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In this work we present the design, construction and the evaluation of a system to growth multiple layers of thin films using the pulsed
laser deposition (PLD). The system is equipped with a mechanism of multiple targets and substrates. It has two revolving plates that can
be manipulated from outside the chamber. The first serves to interchange four targets without breaking the vacuum or altering the internal
conditions of the chamber. It also allows to put to the target in rotation around it's own axis. This rotation gives uniformity to the wearing
down of the target thus enhancing the uniformity of the growing film. The second plate allows to change the substrate without opening the
vacuum chamber. This second plate has three substrate holders. The system has a substrate heather that works at a maximum temperat
of 600°C. Both mechanisms are mounted in individual standard 6 inches ConFlat flanges and can be used in cameras of high or ultrahigh
vacuum. The working chamber is evacuated by a standard oil diffusion pumping system. A Nd:YAG (Neodymium Yttrium Aluminum Garnet)
infrared laser at wavelength of 1064 nm and aliuWcm?/pulse is used to vaporize the target. The capability of the system is evaluated

by growing several basic structures of super-stratum CdTe-CdS used for solar cell on conductive glass (TCO): TCO/CdS, TCO/CdTe and
TCO/CdS/CdTe and characterizing them by grazing incidence X-ray diffraction (GIXRD).
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En este trabajo se presenta el diseconstrucd@n y evaluadn de un sistema de crecimiento deipealas delgadas de capadiltiples

usando el defsito por Aser pulsado. El sistema astquipado con mecanismos de blancos y substrditigias que son manipulados desde

el exterior de la amara. El primero sirve para cambiar el material (blanco) que se va a depositar sin alteras glteawo de la amara.

Este tiene capacidad para cuatro blancos y permite la éotale uno de ellos sobre su propio eje para ser irradiado pasest lobter@ndose
uniformidad en el crecimiento. El segundo sirve para cambiar los substratos sin arirdea¢c mediante un mecanismo que permite ubicar
desde fuera de ladenara, sin perder vag, el substrato que va ser utilizado. Este mecanismo se acopla a un calentador de substratos que
puede operar hast®0°C. Ambos mecanismos son montados en bridas pelgadas tipo ConFlat y pueden ser utilizados @amaras de

alto o ultra alto vam. La camara de trabajo es evacuada por un sistema con una bomba dendifesiceite. Se utiliza uaser infrarrojo de

Nd:YAG (Neodymium Yttrium Aluminum Garnet) con una longitud de ondd @4 nm y 25 Wem?/pulso. El sistema es evaluado mediante

el crecimiento de estructuras de CdTe-CdS sobre vidrio conductor (TCO): TCO/CdS, TCO/CdTe y TCO/CdS/CdTe, utilizadas para celdas
solares. Estas estructuras son caracterizadas por difnageirayos X rasantes.

Descriptores:Depdsito por hser pulsado; pelulas de CdS; alisis de rayos X

PACS: 07.30.Kf; 52.50.Jm; 68.55.Nq

1. Introduction yers. As an example can be mentioned the photovoltaic cells
of super-stratum type].

The high kinetic energy of particles, due to the absorption of | order to obtain structures with multiple layers is ne-
the laser radiation by the target material, allows the pulsedessary to evaporate films from different material on the same
laser deposition (PLD) technique to deposit thin films with sypstrate. To do this it is required to have tablets of the ma-
structural and stoichiometric properties similar to those thateria|s to be evaporated (targets) within the vacuum chamber
require a special processing after growing the matetial [ and to be able to interchanging them at the suitable moment
Using this technique we can obtain a great diversity ofwithout breaking the hermeticism of the system. This is pos-
materials: superconductors, semiconductors, ferroelectricsjble only if the system has a mechanism for target changing
biomaterials, etc.q]. In addition, the facility to control the that at the same time allows uniform rotation of the target
process parameters makes of this technique one of most vitluring the laser ablatior2]. On the other hand, the growth
able means for the preparation of structures with multiple la-of the thin films by PLD requires a process that guarantees
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the control of such parameters as the pressure in the chan
ber, the cleanness of its internal parts, the temperature of th
substrate and the amount of laser pulses to be delivered.

The contact with the atmosphere of a just obtained film
can allow an undesirable oxide formation on the film surface,
these oxides would remain as impurities in a multilayer struc-
ture. For this reason, to grow another film in a single stage
system, it is necessary to wait until the temperature falls be
low 50°C to avoid high temperature oxidation or some other
physical change when exposing the film to the atmosphere
That implies that the performance and possibilities of a sys-
tem increases if besides the mechanism for target changing
the system possesses a mechanism for substrate changing
one vacuum cycle.

2. Experimental details
2.1. Target manipulator

The design of the target manipulator mechanism has to se
tisfy the following requirements3]

a) Provides the system with a revolving plate that allows
changing targets without breaking the vacuum or vary-
ing the internal conditions of the chamber.

b) Allows the rotation of the target around its own axis, ‘
that increases the uniformity of the wearing down or e

erosion of the target that consequently enhances the
uniformity of the film growth. FIGURE 1. Design details of the target manipulator mechanism.

¢) Allows handling the mechanism from outside the va-
cuum chamber. another rotatory seal (10) witch is coupled to a motor at the

d) Protects the other targets during the incidence of th@utside of the chamber. When the connector (8) is moved,
laser. it disengages from the lower part of the target holder (11),
. . ) mounted in a rotatory disk (12). Once the connector (8) is
€) Permits to place the target in the corresponding holdegisengaged from the target holder, is necessary to revolve
without difficulty. the goatee (1) so that the gear (3a) transmits movement to
Figure 1 shows the mechanism that allows the target tehe (3b) one witch puts the disk (12) in rotation and them
rotate and to be manipulated from outside. The knob (1) isllow selecting another target. Upon leaving of pushing the
pushed to shift to another target. The knob is hold to the axigoatee (1), the spring (13) returns back the bushing (4) and
of a vacuum rotary seal (2), which allows up-down and rotathe connector (8) is coupled again to the target holder. Lastly,
tory movements. The knob travels around until other target ishe motion of the motor (15), connected to the rotatory
in the suitable position. When doing this operation we perseal (10), will put the target holder in rotation.
form the following steps: pressing the knob (1) the axis is  Figure 1 shows that rotatory seals (2) and (10) and the
introduced and a gear (3a), mounted in this axis, pushes axis (16) are housed in a standard Conflat flange&®f4 mm
stainless steel bushing (4) in which an element (5) of a 3 bagiameter (18). The rigidity of the mechanism as well as the
coupler is flatted. When the element (5) moves, it transmitsubjection of the parts is provided for the platform and four
the movement to the element (6) which has a groove that alosts fixed in the flange (only two of them are shown in the
lows to slide between two screws that are in another stainlesgigure). The shield (17) fastened by means of two screwed to
steel bushing (7) and thus to be able to transmit movement tthe platform posts, acts as shutter to the rest of the targets.
the element (8).
The element (8) is a connector which puts the targetinro2 2. supstrate manipulator
tation and is united to the element (6) by means of a stainless
steel bearing to allow its rotation without interfering with its In PLD technique of thin film deposition, to clip the substrate
mobility. This connector has in one of its ends a pin to be abldo the holder, as well as the relative position substrate-target,
to slide in another aluminum ring (9) that is grooved and hasare important parameters. Frequently the substrate is warmed
a bushing of Teflon. The ring (9) is supported for the axis ofup to obtain a good adhesion and/or epitaxial growing of the
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target material. For many of the target materials the substrate 10
heating offers a good uniformity. Sometimes in this process
an oxygenated atmosphere and temperatures ab@dC

are utilized.

Usually, the substrate is placed in front of the target and
the distance between them depends on many factors. The
most significant of them is the energy remitted by the target.
At pressure o885 mTorr and laser energy density #flcn?,
the length of the “pen” is approximately 6f5 cm. When
the distance is smaller there is not great difference in the
size of the ejected particles, but when this distance is greater,
the proportion of small particles decreases. The ability to fit
this distance is an important parameter in the PLD design. In
more sophisticated applications it can be necessary to move
the substrate laterally.

When the films are deposited without substrate heating,
it is only required a mechanism that allows to locate the sub-
strate in front of the target. If the substrate is warmed up to
relative high temperature<(600°C) in an oxidizing atmos-
phere, the substrate holder necessary is more complex. The
conventional spiral heaters from nicromel wire are a good
laboratory option for heating in this case. Another choice is
to use the radiation produced by quartz bulb lamps that is
cleaner.

In this system is important to allocate a place for the va-
cuum seals that allow the connections of the electrical ener-
gy for the heater and thermocouples. The necessity to have
a uniform substrate temperature entails the use of a holder
of a suitable thickness made of a material that conserves the . :
calorific energy and not allows abrupt changes of temperal_:lGURE 2. Schematic of the substrate holder manipulator.
ture. repetition rate ob Hz and pulse width o0 ns. The laser

Figure 2 shows the mechanism that allows manipulatingluency was optimized at abo@6 Jcn?. The laser is fo-
the substrate holder, thermocouple and heather. In order to lmeised by a20 mm focal length to spot size of approxi-
able to place in the suitable position, and later to make thenately0.002 cm?.
change of the substrate holder, it is necessary to rotate the A 3 mm thickness and5 mm diameter CdS tablet was
knob, that is holds to the axis of the rotatory vacuum seal (1)utilized as CdS target. This tablet was pressed f#r099%

At an other end of this axis, at inner part of the flange (2), ispurity CdS powder from Cerac. The CdTe target, of similar
placed a gear (3), which connected to another gear, placed thickness and diameter, was prepared by vacuum evapora-
axis (4) at witch the substrate holders are mounted. The lasion of 99.999% purity CdTe powder from Cerac. The Auger
gear is located between the flange (2) and the board of sugnd X-ray analysis have showed that this target has the CdTe
port of the substrate holder (5) and transmits the movemerdtoichiometry and [111] preferential orientation. During the
to axis (4) and them allow the positioning of the substrategrowth the target was set in rotatior3atrpm. The film grow-
holder. ing was carried out & x 10~° Torr. In order to clean the

The suitable position of the furnace (8) is obtained bytarget surface before the deposition it was erosionedhby
means of rotation and displacement of another knob, placeldser pulses. The film thickness was controlled by means of
in axis (6) of the vacuum seal (7). The correct positioning ofthe total quantity of laser pulses and the target-substrate se-
the thermocouple (10) is obtained similarly by rotatory andparation.
axial movement of the third knob at outside end of axis (9). Three types of film were grown using the PLD tech-
The three vacuum seals and all mechanism are mounted imque for the evaluation of the system: ITO/CdS, ITO/CdTe
the 6 inches ConFlat flange (2). Last is the piece that sepand ITO/CdS/CdTes. The first two films are compared

rates the internal part of the chamber at the outside. with similarly films grown by close-spaced vapor trans-
port (CSVT) technique. The film growing conditions are
2.3. Film preparation summarized in Table I. The P04-PLD is an ITO/CdS/CdTe

structure, specially grown by the PLD technique in one va-
For the deposition of the films by PLD, a pulsed Nd:YAG cuum cycle without opening the chamber. It has very thin
infrared laser was used. The laser is operating0étt nm, layers of CdS and CdTe.
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TABLE I. Film growing conditions.

PLD

Kind of
structure

Substrate
temperaturéC)

Cds CdTe

Film

Target-substrate
separation (mm)

Cds CdTe

Number
of pulses

Cds CdTe

PO1-PLD
P02-PLD
PO3-PLD
P04-PLD

ITO/CdTe — 200
ITO/CdS 400 —
ITO/CdS/CdTe 400 200
ITO/CdS/CdTe 200 200

— 30
50 —
50 30
50 30

— 20 000
5000 —
5000 20 000
2500 2 500

CSVT

Kind of
structure

Substrate
temperaturéC)

Cds CdTe

Film

Source
temperature°C)

Cds CdTe

Deposition
time (min)

Cds CdTe

CO01-CSS
C01-CSS

ITO/CdTe — 575
ITO/CdS 650 —

— 450
450 —

— 2
2 —

2.4. Film characterization

Chemical composition of target and structure were analyzes
by Auger electron spectroscopy (AES) with ESCA-SAM
Perkin Elmer 560 model, equipped with a double pass cylin-
drical mirror analyzer, with a base pressurel6f® Torr.
AES spectra of CdS and CdTe targets were obtained witl
a3 keV electron beam with typicall§.2 ©A current incident

at 45 to the surface normal in the differential mode. Clean-
ing of targets and AES profile of the structure were obtainec
with an Art beam with energy of keV and a current density
of 0.36 pA/cm?.

3. Results and discussion
3.1. Mechanical results

The design and construction of the target manipulator me
chanism allowed to carry out the exchange and the rotatiol
of targets in a simple and rapid manner: the mechanism i
relatively small and can take targets u24 mm diameter,
that can be mechanical affix on the holder.

The design and the construction of the substrate manipu
lator mechanism allowed the outer manipulation of the sub-
strates the thermocouple and the furnace in a fast and simp
way, without having to break the vacuum in the chamber. The
above mentioned mechanism allowed to prepare structures «
multiple layers and to provide adequate in situ heat treatmer..
of these structures.

3.2. Film results

Figure 3 shows the smoothed and normalized GIXRD diffracciated in Fig. 3 (lower) and have been reported by other au-
tion patterns, under.4° of X-ray incidence, of the ITO/CdTe thors, Cruzet al. [6], who used the stacked elemental la-
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FIGURE 3. GIXRD patterns of Glass/ITO/CdTe structuregat®
X-ray incidence angle with the PLD technique (upper figure)
and CSVT technique (lower figure).

layers. As can be appreciated in Fig. 3 (upper) the PLDyer (SEL) technique, Paulsa@t al. [7], who used CSVT. In

system produces CdTe films with the preferential texture irour CdTe PLD films, the [111] peak is deformed with respect
the [111] direction. This direction is typical of the layers to homologous of the CSVT film. This can be due of a greater
of ITO/CdTe done by CSVT, as it is possible to be appre-degree of stress of the superficial layers of this film, because
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FIGURE 5. GIXRD patterns of Glass/ITO/CdS/CdTe structures
FIGURE 4. GIXRD patterns of Glass/ITO/CdS structuresDat® at0.3° X-ray incidence angle for thick film (upper figure) and thin
X-ray incidence angle with the PLD technique (upper figure) film (lower figure).
and CSVT technique (lower figure).

thin (~ 5.000 counts/s in the peak [111]). This behavior in-
the temperature of growth 250°C smaller than in the case of dicates that the PLD system can finely control the thickness
the CSVT. Itin our experimental conditions it was not possi-of the films and is able to deposit thick as well as thin films.
ble to grow CdTe films at temperatures of ab&u —450°C, It is also interesting to indicate that the CdS film conserves

due to very low deposition rate at this temperature. its hexagonal crystalline structure with the complementary
Figure 4 shows the smoothed and normalized GIXRDpeaks in the [100] and [101] directions.
diffraction patterns, under0.4°C of incidence, of the Figure 6 shows the results of the Auger analysis in the

ITO/CdS films. As can be seen in Fig. 4 (upper), the PLDderivative mode of CdS (upper curve) and CdTe (lower curve)
system produces CdS films with hexagonal greenockite likeargets afteii min of erosion with Ar ions. Upper curve of
structure and preferred orientation along [001] direction andrig. 6 present low noise and well-defined peaks, related to
wheel definite [100] and [101] peaks. Such kind of phasethe Auger S (LMM) and Cd (MNN) transitions with their
structure has been reported by other auth®k$dr the ther-  minima at aboutl50 and 374 eV, respectively. An Auger
mal annealed CdS films obtained by chemical bath deposspectrum of CdTe is present in the lower curve of Fig. 6,
tion (CBD). In spite of this, in Fig. 4 (lower) one can see were the peaks related to Cd (MNN) and Te (MNN) transi-
that in the CSS CdS film the [100] and [101] peaks are notion appears &&75 and483 eV, respectively. Figure 7 shows
present, but, as the inset shows, there is a well marked [103he Auger depth profile of the Glass/ITO/CdS/CdTe structure
hexagonal reflection. Such diffraction pattern structure can bgrown by PLD. In this Figure the different layers from the
interpreted as a mixture of hexagonal and cubic (hawleyiteytructure are shown. The peak to peak intensities of S, Cd
phase 10]. and Te in the depth profile of the structure and CdS and CdTe
Figure 5 shows the as registered GIXRD diffraction pat-targets are similar.
terns unde3°C of X-ray incidence, of the ITO/CdS/CdTe
films. In Fig. 5 (upper), neither the CdS peaks nor the ITO4  conclusions
peaks are present. This have to be related to the rela-
tively high thickness of this film A 5.000 counts/s in the Simple, small and effective mechanism for multitarget and
peak [111]), whereas in Fig. 5 (lower), the ITO and CdSmultisubstrate manipulation was designed and constructed.
peaks are perfectly defined. It evidences that this layer is verysing these mechanisms a multitarget system for growth of
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FIGURE 7. Depth profile obtained for the Glass/ITO/CdS/CdTe
FIGURE 6. AES spectra of CdS (upper curve) and CdTe (lower structure grown by PLD.
curve) targets.
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