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The magnetron reactive ion etching (RIE) characteristics of polycrystalline (poly) 3C-SiC
grown on SiO2/Si substrate by APCVD were investigated. Poly 3C-SiC was etched by CHF3
gas, which can form a polymer as a function of side wall protective layers, with additive Oz
and Ar gases. Especially, it was performed in magnetron RIE, which can etch SiC at lower ion
energy than a commercial RIE system. Stable etching was achieved at 70 W and the poly
3C-SiC was undamaged. The etch rate could be controlled from 20 A/min to 400 A/min by
the manipulation of gas flow rates, chamber pressure, RF power, and electrode gap. The best
vertical structure was improved by the addition of 40 % Oz and 16 % Ar with the CHF;
reactive gas. Therefore, poly 3C-SiC etched by magnetron RIE can expect to be applied to
M/NEMS applications

1.MB

SiC (silicon carbide)T= Siol H|3] W= 740] 2~38) o] 3 EAEE7} 3] AE Hojy FL 3
Al €EF 7HAH setd oz bA I WREAA, A, Witbstg aEla WietEAe] g ¢33
7] Wol F7 SAHANAE ALE 7HFsieH[1]. 3 S B 9438 AT D & I Fap
(600 MHz) W&ol zMth RF$}F Bio-% M/NEMS (micro/nano electro mechanical systems)2 A
FEE @1 9og[2].

SiC FAXE 3% 2% 728§ 21 H32 Y39 4H- T2 6H-SICt vlzF 43 44,
n7tASE Qs dFAgabo]l ofbe}. k3l st oz A o] 73t MohsAF7t o 9AERE thol
ol o] HErte 2L AU 9o 12, Y T 33 Ao FAHo] Ha AN vlojm =z
AldE& AT vAZtE7IE0] oJFY[3]. 28y} Si Z]#9d o]F ZA A" B- L 3C-SiCE A
JhAo 2 R A AAo] JbFEtm vAFERE AFo] fol By ol 400T o)y xueE
MEMS & &8 7bsstrt(4].

53], Si 7189l 1300T o]de] 2o o]F A A @ZA 3C-SiCx SiF SiC B A Aol
A 8% EBF AT 20%9 A RAYE Fo2 #AG & AFTHIG MY AW FAEAAF
W Zo Axd £F A% Hol=dg(5]. wEtA, olgt 2L FAHES AAsr] s H2oe
st 28 A o) A oA A% Jhsd thEA 3C-SiC7 o213 o o] AsE BW/H
3 vtolAZHAY 7|eE €A AL F A7l dEl SiC-MEMSY] @37t @23 AgFo|}(6].
adEe2 B3, gty o bt Foe wteAlQd v2A 3C-SiCE A A Aok & 435}
7] YA E FARGYE vAZtEre AT dE ook g,

A2 Az FoAMz ICP/TCP (inductively/ transformer coupled plasma), ECR (electron
cyclotron resonance)2 Az £x & W29t 11719 Anjo|ny, RIE (reactive ion etching) CF4
9} SF¢& 0299 EF7IAE F3to] olv] A7 Ha o}, 28y, o5 7taE kg A S0l AlE
of 2ago] ue} 212 ¥ Fo] AR FAHC nuHIT J(7]. T L o] dyYAE
ol FEZ Qs 7]l &4& & Byt olyz} ¥ Azt A8y ZE=g, wilA], B dFqAE A
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JtASZ 7129 RIERT AL oy e|A 7|3 &4 Qlo] Azto] 7158 RF v EE RIEE ol
$9ch =9, 29 psve) YYo= s £ Azto) 5P CHF:% 0p, Arg E£F B8 7h2
2 tAaA 3C-SiCY vlAZtE 54 24 9 Hrsiat

2. AY Y

B dFoM e APCVD Heoe=Z ©d AFAA HMDS (Siz(CHs)e) 2 sccm, Ar 10 slm, Hy 100
sccm® 7}AE 77 Q8 Si0y/Si vt $joll thE A 3C-SiCE oF 5000A A sHATH8). A
@M AR 3C-SiCY A& EH EAstes A A3 aE Mg HF &R0 AAs, {7125
AR E AAG7) A5t ol EH DI waterE T3l 4zt 58 <4 253 HEH T Ny 7t22 024
At 2z} vl232 PR (photoresist) & 2+ ZA$E JATW, 2428 HIMZE A3 ash @422 %
AAL] vBlg ZAIZE AzZto & H&3tA] ¥t F (fluorine)= Si A€o & 21Z+=] 0 Cl (chlorine)S
Ga, Al, As 83 3,56F 94258 AAHE AL 284 ok 2822 2 AgdAs SiCe 10
AEZ A¥u7t 3 CHF7k&d A Zbo] 2 HA &+ Al vt2A9 PRE Ao vkaA=2 AHE6H3)
o}, A4 SiC 7199 d] RF vlIYEE sputtering o] €3l AlS <& 5000A2 A A3, 2 99
negative PRZ J¥1& A5l Hard baking® & PRE Z3} o] o Ale] Y3l ez dA E7)
A8 Al etchantd Al83ld &4 AzZ+E T35

I EE RIEE 13.56 MHzo] RF 2 gtol A e AS3to] gk @)% e] 2Asta o] &0
FRrAZoz st&H o] W, rfav|EEe] ALHE AV|FE o FHFC2ZHN plasma TEE WS
=90 38 2E 2 dFdME 1822 polymer HE FA s CHF; 712§ o] &38lo] 2 w
2 tZdA 3C-SiCY Azt oW gL mXeA Zolrry] Y@ SEM (scanning electron
microscope), AFM (atomic force microscope)™ a-step2 2 2z} &%, Fetx M€y 5& HF
Hoz golr gt}

3. g & 1

O 12 Oz 72 F%3 RF power 2o ©& 24 3C-SiCY 4zh& ¥ste ki Aol
CHFs 7F2 (30 scem)® #9385 35, A2-&0] o 130A/min &2 mj¢ ¥gtoy, 0. %] &
7t&% F radicale]l 22 Y4 H7] Qo] Hz-go] 7t 22y 027F £3+H 9 F radical
7} 027 W3 3A SiOF,0] Hol o]zio] AEEW EHAHAA 2zt £t ottt 0, 70% ©]%
AXE B APEo] tdhF EAstq Azt&ol A FLsAT O 40%X = SiOF, 7t S50l
2o} undercut7t FASA ¥, FHAHA A44FE AU AH.

U¥rH 0 2 RF power HA 71245 4742 F7M8Hh RF power7t 71814 jon W=7t #
A 31, o] W&ol FH FolA Y wrgo] uaA Hel A £x7 FUHEI] gEolth. a2y o)
AUA7E UF 3A HE A8 Fdel &40 AA vFAH 4z E4o] Yeur}, o] 2o] Algd
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Fig. 1. Etch rates variations of poly 3C-SiC as functions of O, flow rate and RF power.
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FAabate @atol dolg sbsAdo]l AR BER =2 A E 200 Woll ¢ 300 A/min®) 27zt $E&
BAATD[3], 2 1449 Zo] 110 Wo] Bjm 3 E& oA o)A ¢ 345 A/ming] ¥ 4Z&9)
et}
a9 2% 02 7t& FYZ 5 RF powerdl wa} 21Zkd th24 3C-SiC 9hgte] ¥4 Hetx w3
yUeld Aol Az A ©AaA 3C-SiCe RMSE 13.09 nmolgth. CHF; 7124 488 4%,
A cleaning 3422 RMS dol 11.78 nmZ 4z} Axg Z4adg 28y, 0, %o| FALESE
A

Aol HHEo] BAste] RMS7F thA] 24t &3 RF power’t $&4% 4ztd 3C-SiC ¥4
XWe] RMS g2 A3,
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Fig. 2. RMS variations of poly 3C-SiC thin films according to O, flow rate and RF power

a9 38 47 A% BAA 3C-SiC Bete] W AFM olFIXFelth. 19 3(@E A 3C-SiC
o 4zt gol2 27 3(b)e 70 WA AZAE B49) X AFM olF|Aolth. 53], 70 W 0|53 E
Az $EE =AY Azt 9@ 3C-SiCY B &40l Ae T4sA %ok M/NEMS T2
B2 AAs7)d ARG Aoz AlgHr)

Fig. 3. AFM images (a) before etching and (b) 70 W and after etching of poly 3C-SiC thin fiims

3% 4= HAQA ¥]&QA CHF; : 02 (3 : 2)o) Ar d71 (0~50 %)oll w2t 21ztd a4 3C-SiC
wto] SEM AMREolth 1Y 4(a)E CHF:9F Op 7F22%F A2t g A9 23 2Azto] 75X
o AZbe "o AFALL e ¢ A 2#Y, 3¥ 4b)olH & F %ol Ar 5 scem (16 %)
g Frtgozn 7bg oAl o Azte Jeh o W 3F 47 £5& < 330 A/min ©)
o WA Ar @40] ESFE ZWo o] FE ASUt FUEIY 2ztE EWd &AL £ ®uk ojy
g} ul2A37tA AAH] vlag 48L& 5 A A
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(a) 0% (b) 16% (5 sccm)
Fig. 4. SEM images of poly 3C-SiC etch profiles according to {a) 0, (b) 16% Ar gas under the
best conditions (CHF3; : O, = 3 : 2).

424 B
& A7 vV EE RIER o] 83 1424 3C-SiCY 2z §A4d #& AHolth. 02 7k %, RF
power, BB ¢t&, T8 S A wWE &3 RMSE 5% 23, Oz 7t: #%F 40 oM &

undercut®] P4 flo] FAHA 4zt & F ATk HFu, RF power 110 WollX= 43 MR
tAd ARZ7E EASAT, 70 WellA= 7]#d &4 glo] M/NEMS 7222 Al #o] 7t
%8 20 mTorroll A 7H W& 400 A/min®] &S BJY. ®8, AF 34 5 cmolA 474 &=
T "ojAA R, CHF:; 5#9 A 297t 9 45 £35A 4Zo] 7HeAn. o3
HAo 2A0M Arg & 16 %5 7S o, 7P o] 4AA A4S E€ 5 AU webA, A=
24 3C-SiCe E™/E A viola2vjAd¥ek oh2} XA RF, bio® M/NEMSAME A 44
g 5 & Ao= 7ddH.
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