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ABSTRACT

The present tendency of electrical and electronics is concentrated on MEMS devices for advantage of miniaturization, intergration,
low electric power and low cost. Therefore it is essential that high aspect ratio and high etch rate by HDP technology development,
so that silicon deep trench etching reactions was studied by ICP equipment. Deep trench etching of silicon was investigated as function
of platen power, etch step time of etch/passivation cycle time and SF:C,F; flow rate. Their effects on etch profile, scallops, etch rate,
uniformity and selectivity were also studied.
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3.1. Platen Powere] 4|2} 4 d|11
T4 4HIA coil powerE ZHz} 25 mTorret 600 W,
etch/passivation cycle time 8sec/6 sec, SFs:CFg 712
S 130: 110 scem@ & FX|3}3L platen poweriHE: ~50

%2474 Deep Dry Etchingdll #3t £4 571

Table 1. Experimental Condition Parameters
Platen Coil Etch/passive SF¢/0,:C,Fg

Sample ower ower time Flow rate
P¥ (miTom) p(W) p(W) (sec) (scem)
1 5
2 20
3 30
4 50 8:6
5
6 130/13:110
7
8
0 25 600 55
10 7:5
11 20 9:5
12 10:5
13 . 50/5:50
15 86 100/10:100
16 ' 200/20:160
17 260/26:220
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Fig. 1. Dependence of platen power parameter. (a) platen power 5 W (6 pm) (b) platen power 50 W (6 pm) (c) platen power 20 W

(80 um) (d) platen power 50 W (80 pum).
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Fig. 2. Comparison of profile, uniformity, selectivity, etch rate and scallops as effect of platen power.
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Fig. 3. Dependence of etch step time parameter. (a) etch step time 5 sec (6 um) (b) etch step time 9 sec (6 um) (c) etch step time 5 sec

(80 wm) (d) etch step time 10 sec (80 pum).
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Fig. 4. Comparison of profile, uniformity, selectivity, etch rate and scallops as effect of etch step time.
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Fig. 5. Dependence of SF4:C,4Fy flow rate parameter. (a) 50:50 flow rate (6 um) (b) 50:50 flow rate (80 um) (c) 100:100 flow rate
(80 um) (d) 200:160 flow rate (80 pm).
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Fig. 6. Comparison of profile, uniformity, selectivity, etch rate and scallops as effect of SF¢:C4Fy flow rate.
AL SFeCyFy 7Ht3e] 7t mE MaE SEMO. LR Tkl mE A7t 5498 eIt 80um
2 BAIAUTE SFCFy 7H: F#o] S71E54E 80 um Bof A= SFgCyFy 7FH=R-80] 100 : 100 scem @ 90.607°
o HRolME sbx FFol FHEEE AS Az dol  E 7P £ profiles] THHHAOD T o] F Tp2fFol
7} 7187 100: 100 scem ©| 32 2jzbe Zol7} Al S7VEFE profilee] F7HE 6um HEM & SFg
AR e, 6um A= 50: 50 scemF-E] STt} CFg 7H=f3o] Z7H45 profileo] Al 7+4ste 260

7} 260 : 220 scemoll A 7FA23FATE Fig. 6& SFoC,Fg 7F 220 scemOll A1 90.389°Z 714 =7 profileol] 23 3Tt

SESEEEER



HDPZ |83l A2}& A Deep Dry Btchingl #3+ B4 575

gl 7p2fEel FAIgle] profiles S5 re-enetrant=
UERth #YEE 100 : 100 scemellA 0.078%2 71¢
A3 EREo Y Dz o 4 ARl dYEE 7t
2 A TS X @ Ao AlgEHTE MH
)= 100 : 100 scemolA] 35412 7P 2A Jebton 2
o] Zoll&= 26867 26.62E 7HAETH Azt £ S
C,Fs 7F2=%3F 50: 50 sscemol A 1.91 pm/min®2 717
A et ™ 200 : 160 scemell A 2.31 um/minZ 7}
A UERI 2 o]Fole Ald ZHASHTh Scallops®
SFg:CFy 7h2fr o] S7tghell upe} A& adhe 4

< yepe

O Hr %E

4.« B

Dry etching ¥ profile]l #3+ ZA3}+= platen power’}
gopum FHEo A= 30 W7E 6 um oAM= 50 Wrt
2 profile® YEMN S, etch time/passivation cycle
timeS 5 sec/S secolX 3] profiles vFERAT}. S SF
:C,Fg 7Ff-3k W3l E 80 um &2 100 : 100 sccm
o] 7 AN, 6um FE oA 200: 160 sccm®]
71 HA% Aoz wdEoRint Azt tig #UEE
platen power 20 W, cycle time< 5 sec/5 seco A 7H¢ -5
Al VEbste.H, SFC Fy 7Haf3e] RpoloMe ddE
wsle] ko] WARZR] oFotrh. A=H]= platen power
20W, cycle time 10 sec/S secoll A1, SFC,Fy 7F2=f-3F W
3l el AE 100: 100 scemol| Al H A o] 27102 Hek
") 47} %= platen power 30 W, cycle time®] 9 sec
/5 secol A, SF4C,Fg 7F2xfraFoll A 200 : 160 scemoll A 7}
Z wE A7 £58 YeRfSIr}. Scallopst platen power
50 W, cycle time®] 9 sec/5secl| A, SF.C,Fy 7FA/ &
200 : 160 scemoll A 78 2A vrER T

REFERENCES

1. D. Zhang, J. Wan, G. Yan, T. Li, D. Tian and K. Deng,
“High Aspect Ratio Si Etching Technique and Application,”
Solid-State and Integrated Circuit Technology, 1998. Pro-
ceedings. 1998 5th International Conference on, 91-93

10.

1.

13.

(1998).

. E Laermer, A. Schilp, K. Funk, M. Offenberg and R. B.

GmbH, “Bosch Deep Silicon Etching : Improving Unifor-
mity and Etch Rate for Advanced MEMS Applications,”
MEMS99, 339-49 (1999).

. L. W. Rangelow, “Reactive Ion Etching for High Aspect

Ratio Silicon Micromachining,” Surface and Coatings Tech.,
97 140-50 (1997).

. F. Ayazi and K. Najafi, “High Aspect-ratio Combined Poly

and Single-crystal Silicon (HARPSS) MEMS Technology,”
J. of Microelec. Sys., 9 288-94 (2000).

. S.B. Lee, H. G. Park and S. H. Lee, “A Study on the High

Selective Oxide Etching Using Inductively Coupled Plasma
Source,” J. the Institute of Elect. Mater. Eng., 11 [9] 261-
66 (1998).

. P. Verdonck, R. D. Mansano and H. S. Maciel, “Deep

Trench Etching in Silicon with Fluorine Containing Plas-
mas,” Applied Surface Sci., 100-101 583-86 (1996).

. H. Jansen, M. de Boer and M. Elwenspoex, “The Black Sil-

icon Method,” J. Micromechanics, 5 115-20 (1995).

. R. A, Gottscho, C. W. Jurgenson and D. J. Kitkavage,

“Microscopic Uniformity in Plasma Etching,” J. Vac. Sci.
Technol., B 10 2133-38 (1992).

. M. H. Yun, C. B. Kim, K. S. Nahm, S. M. Lee, W. I. Park

and K. B. Lee, “Study on the Etching Reaction of Silicon
with Carbon Tetrafluoride in Electron Cyclotron Resonance
Plasma Etching System,” J. Kor. Institute of Chem. Eng., 31
255-62 (1993).

K. T. Sung and S. W. Pang, “Etching of Si with Cl, Using
an Electron Cyclotron Resonance Soure,” J. Vac. Sci. Tech.,
A 11 1206-10 (1993).

A. J. Christlieb, W. N. G. Hitchon and E. R. Keiter, “A
Computational Investigation of The Effects of Varying Dis-
charge Geometry for an Inductively Coupled Plasma,”
Plasma Sci., IEEE Transactions on, 28 2214-31 (2000).

. W. C. Tian, J. W. Weigold and S. W. Pang, “Comparision of

Cl, and F-based Dry Etching for High Aspect Ratio Si
Microstructures  Etched with an Inductively Coupled
Plasma,” J. Vac. Sci. Tech., B18 1890-96 (2000).

W. Ke, L. X. Chun, G. X. Xu, W.R. Mei and C. Z. Ya, “ICP
Dry Etching for Deep Sub-micrometer Vertical Trench in Si
and SiO,,” Solid-State and Integrated-Circuit Technology,
2001. Proceedings. 6th International Conference on, 1 456-
59 (200D).

A 39 H A 6 3.(2002)



