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Abstract

In this paper, a CMOS multi-sensor readout circuit
is presented. A multiple differential-input operational
amplifier (MDI-OPA) with three distinct positive inputs
and one common negative input is designed to take
some one of three inputs to act as a general differen-
tial-input OPA by a built-in multiplexed architecture. A
voltage-to-current converter and a current-controlled
oscillator are integrated with the MDI-OPA in order
that the analog voltages from sensors can be selectively
multiplexed to generate pulse outputs which frequencies
are linearly proportional to the related input voltage. A
current-offset structure is added into the oscillator to
shift the transfer characteristic line of the output fre-
quency versus input voltage, which usually varies due to
process variation. The measured output transfer char-
acteristics of three input channels show nearly the same
sensitivity of 90 Hz/mV or so with linearity of 99.99% at
least by the assistance of the current-offset mechanism.

1. Introduction

For several decades, much attention has been paid to
silicon-based biosensors in the biomedical applications.
The ion-sensitive field-effect transistor (ISFET) is one of
the most popular electric biosensors [1-3]. The ISFET is a
modified MOSFET which gate oxide is open and is used as
a sensing membrane. The variation in the ion concentration
of the analyte is measured as a change in the threshold
voltage [3] or a change in the effective gate voltage [2]. To
make the implementation of sensing membrane flexible, an
extended metal electrode, on which a sensing film is coated,
can be interconnected to the polysilicon gate of a standard
MOSFET. With the topology [4], the sensing area can be
not constrained by gate size and the ISFET is easily inte-
grated with its readout circuit.

The variation of performance with temperature is also
an important issue for many biosensors. Thus, a tempera-
ture sensor, which generally has an analog output voltage
[5], is usually necessary in an integrated CMOS mul-
ti-sensor chip. Sometimes, several biosensors must simul-
taneously be used to diagnose a disease or a biological mo-
lecular concentration. As mentioned above, the voltage is a
common output type for biosensors. In this work, a CMOS

multi-sensor readout circuit with three analog-voltage in-
puts is presented.

2. Circuit Design, Measurements, and Discussions

Fig.1 shows the circuit schematic of the multi-sensor
readout circuit with pulse output which mainly consists of a
voltage-to-current (V-I) converter and a current-controlled
oscillator. Fig.2 shows a multiple differential-input opera-
tional amplifier (MDI-OPA) with three distinct positive
inputs and one common negative input. In the MDI-OPA, a
multiplex architecture is used to selectively supply one re-
lated differential input pair among the three positive inputs
a biasing current and makes the MDI-OPA act as a general
differential-input OPA with the selected input as its positive
input. With the topology, all components of the whole
readout circuit are common except the three differential
pairs and the multiplex [2]. Thus, performance difference
between three channels due to process variation or uneven
layout parasitics in three readout signal paths can be de-
creased. The input MOSFET of the MDI-OPA can be re-
placed by the ISFET for biomedical applications. For the
three input cases, circuit performance of the MDI-OPA is
nearly the same. The MDI-OPA has gain of 88.6+0.02dB,
3-dB bandwidth of 624 +1Hz, phase margin of 59+0.01°.
The frequency response of biosensors is usually slower, so
the design is focused on higher gain and good stability.
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Fig. 1 The circuit schematic of the proposed multi-sensor readout
circuit with pulse output.

The V-1 converter mainly consists of MDI-OPA, MN3
and R1, as shown in Fig.l. The transferred current, i.e.
Vs,sen/R1, is mirrored to the following current-controlled
oscillator and controls the charging speed of the capacitors
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C1 and C2. With the faster discharging speed, .i.e. larger
width of MN1 and MN2, the pulse frequency is linearly
proportional to the charging current and the Vg,sgn. An
added V-I converter is used to adjust the charging current of
the oscillator, which is really Iy ,-Iome. That is to say that
the transferred current is offset by the added current, which
is controlled by the bias voltage Ve, and hence the char-
acteristic line of the output frequency against the selected
input voltage can be shifted by the offset current. Usually,
process variation and inaccurate estimation of layout
parasitics make the real output pulse frequencies of the
three inputs with the same voltage value to be significantly
different. By the current-offset mechanism, these charac-
teristic lines can be adjusted to be nearly the same. For a
urea sensor, two pH-ISFETs are usually used to determine
the urea concentration. One detects the pH value of the
blood or urine itself, and the other detects the pH value of
the blood or urine after urease catalyses urea hydrolysis,
where H' ions are consumed. The urea concentration is re-
lated to the difference between the two pH values. There-
fore, the current-offset mechanism is critical to this kind of
sensing method.
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Fig. 2 The circuit schematic of the multiple differential-input op-
erational amplifier.
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Fig. 3 Simulated and measured transfer characteristics of pulse
frequencies versus three input voltages under the Vg of 2.7V.
Linear regression lines are also shown.

Fig.3 shows the simulated and measured transfer char-
acteristics of pulse frequencies versus three input voltages
under the Vg of 2.7V, The simulated transfer characteris-
tic lines are nearly the same for the three input cases under
the same Vg, but the three measured transfer characteris-
tic lines are significantly different probably due to pro-
cess-variation induced transistor mismatch in the multiplex
or input differential pairs. By using different V. for the
three input cases, the measured transfer characteristic lines

are nearly the same, as shown in Fig.4, and the sensitivities
are 90.68, 89.76, and 90.23 Hz/mV with linearity of
99.9996%, 99.9991%, and 99.9989%, respectively. The
simulated sensitivities are smaller than the measured those
probably due to process variation in R1 and inaccurate es-
timation of load parasictics. The chip is fabricated by
TSMC 0.35um processes. The power consumption is
1.3mW under the supply voltage of 3V. The readout circuit
itself occupies an area of 1.11x0.40 mm®.
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Fig. 4 Measured transfer characteristics of pulse frequencies ver-
sus three input voltages under different Vg for the three input
cases. Linear regression lines are also shown.

3. Conclusions

In this paper, a multi-sensor readout circuit using a
multiple differential-input OPA is presented. The readout
circuit selectively transfers one among three input voltages
into a current by a multiplex architecture and a V-I con-
verter, and then the current is used to control the charging
current of a current-controlled oscillator. The output pulse
frequency is linearly proportional to the input voltage with
linearity of 99.99% at least. Transfer characteristic lines
usually vary due to process variation in the attributes of
transistor and resistor. An added V-I converter is used to
adjust the charging current of the oscillator, and hence the
transfer characteristic lines of the three input cases can be
shifted to the wanted performance or identical performance.
This architecture is suitable to be a readout circuit for urea
sensors which need two identical pH-ISFET sensors. The
readout circuit integrated with ISFETs is being prepared for
measurement.
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