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OVERWIEV

♦ Thin films of ZnO are widely investigated at present for applications in advanced optoelectronic devices, sensors and solar cells [1], as well as for high temperature, high frequency and high powder electronic

devices , same of them designed to operate in hirsh temperature and radiations conditions as for example in space environment [2].

♦ The space environment characteric radiations can affect the optical and electrical properties of ZnO based materials by inducing structural defects which also lead to the operational faults of devices [3-5].

♦ In this paper we report the results of a numerical computational study on the electric and thermal behavior of defective ZnO thin films.
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RESULTS

1. Electro-thermal simulations

COMPUTATIONAL DETAILS

♦ The numerical modeling was performed on test devices whose structure includes a silicon substrate,

a silicon oxide layer and ZnO thin films.

♦ The effect of radiations-induced defects on the thermal and electrical properties of ZnO thin films was

simulated considering nonuniform resistivity of defective regions in the films volume.

♦ The resistivity variation was taken into account by: i) discretization of the films thickness in several

layers and ii) considering vertical embedded columns (defect pillars) with different resistivities as

function of defects concentration.

♦ Electro-thermal simulations were performed with CoventorWare 2012 design and simulation software

tool, by applying a voltage to the electrodes of the test structure along with convection-thermal radiation

boundary condition on the external surfaces.

♦ Electric simulations were also performed with ANSYS Multiphysics 12.1 simulation tool, for similar

boundary conditions.

CONCLUSIONS

► We investigated the electrical and coupled thermal-electrical response of FET transistors with ZnO thin films as active channel regions, when 
various densities and areas of radiation - induced defects are present in ZnO material. 

► Numerical simulations have been performed on test FET structures: thickness of ZnO thin films 100 nm, channel length (L) 10 - 50 μm and channel 
width (W) 100 - 600 μm. 

► Structural defects in the channel region have been considered by: i) ZnO film was meshed in six layers with defects having variable concentrations 
0 % - 50 %; ii) defective array of pillars placed in one line or in two lines in the FET ZnO channel; iii) variation the defective pillar size in the range of 
10-90 % from the ZnO channel length.

► The temperature in the FET ZnO channel increases with increasing L, while variation of W has no significant impact on the thermal behaviour since 
the distance between electrodes remains constant .

► The concentration of defects, their distribution and the size of the defected regions strongly affect the current density and the temperature in the 
FET channel. 
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RESULTS

2. Electrical simulations

Current density distribution in the channel region of 
a ZnO FET: the interface between the regions with 
and without defects. 

Effect of a defective zone containing 6 layers with different
defects concentration on the current flow in the channel of a
FET ZnO transistor. The FET channel dimensions: L=10 μm x
W=500 μm.

► The current density has a maxim value in the bottom
region of the FET channel under the defected area.

► In the defected area, the current density is low
comparatively with the undefected one.

► The current density remains high in the region wich
corespond to layer 4th , with the thickness of 20 nm and 10 %
defects.

Current density as function of defected area for each
layer with defects considered in the model of the FET
ZnO transistor.

Effect of the size of the defected area in each layer of the FET
ZnO channel on the current density values.

► The current density has a maximum value of 2.6 μA/μm in
the ZnO layer 1 without defects.

► In the region with defects, the current density decreases to
1.1 μA/μm in the ZnO layer 4, and reaches a value of 0.81
μA/μm in the ZnO layers 1, 2, 3 and 5 respectively.

►For each layer, the current density decreases when the size
of the defected area varies from from 10 % to 90 %.

Current density variation through each layer of the FET ZnO channel, function of the size of radiation – induced defects area. 

► A sharp decrease of the current density at the interface between the region without defects and the region with defects was 
observed for al the 6 layers with different defects concentration. 

► Current density values are strongly dependent on the size of the defected area in each layer, which varies in the range: 
10 %- 90 % of the layer size.

► Current density values reach a minimum value of which is independent of the size of the defected area when the density of 
defects is 50 %, as is observed in the layers 1 and 2. Maximum value is obtained in the layer 4, with 10% the density of defects. 

TEST STRUCTURES

The test structure used for electrical 
simulations: ZnO channel of a FET 
with  thickness meshed in 6 layers 
with different  thickness and variable 
resistivity as function of defects 
concentration.

Cross section of ZnO channel
of a FET: in the central part are
presented the defective layers
of the test structure. The green
region represent the
undefected region of the
channel.

Test structure used for electro-thermal
simulations: ZnO channel of a FET
containing embedded vertical columns
(defect pillars) with different resistivities as
function of defects concentration. The
defective regions are located in a row or in
two rows.

Region 
without 
defects

Region 
with 
defects

Field effect transitor 
with ZnO active 
channel. 

Effect of a defective zone containing 6 layers with
various concentration of defects on the current
density and temperature distribution. The test
structure is a FET ZnO with the channel dimensions:
L=10 μm x W=600 μm.

► (a) Current density (pA/μm2).
► (b) Temperature distribution (K).
► (c) Temperature distribution (K) in longitudinal section

of the channel.
► (d) Temperature distribution (K) in the cross section of

the channel.
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Effect of defective array of pillars placed in one line or in 
two lines in the FET ZnO channel, on the current 
density and temperature distribution. 

► Current density distribution (pA/μm2) for one line of 
defect pillars; (b) two lines of defect pillars.

► Temperature distribution (K) in 3D volume: (a) one line 
of defect pillars; (b) two lines of defect pillars.

a) b)

a) b)

► Temperature distribution (K) in longitudinal section 
through defect pillars:
(a) one line of defect pillars; (b) two lines of defect pillars.

► Temperature distribution (K) in longitudinal section 
through defect pillars:
(a) one line of defect pillars; (b) two lines of defect pillars.

►Temperature distribution (K) 
in cross section trough 
pillars:

(a) one line of defect pillars; 

(b) two lines of defect pillars;

(c) undefectd region outside 
of the defect pillars. 

► Temperature variation along defect pillars 
with 50 % defects and 30 % defects: 

(a) one line of defect pillars; 

(b) two lines of defect pillars.
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