
129

ABSTRACT
A 64 x 128 real-time infrared
(RTIR) complementary metal-
oxide semiconductor (CMOS)/
silicon-on-insulator (SOI) scene
generation integrated circuit (IC)
is described. The RTIR IC offers
real-time dynamic thermal scene
generation. This system is a
mixed-mode design, with analog
scene information written and
stored into a thermal pixel array.
The design uses micro-electro-
mechanical sensors (MEMS) in
conjunction with SSC San Diego�s
0.8-µm CMOS/SOI process to
develop a RTIR IC scene
generator.
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FIGURE 1.  Pixel schematic: the drive
transistor is a BTS device; the access
transistor is an HGATE device.
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INTRODUCTION
The objective of the real-time infrared (RTIR) project is to develop a reli-
able prototype infrared (IR) test set for use in calibration and testing of
IR systems, including built-in-test to ensure the real-time reliability of IR
sensing systems. The potential of RTIR as built-in-test equipment (BITE)
is to improve the reliability of IR sensors, thus lowering the overall sys-
tem cost of operation. Infrared scene simulators that use bulk comple-
mentary metal-oxide semiconductor (CMOS)/micro-electromechanical
systems (MEMS) have been reported previously [1]; however, this work
uses silicon-on-insulator (SOI) as the starting material. The MEMS area
is scaled down to create higher density pixel arrays, with low leakage at
higher temperatures.

DESIGN
The integrated circuit (IC) consists of a data input block, address write
control, and pixel-specific electronics including a microheater suspended
over a micromachined cavity in the silicon substrate. The display IC con-
sists of an array of 64 x 128 thermally isolated, resistive emitters. The
thermal pixel array (TPA) elements have response times less than a mil-
lisecond, making them suitable for real-time scene simulation. The pixel
cell contains a resistive heater element (or infrared emitter), a storage
capacitor, pixel drive transistors, and switches (Figure 1). The user digitally
specifies a specific row and column and then writes a pixel voltage to the
desired cell via the analog multiplexer (MUX). The infrared pixel array
IC is designed for use with a computer or an electronic controller to
service or update the real-time images. The computer sends gray-scale
scene data to the pixel array in the form of voltages, which the TPA
displays as a gray-scale image. The computer controls digital row and
column address lines and writes the analog inputs via a digital-to-analog
converter (DAC) to the RTIR IC. The voltage magnitude reflects the
desired IR intensity of the pixel element, thereby achieving the gray-scale
levels. After writing to the pixel, the desired voltage is stored dynamically
by Chold, producing the desired IR pixel intensity while the remaining
pixels are updated. The pixel electronics of the array are designed to
exploit the low leakage properties of SOI during high-temperature opera-
tion. Voltage droop is the greatest problem affecting pixel dynamic range
and accuracy. Droop is primarily a result of the leakage currents through
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the pn junctions of the sampling switch and secondarily a result of
excessive channel leakage. As an option to further reduce droop, the
designer can place a compensation pn junction by using half a negative-
channel metal-oxide semiconductor (NMOS) transistor at the hold capac-
itor node.

FABRICATION
CMOS/MEMS technology is used as a technique to thermally isolate the
infrared emitter microstructures from the substrate after the CMOS pro-
cessing is completed. SSC San Diego's 0.8-µm CMOS partially depleted
SOI process was selected to fabricate the array of electronically address-
able 20 x 20 micron emitter elements (Figure 2). The process is a single
poly, double metal, salicided process with a high-value resistor option of
up to 1 Kohm/square. This allows modest density arrays, and, together
with the high-value silicon resistor available in the 0.8-µm process,
provides lower pixel current operation. The micromachined cavity is
constructed by using a silicon etchant that undercuts
the desired pattern in the silicon substrate, while
leaving it electrically connected to create a suspended
structure/microheater (Figure 3). This pattern is created
by patterning and plasma etching silicon dioxide after
the CMOS passivation, thereby exposing the sub-
strate silicon of the CMOS chip. The exposed silicon
is then exposed to a tetra-methyl ammonium hydroxide
(TMAH) solution, an aniso-tropic silicon etchant.
The TMAH etchant was chosen because, with the
addition of silicic acid, it does not attack the exposed
aluminum bonding pads [2].

RESULTS
The thermally isolated resistor emitter has been char-
acterized using a calibrated blackbody and adjusting
for fill factor using a method described in [3]. The
temperature of the emitter as a function of voltage
across the resistor is plotted in Figure 4, together with
the current through the resistor. A maximum temper-
ature of 262ºC is achieved at a voltage of 8.25 V and a
current of 0.85 mA.

SUMMARY
A 64 x 128 scene generator RTIR IC architecture has
been described with each key component discussed.
A MEMS device, the TPA, is produced using CMOS/
SOI technology with post CMOS process etching.
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FIGURE 2.  The heater element and pixel
electronics layout.

FIGURE 3.  Scanning electron microscopy (SEM) of a cross-sectioned
sample of suspended microheaters.

FIGURE 4.  Pixel thermal response to applied voltage across resistor.
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