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WIFIRGHT Motivation

« During the course of previous architecture studies, the
Project has recognized several recurring design themes.

— The imager and spectrometer channels have about a factor of 2
difference in plate scale.
« This has been consistent in almost every design.
« Accomplished optically with varying degrees of complexity.

— Contention between fine spatial resolution and sky coverage
could be solved by more pixels.

 Limited by cost constraints.
« Lower cost-per-pixel would be very desirable.
« Still need to factor in cost impacts of higher data volume.

— Focal plane size and cooling require significant thermal
resources.

 Limits the practical size of a focal plane mosaic.

* In addition to the hardware, there are design, testing, and
verification complexities as well.
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WIFIREST Potential Solution @

* NIR detectors with a smaller pixel pitch could potentially help
resolve an overconstrained problem.
— 10 um pixel pitch multiplexers are available (the 4K x 4K format
H4RG-10).
— The physical detector is almost the same size as the H2RG-18, but
with a factor of 4 more pixels.

« Potentially, the cost per pixel could be reduced by a factor of 1.82 = 3.2
(assuming no additional technological complexity/cost).

— The factor of ~2 plate scale change that we require can largely be
accomeli)shed by the pixel physical size difference (a factor of 1.8 is
“natural”).

» Can simplify the optical design
— Maintains sky coverage capability at a factor of 1.8 improved
sampling of the PSF.

« Or one could trade coarser sampling with larger sky coverage, but this
depends on the spectrometer design and ops concept as well.

— Focal plane mosaic physical size need not be significantly increased
to get more pixels.
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WIFIREST Technological Readiness @

« The multiplexers exist and have been refined for flight on
the NRL JMAPS project, but with a visible Si detector.

« Adapting to infrared HgCdTe is feasible, but care needs
to be exercised in order to get an acceptable device.
— Maintaining pixel feature registration and accuracy
— Hybridization yield
— Controlling Inter-Pixel Capacitance
— Controlling charge diffusion
— Packaging and reliability
 Hardware demonstrations are required to ensure that all
effects are accounted for.

* Current TRL for these devices in the IR is very low
(<TRL 3).
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@T Previous Attempt(s) @

« In 2008, another program initiated an experimental
development effort for an H4RG-10 based 1.7 um cutoff
detector.

 Three SCAs.
— Molybdenum and Invar bases.
— Imager and banded arrays.
« Detector operability was very poor.

— An investigation concluded that issues with feature registration led
to internal shorting of the smaller pixels (and thus high dark current).

« Hybridization yield was acceptable.
— Reliably producing such high yield remains a concern.

 This was an important first effort that led the vendor to invest
in @ more accurate machine for defining the pixel features.
— This machine is now on-line and in routine use.

— We expect that it will provide the needed accuracy for 10 um pixel
features.
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K A Dark Current Impact From Poor Pixel @/
e Feature Definition

» Dark currents
were a factor of
100 larger than
WFIRST
requirements.
* Improved
lithography is
expected to
result in much
better
performance.

Figure 5a. SCA 21 Dark Current: Entire SCA dark current map at 140K.
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Hybridization Quality Was

WFIREHT _ e
| Exonerated As A Cause In This Case

Figure 5: Transimpedance map of SCA #21 showing checkerboard pattern of pixel designs and
good hybridization yield.

Figure 4: SEM image of FIB cut SCA#10, showing excellent alignment and bond quality of
indium bumps.
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@T Summary

« If the budget were available, a few of these devices could be built and tested.
— The Project has some of the materials for the devices.

— Additional investments would need to be put into hybridization engineering to
maintain high interconnect operability.

« If the initial devices were successful, then significant additional funding would
need to be secured ($M), to demonstrate yield, optimize pixel designs,
optimize packaging, and test flight-like devices for qualification.

— Multiple lots would be required.
— Three to five years likely to reach TRL-6

* For a preliminary DRM being baselined this summer, the mission
concept cannot be based on a detector technology that is currently
below TRL-3.

* |t is appropriate that the Project continue to monitor the development
status of the 10 micron pitch HgCdTe detectors during our WFIRST
formulation activities.
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