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SMD PACKAGED ZnSSe ULTRA-VIOLET SCHOTTKY PHOTODETECTORS
WITH HIGH DETECTIVITY

L.S Mak, S. K. Chan, G. K. L. Wong, |. K. Sou’

Department of Physics, The Hong Kong University of Science and Technol ogy
Clear Water Bay, Kowloon, Hong Kong, People China

We report the 1/f noise and shot noise studies on molecular beam epitaxy (MBE)-grown
ZnSSe UV detectors packaged in SMD leadframes for three detectors with different
thicknesses of the active layer and the top e ectrode pad. The highest onset of reverse bias
for the appearance of Uf noise is -27.5V and the highest dark resistances a zero bias is
Ro = 3.7 x 10™Q. The observed difference in their noise performance implies that the
increase of the thicknesses of both the active layer and the top el ectrode pad can significantly
lower the noise levels and in turn lead to higher detectivity. The best detectivity achieved is
8.75x10"™ cmHZz"?W in a detector with an active layer of 5000 A and atop eectrode pad of
Cr (50A) / Au (8000A).
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1. Introduction

Ultra-violet photodetectors respond only to ultraviolet light with high discrimination against
visible and infrared radiation can find applications in areas such as fire detection, flame combustion
control, UV astronomy, industrid and medica applications as well asin a number of personal health
care consumer products. In recent years, there has been increasing interest in developing GaAIN
dloy, SiC, diamond, and a number of wide bandgap 11-VI thin film based visible-blind and solar-
blind UV detectors[1].

The noise characteristics and detectivity of photodetectors reflect their ultimate limit on
small-signa detection. A previous article by Yang et al. [2] reported that athermally limited specific
detectivity as high as 8 x 10*cmHz”W™ can be achieved in their AIGaN/GaN p-i-n photodetector
array. The most recent report on the noise characterization of GaN-based UV detectors was given by
H. Jiang et al. [3] who reported that GaN Schottky photodiodes using oxidized IrNi Schottky contact
can achieve a thermally limited specific detectivity as high as 5.8 x 10®°cmHz"?W™, however the
background limited contribution based on noise spectral density measurement has not been studied.
On the other hand, Vigué &t al. [4] presented the noise measurement on ZnMgBeSe Schottky barrier
UV diodes and reported a detectivity of 2 x 10™cmHz’’W™. In the past few years, we have
successfully fabricated a novd ZnS,,Se-based Schottky barrier UV detector system grown on
closdy lattice-matched GaP substrates, which offer a cutoff wavelength tunable between 340 and
400nm [5]. These detectors exhibit external quantum efficiency as high as 50%, response time as
fast as 1.2 ns for an active area of 0.16 mn?, visible rejection power of more than 4 orders. Recently,
we have also demonstrated ZnMg,.,S, UV detectors with even shorter cut-off wave engths for solar-
blind applications [6]. We have performed detail ed noise measurements on a set of ZnSysSep 4, UV
photodiodes [7]. Based on the combined dectrical and noise measurements including 1/f noise
studies, the best specific detectivity achieved for detectors packed in TO cans is as high as
7.1x10cmHZYW™.  Since most applications in UV detection technology require a compact
packaging, we have recently deve oped a packaging technology based on SMD (surface mounted
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devices) design for a number of consumer products such as wetches, personal UV monitor and UV
teaching kits. In this article, we report the noise characterization and detectivity measurement for
ZNnSossSen1s UV detectors packaged in SMD leadframes with focus on the dependence of their
performance on the thicknesses of the active layer and the d ectrode pad.

2. Experimental

The ZnSygsSey 15 layers of the detectors were grown on n*-GaAs substrates by the molecular
beam epitaxy (MBE) technique using a VG V80H growth chamber. At first, a 1000A thick
ZNnSygsSey15:Al layer was grown on the substrate, which is common for the three detectors used in
this study. This heavily doped II-VI buffer layer is useful to limit the propagation of misfit
dislocation near the substrate interface. Following the growth of the buffer layer, an intrinsic
ZNnSogsSey s layer was grown to act as the active layer. The thicknesses of the active layer of
Detector 1 and 2 are both of 2000 A, while that of Detector 3 is 5000A.

Standard photalithographic technigue was used to define mesa structures to fabricate micro-
devices on the sample wafer. These involve the thermal evaporation of a 100 A-Au thin film as the
top transparent dectrode followed by the deposition of a thick Cr/Au layer in the center of the top
dectrode to form a bonding pad on the active layer. The bonding pad of Detector 1 consists of Cr
(50A) / Au (2000A), while that of Detector 2 and 3 are of Cr(50A) / Au (8000A) with the Cr layer
making direct contact with the surface of the active layer to assure good adhesion. Then, the wafers
were diced into devices each with active area of 0.04mm?. Sliver paint was used to attach the dieto a
SMD |eadframe thus forming an ohmic contact at the back of the n*-GaAs substrate. Finaly, the die
detectors were wire-bonded and protected by UV -transparent epoxy.

The Uf noise characteristics of the detectors were measured using an SR-570 low noise
current pre-amplifier and an SR-760 spectrum analyzer. The detector and the dry battery for
providing reverse bias voltage were shid ded in a grounded alumi num box to reduce the background
noise. In order to measure the noise of the detectors, the background noise must first be determined.
The background noise included the noise from the equipment and the surroundings. It can be
estimated by replacing the detector being studied with a capacitor having a capacitance close to that
of the detector. The background noise of the set up was found to be about 10%°A%Hz. The low
frequency (1 to 100 Hz) noise measurements were taken under reverse bias starting from 3V.

The |-V characteristics of the detectors was measured using a Keithley 237 voltage/current
source unit that is able to measure the current passing through the photodiode at different forward
bias and reverse bias. The data were collected by a computer program for controlling the
instruments. A Hewlett Packard (HP) 16442A test fixture was used as a screening box, combining
with the use of Keithley 237 voltage/current source unit, this system can sense current as low as a
few tens of femto amperes.

3. Results and discussion

The noise spectral characterization reveal ed that the onset reverse bias for the appearance of
detectable noise is very different among the three detectors being studied. They are -3V, -9V and -
27.5 V for Detector 1, 2 and 3, respectively. Figure 1 shows the noise spectral density curves of
Detector 1 (at -3V), 2 (at -9V) and 3 (at -27.5V) respectively, together with the measured
background noise spectrum. Each of the noise spectra can be well fitted with a straight line of the
form of Ny, =A /P . The best fitted parameter A and 3 were determined for the calculation of total
1/f noise within the bandwidth of the detectors based on the equation as shown bel ow:

15 = AL+ (1 £7)df ] 1)

where B is the bandwidth of the detector, which was taken as 300MHz as determined in our previous
work [7]. The fitting parameters and the cal culated total 1/f noise of the three detectors at their onset
revarse biasarelisted in Table 1.
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Table 1. Fitted values of parameter A and 3 and the total 1/f noise for the three detectors.

Reversebias A (A? B Totd Lf noise(A?

-3V (Detector 1)  7.62x10™° 0.76 3.41x10"

-9V (Detector 2)  6.85x1078  1.58 1.87 x 10"

-27.5V (Detector 3) 3.70x1078 1.41 1.27 x 10"
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Fig. 1. The spectrum of low frequency noise power of Detector 1, Detector 2 and Detector
3 with bias of -3V, -9V and -27.5V respectively.

The measured |-V characteristics of Detector 1, 2 and 3 are shown in Fig.2a, Fig.2b and Fig.
2c respectively. For the |-V characteristics of detector 3, the data from 0 to -1.5V were beow the
detectable limit (10fA) of the voltage/current source unit. All three detectors show a very good
rectified behavior as expected from a Schottky barrier. Their dark resistances at zero bias were
determined using Collins et al.’s approach as described below. Curve fitting was performed using
exponential fits to both the forward and reverse bias curves. The constants obtained from curve
fitting were then used in the following equation:

| =a(exp(bxV)—1) +c(exp(d xV) -1) )

where aand b are the coefficients from the reverse bias fit and ¢ and d are the coefficients from the
forward bias fit. The dark resistance Ry, was estimated by taking the inverse derivative of the fit at
zero bias:

1/Ry = (dI/dV)|y =, 3)

The fitted dark resistances at zero bias and the measured dark currents at different bias of the three
detectors were shown in Table 2.
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The shot noise power of a detector when it is operated at zero bias can be cd culated using
its dark resistance and the following equation,

120t = 4KTB/R, 4

where Rothe dark resistance, k is is the Boltzmann constant, T is the absolute temperature and B is
the bandwidth of the detector. The shot noise power of a detector at reverse bias can be obtained by,

Iswot =2l4.0B %)

where |4 isthe DC current passing through the detector at the operating bias which is equivalent
to the dark current listed in Table 1. The calculated shot noise powers of the three detectors beng
studied at different bias are also shown in thistable.

For both zero bias and under reverse bias operation, the noise equivaent power and the
specific detectivity of the detectors are cd culated as,

NEP = /15,4 +12 /R, D" =+AxB/NEP (6)

where R is the responsivity (the responsivity data shownin Table Il are estimated from our previous
work [7]) and A is the active area of the detectors. The NEP values were calculated for the
bandwidth B at 300 MHz. The detector parameters and the calculated NEP and D™ at 330nm in
wave ength for the three detectors are listed in Table 1. The best detectivity results from Detector 3
at zero bias, and it reaches 9.15x10™ cmHzY2W™*, which is among the best of UV detectors reported
so far.
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Fig. 2. Log plot of the absolute value of 1-V data of @) Detector 1, b) Detector 2 and c)
Detector 3 with exponential fit.
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Table2. Performance data of the three detectors.
. Respon- NEP for Detectivit
Bias Dark . Total 1/f S
. ; Dark Current  Shot Noise : sivityat ~ 300MHz y
Device ch'f,a)ge res S(tzance (A) (A?) '\('X'ge 330nm  bandwidth  (cmHZY?
©) AW) W) w)
De‘idor o R =1§1'098 X 1.67x10% - 0093 139x10%° 248 x 102
-3 - 118x10% 1.13x 10" 341x10° 0.163 113%x 107 3.05x 10°
-5 - - - - - - -
Detector Ry = o5 12 13
5 0 1.03x10% - 4.82x10 - 0093  7.47x10%° 461X 10
-3 - 151x10%  1.45%102% - 0163 7.29x 10* 4.73x 102
-5 - 176X10"  1.69x10% - 0175 235%10%° 147x 102
De‘gdor 0 Ry=37x108 - 1.34x10% - 0093 394x10% 875x10°
-3 - 2.02x108  1.94x10% - 0163 270x10™ 1.28x 10%
-5 - 4.93x10%2  4.73x10% - 0175 393x10* 877x 102

From a close inspection of Fig. 2 and Table 2, one can see that Detector 2 shows a much better
performance in 1/f noise levd, short noise level and detectivity as compared to that of Detector 1,
and Detector 3 is the best among all three detectors. These results are aso in good agreement with
their onset of reverse bias for the appearance of detectable noise as mentioned in the beginning of
this section. We believe that the observed difference in their performance is attributed to the
difference among their structural design as stated in the previous section. The increase of both the
thicknesses of the bonding pad and the active layer can lower the 1/f and short noise levels and thus
results higher detectivity. It is bdieved that a thicker bonding pad can reduce the damage caused by
the wire bonding process and athicker active layer can reduce the leakage current that flows through
the lattice mismatch dislocation network located at the interface between the buffer layer and the
substrate.

In summary, both the 1/f noise and shot noise characteristics of MBE-grown ZnSSe UV
detectors packaged in SMD leadframes were studied. The three detectors used in this study are
distinguished in their thicknesses of the active layer and the top dectrode pad. We have found that
the difference in their performance in terms of the 1/f noise and shot noise seems to indicate that the
increase of the thicknesses of both the active layer and the top dectrode pad can significantly |ower
the noise levels. The best detectivity achieved among the SMD packaged devices is 8.75x10™
cmHz;’\ZW'1 in a detector with an active layer of 5000 A and an top dectrode pad of Cr (50A) / Au
(8000A).
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