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ITRS Summer Meeting® hEwI R TRl
fidFocusTeams/TWGsHSDX MNOOS —=— X Di&im% ZElin

FTITWG Metrology Needs IJ_I mﬁé =
Lithography |+ Metrology for full 3D profile and defectivity, including bridging and void defects -
+ Overlay metrology for DSA (More sampling at higher rates is needed to fully

capture overlay shifts)

* Overlay metrology for double pattering (< 56 nm)
+ DSA metrology & defectiviy needs (on large area)
= Surf; i asurements

=1 4A0nmU T DN =TI ELUZDEFEFERR (3D)
e DEEMTHAN. DSARBERE. 5nm node®double -
patterning TDOverlayztil. KWIU7ZTODSA B
metrology & defect (FRmE#Ek. T4 FARADALIEE
CD) ENTWG/FTHBEDERELTEN. —

Interconnect

ESH

TTATTU=TIT
+ Strategy on interaction technology.
items More Moore « Stacked Nanowire characterization and Post wire characterization
Yield * Overlay and alignment for wafer to wafer bonding
FEP * EUV reticle defect inspection
Interconnect * Particle detection below < 40 nm and its chemical composition(3 Dimensions at

Planar Devices, 3D Devices)

* Dimensional thickness control, & AMC control: outgassing and increased cycle time.

* Embedded defects — voids; 3D information for particle detection

* Defectin DSA - buried defects are not easily characterized using standard detection
strategies.

« Gate oxide integrity, Metal gate work function

« Carrier mobility for stacked fins with strained Si, SOI, IlI-V, GeOl,

« Stain, defect density, material composition, material dielectric interface, material loss
oxidation.

+ High mobility Channel materials characterization in non planar structures (lll-V)
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Spacer-Assisted Quadruple Patterning (SAQP)

* NIST R. Joseph Kline
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ITRS Summer Meeting @stanford University

LabR—2DEIEEXERICIENMLETHD. Linac ICS (Inverse
Compton Scattering), Synchrotron ICS, Metal Jet Anode
(Liguid metal jet + Electron Beam), Microstructured AnodeZ

EMMERERANEL TEITBN TV,

Linac ICS

Laser amplifier

Detector ‘

c Quads
RF gun 1 meter long linac r10 oS / Dipot Sample g
B JUTTTITIIUR | |/ | o
) MARAGRRARRANT | " ’ X-ray opt
, Laser cawty Electron

gump
Graves et al, . Phys. Rev. Spec. Top. - Accel. Beams 2014

Metal Jet Anode

liquid metal
anode y

X-rays

AN

e-beam

www _excillum.com
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Svnchrotron ICS

RE Gun Electron Beam Injoctor

and Laser s
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WIS TN EREL

I mode-Jockod Lascr -
matched to nng cycle Mirror 74 3
[requency (~ 80 M1{z) X-rays

www.lynceantech.com

Microstructured Anode

e

Diamond Heat Sink

e

EFiREhiE

www.sigray.com

* NIST R. Joseph Kline
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> Soft X-ray Emission Spectrometer, SXES

SXESHF4]:
e BEFE—-LRIECICLD.
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> Soft X-ray Emission Spectrometer, SXES
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® Optical-geometry in OVc:It_age application to
electron holography specimen by probe

V<«Electron Vg
un
<Speci men>

%

Ref.

*Piezo-driven tungsten tip was used for
terminal biasing.
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B FEEE NHE(FCMN2015)

FCMN:Frontiers of Characterization and Metrology for Nanoelectronics

FCMNI(EEHE - 5T8) - AZAT RN C T A— DA (I RENRERLAMFATIFR (NIST)
T, BNOTAMNBIRRELL CTEERF =

BfE'D : Dresden2015/48

MEFES
yiar 3 Se TR iMBA (WMAE)
1 | Keynote 3 Fraunhofer IPM (@ Max Plank Inst.
2 | General 2 TMTS Imec
3 | Microscopy Metrology 3 Tennessee X GrenobleZk Jordan Valley

| ERHEOXIRCEBCDETAL TEM/STEMAZMT, NEYSJ¢ (Atom Probe. &
| FHRXHR) | XERERAT. BEREVERE (Vo U R, BERE) REZDIRIChIES
| (2) ShN&EZX

| o RAYBHEEVLSTEEHD R YDKRE - FFHEA NS DFERNZ L)
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e ZNIEEITFI140% (FI[EI20135(F#920044) i
o ) WS a> THERKEN. Keynote 314, Oral 294. Poster 494 i
(3) Y3 tERk - FEFRIEE -

o T)\AAX=hH5(EInteleGFH, IV -7 AhB(EImeck CEA-LetihbFEER
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BN FEEESNEHE(FCMN2015)

Plenary Talk (GLOBALFOUNDRIES)
3 D metrologyh'asIcCEE RSN, OCD. CD-SEM. AFM, TEM/XSEM.
X—RaytbeEi'iﬂw) SN E ., UNUEIROEHAIET(E 5372 3 Dlﬁﬁﬁb“

B/onRLzsd. GFTlEHybrid MetrologyZ L TL\BEDNE

Attributes:

CD-SEM

TEM/XSEM

X-Ray

What to measure

CD, profile, other

CD, roughness

CD, profile

CD, profile, other

Ultrathin films,
composition

Where to
measure

Periodic grating

Any

Any

Any

Mostly Unpatterned

Time to solution

Days to weeks

Minutes

Minutes

Hours to days

Minutes

Destructive

Negligible

Minor (resist)

Mostly none

Yes

Mostly none

Time to measure

Seconds

Seconds

Minutes to hours

Days

Minutes to hours

Summary:
strengths

=y

e

Assumptions-and
limitations

Fast measure
Most profile info

== Ijlgh Precision

Quick setup and
fast measure

Anywhere™"

Most profile info
High accuracy

l_

Full profile info
High accuracy

Ultra-thin films
and composition
Synergistic to

Model
assumptions
Accuracy &
precision trade-off
Requires grating

Constant and
uniform profile
Limited profile info
Affected by profile

fiip wear and
characterization
Needs Large

Typical Fab
usage

“workhorse” for CD
and profile

“workhorse” for CD

Process-
dependent
resolution
Limited statistics
Expensive &
destructive

in-line

Absolute reference

Composition

Difficult for a single metrology technique to meaéure all critical parameters sufficiently on 3D
-> Hybrid Metrology emerging to fill-in gaps where individual techniques are lagging

S -
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> 3D-AP: Laser Mode

Needle Specimen

RALKRZF JAK R

Y. Shimizu et al., J. Vac. Soc. Jpn., 56, 340 (2013).
“Elemental Distribution Analysis of Semiconductor Nanostructures
with Atom Probe Tomography” [in Japanese]

R

Position Sensitive Detector

Z-axis
< (X,Y)
1 GLLLLLLLLLLEG
LLLLLLLLULLLLLG
LG bbbbbb‘.‘ﬁbbbbbb
b“‘«b' .9 L—b& bbbbt “e bbbbbbbb‘d& Ll:b
hs éﬁd}}b“é’é‘ bbbbtb(‘bb}.b&bbé‘&&bbb
8| CELLLELLOLLLLLOLL6L6e
= VOLLLLLLLLLLLLWLLLLLULG
3 GLLLLLLHLLLLLLLLLELLG
COULLLLLLLLLLLLLLLLLULG
(.‘7 b‘d‘:ﬂﬁﬁd (.:‘L‘a‘ bbbbbbbb& bubbb“bbbb'b .
bbb b bbb b b Z
! VOLLLLLLLLLE
Cryogenic
temperature
In a vacuum A Stop
chamber tart . >
Time Of € I 3D reconstruction

DCHV
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3D Atom Map Obtained by AP TRl

e.g., n-type MOSFET structure 1dot:1atom (1 ion)

Advantages

v' 3D Elemental Mapping with Nearly-Atomic Scale Resolution
v’ Inside the Materials

v No Elemental Dependence in Detection Efficiency

Difficulties...
v . ’ Y. Shimizu et al., J. Vac. Soc. Jpn., 56, 340 (2013).
Small Observation Region “Elemental Distribution Analysis of Semiconductor Nanostructures

v Destructive Measurements, Sample Fracture With Atom Probe Tomography” [in Japanese]
v’ Limited Information on Lattice Structure
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Dopant Diffusion in Trench-Type Device: Phosphorus @

P: 10 keV,2x10% cm™

Annealing: 900 2C
1 120 sec. 600 sec. _

Phosphorus

1 P atoms appear
: to diffusevia
3 A
. Grain boundary
5 . - o '
& ':_; — 'ﬁ}%}*h Low concentration of P
. . - P atoms diffuse along grain boundaries
s L :‘-_3‘;...: #ie%s and into grains,
) Vol Zen Low concentration of P at Si
) e . '-‘;h sub./poly Si gate interface
* . - T 1- } l o 2 r ;_..
—— . b T - . . .
*“"ﬁ R LPTAC For P, grain boundary diffusion
T T is dominant.
APT map: 10 nm slice zm

B. Han et al., Appl. Phys. Lett. 107, 023506 (2015).
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Dopant Diffusion in Trench-Type Device: Boron @

B. Han et al., Appl. Phys. Lett. 107, 023506 (2015).

cf. Phosphorus 120 sec.

600 sec.

-

/ Eﬁm

20 nm
B atoms appear to diffuse T 0T
via grain boundary
B: 2 keV, 5x10% cm™ B atoms were almost uniformly
Annealing: 900 2C distributed over the entire region.

Grain boundary diffusion and bulk diffusion
both play important roles in the diffusion of B.
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AES : Auger Electron Spectroscopy

AFM : Atomic Force Microscope

CBED : Convergent-beam electron diffraction

CL : Cathodoluminescence

CT : Computational Tomography

EDX : Energy Dispersive X-ray Spectroscopy
EELS : Electron Energy Loss Spectroscopy
EBSD : Electron BackScattering Pattern

FIB : Focused lon Beam

Gl : Grazing Incident

IR-OBIRCH : Infrared Optical Beam Induced Resistance Change
RBS : Rutherford Backscattering Spectroscopy
SAXS : Small Angle X-ray Scattering

SCM : Scanning Capacitance Microscopy

SEM : Scanning Electron Microscopy

SSRM : Scanning Spread Resistance Microscopy
SIMS : Secondary lon Mass Spectroscopy

TEM : Transmission Electron Microscopy

WDX : Wavelength-dispersive X-ray spectrometry
XPS : X-ray Photoelectron Spectroscopy

XRD : X-ray diffraction

3DAP : three-dimensional atom probe
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