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1

LOW POWER INFRARED SCENE
PROJECTOR ARRAY AND METHOD OF
MANUFACTURE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

This invention relates to i1mage projection and
particularly, infrared (IR) image projection from an array of
tightly packed resistively heated microstructure emitters that
requires relatively small amounts of electrical power to drive
the emitters. The microstructure array operates at cryogenic
temperatures 1n order to simulate low-radiance space back-
orounds and at room temperatures for earth-bound back-
grounds.

BACKGROUND OF THE INVENTION

A major challenge 1 IR projector array technology is to
produce a high-emittance structure that requires relatively
little electrical power during operation. Resistor arrays are
one popular approach to obtaming IR scene projectors
capable of wide dynamic range.

Typically, an array designed for projecting radiation in the
IR spectrum will have a large number of discrete pixel
structures coupled to drive electronics. Arrays can be fab-
ricated with a wide range of pixel sizes and pitches to meet
the requirements of a specific optical systems. A represen-
tative array of the prior art may have 96 pixels and operates
in the short-wavelength IR (SWIR) to the long-wavelength
IR (LWIR) wavebands. The arrays may be optimized to a
desired wavelength of projection purpose, such as generat-
ing dynamic radiation clutter scenes or multiple 1ndepen-
dently moving targets against a background that simulates
conditions 1n the upper atmosphere of Earth. Variations in
the thermal and electrical properties of the array are achiev-
able via modification of the pixel, considering collimator
optics and field of view (FOV) requirements of the desired
application.

A critical parameter of thermal radiating projection ele-
ments 1s known as the thermal time constant “T7, defined by
“T7=C/G, where G 1s the thermal conductance between the
heated element and a substrate associated with the element,
and C 1s the thermal mass of the heated element. To achieve
high-speed performance necessary to display dynamic IR
scenes a pixel must have a short thermal time constant. Thus,
a successiul design will exhibit a thermal time constant that
1s a fraction of the frame rate at which the projector operates.
Given as thermal time constant of millisecond duration, the
pixels must be heated to many hundreds of degrees above
ambient temperature to display high radiance scenes using
only milliwatts of power per pixel. However, thermal 1so0-
lation between adjacent pixels and the substrate associated
with the pixel must be maintained to limit cross talk among
adjacent pixels 1 the array.

The array electronics are relied upon to control pixel
temperatures and maintain temperatures between frame
updates for reduced image flicker. Traditionally located
beside the IR arrays, recent advanced in CMOS addressing,
clectronics and fabrication techniques have lead to a two-
level IR array structure with the electronics disposed
beneath a pixel emitter associated therewith, so that high fill
factors may be achieved with pixels covering virtually the
entire surface of the IR array.
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2
SUMMARY OF THE INVENTION

The high performance, low power IR scene projector
array of the present invention benefits from high radiance
eficiency due to the low power requirements, high fill
factors, and high emittance of the resistively heated micro-
structure emitters. Furthermore, the present invention exhib-
its response over a large dynamic range due to the low
substrate temperature and the high temperature materials
used 1n the fabrication of the instant invention.

The array operates 1n a two-level architecture wherein the
array resides suspended on support legs, which provide a
very low thermal leakage path, and the array electronics are
disposed underneath the array in a compact and efficient
manner so that high fill factors result.

A vacuum environment and use of low thermal conduc-
tance materials serve to 1solate the entire assembly from
thermal transients. High optical emissivity results from the
tuned optical cavity design and deliberate selection of emit-
ter and special films chosen to optimize optical properties of
the array.

Low temperature operation properties of the instant
invention result from careful selection of the resistor, pixel
films, and the electronics.

The emitter resistor has a large operating temperature
range via: low negative thermal coeflicient of resistance
(TCR) in the 20-650 degree Kelvin temperature range is
ideally suited to a drive mode of projection driven by
clectrical current, the pixel resistance of about 40 kOhms
provides optimal heating at low electrical current levels, and
the emitter material has a resistance of about 1 kOhm per
square, thereby permitting use of a 40 square serpentine
pattern which fits mto the small pixel geometry. The emitter
thermal design accounts for low temperatures: silicon nitride
films, implementations of a cold heat sink that reduces
cffective hot conductance by 50%, and pixel design pre-
adjusted for temperature-dependent time constants.

The pixel has millisecond response time and no “flicker”
because: thermal conductance defines radiance decay, heat-
ing power controls radiance increase, flexible design covers
a wide range of time constants, and the non-refreshed
current droop measures less than one percent after five
minutes. The pixel field effect transistor (FET) benefits from
excellent low temperature characteristics through the use of
radiation hardened (radhard) RICMOS electronics, FET
conductance improved by a factor of two at 20 degrees
Kelvin, and carrier freeze out does not affect performance.
The pixel time constant 1s adjustable by changing the length
of the support legs that couple the array to the substrate.

To achieve very high speed performance, collimating
microlens assemblies couple to each ematter pixel allows the
emitter to be smaller and thus have a shorter time constant
for the same thermal conductance while simulating a 100%
fill factor. The microlens also allows the [size] use of
reduced-size emitters and thus the thermal response time of
the pixel 1s decreased thereby leading to increased frame
rates.

Two level architecture, bearing hybridized pixel drive
clectronic beneath the supported emitters capable of oper-
ating at near-room temperature significantly improves on the
prior art and represents the latest iteration of this advance IR

scene projection technology.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a perspective view of a two-level emitter
pixel of the present invention at A, and a schematic repre-
sentation of the electrical circuit associated with a single
emitter pixel.
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FIG. 2 1s a graphical representation of calculated emitter
pixel temperature gradient for one embodiment of emitter
pixel according to the present mvention.

FIG. 3. 1s a flow diagram depicting the functional ele-
ments of a scene projector array coupled to 1magery gen-
eration devices, drivers, and camera and display unaits.

FIG. 4 1s an clevational view of an optics system for
suitable projecting imagery driven through an emitter pixel
array coupled to a microlens assembly, and having the
emitter pixel array shown 1n partial exploded cross section.

FIG. 5A-B 1s a plan view of the addressing electronics
assoclated with an emitter pixel array of the present inven-
tion.

FIG. 6 1s a flow diagram depicting the basic sequence for
fabricating the emitter pixel used 1n the arrays of the present
invention.

FIG. 7 depicts two scanning electron microscope micro-
ographs of 15% fill factor and 50% fill factor 2-mil pixels.

FIG. 8 1s an array map of the electrical current 1n a given
array mode according to the present invention, which prin-
cipally measures “dead” pixels 1n the array.

FIG. 9 depicts a perspective view of a discrete pixel made
according to the present invention, an electrical schematic of
the discrete pixel electronics, and an electrical schematic of
the CMOS pixel pixel electronics for a portion of an array
made according to the present invention.

FIG. 10A—C depicts the addressing electronics of the
present mvention 1n a schematic depiction.

FIG. 11 1s an elevational side view 1n cross section of a
“basket” contact usable with the present invention, for
supporting, electrically coupling, and thermally 1solating an
emitter pixel from the substrate.

FIG. 12 1s an elevational side view 1n cross section of a
“plug metal” contact usable with the present invention, for
supporting, electrically coupling, and thermally 1solating an
emitter pixel from the substrate.

FIG. 13 1s an elevational side view 1n cross section of an

emitter test station usable for testing the arrays of the present
invention.

FIG. 14 1s a graphical depiction of timed measurements of
peak emitter values versus time (in milliseconds) of an array
made according to the present invention.

FIG. 15 are two graphs depicting typical FET control of
pixel temperature and the electrical current versus voltage of
a typical pixel made according to the present invention.

FIG. 16 a)-c) are plan views of configuration of pixel
resistors usable with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1A, depicting a single emitter pixel 12
associated with a two level IR array 10 architecture of the
present 1nvention, 1n addition to the use of collimating
microlens assemblies 20 mounted on stand-off posts 21 for
focusing radiation emitted from each emitter pixel 12, as
further shown 1n FIG. 4. The array 10 typically comprises a
plurality of emitter pixels 12 each supported above and
clectrically coupled to associated emitter pixel drive elec-
tronics 14 residing on a substrate 16 by at least one leg 18.
One embodiment of the pixel 12 provides a serpentine
resistive element 22 patterned on a silicon nitride thin film
24, so that the resistive element 22 electrically couples to the
drive electronics 14 with an electrically conducting trace 26
following the leg 18 to the substrate 16 and a suitable
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electrical coupling (shown 1 FIG. 1 B) on the substrate
connected appropriately to allow for rapid addressing of the
pixel 1 cooperation with other emitter pixels 12 of the array
10, thereby projecting radiation indicative of an image. The
legs 18 may be formed of silicon nitride or other material
exhibiting a high degree of thermal 1solation.

The drive electronics 14 couple to the emitter where the
trace 26 clectrically couples the emitter pixel 12, as
mentioned, to drive the suspended emitter pixel 12. The
drive electronics 14 control and maintain the temperature of
cach emitter pixel 12 during operation of the array 10, and
include CMOS addressing electronics 50 described below,
that are preferably constructed of radiation hardened CMOS
semiconductor circuit components to allow use of the array
10 1n nuclear radiation testing environments. As shown 1n
FIG. 3, the periphery of array 10 carries address electronics
50 consisting of a plurality of column group electronics 36
and at least one row decoder 38 and a pixel decoder
multiplex selector circuit 40, to appropriately activate dis-
crete emitter pixels 12 to create an image of emitted
radiation, as is known 1n the display art (see A. P. Pritchard
and S. P. Lake, Proc. SPIE 1994, p. 182-188). The decoders
38 and multiplexers 37 turn on a pixel pass transistor 31
thereby permitting an analog temperature equivalent voltage
to be placed on the gate of a drive FET 33, which 1s 1n series
clectrical connection with the thermally 1solated emitting
pixel 12. FIG. § shows a schematic of the pixel electrical
layout for a 256x256 clement die mounted 1n an array
package 50.

An 1mportant aspect of the array design 1s the substrate
address electronics 50. The address electronics S0 at the
pixel level perform two main functions. The address elec-
tronics 50 are used to select the proper pixel, given an image
to project, using the address lines and then are used to
maintain the analog temperature value written to the pixel
between address frames to avoid flicker. Row and column
address signals select a pass [resistor 31] fransistor 31 at the
pixel level that transmits the analog temperature signal to the
cgate of a power FET 33, which control the current flowing
through the pixel resistor 22. The size of the power FET 33
determines the amount of current through the pixel and, in
combination with the pixel thermal conductance, defines the
pixel temperature difference between the cryogenic sub-
strate and the emitter pixel. The-emitter resistor 22 contacts
the address electronics 50 through two vias to the level of the
substrate 16, one that contact the Vdd line 34, and the other
that contacts the drive FET 33. The resistor 22 and the FET
33 are designed to match the temperature and speed range of
the pixel by providing sufficient power through proper
choice of resistors and FET dimensions. In a typical
application, because of the high pixel heating efficiency, a
ten (10) micron by five (§) micron FET gate dimension is
suflicient to achieve temperature rises of many hundreds of
degrees. All the cell electronics 14 are ecasily contained
within the pixel cell, which can be fabricated as small as two
mils across.

The cell electronics 14 under each emitter pixel 12
includes a sample-and-hold circuit and a drive transistor.
Monolithic digital decoders a buffer drivers are arranged
around the periphery of the array to reduce input lines. For
a 512 by 512 array of emitter pixels, the array 1s organized
into column groups depending on the address speed. Typical
address times are one (1) microsecond per pixel. For an
array operating at thirty (30) hertz, eight (8) column groups
provide the necessary speed. Accordingly, eight analog
temperature signals are directed throughout the array using
digital address lines. Nine digital lines select one of the 512
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rows while six digital lines direct the eight parallel tempera-
ture signals to the appropriate column group. The entire
array of 512 by 512 pixels 1s designed to be addressed at
thirty (30) frames per second. Each pixel has 1 microsecond
to read in the analog signal and store the value in the
sample-and-hold circuit. The array die size varies but for a
3.5 mil pixel, the array size 1s 1.9 inches by 1.9 inches and
fits on a four inch semiconductor wafer 16. Despite the large
array size, the uniformity of electrical current 1s within plus
or minus two and a half percent (2.5%), and fewer than 0.7%
of the pixels were non-functional.

The gate voltage on the drive FET 33 determines the pixel
current and temperature. This analog signal voltage contain-
ing the temperature information 1s maintained on the gate of
the drive FET 33 with a pixel hold capacitor 35. We have
found that at cryogenic temperatures, the hold capacitor 35
stores the charge sufficiently long to produce less than a one
percent drop over a time period of many minutes and has
less drop at higher frame rates. One source of unwanted
pixel temperature change arises when current-induced volt-
age changes at the bottom plate of the hold capacitor 35
thereby changing the gate voltage from the value originally
written to the pixel. This 1s most significant when the array
1s carrying large electrical currents, which occurs when large
regions of the array are running at high temperatures. To
minimize this effect, we have maximized the conductance of
the ground return lines by having the Vss or ground return
line 1n both first metal and second metal. Plus have the lines
be criss-crossed 1n the horizontal and vertical directions.
Vias connect both layers but are not shown. This design
modification distributes the current paths 1n a two-
dimensional sheet. This has been significant 1in reducing
scene-dependent temperature variations and maintaining
array temperature uniformity.

The other source of temperature change 1s Vdd drops in
the array. To correct this problem we design the array to
operate the driver FET 33 1n saturation so that a Vdd change
produces [no current] no current change and therefore,
minimal temperature change.

To address discrete pixels 12 in the frame time required by
the 1mage to be conveyed through the array 10, a number of
pixels 12 must be addressed 1n parallel. For example, 1n an
operating 128x128 array, eight column analog signals are
simultaneously routed to eight pixels whose location 1is
determined by seven inputs to row decoder 38 and four
inputs from the column group decoder 36. Low-flicker
operation 1s obtained by ensuring that a capacitor 35 on the
gate of the drive FET 33 has a long discharge time constant
relative to the frame rate.

Based on tests carried out at cryogenic temperatures,
address times for each channel of a 512x512 array have been
on the order of about 300 nanoseconds. Thus, for a 512x512
array operating at a 200 Hz frame rate, 32 analog channels
will provide the necessary access time. For slower video
frame rate designs the number of analog channels and the
corresponding external parallel drive lines can be reduced to
eight.

For certain applications a microlens assembly 20 (FIG. 4)
may be used to 1increase the performance of the array 10. In
one embodiment, the microlens 20 1s fabricated by etching
a S1 waler 1n a plasma etch. The lenses are formed by the
superposition of three separate mask levels, each containing
twice as many steps as the preceding level thus forming a
fotal of 2" steps. Two mil-high stand-off posts 21 are
preferably electroplated on the lens water to establish suit-
able emitter-lens spacing (=2—5 microns) Thin film solder is
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sputter deposited on top of the posts m preparation for
subsequent bonding to the emitter die. Physical assembly of
the lens 20 to the array 10 1s achieved by aligning the lens
die and emitter die to within a 1 micron accuracy using an
IR aligner which 1s a device providing alignment tolerance
of about two (2) microns, not shown. The two die are
brought into proximity and aligned in an IR aligner and a
thin-film heater, not shown, raises the temperature of the top
of the substrate to approximately 250 degrees Celsius to

achieve appropriate solder flow conditions.

Typical pixel design variations: arrays can be fabricated
with a wide range of pixel sizes and pitches to meet the
requirements of a specific optical system. A 512x512 array
containing pixels on a 3.5 mil pitch serves to display distant
target patterns for a large collimating system at up to video
frame rates. FIG. 7 is a scanning electron microscope (SEM)
micrograph depicting an array at 2-mil pitch having a 15%
fill factor at FIG. 7A and an array having a 50% fill factor
at FIG. 7B. The 15% fill factor array of FIG. 7A 1s capable
of 200 Hz frame rates, while the 50% fill factor array of FIG.
7B is capable of about sixty (60) Hz frame rates, each having
the same thermal conductance. The length of the leg 18 is
preferably 8 microns for the 50% fill factor array and 30
microns for the 15% fill factor array. In one embodiment, the
pixels are arranged 1n a pseudohexagonal geometry for
improved spatial resolution and have one shared electrical
contact to the substrate, where 1t electrically couples to the
drive bus, (FIG. 16c) which provides the electrical voltage
(Vdd) on an electrically conducting line 34. The substrate 16
lies approximately 1-2 microns below the level of the
emitter pixel 12 and contains a plurality of electrically
conducting traces, Vdd 34, pixel address line 30, and signal
voltage line 32. A portion of the pixel address line 30 forms
a electrical bonding pad on the substrate 16 disposed on the
transistor latch circuitry 31 (shown hatched in FIG. 1B).
FIG. 16c¢ illustrates a scaled drawing of a 2-mil pitch emitter
that has 2 msec thermal time constant.

Each pixel 12 has a relatively flat upper surtace, to within
a few tenths of a micron, for maintenance of pixel optical
properties and to ensure that the pixels are not 1n thermal
contact with the substrate 16. During processing, it 1s
preferred to maintain an even topography on the top surface
of each pixel, which 1s maintained in the present process by
carefully observing and controlling thin film stresses inher-
ent 1n a thin film fabrication process.

Typical emitter fabrication process: The majority of the
emitter structure 10 consists of silicon nitride (SizN,) film
62. These films also form the bulk of the material comprising,
the leg 18, which helps provide for minimal thermal contact
between the substrate 16 and the emitter 12. In one
embodiment, the serpentine resistor 22 1s embedded 1n the
film 62. For cryogenic operation, such resistor material
should have a low TCR, be resistant to sacrificial etch
materials using 1n processing the array 10, and have a sheet
resistance on the order of a few hundred ohms/square.
Sputtered TiNx 1s one film that meets this criteria. The film
compositions can be varied over narrow limits by changing
the nitrogen content during deposition and an annealing
process for the post deposition, described below.

With respect to the emitter pixel, the basic fabrication
process 1s shown 1n FIG. 6 consisting of repetitively depos-
iting and patterning a sacrificial layer 60 on a substrate 16
containing drive electronics 14 at the periphery of the
substrate. Then, alternating layers of the silicon nitride film
62 and a single resistor film 22 are deposited and patterned
over the sacrificial layer 60. a preferred material for the
resistor 22 1s TiNx, which makes contact with the substrate
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fraces, which are typically made of a metal. In the final
process step removal of the sacrificial layer 60 with a
suitable etchant forms the free standing microbridge-type
suspended emitter pixel 12.

Typical die processing process: Prior to fabricating the
full array structures on a semiconductor wafer, a temporary
thin passivation layer of polyimide 1s put down over the
substrate and a “dummy” resistor 1s laid down and electri-
cally coupled to the substrate electronics to test. Presently,

no repair of potentially defective substrate electronics is
encouraged, as the test simply indicates whether the sub-
strate works so that further processing effort 1s not wasted on
a non-operating substrate. After the testing process, the
Polyimide 1s removed, and 1f the test indicated the substrate
was operating 1t 1s further processed 1n accordance with the
present invention. Polyimide was chosen for the testing
process because of 1ts electrical 1solation and low thermal
conductance properties, 1ts ease of application and complete
removal with known etchants, as well as the relative ease of
fabricating metalized vias in the polyimide layer to convey
clectrical current from the dummy resistor to the substrate.
The die are electrical probed at the waler level before
beginning the dicing process, so that any defects may be
climinated from further processing. Then each discrete array
1s cut from the wafer. The severed arrays 10 are then
preferably mounted 1n evacuated packages or 1n a cryogenic
dewar. The electrical probing of the die at wafer level 1s
accomplished by addressing each pixel at a time and mea-
suring the current draw by the array 10 as the pixel being
tested is cycled on and off. As shown in [FIG. 7JFIG. 8, a
map of the electrical current may be generated for each die
of a test array. As a result of the fact that the measurement
1s typically taken with the FET operating in the saturation
regions, the map 1s principally a measure of “dead” pixels
and FET current uniformity. Dead pixel count 1s a major
contributor 1n the performance of the fimished array. Often,
dead pixels are produced by electrical shorts between the
substrate metallization lines 30, 32 34 which provide the
clectrical current to the pixels. These short circuits can
ciiectively make every column pixel defective. A second
cause of dead pixels 1s the 1nability of the electrical current
to reach the emitter resistor 22. The usual cause of this type
of defect 1s an open resistor which was inadvertently
attacked and severed during the etch phase or the cause may
be poor electrical contact between the resistor 22 and the
substrate electronics 14.

Electrical measurements for array uniformity and defects:
Observed defects of the variety just noted, have been limited
to as few as five die out of 100 with row and column outages.
A good measure of array quality 1s the count of those pixels
which have a current outside the average electrical current
by more than twenty percent. Some of the die had only one
dead pixel out of 16,000 pixels. The standard deviation in
the pixel electrical current for most of the die has been 1n the
range of three to five percent.

In an observed 512x512 array, the average electrical
current flow was measured at 147 microamperes with a three
percent standard deviation. Of the 252,144 pixels of such an
array, 1,919 (or only 0.7%) were outside the standard
deviation range, and 895 of those (0.3%) of the total, are
dead. The remaining dead pixels were contained 1n one
column and two rows. Note that this level of pixel outage 1s
more than suflicient to produce high quality 1imagery.

Optical design advantages are obtained by use of high
resistance material for the serpentine resistor 22 that 1s also
optically uniform; as mentioned, use of silicon nitride allows
very high fill factors due to its thermal 1solation character-
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istics and because 1t 1s amenable to known semiconductor
processing techniques; and use of a tunable gap structure
allows each pixel to project radiation which 1s a function of
[cap distance times the wavelength of 0 emitted radiation]
gap distance.

Typically an Infrared scene projector can be used to test
infrared sensing hardware systems and simulate dynamic
responses to desired preselected artificial scenes. In many
cases these tests can replace actual field test of the infrared
sensing hardware and thereby save considerable testing cost.
Several approaches to infrared scene projector arrays are
available 1n the literature. The 1nventors have investigated
many types of IR scene projector technologies, and feel that
the resistively-heated infrared scene projector technology
offers the most versatility and 1s the highest performance of
the known approaches, but that the two-level silicon-nitride
pixel 12 microbridge structure has the best combination of
high radiance output and low power consumption. The latter
types allows very large size arrays of 512x512 dimension to
be built using this technique.

To reprise, the microbridge structure i1s preferably a
silicon-nitride microbridge fabricated monolithically on top
of addressing electronics using standard IC processes. The
readout electronics may be one of several devices, e.g.,
CMOS, TFT, BiCMOS, bipolar, GaAs devices, SOI device,
ctc. The particular device used 1mm one embodiment uses
CMOS devices wherein the microbridge pixel 12 1s sus-
pended above the readout electronics 1n each pixel so that
the emitting surface does not compete with the readout
clectronics for space. Thus, very high {ill factor designs are
achievable and for a 3.5-mil pitch design a 89% fill factor
may be attained using this structure. The siliconnitride
material comprising the microbridge pixel 12 also allows
very low thermal conductance between the microbridge and
the silicon substrate. This thermal 1solation property 1is
especially critical 1n large area arrays where over 250,000
pixels may be turned on at once. A typical embodiment may
have a power requirement of 0.1 pW/K per pixel and cross
coupling between neighboring pixels 1s almost nonexistent.
When operated 1n vacuum, the only shared contacts between
neighboring pixels are at the electrical contacts to the silicon
substrate and since the silicon substrate acts as a heat sink,
the amount of cross coupling 1s practically nil. Radiative
coupling 1s very small too because only a thin cross section
of the microbridge 1s exposed to neighboring pixels.

Sacrificial layer

Thermal 1solation of the microbridge pixel structure 12 1s
assisted by operating the device in vacuum, since without
the vacuum, air conductance (through the brownian motion)
of the gas molecules) can increase thermal leakage of the
microbridge by approximately two orders of magnitude. As
can be seen 1n FIG. 6, when the structure 1s fabricated, the
structure 1s preferably built on top of a sacrificial layer. At
the end of the process, the sacrificial layer 1s removed to
thermally 1solate the structure from the silicon substrate 16.
Although one skilled 1n the art will recognize that several
different films may be used as sacrificial layers for the
structure herein.

Silicon dioxide 1s a commonly known and used dielectric
layer that may be used as a sacrificial layer with the present
invention. This material may be removed by known wet etch
techniques using HF-based chemuistry. Other etch accelerator
layers between the microbridge and sacrificial layers may be
added to facilitate the lateral etch rate of the sacrificial layer.
Polyimide may also be used as a sacrificial layer for the
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structure herein as this material may be etched using an
oxygen plasma to undercut the structure. The result of such
a dry etch process 1s that 1t 1s much more selective and less
damaging to the structure being fabricated.

Thermal 1solation legs

For large area arrays, several enhancements may be made
to the thermal isolation features of the structure so far
described. First, the leg structure may be made thin to reduce
thermal conductance. The limitation to the thickness of the
leg 18 depends on the mechanical strength of the material
used. Should the structure warp or bend as a result of too thin
a structure to leg 18, the cavity 23 will lose some of its
critical performance and, in the extreme case, the body or
pixel 12 of the microbridge may touch the silicon substrate

16 and result 1n a loss of thermal 1solation. In our fabriﬂcation
runs leg 18 had a thickness that ranged down to 5000A. Leg

18 thickness of 4000A should be attainable without undue
experimentation by those skilled in the art.

The thermal resistance of the legs needs to be large
compared with the resistance of the microbridge pixel 12.
This prevents large thermal gradient in the microbridge pixel
12 during operation. A large gradient would result 1n a
smaller effective radiating area for the pixel 12 and a
non-uniform emission temperature. During the design of the
structure, the length of leg 18 must be traded off with the
response speed of the emitter 12 and 1ts fill factor.

In one embodiment the microbridge structure uses a
reflector 70 and an absorber layer 72 1n the interior of gap
23 to attain a high emissivity for the microbridge structure.
The stack consisting of the microbridge layers, the vacuum
cgap 23, and the reflector 70 forms a low Q resonant cavity
for radiation in the [2-20 pm wavelength band] 2-20 um
wavelength band. The resistor pattern 22 1n the emitter does
not alter the overall optical response of the emitter cavity 23
because of the high resistivity of the resistor 22. This gives
higch emissivity in all of the areas covered by the silicon-
nitride microbridge whether there 1s a resistor pattern in the
microbridge.

[VVhen] When the microbridge is fabricated, the silicon
nitride films are under compressive stress when attached to
the sacrificial layer. Once the structure 1s released through
the sacrificial layer etch, the film stress relaxes and the
bridge tends to twist around the contact region. The design
of the microbridge attaches the main body of the micro-
bridge at the corners so that the body may twist slightly with
the legs taking up the tension from the twisting motion.
Thus, the body may remain a flat pixel structure with
relatively low stress, and we found that a flat pixel structure
1s 1mportant in order to maintain the thermal 1solation
necessary for this structure to work efficiently as an emitter.

High emissivity over a broad band i1s accomplished
through an absorber layer 72 benecath the silicon nitride
microbridge pixel 12. A thin layer of material with approxi-
mately =400 Ohm/square has the optimal absorption in the
stack and acts to detune the resonance set up by the reflector
and the vacuum gap. In the present invention, a thin layer of
NiCr 1s used for this absorber layer 72 because of its
resilience to etchants during processing sacrificial layer etch
and because of its controllability during sputter deposition.

Physically supporting, thermally 1solating, and
clectrically conducting contacts:

The low thermal conductance and the high emissivity
would not be possible without a strong contact region that
supports the entire structure. The same structure must also
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provide good electrical and thermal contact to the substrate
16. For a quarter wavelength structure designed to optimize
emissivity, this contact needs to be up to 1.8 um deep and
less than 10 yum on a side to minimize its footprint. Making
a good electrical contact through such a via 1s vital to the
overall yield of the array. The metallization that runs through
the microbridge pixel 12 must also make contact to the
metallization from the addressing electronics 50. The con-
tact must be etch-tolerant of the etchants used during the
sacrificial layer etch. Two approaches can be used to fabri-
cate this contact. The first 1s a “basket” contact, shown 1n
FIG. 11, and 1s primarily used for wet etched sacrificial layer
processes and the second 1s a “plug” contact, shown 1n FIG.
12, that 1s primarily used for dry etched sacrificial layer
processes; both are described 1n greater detail below.

During a wet etch process to remove the sacrificial layer,
the etchant can also attack the planarization oxide under-
neath the contact areas. The goal of the basket contact 1s to
build a mechanically strong support for the microbridge
pixel 12 that 1solates as well as supports; and, at the same
time, provides a high yielding electrical contact. In order to
improve the step coverage of the metal on leg 18 that makes
clectrical contact from the microbridge pixel 12 down to the
metallization 1n the addressing electronics 50, the contact is
terraced 1nto two steps. The first step drops from the
microbridge level down to the bottom of the vacuum gap 23.
This step 1s typically 1-1.8 um tall. The sidewalls are
tapered to facilitate step coverage. The second step feeds
through the planarization oxide down to the addressing
clectronics.

The metal for leg 18 1s patterned over these steps to make
contact to the metal on [substrate 15] substrate 16. The
design of thermal 1solation structure requires the metal on
leg 18 be as thin as possible to minimize thermal conduc-
tance. The mechanical strength of the basket contact 60
comes from the silicon nitride layers that are also used 1n the
microbridge body. The leg metal 1s sandwiched between
these nitride layers to shield it against possible attack by the
ctchant used during the sacrificial layer etch.

A plug metal 64 using either copper-based metal or
aluminum-based metal may be applied in the basket contact
to better secure the electrical contact between the leg metal
and the substrate metal. This plug metal 64 also seals the
bottom of the basket against the wet etchant during the
sacrificial layer etch. Without this plug metal, the etchant 1n
the wet HF etch process can penetrate cracks within the thin
f1lm structures to attack the planarization oxide and remove
the base on which the basket contact stands. The addition of
the plug metal 64 reduces the ability of the etchant to
penetrate mto the planarization oxide. The plug metal also
adds to the mechanical strength of the contact to stabilize the
microbridge pixel 12 from bending after the sacrificial layer
etch.

When a dry-etched sacrificial layer 1s used, such as
polyimide, the planarization oxide 1s much more immune to
the dry etch process. The contact area may be simplified
significantly to give the same high electrical yield and
mechanical strength. The plug contact may reduce two mask
layers 1n the process compared with the process for fabri-
cating the basket contact. The plug metal 64 may be depos-
ited and patterned first by a liftoff process. The top of the
plug metal needs to be even with the top of the bottom pixel
nitride so that the leg metal may be patterned directly over
the plug metal. The top bridge nitride 1s then deposited and
patterned over the leg metal. Because of the high selectivity
between polyimide and the metallization used 1n this
process, there 1s excellent electrical yield through this pro-
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cess. The silicon nitride materials provide excellent
mechanical stability to give the arrays good mechanical
yield.

TIWN

A number of resistor materials can be used with the
present 1nvention, but they preferably must have sheet
resistances 1in the 100 Ohm to the 1 KOhm range for good
optical properties, and low currents. Resistive films must

also be stable at high temperatures, and be capable of being
reproducibly deposited. An added advantage 1s 1f the various
f1lm resistances can be varied during the deposition process
by controlling the gas environment. A number of transition
metal nitrides meet this requirement but perhaps the best are

T1IWN and TiN.

Sputter deposited TIWN 1s used as the material for resistor
22 1n the scene projector array 10. This material provides the
high resistivity film required mm order to maintain low
operating current for each pixel; at the same time 1t has very
low TCR so that the pixels may operate over a wide range
of temperatures. The scene projector emitters described
herein operate at between 20K and 1000K. Deposition of the
TIWN material 1s easy to control as the resistivity of the
material may be determined by the flow rate of nitrogen
during the sputtering process. The resistance may be con-
trolled over three orders of magnitude 1n range and repro-
ducibly from run to run. Large tolerance to high operating
current.

When operating a large arca emitter array such as a
512x512 scene projector, the amount of current required to
power the entire array may lead to large voltage drop across
the buslines. We have found that the most significant voltage
change will occur 1n the ground line and since the analog
voltage 1s referenced to the external ground line, any change
in the internal ground line will result in the same amount of
change at the gate voltage. Therefore, depending on the
operating condition, the amount of voltage rise 1n the ground
line may lead to a radiance loss up to 50%.

In the present invention, and in order to minimize the
oround line voltage drop, the grounding grid for the arrays
1s wired 1n both horizontal and vertical directions. This
reduces the effective resistance of the bus line significantly.
The roll-off 1n the voltage drop also occurs gradually in a
radial direction rather than sharply across a row or a
column—if the buslines were routed 1n one direction only as
1s known and practiced in the prior art. The horizontal
oround lines connect to the vertical ground lines at each
pixel to provide multiple conduction paths for the electrical
current.

Another effective resistance reduction technique
employed 1n the present 1nvention 1s to make an attachment
to ground or reference potential through the substrate at each
pixel. At room temperature, this proves to be an effective
way of reducing the ground voltage rise at each pixel. A
typical substrate resistance at each pixel 1s approximately
100 Ohm for a 2-mil pitch pixel. The backside of the wafer

serves as a large ground contact to aid the process.

Changes 1n the VDD busline may also affect the operating
current 1n each pixel. Because the FET currents saturate after
pinch off, the pixel current 1s relatively unaffected by
changes 1n VDD. The designs of the FET size and emitter
current need to carefully consider the bias point of the driver
FET such that the load line crosses the FET I-V curves in the
saturated region. This avoids VDD variation in the buslines
from affecting the output radiance of the emitter.

While the present invention has been described with
reference to preferred embodiments, a person skilled 1n the
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art will recognize variations that fall within the spirit and
scope of the present mnvention as defined by the following
claims.
We claim:
[1. An apparatus for emitting a wide-band infrared image,
comprising;
a semiconductor substrate having a plurality of cavities
therein;

address means disposed on the substrate proximate the
plurality of cavities for routing electrical signals to
various portions of the substrate, wherein the electrical
signals mclude a pixel addressing signal, a voltage
signal, and drive voltage;

at least two emitter pixel members coupled to the address
means and each disposed above one of the plurality of
cavities 1n the substrate wherein each emitter pixel
member comprises a two-level microstructure: a first
level bearing a transistor means, and a second level, set
apart and disposed above the first level, and comprising,
the emitter pixel member, wherein the first level 1s
made of silicon nitride and wherein the second level

has an absorber and the first level has a reflector layer
opposite of and facing the absorber layer;

means for connecting, supporting, and thermally 1solating,
cach pixel member from the substrate;

a trace of electrically resistive material coupled to each
pixel member and at least one leg physically and
clectrically coupled to the substrate;

clectronic control means for electrically coupling the
pixel addressing signal, the voltage signal, and the
drive voltage to each emitter pixel member; and,

transistor means for driving a controlled amount of elec-
trical current through the trace of electrically resistive
material and for maintaining the temperature of the
trace.}

[2. The apparatus of claim 1, wherein the electrically
resistive material 1s embedded into the second level and
wherein the resistive material comprises titanium nitride. }

[3. The apparatus of claim 2, wherein electronic control
means comprises a pixel decoder/multiplexer select circuit
and a row enable decoder each electrically coupled to a
plurality of discrete pixel column group electrical 1ntercon-
nections. }

[4. The apparatus of claim 3, further comprising a plu-
rality of emitter pixel members disposed 1n an array con-
figuration and having a fill factor greater than eighty per-
cent. ]

[5. The apparatus of claim 4, further comprising a micro-
lens assembly coupled to the substrate with a plurality of
stand off posts, so that a single microlens optically couples
to each emitter pixel member.}

[6. The apparatus of claim 5, wherein the plurality of
stand-off posts comprise silicon nitride with a layer of thin
film solder proximate the microlens assembly which 1is
previously electroplated to the substrate.]

[7. The apparatus of claim 4 wherein the plurality of
emitter pixels comprise an array on a 3.5 mil pitch.}

[8. The apparatus of claim 7 wherein the array comprises
at least a 512 by 512 array of 262,144 emitter pixels.]

[9. The apparatus of claim 1, further comprising;

a layer of planarization oxide disposed covering said
transistor means,

a passivating layer disposed covering said planarization
oxide layer; and,

a reflector layer 1s disposed covering said passivating
layer, so that said reflector layer opposes said second

level ]
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[10. The apparatus of claim 9, further comprising:

an absorber layer disposed on a nitride layer formed on
the second level, directly opposing the reflector layer
across a gap region.}
[11. The apparatus of claim 10, wherein said gap region 2
is evacuated to a pressure less than ambient pressure.}
[12. The apparatus of claim 11, wherein said reflector
layer and said absorber layer contain the same surface area.}
[13. The apparatus of claim 12, further comprising a
metallic plug member disposed to electrically couple only to
the electrically resistive material and the electronic control
means without establishing electrical contact with said
reflector layer or said absorber layer.]
14. Apparatus for emitiing a wide-band infrared image
COMprising:

10

15

a) a substrate, said substrate having a reflective surface;

b) an emitter pixel member supported above and by said
substrate, said emitter pixel member being (i) com-
prised of material which, when heated, emits infrared
radiation and (ii) spaced above said reflective surface
of said substrate so as to define a cavity therebetween;
and

20

c) electrical connection means connected to said emitter
pixel member and adapted to selectively apply electric
current thereto so as to heat said member;

25

d) said apparatus being further characterized by the
distance between said reflective surface and said emit-
ter pixel member being selected to provide a funed
optical cavity to thus provide a high optical emissivity 30
of said emiiter pixel member over a preselected band of
infrared wavelengths.

15. The apparatus of claim 14 wherein said emitter pixel

member also has absorber characteristics.

16. The apparatus of claim 14 wherein said emitter pixel 35
member ncludes an absorber layer.

17. The apparatus of claim 14 wherein said substrate is of
semiconductor material.

18. The apparatus of claim 17 further characterized by
having integrated circuit means disposed on said semicon- 40
ductor substrate.

19. The apparatus of claim 18 further characterized by
said reflective surface being an infrared reflector layer

20. The apparatus of claim 18 further characterized by
said electrical connection means including said integrated 45
Circuit means.

21. The apparatus of claim 16 further characterized by
said material being titanium niiride.

22. The apparatus of claim 14 further comprising a
plurality of emitter pixel members disposed in an array 50
configuration.

23. The apparatus of claim 22 wherein each of said
emitter pixel members includes absorber means.

24. The apparatus of claim 23 wherein said substrate is of
semiconductor material.

25. The apparatus of claim 24 wherein integrated circuit
means are disposed on said semiconductor substrate.

20. The apparatus of claim 25 wherein said reflective
surface of said substrate is an infrared reflector layer.

27. The apparatus of claim 26 wherein said electrical 60
connection means includes said integrated circuit means.

55
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28. The apparatus of claim 23 wherein said material is
litanium nitride.

29. The apparatus of claim 14 wherein said support of
said emitter pixel member by said substrate includes means
for thermally isolating said member from said substrate.

30. The apparatus of claim 22 wherein said support of
each of said pixel members by said substrate includes means
for thermally isolating said members from said substrate.

31. The apparatus of claim 14 further comprising a trace
of electrically resistive material disposed on said emitter
pixel member and on a leg physically and electrically
coupled to said substrate, said leg facilitating the thermal
isolation of said member from said substrate.

32. The apparatus of claim 27 wherein said integrated
ctrcuit means includes address means for routing electrical
signals to various portions of said substrate, said signals
including a pixel addressing signal, a voltage signal, and
drive voltage; and said apparatus further comprises elec-
tronic control means for electrically coupling said signals to

said emitter pixel members.
33. The apparatus of claim 32 further comprising.

a) a trace of electrically resistive material disposed on
said emitter pixel members and on legs respeciively
physically and electrically coupling said members to
said substrate, said legs facilitating the thermal isola-
lion of said members from said substrate, and

b) means for driving a controlled amount of electrical

current through said trace of resistive material.

34. The apparatus of claim 33 wherein said electronic
control means comprises a pixel decoder/multiplexer select
circuit and a row enable decoder each electrically coupled
to a plurality of discrete pixel column group electrical
Interconnections.

35. An apparatus for emitiing a wide-band infrared image
COMprising:

a) a semiconductor substrate,

b) integrated circuit means disposed on the substrate;

c) an array of emitter pixel members supported above and
by said substrate and electrically coupled to said
integrated circuit means, each of said emitter pixel
members being (i) comprised of material which, when
heated, emits infrared radiation and (i) spaced above
said substrate so as to define a cavity therebetween;
and apply electric current thereto so as to heat said
member;

d) an infrared reflector layer disposed on said substrate
opposite said emiitter pixel members;

saitd apparatus being further characterized by the dis-
tance between said reflector layer and said emiiter
pixel members being selected to provide a tuned optical
cavity to thus provide a high optical emissivity of said
emiiter pixel members over a preselected band of
infrared wavelengiths.
36. The apparatus of claim 35 wherein said emiiter pixel
members also have absorber characteristics.
37. The apparatus of claim 35 wherein each of said
emiiter pixel members includes an absorber layer.



	Front Page
	Drawings
	Specification
	Claims

