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ABSTRACT

The development of very-large format infrared detector arrays has challenged the IR scene projector community to
develop larger-format infrared emitter arrays. Many scene projector applications also require much higher simulated
temperatures than can be generated with current technology. This paper will present an overview of resistive emitter-
based (broadband) IR scene projector system development, as well as describe recent progress in emitter materials and
pixel designs applicable for legacy MIRAGE XL Systems to achieve apparent temperatures >1000K in the MWIR.
These new high temperature MIRAGE XL (LFRA) Digital Emitter Engines (DEE) will be “plug and play” equivalent
with legacy MIRAGE XL DEE:s, the rest of the system is reusable.

Under the High Temperature Dynamic Resistive Array (HDRA) development program, Santa Barbara Infrared Inc.
(SBIR) is developing a new infrared scene projector architecture capable of producing both very large format (>2k x
2k) resistive emitter arrays and improved emitter pixel technology capable of simulating very high apparent
temperatures. During earlier phases of the program, SBIR demonstrated materials with MWIR apparent temperatures
in excess of 1500 K. These new emitter materials can be utilized with legacy RIICs to produce pixels that can achieve
7X the radiance of the legacy systems with low cost and low risk. A 'scalable’ Read-In Integrated Circuit (RIIC) is
also being developed under the same HDRA program to drive the high temperature pixels. This RIIC will utilize
through-silicon via (TSV) and Quilt Packaging (QP) technologies to allow seamless tiling of multiple chips to
fabricate very large arrays, and thus overcome the yield limitations inherent in large-scale integrated circuits. These
quilted arrays can be fabricated in any N x M size in 512 steps.
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1. INTRODUCTION

Santa Barbara Infrared (SBIR) is a world leader in the development and production of infrared scene projector
systems (IRSPs) that meet the needs of hardware-in-the-loop (HWIL) simulation testing. SBIR’s Multi-spectral
InfraRed Animation Generation Equipment (MIRAGE) offers the most advanced performance available in resistive
array-based IRSPs. As sensor and seeker technology evolves, new performance demands will be placed on the IRSP
systems used to test them. SBIR is responding to these demands with the development of the next generation of
resistive array scene projector technology. The HDRA program is funded by the Test Resource Management Center
(TRMC) Test and Evaluation/Science & Technology (T&E/S&T) Program through the U.S. Army Program Executive
Office for Simulation, Training and Instrumentations (PEO STRI). The program’s goal is the design, assembly, and
test of an updated IRSP system that will offer significant performance increases in apparent temperature, speed and
spatial resolution.
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In order to achieve improvements in each of these metrics, development efforts within each subcomponent area are
being pursued. New emitter pixels that leverage the basic design foundation of existing MIRAGE pixels, but
incorporate new materials and geometries, have reached the program goal of 1500 K apparent temperature in the
MWIR band (3.0 — 5.0 um) during testing, corresponding to an in-band radiance of 2.47 W/cm’sr. In addition, the
design of a new read-in integrated circuit (RIIC) that will support a faster frame rate requirement of 500 Hz and the
increased power required by higher temperature pixels has also been completed. The design of this RIIC supports
array quilt packaging, in which multiple smaller RIIC tiles are packaged together to produce one composite larger
emitter array. The first 3-side quiltable RIICs, which will verify key design elements of 4-side quiltable RIICs, have
been fabricated and tested.!")

2. BACKGROUND AND GOALS

The HDRA program calls for advancement in essentially every performance metric that characterizes a resistive array-
based IRSP. This includes increasing the maximum MWIR apparent temperature from 700 K (0.13 W/cm’sr) to over
1500 K (see Figure 1), increasing the maximum frame rate from 200 Hz to 500 Hz, and supporting array formats of up
to 2048 x 2048 pixels. During the first phase of the program, emitter pixels incorporating new materials and
geometries were fabricated and tested. These pixels produced significantly more radiance than legacy pixels, and the
data collected drove additional design modifications for the second program phase. In the second phase of the
program, the material set for the pixel was refined based on the experiences from the first phase, and tested to over
1500 K.

MWIR Radiance vs. Temperature
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Figure 1. Maximum MWIR radiance and apparent temperature performance of legacy IRSPs and evolution of HDRA
pixel performance across program phases.
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3. UHT EMITTER PIXEL TESTING RESULTS

Figure 2 highlights the key pixel structural components for reference. It was determined that even higher
temperatures could be achieved by applying modifications to the layering order and refinements to the leg-emitter
interface. Additional modifications were made to the materials set and manufacturing process to further improve pixel
response to thermo-mechanical stress. The pixel geometries that produced the best results in early-phase testing were
carried forward, and new pixels incorporating these improvements were produced.
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Figure 2. Conceptual drawing of pixel structure showing key components that are responsible for electrical (leg and
resistor), mechanical (plug and bridge) and optical (absorber and reflector) performance.

The completed and packaged pixels were electrically and radiometrically characterized at SBIR using a turnkey
Calibration and Radiometry System (CRS). The CRS includes a MWIR camera that was calibrated using a flood
source. Additional camera characterization for imaging high-temperature point sources came from measurements of a
1000C cavity blackbody with a pinhole aperture. The use of a cavity blackbody and aperture wheel for high
temperature measurements prevented inaccuracies from flood source warming of the camera and its optics at high
temperatures. Pixels from the latest batch reached significantly higher temperatures than the early-phase pixels, and
pixels from two different designs achieved the 1500 K radiance target. Figure 3 shows the maximum radiance
reached by the better-performing designs.
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Figure 3. Pixel geometries from Lot 2b that achieved the highest MWIR apparent temperatures.

Pixels with the most promising design geometries were further tested to verify reasonable power consumption and
structural stability at high temperatures. Figure 4 shows the radiance as a function of power applied to one of the
pixels over the course of multiple excursions from ambient to high temperatures. The maximum power consumption
for this pixel was approximately 1.6 mW, which is significantly less than the 3.2 mW per pixel that the HDRA RIIC is
capable of delivering, and was typical of the peak temperature power consumption for the best pixel candidates. The
latest tested pixels demonstrated good survivability at high temperatures. The curve in Figure 4 represents over 1000
significant excursions above ambient background, and indicates that the tested pixel did not experience performance
degradation. The two designs that demonstrated the best radiance and stability performance were identified as the
best candidates for producing a full array. %!
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Figure 4. Radiance as a function of applied power to a VAR20SP pixel from the latest round of testing. Each point
represents a separate temperature excursion from ambient, constituting over 1000 excursions for this individual pixel.

4. HOT MIRAGE DEVELOPMENT

The Mirage XL (LFRA) system includes a 1024x1024 IR emitter array which projects dynamic imagery at a frame
rate of 200 Hz. The emitter array is housed in the Digital Emitter Engine (DEE). The Command & Control
Electronics (C&CE) provide Non Uniformity Correction (NUC), image Translation & Rotation, Convolution, and
UUT frame synchronization. The Thermal Support System (TSS), along with a stand-alone chiller provides power
and cooling[ 3t]o the DEE. These three major subcomponents, shown in Figures 5.1, 5.2, and 5.3 make up the Mirage
XL system

Figure 5.1. A Mirage XL DEE
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Figure 5.2. The Mirage XL. C&CE Figure 5.3. A Mirage XL TSS

Figure 5.4 provides a block diagram of the entire Mirage XL system. Note that the two-way arrows indicate communication
pathways between the DEE, TSS, and C&CE. The two-way communication serves as a sophisticated network of status
checking and data logging.

< 50’ >
RA— Emitter High Power <+—— < Power
DEE «—— Emitter Control Power <+—— +
«—— Fiber optic command/data +—* TSS L
— Vacuum Monitor —
- lon Pump B —
Y
T j LAN
————Coolant(2) «— o < Up to
! Chiller Interiock—— | Chillerpoyer 55’
Power———» LAN
Video Data )| C&CE
In _ Fiber optic command/data
-DVI

Figure 5.4. Mirage XL Block Diagram showing the communication routes between components.
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5. EMITTER ARRAY PERFORMANCE

Of the key performance parameters; operability, maximum apparent temperature, and rise time, the Mirage XL
emitters perform well. The emitter geometry features a 15 micron leg as shown in Figure 6. This pixel provides sub
Sms rise time along with 700K MWIR maximum apparent temperature.

Rise time @ 700K = 4.5mS

Figure 6. Updated emitter geometry currently in production will provide sub Sms rise time at 700K.

The Hot MIRAGE pixel design balances the available power in the RIIC, maximum apparent temperature of the pixel
and the pixel response time. The unit cell of the MIRAGE-XL RIIC can output a maximum of 200 pA in normal
mode with up to 5V available to drive the current through the pixel, corresponding to a maximum power of 1mW per
pixel. In anneal mode, up to 250 pA is available, corresponding to a maximum power of 1.25 mW. In order to
optimize the output power of the RIIC, the pixel resistance must be matched the RIIC output. Based on the voltage
and current available above, the ideal pixel resistance would be 25 kOhms for normal mode and 20 kOhms for anneal
mode.

Based on data from test pixel measurements, the optimal leg length for the pixel design will be 20 um, yielding a rise
time of approximately 5 ms, with a maximum apparent temperature of 1050K using power levels of 1.25 mW/pixel.
The pixel design selected, based on test data, is shown in Figure 7. This design has the connection near the center of
the pixel which minimizes the thermomechanical stress induced in the pixel when it is heated to physical temperatures
in excess of 1000K.
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Figure 7. Pixel design for Hot-MIRAGE system. The leg position of the design limits the thermomechanical stress on
the pixel when it is operated at high temperatures. The leg length balances pixel response time against power required
to reach the maximum temperature.

These new hot MIRAGE pixels are being fabricated on legacy MIRAGE RIICs. These systems will be integrated and
tested in the Fall of 2017. The 1000K Hot MIRAGE DEE will be delivered to the US Government for integration
with a current 700k LFRA MIRAGE XL.

6. SUMMARY

In response to evolving customer needs, advancements in the performance of key IRSP subcomponents have been
made, a complete next-generation hot, fast and big IR scene projector system can be assembled. The most recently
tested emitter pixels have produced the highest measured radiance to date from a resistive emitter pixel, and have
achieved the MWIR apparent temperature goal of 1500 K. Pixels with several different geometries achieved high
temperatures and demonstrated robustness under repeated testing.

Using the HDRA emitter pixels in legacy MIRAGE DEEs provides a simple upgrade path for the MIRAGE/LFRA
community. These new Hot MIRAGE DEEs will be available in late 2017 to support 1000k MWIR simulation in
legacy systems.
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