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Outline

"= Raman spectroscopy as a tool for stress and
compositional metrology

" Nanofocusing of light
= Stress measurements

= Composition measurements
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Raman as stress and composition gauge

Raman spectroscopy (RS) probes lattice vibrations (phonons), whose energy levels shift:
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Scaling optical spectroscopy?

Channel ~ |% total probed volume
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Nanofocusing of light
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While the amount of material
illuminated is tconstant, the Ge-Ge
scattering quickly decreases with
increasing fin width/pitch
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Analytical
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Stress measurements (2)

= Nondesctructive measurement of
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Raman intensity (arb. units)
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= Insight in process-induced relaxation




Composition measurements — peak position

Unique dependence of Raman modes on composition
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Composition measurements — peak area

Assuming random mixing, the relative intensities should scale

Isi¢i A(1—x)

with the relative quantities of bonds, namely (1-x)?, x2 and =
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Ge-Ge and Si-Ge peaks separate so easiest to work with

(but problematic for low Ge)

Coefficient B depends on excitation wavelength
\ (resonance effects), spectrograph sensitivity, etc

No consensus on fitting procedure, leading to large
\ discrepancies
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Raman Intensity, a.u.

Perova J. Appl. Phys. 109 033502 (2011)
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Composition measurements — peak position
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Intensity ratio is 1.70 giving
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Conclusions

oNano-focused Raman transforms the
sensitivity of vibrational spectroscopy

oThe improved sensitivity re-enables the
technique at the nanometer scale

oQuantitative stress and composition
measurements on challenging structures
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Thank you

\/ECSEL JuU

Ingrid De Wolf, Janusz Bogdanowicz, Andreas Schulze, Daisuke
Kosemura, Imran Aslam, Veerle Simons, Andrzej Gawlik, Liesbeth
Witters, Geert Eneman, Roger Loo, Clement Porret, Bernardette
Kunert, Hugo Bender, Paola Favia, Johan Meersschaut, Thomas
Hantschel, Wilfried Vandervorst, Paul van der Heide

Advanced Metrology & Characterization for 3D CMOS Workshop — March 15, 2019

12



Stress measurement caveats

o Normalize to [0, 1] of C
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* In pRaman spectroscopy the laser light is focused
to a very small spot (~900 nm for 532 nm and
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Composition measurement caveats

ECSEL JU

T T
50000 — g : ' T T T
5000 r T = T r r T | § o
8000 — T T T T T =T 0000 | B B N =
a - Baseli & AES02426D13 ¥
A It 4000 | B g aseline 10000
7000 |- [ 1 . | Peak Centers B
\ Baseline 0000 | Base Markers
| | 1 . | Peak Centers L—_ Baseline
6000 I 3000 i
2z B AE901065D09 | Base Markers - | Peak Centers
S swo| | Bascline f 0000 | AES10269D09 i i | Base Markers
£ | Peak Centers 2000 b | =
= <
= woo| || Base Markers J AE502426D15 T
E 0000 |- /| g )
5 3000 | 4 1000 b E
] Mo / S
SESEL Y
2000 | g ok ' — F =
ol | L .
- . . | . | . . . . 300 400
1000 |- T—— E . . . . . L . . . 260 280 300 320 340 360 380 400 420 o
260 280 300 320 340 360 380 400 420 440 . Raman shift (cm™)
ol L L | L L | | L . Raman shift (cm™)
260 280 300 320 340 360 380 400 420 440 Raman shift (cm™)
Raman shift (em™)
R 18000
5000 — : 5 = . . . . . . i . g T T B T
2 . = o | ;
:t Baseline 14000 |- = = T 16000 f Baseline e
) ] [
| Peak Centers { =y | Peak Centers | _,
4000 | Base Markers E 12000 - b ] 14000 | Base Markers| 22 )
= = z F
2 Z 10000 | B | £ 12omf Y ]
. g aseli . = /
z AES02426D11 5 Baseline AE901065D10 ra— ]
£ 3000 | J £ swof | Peak Centers E 5 AE137455D04
= = | Bﬂs,e Markers > 8000 i
E Z 6000 E 7
= =
E g 2 00| i
= ol - -
E 2000 E Lol ] =
| 4000 | / 4
Y |
2000 - 1 2000 N . A
1000 ] — — T
0F E 0k i
. 1 | . . \ . . . . ) ) ) . . A . . 1 . L . L L . .
260 280 300 320 340 360 380 400 420 440 240 260 280 300 320 340 360 380 400 420 440 260 280 300 320 340 360 380 400 420

Raman shift (em™")

Raman shift (cm™)

Advanced Metrology & Characterization for 3D CMOS Workshop — March 15t, 2019

Raman shift (cm™)
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