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Contaminatlon Control
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AES : Auger electron Speclroscopy opiEA

SAM - Scanning Auger Microscopy 3% (~204), RII2, DENSH (~ 100A)2 ERT H
RBS - Rutherford Backscattering Spectroscopy o DHRA W HUE FPME, NHK FF S L0oHYE
KPS : X-ray Photoelectron Spectroscopy (ESCA) =

STEM : Scanning Transmission Electron Microscopy

SEM : Scanning Electron Microscopy
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Detection Range
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Imaging Techniques
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J Contamination Control
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Particles M
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Contaminant Type
Human har
Human skin flakes
Pollen
Mold
Smoke
House dust
Bacteria

Size (Um)

i il

70-100

0.4-10
3-100
2-20
0.01-1

0.03-100
0.25-10

Sizes of a number of common cleanroom contaminants

golx £ ¢ ad




[

|
i)

O

+ N2 gas

‘Wwafer Surface Extraction

=[] =

I
O

lon Chromatography

FE, &l bagged
Sample (M2 gas pilrllg-snta.ua:lrgnuirnnmentj Sealed Bottl=
Epe =D | i
¢® Wafer Surface (Process -~ anaiyteal
. . :‘l} Column
Monitoring)
@ Cleanroom Ambient Air N — .| omete | | Grgent Pump =

@ Ultra Pure Water
@ High Purity Chemicals

Paper Chromatography

NN

:

TLC

[Fom] =

= Buant
' ':E}|[stmccﬁmcm1

lon Chromatography

K4

min.




ICP/MS2| ||

Aerosol

lon Atom Molecule Particles

0
0
Cat = Ca <+ Ca((:)H)2 — )  — ood)og

Dissociation Desolvation

lonization Vaporization

Nebulization

Magnetic field l

loanisation I C P — M S

Excitati 000
xCitaikon 2 rﬂ

Absorpdaon | V)

\

Flame/GF~ ICP-AES(OES) Jo=
lasma %\
® e Eddy current
Ee Plasma gas

RF coil

Auxiliary gas

Nebulizer gas
+ sample droplets



ICP-MS S&£0}2| &t}

JKC

Contaminatlon Control

O
J Covalently bound natural
~— High selectivity and [ et common anaiyes [] ostome  duisoyloung
sensitivity for . Not detectable
elements Bl oetectabie by icP-ms

. Possible element tags
for protein labelling

Hetero
elememt
screening

-

ID-MS ¢ » b

CE-ICP, G
Element LCACPMIS ‘ '
Tags LA-ICP-MS
% . GE-ICP-MS Phosphorylated Cys/Met containing
Quantification . proteins and proteins and peptides
based on isotopic Versatile and easy peptides

information on-line coupling

Skimmer @
Sampler @
Torch

\.\-\.

&'{\éﬁgﬁ

-
e
< % -
Artificially tagged proteins ©/ é@ Metalloproteins

and tide
- Organometallic
compounds




Surface Metals Analysis Methods

Direct Analysis
Total-Reflection X-Ray Fluorescence (TXRF)

Secondary lon Mass Spectrometry (SIMS)

Indirect Analysis
Inductively Coupled Plasma Mass Spectrometry (ICPMS)

Graphite Furnace Atomic Absorption Spectrometry (GFAAS)

Surface Extraction Methods
Acid Drop (AD)

Vapor-Phase Decomposition (VPD)
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Analytical techniques for surface metals

Analytical Probe Detection Detection  Analysis D.L.
Technique In Out Depth  Area (cm?) (atoms/cm?)
ESCA X-ray Electron 5 nm 1 10
N-RBS Ton Ton 5 nm 102 1010
XRF X-ray X-ray 1 um 1 10
VPD +2 8 9
[CP-MS Photon Photon 5 nm 10 10°—10
SIMS Ion Ion 5-50 nm 10 10°— 10"

TXRF X-ray X-ray 5 nm 1 101 — 101"




ICP/MSE 0|28t Wafer Surface Metals

Vapor-Phase Decomposition (VPD)

B e L e e D P
BHF[g]+ Si04s)] — HaSiFy+ ZH,0 (residue)
HaiSiFs — SiFJal+ ZHFg]

Cooled Teflon Support (PTFE)
: 10~15°C, 200kPa(28psi)

o igh Purity  ZEEE] [
oo EEEL . _HEaswe  Smm <:_F

Evaporation Beaker(PTFE)
: 25~387°C, 200kPa(28psi)

Acid drop (AD) extraction

Fe2Os3 + 6HF — 2FeF3 + 3H20
S102 + 6HF — H2SiFes + H20
( J
A

H2SiFs(s) — 2HF(g) + SiF4

Extraction solution: 5% HF, 10% H,O, (w/v), Volume: 250 zdL.



ICP/MS A ChS

ICP/MSS alstEA EXl= €A Hel2 3&EE

[ pom(mg/kg), ppb(ug/kg), ppt(ng/kg), ppalpg/kg) ]

ICP/MSEZ EHel : 1ppt0]5}
1% 0.000,000,00001%
10,000 ppm 0.000,0001 ppm
10,000,000 ppb 0.007 ppb

10,000,000,000 ppt Tppt
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= | USs.isabout2 PPT S
Tppt = 220 17H/1500ton (1.0ppt per EPA).'
1. Extrapolated from Patterzon et. al., 2008 using [LOD /+ 2]
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ICP/MS Raw data
]

v Mg 279553{121} = Cr283563 {119} = K766.490 {44} (A = Co 2286161447} = Ca 393366 {86} [ = In 230606 {446} ( =

-0.075 0.000 0.000 0.000 0.000 0.000
Th1 0987 (1.0000 1.065 (1.000) 0.934 (1.200) 1.050 (1.000) 1.030 (1.000) 1.055 (1.000)
702 5.174 (5.000) 5.293 (5.000) 5.143 (5.200) 5209 (5.000) 5.030 (5.000) 5.168 (5.000)
703 9.914 (10.000) 5.847 (10.000) 10.558 (10.500) 9.830 (10.000) 9.982 (10.000) 5.911 (10.000)
-alibrations e

M_PPM

Atoms/ci= EtHAit

Name Al Cr Fe Ni Cu Zn Na
initial 7.01E+11 | 444E+10 | 6.97E+11 | 3.40E+10 | 1.669E+10| 9.28E+10 | 1.25E+11
1'st 2.34E+10 | 1.68E+09 | 1.30E+10 | 6.72E+08 |4.567E+08| 1.68E+09 | 5.73E+09
2'nd 7.32E+09 | 1.45E+09 | 1.24E+10 | 4.73E+08 |3.913E+08| 6.22E+08 | 1.11E+09

Sample : 300mm silicon wafer

4/29/2016
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CtQ| &tAE : ppb — atoms/cm?

Surface Concentration _ (Cp-Cg) XV x Ny x 10
(atoms/cm®) MW x S
Where: Cp = measured concentration (ppb) in the part extract

Cg = measured concentration (ppb) in the solution blank or control
V= volume of the extraction solution (mL)

N.= 6.023 x 10* (Avagadro's number)

MW = Molecular Weight of the ion analyte of interest

o = extraction surface area (cmzj
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J Contaminatlon Control

CER| BHaE 0 ICP/MSZ 2} (ppb) — Wafer % Z 1} (atoms/cm?)

- |C/MSE|’ é|/\0Hc>IE
M m m

2TAI- L2 0|5 0.12 2 706.5
=4 H ng | RILOHEE o | Avagadro’s no | THQI 24 AL |09
g ‘ ‘ Al AL (g) ‘ WaferH & (cm?)
0.12 ng | 29 | 6023x108 | 107
g | | 27g | 7065 cm?

*10°: 1g=10"ng
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Surface analysis result for 300mm wafer

1.00E+12

m

|.00E+I |

. ¢ Al
1.00E+10 = - = u Fe

ACu

|.00E+09

A A
|.00E+08
atoms/cir)
Name Al Cr Fe Ni Cu Zn Na
initial 7.01E+11 | 444E+10 | 6.97E+11 | 3.40E+10 | 1.669E+10| 9.28E+10 | 1.25E+11
1'st 2.34E+10 | 1.68E+09 | 1.30E+10 | 6.72E+08 |4.567E+08| 1.68E+09 | 5.73E+09
2'nd 7.32E+09 | 1.45E+09 | 1.24E+10 | 4.73E+08 |3.913E+08| 6.22E+08 | 1.11E+09

Sample : 300mm silicon wafer




KNOCK-ON IMPLANTATION
OF SURFACE METALS

Mative Oxide

'

Silicon Substrate

L ]

lon Implantation

. b

-
. 8 & O

4 Native Oxide
. X/VPD ICP-MS

Silicon Substrate

C%e*Be 83 G| %Ds?émp-ms

VPD ICP-MS application(ion implantation)

BSE ICP-MS CHARACTERIZATION OF
AN ARSENIC IMPLANT

BSE ICP-MS
Element 200 A
Aluminum 12,300
Antimony 7.3
Boron 230
Chromium <1
Copper <1
Iron <3
Magnesium <b
Nickel <0.5
Phosphorous 287
Zinc 1

Units: x10'° atoms/cm?




IN-FILM TRACE METAL SURVEY
USING DFS ICP-MS

DFS ICP-MS
Element Filn
Aluminum 420
Calcium =10
Chromium =2
Copper 20
lron 19
Magnesium =10
Mickel 36
Fotassium =10
Sodium 12
Zinc 10

Units: x10" atoms/em?

-

Concantraton (atamsicm™)

VPD ICP-MS application(PROCESS)

SIMS DEPTH PROFILE OF THE SAME FILM
ANALYZED BY DFS ICP-MS

1.0E+21

SIMS DEPTH PROALE
1.0E+20
1.0E+19 Al {Areal Density = 64E12 at cm2 f
1.0E+18 4

T.0E417 o

T.0E416 4

1.0E415 +

1.0E+14

0 100 200 200 400 500 600
Dapth (Angstroms)
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Unit : ppb(ug/kg)

A B C
Na 0.19 0.11 0.16
' e Mg 0.10 0.11 0.02
Sample () rod-type (b) granular
S Al 0.29 0.55 1.02
< L K 0.01 0.04 0.18
_ . Ca 0.33 0.18 0.18
38i + 18 HF + 4HNO, -> 3SiF H, + 4NO 1 + 18 H,0 ,
S Ti 0.22 0.54 0.21
Digestion
Cr 0.21 0.18 0.18
G Mn 0.02 0.04 0.04
SiF H,+ 2HF -> SiF, 1 + 4 HF Fe 0.59 0.53 0.59
4Si + 8HNO; -> Si(NO;), + 3Si0, + 2NH,NO;| Ni 0.44 0.40 0.45
28i(NO,), + 8HF > 2SiF, 1 + 2NO 1 + 4H,0 Cu 0.01 0.01 0.01
Pryacrgoling Zn 0.07 0.05 0.07

Q Total (ppb) 2.495 2.721 3.109

=5(%) 99.9999997 99.9999997 99.9999996

Analysis by ICP-MS

— 4 7 _ * 200 2F(m|
i -m (ICP/MSZ 1} — blank) * & 4 2F(ml)
ol

=42 (ppb) =
N (g)



ZArer L L.

www.e—jkc.kr



