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® AmberWave :
A A S Y STEMS Overview

o Strained S on insulator technology

o Structure fabrication and characterization
— Cross-section TEM
— AFM surface roughness
— Wafer bow film stress
— Raman spectroscopy strain measurement

e Thermal stability
e SuMmary




A N AmberWave Strained Si on Insulator

S Y S T EM S
Technology
® | '
| e n nsulator traned | = n nsulator
XTEM XTEM
Relaxed SiGe
100 nm
Combines strained Si and SOI benefits *Combines strained Si and SOI benefits
*SiGe is strain-inducing template *SiGe-free structure
Difficult to achieve very thin structures? «Strained Si layer defined epitaxially

«SiGe introduces process integration issues *Capable of very thin structures <300A
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A N. AmberWave Strained Si on Insulator
A Wafer Fabrication #1
® :

Starting Wafer H,* Implant Wafer Bond

Siy7Geq 5
H," H," H," H,*
Siy7G€y 3

Starting material quality critical to process
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Strained Si on Insulator
Wafer Fabrication #2

XTEM Image

Strained Si
SiO,
200 nm

Si substrate —
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N. AmberWave Strained Si on Insulator
N Wafer Fabrication #3

XTEM Image

Sly76€30, &

S.t r-ai ned Sl

Strained Si _
Sio, SI10,

Si substrate b 100 nm

L ow temperature steam oxidation SIGe removal

Slide 6 of 14



® AmberWave _ : :
M- P s SiGe-free strained Sioon insulator

XTEM Image

Strained Si
Strained Si

Sio,

Si substrate
Si substrate

49 nm Strained Sl on SIO,

Ultimate SSOI solution achieved!

| @
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® AmberW. . .
A. A ST Strained Si on Insulator AFM

10x10 pm scan
Post 50:1 HF

RMS = 9.5A
R, =7.6A
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A A. AmberWave Strained Si on Insulator
A A Wafer Bow

Wafer bow caused
by film stress

-lithography issues

Deflection (um)

Lateral Wafer Position (mm)

Wafer bow comparable to bulk SO, handle wafers
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A A. AmberWave Strained Si on Insulator
Raman Spectroscopy

| ncident

Scattered light
514 nm laser

Raman Intensity (arb. units)

200 250 300 330 400 450 500 Light interaction with lattice
Wavenumber (cm™) phonons causes a frequency shift

Complete SiGe removal by oxidation
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A Ao AmberWave Strained Si on Insulator
Raman Spectroscopy

€= 0.123(®gyzined si-®puik s1)

Ogyrained 5 — 210.9 cmt
Opyks = 220.2 cmrd

Raman Intensity (arb. units)

l/lfl/lfl/lfl'lgl'.”.— : : o.n
. T ﬂﬁ_T_r!ﬁﬁ_
490 495 500 505 510 515 520 525 530 8 - _1 14%

Wavenumber (cm™)

> 1% tensile strain maintained without SiGe!
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A A. AmberWave Strained Si on Insulator
Thermal Stabllity 1

—wv— No anneal
—mE—900C 1 hour
900C 1 hour + 1000C 30sec

+Strained Si peak
; remains at

é 510.9 cm-!

*No peak shift

’ = no strain loss!

506 508 510 512 514 516 518 520 522 524

Wavenumber (cm™)

>19% strain unaffected by normal CMOS thermal budgets
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A A. AmberWave Strained Si on Insulator
Thermal Stabllity 2

2 S Strain
; Level (%)
S

2z No anneal 1.14

g 1000°C 1 hr 1.04

g . .

£ : i

s Relaxatlon 1100°C 3 min 0.88

—
506 508 510 512 514 516 518 520 522 524

Wavenumber (cm™)

Extreme thermal budgets cause slight film relaxation
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® AmberWave
A AJiriTen Summary
' @ |

Ideal strained Si on insulator structure achieved
Finished structure is SiGe-free

Tensile Si strains of greater than 1% demonstrated
Strained Si thermal budget limitations alleviated
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