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We fabricated a thermoelectric far-infrared sensor with a
subwavelength structured (SWS) absorber. The SWS effectively
reduces surface reflection loss over a wide spectral region and
enhances the absorptivity. We experimentally observed that the
infrared sensor with the SWS absorber had about 20 % higher
responsivity than that with the flat surface absorber.

An infrared sensor is an extremely useful means of human body
detection and non-contact thermometry because it can detect the
presence of a person even at night without any illumination.

The wavelength of infrared radiation emitted by the human
body lies in the far-infrared spectral region around 10 pm. It
requires some ingenuity to detect infrared radiation because of its
extremely low energy level compared with that of visible light. We
have been developing a high performance and low-cost infrared
sensor with a structure and materials compatible with the
conventional CMOS process.

The design approach of the SWS absorber is based on a
differential method that is called finite difference time domain
method (FDTD).

Fig. 1 (a) shows the infrared sensor with the SWS absorber. Fig.
1 (b) shows that with the flat surface absorber. The size of the
sensor, the absorber, and the region of the SWS are set at 100 um
x 100 pm, 75 pum x 75 pm and 55 pm x 55 pm, respectively. The
SWS absorber in Fig. 1 (a) consists of dots with pitch W = 4.0
um, dot size d =2.5 pm and dot height h = 1.9 pm. Both absorbers
are made of SiO2 and SiN. Fig. 2 shows the cross sectional views
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(b) The flat surface absorber

Fig. 1. Micrographs of the fabricated infrared sensors.

(Oki Semiconductor Miyazaki Co., Ltd., arakawa246@mzk.okisemi.com)

of the SWS absorber and the flat surface absorber.

The absorber is thermally isolated from the Si substrate. Two L
type beams including thermopiles support the absorber. The
thermopiles are made of p-type or n-type polysilicons. When
infrared radiation rises the temperature of the absorber, the
thermocouples convert its temperature rise into electricity.

Fig. 3 shows the measured absorption properties. In the range of
8-13 um wavelength, suitable for human body detection, the
average absorptivities of the SWS absorber and the flat surface
absorber were 81 % and 64 %, respectively.

The responsivities of the infrared sensor with the SWS absorber
and that with the flat surface absorber were 3900 V/W and 3100
V/W, respectively. We experimentally observed that the SWS
absorber improve the responsivity of the sensor by about 20 %
compared to the flat surface absorber.
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Fig. 2. Schematic cross sectional views.
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Fig. 3. Absorptivities of the SWS absorber and the flat

surface absorber. Dot period W = 4.0 um, dot size d =
2.5 pm and dot height h = 1.9 pm.
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A thermoelectric far-infrared sensor with a subwavelength structured (SWS) absorber is presented. The sensor has a low cost

potential because it is fabricated with the conventional CMOS manufacturing process and micromachining technology. To

increase the responsivity of the sensor, we have developed the SWS absorber that has high infrared absorptivity of more than

80 %. The sensor achieved high responsivity of 3,900 V/W. The sensor has external dimensions of 100 um x 100 um. The

fabricated SWS absorber has 4 um pitch and 1.9 um height. The SWS absorber effectively reduces surface reflection loss over a

wide spectral region and enhances the absorptivity. We observed that the sensor with the SWS absorber had 20 % higher

responsivity than that with the flat surfaced absorber.
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Fig. 1. Schematic diagrams of absorbers.
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Fig. 2. (a) Simulation model. (b) The calculated spectral

absorptivities for the flat surface (circle) and for the SWS
absorber (square) with pitch W = 4.0 um, dot size d = 2.0 um
and height h = 1.7 um. (c¢) The calculated absorptivity as a
function of pitch W. (d) The calculated absorptivity as a
function of height h. (e) The calculated absorptivity as a

function of dot size d.

Table 1. Design parameters for infrared absorbers.
Dot pitch Dot size Dot height
Sample
W (um) d (um) h (um)
No.1 4.0 2.5 1.7
No.2 4.0 2.0 1.7
No.3 4.0 1.5 1.7
No.4 Flat surface

Fig. 2 (o), JAH Wikt 2 IR DR 2~ 3, h=
1.7 um, d/W=05IZEEL, W % 2-16 um ¥ TEL X &%
WHEZRDTZ, W PN 22 21E ERINAHE 2, RXET
W =40 pmZRTEWILEIT % ThoTz, D4
OFRFTIEW=4.0 pm TFHFFL7=,

Fig. 2 (MIT, @& hiTkT 2 WINEOKEEEZRT, W=
40um, d=2.0pumIZFEEL, h#% 0525 pm £ TELSH
WINRERD -, AL, h=17m BT 97 %THh
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Fig. 4. Fabrication process.
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Fig. 5.
((a) The fabricated No. 1 infrared sensor. (b) Magnified view
of the SWS absorber (W = 4.0 um, d = 2.5 um and h = 1.9
um). (c¢) The fabricated No. 4 infrared sensor.)

Scanning electron micrographs with 45 deg tilted.
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