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ABSTRACT

This thesis presents the synthesis and design of current-mode universal filter
using current differencing transconductance amplifiers (CDTAs).«The configuration of
the proposed filter is_single "input ~multiple outbut (SIMO) “type. The filter
simultarieously/ gives__three ~standard * transfer " functions, highpass, lowpass and
bandpass with/ independent .control- of ; quality-factor..and “pole frequency. The
proposed filter uses twoCDTAs, one:resistor andtwo grounded capacitors. Moreover,
the circuit processes low input and high output_impedance with easy to connect
cascading for the current mode circuit/ The' filter performancé- is presented. The
workability of proposed configuration was demonstrated by PSPICE simulation using
CDTA constructing from -PR200N and NR20ON bipolar juncﬁon transistor technology.
The power consumptioniof circuit is approximately 1.15 mW at +3 V.power supply

voltages. The ‘given results-agree well the theoretical anticipation-which'is suitable
for implementation on‘an integrated circuits. ‘
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2.2 2995ns0eAviane i,

2.3 1995ve18ANaaelon

2.4 19959819ANUA s lauNaRIaN TSI

2.5 useiifendos

2.1 nann15n2lUv999993n599A71218

2995nsege R ae Tasiiiniraid Midendganana waludieidesnts uagvinnis
aaeudyanafivenuiletniigainds asssnsaseaiilU i e Idviannvane
Wy meudidansaiing maeans kasnissiuiaTesiaunnd sy 199305891
annsnuseantdiiu 25U Ae a9ansesmnniluyUatnes (Digital Filter) Dunsasild
fudfanea a'aummL?Jué’iyzgmﬁhjﬁ‘luﬁswmaLLasgna%’w%mﬁah’ﬂums%’ua'q%'auua
Tuszuunesfiowed Wudgyiunliderwdealosdgarussgnisnsendudaue v19mds
\Funinfan3n (Discrete) uazatasnindmMiEnsunE Ao 14asnsos ALz aeN
(Analog  Filten, Witntasilsudygrandniuseiismisaen leedsasnseciousasn
ansnuUseanmudnuaggnsaiildunmaitataTnsetaudld-2 Sivsde 29asnses
widdn (Passive FilteNuBwatasnsesdygamuiuudretiessensuieiiuniu f
Auuseq wasananwmilendr Gsfnd Laganiy' 2506:423-430) 8ndnunsfiensasnseuuy
wamiiW (Active Filter) {lursasnsesdnynneuibuusoiiesUssneusegunsalueniivse
Tudugunsalueniiviindeiu
AnianTRvessTNTRImLRIE RN TINANNANTUS I sy A urAuaT e F YR
gonsasifundn Tnen1slnseiesziiansannsiheunaenigiuanudiGondt as
fnrsanlugluvuredlamue il (Frequency Domain) uazi3nHaneuaunaInA"s
finrsanlamueudin nansuauendemud (Frequency Response) Wnudaudnwaldie
1) Tnealunanslugvesilsidudialou Judusnsidruduasswitnednndedunm
(Andy Adanes, 2554 : 43-51)



Filter Circuit . y(t)
h(t)

X(t)—>

UM 2.1 T8UVVDINATNTBIAINUD

Y

A

mngﬂﬁ 2.1 WARITEULTBNNINTDIRLATRET X(O) AodauBuns yit) Ae
Tryauendneuay ht) AedyqrnmevaussdedygyinBuiad (mpulse Response) ves
spuufrfiansanasesnsasmuiiinaaiRdudadu (Lnean. tasssuuiilivuisuuas
Awiaan (Time Invariant) Feannso@eummdiiusvesssuulfegluglaumsvesssuuld

Laa

mu (E]‘Lﬁ N ADGRGILGED 2544 1-5)
t .
=S Ih(t—r)x(*c)dr : (2.1)

nEUNST (2.1) wlasaaleharasuasilsin
Y(s)=H(s)X(s) (2.2)

o - o @
W Y(s), His) wag Y(s )-ﬂawammﬂaamﬁmmaa y(b), ) bag-xt)-auainuuas
dlofarsan Taumainud s =jo ansi (2.2) mmsmfuauaumiLLamﬂusUmuﬂiunau

vosvuanazivl sl
(o) =]H(jw)|[XCo) (2.3)
uay '
¢Y(j0)) = d)H(j(D) - ¢;((j(0) (2.9)
Tneit ¢y, Aodiavas Y(jo) dau o Fodunaves Hijo) uaz @, Ao

wlaves X(jo) dmdnnsiaeiiluvensesnsesmnuife vhuihilunswendygruilsl
Fosnsesnandyanaiiainisanneudygaiiinnuiivenuiionniifivua 91naunish
(2.3) ﬁ]swudwmﬂmaaﬁmmmLmﬁwmﬁ';uLﬁuma@mmmdwmmaaé’@ﬁgwm%uwmﬁ’uﬁwm’ﬂ
gasflafdunanauauendul (Frequency Response Function) ¥843993n3asdnyeInd
Frwunm (Magnitude) vesileridy H(jo) frshivgquslutianuauiiduaidondt 4
uaungn (Stop Band) wasiilevunavesiladdu Hijo) frrlaivinfugudlutiaaueuiiy
98158071 YWUAUNIU (Pass  Band) Fauannuanisnevauswesilsidurunres H(jo)
Tuhsmudfiuandaiu muaadnuuzvesiimougaastuausu dsesuunyile
YDINATNTBIEQYQYIU 5 wuusal (Geuey deuday, 2554 ; 10-14)

~
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2.1.1 19INTDEYYIULUUNTDREUAMNDAT (Lowpass Filter, LP)

2.1.2 2993N DAY Y mmunsmmummﬁaa (Highpass Filter, HP)

]
a

2.1.3 19INTDE YUY IULUUNTDANULAUAIIUD (Bandpass Filter, BP)
U o U/ A .

2.1.4 199004 aumunmu‘uunsaqmnmmumma (Bandstop Filter, BS)

2.1.5 1993n50d QY ’lﬁlJLLUUﬂ’i?NmuV]ﬂmmﬂ (Allpass Filter, AP)

2.1.1 2993ns0edRygIMUUATEeHUAUNDAN (Lowpass Filter, LP)

a

0

9 | a s o a i | i ¢

193TnsesdygIniuunsauaudmiaudiuIgeglugieseniie 0 fis

) oo a a { o o I3 1

audAneen (Cutoff Frequency) o, luvngfigrsnudgenianunfneenasidudaa
(

ee

a = A=llll o L3 . a1 1w
ANUDLOUNYAVBINIT Tunsaligutimuuuaia Bandwidth) 9897995UAININY o, W

W‘U’Nﬂ']iﬂ@Uﬂu@ﬁV]ﬁﬁJuqﬂiuL%‘iﬂ’l"IiJﬂ‘U@\‘i'N'i]'iLLUUﬂi’e)\‘lNWUﬂ’J’]ﬁJﬂﬂ’]UULLﬂﬂﬂUiUV} 2.2

(aiam LW, 2542 : 21-25)
[H(jm)|

Pass Band Stop Band .

>

‘U‘I?I 2.2 ﬂ']iG]EJUﬁ‘LlEN“ZJE]Q‘UU']G]IUL“IN?’YJWNﬂ“UEN'N’\]iLLUUﬂiE]\‘lN’]‘lJﬂ'l’liJﬂG]'ﬂUVl'NE]mJﬂﬁl

2.1.2 19370y IBUUN IR UAINDEY (Highpass Filter, HP)
Qs 1 ﬂ‘ ‘ﬁld kL 1 1
NﬂsnsaaammmuwniaqmummnmLﬁuawsnsmmmmmeamaﬂiumaismm
0 femnuddmaa o, Tutnusinnssseanlfnruiganinuddnosuthunssllld s

mamauauaamwmm‘lummmmamwiLLUUﬂiaqmummnmuuuaﬂﬂuiﬂw 23
(F5gAn 1nws. 2542 : 21-25)

|H(ja))|

StopBand | - Pass Band

{ : ia a ' = a
E‘Uﬁ 2.3 ﬂ’]im@Uau@ﬂ‘u@ﬂ‘ﬂu’]ﬂ‘LULs{Nﬂquﬂ‘l]EN'NT\’ﬁLL'U‘UﬂsaQNWUﬂqqﬂﬂﬂﬂiuﬂqQQWuﬂﬂ



.74 ] ‘i .
2.1.3 1IINTOEYQYIUIUUNTBINIULAUATNUA (Bandpass Filter, BP)
@ ' = dda =
29935098 IULUUNTRIRIULaUAMEIITYRTNTBIA IR N T LA UAI R WY BY
1 1 A L dl = A
rseglutisseinanuddneevivesninud Ae o waz o, (o, o) Tuvusiuaurgaves

WA @g]:ﬁ@ﬂLLﬂUﬂ@ IU‘U'NiuM’JNﬂ'J']Nﬂ 0 ﬂﬂﬂ’l'liﬂﬂﬂmﬂ’e]w ] LLﬁ“"luﬂJ’Nﬂ’l’TiJﬂVla\m’ﬂ
Hw
ANDARDaN @, mmmuNamauauaamwmﬂuL‘Uﬂmmmamwmuuﬂiaamuua‘u

mmﬁﬁ"’uuam‘lugﬂw 2.4 (A5gA1 1Nw3. 2542 : 21-25)

H(jo)|

Stop Band-{ ~Pass Band’/|.Stop Band

‘Uﬁ 2.4 ﬂ’ﬁG]EJUﬁUEN‘UaG‘UUWﬂUL'?Nﬂ’J']%Jﬂ‘UEN’NQiLL‘U‘UﬂiENN’mLLﬂUﬂ’J’md&LU‘VI’NSﬂNﬂG\

2.1.4 2RINsesEURALUUATEENIRRAYARINE (Bandstop Filter, BS)

29991508 TRULUNT B9 ALa LA Lﬂuaqaiﬂiaqmmﬁagﬂuﬂmswdm
aufifneewesaLd fe o, wae o (oo, luvssiuaudhimenmssiagaeuay
Ao ludssevingmnaud 0 ﬁammﬁ'ﬁmaaw o, LLav‘lmmmmﬁﬁmndwmmﬁﬁmaaw o, B

'Wﬁ‘UNﬁG]?JUEWE]\WI']\‘]‘UU’W]IUL‘U\‘]ﬂ’)']iJﬂ‘UE]\‘i’NQSLLU‘Uﬂi@\‘i’\]'mﬂLLﬂUﬂ’J’]ﬂJﬂUU‘\]uLLﬁﬂﬁlmuiﬂ

Gl
fl 2.5 (@50 103, 25427 21-25)

H(jw)|

Pass Band [Stop Band| Pass Band

" ' - o , o o o - -
E‘U‘Vl 2.5 ﬂ'ﬁmaUﬁuaﬂ‘Uﬂﬁﬂu’]ﬂluL‘U\‘iﬂ'ﬂllﬂ‘UEN'N"UiLLUUﬂi@\ﬁnﬂﬂLLﬂUﬂ?qNﬂlquﬂq@uﬂm



2.1.5 2993NT89H Ry IUUUUNTBHUYNAIND (Allpass Filter, AP)
19 ' o o a Y a
2v9snsesdngauuunsashunneudiliuvasnseseudnesenlivnaruauly
1o Fareasnseihuynanudiutguiivselovdlunsdnldduissdeua Wdygyiu

mewmmuuLWamLmﬂmaﬁmammwmauwm mmuNamauauaamwmﬂiummmmamm
LLUUﬂﬁmmuwﬂmmnuuuam’l,uiﬂw 2.6 (’mmJ @Ua08. 2554 : 10-14)

!H(jw)[

Pass Band

Uﬁ 2.6 mimauauawawmﬂiummmmﬁuamwm‘uunimmuwnmmﬂumaammm

2.2 qqainsmmwﬁlwmwﬁﬂﬁ (Multifunction. Filter)

o
[y

a =~ i 3 o v &l - =l g
mAdeiigesjammelunisanuiAuaiuaidtesaseaanateming Faluieas
nsesAudfiawsanauauaslindumsianulivacs suuutlulassainasiiendu wu
9 ) a8 i A | a2 a add ¢
erdunseviupnsdm nsssnmuigasnsesruaUmNA Taslidaredaurinmes
(Quality Factor) wandydnwalnie Q Wuswivliiudannuashselunisidonanud den

a1 | W o Z - "o va X 9 a
Q fifingeazdamaliasidnamuannsalunisdenaualaatuniulusoe Tnglisuaunis
vaaflandunnelouwuulumisnnia (Biquadratic | Function) 3ueadni4gsnsesaiud

a . . . =} e e =

lumensifia Biquadratic’ sFilter) | ¥3p29a3nsaspDsuTUaRBslguaNNTIRTE I

#esanaNNT (2.5) amIsaniandls (Zero) maqﬁqn%umEﬂauaumuaaﬁlmmﬂmau‘dizam -
maﬂmmumwm\malﬂu (B9ns779300 LTiaating! 2546): 19-29)

2
a,s +a,s+a
T(s) = ————" 2.5
(s) o | (2.5)

2 0 2
S +—Q s+(D0
d' S 1 A o
Toeh M, A8 AAINDFIINYIR (Natural Frequency)
ag, a1, 8, AB AUUTTANSUBITIUIULAL
Q Ao AIAIEARLWALNBSYDIAIUATTTUVR

'ﬂiﬂjﬁiﬁiémaqﬁqaawmaumiﬁﬁﬁLmu'wui'::uw s (S-Plane) 71 s=0 ¢iagufl 2.7 uagan
Aunsh (2.5) imﬁqﬂsuumEJIauﬂimmummmmaumuaaﬂmamﬂuwaumimu
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T(s) = ———— (2.6)

\iefmunlyd a, AednsnvereaIuige (High Frequency Gain) wag O fe Aud |

]
a

§55UYR wlﬁwamauauaamwummemmamww fanwuzwanslugun 2.8
(Ba9517550 Wiaefing. 2546 : 19-29)

4O
X
i \.‘\0)0
>
e @O >
i)
2Q
X
x ='Natural’ [ o = Zero

]
=4

sun 2.7 AUMLUSANND S TITMLALBISUNTEIIY s %aqﬁqﬁ%’uﬂimmummaqaé’uéﬁ’uaaq

lT(S)|A

- ¥__-|32|

.0 ; ®

‘Uﬁ 2.8 NaWGUE{U@QW’N‘UU’]QL‘Nﬂ’l']llmJ’eN‘W\‘lﬂ‘U‘LJﬂiENN’mﬂ’J’mﬂﬂﬂa‘UﬂUﬁfN

PO R a o . ) o 'Y A
NSNATYLS9F09VBIAUNITHAMMUIUUTEUIU s 91 =00 Aananaluguin 2.9 970

v W

aunis (2.5 WIQﬁQﬂ%uawaiaunsawﬂuﬂmmmaumuaaﬂmamﬂLmuaumsmu
(BQQS’YJ‘A'?EU \Wosllng. 2546 : 19- 29)

aO
TS)= ————— - 2.0
50— s+60§
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v a0 w . o a = o
W a, /o, Aerrdnsverglins (DC Gain) szldnsmmeuausadanuivesisasd

dnwagAagun 2.10

L j®
X y
N 00 # 00
D,
. G
— |0 o
D
2Q
X
X = pole O = zero

'
LY

= o 1 d' ) a S g & Qs T 4:‘ t') LY
EUVI 2.9 AMUNUIANLDEITIBRLasTLIULSEUNY 5 “UE]\‘I‘W\‘iﬂ‘Uuﬂ‘SEJ\‘iNWUﬂ'J']llﬂm’]'t‘JUﬂUﬁﬁN

|T(s)| A

A

2
‘ao 70,

0 o O o

max

(Y]

o 3 : a & ) I a6 .y
E‘U‘VI 2.10 HARBUAUDINNINIATIAIINAVBITINTUATOIRIUANDFIDURUE D

a1« [ \ T :l' o l d‘* Pl 2/ d! AJ [ 1

NIAINAAlTVBNANNMTIRILVIUIUUTELAU S TRUATLMTS s=0 {asdanunilansumns

s=00 gauandlugun2.l anaunis (2.5) aglaendunigleunsatwiunauanuisusu
aedlagilyuuvuannsaall (Sansaasst wilesling) 2546 ¢ 19-29)

a,S ’
S T(s) = ———— (2.8)

Q)
2 2
S +— s+,

Q

o o o . v
e a,Q/ @, Wudhiwgeaudigudnais (Center Frequency Gain) TWnaneuauas

a da o] ’ o < ¢ o W
- NNUVUTIALYIAIUDUAEIFAN (D:(DO Mi@ﬂ'lﬂ?']uﬂﬂu&ﬂaqﬁmaﬁjﬂﬂiuﬂqLWqﬂUﬂ"lmﬂﬂ

LUBERR |

U

a a a i [ [ P
ﬂ?quﬂﬁiiﬂ‘mﬁm@ﬂﬁﬂﬂ']iﬂiqwm@UauﬂﬂL‘U\'ﬂﬂ'ﬂ'11]5‘1]'&]\‘1'3\3'\]3{]‘@ﬂ‘L’JﬂJS 95UN 2.12
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x = Natural 0 = Zero
A:i' o 1 .d' , a a5 . & o 1 de o . '
31]‘1/] 2.11 G\’]Lmu\‘iﬂ’ﬂimﬁiﬁﬂﬂmLLﬂ%GUIiUu‘SSU']‘U S ‘W\‘iﬂ‘li‘uﬂi’e]\‘m’]uLLﬂUﬂ'J’]ﬁJﬂE]u@‘IUE‘IEN

e

O .
O 0@ 0, (@)
A BT -

o a - g Qs ¢ e W
EUVI 2.12 NARBUANDINNUUINTIAIUATDIWNINTUNToINIUUQUAIIND SUALADS

nsfinAdlsTesaunITIRTUMLOg UL jO 28353 s SR 2133085 (2.5)
agldftanduneleuieanseddyaauvusiiaauanufdusiudes lnedsuiiutgunssil
iy .
S +(D§ .
Tlo) oo 2 2.9)

2 2
S +€°s+(1)0
l Q) dl

ﬂ’]E]Wﬁﬂ‘ﬂﬂ?&ﬂiﬂﬂﬂ%ﬁﬂ‘ﬂ@ﬂ?ﬂﬂiﬁﬂlqWhﬁlU a, ni'mlmauauaammmm%ammﬁ‘uamws

LY

o ) o 1 oy o A p= S < ¢
lidnwagaeguhn 2.14 uasan O, WSendnventsinarudidend (Notch  Frequency)
(§an3153a Losing. 2546 : 19-29) '

A J(l) .
L s
DN !
| \(DO oW
N 70
| b I o
I |o l
-
CO0
| 2Q J
} | S
x = Natural o = Zero

=] [ 1 :i' a = Sl ¢ s ‘o o «:‘u 7
E‘U‘V] 2.13 FUNUIAMUNSTTUTIRLASTLSUNTEUIU s W_{iﬂ‘ﬂﬂﬂ’i@\‘i"ﬂﬂﬂﬂLLﬂ‘Uﬁ'J']JJﬂE)uWUﬁaﬂ
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UM 2.14 uanwauaueualeeuiivesileidunsesifinuaurudsusuass

. nsflfienglsvesannisviseresAriiauvuiotnsiurivetssiay s tneflnnuauinng
Y < a w = | vy fa i
AuANAETINTR Aaanslugui-2.15-9anaunas ~ (2:5) agldilsidudaelounsosiuyn
mudsusivaedlagiigUuuvaunisdell (§ans1asses Lilssliand. 2546 19-29)

(Y]
. , g 4 6°5+(D2
TE, - (2.10)
2 VALY 2
S o+ Q s+(D0

|a2| A9 ANV IGUTUTIU (Flat Gain) 98939335 ﬁ]%ﬁﬂi’]Wﬂ’ﬁﬁ@U?{uax‘iV}"l\‘i‘UU’lﬂLLﬁg

WeBanudYenRsaNUIIYAIIUR 2,16 waz JUT 2,17 anydasy

f § J(D

©, ©

i

'8
o
|
|
|
L 20 2Q
X

x = Natural | o = Zero

Ui 2.15 sdhundsanudsssuvfuasdlsuussuu s veeilerdunsesiunnaudduduaes
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0 0]
JUT 2.16 nanaUAUBMNTWIATIANDYRITAtun TR NAUD S UAUADY

| T(S)IA

0 0, ®

—2TC

Y

o a = L2 1 o (¥
EU‘VI 2.17 Nﬁ(ﬂEI‘U?M?NW’NLWﬂL‘U\?ﬂ'D']@JQ”UENWQﬂ‘U‘L!ﬂ‘SENNWu‘VJﬂﬂ’ﬂNﬂ UAVHABDY

2.3 19359818ANYAg ey

295ve1eaiiianelon e OTA daiduacasveanednafavisdsimiiiaeui
wssfufunszuadaliindugunsaiuaniiniiinisviiuludnvpgussfumuauundadie
nssua (Voltage Controlled Curént-Source : VCCS) (53u#l ASena. 2552 : 96-120) &m3
nswasuaussulidunszualniBena ArAaanglau (Transconductance) %38
¢. lawvhlu OTA %a%wa%umnmiﬁ!aﬁaﬁﬁqagﬂugmmwaa'msim dawmanuteng

Touwas OTA annsamuauldlaenszualuleaainaeuendmiuiasauyanveauafivay
dydnunived OTA zuansdalugua 2.18
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i 1
to— —"0
! |
! !
! I
Vin : Ry T 1
| gm Vin RD :
! I
—t— | o
b !

(n

()

sU7 2.18 (1) 29asauyaves OTA () dydnwaiuas OTA

19959878 OTA 93U78lUvIERa ArTlENAsIEI8AIense-(Differential Amplifier)
AasufuNTELaAtin (Active Load) Fearusenaulumensiu@anes 4 53 Lasunasany
= o a P I« a ¢
nszuandi 1 fa awudnaligun 2.199anaeastuguin 249 Tlulwaasnsiudames Q, uas

Q, \Jmsvgwpnuuandisuuuiniveisudes Buiminfiulaiiunswiudunssuadiu

1w 2

Tulnaivsgaines Q, way Q, WwiwsagieunssiadalAidnsantsagyiBunssuaiviniu
P a [<{ 3o P e/ L) [ ] o 1%
wile Inedinsgia | 10unssualuuealiiuaees iWedaudygiaussiudn V, agvinlv
a &4 v o 1y
\fianseua |, uagl, Wil Q-uay Q, WiInTxea |, Aggnasvieunselailiesnimeasayvioy

@ '
a = <

y a 4 v =
AFELELUUAUUDINI UYL BT Q3 Lae Q lUinavesnainnsvud |2 VIENAYUN

q

a 3 [ & A 1 e
nimdanes Q, samdunisua |, Jellanviiu -],

Vee

T
Vee

5UR 2.19 1esveneRMLLAneE BT INUN SELEATIN
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msleTgiAauduiusserinnseug | fuussdy V. uazaanunhenglon g

1 o t 6 a L3 < g 1 ' % o
ﬂJBQ‘N"i]‘S"UH’]EJFI’J’]NLLG]ﬂﬂﬁﬂﬂimUIWﬁﬂﬁﬂiﬂu‘Uﬂmai 138 OTA  8871991¥ mﬂugﬂw 2.19

au15amtaan
VT

< : a o .
e |, Aernszuadus (Saturation Current)

anudiiusuasnseud | uae |, 2gld

l, =le
e
&
—_— VT
=te :
119931970 ‘
3 = s

WNUAANNTST (22 waranmsn (2.13) asluaumsi . 10) auld

| | & | [e(V“E‘/VT) +e(V“2/VT)J

Lmumammsﬁ (2.16) Tualinisi (2°12) a9ld

[

(2.11)

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)
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a i -
Asanluunvesniile

I, =1 =1, (2.19)
WIUANELNTST (2.17) wazaumsn (2.18) asluaunisi (2.19) agld
.VBE1 VB#
%) _ (%)
o =1 (v_) (V) (2.20)
ARLRANTPR
) | v (%) o I
Tmswrswazdiunle e' 7 Auaunisn (2.20) agla
Vaer TVee2
p e( VT ) _1
[O A IB (VBEI_VEEZ) (2.21)
et +1
o [~ 1 r_*l . V _V el
TLUUINUB iy F MK VBEZ (2.22) _
ezx -1
LAZAINGUNS tanh =15 (2.23)

e 1

a .Y Y L c‘ A 1% J J ‘:]
Rarsanaudunusluaunisy (2.22) wagaunasn-(2.23) udrmuailuaunisy (2.21) -
aunsadeuannsiudladeannsi-(2.25)

\Y)

_— n .

Sy —lBtanh(zv ) | (2.25)
. T

. 3/ v o ¢ J Ly] { o o 3/ o [ & o [

aldnuduiusseninanssuagneen |, AuAwssduigad V. dalufleiduvasusadiu

Nasi1978398uNe (Differential Input Voltage) U839V IEAIULANGLALAIANAIAI

v a | v o

Jou (2V.) vesgaumaiiansnsodawalyt | wWhsuuuad

floswn
= (2.26)
S v |4 '
IB | 2 Vin
g =Tsec hlf—— (2.27)
VA 2V,

140266
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unuaums V. =0 adluaumsi (2.27) agla

g =T : (2.28)

wazayle
l, =8V (2.29)

MnEuNTsh (2.25) agamnsalisunsmanuduiussenindanseuauienn |, Au

s V. 1dfagui 2.20 mnnsivlagnudidiaannidnsleussiimsdniudedly

'
a Qs

dnwazvesiaidulenofludaunmawilagludiaBuduesagiutiuauy wdadgiaedusm
WernaumnsrsvasussiuBunniiimannIsena 2V, Gl Tand2552 : 24-26)

0.8—
04—

0.2—

02—

U 2.20 nswimnsdiiussewismnssudaen ], furusadtivd v

YU
- MAANASA (2.25) EnanTanseRtegunsalumenups tanhox A

tanhx = 13+25 | | (2.30)
alnnx — X 3X 15X .

Tnsuvuanaunsi (2.30) luaunsi (2.25) agld

RN BRI I 3+2| % | (231)
o 'lav, ) 3°®\2v. ) "1s8\2v | ‘

< 1

naunsf (231) 61V, tdewndy V, wadersusinend 2 (duduluszdiendesunng
Aatiuazladn tanhx & x 9 naunish (2:31) ansaeulyilandy
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Design of Low Input and High Output Impedance
Current-mode Biquad Filter Using CDTAs with
Independent Control of Quality Factor and Pole

| Frequency
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Abstract—In  this  stady, a gingle-inpat ~mulliple-outpots

" current-mede analeg biguadreatic filer, based on' current
differencing wanscondueatance amplitier (COTA) is presented.
The propoesed filter uses two CDTAs, one_resistor and ' two
grounded capacitors, which is well suited for inmegrated cirenit
tmplementation. The clrenit simnl Iy gives 3 standard
transfer fnnetions, namely, lfowpass, highpass and -bandpass

. filtars with independent control of guality fucior and poele
frequeney by eleetronic method, By summing of 1ypand 1, p, the
noteh filter can be also achieved. Moreover, the cirenit passesses
low dnput and high-output impedanee which would be an ideal

choiee for current-mode eascading. The PSPICE simufation *

resnls ave included verifying the workahility of the prapased
fifter. The . given results agree svell with the  theoretiv
anticipation,

Reywards— cucretd-mode; CI)TA, Silter, integrated cireait,
analog cireuit

Lo INTRODUCTION
Over the past fewe years, a number of schewes based-on
- eurtent-mode circoit ave been develaped. s stated that The
current-mode circuits give the potendal advantages such as

inherently wide bandwidth, higher slew-rate, greater lineatity,

wider dynamic range, simpler circuitry and tower power
cansumption [1-2] which s found that number of papers have
been published dealing with the implementation of current-
made cirenits- [3-5]. An analog -active-filter_is ‘'one of the
standard rescarch topics in cuprent-mode circuit design. This
cireanit 15 one of the dmportant-tequirements’ in glectrical and
electronic applications; widely used{or conlinuous-tine apajog
signal processing. 1 15 generally used in many fields, suel as
© communications, measutement, and  instrumentation, and
contro] systems {6-7}. Especially, the filters which provides
several funetions in the same fopology, namely, universal filier
ar multifanction  filtery have.been “receiving, considerable
atlention, Considering the number.of input and owpw ports,
these filters can be classified inte.threecategories: o single-
input, multiple-output (SIMQO) type {2], a multiple-input,
single-output (MTSO) type [8] and a multiplé-inpui; maltiple-

978-1-4673-5580-3/13/$31.00 & 2013 IEEE

Wipobh Jaikhang
Progrant in clectronic & Computer Engincering, Faculty of
Industrial Technology, Chiaugrai Rajablnt University,
Chiangrai, 57100, Thailand
wipobh@hotmail.com

output (MIMO) type (9], One of the most popular analog (thers
is_a single-input, maltiple-ontpat topology in which various
wansier-functions can be realized simultaneously, The SIMO -
fopology ¢an be found in rmany. applications, for example in
touch-tone tefephone tone decoder, in phase-locked loop FM
stereo demodulator, orinrerossover network as a part of the
three-way high-fidelny loudspeaker [3). With growing interest
in design of current-mode filvers, more atiention is being paid
to the filters which have the high-output impedance becanse
they maoke them casy fo diive loads and they facilitate
cageading without using a buffering device [9-10].

" Modern elecironically contrallable active building blocks
{ADBs) provide the flesibility and enabling a variciy of circuit
designs i anglog-signal-proeessing. These direuits can be
easily contrelled by, microcompuler or microcontmoller which
has been considerable atiention Also some circulis which nse
active building block can avoid the use of thie external wesistors.
This will reduce the vost and chip area. Biolek proposed the
interesting active. building block namely,ourrcut differencing
taanseonductanee amplifier (CDTA) {11]This device has been
acknowledped 1o be a versatile corrent-miade active building
block in dusigning analog cireuits.

A new configuration_capable of realizing current-mode
lenwpass, highpass, bandpass and noteh filters with single input
and omliple outputs using two CCDTAs, ane resistor and two
capacitors s presented in this paper. The quality factor and
pole ficquency can be independently adjusted with clectronic
method, The proposed filter has low dnput and high output
impedance providing sasy curfent-mode cascading. The paper
is ‘arpnnized as follows. I section 2, the characteristics of
CDTA and proposed filterwith _either an ideal or a non-ideal
active clement are.presented. The simulation results and their
evaluations are, given in defail in section 3. The comparison

cwith previous filter using CDTA is described in section 4.

311

Finallygsection 5 concludes the paper.



I, PROPOSED FILTER

A Main aetive building block

The principle of CDTA was introduced in [12). Tis symbol
and equivalent are shown n.apcuively in Fig. 1(a) and (b). The
p and n which have fow rdsistance are the current inpat
terminals. z, 2, {z-copy) and x dre the output terminals. The
different of iput currents (1,,-1,,) will send to 2z teyminal. The
current at z terminal is copied 10 2, terminal. The volla;,c atz

teeminal i converred 10 the  x-terminal cument via a
transconductace gy The characteristics of CDTA con he
described by :
Vool fo oo ol
¥, 0 0 0 0 7
= ——r)
I.. 1~ 6 0 lin
L1 0 0 0 %gv

“If the CDT, A s roudized usmg BIT lLLhnok)g,y, bm can be
wriften ag

B e , @

'

© Here Vi s the themmal volage. g ds-the bias current used to

conwrol - transconductance, - respectively. The Jinternal
- construction of BJFCDTA is shown in Fig 2 [18].
e : Fgalt
lsx I 1o > b °
onl Ad e I S
Ty st 7 . /\
Ol 53 A ol
i CoTA £ 95291 % > X,
paears P 4 = 'p iy

Bl &
Fig. 1. COTA (2) Symbol (b} Equivalent tircuit

Fig. 2. Intemnal construction of COTA

B. Prese biguad filter

The propased second-order current-mode filler is llustrated
in Fig. 3. It consists of two CDTAs, one resistor and two
growuded capacitors. The transconductilltes gepg and gy are

[ current-mode
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respectively controlled by Ig and Ips. It is obvious that the
proposed filter provides simuliancously three |, frequency
resporses (HP, LP and BP) with fow input and high output *
impedance propenty. It is also found in Fig. 3 that the proposed
filter uses the same type of CDTA without the plus and minus
types of output tenuinals. This will be cconomical on the
numbers of transistor in CDTA. Considering the ideal CDTA, a
routine analysis of the proposed t'lu,r provides the follomm,
current Teansfer functions:

)]
i a3 C,
e B e st . 4 .
L PRI 7 -2 @
¢ CGR
and
)

Moreover, the notch response can be easily achicved by
stimming of Ly and lw This ylclda thc cum}n\ transfor
function s

B
i : C,CR . ;
._RS.-;.__...._..._.___“ . ‘, L )
in ‘A}_i_-.‘.m) .y
" ¢
l o)
O e
T L X
RUY CDTA, t ey,
n 2. o
c =3

'

Fig. 3. Tioposal curcent:mude hiquud'ﬁ.ltcr

The, pole Frequency (o) and quality factar (Q) of cach filter
response can be expressed 10 be



. e

and
&)
If g dp/2Vy as\vriuen in Eq. (2), the pole frequency and

quality factor are written:
'n) SN wvaaemd 11,3
WCC.R

R LI
: ]m

iR

9N

and

(1))

From Eqs. (9) and (10}, it is fouad that the quality factor can be
adjusted independently from the pole frequeney by varying Iy,

HE SIMULATION RESULTS

The perfonnances of -proposed filter are verified using
PSpice. The CDTA S realized as-showed fu-Fig. 2. The PNP
and NPN rmsistors employed do the proposed eiresit were
simulated by respectively using the parameters of the PR200N
and NR20ON bipolar transistoss of ALAA00 (ransiston anay
from AT&T [12]. The DC power supply voltages are +3V. The
filier was™ designed_with -the: following=parameters of 18
components:  CegCy=Inl,  R=1kOQ0 1i=100pa,  16:S0pA,
I =100pA  and = 120pA0 The simulations yield the pole
frequency ol 222.33kHz and-the quality factor of 0,79, while
the theoretical value of the pole frequency from. Eq. (9).1s
241.89kHz (thus the deviation is 8.08%5). This ewor is front the
influences-of current tracking errors of CDTAL The results

showni in Fig. 4 are the gain responses of the proposed filter
from Fig. 2. 1tis clearly scen thar the filler can simultancously
provide low-pass, high-pass and band-pass functions without
modifying the cireuit iopology. By summing of fe and 1y, the
noteh response is achieved. The gain and phbase responses of
noteh filter are illustrated in Fig. 5. Considering Eq. (11), the Q
can be controlled by 1ps withoat affecting the e, The (Q tuning
is contirmed via the BP respouse in Fig. 7. 1y was varicd with
differeat values of 25uA, 50pA, 100pA and 150uA.
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Fig. 4. Frequeney responses of praposed iilier
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sy {132)

Fig. 5. Gain ol plase sespouse ui noteh filer
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Currentis Ay

Fig. 6. Transicot responses ol propased filter when
singsoidab signal

lin is 208A222k12
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Table | Comparison between vavious currvent-mode fiters using COTA

Ref

Ted

Tod, T

Filter ABB Nu, of No. G i No require of { Lawinput High
catepory ARB af capacilon Tang of Q a0d plus ami oiines Impedance impedanee
R+C only y ABB for afl putpul
{13} SIMD £DTA 1 ) Yes Ny Yeu Yes Yeu
{141 SIMO COTA 2 442 Fes Na No Yes Yes
(Fig. 10} J
{15} SIMQ CUTA 2 142 Yes Yes Yes No
16 SIMO LDTA 042 Yes No Yo No
7 MISCS CDTA 242 Yos Yes Yes Yes
S MISO CDTA 2 Yes Yoy Yes Yes
/ SIM0O CDTA 1 42 Yes Ng Ne No
SIMO CDTA ! #2 Yes 0 Niy No Nos
MIMO COTA 1 & Yoy 0 Ny Yos Y5
SIMO CDTA 2 & No 0 Niy Y5 Na
SINMO COTA ] 2 Yos do No No No
2 JISQ CIYPA 4 Eaa Yes Yes fus Yus Yes
28 USO CDTA 2 343 Yes No Xe Yes S Yes
Proposed | SIMD CDTA 2 1<2 Yes Yes Yes Yes Yea
filer

M3
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1 bk

Hormy J-W. C $-mads

and one output using tree 100
24217 2011),
LAV, Horny, High output imped g L Te universal b
filters with five jnputs using mulu e CCHs. Misrockeetranies
Jouraal 42, 893700 {2011).

flier with five puls
lndhm Jomrnal ol Puie & Applicd

% to] :\ M Soliman, New cuprent mode filters uauw areEl Conveyers,
g T s . iosnal Joassal of £ i nnd(“ ion (AL 31, 275«
3 iok 3 3k S8 i8] ] wn 278 (1997),
] - trogeny (U 1] D. Biokk, CDTA - Building block Tor cumrest-wode moaloy signal
Fig, 7. Bundep p for dif} valiies of I processing. Procecdings _of’ the lﬁ?.umpe:m C aul‘m:tmfe an Circlfil Theory
and Design 2003 - ECCTIV03, Krakow, Poland, 397-400 (200,)).
. {13} D. R, Frey; Log-dowmain filtering: an approach s eurrent-mode tlteting,” .
V. COMPARISION 1EE Proe~G, Circuits Syst. Davices 140, 405416 (1993).

Literature survey shows that a lot of papers dealing with
carrent-tiode fifter using CDTA [13-25]. The proposed circuit
in Fig. 2 is compared with several current-mode filters from
{13-25]. The results are shown in Table 1. Ti can be seen that it
matches all the criteria in the best way among all uther filters.

V.  CONCLUSION

The current-mode biquad filter has been presented in this
contribution. The advantages of the proposed civetit are that:
(i) it performs low-pass, high-pass, and band-pass Gmctions
fram the same simple circuit. configuration; (i) the. quality
factor and the pale frequency tan be xndcp‘.ndcnﬂy controlled
by electronic method; (i) the filter-has low inpot and high
output inpedance; (iv) the cirouit uses only 1wo CDTAS, one
resistor and two groanded capigitors, which is attractive for iis

IC implementation; (v) it uses the same type of active element

without plus and minus output minal which is-economical on
the manbers of transistor in CTA.
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