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Applications of Atom Probe Tomography to
Semiconductor Devices
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J7 T4+ KRBT & %1% 4R (atom probe tomography) & —4E state-of-art A FHERL AT Hodlr - 78
R AT R R BB R Z R T o6 € LEMRZIRNAEMF - T WH - £
FH R AT 0 LA A 0y R MR AT ﬁﬁkféﬂé A FRAL C R & F kg > A8k ARy
AL EBE AT R Z B4R o AXRBER THRETBEHRRIMENE  EATHE
BIRETEAEFE AR » RBIRFT BN \#)'Ta‘imft*-%‘E?ﬁ“ﬁéﬁi&éﬁﬂw&ﬁ**%&@
AR H L AR R R R T4 RETE BIR R T R ey it de -

Atom probe tomography is a state-of-art technique of microscopy and microanalysis, enabling
three-dimensional atom distribution of materials and devices. It has been widely applied in the
fields of materials, devices, geography and biology and the characterizations of many solids.
Its unique spatial resolution and chemical detection limit make atom probe become a critical
characterization technique for contemporary devices which are small, complicated and three
dimensional. In this article, we provide an introduction to atom probe tomography and further
demonstrate some practical cases in semiconductors. Moreover, we address issues on challenges
and difficulties of atom probe for applications in future semiconductor. We expect this article is able
to make readers and semiconductor experts have clear understanding in atom probe.
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atom probe tomography (APT) & HEE4 o = A T HRET BE T R B #1548 - KR
HE HHRE 1145/ 5 local electrode atom probe (LEAP) » f&i#f# 55 atom probe * Eﬁ'é%’]%ﬁtﬁ
BHFRAFETTR R T2 =M A0 - {222 _LREHTZEE] sub-nanometer SERZ FEATREE » 1ERUD 75
7 _ERESEERNHY 10 ppm Ff s (IR - & — R & A R P -

A APT S B aNtE 1 Frs - BRI M EE 8 BB ERCEAE/ N 100 nm
ZHIAESFAREEE - AR RGHASUED - EHEER R MISHARS BTN EfREE v - Al
FHREE (F) A3 F = Vikr'® » Hr k BI3BIK T H 8 (field factor) » /THY 2—5 2R » KL »
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RHEMETR TR IR - SRESEST RATRIV I E R ZES - Kt FRm A 18t 11k
AkhEE - LT RS R385 7588 (field evaporation) * 1l APT ST & BRI SR 35 25 31T Ry Ak 5tk
7@ o WEtREER APT STERZLEGRA - IhAh - BRI SRR E R T2 28 -
BRIRE — N JHE 80 K DU N2 ARERET » Ryl 007538 AP RIBE TERIT a2 P2 2T H E R
BETE - PEBS EZETHE 107 torr DA L EEZRIRES - B T AR AR KT o $HRIGE
IS HIERE (V,,) » FREIKEM (local electrode) Jii LAE R EEKE (voltage pulse) BE 4k
I0EE SARE (laser pulse) HY—MBER] » 2 I W% 3% 4= 45 25 32 T2 R B+ 28 (m 6 B U A T 2%
(position-sensitive detector, PSD) » fEFEHIS H RIS EIEH - F—(EIREEEE —E R+
WeZE e - A - fE A SRR T REE R (i H— 8% & (atom-by-
atom and layer-by-layer) {7 #3525 85 7R - MEHRFEE BB » BT =ERE v, LEFE
LB ARERF 28 SRR ICR T (R > kS - —{EAT5ERT APT BugED

S 300 HEE TG - AT APT BUS MRS RS -
Specimen Local electrode (LE) Reflectron
—"1-__ ________________

’ oF+

Voltage pulse
Laser pulse

Position-sensitive
fetector (PSD)

L ERERTFEHRETRBRARIMBETER -

TR APT B§HEH » local electrode WYRRETHHEEE - E—JFHiKG T B A (R EEK
iy - S5—J71H - CELEHREEAVHERMBARE R THE RFPDLE ALK - KigREERE
1, (field of view, FOV) » i 2 HR7558 2 Bt T-RES) DU MR BT8R - RIFT 2 APT
¢ ffi X fy local electrode atom probe ° [5h » PSD &% & uE B H i (micro-channel
plate, MCP) BHZE {74 {E 0] 25 (delay line detector, DLD) Z A& HIA# » HifT-5H:iE MCP &8 h
DLD E4AEHNIE - FEIEFRIR sk ERE B2 (X, V) EEDUR RAT IR i B i K
ANt AR HE MCP seat R T RIRE I & 098t + (JR+) - #% MCP R & FEEE+
B & L Ry fH I =R (detection limit) » H B ZE fh < i = HHIGER AR 80% » 5 MNEE ST
7 (reflectron) Z 3% fHHE ATE S EREREATE - EHRARITIEBER R - HAAHIZERREESR 50%—
60% -+ I H & fEE g8 & % FOV <2 EFRH -

APT Z (B ER A7 53 B e PR A B S B 17 3 [ B o (e O O B Y i o o O B TR T I
fil » BIATES time-of-flight (TOF) » FHHELFIZ B+ RITEEBE DU LB+ 352538 2 B - "I DL
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1SEBET 2B (m/n B Da) » HEERTEAHE S - EREIKERE NEWE LSRR E
1/800 amu ° 534 » il Al USSR 8 AR AE R Bl T RITHYBEBE - RESwTE = B 17 3 < f i
ZEHEEHE 1/1100 amu © HEZERE » Name B2 WY A=l R A Ao R E
1 PrE TR A RS - NEA R BRI ERE N - ST R T RERL AR
7 o DUE B B2 RIR - BIEEINSE R E e ok Sl T8 B e 5 - flan A" » “Fe™
Hor? ZH B LR BE 5 o AR TR E DL B TR - TR SR
AR7E - ME M MR DUEB[E AR AR 2R -

APT Z B GBS RS (reconstruction) A AEMETS o Tl APT B —fEELRF
FAHIT (point-projection microscopy) * Kl » AfE 2 AR » FRAMHEGEBE T BEBA S50 R 1 1%
B o RS #E R A R 2 EE (inverse projection algorithm) &M o (HHl 28T &
1519 (X, Y) EEAZRESE B RSB R T IR R (x, ) FEAZES

X Y
x=— and y=—
M M

BT IS RO AR HR R L H B L IRIEIR SHR B R iU IORR
(M) LA LL T RRAFRKRES -

__¢r _¢r
L+(R L

Hrp L Regtoe 2 EM G 2Rk - R Ret R =P - & A R7 BEMEE T (image
compression factor, ICF) » & B AT I HHE 2 Z RMREIRETEZ » ICF /1 1—2 [ » ICF
=1 FPREREBIR R » ICF = 2 WP RIS T HE TR R » ILOh » IR FBUVEE JT IR EEAR (z;) HIDUR
TZEBRRERIIER () 2KETHR -

. n—1 ’
z; = zi:1 dz; +dz

Specimen Local electrode

Shank angle

HV pulse

(V) V'
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HA dz, R RFPIE » T dz' SR e B IS - SN A TS5 0™ © - FE L - SEES
AR L EEZ2HEE ICF » HHEGHEE  JRlGmE - HBOCIE » FTiaEbl R
TTEERE - #EPRH AT ERE R APT (Zifk [ ZE AT L IIE 0.1 nm - 5[A1Z2 EARAT L A] 3 0.2
nm > N - BEEZEATRERN LG AR AR - SHRFERRRR TR « SRS REIIE
M. FEA(RAEAHEN - GBS E R MITE TR - EHE APT HifrRERs
SEHYE ERE

TEBIRFE 2R T » B 2023 A HHE T 28K B2 Bl B It e 15 1~ S i 72 L 2R
GIEREZEE 2R Tt RETE R B - HASE R LEAP 5000-XR - f[RIFRFFC i FE BRIk
fiTtl UV EHKEZ =R APT » il HAEREC ST as S = B RE AR AT Hae i AE B Ry (uit s
PRZR 1 o AER A AR BT Se AT TR SR = RE IR T 04T - BARFRESTT A LA~ S
& MhREZ W R BB R - ISR RS2 BT PR 3 2 S

% 1. LEAP 5000-XRZ & 45 & 1 A& -

Maximum Voltage Pulse Frequency 250 kHz
Mass Resolving Power 1100 FWHM
Maximum Pulsing Fraction: <25%
Maximum Laser Pulse Frequency 50—500 kHz
Laser Wavelength 355 nm
Laser Pulse Energy 0.001 pJ —1000 pJ
Laser Spot Size <3 um
Specimen Temperature 20— 100 K
Field of View 200 nm
Detection Efficiency 50% —60%
Chemical Detection Limit ~5 ppm
Spatial Depth Resolution <0.1 nm

—~FERTHZER

MR T 3 M A = (E E SRR T m - E—2EE 2 E - HeikE & 2=

W IE SR 2R 75 =UEE T BB (scanning transmission electron microscopy, STEM) ELA&A] DA
#| sub-Angstrom Ff .2 22 MR « B 2 LM ERIR - FE(LERAH R B — T RIZERE S
ARICR I - S 7 FERGE K E S E IR - BT KB (secondary ion Mass
spectroscopy, SIMS) ELAET] DARERE ppb il 2 EHIMRIE ; H =2 = MRS EEAT - 2 8EE
R AR R oG TEAHACKEREHSETZ =M 5® K= EMH
EEEEE R R AT S R - B 3 R E SRt i (R R R T Bl gl A
WSR2 R P Am i FAME 2 T DAATE 22 R AT B B A A i fR R A BB 45 1Y » =i
Bt STEM EfESRGEZEZE] column-to-column Y sub-Angstrom Z2fAfETEE ST » (HEL & E FHEEIR
F{# (electron energy loss spectrometer, EELS) 8% X SR EEE R 7M1 (energy dispersive
X-ray spectrometer, EDS) 1£R {77347 < A HIS PR AFITE R at. % - 15 FEEF I E N FTR
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HI5T PR B A (R PR - SIMS & RBES = 2 = AR HT SRR - (275 22 [ AT R B R
~f B0 HIfERE NanoSIM AR 50 nm - [H#H & HE . HHRHED T A SRS SR E FrEIR -
&k - HEERA MR  tTEr Z =M= M B LR R AT RE T - MK SR 2
BRI TR DR R T 2 08 - AR - B PSR TN EE RS0 IME - BAPR
FHECE AL - TTHFRIRS It T as (L R - L - APT RESETM R R E TR F 2=
HES A > FEH sub-nanometer ZEfEIfRATEELT 10 ppm ZAEHIMERLR - H ET#R R /e E i T
iy 2 HIM R AT R -

Analytical spot size

100 at%:

10 at%:

1 at%

0.1 at%

100 ppm

10 ppm

1 ppm

Detection limit

100 ppb

10 ppb | ™ Elemental information |
¥ Imaging information

1ppb | Elemental and imaging informatfon
W Physical and/or optical properti

100 ppt | m™ Chemical bonding/molecular/structural information Bulk

Techniques

ETV-ICP-OES

10 ppt 1
0.1nm 1nm 10 nm 100 nm 1um 10 um 100 um 1 mm 1cm

GEEVSTET
@penko  EESDNN
<EIEE——

G
Imaging techniques

CGEE
< Nanoindentation
L oM

3. 7 B B % AT T 2 BEE R (spot size) S A% 4 AEAT 45 PR (detection limit) 2 5 B

APT RESUEATFERG FR 2R I 7 B SR 2 A2 BLE A » 8 4 e Bl Si A% As B {fifE
% JefRAGHE 600 °C SE/K 30 438 EE 1000 °C JB/K 30 AT RGE Z=HEER - W& 4(a) TR »
—ft TEM G ErEb = PEEEZ FER GG - E 4(b) < APT EHIBHIFTLUEE 28 As R
BIRAERRR - SEPHREEZ As BHEFE FIREN R 0.8 at. % » MZEFRAEREREZ As &
FETIE 3.7 at. % * BLECRAMERR T APT SAMUINE Y B LAY BUR M B E BB ST » A
FEES— OB R MR R TR 3 3 As 1Y Cottrell A7 - [ 5 5 N BlEL p A% 5, Si R
e BELY SN FE LS (metal-oxide-semiconductor field-effect transistor, MOSFET) 2 APT
ST EiH N B MOSFET (2264 Si DL P 7T 2 X 10" em ™ BETifE (10 keV) » 1 N A
MOSFET 2% Si DL B 347 5 X 10" em ™ BETfifH (2 keV) » B EFHL 900 °C HEFTHIEE
WK« APT sk 230 P B B AR FEiRET R 2 B 22 52 » 0 5(a) A
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P BHE T Z A IIERE R - LA PSR IRECEE - fERRMER AR - ZH P
BRI TR Si A5t - MR - 21 5(b) Fis - B BRI TEEVTENE RS2
B ERRRFERAKR - B BHETHOMHEDS - £ B 28R T r AR DU S
mn B (2 B MHOR FLBREIGEE  IUWFSER R T P Bl B Wil M IR TR K BRI T 2=
S WAGEH APT 27 R B R K BRE LU R T 2 S R T RE -

4. As #32 Si dh e84 600 °C 3B K 30 442 & 1000 °C & K 30 # P sz £ 3
3% ¢ (a) TEM #{E9 (b)) APT EH=4F1E - SiaRE 0486 As 810

(i)120's (i) 600's (iii) 1200's

5.(@)N A (b)P A % & Si MARe B A iLihn TRz
APT 547 &5 P RTHH ; %&b BRTHH
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APT GEH9MENTE B TR EREAE I Pl E 2 TR o mERE R - &AL
SRR A RS R PN R B SETRT Y (planar) ~FERETCAF - (BHEREHAE @M U AUASHE -
6 k5 N #If p RS BE YIS NELE 2 SR EREE APT SR » H N 2L FH
iz Si BHEP - FAR Si B4 B - i ] DUBEFifERGT As BHEZ IR RARILEfH (source/drain
extention, SDE) ; P B 7 il Si 2% B » Fiff Si B4 As - A6 n] DIBEF-fifE3% T B .2 SDE ©
't MOSFET 2 EEFEEEAE/NFY 100 nm - KFLA] DAE APT B BRI ZRAVERE M
] DUE— 5 MRS SDE BUELARCEERY FLA » & 6(c)—6(d) Fx » Ak SDE #%at#f
N I MOSFET HIEACH EBHRE B A s ® - (L2512 P 4 MOSFET RYESGH B2
B RIR R R LI SER R HTE R As-SDE a1 N B MOSFET H - #%iER
K% » SDE Hii B i B fiomiE - PosEomIE . B BHHRE - FH50t - 5 B-SDE %
1Y P B MOSFET HIARy As ZISEREERAL - RIS BB E] As BHRE SR - [tifF5E
RS T4 SDE 2 N %l MOSFET #8755 HI B EE PR A L o

€)) (b) M O Isoconcentration
.« P

* B
Amorphous-Si cap Y
X

Native oxide

Poly-Si gate
Gate oxide
Source/Drain

extension
Si substrate

—
(2]
~
—

o
=

2 o Without SDE
o \\Vith SDE »

~—TTr—Tr—T—TT—T

. 2} o Without SDE 57 1
* With SDE_, # "o/

Normal probability
o

0 20 40 60 80 0 50 100 150

Normalized number of dopant atoms in analyzed region Normalized number of dopant atoms in analyzed region
6. N Asiz P Rl MOSFET X (a) &# &8 » (b) APT #I5 EH » A A
(c)N A ¥z (d) P & MOSFET il i 2 #% 3R 7% o m'? -

%+ APT =#tERE R B B EE T 2 ZAm ot - =5 E R (fin
field-effect transistor, FinFET) Bl —fE 178858 (3D) &8 Tl - [E 7 Ky APT AT 2R
B B LRSI T R 0 - E=NUGRE RS ZASHEEE U - G5 TR
TEM B¢ STEM WY _#EZ G5 iR E G5 B 50E - 28 » WE 7 A » deEofc gt
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%i&%%ﬁgﬁ%TUﬁﬁfﬂ FHRFER e - I HH ¥ B AR T 2 i g T e
SRR ENE - WS R T AR i (S/D) BARAMR . S - AT ASEER K BRI R
< As BRERIERG EAF‘E%W APT HURr] DU —0 230 As IR - FHDABR PR BGE0AR -
FHIELBFSE AT DAS AT APT {EeE R8T AR R AT i s IR B A A -

T T =] ; T
T|N ‘1¢ I L] ﬁg:filr?gealed
£
S 1E21
HfO, § 1£20 | Source / Drain |§ GATE
o I
E1E19 i %
As E l E,ﬂ", = g
. ° w ® .,u ml-:h A
S|02 § : b e m
< ! u"‘
d . ll) 12) 20 3‘0 4b 50
rain Depth (nm)
L ; Gate _l S View along gate
ource
View along S/D under diffused
Gate dopants
Oxide o T AR |
Substrate
60 nm
Site 3 .
Site 2 . A
; \
Vel W
= oL

20 nm o 40 nm
7. X GHEREZ LT EE M APT EHEBIEA T EL@ R ¢ Site 1 & S/D # R
A8 E 2 R > Site 2 & S/D % SiO, & F Z @ ~ #1 Site 2 & S/D AR e R &R A
L HBEZ As RERAALD -

= ~ APT Z¥ S8t Hn 2 HkEs

APT SERTASAE E AR R L ot R IR H A AT UL SUEE - i - AR E#
LR RZER BT E S (1) EEEEENEE - Q) LERnEEFEE K 3) &
HBgERE - RMRITREZR —fHls

fEfERgEEER L APT i RHIM ET‘BAﬁﬂﬁx&Y“") TESHREAG S LA
TFERET PR (focus ion beam, FIB) » (Rl » 5 i B s HE (K - 5oL A%H Plasma FIB [
i RIEFE S SR RER » AR+ $FAQEURTE atom probe FHHETTH R H RIS ZE#HIEL
hERME RS - #ER UV SR CRKNIEEIEEZHOLES - RERMATEZEEREE UV &
FIRIRE E B IER « itk » —i% APT BB W EEIF IRz 3 —5 /NRF » BB A4 2 %R H
$H MO TRIAE - Rt - i BRI G R i B B L B B2 P R 2K APT 2%
B -
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APT HY(LEE B (E TR PR B P B RS ~ (EEISR « DURE RS AR (RS
FERIMEEE AT SN R T HEE B BN IE S B T3k - WA RIRRRR - R - &
PR Sl B E T f  i RS T EBRE 10N - DL 20 X 10 X 10 nm® AUFSHERETEAGER (1F Si
HRE 107 fi Si JRT) - FEREMEAIE B E R TRk - B A E SRR 10 ppm (5 X 10" #/
cm3) * B Z » TSR IRME APT ST 2 EHIERIR - £E L HEREFTEM R
P TR S I e - S R E B AR B TR S i EE R R SRS B E Y
(range) R FFETLRBET - BER APT GESUMNCE] B — (M [ F-RRGRE0H] - SN B AL pE T &=
SIATEIERSRIE - FTARETEEL (B G HIRIE o (EHIRR B B 1E LA B B R P A SR/ T 8
&= 0 DA 50% IR - QI A 50% AR E B E IS - MU 8iE & i
HEFSHTRESMS  DIRTEIFTR S 20 X 10 X 10 nm® AJFSRERERE R » HASHIRIRE N2
20 ppm ° FEE LA BRI - fEERRE S E PR RITIRRY T - APT I REZED E EEEE A
STESITEEE - DERRHRZ IR T REE MR EEE R - ik FEENEREFERE
o APT — B AR H AR RS IEMEME QTS E I RTRE - 5 B R AR S R Y — AR o i e] DA
Bl SIMS Z EREIBAZAE - —H#EA B THERET - BRI FERMEE L TEE
HIEER 3 T -

APT Hi SIMS HYA AR ELE BRI R TR AR IR B L - — 51 SIMS 7EHY
T RS 4 R R v DU B 8 = B EHNASRRR - 55— 5 T~ i 2 3 ORI SIMS A=l
CERHE o [ 8y Si ELfEEE B BEAY APT-SIMS 32 A AEE A GRS 43 0T » Hir AT DLES
BHREBEE - APT EHIFTHERZIBIECK - DUE 8(c) Bl - fERHTHIE (Rp) ZIEEE
FrIDUER] 38% o DLERAT APT Z BB GRSl B 758 - URIBZ B BT /9125 multiple
hits » FR¥E 25 (EBE T2 T FIRHEEE R - HIRE e 2 (EE % PRI 245 - AT
REsr THET/ETBEEE P % - S ERAYRNGREER & #E microchannel plates (MCP) FC#% »
(B R - RIS R A GRIES - Multiple hits 385 #8248 A 49> 7B B ISOTRBET - 7
THERDESRFEET B WA R S EEE multiple hits > [LIh » FH TR - 5
4 multiple hits FUBERME RS - RAHEE S =B IR ERERy - MW EEE
HriETL APT-SIMS 22 A E RIS HTERHE -

APT 7 3% IEHe 1 B 22 RS R AT P (B EE R IERE 1 » R EIE R R Bas FAHE
HR® > B Geiser % A Gault 5 A3 BB IEEE(EC T FREGSBESBIE
A] DU B T 22 AT - & nl SRRV B RS (TR DL T ARG (1) $HRRT#H IR Bk
1~ ) BEFRRIERE DA (3) 3951357558 (atom-by-atom and layer-by-layer) ° 2R » fE-f3E
BE TR R E AR R 0] DL S M B Y S 28 3 nT g2 T e IR R - (R p EE RS 2%
(EEEREE I S e PR RN YRt e GRS E -y vy SRV =V OF - (A NI S LEfiGed ol it (4 9%
EES2HI T REREC BiRe ML - RIHUERCERAE » M ER LAYEE IR M2
A5 7 © A& 9 Fiis » gate-all-around (GAA) TCIH EEHEN = HESRE 55 - AN Si-
SiO,-HfO,-TiN-Si » #H APT iR E G A0 E KRRl - B AiE ik ik e s & —
f&# density relaxation 2 IE /RS " > BER T DIFAZRE IR - (22 HY)H B B g
BN » FE L BRhARELEMSEBRE SRR - F - #E/IME 2= DUERE
EREERT 2 B R APT S EE T A H -
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1E+21

(a) —— B concentration by APT

- = B concentration by SIMS

1E+20

1E+19

B concentration (atoms/cm?®)

1E+18 : . - : : .
0 0 20 30 40 50 60

Distance (nm)
1E+21
(b) — B concentration by APT

-~ B concentration by SIMS

- Tra
S~o
-

1E+20 ¢

1E+19

B concentration (atoms/cm?®)

1E+18

0 10 20 30 40 50 60
Distance (nm)
1E+22

— E (C) ——B concentration by APT

IS r .

o i == B concentration by SIMS

8 qE+21 |

IS 3

9 -

< [

S 1E+20}

"@‘ E

< [

[0]

S 1E+19}

Q E

(&)

m -

1E+18 . . . . . :

0 10 20 30 40 50 60

Distance (nm)
8. APT #1 SIMS % Si &% B #% 4 KRB R Z 547 ik @ (a) 1A
B4k~ (b) P BHRBEEE (o) DA BHREREEY -

I - #5Em

BTt RETE R B (APT) HEABFFHIBTRE I E IR SeE Rt - EREHARAT
TCH AT A ER =HEF -0 > HLZ2[EARATRE AT sub-nanometer S » iM{LERE (73 2 AT
R ATEE 10 ppm > 8ER APT fEHTRCR ~ (LER(YEE - EMEGE RH AP BT Fen 2
] > ARTTE ST E R TR v IME ~ BTHEE » TIRR(EEE T - APT iSRRIt E
S SR BA SR R AT Rl © fR 7% > BIEE APT {58l state-of-art » #'E 81 STEM K
SIMS TR S ER - ya] SREREE 2 & AUTIF B R AT 2R - R BHER A 2 B 2 pihE FE A
B & -
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20nm 15 nm

B 9. GAA F &8 Tt (a) TEM B @ #1% ~ (b) & TRAMEET R B ~ (o) 124
% &2 APT #3% - (d) Density Relaxation 4% iE# % & #4E® «

=+
e

AXEHRBRSEACE R I £ Ex 8 58 3£ %5 NSTC- 110-2119-M-
002 -018 -MBK ° R#t B &% K 2B i ol iRt -

SERK

1. EEPR L BHESET A, 209, 29 (2016).

2.David J. Larson, Ty J. Prosa, Robert M. Ulfig, Brian P. Geiser, Thomas F. Kelly, Local Electrode Atom Probe
Tomography: A User's Guide, New York: Springer (2013).

3. Baptiste Gault, Frederic de Geuser, Leigh T. Stephenson, Michael P. Moody, Barrington C. Muddle and Simon P. Ringer,
Microscopy and Microanalysis 14, 296 (2008).

4. Baptiste Gault, Michael P. Moody, Frederic de Geuser, Guy Tsafnat, Alexandre La Fontaine, Leigh T. Stephenson, Daniel
Haley, and Simon P., J. Appl. Phys. 105, 034913 (2009).

5.P. Bas, A. Bostel, B. Deconihout, D. Blavette, Applied Surface Science, 87-88, 298 (1995).

6. BP Geiser, DJ Larson, E Oltman, S Gerstl, D Reinhard, TF Kelly and TJ Prosa, Microscopy and Microanalysis 15, 292-
293 (2009).

7.B.Gault, D.Haley, F.de Geuser, M. P. Moody, E. A. Marquis, D. J. Larsonad, B. P. Geiserd, Ultramicroscopy, 111 (6), 448
(2011).

8. Yongsoo Yang, Chien-Chun Chen, M. C. Scott, Colin Ophus, Rui Xu, Alan Pryor, Li Wu, Fan Sun, Wolfgang Theis, Jihan
Zhou, Markus Eisenbach, Paul R. C. Kent, Renat F. Sabirianov, Hao Zeng, Peter Ercius and Jianwei Miao, Nature, 542, 75
(2017).

9. Hung-Wei Yen, Journal: Encyclopedia of Materials: Metals and Alloys, 250 (2022).

10. K. Thompson, P. L. Flaitz, P. Ronsheim, D. J. Larson, T. F. Kelly, Science, 317, 1370 (2007).

BHETAI 232 #1119 69



11. Bin Han, Hisashi Takamizawa, Yasuo Shimizu, Koji Inoue, Yasuyoshi Nagai, Fumiko Yano, Yorinobu Kunimune, Masao
Inoue, and Akio Nishida, Applied Physics Letters, 107, 023506 (2015).

12. H. Takamizawa, Y. Shimizu, K. Inoue, T. Toyama, N. Okada, M. Kato, H. Uchida, F. Yano, A. Nishida, T. Mogami, and
Y. Nagai, Applied Physics Letters, 99, 133502 (2011).

13. A. K. Kambham, A. Kumar, M. Gilbert, W. Vandervorst, Ultramicroscopy, 132, 65 (2013).

14. Alexander Devin Giddings, Sebastian Koelling,YasuoS himizu, Robert Estivill, Kojilnoue Wilfried, Vandervorst, Wai
KongYeoha, Scripta Materialia, 148, 82 (2018).

15.L. A. Currie, Analytical Chemistry, 40, 586 (1968).

16. F. Danoix, G. Grancher, A. Bostel, D. Blavette, Ultramicroscopy, 107, 739 (2007).

17. Wai Kong Yeoh, Shih-Wei Hung, Shih-Che Chen,Yi-Hsiang Lin, Jang Jung Lee, Surface and Interface Analysis, 52, 318
(2020).

18. F. Vurpillot, D. Larson, A. Cerezo, Surface and Interface Analysis, Special Issue:Proceedings of the 48th International
Field Emission Symposium, 36 (5-6), 552 (2004).

19.T. J. Prosa, B. P. Geiser, D. Reinhard, Y. Chen, D. J. Larson, Microscopy and Microanalysis, 22, 664 (2016).

20. J. P. Barnes, A.Grenier, [.Mouton, S.Barraud, G.Audoit, J.Bogdanowicz, C. Fleischmann, D. Melkonyan, W.Vandervorst,
S. Duguay, N. Rollan, F. Vurpillot, D.Blavette, Scripta Materialia, 148, 91 (2018).

E=TiLPIy

BRBREERBLEEREMHHZRTIRZEAE L CEFEREFHER LI REF T4
ABEZR  HUWECEELEEREMHHERIRERALIR  AREDBFAREZBETEME
FEBTREMS RIH4REEVGRIMBBEMO NN ERLEE B EZERZERES
—HETHABEY BRI TEBHETE -

Hung-Wei (Homer) Yen received his Ph.D. in the Department of Materials Science and Engineering from
National Taiwan University. He had worked in the University of Hong Kong as visiting scholar and the
University of Sydney as atom probe scientist. Homer Yen is currently a Professor in the Department of
Materials Science and Engineering at National Taiwan University. He is a unique microscopist with focal
expertise of electron microscopy, focus ion beam, and atom probe tomography. Homer is working to

establish the first service and research platform of atom probe tomography.

70 FUEEIAN 232 B9 111.9



