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ABSTRACT

A n-well CMOS Operational Transconductance Amplifier
-C(OTA-C) integrator with a wide linear input range is
designed.The circuit designed has superior linearity of
input voltage range compared vith the conventional sour-
ce-coupled pair OTA, The OTA developed in this paper is
versatile in application: diverse applications are in
the fields of linear amplifiers, continuous-time fil-

ters,gain contrel circuits,and analog multipliers,etc,,

1, INTRODUCTION

Recently, novel CMOS circuits, Switched-Capacitor
Filter(SCF), continuous-time MOSFET-Capacitor(MOSFET-C)
filter, which can perfora analog functions and which
can also share the same chip with the digital circuitry
have been developed,

The SCF(1,2],

switches and capacitors instead of resistor in active

vhich is realized by a combination of

RC filter are now videly used for their precision real-
However, the SCF has inhe~
rent problems due to the sampled-data system: the dyna-

rization in MOS technology,

mic range of SCF is always reduced by clock feedthrough )

noise and by the aliasing of the wide-band Op Amp and
svitch noise into the passbands. Also SCF usually needs
antialiasing filtering at their inputs,
filtering at their outputs,

and smoothing
Moreover, the switches and
the associated clock lines can make the layout of the
circuit complicated,

To overcome these problems, M Banu and Y Tsividis(3]
have proposed MOSFET-C filter using the continuous-time
fully-balanced structure for cancellation of nonlinear
And 1.5 Han and S B, Park[4] have suggested
another MOSFET-C filter design method by voltage-cont-

resistance,

rolled linear resistor realization using simple connec-
tion of two MOSFETs, In the MOSFET-C techniques, pro-
blems due to the capacitor switchng are removed,but the
circuits are still required many extra components, as
it were, the resistors in active RC filters, These pro-
blems can be solved by continuous-time active C filters
which is eliminated resistors,

In this paper, therefore, CMOS Operational Transcon-
ductance Amplifier-Capacitor (OTA-C) integrator with
a wide linear input range as building block of active C

filter is realized,

2. LINEARIZED DIFFERENTIAL INPUT STAGE

All MOSFETs are assumed to be enhancement-mode types
biased in saturation with substrates connected to their
respective sources, Thus body effect is ignored and the
transistor behavior is approximated by the relation
= K(V V)2

-V 2.1

Iy

vhere VT

the transconductance parameter,

is the threshold voltage, k=(1/2)uCox(V/L) is
¥ and L are vidth and
length of the channel, m is the effective surface ca-
rrier mobility and Cox is the gate oxide capacitance
per unit area, If the drain currents as shown in Fig,
2.1 are differenced using a p-channel current mirror of
unity-gain to form a singled ended current output A lD'
assuming matched devices, the relation of A ID and di-

fference input voltage AVi is

wC ¥ V-V
L Bolex i as1 Vasz
aly =2 ( 0 ) Vgs1*Vgs2 V) —

(2,2a)
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(2.2b)

Fig. 2,1 Source-coupled pair vith current sink lss
and load

This indicates that the linear range of source-cou-
pled pair is limited because the difference output
current is nonlinear function of difference input wvol-
tage,

To increase input linear range, if the last term in
£q.(2.2a) equals to the applied differential input vol-
tage Vm md the ters <VGSXWGSZ'ZVT) equals to a cong~
tant voltage, say 2Vb,as shown in Fig, 2.2(a), Eq.(2.2)
results
2,3)

Lot ™ 4kaV

[ in

Thus this configuration, exhibits a perfectly linear
transconductance of value g;Aka

7 Voo

1:1 Current Mirror
in out
I 1 =1.,-1
‘! M'_ out "Dl "p2
L A i
B 11

(a)

C (nel)ly, (

(nol)!l’2

VSS (b)

Fig, 2.2 Linearized differential input: (a) principle,
(b) cross-coupled pair implemented by source

V.l, Wb .

For implementing the source (VTWb). two additional
n-channel transistor !‘Ia and H4 biased by constant cur-
rents, i.e., cross-coupled pair, can be used &s in Fig,
2.2(b). Here, for obtaining reasonable voltage source
with lov source impedance,these devices must be wide[5],

3. DESIGN OF CMOS OTA-C INTEGRATOR

Fig. 3,1(a) shows the CMOS OTA-C integrator that can
be used as basic building block of active C filter re-

alization,

Mie e 4 © Yout
v v ® J.

(b)

Fig, 3.1 CMOS OTA-C integrator: (a) complete schematic,
{b) small signal equivalent circuit of (a),

The devices nl—ud are cross-coupled pair for lineari-
zing the input range, and "5'"21 are current mirrors as
loads, It should be noted that cascode current mirrors
are used for large dc open-loop gain, Assuming unity-
gain current mirror,output current is given by Eq,(2,3)
and transceonductance of cross-coupled pair is adjusta-
ble by control voltage Vb, Small signal equivalent cir-
cuit of Fig, 3.1(a) is shown in Fig.3,1(b), and the de-
vice dimensions are shown in Table 3.1, Then, output

registance is given by

Rout = Tas13"ds14*Tas13 " Tds14 * Sm13’//

(Fas17*Tas18"as17 " Tds18 " Ewt?) (2.4

vhere r & is the drain resistance, g- is the transcon-
ductance vhich can be represented by Voltage-Controlled
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Current Sources(VCCSs), And voltage gain is given by

A =gR

v n out, (2.5

Table 3,1 Device dimensions

Devices V/L[ snm)
M 8/3
H3’ N4 60/3
"5, "6 3/6
H., H14 10/3
MlS "18 3/152
P‘I19 20/17
"20,%21 24/3

In Fig, 3.1(b), it should be noted that output cur-
rent, g Vi directly flows into capacitive load because
the output resistance are very large(approximatly 240
MQ). From Fig, 3.1(b),
voltage is given by

output voltage and dc output

t, * — 12— 2.6)

= —— .7

respectively, Thus, 3dB frequency fc is given by

£ = 8out,

c
ZrCL

2.8)

4, SPICE 2G, SIMULATION RESULTS

Table 4,1 CMOS OTA-C integrator performance character-

istics[VDD=-VSS=5V, Vb=-3V, CL=lpF]

lout. 250:1:
A
(s ]200

The fwequency characteristics,

CMRR, and Vout/vDD and Vout./vSS

CMOS OTA-C integrator when capacitive load is 1pF, is

common-mode gain for

for PSRR of complete

shown in Fig, 4,1 under dc bias condition, VDD=-VSS-5V
and Vb=-3V by SPICE 2G, simulation, The performance cha-
racteristics are summarized in Table 4,1, Also, the re-
lation of output current and input voltage is indicated
in Fig, 4.2, Here, it should be noted that the output
current is perfectly proportional to the input voltage

and is a few microamps,

1501
100 ¢+

501
103 + + 4 + —

.sf 2.5 5 7.5 - 10
vin[v]

Fig., 4.2 Measured output current(transconductance)
by SPICE 2G,

TerrERaURE »  37.000 0€G C

oeeno:

o1 vpscies
o veaiss

(L1 vosite)
+3.0004+01 o. 400

- -2.0004+07  +1.0006+02 000, 2.0004+02

cseerecnne

PravIs

——e

Design Parameters Values
Low-Frequency Open-Loop Gain 76,04 dB
Unity Gain Frequency 2 MHz
Slew Rate 20/ pns
CMRR 92,12 dB(1Hz)

43,46 dB(2MHz)

PSRR: VDD 113,83 dB(1Hz)
41,92 dB(2MHz)
Vss 71,82 dB(1Hz)

19,34 dB(2MHz)

Phase Margin 84°
Input Offset Voltage 0,9V
Pover Dissipation 0.,864a¥
OQutput Resistance 242 6MOQ
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Fig. 4.1 OTA-C characteristics [VDD -V,

SS
(b) common-mode gain for CMRR,

CONCLUSION

(c) Vv
5,

In this paper, a n-well (MOS OTA-C integrator with a
vide linear input range for application in continuous-
time active C filter has been designed. The circuit has
been used cross-coupled pair and cascode current mirror
to provide accurate controliable transconductance over
a larger range than that possible vith a source-coupled
pair and large output resistance, respectively,

From the performance characteristics, OTA-C integra-
tor is suitable for lov pover high-frequency signal pro-
cessing(several MHz) as vell as voice-frequency signal
processing as the appropriate active C filters satisfi-
ed vith transfer functions instead of SC and MOSFET-C
filters,

out

Vb-‘-SV, CL=1pF]: (a) frequency characteristics,

v

MVpp and Voo

/VSS for PSRR,
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