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An antenna-coupled bolometer with an integrated microstrip
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We describe the fabrication and testing of antenna-coupled superconducting transition-edge
bolometers for use at millimeter wavelengths. The design uses a double-slot dipole antenna
connected to superconducting niobium microstrip. Band defining filters are implemented in the
microstrip, which is then terminated with a load resistor. The power dissipated in the load resistor
is measured by a superconducting transition-edge s€ii&f). The load resistor and TES are
thermally well connected and are supported by a silicon nitride substrate. The substrate is suspended
by four narrow silicon nitride legs for thermal isolation. The bolometers have been optically
characterized and the spectral response is presented. This detector is a prototype element for use in
an array designed for studies of the cosmic microwave background polarizat@d0%American
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Bolometers are the most sensitive broadband detectosngle chip. The signal from a broadband antenna can be
of millimeter wavelength radiation. They have been usedlivided into several bands and read out using separate bo-
with great success in observations of the cosmic microwavéometers. This configuration would provide the most efficient
background(CMB) temperature anisotropy. In this applica- use of focal plane space. Future bolometer arrays will push
tion, single bolometers have already reached the limit in serthe achievable field-of-view of millimeter wave telescopes.
sitivity set by the statistical arrival of background photons. Therefore, this gain in efficiency will be required to obtain
Arrays of detectors are therefore employed to increase ovethe maximum sensitivity for a large multicolor array.
all sensitivity, with current instruments operating at these =~ We have designed and fabricated antenna-coupled bo-
wavelengths using 10-100 bolometers. Because the CMEMeters with on-chip band defining filters as prototype pix-
polarization anisotropy is more than an order of magnitude®!s for a large bolometer array. Figure 1 is a photograph of
weaker than the temperature anisotropy, arrays d£1@ or the bolome_ter _ch|p. Our design uses a d_ouble—slot dipole
more pixels are needed to characterize the CMB polarizatiof@1tenn& which is resonant at 217 GHz. This antenna has a

Conventional millimeter wavelength photometers use d'€&rly symmetric beam and a dual-polarized version has
horn antenna to couple the incident radiation into an absord2€€n demor_mstratédA silicon hyperhemispherical |9F‘5?S
ing film on a bolometer. Antenna-coupled bolometetgse  used to provide a better match to typical telescope optics and

a planar antenna to couple the radiation into a transmissioﬁ) suppress substrate mode;. This llen.s/antenna combma’qon
line, which is then terminated by a load resistor. This ap- as been used successfully in applications such as coupling

proach integrates several optical elements onto the detectﬁ?d'at'on into SIS mixers.

chip, facilitating the use of large bolometer arrays. The an-__. The_ antenna f‘?ed.s nlobl_um microstrip with a silicon di-
oxide dielectric. Niobium microstrip can be very low loss

tenna defines an optical b?‘afn V.Vh'Ch can be eff'C'en.ﬂybelow 700 GHZ The microstrip impedance is 30 at the
coupled to the telescope, eliminating bulky and expensive ntenna for optimal impedance matching. A tapered micros-

feed horns. On-chip band defining filters can be constructeaip transforme? is then used to bring the microstrip to a

as part of the transmission line feeding the antenna in plac\%ider 10 Q line. This minimizes the effect of small varia-

of the stand-alone quasioptical filters typically used. Plana[ionS in line width caused by errors in the fabrication pro-
antennas are typically sensitive to polarization, which is ang

other advantage in applications where polarization informa-

tion is useful. Another powerful feature of planar antenna-y,er which the bolometer is sensitive. We chose a well

coupled bolometers is the potential for multicolor pixels on & nqwn bandpass filter topology using quarter wavelength
shorted stub due to its conceptual simplicity and because
¥Electronic mail: mmyers@cosmology.berkeley.edu the required microstrip impedances were easily realizable

We use microstrip filters to define the frequency band
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sputter deposited to form a ground plane. The niobium was
patterned to form the slot antenna using a 10:1 reduction
LR R ; wafer stepper, which was used for all lithography steps. The
111 ) T
J layer was etched using a reactive ion e(BHE) system and

L =
111 =S

M ER a CF, based plasma. A 0.am SiO, dielectric layer was

deposited in a plasma enhanced chemical vapor deposition
A5 (d) (a) system. It was patterned and etched in the same RIE system
k using a different etch recipe. A 0m niobium layer was

ol deposited, patterned, and etched as before to create the mi-
. crostrip layer and the bias lines for the TES.

A 40 nm aluminum/80 nm titanium bilayer was depos-

WG ited in a single vacuum step to form the TES and the resistor
which terminates the microstrip. A sputter etch was neces-
sary immediately before deposition to remove the native nio-

(C) 0-4GI (b) bium oxide. The patterned bilayer was etched using g SF

[0

plasma to remove the titanium, followed by a commercial
wet aluminum etch. The aluminum etch does not attack the
niobium or SiQ beneath the bilayer. With the electrical com-
ponents complete, the silicon nitride suspensions were pat-
terned. The silicon nitride was etched using g Slasma and

FIG. 1. Image of an antenna-coupled bolometer chip with four test pixelsthe wafer was diced. Individual chips were placed in a gas-

Labels indicate pixels wittia) no microstrip filters,(b) a microstrip band- " . .
pass filter,(c) microstrip bandpass and lowpass filters, &dddual polar- eous Xek to etch the exposed silicon, suspending the ni

ization antenna and microstrip bandpass and lowpass filietgestedl The tride..An O, plasma was used to strip the final layer of pho-
dark area on the right is the region in which silicon was removed to suspentoresist.

the bolometers. The devices were tested in a cryostat equipped with a
®He sorption cooler to achieve a 295 mK base temperature.

Light was admitted to the dewar through a Zotefoam

given our fabrication process. This filter design has a We"PPA-3dE’ window. A metal mesh filter and an alkali halide
defined passband, but the periodicity of the resonant 5”“% '

1 0 -
ture creates unwanted passbhands at odd integer multiples ﬁer blocked light above 540 GHz and a 1.3% neutral den

i . ) § y filter prevented 300 K radiation from saturating the de-
the design frequency. Astepped—|mpedance lowpass filter vice. A TPX plastic lens reimaged the detector focus at the
used to remove the higher frequency bands.

The filters were initially modeled as idealized transmis-WindOW’ minimizing the required size of the window and
L ; y 1o . . filters. A room temperature current source and a cold 2D m
sion line elements in MMICA[’}, which is a linear transmis-

. . o . . shunt resistor were used to voltage bias the detector. A Quan-
sion line circuit simulator. The actual microstrip geometry

for the filter elements was generated using these results ar%m Design SQUID current amplifier and model 550 control-

. - . . ler were used to measure the current.
published models of superconducting mlcros’tﬁﬂ'.he per- Several devices were electrically tested and found to op-
formance of the microstrip filters was then verified in y P

Sonnet*® which is a full wave electromagnetic simulator. erate as expected. Typl)(i)cal device paramg’gers were a thermal
The effect of the niobium’s superconductivity was includedConducv’mc‘ﬁ_9>< 10" W/K and a transition temperature

in Sonnet as a surface impedari¢&xcellent agreement was Tc=450 mK. The optical time constant wag,<0.4 ms,

seen between the full wave simulation and the simpler line 0 sma]l to measure W'th. available opt|ca! choppers: The
model, indicating that the microstrip filter elements behav oad resistor could not be directly measured in the circuit. An
as neérly ideal transmission lines Identical test structure had a resistance ofE5ignificantly

The microstrip is terminated with a load resistor in good/igher than the 1@) needed for an optimal match. Simula-
thermal contact with a superconducting transition-edge serHoNS show that this should result in a decrease in efficiency
sor(TES). The TES, which is made of an aluminum/titanium of 30%. The deV'at'C_’” was caused by unde_rcuttlng durmg the
bilayer, measures the power dissipated in the resistoflUminum etch, vv_hlch can be corrected in future d_ewces.
The T¢ of the bilayer is easily tunable over the range of The bolometer noise was not measurable in the optical test

400-600 mK by varying the relative thicknesses of the metSyStém due to poor maiching to the Quantum Design
als. This range ofl¢ is optimal for use with &He sorption ~ SQUID. Similar devices fabricated using the same process
cooler. For convenience, the load resistor is made from th8ave shown the expected white current noise due to thermal
same material as the TES. Since the photons propagatirfyictuations from below 1 Hz to 100 Hz. For the reported
along the microstrip are of much higher energy than the gaglevices, the expected noise equivalent power is
energy of the bilayer, the material acts as a normal metat-10" W/Hz.
The load resistor and TES are located on a leg isolated sili- A Fourier transform spectrometdFTS was used to
con nitride substrate. This structure provides the thermal isoneasure the spectral response of the receiver. A detector with
lation needed for the required sensitivity. no microstrip filters showed the expected response peak at
The test devices were fabricated in the UC Berkeley Mi-the resonant frequency of the antenna. Fringing in the spec-
crolab in a monolithic process using standard microfabricatrum was seen with a spacing and peak to trough ratio con-
tion techniques. A Jum layer of low stress silicon nitride sistent with the expected standing waves on the microstrip
was deposited on a 100 mm silicon wafer using low pressuréine caused by the known impedance mismatch at the load

chemical vapor deposition. A 0,8m layer of niobium was resistor.
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02 ' source of the discrepancy. The theoretical receiver efficiency

i | can be increased by a factor of two by applying an antire-
_ 0150 bandpass/lowpass 1 flection coating to the silicon lens and correcting the mis-
© 041 : : ; matched load resistor. With the currently demonstrated per-
2 0.05} I . formance, these two corrections would result in a receiver
= Ok PN . . . efficiency competitive with typical systems in use.
Y ' L ' ' ' The test pixel design will be used as the basis for a
< 02y ' ' | bolometer array for a ground based CMB polarization ex-
8 0.15¢ ! ! bandpass only 1 periment. Since each pixel has a single band, a heterogenous
S:’ 0.1 | | array will be used to observe in multiple frequency bands.
0.05} | . ] Pixe[s for diffe_rent bands can be constructed by simply geo-
ok L Nas W o™ | ‘r‘ne,tncally“ scaling the gntenr_la_ and f||t_e_rs. The design uses a
100 200 300 400 500 600 70 fly's eye” lens arrayl, providing a silicon lens for each

antenna. Individual silicon lenses can be antireflection coated

Frequency (GHz) as in the single pixel case.

FIG. 2. Measured receiver efficiency for two antenna-coupled bolometers . P .
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filters. Bottom: device with microstrip bandpass filter. The dashed linestance in the fabrication of the devices described here. All
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