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Universal Rectifier Using Current Conveyors

Adisak Monpapassorn' and Sanae Maitreechit'

South-East Asia University, Nong-Kham, Bangkok 10160

and two CClI+/-s, is presented. The proposed rectifier performs positive half-wave, negative half-wave, positive
full-wave and negative full-wave rectification in one circuit. Simulation results using the PSPICE program with
CMOS current conveyors fabricated in 0.5 lm CMOS technology of MIETEC were performed. The results show
that the proposed rectifier can be operated with an input voltage in the range of - 300 mV to 300 mV with the
supply voltages of £1.2 V and the power consumption of 0.88 mW. Additionally, the results also show the
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Abstract

A universal rectifier using four current conveyors, two second-generation current conveyors (CCII+s),

rectification for a 100 mVpeak sine wave signal at a frequency of 100 kHz.

1" Assistant Professor, Department of Electronic Engineering.

‘ + EOA“2/p281-293

282 22/9/02, 10:50 AM



715 19RBuaziun wes. Ui 26 aufl 3 nangrAn-usnpu 2546 283

1. Introduction

In small signal rectification, a simple diode rectifier cannot be used because of a limit of the
threshold voltage, in the range of 0.2 V to 0.3 V for a germanium diode and 0.6 V to 0.7 V for a silicon
diode. The combination of diodes with the active elements such as opamps, operational transconductance
amplifiers, current conveyors, is a choice to make that the diode can rectify the voltage to be lower
than the threshold voltage. Recently, a current conveyor rectifier has received widely attention. For
example, LTP Electronics Ltd. [1] proposed the current conveyor positive half-wave and full-wave
rectifiers. Toumazou et al. [2], Hayatleh et al. [3], Khan et al. [4] and Monpapassorn et al. [5] proposed
the current conveyor positive full-wave rectifiers. In fact, all rectification of a single-phase signal is
used in analog signal processing applications. Moreover, nowadays, the IC fabrication technology can
integrate many transistors on one chip. Therefore, it is easy to create a large circuit on the chip. From
all of the above, it will be convenient for applications if the rectifier can rectify the signal in every

rectification.

In this paper, the authors present the combination of all rectification of the single-phase
signal in a universal rectifier that uses two CCll+s, two CCII+/-s, four diodes and six resistors. While
the positive full-wave rectifiers proposed by Toumazou et al. [2], Hayatleh et al. [3] and Khan et al. [4]
use two CClI+, four diodes and two resistors. Additionally, the positive full-wave rectifier presented by
Monpapassorn et al. [5] uses a CCll+, two resistors and four current mirrors. Comparing the proposed
universal rectifier with the rectifiers proposed previously, we find that with minor adjusting the pro-
posed rectifier can universally operate. More details of the proposed rectifier will be explained in the

next sections.

2. Proposed Universal Rectifier

Sedra and Smith [6] introduced a second-generation current conveyor (CCIl). Both CCIl+ and
CClI+/- in Fig. 1 are used in a proposed universal rectifier. The voltage and current transfer character-

istics of the CCll+ is given by

i, =0
Ve = (1)
o= i
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and the transfer characteristics of the CCll+/- is given by

i, = 0
Ve = W @
Lo = I
- = -y

ccr+ 24—

Iz

!

Ix

iy iz+

CCII+/-

!
,1

Fig. 1 Second generation current conveyors: CCIl+ and CCll+/-.

The proposed universal rectifier is shown in Fig. 2. It consists of two CCll+s, two CCll+/-s,
four diodes, and six resistors. Its operation is as follows. An input voltage (V) is applied to nodes Y

of CCll+1 and CCII+2. Using Eg. 1, the currents at nodes Z and X of CCIl+1 and CCIl+2 can be written as

W .
lzl - lxl - R1 ( a)
. _ . W
122 - le - (3b)
R,
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Fig. 2 Proposed universal rectifier.

285

The current i.; is fed to the rectifier diodes, Dl and Dz, and the current I, is fed to the

rectifier diodes, D, and D,. These diodes alternate between conduct and non-conduct to rectify the

input voltage in the form of i,; and i,,. When the input voltage is positive; D1 turned on and D2 turned

off, hence, i,3 is -i.1; moreover, D3 turned off and D4 turned on, thus, I is bypassed to ground, there

is no i4. When the input voltage is negative; D1 turned off and D2 turned on, therefore, i.; is

bypassed to ground, having no i3; in addition, D3 turned on and D4 turned off, consequently, i, is

-ix2. Note that nodes Y of CCll+/-3 and CClI+/-4 are grounded, exploiting Eq. 2 in case v, =V, and Eq.

3 as well as using R, = R, = R, = R,, we can write the relations between the input voltage and the

voltages V. and V', as

and

These mean that VH+ and VH_ are the positive and negative half-wave voltages, respectively.
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Using Eq. 2 in case i+ =i, and i.- = -i; as well as R, = R, = R; = R, The relations between

the input voltage and the voltages V, and V. can be expressed as

(6)

and

(7)

it is evident in Eq. 6 and Eq. 7 that VF+ and VF_ are the positive and negative full-wave voltages.

The values of resistors in the proposed rectifier affect the power consumption of the pro-
posed rectifier. That is, if ones choose the low values of resistors resulting in the high currents in the
rectifier, which are the cause of high power consumption. Hence, if the low power consumption is
needed, the high values of resisters must be chosen. However, the use of high value resistors leads

to the use of a wide chip area in an IC process.

In the above analysis, the resistance at nodes X of all CClls [6] is neglected, i.e. it is 0 Q.

Practically, it affects the operation of the proposed rectifier. Namely the real i, and io(i,,* and i,,*) are

T .
i = a
. R] + rxl

T o
1, =

. R2+ er

where 7, and 7, are the resistance at nodes X of CCll+1 and CCll+2.
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These currents are rectified and then are converted to voltages by R; + 7,5 for i,;* and by R,
+ 1, for i*. Therefore, the positive and negative half-wave voltages are true according to Eq. 4 and
Eq. 5, where v, =¥, =¥ 4 =¥, = ¥, because the same input structure CClls are used. But, for the
positive and negative full-wave voltages, only Ry and R, convert output currents to voltages. Thus,
the positive and negative full-wave voltages will be lower than Eq. 6 and Eq. 7. To solve this error, if
R, =R, =R, =R, =R, R, and R, have to be set to

R, =R+r, (9a)

R = R+r, (9b)

The proposed rectifier uses the CCIl+ and CCIl+/- circuits in Fig. 3. In the circuits the transis-
tors M1 and M3 are used to establish the proper gate-source bias voltage for the source follower

transistors M2 and M4. The small signal voltage gain from nodes Y to X [7] is given by

ng + gm4 gml + gm3 + gmbsl + gmbs3
A, = X (10)
ng + gm4 + gmbe + gmhs4 gml + gm3

where 2,0 and Zusso denote the gate transconductance and the bulk transconductance for transistor

number Q, respectively. In [7], the conveyor X input impedance is also given by

rx = (ng + gm4 + gmbsz + g-mbs4)-1 (11)

With perfectly matched transistors (M1 matching M2 and M3 matching M4), we find 4,=1
and there is no offset voltage between nodes Y and X. A mismatch between M1 and M2 or M3 and
M4 would result both in a change in 4, and in an offset voltage between nodes Y and X. By careful
design, the mismatching can be limited to less than 1% and the gain error caused by a mismatch is
likely to be less than 0.1%, corresponding to an input error voltage in the low millivolt range for input

voltages of a few volts [7].
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Fig. 3 Current conveyors used in simulation: (a) CCIl+ and (b) CClI+/-.
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The operation range of the proposed rectifier is limited below the supply voltage. With the
same W/L ratios of M1, M2, M3, and M4, to make M2 and M4 being in the saturation mode the same
as M1 and M3, the minimum and maximum input voltages that the proposed rectifier can operate are

Vn(min) = VSS + ‘ VTP‘ +‘ VTN‘ +‘ I/eff4

1

ule

(12)
v

[

i

Vn(max) = Vop— ‘VTP‘_ ‘VTN‘_

Vep

2] , .
where V= Vis- V= /m [8]: Vg is the gate to source voltage, V; is the threshold

voltage, I, is the drain current, M is the mobility of carriers, C, is the gate capacitance per unit area,

W and L are the channel width and length.

3. Simulation Results

To verify a theoretical design, a proposed universal rectifier was simulated by using the
PSPICE program with CMOS current conveyors fabricated in the 0.5 [lm MOSFET technology from
MIETEC that has a model as listed in Table 1. A diode model used in simulation is listed in Table 1
as well. Current conveyor circuits, CCIl+ and CCll+/-, are shown in Fig. 3. All W/L ratios of MOSFETs
in current conveyors are 20 [Am / 0.6 Im. All constant current sources in current conveyors are set
to 20 HA. R = R,= R; = R, = 10 kQ and R; = Ry = 12 kQ were chosen. Following to Eq. 9a and
Eq. 9b, it shows that I', = 2 k). Note that I, is high because the constant current sources in current
conveyors are set to the low current 20 LA, in order to reduce the power consumption of the
proposed rectifier. The supply voltages are £1.2 V. The DC transfer characteristics of the proposed
rectifier are shown in Fig. 4, which displays the operation voltage swing ranging from -300 mV to 300
mV of the input voltage. In this operation range, the simulated power consumption is 0.88 mW.
Applying the 100 mVpeak sine wave having a frequency of 100 kHz at the input of the proposed
rectifier, the input and output signals are shown in Fig. 5. It is clearly seen in Fig. 5 that the proposed
universal rectifier provides high precision. The amplitude errors for different input signal voltages at
some frequencies are listed in Table 2. It is evident in Table 2 that the error will be high at high

frequency because of the decrease of the gain of CClls at high frequency.
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Table 1 MOSFET and diode models used in simulation.

.MODEL NM NMOS LEVEL=3

+U0=460.5 TOX=1.0E-8 TPG=1 VTO=0.62 JS=1.08E-6
+XJ=0.15U RS=417 RSH=2.73 LD=0.04U VMAX=130E3
+NSUB=1.71E17 PB=0.761 ETA=0.00 THETA=0.129 PHI=0.905
+GAMMA=0.69 KAPPA=0.10 CJ=76.4E-5 MJ=0.357 CJSW=5.68E-10
+MJSW=0.302 CGSO=1.38E-10 CGDO=1.38E-10 CGBO=3.45E-10
+KF=3.07E-28 AF=1 WD=+0.11U DELTA=+0.42 NFS=1.2E11
+DELL=0U LIS=2 ISTMP=10

.MODEL PM PMOS LEVEL=3
+UO=100 TOX=1.0E-8 TPG=1 VTO=-0.58 JS=0.38E-6
+XJ=0.10U RS=886 RSH=1.81 LD=0.03U VMAX=113E3
+NSUB=2.08E17 PB=0.911 ETA=0.00 THETA=0.120 PHI=0.905
+GAMMA=0.76 KAPPA=2 CJ=85E-5 MJ=0.429 CJSW=4.67E-10
+MJSW=0.631 CGSO=1.38E-10 CGDO=1.38E-10 CGBO=3.45E-10
+KF=1.08E-29 AF=1 WD=+0.14U DELTA=0.81 NFS=0.52E11
+DELL=0U LIS=2 ISTMP=10

.MODEL D1N914 D (IS=100E-15 RS=16 BV=100 IBV=100E-15)

Table 2 Amplitude errors for different signal voltages at some frequencies.

Input signal Amplitude errors (%) at frequencies:
(mVpeak) 10 kHz | 100 kHz | 1 MHz | 10 MHz | 100 MHz
50 0.4 0.4 0.7 19 139
100 0.4 0.4 0.7 19 139
150 05 05 0.8 2 14
200 0.6 0.6 0.8 2 14.1
250 0.7 0.7 0.9 21 142
300 0.8 0.8 1 21 143
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Fig. 4 DC transfer characteristics of the proposed rectifier: (a) positive and negative half-wave

rectification and (b) positive and negative full-wave rectification.
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Fig. 5 Input 100 mVpeak sine wave at the frequency of 100 kHz and: (a) positive half-wave output,

(b) negative half-wave output, (c) positive full-wave output, and (d) negative full-wave output.
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4. Conclusion

In the paper, the authors have reported the design and simulation of a universal rectifier
using current conveyors. All single-phase signal rectification can be obtained from the proposed
rectifier. With current conveyors fabricated in the 0.5 im CMOS technology from MIETEC, the
proposed rectifier uses 1.2 V supply voltages and 0.88 mW power consumption, to produce the
operation voltage range from -300 mV to 300 mV. Simulation results at the frequency of 100 kHz
show the high precision of the proposed rectifier. The proposed rectifier is suitable and easy to use

in analog signal processing.
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