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Performance of InGaAs detector with SiN diffusion mask
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Abstract: The InGaAs planar detectors with SiN_ film as diffusion mask were fabricated SiNx films were grown by
plasma enhanced chemical vapor deposition(PECVD) or by low temperature ICP-CVD inductively coupled plasma
chemical vapor deposition( ICP — CVD). The photoelectric responses of the detectors made with the two methods
were investigated. It turns out that the two kinds of devices have similar performance in the average response rate
0.73 and 0.78 A/W, the average peak detectivity 6. 20E11 and 6. 32E11 cmHz"?W ™', and the quantum efficien-
cy 56.0% and 62.0% , respectively. However, the average dark current densities of the detectors is much differ-
ent, with the values of 312.9 nA/cm’ and 206 nA/cm’( —0.1 V), respectively. By fitting with experimental data
to electrical transport theory, the mechanism of dark current was analyzed. The results indicate that the device using
SiN, deposited by ICP-CVD has reduced ohmic dark current in comparison with devices with SiN_ deposited by
PECVD.
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Introduction

The ternary InGaAs has advantages of material
growth, device process technology, and better perform-
ance of the photodiodes at higher operation tempera-
ture'’). After decades of development, InGaAs detec-
tors, including linear and large-scale InGaAs detectors
arrays, have acquired wide applications in many fields
such as near-infrared spectroscopy, earth environmental
resource research, thermal imaging, night vision and
space remote sensing >

The planar type InGaAs detectors have attracted
particular attention due to the higher reliability and low-
er dark current'®”). To fabricate the planar type InGaAs
detector,, doping concentration and the quality of the p-n
junction are directly related to the performance of the
device, so the diffusion process is very important in de-
vice fabrication. The high-temperature-deposited SiN,_
film grown by PECVD is usually used as the diffusion
mask ). However, to the best of our knowledge, no
studies have been reported on the effect of low-tempera-
ture-deposited SiN_ grown by ICP-CVD which is used as
diffusion mask and its direct impact on the photodiode
characteristics. This work compared the behavior of
In, 5;Ga, 4; As photodiodes with that using SiN_ as diffu-
sion mask grown by PECVD with that by ICP-CVD, re-
spectively.

1 Experimental

The planar-type back-illuminated photo detectors
were fabricated on n-InP/i-InGaAs/n-InP epitaxial mate-
rials. The epitaxial structure consisted of 1 pm n-InP top
layer with a carrier concentration of 5 x 10°em ™, a
2.5 um i-InGaAs absorbing layer with a carrier concen-
tration of 5 x 10°®cm ™, a 0.5 wm n-InP buffer layer
with a carrier concentration of 2 x 10" em ™ and a
650 pm n-InP substrate with a carrier concentration of
7 x10™®em . 0.23 um thick SiN_ was deposited on the
surface as the diffusion mask by means of PECVD
(330°C) and ICP-CVD (75°C), respectively. The de-
tector was obtained by a series of planar fabrication
processes such as sealed-ampoule diffusion, photolithog-
raphy, SiN_ passivation and growth of electrode. The de-
tectors are in an array of 32 X 32 scale with a designed
photosensitive area size of 30 um x 30 um, as show in
Fig. 1, the detectors with different diffusion masks are
marked as Sample-1 and Sample-2, respectively.

Fig.1 The photograph of the detectors
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2 Results and discussions

As shown in Table 1, the average peak response
rate of the two detectors are 0. 73 and 0. 78 A/W, the
average peak detectivity are 6. 20E11 and 6. 32E11
emHz">W 1,

Table 1 R, and D, of sample-1 and sample-2
®1 BER—FERZHR, 7D,

Number Ry (A/W) D/ (cmHz"?W ~!)
Sample-1 0.73 6.20E11
Sample-2 0.78 6.32E11

Quantum efficiencies were calculated as follows

R, 0.73
— P — i —
M 08xa C08xL6s 00% (D
R
0T 600 L (2)

7 70.8xA,  0.8x1.62
As shown in Fig. 2, the response wavelength of the
two devices is in the range of 1. 63 ~ 1. 68 pum and
1.62 ~1.69 um, respectively. It can be concluded that
the optical performance of the photodiodes with SiN_as
diffusion mask deposited by ICP-CVD are improved than
the photodiodes with SiN_ deposited by PECVD.
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Fig.2 The spectral response of sample-1 and sample-2
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The characteristics of the detectors were studied by
I-V curves. Figure.3 shows the I-V plots of Sample-1 and
Sample-2. As shown in table 2, the average dark current
densities of Sample-1 and Sample-2 is 312. 9 nA/cm’
and 206 nA/cm’( —0.1 V), and the figure of merit R A

are 1.85 x 10° Q). em® and 2. 24 x 10° Q. em®, respec-
tively. The dark current density of photodiodes with SiN,
as diffusion mask formed by ICPCVD has been reduced
about 30% off, as shown in Fig. 3, and the R A has
been increased.

The current flowing through the diode is low without
the light illumination; I-V relationship of the device can
be expressed as

- qv
I—Io[exp(m,—l)] . (3)
The above formula can be transformed into In/ =
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nents, in addition to the diffusion one shown in Eq. 4 can
IE-6 F ‘ T be expressed separately as
—— Sample-1 _ -12
1E-7 | si?ﬁ&iz I, =1.66909 x 107" x ,/0.65 -V x
1E-g b L Linear Fit of B (exp( V )_1) . (5)
9 0.552
] i I, =1.02566 x 107! x V (6)
2 IE-10 F
= T T T T
“ IE-11 k 1 1.40E-011 f
1E-12 1.20E-011 H
1E-13 F 1.00E-011
< g
T = 8.00E-012
-20 -1.5 -1.0 -05 0 0.5 1.0 s
Voltage/V 3 6.00E-012 |
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Table 2 Dark current density J,( —0.1 V) and figure of 0.00E+000 - ‘ ‘ ‘ . . .
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Number J¢/ (nA/em?) RA/(Q.cm?) Fig.5 The different dark current components of Sample-1
Sample-1 312.9 1.85E5 B 5  Sample-1 FAS ] B B AR 43
Sample-2 206 2.24E5

Inl, + (;[qa,) V. Where I, is reverse saturation current, T

is temperature of detector, £ is Boltzman constant, V is
voltage, n is ideality factor limited by current mecha-
nism. The ideality factor n can be obtained by fitting the
linear part of the In/-V curve.

By fitting the dark current at small forward bias, the
ideality factors n of Sample-1 and Sample-2 are obtained
1.09 and 1. 15, respectively. The results indicate that at
small forward bias, the dark current of the device is dom-
inated by diffusion dark current. For Sample-1, in the
range of small forward bias (0.04 ~0.22 V), the exper-
imental results were fitted with as, the diffusion dark cur-
rent shown in Fig. 4 and expressed as

- v
I =4.68992 x 107 x (ex (—)-1) (4)
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Fig.4 The nonlinear fitting of sample-1 at the small forward
bias
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The dark current at the reverse bias were fitted by
the sum of diffusion, generation and recombination,
ohmic component, as shown in Fig. 5. These compo-

In the same way, as shown in Fig. 6, the dark cur-
rent component at reverse bias for Sample-2 is presented
as follows

Iy =6.18095 x 107" x

Vv
— -1
(eXp(o. 026) ) > (D
I, =1.00557 x 1072 x /0.65 -V x
vV
— -1 8
(eXp(o. 052) ) > (8)
I, =4.14396 x 107? x V (9)
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Fig.6 The different dark current components of Sample-2
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Comparing the dark current components of the two
devices at reverse bias in Fig. 7, it can be concluded that
the ohmic component of the dark current is reduced in
the devices with SiN_ deposited by ICP-CVD.

3 Conclusions

The InGaAs planar detectors using SiN_ as diffusion
mask deposited by PECVD and ICP-CVD have been
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Fig.7 The different dark current components of Sample-1 and
Sample-2
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fabricated. Impact of different fabrication process on the
performance of the detectors was studied. The average
dark current density of the detector using SiN, as diffu-
sion mask deposited by ICP-CVD is 206 nA/cm’
(=0.1V), nearly 30% off in comparing with 312.9 nA/
em’, that of deposited by PECVD. Dark current analysis
reveals that the device with SiN, formed by ICPCVD has

a small ohmic current component.
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