H 11 2 Dry Etching
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O Isotropic etching vs. Anisotropic etching

m etching mask

d, B can be >0 or <0.

I
|
i Bias B=d; —d,,

|
|
: substrate
i
|
I

Complete Isotropic Etching
Vertical Etching Rate = Lateral Etching Rate

B = 2h¢

Complete Anisotropic Etching

Lateral Etching Rate =0 .~ B=0

Degree of Anisotropy
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O Etching Selectivity, S

g Ya (vertical etching velocity of materal A)

AB

vy (vertical etching velocity of materal B)

o Wet Etching S is controlied by:
chemicals, concentration, temperature

 RIE S is controlled by:

plasma parameters, plasma chemistry,
gas pressure, flow rate & temperature

Selectivity Example

Sio,
Si

Si0,/Si etched by HF solution
Ssioz, si Selectivity is very large ( ~ infinity)

S10,/Si etched by RIE (e.g. CF, plasma)

SSioz,Si Selectivity is finite (~10)



(2) 42} DS SF

@ Plasma Etching
e reactive gas
bombardment

plasma,

@ Reactive lon Etching (RIE)
e reactive gas plasma,
bombardment

low

high

® Sputtering Etching
e Inert gas plasma, high energy ion bombardment

energy

energy

woe | G m
&4 (Torr) 0.1-10 0.01-0.1 0.01-0.1
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2. Basic Physics and Chemistry of
Plasma Etching

(1) Plasma Etching Steps

® Glow dischargeE& S0I0| HEA EIDIAZR
OISt OTE E|TIE HISIIA(012, /XL, radical &t
HESIIADL OlE ERM EEO| HUMOZE 0|
HISJIA D B St

HO0IAM 21SHH20i1 e U8 248 WA
HISSEAMS0| HHOZHH B

e&tE g 2AZ 0] gas streaml= EHAE|0f
pumping-out

@@ ® 6

Example: CFs + € -> CFs" + F + 2¢”
Si + 4F -> SiFs
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Figure 4. Primary proceascs OCCurting 1o a plasma slch process.



(2) Glow dischargeOfl CJ0H A= HIES JIA

O Radical

HMI|MOoE SMO &M JIAN

o 0l2%Hionization)LI £0li(dissociation)0fl o AHA
on 0, + e - 0 + 0 + e

e Plasma WOIA (+) OI2E0 s)F 850 =0

O (+) 0|2

=XI=28H 0d JIXlI T2 (+) 01=20] 24E

@ Argon Plasma: Ar'Jl Y=XHOF BoLl, A
Ar""" Arz"'C M-IA‘|

12

@ 0Oxygen Plasma: 0} 2.*.'.:.’—‘10?_ BoLL 0'%
Xl XA A1, A 057

® Freon Plasma: CF;'Jt Y=Xo=E FOLl, 242io]
CFy", CF', CoFs5',.. = MAE

O 0"l o k= 32
® F JIAE A2t Al 0IE: AlFsJL HIZEA
@ Cl JIAE AI2%t Ni 0lI=: NiClot HIS &2
® Cl JIAE Al0; 0lIFE:

Al0s + Cl; —> AICIz + 0, (EYSIXE I
@ Cl JIA& A2t Si0; 0ld:

Si02 + Cl2 —> SiCls + 0. (HSH &1



3. CFh,& AI2%t Si, Si0. OllA

O Basic Chemistry:
CFs + e -> CF3" + F + 2e”
Si + 4F -> SiF; (volatile]l or
Si + 2F -> SiF, (volatile)

(1) CFy + 02 OIY
o MAO SE& I Al TIltI= F sk S Ml
H3=xE St
CFs + F -> CFy [CFs= FOl sk & &
Crs + 0 -> COF; + F (0= F_I ST & 3d)
COF, —> CO + 2F
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(2) CFs + H2 OfI&

o« $ATF HIIEIH M| QST HA: 40% O0I0|
o

o =AJ1 HIIEIYM F 5T =240l %.¢
H + 2F > 2HF = F 3k | = Ck 3 1 =
polymer 8d T = A &% |

e Si00] HR: =4 HIIHT A =% OF S Si0.0f
A= MAJL polymerE HAHMEI HE
[C+0->C0 or C+ 20 ->C0.)
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(3) F/C Model (Flourine—Carbon Ratio Model)

e F/C HIE 37k 1A &5 3L polymer 8 AL
F/C HIE &4: 0 &5 LA, polymer @A =)}
Loading
Ha gddition 1'_')2 additicn
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T 1 T [ \
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e F/C HIE0l ¥E W N =EA
® polymer @d0| & &
@ Si OIFFAlC] 0l2-a(anisotropylOl &2
® Si02 OfIA Al Si0ll tHet ofj & AMEHM(selectivitylOl
pig=)

e F/C HIEO0| = W A EA
@® polymer @0l HO o &
@ Si a2 s%dlisotropy) 0IE
@ Si 0I& Al Si00ff tHSt MEHAMQ| &
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4. Anisotropic Etching
of Edge Profile

(1) lon—assisted Etching of Si

A0y Gow s 87 * 1O LM 422
] ey ¥ 7000 —p A+ me

; j | ——
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and Control

§
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ELECTRODE ELECTADDE

O [+) ion0] Ol ’-‘.E 2 profileOfl O|Xl= A%

e 50 eV 0l¥2 =2 WIUXIE

AOIH B damage 2B radicalel 3getHiE

B gAY

e 50 eV O[Ot 22 MIUIXI&E

247 U= B0I2

Ip> min
H1rl0

21l A= 0282

HOIH Bl S% E polymerg HIAH(E, OldiSt 20l
=82 %IIOIIH.‘ZI ’-F’—‘! SYOFE A0 HE0l =iofol
Q00 A= polymer= HIAHOHK £8)
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(2) Directionality by blocking laver
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(3) Sidewall Blocking

MI:I:l::::IT:m Example  Blocking Materials

Polymer S} Al - CCls [CClx)s

Polymer S} Si - Cl; (CCls (7]
Oxidation Si — CF4/0 SiOx

e anisotropic etching2 == sidewall blocking0ll CloH
OIF0E

gio

e Resist 1A' polymer blockingll =20] & = U

e 0,= polymerg HIAHE

- CFi/0,& AI20I0 Sig OIAE I 0.0 ST B2
= YUNOZT jgotropic etching0l TILL, 0.9 =TI}
=OmM gsidewallOll AotoiES HAOI0  anisotropic
etchingOl TIAHl &
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o. Dry Etching of Various Thin Films

O Gas - Solid Systems

Solid Etch Gas Etch Product
Si Clz, CCloF2 SICl2, SICls
Si02, SisNs CFas, SFs, NHs SiF,
Al BCls, CCls. Cl- AloClg, AICl3
Photoresist 02, 02/CF4 CO, CO2, H20, HF
Refractory metals/
Silicide (Ti, W, Ta, Mo, | CFs, CCIsFs, ... WFs, ...
TiSiz, WSi2, TaSi2, MoSio)

(1]
O

Si/ Polysilicon Etching

JIE €] 20|11 Y= JIA

Cly, CCls, CF2Cl2, CFsCl, Bro, CF3Br

o] JIAE 1l inert gas (Ar, HelE&1l°ol =&

CE JIASHO] &8 Clo/CoFs, Cl2/CCla, CFsCl/CoFs
F-based JIAE AI20I™ anisotropic 0l 0]
0iE1l loading effect)l «

Cl-based JIAE AISE W HIE 5T =dA
CoFs, SFsSOl F-based JIAE HIIOI= LT UL
Typical Etching Selectivity

Si02: 10 - 50

SisNg: 5 - 10

Sidewall Blocking
CIOl resist?} H1=2010{ polymer ¥A
027t EIIEl™, oxide 50! sidewall @A

» E8&sT=s T3S0l 2ol I SSE ©S

_14_



(2)

Si0. Etching

JIE 528 Si0, 0IA : contact/ via etching

Al J1A

Cl-based JIA AI22 gYsidoz )i
F-deficient gas& Al2

JIE Ed] AI2%l1l A= JHA: CFa/Hz, CHFs, CaFs
X Al2%l= F-scavengers: Hz, CzHs, CHay

Sifk9| selectivity

Si etching®l blocking material: CFx

- Carbon0l A= JIA AI20l A (SFe/Ho, F2/H2:
Alg EJH

HE 10 0l&°] selectivity 24

S =9 899 20| TAH

Thermal oxide2Ct= CVD oxide©] OI&!=5 )}

=
X
Oxide A =& sk= 0IE S0l & =0

_15_



(3] SisNs Etching

O SisNi0] OI& SA2 Siﬂl Si00 =2t
e bombardmentJt 82 OOl OI& &%
Si02 < SisNs < Si

o HEAO] polymer @A £5%: Si0; < SisNy < Si

O AIBIJIA:

- CFy + 02 + CBrFs
— CH2F2

— CHFs3

- SFs

— Cl2 + NF3

O FOl SisNs 0l A!
e |sotropic etching
e ER of nitride: ERof Si=1:8

" NOI Fil HSOL NF:8& 3o - F Sk

O Internalogen Molecules(ex; FCII2 0| Si0. & OI&
OlXl &1 SisN, & MEHEOZ (& (ex. Clo + NFs AI2
Al, ER of nitride: ER of oxide = 1 : 0)

O ER of LPCVD nitride << EH of PECVD

- LPCVD nitride®l ¢ ST 4-8wt%

— PECVD nitride® =2 S%: 18 - 22 wt %

- FA= H+ N + G —> HCON(E Ed)o] HI2E =HX-)
polymer @& 244
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(4) Carbon and Organic Solids

O O0rganic solids(ex: photoresist, polymidel= 0 =
FOIl ©I0H OfI A

e -—[CH2 +20 -> CO + H20 [fast]
—{CH2) + 6F -> CF4 + 2HF (slow)

O 0. plasmalll CF, JIA8 HEJIOIM organic solidOl
A =% St

e FOI H o HS0I0l HF ¥4 -> 02 Col HIS=ET 1

By

[ 7. Elechwchem Soc. 137
2231 (73) ]

P

—
L a

| ETCH RETE £/ jealin)
il

0 o o o 1m0
% CFy N 0y
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[5) Silicide Etching

O I layer 21X
— Polycide: gate oxide - polysilicon — silicide
— Interconnection line : ILD - silicide

O & 7 A

- Good vertical etch profile

- ER of silicide = ER of n* poly Si

- Good selectivity over oxide ( > 10]
- Not too much resist erosion

O g Jia
- HE Cl-based gas Al2
(0 TiSi2: CCla + 02
WSiz:  CCloF2
MoSiz: CCls + 0o
TaSiz: Cl2 + CF,4

O F-based Jt2 AFBXT JisOIU OS2 EHId AS

e F sufficient 7tA: n* polyl silicideOl undercut
dEkAH

=0

oo

e F deficient JtA: oxideOll LH8t selectivity)l &
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(6] Aluminum Etching

O Etching Gas

5SS Cl-based JIA AIE: BCls, CCls, SiCls, Cls,
their Mixtures

F-based JIA= Al &J1 - AlRzJt HigEd

Cl; EXi= Alg 0ld (E2tX0l EER)

Etching Product: X&; AloCls, 112; AlCl3

Cl-based gas= vacuum pump oilg 2%AlI7|1
Sd8 A

- @AM EE: HCIl, C.ClsH, Polymers
- SH 24 0il 8% 3JI, & ¥y, Chlorinated
Hydrocarbon 2%

Al.0; Etching
Al OlIE X0il E™MO| AlLO; 9 30418 ®X HAH

Cl JIA= AlLOs& MIAHOHX| £

Al.0s 20| MIH 2
@ (+) 0I=29] energetic bombardment
@ Reducing reaction (SHdHIS
Alo0s + CClx (x>4) -> AICIs + CO
Al-.0s + BClx (x<3) -> AICls + B20s

Al.0; SIOE Olpf WMdl= SHl

@ Al I20] AIZEI7] ® induction time ER

@ AMA9] Al BH9] G.B=9| segregation- >
over-etch EL -> Al%to] HH HEJ| 3|
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Al HIZBAIS |2AH

Al Chloride [AICIs, AlClg)

MA/STIQ OlF & HE2: Si0.8& S0AIZIHU
ARlE SO0H HIEIR @Y Op)|

HIOIH BSH0 S=kt= 3 AUS
Photoresist& S92

OiZx4: Large Gas Flow RateE S0 SJAAIA

Back Ground Gas &0l oot fIA &5 Bl

Al/ Al Chiorides= AtA/&J1QF HISE Ol & OL0
HMH Wol A4, &SJ1° sT0l ot oA £t 3
H HE = AT THAHA SH Ok

HMH W] AtA= Al 9o BH HED|O & A2

O Z24: Load-Locked System Al

Directionality of Al Of &

Cl or CI0ll 28t OIE =5<= energetic ion
bombardmentOl CI0H SJI0HXl &3

Anisotropic Oll&!2 sidewall blockingOll ©]0HA{St
s

Resist Degradation

Al Chloride7} resisto] &3l& OFJ]
Ol Z2%: gas flow rate@l =7 == "Hard Bake"

_20_



Post-etch Corrosion
e % AOIHLAWZ0l PR W) HO0IA= chiorine

JIAE £AQ HISOIE HCl HAOI0 Alg SAINIY

oHZEx: YOIIHE unloading O1J1 X0l PR MIH, 3t
HSO0l Al.Os == AIF5(CFs AI2) 8 3| €3

Al Alloy (AI-Si-Cu) Etching

Si=2 ARQLOE £ X] 2™ Ol AN o2 bt
Al-Cu OlI& 2, Cu residuell €. Cu 2%J}
safe limit
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6. Dry Etching ZH|

(1) Plasma Etching Reactors

O Barrel System

Sparimpns (wadorn
)
[ —— o
'G‘S —_— Yaler
NLET
- [ Flremater
ELECTRODE !
B3 é ) Cases ~
FWAFER
' P It ® ¢

'
l VACU D PUMP

O Planar System

Wafers
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(2) BRIE Reactors

O Planar Reactors

J Hexode Etcher

RIE (Cylindrical or Hexagonal Gepmaetry} " HEXODE “

|

Top View L
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1. Process Issues

(1) Electrode powerJl Ol =0 OIXI= S
O rf power dependence of Si etch rate and N:

sputtering vield x [+] ion flux

e Sputtering Rate
o« || X V3/2 — KIV5/2

T M | S
CFy +20% Oy
4 P
50 SCCM
Af - CATHODE

No Si- LADING

Tp (704 /3, (TS0 NM} = Tig
i
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(2) Loading Effects

e (Chamber WO A= OIA JIA= etching reaction,

recombination, pumping out® 3 JiX| A0 ©OJO0f &
SEO

e Etching Tl= £20| 30 =T Y= FAWME
etching reactionOll 2it MIAJIAS] ATJ} X - MIE
A s - I &5 |

o 271 YOI OIE =5%JI reaction rate limited®!
A2 no loading effect

Loading effectE& d4AE = U= WY
large gas flow

- etchingkl= Al ££2 =&
- ion bombardment0Oil 2I0H 0f

]= x-IIII'

e
IN&E} HOEES o

‘ug'_l_ I I 1T L
- POLYSILICON
£ CFa+ 5% Oy
£ 1407
wl oL -I--.,,.h -~
."E MWy,
g h--aEE.-hﬂ--...D-- ------ Dll’l-
+ 1% -
o
'—
(M|
2 I
10 | ) ] 1
YR |« TR '+ L [+ - (¢
S s EXPOSED AREA (mmd)

b
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(3) Heating Effect

O Heatingo] 2el 249l

e convection/radiation€ % heat conduction
e exothermic chemical reaction

o 2AIOl= AXIE2 20X

o QA0 EXIS2 200 WX

e 0171 radicalE2 %= OIYXI

e rf inductive heating

O rf inductive heating

e ac magnetic field0ll 2It “eddy current” &

e HE sample® M7l 13.5MHzCl skin depth
(100.m) &0 S0l 2#32= eddy currents
ook XHI0) EH

. 1
ohmic loss/area = 5th‘3

oloit) =30l |

T ) Tt

t: film M, le: eddy current, A: magnetic field
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O Thermal backing/ no thermal backing Hlul

. " Ho hem! ”Cm'y

A%,
250w/
4.Fa.
Wneem

980 nm/CND

(3 Therma!  BacKing

TIME (mm)

(4) Doping Effects
e ER of n* Si > ER of intrinsic Si > ER of p* Si
e [ER of Si «< e concentration

"
[

-n.-;_

x §

==

E-
= ]
'E" Fﬂn‘}rﬁi
> T ]
7 - S
4= - o .
EE -'ﬂ“-mﬂ
T Eondoped <5
& Pely <

S oY S o
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(J Space charge model

o Si HOI0I SAE S=A WKNF, C), BISS HXiLol
2o QAWOF 0I0L0] -1MOHE D ULk

* sio] Bo
(+130} O

(]
=

o

S

M- 0l S5 3t

intrinsic Si°] HM:
& X0 &

Tl
(=]
=

p* Sio| HH IWE:

L =N — k3

(180t A -> Ol

02
Iy
H'|
Y

TS
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(6] Plasma Charging Damage (Antenna Effect)

Area Antenna Effect

!‘MJ-PMEEEE“. Jrlll-.i = I[ + J‘
Do, Lptta,, t3000,247, 1082
l Il-l ="t¢ Jp

/ Collector 4
{Antenna) °©

=ik = Hatumn to Flasma
by way of substrate

1f the oxide current is wunifom,

Jpn=1, sA T, LH = Arsa Antenna Ratlo
A, Ag A

W mﬂm‘“}" AP McYEDg

Example of Area Antenna
Damage

Tep View

Fang, MCanty, McVisle ECE
Proc. Vol 91-1 1,471, 1981

_29_



