o o < |
MFNTIBUBLTWRU 335, TN 23 aUUN 1 UNTIAN-1UIEU 2543 83

'Jaﬁlsl,%ﬂansgl,l,awun%aﬂﬁuehum'mﬁga
Alinatianisnenluluunnseus

o o .:?’ '3 o 1
aadnm yuaUssndds

NININaaEEE DAY VLB NN 10160

UNARED

unanuibihiane mmﬁmn?ummua‘%mﬁummﬁmﬁﬁ“[maa%nuuu%uaa aald
madiavasnmivnaululuuenszus I@mmiﬂmmuaumumwauauaammnmm 100 MHz
sfihiaueiidsrnaudadiulsznaunan 3 sude 1) rsanasuusssmdunszusuunlng
TITENaUMBNIRAN 2 7 UATUWSITIBNTEURAIT 2 6 2) 1TIBINTURUDUATINAN
Iﬂmmmaﬁgnﬁ’ﬂLLﬂaammmawmﬁ aunIzuaAa® AB lae (Kawahito and Tadokoro (1996),
[1]) Badsznaudouemnn 6 6 LasUREITIBNTIUEAIT 2 67 uaz 3) 299aABunszug
lwusadu 2 2993 Berlsznaudndadunmu 2 3 wenanitwnidseiuiselsinmalulasng
PINARANYUIA 0.8 um W 1Fa

ludamlaamimaaa 'J\‘.l'wli'ﬁ'ElEmLLl]'lJﬁJtﬂﬂLEU%LLUUT]’]?YOI’NWRIQ UlﬂﬂiLLﬂ?N PSPICE
Nﬂ‘ﬂvl.@]'il'lﬂﬂ"l‘im HULUUNNINNUAS ’JGQT‘YIBEHLLUUN U’l%ﬂ’l?@]ﬂﬁﬁ%ﬂdﬂ?ﬁ&mﬂﬁd l’ﬁﬂﬂﬂim%aﬂ
LLawmaNmamﬂaaam 'J\‘l-’t}il.‘illﬂﬂ‘i“u.ﬁ“f]%'lLﬁuﬂNLﬂ’lﬁlW@l 2 LB’IGI‘W@'] Ao LEH@IW@]'IJENT!’]?LTUJ
ﬂitLLﬁﬂ‘Nﬂﬁ%LLUUU?ﬂ LLﬂwLa'WW!WHENﬂ’]‘SWENﬂiuLlﬂﬂidﬂﬂ%u‘]_l']_lﬁ'l.]

" 81919els267 @993 AIngsNEIaNNseiing ANISIANIINANGRT



84 MNIATIVBUALWAUT ¥I5. UN 23 aUun 1 NNTIAN-LUEIEY 2543

High Frequency Half-wave Rectifier Based 0N

Current Mode Technique

Adisak Monpapassorn *
South-East Asia University Nong-Kham Bangkok 10160

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-1) 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 yum 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
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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 MOSFETSs 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-1, 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.

nput voltage ;
.=

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

1 New V-1

The V-1 shown in Fig. 2 is composed of A/,, M,, I, ,and I,, . M, and M, are biased

in saturation region. A source current of M, is

sy = P, (Vm: - :1:,' Vi .): D
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and a drain current of M, is

I pimey = Ps (V:,\ — Vs — ‘”’j’:.\' D €2
where
W,
/)) g K N :}L

M6

Let 5 =4, = £ by adjusting ¥,,, /L, and ¥, /L, and let ; \'i ::Vu'i =¥r because

they are almost the same values, the output current of the proposed V-1 ran he exipigaaed

l’(..*i. T(V-1) = [‘\,I M1) — ].m_ M6) +IB] -

By employing I, =1, and V,, =V,

can be written as

- (a—b)* =4ab, the ontpL RIgE=IL

o =WV —V2)B A3)

2 Current mode half-wave rectifier and I-V
A proposed current mode half-wave rectifier circuit is applied from a class-AB current
mirror circuit [1]. The proposed current mode rectifier circuit shown in Fig. 2, is composed of 1,

I,,, M,t0 M;,and M, to M,,.

4 - Positive half-wavg
o t 1 " output voltage

AC input 1 il 1

I
voltage g'““-

M 1g2
—TigMs '=C

Fig. 2 The proppsecliEURNEVRETEIgel(vll] 8
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From the proposed current mode half-wave rectifier circuit, the input current of the circuit

(! ourv-ry) is separated into two current mirrors :the NMOS current mirror and the PMOS current
mirror. M, and M, are also biased by M., M,, |,, and f,,. The biased currents are setto I, =
/,, = 1,. 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, [1]given by

1

(413 = [(JLTH'—H ]

R N 2 TRl (4)
il i

4‘[:‘5‘ +‘[(JL"I(E'—H :
- (5)

s Nl

for _41! SI{)L'IH'*H S413' BUtl If ](')(”[11'—['\‘(#4![;3 thus Ii :Lm'u and I! :0 ; and If
Lovny-=4 s thus I, =17,,.,,, and I, =0. By using the low value of I,, the relation of the

currents in the circuit can be estimated as

for /,ypp-1y > 0,

I =1, and I, =0 (6)

and for [u(,"r(r-n <0,

I :]OUT[VVI) and I,=0 (7)

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

VD(MJ) = ]OUT(V—.')RLI ) [OUT(V—I) <0 (8a)
V:)L.u.‘) =0 ; ](')i,"f(l‘—l) >0 (8b)

and I, is reflected to drain of A7, thus the drain voltage of M, is

Vo) = Lovrw-nRer 5 Lourw-ny >0 (9a)
Vu(‘wlr,) =0 s Lovrw-ry <0 (9b)
From the equations (8a), (8h), (9a), and 9(b); ¥y, and V5., 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.
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Simulated Results

The proposed half-wave rectifier circuit was simulated by using the PSPICE program. Two
DC power supplies are ¥/, = +3VDCand Vss = -3VDC. Four constant current sources are I, =
I, =10pAand |,, =1, =0.1pA. The W/L parameters of M, is 2.7 um 7 0.8 pm; M, is
1.1pm / 0.8um; M,- M, and M,- M, are 10pum / 0.8 um, using a SPICE model of the
0.8 um MOSFET technology [8] The values of R,, and &,, 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, 2VP_P)
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, 2VP_P) 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

A ‘abpjjon

0 100 200 300 400 500
time pS

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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time nS

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

time nS

Fig.6 (a) the sine wave input signal (100 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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