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Principle of SIMS
composition depth profiling with surface analysis tech-
niques?
erosion of specimen surface by energetic particle bombard-
Secondary-Ion Mass -
S y “sputtering”
p y two possibilities for analysis:
o freshly exposed surface (— XPS, AES)
o sputtered material
= secondary ion mass spectroscopy (SIMS)
depth profiling < remove controlled thickness
\ V. \ A
A , A [N : A
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Technique Resolution Sample Size Detection Sensitivity
VPD TXRF whole waler whole 300mm wafer 161 .nu.,-_'”‘:t\; :I i HIStory Of SIMS
TXRF 10 mm whole 300mm wafer 100t == N
Lifetime 1 mm whole 200mm wafer SEMEDS wl".»__ i [
ESCA/XPS 10 um whole 200mm wafer RQUGE! LE2UE = - A -
o 2o v | early mass spectrometers: ion sources ions also generated
-ESCAIXPS 10 am wholeh oo neu. R omeEe ] (L ions from instrument construction materials
FTIR 15 um whole 200mm wafer | My
Raman 1 um wholc 200mm wafer 100 ppb—] later experiments: accelerated ions onto sample
SEM/EDS 0.5 pm whole 200mm wafer 1Dmb—-‘.16 i
TOF-SIMS 2000 A whole 200mm wafer 1 oo R first SIMS primary ion beam
Auger 1000 A 1" = lois = vl
FE Auger 150A 2" | e first SIMS instrument: early 1960s (under NASA contract)
AEM 50 A whole 300 water
g:u’ ;IOMFS AES XPS TXRF  SEM GDMS Raman RBS :-CAF'MS LEXES XRR FTIR EDS SIMS ;EI"\E“A XRD XRF purpose: analyze moon rocks
thm:w Top Surface T
- performed better than expected
Coating . . d
o _. copies of the prototype were commercialized
2’ use of SIMS has grown steadily over the past decades
ﬂ B SME& \Loil‘:me J] - SIMS Depth Profile l -Typical Profile Depth
. v, e v,
A - . A z .
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Principle of SIMS Modeling lon Desorption from Solid Sample
Incoming lon ——=
bombarding with low-energy heavy ions
o (0)F, Cs*, Art, ...
o 0.5..20 keV
yield of sputtered atoms per ion = 0.5..20
depth profile
surface-sensitive techniques of analysis after each step
compositional analysis of the sputtered material
relative abundance of sputtered species provides direct
measure of composition
Energy cascade from incoming ion ejects neutral and charged atoms,
\ ) % molecule fragments and molecules D)
A
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Principle of SIMS General Concepts of Sputtering
additional way of determining specimen composition: e erosion rate is characterized by the sputtering yield
measure characteristic radiation emitted from excited b f emitted at
sputtered ions or atoms y =il m_lm_ SHO eml. 0. aloms
incident particle
o difference between bombardment with high-energy ions o depar g,
(RBS) and low-energy ions (sputtering, SIMS): P
: — o structure and composition of target
o high-energy ions:
. energy transfer mainly by electronic energy loss o parameters of incident ion beam
— PIXE (particle-induced X-ray emission) o geometry (angle etc.)
o low-energy iops: e measured values of Y cover an interval of more than 7 or-
- transfer mainly by nuclear energy loss ders of magnitude
— elastic collision with nuclei
o for medium-mass ion species and keV energies:
Y ~ 0.5..20
[N - d N 2
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General Concepts of Sputtering Ejection of Atom and Molecules
Primary lon lon
o compare sputtering yields of MeV light ions: ~ 1073 )
— RBS typically only sputters off a fraction of a monolayer
e determination of sputtering yield Y:
o single-element materials
- accurate theory exists - assumptions:
10 nm
- nuclear energy loss mechanism - -
- energy loss shared among large number of atoms
- “collision cascade”
- example: sputtering yield of Si Atomic Emission
- experimental values agree with calculations (solid line) . B o Enrission
o else: tabulated values or experimental calibration . P Ermission
A : | A d
Iy N| 7 o N
Sputtering Yield of Si:
E ; ;
nergy Cascade for Ejection of lons Dependence on Ar* Energy
>
=
(0]
G ) T el T
- Energy threshold for fragmentation. A si
r—=Si
| F-- Energy threshold to break surface
! Distance ! bonds of intact molecules. =
i E @ Primary lon
| \ :/ @
° \: oo oeeecececcccocoe
0oo\o'o’ooo,o>o+o/ooooooooo 0.5}
ooooi/o\o,o/o\ooooooooooo
0000000000 0OC0OOGOOOGOOEOEO
CC N W NN ) 0000000000
o000 00009500000000C0O0CGOS o) . . . 1 1 L 1 L
eco0oo0oo0e® ecoo0oo0oo000O®ES [ 2 5 10 20 50 100 200 500
o000 0O0O0OOGOEOLOOOOOOOEOEOO E (keV)
o000 OGOGO o000 0OGOGOGOOGOOGOO
[ o000 0OGOGO o000 O0OGOGOOGOOGOOGOO ) L )
N A A * |
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[ Sputtering Yield of Si: Sputtering Yield:
Dependence on Incident lon Mass Dependence of Atomic Number
T T T T T T T T
1 3.0+ o lheory
5 45 keV IONS — SILICON ° & ® Expt
1 o — Ag
/._-.. - = Au
L ol d S
. 2
2r- ./. . £ vl Mo Pd 2
Y / 1 = ' Pt
| [ = o
- ‘/ 3 = o QRN o
C / ] 510 S8 Ru Re Th
E _ . E Hf €W
o SIGMUND (THEORY) ] Z jMo *
S Nb U
] | ] ] [ B 1 &
(0] 10 20 30 40 50 60 70 80 L L L
7 0 40 060 80
‘} l1 JA‘ ‘} Atomic number JA‘
I7 o \| £ N
Sputtering Yield of Si: .
Dependence of Incident Direction Ceneral Concepts of Sputtering
y e physical understanding:
‘ﬁE o bombarding ion transfers energy to target atoms
é | & < Polycrystalline o these recoil with sufficient energy to generate further
R - N - A B recoils
; o some backward-recoiled atoms (= 1..2 for a 20 keV Ar"
2 ion) approach surface with enough energy to escape
" - — 115
2 o 2 ST — o these secondary recoils make up most of the sputtering
= yield
= 11004
% —— o the most important parameter in this process is the en-
10} ergy deposited at the surface
} . } } o the sputtering yield should be proportional to number
0 10 20 30 40 of displaced or recoil atoms
Incident wn energy (keV)
s | S - d
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General Concepts of Sputtering General Concepts of Sputtering
free ions (o
o deposited energy at the surface can be expressed as
FplEg] = aNSn[Ep]
Sn[E]: nhuclear stopping cross-section;
Surface N - SnlE]: nuclear energy loss, = dE/dx;
potential barrier RS : i
_________________ ——— — : «: correction factor.
Nascent ion molecule
Geometrical surface no free charge .
— 7 7 i e correction factor o
S S o accounts for
‘. . ,’ 4 (fn(l;:;1(:\':11‘52:“1‘!(;15\01[1“11:1%\ ) angle Of inddence
/S 7, S ) ; - contributions from large-angle scattering events
~ /7 Originof / /
. /,"/co'l;lisu[n ““‘i‘,dc,. A ( e /
= Only a small fraction is ionized for SIMS analysis
u SIMS reveals elemental (H included) and isotopic surface composition
v, \ v,
A =4 A - =4
I N| I7 S|
General Concepts of Sputtering General Concepts of Sputtering
e physical understanding (continued): e nuclear stopping cross-section SpE:
o linear cascade regime (for medium-mass ions as Ar?"): o in the keV sputtering regime particle velocity is much
- number of recoils proportional to the energy de- less than Bohr velocity
posited per unit depth — theory must account for screening of nuclear charge by
= sputtering yield: electrons
Y = A - FplEg] o then derive collision cross-section based on screened
potential
A: all material properties (surface binding energies etc.); . .
FplEp]l: density of deposited energy at the surface. — nuclear stopping cross-section
o Fp[Ep] depends on
- incident ion (type, energy, direction)
- target parameters (Z2, M», and atomic density N)
A \. v,
A ’| A - /|
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Dynamic SIMS Dynamic vs. Static SIMS
] ; y _— y L TOF-SIMS Dynamic SIMS
Pnr_ngry ion doge is increased: there is S|gn|f|(_:ant chance of (All Elements) (Few Element)
striking a previously sampled area = loss of high molecular
weight information (damage accumulation). ’Ly .,
z _//
Sampled /
Area
Atomic surface density ~ 10 atoms/cm?.
Dose equivalent to ~ 1014 atoms/cm?. Sjpulisied - o sl ed
. Sputtered — analyzed
N . S )
| #2 N | I~ |
Dynamic vs. Static SIMS SIMS Apparatus
Dynamic SIMS Static SIMS g . )
e incident ion beam = sputtered ions
i mass spectrometer
\ o electrostatic energy filter
D o ion detector
beam sweeping
AR e moval. Sufacel . o large area of the sample
*Elemental detection. *Molecular and elemental o signal detected from thin central portion of the sweep
Profiling (concentration as dereetiem. .
a function of depth). »Analysis complete before = avold crate e deiErs
significant fraction of
molecules destroyed.
A 24 s d
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SIMS INCIDENT IONS . - “« ” .
Apparatus ENERGY Avoiding “Edge Effect”: Gating
-3 FILTER
MASS
7 SPECTROMETER
SUBSTRATE ‘9 ——— g
SECONDARY ION ——Raster only | somewhere
SPUTTER ION DETECTOR around here
BEAM PATH ——— Raster
o currently
= ELECTRONICALLY ER
GATED “REA elecm;mc gate
10!7...
SAMPLE sy
SURFACE e!eclror.nc gate
len:
e Y FEpE : s
SUBSTRATE " Deoth ) :
o ‘t — i‘
- S| I’ N
Edge Effect SIMS Apparatus: lon Sources
(@)
ISourceH Extr. H Acc. HM.FM }—{ Stig. }—' Defi wet
Focus Scan
(o) ‘
= Heavy
[ y ions
® /_ i Requir_ed
. beam ions
fo | )
+ Fight
T Electrostatic i
Force: )
\L Magnetic Selection
aperture
— =
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ciill SIMS Apparatus SIMS Apparatus: lon Sources
e Duoplasmatron Surface Ionization
P Anode ;
S Intermediate Magnet 1 Focus __ | Extraction
— Fixed diaph —
o -~ t’w" Electrode \ |~ Plasma Cesium Electrode I(E.l;?gggg)
Reservior
Gas (Op) —e—— % —= 0 O T
: Extraction
Cathode — Electrode Porous
Magnet (ground) (0to20kY) grunggsien
104-107 A/m>2Sr >10% A/m2Sr
A d N d
IT N G N
SIMS Apparatus: lon Sources Metastable Background in SIMS
Field Emission (LMIS)
g 3 keV 2.8 keV
Electron-Impact (EI) ton Source ol ‘
lon repeller — Suppressor
J_ i . ‘
Spray aperture
First lens Analyzer Extraction 2 mm
|Electron beam Voltagg @ —— @ i O
N N N A Xy S F S
I lons
Fillament — | 3} kV
{W or Re) — — High V
Focus plates + Uni-molecular decay of “excited” or “hot” secondary ions in extraction field
105 A/m?Sr produce metastable background in organic TOF-SIMS
+ Metastable ions have the “wrong” energy causing a broad background
10 A/m2Sr
J
(N : d A




SIMS Apparatus: lon Energy

Vletastable lon Background with TRIFT

Energy Distribution of Emitted Pa

Residual gas

agnetic
Double Fo

resoultion

Scattered primary particles

Intensity (particles per primary ion)
Residual gas intensity (10'4CPS mA™ mbar )

100 10'
Energy (eV)




Intermediate slit

Focusing element

Magnetic sector Electric sector

= Collector slits

Source slit

Time-of-Flight Secondary lon Mass Spectrometry

Time-of flight

’ TOF-SIMS

€

lon Gun \

N L Spectrum
e P % ‘ Detector
Focusing y \ Transport Optics
Raster \ < Extractor

____.- Electron Flood Gun
Target




Time-of-Flight Analyzer: Multi-Sector

Energy Slit

N
Esa 2 (: .[ \ EsA 1

- Controst
C Diaphragm 06y
= y
Nrmy

' Post-ESA D °
Blanker ehactor RS
7 o

High Mass
Blonker

ESA 3

Gas Gun
A0, Cesium J'GM'G

C,.Gun \\\ =2 N

Fourier Transfor

receiver plate

time-domain
signal

Magnetic
Field, B




Isotopic Ide
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Operation Modes of SIMS Example of SIMS Spectra
* — 10 O e S A
mass Al Ar +
gL o H‘/Al A
Q Al AL} 9 Al )
lon Mapping % e Aly il
=4
Mass Depth Profiling e s .
Spectrometry AR Al
1g'4 l 1 . 1 \ ] . | , 1 I
—— (0] 20 40 60 80 100
y==4 | - —
‘S—P-—-.- g y ' A L ‘ A
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SIMS Spectra ToF-SIMS of Organic EL
Spin-Coating Thermo-Evaporation
e sputtered species are emitted as neutrals in various excited o = = —_
states = ‘ | g ’ | =
B i LR B e e e s it et e
o ions = E
b il il MLMM il B gl uw[‘u‘n. Moo
o positive and negative S y [mff?;]{ "“" — P I E——
g b
o singly and multiply charged S e - o T e e "L e
o (CF;BNOJIr § F3BNOJIrf
o clusters of particles & n li | . ,.,|"‘;" i
;: a i cjpg n = “CF:BNOT”M'HP B
o example: secondary ion cluster spectrum of Al g T " ol mlmwm ?.Mmﬂhm - i - i - i e W “M“M“'m
S . mz
o obtained by Art bombardment Q
0._0
o . . | 4 N
ordmate' is log sca.le. H .,\6 g
o predominant species: Al* O . 7
o (a0t Alaer A2 A|3+, (Alp)* (A|3)+ (Aly)* CBP, mw. 484 (CF3BNO)IPLA, m.w. 869 (CF3BNO),Ir, m.w. 747
[N = | N -
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SIMS Spectra Secondary lon Yield: Elemental Effects
e in most cases, singly ionized atoms dominate the spectrum
e ratio ionized to neutral species from same sample can vary positive ions negative ions
by orders of magnitude - depending nature of the surface ) 4
;_3 Cs X - ] i RN I B.: ol
e sputtered particles emerge with a distribution of energies g B ”‘3..“& 27 S :
® Y . & e
< fluctuations in individual events that make up sputtering E DETERR ’ 27 :.:3: "
process e A gt "
g! Ne« Hee 4 b
o total yield of sputtered can be expressed by integrating = f = f = ! L : 5
over the yields at all different energies E from O to the max- 0 g b A T
N : lonization Potential
imum possible energy Emax:
Expay
Y = Y[E]dE
0
A : | (NS |
I N 7 N
SIMS Spectra Example of SIMS Spectra
o yield of positively ionized secondary ions, Y *[E], is related e GaAs
to sputtering yield ¥LE} by o bombarded with 5 keV Art ions
YT = «"[E] - Y[E] o positive ion yields: “———"
«*[E]: ionization probability. o negative ion yields: “ - - - - =
o this implies — sputtering yields of Ga and As are nearly identical
Exfian — ionization yield can vary by three orders of magnitude
Yyt = «t[E] - Y[E]dE between species with nearly identical sputtering yields
0 = major problem in quantification of SIMS:
determination of x*[E]
LL Xe {4 g oU J‘!
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Example
of SIMS
Spectra

SECONDARY ION INTENSITY (counts/sec)
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Quantification of SIMS

e consider mono-isotopic element of mass A and concentra-
tion C4 in the target

e measured signal I'" (counts/s)
I} =Ca-ip-B-T-«"[E 0] Y[E 0] AQ-AE

ip: primary beam current (ions/s);

0: angle of the detector system;

E: pass energy of the detector system;

AQ: solid angle of the energy filter;

AE: width of the energy filter;

B: detector sensitivity;

T: transmission of the system for the ion species being measured.

o+ and Y depend on sample composition and ion beam!!

r;

A

PMMA SIMS

Counts x10°

x20 x5

Il

=
-

-ve

CHy
® [5s

x5

C20H 8
CH,CHCO
55

Ve

CH,CHCHOO

£

A

N

Quantification of SIMS

e composition dependence can frequently be neglected for
concentration profiles of low-level constituent

e matrix of otherwise constant composition

o example: SIMS concentration depth profile of As in Si
o doping
o ion-implanted

o re-distributed by pulsed laser melting of the outer Si
layer

o maximum concentration below 103
= presence of As has minimal effect on «

o measured concentration below 1016 cm—3

¥

(K3

A
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SIMS Example 5 10%® gt SIMS Example
€ E 5kev '*3cs’ 3 P
: : / .\' il nE |lIlllllll'll'l""'l""""‘l
2 o!® \ ;:} : EE::”!:EQS ] £ I IMPLANT; Skev P3¢’ ]
= 3 . As 3 S 21| 35kev H -
5 ; = 10° B NS 3
= 2 =z C ; " HF =
@ 1 2 oo™ ST
Sl =
w . ] 2 02oL A
= \ \LASER | b - ;
O 0'7L \ 4l g 3
3 i A 3 (5} RTIAL PR
Q F 5x107" As/em™, = o — <!x107' Torr
Z 200 keV W 0L == 1s10°2 Torr <
7 - o —= 11077 Torr 3
o IO 16 — | EEEN Y | PO g o .
E 0 0.2 0.4 0.6 > O Ol 02 03 04 05 06
DEPTH (microns) DEPTH {microns)
A | N |
7 N 7 N
Hydrogen Detection Quantification of SIMS
o further advantage of SIMS: can analyze H (hydrogen) SIMS relies on ions leaving the surface of the material under
study
e example: SIMS concentration-depth profile of H in Si
P : however: secondary-ion yields are sensitive to presence of
¢ Si implanted with H electropositive or electronegative ions at the target surface
e dose: 1-10%ionscm? consider a positive ion leaving a surface:
e energy: 35 keV electrons at the surface may fill electron vacancy
e sputtering: 5keV Cs™ ions neutralization
o effect of HoO partial pressure in the chamber on H profile will not be detected
— surface contamination with H>O affects H implantation avoid
A ’ N - 2
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Neutraliaamms Examples Demonstrating Neutralization
by Tunneling
e model for microscopic process of neutralization: resonant e secondary ion yield for metals with and without oxygen cov-
tunneling erage
o involved electrons of the same energy level as the va- e in practice:
cancy
> 2 o surface “flooded” with oxygen
o probability of neutralization depends on the electron ;
bandstructure of the material and on the energy level o or bombarded with oxygen beam
of the electron vacancy i : i : = ]
e intensity ratios AI/I. for Sit and Si” ion yields from oxygen-
o for high yields of ions: reduce neutralization probability implanted Si
e possible method: build up thin oxide layer etlion’emissionifioniicl Sy
o results in large forbidden band gap at the surface o lonjemisSIGICHIIC IR
o decreases concentration of electrons available for neu- = el s vy AL = 1=l
tralization of a positive ion
N a0 o | A : o |
v N | 7 N |
g : 3
Neutralization ME@ Example 10° grrmy—r-rrre—rrre
oA = [ 3kev Ar— Si(0) 7 5
g {{//4-@—' S s ]
76 /] é |O2 = =
2, S P :
< C l. Si~ ]
By — - oo E-._ ) ] 8 10 £ / g =
RI & F J / E
RN > B 7
; -
F f % ; O/O
— z g /o/ =
= E ]
z C / 5
Ei - i -
Ol /§/ =
Sl nrandln nrdl S
0.01 Ol |
ATOMIC FRACTION OF OXYGEN
N - d N 2
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Examples Demonstrating Neutralization

by Tunneling

e intensity ratios AI /I for Sit and Si” ion yields from oxygen-
implanted Si

o

ion emission from clean Si: I¢
ion emission from oxygen-doped Si: I
oxygen-induced intensity AI =1 — I¢

plot: relative oxygen-induced intensity Al versus atomic
fraction of oxygen

demonstrates enhancement in yield over three orders of
magnitude!

Oxygen-Flooding on Metallic Sample

1000000 B ke, CationMasB Ry ‘Tungsten Sample, Cation Mass Spectrometry with Oxygen Flooded

100000 K
10000

3
1000

§

ped W Wo

0 50 100 150 200 250

lower M+ intensity, but enhanced MO,+ intensity

\ A \. v
A d N ’
Ir . ——— Ir )

Examples Demonstrating Neutralization ; ,
by Tunneling Reactive Primary lon
Oxygen enhancement occurs as a result of metal-oxygen bonds in an oxygen rich

. . l - zone. When these bonds break in the ion emission process, the oxygen becomes
2 " negatively charged because its high electron affinity favors electron capture and its
O Alooo, oCr 3keV Ar — METAL - high ionization potential inhibits positive charging. The metal is left with the positive
a o3 oFe oMo e CLEAN SURFACE charge. Oxygen beam sputtering increases the concentration of oxygen in the
2 o OXYGEN COVERED surface layer.
= e Ni oNE il The enhanced negative ion yields produced with cesium bombardment can be
*0 I o Ba oW explained by work functions that are reduced by implantation of cesium into the
o Al sample surface. More secondary electrons are excited over the surface potential
l._-“J 10 “ Cr = barrier. Increased availability of electrons leads to increased negative ion formation.
2 01- P.
= IFC‘ oTa ._ I:I Pgstivgrgzzmdary
g '0-3 Si Ni o i1 Li |Be Cs" Primary
- I @ VIO oI Negative Secondary
> Nb Ba a|Mg
o, 2 K |ca|sc|Ti| v |cr|Mn|Fe|cCo|Ni
= oW -
= Tae Rb|Sr| Y | Zr [Nb|Mo|Tc
8 Cs|Ba|La|Hf |Ta| W [Re
u Tond | | | ] Fr |Ra|Ac

0 20 40 60 80 100 Ce |Pr |Nd [Pm|Sm|Eu|Gd | Tb |Dy|Ho| Er [Tm|Yb|Lu

L ATOMIC NUMBER 22 ) L Th|Pa| U [Np|Pu|Am|Cm|Bk|Cf | Es|Fm|Md|No| Lr )

A . o’ | A — -4




Relative Sensitivity Factors

02+, in Si matrix

RSF Ranges (atom’cc)

o focdes

Cst, in Sl matrix

RSF Range

OmE

" ol
ol oortodl] o |
| <l o

[ ool Jleolcoler| o Hi
E26]€26 E26)

" elelpileieil e T e
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Scanning lon Microscopy

similar to scanning electron microscopy (SEM)
scan an ion beam over the specimen

analyze sputtered ions at each scan point
quantify yield of a particular element

represent yield by intensity of corresponding pixel in the
image

elemental map
at the same time: topography

combination of signals, — synergy

;’

Principle of Depth Profile

e composition depth profiling with surface analysis

techniques?

= erosion of specimen surface by energetic particle
bombardment

o ‘“sputtering”
o two possibilities for analysis:

- freshly exposed surface (=> XPS, AES)
- sputtered material (=> SIMS)

o depth profiling -> remove controlled thickness

~

Pre-requisition for SIMS Imaging

Static SIMS
Parallel detection of multiple masses (high transmittance)

- difficult with quadrupole

- up to 7 masses with magnetic sector
High angular solid angle and depth-of-focus

- Extremely short working distance (500nm on Cameca)
. co-axial primary beam and secondary ions with opposite charge

. require O2 beam

- Reflectron can only compensate time or space so that only
high mass resolution or high solid angle

- normally 4°

- Multi-Sector is limited by pulse duration hence less
efficiency or sensitivity

- up to 180°

A

A
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TOF-SIMS Imaging: 16 day old Mouse Embryo
Cross Section Embedded in Paraffin

Optical Image

Total lon Images Total lon Images
Older Ga* Images with limited molecular information

Data courtesy of K. J. Wu, LLBL, USA

“Selected lon Images]

A

r S v S
Scanning SIMS
Total lon Image NlIJ_suillly 1f5D-3(t)
Pulsed Primary lon Beam LOLIESIONL S
Total Area Spectrum
o4 1>
Cellular Structure
v’ Chemical Image m/z1
T -
Selected Area Spectrum
All secondary ion information is saved in the B
miz RAW file (few MB to few GB in size) for future of Lignin
analysis. Postracquisition analysis of data is Practical molecular mapping down into pores
called Retrospective Analysis.
\ ‘} J
S r S

Molecular lon Imaging of Brain Section

——20pum ———20pm
b

M:3694 [cholesterol+H-H20]+
mc:9tc:7.113e+4

M1842 phoqphnhollne head group
mc:15tc:1.512e+5

———20pm

Sum of Sulfatids ions
mc.5 tc:2.628e+4

M429 4 [Vitamin E-H}
mc:6 tc:3 456e+4

R C16:0 carboxylate ion
G: [cholesterol-H}-
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3D Imaging of CMOS Device
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3D Imaging of P3HT:PCBM using Scanning ToF-SIMS
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3D Imaging of CMOS Device

"r

Effect of Molecular Depth Distribution on
Solar Cells of Different Architecture

Pristine Pristine Annealed
Normal Structure Inverted Structure Normal Structure
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