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ABSTRACT

Design of a continuous-time fifth-order OTA-C Elliptic filter for operation at 4MHz is presented.
The filter has been realized by five OTAs, eight capacitors and a buffer as an OTA-C structure. To
prevent decreasing of characteristics due to the parastic capacitance of OTA and loading a buffer
and a capacitor have been connected to the next of second section. As the result the frequency
characteristics were found to be essentially within specifications : less than 0.2dB passband attenu-
ation, 30dB stopband attenuation and 4MHz cut-off frequency have been obtained and the charac-
teristic of cut-off region has been improved about 7dB compared with it of the theoritical case.
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Fig. 2.1 The internal circuit of OTA
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Table. 2.1 The transistor size of Fig. 2.1

EdA2H W /L [#/m]
M1, M2 100/3
Mis~Mrie 3/3
Mii~Mu 3/9.8
Mis, Mis 25/10

(3], 17, 8]ol4 YElt OTAS Aurzel T—Txgq
B =g AlgdE Fa5FddE LL’%OP
37AR & DFIpdA OTAS Fa+5AE
8tA1 7= 7148 A9 A Bl (parasitic capac1tor)$—

27237 g8 Ms~Mu 2% WxL& Hig &
Adgstgd e ENALEESY AVE F 210 o
e on, AAEY CMOS OTA® dc #foloj A 7
o] Vob= —Vss=5V, Vu==—35Vo|il #H 229} ¢}
o] VLSI7} 7}&3% 3um n-well CMOS ¥4 par-
ameterZ o} &8 © ¥ 239 & OTAEALS6, 7]&
ANEY ol dat A & it

_“Ezﬁ.

B 2.2. 3un n-well CMOS #7% parameter
Table. 2.2 The parameters of 3um n-well CMOS proscess
wnennnennnnns PMOS LEVEL 2 sesssansenssnsn

- MODEL PE PMOS(VTO=-0.7 TOX=5/4N
NSUB=5.5E15 X]J=0.7U LD=0.56U+U0=220
UCRIT=6E4 UEXP=0.3 UTRA=(.3 JS=7.75E-5
+PB=0.88 CGBO=1.4E-10 CGSO=2.85E-10
RSH=70 CJSW=1.7E-10+VMAX=2.2E4 NEFF
=2.0 LEVEL=2)

sennnnensnnnse NMOS LEVEL 2 #esssennnnnuns

- MODEL NE NMOS(VTO=0.71 TOX=54 NS-
UB=8E14 XJ=0.4U LD=0.32U+U0O=660 UC-
RIT=7E4 UEXP=0.3 UTRA=0.3 JS=7.75E-5
PB=0.88-+CGBO=1.04E-10 CGS0=2.85E-10 CG-
DO=2.85E-10 RSH=30+CJSW=3.8E-11+VMA-
X=5E4 NEFF=3.5 LEVEL=2)

esvsnvensanes NMOS LEVEL 2 swswrsnannnnsn

¥ 2.3.CMOS OTA¢| &4
Table. 2.3 The characteristics of CMOS OTA

Design Parameter ‘[ Values

Onen Loop Can 61dB

3dB Cut-off Frequency 5 MHz

Unitv-Gain Frequency 1 GHz

CMRR %7.4 dB(Low frequency)

PSRR: Vi 9% dB(Low frequency)
Vs | 48.8 dB(Low frequency)

Input Offset Voltage | .88 mV

Power Dissipation 0.787 mW

Output Resistance i 5.585 MQ

Il. 5x} XS E 3} Elliptic OTA-C HE{ A&
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[4, 918 Halstzl 98 Saoel T GdE) 71 O
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Table. 3.1 The comparisons of elelments according to

3.D the realization of 5th-order lowpass Elliptic
. s?2+1.5211268 OTA-C filter
X 0,7048633(—, =) 1 He
4 (s3+0.1377817s+1.0721864
(3.2) A =
Lo - OTA |A#AE | &3 7]
X 0.6521454(————— H
s?40.6521454 ! P P sA | 77 1
(3.3) SFG# olgtwy | 7 | T -
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of o} 9l AES 7@ 3.1 el L10]1 A AA S o8& A e -
12} OTA-C #+z¢ 231 OTA-C +x2ax H3dn
[10].
V.0
—O VY,

-

8 31 OTAC+&:

(b)
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(a) 13} %2 OTAC +%
(b) 2z 3% 2] OTA-C 72
Fig. 3.1 OTA-C structures :
(a) first order lowpass OTA-C structure
(b) second order band-reject OTA-C structure.

www.dbpia.co.kr



i /CMOS VLSl &

9] A% A1 7e] OTA-C Elliptic e A A

*0“4 2l OTA 7t
i

2% 3104 17 3,29 3e o]
2 o] u 19 3.1(a) 9 (
A gael SR 1Y

b)e] #ci3}

f—

‘/OI,

28 32 OTA2] Srhsli(e] 491 4 -5-)
Fig. 3.2 Equivalent model of OTA
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Fig. 3.3 Fifth order lowpass Ellipt
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Fig. 4.1 Practical cireuit using 1st Model :
(a) The circuit of H1 and H: block for Fig.3.3
(a) and (b).
(b) The circuit of Hu block for Fig.3.3(c)
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(Mol &l A [ 24 7 ¢
Fig. 4.2 The Comparisons of Frequency Characteristics
between 1deal and practical case:(a) H)
Block, (b) Hz Block, (¢) Ho Block
| M : ideal case, T} : practical case |
Yoo
T LJ '] B 5119 519 A% 37
Nal: M Table. 5.1 The size of transistors for Fig.5.1
Mg b ___' f 1 Mg ¢
= ‘ .i‘e,__“__j
] w, o ag SR EoRRN | W/L(um)
i oV, t
l ‘ . Mi, M2 | 600 /3
] e Ms, My 21/3
M10 L 1 ‘_{ 1\/[—‘ 6 /3
' M i M 182 /3
Vo s M~ 32/3
M3 ! 4.5/3
Ms | 3/15
2| ob= o) e !
2251 $E7 e L Mo 3 /3

Fig. 5.1 Internal circuit of
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H 52 3% 51644 AR 4E& AL 54
—Vss =5V, CL=10pF).
Table. 5.2 The characteristics of Fig. 5.1 without nega-
tive feedback.

(Vop

. Performance
Design Parameter characteristics

Low-Frequency Open-loop Gain 658
Unity-Gain Frequency 60 MHz
Slew Rate TV /s
CMRR(Low Freq.) 80 dB
PSRR(Low Freq.) 80 dB
Phase Margin 70°
Offset Voltage 0.63 mV
Power dissipation 4.97 mW

VI. 26 &4 Al280|1H4 & 0F

4N B EE 2AEE #3287 s 19
3.3% 19 613 ¢ Haw FASEn Axge
X 6.19) Jehlied, 29 6.2+ ® 6.19] T
#e ol &3t # 2.29] CMOS #4 #selviE &
g3to] A 2e ANBolMs AR(AAH
29k o] ARl A 9-9h vus) F& Aol

a2 6.20014 & 4 %ol Bl Aol Al V)4 A &
i A AT E o] oJa) EAJo] o] AL ek Ao
23+ 31(0.2dB), 2Eg ol E 6.1 ol
BUFFER ©¢] Cosoll o8] EAS o] 422l 7
FHt) of 7dBHE FAE 5 UAnh 19 6.3 1
¥ 5.19) BUFFERo! E 61014 ®AI®E 325t7 5 Al
¥l Ccs=270pF & AHE-81S wWo) Fot5A 2140
=3

S )
%3}

3

I.ad g

B oA o= CMOS VLSI 7153t video F 84
A F A2 & 52 %34 Elliptic §E1& £5929
o oJ& OTA-C #x=24 JddsIch 1 234 g4yt
Z ol who o3 dAE 2SX=-AH A e HE 9}
MOSFET-C "Ejol| Al A&l s} 7115 22b4
7t EolE01, SFGE o] &% OTA-C 8¢ % gy-
rator-capacitorg °©]| &% OTA-C EE KT} A5

at—|

Ho Block

a3l 6.1 5% A 9% 3 Elliptic 28
Fig. 6.1 5th-order lowpass Elliptic Filter

6.1 17 6,19 Axbgt @9l ipF, x/ Q]
Vpp= —Vss=5V, Vb= —3.5V)
Table. 6.1 The element values of Fig.6.1]

[dim:pF, /0 :
Vop=—Vss=5V, Vb= —3,5V)
T N A
Hi gml, gm?2 200
Ci 6.66
Cz 3.20
Cs 8.74
BUFFER Ccs 270
H: gml, gm2 200
C4 1.02
Cs 40.71
Cs 17.05
Ho gm 200
7 12.20
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LS51D+05 -3.287D+01
D406 =3.730D+0L
ST +04 -3 ,4110+01
LLA30+04 -3.5130+01
L2670+04 -3.4450+G1
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7740404 ~3.337D+01
V5800406 =3.277D+01
.253D+01
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173001
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Table. 6.2 Frequency characteristic curves :
{a) practical characteristic(*)

(b) ideal characteristic( -
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Fig. 6.3 frequency characteristics of buffer stagelload
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