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A Study on The Improvement of Profile Tilting or Bottom Distortion in HARC
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Abstract

The etching technology of the high aspect ratio contact{tHARC) is necessary at the critical contact
processes of semiconductor devices. Etching the SiO: contact hole with the sub-micron design rule in
manufacturing VLSI devices, the unexpected phenomenon of ‘profile tilting’ or 'bottom distortion’ is
often observed. This makes a short circuit between neighboring contact holes, which causes to drop
seriously the device yield. As the aspect ratio of contact holes increases, the high C/F ratio gases,
C4Fs, CiFs and CsFs, become widely used in order to minimize the mask layer loss during the etching
process. These gases provide abundant fluorocarbon polymer as well as high selectivity to the mask
layer, and the polymer with high sticking yield accumulates at the top-wall of the contact hole.
During the etch process, many electrons are accumulated around the asymmetric hole mouth to distort
the electric field, and this distorts the ion trajectory arriving at the hole bottom. These ions with the
distorted trajectory induce the deformation of the hole bottom, which is called ’profile tilting’ or
"bottom distortion’. To prevent this phenomenon, three methods are suggested here. 1) Using lower
C/F ratio gases, CFy or CsFs, the amount of the polymer at the hole mouth is reduced to minimize the
asymmetry of the hole top. 2) The number of the neighboring holes with equal distance is maximized
to get the more symmetry of the oxygen distribution around the hole. 3) The dual frequency plasma
source is used to release the excessive charge build-up at the hole mouth. From the suggested
methods, we have obtained the nearly circular hole bottom, which implies that the ion trajectory
incident on the hole bottom is symmetry.

Key Words : Bottom distortion, Profile tilting, Dual frequency, Deformation, Fluorocarbon

A2 e wEilg PAST dE W 7z A%

ZolX Z¢ (Contact) 2F3Eh (Si0y) 73414

ol rir
ol HEI

Sy wrEAY Hi MEFL 0. olat® & - . :
%W Y 011]4@] | Jef wE g}lrﬂ':r El;} —v: (Dry Etching) &4 weEd W3k (Profile
kS Al ' 5 s . . N
o J_A;:'Lﬂ; 3 Ao e ° ; Tilting or Bottom Distortion)®] €91& #A& 4
"} 7}?1——| o= -L]' XH ] 3—"?‘5]_!._ ME}’ i 64 D, ﬁlzl-oﬂ U:}'»—— 7H/H E]——‘_‘,'—_TLZ]— f?_‘:]' i%’ ]?l"
1 AR g Ao 7o EACA 28 gyt e HBH R 4P
@IS #aAl elotg prgal & 16) Wael 9, olelE Ay 98 dege) FHe
2. dTyustn Lokt 7y Ly g TR HAEA 228 A9 ¥iE= uina
R0 e menseeT Az 39 F ol weA, 29 agqze
1Xb ALAF © 2005, 2. 22 dddg dgen FIozntE ]%ﬁﬂ THE &
AALELE © 2005. 3. 28  HAQd, ofd 2E2 oAV T FdE 7

389



J. of KIEEME(in Korean), Vol. 18, No. 5, May 2005.

. Zdo) AAEod Z ol
A/R(Aspect Ratio)g} #Z+
o EL Hol7l Hold 5
o] A/R7}F AXA =H4A

weh 4
sl o m 2A @

qom Aol HAU WHel 7

4 gde AL Fel 29 Aol ¥
‘ %

sbAE 5 WA A, Akl Qo] AAE B

> N
S
19
>
M

By

%

Z x

tio op
ﬂl?i'

=

AaE A2 dolH ¢4
05#m* 9, ’&fl}“ﬂ’%

o
oy

3

i
HY
Flo

Az 9l éﬂ‘%‘% g olf=
F Aste AgFos gld ¥
g A F3) vt goe) o
L5t7] Qe olm, Atshete] F7)
4AB A2 ARE 5U 2
& e gEott, 29 W)
sdgoen, 1 FAE 04umolth
Adlel Y3 = e Z¢ 9
714 4 YEZE  tetragonal,

74 AME wEso] A o

[EOR ~
_11:1
=
o it
My 2 J2 32
oo 2 H
2 5w

of

i - S - S T A Y

H oL 48
flo
o
o
oo g x
o,

:l;
[op]
N
=

-h'l

hexagonal E}R
2= Hrtet

o
_Eﬁmlrumokoflm‘om

N jiaca

CCP(Capacitively Coupled
2o Tz AAVE F 10
A7
g A=
47 BAR

Plasma) Hha o
Afem®A e wla) ok 10°~10" 7H/em®
AL E 7z dgA A4 Zepzet
A ge wxa 2z 3ALEel 74
AbgEta g 2 AYdME dgiRiE 29 19
(a) FHE ol gt en, sxLor HEL A3
a3 1) A= dde AYPstsdrt. HFF high

Are

frequency®} 42 A 44 MHz < 93t
3, LF& low frequency? 922 & MHz g

9o wH A4

2 oju g,

390

(a) (b)

. AP Algd ZghEnp A4 (a)
Dual Frequency CCP(DFCCP), (b) Dual

Frequency Feeding CCP (DFFCCP : &
A A

A,

. Plasma applications.

Hhe

O

37k o= A
el Abspakal A e A
AAE 4 ¥ BOEBuffered Oxide Etchant)
ol gt oy, HAAEE YollA AR
EM(Scanning Electron Microscope)& A&

o e

gl 4z ¥
HeAE 3
1
]

s
=2
=

o
o

o
g %
-
s

a5, ol A7 2aE
4z g Abshet
ZANAE YA wheh Hzto] hEHE

i'l_..\_.
CiFy/O/Are2 Asiur 47te A48 F Asio
g A7E Ao Az deols sl B A3

o 2} =g
g 2a)e

a5 A3 19 29 po
7B g z2AS Addzes ®

93 Fol BOEE ol§3) Asuwe dgHes
AAS Asteb-nstee] TP FEE BAW
mgrolt s 2ag Azeert Asus 2



()

(a)

a8 2 wgRg WY AR, (@ Bs-As
A7) H$1Q00K W&), (b) A5Hee 9
A7 FE (150K W2

J

Fig. 2. The trace of bottom distortion, (a)
boundary of SisNg to SiO2(magnitude
200K), (b)the image after SiO; full
removval (magnitude 150K).
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goes by CaFe/Oz/Ar etching condition,
(a) after 1 minute, (b) after 2 minutes,
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Fig. 6. The influence of the pattern shape, (a)

tetragonal type, (b) hexagonal type.
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