and conposition for wet etching |ayers
formed on a sem conductor substrate

2. Description of Related Art

Various semiconductor fabrication techniques involve
wet etching of layers grown on a sem conductor substrate.
Sel ective etching is utilized to renmobve |ayers of one
material wthout significantly degrading layers formed of

anot her nmateri al .

For example, in conponent fabrication for mcro-
el ect r o- nechani cal systens (MEMB) , it is conventional to
form structural layers of polysilicon alternating wth
sacrificial layers of S10,, whereafter the S10, |ayers are

renoved by wet etching with a conposition that is selective
for S10, and selective against polysilicon.

Wet etching conpositions that are selective for
polysilicon and selective against SIO2 are also known.
Wereas HF etches S10,, mxtures of HNO; and HF will
selectively etch polysilicon relative to SI, provided that

the ratio of HNO; to HF is sufficiently high.
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However recent industry trends favor |ayers of silicon
di oxide that are deposited at |low tenperature, and |ayers of
polysilicon that are heavily doped. The usage of these
nodi fied materials, especially in conbination, degrades the
etch selectivity of conventional wet etchants and thus nakes
it very difficult to renmpove polycrystalline silicon
selectively relative to silicon dioxide.

In particular, silicon oxide deposited at |ow
tenperature can show etch rates with m xtures of
hydrofluoric acid and nitric acid up to four tines greater
than the etch rate of silicon oxides that are deposited at
hi gher tenperatures. Moreover, highly doped polycrystalline
silicon can show significantly lower etch rates with the
above shown nmi xtures. VWen these naterials are used in
conmbi nation the etch selectivity for polysilicon to silicon
di oxide can drop from levels as high as 80 down to |levels of

as |low as 2.

SUMVARY OF THE | NVENTI ON
The present invention in one aspect relates to a liquid
conposition for wet etching, conprising 0.05-0.4 percent by
wei ght hydrofluoric acid, 15-40 percent by weight nitric
acid, 55-85 percent by weight sulfuric acid and 2-20 percent

by weight water.
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In preferred enbodinments of the liquid conposition for
wet etching according to the present invention, the
hydrofluoric acid is present in an anpbunt from 0.1 to 0.3
percent by weight.

In preferred enbodinments of the liquid conposition for
wet etching according to the present invention, the nitric
acid is present in an anmount from 18 to 30 percent by
wei ght .

In preferred enbodinments of the liquid conposition for
wet etching according to the present invention, the sulfuric
acid is present in an ampunt from 60 to 80 percent by
wei ght .

In preferred enbodinments of the liquid conposition for
wet etching according to the present invention, the water is
present in an ampunt of less than 17 percent by weight.

The present invention in another aspect relates to a
met hod of wet etching layers formed on a substrate,
conprising applying to a substrate having formed thereon at
| east one layer of silicon dioxide and at |east one |ayer of
polysilicon, a liquid wet etching conposition
conprising 0.05-0.4 percent by weight hydrofluoric acid,
15-40 percent by weight nitric acid, 55-85 percent by weight
sul furic acid and 2-20 percent by weight water, to

selectively etch the at |east one layer of polysilicon
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relative to the at |east one l|layer of silicon dioxide

In preferred enbodinments of the nethod for wet etching
according to the present invention, the substrate is a
sem conductor wafer, and the nmethod further conprises
rotating the semi conductor wafer on a spin chuck while the
wet etching conposition is applied to the seniconductor
waf er .

In preferred enbodinments of the nethod for wet etching
according to the present invention, the liquid wet etching
conmposition is dispensed from above the semni conductor wafer
onto an upwardly facing surface of the sem conductor wafer.

In preferred enbodinments of the nethod for wet etching
according to the present invention, the liquid wet etching
conmposition is passed through a heat exchanger so as to
mai ntain a tenperature of the liquid wet etching conposition
within +- |IK of a target tenperature, prior to applying the
liquid etchant conposition to the substrate.

In preferred enbodinments of the nethod for wet etching
according to the present invention, the at |east one |ayer
of silicon dioxide overlies the at |east one |ayer of
polysilicon, and the liquid etchant conposition is applied
to an opening that traverses the at |east one |ayer of
silicon dioxide and the at |east one |ayer of polysilicon,

so as to form an undercut in the at |east one |ayer of
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polysilicon .

In preferred enbodinments of the nmethod for wet etching
according to the present invention, the at |east one |ayer
of silicon dioxide and the at |east one |ayer of polysilicon
form part of a pnp emitter window in a heteroj unction
bi pol ar transistor.

In preferred enbodinments of the nmethod for wet etching
according to the present invention, the liquid wet etching
conposition conprises from 0.1 to 0.3 percent by weight
hydrofluoric acid, from 18 to 30 percent by weight nitric
acid, from 60 to 80 percent by weight sulfuric acid, and
from 2% to less than 17% water.

The present invention in yet another aspect relates to
an apparatus for wet etching, conprising a spin chuck for
hol ding a substrate in a predeternmined orientation and for
rotating the substrate about an axis of rotation; a supply
of a liquid wet etching conposition conprising 0.05-0.4
percent by weight hydrofluoric acid, 15-40 percent by wei ght
nitric acid, 55-85 percent by weight sulfuric acid and 2-20
percent by weight water; and a dispenser positioned above
the spin chuck to dispense the liquid wet etching
conmposition onto an upwardly facing surface of the
substrate, to selectively etch at |east one |ayer of

polysilicon forned on the substrate relative to at |east one
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| ayer of silicon dioxide forned on the substrate.

In preferred enbodi nents

etching according to the present invention,

of the apparatus for wet

at | east one of

the supply of liquid wet etching conposition and the

di spenser

liquid wet

conprises a heat exchanger for mmintaining the

etching conposition within +/ -

tenperature .

In preferred enbodi nents

etching according to the present invention,

a process

K of a target

of the apparatus for wet

the apparatus is

nmodul e for single wafer wet processing of

sem conductor wafers.

O her

BRI EF DESCRI PTI ON OF THE DRAW NGS

obj ects, features and advantages

of the invention

wi Il becone nore apparent after reading the follow ng

detail ed description

i nventi on,
dr awi ngs,

Fig.

of preferred enbodinents of the

given with reference to the acconpanying

i n which:

1 is a schematic perspective view of a

sem conductor structure to which the method according to the

i nventi on

Fig.

may be applied;

2 is a schematic perspective view of a

sem conductor structure to which the method according to the

i nventi on

has been appli ed;
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Fig. 3 is a graph plotting etching selectivity for each
of a series of etching conpositions;

Fig. 4 shows the relationship of viscosity to
tenperature for a series of concentrated aqueous solutions
of sul phuric acid; and

Fig. 5 is a schematic diagram of an enbodi nent of an

apparatus according to the present invention.

DETAI LED DESCRI PTI ON

The present inventor has discovered that inproved
selectivity for wet etching polysilicon relative to silicon
di oxi de can be achieved, even for conbination of |ow
tenperature oxides and heavily doped polysilicons , by a
conposition in which hydrofluoric acid and nitric acid are
conbined with a preponderance of sulphuric acid. In
particular, the conpositions conprise 0.05-0.4 percent by
wei ght hydrofluoric acid, 15-40 percent by weight nitric
acid, 55-85 percent by weight sulfuric acid and 2-20 percent
by wei ght water.

The weight ratio of nitric acid to hydrofluoric acid is
preferably from 50 to 800, nore preferably from 60 to 300,
and nost preferably from 70 to 150.

In conventional wet etching solutions for polysilicon,

it is considered that the nitric acid oxidizes the
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polysilicon, wth the oxide then being dissolved by the
hydrofl uoric acid. Hydrofluoric acid also is an etchant of
silicon dioxide, but when the ratio of HNGB to HF is high,
then the etching selectivity 1is acceptably high.

However, the conventional etchants no |onger perform
with satisfactory selectivity, as discussed above, when the
silicon oxide is a low tenperature oxide (LTO , such as for
exanple those forned from deposition of silane gas at
temperatures of about 300-500°C, and/or when the polysilicon
i s heavily doped.

The wet etching conpositions according to the present
i nvention overcone these shortcomings of the prior art. As
shown in Fig. 1, a structure to which the composition and
method according to the invention may be applied conprises
an alternating series of low tenperature oxide layers 110
and heavily doped polysilicon layers 120 forned on an
underlying substrate, e.g., a semconductor substrate such
as silicon or silicon-on-insulator (SA) or glass.

These polysilicon layers 120 may include polysilicon
that is doped with an n-type dopant, such as phosphorous or
arsenic, (i.e., p-type polysilicon) or a p-type dopant, such
as boron or aluminum (i.e., n-type polysilicon) . For
exanple, a PLAD process nmay be used to inplant phosphorous

or arsenic such that the polysilicon |layers 120 conprise
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n-type polysilicon.

Layers 110 and 120 may have a thickness for example of
from about 20 nm to about 50 nm In sone enbodinents, the
layers 110 and 120 may be deposited over one another wusing a
conventional chemical vapor deposition (CvD) process.

The structure depicted in Figs. 1 and 2 corresponds to
that shown in Figs. 31B and 34, respectively, of US. Patent
Publication No. 2011/01012 98, although the materials of the
layers 110 and 120 is not necessarily the sane. In that
structure, the alternating |ayers form superposed diodes

conprised within menmory strings overlying a MOSFET array

106.

The trench fornmed into that series of layers is formed
by a dry etching technique, anisotropically, such that the
trench is about 0.25um wide and Ium high, i.e., with an

aspect ratio of about 4.

The wet etching conposition according to the invention
is then applied to the Fig. 1 structure. Etching of the
polysilicon occurs isotropically by wet etching, but the
selectivity of the conpositions according to the invention
causes the polysilicon layers 120 to be etched
preferentially to etching of silicon dioxide Ilayers 110, so
as to form undercut regions 125.

Wthout wishing to be held to any particular theory, it
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is believed that the high content of sulfuric acid and the
low content of water, serve to retard the dissociation of
the nitric acid so that it may act nore effectively in

oxi di zing the polysilicon. Additionally, at the high
concentrations of sulfuric acid enployed according to the
invention, the liquid conposition will be relatively
viscous, as indicated generally by the data shown in Fig. 4
as to concentrated aqueous solutions of sulfuric acid. That
high viscosity is believed to retain the HF in close
proximty to the nitric acid nolecules, so as to act
preferentially on the oxidized polysilicon rather than upon
the preexisting silicon dioxide |ayers 110.

In Fig. 3, the etching selectivity of six different wet
etching conpositions is plotted. The vertical axis
represents the degree of etching selectivity of polysilicon
relative to silicon dioxide, whereas each of the six sanple
conpositions is distributed along the horizontal axis. The
liquid etchants plotted in Fig. 3 were of the follow ng

composi tions

Yoyreight
Siaturs HF HNTE #2504 H20
1 0.8% 67,3% 3,0% 32.7%
2 0.5% 41.2% '59.4% 21,5%
3 0.4% 23.6% 56,6% 16.6%
4 33 % 23,1% 66,2% 13.3%
5 0.2% 18.3% 72.-4% 12,1%
& 0,2% 13.5% 73.8% 10.0%

PCT/IB2012/055506
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As can be seen from Fig. 3 and the above table, a
conventional HF/ HNO4/ H,O etchant with no sulfuric acid
content resulted in an etch selectivity of only about two
when used on |low tenperature oxides and heavily doped
polysilicon as depicted in Figs. 1 and 2.

However, the mixture 2 shows that a sulfuric acid
content of 39.4 weight percent did not significantly inprove
the etching selectivity, despite that the water content was
reduced relative to that of mixture 2, and the ratio of
nitric to hydrofluoric acid was about the sane.

On the contrary, a dramatic and unexpected increase in the
etching selectivity was found for the mixtures 3 and 4, in
which the sulfuric acid content was increased to 56.6 and
66.2% respectively, wth the ratio of nitric to
hydrofluoric acid being somewhat |ower but still generally
simlar to that of mixtures 1 and 2.

M xture 6 showed a steep dropoff in etching selectivity
relative to mxtures 3 and 4, although the perfornance was
still superior to the conventional conposition (mxture 1).
Here, the content of nitric acid was considered too low to
sufficiently oxidize the polysilicon fast enough to attain a
hi gher selectivity. M xture 5 was not tested but would
apparently fall on the curve generated by the test results

of the other five m xtures .
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Fig. 5 depicts an apparatus suitable for carrying out
the method according to the invention. In particular,
reference numeral 1 denotes a spin chuck in a chamber c,
which is preferably a process nodule for single wafer wet
processing of seniconductor wafers. Chanmber C is preferably
a closed nbdule so as to confine the chemicals used. A 300
mm semi conductor wafer W is positioned on the spin chuck 1
and gripped by gripping pins (not shown)

Spin chuck 1 holds a wafer w thereon in a predeternined
orientation, which is preferably such that the mgjor
surfaces of the wafer are disposed horizontally or within
+ 20° of horizontal. Spin chuck 1 may for exanple be a
chuck that operates according to the Bernoulli principle, as
described for exanple in US. Patent No. 4,903, 717.

A wet etching is carried out by supplying the liquid
wet etching conposition according to the invention from a
reservoir 3 containing the sane, to a dispenser 4.

Di spenser 4 includes a preferably novable dispensing nozzle
2 positioned above an upwardly facing surface of wafer w.
Di spenser 4 further conprises a conduit 5 extending between
the reservoir 3 and the nozzle 2, which conduit 5 is
surrounded by an in-line heat exchanger 6. The heat
exchanger 6 is adapted to maintain a tenperature of the

etchant conposition within +/- |IK of a target tenperature
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(which could be anbient tenperature) , so as to provide
greater viscosity control as well to adjust the etching tinme
to an optinmum range. In addition to or instead of in-line
heat exchanger 6, reservoir 3 may be equipped with a heat
exchanger for the liquid etchant conposition.

VWhen dispensing the etchant conposition the dispensing
nozzle 2 preferably can be noved across the wafer at a

sel ected speed from the center towards the edge and back to

center. This nmovenent can be repeated as long as the
respective liquid is dispensed. The spin speed during
di spensing the etching liquids is preferably set to be in a

range of 300 rpm to 2000 rpm

Process chanmber C nay be a multi-Ilevel process chanber
as described in conmonly-owned U.S. Patent No. 7,837,803
(corresponding to WO 2004/084278) . The spin chuck can be
positioned at the selected l|level by noving the chuck axially
relative to the stationary surrounding chanber, or by noving
the surrounding chanber axially relative to the axially-
stationary chuck, as described in connection with Fig. 4 of
U.S. Patent No. 6,536, 454.

VWile the present invention has been described in
connection with various preferred enbodinents thereof, it is
to be understood that those enbodinments are provided nerely

to illustrate the invention, and should not be used as a
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pretext to limit the scope of protection conferred by the

true scope and spirit of the appended claims.
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VWHAT IS CLAIMED 1Is:
1. A liquid conposition for wet etching, conprising:
0.05-0.4 percent by weight hydrofluoric acid;
15-40 percent by weight nitric acid;
55-85 percent by weight sulfuric acid; and

2-20 percent by weight water.

2. The conposition according to claim 1, wherein said
hydrofluoric acid is present in an anmpbunt from 0.1 to 0.3

percent by weight.

3. The conposition according to claim 1, wherein said
nitric acid is present in an amobunt from 18 to 30 percent by

wei ght .

4. The conposition according to claim 1, wherein said
sulfuric acid is present in an amunt from 60 to 80 percent

by wei ght.

5. The conposition according to claim 1, wherein said
water is present in an amount of less than 17 percent by

wei ght .
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6. A method of wet etching layers forned on a
substrate, conprising applying to a substrate having formed
thereon at |east one |ayer of silicon dioxide and at | east
one |ayer of polysilicon, a liquid wet etching conposition
conprising 0.05-0.4 percent by weight hydrofluoric acid,
15-40 percent by weight nitric acid, 55-85 percent by weight
sulfuric acid and 2-20 percent by weight water, to
selectively etch said at |east one layer of polysilicon

relative to said at |east one layer of silicon dioxide.

7. The method according to claim 6, wherein the
substrate is a sem conductor wafer, and wherein said nethod
further conprises rotating the sem conductor wafer on a spin
chuck while the wet etching conposition is applied to the

sem conduct or wafer.

8. The nmethod according to claim 7, wherein the liquid
wet etching conposition is dispensed from above the
sem conductor wafer onto an upwardly facing surface of the

sem conduct or wafer.

9. The nethod according to claim e, further conprising
perform ng heat exchange on the liquid wet etching

conposition to nmaintain a tenperature of the liquid wet
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etching conposition within +/- 1K of a target tenperature,
prior to applying the liquid etchant conposition to the

substrate .

10. The nethod according to claim s, wherein the at
| east one layer of silicon dioxide overlies the at |east one
| ayer of polysilicon, and wherein the liquid etchant
conposition is applied to an opening that traverses the at
| east one layer of silicon dioxide and the at |east one
| ayer of polysilicon, so as to form an undercut in the at

| east one |ayer of polysilicon.

11. The nethod according to claim 10, wherein the at
| east one layer of silicon dioxide and the at |east one
| ayer of polysilicon formpart of a pnp emtter window in a

het eroj unction bipolar transistor.

12. The nethod according to claim s, wherein the
liquid wet etching conposition conprises fromo0.1 to 0.3
percent by weight hydrofluoric acid, from 18 to 30 percent
by weight nitric acid, from 60 to 80 percent by weight

sulfuric acid, and from 2% to less than 17% water.



10

15

20

WO 2013/084083 PCT/IB2012/055506

18

13. Apparatus for wet etching, conprising:

a spin chuck for holding a substrate in a predetern ned
orientation and for rotating the substrate about an axis of
rotation;

a supply of a liquid wet etching conposition conprising
0.05-0.4 percent by weight hydrofluoric acid, 15-40 percent
by weight nitric acid, 55-85 percent by weight sulfuric acid
and 2-20 percent by weight water; and

a di spenser positioned above the spin chuck to dispense
the liquid wet etching conposition onto an upwardly facing
surface of the substrate, to selectively etch at |east one
| ayer of polysilicon fornmed on the substrate relative to at

| east one layer of silicon dioxide formed on the substrate.

14, The apparatus according to claim 13, wherein at
| east one of the supply of liquid wet etching comnposition
and the dispenser conprises a heat exchanger for maintaining
the liquid wet etching conposition within +/- IK of a target

tenperature .

15. The apparatus according to claim 13, wherein the
apparatus is a process nodule for single wafer wet

processing of sem conductor wafers.
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