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Abstract
Nanosecond pulses of a Nd:YAG laser have been employed to deposit thin-ﬁlm zinc telluride (ZnTe) on silicon (Si) and glass without
heating these substrates. We present and discuss the structural and surface properties of ﬁlms deposited at 1064 nm and 532 nm. X-ray
diﬀraction and analysis of the surface roughness with atomic force microscopy reveal that the material texture and surface morphology
depend on the ablation laser line used rather than on the substrate. The observations contribute to improved understanding of pulsedlaser deposition and provide tools to optimize the optoelectronic and photonic properties of ZnTe thin-ﬁlms as well as their incorporation into Si-based technologies in order to fabricate cost-eﬀective and functional optoelectronic devices and all-optical laser digitizer.
 2006 Published by Elsevier B.V.
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1. Introduction
The II–VI semiconductor ZnTe is a very attractive host
for optoelectronic device realizations because of its direct
bandgap in the green spectral range (2.26 eV). Speciﬁcally,
for bright light emitting diodes (LEDs), ZnTe is an interesting candidate since the emission wavelength corresponds to
the maximum sensitivity of the human eye. Employments
of ZnTe were reported by the realization of LED prototypes [1,2], high-eﬃciency multi-junction solar cells [3],
and terahertz (THz) devices [4,5]. The exploration of novel
solutions for future light-based communication systems,
such as all-optical switches and hybrid device structures
[6], have been the driving motivation for the current work.
In our former studies we introduced the concept of laser
crossing and all-optical laser transmission digitizing with
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GaAs [7,8], CdS [9] and InP has been demonstrated [10].
In Fig. 1, photonic digitizing with thin-ﬁlm ZnTe on glass
is shown. The experiment was performed in a similar way
as with GaAs (Refs. [7,8]) by switching red (633 nm) laser
emission with a green (530 nm) laser. The achieved switch
amplitude was 11%.
The hetero-pairing of ZnTe and Si is quite a challenge
due to the considerable lattice mismatch of 12% and diﬀerent bonding natures (ionic vs. covalent) of the materials.
Known methods to form ZnTe thin ﬁlms are molecular
beam epitaxy (MBE) [11]. metal-organic vapor phase epitaxy (MOVPE) [12], metal-organic chemical vapor deposition (MOCVD) [6], and electrochemical deposition [13].
The formation of ZnTe thin-ﬁlms with pulsed-laser deposition (PLD) was studied during the last decade using glass,
GaAs or Si wafers as substrate materials [14–16]. These
studies primarily focus on the crystalline phase and doping
properties of PLD ZnTe ﬁlms using pulsed lasers at 248 nm
[14], 694 nm [15], and 532 nm [16]. When we started ZnTe
PLD in 2004, we did not ﬁnd reports on infrared (IR) ZnTe

A. Erlacher et al. / Surface Science 600 (2006) 3762–3765

1.9x10-5
1.9x10-5
1.8x10-5
1.8x10-5
1.7x10-5

3. Results and discussion
530 nm laser off

1.7x10-5
0

10

20

30
Time (s)

40

50

60

Fig. 1. All-optical switch using ZnTe/glass sample as switching element.
A 530 nm laser beam switches a 633 nm laser beam.

PLD. Recently, we presented the optical and optoelectronic diﬀerences of ZnTe PLD on glass at 532 nm and
1064 nm [17]. In the current paper, we systematically investigated the crystal and surface features of PLD ZnTe on Si
and glass employing ablation wavelengths in the visible and
near infrared spectral range.
2. Experimental
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ZnTe/glass and ZnTe/Si samples have been formed with
PLD using either the fundamental (1064 nm) or second
harmonic (532 nm) emission of a Q-switched Nd:YAG
laser (6 ns, 10 Hz). The optical penetration depth (L0 =
1/absorption coeﬃcient) for 1064 nm and for 532 nm is
2 mm and 300 nm, respectively. Since L0 diﬀers signiﬁcantly
for each wavelength, the energy transfer into the target varies and, as a consequence, diﬀerent ablation mechanisms are
expected. In spite of the laser wavelength variations, all four
ﬁlms were formed in the same way. The four 9’s target pellet
was formed from hot pressed ZnTe powder and provided by
Target Materials Inc, Ohio. The laser spot was adjusted in
such a way that the ZnTe target was exposed to a ﬂuence
of 0.72 ± 0.04 J cm 2. The target rotated with six revolutions per minute to maintain uniform ablation and to avoid
holes. The substrates were either prime grade Si wafers
(50.8 mm diameter, (1 0 0) orientation) or glass slides
(12.7 mm · 12.7 mm · 0.74 mm, industrial grade fused
silica). These two substrate materials were chosen to investigate the ﬁlm growth on either crystalline or amorphous
texture. During the deposition the substrate was mounted
60 mm from the target.
All-optical laser digitizer relies on the electronic material
alteration in the spot of laser crossing [7,8]. Films deposited
on cold substrates increases the ease of optically induced
electronic state alterations owing to the expected low order
texture. Hence, we deposited the ﬁlms without the use of a
substrate heater. However, increase of the substrate surface
temperature is caused by condensation of the impinging

Fig. 2 shows the PLD rates vs. ﬂuence for the employed
laser lines. The deposition rates were measured with a
quartz crystal thickness monitor and revealed that after
overcoming the desorption threshold of 0.1–0.2 J cm 2,
the deposition rates linearly increase with the ﬂuence. The
deposition rate for 532 nm reaches its maximum at about
1.0 J cm 2. At a ﬂuence above 1.0 J cm 2, the deposition
rate decreases because the impact of the incoming laser
pulse is reduced by Bremsstrahlung [19] absorption and,
in addition, reﬂection and scattering on particles in the
plume (especially such as clusters) lower the eﬀective laser
power reaching the target [20]. At 1064 nm, the overall
deposition rate is lower and the deposition maximum is
notably shifted to 1.5 J cm 2. The shift of the deposition
characteristics towards higher ﬂuencies takes place because
IR emission is absorbed signiﬁcantly less by the target and a
higher ﬂuence is necessary to reach the required energy density for ablation. With respect to the visible laser line, at
1064 nm, the contribution of thermal desorption to the
material ablation is increased and shielding of the target
does not occur due to Bremsstrahlung but mainly due to
scattering processes in the plume shifting the deposition
maximum to higher ﬂuencies and lower the deposition rate
below that of the 532 nm line at ﬂuencies beyond 2.5 J cm 2.
The crystallographic properties of the samples and the
target were investigated with a Rigaku X-ray diﬀracto-
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particles and blackbody radiation from the PLD plasma.
Since nitrogen is known to cause p-type doping of ZnTe
[14] we avoided the exposure of the growing ﬁlm to oxygen–nitrogen complexes by forming the ﬁlms in a vacuum
below 10 6 Torr. The deposition of the ﬁlms took place
for 60 min resulting in a thickness of approximately 2 lm
according to the deposition rates. The thickness was also
veriﬁed using the spacing of the transmission interference
fringes [18] of the ZnTe/glass samples in the near IR
spectrum.
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Fig. 2. Deposition rates vs. laser ﬂuence of ZnTe PLD at 1064 nm and
532 nm. The lines are guides for the eyes.
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Fig. 3. X-ray diﬀraction patterns of ZnTe/Si, ZnTe/glass, and ZnTe
target. For clarity, the spectra are shifted and the intensity of the target is
scaled down.

meter (h–2h geometry) using the CuKa line at 0.154054 nm.
The X-ray patterns of the samples and the target are shown
in Fig. 3. The full widths at half maximum (FWHM) of the
observed features are several degrees pointing to a predominantly amorphous ﬁlm texture. It is known that the
growth of ZnTe at room temperature or lower temperatures (100 K) [21] results in amorphous ﬁlms. The X-ray
peak assignments, which have been found in the American
Society for Testing and Materials (ASTM) reference, of the
samples and the polycrystalline target are summarized in
Table 1. The samples formed at 1064 nm show similarity
to the target patterns with fairly narrow FWHMs indicating a longer range lattice order than the ﬁlms ablated at
532 nm. The peak positions at 25.3, 41.6, and 49.6 are
assigned to the (1 1 1), (2 2 0), and (3 1 1) orientations of
the zincblende structure. At a ﬁrst glance, it seems possible
that the peaks at around 45 of the samples formed at
532 nm are the superposition of the peaks at 41.6 and
49.6 of the 1064 nm sample. However, it is more likely
that the feature represent a broad (1 0 3) peak of the wurtzite structure because peak superposition in amorphous texTable 1
Assignments of the X-ray peaks of the ZnTe/Si samples with the ZnTe
literature data
Sample
1064 nm

Sample
532 nm

ZnTe
target

Zincblende
phase [23]

25.3

26.6

25.28
29.26
41.86

25.26 (1 1 1)
29.25 (2 0 0)
41.80 (2 2 0)
45.38 (1 0 3) Wurtzite [24]
49.50 (3 1 1)
51.85 (2 2 2)
60.63 (4 0 0)
66.745 (3 3 1)
76.399 (4 2 2)

41.6
45.3
49.6

49.50
51.84
60.64
66.76
76.38

Fig. 4. Surface image and proﬁle of the ZnTe/Si sample formed at
532 nm.

tures is very unlikely since the considerable decrease in the
X-ray intensity would prevent noticeable links between Xray features. It is worthwhile to stress at this point that the
X-ray features of the ﬁlms formed at 532 nm and at
1064 nm in Fig. 3 are identical with those achieved with
ZnTe on glass. Thus, the texture of the ﬁlms does not depend on the provided surface morphology. The same phenomenon has been observed with GaAs PLD on Si and on
glass [22].
Atomic force microscopy (AFM) surface images of
ZnTe/Si formed at 532 nm and 1064 nm are depicted in
Figs. 4 and 5. Similar results have been achieved using glass
substrates [17]. The surface of the ﬁlms formed at 532 nm is
covered with clusters, while the underlying texture is very
smooth. On the other hand, the ﬁlm deposited at 1064 nm
presents an overall more rough appearance due to a higher
density of smaller clusters. We think that the merger of clusters causes the rough underlying structure. Therefore, since
clusters improve the local order of the ﬁlm, the sample
formed at 1064 nm possesses improved crystallographic
features. Most likely, the increased penetration depth into
the target at 1064 nm (in comparison to the highly absorbed
532 nm) causes enhanced cluster ablation, resulting in the
ﬁlm texture shown in Fig. 5. A further possible scenario,

A. Erlacher et al. / Surface Science 600 (2006) 3762–3765

3765

focus future activities on IR PLD with various target-tosubstrate distances and laser ﬂuencies in order to ﬁgure
out the optimized low-temperature PLD parameters for
the formation of the ZnTe/Si hetero-pairing.
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Fig. 5. Surface image and proﬁle of the ZnTe/Si sample formed at
1064 nm.

which might cause a diﬀerent agglomeration of the material,
is the variation of the substrate surface temperature for the
two laser emissions used.
4. Summary
Summarizing, we formed thin-ﬁlm ZnTe on Si and glass
with low-temperature nanosecond PLD at 532 nm and
1064 nm. The ﬁlms produced with the visible irradiation
showed an amorphous texture with a smooth surface. At
1064 nm, rougher ﬁlm surfaces but clearly improved crystal
orders were achieved. The results point to intrinsic surface
smoothing mechanism of highly absorbed laser ablation
lines owning most likely to plume annealing. Furthermore,
the results stress the capability of IR PLD to form polycrystalline ZnTe materials without substrate heating and postannealing. The successful demonstration of straightforward
PLD of ZnTe is of importance for industrial thin-ﬁlm applications. Based on the presented results, it is signiﬁcant to
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