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Prize for the Ugliest SEM goes to:
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Standing waves and reflective notches are
being generated from surface reflections
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Standing waves and reflective notches are
being generated from surface reflections
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Prize for the Ugliest SEM goes to:
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Its easiest to approach AR coating by explaining
thin film interference
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Adding an extra dielectric layer allows us to
control the formation of the standing wave

Reflected
Light

Incident
Light
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Phase is the most important aspect of a wave
for AR Reflected

Light

Incident
Light

Simple
explanation:
n~1/v

Further explanation:
E(r,t) = E, e'trr-0t)

Where: k = 2;“

10

Andrew Briggs Y

10/26/2017



Reflection at a dielectric boundary: Fresnel’s
Equations

Incident Wave E. — ny —np E.
Transmitted Wave r ni{s+n l
1 2
Reflected Wave
— 2n,
Medium 1 Medium 2 Et = —— Ei
nq + n,
n n 2
1~ It2
R =
nq + n,
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Swing curves are a fast way to compare AR
coatings
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Helpful example of swing curve

0.3
0.25 +
02
Reflectivity
0.15 +
0.1
0.05
0 + $ 4 +
0.9 0.95 L 1.05 11 1.15 1.2
Resist Thickness (um)
Reflectivity swing curve showing a
sinusoidal variation with resist thickness
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The required dose to expose photoresist
does not go linearly with film thickness!

g-line Swing Curve for AZ® 3312 Photoresist on Si (A=435nm)
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Top and bottom anti reflection coatings can
be designed in the same way:

Light reflected off of material 3 must be
equal in intensity but opposite in phase
with the light from material 2

Reflected

Incident Light

Light

Requires index:
— 1/2
Ntopcoat = (Mpottomcoat) /

Required thickness:
t = A/4ngpcoar
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Top AR Coating

I = incident exposure energy
C = primary reflection from substrate

D = back reflection from resist/TARC interface

G = back reflection from TARC/air interface
t=TARC thickness

TARC
Resist
Substrate
PFOS
FiC_  CF, CFy CR S0,H
cF5 CF; C©F CE
FiC. CF CR_ CH
CF; “CF, CF;  “COOH
PFOA
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Top AR coating SEM example
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Swing Ratio Suppression by AZ Aquatar Coating in AZ 3312 Photoresist

The top AR coating swing curve is suppressed
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Uniformity confirms what we found from the

swing curve

Measured CD Uniformity Without TARC
14 wafers(8"), 56 sites/wafer, 0.29um VIA on Product

Mean 0294um (14 wafer SiO; range = 3000A)
Min:  0.273pm
40 4 Max 0316um

3 Sigma: 0.0246um

Tar: 0.20um
30 | LSL: 0.261um
USL 0.319um

Frequency
»
2

Cp 1.178
Cpk 0.967

15 | 2480mDUV process
ASML 5500/550
Anmnular ilumination
10 1053 NA
Outer s 0.80
Innerc 035
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Measured CD Uniformity With AZ°Aquatar®ll
14 wafers(8"), 56 sites/wafer, 0.29um VIA on Product

Mean: 0.287um
Min:  0.265um
Max: 0.304um
3Sigma: 0.0165um

(14 wafer SiO2 range = 3000A)

Tar. 0.29um
LSL: 0.261um
USL: 0.319um

Cp_1.807
Cpk 1651

2480m DUV process:
ASML 5500550
Annular dlumination
053NA

Outer 3080

Imerc 035

0304
0.307
031
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Bottom AR Coating

Anti reflection funclion occurs by offset of each wave of lights.

light =7

surface refliection

™,
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Photoresists that are conformal lead to differing
doses and reflections in each layer
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Bottom anti-reflection coatings can be
used to planarize a wafer

Baked at 190°C/60sec
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The bottom AR coating significantly suppressed
the swing curve

Dose-to-Clear [mJ/cm?]
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W here X is efther:

AZ® 7908 on
AZ® BARLi®

AZ® 7908 on
Aquabar™

water-soluble resist-solvent soluble
S0, MR, COcH s
COOMR;" CooH

S0.H NHOOCH 3

COOH COOC 2Hs

ReH € s COOCH

From the swing curves you can see bottom AR
coatings are superior
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Swing Ratio Suppression by AZ Aquatar Coating in AZ 3312 Photoresist
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10/26/2017

12



