Jowrnal of the Korean Chemical Society
2004, 1ol 48. No. 6
Printed in the Republic of Korea

0!

S HOIZHES 023 YEH B0l MUY Tx BY

=2| . ZEH - X - HE=EYN
AM i o) 2o & 28t}
(2004, 7. 13 &)

it
b
b 0

0l

3-D Analysis of Semiconductor Surface by Using
Photoacoustic Microscopy
Eung-Joo Lee, Ok-Lim Choi, Jong-Tae Lim, Ji-Woong Kim, and Joong-Gill Choi*

Department of chemistry, Yousei University, Seoul 120-749, Korea
(Recerved July 13, 2004)

oF. %zﬂ Azt Aol A Zapeli} 42k 529 Ak Sol ) AAL 2 gl plHE R} SR
& A4S o F4F B ARE SHelodh A Bedold HE B5Y u% s73l) £3)
S s 7‘°l= AR God 34 34 E EAs I FAF B3 =4 387 0IFYE clbeid
4 Gaas RHEA|S] b £44 Qb N2 D wlu o} Tl A% ea_zw SERDE]
F2 3RMY 934 B Shed 14 GaAs HHEA) azm.-—n 2400, %0 2aH e EdEA oo $E3Y
o) #3420 AU Hadalch AV} FAYe7 1A ol e e wew YRR pe
e 424 E L}EM&M Si 41619) Slol WSl Aol ) TUE WET 1% Fe WolFY o2
3% 4% 287 025 WEIE FA%e o199 23 54 0o} g o) Felo] 57 Fe
s 912 9 2715 ’—Jr°15P°aL+ BEY LoIBE GA Sd Akl EUA Aefed 21343 Bk vl
Briel B QT Aok A T AL AAD S s A2 AL B 5 ]
$4 b LAY Yol FYHR,
FHOl: FLFARIAY, WA B, A F2e

‘%1
n}

H—El‘i.‘ﬁ.oﬁ‘,m

ABSTRACT. In this experiment, a three dimensional structure analysis was carmied out to examine the surtace defects
of semiconductor made artificiallv on known scale. It was investigated the three dimensional imaging according to the
sample depth and the thermal diffusivity as well as the camier transport properties. The thermal diffusivity measurement
of the intrinsic GaAs semiconductor was also analvzed by the ditference of frequency-dependence photoacoustic signals
from the sample surface of different conditions. Thermal properties such as thermal diffision length or thermal ditfusivity
of the Si wafer with and without defects on the surface were obtained by interpreting the frequency dependence of the
PA signals. As a result, the photoacoustic signal is found to have the dependency on the shape and depth of the defects
s0 that their structure of the defects can be analvzed. This method demonstrates the possibility of the application to the
detection of the defects, cracks, and shortage of circuits on surface or sub-surface of the semuconductors and cerarmc
materials as a nondestructive testmg(NDT) and a nondestructive evaluationNDE) technique.

Kevwords: Photoacoustic Microscopy, Semiconductor Surface, 3-D Structural Analysis




554 o13F - H5Y
Mg

-&-8F @ v) 739 (photoacoustic microscopy - SEM
olu} TEM=4: 22 AA= Sl Ba gx viws
A A} Phsshds APe s 1Ee B TS
a]Zo] g} Von (Jutteld-‘?} Melcher's A| 8. e
oS A E e GFolE AEE AEE] 2ls g
28 0] A 2. 2g-3)] iﬂﬂﬁl-“ T H-Eog
Stk Av)E AYE pdEkdy oo sl Wono
T AlEel dsl W 7H T e} 1
g dqdf oA 7)H-mle) 22 E FEEY A E
o] £3}99 2 Wickramasinghe 5= 9§ 2] )2} Z+2 4

¥ st L F A2¢ ot A vl #F
e g BXg S opaquesyt 2AHEel W B
#H33 FHabuhges g S B AEA, o) E
=l W& A F5H = oiv} McFarlane %, Rosencwaig

*, Favro 5%, Busse §°, McClelland 592 #19] 5
"loﬂ ’ﬂzﬂﬁk—(mtegmted circuits PRl opijal vkE )
011*1 o) 239l e 2 <lsf) A7l ¥]F % (inhomogeneous)

5 A&sted 4o

ﬂ]"}so‘: B AR FEkA AR 9F AP
2hoofuzt Z[EtetA Q] 2, 2 2 v A
A7A g Eahs AR RodFo2y 5% ¥R
A2 22 4l d3lei® ME opE Yoz o
TFE A giot A2 fu]Fe] T AR T
Btz wbEa] Al AelE dlo)= el ekt w
Aol o] F42) AbEEe A Zlatetaql AdA o
A Bl At AEE AT o] e &
e 2x AR vAA 2o A7H HEE Fs
Zolch Az W wwA Z7|E A P&
(focusing)§l W&l <ol MYz w3l LA
7 7|58 FRof ale} 2 AEAMe] F, uba}
ol BAo] Hat =z aepa FEF3F 457 Hat
A He Aol 2eBE Foil A2 RS FA)s}
A ¥)= 5}H8in]| 7 (optical microscope)et -f-*H5t <3
e A "Heh S, L2 fo) Y2 FET

422 ATHet YA o 2 Y4 Yol e
27 2 2 A o B3] e AR E B

g g e ARl R dnAge elAA
Q] BRore] 43¢l 9nlocal thermal)e} sH43
A9 ARE Moo} = 2 F R} 13 A9
A taults)o ) Sl M 27 2l Ed $), of=)

. od%gﬂ 71x] o ]i-?l

=

dlAfe) o) 2R FAH AT B @4
7o) Wzl ajz} fam; A 4 Uk WA
2 285 Wol AL vk el e B2

2 #9 Felie) vjabl R o2 By Fand

A(localized heat)e] HBA=7] a)-Fell F53F 457}
WA R dE Eol, g e] T3 F23 A
Z7} 3p437) Wgoll 2z vl A|A el x| A e Me] 33}
Z(fluorescent species), 5 o] @ THEL} Bgio] &
Aehks AS AT 4= gl £3F 2 T Fei=
F 58 JAAA W A 2] P
gele) 7hsatA Al oy WEA 2215 23 F
< °1 75, %71 A (photovoltaic) Il o] EHY uf =
=2 22) Al R(bipolar device manufacture) kol o
é #(electrical short = leaks)e] &3l e
238} 437t W3sA S ahels vlaka] =<l
el s el 4= glA A =3} FEs) kg
Al FAA AAAMAY FEE wyge zAE
S e M e o R R = i e R L B R e R o
) (depth-profiling analysisyg 7)53}A 3te}h =17 <
2| <) o] sl ofs FF2 Zel7l AAE
o FEe A2 YA S T Fappel whel ¥ 2}
Al e}, vA] wlele W ag Folag w7y o
o] Bzl 7} WlalA He Ao o= Al
o7} W E2F3ppo 2 ETE HelPHA ¥ 2R o
# Falgol| o] Zolod 4R ddo] 7he3iA
o ol 4R SR FAF 42 v|AHL F
Aol ol A Aak(thin-film)e] FHZA e} <23 =
AL WzxFaes] gead F59 439 =279
S17Hphase)?] 2ol sl 7hgetm #o)A W) 3
20t Japle] Faol o3 AAEe FS3 e
2| Zke) S0 afet B8 e 4 oA "o
53] 5% Avl Y- w=A Aol FA A
{process-control) =] 2 £ 71:r"i’*1 dekst 75
L BeyFx g} s+-88) dn) A A A 2 =
7] g4l A ’ﬂ’—".ihz.(mteorated circuits: IC) W2} A
718 et A3 EWFE Feldlr] #s ‘ﬂf—zﬂ
Az eflel A& 4 ok vlebd 23 An]7F
Y Fd olef|) T2} 7 Al g AP 7HA 3
a17) glalM 2zhelion-line)og o]4& 5 gl3 =
3t a3 localized) BM} FA & FA A o1&
& 4 gich o9} o) chekgl ubnlel] ofs P53 A
v A2 o2 A 2] 2 (large-scale IC12} oF2 A

‘j
c}
kY
)

Jonrnal of the Korean Chewical Society



gk R)A & ok T Bre) LA T A

A A ZEE QoA AR ulg ARHE: 9
sjo] S48 % glet,

2 Aol Me wRAl a2 Flslerg Fag 3
B3] BgT AL olgale] WA Py
ZA gl om]. WA A7 Aol H Faelt A7k,
| 2 2
L=3

==

2 b Sl Al AT 4 Qs vlat FPelut
Ve A7) 91 B WolH e 5
ick sk MhEAl ] H23 A8E PSRy,
oHEoll BAl9) Welo} Qo Sste] 344 T
£ w3lna slieh

2 e = A

.

BE=A] A] 2.2 GaAst > Japan Sumitomor el A Horizontal
Bridgeman W2 2 7| 2g A L2 Y5 4] ¢4
JSIIR 91155 AR&shgd vk #] 2] w0 2270 (direct band gap)
& e AA GaAse o vz 143 vyl =7
I=XXY Fo® 2x 2 mm. T2} $1%= 600X 800 um.
FA L= 350 ume] 'ﬂEZlI g2 FHibe] FA7}
50 ume) &Hol% B3lS A A ok el QR
2} FA e 350 umo| 3t okfolFo] HExe] ol X

o] Alg FAE F 400 pmZt Hvh Gaase] 7H7E A
A AL ™ el s WS A A EAbska
FoHT AAA A 20 8 e
AES 2451 gt WA HEAlA X

o w Akt o 714l ”4011’4°I o 2t
AZ o] §-3le] AR Holel ubE 32k 32 %
Falsiet,

) vhE Alg2a] 277 2k 6X6X0.5mmed
2 Si sl =Y el Al 111 eVl vroloh2
E 7bE o] B3l AHugt F AR Fofell & L )
vle] A8l et o “ﬂ°l A
=il E30) 470 A= 1. 7)
AR FRUESUEREEE
;‘_9] Az BAlS shoeSF Rawlow

FavAges Be 249 283
150 g 2| F43h B el ahe B 4l
RgAeE FEEA Sich AR gk A
OPC(open photoacoustic cel) 24 nfpo] 22F 2] ¢
e AEol 2mme) 3k shel M 4 ehE 3] vhy7kA)
2] Zold= Imm AL, gt =7)3= X Fo] o

7mm7b ek, A R3= 2 Fol 9.5 mmea! clectret microphone

>~
-

3]
Pl F4
Al & I7H v
el F7e]

dl

£
=
b= ¥
L
A

Ry

u:

lehed =
=33 ¥ B

fo _[sn

r]o 1l

2004 1ol 48 No. 6

355
chopper microphone
encoder
Artion laser mike
/ translator
sample
reference signal

lock-in —' preamplifier
amplifier
A/D converter
I

Fig. 1. Experimental arrangements used in this measurement
of surtace detect on semiconductors.
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Fig. 3 Image variation of PA signal amplitude for a GaAs
sample at modulation frequency of 70tz (unit of X and Y
axis 15 um).
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Fig. 4. Image variation of PA signal amplitude lor a GaAs
sample at modulation frequency of 200 Hz {unitol X and Y
axis is pm}.
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Fig. 5. PA signal for a Siowaler with delect on polished side
and locused light on polished side at 70 ez, 120 ez, 200 1z
1000 Hz.
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