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1 1. Thick SOI
~12. Thin SOI

1 3. Ultra thin SOI
"~ 14. SOI for MEMS

Ewried axide (30X thackness (nm)
g
Y

LB R |

5i-500 thickress |nm)

1. S0l is relevant to a wide range of applications, each taking
advantage of a different thickness of the silicon layer. (Source:

SiGen)
www.sopra-sa.com



Si0210 A

Thickness mapping on 49 points in CCD mode [siicon 2040 &

SiO, Si02 4000 A

3D- Plot File : K7T202.49 aD- Plot

Silicon

2059.. 2061 3992.. 3994
2056.. 2059 3990.. 3992
2054 . . 2056 3989.. 3990
2052 .. 2054 3987 .. 3989
2050.. 2052 3985.. 3987
2047 . . 2050 3983.. 3985
2045.. 2047 3981 .. 3983
2043 .. 2045 3980.. 3981
2040.. 2043 3978.. 3980
2038.. 2040 3976.. 3978
Flat: Flat:
Hean : 2048 .96 HWafer Diam.: 150.00 mn Operator ID : {ean : 3984.86 Wafer Diam.: 150.00 mn Operator ID :
Maxinmun @ 2061 .00 Test Dian. : 150.00 nn Fab Mane : faxinum :© 3994.00 Test Dian. : 4150.00 mn Fab Hane :
Mininum @ 2038.00 Sites 49 —Equip Info @ 30IZ2 1inimum :© 3976.00 Sites : 49 —Equip Info : 30I2
Std Dev : 5.49 ipecial Info: »7 itd Dev :  4.83 ipecial Info: k7
0.27 % Ecaling : 50.00 Hafer ID HE 0.12 % Scaling : 50.00 Hafer ID :
Range : 23.00 Tilted : 35.00 ¢ Lot o k7 iange - 18.00 Tilted : 35.00 ¢ Lot K7
HisLo Var: 0.5 % Hotated cG)» 40.00 ° Meas. Equip.: SOPRA 3E {i/Lo Var: 0.23 % Rotated ¢G»: 40.00 * Meas. Equip.: S0OPRA SE
Rotated cW»: 40.00 ° = - - Rotated cW»: 40.00 *© = =
Unit : Angstron P: Print ESC: Ouit | j44 - Anastron |P: Print ESC: Quit

WWW.sopra-sa.com



JO0PRA  Thick SOI : Repeatability

30 Static measurements in CCD mode

Repeatability measurement

T Sicr (A)

2039 FT T TT T 1T T T T T T T T T T T T T T T T T T T TT

— <t M~ O M O OO AN O oo
T T ™ ~— ON AN AN

n° of measurement

WwWWw.sopra-sa.com



JOPRA  Sensitivity to Roughness

Multilayer capability: Model 1 Si02 30 A
Silicon 2735 A

discrepancy in fit - improve model !

Tan(Psl) Si02 3218 A
0.8] \
i s—_ o
3: “Ffeﬁem%g%;\ ilicon
0.3 w%%% ﬂmj . Waﬁﬁﬁj
0.2 b,
0.1 W %ﬂw; S, | &7

0.2 0.3 0.4 0.5 0.6 0.7 0.8

Cos(DELTA)

N

WaveL.(pm)
WwWw.sopra-sa.com



OFR Sensitivity to Roughness

Multilayer capability: Model 2 _Si0223A
Roughness 29 A
Very good fit all over spectrum [ Polysilicon 142 A ]
- model 2 best describes the stack Silicon 2591 A
[ Si02 3218 A
E:: K%BG% Silicon
0.4 i
is “%E%% Vi Jv ﬁﬁ% P
o2 MW e L N el
0.1 imf %egﬁa"f

0.3 0.4 0.5 0.6 0.7 0.8

Cos(DELTA)

T ’f

0.7 0.8 N

WaveL.(pm)
WwWWw.sopra-sa.com



121 points mapping on SOI :
SOl / BOX layer

= Wafer Remarks
Cperator ID: Patrice HEIN
FAB Mame: SOITEC
Equip Info:  SE-200
Wafer ID: Si(400 &)
Let: Skt 5
Meas. Equip:
Special: Thickness

— Wafer Size

Wafer Diam: 200.00 mm
Test Diam:  190.00 mm
Mo. Sites: 121

Style: Motch
— Wafer Statistics
Mean: 423.03

Maximum:  438.21
Minimum:  403.85
Std. Dev: 757

1.79 %
Rangs: 34.26
HiloVar  4.02%
Linit: Angstrims

— Legend

424.8-4382
421.3-4348
427.9-4313
424 5-427 8
421.0-424 5
HNTE-4210
HN4Z-41T 8
H0.7-414 2
407.3-4107
403.9-407 3

30 Plot=

= Wafer Remarks
Cp=rator I0: Patrice HEIN
FAB Mame:
Equip Info:  SE-200
Wafer ID:  Bottom Si02
Lot Shts
Maas. Equip:
Sp=cial: Thickneas

30 Plot

— Wafer Size

Wafer Diam: 200.00 mm
Test Diam: 190,00 mm

Mo, Sites: 121
Style: Motch

— Wafer Statisfics
Maan: 096.34
Maxirmum: 101637
Minin a80.29
Std. |

Seale: 40

Noteh

w»,

Seale: 40

Notch

)

WWW.sopra-sa.com




OFPR Thin SOI on 300 mm

Diameter measurement -SOI thickness (Angstroms)
600
Lttty

0 _ 580 A A e i -
2 £ 560 | / M
x 9
2 3 540 —,ﬂ“ﬁ
= O
c_-> i 520 | SOl BOX
? " £00 . Minimum (A 1528.33

480 ‘ ‘ ‘

-150.0 -100.0 -50.0 0.0 50.0 100.0 150.0
Location of measurement (mm)

Diameter measurement -Box thickness (Angstroms)
—~ 1535
g
£ 1533 |
o
s b ikl | g , s )
< 1531 A
I LGk LIAT AT L R A iy
2 1529
X
L
£ 1527
X
0
@ 1525
-150.0 -100.0 -50.0 0.0 50.0 100.0 150.0
Location of measurement (mm)

WwWWw.sopra-sa.com



121 points mapping: BOX layer

— Wiafer Statistics
Maan: L
Magmum; =210
Minimum: ~ 1528.10

Sid Dav: 02
0%
Range: 259
HillaVar Q10%
Unit: Angetrims
r Legand

15308 - 15311

121 points mapping: SOI i

— Wafer Size

Wafer Diam: 200.00 mm
Test Diam:  290.00 mm
Mo. Sitesr 121

Siyle: Motch

— Wafer Statistics
Mean: £55.07
Madmum:  631.12
Minimum: ~ 423.51
Sid. Dev: 2482
624 %
Range: 20781
HilloVar 1989 %
Unit: Angstroms

r Legend

6104 - 6311
E806 - 6104
5689 - 5806
548.1- 5548
527.3 - 5481
Sl6E-527.3
4858 - 5066
4650 - 4858
444.3 - 4850
4235-4443

15209 - 15302
15206 - 15208
1520.3- 15206
15200 - 15202
1528.7- 15200
15284 - 15287
1528.1- 165284

'.\-‘
il M\‘l\]‘\m\\\\l‘\\\\\l}:

iy
o

-'l
T
o)

T

e
vl

Static repeatbility

SOl / Box

Minimum 670.06 1399.61

maximum 670.45 1399.79

Mean 670.24 1399.69
Std 0.11 0.05

B o o Jpo

WWwWw.sopra-sa.com



Dynamic Repeatability test

CCD mode measurement
5 dynamic measurement on 5 sites with load/unload.
1 second measure per point.

SOl / SiO2.
The Thicknesses are in A.
SOl layer.
Measurement 1 2 3 4 5 Standart deviation / site
Site 1 436.77 437.6 436.75 436.44 436.57 0.45
Site 2 391.19 392.14 391.31 391.06 391.02 0.46
Site 3 427.34 426.93 426.35 427.18 427.44 0.44
Site 4 446.36 445.75 445.82 446.08 445.56 0.31 0.50
Site 5 375.34 373.42 374.38 373.88 373.27 0.84 Mean of standart deviation
Wafer Mean value 415.40 415.17 414.92 414.93 414.77
0.25
Standart deviation of mean
Bottom oxide layer.
Measurement 1 2 3 4 5 Standart deviation / site
Site 1 2019.85 2019.25 2019.62 2020.05 2020.08 0.34
Site 2 2000.99 2001.09 2000.63 2000.68 2001.06 0.22
Site 3 2010.9 2010.54 2010.78 2010.85 2010.66 0.15
Site 4 2021.04 2021.29 2020.98 2021.9 2021.29 0.36 0.26
Site 5 2009.43 2009.64 2009.39 2009.83 2009.82 0.21 Mean of standart deviation
Wafer Mean value 2012.44 2012.36 2012.28 2012.66 2012.58

0.16

Standart deviation of mean

WWwWw.sopra-sa.com




Native oxide
Silicon 174 A

r/ \ Si02 1020 &

Silicon

_I_I!l!l!l!l!l!l!l

Tan( PS%E

Cos(DELTA)
075 - P e ReEEC

Wawvel (pm)

WwWWw.sopra-sa.com



Ultra thick SOI / MEMS applications

Alpha (Analyser=457)

0.75

0.50

0.25

0.00

-0.25
-0.50
-0.75

-1.00

4.6722 +2.05 E

Beta (Analyser=457)

1.00

0.75

0.50

0.25

0.00

025 (b R
1 A" i .'. I

D50 e g e e -------- e
Lo

-0.75

1.014 + 1.2 E-03 pm

3500 4000
Energy (cm®-1)

WwWWw.sopra-sa.com



Wiafer Statistics
hean: 45145
haximum: 46886
Minirmurm: 40167
Stod. Dew: 01533578
340 %4
Range: 0.6713003
HifLowar 772 %
Unit; Micrans

Wiafer Statistics

Mean:

Macirmurm:
Minirnurm:
Std. Dew:

Range:
Hi/Lo “ar:
Linit;

1.0172
1.0227
1.0093
0.002853
028 %
no1zs
063 2
Micrans

$.0.4% 9 “‘00

T
0’:&

50

VYA
(5
o

&8

"t
o

3
0

.
SRS

3
5
S

<

Oy
o0
X5

‘f
¢’
¢f

z
Y,
()

e

N

o”’
’Q

i
&5
i
’Q

5
(e
50

&0
0
50

e

0"*

X
&
"

O
(i ‘d”
i

r
e

Legend

1.0214 - 1.0227
1.0201 - 1.0214
1.0189 - 1.0201
1.0176 - 1.0189
1.0163 - 1.0176
1.015 - 1.0163
1.0137 - 1.015
1.0125-1.0137
1.0112 -1.0125
1.0099 - 1.0112

Flat

Legend

46214 - 4.6886
4.5542 - 46214
4 A8T - 4.5542

44198 - 4.487

43527 - 4.4198
42855 - 4.3527
42183 - 4.2855
41511 -4.2183
4.0839 - 41511
4 0167 - 4.0839

C O

Www.sopra-sa.com



OPR 2) SiGe / SGOI

S1Ge analysis
— Alloy model

—  Strained stacks
— Relaxed stacks
— (@Graded stacks
—  Strained Si

—  SGOI/SSOI

 Infra Red S.E. characte'

¥
—  Boron concentration

VY VY WV qurll " Ul rwwill



; " T : Thickness determination ;

- (by GXR, SE)

< %Ge : Germanium content determination
(by SIMS, RBS, SE)

n,k : Determination of
\[Preeess Development] “ calibrated refractive indices (by SE) )

oo \ ..............
[ Process control ]

SE & % GeandT

N (multilayer, gradual layer)
Silicon y

Silicon

WWwWw.sopra-sa.com



E 1 shifts in amplitude

___________________________________

———————————————————————————————————————————————————————————————————

N e T B
| | x=0%

B 1 shifts in Wéi/'éléﬁdih'ﬁiiﬂﬁi[?ﬁéﬁGﬁéﬁ éébﬁ@ﬁf:j: x=6.4 %

XL shts fo wavel ngsLw | : | x=12.3%

: : —— ! ! : : X=22.90/0

Wiyavel ()

EMA model takes only into account changes in amplitude
Alloy takes into account both changes: wavelength and amplitude

WWwWw.sopra-sa.com



B Stsg.all - Notepad =] |

IE"E St deaich el o5 , Extrapolation by a polynome of third order

*

STSEA, 0 S
STSE6Y, 0. 064 M d b SIM 1
STSE123,8.123 easure y

STSE169,0.169 15 - :
STSE229,0.229 * SiGe

& 10 - Polynomial (SiGe)
1.1053,-0.896,0.396,0

3.31,-8.28,8,8 *
3.393,-1.335,0.03465,0 =

Measured by SE, . :n s s«

4.42.-8.063,0,08

These are data for alloy modelization: E1 (eV)
the first number represents the number of files which are bocw

then comes the list of the files with the corresponding concentrations

then the number of critical points which are used in the calculation

then the coefficients of third order polynomials describing the dependance

of the critical points with the concentration

{from top to bottom: increasing order of the critical point,

from left to right: increasing power of concentration for a given ¢~ o/ Gg E1eV) |E1+A1 V)] E2(eV)

% Ge
]

IHPORTANT: the name of this file MUST be the generic name of the if 0 3.35 3.42 4.27
{six first characters) plus the extension .ALL . 6.4 3.28 3.42 4.28
o o 12.3 3.20 3.42 4.28
DATA prepared after Pickering's results for strained SixGe(1-x): 16.9 312 3 31 4.30
¥ has to be less than 9.829
CPs are: Eindgap, E1, E1+d1, E2 22.9 3.06 3.27 4.30

References:

1| I-’d
WWW.SOopra-sa.com



HAFERMAP 4.0 20- Plot File - TCAP .53

Native oxide
Silicon

SiGe ( Y% )

Silicon

356 . 5. .359.6

353 .4. .356.5

350.2..353 .4

347 . 2. .350.3

344 .1 .347 .2

\

age
e
o

' "“\ o 341 .0..344.1
LS

AI!MWVA\L oo

T T e e

S

3D- Plot

Mean : 355 .49
Maxcinum : 3F72.00
Mininun : 341 .00
2td Dew H B.75
1.90 %
Range : 31.00 e h Lo 401 .1. 405 .0 9.3.. 9.5
HisLo Var: 4.35 % i SEEE
Pt O SO0 397 2. .401 .1 a.2.. 9.3
Unit : Anastron Losies e
) 393.3..397.2 Bolloe &5
389 4..393 .3 8.8.. 9.0
385.5..389.4 BoFoo BB
=
381 .6..385.5 = 8§.5.. 8.7
e b TS 83.. 85
tg:‘::' 1 Jr.7-a0 ,.; t“:‘:at:‘ b, | 81 8.3
e a7z 8. .377.7 Vb ‘:‘::‘te: \‘\ P
T s SoX N ' RS TS g0.. 8.1
369.9. .373.8 “:“‘ll “‘\‘.ﬁ%‘
< Son - .
366.0..369.9 ":::‘_ ‘..g:“‘ 7-8 8.0
L e
St o ey
e, L et .
A SR LI e e S T Notch:
Notch: B e ot
T e
R e
oty
<
=
Maan 2.61 Wafer Diam.: 200.00 ws Operator ID
Mean : 392 43  Mafer Dian ! 200 00 wm  Operator 1D © Mot T alco Tast Diam. : 190.00 mm Fab Hane :
Maximum : 405.00 Test Diam. : 190.00 mm Fah Nane : Mininun 7 .80 Sites : 53 —Eauip Info : PATHAP
Mininum @ 366.00 Sites : B3 —Eauip Info @ PATHMAP Std Deu 048 Special Info: 1633
Std Dev : 5 83 Special Info: 1633 560 % Scaling 50.00 Hafer ID : SIGE
153 % Scaling : 50.00 Mafer 1D : SIGE Range : 170 Tilted 35.00 ° Lot : 04251999
Range : @8 00 Tilted : 35.00 © Lot 1 04251999 Hislo Uar: 9.83 % Rotated (G 40.00 © Meas. Equip.: SOPRA SE
HisLo Var: 5.06 ¥ Rotated ¢(G). 40.00 ° Heas. Eauip.: SOPRA SE Rotated W3 40.00 ° - - - -
Rotsted (W3 40 00 ° Unit : Angstron [p: Print Esc: OQuit |

‘ These 3 parameters are obtained in only one measurement ! ‘

WWW.sopra-sa.com




I
—— _ ————

Native oxide

I SiGe §12 %i 250 Al I

| Min | 24526 A 1139 %

A

6.118

SiGe

Average 149167 A | 57991 A 483 %
1487.51 A 573.86 A 4.52 %

[Sicap — [sice [wGe ]

693.89 A 641.59 A 10.64 %

Native oxide Average

Silicon (700 A)
Min 68298 A | 63754 A 1022 %

TEUROLL o | 2000 A | 1430 A | 0142 5% |
“ e A T R

50 static measurements

WWW.sopra-sa.com



. Tan{P5I) &and Cos{DEL) Spectroscopic

= :IIII:III:I |:.|I:|f

Tan(Fsl

Native oxide

Silicon cap 231 +3 A

e795+12A/ 20.2 +

Silicon 1002 =12 A

-------------------------------------------------------------

Fit on 5 thicknesses

And 1 Concentration at the same time

Wavel [pm)

WwWWw.sopra-sa.com



J0PRA  SiGe on Insulator (SGOI)

S.E. measurement & regression on SiGe on Insulator :
- thickness and concentration of SiGe
- thickness of Si
- thickness of BOX.

TanPEl)

EE?EQ

=

!I..J N3s L) LU L5 LI LG

WwWWw.sopra-sa.com



Native Oxide Si Layer SiGe Layer Ge : Si02 Layer
Thickness (&) | Thickness (A) | Thickness (&) | “OMCeMtraloN | 1 iness (A)
in SiGe (%)
Min. 21.6 2015 3741 23b 1323.7
Max. 219 202.0 376.3 236 1333 4
Range 0.3 0b 16 0.1 9.1
Average 21.7 201.7 375 4 236 1328.7
St.Dev. 0.07 0.13 0.32 0.03 2.08
Measurement at 75 degrees AOI

TaniPsh :
0.6 --)\.;"E"""‘"","""‘"":""""‘",""""‘":"""""‘,"""""‘5 “““

Native oxide

Silicon cap 231 +3

SiGe 795 + 12 A/ 20.2 £ (

Silicon 1002 =12 A

| Bottom Oxide 2014 +

WWW.sopra-sa.com
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SiGe On Insulator Strained Si On Insulator

XTEM XTEM
Strained Si
.

Strained Si

SiGe is strain-inducing template SiGe-free structure

No influence of tilt or twist



SE measurement of the SD stack
=> PMOS on SOI

Tar P21}
s =
.= fz’-’;
e LM% -
e L . ;
x,gf
hE nys Tt 4= 3 T [N
Cos(DELT &)
A Z |
/ ‘x& /
LS J}r
 — f\_’ft{
0% ToEs 0.4 A= = [ X
Wawvel {pm)
LEVEL TYPE MIX/LAW THICKHESS
BAMBIENT SIHGLE 0 VOID. nk
LAYER 1 SIHGLE 0.000678 Siod.nk
LAYER 2 SINGLE 0.036192 Stag.all Alloy Conc. = 13.326%
LAYER 3 SIHGLE 0.044048 SilDD_2 .k
LAYER 4 SIHGLE 0.14136 SioZ.nk
SUBSTRATE SIHGLE ] SICE.nk

Picture from: T Ghani, Portland technology dept,
Intel Corp, IEDM 2003

*The SD region is etched.

*Selective Epitaxial growth of
SiGe in the SD region

*The SiGe induces a

compressive uniaxial strain in

the channel region.
WWW.sopra-sa.com



Sheet

Slot# |[sige Thickness (A) [ Sige % || dopant |thickness| N (at/cm3) resistance
2 895 147 B NA 1.60E+19 || 2.18681E+18 | 5072
3 450 14.8 B NA NA NA || ma
4 052 14.3 B 983 7.72104E+19 || 3AT191E+18 | 23905
5 520 14.4 B 476 1.35011E+20 || 3.80018E+18 |  290.1
6 564 14.3 B 546 217502E+20 || 4.49871E+18 | 1586

UV-Visible SE e .z InfraRed OB

WWwWw.sopra-sa.com



Drude law:
&(c) = 4

=& -
C(; —af w,: plasma frequency

[00)

Materml analysis

(&» — w : scattering frequency
§
o . w 2
Electrical properties g =g, =P
Conductivity of the film w ,
. Eg0.
— P
: : N =m 2
Free carrier density N through e
1= e
Free carrier mobility u — 0
m w,

WWwWw.sopra-sa.com



Cos(ZPSl)

doped.dat

Iteration N 2

—0.72S e T
B B
—O.82S %kkﬁ“‘w\
—-0.8S \-’“‘*i -
e ot [UV-VIS SE gives 385 A !
—0.S /f - ~ - /
e Analysis gives
0.6 s
-0 6S “‘f /
- 1O O Ay 2000 O JO0O0 Oy SOy SO0 0 //
Enter Drude parameters Enter the ThickwEss (A)
Lo (urn-1y | dlo (pem™y | taux? jpe ™y | dTawe fpe ™) T // dT
0.8375 0.0070 0.1109 0.0010 381”7 g
The results (and their uncertainties) are automatically calculated Mawing table :

Electrical properties

cond (SSm

deond (Sfm) | p (mOhm.cm)

RT(Ohmeo)

RT(Ohme)

effective mass

M (atfom3

WWW.sopra-sa.com




T 1/ I £
1007 product wdlcl

r 1.1 4 1 1
LIIdU11IE WCUITIVIOZY

1) | SiGe Emitter XRD, SIMS, XRR | No [IRSE300 | Yes
-2) N+ Poly Emitter 4PP, SIMS No |IRSE300 | Yes
3) | Thin P/P+ Epi FTIR, SIMS, 4PP | No [IRSE300 | Yes
4) | N+ Buried collector | FTIR, SIMS No |[IRSE300 | Yes
5) | Poly SiGe XRR, XRD No | IRSE300 | Yes
6) | B doped SiGe SIMS, 4PP No | IRSE300 | Yes

T POl Sl
nuitter

Contacts

p' polx n' poly
SiGe SiGe gs

1tC

pt Si(100) substrate
f ‘--‘—-_

SiGe base npn HBT

niMOS

PPoly Si resistor




[ SiGe 3 .
: - Ambi SiGe1  11% 51
Dynamic repeatability: mbient o, 350 4 substrate
- C— 0
1. Graded structure with cap 150 A ey
2. Product wafer .
. . Si cap
3. measurement time: 1 second per site 198 A | A
4. Pattern of 100x150 um ol ent thick o >T (A)
. agn otal ep1 1ICKNeESS
5. 15 load /unload with pattern recognition —
100x150um box / dynamic repeatabiltiy ——
sio2 T(A) sicap T (A) |sige 1 T(A) |sige1 % sige2 T(A) |sige2 % total T(A)
m1 29 195 143 5.1 348.5 11.1 686.5
m2 30 201 138 52 348.5 10.8 687.5
m3 29.8 199 145 5.1 344.5 10.9 688.5
m4 29.5 198 146 52 343.5 11 687.5
m5 30 197 143 5.1 346.5 11 686.5
m6 30.8 199 138 5 349.5 11 686.5
m7 29.8 198 146 5.1 342.5 10.9 686.5
m8 31.3 200 147 4.9 341.5 10.8 688.5
m9 31.3 192 141 4.8 354.5 11 687.5
m10 30.1 200 143 52 344.5 10.9 687.5
m11 30.4 193 140 5 353.5 10.9 686.5
m12 31.3 200 141 5 347.5 10.9 688.5 0 H
m13 30.6 199 148 51 342.5 10.8 689.5 01 6 A) repe_atablllty
m14 31.1 199 149 5 3415 10.8 689.5 On Total thickness of
15 31.1 204 150 54 332.5 10.9 686.5 .
= the epi stack
mean 30.41 198.27 143.87 5.08 345.43 10.91 687.57
max 31.30 204.00 150.00 5.40 354.50 11.10 689.50

min

29.00 192.00 138.00 4.80 332.50

10.80

686.50

WWwWw.sopra-sa.com



JOFPRA Si/SiGe/ SiGe graded / SiGe on SOI on Si

Tan{PSI)

05 o
o i By looking at the spectrum
i we are able to see two areas.
03 f\/ﬁ The range 2 to 2.6eV represents
02 Vi interference from the SOI layers.
e VLALL v e | The information regarding the cap and
o . * * o ** the SiGe layers are in the range 2.5-4.5eV.
Cos(DELTA)
| So, t alyze this sample we have
°-::” —-gecided to make two pass in the
my | regression.
00 — The first one will give use SOl thicknesses,
T — —=__ while the second one with give us other
3z v ( f"“—‘//\ layers informations.
N {

0 25 30 35 4.0 4.5

WwWWw.sopra-sa.com



OPR Si / SiGe / SiGe graded / SiGe on SOI on Si

=
e

P olarizati on Cosfl, = 03333
: gy cezesg LAYER T | Mixed Bruggeman 24323 i Mk
A 1 i Conc. = 5 21 24E-02
IHENEIE LAYER S | Singe 0316640 |07k
P ST |L S | - S I S SUBSTRAT| Single = Shor ik
L B R TR b Measurement File w*1 : #13.SCA 3 - Elipsomatric Data, Fit on Alpha & Beta for Analyzer angle = 45°
5 . [ T + ! ll ! ihl T s
! g tf“ \| L K |¥ lrf | u .": Hr . RESULTS
1 = i R ion Speciral Range (8] F 2000 To 2400
P ELY UL LIRETIA AL | B et argn st  Fram20m e |
= | - - - 1 2
- “ j || II Statistical measure of goodness of it (sigme) © 3 9880E-03  kurmber of iterations: 2
. i

Fit on Pararmeters :

T 7 1 Parameter 1 © Thickressdumm = 2.7323 + 4.1496E-02
g |- g ol e poipan | o imip o Dingegi e g Parameter 2 © Conc. Tile 2 =-6.2124E-02 + 2 2333E-02
gL an s e Al dien Farameter 2. Thicknass umi = 0.316640 £ 6.0307E-03

s wir T By modeling the full structure with the target

f values of each layer and by fitting only on SOI
layers thicknesses between 2 and 2.6eV,
we obtained the following results :

4

1
-
::___'—_+—{:2>.—

o |
| Ee—
| __—]
T

Ty A Target Result

I[ 1]
Mﬁf S1 2.5um [2.73 um
S102 300nm |316 nm
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RALVID L LD Ll LU L UL

LEVEL TIFE HIZ LAV THI CENEEE
AHEIENT SINGLE ] VOID. nk
LEYER 1 EINGLE 1. 406457 Jiaol.nk
LAYER 2 SINGLE 24 T4058 sicr. MK
. . . . LEYER = SZINGLE 12 23043 dtrg.all Blleyr Coma. = 4 ,221%
*Thickness and Ge% within a tight range LEVER. & STHGLE 20 58502 Terg all RlToy Cona. = 169158
. LEYER & ZINGLE TTeL . ¢ Ficr. HR
*Total thickness accurately and repeatably LI © STNGLE TIT TR
-Average Ge% of the ramp + thin box R | : SRk
*Ge% of the box below
*Thickness of the SOI (inhomogeneity of SOl don’t affect SiGe accuracy)
*Measurement done on product wafer with small spot
Cos{2Z2FSED
— -2 =
DS = —
—i — e
iy R P
L= ] = — i - —
0 5 — - &
"‘;'_‘7_5 2.0 2S5 3.5 3.TS <& D 4.5 4 .=
SNl ZP S N Cosl =L T )
0L
0> e
B - = »
a8 B = — - — i .
o 1 - o e S
2T 3. .25 = 3.5 3I.TS <& D o ] @5

= mear ey = W)



Thin P/P+ ep1 layers

=10l x| 10 static measurements in the center of the wafer.
-------- Meas re T(um) [N (at/cm?)
L v 1 03235 | 3.23E+19
"""""""""""""" 2 03233 | 3.22E+19
""""""""""""""""""""""""""""""""""""""""""" 3 03225 | 3.20E+19
""""""""""""""""""""""""""""""""""""""" 4 0.3223 3.21E+19
ﬁ 55 | , , , T v 5 0.3238 | 3.21F+19
I 1000.0 2000.0 3000.0 4000.0 5000.0 BO000.0 6 03220 | 3.21F+19
7 03237 | 3.21F+19
04 ---fh-- R KR feeceeees L ek g 0.3231 3.21E+19
N L S E REEEEEES jrenemeononee bemm e bomm e 10 03227 | 3.21F+19
0.2 19 o e 3
0.1 --f---t- ARt T S IR -
0.0 -4 o ERRREEEEEERERS IRRREEEEEREEES [RRRERECEEREE boememeooees g
L T S e ceimemaae e R R b eeoeone ] L Max 0.3238 | 3.23E+19
N N WS S S e
Si N N O SN Mean 3.21E+19
05 - : : e i i Std Dev. 6.3E+16
: 1000.0 2000.0 3000.0 4000.0 5000.0 50000
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SIC epilayers

LEVEL TYPE MIX/L AN THICKHES S
Cos(2PSI) /
IMBIENT SINHGLE 0 VOID.nk
.y LAYER 1 STHGLE 3.255657 Sic_5UM sample 2 P Epi.WE
0.1 SUBS TRATE SIHGLE 0 SiC_SUM sample £ substrate.NK
02
125
0.3
0.4 10.0-
-05
5=
-0.6 g
0.7 50 e — b
08 ﬁﬁ N R S o S
25
0.9 X
e e
1000.0 2000.0 3000.0 4000.0 5000.0 135 140 145 150 155 160 165
Sin(2PSI)Cos(DELTA) K Doped

/ substrate

0.75 = Z
0.5 025
0.25 02

0.0 g M *T
5
|

S p—— e 0.15/— —

-0.25

01
-0.5
0.75 ﬂ N
E% .“" 13.5 140 145 150 lsy 16.0 16.5

1000.0 2000.0 3000.0 4000.0 5000.0 WaveL.(um)

WAkawsakl fama 43 Epf
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SIC epilayers

Thin Epi layer: 1000A Thick Epi layer: 11.7 microns

Cos(2PSI) Cos(2PSI)
™~
- 0.0 “ﬁ
-0.125 i
o -0.25
-0.375 -0.375
FYE; -0.5
-0.75 i
-0.875
et
1000.0 2000.0 3000.0 4000.0 5000.0 2000.0 3000.0 =000.0 5000.0
Sin(2PSI)Cos(DELTA) Sin(2PS1)Cos(DELTA)
0.75 g
0.5

§ gj
0.0 f
]

oot

-0.25
0.5
-0.75
1000.0 2000.0 3000.0 4000.0 5000.0
1000.0 2000.0 3000.0 4000.0 5000.0
TR WaveN.(cm-1)
LEYEL TYPE MIX/LIN THICEHESS LEVEL TYEE MIX/LIN THICEHES S
IMBIENT SEIHNGLE ] MMBIEHT SIHGLE o
LAYER 1 SIHGLE 0.105109 LAYER 1 SIHGLE 11.706799
SUBSTRATE SIHNGLE ] SRS TRATE STHRI.FE i}
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200 mm / 300 mm with FOUP
or SMIF interface

Full Automation

Pattern Recognition and
Autofocus

User-friendly interface

4 channels: UV-Visible
OMA CCD
OMA NIR
IR Ellipsometer
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Spectrometer / Spectrograph

Pattern Rec Channel

\ Auto-Focus
Channel ~,
=y 5 - /
{"qx/ L Collecting
'-.,___/'J
PDA A-FD Hole
nGad {64 :' \ﬂ\_
: 7A\ &

Optical Fiber to the UV
VIS spectrograph

UV-VIS CCD SE is:

1
2
3.

High speed measurement.

Analyzer

PV

Mirror

Angular Selection
Slits {(68° I757)

/ Source Slit

/45

Focusing Elliptical
Mirror

Single grating monochromator.

CCD detector based.

.\\

%
T
a/

Rotating Polarizer

Measuring y-Spot

OMA-NIR SE is:

1. High speed measurement.
Single grating monochromator.

2.
3. InGaAs
4.

Near IR enhanced (1.7pm)

PDA based detector
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IXed polarizer, rotating analyzer ellpsometer
coupled to a Fourier Transform Spectrometer

Angular Selection

Autofous & Pattern

Recognition System Light Source

MCT Detector ‘
Slit

\ Analyzer\

A
‘II

Mirror | L his i
’ \/\ ? Polarizer
/ Mi_crospot Aperture
On Sample Compensator .
Ellipsoidal Mirror
Mirror
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JOFRA  Edge Grip Sample holder

O

200 mm ( without Edge Grip) 300 mm

v PEEK material in contact with the wafer
v Contamination specs: 1E10Atm/cm2
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JOPRA  Edge Grip Sample holder
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* Thank you !l

» Contact: Laurent Kitzinger
Lkitzinger@soprainc.com

WwWWw.sopra-sa.com



