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ABSTRACT 
 

We report on surface passivation using SU-8 for type-II InAs/GaSb strained layers superlattice (SLS) detectors 
with a PIN design operating in mid-wave infrared (MWIR) spectral region (λ50% cut-off  ~ 4.4 μm). Material growth and 
characterization, single pixel device fabrication and testing, as well as focal plane array (FPA) processing are described.  
High quality strain-balanced SLS material with FWHM of 1st SLS satellite peak of 36 arcsec is demonstrated.  The 
electrical and optical performance of devices passivated with SU-8 are reported and compared with those of unpassivated 
devices. The dark current density of a single pixel device with SU-8 passivation showed four orders of magnitude 
reduction compared to the device without any passivation. At 77K, the zero-bias responsivity and detectivity are equal to 
1.1 A/W and 4 x 1012 Jones at 4μm, respectively, for the SU-8 passivated test pixel on the focal plane array.  
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1. INTRODUCTION 
 

Infrared (IR) single element detectors and focal plane arrays (FPAs) are widely used in a variety of fields, 
including medical diagnostics, climatology, terrestrial pollution monitoring, defense and security. Presently, the most 
widely used detectors for these applications are bulk InSb (3-5 μm IR wavelength range, MWIR), mercury cadmium 
telluride (MCT) and intersubband quantum well infrared (QWIP) detectors (8-14 μm IR wavelength range, LWIR) or 
Si:As Blocked Impurity Band (BIB) detectors (beyond 14 μm, very long wavelength IR, VLWIR). InSb detectors 
operate at cryogenic temperatures (77K-120K) in order to obtain high signal-to-noise ratio.  The low-bandgap MCT 
alloys are sensitive to small changes in the alloy composition ratio, and poses short lifetimes due to strong Auger 
recombination rates. Moreover, MCT detectors are characterized by low electron effective mass resulting in excessive 
dark current due to tunneling [1]. Lack of spatial uniformity over a large area is also an issue for MCT devices. QWIPs 
have larger dark currents and lower quantum efficiency compared to the interband devices. A significant disadvantage of 
BIB devices is very low operation temperature (12K) [2], which requires sophisticated multi-stage cooling system.  

 
Type-II short period InAs/(In,Ga)Sb strained layer superlattices (SLSs) have gained a lot of interest over the 

past few decades as a possible alternative to the present-day infrared (IR) detection systems. Investigation of 
InAs/(In,Ga)Sb SLSs started in 1970s by Sai-Halasz, Tsu and Esaki [3]. A decade later, Smith and Mailhiot [4] proposed 
this material system for IR detection. The InAs/ (In,Ga)Sb SLSs consist of alternating layers of nanoscale materials 
whose thicknesses vary from 4-20 nm. These heterostructures have a type-II band alignment such that the conduction 
band of InAs layer is lower than the valence band of GaSb layer. Electrons and holes localized in InAs and (In,Ga)Sb 
layers of SLS, respectively.  The overlap of electron (hole) wave functions between adjacent InAs ((In,Ga)Sb) layers 
results in the formation of an electron (hole) minibands in the conduction (valence) band. Optical transition between the 
highest hole (heavy-hole) and the lowest conduction minibands is employed for the detection of incoming IR radiation.  
The effective bandgap of the InAs/ (In,Ga)Sb SLSs can be tailored from 3μm to 30 μm by varying thickness of 
constituent layers thus allowing fabrication of devices with operating wavelengths spanning the entire IR region. 
Detectors operating MWIR [5-10], LWIR [11-14], and VLWIR [15, 16] spectral ranges were reported by different 
research groups.   
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The thin SLS constituent layers provide a good electron-hole overlap, with the optical matrix elements 
comparable to those of bulk MCT. (In,Ga)Sb layers of SLS are subjected to biaxial compression causing splitting of light 
hole and heavy hole minibands in the SLS band structure. Therefore, Auger recombination rates are strongly suppressed 
relative to bulk MCT [17, 18] leading to improved   temperature limits of spectral detectivites compared with MCT 
detectors [19].  In addition, the larger effective mass in SLS leads to a reduction of tunneling currents compared with 
MCT detectors of the same bandgap. 

 
 Recently, high quality InAs/(In,Ga)Sb SLS grown by molecular beam epitaxy (MBE) has demonstrated 
remarkable progress [20].  However, the performance of SLS-based FPAs has not yet reached the predicted theoretical 
limits. One of the reasons is the surface leakage currents generated on the sidewalls of devices due to the abrupt 
termination of the crystal structure. Decreasing the device size (typical pixel dimensions in FPAs is 24 μm x 24 μm), 
results in the surface leakage current being a main component of dark current. To overcome this problem, stable and 
wavelength independent passivation schemes need to be developed. Several methods have been proposed such as 
chalcogenide passivation (modification of surface by sulphur or selenium atoms) [21-23], overgrowth with larger 
bandgap material [24], or encapsulation of device sidewalls with Si3N4, SiO2, or polyimide layer [25, 26]. These methods 
are effective in reducing dark current and improving device performance; however, they either complicate the fabrication 
process of focal plane arrays (FPAs) or alter the device cut-off wavelength.  
 

SU-8 is a high contrast negative photoresist widely used for micromachining and other microelectronic 
applications [27, 28]. SU-8 contains bisphenol A novolac epoxy resin and photoacid generator as the curing agent. 
Viscosity of the resist is determined by the solvent, which is γ-butyrolactone (GBL) [29]. There are twelve commercially 
available formulations of SU-8 with varied viscosities [30], resulting in different film thickness. Upon UV exposure, a 
strong acid (HCbF6) is generated which causes the epoxy resin to form structure with a high cross-linking density. Thus, 
photopolymerized resist shows outstanding chemical and physical robustness. SU-8 is spin-coated on wide range of 
substrates giving rise to film thicknesses in the range of (0.2-100) μm.  

 
We think, SU-8 is a good candidate for passivation of InAs/GaSb SLS detectors and FPAs since it provides 

chemically and thermally stable coatings with varied thickness, and, moreover, it can be easily integrated into detector 
fabrication process. However, no application of SU-8 for passivation purposes was reported so far.  
                 
 In the presented paper, we first time report on new passivation material, SU-8, intended to improve performance 
of InAs/GaSb SLS detector and FPA in the MWIR spectral region. 
 
 

2. MATERIAL GROWTH AND DEVICE FABRICATION 
 

 
The devices presented in this work were grown on Te-doped epiready (100) GaSb substrates by a solid source 

molecular beam epitaxy (MBE)  VG-80 system equipped with SUMO ® cells for indium and gallium, and cracker cells 
for arsenic and antimony. The group-III growth rates were calibrated by monitoring intensity oscillations of the reflected 
high energy electron diffraction (RHEED) patterns and confirmed by growth of calibration SLS samples with different 
thickness of SLS period. Detectors based on the p-i-n design consisted of a 365 nm bottom contact layer formed by 8 
monolayers (MLs) InAs: Si (n = 4 x 1018 cm-3) / 8MLs GaSb followed by a ~ 1.6 μm thick non-intentionally doped 
(n.i.d.) absorber region consisted of SLS with the same composition. Structure was terminated by a 98 nm thick SLS 
region composed of the p-type (p = 1 x 1018 cm-3 ) InAs/GaSb:Be SLS with the same composition as bottom contact 
layer. In order to improve transport of minority carriers in detector structure, top (150 nm thick) and bottom (150 nm 
thick) parts of absorbing region were doped p- and n-type, respectively, with carrier concentration of 1 x 1017 cm-3. For 
the same reason, compositionally graded ~ 50 nm thick n (p) SLS regions were grown immediately after (before) bottom 
(top) contact layers. The heterostructure schematic of the MWIR p-i-n detector is presented in   Figure 1 (a).  
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Figure 1.  (a) The heterostructure schematic and (b) (004) XRD scan of MWIR SLS p-i-n detector. Inset indicates lattice mismatch 
between SLS and GaSb substrate is equal to zero 

 
 

Symmetric (004) X-ray scan was performed on the sample with a Philips double-crystal X-ray diffractometer 
using the Cu-Kα1 line and is presented in Figure 1 (b). Several orders of satellite SLS peaks are visible. The lattice 
mismatch between SLS and GaSb substrate is equal to zero, as inset in Figure 1 (b) illustrates. The full width at half 
maximum (FWHM) of the 1st satellite peak of SLS is equal to 36 arcsec, thus indicating the good crystalline quality of 
the material. The overall periodicity of the structure, measured by the fringe spacing of the superlattice peaks, is found to 
be 49.2 Å. This value is in a good agreement with the nominal one (48.6 Å).  

 
Normal incidence single pixel photodiodes were fabricated using standard lithography with apertures ranging 

from 25-300 μm in diameter.  Processing was initiated by mesa etch, which defines the dimension of devices (410 μm x 
410 μm). Etching was performed using inductively coupled plasma (ICP) reactor with BCl3 gas. Resulting etch depth 
was ~ 2 μm which corresponds to the middle of the bottom contact layer of the detector.  Then, an ohmic contacts were 
evaporated on the bottom and top contact layers using Ti (500 Å) / Pt  (500 Å) /Au (3000 Å) in both cases. After contact 
metallization, some of fabricated devices were wire bonded to a leadless chip carrier for further characterization. The rest 
of fabricated devices were covered by SU-8 after short (15 seconds) dip in phosphoric acid based solution intended to 
remove native oxide film formed on the etched mesa sidewalls. Figure 2 shows the mesa sidewalls encapsulated by SU-8  
2002 with a thickness of approximately ~1.5 μm. 

 
 

 
 

 
Figure 2. The SEM image of a single pixel PIN SLs diode with SU-8 2002 passivation on the mesa sidewalls 
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For FPA fabrication a similar processing scheme was utilized. Each processed FPA die consists of 320 x 256 
pixels with a 30 μm pitch. An additional test pixel with an area of 24 μm x 24 μm is located at the boundary of the 
320x256 FPA which is used for dark current, spectral response, and noise measurements. Processing was initiated by 
defining 24 μm x 24 μm squares with standard UV photolithography.  Then an ICP dry etch to the middle of the bottom 
contact layer was performed followed by deposition of top and bottom contact metal (Ti (500 Å) /Pt (500 Å) /Au (3000 
Å)). Sidewalls of etched mesas were covered with SU-8 2002 for passivation purposes. Finally, to enable well defined 
indium bumps, an under bump metal (UBM) deposition was conducted using Ti (300Å)/Ni (1500Å)/Au(500Å). Indium 
metal with a thickness ~2.3 μm was thermally evaporated on the UBM metal pads.  The reflow process was conducted at 
a temperature of ~ 200°C to shape an indium bumps with thickness of ~ 10 μm. Figure 3 (a, b) shows indium bumps 
before and after re-flow process. Finally, the FPAs were hybridized to ISC 9705 read-out integrated circuits (ROICs) 
made by Indigo. To get enough junction power between the ROICs and FPAs, an under fill material was used. Finally, to 
minimize thermal stress under low temperature and to diminish free carrier absorption from the GaSb substrate, the 
majority of the substrate was removed from the back side of the FPAs by mechanical polishing. 

 
3. RESULTS AND DISCUSSION 

 
Spectral measurements of single pixel detectors were performed using a Fourier transform IR spectrometer 

(FTIR) and a Keithley 428 preamplifier. Figure 4 shows the normalized spectral response (obtained by dividing the 
photocurrent of the SLS detector with that obtained using a pyroelectric detector) for a 300 μm diameter passivated and 
unpassivated devices for three different temperatures. Measurements were undertaken at applied voltage of - 0.3 V 
(reverse bias). The  cut-off wavelength was shifted from ~ 4. 6 μm at 77 K to ~ 4.9 μm at 150 K. We attribute this shift  
to the change of bandgap as a function of the temperature.  

 
 

(a) (b) 
 

Figure 3. Indium bumps (a) before and (b) after re-flow process 
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Figure 4. Spectral response of PIN diodes with and without SU-8 passivation at 77, 100, and 150K 
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Bias dependent dark currents were measured in 77 – 293 K temperature range. The dark current densities for the 
unpassivated and SU-8 passivated devices measured at 77K are shown in Figure 5.  An unpassivated device was 
characterized three days after processing.  Passivated device was measured immediately after passivation and four weeks 
later. No considerable degradation of the device performance was observed indicating a good long-term stability of SU-8 
passivation.  Passivated device demonstrated a four orders of magnitude reduction in dark current density compared with 
unpassivated one (from ~ 8x10-3 A/cm2  to ~ 5x10-7 A/cm2 ) at the same value of applied bias (Vb = -0.3 V). Dynamic 
impedance-area product at zero bias R0A as a function of temperature was calculated based on dark current data for 
unpassivated and passivated devices. At 77K, R0A was equal to 1.5 x 103 Ω⋅cm2 and 2.3 x 105 Ω⋅cm2 for unpassivated 
and passivated devices, respectively.  

To illustrate the relationship between the temperature and dark current, the dark current density at -0.3V 
isplotted as a function of inverse temperature in Figure 6. The SU-8 passivated device showed an Arrehenius type 
behavior at high temperatures, indicating that the dominant dark current mechanism is bulk diffusion. The calculated 
activation energy is 0.255eV which is close to the expected value of the bandgap. 

Low-temperature (77K) dark current density of FPA test pixel with area of 24 μm x 24 μm was also measured 
and shown in Figure 7. At -0.3 V of applied bias, dark current density was equal to 3.4 x 10-6 A/cm2, which is 
approximately factor of 7 higher than dark current density measured on passivated single pixel device at the same value 
of applied bias (~ 5x10-7 A/cm2).   We attribute this degradation to the additional steps in FPA fabrication, particularly, 
reflow process, hybridization, underfill process and mechanical thinning of substrate, which induce a lot of stress on the 
FPA. Thus, surface defect density may be increased degrading the device performance. However, the demonstrated level 
of FPA dark current is sufficient for FPA imaging and demonstrates that SU-8 is a promising material for FPA 
passivation. The inset in Figure 7 shows the Arrehnius plot of the temperature dependent dark current density from 
which the activation energy for device was extracted and it is equal to  245 meV under -0.3 V of applied bias.  
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Figure 5. Dark current density for the unpassivated and passivated device measured at 77K.  Passivated device demonstrated a four 

order of magnitude reduction in dark current density under a reverse bias of 0.3 V 
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Figure 6. Temperature dependant dark current density of unpassivated and passivated devices measured under reverse bias of 0.3V. 

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4
1E-8

1E-6

1E-4

0.01

1

D
ar

k 
cu

rre
nt

 d
en

si
ty

 (A
/c

m
2 )

Bias (V)

 Passivated FFA test diode

 

 

2 4 6 8 10 12 14
1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

10

Inverse temperature (1000/T)

C
ur

re
nt

 d
en

si
ty

(A
/c

m
2 )

 SU-8 passivation, FPA test diode 

T = 77 K

 

Figure 7. Dark current density for FPA test diode as a function of bias. The inset shows temperature dependence of dark current 
density measured at -0.3 V 

The spectral response of the single FPA pixel with area of  24x24 μm2 is shown in Figure 8. The high 
frequency modulation in the measured spectrum can be noted.  It is due  to Fabry-Perot interfernce patterns caused by 
the residual substrate thickness.  These oscillations can be used to calculate the thickness of the residual substrate: 

2
md

n ν
=

Δ
(1) 

where m is number of fringes in wavenumber region used; d is the residual substrate thickness;  n refractive index of 
GaSb;  Δν is  frequency difference. Assuming the refractive index of nGaSb = 3.5, the the thickness d of residual 
GaSb substrate  is equal to ~ 39 μm. 

For the future, we are planning to include AlGaSb etch stop layer as an intermediate layer between GaSb 
substrate and detector structure. It will enable complete removal of GaSb substrate using chemical etching and, in 
turn, eliminate interference patterns from spectral response of SLS FPAs.  
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Figure 8. Spectral response of the FPA test pixel under reverse bias of 0. 3 V measure at 77K 

The responsivity of the FPA test diode was measured using a calibrated blackbody source at 800°C, 800 Hz  
optical chopper, SR 770 FFT Network signal analyzer and Keithly 428 preamplifier. The background was a 300K 
scene under f/2 illumination. Figure 9 (a) shows the responsivity of the FPA pixel at 77K. The zero-bias responsivity 
observed was ~1.3 A/W and the highest responsivity was equal to ~ 1.1 A/W at the reverse bias of 0.3V at 4.0 μm.  

The specific detectivity D* was calculated using the following equation: 

)/()4(2
*

dd ARkTqJ
RD

+
=  (2) 

where R is the responsivity, q is the electronic charge, J is the dark current density, k is the Boltzmann constant, T is 
the temperature of the device, Rd Ad is the dynamic impedance-area product where Ad  is the electrical area of the 
diode (24 μm x 24 μm).  Low-temperature (77K) D* calculated at 4 μm as a function of applied bias is shown in 
Figure 9 (b). The highest value of D* was equal ~ 4 x 1012 Jones at zero bias.  

 

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2

109

1010

1011

1012

1013

T = 77K 
λ = 4 μm

 

 

 

 

Bias(V)

D
et

ec
tiv

ity
 (J

on
es

)

(b)

 
Figure 9. (a) The responsivity of 24 μm x 24 μm  FPA test pixel vs applied bias (b) Specific detectivity D* as a function of 

applied bias calculated for the same FPA test pixel. Measurements were undertaken at 77K and 4 μm. 
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In conclusion, we have demonstrated improved performance of MWIR (λ50% cut-off  ~ 4.4 μm) single pixel 

detectors with p-i-n design and FPAs based on InAs/GaSb SLS due to SU-8 passivation. Grown SLS has demonstrated 
the zero lattice mismatch to GaSb substrate and narrow SLS peaks (FWHM of 1st SLS peak was 36 arcsecs), which is is 
an indicator of very good material quality.  

Comparison of unpassivated and SU-8 passivated single pixel devices showed a four orders of magnitude 
reduction in dark current density (from ~ 8x10-3 A/cm2  to ~ 5x10-7 A/cm2 ) at the same value of applied bias (Vb = -0.3 
V). This reduction of dark current attributed to suppression of surface leakage currents. Dynamic impedance-area 
product at zero bias R0A as a function of temperature was calculated based on dark current data for unpassivated and 
passivated devices. At 77K, R0A was equal to 1.5 x 103 Ω⋅cm2 and 2.3 x 105 Ω⋅cm2 for unpassivated and passivated 
devices, respectively.  

The FPA test pixel passivated with SU-8 showed reduction of dark current density by three orders of magnitude 
compared to a non-passivated diode (from  8x10-3 A/cm2  to 3.4 x 10-6 A/cm2) at - 0.3 V of applied bias.  The 
responsivity R and specific detectivity D* of the FPA test pixel were measured at 4 μm and 77K. The zero-bias 
responsivity was equal to  ~1.1 A/W, and corresponding D* was estimated to ~ 4 x 1012 Jones.    
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