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[57] ABSTRACT 

A microstructure design for high IR sensitivity having a tWo 
level infrared bolometer microstructure, the loWer level 
having a re?ective metal ?lm surface such as Pt, Au, or Al 
to re?ect IR penetrating to that level, the upper level being 
separated from the loWer level by an air gap of about 1—2 
microns Which alloWs the re?ected IR to interfere With the 
incident IR and increase the sensitivity to a higher level. 

28 Claims, 5 Drawing Sheets 
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MICROSTRUCTURE DESIGN FOR HIGH IR 
SENSITIVITY 

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

FIELD OF THE INVENTION 

The ?eld of the invention is in a high sensitivity tWo-level 
microstructure infrared bolometer array Which can produce 
absorptance levels of greater than 80% and also achieve high 
IR sensitivity over a Wavelength range from 8—14 microns. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

This invention is an improvement on co-pending appli 
cation Ser. No. 887,495, ?led Jul. 16, 1986, entitled “Ther 
mal Sensor”, and assigned to the same assignee as the 
present invention. The teachings of the co-pending applica 
tion are incorporated herein by reference. In the co-pending 
application the invention is directed to a pixel siZe sensor of 
an array of sensors, for an infrared microbridge construction 
of high ?ll factor, made possible by placing the detector 
microbridge on a second plane above the silicon surface 
carrying the integrated components and bus lines. The 
improvement in the present invention is directed to a struc 
ture Which increases the sensitivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 and 2 are front and top vieWs of a microstructure 
design according to the invention. 

FIG. 3 is a graphical plot of overall absorptance vs. 
Wavelength of the device over a selected Wavelength includ 
ing 8—14 microns. 

FIG. 4 shoWs graphically the transmittance, absorption 
and re?ectance of the resistive layer. 

FIG. 5 shoWs graphically absorption vs. air gap thickness. 
FIG. 6 shoWs absorption of entire structure vs. metal 

absorber thickness. 

FIG. 7 shoWs measured optical properties of Si3N4. 

DESCRIPTION 

Across section vieW of the tWo-level microbridge bolom 
eter pixel 10 is shoWn in FIG. 1. The device 10 has tWo 
levels, an elevated microbridge detector level 11 and a loWer 
level 12. The loWer level has a ?at surfaced semiconductor 
substrate 13, such as a single crystal silicon substrate. The 
surface 14 of the substrate has fabricated thereon conven 
tional components of an integrated circuit 15 such as diodes, 
bus lines, connections and contact pads (not speci?cally 
shown), the fabrication folloWing conventional silicon IC 
technology. The IC is coated With a protective layer of 
silicon nitride 16. 

The elevated detector level 11 includes a silicon nitride 
layer 20, a thin ?lm resistive layer 21, preferably a vanadium 
or titanium oxide (such as V203, TiOx, VOx), [i.e.] some 
times hereinafter referred to as ABx a silicon nitride layer 22 
over the layers 20 and 21 and an IR absorber coating 23 over 
the silicon nitride layer 22. The thin absorber coating 
(approximately 20A thick) may be of a nickel iron alloy, 
often called permalloy. DoWnWardly extending silicon 
nitride layers 20‘ and 22‘ deposited at the same time as layers 
20 and 22 during the fabrication make up the sloping 
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2 
supports 30 and 30’ for the elevated detector level. The 
cavity or gap 26 (approximately 1—2 microns high) betWeen 
the tWo levels is ambient atmosphere. During the fabrication 
process, hoWever, the cavity 26 Was originally ?lled With a 
previously deposited layer of easily dissolvable glass or 
other dissolvable material until the layers 20, 20‘, 22 and 22‘ 
Were deposited. Some other easily dissolvable materials are 
quartz, polyimide and resist. Subsequently in the process the 
glass Was dissolved out to provide the thermal isolation 
cavity or air gap (i.e., the air gap actually may be in 
operation, a vacuum gap). In FIG. 1 the horizontal 
dimension, as shoWn, is greatly foreshortened. That is, the 
height of FIG. 1 is exaggerated in the draWing compared to 
the length in order to shoW the details of the invention. 

FIG. 2 is a top plan vieW of the elevated detector level 11. 
This draWing is made as though the overlying absorber 
coating 23 and the upper silicon nitride layer 22 are trans 
parent so that the resistive thin ?lm layer 21 can be shoWn. 
In one preferred embodiment the material for the resistive 
layer 21 is a vanadium oxide, preferably V203. Vanadium 
oxides have very strong changes in resistance With tempera 
ture alloWing high sensitivity microbolometer operation. It 
also has a loW re?ectance to IR in the 8—14 micron range. In 
the preferred embodiment at this time, the V203 is operated 
in its semiconductor phase. Its deposition is preferably by 
the process of ion beam sputter Which permits the deposition 
of very thin layers such as 50—75 nm. This material 
Was thus selected for its loW IR re?ectance together With a 
relatively high temperature coef?cient of resistance (TCR). 
The ends of the resistive paths 21a and 21b are continued 
doWn the slope area 30 embedded in 20‘ and 22‘ to make 
electrical contact With contact pads 31 and 32 on the loWer 
level. 

FIG. 2 also shoWs nitride Window cuts 35, 36 and 37 
Which are opened through the silicon nitride layers 20 and 22 
to provide access to the phos-glass beneath for dissolving it 
from beneath the detector plane. The sloping supports may 
be of the necessary length is provide adequate support and 
thermal isolation for the upper level 11. 

Although the description is basically in terms of indi 
vidual detector pixels, the invention is directed for use to an 
x,y array assembly of adjoining pixels forming an imaging 
or mosaic detector array. Each pixel assembly may cover an 
area about 50 microns on a side, as an example. 

Referring again to FIG. 1 a sequence of fabrication steps 
for the upper level is described. FolloWing the deposition of 
the silicon nitride layer 16 in fabricating the loWer level 12, 
a thin ?lm layer 18 of re?ective material, such as a metal 
?lm like Pt or Au, is deposited. The construction of the upper 
level can then commence. The detectors presently being 
described are intended for use in the 8—14 micron IR 
Wavelength. The re?ective layer 18 is on the loWer plane 12. 
The vertical distance betWeen re?ective layer 18 and upper 
level 11 is chosen so the re?ected IR from layer 18 returned 
upwardly has interference properties such that signi?cant 
absorption is achieved for a Wide range of Wavelengths 
(8—14 microns) [and air gap spacing betWeen the re?ector 
and the detector structure]. 
A layer of phos-glass or other easily soluble material in 

the range of about 1—2 microns thick is deposited and the 
slopes 30 and 30‘ are thoroughly rounded to eliminate slope 
coverage problems. The upper level silicon nitride base layer 
20 is then deposited, the resistive ?lm 21 is deposited, 
connections doWn the slope to loWer plane contact pads are 
made, and a silicon nitride passivation layer 22 covers the 
layers 21 and 20. A thin metal absorber coating 23 (about 
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15—40A) is deposited on top of the upper level. The slots 35, 
36 and 37, earlier mentioned are made and the phos-glass is 
dissolved from beneath the detector plane. As earlier 
described, by depositing Pt, Au or other re?ecting thin ?lm 
18 on the substrate before the stack is formed, it is possible 
to re?ect transmitted radiation reaching the re?ecting ?lm 
back to the absorber coating. 

The optical properties of the total structure are achieved 
by careful selection of optical materials with the proper 
optical and electrical properties. The top ?lm must re?ect 
little radiation and generally transmit a signi?cant percent 
age of the non-absorbed radiation through to the re?ected 
light at a nodal position in the ?lm determined by the air gap 
distance. Stated otherwise, the air gap distance is deter 
mined so that the re?ected light is at a nodal position in the 
?lm. An additional constraint on the absorbing ?lm is that to 
be compatible with the total structure, the absorbing material 
must be very thin (and hence have a low mass). 

To optimiZe the absorption in the structure, the thickness 
of all the absorbing layers and the air gap distance must be 
controlled. The absorbing ?lms in the present device consist 
of ABx, [SIN] SiN, and the thin absorbing metal 
described above. In practice, the ABx and [SIN 
nitride] SiN thicknesses are chosen by electrical and physical 
requirements. Both have absorption levels ranging from 
10—20% in the spectral region of interest (FIGS. 4 and 7). A 
combination of these materials produces an absorption of no 
more than about 30% in the 8—14 micron region. This 
absorption level is very close to ideal, however, for use with 
a Pt re?ective layer and an air gap which intensi?es the ?eld 
in the absorbing ?lm, it is possible to achieve absorptances 
in excess of 80% (FIG. 5) in this con?guration. The use of 
a thin absorbing metal which in the standard design provides 
50% absorption, here is used to ?ne tune the absorption for 
maximum effect. FIG. 6 shows the small absorption 
improvements that can be achieved by using this metal ?lm. 

In this two-level structure, the low thermal mass structure 

11 is separated from the [Pt/substrate] Pt substrate layer by 
an air gap. The interference properties of this re?ected 
radiation are such that signi?cant absorption is achieved [by] 
for a wide range of wavelengths [and air gap spacing 
between the Pt re?ector and the detector structure]. 

For this optical interference to occur in the detector, it is 
necessary to avoid other ?lms in the detector structure which 
re?ect IR. The use of ABC which has both a high TCR and 
a low IR re?ectance (FIG. 4) ideally meets these require 
ments. Thus the merging of this absorption phenomenon into 
a detector structure which has a detector material processing 
both a high TCR and low re?ectance permits this interfer 
ence effect to occur. 

There is a substantial degree of variability of detector 
absorptance with air gap in the structure. Referring to the 
table below which shows wavelength in nanometers in the 
left column vs. air gap in microns across the top it can be 
seen that with an air gap of only 0.5 micron the detector 
absorptance varies widely with wavelength and it is not very 
high. With air gaps of 1—2 microns and especially at 1.5 
microns the absorptance is relatively high across the desired 
wavelength spread. 
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TABLE 1 

DETECTOR ABSORPTANCE 

Air Gap (microns) 

Wavelength (NM) .5 .75 1.0 1.5 2.0 

8000 .89 .91 .9 .84 .76 
9000 .84 .88 .86 .81 
10000 .76 .82 .84 .84 .82 
11000 .69 .77 .8 .82 .82 
12000 .66 .74 .79 .83 .84 
13000 .64 .78 .85 .93 .94 
14000 .56 .72 .83 .95 .98 
15000 .47 .64 .77 .92 .99 

The effect of gap thickness on the absorptance vs. wave 
length in the regions of interest are further displayed graphi 
cally in FIG. 5. It can be seen in the curve of 1.5 microns gap 
thickness that at 8 microns the absorptance of the structure 
is climbing rapidly towards 90% and more, and that it 
remains relatively high out to about 14 microns. The curve 
for a gap of 2 microns shows that at IR wavelengths of 14 
microns the absorptance is better and well above 90%. In 
measuring the data for FIG. 5 the absorber ?lm 23 was not 
included in the stack structure. 

Referring now to FIG. 6 there is shown graphically how 
the overall absorption of the ?lm structure varies across the 
IR wavelength of 8—14 microns as the thickness of the metal 
absorber ?lm is increased to 3 nm and to 5 nm. 
In this ?lm stack design the Si3N4 layer 22 is 250 nm, 
the resistive ?lm 21 is 75 nm and the Si3N4 ?lm 20 is 100 
nm with an air gap of 1.5 microns and a re?ective Pt layer 
18 of 50 nm. This curve for 3 nm shows absorptance>90% 
between 8 and 14 microns. 

The measured optical properties of re?ectance R, trans 
missivity T, and absorptance Aof the silicon nitride layers 20 
and 22 (800A thick) are shown in FIG. 7 with percent of 
signal shown on the ordinate axis and IR wavelength along 
the abscissa. It can be seen that the transmissivity at 8 
microns (about 90) and at 14 microns (about 80) is quite 
high and that the re?ectance R at both 8 and 14 microns is 
well under ten. 

The embodiments of the invention in which an exclusive 
property or right is claimed are de?ned as follows: 

1. A two-level microbridge infrared bolometer structure 
comprising: 

a bolometer structure on a semiconductor substrate, said 
structure having a lower section on the surface of the 
substrate and a microbridge upper detector plane struc 
ture spaced from and immediately above the lower 
section; 

an infrared-re?ective thin ?lm metal coating on the sur 
face of said lower section; 

said upper microbridge detector plane structure compris 
ing a planar sandwich structure including a ?rst sup 
porting dielectric thin ?lm layer, and a thin ?lm tem 
perature responsive resistive element having ?rst and 
second terminals; 

downwardly extending dielectric leg portion means which 
are a downwardly extending continuation of said 
[upper structure] ?rst dielectric layer supporting said 
upper microbridge detector plane structure above said 
lower section so that a thermal isolation gap exists 
between said upper [and] detector plane structure and 
said lower [sections] section; and, 

electrically conductive paths included in said downwardly 
extending leg portion means connecting said ?rst and 
second terminals to said lower section. 
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2. The microbridge structure according to claim 1 wherein 
said re?ective thin ?lm metal coating is selected from the 
group consisting of Au, Pt, and Al. 

3. The microbridge structure according to claim 1 Wherein 
said dielectric is of silicon nitride. 

4. The microbridge structure according to claim 1 Wherein 
said thin ?lm resistive element is selected from the group 
consisting of vanadium oxide and titanium oxide. 

5. The microbridge structure according to claim 1 Wherein 
said thin ?lm resistive element is V203. 

6. The microbridge structure according to claim 1 Wherein 
said gap betWeen said loWer section and said upper detector 
plane structure is in the range of about 1—2 microns. 

7. The microbridge structure according to claim 2 Wherein 
the coating is about 50 nm in thickness. 

8. The microbridge structure according to claim 1 and 
further comprising, in said planar sandWich structure, a 
second dielectric thin ?lm layer and a thin ?lm absorber 
layer. 

9. The microbridge structure according to claim [3] 8 
Wherein the ?rst supporting dielectric thin ?lm layer [in] is 
on the order of 100 nm in thickness and the second dielectric 
thin ?lm layer is on the order of 250 nm in thickness. 

10. The microbridge structure according to claim 4 
Wherein the [resistive element ?lm] thin ?lm resistive ele 
ment is on the order of 50—75 nm in thickness. 

11. The microbridge structure according to claim 8 
Wherein the absorber layer is on the order of 30 nm in 
thickness. 

12. A tWo-level microbridge infrared bolometer structure 
comprising: 

a bolometer microstructure on a semiconductor substrate, 
said structure having a loWer section on the surface of 
the substrate and a microbridge upper detector plane 
structure spaced from and immediately above the loWer 
section; 

an infrared re?ective thin ?lm metal coating on the 
surface of said loWer section, said metal being selected 
from the group consisting of Au, Pt, and Al; 

said upper microbridge detector plane structure compris 
ing a planar sandWich structure including a ?rst bridg 
ing dielectric thin ?lm layer, a thin ?lm temperature 
responsive resistive element selected from the group 
consisting of vanadium oxide and titanium oxide, said 
resistive element having ?rst and second terminals, a 
second dielectric thin ?lm layer over said ?rst dielectric 
layer and resistive layer, and a thin ?lm absorber layer; 

doWnWardly extending dielectric leg portion means Which 
are a doWnWardly extending continuation of said 
[upper structure] ?rst dielectric layer supporting said 
upper microbridge detector plane structure above said 
loWer section so that an air gap on the order of 1—2 
microns exists betWeen said upper [and] detector plane 
structure and said loWer [sections] section; and, 

electrically conductive paths included in said doWnWardly 
extending leg portion means connecting said ?rst and 
second terminals to said loWer section. 

13. A two-level microbridge uncooled infrared thermal 
detector means comprising: 

a pixel on a semiconductor substrate, said pixel having a 
lower section on the surface of said substrate and a 
microbridge upper detector section spaced from and 
immediately above the lower section; 

said lower section including integrated circuit means and 
infrared-re?ective means coating said integrated cir 
cuit means; 
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6 
said microbridge upper detector section comprising a 

bridging dielectric layer having mounted thereon tem 
perature responsive means having ?rst and second 
terminals, said microbridge upper detector section 
being supported above said lower section by dielectric 
leg portions which are downward extending continua 
tions of the bridging dielectric layer to thereby support 
said upper section and so that a thermal isolation gap 
is de?ned between said upper and lower sections; 

and said ?rst and second terminals being continued down 
said leg portions to said integrated circuit means; and 

said two-level microbridge uncooled infrared thermal 
detector means being further characterized by the size 
of said gap; i.e.; the distance between said upper and 
lower sections; being selected so that infrared radiation 
which initially passes through said upper section to 
said infrared-re?ective means is then reflected toward 
and is intensi?ed at said upper section to optimize 
infrared absorption over a preselected band of infrared 
wavelengths. 

14. The thermal detector means of claim 13 wherein said 
bridging dielectric layer comprises a ?rst dielectric layer 
beneath said temperature responsive means and a second 
dielectric layer over said ?rst dielectric layer and said 
temperature responsive means. 

15. The thermal detector means of claim 14 wherein said 
dielectric layers are of silicon nitride. 

16. The thermal detector means according to claim 15 
wherein the ?rst dielectric layer is on the order of 100 nm 
in thickness and the second dielectric layer is on the order 
of 250 nm in thickness. 

17. The two-level microbridge uncooled infrared thermal 
detector means of claim 13 wherein: 

said temperature responsive means is a thin ?lm resistive 
element; 

said upper detector section includes absorber means 
covering said resistive element; and 

said gap is selected so that infrared radiation reflected 
from said infrared-re?ective means is intensi?ed at said 
absorber means; to thereby optimize the absorption of 
infrared radiation in said upper detector section. 

18. The thermal detector means according to claim 17 
wherein the absorber means is a layer on the order of 30 nm 
in thickness. 

19. The thermal detector means of claim 13 wherein said 
infrared-re?ective means is a thin ?lm metal coating. 

20. The thermal detector means of claim 13 wherein said 
infrared-reflective means is a thin ?lm metal coating 
selected from the group consisting of Au; Pt; and Al. 

21. The thermal detector means according to claim 20 
wherein the coating about 50 nm in thickness. 

22. The thermal detector means of claim 13 wherein said 
temperature responsive means is a thin ?lm resistive ele 
ment. 

23. The thermal detector means of claim 22 wherein said 
thin ?lm resistive element is selected from the group con 
sisting of vanadium oxide and titanium oxide. 

24. The thermal detector means according to claim 23 
wherein said thin ?lm resistive element is on the order of 
50—75 nm in thickness. 

25. The thermal detector means of claim 22 wherein said 
thin ?lm resistive element is V203. 

26. The thermal detector means of claim 22 wherein said 
thin ?lm resistive element is V203 operated in its semicon 
ductor phase. 

27. The thermal detector means according to claim 13 
wherein said gap between said upper and lower sections is 
in the range of about 1—2 microns. 
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28. A two-level microbridge infrared bolometer structure 
comprising: 

a bolometer structure on a semiconductor substrate, said 
structure having a lower section on the surface of the 
substrate and a microbridge upper detector plane 
structure spaced from and immediately above the lower 
section by a thermal isolation gap of between about 
1—2 microns, the upper microbridge upper detector 

8 
plane structure including a thin ?lm resistive element 
having ?rst and second terminals; 

an infrared-reflective thin ?lm on the surface of said lower 
section; and 

electrically conductive paths connecting said ?rst and 
second terminals to said lower section. 


