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ABSTRACT

This article presents the design of a three-inputs single-output biquadratic filter
performing completely standard functions: low-pass, high-pass, band-pass, band-reject and all-
pass functions, based on current controlled current conveyor transconductance amplifier
(CCCCTA). The quality factor and natural frequency can be electronically/independently tuned
via the input bias current. The proposed circuit uses two CCCCTAs and two grounded
capacitors without external any resistors which is very suitable to further develop into an
integrated circuit. The filter does not require double input current signal. Each function
response can be selected by suitably selecting input signals with digital method. Moreover,
the circuit possesses high output impedance which would be an ideal choice for current-mode
cascading. The PSPICE simulation ane experimental results are included to verify the
workability of the proposed filter. The given fesults agree well with the theoretical

anticipation.
?

Keywords : Filter, CCCCTA, Integrated circuit, Current-mode
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Y (s) =H (S)X (s) (2.5)

1ng Y(s), X(s) wag H(s) Aemanisuvasanawual y(t), x(t) uas ht) audsu
d a P pri 1
WORTANVUUAUAING 5= jo dNNTST (2.5) aunsailsunanseglugudiulsznoures
vumnasalaeail Ae

v ()| =|& (s)|x (s)] 2.6)
way
o) = Pula)* Px(o) 2.7

oy g, ABAWATDY ¥(jn), Pum  ABANNEVEY H(jo) uay () FOAUNAVDA

X(jo)



vannslaevialuveaasnsesaudiiu Ae vimthitlunsusndgyaraiilidesnisesnain
dynnaiidoins Medildlata 1wy 'lumsdqa:yzy'lmwamazymmwaqmmnmqmuamuaquu
avtfluatyty'\mwmmnmq anilivmsnssanedes swmammmsumuwmmwmummsnszma
GER msﬂsummmnLwas'uﬁaﬁamsmnamﬁ'lmamwuquu swvilalasmsnseaondygnves
amuauq flideantsiesaiadyraisuniueen Windaoadyyruvesaniiififeanisariuils
winfy TaaidoRasanaunisit (2.6) mmﬂmwmmmam:y'ltumqmu‘v1aanuuLUunaﬂmaam
wm'uaqafytymmL‘znnum'ummaqﬂqnﬂwmmsmauauaﬂumnmn (Frequency response
function) ¥81993NTBIAIMA S mnArilaiduruna (Magnitude Functien) 983 H(jo) fiAviaiu
gudlutrauaumuisewin o, wae o, nuammazyrywmmamumaan%vumﬂmmm’mug}ua laidn
a‘(futmmmqmummuuasumtm‘lsaﬂ'lu'zm(w,, o) Hnevaludeannd (o,,0 ®,) WIYN
uaungn (Stop band) 199195 H(jo) 1 liuesdmfudemitaifuvesvunaves H(jo) i
Liwihugudlutiuauauiisendng o, W% o, fashlidygramiuueenasiidmnadviy
maunsi (2.6) Tugaeaud (@,, ,) Fetamudiidedeniuaukiu (Pass band) 1897995
H(jo) fu

VNsssuAnIsAovauawesilidurunes H(jo) lutsssuouauiiunndreiuses
NI m'lvlmsnsmmmnmm'snuuqaamﬂuuwaaaq 1d8n 4 wumuguidnvazyaungaLaL
WAURIUYDINIT 'mLwa'lvlavmn‘lumsasuwwuaauum’lmwsnsmmwnm nammai’duuutflu
2esnsesnuiluiiigauai thide nsnevausamauuuiBsdunariidiinisgydovnsuin
Lﬂuﬂué'lmmu.aumu'vamasua.,'lvmﬁamLﬁa'luunwamamasumuJuauum

d6
2.2.1 NINTDIANUNANIW (Low-pass filter: LP)

a6 oo ) | 1 P oo
'msnsaqmmnmmuuf]u'msmaqm'mnwﬁLm'um'mnmuaq'lu‘zmssm'm 0 ANDAN

1 o <l o [ F -Ja'l’dd
oo (Cut-off frequency) a)c TmU'lu'mu.nummnmua"mmﬂammmmqnU Ko Baluniifife

' <

3n51U819Y09993n T8RN TULEN 'lu‘vmvwmmmnwaqmwmmnﬂwaawa silutaesmnuduau
VYATOINIT TunsaliduiiAuuuddon (Bandwidth) 194399sHAWINTY o, 3WUI1 AISABUAUBINR

ﬂu‘]ﬂl‘uL%\lﬂ’J'l!Jﬂ‘UO\i'NQiﬂ?ENﬂ'ﬂUﬂU.‘UUﬂ')'mﬂVHN’WIULLU‘UEJ‘ﬂNﬂGIUULLﬁﬂQﬂUﬂ'WWI 2.3
o)
A

K,

Pass band Stop band
0 o,

] P < e a
nmn 2.3 ﬂ'136]BU?{UGQVI'N'UU’W]'WL‘UQFYJ']JJQ‘UEN'NR]Sﬂ?’e)\iﬂ']'llmﬂ'm’lu‘lu‘ﬂ']\‘lﬂ‘ﬂuﬂﬂ



2.2.2 'minsaqm'mﬁaqsi'm (High-pass filter: HP)

N%m'mm'mnam'mulmwsnsaqm'umvmu.mmamaa"lummamns‘hsuwhq 0 waz
mmnﬂwaaﬂ o, Tﬂa'lu'munum'mnmmkumﬂatymwmtmnu Ko Balufiiififesnuetevesees
nsesnudiiues luvarihiesessenlinuigininnudimesrinnesuly fansmovausmis
weludesnnuivensasnsesmuiigeuluwugaueiiuuanduamil 2.4

Stop band Pass band

o a o < ' a
NN 2.4 ﬂ’15C'l'a'u?IUEN‘VI’N‘UU'W]IUt‘lNﬂ’)’mm.l9Q'JWin'ias‘lﬂ')'mﬂq\'lmu'luwnqﬂuﬂm

2.2.3 NITNTBUWAVAIWARIY (Band-pass filter: BP)

'minsaaunum1unmuLﬂu'msnsaqr-mmwuunummnmwuaq'msaa"lu'uwivm'm
ArudAvieavarnnd e o, W8T o, \fla @, > a, Tﬂﬂ'lu‘maunummnmumwmmammmmmu
Ko m’lu*nunﬂaamwuw'uawwsnsmm'mnuutm Turaued vnLmuuamamwmuuaaaaqunum
Tuthaseninead o mmmnﬂv;aaw @, ua.,'lumqm'mnwaqn’nm'mnﬂwaaw o, dMIuNanis
mauauawnwmﬂ'luvmﬂ'nun‘uamwsnsmLmUﬂ'J'mnmu'luqmnﬂmuuaxnmuam’lumww 25

Stop band | Pass band | Stop band
0 @, @,

> @

< Py ] a4 a
a9 2.5 ﬂ"liﬁlE)UﬂUiNVI'N'UU'Iﬂ.luL‘!Nﬂ')"mﬂ'ﬂa\l’N‘ﬁﬂia\iLLﬂUﬂ?’lNﬂN'Iu'lUVI'NQﬂNﬂm

=)
2.2.4 193nTRUAUAINONYA (Band-stop filter: BS)
' ad o
dwsnsaqunummnwamﬂmwsnsmmmnwuunuuamaa"lumﬁ EMMNANUNANDONADI
mudiRene o, Uay o, (e o, >a, 'lwm"vnunum'mnmu'uanmw vilaganauau Ao Tutdiasewing
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‘U”U'UU'Mﬁmiy'lﬂJWI‘mU KO m‘luwunﬂaam'swmawanwsnsaqmmﬂuutm ﬁmsuuamsmavauaq
VI'N‘U‘IJ’Iﬂ.lUL%Qﬂ'ﬂlm'U'EN’N’i]i'fﬁENLl.ﬂUF"I'J’HJﬂMEJﬂ'[ULLUUaﬂNﬂﬁuﬁﬁNﬂdﬂ’lW'VI 2.6

)

K, —_—

Pass band | Stop band [ Pass band
0 @, ,

l a < - a
AN 2.6 ﬂ']iC‘IOUHUBQYI'1\1‘ZJ1J'WI‘[UL‘UQF1'T11JZ]'UOQ'J\1"\)iﬂSENltﬂUﬂ')’llJﬂqu@TUVl’NQﬂMﬂﬂ

]
awsnsaammnwumimauauaqmmmnmuaﬂuﬂmuu Lisnnsoadraduldaseadadumg
Ugumuum‘l'mwsvmwamauauaqmmmnwﬂsummﬂmanuwamaUauaq'luamuﬂmmﬂg]ummsmq‘]
Wi 'msmwgumuamuuwma‘] Ao 'msnsaqmmnﬁummsamn esnTeIAMNALULlumen
(Biquad) V301935030 UNUADY (Second order) mﬂtuauum-uanws'lumaﬂuuauumm.,nm':m
seluil

u ) 4
2.2.5 uuvaunisiaidumisdreleuvensesnsesmiuiiuuuluaien '

Pl

v ' o t
allfnsllaﬂ\iﬁ\?ﬂ‘vu 130" EJIE)U'UEN'N'\]5ﬂia\iﬂ')']llﬂllUU‘lUﬂ')OQUUQSNSUHUUN'}WS‘ﬁ‘WUL{jU

\Y
Ld

o &
U A9
s +&s+a)zz
H(s)=K—2 2.8)
s +—Ls+a)]
P

. 1 - 4 = ¥ d ] { Av
e w,, Q, @, Waz 9, Av AMWIilAe TNuANTIAIAILAT99ETS (Zero) AmodRunnnes

(Quality factor) wesdls mm’uun‘uaﬂwa (Pole frequency) uazAmadiunnmesvasing voq
Weritunisdelou #(jo) dumadrdy
L:Jamms'mmaﬂuaumsvl @2 8) wasuly i):m"|'lﬁlmwsnsmmmn'uuﬂma‘] A9 195
nsaeIBANTY ARy Lmummnmu uazuauATIAMEN Fagunuurasiaddunisdreloy
TOINIINTDFYYUUUINY Kandratu Tawdiuselud fe
aunsiteifunsarslounuylumenrenevsnsesnudseing sedizUuuvaunisdail fe
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1]

H(s) = K z (2.9)
s+—"Ls+o)?
P

v
L V)

¢ o ' < o '
aum'sﬁqn'uunﬁmaTauuu'u‘l'umaﬂ'uanw*msmmwnuuummnqqmuuuu Yy
BRIVED)

S

H(s) = (2.10)

2
s2+—”s+a)p
P

anmsﬁan‘vumsmuTauuuu‘lumamammsnsaqmwumwuunum'mnmu wigUuues
aunslasawizdy

H(s) = K wQ' (2.11)

al v o o
aumsﬁqnﬂumsmaTauuuu‘lumamvanwsnsaaunumwwaﬂ WANVULLANILHIN
u.mnmamnﬁwuumsmzﬂauau'| il

s+l

3 (2.12)

s’+—is+a)‘,z

H(s)

uanmmwsnsmm’mnmﬁsﬂuvummaummuu ﬂaumsnsamnwmummmwaa'lu
mmmnssulﬂﬂwuavatanwsauna loun wasnsevimnarai Tmaﬂmauumanmwuwuasaau’lw
wnmmmmé’mmmmu‘hﬂmumazurmmLamwmumwammuauwmmuu 2093ns0iiaiisuinesen
u'fltﬂ-mu'lumsxaauwdaa'l’zy:y'lm Tmaanmiﬁqnwmsma‘ﬁauuuu‘lumamanmsnsaammnuuu
NIBHIMNAIIA (All-pass filter: AP) wandlddad

Hs) = k—% (2.13)
2, @, 2
S T+—s5+ a)p
(4
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oW 4 A E 4
2.3 MUIRENNYIVQ
'lumswumu'mmnssmunmmwmLﬂuua.,'\mmawammaawmawmnmwsnsaqm'\un
v MISO V'i’lﬂnwu'uauamwaé’emmqu

2.3.1 2993nsImNE AN EUAMANEMATITY CCCOTA Sruumiieh

Tl a.f. 2008 M. Siripruchyanun waz W. Jaikla Idiiausesnsesruiivuanseua
wmwﬁﬁﬁuuuaﬁuﬁuwmai)aLmﬁwm [4] fuwandlunmi 2.7 vwﬂlsznau‘hJﬁw Current controlled
current differencing transconductance amplifier (CCCDTA) muauwunwssmnummuﬂi"wma
ANINUATIN ua.,mu'ﬁn'lmamauauamwLamwm‘lmﬂmmmﬁm‘uumn’msmmimmﬁmm
ASEUALDIINA lo; WA Lo, THdTaE]

Iy = Dés) (s*CCoR, +5C,) 1,y = 5Cyl 0+ D($)], 5| (2.14)

uay

Ip, = scfzﬂ)'(s) [(s*CC,R, +5C,)1,,, -sC N (2.15)

D(s)=5s*C,C,R, +sC, +g,, (2.16)

‘J =‘ = - - 4
NNANNITN (2.16) zlAmudsssurAnazaediuinine ity

£,
W, = - 2.17
° VCC,R 217)
Hay
CR
0= - =21 (2.18)
2
IIBl I IBZ
[o—> 4 X
. DO —CCCDTA [ G
L " 2, 2, % I 1:
_L 02 -
Cz I -'4——01".3
SR T
-] o1

«l v ey ° Y
NN 2.7 'N'\'ﬁﬂsa\iﬂ')'luﬁﬂuﬂﬂizua“aqﬂﬂuqﬂmﬁ CCCDTA quuviim
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PNAUNST (2.17) waw (2.18) wudn 2995nsemnudlunnt 2.6 fided Ao awnsausy
aulsssumAnasmadrunnneildmeiinesidnnseiind ams'l‘ummuﬂs.,wmaaqnswum’mm
vilimnzaufiasth luwannduiess umwumumuwLamwmaqa..mnman'ﬁmwmamamﬂ‘lu
Tnuanseug egalsinnuneasdildedos fe ﬁanwnsaamummmn hoald |y, Wudearived i,
m‘lums'l'mmsw.,'lmwmwwmﬂwuamwmmﬂuaaum anmlnmmsnm'uﬂummnsssumm
uazmedaunnmesldoddaszaniy

2.3.2 2snsoswrnudluunnssuavatewind MISO M4 ICCH Sunuanudh

¥ 2011 J. W. Horng [5] Idinausisasnsasrudivuanssuanaieniniivuy MISO &
uanslunnii 2.8 193Uszneulume lnverting second gereration current conveyor (ICCII) 97u2u
#1033 fdnumudesiuasiliulseiineainsusdests annsalinanauauameIawe e
ﬂsummﬁqn‘vummwsmmsmLﬂiﬂ"wmnsvuatamwm loue iivai]

S'CCy (Ly + Li +1,5) +5C,G (L, = 1,5 ) +
_ |GG, (La+1,,+1,)
— $°C,C, +5C,G, +GG,

(2.19)

d ei 1 4 4 a a -1 4
W8 Ry=1/G; uaz R,=1/G, 3naumv (2.19) azlamuisssumdvasmednunmesidu

B, L Igg (2.20)

o= |2 (2.21)

uae

Icclit J Iccn
zl 14

1 In‘Z: > y y4 Z
12+ 22

in4

4 v 4 kol ° “
NN 2.8 ’N’iiﬂiﬂ\lﬂ'}"lllmﬂllﬂﬂiSLLﬁMﬂ']EJMU'WI MISO ‘?‘ﬂ'ﬂ ICCH 31uudum
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NnusnseanRdluan 2.8 wuin Weslinuf e iaguaslideinsntsu
m%ar'fuvaqqUn'stJW'la%wﬂuﬁy'a'l'B'ﬁ'zLﬁ'uﬂszQ*?im'aa\:nsﬂuﬁwhﬁv'uﬁ'ﬂﬁmmsauﬁ%xﬁw‘luﬁmmtﬁu
NITTW aEJ"N‘lsﬁmuazwm"lmmﬁsssumﬁLtaxmaa“G'Tu.wnLmai"lzja')m'snu%'v‘lﬁﬁda?%ww
dianvseiindetredasyaindy

233 'msnsmm'lufﬁwuﬂnssuanawwﬁﬂﬁ' MISO 74 MO-CCCCTA Fununiley

10 2011 S. V. Singh wasmuy [6] Iiiauerssnsssniuiimnnssuananevthinuuy

MISO auanslunmil 2.9 299sUsEnavludy Multi-output current controlled current conveyor

trans-conductance amplifier (MO-CCCCTA) 'si"lu':uwﬁnwsuasﬁ'vLﬁUthsqﬁﬁiaamS'nuﬁaawT'z

a'm'ﬁﬂ'lﬁwamauaumwmmﬁvym‘lé’muw‘"’aﬁwﬁaﬁ‘ifumfmasmmsnﬁimﬂsﬁmnszu.atmdvgm b o
ol

W 1’CC - 1,sC,g, + 1,88,

Ll (2.22)
s°CG, +5C; 8. + 8t Eime

A A = - -4
NNAUMIN (2.22) ldiamnudsssumfuasmednunnmasiy

‘¢ fgm,,g,., 223
@, <c (2.23)

uay
0= [S8m (2.24)
ngmc
113 II-"’ Il.rc
B | y -z, 1,
~ MO-CCCCTA 2, <—-o],
[o—> x o, -z, % I G,

o v o 1% ° o o
AN 2.9 NIINTNAIND NUANITRaviayvuIy MIsO V'ﬂ‘v MO-CCCCTA UIUNURN

= ] <l < v v
VINAUNIN (2.23) uaz (2.24) wuin wesnsesprwdlunind 2.9 fdei fe aunsaudy
o a ad vV aal a a < L o 4 v
pABsISUTIALAzABAWNNWeslHMETIT N BEnnseiing Waslifufvdszyireasnsrudyng
XK < ° o v = ' ° '
ibimnzauisnhluiaundunmssu frudumuiioiwageasmnaeninitlusemansly
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]

. L3 ¥ _ [ < a 3 ¥ v
Twuanszud aglsinanasstididedes Ao liannsanuauaudsssuniuazmedaurinmaile
pgndaTTIINAY
< v d Atlu ° ﬁu
2.3.4 29snsasavatewini MISO fld OTA Shwwdda
11 2010 C. N. Lee [7] Téinauerasnsesmuidivarguihiluuy MISO flkiendnaaes
nun Ao Inuﬂuimuua%umns.,uamuam’lumww 2.10 29sUszneulude OTA Stundhsemuar
#ufudszgiideansudaesd luflfsfivsuamslulnuanssuadessnudianasals
wamauauameHaldsuih i fuTmaTamse TSN Loy Tiwei]

(2.25)

[S C C Ilnl +sclg3 ( in3 mz)+gzgz (Ian - Ilnl)
s ClCZ +5Cig; +8,8;

J v n‘ - An‘l’ [ 4
1NAUNTITN (2.25) szlamudsssurftazmediunnwmesiy

v, = /?&"3 (2.26)

lway

0= Ge, (2.27)
Clgm3
K—OV;M?.
IInZ b gz
+ It
' [o—> v o =
'“'_“ \I-—f J //"'—_"Vm
G

&
\+1_—I
I+ - :l
84

1+ —

< al v o v ° )
AN 2.10 NITATRIAUVAIENUY MISO ‘i'ﬂ‘lj OTA i)’lu’mﬁm

P

MnauMsi (2. 23) uaz (2.24) wui 2993nIBIANETuA i 2.10 fided Ao annsauty
AmudssauTAkavaednurinnesldmeiinediEnnseting 'm{l'umLnuﬂsnﬁdaaansfnummm
limnzauiastiluwanunduness ummmumuwmmwmmmmnmamsm‘lﬂmamamm’lu
muanszua egwlsinnnesdiilfades e Merdunsesrinmnarud xdedly I, Wuasaviwes s
m’lums’lmwuasm.,'l'mwmws-umavmams‘ummﬂuamtm hignsamuauauisssumiuasane
anunnnasldedudasyanty
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v o 7 3 o v
235 23nsesmmdlanssuavanaving MISO 4 CCl $muunile
Tud 2005 E. Arslan [8] Idiauesesnsesmuiimuanssuanatowiiniluuy MIso &
< Y . . ° e
wanalunmi 2.11 1esUsznoulude First generation current conveyor (CCl) 31UIUNTINNATUAY
qunaiaima@nEndsn aunsalinanevausamaeinaldasuiaiilaitusinesaunsednses
(3 . 4 e‘l’
WINTEUAD WA iy LARIT

~iall +iy (G + KX, + 1Y, + VY, - X1,)

L+LY + LY + LY,

(2.28)

_im(RL +XY + 1Y, ~F,
X,

out

< ] v < v | v ‘v & Y
MNANMIN (2.28) wun wRpwUAnuIadaseai s el dasunniladdy Sndeluursitedt
v v a v 1 ol a ad ¥ a
wmaeimunligusalundetu Lismnsamuquaadsssumbuasasaiuninme fldetisasy

Y Save v o ° v
nnfusamildiiiusuuuassddbivnneiisnhluadadhnsy

' L
iInZ Y]
i H“:!-I- y
inl
¢ CCI z|—e—si,,
X
4
i Y‘
RL

< v o v ° &4 o
NN 2.11 ’Jﬂiﬂimﬂ’)’ma‘fwuﬂﬂizLI.aVla’]EJWUWI MISO m‘lj CCl Ui

2.3.6 2e3nsINMMATMIANS LA MISO #lY FDCC Sumilidhy .

¥ 2011 R. Senani wazpaz [9] Whhwaueassnsesmuimanssuanansntiiuuy
MISO sauanslunnd 2.12 2M3UsEnavlude fully differential second generation current
conveyor (FDCCI) $1uruniiaisas Mfumuaniuaziiulssgiineainsnudasets aunsaly
namauauaqmQLawﬁwm‘lﬁﬂsuﬁqﬁMqrﬁfumn'msmm'itﬁmswﬁmnszuatmﬁnm o o]

Ky K 1
—g(s2+—)+(iz+i4) ~i
i = CZRI CZRZ CICZRZRJ (229)

(] ) 1

P L R
GR CCRR,

o v < a a 1 3
MNAUNITN (2.29) ﬂs‘lmm'mnﬁssu'd'm,azmaaﬁuﬂmmastﬂu
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o, = /; (2.30)
GG RR,

(2.31)

uae

CI R2 R3

i, N Y2 Vs Jaz ] —1e—oj
Rjﬁ FDCCII -z

o v o v o ‘ o
NN 2.12 'Jmsniaammﬁ‘iwnﬂnizuawawvlu'm MISO "Vﬁ‘ﬁ FDCCIl F7uuniiadn

mmmsnsaqmmmumwm 2.12 wun 'miuﬂ'numumuwmewmamaumminmum
ﬂ?ﬁuﬂﬁiﬁu‘mﬂI.Lauﬂ’.laﬂGlLL'NﬂI.Cﬂ't)ﬂﬂE)EJ'NE]ﬂiuﬂ'mUi'JNVN'l'UVI’JLﬂUUiu'\]VIﬂOﬂQﬂT]'JUﬂWI'TU'UVI']IVI
1PNt ﬁlJYIQuU‘ﬂUWﬁIU'\LUﬂ’J\ﬁ]?TJIJ EJEJ'N‘le’IWUJQVWU'J']ﬂ’J’]llﬂﬁ‘i'ill‘U’mLLauﬂ')ﬂﬁﬂllﬂﬂlﬂﬂﬂll
mmmﬂsu'lmmmamqaLanmaunaamqaasuﬂ'mu NBINTTUUATIAUVBIFIATUNIY Ri uavR,
ma’lﬁ‘lmﬂmwnsaam’mnaamuniaaLm’um’mnwaﬂuamsaamuwnﬂ'nun

2.3.7 WIINTDIMIAMUANTEUAVAIBWIT MISO 7% DVCCTA S1uaumiiash

Tl 2011 N. Pandey uaz S. K. Paul [10] lfinausitssnsesrnudvunnssuavatenig
Wy MISO fauansluniwd 2.13 wasusznauluge differential voltage current  conveyor
transconductance amplifier (DVCCTA) mmununmsuaumLnuﬂ‘suwmaaqni'numaaam GUMEPT
'lvmamauauawmLmmwm'lﬂﬂmmmﬂmfuummwsmmsmmﬁ"wmns SUALDVINA |y ot

zC GRI,, =sCl, + 8ulin

I fn] (2.32)
> sS’CC,R+sC, +g,
J Vv a‘ o qcy &£ &
MNANNTA (2.32) eldrnudsssutfnazamednunnmefidu
o, = |En_ (2.33)

RCC,
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Cg.R (
= |=15mt 2.34)
0 .
I
_E_ yz +z Ilnz
= pveeTa [ o IC’
N x -0 1e—o
Ji

1, :l__ﬁR C, :r[ in3

AWl 2.12 2INTBIWAMUANSZUAANENTT MISO 714 DVCCTA S1uiumilada
MNAUNIST (2, 33) waz (2.34) WU 1INTBIRINBIUNNT 2.13 u'uaﬁ fle @mnsausu
m'mnsssu'u'mua"ﬂ'mammmma’:’lmmmﬁmaatanwsauna NsliRnAulse wmaaansnuﬂwnm
lfmnsauiianiluwannduneessu i ummmumummmwmmaumnmamsm'lﬂmamamm'lu
uanszua egnlsAnunsesdildades Ao 1:1mmsnmuaummnsswmmua.,maamuwmmas"lﬂ
agNdAsEINNY

2.3.8 WIINTIANUAWMNANTEULANAEVTAT SIMO/MISO 'i'ﬂ%' MO-CCCCTA 9nu7udesn

¥ 20105, v. Smgh uasAme [11] 'I,ﬂmLaumwsnsaam’mfﬁwumnssuanmwmwuuu
SIMO/MISO sawanslunwil 2.14 WITUsenaulume MO-CCCCTA mmuaanmsuavmmuUsuw
AONNSIUAADIN mmm'lwwamauauawmmewm‘lﬂﬂiummﬁmw PNNITAWITANATIEIV
NITUADWINR Loy, loutz, loues, WA loueg T

([ml & Ilnl)scz +d,380

ount = (2.35)
l S'GCR,, +5C, +g,,
I - gmz [IInBC R 2s+([m3 nt Inl)] (2 36)
- S'CCR, + sCy + 8y, .
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uazaredaunniae dufuitoanuansenuvesmuudnasiimdiviszantsuenliidnnnnia
Amqueanng sasfinnudunuiidaeiwnuesqunsaiaunsold CCCCTA  Aadranainaees
avviounssua Aifleusumuiieninags 1wy wwuaalasviauuuiadu Wk
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afuseNan sMadsuSsuisuun annneililumamguiluunishuin fdiseasdoadsielui

3.1 HAN15I1A8INTTNNIUVNNATATAAMUTNAEMTIIIAN T
wesnsesarudlunmdt 3.2 gnuaasumsyinenlnglélusunsu PSPICE Teldlassadng
83 CCCCTA Tunnil 4.1 Famrmilme fvemsnanesiuas PR20ON wae NR20ON aud iy dadiu
NIBanaIsisd ALAGOO vae AT&T [26] wmmmmqm'lmummum'mnmu'ln (Ultra high
frequency) FermnsfinasamsnBanefianiuenaslunIAmAn 1 299U £2
Taad Amwsunulvanwidv 1 Teviu

A 4.1 Tassadenielures CCCCTA

AMUUINYTYU C;=C,=2nF, lg;=100pA, l3,=300pA, l5;=80A Was laa=200pA MUY Na
n*usai’vaaqmsv’imuuam‘lun1w‘7'1 4.2(n)-(a) Lﬂuuamauauaqmwmmua%ﬂﬁuaqﬁqmju nsamnu
ﬂ'nunmu (BP) nsaqmmnaamu (HP) vmmmum'mn (BS) nsaqmuwnmmn (AP) wa¥nson I
Aty (LP) muaneiy mnnanm1amauau‘lwmwsnsaamwnwmLauammsn'lwnamauauaﬂﬂ
ﬂsuvgnﬁmwmﬁ‘lmLﬂsw.m“li'luaumsw (3.28) 91NHANISIIADINTTYINIUNUAUDSTTUTRTIAN
v 409.26kHz d’:udwﬁﬁwmmmnaumsﬁ (3. 33) WA 433.93kHz  Ferrmrudnlaannng
S ainsndsuuunneritduu 5.68% mummmma’nunﬂwam'lun'riaamuusmuua.,
nszuamnauwm‘lﬂaummm ﬁummm'mmumuuaxquudq‘lum CCCCTA
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At 4.3(n) 1Wunaneuausivesiarity 8P laudy I, 10U 100pA, 200uA, uay 300pA

mauau"lmwmmsndsumaamuwmmas"lmamaaasumnmwnﬁssummmmswwmanwsauna il
1mms1.m”l"ﬂuaumsw (3.38) Favzwuindle Iy, ummmsm’lﬁlﬂmmaamuﬂnmasmmu’dawnwu
AUNTEUA Ig, Thues dalunmdl 4.3(v) 'lmmmsmaaumns.,ua las ma"wummmaamuﬂnmas
WUadunTIuNTEud Iy, denndsiuaunish (3.34) nwil 4.4 Wuranovaussvearisu B ule
o & A Wy o al al Yy  aa

U3V Iy =lgq=lg 1Uu 80pA, 120pA, uas 200pA Feduduladannsausuruisssurialamedamg
ad a € | a ad ¢ el\lw. P
slanvIsundegedszIINMmBaRuinnesaunlans sl luaunis (3.349)

)
20 = 0 Ia,=100pA N~
/ 7 :}Bz—gggﬁ \\§\-
B2
]
90 30k 100k 300k 1.0M 3.0M 10M
%
Frequency (Hz)
A7
(n) Waeua g,
3) { | \\
§ AT pAgiEe
ii T o, ~
1 74 v I5;=200pA \\
0k 30k 100k 300k 1.0M 3.0M 10M
Frequency (Hz)

o '
(1) Waeua lg,

> ‘v o v ot
AT 4.3 nanauauatesilaidy BP WoUSuAINTIua I, was I

., 2N,

o LSS

* DIB=80

N R s

A(iOk 30k 100k 3(J)Ok 1.OM 3.0M 10M
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P~ ‘v o Y
AN 4.4 Naﬂa‘uﬁum‘umﬁm‘vu BP LIJBUS'Uﬂ’mi.‘:u'd IB
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nageunvsiaglileddnaguitindludonivdreuiugunsaiwadvwdelivhminddu cccca
Tngaslfloddniaguiued AD8as Fudursssmewunssuagaitass (CCl) saiulefives LT1228 %9
Whnwsversmnnhdieleu (OTA) Tng CCCCTA sfiniiaayldlad AD844 daunu 1 falaedl Ry 1y
dadumuiita x,  Auled LT1228 $1uu 2 Mfimsuunssualudaviduriunedaumy Rez
Welileddr 0, $1uau 2 Safifimnmidelouvinty dau cCCCTA il 2 arldledathasuilen
Tnefl R, Wumdumudith x, wazennmidielouitts 0, sUsunseualudarusimuniu Ry,
fanmit 4.5 TneArmnnicnelouvesledives LT1228 fidwinfu
' ,
g.(LT1228) =101, (4.1)
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1 [101,,
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ilesvnlumsmaaadhiazmnias ndyarunssuadunauaziondnn dduludiuvesma
duwmazlinasulassnussuliilunszuadiuiu 3 29as Lﬁoﬂaué’tymwmtf}u ling, linz WA los
auddy dufllordnmaninssuaewnaluduinanddufdnmm Fedyanraudumaiuiedinmas
ogluIMuAUTIAU (Vi UAE Vo) Ml 4.7 Tngneasgnaduuusiunasiu Ltamﬁagﬂﬁ 4.7 219950
it 4.6 WiWdsneeswidy £5v faduniu Ra=2kQ, Ro=1kQ, #ufiulsyy C;=Co=1nF
liz=lse=200pA  UAY lp=184pA  INAITANNUANANATST (4.12) vz ldanudsssumAwiitu
159.23kHz wansnaansazlinansuausmanaveduiariliidudinmil 4.8 amil 4.9-4.13 1Ty
dyaraduraiisuiuiediwavesileddu HP, LP, BR, BS uar AP muddu ilewdsunind 3
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10 100 1000
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AN 4.8 NEWIE)U?I'uBQYI'N‘U‘U'Iﬂ‘llasl')diﬁﬂ‘smﬂ’l’luﬂmﬂmﬂmi'/lﬂﬂm'\‘li\l
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GWINSTEK v 9,000

v

Tr~ig~§ﬂ 11 Measure

(EE]

Frequency
1: 49.95kHz
2: 25.45kHz

Duty Cycle
1: 49.85%
2: 28.08%

S - S SO SO SORUE IO Rise Time '
T 1: 5.848us
S I I Lol i 2s.664us
L1 EVETEING @ 19us @CH1 EDGE JSRC
8-~ 19amU 8 49, 9998kHz =h
(n) f=50kHz
GWINSTEK viv @,000s Trigd® M Measure
X H H \ v K 9 g N
: : . T : p Vop
¥ 4V (R 21 £ Rl . Rearah 1: 46@my
: = % = 2: 416mU
' VHP 'yvip - =Te
ISP Vm NS LSRR AMAE . Bl Vavg
. . 1: 70.4uV

Iy

-{2: 6.80mY

Frequency

“1: 168, 5kHz

] Duty Cycle

1: 49.60%
2: 51.89%
Rise Time

1: 1.818us
2: 1.722us

8o 8any
8- 18any

GRINSTEK

@2.5us

(%) f=

@CH1 EDGE T
© 160. 000kHz

160kHz

AC

E=h

Measure

bl

va~> @,000s
. H b 4 3

i

SRKR

Trigd®

Vpp
1: 396mU
2: 472mY

Vavg
1: 131wy

12: 4.19mV

Frequency
1: 300,3kHz2
2: 299.4kHz

Duty Cyde
1: 50. 15%
2: 51.58%
Rise Time
1: 948,.8ns
2: 916.0ns

8o 190ml)
B 189m)

d g - L7 </
NN 4.9 dyaradunaiisuiueiwavesileidy HP

@ lus

(@) f=

OCHI EDGE F
0299, 998kHz
300kHz

AC



GINSTEK v+~ 8.000s Trigd®# 1 Measure
v N N H A H H H H

vVpp
1: 460mY
2 468mY

74 MANRR & IR _' ..... - Vavg
. T4 z . . 1: 43.7uV
DY 8 | P B 30 | TR 50 P b | PO f .12 4.08mU

Frequency

"**1: 49, 83kHz
2: 49.83kH2

l 1Duty Cyde
X N X N S R4y R 45 1: 50.37%
SEREL /R SRR /AL, /A0 1

Rise Time
1: 5.718us
2: 5.478us

B~ 10omU @ 10us @CHL EDGE FRC
8w 108mY 2 49,.9988kHz f=eh

(n) f=50kHz

GYINSTEK v+ v @.0808s Trigd® 1 Measure
& H H . v 5, 9 M B
I ~——— Ny Vpp
A AT Arev (O EE—4\ Yol Y 1: 396my
: ) S L {2 428V
.,.: ...... . A Vavg
] 4 1: 199uU
A .. .12: 4.57mU
A4t NP N Freguency
IRt i ! ' "1: 168.3kHz
: : ! 2: 159,9kHz2
Duty Cycle

. g . / : : 1: 50.32%
AP g FbT ) e/ MM Y 15 Lol 2en
..... eIt jRise Time
3 i . : £ = 3 . 1: 1.841us
; ; : : < : / : ; 2 1.6406us
1 B 45151 AW 0 2.5us CH1 EDGE fAC
8o 108mY 2 159,998kHz e

(1) f=160kHz

G INSTEK v~ 0,800s Trigd®# 1 Measure
H H H H b4 & V N B
4 Vpp
2: 168my

Vavg
1: -1.28my
12: 4.28mY

Frequency
1: 299. 4kHz
2: 298, SkHz

Duty Cydle
1: 58.07%
“12: 50.00%

.JRise Time

M 1: 940.06ns
: : : ; Z : . . . 2: 717.0ns
B 160mY @ lus @CH!I EDGE JFAC
8o 1990 0 299.994kHz =D

(A) f=300kHz
Al 4.10 ygsdunaidisuiuedyaesiteidy L
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GINSTEK v~ 0,000s Stop & I _Measure

Vpp
1: 428my
2: 92.8mY

Vavg

1: S22uy
2: 6.29mY

Frequencv
1: 49,93kHz
2: 58.51kHz

Duty Cycle
1: 48,97%
2: 53.54%
Rise Time
1: 5.244us
N M N N H : : : 2: 5.021us
8 108U @ 10us @CHT EDGE fAC
8~ 1aeny G 49,9999k Hz =

(n) f=50kHz

v

GINSTEK v~ 9.000s Stop® ™ Measure
3 T ¥ A3 N K 5 M

Vpp
1: 498my
2 172mY

Vavg
1: 165UV
2: 5.27mV

Frequency
"1: 159, 7kHz
12: 162.3kHz

Duty Cyde
1: 49.52%
2: 508.32%
Rise Time

1: 1.768us
2 1.518us ,

8~ 12onU | @2.5us | GCHI EDGE FAC
8. 188l 8 161.8106kHz

(1) f=160kHz

i

GWINSTEK vV @,000s Trigd#® 11 Measure
: : : i : g : Vpp

1: 406my
2: 126mY

Vavg

1: 1.54my
42: 4,.85mV

Frequency
1: 297, 8kHz
2: 298. 5kHz

Duty Cydle
1: 49.66%
2: 49,85%
Rise Time

1: 967.5ns
2: 822.0ns

8- 10600 ©2.50e OCHI EDGE FAC
8 1500y @ 301. 968kHz

(R) f=300kHz
AWl 4.11 dyanaBuwaiisuiuieinwavesileidy gp

Vo g




GRINSTEK Vv 0.000s Stop® . Measure
H H H N v H T H N

Vpp
.11: 488my
2: 412mV

#] Vavg
P 01: 1.71mY
2 8.64mVY
Frequency
1: 58. 23kHz
2 50.81kHz
"1 Duty Cyde
1: 50.37%
2: 50.65%
.{Rise Time

1: 5.857us
2:4.811us

B 108ny 10us OCHI EDGE FAC
8~ 188my 0 49, 9988kHz f=p

(n) f=50kHz

Ve

IXER]

x

G INSTEK v+v 3,000s Trigd® M Measwe
& N N <, - Y 4 4 4

1: 396mY
2: 136mV

Vavg
: w0’ : 1: 452UV
A . “e ..]2: 6.51mV
= 4% Frequency

"1: 161.7kHz
2 159.3kHz

N Duty Cyde
2 Pelrrree WS 2N\ / 1: 49.21%
gt Mo M A4 g2
Jo . MU R 7 - - .. ..1Rise Time
2 z < 1: 1.644us
N : H ; : : ¢ : 1 2: 1.625us
Q~. 10any @2.5us ©OCHI EDGE FAC
0~ Laamu 0 160. 828kHz

(v) f=160kHz

G INSTEK viv 0,000 Trigd® 1 Measure

y TPV N A YA Vpp
[N Y P SRR § 3 £ 17 V)
% ¢ y : N : : 2 2690mV
Vavg
1: 384wV
{2 8.96my

Frequency
1: 3681.2kHz
|{2: 294. 4kHz

Y

Duty Cycle
1: 50.15%
2 51.52%
Rise Time
1: 892.0ns
: : : ; : : N : ; 2: 861.0ns
6. 180RY ®2,5us OCH! EDGE JfAC
& 108800 0 308. 000kHz =
(M) f=300kHz

d - o o
A 4.12 FyaraBunatisuiuiondwavesifandu BS
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easure

v~ 9,000s
T T T

11

_Sto?" M M

Vpp

1: 488mU
2: 468mV

Vavg

1: 1,76mU
.12: 8.28mY

Frequency
1: 50. 16kHz
2: 49.83kHz

Duty Cyde

&i1:50.23%
2: 43.88%

Rise Time

1: 4,673us
. : : 2: 4.2%1us

9CHY EDGE JFRC

8 49.9999%Hz

(n) f=50kHz

......................

A~ 1aamy @ 10us

e laemy =D

G INSTEK

v~ 0,.008s 1 _Measure

o~ Wl Vpp
7Y LB o 1t =0y TPl 1: 416mU

. : N : 2: 188mV
..‘.?"j.‘i VAP v

Stop @&

1 4

: Vavg
Q {1: 1.57my
112 -7.95ny

Frequency
1: 161.9kHz
2: 199. 4kHz
1 Duty Cycle
1: 49.99%
- . . . . . . - “2‘-'—65.862
LHOTED 115 & X g/ AYAY YA . e Rise Time
. 3 i £ s 3 3 3 1: 1,693us

SV raesfsaaa

RN

REeTLew e LB s
OCHl EDGE FAC
@ 160.028kHz

() f=160kHz

1 BV s (s TN @ 2.5us

8re S8my b

G@INSTEK v+ v @,000s Trigd® 1 Measure
: ¢ : : ¢ : N Vpp

1: 412my

2: 309mY

Vavg
1: 3, 16my
{2 7.92myY

Frequency
1: 296. 1kHz
2: 296. 7kHz

g Duty Cycle
1: 49.31%
2: 48.59%
Rise Time
1: 919.3ns
2: 916.6ns

GoHI EDGE FAC
0304, 508kHz
(R) f=300kHz

< a v < ‘v
AW 4.13 dygradunaifisuiuiodwavesiaidu A

ey

= v 188U ® 2.5us

v 16091



5.1 asﬂua"aﬁﬂmwa
qwuwauumauan'ﬁﬁ’qLﬂﬁumtavaanuumwsnsamm"huﬂn's-'uavtawvtu'mmmuaaq
muauwmwuatmmwmm% CCCCTA L\Juaﬂnsmuanwwwanmmuaamws smnummuﬂs"wmaaa
NSIUABNEADIST Tﬂmwsnsaqmmnwmtauauaﬂﬂauaiymwmnsvuamu'zummmua vilyndag o
nszuatamwmwum'mmuw1ua~mmuwumﬂ 'minsaqmmnwmLa\Jammsn’lwﬁqnwmummwm
1mﬂ'summﬁqn‘uu ‘lﬂun oA arwiianring mmnaqmu wauAAHY unummnuaﬂ uarnyos
mu‘nnmmn ANAASIITUTIRLAL maamuwnLmaimmsnmunu‘lmamaaaszmnnummﬁmq
Bidnnsefindlnonisusunszualudaninniueniees Luaqmn-mns.,u,atamwmummmumumm’lw
mminmmsnsaqm'mnwu'naua‘wmamammLwa‘lﬁlmwsnsaammnamuamsama‘lmwsmﬂ
uq WWlnglisadldrsesiurunssua uapmnummwswmLaua1umaa'lwm1m'm'mvnun'muanua"‘lﬁ

lWENGl'JLﬂUU?"iWIﬂaaﬂﬂi'l’JUﬂVl'ﬂVl'Nﬂ‘i‘VIU'lL?I'Lli)lMiJ']"Vl'ﬂ U']lUﬂS'NLUU‘N‘\)iTm

dyunanisiveuasdaiauauus

P
umn 5

45

o = <t e dd o v < =t ¥ o L d
197N 5.1 ﬂ'ﬁLUiEJUI.‘VIEJ'UQﬂJaJJUC‘]‘UE)\TNQSﬂi’t)\Iﬂ'J'HJﬂVIUWI.ﬁuE)ﬂU’NQiVILﬂEJJJFd\J"ILﬁ'IJO)J']Llﬁ'J

Ref Active No. of No. of | Electronic Independent Requiring Matching | High output
element active R+C control tune of M, double Condition | impedance
element and Q input
[4) CCCDTA 1 0+2 Yes No Yes No Yes
[5) 1ICCll 3 242 No No No No Yes
[6) MO-CCCCTA 1 0+2 Yes No No No Yes
4] OTA 4 0+2 Yes No No Yes Yes
(8] CCli 1 2+2 No No No Yes No
9] FOCCI 1 3+2 No Yes No Yes Yes
[10] DVCCTA 1 142 Yes No No No Yes
(11] MO-CCCCTA 2 0+2 Yes No No No Yes
(12) MOCCIl & 3 2+2 Yes Yes No No Yes
MO-CCCA
[13] CCll 1 2+2 No No No Yes Yes
[14] CDBA 3 242 No No Yes No Yes
[15] CCCHt 2 0+2 Yes No No No Yes
(16 ccan 5 0+2 Yes Yes ‘No Yes Yes
[17] CDTA 3 0+2 Yes No No No Yes
(18] CDTA 2 0+2 Yes No Yes No Yes
(19] CDTA q 2+2 Yes Yes No No Yes
(201 CCl 3 3+2 No Yes No No Yes
[21] CCll 2 342 No Yes Yes Yes Yes
[22] G-CCCll 2 0+2 Yes Yes Yes No Yes
Proposed CCCCTA 2 0+2 Yes Yes No No Yes
filter
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IMMIATIVABUMTHNIUTBINITNTBIAMNATINAUD WUT HANTS1aBInNITYIILgY
Tusunsu PSPICE #ildTauasnndostuiiledingy ililunangul wasnansmaaenInn1sHe 19
Walneliledduioguiues AD8A4  uav LT1228 wansiiiiuinasnsesnaudinaveannsavi
wihiinsesdgygraldasuiniileidu Famansmageusnanifuntsiusildineesnsennuii
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5.2 Ualdusiug

5.2.1 MsINIa¥ 9995 CCCCTA Funniienageusinnvsudanedondiss (Transistor
array) titetUSsuifisuassunusuenaasiléninnisiiassday PSPICE Aunsvaasieds

5.2.2 lasangluves CCCCTA miaanuuuv‘f’:mmsﬁ'umuai'mu"aq (WU NITATVIDU

nszua o19ldmsavvisunssuawuuIadunisuuuaiainn Lwaam{]mmmunsvuaaawwm'maanua.,

ansIMsarIUsAuINBuNAlUS oA
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.modet PXPNP RB=327 IRB=0 RBM=24.55 RC=50 RE=3
+IS=73.5E-18 EG=1.206 XTl=1.7 XTB=1.866 BF=110
+lKF=2.359E-3 NF=1 VAF=51.8 ISE=25.1E-16 NE=1.650
+BR=0.4745 IKR=6.478E-3 NR=1 VAR=9.96 ISC=0 NC=2
+TF=0.610E-9 TR=0.610E-8 CJE=0.180E-12 VJE=0.5
+MJE=0.28 CJC=0.164E-12 VJC=0.8 MJC=0.4 XCJC=0.037
+(CJ5=1.03E-12 VJS=0.55 MJS=0.35 FC=0.5
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.model NX NPN RB=524.6 IRB=0 RBM=25 RC=50 RE=1
+I5=121E-18 EG=1.206 XTl=2 XTB=1.538 BF=137.5
+KF=6.974E-3 NF=1 VAF=159.4 ISE=36E-16 NE=1.713
+BR=0.7258 IKR=2.198E-3 NR=1 VAR=10.73 ISC=0 NC=2
! +TF=0.425E-9 TR=0.425E-8 CJE=0.214E-12 VJE=0.5
+MJE=0.28 CJC=0.983E-13 VJC=0.5 MJC=0.3 XCJC=0.034
» +CJS5=0913E-12 VJS=0.64 MJS=0.4 FC=0.5
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MISO Current-mode Biquad Filter with Independent
Control of Pole Frequency and Quality Factor

Winai JAIKLA, Surapong SIRIPONGDEE, Peerawut SUWANJAN

Dept. of Engineering Education, Faculty of Industrial Education, King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, 10520, Thailand

winai.ja@hotmail.com, kssurapo@kmitl.ac.th, kspeeraw@kmitl.ac.th

Abstract. This article presents a three-inputs single-output
biquadratic filter performing completely standard func-
tionis: low-pass, high-pass, band-pass, band-reject and all-
pass functions; based on current controlled current con-
veyor transconductance amplifier (CCCCTA). The quality
Jactor and pole frequency can be electronically/indepen-
dently tuned via the input bias current. The proposed cir-
cuit uses®2 CCCCTAs and 2 grounded capacitors without
any external resistors which is very suitable to further
develop into an integrated circuit. The filter does not re-
quire double input current signal. Each function response
can be selected by suitably selecting input signals with
digital method. Moreover, the circuit possesses high output
impedance which would be an ideal choice for current-
mode cascading. The PSPICE simulation results are in-
cluded to verify the workability of the proposed filter. The
given results agree well with the theoretical anticipation.

Keywords

Analog filter, CCCCTA, current-mode,
Input-Single Output.

Multipie

1. Introduction

Recently, current-mode circuits have been receiving
considerable attention due to their potential advantages
such as inherently wide bandwidth, higher slew-rate,
greater linearity, wider dynamic range, simpler circuitry
and- lower power consumption [1]. With this potential,
anumber of papers have been published dealing with the
realization of current-mode circuits [2]-[4]. One of the
standard research topics in current-mode circuit design is
an analog filter. This circuit is important in electrical and
electronic applications, widely used for continuous-time
signal processing. It can be found in many fields:
including, communications, measurement, and instru-
mentation, and control systems [5]-[6]. One of the most
popular analog current-mode filters is a multiple-input
single-output biquadratic filter (MISO) whose different
output filter functions can be realized simply by different
combinations of switching on or off the mput currents
where the selection can be done digitally using a micro-
controller or microcomputer. Moreover, the high-output

impedance of current-mode filters are of great interest
because they make it easy to drive loads and they facilitate
cascading without using a buffering device [7]-[8].

From our survey, it is found that several implementa-
tions of MISO current-mode filters have been reported [9]-
[27]. Unfortunately, these reported circuits suffer from one
or more of the following weaknesses:

e Non interdependency of the pole frequency and
quality factor [9]-[13], [15], [16], [18]-[23].

o Excessive use of the passive elements, especially
external resistors [10], [13], [14], [17]-[19], [24]-[26].

¢ Requirement of double input current signal to realize
all the responses [9}, [19], [23], [26], [27].

e Lack of electronic adjustability [10], [13], [14], [18],
[19], [25], [26]).

¢ Requirement of changing circuit topologies to achieve
several functions [13], [26]. ’

¢ Requirement of element-matching conditions [12]-
(14], (18], [21], [26].

o Use of floating capacitor which is not desirable for IC
implementation [13), [18].

The aim of this paper is to propose a current-mode
biquadratic filter, emphasizing on use of CCCCTAs. The
features of the proposed circuit are that: the proposed
universal filter can provide completely standard functions
(low-pass, high-pass, band-pass, band-reject and all-pass)
without changing circuit topology: the circuit description is
very simple, it uses only 2 CCCCTAs and 2 grounded
capacitors, which is suitable for fabricating in monolithic
chip or off-the-shelf implementation: quality factor and
pole frequency can be independently adjusted. The per-
formances of proposed circuit are illustrated by PSPICE
simulations, they show good agreement as mentioned.

2. Theory and Principle

2.1 Basic Concept of CCCCTA

Since the proposed circuit is based on CCCCTA,
a brief review of CCCCTA is given in this section. The
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characteristics of the ideal CCCCTA are represented by the P )
. . I o, = —om:
following hybrid matrix: o CC,R,
I I
. 0 0 0 0|/ and
Lt ooofy| =1 [GR& 6
: : Q= . ©®
I 0 0g, 0]V, k C,
For CMOS implementation of CCCFTA shown in Fig. 3, 7
the R, and g,, are written as 1 Iy I B2
R = @ Lot oo lon
el ' ST | cceer
and —1 x z -0
g, = km I, 3) 1 11 B3 II B4
I L K CRON T
where kpe = 18,CoMWILYs 4= 14,Cox Wi 4 = "
re = MpCox(WILYs 4= 11,Cox( 2 gm ceecty,

HCox( WLy 1. R, is the parasitic resistances at x port,
respectively. g, is the transconductance of the CCCCTA.
Here £ is the physical transeonductance parameter of the
MOS transistor. J; and [, are the bias current used to
control the parasitic resistances and transconductance,
respectively. The symbol and the equivalent circuit of the
CCCCTA are illustrated in Figs. I(a) and (b), respectively.
In general, CCCCTA can contain an arbitrary number of
o terminals, providing current I, of both directions.

v l’Bl Ilaz A

gV,
&2y y o R y 0
.| ccccr4 . i R, e
e i) jeike x [
@ (b)

Fig. 1. CCCCTA (a) Symbol (b) Equivalent circuit.

2.2 Proposed MISO Current-mode Filter

The proposed multiple input single output current-
mode biquadratic filter is shown in Fig. 2. By routine
analysis of the circuit in Fig. 2, the output current can be
obtained to be

GGR,

2 1 sG,
Lpys" =5+ L —+ Ly

gmz 2
Loy =k . @
o 2 GCR, sk

2 Em

where k = g,,|Ry. From (8), fiy, g and I, can be chosen
as in Tab. 1 to obtain a standard function of the 2"~order
network without requirement of double input current
signal(s). Moreover, it is found in Tab. 1 that each function
rgsponse can be selected by digital method. The pole
frequency (wo) and quality factor (Q,) of each filter
response can be expressed to be

1
n
|
I

Fig. 2.  Proposed MISO current-mode filter.

Filter Responses Input selections
Io Tint Fna T
BP In 0 0
HP 0 I 0
BR 0 T Iin
AP -l Iin I
LP 0 0 Iin

Tab. 1. The Iy, In and Iy values selection for each filter
function response.

If R, and g, are equal to (2) and (3), the pole
frequency, current gain and phase responses of the
proposed circuit are written as

1
 |(8kaik gL 5. )

= 7
2, e ©
and
1
Qo = (_8kﬂx21mcl ]( kynl[‘".)z . (8)
kgml I Bzcz 8kal I Bl

From (7) and (8), it is found that the quality factor can
be adjusted independently from the pole frequency by
varying lp; or Ip;. Another advantage of the proposed
circuit is that the high Q, circuit can be obtained by setting
Ip; greater than fp; without effecting pole frequency.
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Furthermore, it can be remarked that if Jg, =/lss=1lp,
this can be achieved by using current mirror copying the
current /5 to terminals fz; and /s of CCCCTAl and
CCCCTA2, respectively. The pole frequency and quality
factor can be expressed as

®

and

1
0= [8"&1133(:1 ]( sz_]z ] (10)
kgml 1 nzCz 8klb:l
From (9) and (10), it should be remarked that the pole

frequency can be electronically adjusted by Jp without
disturbing the quality factor.

2.3 Relative Sensitivities

The relative sensitivities of the proposed circuit &an
be found as

>y v, 1 @ L
Sp =S =—; Sor = 5a

=3 (11

l e
=—"2—;Sy,_° =-]

and:

1

S =L =—1;se =58, =2, 5% =sp =-§ (12)

lﬂl
Therefore, all the active and passive sensitivities are equal
or less than unity in magnitude.

3. Non-ideal Cases

In practice, the CCCCTA is possible to work with
non-idealities. Its properties will change to,
Li=al;V,=pV,+ LRI, =%ygV,

x%ix?

13)

where a is the parasitic current transfer gain from x
terminal to z terminal. B is the parasitic voltage transfer
gain from y terminal to x. The modified output current of
Fig. 2 can be expressed as

L5’ gl%"i"' I, —* AansC, +18a7,
8m2 z
Io, =1k . . (14)
r GGR, :31“171 R P
g.-z gmz
From (14), the pole frequency and quality factor are
W, = % (15)
CICIRxl

and

Qo — az}lZCR gmz . (16)
V BeyriC,

It should be mentioned that the values of the pole
frequency and quality factor may be altered slightly by the
effect of the CCCCTA voltage and current tracking errors.
These deviations can be compensated by tuning the input
bias currents.

On the other hand, the influence of parasitic terminal
impedances of CCCCTA will be also considered. These are
terminal Y (Ry//Cy), terminal Z (Rz//C;) and terminal O
(Ro//Co). The simplified current transfer function
(assuming Ry, Rz, and Ry 3> Ry), for the circuit of Fig, 3,
is given as

I, Y, +
IOMI =ngRx2 R Y Iinle 3gmz ](17)
RxIYY (1+Rx2 +glanx2Y +gm2
where V= S(C| +Cy1 +Co1+Cp), Vo= s(Cz+C,2) and Y3=sC;;.
It is found that (17), to alleviate the effect of C,, (Y3) the
operating frequency should be chosen such that

@>max[1/R,,Cy]), so that non-ideal values of w, and Q, are
found to be

oy ’ Emz

= 18
L% V(G +C,+C,+C,)(C,+C,)R, (18
and
. =l Kcl +Cyl +Ca| +CDZ)Rxlgn2 (19)
(Cl +C12)

It should be mentioned that the stray/parasitic
capacitance at terminal z and o can be absorbed into the
external grounded capacitors as they appear in shunt with
them.

4. Comparison with Previous Works

Besides the inherent advantages of the proposed
MISO current-mode filter over other previous works, the
proposed circuit in Fig. 2 is compared with several
previous current-mode MISO current-mode filters. These
MISO current-mode filters are based on current conveyor
(CCII) [13], [18], [25}-[26], current controlled current
conveyors (CCCII) [20]-[21], gain-controllable current
controlled current conveyor (G-CCCII) {27], inverting
current conveyor (ICCII) [10], fully differential second
generation current conveyor (FDCCII) [14], OTA [12],
differential voltage current conveyor transconductance
amplifier (DVCCTA) [15], CCII and current controlled
current amplifier (CCCA) [17], current differencing
buffered amplifier (CDBA) [19], current controlled current
conveyor transconductance amplifier (CCCCTA) [11], [16]
and current differencing transconductance amplifier
(CDTA) [9], [22]-[24]. The results are shown in Tab. 2.
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Ref Active No. of active No. of Electronic Independent tune Requiring Matching High output
element element R+C control of mg and Q, double input Condition impedance
9] CCCDTA 1 0+2 Yes No Yes No Yes
[10] ICCIT 3 242 No No No No Yes
[11} d MO- 1 0+2 Yes No No No Yes
[12] OTA 4 0+2 Yes No No Yes Yes
[13} Ccil 1 2+2 No No No Yes No
14] FDCCI 1 3+2 No Yes No Yes Yes
151 DVCCTA 1 1+2 Yes No No No Yes
[16] MO- 2 0+2 Yes No No No Yes
17 MOCCII & 3 ¢ 242 Yes Yes No No * Yes
. MO-CCCA
ng Lccn 1 242 No No No Yes Yes
[19] __CDBA 3 242 No No Yes No Yes
[20] F___CCClI 2 0+2 Yes No No No Yes
21} CCCII s 0+2 Yes Yes No Yes Yes
[22] CDTA 3 0+2 Yes No No No Yes
[23] CDTA 2 0+2 Yes No ¢ Yes No Yes
24] CDTA 4 2+2 Yes Yes No No Yes
{25] cch 3 342 No Yes No No Yes
[26] CCIt 2 3+2 No Yes Yes Yes Yes
271 G-CCClI 2 0+2 Yes Yes Yes No Yes
Prgpospd CCCCrA 2 0+2 Yes Yes No No Yes
circuit
Tab. 2. Comparison between various MISO current-mode filters.
5. Results of Computer Simulation Transistor W () L om)
To prove the performances of the proposed circuit, b:fé,nz; z gg
the PSPICE simulation program was used. The PMOS and MI-MS5, M22-M25 3 0.25

NMOS transistors have been simulated by respectively
using the parameters of a 0.25um TSMC CMOS technolo-
gy [28] with £1.25V voltage supply. The aspect ratios of
PMOS and NMOS transistor are listed in Tab. 2. Fig. 3
depicts schematic description of the CCCCTA. Capacitors:
C; =Cz= 18 pF, Im =133 =5 p,A (R,d =Rx2=4.03 k.Q),
Ip2=1I54=30 pA (g1 =gn2=0.59 mS), are chosen. It yields
the pole frequency of 3.36 MHz and Q=0.65, while
calculated value of pole frequency from (7) is 3.38 MHz
(deviated by 0.59 %). The results shown in Fig. 4 are the
gain and phase responses of the proposed filter obtained
from Fig. 2. It is clearly seen that the proposed filter can
provide low-pass, high-pass, band-pass, band-reject and
all-pass functions, dependent on digital selection as shown
in Tab. 1, without modifying circuit topology. Fig. 5 and
Fig. 6 display gain responses of band-pass function for
different /s, and Jp; values. It is shown that the quality
factor can be adjusted by Jp; and Igs, as depicted in (8),
without affecting the pole frequency. Fig. 7 shows the gain
responses of the band-pass function while setting Iy to
10 A, 20 pA and 40 pA, respectively. This result shows
that the pole frequency can be adjusted without affecting
the quality factor, as described in (9) and (10).

Tab. 3. Dimensions of the transistors.

6. Conclusion

The digitally controllable current-mode multi-func-
tion filter has been presented. The advantages of the pro-
posed circuit are that: it performs low-pass, high-pass, and
band-pass functions from the same circuit configuration
without component matching conditions: the quality factor
and the pole frequency can be independently controlled.
The circuit description comprises only 2 CCCCTAs, and 2
grounded capacitors, which is attractive for either IC
implementation.

Acknowledgements

The authors would like to thank the anonymous
reviewers for providing valuable comments which helped
improve the paper substantially. Research described in this
paper was financially supported from King Mongkut’s
Institute of Technology Ladkrabang (KMITL).



58

890 W. JAIKLA, S. SIRIPONGDEE, P. SUWANJAN, MISO CURRENT-MODE BIQUAD FILTER WITH INDEPENDENT CONTROL...
I vOD
M15
M1g w1 M i’—‘ﬁ,mmuj——g’-rf‘ms mi7 )
Mz ;]—[;MQ L
yo—§ Xo—p Zo—{ b—0-0 p—oc0
" O
mzz‘.*_l {p23
M3 MMS ml:} IT';wzs
Fig. 3. Internal Constructign of CCCCTA.
1004 15
s g \ g
2 25 e Py = —
o \ = / o 151 s \
-504 O Phase 1 ¥ In=40pA
. ; \\ sq T
) ook 300k 1.0M 3.0M 10M 30M  100M 100k 300k 1.oM 3.0M oM oM 100M
Frequency (MHz) Frequency (Hz)
Fig. 5. Band-pass responses at different values of Ip,.
(a) BP "
2 20 gm \
oy ;
15 :g:, & szo ////% 2{‘"’? k\ \
a5~
10 ¥ Ig;=20tA
A S | == : 3
é’“ Q Phase \ ~look 300k 1.0M 3.0M 10M 30M  100M
3 Frequency (MHz)
ook 300k oM qumtgy (MHz) b 8 ] & Fig. 6. Band-pass responses at different values of Ip;.
®)HP 2,
= ~
, ] /
o g, A/w,;:gm =N
] : T =1 6 =
O Phase Tar=los=10pA
é S‘c ,,.% T
J “Took 300k T.OM 3.0M 10M 30M 100
Frequency (Hz)
. 50 Fig. 7. Band- for di t val f Ip.
1004 8000k 300k 1.0M 3.0M 10M 30M  100M kg A pass fespouises for differcutvalues 6f Ip
Frequency (MHz)
(©)BR References
o —_ [1] TOUMAZOU, C. LIDGEY, F. J. HAIGH, D. G. Analogue IC
é §:.. < Design: The Current-Mode Approach. Stevenage (UK): Peter
20042 N Peregrinus, 1990,
g_n [ Gain ] \ [2] BAJER, J,, LAHIRI, A,, BIOLEK, D. Current-mode CCII+ based
i ‘L""ﬁ-l e ——] oscillator circuits using a conventional and a modified Wien-
“400d 29 ook oy o o oM oo bridge with all capacitors grounded. Radicengineering, 2011, vol.
Frequency (MHz) 20, no. 1, p. 245 - 250.
{31 LL, Y. Current-mode sixth-order elliptic band-pass filter using
(@) AP MCDTAs. Radioengineering, 2011, vol. 20, no. 3, p. 645 - 649,
2 [4] JAIKLA, W., NOPPAKARN, A., LAWANWISUT, S. New gain
é go controllable resistor-less current-mode first order allpass filter and
-S04 \ \ its application. Radioengineering, 2012, vol. 21, no. 1, p. 312 to
o8, e B AN B 316,
-1s @ Phass \ \ {5) SEDRA, A. S.,, SMITH, K. C. Microelectronic Circuits. 3rd ed.
o a0 \\_\ Florida (USA): Holt, Rinehart and Winston, 1991.
Tlook 300 1.oM Fwe:-c";gmk) 1oM oM looM [6] IBRAHIM, M. A, MINAE], S., KUNTMAN, H. A. A 22.5 MHz
current-mode  KHN-biquad using differential voltage current
(e)LP conveyor and grounded passive elements. /nfernational Journal of

Fig. 4. Gain and phase responses of the proposed filter.

Electronics and Communication (AEU), 2005, vol. 59, no. S,
p.311-318.



RADIOENGINEERING, VOL. 21, NO. 3, SEPTEMBER 2012

59
891

{7] SOLIMAN, A. M. New current mode filters using current con-
veyors. International Journal of Electronics and Communication
(AEU), 1997, vol. 51, no. 3, p. 275 - 278.

[8] TANGSRIRAT, W., SURAKAMPONTORN, W. Systematic reali-
zation of cascadable current-mode filters using CDTAs. Frequenz,
2006, vol. 60, p. 241-245.

[9] SIRIPRUCHYANUN, M, JAIKLA, W. Electronically
controllable current-mode universal biquad filter using single DO-
CCCDTA. Circuits, Systems & Signal Processing, 2008, vol. 27,
no. 1,p. 113-122.

[10] HORNG, J-W. Current-mode universal biquadratic filter with five
inputs and one output using tree ICCIIs. Indian Journal of Pure
& Applied Physics, 2011, vol. 49, p. 214 - 217.

[11] SINGH, S. V., MAHESHWARYI, S., CHAUHAN D. S. Single
MO-CCCCTA-based  electronically  tunable current/trans-
impedance-mode biquad universal filter. Circuits and Systems,
2011, vol.2,n0. 1,p. 1 -6.

[12) LEE, C-N. Multiple-mode OTA-C universal biquad filters.
Circuits, Systems & Signal Processing, 2010, vol. 29, no. 2, p. 263
to 274.

[13] ARSLAN, E., METIN, B., CIEKOGLU, O. Multi-input single-
output cascadable current-mode universal filter topology with
asingle current conveyor. In Proceedings of the Third IASTED
International Conference Circuits, Signals, and Systems. Marina
del Rey (CA, USA), 2005, p. 62 - 66.

[14] SENANI, R, ABDALLA, K. K., BHASKAR, D. R. A state
variable method for the realization of universal current-mode
biquads. Circuits and Systems, 2011, vol. 2, no. 4, p. 286 - 292,

[15] PANDEY, N,, PAUL, S. K. VM and CM universal filters based on
single DVCCTA. Active and Passive Electronic Components,
2011, Article ID 929507.

[16] SINGH, S. V. MAHESHWARI, S., CHAUHAN, D. S.
Electronical-ly tunable current-mode SIMO/MISO universal
biquad filter using MO-CCCCTAs. International Journal of
Recent erend.r in Engineering and Technology, 2010, vol. 3, no. 3,
p.65-70.

[17) CHUNHUA, W., HAIGUANG, L., YAN, Z. Universal current-
mode filter with multiple inputs and one output using MOCCII and
MO-CCCA. Infemational Journal of Electronics and
Communication (AEU}, 2009, vol. 63, no. 6, p. 448 - 453.

(18] OZCAN, S., KUNTMAN, H., CICEKOGLU, O. A novel multi-
input single-output filter with reduced number of passive elements
using single current conveyor. In Proceedings of the 43rd IEEE
Midwest Symposium on Circuits and Systems. Lansing (M1, USA),
2000, p. 1030 - 1032.

[19] SAWANGAROM, V., DUMAWIPATA, T., TANGSRIRAT, W.,
SURAKAMPONTORN, W. Cascadable three-input single-output
current-mode universal filter using CDBAs. In The 2007 ECTI
International Conference, 2007, p. 53 - 56.

[20] CHANNUMSIN, O., PUKKALANUN, T., TANGSRIRAT, W.
Universal current-mode biquad with minimum components. In
Proceedings of the 2011 International MultiConference of
Engineering and Computer Scientists, IMECS 20011. Hong Kong
(China), 2011, p. 1012 - 1015.

[21] TANGSRIRAT, W., SURAKAMPONTORN W. Electronically
tunable current-mode universal filter employing only plus-type
current-controlled conveyors and grounded capacitors. Circuits,
Systems & Signal and Processing, 2006, vol. 27, no. 6, p. 701 -
713.

{22) TANGSRIRAT, W. Cascadable current-controlled current-mode

universal filters using CDTASs and grounded capacitors. Journal of
Active and Passive Electronic Devices, 2009, vol. 4, p. 135 - 145,

[23] TANGSRIRAT, W., DUMAWIPATA, T. SURAKAMPON-
TORN, W. Multiple-input single-output current-mode multifunc-
tion filter using current differencing transconductance amplifiers.

International Journal of Electronics and Communication (AEU),
2007, vol. 61, no. 4, p. 209 - 214,

{24] TANGSRIRAT, W., PUKKALANUN, T. Structural generation of
two integrator loop filters using CDTAs and grounded capacitors.
International Journal of Circuit Theory and Applications, 2011,
vol. 39, no. 1, p. 31 - 45.

[25] HORNG, J.-W. High output impedance current-mode universal
biquadratic filters with five inputs using multi-output CClIs.
Microelectronics Journal, 2011, doi: 10.1016/j.mejo.2011.02.007.

[26] PANDEY, N., PAUL, S. K. Multi-input single-output universal
current mode biquad. Journal of Active and Passive Electronic
Devices, 2006. vol. 1, no. 3 - 4, p. 229 - 240.

[27] KUMNGERN, M. Multiple-input single-output current-mode
universal filter using translinear current conveyors. Journal of
Electrical and Electrenics Engineering Research, 2011, vol. 3,
no.9,p. 162 -170.

[28] PROMMEE, P. ANGKEAW, K. SOMDUNYAKANOK, M.
DEJHAN, K. CMOS-based near zero-offset multiple inputs max—
min circuits and its applications. Analog Integrated Circuits and
Signal Processing, 2009, vol. 61, no. 1, p. 93 - 105.

About Authors ...

Winai JAIKLA was born in Buriram, Thailand. He,
received the B. S. L. Ed. degree in telecommunication en-
gineering from King Mongkut’s Institute of Technology
Ladkrabang (KMITL), Thailand in 2002, M. Tech. Ed. in
electrical technology and Ph.D. in electrical education from
King Mongkut’s University of Technology North Bangkok
(KMUTNB) in 2004 and 2010, respectively. From 2004 to
2011 he was with Electric and Electronic Program, Faculty
of Industrial Technology, Suan Sunandha Rajabhat
University, Bangkok, Thailand. He has been with
Department of Engineering Education, Fac-ulty of
Industrial Education, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok, Thailand since 2012.
His research interests include electronic communications,
analog signal processing and analog integrated circuit. He
is amember of ECT]I, Thailand.

Surapong SIRIPONGDEE received the B. S. 1. Ed.
degree in electronics and computer and the M. Tech. Ed.
electrical  communications engineering from King
Mongkut’s Institute of Technology Ladkrabang (KMITL),
Thailand in 1997 and 2002, respectively. He has been with
Department of Engineering Education, Faculty of Indus-
trial Education, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand since 1997. His research
interests include electronic communications, analog signal
processing and analog integrated circuit.

Peerawut SUWANJAN received the B. S. I. Ed. degree in
telecommunication engineering and M. Eng in electrical
engineering from King Mongkut’s Institute of Technology
Ladkrabang (KMITL), Thailand in 1992 and 1998,
respectively. He has been with Department of Engineering
Education, Faculty of Industrial Education, King
Mongkut’s Institute of Technology Ladkrabang, Bangkok,
Thailand since 1992. His research interests include
electronic communications, analog signal processing and
analog integrated circuits.



Usziadausia
o o e v
yo-ana el landn

60

dwmislagiy  ewsdussiamaninagmandimns AUTATAMARTYAAMNTIN  dany
1 4 L a d L4 «

mﬂTuTaﬁmsﬂamnammqmwmsmﬂnizm laun 1 YoYRRNNT 1 WYNAANTEUL LURAANTYUL

NTUVNUMIUAS 10520 Inséwii 0-2329-8443 Insans 0-2329-8443 E-mail : kawinai@kmitlac.th

, <l - v . 4 o
v | seiudSean anwseaUIyan - Faaniunbdnw
- 4 avniv/Avien
msfnw | ®3An/ien) uaryoLiu uazUssine
- f.9.u. N5 aounaluladnszasundn
WA 2545 | USgygyes . v - v y
ATFansgnd NIl | Insauunay WIRUNMTaInTEld Ussnalng
AB.Y. %, - v
. anumaluladwszasundn
WA 2547 | Gygiln ATFNERTERAMNTIN walulaglwiy |, .
£, o WIRUNMTAINNTENR Usenelve
UMUuAa
Us.a. umInendualulagwszasundn
WA, 2553 | Ysggien 7 L M€ Tvhdnwn 3 L,
Uy nuiuudin wwssuasnile Usualne
- A o o
dunivimsniianugiyyRiay
o Tidnw
a o 3
® Hannselinduasnsauunny
ao a o o ]
NUPRNNUETIUG
Tasimside il MSHEUWS Uy anuN MM
AN LORRE AL
sTeedygrandurdulvuanszua | 2569 | 21sarsieonssuans wivendesw | v
uvuwiuglaeliesanewiunszua uminendoveuuny, U9 33, qUufl 3 Agaugium Tasans
uaz OTA wii 287-298 100%
lnsathensesprdivuanseuauuy | 2550 Aennssuasuinendeveuudy, O | awidvendesw | wanth
“vangwihilasnisUsegndldnu 34, atufl 2 uth 151-162 Agauaium | Tasaims
1009%
wesiuliedygyanvuaonsees | 2548 MIUSEPMIRITINSISAUUIAER | avinendese | v
uarnINTBIRUlNNANSEUAVIATY ECTI-CON 2006 Agaugium Tasanis
wihillagld cccosa 100%
M59BALUL COTA iamnsamuR | 2551 | 1155 Intemational Joumal of | awmvendesy | vt
monseualaglinalulad CMOS Electronics and Communications, fff']a’)uqﬁ'um lAsans
warmsuszgnaldau Vol. 62, No. 4, pp. 277-287 100%




Electronically Controllable | 2551 [ 7195 Circuits Systems and Signal { d@aufh §inidy
Current-Mode  Universal Biquad Processing, Vol. 27, No. 1, pp. 113- 50%
Filter Using Single DO-CCCDTA 122
gu/msdyguueundenluun | 2551 | 155 International  Journal  of | umnedesis | vwih
nszualaeld CCCOTA Electronics and Communications, | fiaugtium tasans
Vol. 62, No. 3, pp. 223-227 100%
Current  Controlled  Current | 2551 | 215815 Electrical Engineering, Vol. | @ {9l
Conveyor Transconductance 90, No. 6, pp. 443-453 50%
Amplifier (CCCCTAY: A Building
Block for Analog Signal Processing
| Low-offset ~ BICMOS  Current | 2551 | 715@15 The ECTI Transactions on | d@usa g
Controlled Current Differencing Electrical Eng.,, Electronics, and 33%
Buffered Amplifier (CC-CDBA) and Communications (ECTI-EEC), Vol. 6,
Applications No. 1, pp. 81-90
BICMOS Current-Controlled | 2551 | 21313 WSEAS Transactions on | dausa {3ivy
Current Feedback Amplifier (CC- Electronics, Vol. 5, No. 6, pp. 203- 25%
CFA) and Its Applications 219
A Simple Current-Mode | 2551 | Radioengineering, Vol. 17, No. 4, | dus Wi
| Quadrature Ocillator Using Single pp. 33-40 lasans
- COTA 25%
nesNTRIRATMIANTEUAATY 2549 | npUsspAninmsiedmnssiini | awivendese | anth
wihitvilueiyadieauaulideszuy Asit 29 (EECON-29) fgaugium | lasanns
Alnea 100%
2vsnsesrdvuagvateutiTi 2550 | 21133 Active  and  Passive | iminendusiy | whwh
guniahfesfimunulifaeitnm Electronic Components Apaugiium lasans
didnnsaiindlasld DO-CCClls 100%
“avsniiadygranuumieiasioes | 2552 | 1sas Circuits Systems and Signal | amimendosny | vwh
WAL RITNTAMUAIMUANTEUAVANY Processing, Vol. 28, No. 1, pp. 99- | Agauaium Tasanns
 whitidemaianldlasldy  Do-ccal 110 100%
was OTA
msa¥igunsaidniaguaesanewiy | 2551 | msusepdvinmesefuununea Inendesy | wanth
“szuadaur i uuiuguves ISPACS2008 Agaugiium Tasenis
NITAWWIUNTEUAUAL DIV 100%
amirdheloufimialdnin
viosmarauaznsUssgnaldan
myNeuasianduwuugeadnns | 2552 | eamddeatuaysod dninnu {90y
2DNUUUNITBIEMsatindlvan ANENTIUMIINY | 30%
nIsuA WA
‘msdaeTzuaresnuuuasesiuda | 2553 nMsUsegiivimsidesiinnssd wMinendesw | i
fyarauneiwvumeiasieasinun figaugifum lasang




62

nssualeold  CCCOTA  wavmis 100%

UsegnaldamudumsAnudiunts

apnLUUNTBANVIseiingd

Current-mode  Biquadratic Filter | 2553 | 713@15 International Journal of | dwusn {333y

Using DO-CCCDBAs Circuit Theory and Applications, 50%
Vol. 38, No. 3, pp. 321-330

NSEUATIUAZODNUUUNTT 2553 | maUsspATMsiasuanwaIndle | amivendesis | wandh

@euwvugunsallagly CCCCTA STV aminendeseigaugiu | Agauaium Tasens
m ¥ 2554 100%

High-output-impedance  current- | 2553 | 775815 International Journal of | @usa i

mode  multiphase  sinusoidal Electronics, Vol. 97, No. 7, pp. 811- lasans

oscillator  employing  current 826 25%

differencing transconductance

amplifier-based allpass filters

Voltage-mode quadrature | 2553 | 7113815 Analog Integrated Circuits | daud c:lri"m%ﬂ

sinusoidal oscillator with current and Signal Processing, vol. 65, no. 33%

tunable properties 2. pp. 321-325

Resistorless dual-mode quadrature | 2554 | 915813 Microelectronics  Journal, | @i Wi

sinusoidal oscillator using a single Vol. 42, Issue 1, pp. 135-140 lAsans

active building btock 33%

Explicit-cm]rrent—output second- | 2554 | 115a15 AEU-International,Journal of | d@usa Wi

order sinusoidal oscillators using Electronics and Communications, lasanms

two CFOAs and , grounded Vol. 65, Issue 7, pp. 669-672 33%

capacitors

Realization  of  electronically | 2554 | 1515 Microelectronics  Journal, | dusa {inidy

tunable  voltage-mode/current- Vol. 42 Issue 10, pp. 1116-1123 25%

mode  quadrature  sinusoidal

oscillator using ZC-CG-CDBA

A Resistor-less  Current-mode | 2554 | 915815 Przeglad Elektrotechniczny® | dus {33

Quadrature Sinusoidal Oscillator (Electrical Review), vol. 8, pp. 138- 50%

Employing Single CCCDTA and 141

Grounded Capacitors

msdunTsiuareanuuunesduil | 2554 | Msans Radioengineering, vol. 20, | uviinendusty | wawth

insinailuuanssuauaznisuseynaly no. 4, pp. 890-897 Agaugium lasans

Nu 100%

nMIfuasiziiazeanuuuresAndn | 2554 | 21sans Radioengineering, Vol. 30, | umvendesiy | wami

dygrunmvansmaluunnszuail No. 3, pp. 594-599 Agaumium TAsans

raunldfheiin1didnnseiindlay 100%

W CCcoTA  wazgunsniiiiaas

AR




63

Resistor-less current-mode four- | 2555 | 21513 AEU - International Journal | vudiusa Wi
phase quadrature oscillator using of Electronics and Tasams
CCCDTAs and grounded capacitors Communications, vol. 66, pp. 214- 50%
218
New gain controllable resistor-less | 2556 | 913813 Radioengineering, vol. 21, Y!u?hus'f') A
current-mode first order allpass no. 1, pp. 312-316, lasams
33%

filter and its application






