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ABSTRACT

The Adevelopment of techniques leading to the fabrication of thin polycrystalline
triglycine sulfate films and their resulting characteristics as infrared detectors are
described. The processing technology required to fabricate pyroelectric/integrated
cireuit thermal imaging arrays consisting of thin flim triglycine sulfate detectors on
2 field effect integrated eircuits is reviewed, The primary approaeh pursued under this
program tc the problem of providing the required high degree of thermal isolation be-
tween the detectors and the silicon substrate was to preiferentially etch away the silicon
underlying the detectors. Inthe resulting configuration, the thin thermally grown sili-
: I con dioxide membrane remaining after thc etching process serves to support the de-

tector. A second thermal isolation technique, in which a thin, permanently poled,
| single erystal section of TGS is positioned above its companion two-dimensional inte-
| grated circuit substrate, is also described. In this arrangemcnt the resulting air
gap provides the thermal isolation; eontacts to the array detectors are made by means
| of vacuum deposited microfinger springs. The problem of providing thermal isolation
proved to be the most diffieult obstacle eneountered during the program. No com-
pletely satisfactory approach evolved; as a result the objective of quantitatively as-
sessing the performance of a small (16-by-16) element image sensor array was not
met. The relative merits and shortcomings of X-Y and bucket brigade addressed
pyrcelectric sensor arrays are reviewed, The bucket brigade approach is shown to
be a workable concept, with one 16-by-16 bucket brigade array having been fabricated
and qualitatively asscssed. An analysis of the performance eapabilities of X-Y and
bueket brigade addressed thin film pyroelectric arrays was performed. The results
indicate that a system noise equivalent temperature difference of 0.42° C at 10 frames/
second with F/1 opties should be achievable in an X-Y addvessed array consisting of
10-pum thick detectors 4 mils on a side and spaced on 8-mil centers. A noise model
for a comparable bucket brigade array was developed, and results indieate a degrada-
tion in noise equivalent temperature difference by a faetor of 4.7 relative to the X-Y
addressed array. However, the noise model may be greatly overestimating the noise;
noise equilvalent temperature differences elose to those predicted for X-Y addressed
arrays should be possible.
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GLOSSARY OF ABBREVIATIONS

bucket brigade

drain region of an FET

field-effect transistor

fixed pattern noise
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REPORT SUMMARY

Pyroelectric/Integrated Circuit Infrared
Imaging Array Development

Air Force Contract No. F33615-72-C-1804
Sponsored by
Advanced Research Projects Agency
ARPA Order No, 1916
Final ‘Technical Report
Period 22 Fcbruary 1972 — 30 May 1973

The objective of this program was to devclop the technology required for the fab-
rication of large scale uncooled two-dimensional pyroelectric/integrated cireuit arrays
suitable for passive infrared imaging over the 8- to 14-pm transmission window of the
Earth's atinosphere. The pyroeleetric deteetor material of principal interest was the
organie eompound triglycine sulfate (TGS), selceted because of its high figure of merit
for passive infrared imaging applieations.

The pyroelectric detector arrangement selected for implecmentation in two-
dimensional arrays consists of a thin section (10- to 25-pm thiek) of either poly-
erystalline or single crystal TGS sandwiehed between two thin film electrodes. The
resulting deteetor configuration, csscntially a minute temperature-sensitive capa-
citor, forms a sensitive dectector of infrarcd radiation. An infrared image, when
focuscd on an array of sueh dectectors, will produec a spatial temperature distribution
eorresponding to the inteusity of the radiation emitted by the scene. The spatial tem-
perature distribution is aecompanied by a change in the spontancous eleetrical polar-
ization of each detcctor element, whieh produces a pyroelectric signal voltage pro-
portional to the scenc radiation.

The pyroelectric cffect has cmerged as an attractive meehanism upon whieh to
base passive infrarcd imaging systcms. The most notcworthy features of pyroelectric
detectors are operation at room temperature, whieh obviates the need for a cryogenie
cnvironment, and the potential to form two-dimensional arrays, which would eircum-
vent the need for eomplex optomechanical scanncrs. The laek of a refrigerator and
optomechanical seanner should assure large savings in system size, weight, eost,
and complexity, and should result in highly improved reliability. Although laeking in
sensitivity as compared with infrared imaging systems whieh utilize cryogenically
cooled linear arrays of quautum detectors (such as mcrcury cadmium telluride or gold
doped germanium), the advantages noted would allow the use of pyroelectric infrarcd
imaging systems in applications where cryogenically cooled scan systems are not
feasible.

xii




|
i
oS
!
1
*.

The primary approach selected for the development of pyroeleetrie/integrated
eireuit arrays was to form a mosaie of individual delineated polyerystalline TGS de-
teetors over a silieon integrated circuit substrate whieh eontains the ne:essary de-
teetor sampling field effeet transistors (FETs) and the required address and signal
output lines. Key development problems ineluded the formulation of suitable photo-
lithographie and etehing teehniques to delineate thin TGS films into individual deteetors,
and the formulation of teehniques to provide a high degree of thermal isolation of the
deteetors from the integrated eireuit substrate. Progress in these areas is described
in Seetion II of the report, in whieh the basie polyerystalline TGS materials work is
also deseribed.

Thermal isolation is pax.ieularly important sinee, without adequate isolation,
degradation in deteetor voltage responsivity and aeeordingly poor temperature resolu-
tion eapability will result. The thermal isolation teehnique applicable to polyerystalline
TGS films rcquires preferentially removing (by chemically etehing away) the portions
of the silieon substrate under each row of deteetors up to the thermally grown silieon
dioxide (Si02) layer whieh eovers the integrated eireuit. In this manner, the deteetors
are supported on top of the thin SiO2 membrane (12,000-1& thiek). Deteetor heat loss
by eonduetion to the remaining substrate material is greatly diminished, owing to the
high thermal resistanee of the thin SiO2 membrane. This thermal isolation arrange-

.ment is illustrated in Section II and analyzed in eonsiderable detail in Seetion V, in

whieh the thermal time eonstants are ealeulated and in whieh the thermal eonductanee
is ealeulated as a function of deteetor size, deteetor eenter-to-eenter spacing, and
8102 membrane thiekness.

A seeond approaeh toward realizing pyroeleetrie/integrated eireuit arrays, whieh
utilizes a thin slab of single erystal TGS (about 25-um thiek), was also experimentally
investigated. This approaeh uses the same integrated eireuit substrates, but the un-
delineatea deteetor array -- formed on a single erystal slab -- is positioned above the
integrated eireuit by means of thin shims loeated at the periphery of the array. Elee-
trieal eontaet to the array detectors is established by thin film mierofingers maac of
bimetallie vacuum-deposited strips; these form minute eurled springs, attached to the
substrate, whieh eontaet the array. The air gap between the TGS deteetor seetion and
the silieon substrate thermally isolates the deteetors from the substrate. This ar-
rangement is described and analyzed in Seetion III.

Two types of infrared imaging circuit arrays were investigated, an X-Y addressed
array and a bueket brigade array: both were designed to eontain 16-by-16 pyroelectrie
deteetor elements, eaeh measuring about 4 mils on a side, with a eenter-to-center
spaeing of 8 mils in both the x- and y-direetions. The pyroelectrie material may be
either polyerystalline or single erystal in either type of array.

The X-Y addressed array eontains a TGS deteetor element and two FETs within

eaeh sensor eell: a signal FET and a reference FET. This arrangement permits ex-
traetion of low level pyroelectric signals by subsequent amplifieation in difference

xiii




amplifiers located external to the imaging array. Thc array would be shuttercd (at
rates of 10/second to 30/second)and digitally addressed one column at a time.

The bucket brigade array is the pyroelectric counterpart of the visible light bucket
brigade image sensor array. Each sensor ccll contains a pyroelectric detector capa-
citor, a metal oxide semiconductor (MOS) capacitor, and two FETs. The pyroelectric
induced charge, which is proportional to the scene radiation, is transferred from cell
to cell along a series of linear bucket brigade arrays which comprise the two-dimen-
sional array. The bucket brigade array is described in Section IV and an analysis of
the performance of X-Y addressed and bucket brigade pyroelectric sensor arrays is
presented in Section V.




Section |
INTRODUCTION

The pyroelectric effect (i.e., the temperature induced change in spontaneous
polarization of certain materials) is an attractive mechanism upon which to base
passive thermal imaging systems. Its most desirable featurcs are operation at room
temperature, which obviates the need for providing a cryogenic environment, and the
potential for forming two-dimensional arrays, which would circumvent the nced for
co'nplex optomechanical scanners. The lack of a refrigerator and optomechanical
scunner would assure large savings in size, weight, eost, and complexity and should
result in highly improved reliability. Although lacking in sensitivity as compared
with thermal imaging systems which utilize cryogenically cooled linear arrays of
quantum detectors (such as mercury cadmium telluride and tin telluride or gold doped
germanium), the advantages noted would permit the use of pyroelectric thermal
imaging systems in applications where cryogenically cooled scan systems are not
feasible,

This program was carried out to develop the technology required for the fabrica-
tion of large scale, two-dimensional pyroelectric/integrated circuit detcctor arrays
suitable for imaging over the 8- to 14-um transmission window of thc Earth's atmo-
sphere. The approach of primary interest was to form a mosaic of delineated pyro-
electric detectors (of polycrystalline material) over a silicon integrated circuit
substrate containing the necessary addressing and/or readout circuitry, An object
of the program was to fabricate and evaluate a smzll two-dimensional array of
pyroeleetrie sensor elements.

Two types of arrays were investigated, an X-Y addressed array and a bucket-
brigade (BB) array; both of these were designed to contain 16-by-16 pyroelectric
detector elements, each element measuring about 4 mils on a side, with a center-to-
center spacing of 8 mils in both the x- and y- directions.

A second approach was to utilize the same integrated circuit substrates but to
form the detectors on a thinned single crystal slab of the pyroelectric materiai -
tioned above the integrated circuit substrate and contaeted to the substrate by meais
of thin film metallie microfingers.

Since pyroelectrie detectors are heat-sensitive elements, effective thermal isola-
tion of the deteetors from the integrated cireuit substrate must be provided if high




array sensitivity is to be obtained. Additionally, delineation of the detector elements
is also desirable in order to obtain the least thermal erosstalk, or equivalently to
realize the highest spatial resolution possible.

The problem of providing thermal isolation of the deteetor elements from the silieon
integrated eireuit substrate was the major teehnical difficulty encountered during the
program. A novel thermal isolation teehnique was devised, but the neeessary teehnology
was not fully developed. As a result, our objeetive of quantitativ cly assessing a small
two-diinensional image sensor array was not met. Arrays without thermal isolation
were built early in the program using undelineated polyerystalline triglyeine sulfate
(TGS) on a2 PMOS integrated eireuit substrate. An observable pyroeleetrie response
was obtained but performanee was poor owing to severe degradation in voltage respon-
sivity eaused by loss of heat into the silicon substrate.

A. PYROELECTRIC EFFECT

Certain materials exhibit a spontaneous cleetrieal polarization, an alignment of
the internal electrie dipoles, even in the absenee of an applied eleetrie field. The
polarization deereases with inereasing temperature and vanishes at a specifie tem-
perature, ealled the Curie temperature after the analogous behavior in ferromagnetic
materials. Because the polarization is temperature dependent, materials exhibiting
this property are called pyroeleetrie. The polarization temperature dependenee of
triglyeine sulfate (TGS), a material of partieular interest to this program, is illus-
trated in Fig. 1-1. Measurements of the rate of change of polarizaticn with respeet
to temperature, dP/dT, known as the pyroeleetrie eoefficient, range from 3.5 x 1078
covlombs/em2 - K at 27°C to 1 x 107 coulombs/em? - K at 40°C for single erystal
1¢3.1,2  Other properties of single erystal TGS are listed in Table 1-1. Polyerystal-
line TGS, which forms the basis for the primary pyroeleetrie/integrated eireuit
app roaeh deseribed in this report, has propertics whieh differ from those of the single
erystal material. The differences and their effeets are diseussed in various seetions
of the report (e. g. Seetion 1l. A, Table 2-2, and Seetion V).

An external eleetrie field is not normally observable in the vieinity of a pyro-
cleetrie material, even if it is an insulator, beeause the polarization field ultimately
becomes neutralized by leakage eurrents and/or by stray charges which are atiraeted
to and bound to the surface. The bound surface eharge is unable to respond to rapid
changes in the poiarization. Thus, a sudden temperature-indueed ehange in the polar-
ization will be aecompanied by an observable external eleetrie field while the surface
churge is adjusting to the new conditions. It is this transient eleetrie field that forms
the basis of the pyroelectrie deteetors to he diseussed,

e —————
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Fig. 1-1. Spontaneous polarization of TGS as a function of temperature
(from Refcrence 2).

TABLE 1-1. SELECTED PROPERTIES OF SINGLE CRYSTAL
TRIGLYCINE SULFATE AT 300° K (After Putley, Ref. 1)

Pyroelectric Coefficient, dP/dT 9-3,5 x 10~8 C/cm2 - °K
Relative Dielectric Constant, & 25 - 50

: : - -12 -1
Diclectric Coefficient, ¢ 2,1-4,42x10 Fcm

Specific Heat, Cp 0,97 J/gm-°K

Thermal Conductivity, K 6.8x 10-'3 W/cm-°K

Mass Density, Py 1.69 gm/cm3

Thermal Diffusivity 0.41x 10"2 om>/s

B. PYROELECTRIC DETECTORS FOR THERMAL IMAGING

The pyroelectric effect can be utilized to form a sensitive infrared detector by
eonstructing a parallcl plate capacitor with the pyroelcctric mate.-ial as the diclectric.
The ahsorption of infrared radiation results in a tempcrature-induced change in the




polarization which is accompanied by a transient change in the potential across the
detector electrodes. A pyroelectric detector, with its associated high input resistancc
and low input capacitance FET amplifier, is shown in Fig. 1-2. The resistance, Ry,
which shunts the cupacitance, Cq, of the detector is always present by virtue of the
leakage resistance of the pyroelectric material. The transient electric field that
develops when the detector is subjected to radiation cen be detected by the voltage drop
across Rd.

For application to infrared imaging systems, the detector RC time constant should
be large compared with the frame time to ensure negligible loss ¢f charge during ex-
posure. In this mode of operation, the detector integrates the infrared scene radiation
for the total cxposure, and to a first approximation the change in the detector open-
circuit voltage, AV, is proportional to the change in temperature, AT.

AV = AQ/Cy (1-1)

where AQ is the temperature-induced change in charge on the detector electrodes in
coulombs and Cq is the capacitance of the detector in farads. Cq is given by

eAy

Cd = =1

Here Aq is the area of the capacitor plates in square centimeters, d is the thickness of
the pyroelectric material in centimeters and € is the dielectric coefficient of the pyro-
electric material in farads/centimetcr.

Vdd

FET Vout

Fig. 1-2, Basic arrangement of a pyroclectric thermal dctector.
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Since the polarization is equivalent to the charge per unit area

dp .
AQ~Gr AgAT (1-2)
which leads to
dP d a
AV=x Tj—rf‘- T AT (1-0)

The expression for AV shows that for thermal imaging arrays, an applicable figurc of
merit for the pyroelectric material is (dP/dT)% . Triglycinc sulfate was sclected
because it has one of the highest known figures of merit. 1»3

Because the diclectric constant of TGS increases with increasing tempcerature along
with the pyroelectric coefficient, the dependence of this figure of merit on temperature
is less than the dependence of the pyroelectric coefficient, and to a first approximation
is almost independent of temperature from somewhat below room temperature to just
below the Curie temperature. Consequently, the nccessity of accurately controlling the
operating temperature is not as serious as would first be thought from an examination
of Fig. 1-1.

Note that a pyroelectric detector has no response to a steady signal (i.c.,A Q of
Eq. (1-2) leaks away through Ry of Fig. 1-I with a time constant equal to Rq Cq)-
This means that it 1s necessary to view the scene alternately with a rcference (uniform
temperature) scene =o that the detector output will be proportional to the difference
between the scenc and reference temperatures. One inhcrent advantage of this mode
of operation is that the detector is inscnsitive to the background radiation (hercin
defined as that portion of the radiation from the background equivalent to the reference
temperature) because it is, in effect, a steady signal. This relaxes the severc uni-
formity of response requirements that sensitivity to background imposes on quantum
dctectors, and would make pyroelcctric thermal imaging arrays capable of operating
without the necessity of claborate gain control (responsivity equalizing) schemes.

C. POLYCRYSTALLINE APPROACH

In order that the incident scene radiation increase the temperature of the detector
elecments as much as possible, it is necessary that the detector thickness be no greater
than that required to absorb the radiation, and that the detector elements be thermally
isolated from their surroundings. Using appropriate valucs for TGS,l’4 it is found
that a good compromise design occurs when the detector material is about 10-u'm thick.
This thickness is attainable with polycrystalline TGS films but it is smaller than is
permitted by the present state of the art for unsupported single crystal TGS. The
polycrystalline approach also inherently provides a way to obtain thin uniform pyro-
electric layers that can be readily dcposited on large area thin film integrated circuit
substrates.




The technique for providing thermal isolalion of polycrystalline TGS detcetors
from the silicon integrated circuit substrate upon which the deteetors are formed is
illustrated in Fig. 1-3, which shows a delineated polyerystalline TGS detector sup-
ported by a thin thermally grown silicon dioxide membrane that remains afier the
silicon under the detector has been preferentially etched away. In this manner loss
of heat from the detector to the silicon is greatly reduced since the heat must be
conducted sidcways along the thin silicon dioxide membrane.

The polycrystalline approach is not as degrading as might be expccted because
once poled, all the componcnts of spontaneous polarization of the individual grains in
the poling direction add coherently and only their perpendicular componclts arc in-
effective. The resulting degradation in deteetor voltage responsivity is calculated to
be less than a factor of two as compared to single crystal detectors. Somc advantages
of polycrystalline deteetors that tend to compensate for this relatively small loss in
responsivity are:

1) Small inhomogeneities in the parcnt pyroelectric source material are
averaged out in a composite layer, thus providing a technique for pro-
ducing large areas of uniform photoresponse without having to impose
severe restrictions on the pcrmissible inhomogencity of th source
material.

Since the procedures for preparing a single detector are virtually
identical to those for arrays of many deteetors, this approach is
ideally suited for multielement imaging arrays.

Some important film properties (e.g. resistivity) can, in principle, be
independently controlled by judieious choice of fillers and/or "'glue"
used to cement the component pyroclectric particles into a coherent film.

Somc problems associated with polycrystallinc detectors suould be noted. Although
uniform in their electrical properties and capable of being formed on virtually any sub-
strate, pyroelectric films arc difficult to prepare and a ni.mber of timec-consuming
steps are required. Additionally, while single crystal TGS can be permanently poled,
as for example by the addition of 1-alanine, ® no technique is presently known for
permanently poling polycrystallir: 2 pyroeleetric films. However, it has been found
that when polycrystalﬁne TGS films are doped with glycolic aeid broadening of their
hystcresis loops occurs. This might result in an improvement in their electrical
properties such as the loss tangent and possibly the pyroelectric coefficient.

D. SINGLE CR. ITAL APPROACH

The use of single crystal material ina pyroelectric/ integrated circuit array
requires contacting each of the detector clements formed on the thin "frecly-supported"
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Fig. 1-3. Arrangement of a single sensor cell of a polycrystallinc TGS
dectector array illustrating the thermal isolation technique,

section of single crystal material to the silicon integrated circuit substrate. Con-
ceptually, this can be accomplished using thin metallic film microfingers. Since
thermal isolation is provided by the air gap scparating the singlc crystal pyroelectric
slab from the integrated circuit, etching of thec silicon substratc is not required. The
approach is suitable for use in either X~Y addressed or bucket brigade arrays. The
basic arrangement for achieving thermal isolation of the sensor portion of the array
from the integrated circuit is illustrated in Fig. 1-4, which shows a cross-sectional
view of a thin single crystal sheet of TGS contacted by means of microfingers to the
integrated circuit substrate. A high degree of thermal isolaticn is provided by the
air gap with the thin long microfingers contributing little in thc way of hcat sinking.

An advantage of the single crystal approach is that it permits thc use of per-
mancntly poled pyroelectric materials, Problems associated with the singlc crystal
approach include the development of techniques to reproducibly obtain the thin metallic
microfingers, and the dcvelopment of techniques to further reduce the thickness of
single crystal TGS (presently about 25-um thick) in order to improve the voltage
rcsponsivity, Additionally, ways must be found to produce uniform permanently poled
materials. The problem, to date, has been that small regions of opposite polarization
are formed.

E. PYROELECTRIC THERMAL IMAGING SYSTEM
The manner in which a pyroelectric array would be utilized in a thermal imaging

system is illustrated in block diagram form in Fig. 1-5. The infrared scene radiation,
after passing through the aperture of a continuous motion shutter, is focused onto the
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Fig. 1-4. Thermal isolation technique for the single crystal TGS array.
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Fig. 1-5. Block diagram of a pyroelectric thermal imaging system.
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two-dimensional pyroelectric array. As the opaque portion of the shutter covers the
first exposed column of detectors readout of the array is begun, one column at a timc.
Each column of detectors receives the scenc radiation for the full exposure period.
In an X-Y addressed array, the pyroelectric signals derived from each column of
detectors are simultaneously amplified and then multiplexed to form a cerresponding
line of scene information on the display. The sequence is repeatcd with each column
of detectors being addressed. In a bucket brigade array, each column of detectors
{orms part of a bucket brigade recgister that can e individually rcad out by activating
its clock lines. Calculations indicate that an array of polycrystalline TGS detectors,
each 4 mils on a side and on 8-mil centers should be capable of achieving noise
equivalent tempcrature differences of 0.42°C, 0.48°C, and 0.53°C at frame rates of
10/s, 20/s and 30/s, respectively.

The remaining sections of this report will describe the progress made in devel-
oping the technology required to realize the pyroelectric/ integrated circuit array
approaches mentioned hercin. Section II will discuss the progress made in forming
polycrystalline TGS films, delineating the films into individual detector elecments,
obtaining continuous metallization of the upper electrodcs, and in providing thermal
isolation by preferential etching of the silicon substrate. Section II also summarizes
the properties of polycrystalline TGS films. Section III describes the single crystal
pyroelectric array. Section 1V discusses operation of bucket brigade and X-Y
addressed pyroelectric imaging arrays. In Scction V an analytical assessment is
made of the performance capabilities of arrays containing polycrystalline TGS
detector elements.
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Section ||

POLYCRYSTALLINE TRIGLYCINE
SULFATE DETECTOR ARRAY

FABRIC/A TiON TECHNOLOGY

A large body of new tech clogy had to be developed before one could consider
fabricating the pyroelectric/integrated circuit thermal imaging arrays outlined in
Sa~*ion 1. A basic premise employed in developing these new technologies v.as to
avoid disturbing the well-established PMOS (p-channcl metal-oxide-semiconductor)
processcs by restricting all new procedurcs to before and/or after conventional
processing. Table 2-1 summarizes the main sequence of steps that have evolved for
processing blank silicon wafers into finished and packaged arrays. 'Mie procedures
outlined in step 1 of Table 2-1 are required to facilitate step 3, which follows after
completion of the conventional PMOS processing. These initial procedures do not
interfere with PMOS processing since they are mainly concerned with crystallographic
alignment and the condition of the back (or inactive) side of the silicon wafer. Figure
2-1 is a photograph of a wafer of 16- by 16-element buckct brigade mosaics of the type
discussed in Section 1V as it appears after PMOS processing (i.c. after step 2 in
Table 2-1).

This section of the report is concerned with the problems of hybridizing poly-
crystalline pyroelectrics with integrated circuits and with the specific details of their
solution as represented by steps 3, 4, and 5 of Table 2-1. The ncw technologies
devcloped for fabricating the thermal isolation structurc shown in Fig. 1-8 and for
depositing, delineating, and mctallizing triglycinc sulfate films will be covered in detail
in Sections II. B and II.C. This discussion will include an outline of tahc work remaining
to be done in these two main technological development areas and will cover some
compatibility problems that might arise when delineation is attempted in pyroelectric
layers deposited on top of substrates containing the thermal isolation Gtructure.

A. HYBRIDIZING PYROELECTRIC DETECTORS WITH INTEGRATED CIRCUITS

Polycrystalline Tyroelectrics as Mosaic Metectors

Polycrystalline triglycine sulfate (TGS) films consist of randomly oriented
grains that collectively show little or no preferred orientation. It is therefore
necessary to pole the material to align all of the spontaneous polarization vectors of the




TABLE 2-1. OUTLINE OF ARRAY FABRICATION PROCESSING STEPS

Select silicon wafers with the desired crystallographic orientation,
optically polish and grow a thnermal oxide on the back side, and
provide an alignment slot on the front side.

Construct the desired integrated circuit by conventional PMOS
processing techniques

Provide the necessary structure for thermally isolating the
individua! detectovs from the silicon substrate.

Deposit a uniform pyroelectric layer over the structure and
delineate it into a mosaic of individual detectors.

Eveporate metal contacts over the top of each detector.

Dice the wafer into individual chips of arrays and package them
into suitable holders.

Fig. 2-1. Photograph of a silicon wafer containing a series of bucket brigade
readout circuits for 16- by 16-element pyroelectric imaging rosaics.




individual grains so that their components perpendicular to the parallel plate electrodes
of the detcctor cipacitor are oriented in the same direction. If this is not done, the
polyerystalline films produce no output voltage when heated. Poling is accomplished by
applying a dc voltage to the TGS detector-capacitor, either at room temperaturc or
while cooling it through its Curie temperature (49°C for TGS). 1,6

Figure 2-2 shows how the voltage responsivitiy (2 measure of the degree of
alignment of the spontaneous polarization vectors of the individual grains) of a large
area polycrystalline TSG detector (fabricated by the techniques to be discussed in
Section II. C to follow) was observed to vary with the average dc electric field during
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Fig. 2-2. Voltage responsivity of a large area polycrystalline triglycine sulfate (TGS)
detector on a glass substrate as a function of poling electric field intensity.




room-temperature poling. Electric fields in excess of 30 kV/cm are required for
saturation polarization. Unlike single crystals, polycrystalline films are slow to
respond to the poling field, often requiring up to an hour to reach steady-state
polarization at room temperature. The poling fields of Fig. 2-2 were applied until no
further increases <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>