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Abstract

The holy grail of ExoPlanet research is finding and characterizing terrestrial planets orbiting in the habitable zones of a
neighboring stars. The first question to be answered is: does the planet have an atmosphere, and what is it’s composition.
Theory and observation confirm that the one universal atmospheric component should be CO_2. Hence a successful mission
must determine it’s presence. The most direct path to detection is through the enormously strong 15 micron vibration-rotation
feature of CO_2, hence the technology we’re developing. Because of the CO_2 in the earth’s atmosphere, this requires a space
observatory, such as the JWST. Our technology can also be used to detect water vapor and ozone in exoplanet atmospheres,

the latter of which indicates abundant life, probably indicative of a ‘Cambrian Explosion’ event on the exoplanet.



Characterization Results of 15 um HgCdTe Detector Arrays for Astronomy

The University of Rochester (UR) infrared detector group is working together with Teledyne Imaging
Sensors to develop megapixel HgCdTe 15 pum cutoff wavelength detector arrays for future space
missions with the goal identifying key components of biosignatures in the atmospheres of exoplanets.
This technology could have the capability of identifying the 15 um CO, feature, seen in the three
terrestrial planets orbiting in a habitable zone in our solar system. Further investigations of the
habitability of such rocky planets would then be determined by the detection of abundant oxygen (from
the 9.6 um ozone feature) and water vapor in their spectra.

To reach the 15 um cutoff goal, an intermediate step was taken by developing four ~13 um cutoff
wavelength arrays to identify any unforeseen effects related to increasing the cutoff wavelength from
the extensively characterized 10 um cutoff wavelength detector arrays developed for the NEOCam
mission. The characterization of the ~13 um cutoff wavelength HgCdTe arrays at UR allowed us to
determine the key dark current mechanisms that limit the performance of these devices at different
temperatures and bias when the cutoff wavelength is increased. We present dark current and well
depth measurements of three arrays with a 15 um cutoff wavelength goal (actual cutoffs of 15.2, 15.5,
and 16.7 um at a temperature of 30 K) and a summary of the ~13 um cutoff arrays.

The goal of this project was to determine if HgCdTe detector arrays are a better option than Si:As
detector arrays to cover this wavelength range since HgCdTe devices give very high QE and require
significantly less cooling. Si:As devices require cooling down to ~6-8 K, while the best performing ~15 um
HgCdTe device showed a median dark current of 1.4 e~ /s (with applied reverse bias of 150 mV, or well
depth of 49 ke ™) at a temperature of 23 K, while the best ~13 um device showed a median dark current
of 0.2 e~ /s with the same applied bias and well depth of 44 ke™ but at a temperature of 28 K (Spitzer’s
focal plane equilibrated to ~28 K after cryogens were exhausted). Although the ~15 um devices were
developed for future space missions, the ~13 um devices may be used in ground based observatories,
giving instruments access to the entire N-band while operating at temperatures attainable with closed
cycle coolers, thereby eliminating the need for cryogens.
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| The UR infrared detector group received three 1024x1024 pixel LW15 detector arrays bonded to HIRG multiplexers for the final phase of this project from
TIS. Table 2 includes the quantum efficiency (QE) and cutoff wavelength measurements provided by TIS for the three LW15 arrays at a temperature of 30
K from the PECs that were grown and processed at the same time as the megapixel arrays.

The University of Rochester (UR) infrared detector group is working together with Teledyne Imaging Sen-
sors to develop megapixel HgCdTe 15 pm cutoff wavelength (LW15) detector arrays for future space mis-
sions with the goal of identifying key components of biosignatures in the atmospheres of exoplanets. This
technology could have the capability of identifying the 15 um feature, seen in the three terrestrial planets or- VENUS
biting in a habitable zone in our solar system. Further investigations of the habitability of such rocky planets
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rent (see Fig. 9 (b)) is approximately two orders of magnitude smaller than
was expected from an array with the same performance as H1RG-18509, only

(LW13) arrays to identify any unforeseen effects related to increasing the cutoff wavelength from the exten-
sively characterized 10 um cutoff wavelength (LW10) detector arrays developed for the NEOCam mission.
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The characterization of the LW13 HgCdTe arrays at UR allowed us to determine the key dark current mecha- 5 S 10 with the cutotf wavelength extended to match that of HIRG-20303. 0503 599 29 837
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readouts such as the Hawaii 1RG and 2RG used with the WISE, HST and JWST missions. Low-power readouts, such as the HIRG, have a source-follower Y Y N ' | —— (a)
amplifier FET in each pixel’s “unit cell’. The unit cell FETs need be active (drawing current) only during the reading of the unit cell’s voltage. Typically on- 4 ol T e ol Figure 8: Median dark current vs. temperature for all LW13
ly one or a few FETs are drawing current at a time, leading to the low power dissipation quoted above. Y Dok Guree S High Dark Cur v . vt Trap—Band Tunneling and LW15 devices with an applied bias of 150 mV. The solid
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Bailey et al. (1998). and Bacop et al.(2010) shovxlfed that ’Ehe dominant dark Cluljrent. m(?chamlsm at low temperat.ures:. folr LWIR HgCdTe photodiodes is Low Well Depth LowWell Depth Low Well Depth Low Well Depth L go9 Warm-_Up Data or HIRG-18367 and at temperatures > 33K for H1RG-18369.
quantum mechanical tunneling. In contrast to ‘thermal” dark current from “diffusion” and ‘generation-recombination” (see McMurtry et al. 2013), tunnel- Figure 4: Venn diagrams showing the criteria for inoperable pixels in all four LW13 devices at a temperature of 28 K and 150 mV of applied

Many of the features observed in the devices for the first phase of
this project were seen in these devices. At low applied biases and
low temperatures, pixels with very large dark currents or low well
depth lied along the same cross-hatching pattern shown in Fig. 5.
Among well behaved pixels (at low bias), similarly to the LW13 de-

ing is highly bias voltage dependent. It is the great challenge of LWIR HgCdTe arrays to produce photodiodes with sufficiently small tunneling dark cur- bias.
rents with hundreds of mV of back-bias. Because of the exponential dependence of tunneling probability, this challenge becomes dramatically stiffer for
cutoff wavelengths exceeding the 10 um requirement of NEOCam. Hence the first step in our development program at TIS to produce 15 pm cutoff wave-
length arrays was to produce 13 pm cutoff arrays.
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When the inoperable pixels at low applied bias are mapped (Fig. 5), all four arrays at this temperature
and bias showed a prominent cross-hatching pattern in three distinct directions that have been identified
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orade A/B megapixel die, and successfully hybridized four HIRG ar- Detector Wafer Cutoff Wavelength QE grown. The FFT of the operability map (upper left corner in Fig. 5) shows the three distinct directions of N (b) devices showed an increase in trap-to-band tunneling over the
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good since approximately 22-25% of incident light is reflected at the tion of a pixel along the cross-hatching pattern (Bailey et al. 1998). & 8 Stable T Data B than a given threshold voltage for those traps.
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medsured d Wwith a tempetature o dnd ah applied blas o temperature of 30 K. QE values are expected to increase if arrays had anti- applied reverse bias exhibited a strong bias dependent dark current as shown for a pixel in H1IRG-18508 in ?)liae deggeefse%ligso Inopefeﬁ)le pixIeI{s a(1)re ap- . . (C) . current at low biases.
mV. Within measurement uncertainties, the QE and cutoff wavelength  reflecting coating. Fig. 6, where the initial dark current increased from 0.4 e”-/s with 150 mV of applied bias to 788 e”-/s. thown in black. S90% of sl e dlezmnsd Figure 9: Median dark current as a function of temperature (with 150 mV of
rEasedl At TR aamGrmned e messureiens nrovided by TE, : , , . , applied bias) and bias (at a temperature of 23 K) for 36 randomly selected op-
p y with 350 mV of applied bias. Similarly, HIRG-18367 and HIRG-18369 had dark currents exceeding the 200 operable. erable pixels in (a) HIRG-20304, (b) HIRG-20303, and (c) HIRG-20302.
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A. Application to Ground Based Astronomy VI. Conclusions
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