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FDSOI, technology to meet market requirements
Oneinnovative metrology for A control in HVM

Layer thickness variation modeling

Innovative FESOI thickness control at all scales
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FDSOI, Processor & Connectivity SOC E“fan:ﬁ

AIDM & IC design early adopters

V Microcontrollers and processors / nodes 65nm, 28nm, 22nm, 12nm

A Customer requirements
V Powerefficient (Mobile),
V Highly reliable and high voltage integration (Automotive)
V Easy analog/RF integration (5G)
V Cost & battery efficiencydT)
V Performance computing (Edge Al)

Planar FESQOI transistor

Undopedfully depleted
channel

Source

Ultra-thin, Mono-crystal Top SO

Ultra-thin Buried Oxide i '

\\\
Base Silicon \\\\ Base silicon
~
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FDSOI, Very thin 2 layers substrate
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AThinnestdlicon On Insulator GO) portfolio product

Indicative layerthickness

1.5um

TopSiliconThickness

0.05um

0.01pm

PowerSOl

Photonics
SOl

0.01 um
2 um
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C Active layer )

Buriad Chida

(: Functional/insulator layer )

Base wafer = mechanical support
Silicon or easy to handle & active
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AA mature technology for FBOI

V Industrial manufacturability
V Flexibility of material integration

A - 1. Initial silicon B € , 7

A < :—f 2 Oxidatl:on

A G . 3. Implantation
/"”/ > 4, Cleaning and bonding

: . v
— 6. Annealing and CMP
. - 2 touch polishing

_______________________________ SOl wafer EE}||:)CE|
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FDSOI, key parameter
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AControl of SOI thickness is a key parameter

V Contributes to device performance
V Extremely uniform SOI and BOX layers are required

FDSOlsubstrate

siitec

Device

Source Drain

Base silicon

SOl layeuniformity 8A over full wafer
required +4Atoday, +3A

tomorrow = 5mm over Europe
/i +4A bounderPortugaiPoland
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AAnN innovative metrology for all included SOI thickness control
V All frequencies which contribute to SOI thickness variation

SOl
BOX
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0 Handle
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Roughness
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Wafer to wafer |
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ADifferential Reflective Microscopy (DRM)

V IP 2013 > 1st Gen tool 2016 (Roughness) > 2nd Gen tool optimized for local scale & wafer scale (2019)

- N ,b RM‘Im a‘aé > N 5 Deviceperformance variation A
Devicescale 266x266 ,ﬁ:; .
: - ‘ {r i |‘ - . i
S0x ?» .' - .‘:
magnification $ .
Linear Current
change on PMOS
= J
Local controf1,25x magnification) Waferscalecontrol A
DRM image Detailof DRMmapwith (1,25x magnification)
10x10mm scalinglxlmm T
DRM Sthickness |
40000 sitesnap .
/
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ABased on the dependence of the optical reflectivity of a layer on its

thickness

V Reflectivity calculations using matrix formalism
V Matlabrealization to model reflectivity in 2 layer material substrate (thanks to E. Navarro)

v / / Fresnel complex reflection and transmission coefficients

SIS Reflectivity for SOI stack = functiofth{ckness,, thickness,y polarization, angle, wavelength

BOX | : : L : :
\ \ In opticalmicroscoperandompolarization angleintegratedover NumericalAperture,
wavelengthselectedby interferentiel filter (z5nm)

SourceP-E. AcostdAlba et al., ECS Journal of Solid
State Science and Technology, 2013
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Reflectivity based principle
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Layer thickness variation modeling
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Sensitivity to thickness variation Eifghﬁ

ATotal reflectivity depends on thickness change of 2 layers
V Reflectivity becomes only sensitive to SOI layer thickness variation at specific wavelength

by SOthicknessll to 14nm

0.8 7

Totalreflectivity vs.Wavelength l Relative change of reflectivity to a thickness of 1A

0.7 4

Wavelength for
SOl thickness increase optimum contrast to
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A 1st Gen DRM: 1 wavelength system (2016)

A DRM value is transformed into thickness by 2nd opEynome(statistical approach)

Relative to SOI layer

Refthickness= A*DRN2 + BXORM+ C

| 3 productvariation
55 (local & full
wafer variation)

Relative to BOX layer

ReferenceSOlthickness(A)

- \
300 400 } v 600 700

Wavelength [nm]

Deviation of reflection to layer thickness [%)]
N = O = N W & v OO ~N @

NormalizedDRMgreyvalue

Source: HSEB 2018 EE I PCE
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A2nd Gen DRM: @avelenthsystem (2019)

V 2 detectors and perfect alignment of images
V >100 sites covering the full range of product variation of both layers
V DRM transformed into thickness by approximation in 2nd optdynome

Thickness layer#1 = f(Ai, DRM1, DRM2)
Thickness layer#2= f(Bi, DRM1, DRM2)

9 where Ai and Bi are parameter sets with 6 parameters each
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Pool of filters for more freedom to optimize
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ASelection of appropriate pair of filters

V maximize sensitivity to SOI thickness variation and minimize residual contribution of BOX
V 6 pre-determined filters for optimum products flexibility

Sensitivityvs.degreeof crosscorrelationbetweenSOI and BOldyers
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AAccuracy equivalent tellipsometer
V Site to site correlation: DRM 266*266um (smallest sizeleMpsomete50um beam size
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8 Innovative FESOI thickness control at all scales
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Device scale metrology

ARoughnessnodelization
V thickness image 266pumx266um
V 1 Million pixels
V 0.5um optical resolution

Image Thickness distribution

is statistically
» » Strong enough to

estimate Roughness

" thermaloxide
| istypically
‘| smooth
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Device scale thickness variability

AHigh performance metrology

V Accuracy of metrology enables to exhibits small differences

SOl roughness data (A)
A
6sigma performance wechnology 6sigmadependencyto BOXhickness
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Full wafer scale metrology ecroe: FuFGSIME.

AThicknessnodelization

V thickness image 10mmx10mm

V 12um optical resolution SOl and BOX layers thickness variation
with DRM

ResulE

o [Evereg] o
thicknesamage

Thicknessmage
of BOX layer

& |PCE|

Microelectronics

siitec

21st International Conference on Thermal, Mechanical and NRlljisics Simulation and Experiments in Microelectronics and M&teras
Julv 6¢c Julv 28. 2020



