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Temperature Independent Current Conveyor Precision
Full-Wave Rectifier for Low-Level Signal

Slobodantukic

Abstract: A circuit that provides precision rectification low-leveigut signal with
low temperature sensitivity is presented in this papertilizes an improved second
type current conveyor based around current-steering ¢stage and voltage biased
silicon diodes, rather than more usual current mirrors.pBsed design of the preci-
sion rectifier ensures good current transfer linearity iinge that satisfy class A of
the amplifier and good voltage transfer characteristicdor level signals. Distortion
during the zero crossing of the input signal is practicalljnaated. Design of the
proposed rectifier is realized with usual components thateabought in the market.

Keywords: : Current conveyor, rectifying circuits, PSpice programi|-fvave recti-
fier.

1 Introduction

ECISION RECTIFIERSare important building blocks for signal processing,
pconditioning and instrumentation of low level signals. tdgle operational am-
plifiers (voltage operational amplifier), with their higheploop gain, have been
effectively used in this application and provide accurateision rectification. But
the classical problem with conventional precision reatifibased on diodes and
voltage operational amplifiers is that during the non-carida/conduction transi-
tion of the diodes the voltage operational amplifiers haveetmver with a finite
small-signal dV/dt resulting in significant distortion éuy the zero crossing of the
input signal. Operational amplifiers with high slew-rate cet solve this funda-
mental drawback because it is a small-signal transitioblpra [1,2]. To overcome
diode resistance problem we have to drive diodes from a imgiedance sources
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such the case with the submitted current conveyor. The higbedance of the
current conveyor ensues that defined current flow throughdibdes into output,
independently of the diode resistance. At the first timejgesf the current con-
veyors was based on employing the power supply rails of thage operational
amplifiers as the current rectification path, but the firstopgm encountered with
such schemes is that signal levels need to be significarglyehithan the supply
bias to guarantee precision rectification, and second gnold zero crossing signal
when we lose rectification. Finally, it is known that the R®pprogram [3] cannot
track the current in positive and negative input power-$yfgads of voltage oper-
ational amplifiers, because this program operates withtiomal and not physical
model, and on that way it can not be used for testing. Proposeént conveyor
overcomes all enumerated problems.

2 Current Conveyor Based Around Current- Steering Output Stage

A second generation current conveyor (CCII) can be reptedeas a three-terminal
device in which a voltage applied to high-impedance terinthé buffered with
unity gain to terminak, from which any current that flows is mirrored to terminal
Z, as shown in Figure 1 [4].

Fig. 1. Second generation CCII current conveyor.

Mathematically, second generation current conveyor cadeseribed by the
following matrix equation:

Vi 0 1 0 [k
=10 0 0o |v (1)
] |[£1 0 0] |V

or by three linear equations:
ly =0 )
IZ — :i: IX (4)
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The sign of current; in (4) determines the positive (CClI+) or negative (CCII-)
type of CCII.

Figure 2 shows the improved current conveyor formulatioeelsbon current
steering output stage (CCIICS) [4].
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Fig. 2. Improved current conveyor based on current-stgesirtput stage.

DC

Good voltage transfer accuracy betweérand X terminal is ensured by the
use of negative feedback around voltage operational aewpéifid transisto®;. If
we chose value of current sourlgesufficiently large to keep the emitter resistance
of Q1 very small compared to the output resistance of the curreumice, voltage
transfer error will remain very small. A conveyor input cemt I, results in an
identical decrease of current throu@h and identical increase of current through
Qo, causing an output current &f to flow from nodeZ by subtraction from the
source providing collector bias current fQ,. TransistorQ; and Q, should be
high devices to ensure close equivalence of collector arittegnaurrents in both
cases. Current transfer accuracy frofio Z terminal no longer depends on device
matching within current mirrors, but is controlled by Kitabif’s current low (sum-
mation equation). Current offset, as a result of any vanaC biasing sources
and device parameters, can be eliminated externally. It beusoted that the value
of the current sourcelg andl, is one half of thd+.

3 Precision Full-Wave Rectifier For Low Level Signals

A full-wave precision rectifier for low level signals can benfigured using two
CCIICS and four diodes as shown in Figure 3 [5].

The operation of the circuit shown in the Figure 3 is as foowoth of the
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Fig. 3. Configuration of the precision rectifier for low levggnal.

CCIICSs form a differential voltage-current converter fsubat during the posi-
tive input cycle the output currents of value Vin/R1 flow otittlee Z node of the
CCIICS-A and into th&Z node of CCIICS-B, thus making only diod&s andR»
active (ON state). Becaus$® is active, the current from thé node of CCIICS-A
flows into the output resistance R2 making:

Vout = %Vm (5)
During the negative input cycle, diodBs andD; are active, so the output current
of the CCIICS-B is going into resistance R2 making again ougignal same as
equation 5. In that way we proved that circuit shown in theuFég3 work as full-
wave rectifier.

The voltage at the anode of diodegsandDg, is biased by a low impedance volt-
age source VB 1.2 V) allowing forward bias for each silicon diode [6]. WhB#g
andD4 conduct the voltage at the subsequérierminal is approximately-0.6 V
and the output voltage is zero. This condition ensures thatidad impedance
presented to th& terminal is kept low at all times, especially as the diodeagai
D;/D3 andR,/D4 swap condition roles. Note that all the diodes are on the eéige
conduction during the zero crossing input signal.

4  Circuit Implementation

In order to explore the potential performance of the newifiectopology, first we
realize CCIICS as it shown in the Figure 4.

Analysis of CCIICS and full-wave precision rectifier was readith PSpice
program [5]. For testing purposes, the conveyor has beefigtwed as a voltage
amplifier, this time by feeding the voltage signal to ternhiXavia resistorRi,,
connectingR_ between output termina and ground and connecting terminal
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Fig. 4. Topology of the CCIICS.

to ground. The circuit of Figure 4 operates fram10 V. We used the next couple
values for resistoR, andR; to define current sourcle without offset voltage at
the output of the current conveydr, = 9.7 kQ andR; = 118 kQ, I+ =4 mA and
l1 =1, =1y /2 =2 mA. Current offset can be nulled with resistes = 18Q. All
npn transistors in the circuit are 2N2369 and pnp 2N995 Witk 80. Operational
amplifier TLO82 that uses FET transistors at differentighgpoints and has small
DC bias currents is applied in the circuit. Resist®&s = 15Q andR. = 16Q
ensures maximal current range for class A amplifier. Nonrthkese two resistors
should be equal for unity voltage gain, but this small défeze in value is due to
the adjustment of the unitary ratio on the rectifier voltagensfer characteristic
(Figure 7). Current transfer linearity of the proposed G3lis shown on Figure
5. It can be concluded that current rang&.5 mA-+1.5 mA satisfying relation (4).

Figure 6 shows frequency response of the proposed CCIICE8niity voltage
gain (R. = Rip) and for gain=10R_ = 10R;,). From that figure one can conclude
that frequency range of that circuit is about 1 MHz.

Precision full-wave rectifier for low level signal is reaid with two CCIICS

and four fast diodes (1N4148) as it shown on Figure 3 and aisster characteris-
tic, Vou = f(Vin), is presented on the Figure 7. From the Figure 7 we can make two
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Fig. 5. Current transfer linearity of the proposedFlg' 6. Frequency response of the proposed
cClos CCIICS.

conclusions: first, there is distortion during the zero siog input signals but in
this case itis very small (in the rangel mV--1 mV), and second, transfer charac-
teristic of the proposed rectifier is little temperature elegent. The improvement

of temperature independency of the proposed rectifier wasrited in the refer-
ence [7].
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Fig. 7. Temperature dependence of the transfer charaiatgrisposed rectifier.

Figure 8 show output waveform of the proposed rectifier fergimusoidal input
signal amplitude 30 mV, frequency 10 kHz and with gain =1,uFég8(a), with
gain=10, Figure 8(b).

5 Conclusion

In this paper it is presented design of a temperature indég@nprecision full-
wave rectifier circuit based on improved current conveyothwdurrent-steering
output stage and voltage biased output diodes. Propostfibrdtave good voltage
transfer characteristic for low level signal, good currénainsfer linearity in the
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Fig. 8. Output waveform of the proposed rectifier for the swmidal input signal amplitude 30mV.

range that satisfy class A of the amplifier and at the same iticen be amplified
input signal very precise. Design of the rectifier is realizeith components that
can be bought in the market.
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