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Capacitively Coupled Plasma Simulation for Low—k Materials Etching Process
Using H2/N2 gas

® &
(Chae-Hwa Shon)

Abstract - The resistance-capacitance (RC) delay of signals through interconnection materials becomes a big hurdle for
high speed operation of semiconductors which contain multi-layer interconnections in smaller scales with higher
integration density. Low-k materials are applied to the inter-metal dielectric (IMD) materials in order to overcome the
RC delay. Relaxation continuum (RCT) model that includes neutral-species transport model have developed to model the
etching process in a capacitively coupled plasma (CCP) device. We present the parametric study of the modeling results
of a two-frequency capacitively coupled plasma (2f-CCP) with Nz/Hz gas mixture that is known as promising one for
organic low-k materials etching. For the etching of low-k materials by Nz/H: plasma, N and H atoms have a big
influence on the materials. Moreover the distributions of excited neutral species influence the plasma density and profile.
We include the neutral transport model as well as plasma one in the calculation. The plasma and neutrals are calculated
self-consistently by iterating the simulation of both species till a spatio-temporal steady state profile could be obtained.

Key Words : Capacitively, Plasma

LM B 2t 43 9% F o B 43 FHA 459 Was

M eE FAE &) A Y WEG. aFME

WEA 2xEe] 2717 ALHeE FAER AARE NyH, shavt AA FRAAE NE: 2O o Agadn @
EotAn tF] Fh%o] ALgH metA o] ZEelA o 74 ok olg2E E4o] dm, BHol HeH 7 7};\_,]
oitbe RC A4, A F&3t dARE 5o 22 £58  nee =9x0z Aojstt el sty Mol [9).

Eole ® Wzt Hx ckll, 2l FAAA g {2 Ny, Hp, 2 NyH, Zatzujo] gk d3E o] Hoj g
PeRs TUE HAAZ AGS AFE WFD S0 Aw Ay CCP Aol W FAHY 2uYe A9 gl
Ao low-k AEE ALR3E A capacitanceE FolE Ao} ok H2 A" A &d A=) AP NyH, Zehzn}e)
o 21 A &3 (ow-k) 8% %3 ZEIH (inter-metal A% f98E &3 2o 10, 111 H @] gajxe 3
dielectric, IMD) ol o2 7FA7} gledl Y829 54 2 o}z wgt AT S0 AFs ool JYH:

& EAsta i (3l webM 74 Aged we oY A N #t)de) gsjxs ¥ 243 AFE ARNA A ¥ o]

FA0l el FHHstHoiA ok & A ehe A webd oy == H dodel vas
BMEA A Fule Egzrie Rdge g DVP I N grjge: E33n N, H dtdSd o]29 =y~

¥ AE, 7t2 FF 59 ¥4 2o & Eoz=od & 2 Fojgtozm A §4 A o|BA oo s

4e Hdstes W f&3A AHEE 5 3o dF 59 Aotk

RIE-Lag &3 oW/Ad oA, Hst SH 4% &4 5 B dpdie A $A A2 o AL SFs7) 9

FAGAA YEtE BAUES BANOE ANY £ U gof NyH, 7}2E o837 2 FA4 CCP (2-CCP) [12] &
EE =& To M 018 o1& N2E ARG FAL zopzoie 34 dUABS TS YA LYY
A NEL AN E dAZed S2HE ATE 5 Uk & g ABHH ETE ALEPt B =RoA=
a2 74x A Fdlow k) ARE N2 & shzef E relaxation continuum (RCT) 24 [13] & °]4% 2f-CCP
zutg SANAA A&7 AT JlEE B AFAAM A HH| 2 NyH, 722 o] &3l A g o]d & AT A
TR i} [2, 5-9). HIolE NyH, &Folvt NH; &} gtk Ny 7h2sh Hy, 7b2 247he] Sebzvuie} fda sy 3
b 71 A f A 29 ARl B A T HI2 gxq ysen $5& Y4 YA 15U NH 9
AAAL Utk [7-10). o] FF2Ee] 2HE O, & JEOZ  gago) g pud BB 4548 22 Aesdc
@ b 2ol w4t JAAD Qed 2 ol

2.2 B
t AAzL EgR : A7 7d AV ITaE
A Ts 21 A2 N W ndg
oo U s
E-mail : chshon@keri.re kr RCT Rd& EHet=n & A EHOAE7] A% A%
B2 HE  2006F 100 28 2oz Adsoel oA FH Rde ALEH gt} [13).
BT ¢ 20064 108 23R E dFeME o]8d RCT E¥g #disty 2f-CCP W9

N a8 MzEe od SH8 9% H/N: 7128 0|88t Capacitively Coupled Plasma Alg2o| M 601



B|RPET MG 56CE 128 2006%F 128

Ny/H; Z&=vE A g olAsr] Astd AdsiA . RCT
2o 7]zt Alze oA Zalzuist FA YAS o)
AZS ABA YA AR S1std F4 YRAE] AL
TPstgeh. 2dYd A9 dPgAEL AR N, H,
HY, Hs', H $°] 92 $4¢4+= H, N, NCD), N¢p) €
ZFe}h Na(A), Na(B), No(C), No(a), Na(a’), NH, NH, NH; #
A Zolch Nost Hy £2ke) A% of7] 46, N1 < v £ 8

9 H: 1 £ v 14 282 71348 E 228 23s
Aed °E Edlo o]F YA Ee 43 EE ARy A
o] JHs3i} o8 FA YAEL HAVE HA ¥ouF 3
g2l w33 Fato] F 3% dsagoltt AAXHOREE
stAAA ] M E o]P (Neumann) ZAIZA] F4
Ao glME A ZHozo AL ALdUE

W o] W wA A, R[4, R = 1-p p & B4 AF

(sticking coefficient) °olth. Ny/H, 7}= 2@ EQ w8
HolE)E a7]7 o8 922 N, H, and NHx JAS< g
9 uke AFe 2 oz A,

Al g olMe] o]FojA & A2dle] MTEE I 14 4
B Z2A8& E 19 vehdidch & 2dgq4E SHE F
g2 Agte] AZtHE T AFH AF FEAE AHE
slgdth 9% AT F2 & 959 EHRuE BT
= oo AEEHI oldF AIFE ojyA BAY EFzds
oz 71RA2 & JUAR JAEEE FEEed A
SHh 2f-CCP 9 o8 @ 753U 53 AdH A g
ol Eatdd 29 ¥ U (12 B AT AEE 1
3 WL 100 MHz #3400 300 V o] Aste] Qstsm
A% £& 1 MHz F#3t40) 700 V 2 A7k 7he ¢
e Ny (509%)/He (50%) E#7k22 50 mTorr olth. 7h&

)

o 52& oy AFHNMAAE nA=A] Yk,

! '500 pF 1 MHz
HSHII

a3 1 AMa"e JiEs
Fig. 1 Schematic of a simulation system

= 1 Al28je] 2ol M AlSE =A
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Gas Pressure , " 50mTorr
Gas Composition Nz (50%)/H, (50%6)
Drive Frequency 100MHz
Drive Voltage 300V ~ 500V
Bias Frequency 13.56MHz
Bias Voltage 400V ~ 1000V
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