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Reactive Neutral Species

lonic "il""‘ir'\' * Free Radicals lmportant
L‘f
Charging ® @ Mask Erosion
+ + + + 3
Mask
Film

Undercutting

\ \ Chemical Etching
{ * Isotropic, Very Selective
I'renching Physical etching
*Anisotropic, non-selective,

Sidewall-inhibitor Deposition
* Sources: etch byproducts, Ton Enhanced Etching

mask erosion, inlet gases * Needs both ions and reactive neutrals
* Removed on horizontal surfaces * May be due 1o enhanced eich reaction

by 1on bombardment or removal of etch byproduct o
* A possible mechanism in ion inhibitor

enhanced etching * Anisotropic, selective
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Table 1
Halogen-. hydride- and methyl-compounds and their volatility for elements and materials of interest in micro- and nano-technology applications
Elements Fluorides Boiling Chlorides Boiling Bromides Boiling Hydrides. Boiling
temperature (°C) temperature (°C) temperature (°C) trmethyls temperature (°C)
Al AIF; 1297 (subl.) AlCl; 178 (subl.) AlBr; 263
As AsF, —63 AsCI, 130.2 AsBr, 21 AsH, —55
AsF, —53 AsBr,
c CE, —128 ccl, 77 CBr, 189 CH, — 164
Cr C1F, > 1300 €10,Cl, 117 CrBr, 842
Cu CuF 1100 (subl.) CuCl 1490 CuBr 1345
CuF, 950 CuCl, 993 CuH 55-60
Ga GaF, 1000 GaCl, 2013 GaBr, 2788 GalCH,), 134
Ge GeF, —37 (subl) GeCl, 84 GeBr, 186.5 GeH, —885
In InF, > 1200 InCl, 300 (subl) In(CH;), 557
Mo MoF; 213.6 MoCl; 268
MoF; 35 MoOCl; 100 (subl)
MoO, F. 270 (subl.)
MoOF, 180
P PF, 1015 PCl, 75 PBr; 172.9 PH, —87.7
PF, —75 PCl, 162 (subl.) PBr; 106
Si SiF, —86 sicl, 576 SiBr, 154 SiH, —1118
Ta TaF; 229.5 TaCl; 242 TaBr; 3488
Ti TiF, 284 (subl ) TiCl, 1364 TiBr, 230
w WE; 17.5 WCl, 346.7
WOE, 187.5 WCl; 2756 WBr; 333
WOcCl, 2275 WOBT, 327
R L I PRI
Solid Etch Gas Etch Product
Si, Si0,, Si;N,  |CF,, SFs, NF; |SiF,
Si Cl,, CCL,F, sicl,, Sicl,
Al BCls, CCl,, Cl, |Al,Clg, AICI,
Organic Solids 0O, CO, CO,, H,0
(photoresists, etc) |O,+CF, CO, CO,, HF
Refractory Metals |CF, WFs ...
(W, Ta, Nb, Mo ....)| cI, WCl,
IEY; Cl,, CC,F, GaCl,, AsCls
GaAs, InP CH4/H, PH,, IN(CH,)s
2 K= 2 s
2-4 sp A it g R
% . .
(1)3+ ¥ 4 %)% F Etch rate(ER)
PR PR R F R SRR hiE L0f PR T 58 %
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AR RIFR G NT LM BRRBicL e R KR~ RS 4 Bics (Atomic Force
Microscope - f§ - AFM) & Z_ek 3 2 4 ipl4cdF 45 T + & At (Scanning Electron Microscope
@ SEM) ~ F E 3+ & A et (Focused Ion Beam » f§ #£ FIB) % = ;4 73] o

B B P

£ %) AT £ %] %
Ad
th %]k FE = _)‘ (A/min)

Ad =dy-d, (A) R RE %46 > 1 % 4% 51 (min)

W25~ &%l &2 3t
(2)4 % E &+ _ Etch selectivity(S)

AT UFEFE S BT EEDER Y el ) W L e R A Sk
re & 4 g § (Hard mask)#f 42 (])4e:Cr ~ SiO2 ~ SiNy) » £ F 4% @ * 0 A8 R s 8% 14y
£ > ,T‘u*iﬁ A EE LT e -

— AR A R g S ke HIBRL Y m AR R G HHE O REREER AT T Ak
#2( Electron beam lithography s~ 3¢ ,T‘u? "R D R A B ko4 BEE K PR endE 480 ] (<10)
MARINKRDB RS T4 BA R R GRS T S AR @A EE BT 0
PR (ST R 10 flesf 0 b ety o i F G2 R R Y EL(Cr)E IR BR Y & K
R T o (S $HEL(CE R L 7 420 10005 = T %4 %] ¥ Ll sk 5 B & 12 (AZ4620)
SiOx~ Ni» FFER W NFIF 24 7 > E¥ g WP s -~ B2 ARG DL RFE R

FER G AB Y UL FEREE R RS
R LR Ts C AR & S L2 SRR

¥ A 7 A4 e (Over etch) B i > @ et a s § R ende » 7 B ER L 5 AL R
PA R R K mlﬁ}&;pbi&,,#'\i‘ﬁ » bl il % 1R S 8 2 (Poly-Si)PE 7 % ¢ 4 %] T &
TORMAEF 0 FIF R SUSIO eE A 0 T AP b Ordrdled SiO) ek %
H A EH W 0 4pF BH 4 SIO2/Si chiE 0t 0 BT i H '8 K Sieha 3] & o & &g % CHF3 v
SiO2 &g F ¢ v¢ Si Kenpe o [4]

dpg
(before)
= PR(af(ev) Ad5|

PR I PR
PR In same Plasma Condition
E, = Etch Rate of Layer A
E, = Etch Rate of Layer B
S, 5 : Selectivity of A to B
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(3)4 % #: Bz Etched profile (i% i FIB - TEM ~ SEM %75 F23%
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23 é&wu g% Jf:mi”il F*'”" WRERARM o R Y ERPTLEE T 53
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%ﬁ W A AT B IR R A R R B mi«’ Hransg iy 5 §le > Lde e a1
FELERCRES & TR L AR M o - s S SR € I B Pe g g )
+-5% o

E=EN e Seal WA

[U=(B * 851 5 B | %] )/ (B 4% F+5 ] 4%] 5)*100%]

(5)M 4 = <t Critical dimension(CD) control
A% W (s SR 4 R 2 (Offset) » € FR4 %] 1 kend B ApRE - B S E e 42(<200nm)
Offset F & P /3" & » X AR+ A HFRRAEHH B L o

2-5 354k %48 b g
ERAFZDTRBE T A4 LF B4 éi%'l%}‘—%(RIE)ﬁiifabﬁﬂ“ﬂ@% BAET RS

$FTRMESNTRACP)  RE48 4 T H(TCP)~ T+ i %2 4250 T #(ECR) ~ 1 5ok T %
(HWP) » & & 4449 o e 48 RIE 2 ICP e I i o
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F B3+ 4% (Reactive Ion Etch, RIE)

RIE # 5 0 30enfiid (B ) 7 4 5 0 F 8 B 4RI 0 &7 T 1EAL % 13.6MHz st &
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AL SRR R TG AL R T LT RIERELR T RER 4 HRI TRE
1 *p’%%*%m BE ORI FTELET & FPEbg AT Tieit 2t f T R TR
AL RES Y LE Y SRS SRR R N R
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Forax L RE e Ak e

BERARIERATREE

WERE —=

o

X
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BIES R =
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B 2-7~ RIE p 30 4fid

v

N
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BEFHMEE BT A PR
B 2-8~ 37 AdpF oA P T B R4]
o T iep b BEGRT pORR S DT - SRR T A 4 7 R
S H(RE): Fls AW RS D) BB RETIARE T T3 ATRER
FHT A G AR SRR RS R R
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EREBENT #(Inductively Coupled Plasma, ICP)
RACP) 5 % A T @2 A ALl A MBOHRT AL 3 HAT

g/ R
AT E el B SR Ak A o B F R 2 5 0 B RSB K 0 S

Tl EREFE S R EME AL - BREFFR PR AT H BT F AR v e

# o R FlE s B R IR 7 R TIF BEIREA TR T3 F o R

AR o TP AR A A r??)%ﬁ"ﬁ]{f’ICP?fﬁ%}i,&f]éRIEﬁﬂIOOO ERE
SR PTIRET - BHFAIE AR TS0 e BB HHRS BFLE R

$+%§wﬂ$m’uéﬂ%%mﬁiéﬁﬁ%’ﬁﬁ*,'ﬁ T R B A A Rk
Fay ek v E PR B Ahyd e

BT REEARS HEFLESE 0 RE

“ICP” )
RF Source % Plasma Window
Carrier Wafer

|
Process - ‘ﬁl

Gas |

=

AV T oy
Exhaust “Bias”
Ports RF Source

W 2-9~ ICP p #%4i¢ [Samco 7 %]
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3 @5
(SEEE B

* ik % RIE-400i 2 # &5\ % ?j’:% % #(ICP)» &1 % 5 7 J}‘: ( Chlorine-based ) % #
Aty s @ % Shf A5 Ch~ BCl ~ SiCly ~ Ar~ Oy ~ No4e CHF3 » 4 & # 3¢ [ILV 2
A o

y
r = -
ik

Chiller B ER EZE|

-

31~ ICP 46 5 8454 5
AR EAF - BF '8 (Reaction Chamber) £ EAROIE ;| (Load lock chamber ) » 2 &
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Flow Sheet

L2
Nz
MFC 1~4 Mass Flow Controller
GV 1~4 Gas Inlet Valve
LV 1,2 Leak Valve
BV 1~3 Exhaust Valve
cav Control Gate Valve
ISOV 1,2 Isolation Valve -
DG 1,2 Diaphragm Gauge
Te) lonization Gauge
PiG Pirani Gauge Gas?
T™P Turbo Molecular Pump (800L /sec)
RP 12 Rotary Pump (275/330 L /min)
AM 12  Auto Matching Unit Gas3
APC Automatic Pressure Controller
RFG 1  RF Generator (Max.300W) Gas4
RFG 2  FF Generator (Max. kW)
RC Reaction Chamber
LLC Load Lock Chamber

Bl 32~ ICPp #R4Ei3
® RF2:}TH&T ffﬁéi,’:iffw &SI S 13.6MHz chsii st A 4 B o % SAE I4T e 15 (AM2) -
T A S SRS AU Bt B S S 1000W(FIHE S s B
600W) ©

® RFLTRETHAZ st & FMF L I36MHzenb# A 2 & > LR B I e fa(AMI) -
£ @7 N % & (E-chuck) Aok i e L 600W P ST S T
S A G o R UF S B ko
1) THEEL k2
A ep &Kﬁ}‘e%@i = 0 F B E IV T & 8 5 (Plasma Window) t K B 3 AE ik
AR R L AUE 0 AER 4T 13.56MHzeRFE 0 3 in Bl fiedh o £ @ ~ vERg Lt =
DEIR M2 B SAREE B RN AR @%’%E’ S T
BE TS FHRATHR HH 5ICPSource > & % i ¥ 5 1000W T AR 0
mE TG 13.56MHzﬁw¢at;g;4 A4 RSBTSRBTS
(E-chuck) » & = B L G00W B i T s B AT BF R R mln
w3 Bz BBBJ;’]%\& D UE P A RS ok o A ) TR RAE AT 2
BT RTINS SRR R F R T R IR B U

g__v‘
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“cpr X z1  Tornado Coil
RF Source ? Plasma Window RF13560H2 O /

Carrier Wafer ..I'EI.I rgaz =
— . (:) 5
Process |
oo - » \
)
- sus [ O
B = |
Exhaust “Bias” AP 13 500z AP
Ports RF Source -~
Low Electrode = ¢ 106mn

'>..

=

il

Bl 3-3~ 48 oK # P R HE[Samco F ]
e
4% 1w R(RO)E %k Sefied — e & §1 7 RP1(Rotary Pump) » ¥ L i&
PGP ;5&7‘ X' 22Pa> o ¢ B Fik % FF (Turbo Pump) > + & 24 2 3";
5%¥107Pa - Ai” (LLC)¢ * i & §] ;f RP2(Rotary Pump) k4 £ 5 » ¥ if 0.1PaZ

@ %

(3) # Wi xu

F AR A A FOR £ 424 B (Mass Flow controller, MFC) 2 § & ff 7 % ‘o & o
F# % Ch~BCls ~SiCls~CHF; ~Ar~ 02~ No- fa @Az 4 #> VA -2z No § ¢
B (TR P e (Purge)* o C~BCl3 ~SiClag #g B *t 5 #ath > Thed § WEIAY - T
ﬁﬁﬂwpﬁﬂﬁ%mW£’lﬁﬁ@Wﬁmr’kﬁﬁéﬁﬂﬁﬁﬂxﬁﬁww°

OOREY L E-FES
KRR F TRURY RSB LR EE L

5) P FIEREH] 23
FREYERp S FIET 2 fed & PR RS A AFE T *E S Hef 4 4r) o

® #* 7 & 43 (Electrostatic Chuck,ESC)

LFLU LT SMAT R BAERL A BRI ATRAZIIF 2

P B RIEEAR S EF AT AR 0 d N E A RS EM R A ASYER 0 LR F

VA S R TIE R - BT LR TS RPN R - e E
PEREHITEIES AT o

® LFLEARIHIRIE
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¢o [F] if B4y aif%m?mT%ﬁﬁﬁaﬁ)mﬁﬁh’ﬁd%ﬁwmﬁﬁm
67 ffd %k p 4 SUE(Chiller) i BTk o R8T RS R R R R 0 B 5L
FRRED e HFlfdfd > ERPRARFE I 2 §LLFIEFTRLELE L
WHef MBA#BE  Hel § ¥ BB E S A FEE T G2 Bl WHew 573 %<
| AR R 0 ¥ ¢h 5 BChillershf i AT MF TG EAEREZ 1 200 B o

32 oAk

® % :Cl~BCls~ SiCls ~ Ar ~ Oz ~ N2 fv CHF3
® EP R~ p? ~uptod” wafer

® WA IV 2 & B A s

® RF & < # & ! 1IKW(Source) / 600W(Stage)

3-3 Sample féiF& Rz v
(1) ®8% 27°~4”wafer 2« g & o gL 5 Jp 11 B 7 % B 2 % > Whole wafer + » gL R B %
BHR RIERHE L o - BHELEE o
(2) Whole wafer # & 2 i A2 2FF4 T E > 27 F ER AR ELFZ 5P o
(3) 3 Ak & §7iE ~ §r% 2 & 12 W particle © 3 particle 3k 1 F F  RiCE -

(4) Aa ,~.. v E#{ff,]w} ’ %}vﬁ g _5_2 1;}3& B 4,5_1:_@1177 pied ﬁ%ﬁﬁ;{)\ gﬁﬂgﬂ o
(5) $}§7%7J-‘}'éﬂ'; ;F"’t’ﬁﬂg £ Eﬂ—_i B"T—F#'P\F',E) 191 %2] °
3-4 4% 38K T

BEE TR (R Z2)7 bR T PRTUARFF() ~ WARE A4 (Pa) ~ ICP
Power(W) ~ RF Bias Power(W)£ 4 %8/ € (sccm) ©

TR ABA AN TERP IR ZH®* > doF i recipe s ®* F F B Brecipe?
oI /%~.§3+1§\§r3.,35%ﬁ/‘1§§" + 2 Z recipe °

HER 5 (Pa)
APG pres . :'

ICP Power(W)




3-5 ICP &% S8t %o 2 P IF
Pl SIS EE S SRR E R - Fs BT
(1) ICP power

ICP power ¥ | § #5drenscs > # 4 [CPpower 4 F@}iﬁﬂi\‘g dv oo I FIE
EAEBARG B AR P TS EFF RS kR FHMARANTF TR
MARF B 4 > A% GaN 5 6] > deBl L A7 o 4% F4E ICP power = & V3 4 o [5]

@ ICPpower 3 +r > i b e 7 4 AL IEFA H I B/ 2%k Bk z
WAz F Wenie D o dors BCl+Ar &%) GaN ¥ ¥ ke 5 83 ndgk 5 & ,wéw ey
FEU TR AL LA 0 F W 4e ICPpower(1t (3 4o ) F @ HHEEE L G iR A5 AL £ L pF
FRARras > $rRILkGF 2§ B3 5 5 3Gl aT 57 Rt - R T U
PiAre iR A en? SRR R B it ek > A E it SiOy (T AR A 0 4o SiO;
g J‘Pi% )i % ehak %) § W BCL F 5 2 SiOr A 4 M F a5 F ko i3 PF % 4 4 ICP power
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(5) Temperature
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INDUCTIVELY COUPLED @
PLASMA ETCHING SYSTEM

For Research & Development

mooet RIE-101iPH

The SAMGO RIE-101iPH is a load-locked typs inductivaly coupled (IGF) stching systsm.
applications, and customers who require a flexible
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INDUCTIVELY COUPLED PLASMA ETCHING SYSTEM wucoc:RIE-101iPH

eProprietary Tornado ICP coil delivers highly uniform, Reaction Chamber SUS 304, inner diameter $300.5mm
high density plasma, achieving uniform and precise Samole S suUs 304' 106mm, (Aluminum for ESC)

etching with high selectivity. Load lock Chamber SUS 304, 451 (W) x308 (D) X146 (H)mm

#5tainless steel Reaction Chamber and Load Lock ICP AF Power 13.56MHz, crystal oscillation, Max. 1kW, automatching
Chamber for reduced corrosion and ease of BIAS RF Power  13.56MHz, crystal oscillation, Max. 300W,automatching
maintenance. R. Chamber : diaphragm gauge 1(1.33x10'~1.33x10°Pa)

®\Wealth of spare ports for optional analytical diaphvagm gauge 2{1.33x10°~1.33%10'Pa)
instruments. R jon gaugs (1.3x10"~1x10°Pa)

LL Chamber : pirani gauge (2.7%10%~4x10"Pa)

Applications R. Chamber : furbo molecular pump (800L/sec)
Vacuum System + rotary pump1 (275/330L/min)

oEiching of GaM, GaAs, and other compound LL Chamber : rotary pump2 (275/330L/min)
semiconductor films. Operation Method Touch panel, Recips management
eAnisotropic etching of silicon based films. Dimensions 1130(W)1270(D) x1914(H)mm

®Etiching of metal films.

Utility Requirements

SUS Chamber

Power Supply AC 200V, 3¢, 60A
Above 2L/min for the electrode

Cooling Water i
Above 5L/min for the chamber
Main body
Gas box

Gas exhaust NW25 from two rotary pumps

Process Gasss  0.1MPa(G)
Compressed At~ 0.5~0.7MPa(G)
Sysem  0.1MPa(G)
DRP 0.05~0.1MPa(G)

eSubstrate cooling mechanism eAdditional gas lines
Stainless steel chamber with multiple spare porte allows the uze #End point detector il filtration system
of multiple analytical instruments. APlease contact SAMCO for details regarding other options.

Mz

Lvz
&

Mz
MFC 1~4 Mass Flow Confroller
GV 1~4 Gas Inlet Valve ArG2
LV 12 Leak Valve
BV 1~3 ExhaustValve
CGV Control Gate Valve
ISOV 1.2 Isolation Valve
DG 1,2 Diaphragm Gauge
1G lonization Gauge
PiG Pirani Gauge
T™P Turbo Molecular Pump (800 L /sec)
RP 1,2 Rofary Pump (275/330L /min)
AM 1,2  Auto Matching Unit
APC Automatic Pressure Controller
RFG 1  RF Generator (Max.300W)
RFG 2  RF Generator (Max.1kW)
RC Reaction Chamber
LLC Load Lock Chamber
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