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Design Method for Improving Sensitivity of Film-type Level Sensors

Byeongkon Kim'"

and Sookwan Jang'

Abstract

To increase the sensitivity of film-type level sensors for water-level measurements, a Wheatstone bridge comprising a half-bridge cir-
cuit with a new film-type level sensor design containing four resistors and two electrodes was employed. The proposed film-type level

sensor included a temperature compensation feature and demonstrated improved sensitivity owing to a two-fold increase in the voltage
output. Furthermore, a repetition error of less than 1.0% was observed for water levels. As the change in resistance varied linearly with
the water level, a linear function was derived to represent their relation. Using this derived formula, water level measurements that were
twice as precise as those yielded by commercial products were achieved.
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Fig. 1. Shape of an image under water pressure when the film-type
level sensor is submerged.
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Fig. 2. Electrode pattern and circuit diagram of a conventional film-
type level sensor.
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Fig. 3. Improved film-type level sensor involving Wheatstone bridge
circuit.

Table 1. Comparison of circuits between conventional and improved
film-type level sensors.

Conventional
(Fig. 2)
Voltage divider

Improved
(Fig. 3)
Wheatstone bridge

Level Sensor

Method

R, R3
— or RiRR,=R,R
R, R, 4 213

R, Ve=

Formula Vow= in
(R, + Rz)
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Fig. 4. Piezoresistive pastes that exhibit resistance changes due to
external force and the process of making them.
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Sensor Candidates

Evaluating Properties

Fig. 5. Example of the process from mixture compositions to eval-
uations.
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Fig. 6. The relationship between applied force (or pressure) and con-
ductance of sensor materials.
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Fig. 7. A schematic diagram of the configuration of the improved
film-type level sensors.

R, R, R; R,

Fig. 8. Electrode connections forming the Wheatstone bridge circuit
in the improved film-type level sensors.
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Fig. 9. Description of a state where the resistive components and
electrode components are laminated in contact with each
other.
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Fig. 10. Steps from the fabrication to the evaluation of the improved
film-type level sensors.
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Fig. 11. Illustration representing a repeat test of the improved film-
type level sensors.

0.08 mm F7|¢] PE/PP A de] EFBEL ZHPS 183l
A FEE EREEIAAL, At 94401] Thol= &2 FAs)

of Q12 0 B4 BN o] FALES Sk e

WeolsEs <13 SfElate) IS RS S, el
O3 AT E A2 FAIBIAL o2 78-S Fig. 100 FERASACE.

Aolo] thgk ' o] & gelatr] flsi A 28x150%0.36,
28x180%0.363 28x210%x0.36 (WXLxT, mm)2] 3%<] 253 2|
WA E A2, Aot Adglo] Feetell tigk Ae) wish
E_/\-lo] E%%}-Q :6:]-0]3].0:11;]_

& Wil e Aot 555 F 3|2 AdE A
asm QA A= 87He crimpingstla, 79 54 Al €
& U9l 37] E50] d¥ste Hololl= gd
Ho|ZE AMS-31A] °-‘9kﬂr

ofdE 1 HolHE IS F U=F A2t 574 3] = (Sensing
board)el] PC2} USBHAIE HA3le] Alg)d A4S 51992, Al
Ale] B2 U gE F9lolA o] A dke S48tk JW}E Al
S

Fig. 113} 7+o] &%) L1 (50 mm)Z L2 (100 mm)2] %l o]

= crimping%t



Design Method for Improving Sensitivity of Film-type Level Sensors

1200

1000

800

Resistance (Ohm)

600

400

60 90
Water Level (mm)

120 150

Fig. 12. Characteristics of R, and R; resistances in the improved
film-type level sensors.
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