Low noise high- T, superconducting bolometers on silicon nitride
membranes for far-infrared detection
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High-T, GdBaCu;0;_ 5 superconductor bolometers with operation temperatures near 89 K, large
receiving areas of 0.95 mfmand very high detectivity have been made. The bolometers are
supported by 0.62um thick silicon nitride membranes. A specially developed silicon-on-nitride
layer was used to enable the epitaxial growth of the Riglsuperconductor. Using a gold black
absorption layer an absorption efficiency for wavelengths between 70 angni20® about 83% has

been established. The noise of the best devices is fully dominated by the intrinsic phonon noise of
the thermal conductandg, and not by the ¥/noise of the superconducting film. The temperature
dependence of the noise and the resulting optimum bias temperature have been investigated. In the
analysis the often neglected effect of electrothermal feedback has been taken into account. The
minimum electrical noise equivalent pow@EP) of a bolometer with a time constamtof 95 ms

is 2.9 pW/HZ"? which corresponds with an electrical detectivi/* of 3.4x 10 cm HZ/3W.

Similar bolometers withr=27 ms and NER:3.8 pW/HZ"2 were also made. No degradation of the
bolometers could be observed after vibration tests, thermal cycling and half a year storage.
Measurements of the noise of a Pr doped YBaO,_; film with T,=40 K show that with such

films the performance of air bridge type high-bolometers could be improved. @997 American
Institute of Physicg.S0021-897@07)03322-7

I. INTRODUCTION During the last years a lot of effort has been put into the
development and optimization of these detectofsThe

For the detection of far-infrared radiation both thermalhighest detectivityp* = AYYNEP=8x10° cm HZ%W is re-
detectors and nonthermal photovoltgitioton) detectors can  ported for a detector with a sensitive arega of 50
be used. Usually photon detectors are preferred but theirx 50 um? and a NERnoise equivalent powgfor radiation
spectral response is limited by the cutoff wavelength  with wavelengths between about 12 and aén of 6.3
=hc/U, with U, the charge carrier excitation energy. This x 10~ 13 W/Hz'? at a frequency of 32 H2.
implies that for long wavelength responslg must be very Possible applications of highz bolometers which can
small. At the same time the operating temperature must bge cooled with liquid nitrogen or small low power mechani-
low enough so that the thermal energy is much smaller cal cryocoolers, exist in far-infrared spectroscopy in labora-
than the excitation energy. Typically, for operation at liquid tory or in space-based systems.
nitrogen temperatur€’7 K) HgCdTe detectors are used with  we have investigated bolometers which consist of a
a cutoff wavelength of about 12m and a detectivith™* at  0,6-1um silicon nitride(silicon rich SiN,) membrane with
10 um of 2x10'° cm HZ'JW. For longer wavelengths up g highT, superconducting GAdBE&WO,_ 5 (GBCO) film on
to 200 um doped Si or Ge photon detectors are used withop, The operating temperatufeear the midpoint of the su-
operating temperatures below 10 K. perconducting transitioris about 89 K. SiN, has been cho-

At higher operating temperatures and longer wavesen pecause very strong membranes can be made of it and
lengths photon detectors are outperformed by thermal detegrecause its thermal conductivity is very low, making a high
tors. Above 77 K probably the highest detectivity over thegensitivity possible. A 300 nm monocrystalline silicon layer
broadest band in the far-infrared can be achieved with highgp, top of the SiN, membrane enables the epitaxial growth
T. superconducting transition edge bolometers. In these bast the superconductor. This is necessary for a low level of
lometers the temperature is read out with a RIghsuper-  the 1f noise of the highF, film. A gold black absorption
conductor, making use of the very high temperature coeffijayer is deposited on the detector to obtain a high efficiency
cient of resistance at the superconducting transition. in the far-infrared.

The bolometers described here are intended for a pos-
dElectronic mail: m.denivelle@sron.ruu.nl sible satellite instrument for remote sensing of atmospheric
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OH2&? It is one of the instruments investigated in the PI-

i ) P s !
RAMHYD study (Passive Infra-Red Atmospheric Measure- N el A \ (A\"/LJ,N'\'/M)
ments of HYDroxy) of the European Space Agency. PI- vFR Foar B o4 (A;,)
RAMHYD aims at global monitoring of important species in |4 1 (AT Rlg | Al
. . . . . ——— M a T
the atmospheric chemistry by limb sounding of the emittec ‘| Cs+il V) + out
radiation. In the instrument a Fabry-Perot etalon togethe absorber ~ *| 'thermal  thermo- read |
with a reflection grating is used to select the 8448 emis- relaxation  meter _-out
sion line of OH. AP, | v
N

electrothermal feedback
F
II. BOLOMETER THEORY ¢

R " llent . f the th h b FIG. 1. Functional block diagram of a bolometer. The text between the
ecently, excellent reviews o e theory have Deer} . yets holds for current bias with voltage readout, the alternatives without

published-? However, in these and most other publicationSbrackets for voltage bias with current readout. The contributions to the sig-
the effect of electrothermal feedback on the noise propertiesal from phonon noise Ry) of the thermal conductanc&, and from
as noted by Mathéf is neglected. Especially for transition Johnson and 1/noise(Vy ; andVy, respectivelyy; andly ) of the
. . thermometer resistance are also indicated.

edge bolometers the influence of this feedback can be
substantial*?So, a brief presentation of the theory is given
in which the influence of feedback on the noise has been
taken into account in a more accessible manner than by Va 1
Mather. =— -

A bolometer is a thermal detector, which employs an G ltior
electrical resistance thermometer to measure the temperatused the loop gaih =AF, is
of a radiation absorber. Depending on the ratio between its
characteristic time constantand the timery between the L= E 1 =L, 1 3)
arrival of the individual energy carriefphotons or particles G ltior ItiwT’

it will operate like a calorimeter or a bolometeHere we with Lo=Pa/G. P=1V is the bias power. Instead tf, the

wil fl?;usbor thetsecond .C?Se’fWhef/eEJ>lk;. | .thsymbola is often used. The responsivigyof the bolometer
€ Dolomeler ConsISis of an absorbing volume With; equal to the closed loop gain which is given by

heat capacityC [J/K] which is weakly coupled to a cold bath
at temperaturel, by a link with thermal conductanc& A 1 Ly

[WIK]. The resulting thermal time constanfs] is equal to Tl B Ry [VIW], 4)
C/G. The bolometer contains a resistive thermometer which . . _

is characterized by its temperature coefficient of resistance Wherer,=7/(1—L,) is the effective thermal time constant.

[VIW], @

given by It follows that for stable operatioh, must be smaller than 1.
This implies that for a positive temperature coefficient

= i d_R (K™Y (1) (which is the case for a superconducting thermometer biased
RdT ' at its transition temperatur€;) there is a maximum to the

The thermometer is readout by measuring the curreaniaS current. In literaturé ,=0.3 is often regarded as close

through or the voltage over the thermometer. In the first cas® the optimum. . .
the bolometer is ideally biased with a constant voltage, in the . In case of voltage bias with current readout the respon-
second case with a constant current. sivity becomes

The functional behavior is described and clarified by the 1 L, 1
block diagram in Fig. 1. In this diagrathP= nAP,,4is the S=
absorbed radiatiofw; is the absorption efficiengyThe sepa-
rate (Laplace transfer functions for the transfer from power with 7,=7/(1+L,) and Lo=V?a/RG. Now L, must be
to temperatureK,), from temperature variation to variation larger than—1. This means that in case of a positive tem-
of the thermometer resistanceé), from resistance variation perature coefficientr there is no limit for the bias voltage.
to the output voltage or currenEg) and from output voltage By increasing the bias powd? the speed of the bolometer
or current to electrical power dissipated in the thermometecan be increased with a factor+1,.'! If L, is large the
(F,) are indicated. The Fourier equivalent #6y describing  bolometer is operated in so-called extreme electrothermal
the thermal relaxation is (®)/(1+iw7). The feedback feedback modé?
loop takes account of the electrical dissipation in the ther-  The sensitivity of a bolometer is limited by various noise
mometer which adds up to the input signal. The text betweesources: Johnson noise and Xoise of the thermometer
the brackets holds for the case of current bias with voltageesistance, phonon noise of the thermal conduct&ciuc-
readout, and the alternatives without brackets for voltageuations of the background radiation, and external noise from

T Vitlol+tioT, [AW], ®

bias with current readout. the measurement system including amplifiers, load resis-
In case of current bias with voltage readout the opertance, fluctuations in the bath temperature &tEor highT,
loop gainA=FF,F3 is given by bolometers the most important noise contributions are the
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phonon, the 1/ and the Johnson noise. Their input in the S Sil o
bolometer feedback loop is shown in the block diagram ol .. iﬂsfoz

Fig. 1.

The phonon noise powd®y is given by

Pn=NEPR,=(y4kT?G)"2 [W/HZ"?], (6)
wherey=1 for small temperature gradients over the thermal /
conductances.!® The resulting voltage noise at the output
equals

Vip=|SI(74kT?G)Y2 [VIHZY2]. (7)
In case of current bias the Johnson noise of the thermometefg. 2. Two routes for silicon-on-nitride production, usinga + layer
resistance generates a noise voltage (left) or a SOI wafen(right).

Vo= (4kTRY2 [VIHZY?], (8)

Due to the electrothermal feedback this noise term is modiEor the investigated higfi. bolometers this is practically

fied at the output by a factor 1/(1L) which is usually ne- aways true since for current bids, is typically 0.3, andx
glected in literature: about 2 K! around the midpoint of the superconducting

transition (T~90 K).
Analogously, by requiring that the phonon noise exceeds

VN J
* ’ — ] S 9
Vna(1H1S). ©) the 1f noise atf =1/2# 7 it is found thafEgs.(6), (12), and

NITI-L
1
Here the second term can be recognized as the response(of?)]
the bolometer to the power which is dissipated by the con-  YH <kT2a2
stant bias current in the Johnson noise source. The resulting n.E =~ #C
NEP due to the Johnson noise referred to the input of th

loop is

(15

q’his condition can be fulfilled in a temperature window
around the superconducting transition where the bolometer
Vi Vg " 1 | | 1 has the lowest NEP, as will be discussed in Sec. V C.
= =7 =(4kTP) |— l+iw7 [W/HZV].

Lol

NEP,=
N E T

(10 |1 PRODUCTION PROCESS

It can be shown that exactly the same result holds for voltage High-T, GdBaCu,0,_, transition edge bolometers on

bias with current readout. Note that the time constant Whid?nicromachined Si membranes have been reported, with an

plays a role is7 rather thanr,. . operating temperature of about 85*KThese bolometers
A similar discussion holds for the fliexcesg noise of 56 g receiving area of 0.8%.85 mn?, a NEP of 3

the thermometer. By substituting fary ; the 1f voltage w1011 \W/Hz2 and a time constant of 0.4 ms. The quality

noise parametér D*/7?=1.4x 10'* cm/s W is the highest value
c found in literature for highF. bolometers. Their large sens-
Vi = \[? v (11) ing area as compared to most other highbolometer$®®

with typical sizes between 5050 and 10(x 100 xwm? makes
it is found that the NEP due to theflhoise equals them very suitable for detection of radiation with relatively
long wavelengths of 10@m and above.
. Based on this design we have developed a new bolom-
NER= \[?E““‘”'- (12 eter with an equally large receiving area but with a much
lower NEP. This has been achieved by replacing the support-
ing silicon by silicon nitride which has a much lower thermal
conductivity. A problem imposed by this change is the fact
(13)  that a thin single crystalline Si layer is needed on top of the
amorphous silicon nitride, to allow epitaxial growth of the
with yy the Hooge parameten, the charge carrier concen- superconductor. To obtain this layer a new bond-and-etch-
tration, andE the volume of the resistor. The minimum of back techniqu¥ involving a fusion bonding step between a
NEP; is found at a frequency= 1/27r. silicon nitride layer (SiNy) and Si has been develop&t™’
In order to reach the sensitivity limit set by the phonon The 0.62um low-stress SN, layer is grown by low
noise, NER should be smaller than NEP From Egs.(6) pressure chemical vapor deposition. Prior to the bonding the
and (10) it follows that this condition is fulfilled(at f surface roughness of the,Si, is reduced by chemical me-

A useful empirical relation for the parameteiis'

YH

c=—01,
n.E

=1/277) if chanical polishing. As shown in Fig. 2 two different methods
are used to obtain the thin Si layer after bonding-and-etch-
-|->i_ (14) back: boron implantation yielding a stop layer for etching in
alo a solution of KOH with iso-propyl alcohofroute 1), and
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using the buried oxide layer of a commercially obtained Fikas
silicon-on-insulator(SOI) wafer as an etch stop in a KOH JSss
solution (route 2. More details of these processes are pub- &
lished elsewheré’ :
To obtain a high quality superconductor, a 40 nm epi- &
taxial yttria stabilized ZrQ (YSZ) buffer layer with a top &
layer of CeQ was first grown on the Si. Subsequently, the §8
YSZ/CeQ and Si layers are patterned by argon ion milling
and reactive ion etching, respectively, thereby defining thessss
layout of the GBCO thermometer. On the buffer a 60 nm §
GBCO is deposited by magnetron sputtering. Only on the
parts where the Si/YSZ/CeQayer is still present, this film is
superconducting, whereas outside this region on the amo
phous silicon nitride it is insulatingnhibit technique.
Subsequently the structure is coveneditu by a 200 nm
PtQ, passivation layer. On the bond pads the F&reduced
to metallic Pt by local laser heating. At this point the super-
conducting transition temperature and the transition width o, 3. optical micrograph of the central part of ac3 mn? bolometer

the samples are tested, resulting in a yield of good qualitynembrane with a 25m wide GBCO meander. The meander is just visible
samples of about 70%. through the porous 3pm thick gold black absorption layer, which covers

Next the membrane is etched in KOH, with the sample?" 262 With & diameter of 1.1 mm,

mounted in a front side protection chuck. The yield of this
etching process is over 70%. Most of the failures had a clear
cause, which could be avoided in the following runs. The optical response of the bolometer is calibrated with
The final production step is the deposition of an absorpthe difference signal from two filtered black bodies at about
tion layer on the membrane. Without this layer the expected0 and 50 °C. The total radiation power from these black
absorption efficiency is only around 13%—26%Ve use a bodies which is collected on the bolometer is about 1.0 and
gold black layer made by evaporation of gold in a nitrogenl.1 uW, respectively. For filtering we use a cold filter con-
environment of 8 mbaf.The porous gold black layer has a sisting of 1 mm quartz and a set of polyethylene scatter fil-
filling fraction of about 0.3%. A shadow mask is used toters with diamond, KCI, NaF, and LiF powder. The resulting
define a circular absorption area with a diameter of 1.1 mmspectrum covers a band from about 70 to 2080, with a
In Fig. 3 a top view of the detector area of a produced bomaximum at 85um and a cut-off edge at 6am. The radia-
lometer is shown. tion with wavelengths below 6am adds less than 2% to the
total calibration signal. To concentrate the radiation on the
absorber a Winston cone is used, with the exit opening of 1.1
IV. MEASUREMENTS mm diameter positioned in front of the absorber at a distance
A. Measurement setup less than 0.2 mm.

The bolometers are characterized in a vacuum cryostat
with liquid nitrogen cooling. The bolometer temperature can
be controlled with 1 mK resolution. On a time scale of 100 s
temperature fluctuations are less thapts. Connections to Eight bolometers have been characterized, two of them
the platinum contact pads of the bolometer are made witlwith 3xX 3 mn? membranes, the others with2 mn? mem-
bonded gold wires. For low frequency noise measurementsranes. Three bolometers have a noise level which is fully
the bolometers are connected in a bridge setup, using a dominated by the phonon noise, with thd hbiseV ¢ of
kHz ac bias current and lock-in amplification. With this the superconducting film less than 30% of the phonon noise
setup the system noise spectrum is flat down to at leastoltage Vy ,. For the other bolometers ratios between 0.8
0.1 Hz. and 1.8 were determined. These sample-to-sample variations

B. Results

TABLE |. Summary of results for five bolometers. The membranes of bolometers 4 and 5<&enBY, the others are 2 mn?. Noise values and
responsivity are given fof=1/2mw7. The columnf .. gives the frequency range over which NEP is minimal. NEPthe optical NEP, equal to NER/

G T T R @ S Wy NEP frange black 7 NEP,

No. [uW/K] [ms] [K] [kQ] [K™] L, [kvW] [nV/IHZY?] [pW/HZ"3 [Hz]  Vye/Vy, [um]  [%]  [pW/HZ')
1 33 27 857 3.9 1.0 047 6.5 25 3.8 1.5-13 0.2 0 -
2 45 22 875 20 35 038 6.5 30 4.6 0.6-13 0.3 0 18 24
3 42 37 882 049 32 031 2.8 17 6.0 0.8-9 1.0 24 62 9.7
4 18 95 89.9 1.9 58  0.19 8.4 25 2.9 0.2-3 0.3 0 26 11
5 15 115 899 3.6 38  0.09 6.9 26 3.8 0.2-2 0.9 35 69 55
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FIG. 4. Resistance of a bolometer, for different bias currents as a function c
temperaturel, where(a) T is the bath(substratgtemperaturely; (b) T is

the membrane temperature given By=To+I°RIG, with G=18 [ 5. (a) Noise spectrum afo=89.5 K, |=17.8 mA, R=1.89 K2. Fur-
X107° WIK. thermore dR/dT=11.0 KUK, L,=0.19, and|S|=8.4 kV/W at w=1/r
[Eg. (4)]. Also shown are the calculated spectra of the phonon noise and
Johnson noise, a fitted fLhoise spectrum and the noise of measurement
must be related to for instance grain boundaries and inhomasetup, and their orthogonal sutti) Corresponding frequency spectrum of

geneities in the high=, film. The results of five bolometers the (electrica) NEP. The bump around 0.7 Hz is ggnerated py the' measure-
are summarized in Table I. We will focus on the perfor- ment setup. Thg inset shows the NERwat 1/7 for different bias points in
. . the R(T) transition.

mance of the bolometers with the lowest hoise level.

The resistance versus temperature for different bias cur-
rents of a bolometeiNo. 4, Table } with a 3X3 mn? mem-  non noise and Johnson noise which are calculated with Egs.
brane and a GBCO meander with a length of 17 mm and &7) and(9) are shown. It can be seen that between about 0.2
width of 25 um is shown in Fig. 4. In Fig. @) the tempera- and 3 Hz the measured spectrum is fully dominated by the
ture T, of the substrate is plotted. In Fig(l} the tempera- phonon noise.
ture has been corrected for the temperature rise of the mem- The corresponding electrical NEP{=V\(f )/|S(f )|
brane due to resistive heatin§=T,+1?R/G, whereG is is plotted in Fig. %b). Between 0.2 and 3 Hz the NEP is
the fitted value of the thermal conductance for which Fhe about 2.9 pW/HZ? which is almost equal to NEREQ. (6)].
—T curves coincide. In this way a value & equal to 1.8 In the inset it is shown that the NEP is approximately con-
x10"° W/K has been determined. The time constant stant over a broad range of bias points in the superconduct-
=C/G is 95 ms. This value is calculated from the measuredng transition. A further discussion of the temperature depen-
effective rise timer,=7/(1—L,) of the bolometer response dence follows in Sec. V C.
to an on-off switching LED. The bolometer efficiencies for wavelengths between 70

By subtracting the thermal conductivity of the 0.32n  and 200um of some bolometers with different gold black
Si  layer underneath the contact leadgwith absorption layers have been measured. In Fig. 6 the effective
k~10 W/cm K!8) a thermal conductivity for the S, of  efficiency # is plotted versus the thickness of the absorption
about 0.030 W/cm K is estimated. At the temperature wherdayer. » is calculated as the ratio of the measured dc respon-
dR/dT is maximal, the temperature coefficient of resistancesivity AV/AP,,qand the calculated responsivitg| at w=0
ais 2.5 K'! and the resistivity is 50 uQ) cm. The critical  [Eq. (4)].
current density of the superconductor measured before mem- For G, in the calculations ofS|, the thermal conductivi-
brane etching is about x310° A/lcm? at 77 K. These are ties between meander and heat giind., the rim of the mem-
typical values for good quality YB&u;O,;_5 (YBCO) or  brang have been used as obtained with fitsROT) data
GBCO films. taken at different electrical power levdlsee Figs. &) and

Voltage noise spectrdly(f ) of the detector have been 4(b)]. These values are not influenced by the deposition of
measured for different bias currents and different temperathe gold black layers. However, the optical power is ab-
tures in the superconducting transition region. A typicalsorbed over a larger ardwith diameterd,=1.1 mm) than
spectrum is shown in Fig.(8). Also, the spectra of the pho- the electrical power d,,=0.9 mm), so that the effective
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90 dence between 0 and/2, with a 2 sing cos¢ weight func-

80 I tion.

20 From the time constants of the bolometers before and

| after deposition of the gold black it could be determined that

<y 60 the specific heat of the black is only 6 mJfcka This cor-
: 50 I responds with a filling fraction of 0.3%. The total heat ca-

40 [ pacity of a 1.1 mm diameter absorber with 2 thickness

30 F is only 1.4< 10" 7 J/K.

20 I

10 V. DISCUSSION

0 10 20 30 40

thickness (um) A. Influence of SON layer type

SON substrates made according to both routes in Fig. 2
have been used for the production of the bolometers. Mea-
FIG. 6. Observed bolometer efficienciggtriangles vs the thickness of the both bol P d indi |
gold black absorption layer. The solid circles are the corresponding rea$wements. on o.t - OmeFer WPeS 0. not indicate a clear
absorption efficiencie; obtained by correcting for the larg@ between  difference in quality of the higf-; film. This means that the
absorber and substrate than between meander and substrate. The curves@mgstal defects caused by the boron implantation do not in-
the calculated absorption efficiencies of the complete bolometer SandWidﬁuence the epitaxial arowth of the hidh- film. The onl
Solid line: calculated for a conductivity of the gold black of 30@ ~*m™; diff b tp thgt bol i gthc ' be f y di
dashed lineor=1000Q"tmL. Iiference petween the two bolometer types can be oun n
the heat conductance. The route 1 SON layer contains a
highly boron doped silicon layer, which has a lower thermal
conductivity than the low doped Si top layer of the SOI

wafer.
thermal conductivity for the optical measurements is differ-

ent from the electrical one. So, the effective optical effi-
ciency n has to be corrected by a factor Difl,,)/In(D/dy),
with D the outer diameter of a circular membrane with the  The transition temperatures of both bolometers on a 3
same area as the square bolometer membrane, in order to geB mn? membrane are about 1.5 K higher than the typical
the optical efficiencyn of the gold black. The resulting ab- transition temperatures of bolometers ox 2mn? mem-
sorption efficiencied; are plotted in the same figut2. branes. It was also observed that the critical temperatures

It is seen that above a gold black thickness of about 2%efore membrane etching, with the GBCO thermometer still
um the efficiency saturates near 83%. This is in good agreepositioned on a solid substrate, and after, when it is posi-
ment with the reflectivity of 10%—-20% at §am wavelength  tioned on a thin membrane, are different: after etchinglthe
obtained with separate measurements of the diffuse reflectivs abou 1 K higher. Both observations suggest that as a
ity of gold black layers deposited on reflecting metal sub-result of the membrane etching there is some relaxation of
strates. the tensile stress in the meander which is caused by the dif-

Also shown are the calculated absorption efficiencies foferences in thermal expansion between the GBCO film and
two values of the electrical conductivity of the gold black. the Si substrate. Consequently increases. The increase is
These two valuego=100 ando=300"'m™) are the surprisingly large: values around 0.4 K/GPa are reported for
extreme values of the measured conductivities of separate pressure dependend&,/dP of YBa,Cu;O,_; films (at
test samples. A reasonable agreement is seen between thebient pressure and<05<0.1 22 while the calculated ten-
determined absorption efficiencies and the calculated curvsile stress in an YBCO film on a silicon substrate is only 0.9
for c=3000Q 1 m™L GPaZ

In the calculations the bolometer is modeled as a
multilayer consisting of §N, (thickness 620 ninwith a
complex index of refraction=22° covered for 45% with Si
(320 nm,n=23.5 and GBCO(60 nm,n=20+i30), and for From fits to the measured noise spedifig. 5a)] we
55% with high Ohmic GBCO(60 nm, estimationn=3). have determined the Hooge parametgy of several
These fractions take account of the patterning of the silicosamples. In Fig. 7 the Hooge parametetgT) of two bo-
and the superconductofneglecting diffraction near the lometers E=2.5x10 8 cm®) are plotted versus(T). For
edges. The refractive index of the superconducting GBCO isreference the data of a typical GBCO meander on a solid Si
found as a fit parameter for the absorption without goldsubstrate are showifEE 3.5 108 cm®). An arbitrary value
black. The GBCO layers are covered by P{Q00 nm,n  of 2x10%* cm 3 was used for the charge carrier density
=3.5+i1.5 (Ref. 21)] and gold black. The refractive index in Eqg. (13).
of the gold black layer was calculated with the effective di-  The determined Hooge parameteyy of the GBCO
electric function given by Becker with substitution of the films are consistent with the values found in literature of
measured electrical conductivity of the gold bldckanly  high quality films® The measured increase of, with « can
specular reflection is considered. To take account of the Winbe compared with for instance the relatippe ? predicted
ston cone optics we have integrated over all angles of inciby the thermal fluctuation model of Voss and Clafke.

B. Stress relief

C. Temperature dependence of noise
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contact leads from the meander structure to the bond pads,
and the supporting silicon nitride membrafalso G~9
v X 108 W/K). The contribution from the silicon depends on
both the size of the beams and the electrical conductivity of
the silicon used.
By using higher doped Si and making the leads thinner
v Al o and less wide a reduction o6Gg; down to about 6
X 10”7 W/K seems feasible. The contribution from the sili-
- © con nitride can be reduced by patterning the membrane, thus
obtaining a smaller membrane, suspended by narrow beams.
Therefore experiments are started to produce free-standing
suspension structures. Structures with 16 silicon nitride legs
107 2 3 4 100 2 3 4 10 of 10 um width and 1.5 mm length have already been made.
a (K1 The expectedSg; is about 3.X 10’ W/K so that the total
G is about X 10~ W/K and the NEP around 0.7 pW/MZ
FIG. 7. Determined Hooge parameterg(T) vs «(T) of different samples The cost for the reduced NEP is a large time constant of
(Table ). Circles: bolometer 1; solid triangles: bolometer 4; open triangles:about 2 s. By making use of voltage bias with large electro-
GBCO fiIm_on solid substratei solid squares: Pr doped YBCO film with thermal feedback this time constant can potentially be re-
Za;;c}of’bgrlfr?efgcluslgﬁj aﬂﬂ"éillvﬂiir%l"s%“e; oise arfdridise are g ced by a factor % Lo [Eq. (5)] while keeping the NEP the
same'! Using a bath temperature of 50 K we estimate a
possible reduction fim 2 s toabout 50 ms. To reach the
For both bolometers the lines are shown which corretequired low noise level with current readout probably a
spond to the ratioy, /@? where phonon and fi/noise are  (high-T.) SQUID current amplifier is necessary.
equal[Eq. (15), with T~T_]. It follows that in both cases
there is a rather wide range énor a temperature range in the g gapility
superconducting transition where thef Idoise is smaller ) .
than the phonon noise. Several experiments have been done to test the stability
Also, the data are shown of a,¥Pr, s88,Cus0;_ 5 me- of the bolometers. Some bolometers have been repeatedly
ander withT.=40 K which we prepared on a Si substrate cycled b_etween room temperature and 80 K. After cyc_lmg no
(E=3.5x10 8 cmP). This film is investigated because at 40 change in properties was seen. Also a bolometer which was
K, which is still in the range of Stirling cycle cryocoolers, 'émeasured after 6 months of storage showed no change in
the detector will be faster due to a redud@dthe thermal ~Performance. Vibrating a gold black absorber at 3Qtpr 2
conductivity of the involved materials stays approximatelyMinutes (white spectrum between 100 and 300 Hz, with
constan, and the phonon noise will be reduced proportion-Main resonance peak'at 2050)Hed no effect on the re.flec-
ally with T. tivity (~14%). Vlbratlng a bolometer_ at 10.g for_ 2 min-
As far as we know there are no reports in literature ontt€s had no effect on i(T,1) and noise properties.
the Hooge parameters of doped YBCO films with reduced
T.. Given the sharp transition of the doped film, with VI. CONCLUSION
=1.3K ! and p=30 Q) cm at the temperature where
dR/dT is maximum, we assume that the Hooge parameter§iIiC
here determined are typical for epitaxial and homogeneou
Y 0.6P1o.4BaCus0,_ 5 films. The optimum ratioy, / a? equals
14 K2, Substitution in Eq.(15) yields E/C>1.0 cn? K/J.
For the investigated bolometer design a reduction of the he
capacity by a factor 3 is expected when cooling down from
90 to 40 K. This givesE/C~0.08 cniK/J which is too
small, so that the bolometer will be dominated by thé 1/
noise. Only in detectors with a lower heat capacity, for in-

T TTTTI

TTT T

T 1T

We have shown that higi; bolometers can be made on
on nitride membranes with an output noise level which is
dominated by the fundamental phonon noise. For frequencies
between 0.2 and 3 Hz the achieved electrical NEP of
.9 pW/HZ"?is equal to the theoretical minimum determined
the phonon noise of the thermal conductarige 1.8
x10° W/K between the higiF, thermometer and heat
sink.
We have shown that an optical efficiency in the far-
) T e : infrared around 83% can be obtained by depositing a gold
stance with an air bridge desigrit might be possible to black absorption layer on top of the bolometer membrane.

come close to the phonqn noise limit. This would enable A he minimal required thickness of the gold black is about 25
increase of the speed with a factor 3 and a decrease of the

) . . ) pm. The filling fraction of the layer is 0.3%.
glfpzdvﬁﬁ%iviﬁc_ﬁoiiob% replacing the YBCO film with a The lowest measured optical NEPr=115 ms) is
CN .

5.5 pW/HZ?2 which corresponds with a detectivifp* of

1.8x 10 cm HZ%W. In this particular bolometer 1/and

phonon noise are approximately equal. With a gold black
The measured NEP is dominated by the phonon noisegbsorption layer deposited on a3 mn? bolometer with

which scales withG? [Eq. (6)]. In the investigated design negligible 1f noise an optical NEP of 4.1 pW/HZ andD*

the two most important sources for this heat conductance amef 2.4x 10'° cm HZ/%W are expected. The time constant is

the silicon leads G~9x 10" ® W/K) present underneath the approximately 100 ms. For a bolometer with & 2 mn?

D. Reduction of heat conductance
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