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Two-Photon Microscopy for the Observation of Internal Defects in

Semiconductor Crystals in Three-Dimensions
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We present a method of three-dimensional observation of internal defects in semiconductor crystals for blue
lasers by use of two-photon process. We excite photoluminescence by using two-photon process. Since
semiconductor materials have intrinsically high absorption in the short-wavelength region, the excitation light
of photoluminescence is largely absorbed by the crystals. It is difficult to observe defects in deep regions.
Two-photon excitation can overcome this limitation because near-infrared light is absorbed at only the focused
point. The excitation light can penetrate into the deep retions of the crystal. We succeeded in observing
defects in a ZnSe crystal 200 pm below the crystal surface.
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Fig. I Two-photon process of the excitation of electron.
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Fig. 2 (a) Band structure and (b) absorption spectrum of
typical semiconducotor materials.

53 145 6%

Ciie

3 PR N B D 2Tk i A

Fig. 2 (a) (b) \Z MY 2 3R oo 23 2 WS, W
ALY RV EZFIENRT, ke R, il
Berbaiy, (EEAT S REY T - & (s
LA F =AY X v o FTEMEENRL, B iio
WAL, (S~ S D | (R~ ik
SHIZETE, W%@%U7~ciaa&ﬁttm,ﬂ
WA A L, TOBIZ74 PV I F v ARG
D BETL T VI Ay AL, NYF
Fvow TOWIZILE L CFDRMEHSEL o, 74 k
W IdwtrA%dld a2 LT, JEfip o
RS EMAS ZESTE S

Haﬂ)‘mfiﬁm WY FF Y v TOLRNF—|2
AT DD Ly & T 5 &, (EET D S A7 12

ﬁ&d LESIZEEAT L7 4 PV I v by ARRT 5
mu,ML&Emd,
Ao <Ay (1)

TSNS D
Faw S LI AT %%Oﬂf
PRI R E I D 2 & &7 f-
BT LTk & A & %)’JG)T %.;.n.F’ir.JSLJN I
LT HR L, FE SR E Tl v, Lt?ﬁ")
T, 74 b 3gylr 21285 T RO BIEE:
AR O8I L 2 llsi 4 2 2 kA8 %w

AT R S A XY i) LINE & e e LF Mﬂia
&L RTINS TR B R 3AOCIIC g A 2 L ATl
T%% L 26w E e C7+ LI f vk

BT ABEE, 74 PV IRy by A
b\%ﬁ@(&

‘R’Scx (: 22“‘3 ) >

LA T, Bl GE N R
PR A
LR L DY)

Ao (2)
ELGDLEDITERAZENELSTHY, R FFr v T
W Ao REL Y L EEEOLEHERGE LT
LHIEMNTEL, ZOBEE, Ny FEv vy 2o d
LIEOPRLDHRIEEONTHL DT, MEHZX B
OWNL RIS <, RO E T fixﬁ] L, 74 b
MItvery A%hETS. 74 L3I 3 vty AT
WREDRKEL T 4 — D AARy NTEORTHEET 2 7-
&, T — A AAE Y P EIRICIHIERTIE, R
DR R3S OCHEE & s34 2 Z EDSHE L 4 B

3.2 2WTRRICE S 74 PV 3 Ry b R
Fig. 3127 # PV 3 3 v & ¥ ADpEICH VIR %
RT. BRI F o 77 AT L= —r i,
OPEFEILT0 nm, 78 ANFIL80 £sTH D, s 5 O
i, U= AZF AN F—%HnE—4 %, L
Y ATVERE OB Lz w2
EINA)0.63D & D& v, S8 L7 4+ b
I gy ey AL, WU L > XE v, YT
A 2 MOl L7z, TR D300 mifgE, ik
MEZIILAT— T LICEE L, MR ERT S Z LI

Lo TFEL 72,

T BEME S X 2 P b R P R e 3 Ko s 381



YAG Laser
(A=532nm)

Ti: Sapphire Laser
(A=790nm, 80fsec)

Dichroic Mirror
— /_ . Interference Filter

PMT

- VImaging Lens
—_—0Objective Lens

[ Semiconductor
S

Three-Dimensional @_,

Translation Stage

Computer

Fig. 3 Optical setup for two-photon excitation of photolu-
minescence in a semiconductor crystal.
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Fig. 4 Observation of a ZnSe crystal: (a) two-photon ex-
cited photoluminescence, (b) reflection image of the
surface.
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Fig. 5 Observations of three-dimensional defect structures
in ZnSe crystal. Sequential observations from 15 pum
to 30 um depth are shown in 1 wm intervals.
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Fig. 6 Sequential observations from 50 to 300 wm depth in
intervals of 50 pum. It is possible to observe defect
structures at a depth of at least 200 pm.
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