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(57) Abstract: The present invention relates to a
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acterized in that the step of forming silicon well
(100) is conducted using a standard deep reactive
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more surface area of the sensing membrane thus in-
creasing the performance of a sensor.
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Description
Title of Invention: A METHOD FOR FORMING SILICON GRASS
i1 FIELD OF INVENTION
{3 The present inventing relates 1o 2 method for forming a siticon srass struchiure which
it application Is in sensor technotogy,
BACKGROUND OF THE INVENTION

One of the most iportant feature i 8 sensor is a sens ng mwembrane. Carrently, the

m
i

ensing membrane is fabricated in a form of flat surface. Theflat surface structure of a
senxing membrane is Hmiting the reactivity of fors that would cause not enough
surface potential for the xemsor device o properly function. This would affect the per-
formance of the sensor. Whils many bad invented a method for forming a silicon
sensing membrane sach as inUS 2010/09 2888, which construes © process for etching
a sthicon-containing substrate to form structures is provided. In the Provess, 8 metal i«
deposited and patterned onto a silicon-containing substrate commonly one witha re-
sistivity above 1-10 shim-cm) in such a way that the metal iy present and touches
stlioon where etching is desired and is blocked from touching silicon or ant present
elsewhiere. The metallized substrate is submerged into an sichant aguecus sefution
Comprising about 4 to about 49 weight percent HF and an oxidizing agent such as
about (.5 to about 30 weight percent Hsub20.5ub 2, thus producing a metallized
substrate with one or more trenches. A secoud silicon etch is optionally emploved to
remove nanowires mside the ene or moe frenches.

{51 However, the prioe art still could aot solve the shove problen which isrelated o low
surfave-area~to-volume ratio of the sensing material structure.

{61 Therefore it is a need for an invention that can overceme the above mentioned
probisn.

{7 SUMMARY OF THE INVENTION

{81 According 1o un aspect of the present invention, the present invention pro-
videsmethod for forming 81 grass structure comprising Hforming a silicon well (100),
etching the silicon well 1o Iorm silicon grass strueturs (200); characterized in that the
step of forming stbicon well (1001 is conducted using a stumdard deep resctive 1on
etching Bosch process using photoresist as the masking material. The shove provision
is advaniageous as the present invention provides more surface aves of the sensing
saterial, thus inoreasing the perfornsance of the sensor. The method for for ming the
stlicon grass structare s invented using inductively ¢ coupled plasma (ICP) deep
reactive o ctehing (RIE) process chamber, B was found that the diameter and height
of silicon grass ave controllable by varving the waler chuchisilicon termpersture process

paramater. Bosch process s oue type of sificon eiching technology frwr high-aspect
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ratio where siticon grass is one of the by-products, Previously, moxt of the studies have
been focused on elininating these silicon grasses. Henwsver, i the present invention,
the optimized condition for obtuining silicon grasses is invented using puluctively
coupled plasma ICP DRIE system,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure Lillustrates 4 flowchart of a method for forming a sificon grass of the present
mvention,

Figare 2illustrates pictorfalprocess flow for $1 grasa formating shiclding wire sur~
roumiing the interdighiated slectrodes,

Figare 3illustrates SEM Image for S grass structirs.

Figure dillustrates SEM image for Poly-Si srass structure,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Generally, the present invention relates tos method for fornung Si grass stracture
comprising:forming a sitivon well (100); and etching the silicon well to form sificon
SYASS structure (200 charactorized iy that the step of formng silivon well (100 15
cnmhicted asing a standard deep reactive fon etching Boseh process asing photoresist
as the masking material, The flow of the present invention is depicted in Figare 1 and
Figure 2 whereas the SEM images of the silicon grass is depicted in Figure 3 and
Figure 4.

The step offorming a siicon well (100} forther comprising: sequential stching (1013
and passivation sub-cyels (103). The sequential etehivg (101 further comprising:
Further omprising: exposing the silicon o a mixture of C.F and Os plasma for thise
seconds,

The silicon well formation is created by asing a standard deep reactive jon eching
Bosh process using photoresist as the masking material. This step is based on 2 se-
quential passivation and etehing sub-cyeles where in the first subovile passivation, s
mixture of CF, and O, within time juterval 1R second s used, In the etching sub-
cycle, the sumpls 58 exposed o SF plasma within e interval 1.9 second is used.

Thus process step s performed at water chuck famperature of - 10 °C.
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i Table 1}

Process parameters  {Unit Valoe Yahuwe
Distanve sources  nm 200
chuek
Sauree power W 8GO 1804
SE6 flow 500 254
C4E8 + 02 flow SUCHY 150 410
&F6 cycle time see 3
{4F8 ovele nme sec i
Process press. on Pa 3
SE6 cycle
Process pross, ou ¥ 2

4B evele
Chuck temporature °C -10
{external probe)
LF bias power W SUW

He backside mbar in

pressurg § /2

Table 1: Deep silicon eteh recipe pasameters for silicon well formation

The step of etehing the silicon to form silicon grass (200} further comprising: first se-
quential etching and passivation (20 ): second seguential etohing and passivation
(203} and third sequential ctching and passivation (205), The first secuential etching
and passivation (201} further comiprising; exposing the stlicon to SF, plasma for one
seconds at flow rate of 200 to 250scem: exposing the sificon 1o a mixture of C,F, and
O: plasma for three seconds, with the C,F at s flow rate of 120 to 154 seem and the O
at u flow rate of 8 to 10 seom; whersin the silicon is at -4 to -5°C below pressuge of 4
10 3 Pafor a predetermined time. The sequential etehing and passivation process eycle
is run for 43 minutes.
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{ Table 2}

Process parameters  (Unit Value Yahue
Distance source-  imm 200

chugk

Seurce power W 1800 {300
SE6 Sow seem 230
CHRR + 12 flow ACem 130 410

SES cycle time $eC 3
C4ES cyele time 30C i

Provess press.on. {Pa 3

SE6 cvele

Process press. on Pa 2
CAFE cvde
Chuck temperature. {°C -3
{external probe)
LE blas power W QOW
He hackside sibar it
pressure 172
20 Table 2:First seguential etching and passivation {20 recipe paramoters
g £ pep
211 The second sequential etching and passivation (203) further compising: exposing the

sthieon to S, plasta for pue seconds gt flow vate of 200 10 2$0scem: espasing the
sificen to a mixture of CF and O, plasma for three sevonds, with the CF at a How
rate of 12010 1530 scom and the Gu it s flow rate of R o 10 scony; wherein the silicon is
at °C below pressure of 4 to 5 Pa for a predetermined time The sequential etching and

passivation provess oycle is run for 30 minutes,
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{Table 3}

Pracess parameters  (Uni YValog Valusg
Distance soarve- nun 2060

chuck

Seurce power W 1800 {8003
SE8 flow secm 250
C4E8 + 02 flow seem 130 +19

SF6 eyele time sef 3
C4RS cvels time sec H

Provess press. on Pa 3

SF6 ovele

Process press. o {Py 2
CAFS ovede

Chaek semperanre 1°C {
fexternal probed

L.F blas power W QOW
He backside mbur 10

pressure F/ 2

Table 38ccond sequentind etehing and passivation (205 recipe parmmeters

The third sequential etching and passivation (205) futher COMDRPLISInG: exposing the
siticon to SE, plasma fir one seconds at Hlow rate of 200 1o 250swen: gxposing the
silicon o a wixiwre of CF, and O, plasma for three seconds, with the CF @t g Bow
mate of 120 to 130 scom and the O ata fow rate of § 10 10 sceny;, wherein the silicon is
at -4 1 -5°C helow prassure of 4 10 3 Py for a predetermined time The sequential

stching and passivation process oyele is ran for 30 minutes,
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{Table 44
Process parameters  (Unit Value Value
Distance sourve- mm 200
chuck
Saurce power W 1800 1800
SF6 flow s0CM 256
C4F8 3 O2 flow soem 158 +10
SFS ovele time sec 3
CAES cyele tine sec i
Process ress. on Py 3
8F6 cycle
Process press. on Pa 2
CAFS oveke
Chuck temperapge  1°C 3
{external probe)
LE bias power W SOW
He backside nibar 1t
prossure /2
{241 Table 4uhird sequential etching and passivation {203 ecipe parametens
{25] Although the invention has been descrihed with reference to particular embodiment,

# s to be understood that the embodiment & merely ustrative of the principles and
applications of the present invention. It is therefore to be wnderstood that numerons
modifications may be made to the illustrative embodiment that other arran gements
may be devised without departing from the scenpe of the present invention as defined

by the appended claims.
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Claims
A method for forming 81 grags stracture comprising:
forming a silicon well (1) osing a standard deep reactive ion ciching
Basch process;
etehing the silicon well (o form silicon grass structare (200}
chavacterized in that
the step of forming silicon well (100) is conducted using photeresist as
the masking material,
A muthod for forming 81 prass strocture as slaimed in Claim | wherein
the step offorming a silicon well (100} further comprising: sequential
etching (1011 and passivation sub-cycle (103).
A method for forming 81 grass structure as claimed in Claim 2. wherein
the sequential etching (101 further comprising exposing the siticon 1o
SE. plasma for one second.
A method for forming S grass structurs ws claimed tn Claim 2. wherein
thepassivation sub-cyele (103) further comprising exposing the silicon
to a mixture of C.F, and 03 plasma for three seconds.
A method for forming 81 grass structure as claimed in Cladm 1, wherein
the step of etching the ailicon to form silicon grass (2008 further
comnprising:
first sequential etehing and passivation (201
second sequential etching and passivation (203); and
third sequential etching and passivation (203,
A method for forming 31 grass structure us claimed in Cladm 5. wherein
the first sequentisd etehing and passivation (201) further comprising:
exposing the silivon s SF; plasma for one seconds at flow rute of 200
0 250scemy
expuosing the silicon to 2 mintare of CF and Oy plasas fiw three
secomds, with the CF st a flow rate of 12010 130 scom and the O, at a
flesw rate of 8 0 10 seem; wherein the silicon 15 at -4 to -5°C below
pressure of 4 10 § Pa for g predetermined time,
A method for forming 8 wrass strocture as elaimed i Claim 5, wherein
the second sequential etching and passivation (203} further comprising:
exposing the sificen 1o SF, plasmu for one seconds at flow riste of 200
to 250scom:
exposing the silicon {0 8 migture of CF, and O, plasma for three

e

seconds, with the CFy at # flow rate of 120 to 150 seom and the O, at o
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fow rate of § 1o 10 scom; wherein the sificon is at 0°C helow pressare
of 4 1o 5 Pa for a predetermined time.

A method for forming Si grass structure as clatmed in Claim S, wherein
the third sequential etching and passivation (205) further comprising:
exposing the sthoon o 88 plasma for one seconds at flow rate of 200
to I¥scont

exposing the silicon 10 & misture of CF, and Q. plasa for three
seconds, with the CoF, at a flow rate of 12010 150 scem and the Q. at 2
tow rate of & to 10 scom; whereis the silivon is at -4 to -5°C below

pressure of 4 16 5 Pa for g predetermined time.
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