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Abstract—An interfacing circuit for piezoresistive pressure

sensors based on CMOS current conveyors is presented. The A b
main advantages of the proposed interfacing circuit include the <™ CCII+ ™[
use of a single piezoresistor, the capability of offset compensation, CCII+ #2171 —F+—*¥
and a versatile current-mode configuration, with current output ks Ry’ )
and current or voltage input. Experimental tests confirm linear = Rl O Vo
relation of output voltage versus piezoresistance variation. - |

Index Terms—CMOS analog integrated circuit, current con- CCIT+ ™ J R
veyor, current mode, interface circuit, pressure sensor. X3

I. INTRODUCTION

R2 { =
L
URING the last few years, integrated pressure sensors , . R . .
e . . Fig. 1. Block diagram of the interface circuit. Piezoresistance is denoted by
on silicon substrate are of growing interest becauﬁ = Rt (1 + ).
of their compatibility with CMOS technology. The main ¥ v
advantages of these systems are their improved sensitivilement. Such an element may be directly connected to the
small size, and cost effectiveness. Silicon pressure sensors &hdtrnal patient-monitoring system with increased signal-noise
utilize the piezoresistive effect are usually based in a fouramunity and transmission efficiency.
element Wheatstone bridge configuration, formed by Rgo
elements (their resistance increases with pressure) and two IIl. CIRCUIT DESCRIPTION
R, elements (their resistance decreases with pressure). Th&he second-generation current conveyor GCi$ a known
output voltage of such a transducer is sensed by an interfaterent-mode three-port analog building block with the fol-
circuit usually based on operational amplifiers [1]. In thedewing characteristicsV, = V,,,I, = L., and I, = 0 [3].
four-element pressure sensors, accurate resistance matchimg proposed interface involves three such GCtells, three
betweenk} and R, and equal variation of absolute resistanceonventional resistordi;, Rz, Rs (the last one at the moni-
with pressure are two essential characteristics for propgering instrument side), and a single piezoresistor, denoted as
operation to reduce the offset and increase the sensitivity of tRg = R;(1 4 z), where R}, is the resistance at reference
sensor. These constraints complicate the technological progegsssure and = AR/R, is the relative change proportional

to implementR} and R, elements. to pressure variation. The resulting circuit schematic diagram
The use of a single piezoresistance element eliminatgsdepicted in Fig. 1.

the need to match closely the four resistors that form theA current source configuration is obtained via the first
Wheatstone bridge design [2]. A novel cost-effective currentCII+. This current valuel;; is equal tol,; and therefore
mode interfacing circuit designed to operate with input frometermined by reference voltagé.; and resistance?;. The

a single piezoresistance element is presented in this papgiplied pressure produces an absolute chaade in the
The proposed circuit, based on second-generation currpizoresistori+. The small change in piezoresistor value
conveyors (CCH-) [3], also offers current output which can beaffects the voltage at nod#1

very useful in a number of applications in which relatively long

. o _ — +
wires are used to connect the sensor to the monitoring system. Vi = Vonr = LRy

Such is the case in biomedical systems where the proposed Va =IZ1R;,’0(1 +)+ Vog
configuration is to be used. The pressure sensor integrated on Viet 4
the chip with the proposed interfacing circuit forms a sensing =R Ro(1+2)+ Vog. 1)
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consequently, the output voltage will be 300 .
] '—+— Vo (mV) : :
V, = (123 — IZQ)Rg. (2) 250_‘ :
Therefore, a linear dependence between the output cufgent

and the relative piezoresistor variatianis obtained and can 2001 §
be expressed as follows: S ] §
v v E 150 9
To=1Iz3=Izy =22 2t g 1 g
Ry R, 100} 3
v B Ve (B ) Ve g z 2
ref R2R1 Rl RQ RQ . 50+ ~

In order to eliminate the constant output offset value formed ~ °+—
by the last two terms, eitheR, has to be matched with the
initial piezoresistor vaIueR;fO andV,g = 0, or it could be also o o ] ) ]
compensated by an appropriate external voltage applied to gpé%féte?riugc}g;gﬁvoltage and linearity error versus piezoresistor varia-
input V,¢. Then, after the output offset value correction, the ) e

final output value is in progress. This interface circuit is well suited for surgical
T cardiovascular applications for accurate intravascular pressure
Io=Vig—2 2 = kx. (4) measurements. The pressure sensor plus this electronic inter-

Ry Iy face circuit fulfill specific characteristics: minimum number of

A current output proportional to the pressure variation ires, minimum power dissipation, high noise immunity of the
obtained while the resistors’ rati®;/R; may be used to signal transmission, and accurate pressure—voltage conversion.
control the output voltage gain of the compensated circuit.
It should also be noted that both reference and offset inputs
are high impedance nodes and therefore are practically noffhe authors would like to thank the anonymous reviewers
affected by the length of connection wires, although may for their helpful and constructive comments.
be also integrated with this circuit. Moreover, the proposed
configuration can be used in a true current-mode operation
with current reference input at nodg and current output, [1] J. M. Borky and K. D. Wise, “Integrated signal conditioning for

and this is difficult to obtain with operational amplifiers. silicon pressure sensors|EEE Trans. Electron Devicessol. ED-26,
pp. 1906-1910, Dec. 1979.
[2] R. Frank, “Pressure sensors merge micromachining and microelectron-
[l. EXPERIMENTAL RESULTS ics,” Sens. Actuators App. 93-103, Jan. 1991.
. . . . . [3] A.S. Sedra and G. W. Roberts, “Current conveyor theory and practice”
The proposed circuit of Fig. 1 ha_s been |mplemen_ted us'nb in Analogue IC Design: The Current Mode Approadh. Toumazou,
CMOS current conveyors cells previously fabricated in an 1.2- F. J. Lidgey, and D. G. Haigh, Eds. London, U.K.: Peter Peregrinus,

um CMOS process [4]. Experimental results were obtaine?ﬂr] Ltd., 1990, ch. 3, pp. 93-126.
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