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Abstract—A new micromachined microbolometer array the case of a microbolometer, the temperature change causes
structure is presented that utilizes a self-supporting semicon- the electrical resistance to change, which is the parameter that
ducting yttrium barium copper oxide (Y-Ba-Cu-O) thin film s getected. Micromachining techniques are used to suspend
thermometer. The Y-Ba—Cu-O thermometer is held above the . .
substrate only by the electrode arms without the need of any th? .thfarmometer above the substrate in ‘f" bridge structure to
under|ying Supporting membrane. This represents a signiﬁcant minimize the heat |OSt by thermal Conductlon to the SubStI‘ate.
improvement in the state-of-the-art for microbolometers by This allows the thermometer to integrate the radiant energy
eliminating the thermal mass associated with the supporting and produce large response. However, the decrease in thermal
membrane. The reduced thermal mass permits lowering the 4nqyctance slows the detector response time by producing
thermal conductance to the substrate to obtain increased re- ) . ) .
sponsivity or having a shorter thermal time constant to allow a cqrrespondmg Increase ”_] t.he t.helrmal time constant. .TO
for higher frame rate camera. The simple structure does not obtain near background radiation limited performance while
suffer from warping problems associated with stress imbalances maintaining a 30 Hz frame rate requires detector bridges with
in multilayer microbolometer structures that utilize a supporting very low thermal mass. This paper describes self-supporting
membrane such as SiN4. Devices were fabricated by growing v_pa cyu_0O microbolometers with very low thermal mass.
Y-Ba—Cu-O films on a conventional polyimide sacrificial layer . .
mesa. Subsequent etching of the sacrificial layer provides the Seygral mlcrobolometgrs based on bu!k and surface microma-
air gap that thermally isolates the microbolometer. Y-Ba—Cu—~O Chining have been designed. These microbolometers make use
possesses a relatively high temperature coefficient of resistanceof a micromachined bridge structure for mechanical support
of 3.1%/K at room temperature. The 400-nm-thick Y-Ba—-Cu-O  and chemical passivation. Traditionally, they have been made
film exhibited absorptivity of about 30%. The responsivity and of a thick |ayer of silicon nitride [2]' silicon dioxide [10] or

detectivity approached 1¢ V/W and 10° cm Hz'/2/W to filtered . L7 . . .
blackbod))// irﬁ)f?ared (IR) radiation covering the 2.5 to 13.5 um silicon oxinitride [11]. The sensing thermometer is deposited

band. This extrapolates to noise equivalent temperature difference On top of the microbridge. Several materials have been used

(NETD) less than 100 mK. The micromachining techniques as the thermometer such as Y(2], [8], poly-Si-Ge [12],

employed are post-complementary metal-oxide—semiconductor [13], or metal resistors such as, titanium [11], and niobium

(CMOS) compatible, allowing for the fabrication of focal plane [14]. A wide variety of sacrificial layers can be employed in

arrays for IR cameras. [649] micromachining. Popular sacrificial layers employed today are
Index Terms—Microbolometers, micromachining, uncooled in-  sjlicon dioxide/quartz, polysilicon [10], or polyimide [13]. The

frared detection, yttrium barium copper oxide. sacrificial layer is used to suspend the detector structure above

the substrate. There is a growing preference for sacrificial
|. INTRODUCTION layers that can be dry etched to prevent hydrostatic stiction.

The thermal mass and the thermal mass per unit area of the

NCOOLED infrared detector technology has attractegly & i) platinum bolometers on 3000- to 5000-A-thick
considerable interest due to the wide range of applicatio N membranes were measured to be ¥.7.0-° J/K and

at low cost. Infrared imaging systems are used for drivers’ x 105 J/K-cn?, respectively [15]. The thermal mass
aid, security, fire detection, search and rescue, manufacturigf, “tharmal mass p;er unit area for a 500-A-thick \Vai-
military, and medical applications [1]-[4]. Thermal detector robolometer on 5000-A thick SiNwas less than ]2(“’10_9

exhibit a change in a measurable electrical property thj;\,k and 4x 10-5 J/K-cn?, respectively [8], [16]. The thermal

accompanies achgnge in temp_er_ature of the sens_itive elen}ﬁggs and thermal mass per unit area for a 5000-A-thick
caused by absorption of IR radiation. The three primary typ ly-SiGe microbolometer with a 1000 A SjNabsorber

of thermal detectors are microbolometers, pyroelectric, a er was observed to be 6x4 10-2 J/K and 2.56x 10-*
thermocouple detectors. Thermal detectors can operate at rop[a .. respectively [13]. In the latter work, the poly-Si—Ge

temtperatl_Jretr?IIowmgtfolr relatlvefly Iowlctost, rellag le get?Ct'OBolometers were self-supporting without the use of any bridge
systems In the Spectral range from 0 10 [5]-[9]. In material as the detectors described in this work. However, due
to thick layer of IR sensitive material, self-standing poly-SiGe
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The performance of a microbolometer is characterized by cer-
tain figures of merit such as temperature coefficient of resis-
tance, TCR, responsivity},,, and detectivityD*.

The voltage responsivity},,, of the detector is defined as the

Upper Hubbard Band Cu3d
Extended States

output signal divided by the input radiant power falling on the Iy
detector
Charge
Ry = Lﬁn (1) Transfer
G +w2r3) 2 Gap
where
Y

I bias current;
R bolometer resistance;
7 fraction of the incident radiation absorbed,;
G total thermal conductance to the substrate (heat sink), Lower Hubbard Band 02p
which is usually dominated by the thermal conduc- Extended States
tance of the support structure; hematic of semicond i - i ) §
w radiation modulation frequency; Elgeg::er nngd(eelmatlco semiconductor-like Fermi glass according to the Yu an
T thermal response time, defined by the ratio of the de-
vice's thermal mass to its thermal conductanCé(;
J5) temperature coefficient of resistance (TCR).
The TCR is ameasure of how rapidly the resistance of a materl
responds to a change in temperature

microbolometer materials since it provides a measure of
(—F inherent noise in the thermometer material. The power
ormahzedl/f noise corner frequency is determined by the
frequency at which the Johnson noise equals H/i¢g-noise
given by the Hooge equation [17]

1 dR
P=&ar @) s o 2R
AVe _anh /0 g (4a)
The thermal conduction through the electrode arms should Af Je
not be made as small as possible without consideration of the fe ag 1 AV, > f 4b
response time requirement. Since most of the detector applica- IZR~ 4KTN ~ 4kT \ LR ) Af (4b)

tions are imaging which requires at least a 30-Hz frame rate or
5-ms response time, in order to satisfy the high speed and sgere, f. is thel/f-noise corner frequency; is Hooge's co-
sitivity, the thermal mass of the detector needs to be as smalld#ficient, V is the number of fluctuators in the sample. A mi-
possible. crobolometer must have large valuegiofR,,, andD* for good
The electrical noise is important in determining the perfoperformance.

mance of an infrared detector. The detectivity is a figure of Recently, YBaCu;Og,, has been investigated as an
merit that measures the signal to noise ratio and normalizes tfiftooled microbolometer and a pyroelectric detector. The
performance of the detector with respect to the detector sizeelectrical and optical properties of YB@usOg,.. vary with

the oxygen stoichiometry. AD(< z < 0.3), the Y-Ba—Cu-O

D* — Ry\/AfA 3) compound is a Mott-Hubbard insulator with a well-defined
AV, energy charge transfer gap of approximately 1.5 eV present
between the O (2p) band and Cu (3d) band. The crystal structure
where is tetragonal when all O1 sites are vacant. AAgs increased
Af amplifier frequency bandwidth; (0.3 < = < 0.5), random oxygen doping introduces disorder to
A detector area; 01 sites of the intercalated layers, producing localized states
AV, total noise voltage of the system. that serve as charge reservoirs for the transfer of carriers to the

The voltage noise includes Johnson noise due to the thermal @egaduction planes. Thus, Y-Ba—Cu—O displays the electronic
itation of charge carriers, anty f-noise observed in low fre- characteristics of a Fermi glass (Fig. 1). A increased above
guencies, usually due to trapping and detrapping mechanisfas > 0.5), Y-Ba—Cu—-O undergoes a semiconductor-metal
and surface state scattering. In addition, there is temperattransition to metallic state with an orthorhombic structure that
fluctuation noise arising from the fluctuations in the heat exxhibits superconductivity upon cooling to cryogenic temper-
change between the isolated sensor and its heat sink. The naisees [18]. Y-Ba—Cu—O is best known as a high temperature
component with the lowest magnitude is a fundamental noiseperconductorz( ~ 1). Several groups have investigated
referred to as the background noise. The background noisegeperconductive microbolometers measuring detectivities
sults from the blackbody radiative exchange between the des high as 6x 10° cm HZ/2/W [19]-[22]. However, the
tector and the ambient background and represents the lowestast of refrigeration and the requirement for high deposition
tainable noise level. temperatures to achieve proper oxygen stoichiometry with

The power-normalizedl/f-noise corner frequency isoriented epitaxial growth limit the application of high-
used to make quantitative comparison between differesiperconductor bolometers.
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In this work, the semiconducting phase of Y-Ba-Cu—( p.pure Under Cut ¢ YEaCuO i
is used. It is polycrystalline to amorphous and therefore ci 2030 # R i
be deposited on a variety of substrates at ambient temp | 3 ¥
ature [23]-[25]. The TCR is negative with a magnitude ¢ o Folyimide | LaAlOy

3.1-3.5%/K observed over a large temperature range n { ~— Ti
room temperature [26], [27]. Another alternative for roon

temperature bolometric material is vanadium oxide, whic & YBaC

is extensively used in current microbolometer cameras [1¢ter Under Cut ’

[28]-[31]. VO, thin films that are typically employed in
microbolometer arrays, have a TCR-©02%/K at 25°C, with a
relatively low1/ f-noise, and optical properties that allow higt
microbolometer IR absorption. Thin-film Voperated at the

68 °C phase-transition temperature undergoes a three-decade
change in resistance, while changing into a metallic phase.
This transition, however, has latent heat, which degrades the
benefits of the high TCR. In addition, the metallic phase
is highly reflective. There are also fabrication difficulties,
regarding deposition of the desired phase, which is challenging
due to the narrow range of oxide stability. Another bolometer
material, amorphous silicon, requires low-stress layers, which
are obtained by high-temperature annealing. However, with this
fabrication method, the advantage of post-CMOS compatibility
is lost. a: Si has a TCR similar to \VQbut higherl/f noise

[31], [32].

Y-Ba—Cu-O microbolometers have gone through an evo-
lution of three generations. In the first generation, the therm@lj. 2. seli-supporting Y-Ba—Cu—O microbolometer geometry before and
isolation structure was bulk-micromachined by thermallgffter the undercut procedure.»d 10 arrays were fabricated with 40m x
growing 15 000-A-thick Si@-bridge on Si without using 0 1m pixel size. SEM micrograph of the resulting devices.
sacrificial layers. These detectors achieved high responsivities
and detectivities, over 0v/W, and 9.45x 107 cm HZ/2/W, [l. FABRICATION PROCEDURE

respectively. The TCR was3.5%/K, but the thermal conduc- . . . s
b y > The Y-Ba—Cu-O microbolometers investigated in this paper

tivity and thermal capacitance were fairly highk810~° WI/K, . . : L e
and 4.6x 10-° J/K, respectively, due to the thickness of thdvere fabricated using conventional polyimide sacrificial layer
o ’ ; . d no supporting membrane for the Y-Ba—Cu-O thermometer.
microbridge structure [23], [33], [34]. The second generation : : .
eIae microbolometers were fabricated ix 110 arrays of square

microbolometers was processed employing a micromachin . .
. ) - _.pixels, each measuring 40m on a side and two electrodes arms
SisNy membrane and a sputtered MgO film as the sacrifici . . .
-um long. The two device geometries are shown schemati-

layer. These detectors displayed a detectivity of 1080® v bef hi d af hing th ificial | |
cm HZ/2/W. The thermal conductance in vacuum and thermafe, - ore etching and aiter etching the sacrificial layer along
mass of this structure were measured tobee 5 x 10~ ith a SEM micrograph in Fig. 2. The general device fabrica-

h i . tion procedure follows. A four-target, cryo-pumped, CVC601
WIK and ¢ :.2'6 x 1079 JIK respectively. This COrreSpondSsputter system was used for all sputter depositions. The <111>
toa thermgl time cons_tant of 5.2-ms. ) n-type 5-152 cm silicon wafer was covered by thick titanium
The ability to deposit Y-Ba-Cu-O on a variety of substratega | mirror, deposited by RF magnetron sputtering at 150 watt
and to micromachine the material is extended in this work {3 1 ;re argon environment at 10 mTorr pressure. The nominal
fabricate thermal isolation structures that eliminate the negfl-kness of Ti was 300 nm. The titanium film was then ex-
for a supporting membrane. In this case, the semiconductifgseq to @ by placing the wafer in a plasma etching system
Y-Ba—Cu-O is deposited directly on a polyimide sacrificialy 10 minutes. This procedure oxidized the surface of the Ti
layer, which is removed to produce free-standing or self-sugng improved the adhesion of Lafs, which serves to electri-
porting Y-Ba—-Cu-O structure. The Y-Ba—Cu-O is held aboygy isolate the electrode arm from the continuous mirror. The
the substrate only by the electrode arms without the need of aRjk Ti is a highly reflecting material, forming a resonant cavity
underlying supporting membrane. This represents a simplificgith the Y-Ba—Cu—O thermometer. The continuous mirror pre-
tion of the fabrication procedure for a microbolometer pixel angents the excitation of electron-hole pairs in the substrate. Next,
also represents a significant improvement in the state-of-art ®0 nm of insulating material, LaAD; was deposited by RF
microbolometers by eliminating the thermal mass of the sugragnetron sputtering in pure argon environment at 100 watt
porting membrane. The reduced thermal mass allows for ¢-power. The LaAbO; was chosen because it has low IR ab-
ducing the thermal conductance to the substrate and therebysiorption. The wafer was then coated with Dupont polyimide
creased responsivity and detectivity or having a shorter thernfRl2610) and soft baked for 40 min at 14Q. The polyimide
time constant with the same thermal conductance. was subsequently cured at 270 in N, environment to obtain
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a durable film, nominally 1.7.m thick. The polyimide was then 8 T T T T T T T 25

patterned into rectangular mesas using standard photolith L @

raphy and etching with ©plasma. 4 -3
The electrode arms and Au contacts were deposited by 6} S

guential RF magnetron sputtering. The nominal thickness of _ - a d .35

electrode and Au contacts were 100 nm and 40 nm, respectivig 5 | 2f © .

Gold was patterned by wet etching with a Kd-dolution. Then E ol s; 14 9

titanium layer was patterned with a CHry plasma etch. The § §_1 ®

two-metal-electrode was employed since metals such as Au, ‘g 3l »

or Ag make the best electrical contact to Y-Ba—Cu—O. Ti mak & R | b

a highly resistive contact to Y-Ba—Cu—O but has a relatively lo 2F Current ua)

thermal conductivity (0.219 W/cm K) and therefore provide 45

better thermal isolation than if a single, high thermal condu i

tivity metal such as Au (3.1 W/cm K), Pt (0.716 W/cm K), or 0 1 1 1 1 1 1 1 55

Ag (4.29 W/ cm K) were used. Different contact sizes varyin 240 250 260 270 280 290 300 310 320

from 35 x 10 ym? to 10 x 10 ;zm? were used to explore the
effect of contact size on detector noise.
The semiconducting Y-Ba—Cu—O thermometer layer w&®. 3. (a) Resistance and TCR versus temperature and (b) Current-voltage
then deposited by RF magnetron sputtering at ambient teffidracteristics for device MM1.
perature in 10 mTorr of Ar. The Y-Ba—Cu—O pixel was
patterned using conventional photolithography and wet etchiatlized to measure thé—V characteristics. Hewlett-Packard
with 1:100 Al-etch composition. The nominal thickness wasultimeters were used to measure the resistance of the devices.
400 nm. Next, the polyimide mesa was removed by ashifidne resistance versus temperature, the corresponding TCR
for 3—4 h to suspend the Y-Ba—Cu-O pixel and form theersus temperature, anfi-V' characteristics are shown in
thermal isolation structure. In earlier devices, it was found thatg. 3. The two probe TCR was measured on these three
the microbolometers that underwent a continuous polyimidevices from 240 to 320 K and had value of about 3.1%K
undercut etch failed due to cracking when current biased. By 296 K. This is somewhat lower in magnitude than the pre-
interrupting the undercut etch procedure every 30 minutes, tieusly measured values of 3.5%K on similar Y-Ba—Cu—O
stress-cracking problem was eliminated. It is believed that thkamples [25], [33]. The small difference can be attributed to
induced thermal stress resulting from the continuous expostie exposure of Y-Ba—Cu—O to the oxygen plasma during the
to oxygen plasma had caused the Y-Ba—Cu—O microbolonmslyimide mesa ashing to form the suspended structure, and
ters to fail. The earlier devices used Nb as the electrode armaguttering Y-Ba—Cu—O at a lower power. Increased oxygen
which put the device under stress, leading to bowing of tle®ncentration in Y—-Ba—Cu—O provides more hole carriers and
microbolometer. Ti does not appear to place the thermomelawer resistivity. The thermal conductance of the self-sup-
under stress. porting bolometers was measured by the method of resistive or
The gap between the reflecting mirror and the semicodeule heating at different substrate temperatures. The following
ducting Y-Ba—Cu-O was designed to producd /d-wave relation was employed to calculaté
resonant cavity between the upper level and the underlying
reflector for wavelength near Lom. 1 dR

R(T)=Ro+ - ﬁffR(T) (6)

Temperature (K)

[ll. M EASUREMENTS ANDRESULTS .
Here, R, and R(T) are the resistance values at low and

The two-probe electrical resistance was mapped out by takinigh bias currents, respectively. Th&R/ dT is known from
measurements on specified die from the center to the periphtvg R—T" measurements. It was also measured again with
of the wafer. Both polarities were measured. Devices namel@éwlett-Packard 4142B Modular DC source/Monitor unit at a
MM1 and MM2, described here, display representative charamnstant current of 2A (high bias). The resistance measured
teristics of microbolometers fabricated in this manner, utilizest different currents ranging up ta.A and two different polar-

10 x 102m? and 10x 35,m? Au contacts to the Y-Ba—Cu—Oities was plotted versus dissipated power at a constant substrate
thermometer, respectively. The two-probe resistance for devit¢emperature. The thermal conductanGewas calculated from

like MM1 ranged from 0.8 to 1.2 I at room temperature. the slope of this characteristic. The room temperature values of
The two-probe resistance of MM2 was 0.55MThese devices G were 1.9x 10~° W/K for device MM1 and 2.2« 10~¢ W/K

show linear/—V characteristics up to 2A with no evidence of for MM2. The devices have similaF values since the electrode
joule heating. arms were fabricated with the same nominal thickness.

The measurements of resistance versus temperaturel(), The optical response of the devices was measured by
TCR and current—voltagel{V) characteristics were per-using Oriel 60071 light source housing a 6575-IR ceramic
formed by mounting the devices in a Leybold ROK 10-300 Klement, and 60077 ZnSe condenser/collimator and optical
closed-cycle cryostat refrigerator evacuated to 50 mtorr. 18ng pass filter LP2500. The radiating element can be modeled
Hewlett-Packard 4142B Modular DC Source/Monitor unit waas a 1450 K blackbody source. The net usable range of this
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Fig. 4. Typical voltage signal spectrum measured by the dynamic signal ;?;‘10 i T
analyzer across the microbolometer in response to broad-band IR radiation £
chopped at 70 Hz. The signal was measured in air with a current bias of L
0.41puA. Fy
-.‘23107 s .
broadband system was0.6-13 ym. The optical power of £
the broadband source was approximately 10 mWicfihe a
long-pass optical filter restricted the optical band to 2.5x48 10° \ \ \
with an irradiance of 5 mW/ct The room temperature mea- 10° 10' 10° 10° 10*
surements were performed in air inside an electromagnetically Frequency (Hz)
shielded room. The devices were mounted on an XYZ stage (b)

placed inside a shielded box with an aperture in front (l’-‘fg.5. Responsivity (a) and detectivity (b) as a function of chopper frequency
the device, allowing the mechanically chopped light to fullyt different current biases measured in vacuum with 2.5 tprh3road-band

illuminate the sample surface. At this time, no window materidf radiation.

was used. The vacuum measurements were performed in a

cryostat through a ZnSe window. In this case, the irradianceas low as 0.2 to 2 Hz\W have been observed in Y-Ba—-Cu-O
the 0.6-to-13zm and 2.5-to-13:m bands were approximatelymicrobolometers using g, encapsulation and 4.6pA of

0.5 mw/cn? and 0.14 mW/crh, respectively. The devices werecurrent bias [36]. However, as in the earlier investigations, it
connected to a PAR113 preamplifier and a Hewlett-Packasdunclear whether thé/ f-noise arises from the Y-Ba—Cu-O
3562A dynamic signal analyzer. A dc bias was applied varyirtgermometer or is instrumentation related. If one compares
from 0.23 to 1.4QuA, supplied by a low-noise, battery-poweredhese values to other uncooled IR sensing materials, the power
current source. The signal analyzer simultaneously measuredtmalized corner frequency is 8 Hal [32] and 250 HzAW

the signal amplitude and noise per unit bandwidth for ea¢82] for VO, and a: Si bolometers, respectively.

chopper frequency. The response was calibrated with an OrielThe responsivity and detectivity were measured both in air
70124 pyroelectric detector. A typical voltage spectrum iand vacuum at room temperature. The responsivity displayed
vacuum at bias curren} = 0.41 pA is shown in Fig. 4 with about a factor of 8 improvement with the evacuation of the
the broad-band IR source chopped at 70 Hz. The figure displaygostat. The small improvement results from the relatively
a strong voltage response at the chopper frequency. At 70 High thermal conductance of the electrode arms, which are
the Johnson noise of the Y-Ba—Cu-O thermometer determiri® ;,m wide, 32 um long and 100 nm thick. The vacuum
the noise voltage. At frequencies less than 10 Hzf-noise responsivity and detectivity of device MM1 are plotted as a
arises. The power normalized corner frequenty [?R) was function of chopper frequency at different bias currents for
calculated to be 45 HgW and 35 Hz/W at 0.41 A of device MML1 in Fig. 5. In vacuum, responsivity as high as 7.95
current bias for devices MM1 and MM2, respectively. Thex 10° V/W was measured. The highest measured detectivity
corner frequencies reported here are slightly higher than the\@&s 1.19x 10° cm HZz'/2/W at bias currenf, = 1.05 pA. For
Hz/uW reported earlier on Y-Ba—Cu—O [35]. The difference isomparison, the responsivity and detectivity of device MM2 at
the power normalized corner frequency between the represbias current of 0.88:A was 1.88x 10° V/W, and 5.87x 107
tative data on the self-supporting Y-Ba—Cu—O structures aooh HZz'/2/W, respectively. The responsivity and detectivity at
the Y—Ba—Cu-0O devices in [35] is not considered statisticaltile same current value for MM1 was 4.%610° V/W and 8.92
significant. The authors have not observed a dependence of th&0” cm HZ/2/W. The reason for having lower responsivities
1/ f-noise on the volume of the Y-Ba—Cu-O film or the conta@nd detectivities in device MM2 is the decrease in resistance.
area. This would appear to rule out bulk and contact fluctuatorbe decrease in responsivity at high chopper frequencies is due
as sources of / f-noise. Power normalized corner frequencie® the thermal time constant of the microbolometer.
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TABLE |
SUMMARY OF MICROBOLOMETERPROPERTIES

Description

Device MM1 Device MM2 1% generation
bolometer
. . . - Bulk
Surface micromachined using polyimide Micromachined

sacrificial layer and self-supporting
Y-Ba-Cu-O bridge

SiO, bridge, using
isotropic etch

Y-Ba-Cu-O thickness 400 400 200
tm (D)
Ti-electrode thickness 100 100 200
tes (NM)
Au contact thickness
40 40 300
t. (nm)
Contact area (um) 10x10 10x35 12x14
WXL,
2- Wire resistance at
1 0.5 7.8
295 K (MQ)
TCR (%K) 3.1 3 35
Thermal conductivity © ” P
1.9x10 2.2x10 8x10
G(W/K)
Absorption 1 (%) 30 37 2T %
Thermal capacitance
3.53x10°1° 4.2x107° 4.2-4.6x10”
C (J/IK)
Thermal time constant,
. (ms) 0.17-0.22 ~0.20 0.53-0.58
Maximum responsivity 3 1.88x10° @ 0.9 1.92x10* @ 1.5
7.95x10° @ 1.05 pA
Ry (V/W) " pA hA
Maximum detectivity ;
D’(cm Hz"/W) 1.19%10° @1.05 pA | 5.87x10" @ 09pa | O x:& @15
Power normalized 1/f
noise corner frequency 45 @ 0.41 pA 35@ 1.0 pnA 25 @041 pA
(Hz/uW)

By fitting the responsivity data for MM1 and MM2 to (5), individual component making up the microbridge, namely: the
the values of7/n were calculated to be 6.5 10-° W/K and IR sensitive layer (subscripib); Au contacts (subscrigf); and
5.6 x 10~ W/K respectively. The thermal time constant, Ti electrode arms (subscript:)
ranged between 0.17-0.22 ms, resulting in thermal n@ss,
3.5x 10710 J/K and 4.2x 10~1Y J/K. This represents approx-
imately one order of magnitude lower thermal mass than ob-
tained in our previous microbolometer structures, mainly due to
the elimination of the supporting membrane. Tievalue ob-
tained here is also much smaller than that reported in conjurtere, W, L, and¢ correspond to width, length, and thickness
tion with VO,., Pt and Poly-Si-Ge microbolometers [8], [12]of each component. Since the electrode arms make contact with
[13], [15], [16]. The absorptivity was calculated to be 30% fothe substrate, only one-third contribution is assumed from each
MM1 and 37% for MM2 from the fitted7/n value and thez arm. This yields an approximatg of 1 x 10~° J/K, which is
measured by Joule heating. This represents a relatively strdmgher than the measured value. The discrepancy might be partly
IR absorption for the freestanding YBCO thermometer, espdde to the overetching of the IR sensitive layer, thus yielding
cially considering the fact that no absorber layer was utilized. &lower overall mass and hence measured thermal capacitance.
summary of the measured and fitted data for the two devicesTiBe specific heat of Y-Ba—Cu-O, Au and Ti are comparable
presented in Table I. (2.65, 2.47 and 2.34 J/K-chrespectively). However, due to the

The thermal mass of the microbolometer structure can be eslatively high mass of the Y-Ba—Cu-0O layer, the total thermal
timated from the specific heat capacity and the volume of tleapacitance is mostly determined by this layer.

C= W;LbL;th;LchBCO + 2I/I/vc-[/ctccAu
+ 2 (%Wea,Lea,teacTi) . (6)
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The noise equivalent temperature difference (NETD) is a
system figure of merit defined as

(1]
4F2AV,
NETD = Z 7 2
T()ARv(AP/AT))\I,)\Z ( ) 2
(3]
where F'is the focal ratio of the opticsy, is the transmittance of 4

the optics, andAP/AT)\; — Azis the change in optical power
with respect to temperature per unit area radiated by a blackbody
at temperaturd’, measured within the spectral band from [5]
to A2. For a blackbody at 295 K(AP/AT)», —», iS 2.62 x

10~* W/cn? K in 8-14,m spectral interval [4]. Assuming the
detectivity in the 8—14:m window to be the same as measured [©]
over the 2.5-13:m band, F/1 optics;, = 1 and an electrical
bandwidth of 4 Hz for the preamplifier, (7) yields an NETD of [7]
65 mK for detector MM2 at 0.88A of bias. Therefore, NETD

less than 100 mK is achievable with some latitude in the system
parameters. (8]

IV. CONCLUSION

Self-supporting Y-Ba—Cu—O thermal detectors have beert’]
fabricated using a conventional polyimide sacrificial layer
technology and ashing in oxygen plasma. No additional supp0]
porting membrane is required to support Y-Ba—Cu-O pixel.
The process for self-supporting Y-Ba—Cu—0 is considerably
simpler than that employed in conventional microbolometers 1
and can be used in conjunction with CMOS technology to
produce focal plane arrays. The microbolometers displayeﬁZ]
responsivity and detectivity as high as 7.9510° V/W and
1.19 x 10° cm HZ/2/W. Y-Ba—Cu—O showed much lower [13]
normalized 1/f corner than amorphous silicon but higher
than VO, by a factor of 4 to 6. The self-supporting structure 14]
resulted in an order of magnitude reduction in thermal mass
(3.52 x 10719J/K). This reduction in thermal mass allows
for higher thermal cutoff frequencies that would be useful in
high-speed cameras or may be traded-off with the thermal™!
conductance to produce higher responsivity and detectivity
of the microbolometer. The Y—-Ba—Cu-O displays good ab{16]
sorptivity characteristics (30%) in the 2.5 to A& band. The
exposure of Y-Ba—Cu-O thermometer to the oxygen plasma
during the undercut etch is believed to have resulted in a slight7]
reduction of the TCR of the thermometer+3%/K. In future,
passivating the Y-Ba—Cu—-O thermometers with thin dielectri¢®l
coatings will be investigated. The effect of the passivation on
the TCR andl/ f-noise will also be studied. A thin metal film [19]
absorber will be incorporated into the structure to improve[ZO]
the absorptivity. Finally, the self-supporting Y-Ba—Cu-O
uncooled detector structure opens the door for the investigation
of the Y-Ba—Cu-O IR characteristics without any additional
interference from a supporting membrane or substrate.
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