Wavelength tuning of an antenna-coupled infrared microbolometer
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Wavelength tuning is demonstrated in an antenna-coupled infrared microbolometer. With a 300-mV
control voltage, we observed a tuning range of Qubnear 10um. A metal-oxide-semiconductor
capacitor underneath the antenna arms causes the shift of resonance wavelength with applied
voltage. We develop a device model that agrees with measured re8@04 American Vacuum
Society.[DOI: 10.1116/1.1813465

[. INTRODUCTION =1.7 um, cross arm widtta=0.385um, distance from con-

Conventional bolometers have long been used as therm#ct to feed poind=0.95um. The thickness of the sput-
detectors for infraredIR) radiation, using the change of re- tered SiQ insulator layer is 25 nm, and the substrate is 8000
sistance with an increase in the temperature. In the case &hm-cmp-type Si withN,=4x 10" cm.
antenna-coupled microbolometérs,incident radiation in- A transmission-line model was developed for the antenna
duces IR-frequency current waves in the arms of the antenn@nd MOS-capacitor combination. The MOS capacitor acts as
which are dissipated in the subwavelength-sized bolometef Varacto(Cp,, in series with the antenna capacitaiie
One of the main advantages of antenna coupling of IR senlheir equivalent capacitandg,, is in parallel with the an-
sors is that their polarizatidrand wavelength responses can tenna inductance, and the fringe-field capacitan&. The
be electrically tuned by control of the current waves propaJesonance frequendy,) for the antenna is given by
gating on the antenna arms. In this article, we present the 1
first demonstration of wavelength tuning in an antenna- f,=——F——.
coupled infrared microbolometer. The tuning mechanism is 2m\L{(Ceq+ Cr)
derived from a metal-oxide-semiconduct®OS) capacitor  we modelC,,as a function of voltage using an exact-charge
underneath the arms of the antenna. Controlling the capacistribution model
tance of this MOS capacitor by a small dc voltage modifies

1

the electrical length of the antenna, thus tuning the free-space Coq= L, 2)
resonant wavelength. K L <8Si02Weff)
+ —_—
8Sih

II. DEVICE MODEL

A cross section of the device along with its equivalentwhere Wy is the effective width of the depletion region,
circuit is shown in Fig. 1, with full length of the antenha given by

f
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wherel is the intrinsic Debye length, Equation(2) for C.4can then be evaluated, knowiy of
oo KT the microstrip dipole antenna, which can be found using
LD = S|—° (4)
V' 2¢n _ 2o8,ab —2(7T_d)
Ca 2h cos b/ 9

in which n;=1x10% cm2 is the intrinsic concentration of
Si. We use the intrinsic and Fermi energies in the Si to findyhere the average relative permittivit;) of the substrate is

the surface potential calculated as
E;(bulk) - E;(surface e
Ug= 5 €si0,€5s
s e (5) g = —2 2 (10)
€sio, t &s;i

and the doping parameter
The inductancé , of the antenna can be calculated from Eq.

E.(bulk) - Er
Upg=—""—-—"7-". 6 (1) as
F KT (6) )
With the definition of the function L= 2c_ (11
0 Cqq

— [2Ur( U _ Ur(aUs— 1] —
FUsUp) = VeTr(eT s+ Us— D +er(es-Us=1). (7) For calculation of the fringe-field capacitan€s, we con-

Since we are using an exact charge distribution model, theider that the microstrip has electrical dimensions greater
capacitance cannot be expressed as a function of the appli¢ihn its physical dimensions. For the antenna shown in Fig.
voltage. However both variables are relatedJtg therefore 1, the fringing affects the cross-arm widéhof the dipole.

the capacitance expected for a given applied voltage includFhe difference is found &s

ing the metal-semiconductor work function difference can be

found using Aa=0. 412h( +0.3(2+0.269 (12
(e,-0.259(2+0.8)°
kT ~ ESih NA Eg
Vo= Us+Us F(UgUg) + ¢ay—In| — | = , . -
o} SSiOZLD n 2 Now C; can be found, where,=10.45um is the initial
) measured resonant wavelength, using
- . . . 0.016 68¢, [ Aa\[ a
whereUg=1 if Ug>0 and -1 ifUg<0, and¢,,=0.7 eV is Ci=— N (13
the work function for Gold, an&y=1.1 V) is the band-gap @ Ar
energy of Si. Using Eq.(1), with results from Eqs(2), (11), and(13),

allows us to find the free-space resonant waveler@th

Author to whom correspondence should be addressed:; electronic maizC/ ) of the IR MOS tuner as function _Of gpplied VOltag_e
Michael A_Gritz@raytheon.com V. The results of this model are shown in Fig. 2, along with
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€ 100 correct for any stage drift when moving from field to field.
;_'. f\ Gold was used for the dipole antenna arms with niobium as
D 1038 |- /. '\ the bolometer.
S / . X We fabricated the MOS capacitor with 25 nm of sputtered
& 107 {---- o ma@ { SiO, on top of ap-type Si substrate, with a dipole antenna
,;_, S \ with a full antenna length of 1.iam. The dipole antenna-
g 106 led microbol fabricated f a three-
g \ coupled microbolometer was fabricated on top of a three
§ 10.5 / A inch Si wafer with a resistivity of 80002 cm (Np=4
g 4 1 a3 ; ;
4 * N X 10' cm™3). The width of the antenna arms fabricated was
i 385 nm. A scanning election microscofyEM) micrograph
04 -02 0.0 02 04 of one of the devices fabricated is shown in Fig. 3.
Vg + Voits We used a tunable GQaser with emission from 9.28 to

_ 10.78um in discrete lines. The laser was focused by a F/1
Fic. 2. Comparison of model and measured data for the wavelength-tuned .. . o .
antenna. optical train. The laser polarization was linear and was ro-

tated by means of a half wave plate. The bolometer under

test was placed at the focus of the beam. The position of the

. . vice was adjusted for the best response by using motorized
measured values. When the dey Ice was biased _beyond 1§§'ﬂges with submicron accuracy. The beam was modulated
mV, the resonance of the device begins to shift toward§N

ith a chopper at a frequency of 2.5 kHz. The modulated
shorter wavelengths. signal was read with a lock in amplifier after a 10
X preamplification. For the device under test, the maximum
Il FABRICATION AND RESULTS signal Vpax was obtaineq f_or the polarization parallel to the
antenna axis and the minimum sign4y,, for the cross po-
The IR MOS tuners were fabricated at the Cornell NanoSH{arization. The polarization dependent signal is defined as
cale Facility using a Cambridge/Leica EBMF 10.5 e-beamAV=V,,.,—Vmin- The polarization dependant signal and the
lithography system. Figure 3 shows a block diagram of thgpower on the detector were measured for each wavelength.
fabrication used. Both local and global alignment marksThe power fluctuation from the laser output for each wave-
were then written using a bilayer of pgiyethylmethacrylate length was removed from the measured signal by normaliza-
and methacrylic acid (PMMA-MAA) and polymethyl-  tion of the polarization signglolts] to the measured power
methacrylatg(PMMA) in a liftoff process. The global marks [wattg on the detector.
were used to correct for any rotation errors while loading the The bolometer under test was biased with both positive
substrates into the chuck, while the local marks were used t@epletion modgand negative voltaggsccumulation mode

Fic. 3. SEM micrograph of 1.gm di-
pole antenna-coupled microbolometer
IR MOS tuner.

3 .00kV
Infrared

JVST B - Microelectronics and  Nanometer Structures



3136 Gritz et al.: Wavelength tuning of an antenna-coupled IR 3136

and placed at the focus of the beam. The device was firdbwer doping concentrations. Our device was thus fabricated
measured with a bias of =100 mV. Then the device bias wawith an oxide layer of 25 nm and a substrate resistivity of
changed to a positive bias, which was adjusted in 50 m\8000() cm.

increments up to 200 mV._ The dlscrete-lln_e result_s of e.adACKNOWLEDGMENTS

measurement were then fitted to a Gaussian profile using'a__ " ,

least-squares fit in order to find the precise resonance of the ' NS Work was performed in part at the Cornell Nanofab-

dipole antenna at each biasing voltage. These data for rescation facility (a2 member of the National Nanofabrication

nance wavelength as a function of bias voltage are seen iHS€rs Network which is supported by the National Science
Fig. 2. Foundation under Grant No. ECS—9731293, Cornell Uni-

versity, and industrial affiliates. This material is based upon
research supported by NASA Grant No. NAG5—10308.
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