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ABSTRACT

This thesis presents an universal current-mode active filter with independent tunable-Q
realized by using band-reject function is proposed. The parameter Qp can independently be
tuned. However, the four different kind filter functions such as low-pass, high-pass, band-pass
and band-reject response can be also obtained without changing circuit topology. The parameter
@, can be electronically wide-range tuned through adjusting the transconductance gains of the
OTAs. The proposed circuit employs three OTAs and three capacitors. Moreover, the parameter
QP can also be tuned by using both electronically and/or direct changing of a capacitor manually
for wide-range Q,J tunable without effect to the @, . The simulation results have been carried out

by program simulator.
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3.1 23995020589A N0 (Filter)

; 1 2 A 0 o 4 d‘ 9 d’l o ﬂ&
Tuuninsegnannasiidaguiniesnienlsouluszuudess luilegiu 4
< 3 ! w n’:’ =
ANDI993NT09AND  (Filter)  2993ATBIANVDLVVOUIADN IANMIHATINIIMAT LA
Y L] 1 & w =S & o v Ay da v ~
Mg NABloniuNnean  ilatenanidesmsnae quamnmsldnuigs uas
51101 1A829930509ANUDAIUNINIZAT19910 291Uu0Y (Operational Amplifier) LA
9 o . ' s 9 ! N v o 2 a v 3y
dodidnfe awsomhoulaludwarwdgald  mondilsiinsdedu  afnsnses
4y ol ' - L . &
ANudAIRlnIalnGen lanie (Operational Transconductance Amplifier : OTA) HI81U15D

q

mldasesnsesnauian1dlunnuigeld  wuiludulsdngildlunmsnsesnnd
& o A s ' A4 o & Ao &4
FIAINILAMNUARNNNUVDININTDINNNDYUUY NAD polluouniolofioiues  Falums
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4 ¥ <
31N 3.1 2995@n599R9 WA Tug v Two-Port Network

103U 3.1 9 ld@saumsi (3.1)

I'(s)=— 3.1)

W s = jo szawnsafouaunts iogluzy) magnitude-phase 181

T(jw)=|T(jw)e* (3.2)
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A(w)=-20log|T(jw)| (3.3)
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1. AINTVINIWDAWIY (Low Pass Filter )
2. AINT0NINDYIHIY (High Pass Filter)
3. @IN509AUDADINTHIU (Band Pass Filter)

4. #IN394nNUDADINITERN (Band Reject Filter)
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3.2 auMESNIsaIEIY

AuMINTAIHINYBI23993A2N3I8AD aursolouTedlugdvesauns ndTu

i@ (Polynomials) 1AAderun13# (3.5)

M M-1
ayS" Fay, 8"+ ta,

N N-1
| e PP AT [

T(s)= (3.5)

Taof N sziludadmuad1duueani0anud (Filter Order) tazA1v09 M 921100011130

MINUAT N VINAUNITN (3.5) L‘i"lﬁ'lll"liﬂLlUﬂﬁ“‘UﬂigﬂﬂU‘lﬁLﬂu

T _ay(s—z ) s—2,) - (8—2y)
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Ay Ay slu’: o d 3 = ' v '
Taofisn Tnanazd 15 aunseifu ldieduowduuazswnuiuanm udzeglugdvesgaeu
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a (s’ + o )(s* +o?)
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I'(s)= 3.7

1
o A

33 WanFufInIeInuB@I1eun 2 (Second-Order Filter Function)

]
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AATAUNIT
2 1
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29951509ANUDADINITODN (Band-Reject Filter) yuluaumsnadu Taeviimivesialsd

A o, Tinantu 1 dsaunisn 5.1)

Va(s) - s*+1 5.1)
Vi(s) s*+s/0+1 '
mmfuﬁmﬁﬂ%”uﬁums‘lﬁ’ﬂgﬁugﬂmnﬁnm'iﬁ (5.2)
VZ(S)=VI(S)+[V1(S)-;V2(S))—VZ(S) (5.2)
s sQ

1haunsi (5.2) widewnilu Block Diagram 1d¢ag1)
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910 Block Diagram ilumsuaasmsmamlugiluunuseiu nailedeamsaiiald
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Womnsins 1995 92 1daunsms a9 IUNIZIa (Current Transfer Function) 499

d‘ 9 c; [ " d’
NATIANUIHAWHUIN fagunsae il

SZ & gmlgmz
i L= CICZ
BR D(S)

gngmg

EC,
TLP =20

D(s)

SZ

uag Y AN
HP D(s)

Iﬂﬂﬁ D(S) <= Sl +5 g"‘Q & EmEm2

€6 (0a

wennsuuisunugduuund lvesaunis luniemmsan

@
D(s)=s'+s—L+a)
P

A o, waz O, viifwim

e Em&m2
f GG,

1na Q - nggMZ CQ
’ GG, o

(5.4)

(5.5)

(5.6)

(5.7)

(5.9)

(5.10)
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X S S
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(/i 0.5 0.5
.0 0 -1
o -0.5 -0.5
Ck -0.5 -0.5
Co 0 1

¥

=y =Y = o P
Tuaneiinusi 18IMs@ouuUYII95ns 09NN Bna1onT NN a%13 CMOS OTA
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y A a1 =
4942995 1aa20 T1)5unsw PSpice 1814 Macro model OTA WOHEUIINITAIVANAIIND

y R a 9
ADUAUDY mmsnmuqn"lmﬂunmﬂu Tﬂﬂ Macro model U993 CMOS OTA mﬂﬁﬂu

a a a’:lyd 1 A o A
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ok kR R R OR RO () ) R ORI R R KKK

* LOT: T14Y MOSIS

* DIE: N_Area_Fring

* Temp= 27

.MODEL NMOS1 NMOS (

+TOX =5.7E-9 NSUB. =1E17

+PHI =0.7 VTO  =0.4238252
+UO =425.6466519 ETA =0

+KP =2501048E-4 VMAX =8.287851E4
+RSH =4.062439E-3 NEFES '=1E]12

+XJ =3E<% LDl =3/162278kEh]
+CGDQ = 6:2E-10 CGSO =6.2E-10
+C] =WR1281P%8 ERT QLS

+ CISW =5.341337E-10 MISW._=0.5 )
.MODEL PMOS1 PMOS (

#TOX =357E-9 NSUBV £)1E17

= PHI - =07 VIO =-0.5536085

R =250 ETA =0

+KP  =5.194153E-5 VMAX =2.295325E5
+REH  =30.0776952° NES  =1B12
R0 LD =9.968346E-13
+ CGDO = 6.66E-10 CGSO = 6.66E-10
+E€F = 1.893569E-3 PB  =0.9906013

+ CISW =3.625544E-10 MISW =0.5 )

ko sk ok ok ok ok ok ook ok sk ok ok () 5y % R Rk sk sk ok ks sk ko s ook sk sk kR ok ok ok

WAF: 03
DEV: N3740/10

LEWELN 3

GAMMA =0.4317311
DELTA =0

THETA = 0.1754054

KAPPA =0.1686779

TPO r=al
WD = = 1.232881E-8
CGBO /5.1B=10

M1 7 =011287853

EEVEL. &3

GAMMA =0.6348369
DELTA =0

THETA = 0.1573195

KAPPA =0.7448494

TG ==
WD =5.475113E-9
€GBO = 1E-10

MJ  =0.4664287

51/ 5.5 Macro Model CMOS OTA #l#neniinug
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dau cMOos N1 uTnetnus a1 WL A3e31an 5.2

M19197 5.2 A1 W/L 993 CMOS OTA

Transistor W (rum) L (m)
M, M, 5 1
M M, M M, 5 1
M, M, 3.5 1
My, M, M, ,M,; 3 1

o 1 = . ey A
Taovmissmiunia1 £, 403 CMOS OTA desfamiguautanieludie Faunsa

arna ldnnaumsn (5.13)

I

\3/oe
Vin

g = \ﬁb(#gCMW/L) (5.13)

- a [ o 1 a o~ o U s ;’f
NNaunIsn (5.13) wdiuldn madsum g, annsaiildlansum £, dniulu
=) et ¥ o o @ o 1 & o '
MSIROULDLIITNTBINIDNAS 19 CMOS OTA sxinlsunldoum 1, 1werlfumgmnin

Y932995 UAZAINNUDADUAUDS
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msnaaesii 1 Jium o, dwi g, Tavlim 0, =1am

maei 5.3 nsdium £, Ao g, Y93 Ideal OTA
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=1
QP ng g m CQ C
f,=100kHz | 63uS | 63uS |0.1nF |0.1nF
f,=IMHz | 630 uS | 630 uS | 0.1nF | 0.1nF
f, =10 MHz 6300 1S | 6300 1S | 0.1 nF | 0.1 nF
Gain(dB)
v Ipp
llll’ ]BR
-40 <L
-610kHz 100kHz 1MHz 10MHz 100MHz
Frequency

:i ey o u’: g ] : 1 o
1 5.6 puaniAvesdInI s 4 uuy emANUIABUAUBUNIN 100 kHz
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Gain(dB)
2
0
Igp
-2
IIR
Inp : |
-4 LP
-60
10kHz 100kHz 1MHz 10MHz
Frequency

10(MHz

:; @ s u’; d.'l J dﬂl b oW
g'lh’l 5.7 AUANUVAVDININTDINY 4 U IWHaAANUNABUAUDININY 1 MHz

Gain(dB)

20

0

-20

Ige W I
IBR e
-40
Tup
-60
10kHz 100kHz 1MHz 10MHz
Frequency

100VMHz

' ¥ » ¥
31N 5.8 Auanifuedingoanii 4 uuy WoAINNNBADUAUDINIIND 10 MHz
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Gain(dB) Phase( Degreg
40 -r 0 B T A | T T 0 Ty N =t~ T s 11:] 0

-180

H ;S T | H i P i 1 S B H : H i -360
10kHz 100kHz 1MHz 10MHz 100MHz

Frequency

1 5.9 Ao auiiA Phase ¥8IAINTDIAIUDHINVDI Ideal OTA

Fawui anudnoudues (f,) Tswiaiy 100 kHz, I MHz 1z 10 MHz Ad 9y
uaasliifiuhinsmugumnnudaeysussiawiugadunumsiiunuues OTA uaz
etudundnmsnnaunsi (5.12) msilfush 0, v hifinansznudeninuidneuaues Tav
mw’wammﬁ'v'iN1u-umﬁ";nsmﬂzQnﬁmua“lﬁflfhﬂnuﬁﬁauﬁumﬁ 1 MHz tagnano iy
M O, NV 1,2, 4,8 102 16 MUMAY Aea 80 Uz M Co Taosmuanivosgilnssl

@199 A9A15197 5.4 UAT 5.5



msnaaesi2  Uium Q, w1 8o Tavlim f, =1 Mz aan

m3adl 5.4 Maliuam Q, A &,o Y03 Ideal OTA

J,=1MHz £.0 4 C, &
0, =1 630 uS 630 uS | 0.1nF | 0.1 nF
Q,=2 315uS | 630 uS | 0.1nF | 0.1nF
Q,=4 157.5 uS {630 uS | 0.1nF | 0.1 nF
0 =8 7875 uS [ 630 uS | 0.1nF | 0.1 nF
Q,=16 39375 uS | 630 S | 0.1 nF | 0.1 nF

psnaaesis  Usud 0, dawir Cp Taolia f, =1 MiE Aaf
maei 5.5 maliua 0, Aawm € ¥041deal OTA

f, =1MHz Emo g Co &
0, =1 630 uS | 630 S | 0.1nF | 0.1 nF
Q,=2 630 xS | 630 uS | 0.2 nF 0.1 nF
Qp =4 630 1§ | 630 uS 0.4 nF 0.1 nF
0, =8 630 uS | 630 uS | 0.8 nF | 0.1nF
Q,=16 630 1S | 630 1S | 1.6 nF 0.1 nF
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Gain(dB)
20 _
Gna= 30.375 S
i W . ¥
-2 =l :
\ ma=1157.5 S |
Gna= 78.75 S :
-401 ’
-60- J :
100kHz 1MHz 10MHz

Frequency

Ui 5.10 lominnuesdanseandmdndesmsenn imslium 0, Awm g,

Gain(dB)
2 : RO

40 M e e
il IS 2N\ I YW/ 4R e
Ca=0.1 nF qu:v'O.Z nF Cq:ﬂan Ca=0.8nF Co= 1.6§nF g R T s

100kHz 1MHz 10MHz

Frequency

717 5.11 ileniynuesdinssanmdndesmsi Tasmalium 0, dw
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dosmsrumudrundnmstioziuldh malfum 0, srawsodiuldgs Taobid

Y o w

Foialumstsudusuumanunen 3-8 #aiuTaldanannives OTA udisset
oy naznuihmaliua @, aunsadiumldetedasy Wadwiimasidnnseting uag
mamonw v Wifinansznudeniuineuaues

dipannlumamniueis  ota @l lunsadineese: lidlugaunddawams
Aounn9939had FaINeTINUT R 39v0snNAI061HANSRUULYIIAINTDIAITIET
19910 CMOS OTA Feilquautiadsisduiinarimuds Taodofloum 7, =10044 uaz
Tie R, =1.5kQ Lﬁﬂﬁm‘liﬂ‘ﬁ’h Frequency Response 1%5@21]'71 512 ﬂxaﬁu"lﬁ'ﬁﬁﬁwéﬁ

152370 30 MHz

Gain(dB)
K < DT T A e
b L N TG ~ 1
i BEEETT KT f+
i =S ERE FERE AN s o ==
o O B IR 100 1 IO U I 1 i
i e+ S ALDRY A AT A AR TR R
= T 32 1w e v i 1| R
; i T A
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; fi H Lo oA O
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Tl Laidl] A4
-16 i i LB e 1y =i il od i e i
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Frequency
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PIINABBINA  UAAINVANIAMII YBII99INTDINNWDNA319910 CMOS OTA
Tavlim £, =100 ki ash i1 C = C, =0.7 nF uag
I, =1,, =200 uA

Gain (dB)
20

-20

-40 4. :
1 kHz 100 kHz 10 MHz

Frequency

- ¥ v '
3UN 5.13 Qe AV IAINTOINT 4 LY HIDAIAIINDABYAUB NN 100 kHz

Gain (dB) Phase (Degree)
40 L : N 7o

e W

Ll-180
40 1360
10 kHz 100 kHz 1 MHz 100 MHz

Frequency

31 5.14 g a1 Phase ¥09AINTDINWARIUUDI CMOS OTA




¥ A (KHz)
250
I | (MBS
—e—07nF |
200 —=—05nF /H
—&— 0.3 nF /
x|
e ./// | »—T—N
o A//‘ y—*""*
: /4‘__,_...-0—-"‘
50 4—
0 } ;
50 70 90 110 130 150 170 190
1, (uA)

Ui 5.15 namluaasauduiusmaudnovauea () fudnsse £,
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msnaaesh 5 Uiud 0, dwm 1, Tarlif £, =100 kHz fait waze

C=C,=07nF

Gain (dB)
20

10 kHz 100 kHz

Frequency

1 MHz

31 5.16 oniynvosdansesnwdidesmseen himalSum Q, A 1,
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Gain (dB)
10

¢ Ing =30 pA
Io=3

100 kHz 1 MHz

Frequency

i o o { ] o " '
U7 5.17 19 niynvesdanseannudndesmsdi lasmalsum O, A 7,

mananean 6 Uiud O, drwm C, Tavldem £, =100 kHz Aaf oz
Ly, =200 pid

MmN 5.6 U5 Q, A1 C, Y93 CMOS OTA

f, =100 kFz 5o i Co C
[ =1 200 uA4 | 200 uA | 07 nF | 0.7 nF
Q,=2 200 A 200 A 1.4 nF 0.7 nF
0, =4 200 uA | 200 ud | 28nF | 0.7 nF
g =z 200 uA | 200 u4 | 5.6nF | 0.7nF
0 =16 200 u4 | 200 u4 |10.12nF | 0.7 nF
=1 200 uA4 | 200 uA | 2024 nF | 0.7 nF
0, =64 200 uA | 200 uA | 40.48 nF | 0.7 nF
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Gain(dB)
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Ca=40.48 nF

Cq=0.7 nF
-20 ;

Cg“14nF i i
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-40

10 kHz 100kHz
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MHz

U7 5.18 leniymuesdInsesnImaideantsean iimsdiva O, dwm C,

Gain(dB)

2 ; H § % 1

Co:mwnF ]
Co=56nF

Co'= 10. ‘!2 nF
b 4

Ce OTE:IF \

qu 20 24 I"IF

100kHz

Frequency

311 5.19 lENIyMVBIAINTBIRIMDRdRIMsHIL himsUTum O, e C,
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Abstract

A universal current-mode active filter with independent
tunable-Q realized by band-reject function is proposed. The
parameter O, can be tuned independently. However, the four

different kind filter functions as lowpass, highpass, bandpass
and band-reject response can be also obtained without
changing circuit topology. The parameters @, can be

electronically wide-range tuned through adjusting the
transconductance gains of the OTAs. The proposed circuit
employs three OTAs and three capacitors. Moreover, the
parameter (), can be also tuned by both electronically and/or

direct changing of a capacitor manually for wide-range O,
tunable without effect to the @), . The simulation results have
been carried out by PSpice.
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