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Complements other standard analytical techniques

Species
Detected
Chemical Yes Yes Yes Yes
Mapping Yes MEE LGS ves ves (Elemental) (Elemental) (Elemental) (Elemental)

Lateral 0.2 nm*

: <5nm 10mmc¢ 2 1 nm*
Resolution ~ ~ ~
~ 20 nnd >0.5mMmm > 10mm > 0.2mm mm 1 mm 0.51m EDS 1~20nm 10 nm
EDS
Depth <«
Probed _ 5%% rr]1rrrr]'I >500nm  1mm 1 nm 10 nm 10 nm 1mm ~ 100 nm 10 nm
+ bulk mode  * imaging M.l. molecular information E.l. elemental information

Color coded for semiconductor applications with small dimensions.

IR PiFM brings molecular analysis to the realm of true nanoscale, providing both IR absorption spectra
and chemical mapping with ~ 5 nm spatial resolution and monolayer sensitivity.
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Infrared Photaenduced force microscope (IR PiFM)

(@)

BFrmodal Noncontact
AFM

Broad tunable IR laser
(589¢ 4400 cmt)

(b)

Signal from photodetector

f PiFM 1495 cm’!
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A multtrmodal AFM approach can colldet-Mchemical maps and topography images simultaneously.
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Infrared Photaenduced force microscope (IR PiFM)

(@)

BiFmodal Noncontact
AFM

Broad tunable IR laser
(589¢ 4400 cmt)

(b)

Photo-induced Force (uV)
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Good agreement between HIR and FTIR spectra

Absorbance

Absorbance

PiFM and FTIR of Nylon
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PiFM and FTIR of PMMA - Poly(methyl methacrylate)
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PiFM and FTIR of PES (Polyethersulfone)
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the use of IR libraries for defect analysis.

Excellent agreement between HIR spectra and FTIR spectralmmogeneousamples. Allows
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PIFM for Analysis of S0 nm
Organic/Inorganic Defects



How can you tell if you have a conformal monolayer film?

Sample 1, Carboxylic Sample 2, Hydroxyl
2.62 nm

Topography

Topography 2.48 nm

0.00 nm
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PatternedPolypeptoidBrush Monolayer

2.44 mV

Combined PiEM

0.03 my P : '
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PIFIR Analysis of ALD GrowpQjl

800 H
600 |

400 |

200 |

Photo-induced Force (uV)

Wavenumber (cm”-1)
— 1 nm 25mMm — 5nm — 10nm —— 25nm — 50 nm

Four spectra (Im spacing) are acquired from each sample; they are reasonably repeatal
Indicating that each sample is homogeneous. Compared to the broad FTIR spectriin, Pif

spectra display sharper features that vary with thickness.
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HighK Dielectric

Blue = HRThk= 0.1A
Black = HRhk= 3.3A
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PIFM Image of ALD Growp@l

11

ALD Alumina
Substrate

topography combined PiIFM

77.6 nm

Alumina is grown on top of a substrate material via ALD and examined via |R
PiFM. Topography is show on the left. A combined PiFM image consisting f
PiFM image for alumina (purple) and another one for the substrate (green)
clearly shows multiple pinholes (~ 10 nm in size) in the alumina layer.

Df one
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Other Applications



Monitoring st GluecleanWafer

13

Topography

Highlights glue residue at WNL1 (green) in the oxide
region. The display is adjusted to show the oxide
region. Due to the enhanced field enhancement on Ci
region, it appears much brighter even at WN1.

Highlights glue residue at WN1 (green) in the Cu pad
region
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Zoomedin Cu Pad Region

Topadraphy

L

500 nm
—_———|

14

22.0 nm

500 pVv
PiFM image at WNL1 highlights the
glue that remains even after the
cleaning process.

140 pVv
“" PiFM image at WN2 highlights the
Cu2+ based compounds (includes
CuOand Cuorganic) on the copper
pad.

97 uv

Combined PiIFM images show the
glue residue (purple) on top of the
copper pad (green).
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Automated Defect Review via KLARF Coordinates

4 KLARF Defect Map = a X

C:\Jsers\James Woo\Downloads\Nathan Jarnagin-160nm_PWP_HTO_BS_s23_26.SurfScan. txt
¥ DEFECTID CLASSNUMBER DEFECTSIZE Column to Filter:
i XTRANSLATED TEST HAZEAVERAGE
I YTRANSLATED CLUSTERNUMEER, NPPMSIZE 1
3.0E+7 XREL ROUGHEINMUMBER POSITION_BOX_THETAEND Filter Type
YREL FINEBINNUMBER POSITION_BOX_THETASTART O Min ~Max
XINDEX REVIEWSAMPLE POSITION_RCENTROID
YINDEX CHANNELID POSITION THETACENTROID OEqual
XSIZE ADDERFLAG RPPMSIZE
YSIZE IMAGEINFC SH_RATIO Add Fiter
DEFECTAREA POLARTTY
® Dsize AREA
Delete Selected | Delete Al
@ select All Columns () select All Rows Column Filter Type Value
DEFECTID XTRANSLATED YTRANSLATED DSIZE
1 150463000 157039000 1668 I
2 150510000 157175000 26176
s 150536000 157260000 55571
[ 150542000 157343000 53358
[ s 150517000 157435000 42529
[ s 150525000 157521000 41117
7 161223000 152611000 2292
[ s 161299000 152655000 76773
[ s 161387000 152668000 20508
[ 1w 161472000 152705000 75958
1 161557000 152721000 72292
[ 12 139857000 162772000 35502
[ 13 139800000 162847000 50783
' : [ 1a 139763000 162918000 102198
[ 15 139716000 163003000 130518
o 150000000 Se‘mcmomﬁmﬂg: [ 15 139662000 163071000 138305
e [ 17 139595000 163130000 122068
[ 18 139523000 163134000 84818
Lasso Select [ 19 139435000 163272000 17347
[ = 135460000 157638000 18523
Adjust [ =z 135400000 157705000 66252
Point 1
e [~ 22 135311000 157743000 87538
ﬁ [~ 23 135246000 157811000 135082
+ [~ 22 135163000 157843000 156570
R i [~ 25 135081000 157833000 158978
— [ = 134330000 157892000 115898
[ 2z 134152000 157425000 25055
[~ = 134060000 157435000 81941
[~ 2 133978000 157461000 101269
[ = 133870000 157457000 118369
[ 31 133733000 157462000 32523
[ 32 133588000 157475000 59673
[ 33 133621000 157555000 3233
[ 3 133589000 157434000 14165
[~ 35 133512000 157517000 10673
Density Scan | 4%
X Coordinates ¥ Coordinates Density
Cancel Import
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Photoinduced Force (mV)

Sul100 nm Organic Defects on Wafers

~ 5 nm thick, 50 nm x 100 nm

Topography
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- = DDX #4444, POLYTETRAFLUOROCARBON VFW - Controlled Pyrolyzate (Co. ..
0.001
wee{  |R Library Search
0.0006 -]
0.0004]
00002
0-] - o et ——
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5 Ihe

(Condensed Phase) IR spectrum resulting from

clion
investigation. Ii can be used by researchels to identify
principal polymer types. This record contains the non-volatile

polymer under

the pyrolysis

of POLYTETRAFLUOROCARBON VFW. The IR spectrum of
the valatile (Vapor Phase) fraction resulting from the pyrolysis
of POLYTETRAFLUOROCARBON VFW is
POLYTETRAFLUOROCARBON VFW - Controlled Pyrolyzate
(Vapor Phase).

Source of Sample

Radiation Dynamics Inc., Division of Monsanle Company

Phase)

spectrabase Compound 1D DpOvkIKcIVV
HQI Tag |rectio| DB 1D Name Spectrum
POLYTETRAFLUOROCARBON VFW -
8545 DOX 4444 Controlled Pyrolyzate (Condensed
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Suk100 nm Inorganic Defects on Wafers

Photo-induced Force (mV)

~ 3 nmparticle
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Photo-induced Force (mV)

PFPE Contamination Monolayer on a Wafer Surface

Topography reveals a
standard flat wafer surface.

2.00

1.50

1.00

0.50

inside box = 0.05% laser power
outside box = 0.5% laser power

Spectra suggests surface is
covered with contaminant . ! |
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Given the micreroughness and repeatable FiR
spectra, most likely a conforminmgonolayer

Contaminated with perfluoro polyether (PFPE)
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Crosssection Analysis

Topography Combined PiIFM

7.06 nm

Topography
925 nm
1200 cmt
970 cmt
1.00 prn
—
200 nm 0.00 nm
1.04 mv fea

0 %%
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Summary

A IR PiFM is introduced.

At ACa YSIadz2Nka al YL SQa Lw | 0az2NLIWiA2Y

A It provides for exceptional spatial resolution (< 5 nm), excellent surface sensitivity
(monolayer), and easef-use.

A VistalR is a turnkey PiFM systems with visible to-tRidasers.

AVistaLw OFy OKF NI OGSNATS {!laX !'[5% |yR |
signatures.

A Applications to monolayer/surface characterization and nano defect analysis were
shared.

A Covalent Metrology has one of our tools and can provide analytical services.
A You are welcome to contact us to discuss your application needs:
Info@molecularvista.com.

20 AR/
. . . . 0.0
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Thank You!
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Molecular Orientation and PIFM



Discrimination of molecular orientation
Poly(eCaprolactone)/Ascorbic Acid (PCL/5AMA Crystals

Topography

1042 nm

0 nm

Photo-induced Force (mV)
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Discrimination of molecular orientation

Ensemble averaged FTIR versus localRPgpectra

Topography (4§ & 1042 nm

m AA FTIR |
' Averaged PHR ! | /\
0.40 — V»

0 nm

Photo-induced Force (mV)
°©o o B = BoooR P
g & 58 5 8 ¢

0.20—

1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800
Wavenumber (cm-?)
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Combining S/TEM and PiIFM: AA

1732
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Understanding & Modelling of IR Peaks of AA

We are planning scanning
nanobeam electron diffraction
(SNBED) analysia the same
measurement locations to
correlate local crystal structure
to phonon vibrations.

absorbance

Ny

0 500 1000 1500 20(
wavenumber

°! %%
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CoreShell Structure

Jlopography

29.0 nm

Core-Shell Star Block

Copolymers
Hydrophobic ~ Hydrophilic
PS core  polymethacrylate
( arms

.’/v

Combined

<
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0nm 168 HIQ HV

Vv Yy

8.9 nm 8.9 nm

1493 cm1

A

0 nm 168 hifR MV
R
16.6 nm 17.7 nm
9.9,
0’0’0
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Excellent Repeatability

Carbon FibeResin Interface
47.4 nm
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30 SpeCtra Wlth 10 nm SpaCing ’ ‘190|0 180|0 170|0 160|0 150|0 l40|0 130|0 120|0 110IO 1OOIO 90(|) 80|0

Wavenumber (cm1)

The interface between a carbon fiber and resin are analyzed by preparing ssewtgs of the composite fiber via microtome) 3
PiFIR spectra are acquired across the interface with ~ 10 nm spacing. The first 8 spectra in the carbon fiber and th&0ast 16

spectra are very repeatable, with all the spectral changes taking place @v&s Spectra. The SNR is good enough to discern
chemical changes for each 10 nm changes in spatial location.

“ %%
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Photo-induced Force

3D Chemica

Analysis with Combined Surface and Bulk Modes
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Sample Information

Sample description (Grid 2)
The majority of the grid spaces area are usable, but most of the crystalsesmstallizecdbnly along the edge of the grid spaces. | highlighte

some areas that contain more crystals (red boxes).
1

NN NN
N NN
Seoemess
BN N NNEN

BNV NN
NN NNEN

The optical image from Molecular
Vista Microscope is shown above. The
sample we measured is the Grid 2,
same area with the No. 1 as the
sample information shows.

non-crystalline contaminatio

31
Applications Lab  Copyright © 2024 Molecular VistgAll Rights Reserved

.90
L X X 4
0’0



PIFIR: 10 x5 ¥

Combined PiIFM , Topography.

1751
1733
1683
1673
1339
1317
1253
1143
1119
1022

N
N 30
T -
T e DR p
e i ﬁ:W;\‘FWQ/&\/‘/ =
The combined PiFM image shows the | W../ M’%&Nw\wf
crystals are highlighted with two different ij\ww\/J”\f\wﬂ\w/ ®
colors: red and green. And the lower K D MR ) nll
regions are highlighted as blue and z | ST & %N/L&N:
purple. g . 7% NWVJ\,/V’ e
The line spectra with 300nm pitch were 3 <8
taken across the features. The green " . | i M e
highlighted regions show peaks around 2 I~ VN K‘/\M\Vgs
1751, 1733, 1683, 1673, 1339, 1317, ~
1252, 1143, 1119, and 1022 ém “ e
However, the red highlighted regions /\/WAJ,\J\:\W\,/ |
show a stronger peak around 1143tm 30 Ao i o) <"
than the green highlighted regions. The u Wv\f/ /\“W/\U;wﬂww::
blue and purple regions show distinct W“jw W{V\W\/ -
decreasing of IR signal around 1683 and y W:\F\Mﬁv W‘ ‘
1673 cmt, but a little bit stronger peak ﬁ« M{ﬁ&n&/\\«&%f
around 1733 cr. e R ‘JWM\V M <
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Nanoscale FTIR & AFM

33

Vista 75:

Smaller Fogprint for the Same
Great Nanechemical Metrology
(for samples up to 100 mm in size)

%%
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Nanoscale FTIR & AFM

34

Vista 300:

The Most Advanced Nar@hemical Metrology
Instrument

for R&D and Defect Analysis in Nanofabrication
(for samples up to 300 mm wafer)

%%
Applications Lab  Copyright © 2024 Molecular VistgAll Rights Reserved 0’0



Chemical Mapping: SEM/TEM EDX

Atomic Resolution Elemental Mapping on Sgla@stal

by Super X EDS (EDX) system on Tite808®berration Elemental mapping of a device
structure by EDS (EDX)

Corrected Scannlng Transm|35|0n Electron Microscope

Image credit: North Carolina State Univ. Analytical Instrumentation Facility Image credit:NanolabTechologies
https://www.aif.ncsu.edu/temlab/ http://www.nanolabtechnologies.com/TENSTEMEELEDS

A Advanced capability for elemental mapping, but
A No molecular information
A Not effective for organic materials
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AFMvs IR PiIFM of Norway spruce wood cell wall
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TEM Model

B vertical orientation C horizontal orientation

54nm

10 nm

cellulose
elementary fibril

Subb5 nm spatial resolution!
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Suk5 nm Spatial Resolution



Perfluorophenyphenyl interactions in nanosheets

Crystalline domain

A
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3:1 (Nonsubstituted:Fsubstitutedderivative)

6.51 nm gt Topography
" 4.87 nm
0.00 nm
0.00 nm 100 nm
1658 cmt
1506 cmt

39

Photo-induced Force (mV)
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3:1 (Nonsubstituted:Fsubstitutedderivative)

F and nonsubstituted Fsubstituted only

6.22 iz AVEN B 1558 1/cm, RiFM S &' 1506 1/cm 297V
0.00 nf _, . I N 0.51V
6.51 EI= 3.1/ _ -~ 3.04V
0.84V
4.87 n 412V
—
0.00 n 0.87 V
2.75V

Topography & 6.99 il

50.0nm .

091V
0 %%
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Monitoring st GluecleanWafer

48.3 nm

The selection of
the wavenumbers
for PIFM images -
are based on PifR [l 0.0
spectra acquired
on the samples.
The triangles show
the location of Pif
IR acquired on this
sample. The
spectra are
withheld due to
NDA.

Highlights glue residue at WN1 (green) in
the oxide region. The display is adjusted t
show the oxide region. Due to the
enhanced field enhancement on Cu regio
It appears much brighter even at WNL1.

Highlights glue residue at WN1
(green) in the Cu pad region

“ %%
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Zoomedin Cu Pad Region

22.0 nm

PiFM image at WNL1 highlights the
glue that remains even after the
cleaning process.

PiIFM image at WN2 highlights the
Cul+ based compounds (includes
Cu,0 and Cworganic) on the
copper pad.

Combined PiIFM images show the
glue residue (purple) on top of the
copper pad (green).

e %%
Applications Lab  Copyright © 2024 Molecular VistgAll Rights Reserved 0’0



Monitoring $IO-Si Bonding in Hydrogen Bonded Dielectric Layers
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Chemical Analysis of SLIB0 nm Particles

absorbance

AFM Topography
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28 6.00

A

20 seconds per spectrum

=

Characterization ofOH Bonds on Clean Skurfaces
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Crosssection Analysis

1462
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1200
1116
1108
1072
1021

970
803

36.0 —|
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A The PDMS contamination (126 AAAMAANAAAAAAAAAAAAAAAAAA 925 nm so

a0z 16 2(‘% 28023640

1108, 1021 and 803 cHand
hydrocarbon contaminants
(1462 cmt) were found across
the sample surface. The PDMS
might be from the container of
the sample.

The Si between the metal lines
show strong peak around 1116
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Falled Aminosilane Functionalization

Ideal functionalization should result in a monolayer

R R | | | |

l- —_— | N ,§i\ /?i\ /ﬁi\ /§i\

i - HO o
x/i\x HOAE;H o ? 0 ? (¢ ? ?OH

Surface

Only ~ 0.65 nm tall!

Topography, Line trace

2.84 nm
4.50 nm

Topography

1.94 nm

0.00 nm

Shows aggregates.

Only aggregates show
amine peaks.

172 nm
VoV

0.66
29.06

Height (nm)
Length (nm)

660 pv 1623 1/cm 416 pv
127 pv 97 pv
Aminosilane molecules are mapped.
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Photo-induced Force (mV)
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PIFM for Surface Chemistry Analysis



Role of Cu Oxidation in Low TFQuwHybrid Bonding

529cm’

48T:m 1 /

(arb.units)

Tran

How to monitor for Cu+1 (GO) with PIFM?
Use the IR peak at ~ 615 €m
XS
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