
6. The integration times selected for these studies were the result
of maintaining at 50% well fill or greater at the lowest flux provided
to the FPA (flux at 25 � C). It is also important to note that no non-
uniformity correction (NUC) has been performed to correct the
data in this study. Therefore, some inflation of non-uniformity
and uniformity metrics are expected since some moderate cosine4

effects were present with this F/2.2 optic. The non-uniformity
(standard deviation (r )/mean (l )) of the R-QWIP FPA at 50 and
58 K appear to be relatively consistent with both temperature
and bias and stay within the range of 12–13%. The operability of
the FPA is dictated by a left skew of the pixel response toward

lower C.E. and the total pixel population up to a percentage of
the mean or median value is used to quote the operability. While
multiple metrics are available in both Figs. 5 and 6, one may focus
on a single metric to judge this operability with applied bias. In this
regard, observing the entire population of pixels having at least
80% of the median C.E. shows that a peak operability of 97.9% is
obtained at 2 V at 50 K and 98.0% at 58 K, however, the C.E. of
the FPA at a 2V bias is only 86.7% of the maximum C.E. obtained
at 3V. Operating at this higher bias appears to drop the operability
to 95.8% and 95.9% at 50 K and 58 K respectively. This is also evi-
denced by the increasing population witnessed in the tails of the
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Fig. 7. Histograms and Images of the Noise Equivalent Differential Temperature (NEdT) for an R-QWIP FPA at 50 and 58 K at a bias of 2.5 V. Statistics dictate population
percentage skewed to the right of the mean, e.g., Population @: 2 times mean includes all pixels with a NEdT up to twice the mean.

Fig. 8. Bar graph of Noise components used to extrapolate excess noise in experimental test setup.
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distributions with increasing bias. While this tail is more pro-
nounced as the bias increases, no evidence is foretelling the nature
of this tail with increasing temperature. A more detailed study of
the temperature dependent nature is definitely needed before
any conclusions may be made about the nature of this tail with
increasing temperature. However, it can be concluded that while
voltage is enhancing the effective C.E. of the array, a number of pix-
els shift into a low responding tail in the distribution. A continued
study of additional R-QWIP FPAs is forthcoming to help understand
if these higher electric field effects are material or possibly ROIC
related. A summary of the mean C.E. versus bias and the calculated
Q.E. based on the photoconductive gain obtained in test device
studies is given in Table 1.

3.3. Noise Equivalent Temperature Difference (NEdT)

The NEdT was experimentally calculated as detailed in Section
1.5 and compared to the temporal limited NEdT that was expected
from this R-QWIP limited only by the detector and ROIC noise. The
mean values for these experimental and temporal limited NEdT
values are given in Table 1. In the case of the temporal limited
NEdT, a maximum ROIC noise of 500 electrons was based on the
maximum expected noise given in the ROIC documentation. In
an effort to simply this discussion, only the histograms of the
2.5 V NEdT at 50 and 58 K are provided in Fig. 7 along with the
NEdT image to help illustrate an obvious limitation in the measure-
ment. A similar statistical treatment is performed with the NEdT
histograms with the exception that histogram skew tends toward
the right of the distribution (toward higher NEdT values). Hence
the operability is quoted as the population of pixels that are twice
the median NEdT, which yields an operability of 98.8% at 50 K and
98.9% at 58 K. The non-uniformity of the NEdT at 2.5 V and temper-
atures 50 and 58 K show unexpected change with temperature as
this was not the case in the C.E. measurements (granted that the
C.E. measurement is not explicitly noise contingent like NEdT).
Note that the NEdT images also appear to reveal a fixed pattern
noise that appears elevated at 58 K. Given that only the tempera-
ture is changed in these NEdT images at a 2.5 V bias, leads one to
believe that this may be a temperature induced skew in the histo-
gram toward larger NEdT values. While this effect seems probable,
one would hesitate to consider this as rigorously conclusive evi-
dence given the limited data set. Nonetheless, a more pressing
issue is the elevated NEdT as compared to the temporal limited
NEdT shown in Table 1.

Comparison of the experimental and temporal limited NEdT
shows that a large discrepancy exists between what should be
expected with no additional noise beyond detector and ROIC noise.
As seen in Table 1, the measured NEdT is approximately double
that of the temporal limited case leading one to believe that a large
source of excess system noise is present in the measurement. In an
effort to better understand the excess system noise, a simple
extraction of excess noise is performed as shown in Fig. 8. In this
exercise, one may easily account for noise generated from the

detector ðnd ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2gN25C

total

q
Þ; expected noise from the ROIC

(nROIC = 500 electrons), and the actual measured noise (ntotal based

on bias and temperature). From these known/expected values, one
may extract the excess system noise as follows in equation:

nsystem ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n2

total � 2gN25C
total � n2

ROIC

� �r� �
ð7Þ

A summary of the calculated excess system noise is given in
Table 2, which was subsequently removed from the experimentally
collected noise used to calculate NEdT. This system noise corrected
NEdT is provided in Table 1 and provides a more reasonable corre-
lation to the temporal NEdT. Therefore, it can be confidently con-
cluded that the presence of a unknown excess noise source has
effectively coupled into the NEdT measurement, thereby approxi-
mately doubling the expected NEdT. The origin of this excess noise
source is under investigation. The photocurrent to dark current
ratio is also provided in Table 2. The degradation in this ratio is
due to increasing dark currents at higher temperatures/biases. At
elevated temperatures, the dark current begins to compromise
the dynamic range of the well capacity as it further confiscates
an appreciable portion of the well fill, thereby leaving less capacity
for photocurrent. This in essence begins to compromise the sensi-
tivity of your detector at low fluxes.

4. Conclusion

The performance of the first produced R-QWIP FPA was evalu-
ated as function of temperature and bias to reveal performance
metrics relating to dark current, conversion efficiency(C.E.)/quan-
tum efficiency (Q.E.), and noise equivalent difference temperature
(NEdT). It was shown that the dark current of the R-QWIP FPA
exhibited both a bias and temperature dependence and nearly an
order increase in dark current was observed from 50 K to 58 K.
The dark current experienced in this R-QWIP having a peak
response of 8.3 lm correlates well with expected dark currents
in similar QWIP structures [9,10]. The conversion efficiency/(quan-
tum efficiency) of this R-QWIP, which had negligible change with
temperature from 50 to 58 K, increased with bias from approxi-
mately 4.5%/(10.1%) to 7.9%/(21.6%) at 1 and 3 V respectively,
thereby confirming the efficacy of this resonant structure. It was
also shown that by observing the entire population of pixels having
at least 80% of the median C.E. reveals an operability of 97.9% at 2 V
(50 K) and 98.0% (58 K), while the non-operability (12–13%)
showed little variability with bias. However, choosing to increase
the bias to 3 V (where C.E. is maximum) appears to drop the oper-
ability to 95.8% and 95.9% at 50 K and 58 K respectively. For the
NEdT, it was shown that the population of pixels that are twice
the median revealed an operability of 98.8% at 50 K and 98.9% at
58 K. Finally, it was shown that the experimentally measured NEdT
values were inadvertently exaggerated from the coupling of an
unknown noise source which has yet to be determined. While no
dark current mitigation techniques have been applied to this struc-
ture, future studies relating to the temperature dependent opera-
bility of NEdT histograms are expected to contribute useful
knowledge about the applicability of this R-QWIP structure for
higher temperature applications.

Table 2
A list of noise figures versus biases that were used in the calculation of excess system noise. This includes FPA noise (both detector and expected ROIC noise of 500 electrons) and
measured total noise. The photo-electron (Nphoto) to dark-electron ratio (Ndark) is also provided as a key metric affecting the temporal NEdT (see Eq. (6)).

Bias (V) FPA noise (detector and ROIC Only) (e�) Deduced sytem noise (e�) Total measured noise (e�) Np/Nd 25C background

T = 50 K T = 58 K T = 50 K T = 58 K T = 50 K T = 58 K T = 50 K T = 58 K

1.0 2448 2399 3302 3263 4110 4050 #NA 30.4
2.0 2406 2655 3332 3546 4110 4430 #NA 19.2
2.5 2458 2539 3947 4109 4650 4830 152.1 11.0
3.0 2475 2403 21,055 4769 21,200 5340 33.3 4.0
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