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Design of contactless conductivity detecting
circuit for electrophoresis chip
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Abstract: On the basis of the structure of a pole conductivity detector for an integrated low voltage e-
lectrophoresis chip, a contactless conductivity detecting circuit is designed according to the working
principle of high frequency contactless conductivity detecting, which consists of an AC inspiriting sig-
nal generator,a I-V convertor, a multiplicator,a low-pass filter and a differential amplifier. By using
less devices and simple structures to realize powerful detecting, the circuit resolves the problem diffi-
cult to detect the very weak signals of low voltage electrophoresis chips. Finally,a test is applied to a
electrophoresis chip to detect the contactless conductance signals of different concentrations of K" by
using the detecting circuit with an AC inspiriting signal of 10 V and the inspiriting frequencies of 450

kHz and 1 MHz. The experimental results show that the circuit can distinguish the lowest concentra-
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tion of 1077 ,and can reach the high linearity and resolution power in the ranges of 10~ °-10"",

For its

detecting functions, this circuit is able to used in other conductivity detecting fields.

Key words: electrophoresis chip;contactless conductivity; detecting circuit; -V conversion; multipli-

cation; low-pass filtering

1 Introduction

Contactless conductivity called as high fre-
quency conductivity has many merits compared
with the contact conductivity such as the elec-
trode’s insulation from the liquid, which can a-
void the bubble emission and electrode pollution
and also can isolate the effect of the separating e-
lectric field. The respond signal can weaken the
background signal of electrophoresis chip and
the detecting limit of the liquid. The contactless
electrode is easy to minimize and integrate. For
the contactless conductivity detecting has been
successful and widely used in the conductivity

detecting of chip electrophoresist’.

2 Structure and working principle

of detecting

The contactless conductivity detecting cir-
cuit is also called high frequency conductivity de-
tecting'®. Fig. 1 is the electrophoresis chip block
diagram.

There are two integrated electrodes on the

Separation electrode
|

end of the separating channel in the uprightness
direction, one is the inspiriting electrode that
provides a high frequency AC signal, and the
other is the receives electrode that receives a
conductive signal of the liquid"*). From the basic
principle of electrochemistry, we know that if
the inspiriting electrode is provided with the
high frequency AC signal, the liquid ion will
generate the conductive current because the lig-
uid ion moves in the fixed direction. So the con-
ductive current is in direct proportion to the con-
ductance of the liquid when the frequency is be-
low 1 MHz. The conductivity of the liquid is in
direct ratio to the section area of the electrode
and the sum of all ions, and in inverse ratio to
the distance of electrode. It is shown as the Eq.

(L.

G = (A/LD X D>jca.. (D
where, A is the area of electrode, L. is the dis-
tance between the two electrodes, and EC,A,- is

the sum of all ions.

3 Structure of detecting circuit

According to the working principle of con-
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Fig.1 Top view of integrated electrophoresis chip

Fig. 2 Structure of detecting circuit
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tactless conductive detection, the detecting cir-
cuit is designed™’ as shown in Fig. 2. It mainly
consists of a cell of AC inspiriting signal genera-
tor,an I-V convertor,a multiplicator,a low-pass
filter, and a differential amplifier.
3.1 AC inspiriting signal generator

The MAXO038 is a high-frequency, precision
function generator which can produce accurate,
high-frequency triangle, saw-tooth, sine,
square, and pulse waveforms with a minimal ex-
ternal components. The output frequency can be
controlled over the ranges of 0.1 Hz to 20 MHz
with an internal 2. 5 V band gap voltage refer-
ence and an external resistor and a capacitor. Be-
cause the output signal of all waveforms is a
2Vpp, which is too small to drive inspiriting the
liquid, the basic amplifying circuit is applied to
amplify the output signal to make it get to 10 V
peak value. The inspiriting signal use sine wave

other than other types, because the sine wave

has less high power, which can reduce the

[5]

noise The circuit is shown in Fig. 3.
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Fig. 3 AC inspiriting signal generator circuit

3.2 IV conversion

The conductivity current of the electropho-
resis chip is very small and difficult to detect, so
we need to change the current into the voltage,
and the circuits must also have large enough gain
factor and wide bandwidth to ensure the con-
versed respond voltage is large under a high fre-
quency exciting voltage. The amplifying IC

OPAG686 is chosen, which has a very high gain
bandwidth of 1 600 MHz and good signal per-

formances of very low input voltage noise of 1.3

nV/y/Hz and a low supply current of 12 mA . T-
style feedback network shown in Fig. 4 can use
smaller resistance to attain higher input resist-
ance and larger gain, and it can achieve high-pre-

cision I/V conversion.

Rey R

Chip ﬂ

U, outl

Fig.4 I-V conversion circuit

3.3 Multiplication

Because there are many random noises with
the conductivity signal,and the noises maybe la-
ger than the conductivity, we cannot get the use-
ful signal if we directly detect the output sig-
nal®, Multiplication fulfills correlation opera-
tion of two signals, which is the phase moved in-
spiriting signal (i. e. reference signal), and the
other is the changed conductive voltage signal™™.
If the reference signal is U, (¢) and the conduc-
tive voltage signal is U, (¢) which are shown in
the equation (2) and (3), the output signal of
multiplication is U,, as shown in the equation
D).

U,=Esin (wtt+¢,) , (2)
U,=E,sin(wt+¢,) , (3)

U, =U.U. :% {cos (B —h)—cos 2t -+ — b)) .

D
Because the noise doesn’t correlated to the con-
ductivity signal, the noise signals of amplifica-
tion and the environment have no refection to the
out signal. So the signal can get rid of most noi-

ses by correlation operation™. AD630 is chosen
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to realize the multiplication. AD630 is a high
precision balanced modulator which combines a
flexible commutating architecture with the accu-
racy and temperature stability afforded by laser
wafer trimmed thin-film resistors. The circuit is

shown in Fig. 5.
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Fig. 5 Multiplication circuit

3.4 Low-pass filter

The signal of multiplication consists of two
parts, one is a low frequency and the other is 2-
order frequency of the inspiriting signal. The
low-pass filter shown in Fig. 6 can get rid of the
2-order frequency of the result and export the
DC signal. Furthermore, the filter is designed
by using an infinite gain multiply feedback low-
pass filter, which has less devices and a low out-
put resister,so the circuit is stable. OP27 reali-
zes an operational amplifier,and it has outstand-
ing noise performance, excellent precision and
high-speed specifications. The wideband noise is
only 3 nV/y/Hz with the 1/f noise corner at 2.7
Hz, and the low noise is maintained in all low-

{requency applications.
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Fig. 6 Low-pass filter circuit

3.5 Differential amplifier

This cell can not only get rid of the large
DC conductivity offset when there is only buffer
liquid, but also amplify the conductivity respond
signal passing through the filter. Differential
amplification cell circuit can ensure the out sig-
nal is relatively small when there is only buffer
liquid, and also provide large gain factor when
the detected conductivity signal is much weak.
The circuit is shown in Fig. 7. AD620 realizes a
amplifier. AD620 is a low cost, high accuracy
instrumentation amplifier that requires only one
external resistor to set gain from 1 to 1 000.
Furthermore, the AD620 is smaller than discrete
designs, and offers lower power (only 1.3 mA

max supply current).
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Fig. 7 Differential amplifier circuit

4 Experiments and testing of cir-

cuit

The detecting circuit is applied to the elec-

Tab.1 Output voltage of conductance response of K+
U,.. (V) at different frequencies
Concentration
450 kHz 1 MHz
distilled water 1.141 2 0.814 2
1x1077 1.240 2 0.214 5
1X10°° 1.373 6 0.301 1
1X10°7 1.413 1 0.402 7
1X107° 1.535 8 0.476 6
1X10°° 1. 859 4 0.581 9
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reaches 10 V, and inspiriting frequency is 450
2.0
18 kHz and 1 MHz,which are shown in Tab. 1. Ac-
ij cording to the table we draw the Fig. 8 which in-
12 dicates conductance response of series K con-
Z 10 450 K '
S P 1M centration at 450 kHz and 1 MHz.
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Fig. 8 Conductance response curves of K* concen-

tration at 450 kHz and 1 MHz

trophoresis chip to detect the contactless conduc-
tivity signal of series concentration of K[,
Through adjusting the resister of the MAX038
inspiriting signal generator, different frequencies

can be obtained. The peak of inspiriting signal
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