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ION IMPLANTED BOLOMETER 

’ BACKGROUND 

This invention is directed to an ion-implanted 
bolometer, which, is a device used to measure electro 
magnetic radiation and comprises a resistance element 
which changes‘ in resistance with changes in tempera 
ture.» The resistance element is a zone of metallic ions 
implanted into an insulator. 

Present thin film thermistor bolometers are 
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fabricated by sintering combinations of metal oxides to . 
form thin ?akes. The ?akes are then cut to size and ce 
mented to a substrate. Such fabrication and assembly 
techniques are not suited to the manufacture of high 
density multi-element thermal detector arrays which 
are currently of great importance in infrared systems. 

Another‘ thermal detector, the evaporated thin film 
thermopile, can be fabricated precisely in relatively 
dense array configurations. However, this type has the 
disadvantage of low responsivity compared to the 
thermistor bolometer, and requires a number of careful 
processing steps to fabricate the large number of ther 
mocouples and interconnections inherent in its design. 
In contrast, the ion-implanted bolometer of this inven 
tion has the advantage of high responsivity, ease of 
fabrication, and the ability to be made in dense array 
con?gurations. Its manufacture is compatible with 
well-established evaporative metal coating ‘ and ion 
beam technologies. ' - 

Another type of devicewhich can be employed as a 
bolometer is a barretter. It consists of a fine wire or 

20 

25 

2 
The inventive technique propounded herein, in con 

tradistinction to the conventional dopingapproach, is 
to implant a massive local concentration of metallic 
ions in the insulator. Conduction occurs by the interac 
tion of these implanted ions, either directly or in con 
junction with the electronic environment provided by 
the host insulator. 

SUMMARY 

In order to aid in the understanding of this invention, 
it can be stated in essentially summary form that it is 
directed to a new composition of matter which has a 
large change in electrical resistance with change in 
temperature; has connections thereto for the measure 
ment of electrical resistance; and has means to direct 
electro-magnetic radiation thereon so that the amount 
of electro-magnetic radiation is indicated by the elec 
trical resistance. 

Accordingly, it is an object of this invention to 
produce a new composition of matter which comprises 
metallic ions implanted into an insulator material to a 
sufficient extent to provide electrical conductivity in 
the implanted volume, which implanted volume has a 
high thermal coefficient of resistance and can be em 

. ployed for temperature measurement. It is another ob 
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metal ?lm having a positive temperature coefficient of . ' 
resistivity. It is sometimes used for making power mea 
surements in microwave devices. 
The present bolometer is an electrical resistor device 

which has large resistance changes as compared to tem 
perature ‘changes. However, it is quite different from 
those previously known, because it comprises metal 
ions implanted into a zone in‘an insulator to create an 
electrically resistive ‘zone, the resistance of which‘ is a 
function of temperature. - . . - - 

As used throughout this speci?cation, the term insu 
lator refers to a non-metallic'solid state material with 
an apparent resistivity in excess of 109 ohm-centimeter 
at room temperature. Prior efforts at creating electri 
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cally conductive regions within insulators have been in- . 
effectual because of the difficulty inherent in doping an 
insulator, The prior efforts have been principally 
directed at doping bydiffusion. Doping is usually un 
derstood‘tobe the addition of a subtle (less than 1 in 
10“) amount of impurity atoms of a solid to'grossly 
change its electrical properties, while leaving other 
properties essentially unaltered. The purpose of diffus 
ing dopants into an insulator is ‘to ‘produce impurity 
centers which can contribute charge carriers to the 
conduction process. However, this approach isseldom 
‘successful. ltisulatorsiare not, in general, amenableto 
being produced in a state of high purity, and hence a 
large background concentration of impurities is often 
present. In addition, the charge associated with impuri 
ties is often localized on the impurity site and, hence, 
cannot contribute to conduction. Amorphous insula 
tors are an even more complex situation; large numbers 
of defect centers and unsatisfied bonds act to render 
conventional doping approaches unfeasible. 
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jectto direct electromagnetic radiation onto a tem 
perature sensitive device'comprised of metallic ion im 
planted insulator to measure the quantity of the incom 
ing electromagnetic radiation in accordance with re 
sistance changes in'the implanted volume. 

Other objects and advantages of this invention will 
become apparent from the study of the following‘por 
tion of the specification, the claims, and the attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is'a transverse section through a preferred em- . 

bodiment of the bolometer of this invention. 
FIG. 2 is a transverse section through a portion of the 

bolometer atan intermediate stage of manufacture. 
FIG. 3 is’ a planv view taken along the line 3-3 of 

FIG. 2. - , I I 

FIG. 4 is a transverse section through another species 
of the bolometer of this invention. ' 

DESCRIPTION 

FIG. -1 illustrates the preferred embodiment of the 
bolometer of this invention, indicated at 10. Bolometer 
10 has a housing 12 in which is located the electromag 
netic radiation-sensitive structure 14. Housing 12 has - 
sidewalls 16, bottom 18, and top 20. Top 20jis substan 
tially transparent to the ‘electromagnetic radiation to be 
detected so that the: electromagnetic radiation can be 
directed through top 20.onto the sensitive structure 14. 
Housing 12 can be consummate that» it can be evacu 
ated and sealed to maintain a substantial vacuum en 
vironment around the sensitive structure. Electrical 
connectors 22 and 24 pass through bottom 18 to permit 
connection of electrical devices. 

Referring to FIGS: 1, 2, and 3, base 26 supports the 
electromagnetic sensitive structure 14. Base 26 has a 
central hole 28 therein. A layer of insulator material 30 
is positioned on top of and is secured to base 28. In the 
preferred embodiment, base 26 is sapphire, which is 
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crystalline aluminum oxide (M203), while the insulator 
material 30 is a thin sheet of alumina, which is 
amorphous aluminum oxide. When the sensitive area is 
about 1 cm square, the hole has a diameter of about 2 
cm and material 30 is about .05 cm thick. The base is 
chosen to be of the same material for thermal expan 
sion purposes. It could be just as well made of alumina 
as sapphire. 

Vapor-deposited on top of the insulator material 
layer are pads 32 and 34 which has connector 36 
therebetween, passing over the opening 28. A portion 
of pads 32 and 34 is pre-evaporated to build up suff 
cient thickness for bonding. As is seen in FIG. 1, elec 
trical connection is respectively accomplished between 
connector 22 and pad 32, and connector 24 and pad 
34. The pads 32 and 34 are preferably thicker than 
connector 36, to aid in the mechanical connection. 
Connector 36 will de?ne the active region by virtue of 
surface charge masking. Pads 32 and 34 and connector 
36 are preferably formed by vapor-deposited gold. 

In the embodiment shown in FIGS. 1 through 3, the 
portion of the insulator material 30 which is chosen for 
implantation is de?ned by the thin connector region 
36. This portion has a low thermal mass, if it is located 
over central opening 28. 
Anion beam 42 is directed toward connector 36 and 

insulating material 30. The ion beam 42 has suf?cient 
energy to implant metal ions through connector 36 and 
into the insulating material 30. The implanted zone is 
controlled in geometrical extent by surface charge 
masking and, hence, conforms to the shape of connec 
tor 36. During implantation, the connector 36 is 
grounded to drain 'off the charge, which results-from 
the ion beam, to permit implantation therethrough. lm 
plantation continues for an adequate length of time to 
provide an implanted thermally responsive resistor 
zone. As an example, antimony ions are implanted by a 
beam having an average beam current of 50 microam 
peres and a beam voltage ofv 12 keV for 60 minutes. 
This is an . ‘ ion dose equivalent to' about 1,000 
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monolayers delivered to the surface, or about 10"‘ ions . 
per square centimeter, whichis considered to be the 
minimum dosage to render the implanted zone resistive 
instead of insulative. The resultant sheet resistance was 
approximately l0?~ ohmsper square after implantation, 
as compared to a value of greater than 1012 ohms per 
square for the unimplanted insulative layer, both at 20° 
C. The resistance of the implanted region changes 
rapidly with changes in temperature. } ‘ 
While antimony implanted into alumina is the exam 

ple given, metallic ions selected from the group consist 
ing of silver, gold, antimony, aluminum, copper and 
gallium and many others can be employed. Further 
more, the insulative material can be any material 
selected fromviscous liquid, monocrystalline insulator 
material, amorphous insulator material, including the 
group consisting of alumina, sapphire and glass, insulat 
ing metallic oxides, metallic nitrides, metallic carbides, 
A1503, MN and C002. I ' 

During implantation, the connector 36 and at least 
one of the pads 32 and 34 are connected to system 
ground to prevent any surface charge buildup which 
would prevent implantationyln the preferred embodi-' 
ment, this happens naturally, since 36 is an extension of 
32 and 34. During implantation, much of the connector 
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36 is sputtered away. However, the ends of the pads 32 
and 34 remain connected to the edges of the resistive 
zone to make electrical connection thereto. lf necessa 
ry, additional metallic deposition between the pads and 
the edges of the resistive zone can be accomplished to 
provide the necessary ‘connection. 

In order for implantation to be effective, the metal 
layer of connector 36 must be sufficiently thin that 
something is driven into the substrate. That which is 
driven in is both the incoming ion beam and atoms 
from the connector 36 of electrically conductive 
material. In addition, the incoming ion beam causes 
sputtering of the surface. The presence of a metal film 
affects the sputtering rate. The ion dose is large and, 
thus, the ratio of ions arriving in the beam to the ions 
lost by sputtering is important. Normally, the metal 
connector layer 36 is sufficiently thin that at least part 
of the incoming ion beam passes therethrough and is 
implanted into the insulative substrate, part of the layer 
is sputtered away, and part of the thin ?lm layer is 
driven into the insulative substrate. As the implantation 
proceeds, the metal connector layer 36 may be 
completely sputtered away and driven in, so that no 
identi?able layer continues to exist. In this case, the 
conductivity of the implanted region must be suf?cient 
to dissipate the surface charging affect, if implantation 
is to continue. v 

As a result, there is a tradeoff between sputtering and 
implantation. As long as the metal ?lm continues to ex 
ist, it participates in the implantation and in the sputter 
ing. 

Finally, vwhen the metal ?lm is sputtered away, 
equilibrium between implantation and substrate sput 
tering occurs. Equilibrium is dependent upon the ener 
gy of the incoming ions and 'the sputtering rate of the 
insulative material 30 upon which the incoming ions 
impinge. .The ions penetrate only a short distance, on 
the order of tens to hundreds of angstroms. Maximum 
concentration is achieved in a localized region, as an 
equilibrium is reached betweenthe number of incom 
ing ions and the sputtering-rate. Typically, peak con 
centrations of 1022/ cm3 are feasible. We have found 
that the minimum total number of ions which must be 
delivered to the insulator surface to achieve saturation 
concentration is on-the order of 1,000 monolayers (i.e., 
1018 ion per square centimeter). 
With respect to patterning of the area which is im 

planted, surface charging by the incoming ion beam 
causes reflection of ions, except where the surface 
charge is drained away. As described above, this is ac 
complished by the placement of a metal ?lm. Since, im 
plantation thus- occurs only in the area where the metal 
?lm occurs and is appropriately grounded to prevent 
surface charging, the'surface charge results in a mask 
ing effect. By this means,‘the area to be implanted can 
be designed and its lateral outline shaped by placing the 
charge removal metal ?lm where implantation .is 
desired. Surface charge masking is fully effective to 
laterally shape the implanted areas. After the metal 
?lm is sputtered away, there is an implanted region 
therebelow which is suf?ciently conductive that im 
plantation continues to occur only in those areas which 
had been positioned under the metal film. If the ion 
beam is of suf?cient lateral scope, additional masking is 
not necessary. The pads 32 and 34 are sufficiently thick 
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to not be sputtered away and surface charge masking 
prevents implantation into any portion other than those 
covered by the pads 32 and 34 and connector 36. Thus, 
mechanical masking isv not necessary, but surface 
charge masking can be solely employed to define an ef 
fective area or zone under the connector 36 which is 
implanted. 

After implantation is completed, a heat-absorbing 
coating 46 is optionally positioned over the resistive 
zone. The absorbing coating can be a matte black coat 
ing to minimize energy re?ection. 

After the electromagnetic radiation sensitive struc 
ture 14 is completed, it is optionally placed in the hous 
ing 12, as indicated in FIG. 1. Electrical connections 
are made between the pads and the electrical connec 
tors 22 and 24. When electromagnetic radiation is 
directed onto the heat-absorbing coating, or the re 
sistive zone 44, the resistive zone 44 is heated. Since 
the electrical resistance is a function of temperature of 
the zone, the resistance changes. Power supply 48 and 
current sensitive device 50, in the form of an ammeter 
in the speci?c example, are serially connected between 
the electrical connectors 22 and 24, the current flux 
sensed by current sensing device 50 is related to the in 
coming infrared radiation. However, the bolometers 
can be used in either voltage or current mode. It is the 
resistance which is a function of temperature. In a 
speci?c example of the bolometer 10 of FIG. 1, central 
opening 28 is 0.2 cm diameter. The insulator material 
30 overlying the opening is an aluminum oxide ?lm 
about 1,000 angstroms thick. A gold layer approxi 
mately 100 A thick was evaporated onto the M20 3 ?lm 
prior to implantation. This layer was in the shape of a 
rectangle 0.1 cm X 0.3 cm. Antimony is implanted 
through the gold layer into the ?lm to form a resistive 
zone 44 of rectangular shape ( 0.1 cm X 0.3 'cm). Gold 
pads 32 and 34 were in place prior to evaporation of 
gold connective layer 36 and hence are attached to op 
posite edges of the long dimension of the rectangular 
implanted region. By supplying a current between 22 
and 24, a resistance of 400,000 ohms was measured at 
room temperature following implantation. With a 7 
volt bias supplied, the bolometer has an open circuit 
responsivity of 84 volts per watt. The time constant of 
the bolometer is 60 milliseconds; 
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FIG. 4 illustrates a specially-mounted bolometer 52. I 
Mounted bolometer 52 comprises hemispherical lens 
54, which preferably has a ?eld or focusing lens 56 
positioned in front of it. Both lenses are of such materi 
al as to pass infrared radiation. The lens 54 is a stan 
dard immersion lens which receives the radiation from 
the primary system or ?eld lens 56. The immersion lens 
acts to reduce the size of the detector necessary to 
cover a given aperture or ?eld of view. In the bolome 
ter 52, the detector is an implanted detector which 
forms a resistive zone 58. Resistive zone 58 is formed 
by the implantation of metallic ions directly into the 
rear face of the hemispherical immersion lens. Implan 
tation into the glass of the lens is accomplished in the 
same manner as described above with respect to im 
plantation into alumina. Thus, a metal ion selected 
from the group consisting of silver, gold, antimony, alu 
minum, copper, and gallium and others can be im 
planted. The lens is of a suitable material for optical 
transmission of the electromagnetic radiation in 
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question, and must be an insulative material. The lens 
material is a material selected from the group consist 
ing of glass, quartz, and sapphire. 

Electric contacts 60 and 62 are connected to the 
edges of the resistive zone 58. Serially connected 
between these contacts are power supply 64 and cur 
rent sensing device 66, shown as being an ammeter. 
The'voltage mode of sensing can alternatively be em 

-ployed. Since resistance of the resistive zone 58 
changes with temperature, and the temperature 
changes with incident radiation, the current ?owing 
through current sensing device 66 is a function of the 
incident radiation. The large thermal sink provided by 
the immersion lens increases the response speed. 
As described above, there is a minimum implantation 

dosage, equivalent to about 1,000 monolayers, which is 
in the order l0l8 ions per square centimeter. This 
results in a saturation concentration in the implanted 
region hundreds of angstroms thick. In this region, the 
chemical composition differs markedly from the 
remainder of the body. This region is virtually an 
atomic cermet within the solid insulator. To achieve 
this implantation, a minimum beam current of about 10 
microamperes appears to be necessary. Furthermore, a 
minimum beam acceleration potential of 10 keV is 
required. The maximum required vbeam energy is 40 
keV, and 25 keV is a practical level. Too high an ac 
celeration potential on the beam results in excessive 
sputtering. ' 

This invention having been described in its preferred 
embodiment, it is clear that it is susceptible to nu 
merous modi?cations and embodiments within the 
ability of those skilled in the art and without the exer~ 
cise of the inventive faculty. 
What is claimed is: 
l. A bolometer, said bolometer comprising: 
an electrical insulator material; 
an electrically-resistive zone formed of ions im 

planted into said resistive material in suf?cient 
quantity to permit the passage of electric current 
through said resistive zone, said resistive zone hav 
ing a resistance which is a function of temperature; 

electrical connections to said resistive zone so that 
the resistance of said resistive zone can be sensed; 
and 

means permitting passage of radiation of such, 
frequency-as to affect the temperature of said re 
sistive zone to said resistive zone so that the re 
sistance of said resistive zone is a function of in 
cident radiation thereto. 

2. The bolometer of claim 1 vwherein said insulative 
material is selected from the group consisting of glass, 
alumina, and sapphire. . 

3. The bolometer of claim 2 wherein said implanted 
ion is selected from thelgroup consisting of silver, gold, 
antimony, aluminum, copper, and gallium. 

4. The bolometer of claim 1 wherein said implanted 
ion is selected from the group consisting of silver, gold, 
antimony, aluminum, copper, and gallium. 

5. The bolometer of claim 2 wherein said insulative 
material is a thin sheet of insulative material and is 
secured to base, an opening in said base, said implanted 
zone being positioned over said opening so that said 
base does not extend under said implanted zone to limit 
the thermal responsivity of the implanted zone. 
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6. The bolometer of claim 5 wherein pads are 
deposited on said insulative material and extend to 
overlap with said implanted zone, said pads being elec~ 
trically connectable to said resistance sensing device. 

7. The bolometer of claim 6 wherein a heat-absorb 
ing coating is deposited on said insulative material over 
at least a portion of said resistive zone. 

8. The bolometer of claim 1 wherein-said insulator 
material is a substantially hemispherical immersion lens 
having a rear surface which is of a material which is 
substantially transparent to the incident radiation and 
said resistive zone is implanted into a portion of the 
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rear surface of said immersion lens. 

9. The bolometer of claim 8 wherein said insulative 
material is selected from the group consisting of glass, 
alumina, and sapphire. 

10. The bolometer of claim 9 wherein said implanted 
ion is selected from the group consisting of silver, gold, 
antimony, aluminum, copper, and gallium. 

11. The bolometer of claim 1 wherein a heat-absorb 
ing coating is deposited on said insulative material over 
at least a portion of said resistive zone. 

* * * a: I: 


