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Abstract 

This paper presents a CMOS high frequency half-wave rectifier based on current mode 

technique, which has a capacity for the frequency response up to 100 MHz. This circuit consists of 

three main components: 1) a new voltage to current circuit (V-I) is composed of two MOSFETs 

and two constant current sources; 2)  a current mode half-wave rectifier that is applied from a 

class-AB current mirror circuit given by Kawahito and Tadokoro. This circuit is composed of six 

MOSFETs and two constant current sources; and 3)  two current to voltage circuits (I-V) are 

composed of two resistors. In addition, the new 0.8 pm MOSFET technology has been applied in 

this research project. 

In one experiment, the design circuit was simulated using the PSPICE program. The most 

important results reveal that the proposed circuit design provides high frequency response through 

employing low-level environments, both devices and power consumption. Two outputs of the 

proposed rectifier circuit are a positive and a negative half-wave rectifier outputs. 

' Lecturer, Department of Electronic Engineering, Faculty of Engineering 



85 

Introduction 

The rectifier circuits are widely used in wattmeters, AC voltmeters, RF  demodulators, 

piecewise linear function generators, and various nonlinear analog signal-processing circuits. The 

operation of only diode rectifiers are limited by the threshold voltages, approximately 0.3 V for 

germanium diode and 0.7 V for silicon diode, thus they are used in only some applications of which 

the precision in range of threshold voltage is insignificant, such as radio frequency demodulators 

and DC voltage supply rectifiers. Nevertheless for the applications requiring high accuracy, the 

diode rectifiers cannot be used to treat the purpose. This problem can be solved using MOS or 

bipolar transistor integrated circuit rectifier instead, for example the rectifiers proposed in [2-7]. 

This paper proposes the new half-wave voltage rectifier using CMOS technology with unity 

voltage gain, moreover, the 0.8 pm MOSFETs are applied, thus it has an operating frequency 

higher than the above researches. 

Proposed Circuit 

A block diagram of the proposed circuit is shown in Fig. 1. The AC input voltage is 

converted to the AC input current by V-I, and this AC input current is rectified to a positive and a 

negative half-wave current signals by the current mode positive and negative half-wave rectifiers, 

respectively. Subsequently, these positive and negative half-wave current signals are converted to 

positive and negative half-wave output voltage signals by the first and the second load-resistors, 

respectively. 

Fig. 1 Basic elements of the proposed half-wave rectifier. 

1 New V-I 

The V-I shown in Fig. 2 is composed of MI ,  M,, I,, , and I,, . M ,  and M ,  are biased 

in saturation region. A source current of M ,  is 

~ s ( , w i  = P I  (YDD - 1 ~ v  - v1.w Y (1) 



where 

and a drain current of M ,  is 

where 
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Fig. 2 The propi x e d  half-wave rectifier circuit. 



' From the proposed current mode half-wave rectifier circuit, the input current of the circuit 

( I ~ , , ( , ~ , , )  is separated into two current mirrors : the NMOS current mirror and the PMOS current 

mirror. M ,  and M ,  are also biased by M,,  M,, I,, and lB,. The biased currents are set to I,, = 

ID4 = I,. If the drain conductance coefficients and the absolute values of the threshold voltage are 

the same for M ,  and M,, the current components, I ,  and I ,  in Fig. 2 ,  [l] given by 

for -41, Slo,T(v~, l  <41,. But, if I,,nv~,,<41,, thus I ,  =I,,,,.,, and I ,  = 0 ; and if 

loLrnv~,,>41B, thus I ,  =I,,,~,~,, and I ,  = O .  By using the low value of I,, the relation of the 

currents in the circuit can be estimated as 

for I , U T ( V - l ,  > O7 

I ,  = I,,!,.,, and I ,  = 0 ( 6 )  

and for I,,,o.,, < 0, 

I ,  = I,,(,_,, and I ,  = O  (7) 

From Fig. 1, I ,  is reflected to drain of M ,  thus the drain voltage of M ,  is 

VLJCM,, =I,,("-,, R LI ; I,,("-,, < 0 (8a) 

and I ,  is reflected to drain of MI, thus the drain voltage of MI, is 

(9a) - 
V D ( M , d  - I,,("-I,RL, ; I,,~".,, > 0 

From the equations (8a), (8b), (9a), and 9(b); V,,,,, and VD,M,o, are the positive and 

the negative half-wave voltages of the AC input voltage, respectively. The unity voltage gain of the 

proposed rectifier circuit can be received by adjusting the load-resistor values. 



Simulated Results 

The proposed half-wave rectifier circuit was simulated by using the PSPICE program. Two 

DC power supplies are V,, = +3VDC and Vss = -3VDC. Four constant current sources are I,, = 

I,, = 10 pA and I,, = I,, = 0.1 vA. The W/L  parameters of M ,  is 2.7 pm / 0.8 pm; M ,  is 

1.1 pm / 0.8 pm; M,- M ,  and M,- M , ,  are 10 pin / 0.8 pm, using a SPICE model of the 

0.8 pm MOSFET technology [8]. The values of R,, and RL2 are 5.7 KR and 6.9 KR, respectively. 

The positive and negative half-wave output signals of the circuit when the sine wave (10 kHz, 2V ) 

is fed to the input, are shown in Fig. 3 and Fig. 4, respectively. And the positive and negative half- 

wave output signals of the circuit when the sine wave (100 MHz, 2V ) is fed to the input, are 

shown in Fig. 5 and Fig. 6, respectively. The distortion of the output signals in Fig. 3, Fig. 4, Fig. 

5, and Fig.6 comparing with the ideal half-wave signals are 1.9%, 4.9%, 6.7%, and 9.4%, 

respectively. 
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Fig. 3 (a) the sine wave input signal (10 kHz. 2Vp-p) with the DC offset voltage 3V 

(b) the positive half-wave output signal 
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Fig. 4 (a) the sine wave input signal (10 kHz. 2Vp.p) with the DC offset voltage 2V 

(b) the negative half-wave output signal 
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Fig. 5 (a) the sine wave input signal (100 MHz, 2Vp-p) with the DC offset voltage 3V 

(b) the positive half-wave output signal 
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Fig. 6 (a) the sine wave input signal ( I00 MHz, 2Vp-p) with the DC offset voltage 2V 

(b) the negative half-wave output signal 

Conclusion 

The advantages of this proposed half-wave rectifier are employing few numbers of 

components, low ship area, low voltage operation, and low power consumption to produce a 

operating frequency higher than one obtained from the other rectifiers in the references. This 

proposed circuit is suitable for the use in electronic and telecommunication applications. 
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