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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 DEEs, 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. 

Keywords:  LFRA, HDRA, Infrared, IRSP, HWIL, Scene projection, Hardware in the loop, Through-silicon Via, 
Quilt Packaging 

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.[1] 

Infrared Imaging Systems: Design, Analysis, Modeling, and Testing XXVIII, edited by Gerald C. Holst, 
Keith A. Krapels, Proc. of SPIE Vol. 10178, 1017809 · © 2017 SPIE

CCC code: 0277-786X/17/$18 · doi: 10.1117/12.2276880

Proc. of SPIE Vol. 10178  1017809-1



In order to 
being pursu
incorporate 
MWIR ban
design of a 
increased p
array quilt 
emitter arra
been fabrica

 

The HDRA
based IRSP
1500 K (see
to 2048 x 
geometries 
data collect
program, th
1500 K.   

Figure 

achieve impro
ued.  New em

new material
nd (3.0 – 5.0 μ

new read-in in
power required
packaging, in 

ay.  The first 3
ated and tested

A program calls
P.  This include
e Figure 1), inc
2048 pixels.  
were fabricate
ted drove add

he material set 

1. Maximum M

ovements in ea
mitter pixels th
s and geometr
m) during test
ntegrated circu

d by higher tem
which multipl
-side quiltable 

d.[1]  

s for advancem
es increasing th
creasing the ma

During the f
ed and tested. T
ditional design 

for the pixel w

MWIR radiance

ach of these m
hat leverage t
ries, have reac
ting, correspon
uit (RIIC) that 
mperature pixe
le smaller RIIC
RIICs, which 

2. BACKG

ment in essentia
he maximum  M
aximum frame
first phase of 
These pixels p

modifications
was refined ba

e and apparent 
pixel perform

metrics, develop
the basic desig
ched the progr
nding to an in-

will support a
els has also be
C tiles are pac
will verify ke

GROUND AN

lly every perfo
MWIR apparen
 rate from 200 
the program, 
roduced signif

s for the secon
ased on the exp

 

temperature pe
mance across pro

pment efforts w
gn foundation
ram goal of 15
-band radiance
a faster frame r
en completed. 
ckaged togethe
y design eleme

ND GOALS 

ormance metric
nt temperature 
Hz to 500 Hz,
emitter pixels

ficantly more r
nd program p
periences from

erformance of l
ogram phases.

within each su
n of existing M
500 K apparen
e of 2.47 W/cm
rate requireme
 The design o

er to produce 
ents of 4-side 

c that character
from 700 K (0
, and supportin
s incorporating
radiance than l
hase.  In the 

m the first phas

legacy IRSPs an

ubcomponent a
MIRAGE pixe
nt temperature
m2sr.  In additi
ent of 500 Hz a
of this RIIC su
one composite
quiltable RIIC

rizes a resistive
0.13 W/cm2sr) 
ng array format
g new materia
legacy pixels, a
second phase 

se, and tested 

 

nd evolution of 

area are 
els, but 
e in the 
ion, the 
and the 
upports 
e larger 

Cs, have 

e array-
to over 
ts of up 
als and 
and the 
of the 

to over 

HDRA 

Proc. of SPIE Vol. 10178  1017809-2



Figure 2 h
temperature
interface.  A
response to 
carried forw

Figur

The comple
Calibration 
source.  Ad
1000C cavi
temperature
temperature
pixels from
reached by 

 

highlights the 
es could be ac
Additional mod

thermo-mecha
ward, and new p

re 2. Conceptua
resistor

eted and pack
and Radiome

dditional camer
ity blackbody 
e measurement
es.  Pixels from

m two different
the better-perf

3. U

key pixel str
chieved by app
difications wer
anical stress.  T
pixels incorpor

l drawing of pix
r), mechanical (

kaged pixels w
try System (C

ra characterizat
with a pinho

ts prevented in
m the latest bat
t designs achi

forming design

UHT EMITTE

ructural comp
plying modific
re made to the m
The pixel geom
rating these im

xel structure sh
(plug and bridg

were electricall
CRS).  The CR
tion for imagin
ole aperture.  
naccuracies fro
tch reached sig
eved the 1500

ns.   

ER PIXEL TE

ponents for re
ations to the l
materials set an
metries that pro

mprovements w

howing key com
e) and optical (

ly and radiom
RS includes a M
ng high-temper
The use of a

om flood sour
gnificantly hig
0 K radiance t

ESTING RESU

eference.  It w
layering order 
nd manufactur
oduced the bes

were produced.

mponents that ar
absorber and r

metrically chara
MWIR camera
rature point sou
a cavity blackb
ce warming of

gher temperatur
target.   Figur

ULTS 

was determin
and refinemen

ing process to 
st results in ear

re responsible f
reflector) perfor

acterized at SB
a that was cal
urces came fro
body and aper
f the camera a
res than the ea
re 3 shows the

ed that even 
nts to the leg-
further improv

rly-phase testin

 

for electrical (le
rmance. 

BIR using a t
ibrated using 

om measuremen
rture wheel fo
and its optics 
arly-phase pixe
e maximum ra

higher 
-emitter 
ve pixel 
ng were 

eg and 

turnkey 
a flood 
nts of a 
or high 
at high 
els, and 
adiance 

Proc. of SPIE Vol. 10178  1017809-3



 

Pixels with
structural st
pixels over 
for this pixe
capable of d
latest tested
significant e
degradation
best candida

Figure 3. P

 the most prom
tability at high
the course of m

el was approxim
delivering, and
d pixels demon
excursions abo

n.  The two de
ates for produc

Pixel geometries

mising design 
h temperatures
multiple excur
mately 1.6 mW
d was typical o
nstrated good s
ove ambient ba
esigns that dem
cing a full array

s from Lot 2b th

geometries w
s.  Figure 4 sh
rsions from am

W, which is sign
of the peak tem
urvivability at 
ackground, and
monstrated the 
y. [2]  

hat achieved the

ere further tes
hows the radian
mbient to high t

nificantly less 
mperature powe

high temperat
d indicates tha
best radiance 

e highest MWIR

sted to verify r
nce as a functi
temperatures.  
than the 3.2 m

er consumption
tures.  The curv
at the tested pix

and stability p

R apparent tem

reasonable pow
ion of power a
The maximum

mW per pixel th
n for the best p
ve in Figure 4 
xel did not exp
performance w

 

mperatures. 

wer consumpti
applied to one

m power consu
hat the HDRA R
pixel candidate

represents ove
perience perfor
were identified

ion and 
e of the 
umption 
RIIC is 

es.  The 
er 1000 
rmance 

d as the 

Proc. of SPIE Vol. 10178  1017809-4



Figur
represe

 

The Mirag
rate of 20
Electronic
UUT fram
and coolin
XL system

 

re 4. Radiance a
ents a separate 

ge XL (LFRA)
00 Hz. The em
cs (C&CE) pro
me synchroniza
ng to the DEE. 
m. [3]    

as a function of
temperature ex

) system includ
mitter array is
ovide Non Unif
ation. The Ther

These three m

f applied power
xcursion from a

4.  HOT MI

des a 1024x102
s housed in th
formity Correc
rmal Support S

major subcomp

Figure 5.1.

r to a VAR20SP
ambient, constit

IRAGE DEVE

24 IR emitter a
he Digital Emi
ction (NUC), i
System (TSS), 
onents, shown

  A Mirage XL

P pixel from the 
tuting over 1000

ELOPMENT

array which pro
itter Engine (D
image Translat
along with a s
 in Figures 5.1

 
L DEE 

latest round of
0 excursions for

ojects dynamic
DEE). The Co
tion & Rotatio
stand-alone chi
1, 5.2, and 5.3 m

f testing.  Each 
r this individua

c imagery at a 
ommand & C
n, Convolution
iller provides p
make up the M

 

point 
al pixel. 

frame 
ontrol 
n, and 
power 

Mirage 

Proc. of SPIE Vol. 10178  1017809-5



-1.L: I I

'11111,,,1111111111111111111,I

nnicra AkEiE

 
 

 
Fig

 
 
 
Figure 5.4 p
pathways be
checking an

gure 5.2. The 

provides a block
etween the DE
d data logging. 

Figure 5.4.

Mirage XL C

k diagram of the
E, TSS, and C

  Mirage XL Bl

&CE 

e entire Mirage
C&CE. The two

lock Diagram sh

 

e XL system. No
o-way commun

howing the com

 Figure 5.3

ote that the two
nication serves 

mmunication rou

3. A Mirage X

o-way arrows in
as a sophistica

utes between co

XL TSS 

ndicate commun
ated network o

omponents.

Up to 
55’

nication 
f status 

 

Proc. of SPIE Vol. 10178  1017809-6



 
 
 

Of the key
emitters per
5ms rise tim

 

 

The Hot MI
and the pix
mode with u
pixel.  In a
optimize th
and current 
mode.   

Based on da
time of app
The pixel d
the pixel wh
in excess of

y performance 
rform well.  Th

me along with 7

Figure 6. Up

IRAGE pixel d
xel response tim
up to 5V avail

anneal mode, u
e output powe
available abov

ata from test p
proximately 5 m
design selected,
hich minimizes
f 1000K. 

5.

parameters; o
he emitter geo
700K MWIR m

dated emitter g

design balance
me.  The unit 
lable to drive th
up to 250 µA 
er of the RIIC, 
ve, the ideal pi

ixel measurem
ms, with a max
, based on test
s the thermome

. EMITTER

operability, ma
ometry features
maximum appa

Rise time 

geometry curren

s the available
cell of the MI
he current thro
is available, c
the pixel resis

ixel resistance 

ments, the optim
ximum appare
t data, is shown
echanical stres

R ARRAY PER

aximum appar
s a 15 micron l
arent temperatu

@ 700K = 4.

ntly in producti

 

 power in the R
IRAGE-XL RI
ough the pixel, 
corresponding 
stance must be
would be 25 k

mal leg length 
nt temperature
n in Figure 7.  
ss induced in th

RFORMANC

rent temperatu
leg as shown i
ure. 

.5mS 

ion will provide

RIIC, maximum
IIC can output
corresponding
to a maximum

e matched the 
kOhms for norm

for the pixel d
e of 1050K usi
This design ha

he pixel when i

CE 

ure, and rise t
in Figure 6. Th

e sub 5ms rise t

m apparent tem
t a maximum o
g to a maximum
m power of 1.
RIIC output.  
mal mode and 

design will be 2
ing power leve
as the connecti
it is heated to p

time, the Mira
his pixel provid

time at 700K. 

mperature of th
of 200 µA in 
m power of 1m
25 mW.  In o
Based on the v
20 kOhms for

20 µm, yielding
els of 1.25 mW
ion near the ce
physical tempe

age XL 
des sub 

he pixel 
normal 

mW per 
order to 
voltage 

r anneal 

g a rise 
W/pixel.  
enter of 
eratures 

Proc. of SPIE Vol. 10178  1017809-7



 

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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