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ABSTRACT

An integrable circuit technique for realizing a new active circuit building block, namely
current differencing transconductance amplifier (CDTA), is described in this thesis. The proposed
circuit configuration is a synthesis of the current differencing circuit and the transconductance
amplifier. In order to demonstrate the possibility of electronic tuning, application examples on the
realization of analog signal processing circuits using the proposed CDTA are also given that
provides the possibility of electronic tuning. To confirm the theoretical analysis, the characteristics

of the proposed CDTA and its applications are studied through PSPICE simulations.
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Tunieasnn (biquadratic function)

unit 3 ifumsnaniieases coTA Miudus uasamﬁuﬁﬁf‘i’ugmmmwi CDTA
UsznewTil&an 29vsnadanszua 2esazRounszua 293v010A 1A 5IURAN13
SinsrzrmanuaaianionlumsderunszdueI99s TUIIOUENIANNIYEINS UAL
Ham391a04M1391191uv092995 Tao 14 T1/sunsu PSPICE

wnit 4 Wumsnanids sesnseadyapunmioiandu Tnuanszuauuy KHN Tag
142995 CDTA  misSnnzinansznuiiosninmsmiaud iy laugaundveians

CDTA (azHan1391a09M3M19u992393 lag 14 11)sunsy PSPICE
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MANLIN A UAAINISAATIZHMIMANUAIUMUBUNN LAZIDYNYDII5 CDTA

AMANLINY  uaaInsimsieimlandunio Teunszua nazilandusanvorvaanui
4932495 CDTA

manuIn e umsimnedaussouzvesrnsnsesdyauluaioaninnaeilandu
uuY KHN Tagld995 CDTA

manuan g lumsainnzdaussauzeeanssasesdyanalualeasinaioilandu
wuna SN nilueninn Tasldees coTa

MARIN Y Awmndiwesveanimudmaes ildlunissiasanisiinuvesisesdae

Talsunsy PSPICE
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v A )
HANNIIWHUITHUDINVINIDIATYLY I

2.1 nan

ar o A ar ~ o )
NIINId MR 2vTRendynudwon i dyaunidmuariu lduazaanou

o

a & - o s

dyguuenmilennanudnfimua dimsuressnsesdgygrundunsiziuazesnuuylay
Hgunsaimadvidundniru dududszy dni uazddumu Soni nesnsesdygiu
W@ (passive filter) d1293NTBIT YN 1F9UnIsiEAIY 19U NI WTaADIHSE DO
" [ @ o o ar 9 — 1 as =1 s 9
uowtl ABSWAVAWAVYTEY AINUNIU 158N 2993NTBIT Y IMUBANH (active filter) YDA
s S -‘:l = o os = v @ [ d’
¥o32995n5 0y Inueniivilaifouiuicesnsesdygraumad aglldweduvldasi
29Insesdy Iuueainls 1A INHANsTNUITBI1INNISAINIZUA (no loading effects) YDA
vsfidemaaaiy M3luudedanvnvaduazanudsnes aunsakldazainuazi
¥
anudangunineinsesdyarumady uenvinimseenuuuisesnsesdynyiulasly
P 4 o ¢ ) @ = ° '
gUnssiuenfiviiedunsizviflendunsesdayniai (filtering function) Neansanszinlady
" = ar o
nimsesnuuuesauginsaimad Tuilegiiugdnseisiwanueniin (active elements)
- ] o s C4
fiowadeeglugluuuvesranssm Seihldnansesnuuuisesnsesdygiulasldglnsal
a g4 yz =1 < - - 3
ueannf lAsiulivinadnuaziisinngnasdie
v - de yy 1 a o 4 o o
faiuluuniiseldnandmannisiugiuveisesnsoadygia uazgluuunaly

yosflanFuaoTouveraesnseadyana luniensiiin (biquadratic filter function)



2.2 HANNSWHGIUVBIIDINIDITU IV

x(?) 199305 0IT QYY1 1)

h(f)

qUfi 21 syvpvevInIBsdygy I

3 o

szuve99sNIBIdNuIaaRgi 2.1 Taoh x() fie dyguduyn  »o) Ao

@ o .Y a ow d
q;ig‘tﬂumﬁ‘ﬂﬂ wag () Ao AUYIUADVTUDIADAYYIUDUNAY (impulse response) YOI
Y a ar - arey - Vv & ]
ssuy  Aesanevsnsesdygnaniguaidduiudady  (inea)  wazszuvh
ldouuasmum (time-invariant) aunsadouanudius Weglugdaumsvesszuy1d

ot

it

W)= f)h(t —7)(r)dr @.1)
wavesmsiasanlaauannisd @.1) o214
Y(s)= H(s)X(s) 2.2)

Tauf Y(s) , X(s) uaz His) Aonanisudasant)a1aves y (o) , x() uag () audIay ienass

YUULAUAINE s = jo aumsi 2.2) mmsnﬁuuuﬁma;j‘lugﬂwwmmmnﬂﬁ'lﬁ’ﬁaff
Y(jw) = |H(j)X(jo) (2.3)

waz Br(jo) = Pr(jo) * Px(jo) 24)

Tauil By(j) 10 AUNAVDI V(@) , Byy(s0) D AUNTUDI HG@) 1DT () AO AUNTIVDS

é e ﬂl-’ @ o fﬂl ar l::. '
XGo) Famdnnislaoialdvesrsesnseadygin Aeviminlunisuendyyranl

¥ o 4y o oo = & 4o &
ABIN1T0ONNNAYYIUNADINITUATAANDOUTYYIUNUANUIUDANUDIINNATHUA 11D



Aosanaunmisi 23) w18 hvnavesdygroueniymiuiuraguuesiivuiaves
FoyyraduyndumviavesilanduveanisnouauosluiFenud (frequency  response
function) ¥PI29930509AIND S1HIAFUYLIA (magnitude function) Y01 Hjj @) HAnMfiy
quiﬁmhmmm’Jmf';ﬁymzx?unh F29UaUNYA (stopband)  uaz Tusimeadsafuion
HanFuvuiaves Hjo) ﬁfh"lihﬁﬁ'ﬂfﬁﬁﬁih«tﬂﬂﬂ'Jw?ilfu%zﬁrm'h FIUOUHIY
(passband) VYD92993 H(i @) FufuninramsasuaLeavealatFuvNAYes Hiw) lusas
ANUATUANAIIAUYDI2995 MUAVENYULVITINOUNYALAZFIUOUHIL T 1W150
ﬁmuﬂﬂfﬁmmdwsﬂsmﬁ'ﬂgﬂpm"lﬁ'ﬁmuuﬁaﬁy ’stnsmﬁ'tgﬂunmuunnsmﬁhummﬁ'ﬁw
(low-pass filter, LP) 'Ni)imaaﬁammnmunsmﬁmmm?;qa (high-pass filter, HP) 393
N30IAYAIUIVLNTBIFNIUUOUANYD (band-pass filter, BP) MIINTDIAYIULUUAALOY
ﬂ‘nuﬁ (band-reject filter N30 band-stop filter, BS) LLﬁS?QﬂiﬂiBﬂﬁtgfg'lﬂMlUUﬂimhi'lu‘rjﬂ

AMWA (all-pass filter, AP) 717 2.2 uaaaliiunansuausimannudlunsdiiiiugaund

YDI19INTOITYY I
|HG)| |H(jo)
A A
1 1
Pass |, Stop __ . Stop e Pass
band band band band
» @(r/s » @(r/s
0 @, (s) 0 w, @)
(n) (V)
| (o) | ()
A A
1 1
Stop_’_4_ Pass _|_ Stop ‘_Pass_"_ Stop _._‘_Pass_’
band band band band band band
» @(1/s » @(r/s
0 @, @y, (Fs) 0 , Wy, (tf5)
(M) Q)

g1 2.2 wameuausma Wi lunsdiniiugaundvesrsesnsesdayn
(M) BUUNTBIHUANUDA (V) LUUNITBINIUANNDAY

(n) HUVATBIRIUIAUAIND M) HUUAALA VAU



1l 2.2m) yamawanouauoImavaluFanuivoeesnsosdy YN0
ruANuam Fudlunaesnsesdyguiiduouanudmueglugiesznie o danwdnneed
(cutoff frequency, @) luvariigrnnuigainiinnuisnoewziiuylumaungavesises
luns@isuiiauuusa (bandwidth) veaaesiiauriiu o,

31 2.2() anranpuaueImavialuFin eI NI oYY IUIIUNT DY
FuaAgs Fufuasesnsesdyanaiiiuouanuddisnin o wdsnnuisneo o,
Tuvaziinsseenlinmiqenianuisnoorines 18

i 2.2(0) yeraaraneUTUeIMIvLIA luFInuHve29In s DIdYRIULUIATBY
AU UAND éaa‘ﬂmaﬂ'sn'smﬁ'rgtymﬁﬁamumwﬁﬁmmanwsag'“lwﬁ’;a'i:n'in
amuafmoeNasInNdie o, e o, lunsitoungaveaseziieganuovie lu
seMa¥29n2a 0 Senruidnoed o, uﬂﬂu‘ﬁ'swmﬂam?iqqnimam?;ﬁmaﬂﬂ Wy

Ui 229 uammsaouaussmanaluFinnuivesisnsosdyauuyuda

a & o Ha ' ' A o oA
HWaUAIIUD mdlﬁ‘u‘n1]‘5ﬂiBdﬁmuq,l1ﬂlﬂnllﬂUHqﬂ1uﬁfﬁﬁixﬁ’DNﬂ’Nuﬂﬂ‘ﬂBﬂﬂ’dmﬂ‘l'mnﬂﬂ

]
=R

o, uay o, Twagitounnuimuvenssezilegaeaunvie luszniegnnud o i
anudsneon o, uazlugrvesnnudganinnudines o,
[ " ¥
31 2.3 ugasldiiunansuaueanaud lumal fidvesasesnsesdgygania
{ o =] Ad e @ "
wuy Tasanudsneod Ane anudnmIidaswnegagamiiy 70.7% (M3elszunm -3dB)
a ' [ ] o ] oA [
sliuvesmsdsunnauouin ldununganiennuounyaldduouriunie sasins
nlasunlasvesnaneuausInNuEund n31N15aAA30E195 105U (roll-off rate H3® fall-
yY_ o =] = adq ad =3 ar ' a ' =]
off rate) S1IMInAeanNuAVUAUAUABN3 TN TiMIndeadina1usendt manden Tua
o o o_ o . o |
(Bode plot) 1az3ARMNFUYBAAUANY (asymptotic slope) M3DEATINITAAAINTOINUAY
Ll L o y Ci Q‘ 3 1
11 £20 dB/decade (-20 dB/decade ¥3107318A31907168AA 20 dB LHIBAWDINNAN 10 11

o o ) @ A ; ]
mumlﬁumu N3 +20 dB/decade ﬂmuﬁwmwmummu 10 1Mm1)



> @(r/s)

| (o) | (o)
A A
1 1
0.707 0.707
» @ (r/s » @(r/s
0 o, @, By ( ) 0 W, @, Wy ( )
(n) \)
| H(jeo)
A
1 L AP p
BS
B
» o(r/s
0 @, )

Q)]

30 2.3 wameuauesmeanud lumalfiidvensvinsesdyaaa
(M) LUUNTDINUANNAAT (V) HUUNTBIHIUAINDYS
(M) HUUNIDIHULOUANND (3) LUVAALOUANUD

(9) HARBUAUDITINNATIATY
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d s v a
2.3 Wantuaalouuuvlunleasinn

o o U o 4 - u’r’
aumsuaasilandumsnioTeuvesmsnsesdyanunnuduuy luadeasiniueei

sUuunIATgINALE fe
w
kys® + kl(—‘)}s +kowq
0
),
54| 2 s+ @}
Q 0

Tath @, Ao AuDANBOW (cutoff frequency) H3B AWTITIYNTITTUFIA (natural angular) O

H(s)=K (2.5)

fio A1M2152nN0URAUAIN (quality factor) K AD dAsIvLI0d Ry I IWATI (de gain) LA k, &, ,
A ' a a1 w -
k, Ao AIAN BAWNAY £1 150 0
- =1 [ = o A A a o o
MINAUMIN (2.5) WHUNAWITIIADS &, , k, uaz k, AoidouTylunmsimuailandu
1 r A @ y ar
miceTeuveansvsnsesdaanu Fuiluld1dvhguuudsiife 2eesnsesdygrunuunies
HIMAMUDAT HUUNTOFIUAMUDFS LUUATOIHIULAVANND HUVAALAUANUD AU
[ a & o o 1 ar ] [ d

A3BIRNIUNNAND B3 UHUUYeIanFUMIN10 TEUYBI99TATDITYYIULVUAI AINATI
ﬂ’: - o o L 1 lﬂy-‘-‘l
duiidrwusase liiine

e k,= 10z k,=k,=0 fangumaioloulualteasiinuealsesnsesday sy

' = o ar: el A
ATDINTHAIIUDAD ﬁ:ugﬂuummmsmu o

H(s)=K

(2.6)

dlok, = 1 uaz k, = k, = 0 w'ldfeddumsarlenluniensminyesdeesnies

0

]
= =t

¥
Yo auuunseIHIuANAg sxilgluuuaunsasi A

.5'2

%)
5%+ (E"Js + ]

A v g ] &
110 k, = 1 uag k, = £, = 0 9z Idaunsfandumsaslowluaiensminvearnesnses

H(s)=K 2.7)

[ ¥
dyaNuuuUNI oI IULAUANND BjuuuAsH fio
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o
Q (2.8)

die k, = 0 uaz k, = k, = 1 aunsHendumsdioloulunleasiinyesdsnsnies

" ¥
FyanauuuAanouANud wiijluuuaumseai Ao

.S' ﬂ)

*{3)e

ok =-1uaz k, = k, =1 aumsiengdunisotsToulun19as 100923950309

H(s)=K (2.9)

[
=

ﬁfg 'lﬂlll‘!Jllﬂ‘iENN'lu“i]ﬂﬂ'NIJﬂ ﬂ“‘llj,ﬂllﬂﬂﬂilﬂﬁﬂqu flD

s? —[( 0Js+a)
o
H(s)=K 0 (2.10)

2.4 agl

dy U =3 [ A” a o o o
Tuumii ldnandamdnmiiugiuvosesnsesdya s uazgduuuii lvesilandu
1 o o A o o o 1 o
drolouvoarsssnsesdygrauuyluaieasinng FaezIdimdnmsdanain liann
o s s A o
ponuuudanziiulesnsesdyaruimauluTnuanszua Taoldaees cota iy
s = a o wa a ad a o2&
gunsaiuenfinudn AlanuaunsantuguauaNiidvess Idlugdidnmselind des

13nandeswazidsa luundaly



UNn 3
M TUNTIZHIAZeDNUVVIIDS CDTA

Taeldnsudamosuuvlulwars

3.1 a1

Tuilepiiumseenuuuaesilszinanadyanueuiasnlasldgunsaluoniin (active
. = 9 Y o ' ] = £ ] 1 é‘t a0
device) 181I4 1% A1waulsfudsunTnauazAnAuWA MBI 9ABITIDY DITIFU 2995
AUWIUNTZUE (current conveyor, CC) 1VIAMWANILU (current follower, CF) Taoiinis
as o o w [ ] ' a
ponuuNauazaaeasumsi lilsegndlFauiuetums naie Wy Kessesadaianes
(oscillator) 2993n3 09T ayay I8! (filter) 1A VTV WTYRYI04 (amplifier) 1Ay Taoudaz s
' =1 = 4 4 [ dy = o s = J v n’: y
asfiidendedesiiaaiu AromaiideldlinsWannesnuuuginssiueninyuinna vail
welisvsiidedesliiosiiqa Taoi lihineonuuulees Idaumda Indniesas aunse
o = A |awa o & & av da W
manldnanudlfianugs  aaswoauginsel Fuiluuuamaisenianuddguas
] " s o d'l ] ; = o
vauludluedranndmsumswanneeniuuiassy uaziie i ldlimsiwaue
s 14 1
ginsaluenfiiina1nide312993 “current differencing buffered amplifier” 1397495 CDBA
2 > & o a o ”
Fuidunfausn (1] F9185uanvaulwazimnih ldunseviuazesnuuuieesdssuiana
v ¥
dyaIuoUIeN UAITDI9INI995 CDBA  HUY58N0UAIBII9THARIINTZUT (current
o é - o o d' J ar
differencing circuit) LAZIVTAIMIUITIAY (voltage follower) FINDAIIVYWAYYIUAINININY
& =2 ' ' [ ar Y as v o
wits Seliamnsoulsmmsdsiunsziaiazussau lduazdnalsznoudlisesinululnua
a o Q’J’ o . - . J
nsenu aaiuseldfimsinauel99s CDTA (current differencing transconductance amplifier) [6] %4
L4 = ° - o 1 - "o v
flugunsalueaiivinululnuanszua Iguauniaeu Ao annsoulsmdasasrunssud
g ad ad a o ' [
¥992995 1432035 smedidansetind lasmsusanszua ludaainmouen
¥
Tuunilse IdinauouuInenmseenuuuiae N 1211993 CDTA nwldndnnis
2995521 182395 CDTA Minauediznoudiv2995 A1 YaDIdIUAD 19ITHAANNITSUT
11AZ 2993 V1BAIAIN (transconductance amplifier) M5 URUANTA TUMINNUYDIIITH
) ¥ v = o k4
iuaueldgastvasunnugnasadionanisidoniuumsiaueedses laoldllsunsy

PSPICE
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LAY

3.2 QAUENDANHEIHYE9I995 CDTA

=) é = o o o d.
2193 CDTA ifuvdeniasuennd Faiidydnvaluaasldngln 3.1 Tau

¥
I

ANIFURUTIEHIINT AR IS I U029 ansaouetie 1aaa
(3.1)

Y o [ [ = 1o o -
vnaums G.1) waasldiiiuimadenszuadunwn (- ssqadsiu lidunszumerdnan
5 o A n’: ; o i q’: o '
¥ z (i) uazusadunda z (v) wwganldouiflunszumednanda x () Awdasveom

o s o o do 1 = vy
AW (transconductance gain , g ) lasAnuduRusananamsndiounansldde99s

auyama Ifhdagadi 3.10)

Ip l-‘ e
y_Oo—»—] +X »—0 v.r Vpo-—-—
- CDTA - j v
In Ix n gm z
v o—»— n -X <oy v, o———
i
v il

U 3.1 2993 CDTA

(M doydnual () 2eesauyana lnih

3.3 NQUNDsHRY

2395 CDTA Minaueisznoudlvlsesdosidvigaesdiu Ao 1ITHAANNTEU
. . . U L] * A IS
(current differencing circuit) L1ATI9ITVYIYAINNINUY  (transconductance amplifier) AU

¥ 3
S0AZIDUAYDINGNINNTUBUNIADIAIT]
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3.3.1 130 IHANINTEIE
- . v 4 P "
VINMATUNNUDINISHARNINTEUAUAAIAIZUN 3.2 Fadlmanudumuduynim
- ar 0 =Y o o
10 Taodl 7, Wunszualudavesises uasmnlszinuimsmdmaesyndaianuaunay

¥
funnlszms v ldnnuduiusaase il

vin = re]ir'n * re4ie4 (32)
. ai; ;
o i,y =—"—ai, (3.3)
B

4 ' aa A o a 4 a0 o
o r, Ain MANUMUMUBTamesAsdl dyauvIAdnYeIN IUFmADT Q FillA iy
A - o ¥ SO P a

V,/, 110 V, D USIAUANYIOU (thermal voltage) A3 1101 26 mV Nguniivies uas
D MBATIVWATTUAUVVIVAIIN LAz £, AD AIOATIVOIONTLUALLUDIAIABT 3 INVDY
nsmdmaes Q, vnANNAN LT Iuaumsh (32) uazaumsi (3.3) Mldldraw
AUMUBUYNUD929YS 7, HAWMIAY [MAKRUIN N 90 N1

vI

r. =—"

in
in F
’in

(3.4)

I

Tea
B,

vnaunsfi G.4) uansldiiiuhdguauidvesmstleundunuuaviifiuamesdloundy
wdy B, duraldmanudumubuymvesisesiimdnnn fredrasu &1 g, = 50 uaz 1,
=100 uA A 1 =5Q dnhulumsosniuulesradansziadedesiininudmu
Bumndnnn Seldiuenseslugit 32 ThmhiduasesmaduwnieSudyanunseua
o'l
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+V

-V

g1 3.3 2esmunszua

3 3 o -
U7 3.3 UARAIIIVTAWATIUA (current follower) FavimnNINWIIMATUNN UL

=

a =Y o 4 o ] d [ n’: 4
i 32 Tauumswdmans Q, wovimihiideiunszumeninn i, 1833393 Anluiie

smuald B >> 1 udnz1dnszuaneanamesvos Q, fin iy

ics = iCl = IA +i" (3.5)
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N30 iow = —im (3.6)
- ' 4 ¥ a °
JUN 3.4 LRI HEAINTELAF sz noUR v IUN I TugURN 32 SwIuaes
=) o v a o o a 5 2
NUITIND an 5 MOS Q,—Q‘,p mﬂmmumgtymﬂizuﬁeuﬂn i Uag i UYD33399 LAZINNIIT

o Y o q;q ' Y
NNUVDINVTALNOUNIEUT Q-Q, vz 1AnszumoMyNYedns lunsaitiiinumny

(3.7

U 3.4 299sHARINIZIE

3.3.2 199 IVWAIANNN

2995veed AU (differential amplifier) tarAsagil 3.5 1uaaesmadumn
¥9329959wmAi Hreesvnodyanauuumudiamees (emitter follower) Q, 1Az Q,,
4 § a 1 a da U J o 3 o W n’:
ApmrdaAN LA NNIANT O UYNYD929s I TiAIganndy AsdusIndAuTuNS
a 's 4 ¥ = A o 9/ "a
3IATIEHIITMNANNUAUMUBUNNYD903 () iodmuald B=F; = F,>>1 wunll

ANMIAY [MARUIN A HYe 2]

r,=2pr, (3.8)
ﬂ' & 1 9 1 a Aa 4
W10 7, =r g =Fpg =Fgo =Fypy 422 7, 7D MANUAIUMUIEHINVUDAAVVIDUAADS

E d
= - o - '
yoanswmdmaes uazlunsdies 1nszuanoanamoivemsudames Q, oz Q,, M

N
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) . V. v.
Icg =—lcyp = gm9(f) = =Z2ml0 (‘:J (3.9

A ]B
1o = =—— (3.10)
Emo Emo ZVT

d' =] L 1 o = - - 4
lasn g, wazg,, Apdasiveremaimiveansudmaes Q, uaz Q, MUMAY Fagn

Ay Taonszud ludannmouen 7,

+V
lic9 icl Ol
+ Qg Q1 1
L Q, Qo
o !
IC ? il B ‘,C
vV

51 3.5 2vsvnedygnunaii

4 - o é A 1]
314 3.6 uaAsTAERBUNTEIAIILTAdY (wilson current mirror) Fuiilunguaevsdos
- @ A & ' o o ¥ a1 o &
fidddnrsesnilalunsssvneminauh Taekimhideiunszualfagadug vesisns
Tagluzil 3.6(n) namarsesazfounszuauuuuINimin lumssenszua (source current)

dangUi 3.600) uaaaassaziounszuauuuauh i lumsAanseud Gsink current)

74451
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(n) (V)

51 3.6 2evsazvieunszuauuyIadu

(M uuyuuIn (V) BUUD

dmiufuauAveds sazRounszuauuuIaduiinnudunueniynuedesi

AUNINY [22]

Bres
=< 3.11
E > (3.11)

P A ¥ ' 7o aa ¢ a ¢ A o
Tagfi 7, D MANUAIUMUIENINNIABAIDARDINLVIDNAINDIVBINTIUTAADT HUM
Wiy ¥, /I, uag ¥, ADfusfugasY (early voltage) daumAMNAIUMUBUNNYDIN9ST

AANINY
r,o=— (3.12)

manyaaanaou U AIRIUNIZUT (error) TAUNIAL

error = ——2——— (3.13)

B*+28+2

o ' ] A o 9 o : o o J A [
fotragu et muald B=100 Aniunlesirudvesmanuamamdoulumsdriunseua

' Y o '
¥99799592 AN 0.0196 % vziinldmn B >> 1 ud7 pszuAeMYNYeIIAIII0

Uszana @il
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n
—~

out = Lin (3.14)

gﬂﬁ 3.7 waaaesvnemannhdlszneudinansvnedyananameiegUil 3.5
uax’;msﬁzﬁ’aunszummu?aﬁuﬁa;ﬂﬁ 36 AufurnddutumsTinsziissmaini
ﬁ'wummmﬁummwﬂiﬁuam’fﬂﬂﬁif’a x (r) Tavdszmuimsudamesynaliiany
aunadiunnlsems e B=LBs=Bis=Bir=Lis=Pio=Pa>> 1WA r_=r_ =1y =T

=1, = r, NUDHAWIAD [ARWIN A Wade N3]

ﬂrce
4

(3.15)

n

Ty

NNAUMIN (3.9) uaz aunsn (3.10) Hvmuald g, = (g,/2) = (g,,/2) HAZNNHAYBINS

ArunITIAR T AENOUNTZUE Q,-Q,, Q,-Q,, 18T Q,-Q,, HAWMINY
iy =lcis —icig =icio —ico = &mV: (3.16)
L=l . .
130 i, =g, R.i. (3.17)

a:i - a 9 q' J " 3 ar o
Tﬂﬂ'ﬂ R, 719 AMTUMUNADISHINYI z NUNINIA
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51 3.7 2e9svemanuh

o

3.4 71393 CDTA Nvuaue

2995 CDTA fiuausuaadazlii 3.8 Usznoudiurnskadanssuduaainazli

' ° o - o D’J o U wa 3 {

3.4 yazesvemamihmaaasgli 3.7 [16] Aniuiuldhguauiaiugueesesy
viaueaeandoafuaumsi (3.1) wazamnsaulimoasidaHIuNTZIaYI99s 14 1AUMS

wlsamnszualudaninaiouen (7,
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311 3.8 2393 CDTA Miwerue [16]

3.4.1 TUTIOUTNIAINDVBI2903

MNMIINTIEHI9T CDTA Mineuedsgdil 3.8 nsdidyenuuIa@n (routine
small-signal circuit analysis) Iﬂucl‘i’f’?\i'B‘.i’dlluﬁulm'lau?ﬂw‘lﬂ (hybrid-pi model) [22]-[23] Lﬁﬂ
fmualimsudmnei il lursesndadquauiraunadiuynlszns w1dfeiFude

¥ ¥
Tounseuasendnada z fuda n wio i/ finnlszuna [manuan v vade v

i H,

<= 3.18)
i, (1 + alsXI + azs) ;
Yo H, =S
(& + 28 NEmp + &)
= 20 5+ +Cyp
Emn +28m
c
uag a,=——=2— (3.19)
Empt 8

0 2, (8p) WAT &4 (85) AD MBATIVNWMANIMDN tazAAMINNITZHINYIVARY
=Y o - d a - oo

VIDUANDIVDINTIUFANADIFUA npn (¥UA pnp) MUMAY LAY Cm(Ch) uazC,, (C,,)
' 3 o a o '

fo mnnuyIfhsenhauaiuundiiames (base-emitter capacitance) uazmnugInh

sErvIuasuvIneaannes (base-collector capacitance) YBINTIUFMABI¥IIA npn (¥1iA
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] v ¥
pnp) AMAIRY MIARNITANTIMSR (3.19) wud1ez 18 naanesyl (cutoff frequency) Mia

A09 UAUNINY

@21 27(2C, +C,, +Cy
+
uaz fry =202 = iy (3.21)

Towia it g, (2,) = 8, >> 8 (8p) = & WA Cp(Cp) = Cp > € (Cy) =

¥ " .
C, SNTUINANNST (3.20) azaumsn (3.21) wld

Ja << Ja2 (3.22)

o ' U { & o o { |a wa dar 1
ilfamnsaagd1d 7, Ao manuagaiudairfamennudlfidanuvesiteidunnlou
¥ ¥
ATEUATZTHINGD z AUTIn (i/i)
o da 1 a ci: [ 3 )
FmFuilantuaio TounsiuaunaasNIABUNNNYI z AUTD p M50 i/i, AWITAM

o o d 1o o
ﬂ'ﬂﬂﬁﬂ“uﬁiﬂﬂﬂizu’lml'ﬂ‘lﬂu [MAKNUIN Y ﬂ')‘fl’ﬂ 2]

i H,Ny(s)
7 = 3.23
i)~ (+bs)1+by9) (3.23)
g - 2
Taon H2 - g”’"(g”’P +gﬂP) gﬂp(gmn + gm)
(gmn * zgmrxgmp + zgnp)
C_- 2C '8
Nl(s)= 1+ Emn - p g”P( m+Cun + .up) "
gmn(gmp +gﬂp)—g,,p(gm +2gm)
b= 2C,, +C;m +CMD
t 8mn +28m
Ko b, = 2o+ Cop Com (3.24)

gmp + 23@
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o

=y 4!' 1 1 d. n’f = 1
HINWIITUITUNIIN (3.24) WU')’I%Z'lé.ﬂ'Iﬂ'ﬂiJﬁ NooNNIDe HAUNNY

Wy, Emn + 2g:m
=—tl = (3.25)
S =2 27(2C,, +C,, +C,, )

a’bZ gnm + 2gm
uag = = 3.26)
L 27(2C,, +C,, -C,, ) (

° @ y [ 1 1 @ @ a " o o 1
Tueuduatuiiienfun1sdszuunusuAenuduIsmmdansuni Teunssud i/i,

Vv [ '
FaiunInauN1IN (3.25) Hazaunisn (3.26) JaNUN

Jor << Jp2 (3.27)

a 1 1 'é ~ o _ o o 1 ] :
mlaunsoagl1dn £, e sanudduiludadivavesilandunis Tounszuasznined z

v
AU p (/i)

) o o 3 o 4 o LY a
TIHITIUDATIVUIWATIANIUHIVDIWITNADINHNUAUNINDY [ManuIn 9 H’)‘i’l‘ﬂ ¥3]

i H;N,(s)
G, =Xz 32 3.28
m v, (1 + clsXI + czs) (3328)
Tﬁﬂﬁ H3 = gmn
2C
A
2(C,, +2C,,,)
o s A T
l gmn + 2g7m
2 2C
oz & = —-(C""’+—””) (3.29)
Bun 280

" ) ¥
MINRITUIANNIIN (3.29) wunee ldmanudsneennians Iauniny
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D¢y Emn t 2g:m
=—Cl= 3.30
Ja="g 47(C,, +2C,, ) A

+2
uag £, =22 - ol e (3.31)
2 47r(C,§D + 2Cpp )
WUIREINY INANMST (3.30) wag (3.31) 12 14
j;'l >> c2 (332)

"
LY

- =) o " s o W - o o ' o
wieriufe mumialna £, Wudadiannudvesilansusasvneamanuni G,
' v ¥ v "
diemmsnSouisusumisanudiediu fe £, 1Indumsi (3.22) £, 1InauMsh

(3.27)uaz £, Mnaumsi (3.32) Taverdeitmsilszuaaugsudoaiu mldwuh

Je2 << Ja (3.33)
oy Lo << f (3.34)

¥ ]
autunnaumsn (3.33) way (3.34) Jewseaglldndumisina £, Aedumialnala

ST (dominant pole) FuiuTadivamednud lumsUfiReugeqavesses CDTA i
ueruoluglit 3.8 Moty Simuald g, = 2.84X10°ANV |, g,,,= 2.58X10°AV |,
Em=205X10°ANV , g =237X10°A/V, C,, = 6.53X10" F, C.= 6.92X10"F, C,, =
2.19x10° F uaz C,, = 4.22X10" F fnfunnaunsit (3.20) , (3:25) uaz 3.31) w18
fumisnad £, , £, uaz £, ogiiszane 35 MHz, 35 MHz uag 30 MHz awdidy i

wuhiadivalumsfidaunmeanudgeuessesteegndwmisina £,

3.42 manuamamaenlumsdaunIzia

AT (3.18) A (3.23) U H, woz H, unuiasanvnonszumuaz
SasrverAInuesaees CDTA Mindue minlsznmin g, >> g, uag &y >> 8, W8
18 H, = 1 uaz #, = L udlumal fidmnmsiliaes g, uoz g,, fia liunnneidefvuius

g A o Y a ' A [ a a 3
gr, WAT gz, uda wanaezi Iinasnnuaaamaoulumsasriunszuannavululees
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Taofguauialumsdaiiunszuaysaneswadenszudansaidous e lddoaunis

3
o o

Ui gl

L = (3.35)

— (3.36)
I, l+g,

e &, waz &, fin manuamanaoulumsdwiunszuannda n 1w zuaznndap T

¥ E [ ]
§397 z MNEIAD ANTUNINA H, uay H, ludunisn (3.18) uag aunsn (3.23) a3

o o a 13 - 1 L
AMUIUNT €, ag £, MAATU UAUMNY

. {(gm + 2 \&mp + 28p)~ Brninp } i
EmnEmp
- (& * 28 N8mp + 280 )+ Zp(&nn *+ 2810)~ Ziun(&irp *+ ) 639

gmn(gmp * g:rp)_ gnp(gmn o 2gnp)

3.4.3 HAN3VIDVININNUVDIIIDI

luiiii1dnstoaeunuantiauesaaes cDTA Auaueluglii 3.8 d2oTdsunsy
PSPICE TauldimaTuladnsudmansiuy AT&T ALA400-CBIC-R [24] iiiodenld +v =
5V, 1,=100 pA, I.= 50 A UaZ R, = R, = 1 kQ 910HAN139100IHANDUAUBIADT D)1
IWasanu12993 CDTA fbuerueiimnszuaeorigageqanintu s uA uazunldesds
aufuniiy 9.93 mw

U 3.9(n) uanmams$vmaRBUTUINIANNAYDIRIANIRIIMUB YT
wouth et p uaz n Famuirdianszna r,=r,=45Q wazgUlil 3.9(v) uaAsHans
61amwamﬂuﬂumwnﬂ"nuE‘;'umﬂ'mamw’humuﬁuwmﬁnmh’h“lﬂé’u‘iy’u z WAz x Fawud -,
=360 kQ uag r, = 713 kQ MuMay

U7 3.10 HAAIHAABLTUBINAINA VDY i/i, W% ifi, wuihnudneed &
Assana £ = 32 MHz Falinadeandestuaunisi 3.31) Aidudasiamedunnui
MIUUANUGIAVDINVIHAANNTSLT thu;ﬂﬁ 3.1 thiaawaneuaimnudues

i /i dievimsulsminszua’lude 7,154 50, 1004A, 200 2A 1az 400 LA Awdwy Tunsdl
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CI’ 1 o 1 ' ﬂl J L o i\
finundaninsdaiunseud i 4 udumunisudsaivesnssualuda 1, laovlir £

o o 4 o 1 i o
152118 17 MHz, 28 MHz, 37 MHz 1a¢ 39 MHz @ ey dauaasldimuinessiduaue
awnsolSumnszuaeminn i 18 Taomsulsanszuelude 7,

100
+ 1,
<o
75 - /
S
= 50
k-
25
G T v T ~ T "4 y < ~ N :
1k 10k 100k IM 10M
Frequency (Hz)
()
800
A T
& g Yy r,
600 I
c \
4
~ 400 = s
L. Y ¥ ¥
= \\
" \\,_r
0 e
1k 10k 100k IM 10M
Frequency (Hz)
(v)

] ' I
31 3.9 wareVAUBINIAINDVBIMANUAUMUBUNNTNY p, n, z 10T

(n) ﬂf’J p (rp) uaz n(r) (v) '(f'] z(r)uazx(r)
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10
() ) R
)
h)
g
(3]
@]
§ -20
S —
0 I:/Ip
X ifi
-40 i
10k 100k IM 10M 100M
Frequency (Hz)
Ui 3.0 HAADUAUBINIIAIAVDS ifi Wagifi,
20 p.N e O N Fa¥
_ 4 A 4 A 4 :zﬁ\
@ 0 v - a2 ¥ ———?.
\
[+
?.5 v I,=50uA \
L A I,=100 uA
E 20 g
O O 1,=200uA
QO 1,=400 uA \
\
10k 100k M 10M 100M
Frequency (Hz)

511 3.11 waneuauBINEAINDVRY i/, okimsudsinszualud 2,
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3.5 ayl

¥

=Y = o ar s
Ineriiwus luunil ldinauemsdaunsiziuazoonuuy99s CDTA lugiaaessu
9/ =Y o v o [ [ °
TaolamsmFamosuuy luTnars #95znoudI02995HaA19NTTUE LAZIIVTVLIBAINNNNI

- [ [ = - ] =

Tasawisondsasasiadaiiunsuavne9s 1dale3snsmaedidnnseiindalomsuys
[ Y] o ° =1 ' wa
anszua lusaninniousn naznnwamiiasimsninuvesssuaasidinuguaula

] ¥ ¥ ]
yauvsminauaiuiiseandouiiulanmdanmsnguiildvinaue



uni 4
LY d
'Nﬂﬁﬂ‘i?]ﬂﬁiyf!.l,'lﬂ!ﬂﬁ1ﬂﬁ\‘iﬂ“lf‘l—!i'ﬁilﬂﬂ‘i%!!ﬂ!!‘].l‘l] KHN

Tag1¥29935 CDTA

4.1 A

nwsnsesdyananiuassiidudulsznouddgylumedmnssy T lumvidiieg
51 SrUDdeas INSANUIAY (communications) tazszuy IS (power electronics) 1iludu
2995N30ITQYYINUIVY KHN (Kerwin-Huelman-Newcomb) Fuihuasesnsesdygasnlszom
wits #145ua e laazinswanmih 19 lumsssuanadygiaeuasnunue [26)-
127] TawduIngudlnzesnuuuiees I luTnuanszue (current-mode) iinavnidl
quauialumshnuiitdesu nineesiuy Tnuanussdu (voltage-mode) nawilszns i3y
‘ti'nmm?iﬂﬁﬁﬁﬂuﬁqq HazMsFUATIZHUAZEDALLUINNS IFU MIVINTya I MIau

doyana aunsonszi 1ddend (8]

» kA
gaiuluumii Idinauelssnsesdygna luaeasiianaisilandu Tnuanszumiuy
9/ o = a 10 v o o 1 = o
KHN Taeld2993 cDTA iiuginssinenfinndndesauiuaunuilszyaoiiouns1ia 2993
nsesdggnaiiiauemunsadunnziansudwlounszualdmmugluuylunmidoanu
- d o ' - . < o i a0
fio HanFun30INIUAINAFA (highpass, HP) HaNFUNTBINIUANNDAT (lowpasss, LP) 110
d o [ a o (Y = J J o
e Funsesr1uuauANUA (banpass, BP) Tauh lidsaasun/adses uennniininnud
IFOUTTINYIA (natural angular frequency, @) HazANITNBUAUMN (quality factor, Q)
annsodium 1dednedase lasmstsunszua’ludaussises cpTA Tavhilinansznuseniy

Hams$1asamsihauvensmitaus ldgaasisasunugndesdlnTusunsy PSPICE



4.2 HANMINUFIUVDIIDINTBITYIMMVY KHN

2snsesdyanerlunieasfinuuy KHN 26 uansdsglii 4.1 Taoldeeseetluoni)

o o w d o o o o i a a o '
Fnnumud dafulszyaesds uagdadumunnds Fimhidu seestuiinsinesuuy il

msqm”:.%"m (lossless mtegrator)ﬁm‘)uﬁm‘nw uﬁz’)di)i'i’]llﬁ'ﬂgiy'lﬂmﬂﬁhd (differential summer)

a &
DAUUINDT

(%

T

g 41 2sesnsesdyanulunleasifinuuy KHN

v
1IN0 BUTINTIART A samAuduRuTvoaussnu 1ARai

sR,C,

1
sR,C,

Ey = E,

¥
dmivasssandygamadaunsamanuduiusvews i 1ddad

o= _
! RS(R3+R4)1 R 2Jr""’s(R:%“'fo) ’
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NNTUMSIN (4.1), (4.2) uaz (4.3) 9214

PO
E, _ R\ R,C\C,

= 4.4
E - D) o
1

E RC,®

o . 45

E D) -
E, Ks*

sl 4.6
E D) o

Tavii D(s)=s+ Ry(R; +Ro) 1 sede 1 4.7)
R; (Rs + R4) R\C, Rs R R,C\C,
Rs (RJ + R4)

ilo K Ao oa51w010 IS (de gain) uaznnaumsi @.7) s¢'ld

R, 1
@y = | ——— (4.9)
RS RIRZC1C2

_ Rs(R; + R,) R RC,
R3(R5 * Rs) Rs R,C,

0 (4.10)

ﬁ'a\fum'mammmwsmaaﬁagﬂpm‘lun'iﬁfrw'lﬁ'ﬁaff%udw'[aumqﬁ’uw%’ﬂuﬁ’uam
HafFudail Ao aumsh 4.4) 0z 18efFunsesrmanuiam aumsi @.5) 1éilsiFunses
FINIOUALE uazaun1sh @.6) 18fadFunsesduanuige uoz Taolusududes
wasumlasgliuuuvesdsns yonNNEdeansalsum o, taz 0 lenaumsi @.9) uaz

(4.10) MIWAIAY
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43 9e3nseadyanamaeianiulvuansuanuy KHN Mitaue

¥ ] 1
MNUANNITAUFIUYDININTDIT YRV KHN luiaden 4.2 dimiwnvanuay
Wunwamalinmsesauuuisesnsesdyanlualeasiin Inuanszuauuy KHN Miaue

¥
Tavilsznoudonguieestosama il

43.1 299IIINAYYIUHAA

v ¥
29 NdyaIuNafe naanegli 42 Tasldaees cDTA dniuansoudas
¥

= d @ e ar ay
UYUADUNITAATIEHHIANUTUNU ﬁ'"lﬁ’mu

i I
pl xl
o—= Ip N
i CDTA,
—

s 42 2eesswdyaamacig
L. \ d‘ﬂ’
nnsTwdyananani lunsditie1d
Iy = gmlR:(ipl iy _ixl) (4.11)

nauMITuula

(1 : .
1:1("R_'+gmlJ=gml(1pl "nn) (4.12)

L J 4 ﬂyl o A ﬂd’ J 1
Tavdn@uda R, szaonda z oudunsadl  Falunsdifiniuldd R, fidrganng wie
b ]
(R, - o) dniuaunsodouaumsi @.12) 18 Inidiy
(4.13)

Fa =1y —p
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a a d i =
4.3.2 'amummma‘nmu‘luumsqwumn

- _ red =y e 4 kg d
Jevssuiinamesuuy lfimsgade uansdegi 43 Tavlda99s CDTA nazduny

= o 4 o o dd”
Uszgiounsnu Fransomanuduiuslunsdiie 14

x2

p X —" P is
i, CDTA2 CD'[‘A3 x —"0
O—n X n

]
H

——{
NG

43 Buiinsmesuuu lilimsgapde

#9130412993 CDTA, 9218

bn _8m (4.14)
in2 SCl
o < 4 ¥
MM ANTIEN 903 CDTA, 9214
inZ SZCICZ

433 2903UNUNITUT
avsuononszue uaasiagii 44 Taoldees CDTA §auapeds TAuiaees CDTA,

Fnhiunsesvenenszua Lagaes CDTA, smhiiduases@ouuuuannud iy

¢ o q‘: n’.r a e o o o ﬂl’
lﬁUUﬂ‘i'l']N ﬂi'luu’d"m'ﬁml’fTﬂQﬂuﬂﬂuﬂ15'JLﬂ‘i'IE'HH"I‘F]'J'IH’CTNWNﬂﬁﬂQu



34

p4
p o—= p i,
CDTA; x CDTA, x —5
n Z n Y A

p i
CDTA, x 2
n z
t:l i
n
+
v, <_|
= ) rln

g 45 2eesdouiumanudmunuiounsiad

= - [ 4 ' @

Wsanngilii 45 2eesidousuumanudumunuuisuns wldmnnudunus
¥

ser USRIz NIz 1dnall

v, =V, WY is=-is=-i, (4.16)

(8]

UNUAIINAUMST (4.16) aaluaums (3.16) 314
iin = gmsvin (4' 1 7)
wnaumstuu@oulniiy

r,o=—2=— (4.18)
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1INgUN 4.4 esvowAsZIE ansamanFuRuT 1AA

Txa _ Ema

i

pd Ems
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(4.19)

Ll
@ o o N 1 1 [ ' ° as 4 o a
ﬂi‘lﬂ“ﬂ'lﬂf]ﬂ']\‘ﬁl'iUﬂﬂﬂ'lllf'f’JUﬂQﬂ'ﬁ'l'lﬂ'lﬂTiﬁﬂlﬂi']tﬂl‘ﬂu'Ni]iﬂ‘iﬂ\!ﬂigﬂlu'lﬂlhlﬂﬂ?ﬂﬂﬁ']ﬂﬂ

A o o ~ 4 - & a s
Tnuanszuauuy KHN vueue [17) ﬂz'lﬁ'm;ﬂw 4.2 FAUNUIDUNN TUDINUN Tay

o o v o v do s i
152neVAI82995 CDTA $1muidAa nazgdunulsequuuasiivuns s uaesdl Taoi

2993 CDTA, , C, 48z 2493 CDTA, , C, imvhiitlussesduiinsmosuuy lifimsgapdo dou

2995 CDTA, yimihiuleesswdgygunaa1e dM5u2993 CDTA, 1AZI393 CDTA, )

=) ' o a
Wi u29959010N 32U (current amplifier) 970 1533 19v099s 9 UIgUnT Al WIAFH

qyo 3 [ - d w : < - as o 1)
MINUAUUABDINYUNTIIU ﬂQ‘u'LIi]Qlﬂ'IJLlu'J‘l’l'N'ﬂl‘HIJ'IzfﬂJﬂ'Uﬂ15u11ﬂﬂﬂﬂllﬂﬂﬁ'§1ilﬁu'}\193

574 [19]-[20]

CDTA, x

p
CDTA5 X CDTA, Tgp
n z z —
l |
ip
P X =5
CDTA2 CDTA3
z X z

gl 4.6 293nseadyanaluntensiiinTnuanssuauuy KHN Tavld2es CDTA

4 o a 'S o
1ﬁﬂﬂ1ﬂ173!ﬂ51:«'ﬂ’1\1ﬁ5ﬂ5ﬂﬂﬁﬂ.l

o

<

aulugii 4.6 TavorAvnuainiAvednnes CDTA

Faaunsi .1) Tuunn 3 92 1dMenFun1oTounszua (current transfer function) ¥9423953A1

WIAY [MARUIN A Wt A.1]
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_iHP(s)_ & 4.20

0 50 420
(gnﬂgm]}

_iw(s) L GG 4.21

=006 (420
(_gMngéle

igp(s) _\ &msCh 4.22

Twl) =0 T pe) 2

Toiuh Dis)= s H[gngma] {gngms) 423)
gmsCi C\C,

e g, (i=2,3,4,5) e Sas1uieAANiIvea2995 CDTA AIfl i 1INauMTH (4.20) 9
@23) uaashiiudnsssnsesdyapaiminausannsodunsiziflsdduaiwlounszua
luaeaniinldmuilsidundoudu e Heddunsosimninudge T,,(s) Heiduilaidu
nseerAIAm T, (s) uaznsosinuounnud Tp(s) Taohisududeansdsunlag
d 4 a = \1&! 1 4 a a
sUuunYeIees wennniiieResandman (4.23) slamnutiFausINTIa (o)

s = d’d Ll L o
tazasznounuAI (Q) ¥833393 lunstifilA Ny

Em28m3
Wy = ’—— (4.24)
’ Cl CZ

C
oz o=5ms [Emi1 (4.25)

Ema \ 8mCa

o o v 1 a o r= ) = o’:
dwmsuainnu'ladenisiasuudasesntlszneuueaniazniasiue 995Uy

= Y ar d’ o Y
ANNINVIULTAL AR [PIARUIN A 1B 7.2]

1
y _ _ QW _
Em2.Em3 CI'CZ - 2 (4.26)
@y —
ng4-gm5 =0 (4-27)
SC 0 =-52 = (4.28)
8m3Cy Em2.Ca 2 .
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- 0 __g0 _
nay ngs = ng 1 (4.29)

¥ ¥ "
wenoniidiimuali g, =g =g 1Az C,= C,= C AniuanNInRoUaUNTA (4.24) LAz

3
(4.25) 1aInigdail

& =2 (4.30)
T

1oy g=5ms (4.31)
gm4

Py J ' 9/ as a o =Y o
MINAUNITN (4.30) 1A (4.31) WU @, nsousm lddiedsnsnesiannselind laons
s 1 ] v o ' Y r L £
Uium g, Tasdsimmnwansgnuden @ wazdiannsomlsa @ Awmsilsua g /g , 18
Vv
" J ] [ @ W oo =) 4
Tavlseninwansznuaen w, wuiu aniudsaglidhamisiimes o, uaz 0 1832993

3
ﬁumu15ﬂuﬂim“lﬁ‘ﬂuNaﬁ‘sz'luﬁwaﬂszwwmﬁu

4.4 wansznuiesninmamanui hifhigaunfvesrses cpTA

i a 8 e v o o ' o o
Tunsdin hidlugaundvesises cota Wesmualdanuduiusseniausadudy

N3ZIAYD92995 CDTA iilpaninanu Liiflugaundiiadail

v, =v, =0 |, i.=a,. i —«a

p A ! o alp WOT i =gV, (4.32)

n

i =1 Duag a, =1 << 1) Tatii Az e, NOAIN 1
Wo a, =l-¢,(g,<<ung a, =1-¢,(g,<< 1) lavh ¢, uaz e, nomHanaIalums

¥
ar o

¥ ¥ ¥ v
TIHUNTLUATENINGIp AUTIz  1HAZIENINDIn AUUI z MINAIAY AINUDINATS
a 'S — = u‘: Y = Y o o 4
ARTIZN995 Iugi 4.2 Bnnsalaserdudumsi (4.32) sz ldafanguaisTounszuaueadsns

Tunsain liilugauaaiiswiiy [na #uan a 1iade a.3)

. 2
Ty () = 242 () _aps (4.33)
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B (aplan2ap4gm2gm4 ]s
iBP(S) _ 8msCi

T = = 4.35

r)=56) D) (439

Iﬂﬂﬁ D'(S):Sz +(apla"2ap4g’"2g’”4 ]S+(anlan2an3gm2gm3J (436)
&msCi GG,
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wozdlsznouRmAM (quality factor, ©') ¥832993 Tunsdiii liilugaund dawidy

0 ! _ A2 X382 8 ms (437)
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sy —s Em2 iy + EmEm2 i
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uaz g, A0 BATIVOIWAININIINB92995 CDTA @I i (i = 1, 2) 1INANMITN (5.1) D3 (5.2)
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mn
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3) AeanFunsosriunaunaud Taold i) =i, =0 waz i, =i, w4

- (E_QJ s
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m
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i G
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(5.4)

(5.5)
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5.3 wansznuieannmamaun iflugaunived1as CDTA

Tunsdif luifugaunfveans CDTA Wedmualdanuduiusszniauseduny

[} 3
32U ¥992995 CDTA ifioaninany liillugaundiinidail

v,=v,=0 , i.=a,,-a,, la i, =g,v. (5.14)

o a s P o a w "
Wns s lugli 5.1 Taservaumsi (5.14) wxflandudio Tounszuaveadsesu

nsdin lidugaunaiawiiy [masuan 1 Wide 1.3]

. X ®p38m2 |. A X2 X381 Em2 |.
: G, G, (5.15)
i = .
’ D(s)

ap2an3gm2 S+ anianlar:nglgml
G, CiC,

Tauil D(s) =5+ (5.16)

] ] ’
2InauMsn (5.16) 92 1AAANUDIFIYNFTIUIIA (natural angular frequency , @) ) UAZA?

UsznounmA N (quality factor, Q') ¥o92995 lunsdlii Liugaund Ay

! \/anlan2an3gmlgm2 (5.17)

o, =
! ClCZ

apZ an3gm2cl

o d‘ a d J ' a o =
Waums (5.17) uag (5.18) Annzrmainnu hvessssdemsisavugniaiuoaiilu

] ¥
nsdin lidlu lmugaund sl

S“"" =— (5.19)
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' i l
§¢  =_g9 =— (5.20)
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o §2 =-1 (5.21)
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ABSTRACT

An integrable circuit technique for realizing a new
active circuit building block. namely the current
differencing transconductance amplifier (CDTA), is
presented in this paper. The proposed circuit
configuration is a synthesis of the well known current
differencing buffered amplifier (CDBA) and the
transconductance amplifier circuits to facilitate the
realization of current-mode filters. As an example
application, the CDTA-based current-mode KHN biquad
filter is also given that provides the possibility of
electronic tuning and reduces the number of active and
passive elements.

Keywords: current differencing transconductance
amplifier (CDTA) , current-mode filter

L. INTRODUCTION

Since an introduction of the current differencing
buffered amplifier (CDBA) in 1999, it has been
acknowledged to be a versatile active building block in
designing analog circuits [1]. The CDBA can be
considered as a collection of current-mode and voltage-
mode unity gain amplifiers, it thus offers large dynamic
range and wide bandwidth similar to ils current-mode
counterparts such as a second-generation current
conveyor (CCII) and a current feedback amplifier (CFA)
[2]. A variety of CDBA applications has also been
considered by various researchers [1]-[5]. On the other
hand, due to its voltage-mode operation nature, this
element is thus appropriate for the implementation of
particularly voltage-mode filters. In order to enjoy the
inherent advantages of current-mode signal processing,
an innovative design which does not involve a voltage-
mode unily gain amplifier is highly desirable. Therefore,
a new active element with two current inputs and (wo
kinds of current output, namely the current differencing
transconductance amplifier (CDTA), has been recently

introduced in [6]. This device is a synthesis of the well-
known advantages of the CDBA and a transconductance
amplifier to facilitate the implementation of current-mode
active filters.  However, this circuit configuration
designed through the use of two CCIIS and one OTA,
which is less appropriate for applying to an integrated
circuit (IC) form and is not suitable for high-frequency
operation.

This paper proposes an alternative form for
implementing a monolithically integrable CDTA that
affords wider bandwidth. The proposed CDTA scheme is
based on the use of a low-input-resistance current
differencing circuit and an ordinary transconductance
amplifier. PSPICE simulation results are used to confirm
the theoretical analysis. As an application example, the
current-mode Kerwin-Huelman-Newcomb (KHN) biquad
fiker employing the proposed CDTAs as active
components is also included.

2. PROPOSED CIRCUIT CONFIGURATION

‘The circuit representation of the CDTA is shown in
Fig.1(a). The terminal relation of the CDTA can be
characterized by the following set of equations [6].

Vo=V =0, i=i-i and L= gu:=guldd, (1)

where p and n are input terminals, z and x are output
terminals, gn is the transconductance gain, and Z, is an
impedance connected at the terminal z. According to
above equation and an equivalent circuit of Fig.1(b), the
current through the terminal z follows the difference of
the cwrrents hrough the terminals p and n (ip-i), and
flows from the terminal z into an outside impedance Z,.
The voltage drop at the terminal z is transferred to a
current at the terminal x (i,) by a transconductance gain
(gm). Which is electronically controllable by an external
bias current.
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Fig.1: CDTA
(a) circuit representation (b) equivalent circuit

SEL
:l____

Q_l:l——i;l%.. QI,F—’%Q*

Fig.2: Proposed CDTA

The complete schematic diagram of the proposed
CDTA is shown in Fig.2. It mainly consists of a current
subtractor formed by current followers Q;,-Qup and Q-
Q4. [7], and a multiple-output transconductance amplifier
Qs-Q. The circuit operation can be explained as
follows. For simplicity, let us assume that all transistors
are well identical, and their common-emitter current gains
are sufficiently large (# >> 1). The inpul signal currents
ip and #, are reproduced at the collectors of Qsp and Qun
(Qs) through two current mirrors formed by Qz,-Qs, and
Qun-Qay, respectively. Owing to the current mirror Qg-Qy,
the currents i, and i, are also differenced and flow out of
the terminal z. Therefore, the differential current output
at terminal z (i) can be given by

iz = '.p - fn (2)

Since ic]p = iC‘p and iy = fcap. then VBEIp = VBR4p and vpp),
= vgpsp. Therefore, the terminals p and n are virtually
grounded. The input resistances r, and r, looking into the
input stages at the terminals p and n can be found by
using the transistor small-signal model as follows.

1 1 1

SR S )
8mlp 8map Emp8mapinip
1
SR T I B @

Emin Emin  Ema8mdnTrin

where gn; and ry are the small-signal transconductance
and the resistance between base and emitter junctions of
the i-th transistor, respectively. Since icip = fcyp and icy =
ican, €quations (3) and (4) can be reduced to

re_tp
Iy =—— )]
4 ﬁlp
F
and T, - —edn (6)
' ﬁln

where 1.4 and r.g, are the emitter resistances of
transistors Qg and Qy,, respectively. It should be noted
that the input resistances at the terminals p and n of the
proposed CDTA are very low values due to the feedback
factor 3.

The multiple-output transconductance amplifier Qg-
Q-0 converts the voltage drop at the terminal z (v,) to its
corresponding differential output currents i,. Assuming
matched transistors, the collector currents of Q and Qo
can be shown to be equal to

P y v, V.
Icg =—Ic10 = 8»:9(—4‘) = -Smm(—;’)

1
he = =& 7
where Em9 = Eml0 ZVT M
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and Vy = 26 mV at 300 K is the thermal voltage. 1f we
SCUIng gm = (Bmo/2) = (£mso/2) and by three current mirrors
formed by Q2-Qys, Q15-Qy7 and Q,4-Qyp. we can wrile i,
=deys - dewn =l - ey = gV OF

iy =8V ={3rnk:)i: (8)
where g,, is the transconductance gain of the CDTA, and
R. is the resistor connected at the terminal 7.

The input resistances al the terminals 2 and x (r. and
r.) using small-signal model are calculated as

r,= [—‘;" ]ﬂ(mr,,) )
Bree
r d = )
an Ey 4 (10)

where r,, is the small-signal resistance between collector
and emitter junctions.

3.SIMULATION RESULTS

To verify the theoretical prediction, PSPICE
simulations have been used. The proposed CDTA of
Fig.2 was performed with the transistor model of
PRI0OON (PNP) and NP10ON (NPN) of the bipolar arrays
ALA400 from AT&T [8]. The DC supply voltage is
+5V, the DC bias currents are I, = 100 pA, Ic = 50 pA,
and R, = R, = | kQ. From the simulations, it can be
found that the maximum offset current is 8 uA, and the
power consumption is 9.93 mW.

T
|
B T Tem A e R e R S S i e ey
d e
-
-
B R A S R g T R A
" + + + +
1.0K 10K 100K
Froqueney (1)
(@)
BOOK-

AWK~

] :
g ;
Ll
P :
- >
BG4 = e i T Ay e
b P T T o B
1.0K 10K HOK 1.oM 1M
Freguenvy (1)

Fig.3: Frequency responsesof rp, r, . r- andr,

Fig.3 shows the simulated frequency responses of
the input resistance r,, r,, r; and r, at the terminals p. n,

z and x. The simulation results show that r, = r, = 4.5 Q,
r, = 360 kC2 and r, = 713 k€2 arc oblained.

Fig.4 shows the AC small-signal frequency
responses of the current transfer characteristics i/i, and
i/i,. As can be seen (rom the figure, the cut-off
frequency f, is approximately localed at 32 MlIlz. The
simulated frequency responses of the current transfer
characteristics i/i. for four different values of /g (i.e.
50uA, 100uA, 200 pA and 400 pA) are shown in Fig.5,
which can be observed that the cut-off frequencies are
approximately located at 17 MHz, 28 MHz, 37 MHz and
39 MHz, respectively.  As shown from Fig.5, the
variation of the i/i, ratio as a function of Iz can be
achieved that well underlines the [flexibility of the
proposed circuil.

Current Gain (dB)

10M 100%

1.6m
Frequency (Ikz)
Fig.4: AC characteristics of i/i, and i/i,

= v

'K ]
i

&
B

Currest Gaia (dB)y

g
1

10K
Frequeacy (Hz)

Fig.5: AC characteristics of i/i, when Ig is varied.

4. CURRENT-MODE KHN BIQUAD FILTER
USING CDTAs
In this section, an application example of the
proposed CDTA as a tunable active element is
introduced. Fig.6 shows the realization of the current-
mode KHN biquad filter using CDTAs. From routine
circuit analysis, the current transfer functions can be

given by :
Emi8m2
e X GG )

9 D(s) (0
,.[Lzsmg_ﬁ_z_]

igp - ___Cl_ (12)

iin D(s)
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inp . 2

and e = (13)
i Dis)
where D(J): x: +5 Rm'_’gfan‘Z + gnt‘lg‘MZ (14)
G €0;
* CDTA * |
. 2 =
I
=+l v coma *F—= [¢coma P coma o
1.9 ¢ . 2 .

FE

Curren: Gain (dB)

e T
10K JII]K 300K J‘M 10M
Frequency (Hz)

Fig.7: Simulated frequency responses of the proposed
current-mode KHN biquad filter of Fig.6

The natural frequency m, and the quality factor Q are

calculated as :
Em28m3
@y = 15
o " .Gy (15)
1 ’8 16y
and Q=—— |20 (16)
ng-RZ gm?c'.!

If we setting gn: = gm = &n and C, = C; = C, then
equations (15) and (16) become

Em l
w, = =" and 0=
= c gm4R2

(17

From equation (17), the @, can electronically be tuned by
varying g, without affecting the Q. For the Q-value, it
can separately be controlled by adjusting gns. Therelore,
the filter paramelers @, and Q can orthogonally
controllable over a wide range by electronic means.

Fig.7 shows the simulated frequency responses of the
proposed current-mode KHN biquad filter of Fig.6 with

97

C| =C;= 1 nF, R.= 1 kQ, Em2 = g,"3=2 mA/V, and Bmi =
1 mA/Y. This setting leads to obtain f = 300 kHz at 0 =
1. It should be noted that the filter can simultancously
realize three current transfer functions ie. lowpass,
bandpass, highpass responses, from the same
configuration.

5. CONCLUSION

A design of CDTA and ils application to current-
mode KHN biquad filter have been proposed. The circuil
is realized through the use of the current dilferencing
circuit and a transconductance amplifier to provide
further possibilities in the current-mode circuit synthesis.
The proposed circuit also offers the advantages of an
electronic tuning ability and full integrability. PSPICE
simulations are given which verify the theoretical
analysis.
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ABSTRACT

A single-input three-output current-mode Kerwin-
Huelman-Newcomb (KHN) biquad filter using CDTAs is
presented. The proposed filter which employs five
CDTAs and two grounded capacitors provides the
following advantageous : realization of three basic filter
functions, independent current-control of the filter
parameters, low-input and high-output impedances, and
low passive and active sensitivities. The PSICE
simulation results are given to confirm the theoretical
analysis.

Keywords: current differencing transconductance
amplifier (CDTA), Kerwin-Huelman-Newcomb (KHN),
current-mode filter

1. INTRODUCTION

Since an introduction of a new active element with two
current inputs and two kinds of current output, namely the
current differencing transconductance amplifier (CDTA),
in 2003, it has been acknowledged to be a versatile active
building block in designing current-mode signal
processing circuits [1]. This device is a synthesis of the
well-known advantages of the current differencing
buffered amplifier (CDBA) [2] and a transconductance
amplifier to facilitate the implementation of current-mode
active filters. As a result, many realizations of current-
mode filters employing CDTAs as active elements have
been developed by various designers [1], [3]-[7].

The Kerwin-Huelman-Newcomb (KHN) biquad
filter is one of the well-known type of filter structures that
consists of two lossless integrators connected in the
feedback loop [8]. An important feature of this filter
structure 1s that it can realize three standard filter transfer
functions, i.e., lowpass (LP), bandpass (BP) and highpass
(HP) simultaneously. Moreover, the classical KHN
structure also provides low passive and active
sensitivities, low component spread, and good stability.
So far, several CDTA-based current-mode KHN filters
have been proposed in literature [5])-[7). However, all of

ISBN 974-94418-9-3 ©2006 ECTI
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these filters suffer from the following disadvantages : (i)
the natural frequency (m,) and the quality factor ((0) are
interdependent [5]-[6]; (i1) the lack of high impedance
outputs [6]; (iii) the use of an additional passive resistor
(7).

The major intention of this paper is to present a
CDTA-based current-mode KHN biquad filter with one
input and three outputs. The circuit is composed of only
five CDTAs and two grounded capacitors, which makes
the circuit attractive for integration. Compare to the
realization available in [5]-[7], the proposed filter offers
the following advantages : (i) realization of three basic
filter characteristics, i.e., LP, BP and HP simultaneously;
(ii) independent current-control of @, and Q; (iit) low-
input and high-output impedances; (iii) low sensitivity.

2. CIRCUIT DESCRIPTION
The electrical symbol of the CDTA is shown in Fig.1,
where p and n are input terminals, z and x are output
terminals. The terminal relation of the CDTA can be
expressed by the following equations :

\'p="n=0’f:=jp'in and ir:gu"::gmz:i: (1)

where g, is the transconductance gain of the CDTA, and
Z. is an impedance connected at the terminal z. From
equation (1), the current through the terminal z (i)
follows the difference of the currents through the
terminals p and n (i,-i,), and flows from the terminal z
into an outside impedance Z.. The voltage drop at the
terminal z is transferred to a current at the terminal x (i;)
by a transconductance gain (g,), which is electronically
controllable by an external bias current.

VPO—D— p X p—»—o ¥V,
i CDTA i
V, o—p— n 2 f——o L

Figure 1: Symbol of the CDTA
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Figure 2 : Possible bipolar implementation of the CDTA

=, P CDTA X
X

—{n z X

P CDTA X—0

n z X|

Figure 3 : Proposed current-mode KHN biguad filter using CDTAs

The possible bipolar implementation of the CDTA
circuit used in this work is shown in Fig.2. Tt mainly
consists of a curment subtractor formed by current
followers Qp-Qsp and Q4-Quu, and a multiple-output
transconductance amplifier Qg-Qs that converts the
voltage drop at the terminal z (v.) to its cormresponding
differential output currents i. In this case, the
transconductance gain g, is directly proportional to the
external bias current I, which can be written by [7] :

Ip
=— 2
Em 2y (2)

where ¥r=26 mV at 27°C is the thermal voltage.

3. PROPOSED CURRENT-MODE KHN BIQUAD
FILTER USING CDTAS

Fig.3 shows the proposed current-mode KHN biquad
filter using five CDTAs and two grounded capacitors.
Since all the grounded capacitors are employed, the
circuit is suitable for IC implementation [9]-[10]. From
routine calculations for the proposed filter, the current
transfer functions can be given by :

ISBN 974-94418-9-3 ©2006 ECTI
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: 2
Hp=d = = ()
jin D(S)
(gmlgﬂrZ J
p=le LGE ) 4)
lin D(s)
S[gmlgm-l ]
and gpizr _ \ &msCi ) (5)
B D(s)

where D(s)= 52 +.§’[ Em28ma ] +(gmtgmz J (6)
gmsCy GG

It is obvious that the proposed filter simultaneously
provides the HP, LP and BP current responses with the
low-impedance input and high-impedance outputs.

The parameters @, and Q of the this filter can be
expressed as :

The 21st International Technical Conference on
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@, = |— 7
o 1# C\C, (7
, C,
Q= Ems | 8m3 wI (8)
Ema gml(l

Furthermore, 1f setting g, = g2 = g and C; = (= C,
then equations (7) and (8) can be rewritten as :

and

g"l
=&n 9
@y ¢ 9
and Q=S8m (10)
Em4

It is interesting to note that () can electronically be
controlled by adjusting g,,5/g,s without taking an effect to

o, that is adjusted by g, and/or . Therefore, the filter

parameters @, and 0 can orthogonally controllable over a
wide range by electronic means. The sensitivities with
respect to the active and passive parameters can be
written as :

e ™S, =§ (n
K it (12)
Sngs.Cl = -ngg.cz =% (13)
md g =Sg, ] (19

All the filter sensitivities are within unity in magnitude.

4. NON-IDEAL CASE
By taking into consideration the non-idealities of the
CDTA on the frequency performance, the port relations
in equation (1) can be expressed as :

‘Jp =V = 0, f; = apjp - anin and i.l' =8uV: = gmz:i: “5)

where «, = 1- &, (6, << 1), @, = 1- &, (g, << 1), and &, and
&, are the current tracking errors from the terminal p to
the terminal z and from the terminal » to the terminal z,
respectively. In this case, reanalysis the proposed filter
configuration of Fig.3 yields the non-ideal natural angular
frequency @', and the quality factor (' as :
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where a,; and «,; are the parameters @, and &, of the i-th
CDTA, respectively. The active sensitivities for non-
ideal case are written as :

.

o 1
apl.dp2.9p3 2

(18)

S;”;I - =0 (19)
¢ __¢0 _1
Sémt.ams = Sanz ) 20
0 _
and S“pl»“pat =-1 21

The active sensitivities of @', and Q" with respect to a,
and «, are less than unity.

5. SIMULATION RESULTS

To verify the theoretical analysis, PSPICE simulation has
been used to confirm the characteristics of the proposed
filter of Fig.3. In simulations, the CDTA was performed
with the transistor model of PR100ON (PNP) and NP10ON
(NPN) of the bipolar arrays ALA400 from AT&T [11],
£V =5V, and I,= 100 A, Iz =100 pA, Ic=50 pA. The
grounded capacitors were chosen as : C; = (=1 nF.

Fig.4 shows the simulated frequency responses of the
proposed filter with gn; = gm2 = gn =2 mA/V and gny =
gus = ImA/V. This setting leads to obtain f, = w27 =
300 kHzatQ=1.

10.
i

x A —
g & HP
E & BP
g
Eor
19
40 T T i
30K 100K 00K ™M 1
Frequency (Hz)
Figure 4 : Simulated frequency responses of
the proposed filter

To demonstrate the @, tuning without effecting the
Q, the transconductance gains g, (= gn = gm2) Were
varied simultaneously for the values 0.63 mA/V, 2 mA/V,
and 6.3 mA/V at a constant Q = 1. The corresponding
results of the BP filter are shown in Fig.5.

N A e 6 For the controllability of the Q by adjusting the ratio
B = C,Cy (16) of g5/gms, Fig.6 shows the simulated frequency responses
of the BP filter when O is respectively adjusted to 1, 2
and 5, while keeping f; constant at 300 kHz. All resulting
s i___ &ms ‘anlan33m3C 1 (17) figures show that the simulated frequency characteristics
@i pa8ms | @n2&maC2
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of the proposed filter appear to be
agreement with the calculation values.

in approximate

0+
3
&
E
£-204
4]
¥ [ =1 MHz
| 1, =300 khz
| & =100 kHz
Ay— T 1 1 —
30K 100K 300K M M
Frequency (Hz)
Figure 5 : Simulated frequency responses of the BP
response when f, is varied.
I B/ B |
0 - Bu/Bu=?
3
s
£
)
¢
1
18]
40. T T
30K 100K 300K M M
Frequency (Hz)
Figure 6 : Simulated frequency responses of the BP
response when Q is varied.

6. CONCLUSIONS

The realization of current-mode KHN biquad filter using
CDTAs is proposed. The filter can be realized the HP,
LP and BP current responses without any change in the
circuit topology. The parameters @, and Q can be tuned
independently by electronic means and the circuit
sensitivities are also low. Owing to the use of only
grounded capacitors, the proposed filter is suitable for an
IC implementation. PSPICE simulations are given which
verify the theoretical analysis.
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Abstract: A circuit realization of a current-mode multifunction filter with three inputs and one output employing

current differencing transconductance amplifiers (CDTAs) as active components is presented in this paper.

The

proposed circuit employs only three CDTAs and two grounded capacitors and exhibit low-input and high-output
impedances, which is very suitable for an integrated circuit implementation and easy cascading in the current-mode

operations.

By properly selecting the input current terminals, the proposed filter can realize all standard biquadratic

functions, i.e., the lowpass (LP), highpass (HP), bandpass (BP), bandstop (BS) and allpass (AP) filtering functions
without changing the circuit configuration. The natural frequency (w,) and the bandwidth (,/Q)) of the proposed filter
can electronically be tuned by controlling the bias current of the CDTA.  The filter also provides the low active and

passive sensitivities.

Simulation results with PSPICE are used to confirm the presented theory.

Keywords: Current Differencing Transconductance Amplifier (CDTA), multifunction filter, current-mode circuit

1. INTRODUCTION
Recently, a new current-mode active building block,
which is called as a cument differencing

transconductance amplifier (CDTA), has been proposed
[1]. This device that has two current inputs and two
kinds of current output provides an easy implementation
of current-mode active filters [2]. It also exhibits the
ability of electronic tuning by the help of its
transconductance gain (g.). All these advantages
together with its current-mode operation nature make
the CDTA a promising choice for realizing the
current-mode  filters. As a result, many
implementations of CDTA-based circuits have also been
developed by various researchers [2]-[5].

The work in [2] introduces universal biquad filters
which can simultaneously realize lowpass (LP),
highpass (HP) and bandpass (BP) current responses.
However, they suffer from the use of a large number of
passive components.  Furthermore, the realization of
HP response is not in high output impedance, and the
bandstop (BS) and allpass (AP) responses cannot be
realized from this configuration. On the other hand, an
N"order lowpass filter circuit using CDTAs is
proposed in [3]. However, this configuration is
restricted for only lowpass transfer function design.
Moreover, it also requires an additional passive resistor.
In [4], the CDTA-based current-mode single-input
three-output filter is reported. It permits the realization
of only three basic filter functions LP, BP, and HP
responses simultaneously at high impedance output.
While the circuit proposed in [5] requires four CDTAs,
and an external passive resistor for its realization.
Theoretically, the current-mode filter should exhibit
both low-input and high-output impedances to allow
easy cascadability and to enable additional filter
responses by a simple connection of the outputs.
Furthermore, the current-mode filter that permits the
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implementation of all basic filter functions LP, BP, HP,
BS and AP responses, and enjoys the advantages of
grounded passive capacitors, is preferable in active filter
design.

Therefore, in this paper, we present a novel
three-input  single-output  (TISO)  current-mode
multifunction using only three CDTAs and two
grounded capacitors. The filter has very low-input and
high-output impedances, which is easy cascading in
current-mode  operation. The proposed filter can
generate all the standard filter functions, i.e., LP, BP,
HP, BS, and AP, from the same circuit configuration.
All the active and passive sensitivities are low, and the
natural frequency (@) and the bandwidth (@,/0) can
independently be tuned by electronic means through
controlling the bias currents of the CDTAs. The use of
only grounded capacitors, which is especially interested
from the integrated circuit (IC) fabrication point of view
[6]-[7].  The performances of the proposed filter can
be checked and simulated by PSPICE.

2. CIRCUIT DESCRIPTION

The electrical symbol of the CDTA is shown in
Fig.1(a), where p and n are input terminals, z and x are
output terminals.  The terminal relation of the CDTA
can be expressed by the following equations :
Vp=v,=0, =iy~ i,and iy = g,V; = gnZd: 1))
where g,, is the transconductance gain of the CDTA,
and Z. is an impedance connected at the terminal z.
From equation (1) can conclude that equivalent circuit
Fig.1(b), the current through the terminal z (i.) follows
the difference of the currents through the terminals p
and n (i,-i,), and flows from the terminal z into an
outside impedance Z.. The voltage drop at the terminal z



is transferred to a current at the terminal x (i) by a
transconductance gain (g,), which is electronically
controllable by an external bias current.

v s = v
'y o—— X f—»—ov,
i CDTA i
L] ks
Vo o—s— n 7z |——oV,
(a)
i
A i
VvV oo——— ——O‘ >
. ¥
f' 3 r—‘b
— ey, —= o
V o— I
A :
(r‘p-r“)

(b)
Figure 1 : CDTA
(a) its symbol  (b) equivalent circuit

The possible bipolar implementation of the CDTA
circuit used in this work is shown in Fig.2. It mainly
consists of a current subtractor formed by current
followers Q;,-Q4p and Qiy-Qun, and a multiple-output
transconductance amplifier Qg-Qy that converts the
voltage drop at the terminal z (v:) to its corresponding
differential output currents i, In this case, the
transconductance gain g, is directly proportional to the
external bias current /p, which can be written by :

IB
= 2
Em A (2)

where Vr= 26 mV at 27°C is the thermal voltage.

3. PROPOSED CIRCUIT

The proposed TISO current-mode multifunction filter
employing CDTAs and two grounded capacitors is
shown in Fig.3. Note that the filter possesses very
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low-input and high-output impedance levels, which is
expected to simplify the cascading connections for the
current-mode operations.  Since all the grounded
capacitors are employed, the circuit is suitable for IC
implementation [6]-[7]. From routine calculations for
the proposed filter, the current transfer functions can be
given by :

fyi= 2 12 (3)
D(s)
where  pD(s)=s+s Bm2 || Emi&m2 @)
G GG,

From equations (3) and (4), the LP, HP, BP, BS and AP
output currents can be obtained by appropriately
selecting input currents from the following
specifications:

1. LP when i; = an input current (i;,) and i;=;=0;

2.HP wheni;=i, andi;j=i;=0;

3.BPwheni>=i, andij=i;=0,

4. BSwheni;=i; =i, andi,=0;

5. AP wheni;=1i;=i3=Ij,.

The parameters @, and @,/Q of the this filter can be
expressed as :

@, = L’mlg'mz (5)
d GGy

Dy _Em2 (6)
g G

From equations (5) and (6) it can be seen that the
parameter @, can electronically be controlled by
adjusting g, without taking an effect to the parameter
w/Q. Therefore, the filter parameters @, and @,/() are
orthogonally controllable by electronic means via
adjusting the auxiliary bias current of the CDTA.

s
Q +—1 Q,

o:,r‘,l——ﬁlo,. Q

Figure 2 : Possible bipolar implementation of the CDTA
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The sensitivities with respect to the active and
passive parameters can be written as :

Sthe, =3 M
oo™ ®
58, =-58 -3 ©
$¢ =0 =% (10)

All the filter sensitivities are within unity in magnitude.

4. NON-IDEAL CASE

By taking into consideration the non-idealities of the
CDTA on the frequency performance, the port relations
in equation (1) can be rewritten as :

Yp=Vp = 0,i-= apjp_ iy and iy = gV = ng:f: (11)

where a, = 1- &, (5, << 1), &, = |- &, (&,<< 1), and &, and
€, are the current tracking errors from the terminal p to
the terminal z and from the terminal » to the terminal z,
respectively.  Hence, re-analysis the proposed filter
configuration of Fig.3 yields the non-ideal natural
angular frequency @', and the quality factor ' as :

‘”o, _ %1%y 2% 038l Em2 (12)
Gits
Qa =L a.nanzBle (13)
apZ an.‘gnﬂ('l

where a,, and a,,; are the parameters a, and a, of the i-th
CDTA, respectively.  The active sensitivities for
non-ideal case are written as :

a1,

QAT R

(14)

1
2

5705

X CDTA»
A_I—T— n z

s g L (15)
Talayy a2

s - (16)
a gy

p?

From equations (14)-(15), the active sensitivities of @’,
and (¥ with respect to @, and «, are less than unity.

5. SIMULATION RESULTS

To verify the theoretical analysis, PSPICE simulation
has been used to confirm the characteristics of the
proposed filter of Fig.3. In simulations, the CDTA was
performed with the transistor model of PR100N (PNP)
and NP10ON (NPN) of the bipolar arrays ALA400 from
AT&T [8]. The bais conditions are +V = 5V, and I, =
100 A, fe =50 pA.

To obtain f, = a,/2x = 300 kHz at 0 = |, the active
and passive components were chosen as : g, = gm2 = 2
mA/V (I =100 gA),and C; = C:=1 nF. Fig4 shows
the simulated frequency responses of the LP, HP and BP
characteristics of the proposed filter. The simulated
frequency response for the BS filter is also shown in
Fig.5. From both simulation results, it can be seen that
the proposed TISO filter performs the basic filter
functions well.

10
0 oo +
g /*/// \
-l
£ *
o
<} / \
‘E‘_\a A
3 P
S | )/ i T w \
%* P
w}ﬂk 100k 300k 7;:\{ o 7 M
Frequency (Hz)

Figure 4 : Simulated frequency responses of
LP, HP and BP characteristics of the proposed filter



10
0
T
B2 i
c |
i \/
T -20= — —
B |
a |
S S E——
. ‘ ;
| | |
40T T T
30k 100k 300k M M
Frequency (Hz)

Figure 5 : BS responses of the proposed filter

Fig.6 shows the gain and phase characteristics of the
AP response, which is obvious that the simulated
responses are found to be in good agreement with the
theoretically predicted behavior.
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Figure 6 : AP responses of the proposed filter.

6. CONCLUSIONS

A cascadable current-mode multifunction filter with
three inputs and single output using CDTAs has been
presented. The circuit comprising three CDTAs and
two grounded capacitors can offers the following
attractive advantages:

1) Realization of all the general biquadratic filter
functions, 1.e., LP, HP, BP, BS and AP, without changing
circuit configuration.

2) Independent current control of the parameters @,
and @, /().

3) Low-input and high-output impedances, which
is suitable for cascading in current-mode operation.

4) Low passive and active sensitivities.

5) Fewer passive and active components.
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