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Despite its many potential advantages, the use of InGaAs-based arrays for scientific imaging in the near-infrared is 
minimal1 and not widespread. For example, InGaAs imaging arrays are used in commercial Dense Wavelength 
Division Multiplexing (DWDM) telecommunications, military and aerospace applications.2,3 In terms of 
performance, InGaAs detectors with high, flat QE already exist.2 Technologically, a transparent InP substrate and 
substrate removal technology, such as that used to increase short wavelength performance and minimize cut-off 
wavelength non-uniformities and cosmic ray effects in HgCdTe, also exists. These advantages offer imagers based 
on InGaAs technology the potential to be a lower cost, higher reliability alternative to those based on HgCdTe. The 
work described herein provides more complete characterization of the low temperature performance of an InGaAs-
based imager array than presently exists to assess the suitability of this technology for scientific imaging 
applications. 

We characterized a nominally 1.7um cut-off wavelength 1kx1k InGaAs (lattice-matched to an InP substrate) 
photodiode array fabricated by Sensors Unlimited, Inc. (now Goodrich Corporation). The array was hybridized to a 
Rockwell H1RG multiplexer under the Lawrence Berkeley National Laboratory-led SuperNova/Acceleration Probe 
(SNAP) mission concept development program.4,5,6 The detector was operated in the H1RG’s slow readout mode, 
with buffered output, with an external current source. 

The mean-variance and conversion gain (Cg) for the InGaAs detector are shown in Figures 1 and 2.7 Note that the 
engineering definition of Cg (uV/e-) differs from the astronomers’ definition (e-/DN, where DN=Digital Number or 
e-/ADU, where ADU=Analog-Digital Unit). We call the latter, the inverse gain (=1/Cg). From the figure, it is 
apparent that Cg is signal-dependent, with noticeable deviation from constancy at signal levels as low as 10-15 % of 
full scale. The interpixel capacitance factor was calculated to be 0.87, resulting in a ~13% gain error.8,9 Thus, the 
resulting low signal inverse gain is 6.3 e-/DN. The measured linearity and full well, calculated using the conversion 
gain data, are illustrated in Figure 3. The full well for a 0.5V detector bias was calculated to be 435K e-. 

Figure 4 illustrates the relative QE of the InGaAs detector at 140K. The curve has been adjusted to achieve the same 
maximum absolute 300K QE data. A nominal room temperature curve is also shown in the figure for comparison. It 
is evident that the spectral shape is retained, with the wavelength being shifted towards shorter wavelengths due to 
the band gap shift of the detector band edge. The shift corresponds to ~80nm shorter cut-off wavelength at 140K 
relative to 300K. This result is a bit higher than the ~100 nm shift expected using the 0.625 nm/K rate expected from 
theory.10 However, the data correlates well with recent results obtained by others.11 

Figure 5 illustrates histograms of the dark current at various temperatures. Figure 6 illustrates an Arrhenius plot of 
the temperature dependence of the mean dark current. The curve is relatively well behaved with an extrapolated 
value that matches nominal room temperature data. The calculated activation energy of 0.25 eV is a bit lower than 
the 0.37 eV expected for purely generation-recombination in the depletion region. The flattening of the dark current 
at low temperatures is thought to be due to the effect of photo-generation from diffuse cosmic rays in the InP 
substrate, as has been observed for non-substrate-removed HgCdTe.6 Figure 7 illustrates the noise performance of 
the InGaAs focal plane array versus sampling depth. Secondly, while the electronics noise is well behaved, 
decreasing in line with the expected square root dependence with increasing Fowler sample, the excess detector 
noise does not. Persistence in the InGaAs detector, Figure 8, is seen to decay to <0.1% of the original signal level 
almost instantaneously, with a subsequent, well-behaved, 55 sec decay constant. 

In conclusion, the low temperature performance of existing InGaAs detector technology is well behaved and 
sufficient for all but the most stringent scientific applications. The results presented are comparable to those 
obtained from existing HgCdTe imagers. The key differences observed are the magnitude of the temperature-
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dependent shift in cut-off wavelength and the fact that the read noise is higher than that obtained for the most 
recently-developed HgCdTe. 
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Figure 1: Mean-variance curve for an InGaAs detector 
biased at 0.5 V at 140K. 

Figure 2: Conversion gain plot at 140K. Each data point 
represents a spatial average of 6-frame temporal variance 
from each of a 32x32 block of pixels. 
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Figure 3: Linearity and full well of the InGaAs/mux 
hybrid package at 140K. The (red) line corresponds to a 
linear fit to the first 5 points in the mean data. 

Figure 4: Relative quantum efficiency of the InGaAs 
detector at 140K. The dashed curve overlaying the 140K 
data is a copy of the 300K curve, shifted by 76 nm. 
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Figure 5:  Dark current histograms at selected 
temperatures. 

Figure 6: Arrhenius plot of dark current for InGaAs and 
state-of-the-art HgCdTe. 
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Figure 7: Noise vs number of samples at integration 
intervals of 0.64s and 300s. A curve of the electronics 
noise of our setup, scaled by Cg is shown for comparison. 

Figure 8: 140K persistence data for an InGaAs focal 
plane array. The initial illumination level was ~80% of 
full well. 
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