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ABSTRACT

In this thesis, the realization of a small signal full-wave rectifier circuit for analog
signal processing, which operates throughout in the current domain, is presented. The proposed
circuit makes use of a MOS class AB/B configuration, and provides a wide dynamic range and
wide-band capability. The rectifier has a simple circuit configuration and is suitable for
implementing in CMOS integrated circuit form as versatile building block. The characteristic of
the circuit exhibits a low distortion in the output signal at low level input signal. The PSPICE
simulation results confirm that the performance of the proposed circuit, i.e. dynamic range,

accuracy and frequency response, are agreed with the theoretical results.
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L=k 1=0 o I <0 (2.10)

Lol e e 1>0 @.11)

muumaum&ymmnswua I, uaz I, Fufhudyanunieniu (alfwave Rectifier)
figndomen Tugavseida Irtuan (+) waznieiaalday (-) swdduinsuiuie:

Tnszuanuudunauaudens

_VCC

Ui 2.8 2esBsnssuauuudunaulagidestuent 2 §1

ninglii 2.8 uenTiTBInsudduAdn Tneldoariont] 2 ddesiudy
fdumu Tavesyuewd] A, nazdrdmmu R mwummuamwsmuusmuﬁmf,gm
uawmﬂﬁumsw (2.6) feaunisdi (2.11) mmmms"uﬂﬂmmm I, waz I, dunszuauuy
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daygro ussdiuluassvoronade vinaumsi 2.12) 014
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Vo =-(2mVe) + (mV R/R) - m(I,R,, - LR,) (2.13)

U I uaz I, nnaunsil (2.8) uazaunsii 2.9) asluaumss (2.13) Tawh
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,IAI = IIBI = IVm'/R

w14
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AdY daumeniieghnuiulinmioedessisans ma'[mxsmuaemmui‘luquu Tay
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YOIOHAAN. F929079¢ 14 R, duilfuidinan anfy R, Sedpaiififignngmmn

=)
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05110 14d4il vovow A og A, augﬂna‘lﬂmuuLi’lu'msmnusaﬂuﬁmmw e
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dygnuyaiinggndionealifsnsielnuanveseeiusyi] A, wazile I >0 nszu
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Lelj+ I +1,, (2.16)
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Wi 29 avsBwnszumuiduntulag¥oetiend 3 &9

L, >> I udaezld
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viud eetuend A, uay A, vadunuio i ddyanagaeenvesesilueil A,

Wudsaums

Voz = '(Vcc = I!RA(Rf/Rl) s (Vcc 3 IZRB)(RF/RZ) i (VCC)Rf/R:i

(2.19)
=RV {(I/R,) - (IR,) - (I/R))} +R {(L,R/R,) + (LRy/R,)}
unum I, uaz I, nIneunsi (2.15) uagaunsii 2.16) aaluaumsi (2.19) 9218
Vi =R Vee {(I7R,) - (IRR) - (IR )} +R A +15 +1, )R /R,)]
(2.20)

*R ([ # L+ L,)ReR,)}

e

Y
MU I

=
30

¢
R, =R,,R, =R, =R

uazeeruonil A, waz A, mmaiiugadszns Hudo

p Ivin/Rc'

F=h =1 way || =L,
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Vo = 2R, R/R)(I, + L) - Ve RAR VR /R)L+RGR VL [(RR)  (221)

: S P :
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o o a 1w o o
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(4.2)

e Vp Asussuldihings

B=K'W/2L (fmimsiiimosvossanuinssiavesuoainin) (4.3)
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=
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° Vv o o a1 a -: - A v o o
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J { o = ar dl ﬂl l: d’ 1 d o k)
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L4
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Ed
weanin M, sefisnwidunszuagadh i Aeudvauns 18
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hiihweudvaiu Snssuagadh i, Senfeundigud (i,,<0) wienszuagadn i
fnuay seesfezvhanuiuresvneama B wudesu uAnszuagadn i velvar
weanin M, Wunavilueanin M, egluanizhivhnszua dnfunszumasy I, v84
womvn M, weiifiwiiugud uaznssumasy I, veswednin M, sefsuhfunszua

i i, Wouduauns 14

I g 1ag I,,=0 1o i, <0 (4.5)
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v
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voanszuayaeen i, Ay

i, =+, +L -B (4.19)
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vnaumsi 4.29) Sdmuald B, =B, =B Tasmsimuasaidau W/L vesweain

M, uaz M, Tilisuiiu ez'ld

(Voo - 2V0) = i 1)/B |- [V T)/B- | 2 (Vi /B) 430)
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AU (4.31) szansodou lan
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i mutsefinsenldninaslugii 4.4 0218
Vbsi = Voo = Vs (4.35)
dl @ ' d:i o A
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vnaumsh (4.41) vz l1dgdfiansvesnsyuagadn i, vevsFranILALULIANARY
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nneumsh (4.43) 3¢ Idnszuagaididige i (miny 118
Bngai) B(Voo - Vr )2 (4.44)
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350 pA <i, <2450 pA (4.45)
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ddmuald g >>g vnaumshi @.48) sxrlszana g
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unUA V, naun1si (4.53) aaluaunsi 4.55) sz 189
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Iout (S) " Em3Bms
= o m (4.56)
L, (S) (Czs + gmz)(css + gms)

2. n3dlvesnszuagairiifiantounigud (i, < 0)

out

W 4.6 2esiailowvesdygruuadnvesnesBoanssumnuiunayi 18eenuuy

e i, <0

H d J v .
MINgUN 4.6 unarnswaiouveniaviGeenszunuuuisaaui 1deenuyyile
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n30 Li= (8t Cs) Ve —(8m + Cs +841) Vi- 80 Vs (4.58)
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30 Bt Vi = (8o +8a1) Vi = (8os+ Css +84)V, (4.60)
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130 Lo = (8w +Cs)(V,-V,) (4.62)
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unus (V, - V,) AU 4.64) aaluaumsi 4.62) 12164
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& o o o 1 - . -, ar o
Faz lannuduiusseninnszuagaeen i, waznszuagadn i dmsudyanuvinaidn
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Ips =Ip, -1, (4.74)
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A high frequency CMOS

precision full-wave rectifier

V. Riewryja, C. Wangwiwaltana, R. Guntapong,
A. Chaikla, A. Linthong

Faculty of Engincering, King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang, Bangkok 10520, Thailand
(Tel: 66-2-739-1362; Fax: 66-2-326-9989; E-mail: vanchai@cs.cng kmitl.ac.th)

Abstract

In this article, the realization of a_precision full-wave
rectifier circuit for analog -signal processing, -which
operates throughout in the current domain, is presented.
The circuit makes use of a MOS class B/AB configuration,
and provides a wide dymamic range and wide-band
capability; The rectifier has a simple Circuil configuration
and is suitable for implementing in CMOS integrated
circunt form as Versatle building block. The charaeteristic
of the circuit exhibits a Jow distortion in the output signal
at low level input Signal. PSPICE simulation results
demonstrating the characteristic of the proposed circuit are
mciuded,

1. Intreduction

An zbsolute value Gircuit or 3 precision rectifier is one of
mmponant eircuit building block used in analog signal
processing svstems. Usuallv, precision recifiers exhibit
significant . zero-crossing  distortion.  The . classical
approaches 10 realize a precision rectifier are based on the
use of operational-amplifiers (op-amp) and diodes 1] or
bipolar transistors operating in.class B [2): (3] These
approaches gxhibit the output distortion evident daring the
zero-crossing eof the low-level input sipnal due to the delay
caused by the switching between “on”™ and “off™ state of
diodes or bipalar wansistors. Alternatively, an approach
based on the use of operational-amplifier supply-current

nonideal V-I characteristic. The realization of a CMOS
full-wave rectifier can be implemented by the use of op-
amp and MOS wransistors operating  in elass B [9]. The
high frequency limitation of this scheme is due to the finite
gain bandwidth product of the op-amp and the delay
caused by switching of MOS  transistors. Another
approaches are based on'a CMOS class AB configuration
{10}, [11]- These approaches require the signal current
greater than four times of the bias current to avoid square
law error of MOS transistors, Recently, there has been
much effort to reduce the supply voliage of analog CMOS
systems. This is due to the demand of portable and battery-
powered equip . The purp of ‘this paper is to
propose a CMOS circuit 1echnique for the realization of a
low-voltage precision  full-wave rectifier circuit.. The
resulting performances of the proposed circuil have high
accuracy and wide-band capability.

2, Circuit deseription

The proposed high frequency CMOS precision full-wave
rectifier is shown in figure 1. The transistor M, and the
cufrent source 1, generate a constant voltage Vig (o provide
a prebias M, and M., The constant weltage V' is
approximately equal to the sum of the threshold voliage of
the transistors M; and M,, ¥y + V3, and brings them (o
the edge of duction. The s My - M; and
M - M, form as a unity gain currentmirror. The transistor
M; and the current souree ], are used 1o alleviate the

sensing lechmique has been shown 10 realize a pr
rectifier [4]. This approach reguires the signal cwremt
much greater than the op-amp bias. current to avoid
nonlinearits error due to the op-amp characteristic [5]. In
addition. two approaches 10 improve the nonideal precision
recuifier performance based on current mode technique,
which 15 demonstrated the use of current conveyors and
diodes as the active elements, have been reported in
luterature [6], [7]. These approaches used the diodes biased
10 the edge of conduction to reduce the delay and improve
high frequency performance. In CMOS technology, the
diodes can replace by a drain-gate-connected MOS
transistor [8] However, the MOS diodes exhibit the

hannel-length dulation effect of the transistor M;.
During a positive input curreat i,, >0, the current i, flows
through the transistor M, that causes the gate-source
voltage of the transistor M to increase and the gate-source
voltage of the transistor M, to decrease effecting M, to
cutoff. Similarly, the flow of a negative current i, < 0
through the transistor M, causes the transistor M, to cutolT.
Therefore the currents Ip, and Ip; can be given by

I =i, and 15, =0 fori, <0 (1a)

Ip: =i, and 15 =0 fori, 20 (1b)

7



The current mirror M, and M, reflects a positive current iy,
in order 10 add to the current lp, that equal to a negative
current i,,. Consequently, the current I, the sum of Iy, In;
and the current Iy is full-wave rectified. The current mirror
Mg and M, reflects the current Ips to the output node and
the current source 1, which equal to the value of the
current source Iy, is used to eliminate a DC current offset
of the output current ig,,. Then the output current i, can be
stated as

VA%
x

Figure 1. The proposed circuit

i = I "ln:"sghhl @)

It is clearly, seen thal i, contains. the full-wave
rectification of an input signal current.

. Cireuit performance

The ideal cirewit performance so far has been based on the
assumptions that the current mirrors have unity gain and
transistors are perfectly matched. However, ina practical
realization. scveral nonidealities that contribute. to errar
from the adeal performance are- presented. The major
factors that ¢onsider are the finite drain resistance of the
Iransistors, trangistor mismateh and temperature effect.
From the circuit in figure 1, the sources of all transistors
are connected to the body. Therefore, the operation of a
MOS transistor is insensitive to the Variationof the
threshold voltage caused by the body effect. During the
negative current input i, < 0, the currént iy, is mimered into
output node by the current mirror M; and Mg Then the
outpul current 1, can be approximated by

fou =im(l-en) for i >0 (3)
and
R
ep =, Bo )
By Tog

where Agm, is the transconductance emror due to the
transistor mismatches on the transistors Mg and M, gm;
and r,; are the transconductance and the drain resistance,
respectively, of the transistors M; and Ro is given
resistance that connected to the output node. During the
positive current input ij, > 0, the current i, is imposed to
the output node by the current mirrors M, - M; and M; -
M. The output current i, can be approximately given by

T ) for i, <0  (5)
and
" _ (Bgmagm, + Agmpgmy) [ B gy &L}
Mgy &mggm, foy  fos
(6)

where “dgm, is the transconductance emror due to the
transistor. mismatches on-the transistors M; and M,. The
first ferms of the right side of eqns. 4 and 6 are caused by
the mismatch of the transistors. formed positive and
negative current mirrors, respectively. The second terms of
the right side of eqns. 4and 6 are duc (o the finite output
vesistance of the current mirrors. From cqns, 4 and 6, if
Agm, = 0.03x10%AN, dgm, = 0.031%10°AN, gm, =
LISXI07AN, gmg = 4.T5x10- AN, g, = 4.87X10°A/V,
Far = 1195MQ, 1y = 632.9k€2 and R, = 1k£2. Then the
percentage of the error ey and gp are about 0.785% and
3.8%, respectively. It should be note that the output current
error during the positive current input suffers more than
during the negative current input,

For the temperature effect, the surface mobility and the
threshold | voltage are  the temperature-dependent
parameters. The current wansfer emor of the current
mirrors can be prevented if the transistors are.perfectly
maiched. However, the variation of the bias voltage Vy
exhibits temperature dependence. The biss voltage Vy
variation, AVy, is approximated by

"
AV, = J— SaAT (U]

where AT and f; are the temperature variation form the
room temperature and the transconductance parameter
(KsW/L) of the transistor My, respectively, The factor a is
depended on the substrate doping and oxide thickness [12].
If 1) = 30pA, By = 220x10°A/V°, AT = 10°K and o =
2.057mV/” K, then the bias voltage variation AV is about
-3.18x107V. It should be noted that the percentage of the
bias voltage variation from the bias voltage, Vy+Vp, is
about - 0.26%
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4. Simulation results e st
The perfi of the proposed circuit were observed
through the use of a SPICE analog simulation program. p .

The BSIM MOS model of the 0.7um double-poly CMOS } / ;

process was used for the circuit simulation. The ratio of } { / e \‘
channel widths and lengths (W/L) of the devices used are ‘ \\
as follows: Wi/l = Wi/l = Wi/l; = Wlla =W, = / \
2um/0. Tum and W/L, = lum/l um, the bias eurrent I, and
I = 1, are set 10 30pA and 50pA, respectively, and Vi =
2.4V, Figure 2 shows the DCaransfer characteristic for the
input signal curremt i,, which is varied from -100pA to
100A, Figure 3 shows the transient response.of the circuit
for the nput signal frequencies IMHz, 10MHz and
100MHz of peak amplitude SOpA. The low-level signal
distortion of the proposed circuit can be illustraied by the
use of IMHz sine Wave input signal of the peak amplitude
10pA that shows in ligure 4. 11 is apparent that the gircuit
exhibits very low distortion for an_input signal as low as
10pA peak amplitude.
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Figure 3. Transient response of the proposed circuit
(a) for frequency 1MHz
(b) for frequency 10MHz
(€} for frequency 100MHz
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TNz input signal
5. Conelusion

Inthis aricle, an alternative scheme suitable for fabrication
using CMOS wechnology for)the realization of a precision
full-wave gectifier has been presented. The DC transfer
characienstic shows a very low distortion at the zero
erassing, The circuit performances were also discussed in
detail. The simulation results have shown thal the civeuit
performances  have  high accuracy and wide-band
eapability.
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