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Chapter 3
MATERIALS, STRUCTURES, AND FABRICATION

In the past, bismuth hasbeen thematerial of choicefor microbolometers
because of its favorable temperature coefficient of resistivity, and because of its thin
film resistivity, which allows easympedance-matching to planantennas. In this
chapter, some dathe properties of Bi will be investigated, and another material,
tellurium, will also beexaminedfor use as a microbolometerDevice fabrication
will be detailed, including aliscussion of ailayer photoresist bridge technique.

The high resistivity of Te prevents simple impedance-matching to a latearna,

SO a composite structure which overcomes hismatch problem igliscussed.

The chapter culminates in the fabrication and performance details of a Te composite
microbolometer.

3.1 Bismuth
Bismuth (Bi) occurs as aght grey netal with a melting point a71°C. It
has the lowest thermal conductivity of angtad excepimercury, and i®ften used
as a thermocouple material because of its high thermal emf. The crystal structure is
rhombohedral with a 2-atom basis (see for instatje [This can be visualized by
starting with a cubiccell (Fig. 3.1a),and pulling on one corner in th@d11)
direction to distortthe cell(Fig. 3.1b). Thenthe dark atoms in i§. 3.1b are
moved slightly in the (111) direction to give the structure shown in Fig. 3.1c. The
atoms in a layer are held fairly tightly together, but atoms jecadtlayers are held
together only by weak London forces. This accounts for the fragility of Bi films.
Thin films of bismuth show a polycrystalline columnular structure, grthn
sizes on the order of the film thickness. The texture of the film depends strongly on
the substrate, but the crystals are preferentially orientedthatkrigonalaxis (111)
of the rhombohedral crystal perpendicular to sbbstrate **]. These films are
most generally prepared by thermal evaporation in a vacuum unéeortGit a
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Fig. 3.1: The rhombohedral crystal structure can be visualized by
starting with a cubic cell, as in (a), with every othea®imshaded. In

(b), thecell is stretched in th€111) direction. Finallythe dark atoms
from (b) are moved slightly in th€l11) direction to give the structure
shown in (c), where now all Bi atoms are shaded.

depositionrate of between hand 20 A/sec. The most common substrafer Bi
deposition discussed iime literature isglass,and deposition temperatures range
from 20°C to 150C. Table 3.1 shows some tbie properties of thirfilm Bi taken
from a number of references. From this table, &dparent that thproperties of
thin film Bi are quite variable.

Kawazu et al. demonstrated that the largest graimesare produced using
high substrate temperature anslew depositionrate f]. As temperature is raised
to 200C, howeverthe Bi does notstick well to thesubstrateresulting in very
rough films. For films about 1000 A thick, the substrate temperature could be



Substrate | Deposition film Resistivity at
type and rate thickness 300 K
Reference temp. (A/sec) A) HQ-cm
Joglekar glass 2 1000 1000
[°] 25°C
Baba muscovite 1 300 850
[3] 100°C 3350 160
Kawazu (1112) Si 5 2000 200
[5] 100°C 5000 160
Chaudhuri glass 2-3 900 470
[] 150°C 2600 240
Kochowski glass 5-15 200 600
[2] 20°C 3000 280
Vandamme glass 20 300 800
[] 60°C 14000 200
Kuilper glass 20 1300 800
[’] 60°C 27000 350
Volklein 400 A thick 10 280 690
[4] cellulose 1060 455
acetate foil 3500 360
25°C
Neikirk glass 1-5 1000 685
[*9] 25°C
WeFltY]VOHh glass 5-10 1000 910

Table3.1: Comparison o$elected unannealed thin filoismuth data
from a number of references.

increased to up to 140 at a 1 A/sec deposition rate to produce the largest crystals.
What makes thin film Bi interesting i$s peculiar resistivity behavior as a
function of temperature. In Fig. 3.2 (adapted from [3]), resistpitg plotted as a
function of temperature Tor several filmthicknesses. Firsthis plotshows that
thin films of Bi have a higher resistivity than buBk. The higher resistivity is a
result of increased scattering at the mawenerous grain boundariésr thin films.
There is also a region of decreasing resistdacencreasing temperature. This
behavior is similar tahat of asemiconductor, which has decreasing resistance
caused by the excitation of more carriers as the temperature rises. However, at
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Fig. 3.2: Resistivity véemperaturdor several thicknesses &fi. The
resistance is normalized to the resistance of the 300 Afihitk These
plots are adapted from data by Baibal . [3].

higher temperatures, the Bi acts like atah theresistivity increases as tperature
increases because there are more lattice vibrations acting to reduce carrier mobility.

The negative resistivity is a consequencetwb competing mechanisms
[3,8]. First, the carrier concentration increasgith increasing T, ashown in
Fig. 3.3a. Secondthe carrier mobility decreas@gth increasing temperature, as
shown inFig. 3.3b. Fgure 3.3c showghe resultingconductivity, which is
proportional to the product @f and n. The region of positives@iT corresponds
to the negative temperature coefficient wsistivity. Noice that for low
temperaturesthe mobility changes vernslowly. This is becausemobility is
proportional to the mean-free-path (mfp)tbé chargecarrier, and this mfgan be
no bigger than the crystalline siz&hus, aghe temperaturéalls, the mobility can
only increase tdhe pointwhere it becomebmited by the crystallitesize, and the
region of negativea shifts to higher teperatures as the filnthickness
decreases [3].
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Fig. 3.3: The behavior of Bi thin films, as a function of thicknessnt

to, and of temperature. (a) Carrier concentration increases with
temperature. (bMobility decreases with temperature, but for low
temperature, mobility is limited by the mean-free-path ofctlystal. (c)

The product ofthe carrier concentration and mobility is proportional to
the conductivity, andhe positivesloped region foo corresponds to a
negative temperature coefficient @sistivity. These plotare adapted
from Babeaet al. [3].



41

3.2 Tellurium

Thin films of tellurium have been tHecus of a number of investigations for
sensor-typeapplications >-***%. This is a rather simplelement toevaporate,
since it sublimes at a relativellgw temperaturé277°C). Tewill oxidize to some
extent inair, and exposure to Tean result in the unpleasant conditiomown as
“tellurium breath,” whereby the victim’s breath reeks of a garlic-like odor.

Similar to Bi films, behavior of Te films depends the depositiorrate, film
thickness, and annealing conditions. In general, Te electrical conductivity increases
with increasing thickness and deposition rate, and with inclusion aheal step
[*°-1"*]. The higher conductivity is a result of larger crydtaimation, which
increases mobility. Mansingh and Garg found that the grain siz&@®& A thick
Te film increasedrom 500 A to 850 A with @25 K annealunder vacuuni18].
Conductivities for different conditions from several referencagse given in
Table 3.2.

Tellurium has been suggested as a boloneetedidate since thin film Te has
a high value of3—$ [*9], and responsivities 100 times that of Bi have been reported

[11]. Similar to Bi, Te has a negative temperature coefficient of resistivity.

Substrate | deposition | conductivity: | Anneal time
type and temp rate pre/post and temp (K
Reference (K) (A/m|n) annea' Q-Cm)-l
Dinno glass at 100 3.0 12 hr. at 423
[17] 297 K 5.8 K
Mansingh Si at 200 15 unknown
[18] 298 K .50 time, 425 K
Mansingh glass at 200 0.5 -
[16] unknown -
Temp.
Wentworth | glass at 298 240-300 3.7 -
[11] K -

Table 3.2: Comparison of selected thim tellurium properties from a
number of references.
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3.3 Microbolometer Fabrication

The general fabrication of a conventional antenna-coupled microbolometer
begins with formation otontactpads upon thoroughlgleanedsubstrates. The
substrates used have either been glass, for establishing the process and obtaining dc
characteristics, or fused quartz, which is transparent tanfeared radiation.
Contact pad formation begins with e-beam evaporation of a thin laggramhium,
followed by alayer ofgold. The Cr is deposited tprovide good adhesion of the
Au to the chip. This Cr/Au forms aglectrically continuous baskyer upon which
Au may be electroplated. The contgEid areas are next defined by a routine
photolithographic step (see appendix B). Goldlectroplated on thesgpen areas
to form 5-10um thick gold pads,which will facilitate wire-bonding afmmpletion
of device fabrication. The electroplating procedure is given in appendidext,
these goldoadsare protected bphotoresist ashe undesired Cr/Au baskayer is
etchedaway. The gold wasetched in Transen@old Etchant Type TFA atoom
temperaturefor 45-60 secondsand the Crwas then removedusing Transene
Chromium Mask Etchant at rootemperaturdor typically 2 minutes. The chip is
recleaned and is ready for antenna/microbolometer fabrication.

Metalsfor boththe antenna and the microbolometer are deposited in a single
vacuum depositiostep. Suchn-situ processing results in devices withinimal
contact noise [10], but requires a special processing sequence. A photoresist bridge
technique, and 3-pocketectron-beanevaporationarediscussed irthe next two
sections.

3.3.1 Photoresist Bridge/Liftoff Process

Metal patterning using wet and dry etching techniques first requires deposition
of a metallayer, followed by photoresistpplication and patterdevelopment, and
finally an etch. Lifoff processingdoes away withthe etchstep, and makes
photoresist bridge processes possible. In the liftoff process, the photlengsiss
applied and patterned beforeetal deposition. After photoresist patterning and
development, etal isdeposited and contacts tkabstrate only irthe regions of
developed photoresist. The unwanted metal, which sits atop the photoresist layer, is
removed or 'lifted off' upon immersion in a photoresist solvent . Succeifsfid| |



43

requires a non-conformal coating thle metal; thats, the metal on theubstrate
must not be connected the metalatop themasking layer. To insurthe non-
conformal coat, the mask material must have either a liprecessed wall, and the
metal must be deposited in a directioma&nner,hence thermal evaporationused
rather than sputtering.

Normal positive photoresist processing results in at best a slightly sloped
profile since the exposing source radiation attenuates as it travels ttineuwghist.
Special techniques are therefore requiredréate theoverhang needetbr liftoff.

In one technique, aelectron beamwrites the desired pattern into a radiation
sensitive resist such gelymethylmethacrylate (PMMAY{]. The electrorbeam
tends to scatter afterstrikesthe photoresist surface. This spreadinghsd beam
as it descends results megativelysloped resist sidewallhat are ideafor liftoff.
This method has the capability of patterning submicron features amiMié& can
withstand higher processing temperatures than conventional photofiéssinajor
disadvantage of e-beam lithography lsv throughput;, writing apattern in
photoresist with ae-beam isvery slow. This methodvas extensively studied in
the '60s and early '7087.

A second technique involves modifying the surface of photoresssbto down
its development rate relative to the rest of the resist. The most successful way to do
this is to soakhe photoresist in chlorobenzene. Thechniquehasbeen studied
and optimized by IBM researchef$-£3%9.

A third method is thdiftoff process usingedge detection(LOPED). This
process,introduced by Pai an®Idham [°], is interesting because dtoes not
require a lipfor liftoff, and also does natequire a directional metallization. It
combines elements of traditional liftoff with wet etching.

The methodused in this study is one deveral multilayerphotoresist
techniques P-*’?¥.  Creation of theoverhang structure is accomplished by
stacking three layers. The bottom layer is fully exposed posésist, andhe top
layer is positive residghat is patternednd developed normally. Theseo layers
must be separated by a buffayer to prevent intermixing, and to preveemoval
of the bottom layer as the top is developed. After development of thaytp the
exposed buffer is removedhe developenow acts as an etchant, removing the
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bottom layer until thelesired undercut is reached. Besitlesusual advantages
associated withiftoff, this techniqueoffersimproved linewidth control ovesteps
since the upper layer of resist is planarized by the lower layer.

The buffer layer ighe criticalcomponent in thiprocess. Irthe past, athin
layer of aluminumhasbeenused. Howeveraluminum can creatproblems with
alignment since it is opaque, and it also involves a lengthy vacuum deposition step
[28]. An alternative methodliscovered by Hewlett-Packard researcheses a
plasma-formed buffelayer. The bottom layer ofresist is subjected to a ¢F
plasma, which renderthe surface inert, and prevenitstermixing when the top
layer is applied #f]. This fluorinized layer is insoluble imeveloper, and is
somewhat insoluble in solvents such as acetdine processing sequencegs/en
in Fig. 3.4. The positivephotoresist chosen for both layers is AZ50J. The
bottom layer isspun onand pre-baked (at 7%C), followed by a thorough flood
exposure (Fig. 3.4a). A thin buffer layer is formed ieflon chamber containing
a Ck plasma(Fig. 3.4b). This layer istypically 300-400 A thick, andECSA
spectrashow all C-H bondshave been converted t6-F bonds {°]. The
fluorinized layer is created by diffusion of free fluorine into the resist.alAteflon
plasmod chamber is therefausedbecause glasschambemwwould consume most
of this free fluorine. The fluorinized buffer layer has a low surface energyiind
therefore not allow a top layer gdhotoresist to stick to it without further
modification. The nexstep, then, is tslightly roughenthe surface in an N
plasma to enhance adhesion tbé secondlayer of photoresist. Although the
mechanism is not understood, this plasma stemasbeenfound toreplace some
of the C-F bonds with C-Hoonds, thusllowing the next layer ofesist to stick
[22]. Adhesion promoter is not used for this seclay@r since ithasbeenfound
to occasionally damage the buffayer. Qherwise thesecondayer of photoresist
is processed routinelyAfter development of théop layer(Fig. 3.4c), the now-
exposed portions of the buffer layer are removed by an oxygen p{&gia3.4d).
Developer is now used as atchantfor the bottomlayer, and a photoresibtidge
is formed, as shown in Fig. 3.4€lhe detailed lalprocedure fothe CFK plasma
process is provided in appendix D.
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(b) form buffer layer (CF4 plasma)
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Fig. 3.4: The bilayer photoresist bridge process using agéfierated
buffer layer. (a)Thefirst layer of photoresist is flood exposed. (b) A
transparent buffelayer is formed by a Gfplasma, and roughened by
an N plasma to promote top lay@dhesion. (c) The secondlayer
photoresist is patterned. (d) The thin bufégrer isburned away by an

Oo plasma. (e) The bottom layer is etched in developer to form a bridge
structure. Also formed is a well defined lip for lift-off metallization.
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In the bridgeprocess used toreate microbolometedevices, ratal for the
antenna or signdine is evaporated at normal incidence to siustrate, and the
narrow photoresist bridge casts sbhadow in the detector region. The
microbolometer material ithen evaporated at an angle to thdbstrate suckhat
deposition is accomplished undie photoresist bridge.The chip issoaked in
acetone to liftoff the unwanted metal. The top layer ofphotoresist forms a lip
(Fig. 3.4e) which facilitates this liftoff step.

Figure 3.5 shows an SEM photograph of a photoresist bridge used in making
microbolometers. Notice in this pictutbat thetop layer of photoresist has a
slightly positive slope to ifit is notrecessed).The lip is thereforenecessary for
liftoff. Notice alsothe well-formedphotoresist bridge, antthe ‘dimples’ ateither
end of the bridge. These dimples are thought to arise from an interfefésatan
the second exposure step.

Fig. 3.5: SEM photograph of a photoresist bridge used for
microbolometer fabrication.



47

3.3.2 Vacuum Deposition

Vacuumdeposition tookplace in asystem consisting in part ofraechanical
roughing pump, a diffusiopump column, and &quid nitrogen coldtrap. This
system is called “STUVAC” for identification purposes. The mechanical pump was
a Leybold-Heraeus ™ac “A” Dual Stage Rotaryane pump, and thediffusion
pump was a D.P.D. Serid3PD6-2400 rated aR400 l/sec of air. Vacuum
pressures of lesthan 166 torr were routinelyachieved and maintaineduring
evaporation. A procedure for usirige STUVAC vacuumsystem is given in
appendix E.

Successfulfabrication of microbolometersising the photoresist bridge
process requires two things:ti#ing substrate holderand a fixed evaporation
point. The tilting substrate holder is necessary in order to evapoetdé baneath
the photoresist bridge. The tilt plane shoulddmated at or near treurface of the
substrate. In addition, a scale is needed to enable repeatable settiegsaatetilt
angle. In STUVAC, dilting substrate holdemeeting these requirements was
mounted on the toplate of the vacuunsystem. The fixed evaporation point is
needed so that the photoresist bridge will always cast its shadibw same places
on thechip. This crierionwas met by using &hermionics three-pocket e-gun to
evaporatell metals. For thiglectron beanevaporatorthe 4 kV filamentsource
and the magnet used to curve the beam over into the hearth were fixed in place, and
the threehearths, or pocketgould be moved into positionsing alinear motion
feedthrough.

In general, gold was always usedtlas antenna stal (following a Crlayer
for adhesion). Silver was alsoused, but attempts to adhere Te to Agiled
miserably, resulting in a flaky, unreliable film.

3.4 Bismuth and Tellurium Microbolometers

Devices fabricated with Bi and TWeere tested from 90 K t820 K using an
MMR low temperature microprobe statiflil]. Both devices were fabricated on
33 mil thick fused quartz and consisted of a 1000 A thick microbolometer adjoining
a gold bow-tie antenna. Fdhe antenna, 250 A of Cr was used for adhesion
followed by 1500 A ofgold. The detector materiakas then evaporated at 60
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angles at aate of 6-8 A/sec under vacuummaintainedbelow 106 torr. Al
thicknesses were measured during evaporation with a crystal thickreestor.
Excess metal was lifted off using acetone as the photoresist solvent.

Figure 3.6 shows the dependence of resistan@minent temperatur®r the
two microbolometers. The slopes for botlaterialsstay fairly constant throughout
the temperature rangeeasured.The electrical conductivities of the thin films are
extractedfrom the experimental dataising a two-dimensionafinite difference
thermal model of the microbolometer. As shown in Table 3.3y thed o obtained
at 300 K for Bi iscomparable tahose given by Neikirlet al. [4]. Figure 3.7
showsthe plots forthe Te device operating 800 K and 150 K. The calculated
responsivities for Bi biased &.1 V and Te biased at 2 V aralso listed in
Table 3.3. The-2100V/W responsivity for Te at 300 K i#he highest reported
value for a room temperature microbolometedletector. Te devices have a

dR
significantly higher responsivity than Bi ones, due to Te's much larger valgg of

. Although the Te looks promising because of its high responsivity, its
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Fig 3.6: Resistance as a function of temperature for Te and Bi
microbolometers.



Bi Bi Bi[10] Te Te
150 K 300 K 300 K 150 K 300 K
length 1m) 6 6 4 5 5
width (um) 4 4 35 3 3
R (Q) 240 135 80 | 110x16 40x16
dR -.93 -.43 -.24 -560 -390
aT (Q/K)
a (K1) -.0039 -.0032 -.003 -.0051 -.0099
o (Q-cmyl 620 1100 1460 1.4 3.7
Vp (V) 0.1 0.1 0.1 2.0 2.0
dR -.095 -.028 - -150 -42
ap (@uw)
r gc (VIW) -40 21 -20 -2700 -2100

Table 3.3: Properties of Bi and Te microbolometegg.is measured at
the indicated bias voltage,V
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Fig. 3.7: Resistance as a function of dissipatgmiver forthe Te
microbolometer at 150 K and 300 K biased at 2 V.
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high resistance makedirect coupling to a planar antendé#ficult. However,
alternative compositstructures forimpedance matching could be developed to
utilize such highresistance detectorsThe combination ohew anénna structures
and high responsivity microbolometers may allow a significant improvement in far-
infrared detector sensitivity.

3.5 Composite Microbolometers

As seen irthe lastsection,the resistance of Te is tdogh to simplymatch
with typical planar antenna impedances 10-200 Q. One solution to the
mismatched load problem is to separate the fomad the detector in a composite
microbolometerstructure, as shown in Fig. 3.8 [11].The load, which is
impedance-matched to the antenna, is in intimate thermal contact with, but is

Signal line
Detector

Antenna Insulator

Fig. 3.8: Top view and cross section of a composite microbolometer.
The load is impedance-matched to the bow-tie antenna, and is thermally
coupled to a detector.
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electrically isolated from, the detector element. Changes in load temperature will be
quickly followed by changes imdletector temperature, and hence by changes in
detector resistance.

3.5.1 Theory

The composite microbolometer can be represented by the seleglkeical
circuit shown in Fig. 3.9,where the load and detector elements a&fgown
physically close togetherThe dcresponsivity inthe Te detectory for a given
amount of power \ydissipated in the Te element can be written

_ OVd_Vd ORyg (3.1)

where \§, lg, and R are thevoltage, current, and resistance, respectively,
associated withthe detector. Equation(3.1) is the general equatiorfor a
conventional microbolometer. This equatioan be modified to determine the
composite microbolometer responsivitys. The Te detectaresponse to ahange

in power dissipated across the NiCr load element is

_ dVg dWy _ Vg dRy

P = 3.2
cB dwWy dW, Ry dW, (3-2)
I | N N - | 5
NiCr Te
V| load Jetector V1

Fig. 3.9: A simple electrical circuit for the composite microbolometer.
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wherercg is the dc composite microbolometessponsivity, andhe ‘I subscripts

denote NiCr load properties. In (3.2) there is an efficigaaoy relatinghow much

heat is dissipated in the detector for a given amount of heat dissipated in the load:
_ de _Ice

r]th—divvl—ﬁ (3.3)

wherent is the thermal couplingfficiency. This efficiencyterm depends on
alignment of the top layer over the bottéeyer, the separating insulatdnickness,
and the thermagbroperties otthe separatingayer. Sincen, is desired maximum,
the separating insulating layshould be ashin aspossible, with a higtthermal

conductivity.

3.5.2 Fabrication

Composite microbolometers have been fabricat@usisting of nichrome as
the load, Te asthe detector, and SiQas theinsulator. These devices were
fabricated on aglassslide substrataupon which goldcontact pads hadbeen
electroplated. Gold was also used for bothe antenna leads and the siginaé.
Both device layers were produced usihg photoresist bridgéechnique described
in section 3.3.1.

Vacuumdepositionwas carried out atessthan 166 torr, atdeposition rates
ranging from 2 A/sec for NiCr to 18/secfor Te andgold. The 80% Ni-20% Cr
load was approximately 1500 A thick, dontactwith a 1500 Athick gold bow-tie
antenna. Following deposition of ab800 A thick SiQ; layer, the signal
line/detector layemwas fabricated. The Te detectowas about 1200 A thick,
contacted to a 2000 A thick gold signal line. The lengths and widths were about the
same for both NiCr and Te elements, ranging from 4.5 tprB.0

The SiQ layerwasformed by plasma-enhancetiemicalvapor deposition.
The CVD was carried outunder a 170 torr pressure op @nd 80 torr of silane.
The @ was passed through rf coils to produce an oxygen plaberamixed with
silane just above the chip surface. The substrate was held’&, 380 deposition
took placeover 40 minutes. To easure thehickness ofthe depositedxide, a
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bare Si chip was placed next to the device chip during the fgbess. Thickness
of the SiQ layer on the bare Si chiyvas measured ellipsometrically. Contacts
were opened through the Si@yer by a brief hydrofluoric acid etch.

The composite microbolometer ishown in the SEM photograph of
Fig. 3.11. Notice the grainy appearance of theeléenent. The nichromelement
is not visible in this picture.

{ @U UTMSE

Fig. 3.10: SEM photograph dfie composite microbolometer. The Te
element is visible; the underlying NiCr load is not.
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3.5.3 Measurement

Performance of the composite microbolometer depends on responsivity of the
Te detector. Since this is a bolometer detector, resistancénisaa function of
dissipated power. Thu#he dRy/dWy in (3.1) can befound fromthe slope of the
Te detector resistance-power plot of Bgll. For a 0.75V biashe Te detectors
had arq of -510 V/W.

The detector resistancej Ran also be measured as a function pafwer
dissipated irthe nichrome load elementrigure 3.12 showsseveralsuch R-W,
plots at different Tedetectorbias voltages. Notice that the higer bias voltages
result in lower resistance plots. The devices operate at a room temperature ambient,
but theactual temperature in the vicinity of the Te elemdepends on its bias
voltage, and orthe heattransferred fronthe NiCr element. At higher ¥ the
steady-state temperature of theélement ishigher. This results in lowewvverall
resistance since thin film Te has a negative temperature coefficient of resistivity.

7.4 7
g J
= 43 ambient temperature = 300 K
g 7] slope = -4.7 Q/pW
c
©
E 7.2
n
o
§ 7.1
)
Q
© 7.07
o
)
|_ 69 ' 1 ' 1 ' 1 ' 1 ' 1
0 20 40 60 80 100

Power dissipated in Te detector (UW)

Fig. 3.11: The Te detector resistance is plotted versus power dissipated
to determine dc responsivity of the free standing Te element.
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Fig. 3.12: The tellurium resistance is plotte@drsus power dissipated
by the nichrome load elemenEor aparticular bias voltage pg across
the Tedetector,the slope of the plot can beused tocalculate dc
responsivity.

The dcresponsivityr.z of a composite microbolometer can fmind by
taking the slope of the resistance-power plot, just as was dotigfoonventional
microbolometer. Fromif. 3.12, the slope dR/dW, at W,,g = 0.75V leads to a
responsivityr .g = -120 V/W. From this result anihe resultfound forrq , the
thermal coupling efficiency is calculatedrag = 0.24.

Figure 3.13 illustrates thgeneral measuremesétup for measuring speed of
response. Two 22MHz rf sourcesare beat together at an adjustatoerjuency,
and fed through a high pa8ber to the antenndeads. The NiCr elementchanges
temperature in response to the modulation frequency, and this temperature change is
felt by the Tedetector. A bias network consisting of a B¥ttery andresistors
supplies a steady bias acralss Tedetector. The signaldrawn offthe detector is
fed through a low pass filter and monitored by an oscillostmpbeat frequencies
ranging from 100 Hz to 200 kHz. The responsivity of the deviteeisatio of this
signal voltage to the power dissipated in the load element. This dissipated power is
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Fig. 3.13: rf measurement setup for the composite microbolometer.
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difficult to measure directly. However, at low frequencies theresponsivity
approachedhe dcresponsivity. Thereforesince dc responsivities havaeen
determined, the power dissipatedtiie NiCr load element can be estimatethis
dissipated power is assumed constant dwerfrequency rangested. The signal
voltages are then divided by this dissipgpedverterm to obtairresponsivity as a
function of frequency.

Figure 3.14 showsthe responsivity curvegeneratedfor the composite
microbolometer at a Te detectaias of0.75V. This figure alsoshows the noise
voltage measured acrogege Te detector element at the sam#age. The noise is
measured with a PAR 124A lock-in amplifier with 117 preamp over a bandwidth of
10% of the selected centfequency. Since theJohnson noise floor igbout
108 V/A[Hz , it is clear from this figure that a 1/f-type noise is dominant. The NEP
plot in Fig. 3.15 is calculated by dividing the noise by the responsiVibe device
has aminimumNEP of 6.7 x 162 WA/Hz at 30 kHz. For comparison, a Bi
microbolometer typicallfias arrgcof 20 V/W, and minimum NEP of 1 WA/Hz
at 10 kHz.

10 . = 1000
Te detector biased at 0.75V 3
ambient Temperature = 300 K .
= ] =100 2
(@) ] o
S 4] =
S D
< ] [
@ : Fl10 8
o -7 F 3
cC § o
10 8 e 1
10t 102 10%® 104 10° 10°

frequency (Hz)

Fig. 3.14: Noise and responsivity are plotted versus beat frequency for a
composite microbolometer with the Te detector element biased at 0.75V.
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Fig. 3.15: $®nsitivity for the composite microbolometerersus beat
frequency, withthe Te detector elemerttiased at0.75V. Best

performance occurs at about 30 kHz, where NEP = 6. 7%WA/Hz .

3.5.4 Thermal Model

A thermal modelfor the composite microbolometer isseful for better
understanding oflevice operation, and for guidinghe design of anoptimized
structure. The method is generally the same as that described in section 2.4. In this
section, details for a composite microbolometer structure are given.

A two dimensionalkcrosssection of the device ishown in Fig. 3.16. As
before,symmetry allowdor treatment ofonly half of the device. The model is
simplified by considering the antenna and signal lines to be pedaductors, and
the antenna/load and signal line/detector lagaishoccupy only one layer. The
substrate and separating insulator layersatse assumed to hawafinite electrical
resistance.

The composite microbolometer modeust consideheat generation terms
for both the NiCr load elements and the Te deteattements. Fothe detector
elements
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Fig. 3.16: The composite microbolometer thermal model profile.

g =l R (3.4a)
and for the load elements
a=12R;. (3.4b)

lg and | are the currents through the elements, gnd fRe element resistance. For
the NiCr load elements, resistance is fairly constant with temperatwoethe Te
detector elements, resistance depends on temperature by
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AR
R, :RiO+ATdATC (3.5)

where Ry, is the ambienttemperature,ARy/AT is the detector temperature
coefficient, and\T, is the temperature deviation from ambient.

The iterativeproceduredetailed in chapter 2 is agaused togenerate an
isothermal plot, shown in Fig. 3.17he materiaparameters in the thermal model
may be adjusted to give desponsivities whichmatch both the composite
microbolometer and the Telement byitself. These parameters are listed with
Fig. 3.17.

3.5.5 Conclusions

A composite microbolometdras been demonstrated whialtilizes a NiCr
load element thermally coupled to a Te detector. The sensitivitgmeetl of these
devices have been measured, and these results are being used to forthetatal a
model for aid in designing an optimum compositetructure. Although a
conventional Bi microbolometer has a reasonable NEMovitgesponsivity makes
detection of low power levels difficult. The higher responsivity of these composite
structuresmay make it easier to detetteselow levels, andcould therefore ease
amplification requirements in receiver systems.

The sensitivity of the composite microbolometers could probably be improved
by usingthinner Te detectors with higheesponsivity. Another way to increase
device responsivity is to use a thinner separating layer between theddosaht and
the detector, or by using a high thermal conductance material, sdd@masd thin
film, for the separatingayer. Finally,sensitivity can be improved by decreasing
1/f noise in the Te detectors.
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Fig. 3.17: Isotherms forthe composite microbolometewith the
following properties:

Te NiCr SiOy glass
k(W/cm-K) .24 125 .0013 .014
o(Q-cm)-1 10.9 350 - -

The figure is stretched in the depth directicative to the lateral
direction.
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