HOLO-module is a novel device for
contactless investigation and optical
diagnostics of carrier generation,
transport and relaxation processes
in bulk semiconductor crystals, epi-
layers, and heterostructures. It explo-
res a four-wave mixing configura-
tion of the well-known “pump-probe”
technique. The operation is based
on the recording of a refractive index
spatial modulation by interference
field of the two picosecond laser pul-

ses and subsequent probing of the
modulation decay by the delayed
probe beam. HOLO device allows
measurement of carrier generation
rate, photoinduced carrier concen-
tration, bipolar diffusion coefficient,
carrier recombination time and sur-
face recombination rate. The device
also allows planar monitoring (map-
ping) of diffraction efficiency and ex-
tracting the homogeneity of defect
distribution in a wafer.

BASICS OF OPERATION

L

Two coherent laser pulses overlap in
the sample at angle 20 and create
an interference pattern with period
A = 1/2sin(©/2). The interband tran-
sitions or impurity-assited carrier
generation creates a spatially modu-
lated nonequilibrium carrier distribu-
tion N = N (1+cos2xx/A), which, in
turn, is followed by a periodic refrac-
tive index modulation An(x,t) ~ AN(x,t).
In this way, a dynamic free carrier gra-
ting is recorded in a semiconductor.
The grating is probed by a delayed
third beam at the wavelength far from
the bandgap, and thus is partially dif-
fracted on the grating. The energy of
the diffracted I, and transmitted I,
parts of the probe are recorded in
the far field of diffraction, and the in-
stantaneous diffraction efficiency of
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the grating # = 1./, is calculated. The
diffraction efficiency, being nonli-
nearly dependent on the modulated
part of the refractive index, n ~ n?, sen-
sitively reflects the changes of AN,
thus providing carrier relaxation ki-
netics. Therefore, the HOLO-module
allows optical studies of the carrier
transport and determination of num-
ber of photoelectrical parameters,
important for evaluation of semicon-
ductor technology.
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FEATURES

O Grating recording
wavelength 266, 355, 532
or 1064 nm

O Probe beam wavelength
532 or 1064 nm

O Excitation energy flux
density 0.1-10 mJ/cm?

O Probe beam delay range
1500 ps

O Laser pulse duration
range 5-50 ps

QO Dynamic grating period
range 2—20 um

O Minimal probe beam
diameter 100 ym

RANGE OF MATERIAL
PARAMETERS

O Diffusion coefficient D —
0.1-50 cm?/s

QO Carrier lifetime 7, — 0.1-10 ns

O Surface recombination
velocity S — 10-10° cm/s

HOLO module
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EXAMPLES OF PARAMETERS DETERMINATION

DETERMINATION OF DIFFUSION COEFFICIENT D AND CARRIER LIFETIME 7,

Diffraction efficiency » as a function of
probe delay time At is called the grating
decay kinetics, n (At). The kinetics is
measured for a selected grating period
A, and the grating decay time 7, (the time
interval in which the diffraction efficiency
decreases by e? times) is determined.
In this time interval, the carrier modula-
tion decays by e times due to carrier re-
combination and diffusion according to
relationship 1/r, = 1/, + 4n*D/A?. Thus,
measuring a set of diffraction efficiency
kinetics at different periods A allows to
plot a function 1/r, = f(A?) (so called an
angular characteristic) and extract the
D and 7 values from a linear fit of the
latter plot.
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Figure a). The grating decay kinetics at
various grating periods, measured in heavi-
ly doped GaAs:C double heterostructures,
manufactured for HBT.

Figure b). The angular characteristics for
two differently doped GaAs:C double hetero-
structures. Linear fit of the latter characte-
ristics provides the D and minority carrier
mobility values in heavily doped GaAs:C
layers.

DETERMINATION OF SURFACE RECOMBINATION VELOCITY S

At band-gap excitation, the carriers are
excited in a very thin surface layer
(~ 0.1 — 0.2 ym), therefore surface re-
combination may take place until car-

rier diffuse away from the sample sur-
face. The decay kinetics of a surface grat-
ing allows determination of a surface
recombination velocity by numerical fit-

DETERMINATION OF CARRIER GENERATION RATE

ting of the non-exponential grating de-
cay with a solution of two-dimensional
contuinity equation.

Measurement of diffraction efficiency
vs. excitation density (so called expo-
sure characteristic) provides an impor-
tant information about carrier genera-
tion and recombination. A power law de-
pendence of diffraction efficiency vs.
excitation is characterized by its slope
y = Alog(n) | Alog(l,). y value may vary
from y = 2 for linear interband carrier
generation to y = 4 for two-phonon car-

LASER LIGHT SOURCE

Ekspla PL2140 series picosecond lasers are

highly recommended.

(<1,0 %) stability
* All solid-state mode-locking

* High pulse energy at 266, 355, 532, 1064 nm
* Excellent pulse energy (<1,5 %) and duration

rier generation. The nonlinear recombi-
nation may diminish y value causing a
saturation of the exposure characteris-
tic.

Figure c). Exposure characteristics in
50 nm thick InGaN layers with different In
content. The saturation of the characteris-
tics at ~ 1mJ/cm? indicates the threshold of
stimulated emission in InGaN layers.
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information:

Requests for custom made
products are welcome.

Contact person for more detail

Kestutis JaraSitnas,
e-mail: kestutis.jarasiunas@ff.vu.lt

VISIBLE AND/OR INVISIBLE LASER RADIATION
AVOID EYE OR SKIN EXPOSURE TO DIRECT
* REFLECTED OR SCATTERED RADIATION

Nd:YAG 1064 nm, 532 nm, 355 nm, 266 nm
Max. 110 mJ, pulse 25 ns
CLASS IV LASER PRODUCT
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EKSPLA Ltd.

Lasers and Laser Systems Div.

Savanoriu av. 231
02300 Vilnius — 53
LITHUANIA

Ph.: +370 5 2649629
Fax: +370 5 2641809
sales@ekspla.com
www.ekspla.com

SALES AND SERVICING
REPRESENTATIVES

USA

ALTOS Inc.

Ph.: +1-949-216 9012
Fax: +1-909-363 8637
sales@altos-inc.com

ISRAEL

BEN MOSHE

Ph.: +972-3-670 0007
Fax: +972-3-672 7319
bms@shani.net

JAPAN

TOKYO INSTRUMENTS
Ph.: +81-3-368 647 11
Fax: +81-3-368 608 31
sales@tokyoinst.co.jp

GREAT BRITAIN

PHOTONICS SOLUTIONS plc.
Ph.: +44-0131-664 8122
Fax: +44-0131-664 8144
sales@psplc.com

GERMANY

TOPAG LASERTECHNIK GmbH
Ph.: +49-6151-425 978

Fax: +49-6151-425 988
info@topag.de

KOREA

WOOQYANG Co.

Ph.: +82-2-525 3816
Fax: +82-2-586 6721
wooyang@coslaser.com

FRANCE

BFI OPTILAS

Ph.: +33-(0)1-607 95936

Fax: +33-(0)1-607 98901

dadi.wang@bfioptilas.com

AUSTRALIA
FIBERBYTE

Ph.: +08-8410 4955

Fax: +08-8410 4544

rshaw@fiberbyte.com

CHINA

BEIJING OPLAN S&T Co., Ltd.
Tel: +86-10-62623871

Fax: +86-10-62616041
mxh@oplanchina.com

INDIA

ANATECH INSTRUMENTS

Ph.: +91-22-26730463/26730464
Fax: +91-22-26730465/26932893
anatech@bol.net.in

TAIWAN

SUPERBIN Ltd.

Ph.: +886-2-270 136 26

Fax: +886-2-270 135 31
davidyang@superbin.com.tw



