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Abstract — We developed a technology for deposition of metalontacts/wires upon nanoporous InP thin
film structures and RF sputtered InP films. Indium phosphide (InP) films were deposited onto glass ssivate
using RF magnetron sputtering by varying the substate temperature (50-108C), under constant argon
pressure (6.3+1G Bar) and RF power (40-100 W).

Index Terms— InP film, LT-InP, terahertz (THZ2) spectroscopy, THzTDS, ZnO.

enough studied). One of the promising materiatgigjn,
as well as LT-GaAs, is a LT-InP and nanostructuné
4. INTRODUCTION In analogy with many similar applications of bottioal

The THz radiation can be produced by various method@nd microwave radiation, terahertz radiation canubed
(free electron lasers, quantum cascade lasers, Giode, for imaging and sensing. The unique propertiedttertz
etc) and in different forms (continuous wave, pdlse radiation include the transparency of common packag
monochromatic, broadband). The scope of this wisrla materials such as glass and plastics for drugsiilete as
broadband short pulse THz radiation generated imell as tissues and skin, for medical applicatidrtge sub-
photoconductive antenna, see figure 1. millimetre wavelength permits imaging with a difften-

limited resolution similar to that of the human gywand

many of the proposed target substances exhibitueniq
spectral fingerprints in the terahertz range, whielm be
used for identification and chemical analysis [1].

5. DEVICEFABRICATION & RESULTS

Electrodes fs Pulse THz We developed a combination of technology for
deposition contacts/wires upon RF sputtering IhfAgfi In
this way we demonstrate the possibility of fabimatthe

A short optical pulse (fs) generates charges in dennas and detectors. Indium phosphide (InP} fikare

semiconductor area between two surface electrofibese dePosited onto sapphire substrate using RF magnetro
charges are accelerated in the electrical fielglieg SPUltering by varying the substrate temperature— (50
between electrodes and recombining very rapidiggbse 00C), under constant argon pressure (6.3-Bar) and

of structural defects) generate broad band THzeguisto RF Power (100 W). The absorption coefficient versus
the 0.1-5 THz range. photon energy for InP fims were measured at 300K f

three type of thickness, 500, 1000 and 2000 nm,
expanding, and this stimulates the need for efitcieHz respectively before and after HN@®tching. In figure 2 a,

sources. THz emission from semiconductor surfacas wP: @nd ¢ is presented the THz-TDS spectra for three
investigated previously in connection with transiendifferent thicknesses, and insets represents thpitade of
photocurrents that radiate THz fields as well astia 12 Pulse for etched vs initial samples.

context of nonlinear optics. Up to now a low tengtare

grown GaAs (LT-GaAs) was successfully used for this

kind of photoconductive antennae, while other nial®r

and methods are shown to be less efficient or havé&een

1-5pum
S| Lens

Fig. 1. THz antenna.

The application areas for THz technologies aredtspi
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15 MQ/cm vs PCA 40-05-10-800-x from BATOP
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Fig. 2. THz TDS spectra for InP films in compariseith
etched InP films with thickness of a) 500nm, b) @0,
and c) 2000nm respective.

According of early report of Aspnes and Studna R]98
the thickness of InP films were optimized for the
absorption coefficient [2]. As we can see from figure 3,
the the slope of the absorption coefficient vs ievgth is
changed after etching of indium layer wich remaiader
RF deposition. The power of IR lamp was ~180 (Imyy
and optical pulses from a Femtolaser Fusion 20epuls
laser at central wavelength of 805 nm have an geera
power of 180 mW. We report the surface impedanc
measurement of a magnetron RF sputtering InP firse
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Fig. 3.
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at 450°C is multiplied by factor 5 .



8" International Conference on Microelectronics and Computer Science, Chisinau, Republic of Moldova, October 22-25, 2014

In the IR spectrum (figure 5) of the InP thin filthere power and 50, 65, 80C the growth temperatures were
is a stretching vibration peak of C-H hydroxyl goo(the used. We can see that by decreasing the samplettgrow
functional group in alcohols (ethanol, methanot.)¢tat temperature the intensity of the In peak is dedéngas
2906¢nT, in addition, there are peaks for In-H at 1358¢m (figure 9, a,b,c) The thin film obtained througlistmethod
1546 and 757cth P-H at 836 ci. There are few changes remained amorphous (small crystallites ~1.8nm). écim
after annealingn Ar atmosphere for 30min at 45C (see better result was observed in the case of the thedbc
figure 5, the normalized spectrum): C-H at 2882¢cin-H  etched samples (figure 9, d), where X-ray diffi@t
at 1397crit, 1542 and 686cih P-H 855 and 686 clmWe  spectra show well resolved InP peaks.
detect the peaks 1059 and 1025'cmespectively, related

to the InPQ oxide formation after chemical and electro- ** Inp o Inp
) Par mag =30W, Tsampie=50°C, | " Pt mag =40W, Tame=65°C,
510 o sample thickness=100nm 510 1 caranle thickneas 100

chemical processes [5]. N

The Raman spectra were recorded by a Renishavi™® Fe0
spectrometer using a 785 nm diode laser as exwitati " ] a Bl ] b)
source. The Raman spectrum of InP thin film is @nésd

in figure 6. The two relatively sharp peaks aro80d cm* 1 101
and 343 cnl were assigned to the first-order scattering PR N RN - SR (K R
. 20 (degrees) legrees)
from TO and LO phonons of InP crystal, respectively “ - 20 tdearees)
while weaker peaks at around 651 and 688" amere ol Pt o AOW, T30,
. . sample thickness=100nm ¥
assigned to the second-order Raman scattering T} Tewd ~ d)

observed strong and narrow LO phonon peak of InP iz, | | i

similar to that of the bulk and manifest a goodstailine .0 o 1

quality of obtained films. The inset of figure 6peesented 10 M\VL“ b e 7o
the Raman LO peak intensity at different density of i Py ] s
implanted of Ga ions, without implantatione?, 1.4¢” I et T T e degreey

and 2.1e* cmi?, respectively. _ .
Fig. 7. XRD pattern for InP thin films.
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~@- foran 0 e 75 The XRD measurement was performed with an X-ray
diffractometer SmartLab Rigaku (IMT-Bucharest, RO)

employing Cu Ka radiation from a rotating anoderseu

and a Ge monochromator. As we can see from thed-igu

a,b,c, the peaks for InP look broader than normfaliynd

for bulk material which is typical for small cryfitees (the

LO 2.4:10°4
S 2.310°]

2.210°

1
Intensity, a.u.

2.1+10°

FJro 20104 i i i : size is estimated by Williamson-Hall method, andoihsist
= l Pt waemeeaet - ~1.8 nm for samples from figure 7, a,b,c and ~20fam
2 samples from figure 7 d). The indium peak is desiren
E with temperature of film deposition.
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Fig. 6. Raman spectrum, inset is presented the Rama 0™
intensity vs density of implanted of Ga ions (BrlsUK) 0 1 2 3 1
Frequency (THz)
The Raman spectrum of the InP film, and we fougdad »
correlation with literature [6] t?g — Glass reference
. ) e W - @)
The elemental composition of the films was deteent > ZnO on glass
by electron dispersive X-ray analysis using EDX,ickh R
consist of ~40%atoms of P and ~60%atoms of In.rteio %_
to increase the stoichiometry ratio (~50%atoms cdnie £ "
~50%atoms of In) we use two methods: <
1. Chang_ing dthe _g_rowingd parameters for the RF 10 0 10 20 10 40 50
sputtering deposition, an Ti
2. Selective etching of In [7]. Fio. 8. TH f ime I(ps) d7no d ited
This result is seen in X-ray diffraction (figureay,c,d). 9. ©. Z spectra r?m glass and Zn0 deposited o
glass

The thin film InP samples were deposited at 40\\REf
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6. CONCLUSION
The deposited ZnO film has a 400 nm thickness. In \ye demonstrate the possibility to fabricate a detiat
order to estimate the quality of deposited ZnO welied s aple to handle with liquids, and to measure Ttz

the Raman scattering [8] and AFM. The roughness hgpectra in real time. We managed to dope the mRB ¥iith
been studied and it was found to be around 220Tmat As, 1% and 5% and we implanted different dose of Ga

means that we have a variation of 400+220nm. ions. The selective etching improve considerablg th
quality of InP films.
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Fig. 9. 3D AFM image of ZnO deposited layer

Since ZnO films are promising for fabrication Tifiz
devices, we tried to implement them into EWOD devic 7.
Recently THz birefringence has been reported [9].

The glass has been taken as reference material in
studding the THz emission and it has been compaitd
the ZnO film deposited on the same glass (FigO8 can
see from the THz spectrum that significant chardgesot
occur. We suppose that the weak absorption is agengll
thickness of the deposited film. 8.

The final structure of EWOD chip is a transparem o
for THz radiation and allows to scan easily any-fiugd 9.
slipping through microchannel. The structure isaoigd by
thermal oxidation of a (100) Si wafer. The grow®Son
top is 500um thick. A positive photoresist (PMMA) was
used to configure Cr-Au pads, obtained by liftoféthmod.
ZnO is deposited by RF magnetron sputtering.
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S

Fig. 10. Technological processes (left), and EW@Rick
photo (right)

L

In order to have a structure with hydrophobic stefa
we left the ZnO material on the surface of EWODpclis
the undoped ZnO is considered dielectric one, R£10,
we remove it from external pads for contacting with
microcontroller circuit.

Fig. 11. ZnO removing from pads (left) before reingv
PMMA, and after (left)
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