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Description of Atom Probe Operation

Atom Probe = Point projection imaging time-of-flight mass spectrometer

~50nm tip > 50mm detector = 106 magnification

Needle-Shaped Specimen
50nm radius at apex

Time of Flight (TOF) identifies mass
TOF~500 ns for LEAP, ATOF <1 ns

Evaporation initiated by:
* Field Pulsing
» or Thermal Pulsing (laser)

High

Voltage
e
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2D Detector

Determines x,y
coordinates of atom

Data are collected
and interpreted

4 " I

\ J
3-Dimensional
Reconstructed

Model of Specimen

z is determined from
sequence of evaporation events
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Application Spaces
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The Strengths of Atom Probe Tomography

Spatial Resolution 0.4 nm laterally, < 0.2 nm depth
(0.06 nm demonstrated laterally)

Sensitivity ~10 appm

« Compositional Imaging
— Buried interfaces
« Thin film interfaces, precipitates, grain boundaries

e Structural Imaging
— number density, size distribution, ...

« Mass Analysis
— Phase formation and composition identification
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Specimen Preparation

Microtips™ and the Lift-Out Method

o
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Microtips in the LEAP®

Top Camera
View

Bottom Camera View

 Two types:
— Pre-sharpened
— Flat top
 Uses:

— Depositions (thin films, organics)
— Receptacle for liftout
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Extracting Specimens with FIB

Step 1 - Extract the Coupon
[ I Deposit Pt

Attach probe and
extract sample

Images courtesy of Brian Gorman
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Extracting Specimens with FIB

Step 2 - Attach Sample Wedge to LEAP Microtip

Perspective view of Attach sample to wedge Remainder of wedge is retracted
LEAP microtip coupon

Sample wedge _“

icrotip post

With J. Sam Moore and Kevin Jones, University of Florida,
Brian Gorman, University of North Texas
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Extracting Specimens with FIB
Step 3 - Final Preparation of Tip

Coupon Mounted on Microtip Sharpened Tip Region of Interest

Region O 3 m

Interest W

Region of j 3
[EES

EAL

With J. Sam Moore and Kevin Jones, University of Florida,

Brian Gorman, University of North Texas _ _
Total time: 4 hours per 20 specimens

EXTREME METROLOGY AT THE NANO-SCALE®

Copyright © 2007




Lithographic Critical Features vs. AP Field of View
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Source: SIA ITRS and Hitachi Global Storage website
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Analysis Volume Approaches Transistor Dimensions

LEAP 3000XSi™ with DT200

SiON

Red - O
Green - As

TEM next-generation transistor LEAP reveals dopant distributions
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Verification

« Compositional
— Compare with known standards

— e.g., NIST Standard Reference Material (SRM 2137)
o Spatial
— Spatial Distribution Maps™ (SDM™)

o
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National Institute of Standards & Technology (NIST) Standard
Reference Material (SRM)

f’\;}
& - ™Y = - . . a —

w‘g‘j Nalional Jnstitule of Standards & Teehnology
) { -

<

Certifcate of Analysis
Standard Reference Materi

Boron Implant in Silicon Standard
for Calibration of Concentration in a Depth Profile

Serial No.

This Standard Reference Material (SRM) is intended for use in calibrating the secondary jon response to minor and
trace levels of boron in 2 silicon matrix by the unalyticsl technique of secondary ion mass spetrometry ($IMS),
SRM 2137 consists of a single erystal silicon substeate with a surface rendered disordered by silicon ion
implantation. The substrate is ion-implanted with the isotope 108 at & nominal energy of 50 keV.

SRM 2137 is certified for the retained dose of '“B atoms by neutran depth profiling. The dose is expressed in units

of "B mass per unit area. Noncertified information about the concentration of "B atoms as a function of depth
helow the surface is provided by SIMS.

Dave Simons, NIST
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National Institute of Standards & Technology Standard Sample -
Boron Implant

Depth (um J_DH Cone, !allﬁmﬁ-"ntn_;} Depth (gem) @ Cone., I'a.tt1,r‘3-“:":-;ﬂji) 1020 Eu =TT T LA B B B L B B B Ij
0.020 3.90 x 10! 0.175 8.05 x 10'° - SIMS ]
0.025 4.50x 10'8 0,180 823 x 10" . ]
0.030 5.17x 10" 0.185 834 x 10" I 4
0.035 5.86 x 10'8 0.190 B.36 x 10"

0.040 6.63x 10'° 0.195 £27 x 10"° 1019 L ! o

0045 7.53 % 1013 0.200 £11x 107 - %

0.050 .40 x 1018 0.205 7.83 x 10" L %

0.055 0.50 5 10' 0.210 7.43 x 10" —_ i 1

0.060 1.08 % 101% 0.215 6.93x 10" a 1

0.065 1.22 x 10" 0.220 631 x 10" = - %

0.070 1.36 x 10'¥ 0.225 568z 10"° 2 1018 ) B

0.075 1.54 x 10'¢ 0.230 - 498x 107 2] F % 3

0,080 171 x 1019 0.235 428 x 107 g J :

0.085 1.91 x 10'* 0.240 3.57x 107 o %

0,090 2.14 x 1017 0.245 2,01 5 107 I §l

0.095 2.38 x 10"7 0.250 2.29 5 10'” ~ {

0.100 2.65 x 10! 0.255 1.76 x 10'° o IU” B i i

0.105 2.93x 10" 0.260 1.30 x 10" = : E

0.110 324 x 101 0.265 925 ¢ 10' 8 3 ]

0.115 3.56 x 10'° 0.270 6.37 x 10" - 1

0.120 3.90 x 1019 0.275 4,20 x 10" A % ]

0.125 4.28 x 107 0,280 2.65 x 10'® S %

0.130 4.67 x 109 0.285 1.61 x mif 1016 B o |

0,135 5.08x 107 0.290 9.25x 10" E .

0.140 5.49 5 10° 0.295 s.01x 107 ¢ Peak depth: 0.188 um e

0.145 5.90 x 10%° 0.300 270x 101 r 19 3 SRt )
5 6.32x 1017 0.305 1.34 i . - I 1 A

Py 672 5 10° 0310 s . Peak conc.: 8.37x10 /cm g,

0.160 700 5 101 0.315 3,26 x 10" 15 o S I oy

0.165 7.48 x 10'¢ 0.320 160 x 10'% 10 = _

0.170 7.79 x 10" 0.0 0.1 0.2 0.3 0.4
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NIST Standard Reference Material — Boron Implant

Concentration (#/cm?®)

10 B implant in Si b ind L Tl i ol 5 & 5 S
Sensitivity of ~1 x 1018 cm- *
is demonstrated . 8
- § E %
NIST Total 1 x 10 cm= _ 8 3
Dose il z 2 =
§j 2 w
LEAP Total 9 x 104 cm= 2w
Dose i
] DEDD. g
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Spatial Distribution Maps™
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“20™ Analysis direction

-15 -10 5 0 5

05 0 0.5 1 15 2
R8_17855 012505W_2 02-10-2005

0.5 0 0.5 1 15 2
R8_17855 012505W_2 02-10-2005

. 0090 00F O
1 1

00T 0

] 00&C ooF o 0050
1 1 1 1

-0'edo
1

2 S e e RO e

s_

§_ —— e S e Tl e I

?

"o 5 e S e i S e : B = -
g— I

07400
1

0°'e0o
1

0.5 o 0.5 1 15 2
R8_17855 012505W_2 02-10-2005

Tungsten bcc

lattice observed
Brian Geiser,

Imago




Compositional and Spatial Verification
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PolySi/Hafnia High-k Dielectric Stack
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Poly-Si Gate Analysis 1
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Compound Semiconductor Nanostructures
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Summary

« Atom probe tomography provides atomic-scale
compositional characterization at high sensitivity in 3D

— This is especially useful for characterization of
buried interfaces

 Specimen preparation is similar to TEM

— Local electrode enables rapid preparation of multiple
samples

 Site-specific Lift-out enables many new applications
— Semiconductor device development
— Failure analysis
— Competitive analysis

\ \_._\...
X

LEAP
= 1 And
SIMS .
= { Correlated —25§-
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