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A Low-power Monolithic Analog-to-LCD interface for Amperometric sensors

Mana Mekthawornwathana, Karn Opasjumruskit, Mana Sriyudthsak and Naiyavudhi Wongkomet
Department of Electrical Engineering, Faculty of Engineering Chulalongkorn University
Phyathai Rd. Pathumwan Bangkok 10330
Tel. (66-2) 2186488 E-mail:karn@digital.ee.eng.chula.ac.th

Abstract

This paper presents the design and measureme lts of a low power analog-to-LCD monolithic interface for
amperometric sensors such as glucose sensors. To ortable applications, the circuit integrates most of the
necessary components and operates with a 2 to 5.0 volts and consumes 377 uW at a supply
voltage of 3.0 volts. The circuit con51sts parts a erface front-end, a dual-slope analog-to-digital
converter, an offset and sensitivity ca ult @ad a er. The circuit is implemented in a 0.7 um
CMOS technology and can measure se om 5 to 10 ith error smaller than 0.6 percent of full scale.
The calibration portion has been designe  the offset fr_om.(%\nA and to calibrate the sensitivity from 0.5-
5 nA/(mg/dl), but does not functio ir“a%lemer'natio

LCD inter‘m Current input front-end, Current buffer,
sensitivity calibration

Keywords: Amperometric sensor:
Dual-slope analog-to-digital converter:

]

1. Introduction f il fer function of the glucose sensors used in this
An amperometric sensor is an q.heq\ieal ~ “work [1] is shown in Figure 1. This type of sensors can
sensor that converts the measur offset current up to 20nA, but has fairly good
electrical current. Recently, amperometri sepga_g&;zrc = The sensitivity (measured as output current
often substituted for old measurement prcfé%ses 7 e concentration of glucose) of the sensor can vary
measure chemical and biological quantmes su?ﬁas v een 0.5 to 5 nA/(mg/dl) as shown in Figure 1. Due
oxygen concentration and glucese concentratfor[.’ 'The.nlr 2 ﬁjt and.the variation in sensitivity, calibrations
output current of the sensor lrfbe converted into a xﬁ prior to using the sensor in order to
suitable format for further procéssin oncentration value. The calibration
task was performed by several e eetromc components illbe described in a later section.
assembled on a printed circuit b d, thus requiri Since the concentration of glucose in human

large space and power. blood is in the range of 80-150 mg/dl, the output current

This paper presents,a_desi “Léf the sensor can vary from 40 to 750 nA. The prototype
integrated circuits for g i& s?ﬁﬁ% jﬂ&]ﬁi} %measure current from 5 to 1000
glucose quantity in huma glucose ith"an than 3% in order to detect any
used in this paper were described in reference [1] and abno%hty in glucose le&}ln human blood.
the c1rcu1t inte
ssmgenrt] 1|01 1 19 b | Vh ohiebtabgei] 7]

In the following sections, the glucose sensors will The prototype circuit, as shown in Figure 2,
be introduced, then the block diagram and each consists of four parts: a current input front-end, an
component of the circuit will be explained. Finally, the Sensitivity(m)
measurement results of the fabricated circuit will be g 7500 1 (Full scale) (nA/(mg/dl))
presented. & 150n g T T

;§_ 80n __. m=0.5
2. Glucose Amperometric Sensor |/ __—-——"7777
. offset(c) 20n =

Glucose amperometric sensor has a current 0 20 D =
output with the amplitude being proportional to the Glucose conc. (mg/dl)
concentration of the glucose in the sample solution. Figure 1 Glucose sensor transfer function

The sensor operates at optimum when biased at 0.2 volt.
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Figure 2 Overall system block diagram

analog-to-digital converter, a calibration system, and a
LCD decoder and driver.

3.1 Current input front-end
As shown in Figure 3, the front-end circuit lﬁ
the two terminals of the sensor. Transistor \(ﬁﬁi
connected as a diode with an addition ofhﬂ
function as a current driver for uﬂiﬂ& ThlsJ
configuration decreases the output resi
terminal from 1/g, to 1/(gm1Ay) wher
loop gain of M1 and M3 (M6 and
resistance implies that the bias vo
regardless of the current drawn
merit of this circuit is that the bias v,
independent.
Glucose sensors require the
between Vgs; and Vggg to be 0.2 volt.
Vgs1 and VGS6 are chosen to be 0.

95-’ i
The right-side circuit has another ﬁmcti’on,:ﬂnch

buffer. The buffer, which dnves the analog-to-dxgltal'f
converter circuit, consists of M1 2
cascode current mirror. y A1

e~

3.2 Dual-slope analog-to-digital czﬂerter -
The concept of a dual-slope AQC is to charge the
integrating capacitor

2%

ol . o t;fj; " )
alibration circuit

is to receive the sensor output current and nmzo;,!;tta el g
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BUFFER

RIGHT

Figure 3 Simplified current input front-end circuit

%

\

\

(N}
output 1

time

Alock diagram and waveform of the
dual-slope ADC

Since each sensor has dlfferent offset and
sensmﬁ ty

ansfer characteristic of sensors can be
'm of Is; = mx + ¢ where x is the
Tof glucose. So, the circuit must be
, once each for the sensitivity (m) and

calibrated
e offset (c).

i ompensation is performed, then
specified period, then d capaci jﬁw u§’w1t3, compensation. The reason

reference current. The tmﬂ requ1red to discharge the
capacitor then becomes proportional to the signal

for perforrmng the calibration in this sequence is
because.the sensitivity isfin’the slope form; hence, the

e A TN SRR RS =
application bec lib cess. For the offset

minimal additional circuitry. The dual-slope structure
implemented in this paper is shown in Figure 4. The
relationship between the time required to discharge the
capacitor in phase ¢, with the sensor current is

g, =

2 = 5 s 1

I, )
The conversion rate of this ADC is 500 Hz and

the pulse frequency is 500 kHz. The number of output
pulses is proportional to the time ty, and thus the sensor

compensation, the sensor is dipped into a 0 mg/dl
glucose solution or pure water. The calibration circuitry
utilizes an 8-bit binary-search algorithm. Figure 5 shows
eight current sources for offset compensation with the
current value increases in 2" manner. The compensation
is realized by injecting current I into the drain of M13,
which is a part of the buffer in Figure 3, to cancel the
offset current. Switch Sw0 — Sw7, which control the
compensation current I, are controlled by a logic
circuit performing the binary search algorithm [2].
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——4 M10

b2 "{ M11

ol ”I M2 L fowr fows™ " /owi__/swo

S

2 Ix27 Ix26 Ix2 I

Gate T
4

Decade Latch 7 segment
Output —P cTRx3 [7 3 [7™| Decoderx3 Display
clR ————— 1 _—

—— '7
Figure 6 LCD display driver bloek diagram

For the sensitivity calibratW A
dipped into a reference concentration glu¢ose soluti

and then the calibration process begims. pall’

reference concentration is selecte g of 4 “ -
the measuring range, which is 100 case. Table 1 Voltage at sensor bias node
The sensitivity calibration system ctute rb 4%
to that of the offset calibration syst e 8 IVDD—Z 20V |Vpp=3.30V|Vpp =450 V
compensation is taken to L. instead of usirfh9 :ﬁ;’ 4 Yoltage ivleasureSlmu-MeasureSimu- easureSimu-
current sources. This can compensat VItY, i ALY lation lation lation
between 0.5 - 5 nA/(mg/dl). e F /N Vle&M 0.580 |0.70 | 0.580 | 0.70 | 0.583 | 0.70
e J@gﬂm 0.381 | 0.50 | 0.380 | 0.50 | 0.383 | 0.50

3.4 LCD display driver e —

Output pulses from the ADC in Figure 4 apg ,sem :}JM.,_Table 1 shows the measured voltage at the sensor
to the display section. This sec%*m consists of three’ bias node V,cf and Vi The results are somewhat

divide-by-ten counters to display thice digits-ofoutput lower than the-simulation results. This is caused by an
results. Signals from the countem{ass latch circuits to ina ' MOS imodeling in subthreshold (this problem

BCD-to-seven segment decoder/driver. Then, the output . has been fx?ed by the later version of model).
is sent to an LCD display. The b ‘k diagram of this Nevertheless‘uthe differential voltage is still 0.2 volt.

section is shown in Figure 6. n Ihe results also show that the bias voltages are
&‘-‘-;- i‘_‘g ; e ' the supply voltage. This ensures that the

4. Measurement results ij ] Q, | __] ‘T | tCaf mrﬁ‘; oper wide supply range.
The prototype circuif shown in Flgure 7 was For accuracy measurement, Table 2 shows that’
fabricated in a 0.7 micron CMOS technology by Aléatel the cirouit can measure séhsor current from 5 to 1000nA

[3]. The digital” iﬁ ’“]\‘3; %ﬁ,{ 3 oﬂﬁﬁ TT:?Gﬂércent of full scale. The
from Alcatel. .‘ﬁ Il:i%&su sl siﬁ) " ] F le 31 g like rthL-ﬂonhneanty in front-end

performance of the’ input front-end and the ADC closely buffer.

matches the designed and simulated parameters, while Since the offset and sensitivity calibration
the offset calibration and sensitivity calibration do not circuits do not operate as designed, our current effort
function. Therefore, the measurement results reported focuses on investigating this malfunction. Simulation
here focus on the sensor biasing, the accuracy of the results of these circuits will be discussed below.

circuit and the power consumption. To illustrate the When the sensor is dipped into a 0 mg/dl
validity of the calibration systems, their simulation concentration glucose solution, the offset calibration
results are also reported. circuit will adjust Is, until it is zero by increasing I g

until Ing; equal to Iyys. From Figure 8, the solid line
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Current work focuses on identifying and

Table 2 Th f the circuit i ;
avle it daibilinios correcting the circuit problems in the digital part, and

Is; (nA) increase the accuracy by improving the linearity of the

Input Measured % of full front-end and the ADC.
scale error
4.95 4.79 -0.02 References
9.92 10.77 0.08 [1] Sriyudthsak M., Cholapranee T., & Sawadsaringkarn
19.4 25.39 0.59 M, “Enzyme-epoxy membrane based glucose analyzing
53.3 51.31 -0.20 system & medical applications”, Biosensors &
103 102.00 0.10 Bioelectronics Vol.11, No.8, 1996, pp 735-742.
202 201.92 -0.01 [2] Mekthawornwathana M., Sriyudthsak M., &
382 377.20 -0.48 \\x‘ / komet N., “A Design of Low-power Monolithic
-0.3-RE -LCD Interface for Amperometric Sensors”,

746 742.95 ; \\
082 986.28 ical Engineering Conference, Bangkok,
9-32.

ice ASIC service Dep., “Alcatel

0.7 pm CMOS Documentation”,

The calibration stops when two values a elgium, 1999.
of each other.
Similarly, for sensitivity 7 ‘ % 3 ‘
sensitivity calibration circuit adjusts .. Bh hooge——p AL NN 1 1. s
; . I N SW3 Sw2 SwI Swo
the slope and discharge time of %&? Swa, SW3SW2 5wl
conversion during phase ¢,. The calib

to make the period ty; equals to 0.
Figure 9 where Sn is the variation in cap
when the calibration takes place at bit n (n .
0 respectively). Calibration at bit 5 to © cafﬁéi‘eb_e- .
identified in the figure since the graphs are too"aacf_ 2
together and appear as a bold line. - pf;--‘ Wote |

Since the low power consgnbnon is one of the
main objectives in designing this-gifeuit; the power = .

consumption is measured at diffe s-ugg_ly voltages

30 S
sating; ? 50

hanging in Iy;;; when calibrates offset
(from simulation)

2

X3 x4 xS xH6 x0T  xHE  eH9  xH
Trne (aus)

and the results are shown in Table 3.

F 9 Ch:
5. Conclusion igure anging in V¢ when calibrates sensitivity

e g ’“ﬁ"ﬂ“ﬁi pLira ] N %Jb’l 4
monolithic analog-to-LCD !inte le from power supply at

Sensors are presented The ¢ ult con51sts of front-e{ different supply volta%:({Measure at full load)

330V | 450V

circuit, analog-t ibration, syst _ P
and LCD dlsplay aw ‘2 ‘ kﬁ il tw 1mary
Measurements, of the profo chips show that ) 143 | 4924

front-end circuit and ADC function properly, while the Rower (i) 218 16 2218
calibration system and the LCD driver do not. The

circuit can measure sensor current from 5 to 1000nA

with error smaller than 0.6 percent of full scale.

Operating voltage range is from 2.2 to 5.0 volt, thus

supporting operation with two to three dry cells through

out the battery life cycle. Power consumption of this

circuit is very low. At 3.0 V supply voltage, the circuit

consumes only 377 uW.
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A CMOS CURRENT-TO-LCD INTERFACE FOR
PORTABLE AMPEROMETRIC SENSING SYSTEMS

Karn Opasjumruskit and Naiyavudhi Wongkomet

Department of Electrical Engineering, Faculty of Engineering,
Chulalongkorn University
Pathumwan Bangkok 10330, Thailand

ABSTRACT " nit and digital logic circuit as shown in Figure 1. Front-end

/ } uit biases a sensor with user-selectable polarization voltage and
A new design of a portable system for reading current fr urrent between the sensor and the A/D converter. The
amperometric sensors and displaying the results_on LCD is ﬁ the front-end will be converted by the A/D converter
presented. The system integrates most of the requi nents: quad slope conversion scheme which will be
a front-end circuit, an A/D converter, a cahbﬁhﬂn—uﬂt—and a!  explamedinsection 2.1. During the operation, a bandgap reference
digital control block. The exceptions are two e s: a& provides constant voltage and current for the circuit. An error in

_‘p

2MQ resistor and a InF capacitor. Input current the transfer curve of a sensor can be calibrated by the calibration

can be measured with a resolution of 1 system. Both the A/D conversion and the calibration are controlled

voltage reference generates a polarization volt ing ‘by the digital logic circuit, which also decodes converted data into

sensor. The voltage can be adjusted from 0 8V 0.1V a 7-segment code and drives an off-chip LCD.

step. The A/D converter uses the quad-slo 1o techn ; \

which eliminates the effects of offsets. Simul l Qund-Slope Conversion Scheme

able to operate from a 2.0 to 5.0V supply. The proio “gircuit '{} Spc a dual—slope converter suffers from offsets of the front-end
7 buffer ( .oﬁ), egrator (Vofsl .a) and comparator (V‘,rs1 cmp) @S

epicted in Figure 2. The solution is to use a quad-slope

n scheme to measure and cancel the offset.

measlure the colzlcentratt)llon ‘;)f;arget Chi:;’cal bes » c;es! = current are integrated. Additionally, the integrator and

are glucose in human blood, heavy metal contaminant in Wateran . tor offsets add an error to the final voltage V and initial

carbon monoxide in open air. Though the sensors ,,am_.xmﬂely, / eV, of the integrator. These offsets extend the down-
i y i

developed, the signal-processing system t:iuse with the sensors is mtegratlon m t,)f thus adding a few counts to the counter. The

far les§ exPlored Frevious research' the system can be obie he second cycle is to measure the offsets and subtract
categorized into two cases: a system implEiiented by @ micro =

controller [1] and by a custom-designed (6: [2],[3]. The ﬁmt
one requires a potentiostat to convert the signal from current to
voltage, while an ASIC can be designed t ectly accept current
signal input. In literature [3], however, their sys em needs external

P ve, 1.e. t, is larger than zero; hence, an artificial offset must
be added to ensure that total offset is always positive.

reference current and polarization voltage. ‘Another aspect of the quad-slope method is the ability to suppress

In this paper, a new portsble irl¥hc f . ero | & ect of this process to voltage noise can

5 i t e er function [4]

improved from [2] is proposed. ov1

voltage (V) for biasing sensors a glves a readable ﬁgure " H(fll B 2| @5[4(7‘ +T )]l 1
s

represents a correspondmg output current to users It mtegrate all =

the important parts m i

operate at supply vo de r curre se, nverted into a voltage by a
circuit can tolerate v tlons of supply voltage and amblent 1te- in er function

temperature. The system supports sensors with two electrodes.

AREtS e Front A/D Digital | 3]

This paper is organized as follows. In Section 2, concepts used in sensor ot [ Leonveriie lclzogglic '5&535”’
system operation are explained. Implementations of the circuits are s Vg #L 7y vy K
presented in Section 3. Then, simulation results are given in " Solution et 1 /-segment
Section 4. Finally, the conclusion is given. RE WE Bandgap | |Calibration _:L_DCOde

Output reference system ?V?Pr?sed ry cells

interiace
2. SYSTEM OPERATION current

The prototype circuit consists of five main parts: front-end circuit, Figure 1. Block diagram of the prototype circuit

quad-slope A/D converter, bandgap voltage reference, calibration
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Front-end

Vofsl,cmp

Figure 4. Overhead and available range of the integrator.

' , / re 5 shows an array of current sources used to generate I .
int subcycle subcycle . 1o } an array comprises of 13-bit binary-weighted current-source
“input + @ @ "3‘} g, d sw1tches SWy- SW, controlled the value of I, These
offset ‘W& 4 re controlled by the digital logic and their correct setting

~is looked up by performing binary search algorithm [2]. Ioge is

M - de‘nw array with similar structure except that it contains

Figure 2. Contribution of offsets in a dual-slope converter

v
S

Voo e ] _ only W bits of current sources.
vf fvofsl.crll_ig tI \
0 P D - 2.3 Digital Logic Circuit

Ty T T, o ! A 4 |

% 4 The digital section can be divided functionally into three parts: the

- )-converter  (ADC) controller, the display unit and the

;z)gl:ar:oiv?s?o?g;;rz:lmge of an ig Euadg . calibration. unit as shown in Figure 6. The ADC control unit

P ’ ’ i‘opj tes simultaneously with the integrator to control the quad-

,_{'. slope conversion and the output from the comparator will be

= () = 25-;] sinc(#/T, )sin]:

AbC controller, the result enters the display unit and is

referred noise of the system. _-*_ - ched for viewing at the display rate of 5 Hz. The result in BCD
ol fon t from the latch is converted into a 7-segment code and
The quad-slope A/D converter used in the system has tu;:snhmon ydulated by a driver to produce a 125Hz signal for driving the

of 1 nA, an input range of 1000nA and a conversion rate. o‘f;ZSOHz mfor the prototype circuit, the clock frequency was set to IMHz.
The reference current I.c has a nommaL‘value of luA -penod )

shown in Figure 3 are set as follows."i'l“,—lms, T,=1.2ms and ln “0““'1 R
T;=0.8ms. T has to be slightly larger thafl- #-beeaus: ne
and T has been reduced to compensate fof increase in Ts.

n, the calibration unit only holds the value that

=1
Since the system must operate propeily at supply voltage as low as.
2V, an operating point of the circuit must'be chosen carefully to
allow the largest output voltage swing for tlae integrator. A large

output swing provides better and esoluti Ly
Overheads of the integrator c%iﬁm %Hv% j w q 4pA
offsets and deviation of reference vol 0 al W), SW,,
shown in Figure 4. Offset volﬂ&e and V¢ variation cause the 9

output to shift from nommal Viets whlle offset current arid > |n0t used

deviation can mcre L
voltage. After all t .
. . an vo tage swmg | 4 . e l igure 5. ration current sources.

optimal choice for V

| u

respectively. For T,—l , Ciny must be 1nF to obtain 1V swing for
__Digital Logic Circuit

full-scale input (1pA). f— — B e o = o

| Apc COU’iT o[ B [
2.2 Sensor Characteristic Calibration CLK| }\Control "1 |Latch o |

I_ Unlt 7-Segment ElTO
The objective of the calibration is to adjust for errors in the transfer +— t— v . Display Unit i II 7-segment
curve of the sensor. These errors are typically in the forms of offset Quad-Slope |SW,,| Calibration ] Lcp | LLCD
and sensitivity variation. The system performs the offset calibration ADC '1“" Unit H Driver
by injecting a neutralizing current I, to cancel the offset. For ey e _L;...._..-..;...;J

sensitivity calibration, I,.¢ is adjusted to match the change in the
gain of the sensor. These require both Iy, and I.rto be adjustable. Figure 6. Block diagram of the digital part.



3. CIRCUIT DESCRIPTION
3.1 Bandgap Voltage & Current Reference

Vir and Ir.r mentioned previously must have low dependency on
process variation, supply voltage change and temperature shift.
These requirements can be partially satisfied by employing a
bandgap reference circuit [5]. The circuit shown in Figure 7 was
adapted from [5]. In this figure, start-up circuit and high-swing
cascode transistors have been omitted for clarity.

The circuit uses vertical PNP transistors available in the n- w
CMOS process to generate a p-n junction voltage (Vgg) on the le
and a proportional-to-absolute-temperature voltage (Vprar) on the
right. The voltages are converted into currents by Ry and R,
respectively, and the currents are combined in a_proper scale to
create current Ig. The temperature coefficience (TC) of R1 and R2,.'

however, causes I to be temperature dependW@ed to |
cancel the effect of TC and convert Iy into alyﬁ/, #./The
e !
f

resistor string generates the V, used to bias a
Vol can be adjusted by shorting unwanted resistors

create a constant current of 250nA, which
calibration system. This bias scheme allov
to be altered by changing the value of R,. This
explored in the future.

3.2 Input Front-End

Amperometric sensors have 2 electrodes, working 1
rence electrodes (RE) [3]. This circuit provides a polarization
voltage across the two electrodes and acts as a current buﬁa:that
sends the current signal to the A/D converter. A pojarixgpon
voltage is generated from the bandgap™ iferencc and can be
adjusted from 0.1 to 0.8V in 0.1V step. This enables the system fo
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directly connected to a voltage as low as 0.4V. So, M3 is inserted
in the folded-cascode fashion to increase the level of drain voltage
of M2. M4-M6 form a replica bias to reduce systematic offset of
the current buffer.

3.3 Integrator and Comparator

Main components in the quad-slope ADC are an opamp operated
as the integrator and a comparator as shown in Figure 3. The
opamp has a two-stage structure with a pseudo-source-follower
output stage [6] as displayed in Figure 9. The integrator requires a
pseudo source follower to help driving a current into C;,,, and allow

n atmg the output stage since an amplifier with rail-to-rail
dominant pole varying with its input level.

f;j output to swing from rail to rail. Care must be taken in

THe eenmtor in the system is a track-and-latch type [8]. The

bandwidth of the comparator has been designed to ensure that the .
delay timevis.smaller than Ius for an input-signal slope of

ImV/1 s, implying an error of less than 1LSB for a 1 MHz clock.

3.4 Current-Source Array for Calibration

_:_ A 250nA constant current from bandgap reference is mirrored for

using in the calibration unit. To generate a very small current, i.e.
IE.A, from 250nA, a current mirror technique is not practical;
instead, a current divider circvit [9] is used to perform the task.

j:‘F igure 10 shows how the calibration array is configured.

’iﬁbvﬁr eight bits of the array are created from the current divider. The
’ "' bit divider consists of 256 equal-sme transistors configured in the

manner. The n"-bit of the divider is formed by 2" unit
e remaining bits of the array are formed by scaled

~Common-g

g mirrors. All switches in the figure are NMOS transistors

3 m in triode region. .
o |

be compatible with various types of ampeigﬁmc Sensors.

The circuit in Figure 8 (cascode transistofS not shown) is the
improved version of the current buffer in [2],[6]. On the left side,
opamp OALI and transistor M1 form a voltage buffer biasing the
RE electrode. On the other side, OA2 and M2 dlsosact as a buffer
biasing the WE electrode. Voltages Supp uxi at ea
and Vi + 0.2V respectively. This differential bias r
of process variation to V,,, as well as#;hp power supply noise.

While the output of the front-end is forced to voltage V¢ by the

virtual ground input of the ]nﬁ;?g?ter rjm‘mrqfuz cann‘ot‘b ¢ | t ] ' B A

g o

Figure 7. Simplified low-voltage bandgap reference.

D2V N s ~
cesﬂ'ieﬁqpt

p

from
fronten >
-stage
amp
out
Rail-to- |
¥, rail ]’
input
(€]

Figure 9. Components in the integrator (a) buffered-output
opamp (b) rail-to-rail-input amplifier
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buffered by the front-end and converted to digital with 1 nA
resolution by the quad-slope ADC. Total input referred noise is
less than one LSB of the converter. The transfer-curve calibration
unit can correct offset up to 250nA with InA step and the full-
scale current I is adjustable from 1-8000nA. The prototype chip
is being fabricated in a 0.7-um CMOS process.

250 Table 1. Summary of simulation results.

Supply voltage 2.0-5.0 A%
l Temperature 0-70 °C

Total power consum tion (typlcal)
” / ' © 3997 3971 4019 mV
f ; +0.08 £0.18 =023 %

1.004 0.998 1.008 pA
0,

r= --"“’"'-—':a:‘-

Current divider

ref

Figure 10. Implementation of the current-source zqu
When the calibration is not performed, only SWH%S
I.s and I} flows to the ADC. After the calibration; SW=S
have a new combination creating an appropti iate y

Vl

when operating at 3V supply is around 510
summarizes the simulation results from the proto
and [; have 0.45% and 1.4% maximum deviation, res
when varying temperature from 0 to 70°C and supply- ﬂfﬂ’p- I
5.0V. The current experiences larger dcwanon because of limited { =)
output resistance of the current source; §_9_:|the variation of supply
voltage dominates the error of I . ‘T -

lqpment of Mlcromachmed Electrochemxcal Scnsor and
er Sy ” IEEE Proc. Engineering in Medicine

0CTe vol 20, pp. 1834-1836, 1998.
wathana, K. Opasjumruskit, M. Sriyudthsak,
t,**A Low-Power Monolithic Analog-to-LCD
voltage ranging from 0.1 £0 0.8V in 0.1V step . - C Amperometric Sensors,” [EEJ International

Ri, and output resistance R,,, are approximately 0.17Q and 73MQ Anang VLSI Werkshop, pp. 144-147, May 2001.

respectively. This R, is large enough for current in the order of [3] M. Breten, T. Lehmann and E. Bruun, “Integrating Data

The front-end circuit provides the senso

- with a polaxwmon

nanoampere. The input referred noise with theeffégt, of the quad- 2.+ Converters for Picoampere Currents from Electrochemical
slope conversion (2) taken into ﬂuﬁ lga n EJ m @ ﬂﬁqﬂ ? » pp- V- 709-712, May 2000

nd Differential Average Signal
The ADC input referred noise after the (1)'ias be rocessors: Detaili Their Signal and Noise Response,”
into account is 302pA. Then, the al input referred noise of the IEEE J. Solid-State Czrcuxts, vol. 28, pp. 49-58, Jan. 1993.
system is approx1mately 340pA which is lower than the LSBio m R. G Meyer Qolslysis and Design of Analog
InA. The current iley & Sons, 1993.
conditions. This allo rati nmoﬂd T gc ode Circuits: Techniques
step of InA. ig FrequencyAna og Destgn chap. 9, 1998.

[7] F Mistlberger, R. Koch, “Class-AB High-Swing CMOS
5. CON CLUSION Power Amsplifier,” IEEE J. Solid-State Circuits, vol. 27, pp.
1089-1092, July 1992.
A new portable system for reading the current output from [8] B.-S.Song, S.-H. Lee, M. F. Tompsett, “A 10-bit 15-MHz

amperometric sensors has been designed. The prototype circuit CMOS Recycling Two-Step A/D Converter,” IEEE J. Solid-
consists of five parts: front-end circuit, quad-slope A/D converter, State Circuits, vol. 25, pp. 1328-1338, Dec. 1990.

bandgap voltage reference, calibration unit and digital controller. [9] H.J. Schouwenaars, D. W. J. Groeneveld, H. A. H. Termeer, “A
Simulation results show that the reference voltage and current Low-Power Stereo 16-bit CMOS D/A Converter for Digital Audio,”
generated by bandgap reference circuit is very slightly dependent IEEE J. Solid-State Circuits, vol. 23,pp. 1290-1297, Dec.1988.

on the temperature and supply voltage. The sensor output current is
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