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Abstract:. A low cost atomic layer deposition system was designed and fabricated for the deposition of Ultra thin Zinc oxide 
films. Diethyl Zinc and Deionized water were used as Zinc and Oxygen precursors 
purging gas. Ultra thin layer of ZnO was prepared on glass substrate
structural, optical and morphological studies using 
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I. INTRODUCTION 
 
Recently ultrathin films of Zinc oxide (ZnO)  
gained more attention due to the demand for 
miniaturization of devices in the 
semiconductor and energy conversion technologies. 
is expected to be used as a new candidate for next
generation electronic devices to meet the growing 
demands of small feature bioelectronics
emitting diode and flexible display
transistors [1] etc. ZnO is a wide-gap semiconducting 
metal oxide with a direct band gap of 3.37 eV at room 
temperature; i.e. in the near-UV region. It has a large 
exciton binding energy of 60 meV
the visible region, stability, non-toxicity and high 
mobility [2]. ZnO exhibits different forms like 
powder, thin films, nanorods, nanoflowers, 
nanopillers, quantum dots, etc [3]. ZnO thin films can 
be prepared easily by different techniques such as sol
gel [4], RF sputtering [5], electrochemical deposition
[6] chemical vapor deposition (CVD)
layer deposition (ALD) [8] etc. Because of the unique 
features of ALD, this method of preparation has 
gained much attention recently. Using ALD ultra thin 
ZnO and doped ZnO can be grown much easily.
 
II. ATOMIC LAYER DEPOSITION (ALD)   
 
Atomic Layer Deposition (ALD)   is an excell
technique for the preparation of ultra thin metal oxide 
films which utilizes self terminating binary sequence 
surface reactions. These binary sequence chemical 
reactions happen between gas phase precursor 
molecules and solid substrate surface.
Deposition which was developed by T.Suntola in 
1970s has been experiencing ever-increasing interest 
due to the ability to form high quality films with  
precisely controlled thickness in the nanometer scale, 
layer uniformity, scalability, low 
excellent step coverage etc [9]. The technique is 
capable of forming thin films of a variety of 
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Zinc oxide (ZnO)  has 
more attention due to the demand for 

miniaturization of devices in the emerging 
semiconductor and energy conversion technologies. It 

used as a new candidate for next-
devices to meet the growing 

bioelectronics sensor, light 
display panel, thin film 

gap semiconducting 
of 3.37 eV at room 

UV region. It has a large 
exciton binding energy of 60 meV, transparency in 

toxicity and high 
different forms like 

powder, thin films, nanorods, nanoflowers, 
ZnO thin films can 

be prepared easily by different techniques such as sol-
electrochemical deposition 

chemical vapor deposition (CVD) [7] and atomic 
etc. Because of the unique 

method of preparation has 
Using ALD ultra thin 

much easily. 

ATOMIC LAYER DEPOSITION (ALD)    

Atomic Layer Deposition (ALD)   is an excellent 
technique for the preparation of ultra thin metal oxide 
films which utilizes self terminating binary sequence 

These binary sequence chemical 
between gas phase precursor 

molecules and solid substrate surface. Atomic Layer 
was developed by T.Suntola in 

increasing interest 
due to the ability to form high quality films with  
precisely controlled thickness in the nanometer scale, 

scalability, low thermal budget, 
. The technique is 

of a variety of materials 

from the vapor phase. ALD was principally 
developed for the preparation 
compound semiconductors of which Zinc oxide is 
one of the popular candidates
CVD but relies on alternate dosing of precursors into 
the reaction chamber at relatively lower deposition 
temperature. 
 
A general ALD process consists of sequential 
alternating pulses of gaseous chemical precursors that 
react with the substrate. These individual gas
reactions are called ‘half-reactions’.
half-reaction, the precursor is pulsed into a chamber 
under vacuum (<1 Torr) for a designated 
time. This  allows the precursor to fully react with the 
substrate surface through a self
leaves no more than one monolayer at the surface. 
Subsequently, the chamber is purged with an inert 
carrier gas (typically N2 or Ar) to remove any 
unreacted precursor or reaction by
then followed by the counter-reactant precursor pulse 
and purge, creating  a mono
material. This process is then cycled until the 
appropriate film thickness is achieved.
cycle consists of four steps as shown in the figure

Figure 1: Schematic of four-steps of ALD with

 
For the preparation of ultra thin
films ALD is found to be the best method.
used ALD precursors of ZnO are Diethyl
[(CH2CH3)2] and DI water (H
quantum-confinement-related effects begin to appear 

Volume- 5, Issue-3, Mar.-2017 

Films for Optoelectronic Applications 

ATOMIC LAYER DEPOSITION 
THE PREPARATION OF ULTRATHIN ZNO FILMS 

FOR OPTOELECTRONIC APPLICATIONS 

 Cochin. 

atomic layer deposition system was designed and fabricated for the deposition of Ultra thin Zinc oxide 
and high purity Argon gas as 

. The deposited thin films were investigated for 
pectroscopic ellipsometer, 

from the vapor phase. ALD was principally 
developed for the preparation of II-VI and III-V 
compound semiconductors of which Zinc oxide is 

s. ALD is a variant of 
lies on alternate dosing of precursors into 

the reaction chamber at relatively lower deposition 

A general ALD process consists of sequential 
of gaseous chemical precursors that 

react with the substrate. These individual gas-surface 
reactions’. During each 

eaction, the precursor is pulsed into a chamber 
under vacuum (<1 Torr) for a designated period of 

the precursor to fully react with the 
substrate surface through a self-limiting process that 
leaves no more than one monolayer at the surface. 
Subsequently, the chamber is purged with an inert 

or Ar) to remove any 
ted precursor or reaction by-products. This is 

reactant precursor pulse 
a mono layer of the desired 

material. This process is then cycled until the 
appropriate film thickness is achieved. The ALD 

consists of four steps as shown in the figure1. 

 
steps of ALD with two precursors. 

For the preparation of ultra thin pin hole free  ZnO 
the best method. Commonly 

are Diethyl Zinc (DEZ) 
(H2O) respectively. The 

related effects begin to appear 
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at physical dimensions similar to or less than the 
exciton Bohr radius of the material, according to the 
equation aB = 4πεrε0 .h2/μe2 where εr is the static 
dielectric constant, ε0 is the permittivity of free 
space, μ is the reduced effective mass of the electrons 
and holes and e is the charge of an electron. The 
exciton Bohr radius is typically of the order of 1–20 
nm, depending on the material. This makes ALD an 
interesting technique to study quantum-level effects. 
 
III. FABRICATION OF ATOMIC LAYER 
DEPOSITION SYSTEM 
 
We have designed and fabricated an automated low 
cost atomic layer deposition system in our lab for the 
preparation of ultra thin ZnO films for optoelectronic 
applications. The system consists of a hot wall 
reaction chamber made of stainless steel with .07 liter 
volume and a shower head type gas flow mechanism. 
The whole chamber set up is placed over a heater 
which can heat upto 4000C and is controlled by a 
temperature controller. The substrate holder is 
attached to the shower head part with a flange. A 
rotary pump is used to create an ultimate vacuum of 
3x10-2mbar inside the reaction chamber. An analog 
type pirani gauge measures the pressure inside the 
chamber. Feed through for thermocouple is provided 
on the topside of the reactor. 
Precursors in containers are injected to the reaction 
chamber via stainless steel tubes connected to a  
shower head arrangement. The duration and the 
sequence of flow of precursors and purging gas are 
controlled by several solenoid valves, a sequential 
controller and a PC. Sequential controller is built 
around an 8 bit microcontroller with a PC interface 
through a serial port. To input data a user friendly 
interface written in Visual Basic is provided to define 
number of cycles, sequence and duration of 
precursors and purging gas. 
 

 
Figure 2: Schematic diagram of in-house fabricated ALD 

system 

 
The schematic diagram of low cost atomic layer 
deposition system fabricated is shown in fig.2. The 
total cost of the system is only INR 2 lakhs whereas a 

professional ALD system costs nearly INR 10 
million. Using the in-house fabricated ALD system 
ultrathin ZnO film was deposited on glass substrates 
at a temperature of 1250C with cycle number fixed as 
40. Prior to the deposition the substrates were cleaned 
using soap solution and rinsed thoroughly with DI 
water. The cleaned substrates were placed in chromic 
acid solution for two hours and again rinsed with DI 
water. After that substrates were placed inside the 
sonicator at 30oC for 15 minutes. The cleaned 
substrates were dried by heating at  low temperature. 
Deposition was started when the pressure inside the 
chamber reached 0.04 mbar. Precursor gases were 
introduced sequentially into the reaction chamber. 
Deposition parameters are  listed in table 1. 
The half-reactions of Zn (CH2CH3)2 and H2O are 
performed in XYXY binary reaction sequence given 
by the following reactions [10]: 
  
ZnOH + Zn (CH2CH3)2                  ZnOZn (CH2CH3) 
+ C2H6 

Zn (CH2CH3) + H2O                     ZnOH + C2H6  
 

Table 1: Deposition parameters 

Deposition parameters        Conditions    

Zinc source                                Diethyl Zinc   
Oxygen source                           DI water  
Substrate                                    Glass   
Deposition Temperature         1250C    
Chamber pressure                      0.04 mbar 
ALD Cycle Sequence                DEZ/Ar/DI water/Ar 
ALD Cycle Timing                    0.5s/20s/1s/20s 
ALD cycle number                     40 

 
I. RESULTS AND DISCUSSION 

 
A low cost, efficient and fully automated Atomic 
Layer Deposition system was designed and fabricated 
for the deposition of ultra thin ZnO films. The as 
grown ZnO thin films were characterized for the 
degree of crystallinity and crystal orientation by 
Glancing angle X-ray diffraction (XRD: PANalytical 
X’Pert PRO with Cu-K - alpha radiation, λ = 1.5418 ˚ 
A). Scanning Electron Microscope (SEM- JEOL 
Model JSM - 6390LV) measurements were 
performed to study the surface morphology of the 
sample. Optical properties such as band gap, 
transparency etc were studied with UV-VISIBLE 
Spectrometer. 
Thickness of as deposited sample was measured 
using variable angle spectroscopic ellipsometer and 
found to be  10 nm. The growth rate per cycle was 
0.25 nm which is in agreement with the published 
values. This ensures the ALD growth of ZnO 
[11].The GAXRD spectra of ZnO thin film is shown 
in fig.3.  
 
The as deposited films exhibited amorphous nature. It 
is also to be noted that for very thin films deposited 
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on glass substrates, it is possible that the 
characteristic peaks are absent even in GAXRD 
spectrum and may exhibit the amorphous nature of 
glass.  
The microstructure was investigated using Field 
emission scanning electron microscopy (FESEM). 
The FESEM micrograph of the film is  shown in 
Figure 4. The morphology of the ZnO nanocrystals is 
spherical. The size distribution was found to be 
homogeneous. 
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Figure 3.GAXRD spectrum of ALD grown  ultra thin ZnO film 

           

Figure 4: SEM image of ZnO film 

 
In order to determine the optical band gap of the 
films, the absorbance spectra of the films were 
recorded at room temperature. The absorption 
coefficient ( α ) was calculated from the absorbance 
spectrum using the formula: 
 
α(υ) = 2.303(A / d)  
 
where d is the film thickness and A is the optical 
absorbance. The optical absorption edge was 
analyzed by the following equation , 
 
αhυ = A(hυ − E g )m  
 
where A is a constant, m value is respectively 1/2 and 
2 for direct and indirect transitions. The variation of 
(αhυ)2 with photon energy hυ of the non-crystalline  
ZnO thin films are shown in Fig 5. It has been 
observed that the plots of (αhυ)2 versus hυ are linear 

over a wide range of photon energies indicating the 
direct type of transitions. The intercepts 
(extrapolations) of these plots (straight lines) on the 
energy axis give the energy band gap.  
The direct band gap of ZnO is reported as 3.37eV at 
room temperature. From fig.5 the band gap of as 
deposited sample is observed as 3.97 eV. The 
widening of band gap is due to the quantum 
confinement effect at lower thickness (< 50 nm) of 
sample. 
The as deposited ZnO film shows above 80 % 
transparency in the visible region. This  makes it 
suitable for applications which demand high 
transparency. 
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Figure 5:The variation of (αhυ)2 with photon energy 
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Figure 6; Optical transmission spectra of ZnO thin film 

 
CONCLUSION 
 
A low cost Atomic Layer Deposition system was 
designed and fabricated. Ultra thin films of ZnO were 
prepared using it. The ALD growth of ZnO film was 
confirmed by ellipsometric measurement from which 
the growth rate was calculated as 0.25 nm. The 
GAXRD graph, FESEM image and band gap plot 
shows the formation of amorphous ultra thin ZnO 
film on glass substrates. 
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