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ABSTRACT 

We discuss the design of high T c superconducting bolometers for applications 

such as infrared imaging arrays. The dependence of bolometer sensitivity on excess 

voltage noise in the thermometer is a function of the detector area and thus of the 

wavelength to be detected. We use measurements of the voltage noise in thin films 

of YBa2Cu307_c5 on Si, ShN4, and sapphire substrates to predict the performance of 

different bolometer architectures. Useful opportunities exist for bolometers made on 

both Si and Si3N4 membranes. We also describe a readout scheme for two dimensional 

arrays of bolometers in which real-time signal integration is performed on the chip. 
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INTRODUCTION 

Much recent work has focused on the high Tc superconducting bolometer as an 

infrared detector.I-9 Such bolometers consist of an infrared radiation absorber ther

mally coupled to a high T c superconducting thermometer operated at its resistive 

transition, both weakly coupled to a liquid nitrogen cooled heat sink at 77 K. For the 

purposes of this paper we consider only relatively sensitive slow composite bolometers 

that absorb radiation directly and are constructed on thin substrates that are ther

mally isolated from the heat sink. We will not consider the fast bolometers obtained 

when a high Tc film is deposited directly on a bulk substratelO -
13 or the antenna

coupled microbolometer. 14 , 15 

For wavelengths). < 20 J.lm, photovoltaic infrared detectors such as HgCdTe give 

excellent performance at 77K. For wavelengths). > 20 J.lm, the sensitivity of semicon

ducting detectors at or above 77K is poor and room temperature thermal detectors 

such as the pyroelectric detector, the thermopile, or the Golay cell are used in appli

cations where a liquid nitrogen-cooled high Tc bolometer could be conveniently used. 

The high T c bolometer offers higher sensitivity under these conditions, primarily be

cause of the sensitivity with which small changes in the temperature of the bolometer 

can be detected. Applications for composite high T c bolometers exist in far infrared 

laboratory spectroscopy9 and space observations of bright sources such as planets5
, 6 

using radiatively cooled systems. Applications as large format infrared imagers may 

also exist. 

Some of us have recently built composite high T c bolometers cooled by liquid 

nitrogen with D* > 4 x 109cm HZl/2W-l. 8, 9 The areas of these bolometers wer~ 

chosen from 1 to 10 mm2 to match the throughput of laboratory Fourier transform 

spectrometers. For such large areas, there are stringent requirements on thermome

ter sensitivity which require the use of high quality epitaxial c-axis YBa2Cu307-5 
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(YBCO) films on favorable substrates with sharp resistive transitions and low volt

age noise under current bias. Arrays of much smaller bolometers are potentially useful 

for thermal imaging. The absorbing area A can be as small as the diffraction limit 

A = ).2 jn, where n is the solid angle of the pixel's field of view. The lower heat ca-

pacity of such small bolometers relaxes the requirement on thermometer sensitivity. 

The possibility then exists that YBCO on amorphous substrates like siliwn nitride 

(ShN 4) could be used. Researchers at Honeywell are working on linear arrays of mi-

cromachined bolometers on substrates of Si3N 4 membranes for thermal imaging at 

101Lm. l6 

This paper describes the dependence of bolometer design on area. The discussion 

is directly relevant to the design of imaging arrays of high T c bolometers for wave

lengths from 10 - 1000 ILm. The required thermometer sensitivity for various areas 

will be compared with the voltage noise VN measured for current-biased YBCO films 

on various substrates. We will also discuss a scheme for reading out two dimensional 

bolometer arrays which performs real-time signal integration on the chip. 

THEORY 

The voltage responsivity for a signal modulated at angular frequency w can be 

written as 

1R 
S(w) = G~T(1 + W2T2)1/2 ' 

(1) 

where 1 is the bias current, G is the thermal conductance to the heat sink, and T is the 

thermal time constant. The temperature coefficient of resistance dR(T) / dT = R/ ~T 

has been written in terms of half the width ~T of the superconducting transition, 

and the resistance R at the operating point near the midpoint of the transition. l We 

neglect the effects of the positive thermal feedback from the bias current 1 which 

reduces the thermal conductance to an effective value G - 12 R/ ~T. To maintain 
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thermal stability we constrain the current by the condition 

12 R ~ O.3G~T. (2) 

The noise equivalent power (NEP) is calculated by summing the important sources 

of statistically uncorrelated noise in quadrature. 

[ 

2 4kTcR V~ e~ + (inR)2]· 1/2 
NEP = 4kT

c G + 1512 + 1512 + 1512 (3) 

The first term, phonon noise, in (3) is an important limit on the sensitivity of the 

bolometer. The last three terms, Johnson noise, excess film noise, and amplifier noise 

respectively, are voltage noise contributions to the NEP from the temperature read

out. In the ideal case, the responsivity 5 is large enough to make these terms less 

than or equal to the phonon noise. If these terms can be made very much less than 

the phonon noise for wr ~ 1, then the NEP can be further reduced by operating the 

bolometer with reduced G and wr > 1. The minimum heat capacity C of a practical 

bolometer with a given area is limited by materials and fabrication considerations. 

The thermal conductance G to the heat sink can be limited by the permissible tem-

perature rise under the background power loading P, or by the required response 

time r = C / G, or by materials or fabrication considerations. 

Our own measurements on YBCO films and those of others1i
, 18 indicate that the 

excess voltage noise in current-biased films depends sensitively on film quality. It 

can be modeled as resist.ance fluctuations, V~ = (lbR)2, where [b(lnR)J2 usually has 

a frequency dependence between w-1 and w-2 , and scales roughly as the reciprocal 

of the film volume. 19 A resistance fluctuation bR can be written as a temperature 

fluctuation by using the slope of the resistive transition bT = b(ln R)~T. The noise 

equivalent temperature, NET = b(ln R)~ T, is introduced as a convenient figure of 

merit for YBCO transition-edge thermometers. The NET is the minimum tempera-

ture difference that can be measured in approximately one second of integration time. 
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The thermometer contribution to the NEP can then be written as 

(4) 

The film noise will dominate other contributions to the readout noise if the bias 

current is large enough that 

[ 2. 2] 1/2 loR> 4kTcR + en + (ZnR) . (5) 

As will be discussed below, this condition can be met for all of the YBCO films we 

have measured to date without exceeding the constraint (2) set by bias heating. 

Phenomena such as thermopower, Bi film resistance, gas expansion, and dielectric 

constant changes have been used as thermometers for thermal far-infrared detectors 

operating above 77 K.20-25 For applications with frequencies less than 100 Hz, the 

best NET of these technologies is in the range of 10-6 K/Hz1/2. If these thermometer 

technologies are restricted to thin films useful for large micromachined arrays,22-26 

such as bismuth films, the NET is > 10-5 K/Hz1/2. High Tc thin film thermometers 

promise values of NET < 10-8 K/Hz1/2, and hence orders of magnitude increase in 

detector sensitivity. 

For a given optical system, the area of a pixel which couples optically to n spatial 

modes is proportional to the wavelength squared A = )..2 n /D. ~'lany considerations 

enter the choice of the constant of proportionality n/D. The optical filling factor is the 

ratio of the area of the infrared absorber to the area of the unit cell for a single pixel 

(which may include other components such as charge-storage capacitors or readout 

circuitry). For)" = 10 j.tm, an acceptable filling factor of (50-60%) can be achieved26 

with A/)..2 ~ 50. Diffraction-limited pixels (n=1) with f/6 optics (D = 0.02sr) 

and A = 5 X 10-5 cm2 are useful at 10 j.tm for applications requiring high spatial 

resolution. Multi-mode pixels (n=10) with f/2 optics (D = 0.2sr) are useful at 10j.tm 
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for applications requiring high sensitivity when detector noise-limited. The specific 

detectivity D* = A 1/2/NEP is convenient for comparing detectors with different areas. 

We· will use these concepts to discuss the sensitivity of imaging arrays of high T c 

bolometers as a function of thermometer NET, bolometer area, and wavelength. 

FILM PROPERTIES 

Fabrication of useful high T c composite bolometers requires films on very thin 

substrates to minimize heat capacity. We have chosen to study films on sapphire, 

silicon, and silicon nitride substrates which are strong enough to be made thin. Table I 

summarizes the properties of four YBCO films which were deposited by laser ablation 

at Conduct us and Xerox. These are representative of the best performance that has 

been obtained to date. Samples A and B were epitaxial c-axis films deposited on 

crystalline substrates with buffer layers. Sample A was made in situ by depositing a 

20 nm thick buffer layer of SrTi03 on {1I02} sapphire followed by 300 nm of epitaxial 

c-axis YBCO.27 After breaking vacuum, silver contact pads were sputter-deposited 

through a shadow mask and annealed in oxygen at 5000 C for 60 min. Sample B was 

made using a silicon substrate. A process was specifically developed to provide a 

pristine Si surface for epitaxial growth~31, 32 First, a weak HF and ethanol solution 

was used to strip the native Si02 layer and to terminate the exposed silicon bonds 

with hydrogen. Then the Si substrate was transferred to the deposition system via 

a nitrogen gas-purged glove box and load-lock. The substrate was heated in vacuum 

to drive off the hydrogen and 40 nm of YBCO was deposited in situ on a 50 nm thick 

yttria stabilized zirconia (YSZ) buffer layer. Because of the difference in thermal 

expansion between silicon and YBCO, the YBCOfilms are under tensile stress and 

must be 'grown thinner than "" 50 nm to avoid cracking. Silver contacts were again 

sputter-deposited but were not annealed to avoid driving surface contaminants into 
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the thin YBCO film. Samples C and D were mostly c-axis YBCO deposited on 

amorphous Si3N4 films with YSZ buffer layers. The ShN4 films were deposited on Si 

at 850°C by Low Pressure Chemical Vapor Deposition (LPCVD) at 350 mTorr using 

SiH2Ch and NH3. The YBCO films were deposited by a laser ablation process similar 

to that used for sample A. 

We measured the voltage noise with an AC-coupled, room temperature trans

former and an FET amplifier. The samples were mounted on a temperature-controlled 

stage in a cryostat and current-biased at values typical for bolometer operation. Fig

ure 1 shows the voltage noise for epitaxial samples A and B. The experiment was 

done by integrating the noise in a 2 Hz bandwidth for 15 minutes at each temper

ature point. The noise at the steepest part of the resistive transition for Sample A 

(YBCO/SrTi03/Ah03) gives NET = 3 x 1O-8 K/Hzl/2 . This sample was as quiet as 

the best YBCO films that we have measured to date on any substrate. In general, 

films that satisfy other standard requirements for quality (e.g. large Jc , small flT) 

consistently show low noise before processing. Samples A and B had high critical cur

rent (Jc > 106 A/cm\ T = 77K) and, as shown in Table I, narrow resistive transitions, 

and low resistance fluctuation noise. Processing, especially in the form of narrow, pat

terned lines, has been observed to increase noise. Therefore, we have avoided exten

sive processing of the films after deposition by using large area YBCO thermometers 

with the minimum resistance necessary to satisfy (5). Poor quality films tend to de

grade more rapidly with processing than high quality films. At present, our yield for 

samples of YBCO /SrTi03/ Ah 0 3 with NET < 6 x 10-8 K/Hz1/ 2 after processing is 

higher than 50%. After the substrate thickness of Sample A was reduced by grinding 

to 25J,Lm, it was used in a composite bolometer with a sapphire substrate.8 , 9 The 

best NET yet obtained for YBCO on a silicon substrate is NET = 7 x 10-8 K/Hz1
/

2
• 

The resistive transitions for samples C and D of YBCO /YSZ/Si3N4 shown in Fig. 
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2 are significantly broader than for samples A and B and the voltage noise is higher. 

Consequently, the values of NET are about 100 times poorer. In general, we expect 

that YBCO samples with poor epitaxy make noisier thermometers. One contribution 

is switching noise from thermally activated flux motion. Flux can move more easily 

along regions of reduced energy gap parameter such as grain boundaries.33 The fre

quency dependence of h(ln R) is determined by the distribution of activation energies 

for the switching processes34 and the amplitude of h(ln R) depends on the number 

of such processes. We have strong evidence for such processes from noise measure

ments in an external magnetic field of both YBCO /MgO samples and YBCO / Ah03 

samples.35 The YBCO / Ab03 film had poorer in-plane epitaxy, as determined by x

ray analysis,36 and higher noise, which increased with applied magnetic field. Based 

on experience with other substrates, we expect that the NET's for YBCO films on 

Si3N4 will improve as that technology matures. 

For practical reasons, bolometers for use in large format imaging arrays must be 

produced by optical lithography and micromachining. Such techniques are desirable 

even for single bolometer elements. Our interest has focused on' bolometers that 

consist of a high T c thermometer and a radiation absorber such as gold black28
, 29 or 

a Bi film30 deposited on a thin membrane which is isolated from the heat sink by two 

thin legs of the same membrane material (Fig. 3). Bolometers made on thin ShN4 

membranes can have very low heat capacity per unit area C A and can be made with 

. very low G because of the mechanical strength and the low bulk thermal conductivity 

of Si3N4. The relatively high NET of our present thermometers on Si3N4, however, 

limits the use of this substrate to relatively small bolometers with high responsivity 

to minimize the contribution of film noise in (4). Such bolome·ters are well suited, 

for example, to imaging arrays for ). "J 10j.Lm. Bolometers made on Si membranes 

have smaller values of NET, but will probably be limited to larger values of C A 
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and G. They are therefore appropriate for higher throughput applications at longer 

wavelengths. The very low values of NET obtained on thinned sapphire substrates 

make this technology appropriate for very large bolometers. We will quantify this 

argument by calculating the dependence of the detectivity D* on area and thus on A 

for each of the above technologies using the values of NET from Table I. 

The bolometer substrate technology chosen sets material limits to the heat capac-

ity per unit area C A that can be achieved. In addition, for the membrane technolo-

gies, there is a minimum practical value for the thermal conductance Gmin set by the 

strength of the legs. If we assume that the required response time r and the factor 

.4./ A2 = n/fl are set by the application, then the required G = CAA/r will be equal 

to G min at a specific wavelength Ao given by 

G (") 1/2 
Ao = ( min r :.:.) 

CA n 
(6) 

For A < Ao , the bolometer will be faster than is required and therefore less sensitive 

than optimum. For A > Ao , the available range of G includes the optimum value. 

We estimate C A and Gmin for a Si3N4 bolometer based on a 0.75 {lm thick SbN4 

membrane which was built at Berkeley by other workers.37 This membrane was sup-

ported by two Si3N4 legs with dimensions 0.75 x 0.75 x 20 {lm. For a bolometer with 

two such legs, we calculate Gmin ~ 0.3 {lW /K by using a handbook value for the 

thermal conductivity of bulk Si3N4 at 90 K. For a Si membrane bolometer with two 

undoped Si legs of the same dimensions, Gmin ~ 30 {l \V /K. From handbook data,38 

we estimate that Gmin of doped Si legs might be roughly 0.5Gmin of undoped Si legs at 

90K. We expect the heat capacity of the YBCO thermometer and silver electrical con

tacts to dominate the substrate heat capacity, so we choose C A = 2.7 X 10-5 J K- 1 cm-2 

for both Si and Si3N4 membrane bolometers. 

Figure 4 shows the prediction for D* as a function of the normalized wavelength 
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>'1 >'0 for a fixed value of AI >.2 and T = 10 ms . The solid line shows the upper limit 

on D* imposed by phonon noise 

( 
A ) 1/2 

D* = 4kTc2G (7) 

For>. > >'0' G ex A, so D*(>') is constant. For>. < >'0' G = Gmin, so D*(>.) ex >.. 

The performance of the bolometer is limited by thermometer noise if NET > 

10-8 K/Hz1/ 2 • The dashed lines show the limits on D* from thermometer noise for 

various values of NET calculated from 

( A) 1/2 
D*-

- G2(NET)2(1 + w 2T2) 
(8) 

For >. > >'0' D* (>.) ex 11>'. For /\ < >'0' G is held constant at Gmin and D* (>.) ex >.. 

Hence D* peaks at >. = >'0 for a pixel limited by thermometer noise. The wavelength 

>'0 for Si3N4 is 0.1 of the value of >'0 for Si since the thermal conductivity of SbN4 is 

'" 1/100 that of Si at 90K. 

For a given value of AI >.2, response time T, and combination of YBCO thermome

ter and substrate, we can compute >'0 and plot the curve from Fig. 4 as D* versus 

>.. Figure 5 shows this plot for AI>.2 = 50 and T = 10ms for our best YBCO ther-

mometer on both Si3N4 and Si membranes. For comparison, Fig. 5 also shows the 

performance of typical pixels in several different large format arrays operated at 77K 

along with the photon noise limits for photovoltaic and photoconductive detectors 

that view 300K radiation in a 0.02 sr field of view. The predicted performance for 

YBCO IYSZ/Si3N4 , shown in Fig. 5, could be competitive with HgCdTe at >. = 10JLm 

and one order of magnitude more sensitive than HgCdTe at >. = 20JLm.39 The perfor

mance of this array at longer wavelengths is better than room temperature detectors, 

but is rapidly degraded by thermometer noise. An array optimized for longer wave

lengths can have a better peak value of D*. Choosing AI >.2 = 5 and T = 10 ms, the 
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peak in D* is three times higher and occurs at A = 45 J1m for the same thermometer 

NET. 

The predicted performance for a YBCO jYSZjSi bolometer with the same assumed 

geometry as for ShN4 is also shown in Fig. 5. The region of phonon noise limited 

D* appears at longer wavelengths than for ShN4 because of the higher bulk thermal 

conductivity of silicon. The limit to D* from thermometer noise is higher than that 

of bolometers on Si3N4 because of the lower NET of YBCO on silicon. Arrays of high 

Tc bolometers on Si membranes may be useful for imaging applications for A > 20J1m. 

One example is long wavelength atmospheric imaging from NASA planetary probes 

such as Cassini. 5 • 6 

The most important potential impact of the high T c bolometer is in a LN cooled 

large format imaging array for 8 - 14 J1m. This possibility depends both on the 

performance of the bolometer arrays as discussed above and also on the performance 

available from the competing HgCdTe technology. Although accurate predictions are 

not possible, this important question deserves further discussion. Two dimensional 

(2D) staring arrays for 300K thermal imaging in the atmospheric window from 8 -

14 J1m require high D* per pixel, good uniformity, and low-noise readout electronics. 

The predicted D* of a high T c bolometer used from 8 - 14 J1m is worse than the D* 

of a HgCdTe photovoltaic detector in a single pixel or linear array format. However, 

it is difficult to make 2D arrays of HgCdTe photovoltaic detectors which are larger 

than 128 x 128 pixels.16 Even these arrays suffer from low yields and high costs. The 

performance of arrays of HgCdTe detectors which operate from 8 - 141-lm also suffers 

from high backgrounds and high leakage currents. These currents rapidly saturate 

the charge storage capacity of a CCD readout and can restrict the integration time of 

the signal. 16
• 40 Many thermal imaging systems which require high spatial resolution 

across the field of view operate at shorter wavelengths so as to use more mature 
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technologies41 with larger numbers of pixels such as PtSi42 or InSb. Although the 

yield and uniformity of such arrays are excellent, the atmosphere is more opaque 

at these wavelengths. Also, radiation from a 300K black body is weaker at 4j.lm 

than at 10j.lm but stray light from visible sources such as the sun is stronger at 

4j.lm than at 10j.lm. We believe large 2D arrays of high Tc bolometers on ShN4 

membranes will have useful sensitivity from 8 - 14 j.lm and could have advantages in 

yield and cost over large 2D arrays of HgCdTe. Without building such an array, we 

can not quantitatively predict the uniformity of the responsivities of pixels across the 

array. Equation (1) shows the uniformity in S depends only on variations in I, G, 

and dR(T)jdT. Temperature gradients across the array could produce variations in 

dR(T}jdT from pixel to pixel. But, temperature gradients which are smaller than 

'" O.l~T should not seriously degrade uniformity since R(T) is mostly linear on this 

temperature scale. 

ARRAY DESIGN AND READOUT 

We have predicted useful sensitivity for a single pixel high Tc bolometer with a 

dedicated low-frequency amplifier: Many imaging applications require large arrays of 

bolometers where constraints on power dissipation and filling factor only allow for 

a small number of amplifier channels. In simple circuits, the electrical signal from 

a pixel is only integrated for a tiny fraction of the observation time. The electrical 

noise from a pixel in an array can therefore be much greater than the noise from 

a single pixel with a dedicated amplifier. We now discuss a scheme which provides 

signal integration over the full observation time, but does not require one amplifier 

per pixel. 

The NEP of a bolometer pixel has contributions from thermal fluctuations, in

cluding infrared source fluctuations, as well as the phonon noise, represented by the 
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first term in (3). It also has contributions from voltage fluctuations in the ther

mometer, represented by the second and third terms in (3). Thermal fluctuations 

occurring for WfluctT ~ 1 are integrated by the thermal response time of the bolome

ter. Therefore, a bolometer which operates in the source noise or phonon noise limit 

with T equal to the frame time does not require additional electrical integration. In 

principle, however, a bolometer optimized for sensitivity has equal contributions to 

the NEP from both thermal fluctuations and voltage fluctuations. In practice, the 

bolometer designs that we have described above are sometimes limited by voltage 

noise fluctuations. Therefore, integration of the electrical signal is desirable. 

Photovoltaic detectors in a CCD array integrate the photocurrent with a charge 

storage well next to each detector. Ideally, the storage capacity of the well is larger 

than the product of the photocurrent and the time interval between samplings by 

the readout amplifier. Consequently, charge fluctuations which occur faster than the 

sampling rate are averaged. A bolometric detector outputs a voltage equal to the 

product of the absorbed infrared power and the responsivity (1). An RC filter could 

be implemented next to the bolometer which integrates voltage fluctuations occurring 

on time scales shorter than RC. The RC time should approximately equal the frame 

time. 

As a specific example, we consider a 64 x 64 imaging array of high T c bolometers 

similar to existing arrays of bismuth bolometers built at Honeywell. 26 Since both 

the readout amplifiers and the bolometers have l/f noise, we assume the incident 

radiation is chopped at 60 Hz. This leads to a frame rate of 30 Hz and a thermal 

time constant T = 3 ms for each bolometer pixel. The pixels are continuously biased 

and dissipate less than 5J.lW each. The whole array is read out once while observing 

the target, and again while observing the chopper blade. The two frames are then 

digitally subtracted. Assuming four readout amplifiers~ each pixel is sampled for a 
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maximum time Tsample = 3 J.Lsec. Electrical noise in the thermometer occurring at 

higher frequencies than 60 Hz is then aliased across the bandwidth of the readout 

amplifier. An RC filter next to each pixel would roll off this high frequency noise 

before it is aliased. 

Figure 6 shows a schematic implementation of the readout circuit for a two di-

mensional bolometer array. The readout circuit elements could be fabricated on a 

separate silicon wafer which is bonded to the bolometer array with indium bumps. 

The RfG filter appears in parallel with the high Te thermometer. For conceptual ' 

simplicity, we will first consider passive circuit components. In practice, circuits with 

active components may consume less power and surface area. Active components are 

frequently used in CCD arrays.45, 46 A polysilicon resistor with Rf = 10 Mf2 and a 

trench capacitor with G = 300pF would give a time constant RfG = 3 ms. Typically, 

Rf ~ R so the contribution to the NEP from Johnson noise is mostly from Rf . This 

contribution will be negligible if the constraint (5) is modified to 

JoR> 4kTcRf + en + Zn f , 
[ 

2 (' R )2]1/2 

f chop Tsample ' 
(9) 

The divisor fchopTsample accounts for the reduced integration time of noise from the 

readout amplifier. The resulting amplifier noise contribution to the NEP is negligible 

for available amplifiers.44 For example, a bolometer on a Si3N4 membrane using sample 

C could satisfy conditions (9) and (2) for Rf == 10Mf2 and the array parameters 

described above if the YBCO is patterned into a meander line with R = 50kf2 at Te. 

It may be difficult to satisfy conditions (9) and (2) using only passive components 

because of size constraints on the capacitors or difficulty in making high resistance 

meander strips of YBCO. Although exact requirements on the anti-aliasing filter 

are specific to the system, we will mention two approaches for meeting the above 

conditions. First, the RfG time constant could be reduced by reading out the array 
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more frequently. For example, most of the signal integration could be performed 

by a bank of larger capacitors called a frame averager which is located outside the 

focal plane. In this scheme, multiplexers transfer charge from a small capacitor next 

to a pixel to a much larger capacitor out of the focal plane at a faster rate than 

the chopping frequency. Then the readout amplifier samples the capacitors in the 

frame averager at the chopping frequency. Second, two-transistor amplifiers with 

anti-aliasing filters could be fabricated in silicon for each pixel. Figure i shows a 

schematic diagram of a circuit which is functionally similar to Fig. 6 but which 

uses active components. The depletion-mode transistor T1 presents a current bias 

to the bolometer without dissipating much power. The depletion-mode transistor 

T2 functions both as Rf for the anti-aliasing filter and as a load resistance for the 

common source buffer stage made from T3. This circuit has both an anti-aliasing 

filter and voltage gain to buffer the signal from noise in the "Select" transistor. If a 

specific application requires a higher resistance from the active load, a current mirror 

could be used in place of the depletion-mode transistor.47 The transistors can be 

MOSFETs in most applications. Some applications may benefit from the lower l/f 

noise of JFETs. 

SUMMARY 

We have discussed the optimization of high T c bolometers for imaging arrays for 

wavelengths longer than 10/-lm. An analysis of the thermometer sensitivity required 

for different pixel sizes indicates that there are useful applications for small Si3N4 

membrane bolometers at ,\ '" 10/-lm and larger Si membrane bolometers at longer 

wavelengths. A readout scheme for an array of bolometers which provides real-time 

signal integration on chip has also been described. 
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FIGURE CAPTIONS 

Figure 1. Resistance and voltage noise at 10 Hz in current biased YBCO films mea

sured as a function of temperature. The noise in the measurement system is 0.15 

n V IHz1
/

2
. Sample A is 300 nm of epitaxial YBCO on a 20 nm buffer layer of SrTi03 

on sapphire. Sample B is 40 nm of epitaxial YBCO on a 50 nm buffer layer of 

yttria-stabilized zirconia on silicon. 

Figure 2. Resistance and voltage noise at 10 Hz in current biased YBCO films mea

sured as a function of temperature. The noise in the measurement system is 0.15 

n V IHz 1/ 2• Sample C is 300 nm YBCO on a 20 nm buffer layer of yttria-stabilized zir

conia on Si3N4 • Sample D is 40 nm YBCO on a 50 nm buffer layer of yttria-stabilized 

zirconia on ShN4 • 

Figure 3. Diagram of a membrane bolometer. The bolometer consists of a radiation 

absorber and a YBCO thermometer deposited on a membrane of Si or Si3N4 which 

is isolated from the heat sink by two thin legs. 

Figure 4. Specific detectivity D* as a function of reduced wavelength >"1>"0 where 

>"0 depends on the minimum achievable values of the heat capacity per unit area 

C A and thermal conductance Gmin as well as the response time T. the number n 

of electromagnetic modes which couple, and the solid angle n of the pixel's field of 

view. The solid line shows the predicted phonon noise limit for a bolometer on a thin 

membrane. The dashed lines show upper limits on D* for thermometers with various 

values of NET. 

Figure 5. Specific detectivity D* as a function of wavelength for diffraction-limited 

pixels with n = 0.02 sr (f/6 optics) and T = 10 ms. The thick lines show the predicted 
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D'" for high T c bolometers on silicon and Si3N4 membranes using YBCO thermome

ters. These lines were calculated using estimates for the minimum achievable heat 

capacity and thermal conductance and using measurements of voltage noise in high 

T c thermometers. Typical values of D'" for InSb, PtSi, and HgCdTe detectors in two 

dimensional staring arrays operated at 17K are shown for comparison. Also shown are 

the photon noise limits for photovoltaic and photoconductive detectors which view 

300K radiation in a 0.02 sr field of view. 

Figure 6. Schematic layout of a possible implementation of a high Tc bolometer array 

with a novel readout scheme in which above-band electrical noise from each pixel is 

integrated by an RfG filter. In this scheme, a multiplexed readout amplifier which 

undersamples a given pixel does not alias above-band noise into the signal channel. 

The unit cell consists of a YBCO thermometer R, an RfG filter, an access transistor, 

a load resistor RL , and bias lines. The voltage across R appears on the appropriate 

"READ" line when the "SELECT" voltage is high. All pixels are constantly under 

bias. The readout circuit elements would be implemented on a separate Si wafer 

which could be indium bump-bonded to the. bolometer pixels. The optical fill factor 

will probably be limited by geometrical constraints on the bolometer imposed by 

requirements for thermal isolation. 

. . 
Figure 7. Schematic layout of a readout for a single pixel which is functionally similar 

to a single cell in Fig. 6 but uses active devices .. This cir~uit has both an anti-aliasing 

filter and voltage gain to buffer the signal from noise in the "Select" transistor. The 

power consumption and size of this circuit can be much smaller than the circuit shown 

in Fig. 6. 
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Table 1. Characteristics of YBCO films measured for use as thermometers on high Tc bolometers. 

Sample Source Geometry (~ ::f(K) B (In R) (Hz-l/l) NET (K H£ 112) PDe (J.l!lcm) at midpoint 

A Conductus 1 x 1 mm2 1 3'10-8 3'10-8 37 
300 nm YBCO/20 nm SrTi03/A~03 

N B Xerox 1 x 3 mm2 2.6 3.10-8 8'10-8 55 w 
40 nm YBCO/50 nm YSZ/Si 

C Conductus 3 x 3 mm2 6 4'10-7 2.4·Uf6 270 
300 nm YBCO/20 nm YSz/Si3 N4 

D Xerox 1 x 3 mm2 5 10.6 5'10-6 190 
40 nm YBCO/50 nm YSZ/Si3 N4 
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