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Nanometer-sized patterning of polysilicon thin films using

a high density plasma

Yo Han Byun, Hye In kim, Young Soo Song and Chee Won Chung
School of Chemical Engineering, Inha University
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214171 BE /A Aol "WE TS Fdst= 719 computing system =
271850l 7hes Rk e AT 2RVl e 4, 54, 9 T AT F

h
Asstd MAE 9 HFEH7F 8T Ao=E odtd. 1Yy dFEse e PR
TNEF] HEZHEA(AEE] 1G, 4G DRAMs) 9] 7| E#F o2 @A 12474
TPl FAY U |l AAod. A WAL FRE o]FA 3
MOSFETE 5 &&= 98l Moore H o] we} A7t upE wieith 0.7 vl =
S FAgth 2 2R 1999 Zol= HA AdFo] 180 nm FF<! 1G DRAMo] 7
fom o]y st FA7F ALSHTEAE 2008 70 nmu ©]3F, 2014 dol= AlO]E Ao
nm 2 1 Tera DRAM©| 7|E Aoz HAwETH1].

g R GG g9 Yrles of&ste MEE NIY 2AEA BT R
A ¥ & 2] (nonvolatile semiconductor memories; NVSMs)7} A= a1 itk o] 7k H A
MONOS(metal/ oxide/nitride/oxide/silicon)= F%¢ FATOZ sl &3] A5
I Aok AlClE 552 FE EA A F(polysilicon)©] &= oxide$} nitrides
SiOx9} SisNy7F AREE L Stk A 7eZ2 = 2 AslutE9] FA43 ACE 5419
polysilicon ¥2}te] nanometer 2719 21ZtF Aoty 53] polysilicon ¥H2He] nanometer
FF9 A3 e dold AFH Gigad el DRAM £AHe] AdolHe wt=x] 3
23+ Y=2ZH(nanoetching) &, Y=7]% (nanotechnology)®] 8.3t #-oFo]t}[2,3].

2 AFolA 100 nm =Z719] SHjA S & F e o83 MBS AAviEed 2
e Jde= EHS o]&ste] gF2 passivation layer(FHREUHE vfAaF e} A7ty =
polysilicon ¥}2te] ZwWo] AyAsle] ZHo go] Azke WAee AHolt4]. dF &
A2 7y 222X HBr 7F=F ARSI A polysilicon 8RS 2124 & SledH], A4 7Y
o] Fadatet dejEHe AFS Frste AgH= i SHel g2 47} inhibitor
& AAste dEE ol&ste Aoln(@dE 1 Fx). F, 54 WIEeE 442 o] H
U SHEEEFoR AAE AY o] HA Fobx fHF HISHAE A
(anisotropic etching)©] o] FolxIt}. o] g polysilicon ¥H2He] =W A nanometer 7|2
HAE G A7k 29 1] Hoxint.

2 AFoAe At #lEE < MONOSY gate &AZEA ARE-Ho]A = polysilicon
whebs 19 E EetEulE o] &3t= ICP RIE(inductively coupled plasma reactive ion
etcher)E AF&3}o] Cloy/Ar, CoFs/Ar 123l HBr/Ar 21217k ¢] s wel 12 2z
shal, o wE A7 £x, A7 AdYE a8 A7) profile ol tEF dFS Al
HA o Azp7ksnet A7F 2AS FaA )itk A2]a1, GFe/Ar 7k=E AREShe] 241
A LAl A @75 o A= nanometer =E2] HH S FA8HAT

b= 30 agt
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I : Inhibitor @ : radical
9 1. poly-Si Hrete] ZujAl #HY e €8 ¥ EAE

43

B dFdMe Adsteld u”E Etz=vtE ARSSkE ICP RIEE ARE-SHY
polysilicon ®}2}te]] EH?} Edo]l JPHet.  ICP RIE A|&=HE FA load lock
chamber, process chamber®} substrate susceptorZ FAd= o St} 7]#-2 chillerd] <
skl WzhE o]zl He 7F2~E wiZRAIZE ste] @2z ™ substrate susceptorel] H2HE o] %l
o A= A FEkzvt 4s st wke AW FHo ZAR ZLL 13.56 MHz RF
power supplyel AZAEo] Qom oo o] high density plasma’} FE=®T. 7]
)3t self bias voltage= 5 3ti}e] 13.56 MHz RF power’} dZAHo] fFEsi1 =9
Aoz Zet=rt Y jon energy s Z:’éa‘jr

B AYedMe sAHsEs H447tse TR/, Add9d Y 17]' o %, A7t
flow rate, gas pressure, coil-RF power, dc—blas Voltage ol AIEAJT. AFEE SIO;
ulelo] 1000 A FZAE 43 Z Si 717 9ol polysilicon HHako] 1500 AL 2 FFH o] F
H = 3ot I % 12 m FA9 ZFA(photoresist, PR)E PFAAZ ALE35HA
hthography FAL ol&st HHYHAT. B AFoA= polysilicon HrEhe] 12 2
Zy A, AAaA ]‘*i’ﬂ Ch/Ard EA27A 7FE=2A GFg/Ar 28]3l BEEA 7FEE2A
HBr/Ar% }’l\jgl]a‘]_oq ALESR L A7 24 712 flow rateS 30 sccm S 2 3l 600 W
9] coil-RF power, 200 V& dc-bias voltage, 5 mTorre] gas pressureZ i17g3%F § 7}
oo 2 Az Exo] ZALE QT

27y ol A7 MAe = nanospecg o] &3l A7z} HS nviule] =AE Ao
ZHA  HrEReH, 27} profile FESEM(field  emission  scanning electron
microscopy)s AH&3te] #EH I

a3 8 EE
Oy 20l A4tz AYE oA Cly/Ar, CFe/Ar Z18]3 HBr/Ar 7}2=9] Fx¥3}
of W& polysilicon ¥2t3} PR 217} £x 9} PRo| thak polysilicon?] A TS e

ATt.

a9 2(@)EHFH polysilicon B2 27t £+ ChLY wX7F 5718 weta] =A
S7Fsl= Aol #EEY. Polysilicon Btehe] 47 £271 CL w529 F7k wet &%
o7 Frtete e A WAYUZ] sk & JeS yERAT olH S A
Zb % oEAHL PRY AZeA OS A =va Ak I A PRo| B
polysilicon®] 4]z} Melz= 07~12 B4 Yehdo)

A7 2 CFe/ Are AHE3FS] polysilicon HBHehS 4243 7-9-9 47} £} PRo|
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19 2. Etch rate of polysilicon and PR, and etch selectivity of polysilicon to PR as a
function of etch gas concentration; total gas flow rate: 30 sccm; coil-RF
power: 600 W; dc-bias voltage: 200 V; and gas pressure: 5 mTorr.

et 27 del=rt 29 2(b)dl BRItk GFg/Ars AH&-3F polysilicon #2He] 2742
Cl/Ars AHESH 2243 Blalste] AASHA we A4 £ & HoFrh.  Polysilicon
3} PRO 27} £EE GFeY H%7F 40~60% WA 714 e 2z s HoF
I oo srolMe HE7F ot HAste Aol #EHEY. oJAL GFo s&7)
40% 9 W7tAE F2 G 9t polysilicon ¥ PR 2Zfo] o] fojAal 1
o]}9] FEoAE olHd o] HAHE AR AZAHY. =, A7 Al polysilicon
Hukyl PR WA GFoll EFEol de FrF ¢Fe 9e 43t Ar 712 2
sputtering &35 Walstr] wZol WA 7tk FrUt SUMEER A4 Se fa
stAl ®tk. PRl ti$ polysilicon®] 217 AEl=+= 09 A= S yeda A=,
o] %2 Cl/Ar 7}25 AREE 499 Hlws A ofzt F4dd ghelth

% 2(c)= HBr/Arg AF83}4 polysilicon BF9t7} PRE 271314 S W] 47F &£
b A7 AdeeE ®HoFa gty PRO| th3k polysilicon ®Fete] 274 HE =7t 40%
HBr& AMS-3tS wel 1914 80% HBro 1.674A 4" A%y} #Z€c. HBr 7t
o 23Ho] e FLAdAE Al AtEARe] Sizt AF St passivation layers ¥
AB7|= AT F71ER FAEHY JE PRY ZHE FA3Y PR A4S =g
st 8945 Jehle o= AZ4HETh

a9 38 polysilicon BFeHS Clo/Ar, CoFe/Ar 18]31 HBr/Ars AM&-3te] 714 22431
e FESEM A& HoFa ok Az7rze] FR/9 #ARle] 427 A== 8
5°0)1 0.2 F=A #FEEHI T

- T -.J-. T T

(@) 20%Cl>/80% Ar (b) 20%CoFs/80% Ar (c) 20%HBr/80% Ar
19 3. FESEM micrographs of etched polysilicon thin films.
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B AFoA AEH Al 7R A A7t Fol A CFe/Ar 7F=E AFE3S] nanometer
o] ZwAl HEE P FESEM AtXEe] 1§ 40 BAxth. 17 4(a)= E-beam
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AbEste] FAE resistd] Y-S HAF Q3 I 4(b)et 4(o)= 22 21ZHE 100
nm¢t 70 nm ol A7 AAEE Y 39 1 m YR FFAhEHo] dig 70~80°
A== @A veida dsd, oldd EAHS dellA AbEolR passivation layers
AT = e VMaE EFEt A4 21S Ao EA MAE F S Aoy, o]
9 A7 dYHe 27| ABREA A7 223U 9 anisotropy’t JlAE ojoF 1A
T A ZX = nanometer T FHA HEHY FAo] 7|EY A4 AHE JhFsite
AR AFRE HoF )

(a) before etch: 100 nm line (b) after etch: 100 nm line (c) after etch: 70 nm line
1% 4. FESEM micrographs of polysilicon thin films etched by C,F¢/Ar gas.
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Polysilicon ¥}2te] 47} WlAUSE2 AHEsts 4747t S/ wet 24 Yebs
th Ch/Ar 7F2E AFEE ASoe CLY w27 F7H) wet 474 271 WA F
7bebe Ao RHY gEukge] Fad A7 WAUFLE AT AW, GFs/Ar 7t
25 GFol =71 40% 2 W7kA A2 £27F S74etal w=7F ¥ SRl webA A
2t S o7 fadtet ol A2 GFel =7t 40%7H A= SERbgoll osto] 4 Zto]
AP} 1 ZREHE o] g aFyF F4ste Ao g olsidth. HBr/Ar 7}2E ARE
e A= PRO| tie AE =7t 7P A yElstt AdEEAX Al 74A] 7hA
=2 Mgk AAsile o, A4 AAtEs 851 e E =4 YEET

CoFs/Ar 7}2=Z AF€3L] nanometer ZL7]9] #Elo] AT oz FAEHUT 21z 4
At tiEF 70~80° =2 YEhstal A7 RE T2 ¥ERHA &g FF SvlA
HE ] 27 BAIEE #o]7] 913} passivation layergs B4 & & e 7h=e &%
I A7k 226 HAH T AtET
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