Korean Chem. Eng. Res., 51(6), 755-759 (2013)
http://dx.doi.org/10.9713/kcer.2013.51.6.755

Bosch SEHOIM Si A2t MZZ2mio]| et Ar AV BE

ofFthgli 3lety8la, oA AEIE Tt
443-749 7715 A BT 9HE A WA

(2013 72 299 A, 2013 92 162 FEE HE, 20139 9 25U A1)

Effects of Ar Addition on the Etch Rates and Etch Profiles of Si Substrates
During the Bosch Process

Jung Min Ji, Sung-Woon Cho and Chang-Koo Kim'
Department of Chemical Engineering, Division of Energy Systems Research, Ajou University,

San 5 Woncheon-dong, Yeongtong-gu, Suwon 443-749, Korea
(Received 29 July 2013; Received in revised form 16 September 2013; accepted 25 September 2013)

(@] OF
L

=

Bosch 378¢] 217} TAlolA Arg 7180 W sie] 214548 wHEabr] flstel 212t dAlelA SFg Eetzmhat
ARt 739-9F Ar 5H1E0] 20%2] SF/Ar EE=REE 247 ARESHe] Sis Bosch 5722 2)715I3IT). Bosch &
o] 27} Aol SFy Eet=rtell Ar 7EAE F7ISHE Art o]l ot o] &xZo] TSI o] Si Rk A~
HEHES 2 B ozt F epe2at sio sheiike-& el o1 A A2 @AM 20%2] Are] 37 o
Bosch 374 0% 3 Sio] 278451 Aro] H7FEA] R Z-9-HT 10% o webslar AZb el 6& v
W20}, o] A7¢] A= Bosch 374 0% Sis 217H8 wff 2174459} A7br g alel o] v HAS Aldsked 2
Q3 7|ZARE ARE T S FloR WdekEth

=

Abstract — The etch rate and etch profile of Si was investigated when Ar was added to an SF, plasma in the etch step
of the Bosch process. A Si substrate was etched with the Bosch process using SF and SF/Ar plasmas, respectively, in
the etch step to analyze the effects of Ar addition on the etch characteristics of Si. When the Ar flow rate in the SF
plasma was increased, the etch rate of the Si substrate increased, had a maximum at 20% of the Ar flow rate, and then
decreased. This was because the addition of Ar to the SF, plasma in the etch step of the Bosch process resulted in the
bombardment of Ar ions on the Si substrate. This enhanced the chemical reactions (thus etch rates) between F radicals
and Si as well as led to sputtering of Si particles. Consequently, the etch rate was higher more than 10% and the etch
profile was more anisotropic when the Si substrate was etched with the Bosch process using a SF/Ar (20% of Ar flow
rate) plasma during the etch step. This work revealed a feasibility to improve the etch rate and anisotropic etch profile of
Si performed with the Bosch process.
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Fig. 1. Schematic of the steps in the Bosch process.
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Fig. 2. Schematic of the plasma system for the Bosch process. The
type of the plasma was an inductively coupled plasma.

Table 1. Process conditions in the etching and deposition steps of the
Bosch process used in this study
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Etching step Deposition step
Discharge gas SF¢ SF¢/Ar C,F¢
Flow rate (sccm) 5 512.5 20
Pressure (mTorr) 5 5 30
Source power (W) 100 100 200
Bias voltage (V) -100 -100 -100
ke v 245,

HES-7]9] A2 W7k (discharge gas)’| -FFAEI%oH, 7142
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Fig. 3. SEM image of the sample before etched by the Bosch process.
The sample had lin-and-space patterns with oxide mask.
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Fig. 4. Etch rates of Si as a function of Ar fraction in SF; plasmas.
The Ar fraction was represented by the ratio of the Ar flow
rate with respect to the total flow rate.
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Fig. 5. Emission intensity of the F peak (703.8 nm) measured with
OES as a function of Ar fraction in SF, plasmas. The Ar frac-

tion was represented by the ratio of the Ar flow rate with respect
to the total flow rate.
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Fig. 6. SEM micrographs of the Si substrates obtained after 10, 30,
50, and 70 cycles of the Bosch process using (a) SF; and (b)
SF¢/Ar plasmas during the etch step.
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o)z VR, 212F Aol Ar f5H1E0] 20%R1 SFg/Ar &
2t=ulE o] 43I0S A9 Si AR SFy ZEkr it ARSI
S wf Bk 10% ol dssiolet, ¢ S35 SUFEESE Si

i o
245527} 2sigHed ol TG

L

T

=

Z7Rel Wt Ajzizo]

Korean Chem. Eng. Res., Vol. 51, No. 6, December, 2013

3l
o

L

=
Al
= .

7} ZojxA T'l ] F318] (aspect ratio)’} S718H] HR1) niebd
of] Tk o] 4l ghr)Ze] XA (flux)7t HAasis7] WlEelt).

= "1

2

4. =
o] 217y Aol SF, ZEF=ulell Arg 371810] Si 4]
< ol Si 7SS} Az e alel o] WskE AEslgl
A2l 52 AN E CF Eetvke ARESka 22t
AlX= SFe2} SFy/Ar Zet2mkE 217} ARg8to] Ar 7kavE
AR SFy EEkztell Arg H7FEIlE Wl Siol A7 EE
o] S7keA STk Ar w80] 20%4 W it
S AEISln) o= SFe ZEFrtell Ars H71sH F etz
ot sl A7} &7} Soveb] wliEel Ari&ol S7FHE Si 4
ZH&EE7) SR Ar 0] UF- I F gfr]o] g o] §i
AT 7HAEIgl7] ot o)9h e Ar 7ol W Si A
745 W3} oo thst A optical emission spectroscopy =73
e F el 939 Ws) oo R E SIREIE I

Bosch 378 2] 217} &AM SF, ZetZ=rhak ARg-8t 7-9-9} Ar -
EH]80] 20%3] SFy/Ar Fe2t=0HE ARES1e] 2} Bosch 374 0%
Sier 212+i31= ® Bosch 378 9] 217} ©hAlollA 20%2] Ar 371
735 Ao7t | dojFlE Wk opgt ARl E v 1)
19t} o= Ar H7F= Qlate] F eir]Z sio sleikgol
THESEQLE W o el Art oo SJgh AT E R 0% n]FHAlo] 7)
A= 7] wiEolt).

o] A= H|FA7IAIQ Arg E7Fslo] Bosch 34 0% A2ksk
Si sEe] AT g} A7pr 2 51l O] v TS mll- Al A

R s e

o

= AL

o] ATE st=ATFARS] FAATAA LA (FHA
2012004416)3} o=t &H1 (S-2010-G0001-00058)2] Ao 2
HAFUTH

.
59

References

. Yun, H. J., Kim, T. H., Shin, C. B., Kim, C.-K., Min, J.-H. and
Moon, S. H., “Comparison of Atomic Scale Etching of Poly-Si
in Inductively Coupled Ar and He Plasmas, Korean J. Chem.
Eng., 24, 670-673(2007).

. Aachboun, S. and Ranson, P., “Deep Anisotropic Etching of Sil-
icon, J. Vac. Sci. Technol. 4, 17, 2270-2273(1999).

. Lee, W. G “Characteristics of Amorphous Silicon Gate Etching
in Cly/HBt/O, High Density Plasma) Korean Chem. Eng. Res.
(HWAHAK KONGHAK), 47, 79-83(2009).

. Kang, S.-K., Min, J.-H., Lee, J.-K. and Moon, S. H. “Effects of
Bias Voltage and lon-incident Angle on the Etching of Photoresist
in a High-density CHF; Plasma; Korean Chem. Eng. Res.(HWA-
HAK KONGHAK), 44, 498-504(2006).

. Laermer, F. and Schilp. A., U.S. Patent No. 5,501,893(1996).

. Tachi, S., Tsujimoto, K. and Sadayuki, O., “Low-temperature Reac-
tive Ton Etching and Microwave Plasma Etching of Silicon, Appl.
Phys. Lett., 52, 616-618(1988).



10.

11.

12.

Bosch 370l Si 22i<tee) Azpresielol] ofgt Ar 371e] 9% 759

. Volland, B., Shi, F., Hudek, P., Heerlein, H. and Rangelow, [. W.,

“Dry Etching with Gas Chopping without Rippled Sidewalls J.
Vac. Sci. Technol. B, 17, 2768-2771(1999).

. Rangelow, I. W., “Critical Tasks in High Aspect Ratio Silicon Dry

Etching for Microelectromechanical Systems, J. Vac. Sci. Technol.
A, 21, 1550-1562(2003).

. Blauw, M. A,, Zijlstra, T. and van der Drift, E., “Balancing the Etch-

ing and Passivation in Time-Multiplexed Deep Dry Etching of
Silicon} J. Vac. Sci. Technol. B, 19, 2930-2934(2001).

Blauw, M. A., Craciun, G,, Sloof, W. G,, French, P. J. and van
der Drift, E., “Advanced Time-Multiplexed Plasma Etching of
High Aspect Ratio Silicon Structures; J. Vac. Sci. Technol. B,
20, 3106-3110(2002).

Abdolvand, R. and Ayazi, F., “An Advanced Reactive lon Etching
Process for Very High Aspect-Ratio Sub-Micron Wide Trenches
in Silicon} Senss. Actuator A-Phys., 144, 109-116(2008).

Rhee, H., Kwon, H., Kim, C.-K., Kim, H. J., Yoo, J. and Kim, Y.

13.

14.

15.

W., “Comparison of Deep Silicon Etching Using SF,/C,Fg and
SF4/C,F¢ Plasmas in the Bosch Process. J. Vac. Sci. Technol. B,
26, 576-581(2008).

Rhee, H., Lee. H. M., Namkoung, Y. M., Kim, C.-K., Chae, H.
and Kim, Y. W., “Dependence of Etch Rates of Silicon Substrates
on the Use of C,Fg and C,F, Plasmas in the Deposition Step of
the Bosch Process, J. Vac. Sci. Technol. B, 27, 33-40(2009).
Hedlund, C., Jonsson, L. B., Katardjiev, 1. V., Berg, S. and Blom,
H.-O., “Angular Dependence of the Polysilicon Etch Rate dur-
ing Dry Etching in SF4 and Cl,) J. Vac. Sci. Technol. A, 15, 686-
691(1997).

Min, J.-H., Lee, G-R., Lee, J.-K., Moon, S. H. and Kim, C.-K.,
“Dependences of Bottom and Sidewall Etch Rates on Bias Volt-
age and Source Power during the Etching of Poly-Si and Fluo-
rocarbon Polymer Using SF, C,Fs, and O, Plasmas; J. Vac. Sci.
Technol. B, 22, 893-901(2004).

Korean Chem. Eng. Res., Vol. 51, No. 6, December, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


