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(57) Abstract

A method for fabricating an integrated infrared sensitive bolometer having a polycrystalline element whereby an oxide re-
gion deposited on silicon nitride (24) covered with a first polysilicon layer (30) which is etched to provide a location (32) for a bo-
lometer element (10). A second polysilicon layer (34) is deposited and doped to achieve a desired temperature coefficient of resis-
tivity of 1 to 2 %/°C. The second polysilicon layer forms an IR sensitive element over the oxide region. Openings are etched in
the IR sensitive element to permit an etchant to remove the oxide region resulting in the sensitive element being suspended over a

] cavity.
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METHOD OF FABRICATING
INTEGRATED INFRARED SENSITIVE BOLOMETERS

BACKGROUND OF THE INVENTION

The invention disclosed herein relates génerally
to detectors for detecting thermal radiation and
particularly to the class of detectors where the energy of
the absorbed radiation raises the temperature of the
detecting element and as a result changes the properties of
the detector. Bolometers are resistive elements fabficated
from a material having a large temperature coefficient so

‘that the absorbed radiation changes the value of electrical

resistance.

' In the past bolometers have typically used
infrared sensitive thin film materials which are not
normally used in integrated circuits such as permalloy.
The use of materials such as permalloy complicates the
fabrication of bolometers in that numerous completely
independent masks are required for the underlying
integrated circuits and for the bolometer element and
interconnection.

Thus, a need exists for a method of making an
integrated infrared sensitive bolometer element from a
material that is also typically used in integrated
circuits.

SUMMARY OF THE INVENTION
The present invention solves these and other
needs by providing a method for fabricating an infrared
sensitive bolometer. An oxide layer is deposited on an
insulating layer over a silicon substrate. The oxide layer

'is masked and etched to form a remaining oxide region. A

first polysilicon layer is deposited and etched at said.
remaining oxide region to define a location for a bolometer

"element. A second polysilicon layer is deposited and doped
to achieve a predetermined temperature coefficient of
'résistivity (TCR). The second layer of polysilicon is

' etched to provide openings at the remaining oxide region.
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The remaining oxide region is etched away with etchant
introduced through openings in the second polysilicon
layer. The resulting structure is a thin membrane of
second polysilicon. This membrane has small thermal
conductance so that the thermal time constant is low. The
resistance has a high TCR and the responsivity which is
inversely proportional to thermal conductivity is high.
When the membrane is biased at a given current the absorbed
infrared energy will heat the membrane to produce a change
of resistance and the resulting signal of the current times
the change of resistance is sensed by circuitry in the
silicon substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plot of the temperature coefficient
of resistance of several polysilicon samples as a function
of the implant dose of arsenic.

FIG. 2 is a plot of the temperature dependence of
a polysilicon resistor.

FIG. 3 is a plot of the barrier height of a
polysilicon sample as a function of the implant dose.

FIG. 4 is a plot of the temperature coefficient
of resistance as a function of barrier height.

- FIGS. 5a through 5e are cross-sectional views of
an infrared sensitive bolometer element showing process
steps in accordance with the present invention.

FIG. 5f is a partial plan view of a infrared
sensitive bolometer element in accordance with the present
invention.

FIG. 6 is a simplified plan view of an array of

the infrared sensitive bolometer of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In order to evaluate a material for use as an
infrared detector, one must know the responsivity and noise
of the detector. To analyze the responsivity, let P,
+P1exp(jwt) be the modulated radiation received by a
bolometer of area A and let AT be the temperature

difference caused by this modulation. Then the thermal

R
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properties of the detector not including the unmodulated
self-heating term, can be described by the equation:

H(AAT/At) +GAT =1n[Pq +Pjeyn (jut) ] (1)
where H is the heat capacity in W-sec/°K, G the thermal
conductance in W/°K, either caused by a true heat
conductance or by the exchange of radiation between the
detector and the environment, n the fraction of the
incident power that is converted into heat andw the
modulation frequency of the incident radiation.

Substituting AT = T exp(jut) gives
AT, =nP4/ (G+jwH) (2)

"The incoming radiation gives rise to a signal voltageav

when the resistor is biased with a current flow I, whereaV
IAR (3). Relating this to TCR =a, we have AR =aRAT and AV
IR[anPI/(G+ij)] (4) so that the voltage responsivity is
given in volt/watt by R, = (AV/P;) = "IRan/(G+juH)" (5).
Where it is more convenient to use current responsivity, it
is given by R; = (AV/P;)/R = "Ian/(G+jwH)" (6). From
equation (5), IR is the voltage drop across the bolometer,
(G+jwH) is the characteristic of the bolometer thermal
property, andn is the absorption characteristics of the
bolometer. The IR drop is limited by the power supply and
in most cases this will be 5 V for ICs. The thermal
property (G+jnH) has to be small to achieve a high

responsivity. The effective way to make this term small is
by using a suspended bridge of IR sensitive material ,
supported by a low thermal conductivity material. Silicon
nitrite that is nearly stress free has been used as the low
thermal conductivity material. After the consideration for
this thermal property just described, the material
sensitivity for a bolometer is largely determined by the

‘temperature coefficient of resistance (TCR) of the element
with a large TCR being desirable. The literature shows

that few materials having TCR values larger than 1 percent
per degree. To estimate how well a polysilicon resistor
element would perform as far as the signal is concerned we

-will calculate assuming the resistor was put on thermal
' isolation with a small thermal mass. The maximum signal
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would be obtained when G>>wH, in other words, thermal time
constant H/G is short. Assumen = 0.5, detector area of
1X10-5 cm~2, layer thickness of 500A, and using typical
thermal conductance of about 3X10-6 W/°K, we have the
thermal time constant of 27ps, voltage responsivity of
about 8300 V/W. Assume further that the resistance of the
detector is 100 K Ohms and the bias is from 5 V supply, so
that the bias current is 50pA and thus current
responsivity is about 0.085 A/W. This completes the
discussion of responsivity.

The next consideration is the noise property of
the element and the electronics used to process the signal.
To realize the usefulness of a polysilicon element, it is
necessary to have a large signal-to-noise ratio. Since the
TCR of the polysilicon resistor is determined by the
pbarrier behavior as discussed hereafter, it is expected
that some 1/f noise will exist and the extent of this noise
will depend on the specific technology used to implement
the electronics portion. Detailed analysis can be done to
optimize the design. For now we will assume the design
will be perfect and the noise will be determined by the
bolometer only. This is a reasonable assumption and
generally can be met by design in practice.

With this assumption, only two noise sources will
be operative, the bolometer noise and the temperature
fluctuation noise. Here we will switch to a current noise
expression for convenience. The noise current, in' can be
expressed as

in2 = 4kT(gp+ TGR;2) , (7)
where k is Boltzmans constant, T is absolute temperature,
g, is the equivalent noise conductance of the bolometer and

‘the term TGRi2 is the equivalent noise conductance of the

temperature fluctuation, which is normally smaller than g,.
At the practical limit, the equivalent noise conductance
would be approaching thermal noise. Even when some 1/f
noise is present, a good design of material would normally
be within a factor of 2 from the thermal noise limit. We
will calculate the detectivity, the measurement of how good
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the detector would behave, for this condition with our
current polysilicon resistor. The detectivity, normally
expressed in D*, is given as

D* = R;/A//(iy2), cm/(Hz)/W (8)
At room temperature, TCR = 0.01/°K, we have D* = 1.0%X10°
cm/(Hz) /W. It should be noted that some improvement
(within a factor of 3) is possible depending on the choice
of resistance for the polysilicon element and its noise
property. The theoretical limit of the detectivity is
2%1010 cm/(Hz) /W. Generally 109 cm/(Hz)/W is regarded to
be good for bolometers. It therefore appears that good

‘performance may be expected for the polysilicon element

bolometer of the present invention.

For uncooled infrared detector applications, the
sensitivity of the detector is proportional to the
temperature coefficient of resistance (TCR) of the IR
sensitive element. After the precéding analysis was made,
certain experiments were conducted to further verify the
suitability of polysilicon as a bolometer element. An
evaluation of the TCR near room temperature was made of
several polysilicon samples doped with various implant
doses of arsenic at an energy of 60 Key and then subjécted
to a series of temperature cycles of less than 925°C.
Following these temperature cycles, the evaluation involved
the measurement of the change of resistance R between
temperature T1 and T2 near the temperature T=0.5(T1+T2) so
that TCR(T)=(AR/R)/ T. These measurements were performed
in a temperature control chuck and special care was taken
with the voltage probe since high impedance was experienced
with some samples. The measurement setup used simple 4

point probes. The results of these measurements are shown

in FIG 1 for an arsenic implant dose ranging from 1El4cm—2

to 8El4cm~2 show that the TCR varies from 0.9%/°C to 6%/°C

with the highest measured TCR occurring at the lowest
implant dose. It can be shown that the theoretical limit
of the TCR is about 7%/°C at room temperature.

_ Next the barrier height Eb which is believed to
govern the resistivity and TCR of polysilicon was '
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investigated. Eb was measured by measuring the temperature
dependence of the resistivity of a sample of polysilicon
having an arsenic implant dose of 4El4cm-2 over a
temperature range of 20°C to 125°C. The data were
normalized to the value at 125°C and transformed into
natural logarithmic values. The independent variable was
transformed into 1000/T, where T is the absolute
temperature. The results are shown in FIG 2. The barrier
height information is contained in the slope.

All the samples were then evaluated for barrier
height by following the same procedure and the results are
shown in FIG. 3. The barrier heights vary from 0.08 eV to
0.5 eV. The limit for barrier height is 0.55 eV which is
one half of the bandgap of silicon. For that value the TCR
would be 7.7%/ C at room temperature.

The TCR has been shown to be related to the
barrier height. These have been plotted in FIG. 4.

A single IR sensitive polysilicon bolometer
element in accordance with the present invention is shown
in the drawings and generally designated 10.

A portion of an IR detection array as shown in
FIG. 6 is divided into a matrix of pixel cells 12 with the
output of each pixel individually controlled by an
integrated circuit 14. The IR array will typically be laid
out as a 256 x 256 array or other convenient size array.
A multiplex arrangement is interconnected with integrated
circuit 14 so that the output of each pixel may be
controlled for display purposes. Each pixel cell includes
a polysilicon resistor 10 which is the actual IR detection
element and supporting electronics in the form of IC 14.

FIG. 5a illustrates a portion of a semiconductor

" device to be used in the process of the present invention.

Shown in FIG. 5a is a silicon substrate 20 having
an oxide layer 22. A silicon nitride layer 24 is deposited
by CVD on oxide layer 22. The purpose of layer 24 is to
serve as an etch stop in a later process step.

Oxide layer 26 is deposited on silicon nitride
layer 24 by CVD. The thickness of oxide layer 26 will
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determine the depth of a cavity to be formed in a later
process step. Oxide layer 26 is deposited on silicon
nitride layer 24 by CVD.

Oxide layer 26 is etched using known masking and
etching procedures to provide an oxide region 28 as shown
in FIG. 5b. The etching of oxide layer 26 to provide oxide
region 28 may be designed to also be used in the formation
of IC 14.

A first polysilicon layer 30 is deposited by CVD
as shown in FIG. 5c. Polysilicon 30 is then masked and
etched to provide a location 32 for IR sensitive element 10
of bolometer. The etching of polysilicon 30 should extend
slightly into oxide layer 28.

Following the etching of location 32, a second
polysilicon layer 34 is deposited. A typical thickness of
polysilicon 34 is 1000 to 5000 angstroms. Polysilicon 34
is then doped by ion implantation of arsenic, phosphorous
or boron to achieve a desired TCR.

A third mask is then required in order to etch to
define sensitive element 10 and to etch openings 36 in
element 10. Openings 36 are shown as slots but may be
other type openings. An etchant is then used to etch away
oxide region 28 so that a doped polysilicon resistor is
suspended over the cavity created when oxide region 28 is
removed.

IR sensitive element 10 is connected to matrix
lines 38 and 40 as illustrated in FIG. 5e to provide a
constant current I through element 10. Changes in the
resistance of element 10 are sensed by a changing voltage
transistor 14. The design of transistor or IC 14 and the

forming of matrix lines 38 and 40 and the interconnection

of element 10, IC 14 and the matrix system should be
coordinated to reduce the number of separate process steps.
Now that the method of making IR sensitive element 10 has
beén set forth many advantages can be further set forth and
appreciated. 1In the pést, the use of permalloy has made

the bolometer fabrication process complicated due to the
" incompatibility of permalloy with most IC processes. The
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use of polysilicon in lieu of permalloy provides an
advantage in that the polysilicon CVD process is easier to
prepare and control then the permalloy sputtering process.
The polysilicon process is also compatible with metal oxide

semiconductor (MOS) processes.
Also, the polysilicon element of the present

invention can withstand higher temperature processes than

permalloy.
In addition, the polysilicon element of this

present invention can be doped to achieve a wide range of
resistivity by using arsenic, phosphorous or boron.

Polysilicon elements fabricated according to the
present invention can also achieve a higher TCR than is
available from permalloy.

In accordance with the foregoing description,
Applicants' have developed a method of fabricating an
infrared sensitive bolometer that utilizes doped
polycrystalline silicon as the sensitive element. Although
a specific embodiment of Applicants' method is shown and
described for illustrative purposes a number of variations
will be apparent to those of ordinary skill in the relevant
arts. It is not intended that coverage be limited to the
disclosed embodiment, but only by the terms of the
following claims.

"
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CLATIMS

The embodiments of an invention in which an
exclusive property or right is claimed are defined as
follows:

1. A method of fabricating an infrared sensitive

bolometer having an infrared sensitive element, comprising:

providing a semiconductor substrate (20) having a
first insulating layer (22);

depositing an oxide layer (24) on said first
insulating layer (22);

masking and etching said oxide layer (24) to form
a remaining oxide region (28);

depositing a first layer of polysilicon (30);

masking and etching said first layer of
polysilicon at said remaining oxide region;

depositing a second layer of polysilicon (34);

implanting [arsenic] ions into said second layer
of polysilicon to achieve a predetermined temperature
coefficient of resistance (TCR);

masking and etching said second layer of
polysilicon (34) to define at least one opening (36) in
said infrared [IR] sensitive element;

applying etchant through said at least one
opening to remove said remaining oxide region and to form a
cavity with said infrared [IR] sensitive element suspended

over said cavity.

2. The method of claim 1 wherein said step of
implanting ions into said second layer of polysilicon
includes implanting ions of an element selected from the

group including arsenic, phosphorous or boron.

3. The method of claim 2 wherein said step of
implanting ions into said second layer of polysilicon (34)
includes implanting arsenic ions to achieve a TCR of about

1 to 2%/°C.
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4, The method of claim 3 wherein said arsenic ions

are implanted at an energy of about 60 Key.

5. A method of fabricating a bolometer having an

infrared sensitive element comprising:

providing a semiconductor substrate (20);

depositing an oxide layer (26) on said
semiconductor substrate;

selectively removing a portion of said oxide
layer to form a remaining oxide region (28);

depositing a first layer of polysilicon (30);

selectively removing said first layer of
polysilicon at said remaining oxide region (28);

depositing a second layer of polysilicon (34);

implanting ions onto said second layer of
polysilicon to achieve a predetermined temperature

coefficient of resistance (TCR);
defining at least one opening (36) in said
infrared sensitive element;
applying etchant through said at least one opening to
remove a substantial portion of said remaining oxide region
to form a cavity with said infrared sensitive element

suspended over said cavity.

6. The method of claim 5 wherein said step of

implanting ions into said second layer of polysilicon
includes implanting ions of an element selected from the

group including arsenic, phosphorous or boron.

7. The method of claim 5 wherein said step of
implanting ions into said second layer of polysilicon

*

1% per °C and about 7% per °C.

v

8. The method of claim 6 wherein said step of
implanting ions into said second layer of polysilicon
includes implanting arsenic ions to achieve a TCR of about

1 to 2%/°C.
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9. The method of claim 7 wherein said step of
implanting ions into said second layer of polysilicon
includes implanting arsenic ions to achieve a TCR of about

5 1 to 2%/°C.

10. The method of claim 9 wherein said arsenic ions
are implanted at an energy of about 60 KeV.
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