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A Real Time Radio Frequency Field Imaging
for Detection of Impurities in Liquids
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Department of Electrical and Computer Engineering,
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Abstract: The objective of this paper was to detect of impurities in liquid materials. The application of
the technique to the assessment of single object and the appropriate starting material is discussed.
Basic theory will be used to show how the high frequency field imaging is transformed into a time
varying charge distribution at three transducer faces. It will also be shown that this gives a critical
assessment of the factors limiting the performance of this transducer. The donor density is assumed to
be variable of the coordinates. This transducer will be used as a radio frequency photo sensor device in
an optically scanning system, to improve the quality of imaging. This invention can detect accurately
the impurity contents of unknown object in refined metallurgical Grease liquids (such as glycerol and
glycerin). A digital signal processing technique is used to improve the quality of image. A digital
correction technique will be shown to offer a simple and convention means of eliminating the effects
of system non-uniformities. This technique is simple, low-cost and suitable for industrial applications.
Copyright © 2012 IFSA.

Keywords: Image processing and remote sensing.

1. Introduction

A radio frequency photo sensor device package having improved for capable to detect the impurities in
liquids. A major part of this work is concerned the design and manufacture of the electronics radio
frequency drive and signal processing circuits suitable to give output signals for both qualitative visual
images and quantitative records of data obtained from typical samples. In addition, some mechanical
design and fabrication of a suitable specimen chamber will be required, including the provision of an
optical 2-D laser scanning source and electronic display. A D.C. reverse bias can be produced across
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the photo sensor device by applying a radio frequency. This has been observed to be roughly
proportional to the amplitude of the applied radio frequency signal.

In previous work we have designed a theoretical model of RFT at two dominations and assuming the
charge distribution (donor density) is constant. In this paper a large area of high resistivity Ge Schottky
photodiode is specially fabricated as a transducer, it is called the High Frequency Transducer (HFT).
The semiconductor is the substrate of the HFT and can be divided into two regions [3]. Region I is the
depletion region between (x=0, x=d, y=0, y=r). Region II is the neutral region between (x=d, x=d+t,
y=r, y=r+s) and both of them are modulated by resistance capacitance (RC) network. For the analysis
of the semiconductor layer (i.e. Ge of high resistivity) with a high frequency field (such as Radio
Frequency and Microwave) of some volts, the under depletion approximation charge distribution N is
assumed function of the coordinates (x, y). The potential distribution in the depletion region of
Schottky barrier junction depends upon its spatial frequency k, the applied voltage, and the Ge
resistivity and permittivity.

2. Theoretical Modelling

We would have to solve the second order partial differential equation in three dimensions given
appropriate boundary conditions. However, since any distribution of high frequency potential or field
in y-dimension can be synthesized by means of an infinite sum of terms of different spatial frequency
k= 2m/As, we choose to find a specific solution for a single spatial frequency. The three dimensional
model shown in Fig. 1, will be used.

E o D z
X
t N
o
- U
®=V +V sink R
oV SNkz ()
HF -

Fig. 1. The 3-D model of High Frequency sensor device.

The applicable equations for the two regions containing electric fields are Poisson’s equation [4, 5] for
the depletion region;

D° (x,y,2) =c f(x, y) )
And Laplace’s equation [6] for the Neutral region:
O (x,y 2) =0, 2)

where ¢” and ¢" are the depletion and neutral potential respectively. A specific solution to equ.1 and
equ.2 can be obtained for a spatial frequency k respectively is:

dN(x, v, z) =C1 sinhk(x+y)/ V2 sinhkz + C2 (xy)?, (3)
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where [0 <x <d,0<y<r], and

dN(x, y 2) =C; [exp(k(x+y) /2) + exp(—k(x+y) /2) ] Sinhkz + Cs xy + C,

where d <x <t+d, r<y <r+s.

(4)

Cy, C,, C5 are the constants and C4, Cs, C¢ are the potential amplitudes. The following boundary

conditions are used to solve Eq.3 and Equ.4.

(i) ®° (x,y,2)=0,at x =0, and y= 0.
(i) ®° (d, 1, z) is continuous at x=d, y=r.
ie. @ (d,r,z)=®" (d,r, 2)

(iii) The total current is continuous at x=d. and y = r. i.e. M dgp” /dx = d¢p" /dx.

5 + joe

M = ,
3N + joe

8" = The conductivity of the depletion region

5" = The conductivity of the neutral region
¢ = The permittivity of Germanium material

(iv) ®N(d, r z) = Vo+ V,Sinkz, where x =d + t=d, and y=r+s=r

V, = the constant potential uniform with respect to z

Vi = the external ac voltage produced by high frequency source with spatial frequency k.

From equ.1, equ.2, and relation (i1), we obtained,
C; Sinhkl =Cs exp k 1+ C4exp —k 1
and
C1,=Cs1+Cs
where
I=d+r/\2,1=rd/\2
From equ.1, equ.2, and relation (iii), we have;
MC, Coshkl=Csexpk1—-C4 exp k1
and
3MC; 1, =Cs
From equ.2 and relation IV, we have
Cs exp (klp) + C4 exp (-kl,) = Vi

and

()

(6)

(7)

(8)

)
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Vo = C3 13 + C6
where L, = d+ s+ r+ t= 1+ s+ t = (d1+ r1)A2, 1= (d + t) (r +s) =d1rl

Solving the above equations, the constant values are evaluated. See Table 1. Substituting these values
in equ.1 and equ.2. We obtained the final solution.

Table 1. Constants.

C1= Vk/Sinhklcoshkm (1+M tanhkm cothkl)
Co=Vi[1+ o (1-1)] /1> (1+ 0)]

Vi exp-kl (tanhkl+M)
C 3=

2 sinhkm (M+ tanhkl cothkm)

Vi expkl (tanhkl — M)
C4:

Sinhkm (M+ tanhkl cothkm)
Cs=2MV, 1,/ (1, + )

Cs= Vi [l (1-2M) + 0] / (I, + ©)

The theoretical analysis described above has been used determine the behaviour of a high frequency
sensor of the type sketched in Fig. 1. Using the solution of Passion’s and Laplace’s equations on 3-D
has been found which permits reduction of the potential amplitude distribution as a function of the
spatial frequency and the characteristics of the photoconductivity semiconductor layer.

Fig. 2 shows the potential amplitude in the depletion region of the HFT as a function of the spatial
frequency k from this graph, it is apparent that the potential amplitude related to various parameters
such as Ge resistivity and high frequency as shown in Fig. 3, and Fig. 4, respectively.

These plots suggest that the highest potential amplitude is obtained when the Ge resistivity is high and
for operation at higher frequencies.

2. Experimental Set-Up

In this work, grease (glycerol, glycerin) were used as a dielectric liquids, the dielectric constants being
30 and 50 respectively. Fig. 5 has shown the electronic system and Fig. 6 shown the package, in which
the liquid is contained inside a rubber ring. The inner diameter of the ring is 2 cm and the outer
diameter 4 cm, with the thickness 2 mm. This ring is placed on top of the metal ground plate and the
grease was filling the interior area. A piece of polythene in the form of a triangle object (1/2 cm,
1/2 cm, 1/2 cm) and 1 mm in thickness is inserted in the grease as an impurity object. During the work
detailed calculations have been completed to determine the optimum frequency and drive level
required for the optical sensor device with typical values of conductivity and permittivity [3]. As a
result it has been decided that a signal frequency will be used initially, around 29.5 MHz for glycerol
and 12 MHz for glycerin, with an output level of about 10 volts peak into a load of 100 Ohms.

126



Sensors & Transducers Journal, Vol. 144, Issue 9, September 2012, pp. 123-130

10
D
) \
1_
n %
0_01 | 1 | 1
0.01 0.1 1 10 10

1

——1 MHz
—=—10 MHz
—a— 100MHz
——1 GHz

——10 GHz

=

000 /
N /fﬂ_.
0.01
0.1 1 10
Resistivity (k(2.cm)
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Using this assumption the design of the input stages of the signal processing circuits for the
photovoltaic output at 50 kHz has been initiated. The system is an ideal application for the use of a
look-in amplifier, since a reference signal at 50 kHz is used to modulate the scanned optical beam. The
modulated r.f. drive has been used in a place of the presently favored C.W. drive. The potential
advantage achievable from this approach would be a reduction in drive level, leading simple signal
processing and a lower requirement for r.f. drive power.
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Fig. 5. The radio frequency field image system block diagram.
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Fig. 6. Package of liquid and the optical sensor.

Fig. 7. The photograph of r.f image showing the impurity object.
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3. The Results and Discussions

Analog radio frequency image of the object are shown in the Fig. 8. Also the line scan and colour coded
images were shown in Fig. 9 and Fig. 10 respectively. The frequency was 29.5 MHz for glycerol and
12 MHz for glycerin and the light modulation frequency was 50 KHz. The useful outcome of this work is
to show the effect of varying dielectric constant on the enhancement of the photovoltaic output under the
influence of a radio frequency field. It was difficult to see a different between the glycerol and glycerin
radio frequency images because the very enhancement of photovoltaic signal has resulted in each case. The
difference was apparent in the gain, for example, at radio frequency potential or 20 volts across the glycerol
and glycerin packages. The photovoltaic gains were 28 dB and 25 dB respectively.

Fig. 9. The colour coded r.f image of the impurity object.

Fig. 10. Line-scans before and after correction.
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The digital image correction technique [4, 5] has been used for removing the effects of the non-uniform
response of the sensors. Fig. 10 shows the amplitude of r.f image line scan (i.e. 33, 44) of the impurity
object and the corrected line after applied the correction technique.
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