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Abstract: Etching process of back-illuminated ZnO ultraviolet focal plane array imagers was investigated- The etching re-

sult of 128X128 array,in which the area of unit cell was 25*m X 25/'m, was studied- The profile angle was approximately

80 . There was a lincar relationship between the etching depth and the etching time- The dependence of etching rate on

NH:Cl solution concentration was also studied- The photoresponsivity of the array ’s unit cells was measured- The UV-to-

visible rejection ratio was around 60 ¢ 1.
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1 Introduction

Ultraviolet (UV ) detector imaging has been
widely used in military surveillance and civil applica-
tions, such as missile threat detection,chemical and bi-
ological threat detection and spectroscopy, flame de-
tection and monitoring, UV environmental monito-
ring-and UV astronomy!". As a wide bandgap 1I-VI
semiconductor, ZnO has attracted much attention in
the latest research for UV detectors because it has a
direct wide bandgap of 3-37eV and a large excitonic
binding energy of 60meV" ™. There are many reports
of different kinds of ZnO detectors,such as ZnO met-
al-semiconductormetal (MSM) detectors',Zn0O pin
detectors; and ZnO Schottky detectors- However;
there are no reports of ZnO focal plane array (FPA)
imagers now ; while there are many reports of AlGaN
FPA imagers[z’gww] .

In this paper, we study the etching process of
back-illuminated ZnO FPA imagers and test the IV
characteristic of the FPA 's unit cells- The array con-
sists of 128X128 individual ZnO unit detectors which
are designed in vertical structure-The area of the unit
detector is 29M*m X25Mm .

2 Experiment

The back-illuminated ZnO focal plane array was
fabricated using RF magnetron sputtering technique-
First,an IT O electrode layer was deposited on the sap-
phire as the bottom electrode of the unit detectors
using RF magnetron sputtering technique- An ITO
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target (99 99%0) was used for sputtering with the
flux ratio of Ar * 02=3 % 1.The ITO film was deposi-
ted at the RF power of 100W. And then a ZnO layer
was deposited on the ITO layers using magnetron
sputtering technique, which was used as the active lay-
er of the ZnO unit photodetectors- A ZnO target
(99. 999%) was used for sputtering with the flux ratio
of Ar * 0:=2* 1.The ZnO active layer was deposited
at the RF power of 100W.Photolithography was then
processed using an appropriately-designed mask with a
pattern of 128 X 128 array. Ammonium chloride was
then employed in the wet etching process: using the
photoresist as the resist layer to etch the ZnO active
layer-In order to study the etching process, NH:Cl so-
lutions of different concentrations were used for wet
etching process at room temperature (25°C) . Samples
with different thicknesses were deposited in order to
investigate the etching rate and the relation between
the etching rate and the concentration of the NH:Cl
solution- The thickness of these samples was 200, 600,
800, 1000 and 1300nm respectively -

The results of the ZnO focal plane array were
studied using industrial microscopy (Nikon ECLIPSE
LV 150).The reaction of ZnO with the NH:Cl solution

) 1
is as follows' 7,

NH:CI=NH!{ + Cl° (1)
NH:{ +H:0=NHs « H20 T H" (2)
ZnO+2H =Zn" +H:0 (3)

It was found that the etching rate of the ZnO can
be controlled by the concentration of the NH1Cl solu-
tion and linear etching process could be achieved using
NH:Cl solutions of different concentrations-

The I-V characteristic of the ZnO FPA s unit cell
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Fig.2 Cross-sectional view of the ZnO FPA unit cell
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Fig.3 Relationship between the etching depth and the etching
time of NH,Cl solutions of different concentrations a:10%;
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Figure 2 shows the Cross-sectional view of the
Zn0 FPA unit cell- The etch profile angle was approx-
imately 80°.

Figure 3 shows the relation between the etching
depth and the etching time of different solutions
(10%6.8%.,5%.3% and 170).There was a good linear
relationship between the etching depth and the etching
time, indicating that the etching depth can be easily
controlled by the etching time of the etching process-

Figure 4 shows the relation between the etching
rate and the concentration of N H4Cl solution. T here

was a good linear relation between the etching
rate and the concentration of N H: Cl solution » indica -
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Figure 1 shows the top view of the ZnO FPA ima-
ger W1t hotoresist after etching- It was found that

the ist &upr?‘a(/‘ﬂ’é"@%ﬁ’é&kwﬁhml solution-

Fig-4 Relationship between the etching rate and the concen-
tration of N H4Cl solutions
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4  Summary
In conclusion; we have realized wet etching of a
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Fig.5 Schematic illustration of the testing of FPA’s unit cell References
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Fig.6 [-V characteristic for the ZnO FPA’s unit cell
ting that the etching rate depended on the H' con-
centration in the solution which increased linearly
with the concentration of the NH:Cl solutions-
Thus, the etching rate increased linearly with the
concentration of the N H:Cl solutions-

Figure O shows schematic illustration of the tes-
ting for the photoresponsivity of the FPA "s unit cell-
An Hg lamp (365nm) was used as UV illumina-
tion- A picoammeter ( Keithley Model 6478 ) was
used to measure the dark current and the photocur-
rent -

Figure 6 shows the photoresponsivity of the FPA 's

[1] KungP:Yasan A:McClintock R et al-Future of Al ;Gai—,N mate-
rials and device technology for ultraviolet photodetectors- SPIE.
2002,4650,199

[2] McClintock R, Yasan A, Mayes K, et al- Back-illuminated solar-
blind photodetectors for imaging applications-SPIE, 2005, 5732, 175

[3] Bagnall D M,Chen Y F.Zhu Z et al- Optically pumped lasing of
Zn0 at room temperature- Appl Phys Lett,1997,70(17),2230

[4] Liu M.Kim H K. Ultraviolet detection with ultrathin ZnO epitaxial
films treated with oxygen plasma- Appl Phys Lett,2004,84(2).173

[5] Sharma P.Mansingh A.Sreenivas K- Ultraviolet photoresponse of
porous ZnO thin films prepared by unbalanced magnetron sputte-
ring- Appl Phys Lett,2002,80(4),553

[6] Zhang D H.Brodie D E- Effects of annealing ZnO films prepared by
ion"beam-assisted reactive deposition- Thin Solid Films, 1994, 238
(1).95

[7] YuP.LiL:Lubguban J A.et al- Metal-semiconductor-metal photo~
diode ultraviolet detector based on high quality ZnO- AIP Confer-
ence Proceedings, 2007,893(1),1421

[ 81 Lamarre P, Hairston A, Tobin S P,et al- AlIGaN UV focal plane ar-
rays-Phys Status Solidi A,2001,188(1),289

[9] Reverchon J L. Mazzeo G- Dussaigne A. et al-Status of AlGaN
based focal plane arrays for UV solar blind detection- SPIE, 2005,
5964,596402

[10] Reverchon J L; Robo J A, Truffer J P, et al- AlGaN-based focal
plane arrays for selective UV imaging at 310nm and 280nm and
route toward deep UV imaging~SPIEy2007y 6744,674417

[11] Shih-Chia C, Hicks D B, Laugal R C O-Patterning of zinc oxide thin
films-1EEE 5th Technical Digest, 199241

BHEN Zn0 RIMEFE B GRS ERZI 52

BB

KEX &R

(MEZSERFR TR E5TRA, W& 710049)

HE. o 7R Zno B I BURFETIHIER 210 T Z % Zn0 £V HE FES Y 128 X128 B2, fEA BTG By 250m X 250m ., X
PG 20 5 BT T BRI AT - 20 R 5 840 % 380 THT £ 29 D 807 A5 200 ool AR e, 220 S R RN 220 o i) SR R A S R BB AT T
NH: Cl {3 K B2 2 bk 26 2 6] f) 9% 2 - Ik 20 ok 64 B 51 B T4 17 e P i) B2 ey i, A5 5 BH I FL I L 24y 60 = 1.

. ZIfh: NH.CL: 421 51
PACC. 2940p; 7280 EEEACC.: 4250; 2250
FESES: TN3G NHEARIRED: A NEHS:

T B R iE : qachucang @gmailraom
2008-05-25 e 21|, 2008-07-08 £ H5

0253-4177(2008)12-2304-03

7 2008 i T



