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MBLVYationRElgsmaichemistiyiror HAR Dielectric Etching

Bavorned 93 1 )Mo=

NTRS Roadmap for VIA Aspect Ratios [Lagle)
Yia CD {rm)

20 70 100 130 180

Technology Node (nm)

Challenges:

*Mass transport limitation due to higher
molecular-weight radicals.

*Thin 193 nm Resist (low etch resistance)
e Low Etch Selectivity

« ARDE

In this research, the transition from a saturated
(c-C,Fg, C-C bond) to an unsaturated (1,3-C,F,,
C=C bond) plasma gas was found to lessen the

challenges of low selectivity, anisotropy and
ARDE.
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Evolotionorbielectric Etch Chemistries

PFC FiC Ionization | Lowest Triplet | Type of PFC Molecules
Molecules | Composition | Potential (T1) eV
Ratio eV
CFq 4 : 16.2 : 1473 : Cpen-Chain Saturated
CaFs 3 146 ¢ 1286 ¢ | pEC
CsFg 277 e 124 o 1162 o
c-CsFs 2 13 3 820 o Cyclic Saturated PFC
c-CyqFg 1 2 118 3 849 ¢
1 2 e 1028 e 457 e
CsFs 2 e 10.62 o 430 o | Open-Chain Unsaturated
1-C4Fg 2 ¢ e 411 ¢ FFC with One C=C Bond
2-C4Fg 2 e 11.2 o 384 e
c-CyFg 1.5 : ———————— : 4.60 : Cyclic Tnsaturated PFC
c-CsFg 16 ¢ - @ 430 ° with One C=C Bond
1,3-CyF 15 o 95 o 394 o | OUpen-Chain Unsaturated
1.3-CsFg 16 Y N 4 255 ¥ | PFC With Two C=C Bonds

pcess-Multiple Advantages are Driven By:
caving mechanism which allows a better
position scheme (CF2 & CF3)

rgy thresholds (i.e., ionization, dissociation
n).

orine-to-carbon (F/C) ratio.

mer-initiating radicals

[1] T. Nakamura, H. Motomura and K. Tachibana: Jpn. J. Appl. Phys. 40 (
[2] S. Samukawa, T. Mukai, and K. Tsuda: J. Vac. Sci. Technol. A17 (1999
[3] G.K. Jarvis, K.J. Boyle, C.A. Mayhew and R.P. Tuckett: J. Phys. Chem
[4]U.S. Secretary of Commerce on Behalf of the USA, “NIST Chemistry /webbook.nist.gov/chemistry



ExXpenmental Set-up

2% Factorial Design =——p» Axial or Face Points =——j» Response Surface
(CCD) or (CCF) CCD or CCF (K=3)

OLGEDN)

Plasma Etch System:
AMAT® IPS Etcher

0,01 68y

1680

(0,0,-1 GE)

Cafhode Tang

] 0,-1 6E0)
(eg C) *H

1t Order Model 20d Order Model o sl Ramts

e - Axial Points

(¥) Chamber Fressume () RE Fias Fower (W)

- # - Center Points

(X) Cadhode Temp fleg C) . - Face P Cij_TltS

Montgomery (1997)

ARDE Model-Based Method (i.e.. RIE Lag)
(Joubert, 1994)

Modulated Etch Time= E;= [Oxide Target Thickness (A)]/[Oxide ER (A /min)]
>>>>>>>>>>>>Polymer build up grossly impedes oxide etching over time

Via Depth

E;=t,b At E;=t#2At  E,=t#3At  E =ty te

Fluorocarbon polymer builds up with increasing etch time.
- Plasma chemistry performance at the wafer substrate becomes critical.
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1. Anisot

2. Oxide:
3. Oxide:
4. Oxide

meter to control)



Process lrends Using 1,3-C,F,

Confrolling Factors Nitride Ox:PE | Ox:Nit | Profile
ER SEL | SEL Slope
t. + +/— +
Cathode Te

+ | - + | +
TR_F Biaz Power
Fressure

Cathode Temp 1/oc Polymer deposition rate

Pressure 1/oc Ion Energy Flux

RF Bias Power o Ion Energy Flux

Lower pressure — *Longer mean free path- Improved directionality
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Profile Slope (i.e., Anisotropy) Using 1,3-C K

Pressure {mTorr}=5 Cathode temp (deg C=10
Contour Plot for Via Profile {degree Contour Plot for Via Profile {degree
1500

Path of steepest accent

Wia Profi

> 1000

fF 1000

-10 ] 10 ] .
Fressure (mTorr)

Cath. termp (deg C)

EElELallsrllz;‘:\nr?fcnu:‘}\;LB;?nﬁle deqgree LOSS Of S()me
pss window

due to interactions

-10 a

Cath. ternp (deqg C)




Pressure (mTorrj=5
Contour Plot for Oxide ER {A/min

1600

1400

e ER (A'min)
I -
|

goo
800
] o

Cath temp (der

Pressure {mTorrj=53
Contour Plot for Photoresist ER (A/min

1500

st ER (A'min)

B 1000

Cath. termp (deg C) I = 1000

Oxide:Resist Selectivity

Using 1,3-C,F,

Pressure (mTorr)=5
Contour Plot for 0X PR SEL

1500

0 10

Cath. temp (deg C)
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Pressure (mTorr}=5
Contour Plot for Oxide ER {A/min

1600

1400

&00

~
=)

Pressure {mTorr)=5
Contour Plot for Nitride ER {A/min

1600

1400

g00

Oxide:Nitride Selectivity
Using 1,3-C,F,

Pressure {mTorr)=5
Contour Plot for 0X:NIT SEL

1600
1400

1000

g00 T T . ==11.000

=11.800

Nitride has non-linear etch rate behavior.
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fers with dielectric 1
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- C
—d

Etch Parameters 1.3-C4F;- Improvement of
Optimized Optimized 1.3-C4F; over ¢-Cy4Fy

PR ER (A/min) 1831 2563 20%

Ox ER (A/min) 11204 6815 64%

Nit ER. (A/min) 820 1058 22%0

OxPR. SEL 6:1 3:1 100%%

Ox:Nit SEL 13.7:1 6.4:1 114%0

Via Profile Slope () 89 85.5 4%%

1,3-C,F etch performa

ed test wafers with dielectric 2

AMD



1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

Etch Performance (ARDE) vs. Plasma Chemistry
Via-hole diameter= 0.273 um

5.1

d(via depth) =0---etch stop initiated

Etch Regime

| ___ITon-enhanced

—e— Via Depth_C4F8

- 4.4

—s— Via Depth_C4F6

0

1.5 2

Time (min)

ARDE Model-Based Method (i.e.. RIE Lag)
(Joubert, 1994)

Modulated Etch Time= E;= [Oxide Target Thickness (&)]/[Oxide ER (& /min)]
>>>>>>>>>>>>Polymer build up grossly impedes oxide etching over time

Via Depth

IRIRIRERE

E,=t, E, =t,+ At E;=t,+2At  E;=t,+3At  E;=t,+tw

Fluorocarbon polymer builds up with increasing etch time.
- Plasma chemistry performance at the wafer substrate becomes critical.

**Etch rate is much faster between 0-1.5 min for C,F, than C F,.

*s At 1.5 min etch stop is initiated and critical AR is defined.

s+ At this point, it is believed that the oxide ER transitions to the fluorocarbon
suppression regime.

+¢ lon energy flux drops and the oxide etch eventually leads to permanent etch stop.
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Conclusions

% The transition from saturated t!) unsatﬁr%dﬁF C gases display promise L

improving the etch performance fol/increasing aspect ratios.

% Data results showed 1,3-C,F, to increase the oxide-photoresist selectivity by 2
/ to 1 and the oxide}xitride se_}éctivity by/nearly the same. The\via profile slopef
was enhanced (89 O)} when using 1,3-C,F.. Aspect ratio dependent etch (ARDE)
was favorably reduced due to the intrinsic characteristics of 1,3-C,F, and
optimized process]coKnG° Ons. e

. ,.f"f . . .
# This research addresse e complexities associated
with scaling high aspect-ratigs N via structures. I exaﬂ/uorobutadiene (1,3-

in a high-density inductively coupledplasmarsystem.

. _AMD™
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