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SOI wafer metrology
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Most characterizations identical to bulk
Metrology adjustment for surface inspection
SOl specific characterizations

(Defectivity, DIT, mobility, Qbox, layer
thickness)

sSOI: stress measurements, Ge%, structural
defects

Overview of SOI metrology to address development of
new SOI products: FDSOI, sSOI
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Fully Depleted Devices - next generation of CMOS

Ultra Thin Body UTB

1.r

Bulk Si Planar FDSOI

Planar Bulk
)

Motivation:
- Min Cj, GIDL & diode leakages MetlicaliEnEE L
- Undoped channel: min RDF & V ; mismatch

- Improved SCE & back bias option

« Improved mobility

- Low-noise with least sensitivity to soft-error upse ts

a2 —~
T
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Top Si and BOX scaling for FDSOI

11 . .
10  TCAD extrapolation for
5 channel Si thickness
. * Model is calibrated with Si
£ 8 data
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4 B B 10%cm™> =1 O. Faynot et. al. FDSOI Workshop
3 DIBL=const = 100 mV/V . Oct. 15, 2009; Courtesy of CEA-LETI

10 20 30
Gate length (nm)

1. FDSOI is scalable down to L;=10nm with Tg;~7nm
2. BOX scaling below 10 nm enables FDSOI scalability beyond node 11nm
3. No dominance of quantum effects for =5nm

Soitec
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Top Si and BOX scaling for FDSOI

SOl Layer

51 substrate

3nm
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Global V+ Variation vs. FDSOI Thickness Variation

rA ! qﬂ'rAfSi
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 V; sensitivity ~ 25mV/nm

e L;=25nm - multiple sources
contributing to V- variation

b SRR

age (V)

Threshold Volt

“All transistors should have Tsi within +/-5A"

B. Doris et. al. FDSOI Workshop Dec. 9, 2009

)
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Ors roadmap for FDSOI

BOX scaling allows relaxation Ty and T, and Otg; !

i | | | | | | ]
i OLfOHOMI i
[ the roadmap )
i o constant =1nm |
o_=1.6A
TSi
] ] ] ] ] ]
5 10 15 20 25 30 35 40

Gate Length L (nm)

0. should be below 2A for 22
— 11 nm nodes

In the (10nm — 100mm) -1 spatial
frequency range

Courtesy of O.Weber, CEA-LETI
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7_Donorwafer becomes new wafer A

SmartCut process flow

1_Initial silicon

-

| 2

SOl wafer

: Thickness Uniformity Driver
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SmartCut thickness uniformity after
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Spatial frequency spectrum of SOI thickness variation
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PSD of SOI thickness by optical measurements
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Effect of SOI processes on thickness variation

Uncorrelated surfaces 7 Correlated surfaces
roughness \\ thickness

ﬁ ‘ _()/) ﬁ

0.01 0.1 1 10 100 1000
Spatial wavelenght (um/cycle)

» Optimization of implantation/splitting

» Replacement of CMP by annealing in inert ambient
Soitec
FCMN 2011, Grenoble
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White Light Pupil Plane Interference Microscopy
(Advanced Film Capability)

; White-light interference ﬁ ,
' 7 FFT & [
Camera g P I ::> i
£ s
W Pupil 0 171
: Imaging .
{’@ system e
LE ii\l ¥
Interference Jx | Pupil
e Standard SWILI setup with additional lens which
= images objective pupil into the camera
@ |" ﬁ ! (] reference Each pupil point gives information about electric
— I field:
Light Field _-_"'Pﬂiarizer azimuth — polarization
st - ay = - -
soures P Object radial position — angle of incidence

swili — wavelength
Spatial resolution is defined by field stop = 10pm

X. Colonna de Lega and P. de Groot, Proc. of SPIE85; pp. 1-9, 2008

)
q Soitec
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Scanning White Light Interference Microscopy
ICT - index corrected topography

Model Structures

Si,N,

Si0,
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- Source spectral distribution
» Source intensity distribution
S Sy ChaRCcS ..

>
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Optical system calibration
& characterization

Measurement =t Signal Libraries

process Smdation “——— | For each pixel for 10x10pum field an

= G_enerate example N ) i
e v v W interferogramm is  collected and

compared with the library of signals.

S e R Thickness, height is determined by the
S W“’““WW“_. best fit.

Calibration on oxide film
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P. de Groot and X. Colonna de Lega, Proc. of SPIE 7064, pp. 1-6, 2008

SOl thickness map

Calibration on SOI
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Thickness measurement open questions

Lack of metrology in 10nm — 1um spatial domain
Lack of traceable SOI thickness standards

Accuracy of ellipsometric models

BOX thickness vs Si thickness

. 14700
- 0 g
" g
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Introduction to the Pseudo-MOSFET : W-MOS

Source probe Drain probe
!

. S I
Raw material analysis with little sample VD

processing.
= Characterization of material and not
processing technology (contrary to Sifilm | A

device processing). Much faster turn-
around.

Si substrate

VG

Characterization of:

- Si film  (electron i, et hole p, mobility ) 1!
close to the interface !!!

- Si / BOX interface (Dit)
- BOX (Qgox)

FCMN 2011, Grenoble 27 May, 2011 | 17



Id/SQRT(Gm)

The Pseudo-MOSFET Measurement
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Subthreshold
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Gate voltage (V)
Measured data: ,32
e Drain current ﬂo =
« Source current fgC sox Vo

e Gate current

I

Ty v e

15(Vs) F=

Blue :

Input parameters:

* Film thickness Tg;

» BOX thickness Tpgox

* Physical constants ( €, €, ...)
» Applied drain/gate bias

» Geometrical factor ( fg)

C S
Dit — BOX |:

_ Cs
50 (1+ )}

C BOX

Output parameters :

Oxide charge (Q gox)

Mobility (1); Dit; Flat-band (V

rs) & Threshold (V ;) voltages;

Soitec
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Quantitative W-MOS. Two interface model.

All extracted parameters can be influenced by top s
gets closer when the film gets thinner !

urface (strong Dit), which

DITZ! "I"Z’ E2 700
i = e
Film ® i "';ri
BOX & % <%
Dy, W1, By E s o e
= > 4
% 400 - §/ f"fi
Substrat = f,f
% 300 | & fg" # Passivated sample
% ® Reference sample
200 T T T
10 30 50 70
In 10 1 |C . -1 C 5 C T Silicon film thickness (nm)
SO ,3_ CBOX +CIT1+ |
CBOX ElTSi CIT2+CSi) CSi-'-CITZ .
1 oN G.Hamaide et al. 2010
E,=—|y, -y, +——LT
17T Y, -y, 2. sJ
Thin films require models which take into account top suface Dit (fitting parameter):
- Threshold : N.Bresson’s model [N. Bresson & al., EC8roc Vol. 2005-03, pp. 317-324]
- Dit : H.Hovel's model [H.J. Hovel; SSE vol.47; pp. 1311-1333; 2003]
q Soitec
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Potentiel (V)

Quantitative W-MOS. Two interface model.

ﬂ— interface film/BOX
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Three interface model. Effect of BOX thickness.
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Three interface model predicts
N.Rodriguez, Microel.Eng., 2011 quite well effect of BOX thickness

Soitec

FCMN 2011, Grenoble 27 May, 2011 | 21



Advantages & limits of the technique

» Very inexpensive technique compared to device proce ssing
@ » Very fast mobility / Dit measurement technique

» Good screening technique (sensitive to defects)

» Acceptable R&r (<10%)

But :
@ » Sensitivit limit of Dit ~ few el1 cm -2eV-!
» Thin layer measurements require surface passivation
» Complex modeling with fitting parameter to account for thickness effects
* Gives effective mobility, which is difficult to com pare with “device” mobility
» Technique is very powerful tool if used for comparéve
studies or SPC, but difficult to obtain gquantitative
parameters
q - Soitec
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Mobility Enhancement by Material and Strain Engineering
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SOI defectivity according to ITRS

Table FERPIQ Etarting Materials Technology Reguirements
Year af Production 2000 ol Iorr 201 20iF Iolg I015 2086 2087 olg Iore
DRAM % Pich (nm) fcontacted) 52 45 4 36 32 28 25 23 20 1% 16
JHPLHASIC Metal I (W) % Pich () (contacted) 54 45 33 32 27 24 Pl 19 17 15 13
MR Physizal Gate Length () 29 27 24 22 20 18 17 15 14 13 12
DRAM Toral Chip drea (rom ) 61 4 Rl 39 3 4 39 3 44 39 H
LRAM Active Transistor Area (mm ) 19.2 14.5 21.2 16.8 13.3 21.2 16.8 13.3 1.2 16.8 13.3
JUPUT High-Pexizrmance Total Chip Areafmm ) 260 184 260 184 260 206 164 260 206 164 260
JPUT High-Pey Aetive Transistor A ] 347 254 3T1.2 273 4.2 32.3 25.9 H.T 33.5 26.9 43.2
General Characteristics * (9990 Chip Yeld)
Mainmun Sabstrate Diameter (mm)—High-vobune Production®* 300 300 300
Edge exchision [num) 2 2 2
Front smface particle sime [nm], latex sphere equivalent (&) =65 =45 =45
Particles (cm ek =018 =018 =0.18
Particlas (#hafyretr =126 =126 =126
Site flatness (rm), SFOE 26num x £ mum Site Size =52 =45 =40
MNanotopography, p-v (nm), 2 mm dia. analysis avea (1) =13 =11 =10
Epitaxial Waizr * (902 Chip Held)
Large structaral epi defects (DEAM) (om ) (Bt =0.016 =0.016 =0.016 =0.016 =0.016 =0.016 =0.016 =0.016 =0.016
Large strucharal epi defects (MPIT) (om ) (Bt (NS =0.004 0.004 <0004 <0004 =0.004 0.004 =0.004 0.004
Small structaral epi defects (DELARD) (om ) (CyF+d =0.033 =0.033 =0.033 =0.033 =0.033 =0.033 =0.033 =0.033 =0.033
Small stractaral epi defects (MPTT) (om ) (C)ped* RIS =0.008 <0.008 =0.008 =0.008 =0.008 <0.008 =0.008 <0.008
Silicon-Cw-Isulator (SOI) Wafer * (99% Chip 1eld)
Edge exchision (mm#s 2 2 2 2 2 2 2 2 2 2 | | 2
Starting silicon layer thickness -
54-83 50-T6 46-T1 43-65 40-60 33-56 35-52 3348 31-45 5
(Partially Depleted) (tolerance + 596, 30) (nr) (D) Note: Table entries may be
Starting silicon layer thickness
17-32 16-21 16-20 15-1%
[Fully Depleted) (tolerance + 5%, 500 (nm) (E)
Braried cxride (BOE) thickness
40-66 36-60 34-56 30-50
[Fully Depleted] (tolerance £ 5%, 3a) (nm) (F)
D agon Latze avea SO wafer defects (DRAM) (cm_gj [ =fhi6 =i <f.i16 =ihivih =ihivih
DrasoL Large area SOI wafer defects (MPT) (cm_gj (Gkeksk =004 =004 =0.004 =i =i
Dig 5oL Small area SO wafer defects (DREAM) (Cm_gj (ke 0262 =262 =0.238 =0.238 =0.238
Dgas0p Small avea SOT vwafer defects (MPTT) (Cm‘g) [H ke =145 =0.145 =0.135 =0.135 =0.125

> LLS minimum detection size

> Definition of large vs small area defects in FDSOI

Soitec
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LPD size detection limit

2
Is — 47TC;)S(HI) ®,2
%, =355nm (SP2) /

200

Interference in film stack changes SOI reflectivity
Additional scattering from BOX/Si interfaces

BOX Thicknass (nm)

0 20 40 60 80 100
Top SI Thickness (nm)
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LPD detection limit improvement

190 -

Collector Mask for spatial, |
filtering E Lol .
5 ¢ + Recipe A
£ 130 A ® Recipe B
£ 110 1 .
é 90 - ) .. : o o * M *
2 ]
3 70 = =" a = " =
[a]
5 50 T T T T T 1
h 100 125 150 175 200 225 250
L _.ir Top Si thickness, A
10
c 8 1 -=-TBox = 251A
& -+ TBox = 1470A
¢ © —+ TBox = 96A
E
] 3 4] N
Dark Field (Scatter) g
from defect and wafer surface o | | | |
0 100 200 300 400

. . . . . . . Top Si thickness, A
Introducing spatial frequency signal filtering in SP2 can improve detection

limit on SOI upto 60%

To satisfy requirements of ITRS new generation of PD inspection tools
¢ senec NEEMS to be developed
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HF decoration technique for Large Area defects

. EDACFBB4" &
& o A
G2 B i

HF Etching

FeSi, precipitate in SOI

Physical size of large area defects (precipitates, holes in Si
layer) will decrease according to Si layer thickness scaling

There is no nondestructive technique which is capable of
® sdetection sub 10nm inclusions
- FCMN 2011, Grenoble
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Precipitate metrology options

TEM

Future SOI requirements
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Preferential chemical etching

A
>
S » Different etch rate at defect site and
= crystal caused by surface potential
5
2
» Simplified reactions:
_ - reaction initiation (oxidizing

reaction coordinate agents..)
(Ap) = perfect crystal ~ (Ap) = defect - reaction propagation : (complexing
EP, = act. energy for reaction at defect agents..)

For thin layers needs second “highlight” step:
Secco/HF for SOI/sSOl = L.Giles et al. (1993), S.Bedell et al. (2005)
Secco/HO, for sSi/SiGe = G.Rozgonyi et al. (2005)

- All best preferential etchants for Si are based or°* - toxic

q Soitec
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Preferential chemical etching Cr-free solution

o) OH

2,3,5,6-tetrachloro-1,4-benzoquinone (p-chloranil)
solution in acetonitrile

Cl +11 Cl Cl 41 Cl

+2e +2 HY /=

p-CA in acetonitrile + HF Secco (0.04 M)

E, =32.5+1.1 kdJ/mol E,=34.1+1.2 kd/mol
AEa = -1.4 kJ/mol (= -4.3 %) AEa = -1.2 kJ/mol (= -3.5 %)

Non-toxic preferential etching of structural defects in SOI with same selectivity

J. MahliB et al, ECS Journal 2011

q Soitec
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Gas phase HCI etching of sSOI

sSOI (20%)

600A/1450A
TDD ~ 10°cm?
Three

characteristic sizes
of the defects

Optical microscope (x500) Nomarski contrast, 430 Afdsi removed

A.Abbadie et al, J. Electrochem. Soc., 2007
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Dislocation type

Soitec
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Mechanism of sSi relaxation in low TDD films

Partial dislocations
/ surrounding a SF

v

>
‘ ‘ | sSi thickness

a  sSirelaxation proceed, above 18nm, by 60° dislocation splitting into
Shockley partial surrounding a Stacking Fault

q Soitec
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Soitec

Conclusions

Development of FD MOSFET technology requires SOI wiars with ultra
thin layers. SOI characterization technigues shouldbe adapted to address
specific requirements of FDSOI future products:

»Layer thickness measurement techniques have to bgpanded in
higher spatial frequency domain

»New generation of LPD inspection tools has to betimduced to
avoid interference effects

» Sensitivity of electrical characterization of BOX nterfaces has to be
Improved

»New nondestructive techniques for structural charaterization of
defects in Si with sizes below 10nm have to be déysed
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