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OUTLINE

Parallel Plate Capacitors — Force/Position Sensor
Water Level Sensor

RC Oscillator

Capacitance to Analog to Digital Output
Resonant LC Wireless Capacitor Sensor
Bluetooth Wireless Capacitor Sensor
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’ CAPACITORS
Capacitor —
C =¢oeérArea/d where €0 i1s the permitivitty of free space
er 1s the relative permitivitty
Area 1s the overlap area of the two
conductor separated by distance d
| Area €0 = 8.85E-14 F/cm
l / | A/// erair =1
q er S10, = 3.9
T
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To use this spread sheet enter values in the white boxes. The rest of the sheet is protected and should not be

changed unless you are sure of the consequences. The results are displayed in the purple boges,

Capacitance of Two Parallel Plates | |
Capacitance = eper Areald C=| 3.43E-11JLF
&0 = Permitivitty of free space| £ 86E-14[Fiem
er = relative permitivitby = 2
Area = b21E+01| cm
number of pairs of plates, M = 1
distance between plates, d = 2000 prm
IF round plates, Diameter = 0] pm
IF rectangular plates, length = FEZE+04 | pm
IF rectangular plates, width = T E2E+04 | pm
Force Between Two Parallel Plates Force = B AE-07 | M
Electmfpltatit: Furlt:e= euerl.ﬁ.rea 'H"flzd.ﬁplie-:l 'l.l'::-ltage-. W= 10| wolt=
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CAPACITANCE BETWEEN TWO PLATES

Design and build capacitors made of two metal plates separated by a thin foam
insulator that can be compressed for various applied forces. Calculate
capacitance and measure capacitance, compare results to theoretical.

€r air < €r foam < €rrubber

l <erfoam< 3

i .i. .II
—
I

qr

Capacitance of two wires 3’ long
Capacitance of 27 x 27 plates 12” gap
Capacitance of 1 x 17 plates 14” gap
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CAPACITIVE FORCE SENSOR

Jr. s
Capamtw"eﬁ:e Sensor,..

%ﬁ% Fuller "
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LIQUID LEVEL CAPACITOR SENSOR

Calculate Capacitance,
37 x 37 p]ates ] ; !UU!U e W
1/32” gap f e ﬁ“i LK

o

Measure Capacitance
Immersed in Water
at2, 1, 1 Y2 and 27

er= ~80 for water
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CAPACITIVE WATER LEVEL SENSOR
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BISTABLE CIRCUIT WITH HYSTERESIS

4
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RC INTEGRATOR

Vin —AAN, Vout
R |

Vin _E Vout Smaller RC
+Va . ‘ ) L +Va
-Va | _‘ -Va

Vout = (-Va) + [2Va(1-eVRC)] for O<t<t1

If R=1MEG and C=10pF find RC=10us
so t1 might be ~20us

\
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OSCILLATOR (MULTIVIBRATOR)
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Bistable Circuit with Hysteresis and RC Integrator
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/ OSCILLIATOR OUTPUT

Agilent

CH2 00 /dive 100, Dus/div 1.00M5 ase Cl CH2 500y /div
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100.0usAdive
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1.2 Mohm No Force Applied C ~50pf 1.2 Mohm with Force Applied C~100pf
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CAPACITIVE SENSOR AND RC OSCILLATOR

~

N - WA
P'Capacitor Sensor [EIwE:

" RC (ﬁﬁator I
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RC Oscillator
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External Electronics

BASICIDEA
Resonant Frequency = wo = 1/(LC)%>
L
C
Antenna « . 2\
Short Distance
(few feet)
D I,
R —
fo=wo2x
~ MHz f
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INVESTIGATE RESONANT LC CIRCUIT

Network Analyzer
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PICKUP COIL CURRENT WITHOUT RESONANT CIRCUIT

REF LEWVEL S DIV MARKER 41 500 000.000HZ=
0.000dEm l10.000dB MAG (R -—6Z.626dBm
N
\\L’/

START O0.000HZz STOP 200 000 000.000HZ

\\ #%M/PJ;[:WD q:ﬁsj:‘sq 'nldem
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PICKUP COIL CURRENT WITH RESONANT CIRCUIT

~

Due to, fo = wo/2 7

EEF LEWETL S DIV MARKER 4 1 500 000 . 000H=
0. 000dBEBm lo.000dB MAG (R} - 561l .426cdBm

Resonant Frequency

wo = 1/(L.C)"-

A d |
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Z00M IN ON RESONANCE DUE TO LC

REF LEVEL /S DIV MARKER 11 53 37 500 .000H=
—22 .000dBm Z2.000dB MAG (R -34.388dBm
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RESONANT LC SENSOR FOR TEMPERATURE

BATMON
movie
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CAPACITANCE TO ANALOG VOLTAGE TO DIGITAL

__________________________________________________________________________________________________

Square Wave RC Peak Detector
Generator Integrator
C to Analog Voltage —
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I
I
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CAPACITOR SENSOR ELECTRONICS
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CAPACITANCE SENSOR AND SIGNAL CONDITIONING

papamter Pressure

Ivan Puchades
Ellen Sedlack
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/ ‘ BLUETOOTH WIRELESS CAPACITOR SENSOR \

—\ N\ — AR

Ye T 2.4kHz 5Hz _3V_ T
CTS = =
SCLK RCLK
e - BT: Serial Port Profile (RS232)
RX o/p i’p
RTS 9 8 7 6 B 4 8 5 10 - Packet Specification :
Baud rate: 2400
. Data bits: 8
7 ________ 6 SR S A ) 5Hz
‘iowzw RCLK Parity: None
RCO CCLR —04—
COLK | AR Stop bits: 1
e 1
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BLUETOOTH WIRELESS CAPACITOR SENSOR
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HOMEWORK - CAPACITOR SENSOR LAB \

Calculate the capacitance of the two parallel plate sensors with foam between
the plates.

Calculate the change in capacitance for a capacitive analog oil level sensor.
Calculate the capacitance for a silicondiode at 25, 50, 75, and 100°C.
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INSTRUCTORS NOTES: CAPACITOR SENSORS

~

QN E W=

Calculate the capacitance of a parallel plate capacitor.
Measure it.
Move the plate spacing, measure fit.
Measure height of water.
Build RC Oscillator for measuring C.
Other ways to measure Capacitance
6.1 Resonant Frequency
6.2 Peak Detector
6.3 Blue Tooth Wireless
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