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ABSTRACT

In this paper, a new CMOS continuous-time fully-differential current-mode integrator is proposed as a basic
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building block of the low-voltage high frequency current-mode active filter. The proposed integrator is composed

of the CMOS complementary circuit which can extend transconductance of an integrator. Therefore, the unity gain

frequency which is determined by a small-signal transconductance and a MOSFET gate capacitance can be

expanded by the complementary transconductance of the proposed integrator. And also the magnitude of pole and

zero are increased. The unity gain frequency of the proposed integrator is increased about two times larger than

that of the conventional continuous-time fully-differential integrator with NMOS-gm. These results are verified by

the small signal analysis and the SPICE simulation.

As an application circuit of the proposed fully-differential current-mode integrator, the three-pole Chebyshev

lowpass filter is designed using 0.8um CMOS processing parameters. SPICE simulation predicts a 3-dB bandwidth

of 148MHz and power dissipation of 4.3mW/pole for the three-pole filter with 3-V power supply.
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Fig. 1 Continuous-time current-mode integrator

(a) Schematic  (b) Small signal equivalent circuit
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(a) Schematic  (b) Small signal equivalent circuit
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Fig. 3 Proposed continuous-time fully-differential integrator

(a) Schematic

(b) First-order small signal equivalent circuit
(¢) Second-order small signal equivalent circuit
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Table 2. Specification of the current-mode third order active

filter
Filter function i Third-order Lowpass, Chebyshev
Passive filter tvie LC ladder doubly terminated
Passband ripple 0! dB
Stopband _attenuation > 40 dB
Cutoff frequency 150 ME
Power supply voltage 3 v
Power dissipation < 5 df¥/pole

4ol vlte] B AvAYH L B AT

AR AAALG) ofste] AAE FREE 33 5
% Ad¥YEe 29 73 ey g&3tE z2h7e] 5
EAAZE R=R,=102, C;=Cy=14328F, L,=1.5937TH
ojt},

Is Itin ! C/I CaI Rou
T T

O3 7.8/ 22 3% 59
Fig. 7 The current-mode third-order passive lowpass filter
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Table 3. Capacitance of the current-mode integrators

Passive component| Transconductance |Cutoff frequency| Capacitance
(AW] {gm) (wen) (G)
C\(= 14328 F) 760 [u] 150 MHz C/(= 1155 pF)
L= 15037 H) | 760 ful 150 MHz | Cy(= 1.285 pF)
Cal= 14328 F) 760 ful 150 MHz Cy{= L1155 pF)
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Fig. 10 Frequency response of the designed current-mode filters
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Table 4. Simulation results of designed current-mode filter

Parameter Specification - .Slmulauon.
Passive filter | Active filter
_Power_supply_ voltige 3V - 3V
Passhand ripple 0.1 dB 0.1 dB 0.11 dB
Stopband attenuation > 40 dB > 40 dB > 40 dB
Cutofl_freauency (f ) 150 ¥ 150 Mk 148 M
Power dissipation < 5uW/pole - < 4.3 o¥/pole
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