PS-5-12

Extended Abstracts of the 2014 International Conference on Solid State Devices and Materials, Tsukuba, 2014, ppl116-117

Pulse-Output Readout Circuit with Temperature Compensation for a Tempera-
ture-Dependent Input Voltage

Ruey-Lue Wangl, Chi Yul, Wei-De Wul, Yi-Fan Haol, Jian-Liang Shil, Hsin-Hao Liaoz, Hann-Huei
Tsai® and Ying-Zong Juang’

! Department of Electronic Engineering, National Kaohsiung Normal University
No.62, Shenjhong Rd., Yanchao District, Kaohsiung City 824, Taiwan(R.O.C.)
Phone: +886-7-7172930ext7916 E-mail: rlwang@nknu.edu.tw
? National Chip Implementation Center, National Applied Research Laboratories
7F, Chimei Builiding, Tzu-Chiang Campus, No.1, Ta-Hsuch Rd., Tainan City 701, Taiwan(R.O.C.)

Abstract

A CMOS pulse-output readout circuit with temper-
ature compensation for a temperature-dependent input
voltage is presented. The circuit consists of a volt-
age-to-current (V-I) converter, a current-controlled
oscillator (CCQO), and a temperature sensor with pro-
portional-to-absolute-temperature (PTAT) output cur-
rent. An input voltage, V., is converted into a current
by the V-I converter and then the current is used to
generate a pulse output through the CCO. The PTAT
current can be mirrored into the CCO in order that the
temperature-induced current drift of the V-I converter
can be compensated if the V, will decrease with in-
creasing temperature. The output pulse frequency of
the CCO is linearly proportional to the V., with a line-
arity of at least 99.998%. The suitability of the readout
circuit for ion-sensitive field effect transistors (ISFETs),
which effective gate voltage related to pH value de-
creases with increasing temperature, was estimated and
measurement results show that output frequency varia-
tion with temperature is decreased by a factor of at least
10 under the compensation of the PTAT current.

1. Introduction

The output transfer characteristic of silicon-based sen-
sors is usually temperature-dependent owing to temperature
dependence of material parameters of devices themselves
or analyte [1-2]. Ion-sensitive field effect transistors
(ISFETs) are being developed for many applications in the
fields of environmental and biomedical analysis [3]. The
ISFET is a floating-gate MOSFET. Its gate oxide or an
extra coated gate insulator such as Si;N4, Al,O; is used as a
sensing membrane for H' ions. The ISFET, traditionally
referred to as a pH sensor, has been used to measure H'-ion
concentrations in a solution, causing an interface potential
on the gate insulator. Under the bias voltage from an added
reference electrode, the variation in the ion concentration is
measured as a change in the threshold voltage or a change
in the effective gate voltage [4].

In ref. [1], threshold voltage variations resulting from
temperature dependence of electrochemical component for

ISFETs in different wafers at pH=4 and pH=10 were shown.

The dVmw/dT was 0.44 and 0.7 mV/°C, respectively for

ISFETs in waters at pH=4 and pH=7. Because the drain
current of a MOSFET is a function of (Vgs-Vry), the posi-
tive dVrm/dT under a fixed bias voltage of the reference
electrode, which is considered as the gate of the ISFET, can
be equivalent to negative effective gate voltage variations
on the floating gate of the ISFET. In this paper, a CMOS
pulse-output readout circuit with temperature compensation
for a temperature-dependent input voltage is presented. The
readout circuit has successfully been implemented by the
TSMC 0.35um process. The supply voltage is 3V.
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2. Circuit Design and Measurement Results

Fig.1 shows the circuit schematic and chip photograph
of the readout circuit. The circuit consists of a volt-
age-to-current (V-I) converter, a current-controlled oscilla-
tor (CCO), and a temperature sensor with proportion-
al-to-absolute-temperature (PTAT) output current Ig[4, 5].
An input voltage V, is converted into a current I,
(ZVsen/R1=]gouce) by the V-I converter and then the current
is used to generate a pulse output through the CCO. The
output current of the V-I converter can has a negative tem-
perature coefficient owing to positive temperature coeffi-
cients of R1 and R2 or negative temperature coefficient of
its input voltage V. The PTAT current, which can be ad-
justed by its bias voltage Vy, [5], is mirrored into the CCO
by three switches and hence the adjustable PTAT current
Itc can be used to compensate the temperature-induced
current drift of the V-I converter. The three mirrored cur-
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rents are 0.5Irg, 0.25I1s, and 0.125Irs (=Ity) and are
switched by V3, Vi, and Vi, respectively. Fig. 2 shows
simulated temperature characteristics of these mirrored
currents under V=0.9V. The sensitivities are 7.6, 3.8,
1.9nA/°C with linearity of at least 99.99%. The charging
current of the CCO equals Itctgource-Tofrser: The Togrser €quals
(Vbp-Voiier)/R2 and is used to adjust the charging current
of the CCO in order that transfer characteristics of pulse
frequency versus input voltage can be shifted down [4].
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Fig. 2 Simulated temperature characteristics of three mirrored
currents under V,=0.9V.
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Fig. 3 Simulated and measured transfer characteristics of pulse
frequency versus input voltage under the Vg values of 2.35V.
Fig. 3 shows the simulated and measured transfer char-
acteristics of pulse frequency versus input voltage ranging
from 0.65 to 1.4V under V ge=2.35V and Vygr=1.5V at 25
°C with compensation currents of 0, 4Iry;, and 61y, respec-
tively. Within the input voltage range from 0.65 to 1.25V,
the simulated and measured transfer characteristics exhibit
linearity of at least 99.999% and 99.998%, respectively.
The simulated and measured sensitivities are about 258 and
298 kHz/V, respectively. This means that process variation
makes the R1 value smaller than the value used in simula-
tion. The input transistor of the operational amplifier for the
input voltage V., can be operated as an extended-gate
ISFET [4]. In this work, we directly give input voltage to
the gate of the input transistor and assume that it acts as an
ISFET. The effective gate voltage is a function of tempera-
ture and pH value [1]. By using the dVr/dT values pre-
sented in ref. [1] and assuming that the effective gate volt-
age equals 0.8V and the sensitivity is -50 mV/pH at pH=7
and 25 °C, the effective gate voltages at some temperatures
and pH values can be calculated. Fig.4 shows the simulated
and measured transfer characteristics of pulse frequency
versus pH value at 5, 15, 25, 35, and 45 °C, respectively.
Without temperature compensation, the transfer character-
istics at the five temperatures separate from each other. The
simulated transfer characteristics almost overlap together
under the compensation current of 4Iy. The measured
transfer characteristics almost overlap together under the
compensation current of 6Iry. To obtain good temperature

compensation, the compensation current used in measure-
ment is larger than that used in simulation owing to process
variation induced reduction of resistance value. If the linear
regression lines without and with temperature compensa-
tion at 25°C are used as the ideal linear transfer characteris-
tics, the extracted temperature-induced pH-value drift from
output pulse frequency is about -0.015 pH/°C and less than
-0.0015 pH/°C respectively for the circuit operated under
no and nearly optimal temperature compensation.
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Fig. 4 (a) Simulated and (b) measured transfer characteristics of
pulse frequency versus pH value at 5, 15, 25, 35, and 45 °C.

3. Conclusions

A CMOS pulse-output readout circuit with temperature
compensation has successfully been designed and fabricat-
ed. The circuit occupies a chip area of 1200x570 pm? and
the current consumption is about 0.7 mA under V,=0.8V
at 25 °C. The multi-channel scaled and adjustable compen-
sation current makes the readout circuit flexible for differ-
ent compensation requirements which come from different
sensitivity of input voltage versus temperature or the per-
formance drift induced by process variation and native
temperature dependence of device parameters.
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