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Abstract

In this paper. a modified Chebyshev low-pass filter function is proposed. The modified
Chebyshev filter function exhibits ripples diminishing toward @ =0 in the passband. So, the
modified filter function is realizable in the passive doubly-terminated ladder network for the
order n even or odd. thus lending itself amenable to active RC or switched capacitor filters
through the simulation techniques. Besides the passive doubly-terminated ladder realizability,
lower pole-@ values of the modified function are accountable for improved phase and delay
characteristics, as compared to classical function. We have designed the 6th order passive
doubly-terminated network wusing the modified function. And then a continuous-time
DDA(Differential Difference Amplifier) filter, which has no matching requirement, is realized
by leap-frog simulation technique for fabrication. In the HSPICE simulation results, we
confirmed that the designed continuous-time DDA filter characteristics are agreement with the
passive filter.
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- 0.046973 = j 0.981705 | 10.46 - 0.066170 * j 0.977480 | 7.40

EA = U1~ HGo)I) do: Chebyshev ¥E}?}
Z} 14 (8a)

EA, = fol[ 1 — |H.Go)l] do: 7R4% Chebyshev B
Be] 23 w4 (8b)

= gae) 93 @RS wlmsh: £3 B (Error

Area Ratio : EAR)E 2(9)¢} %},
_ EA, _ 1~ HGw)
EAR = " = ) 1 = [HGw) % (9)
.4 .8 1.2 1.6 2
8 ‘1w(ma&m
-90 @ : Classical ’
W Modified
~180
~270
g ~368
a
-450
-548 —
~638
-720

a8 5. 4 54 viZ, n=6
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Table 3. Normalized element value.

& A @ Unit (€, H, F)
G 1.563025 Ly 1.750598
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Table 4. Transistor size of the de-

signed DDA.
E R 2 EXS W/L [¢m)
M1 ~ M4 NMOS 20 / 30
M5 ~ M8 NMOS 20/ 5
M9 NMOS 90/ 3
M10~M13 NMOS 20 / 30
M14~M17 NMOS 20/ 5
M18 NMOS 90/ 3
M19~M20 PMOS 500 / 20
M21 PMOS 50 /10
M22 NMOS 444 / 30
M23 NMOS 300/ 3
M24 NMOS 257/ 3
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Table b. Performance characteristics of
the CMOS DDA.

Parameter Simulation results
( Vop = ~Vss = 5V, C, = 10pF )

Open loop gain 60.7 dB
Unit-gain frequency 1.45 MHz
Phase margin 84.7 Deg.
1% Settling time 0.45 us
Slew-rate

positive 54.9 V/us

negative 26.0 V/us
Input common mode range

P/N mode 4.0V ~ +3.6V

D mode -4.4V ~ +3.6V
Common mode rejection ratio 56.6 dB
Output swing -5.0V ~ +3.65V
Offset voltage -0.86 mV
Output resistance 540 &
Power dissipation 8.9 mW
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Fig. 11. DDA low-pass filter, n=6.
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E  6.4% ¥ DDA A9E3} 2 24
%, n=6
Table 6. Element values of the passive
and the DDA low-pass filter,
n=o.
Passive filter DDA filter
(Unit : K2, mH, nF) (Unit © M@, pF)
% 7.32 Ca1 36.58
Cs 8.99 Caz 40.97
Cs 7.86 Ca3 44.96
Ly 8.19 Cas 44.76
L 8.95 Cas 39.31
Ls 6.78 Cas 33.92
Hal. RaZ.
R, R 10 Fa3, Faa, 2
Ras, Fas
I3 128 Hee ¥y Ak 1 (VIZ 3l 2
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Fig. 12. SPICE simulation of the DDA
low-pass filter, n=6.
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