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Abstract: This paper proposes a thermal peripheral blood flowmeter integrated with a force sensor that is capable of
contact force compensation. We fabricate this blood flowmeter using a nickel RTD (resistance temperature detector)
and piezoresistive force sensor by using microfabrication technology. In an experiment, we obtained a decreasing trend
for the blood flow under an increasing contact force with a linear tendency of 31.7%/N. We then performed a
compensation process based on this obtained trend. As a result, the maximum variance in the blood flow at 1-3N was
9.8%. Thus we achieved consistent blood flow measurement independent of the contact force. In this work, we
verified that the thermal blood flowmeter integrated with a force sensor has the ability to accurately measure the blood
flow independent of the contact force.
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Fig. 1 Schematic view of the present device: (a) cross
sectional view with fingertip contact; (b) top view
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Fig. 2 Overall process of the Heat-washout method for
blood flow measurement: (a) diagram of the skin
temperature against the time during heating and
cooling; (b) obtained straight line by transforming
the Y-axis into semi-logarithmic scale. Slope of the
straight line indicates the blood flow parameter
which is proportional to the peripheral blood flow at
the skin
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Boron doped resistor Table 1 Designed and measured dimensions of the
present blood flowmeter
= Membrane = _ _
Touch region Characteristics Designed Fabricated
Touch width &length, w, 15mm 14.6+0.1mm
@ region Thickness, t 300um | 279.3+0.9um
- Blood Width & Length, I 50mm | 5.10£0.05mm
, flowsenor | patern Width, wy 150 pum | 146.5+3.1um
Finger
~ Membrane thickness, t, 50 um 66.3£1.6um
Force Membrane width, wy, 1.5mm 1.55+0.02mm
sensor Piezoresistor width, w;, 10 um 14.6£1.7um
b
®) Piezoresistor length, 1, 200 pm 208.8+2.0um
Fig. 3 Working principle of the contact force detection
using piezoresistive method: (a) structure of the
force sensor; (b) force sensor with the finger
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Fig. 5 Fabrication process of the present device showing
the cross-sectional view: (a) Starting wafer; (b)
Thermal oxidation; (c¢) Oxide etching; (d) Boron
doping; (e) Ti/Au deposition & etching; (f) Cr/Ni
deposition & etching; (g) Oxide etching & Si
bulkmicromachining(1); (h) Oxide etching & Si
bulkmicromachining(2)
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Fig. 6 Fabricated device: (a) Front side and back side of
the blood flowmeter; (b) Nickel patterned for
RTD&heater; (c) piezoresistors arranged
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Fig. 8 Obtained blood flow measured by the present
device compared to LDF method (BF,.casurea VS-
BF;pr) where A.U. is the arbitrary unit, and the »
is the correlation coefficient obtained by using
the method of least squares
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Fig. 9 The relative blood flow measured by the LDF
depending on the contact force, where the
relative blood flow is the ratio of the blood flow
compared to the value of the reference blood

flow at 1IN
Without With

lﬂzgeference ® compensation @ compensation
. .
i 17
T 08 -
= 3
2§06
§§04~
£ 02+

0

2

Contact force, F [N]

Fig. 10 Blood flow measured by the present device at
three different contact force of 1~3N without
and with the contact force compensation process
compared to LDF method at IN
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