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ABSTRACT

In this research, the voltage-mode universal biquadratic filter with single-input three-
outputs configuration employing Voltage differencing differential input buffered amplifier
(VD-DIBA) is proposed. The features of the proposed filter are that: (i) employs two VD-
DIBAs as active element with two grounded capacitors, (i) simultaneous availability of low-
pass, band-pass and high-pass responses, (iii) the quality factor and nature frequency can
be tuned electronically, (iv) high input impedance. With this topology, the proposed filter is
well suited for integrated circuit implementation. The theoretical results are verified by
PSPICE simulation and experimental results using VD-DIBA constructing form the available
commercial IC LT1228 and AD830. The given results agree well with the theoretical

anticipation.

Keywords : Filter, VD-DIBA, Integrated circuit, Voltage-mode
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7 2.6 [21], [22], [23], [24]

(jo)

Ko

Pass band | Stop band | Pass band

0 @, oy

AN 2.6 NINBUAUBINIVUIALUTIANUDVDIINATNTDIIUAIUAVEA IUN19RAUAR

2.2.5 19330503 UNNAIIND (Allpass filter: AP)

J99INTOIIUNNAIIUD Lﬁmwiﬁaauiﬁé’aujzgwmnﬂmmﬁmmmmulﬂléf 1a8n1s
AAUAUDININVUINITAIAITRABALUIUNUAIAINUD kAFINU1aUTIRBNANDUAUDINIUNEYD
I a‘e.'/ d' dl’ [ 1 c{' 5 =1 o Y @

1995 WHuilenduresaud Fsnsesdyyiamiunanudtuy dusslevdlunisdunldduias
downa Ivdeyainsenanmlinadya1unuand19Induns dmMSUNANITNUANBINIATUIA LTS
ANUDVBINIINTDIAUANUDNYALULUURAUARLAAIFININA 2.7



H(jo)|

Pass band

0 L OV

2NN 2.7 ﬂ1imauauadmwmm‘Lu@ammﬁmamwmaaqﬂiﬂunﬂﬂawuﬁiuWqummaa

1snesanuafiinsnevauendsauinugauaitu llausnadietuliaieds
Tumsufiiduadinsasifinanovaueadsnudfivssanaundetunanouauadlugauafian
UFTRMIeeg vty ssesmsfoiidesiuuuieg fie awsnsesnnudviafisendt asnses
awAuuulumen (Biquad) 3esa3nsesdusiuaes (Second order) ?fqamamﬁaéuamwﬂumaﬂ

Tuaeilgariagnandeieluid [21], [22], [23], [24]

2.2.5 sUsuvaunsilsidunsaelonvesiiasnsesnnuduuuluaien
aun1swaneilandunisaneloureeaasnsesnudwuulunlentuasdsUunuuNInTgIu
Wusadl A
P+ 5102
H (5) =K z _ (26)
(4]

W0y o, Q, o, Waz Q, f® AN SRS TLAnIRIANANLAYeITlS (Zero) ANAORRLINNLADS
(Quality factor) veedls Amuivasing (Pole frequency) wazArmoanunmesasing vas
Hangunisanelow H(jo) Thmuddu @ K fie §n5198189992995 [21], [22], [23], [24]
demmsfiwesluaunisi (2.6) Wasuly weviildnsasnsesnnudviingne fe 2993
nsesiluANAM MuAdLdigs wauANNARIY wazkauANAvg Ssguuuuvesilaiduntsat
TOUTDINITNTOIFEYYIULUUFI) Fananaiu Saudsuseselull Ae (211, [22), [23], [24]
aun1silaidunisanaleunuulunionveeeasnsadsIuANEs %ﬁgmwuammsﬁaﬁ

H(s) = K——"—— 2.7)
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aun1sfleandunisarelaunwuuluaionvessasnIesriuAudasiuldnvaeauns
soluil fie

aunsileidunisanelounuulunionvesnasnsaiuwauaudazizunuuresaunis
Taeanzidy

H(s) = K wQ— (2.9)

[ Y

aun1silandunisanaleutuulumeonveINasnIBaLauALAEn AEildnvuzRNIZAITN
upnagInileitunsateloudu ailAe

(2.10)

P Y

UBNIINWATNTBIANUANIFFURUUNNAIN AT Faileasnsesdnviianilanildau
aglusmAmnssulihuarBidnvseiind loiun 29asnsesiiunnanud tnepaauifvenasviail
sgganlvinanudvesdygasnululduddymasedinnaziinasiisiuunefaty 299snsesin

HRainaggninldldanulunmsifeuadyyian Insaunisiandunisaelouwuuluamenvensas
N399ANNRLUUNTBEIUNNAIIND (All-pass filter: AP) uandlanadl [21], [22], [23], [24]

H(s) = K—sz (2.11)

2.3 nuRdeingidas
TUMINUMILITIUNTINIENANTIHAN AN AMENTAYD1193INTBIANUDINUALTIAY
dusvgeaanening ladydnausunadauunall



A wa al' v o v aa
P3N 2J.ﬂEUﬁNUWT@Qqﬂﬂiﬂiﬂﬂﬂjqﬂﬂﬁaqﬂﬁu7WIﬁN®%3Qﬂu%ﬂ

NULAUDY

Y

11

1487

Ref

ABB

MUY
ABB

AU
R+C

aunsalnadusie
AINTIIANINUA

A.61.9.
DUNAES
3 U

AUANLUY
diannseding

TAs9a5192935

(3]

Ccll

3

6+2

Taily

Taile

Taflgl

Ve

Re

Vin Ry

X Zypt I
Ry Vi =

5
£
k—éih—

R V,
Sg Z3" Zyt -

[«al]]
X

y
Rdﬁ

1|—||m—-—o

Ccll

542

Taily

Taile

Tadlet

Vep

cclly z
w T e y
Y (3)  x

<
L——OVLP I R,
Cy -
I CClI+ x

@ y1

DvCC

bvCC

4+2

Taily

19

Tadlet

a+2

Taily

Taile

Tadlet

DDCC

3+2

Tailoy

Tafly

Tadlet

i—
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Ref | ABB | 31wy | 47w | aunsalwia@wea | Aaw. | AUANLUY 15985199995
ABB R+C ansnaneun | dunege | Bilinvseiding
(8] | Focall 2 2+2 14 1o Tailg b
v, i
[ [} 2
TX+YZ Yiz |QxaYe iz Vap
HA
Xy, 72 Xy v,V
R, T OT 2, 4 IC
VBR
[9] | DDCC 3 3+2 Tl 1o Tailgt
?D[()ccZ+
v 't ()
Vol @]
1
[10] | DDCC 2 3+2 Tl Tl Tailgt
V
Y, ILP
Vis e—Y, DDCC Z- J_
Ys X IC1
Vab =
Ri
Ver
Rs
Vig
L y
Y, IBP
Y, DDCC Z+ T
=Y X C
T2
Vip
R,
Viz
[1) | ovec | 3 342 Ty 1y Taflet I
R2
= Vap
Vin o—— v, X z+
DvCC+ A DVCC+
@ T 2)
Z+ Y. vy v —

A

Y.

, Zr v

DVCC+
3)
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Ref | ABB | 31wy | 47w | aunsalwia@wea | Aaw. | AUANLUY 15985199995
ABB R+C ansnaneun | dunege | Bilinvseiding

[12] | DvCC 3 3+2 Talle 1% Lailg ) Y
L L J L “

o x (ZI M L
Ve L T Vap

"

—

¥
‘\HN\;WI

[13] | DvCC 2 342 Tailey Tafla Tadlet
R Vap
Vin A Yy X Y Vip
(1) Vip @ x
. z ATL . . %,
Cz +—0Vgp
e
[14] | DDCC 2 3+2 Taile Taile Tailgt w3 v
Vin " ppcc @ " oocc

Y2 @z Y,

[15] | DDCC 3 2+2 Talle 1o Tailel

[16] | DDCC 3 2+2 Tl Taile Lailg

[17]1 | DDCC 2 2+2 1o 1o i e

TA G I L l‘m
Vi o——1 vj O o
L |

[18] | OTA il 0+2 1o 1o 1o

VBN

ABB fio gunsniwenind5a3U (Active building block)
A.A.7. AD AIUATUNIY
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UNN 3
A5 HUN1SIVY

3.1 NISEUATITHRAZEDNKUUINDINITDIANUAIAENTIT
WENMSEUATIZILAL BONUUUAINTBIANUATMLALSIFUE MU T UsEneulY
Mg 1aTBunswmeswuuligydsvliandudyyin (Negative lossy integrator) F1UIUABIINAT
LazIRsUIN-audavinaswansudeniaezunsumsvhoulunnwd 3.1 e 1 uay 2 fe A

AIFINN9A (Time constant) 189995 UTINTABSEAT T, AT T, AMUAIRU INAINIENU
1193n509989n doudynndunavigauasidygranedwnangn laoflsitunsemiuaiiud
g4 (HP) %aam’?iLmﬁwmamqassmé’mapmdauﬁqﬁ%’ummN'ml,mummﬁLLazﬂiaamummﬁﬁﬁ
IzooNTilodnmUeIsTBUTINTIARIfT 1 uay 2 MUy

STZ YLP

2N 3.1 Uﬁ@ﬂiﬂ@%LLﬂiﬂJﬁ’]M%Uﬂ?‘iﬁx‘iLﬂiW%ﬁLLa%@aﬂLLUU’N%iﬂi’ENﬂ’N@Ja

I3 = ¢ o v Y] ! ¢ o
QqﬂﬂaaﬂlﬂagLLﬂiﬂJiu‘ﬂqW‘W 3.1 ﬁ']ﬂJ"IiﬂW']aﬂJﬂ"li‘Wﬂﬂ%uQLQUEJ']EJLLiﬂﬂu%@ﬂLLmﬂ%ﬁﬂﬂsﬁu

Togail
YHP = Xin _YLP +YBP (31)
W3
Y
Y,, =Y (3.2)
sz,
Ly
Yy =Yoo Ve (3.3)
st, S°qT,

wuaunsi (3.2) way (3.3) asluaunisi (3.1) agla

Yo = X, _YL_Yﬂ (3.4)

2
s’tr, sq

NaUNSN (3.6) azle
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Vo= 522'1‘1'2 X. (35)
st s, 1) "

A o

NaUNTIN (3.5) aslafleiduloudngvaaflentunsaaiiuaungensil
W _ 2 3.6
1 (3.6)
Tl T1T2

'
v

WNUALNITA (3.5) astuaunsh (3.2) azlaiandulaudevasileandunsasriuwauAINLARIT

1
—S
Yoo . n (3.7)
X. 2 1 1 :
L e —
2] 0o,
WNUANNISA (3.5) adtuaunis (3.3) azlaieantuloud1e9e9fentuUnsa s UANUDAIAIT
1
YBP TITZ
_ep __ f1f2 8
TR 1 (3.8)
L S
2 0T,
NENNITN (3.6) - (3.8) WUI1 ANDTTINYIR (Natural Frequency) anansauanslanail
o= |- (3.9)
0o,
Y38
A (3.10)
27\ 77,
AUPIDARLNNLABDSIYINAU
0= [= (3.11)

PNAUNITA (3.10) waz (3.11) wuIeudsssurRLazmadnLnnmesausausulausulan

Wi dimed T, fU T, uenanidmuin Gﬁsﬂ,ﬂiqa%aéﬁﬂénmmmiﬁmamauauaqmaLmeﬁwwzq
3 flandulanseuiy

andpudentaezunsulunind 3.1 @u1saduaszilazoanuuUI9aINIoIALE Inun
Lssfumanenthiinisduna-ansiendng tagld VD-DIBA 1iugunsalueniivifanni 3.2 19n29as
WU VD-DIBA, wag C, GiaLﬂu’mi@uﬁLﬂima%LLuuhjngL?mmﬁﬁﬁq d7u VD-DIBA, wag C, 7
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& a a ¢ | = = - i v a A

Juwiasduiinswesuuuliayideyniiaos 31n19aslunnd 3.2 wuiiausiunundunaiiaigs

WosnludrBunsves VD-DIBA  Fevilisasiunaueazainsenisiilusemannlulyug

w399 yonaIndiensnldiissdafulszaineainsnuaddlamumneaufiozdneesitaue

TUWau1dua999590 (Integrated circuit) TUaIENAUAIUNIUNALBIANA Vip
a v o A R &

wAANUAUNIUALTEBIINT UL w 389 VD-DIBA

e

VD - DIBA WV,
J/_V+ Z \Y
|

Vis V-
==C, |VD - DIBA,w

I V+ 7 Vv
Fur ]
ICZVin

AN 3.2 1IINTDIMUAVAE NN NFULATIZAzDDNLUUALUAaNnazwnsulunIng 3.1

3.2 M3ATIRENTTOULVDIINTINTBIANNANABUTN TUN19aANAR
neaslunni 3.2 de VD-DIBA fildlusaasyhaululumugauafianuaunisi (2.1)
AUNTATLUANNTUIINUATY W (Vp) 289 VD-DIBA, Lo

V,, =Vip =V, =V, (3.12)

W19 v, =Vep WAE V1=V, wnuasilluaunisn (3.12) avla

Vi =Vep —V, (3.13)
fi91504191 VD-DIBA, 98nuUT
V,, =V, —V,, (3.14)
310 v,V e waE vy, =V, wnuadlUTuaumsi (3.14) 2zl
V,, =V -V, (3.15)

WNELNNST (3.15) asluaunish (3.13) azle



Ve =V —Vip +Vi,

Y]

INIATEUNTUTYUAUNITUTINU Vgp UL Vi p bARST

gml
V. = _2my
BP SCl HP

el

V|_p —_ gmz gmlgmz VHP

sC, ¥ s’CC,

WNALNNST (3.18) wag (3.17) asluaunisi (3.16) agla

s’C,C
Vie :[ 2 — Jvin
S Clcz + Sczgml + gmlgmz

[

NAuN1ST (3.19) agladlaituleudrevesilandunsosiuninudgesl

2

<

HP _ S

Vi g2, 9m g, ImOno
Cl C1C2

17

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

1Y

WNUAENNTSA (3.19) adluaunns (3.17) azlanantuloudnevaafendun s UL UALD AT

O
Ver __ G,
Vin S2 +%S+ gmlgmz
C, CC,

LNUANNISA (3.19) adluaunisi (3.18) Az laNantulaudnevaaflentunToINIUAINNDF

gmlgmz
Vie _ GG,
V., g2 +%S+ 91 9m2
C CC,

1Y

NAUNITN (3.20) D9 (3.22) WU AINUDSIIUVRANLTOLARI LAGIT]

. = gmlgmz
>\ cG

(3.21)

[

&
NU

(3.22)

(3.23)
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1 gmlgmz
fot f 3.24
® 27\ CC, (3.24)

ANUPIBARLNNLADSIYINAU

Q- /% (3.25)
m1~2

MNENNSA (3.24) way (3.25) WuiiAnuRsssuTRLarmeanunmesansaUsulddeinng
Budnnsefind 9 naunsit (3.24) uay (3.25) 1l g.,=8,0=8:, Taglunsufimanunsailalaeusu
nseualusaues VD-DIBA wssusazialiilinsiniy agldaunisanuisssuminasmednunnnes
Tvnalgred

g. [1
==1 3.25
° 2z\CC, (3.25)
A umpankNNmaswniU
Cl
= |—= 3.26
Q c (3.26)

NAUNTITA (3.25) hag (3.26) NUINUSUAINUDSITUTIR ADEN9DdTEAINAIBARLNNLADS LAA87T
Maedidnnselindy g,

3.3 mi"‘al,ﬂiﬁzﬁwaniwmﬁmmnﬂQWM?JﬂwawmiuﬂﬂsdaviﬁuLLsaéi'uLtaznsmamn%uwm
ludsedwnvas VD-DIBA
Tunsdlfl vD-DIBA fil#lunsesiinaialiidulunugauafiannsaiiazuansnuaidives
VD-DIBA 'ldieiai]

l,. 0 0 0 0 0YV,
I, 0 0 0 0 O0ofV
I, |=|g, -9, 0 0 OfV, (3.27)
l, 0 0 0 0 0JV,
v, 0o 0 B -B o,

e Bz uag Pv Ao ARanaInlunsawuLsIny (Voltage tracking error) 31017 z Wagdn v LUEA

g:v A a [~ a a U dlgj
71w defiansamavesnnuliilugauafivesas VD-DIBA aunsalouaunisusssunds w
(Vyp) 009 VD-DIBA, Tondu

Vor =Vip = BV = PV (3.28)
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1310 v, =Vep 1Y V1=V, Wnuadiuluaunsit (3.36) azle
Vie = BaVep = BuVae (3.29)
fi9sandi VD-DIBA, aznui
Viz = BroVaz = BioVea (3.30)
310 vo,=V e 1aE vy, =V, wnuaskUTuaumsi (3.30) azle
Voo = BoVie — BV (3.31)

WLELNST (3.15) asluaunisi (3.13) azld

Ve = BiVee = BuBNie + BuBiNVin (3.32)

Y

INIATANUNTUTLUAUNTUTIOU Vep AT Vi p bART

v, =—S9my (3.33)

BP — HP
sC,

bbeYe

gmz gmlgmz
Vp=—"12V, = Vv 3.34
LP SC2 BP SZC1C2 HP ( )

WLELNNST (3.33) way (3.34) asluaunisy (3.35) agle

2
VHP :[ . ﬂvlﬂvzs CICZ jvin (3_35)
S C1CZ +ﬂzlsczgml + vlﬁzzgmlgmz

[

AN (3.35) agladlaiduleudrevesilandunsosituainudgeisl

2
\ﬁ _ ﬁvlﬂvzs (336)

Vo 24 BuOn g, BabPra9mn:
C1 ClC2

[

WAUANNTSA (3.35) ashuaunist (3.33) azlaiendulaudnevasileantuns o IUBaUAINLDAIH
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BP9
Vep G (
Yep _ _ 3.37)
Vin SZ + ﬂzlgml S+ ﬂvlﬁzzgmlng
C, CGC,

[y

WNUANNISA (3.35) aghuaunis? (3.33) azlanandulaudnevaileantunsadiIuaNudane 9l

ﬂvl v2 gmlgmz
VLP C].CZ

e _ (3.38)
Vin SZ + ﬂzlgml S+ ﬂvl zzgmlgmz
G CGC,
nANAST (3.20) 94 (3.22) WU ANUATTINTREILN ARl E T
wo _ ﬂvlﬂzzgmlgmz (339)

C1C2

fo :2i ﬂvlﬂzzgmlng (340)
V4 \! CC,

AUPIDARLNNLABDSIYINAU

1 ﬂvl 22 gmzcl
Q=— [FulezZnex (3.41)
ﬂzl gmlcz

NAUNTN (3.40) uay (3.41) wudimidananlun1saeiulsnundunsluduendnndena
nNIENUsevWInYeId M ANALAa AT ANUDSTTNMIAKAEAIBARLNNLADS

3.4 MIAATIEIRANTENUIINANUAIUNIULALAIUIUHIVDY VD-DIBA
uenaniudrgnuimenudumusazanuguisludigunsal VD-DIBA avdswa
nsEMURALTINUETRNINRINIasnuifilfeanuuuly Wemisdagunsalusdamnaniuaisn
JeunsasifisuiAssues VD-DIBA fan1wdi 3.3

= R
RITIC,. | vD- DIBA WA—s

I V+z v
&+]9+§EJ%Q

Ml 3.3 2995 78ULABIeY VD-DIBA o TafafaiAiudsequasfamunuus



V- R
/Qn VD - DIBA W—h—bV/,

J/—V'FZ \Y
|

w2

V_
Eﬁ VD - DIBA, w

J/_V+Z 1/ Y3

VLP
Y, V.

n

P A 0O = = o & v v
AN 3.4 NasmaqmmmmmmmmLﬂwszf\guazmmumuum

21

9IN2995N509AUALLAINT 3.2 lpfiasanTamansEnueIRIcumUkaEAILAUUTY

welalus VD-DIBA @11n90td8u99stabnsaanIng 3.4 Tae
Y, =sC, +G,
Y,=sC,+G,,
Ys = SCvl +le
LAY
Y,=sC, +G,
Cl* = Cl + Czl + Cvl—; Gl* = Gzl + lef
C,=C,+C,

Y
a o

NANTUNRATIUANA 3.4 @UTOTHUAUNITUIITUNTY W (Vpp) VS VD-DIBA, tondu

Ve =Va — Vg
1NIITIZINUIN
1
V., = \
YR, M

WNELNNST (3.48) asluaunish (3.49) azld

(3.42)

(3.43)

(3.44)

(3.45)

(3.46)

(3.47)

(3.48)

(3.49)



1
V., = vV, —V
HP 1+Y4Rm( 71 vl)
W19 v, =V wuashlluaunisn (3.12) agle
1
Vo,=—— (Vv
HP l+Y4RWl( BP vl)
1NIATIZINUIN
1
Vvl = VWZ
1+Y,R,,

WAUELNNST (3.52) adluaunsi (3.51) agle

1 1
VHP = VBP - Viz
1+Y,R, 1+Y,R,,
WR150479 VD-DIBA, 28WUIN

Vv,

w2 =V V2

WD V=V, p 8% v=V,, wnuadlUluaunisy (3.54) azle
Voo =Vip =V,

w n

WLENNST (3.55) asluaunisi (3.53) azld

1 1
Vie =—o 5| Ver — Vie +
1+Y,R, 1+Y,R 1+Y,R

37 'w2

Y

INATANUNTOTUFUNITUSIAU Vep WAE V p LRI

bbeYe

WuANN1ST (3.58) way (3.57) asluaunisi (3.56) azld

22

(3.50)

(3.51)

(3.52)

(3.53)

(3.54)

(3.55)

(3.56)

(3.57)

(3.58)
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Y,Y.
V= 112 v, (3.59)
- (1+Y4Rm)(l+Y3Rw2)Y1Y2 +0m (1+Y3Rw2 )Yz +0mm2

PMNFUATN (3.59) WU @IUNTORANANTENUVD Y5 (Cyy UaT Gy WA Yy (Cop UaT Gyy) LD
N151313935n509ANNR R LEUe AU T OUNAINUD f<<G,/Ci; G, /Cyy. tunSliay

'
IS
(%

WU Y5R,,=0 Uag YoR, =0 AdtuaNaunIsh (3.59) asnsausyanulaii

Y1Y2

_ v, (3.60)
Y1Y2 + gleZ + gmlgmz

HP

[

NAUN1ST (3.60) aglaflartuleudrevesilandunsosiuainudgesl

VHP — YlYZ
V' Y1Y2 + glez + gmlgmz

(3.61)

[

WAUANNITA (3.60) ashuaunsh (3.57) azlaiandulaudnevasilentuns o IUBAUAINLDAIH

VBP - glez
V‘ YlYZ + gleZ + gmlgmz

(3.62)

1Y

WNUANNITA (3.60) ashuauns? (3.58) azlaiendulaudevasileantunsaiIuANudmAne 9l

\i_ gmlgmz (363)

V' - Y1Y2 + gleZ + gmlgmz

in

WWaNNIsN (3.42) war (3.43) adduaun1si (3.61) fa (3.63) aglaflaituleudrevesilaidunses
HIUANAFY NTBEULAUANNILAZNTOEITUAINDAMUAFUAE

Vi s°C,C; +5(C,G,, +C;G; )+G,G,, (3.60)
Vin SZC:C; +S(Cl*G22 +C;G1* +C;gm1)+G;GZZ +Gzzgm1 + gmlgmz .
\ﬁ — C;gmls+Gzzgml (365)
Vin SZC;C; +(Cl*GZZ +C;Gl* +C;gml)S+GIG22 +Gzzgm1 + gmlgmz

LY
Vie IuOno (3.66)

Vin SZC;C; +(C1*GZZ +C;Gl* +C;gml)S+Gl*Gzz +G22gm1 + gmlgmz

[

NAUNSN (3.64) D (3.65) WU AUDTTTUTIREUNTDLANILARIT
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o \/G{GZZ +Gzz*gm*1 + 9O (3.67)
cC,
750
fo :i Glezz +Gzz*9nll + 9 m2 (368)
2r GG,

AUPIDARLNNLABDSIVINAU

Q __ *]_ _ _ IG;GZZ +Gzz*gm*1 + gmlgmz (369)
Clez +C2G1 +ngm1 \I C1C2

WLELANST] (3.46) way (3.47) adluaunsii (3.68) way (3.69) azle

f, (3.70)

— i (Gzl +Gv1—)Gzz +Gzzgm1 + gmlgmz
2z (C,+C,+C, )(C,+C,,)

bbeYe

1 J(Gzl_’_le—)GzZ +Gzzgml+gmlgm2 (371)

Q =
(Cl +Czl +Cv1—)G22 +(C2 +C12 )(Gzl +Gv1—)+(c2 +C22)gml \j (Cl +Czl +Cv1—)(C2 +C22)

NFUNITN (3.70) A (3.71) NUTIAMUAUNIULASAUILRIITARANTENUAD VLN Yy 160U

(% '
0y A

nAkAa ety AUDTTIUYIARALAIDARRNNLADS AIILNDAANANTENUVDIAINTUHIAIT

o
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UNN 4
NaN1598

deodunsBuduaussauzvanasnsssnuinatentinfilnuausssudiladansziay
sonuuulsluundt 3 Tuuniaysiassnsieurensaseslusunsuiiald (PSPICE) uaznaaey
Frensensasimieuisedunenansneaeuisuiiiou fuiildiemedlilummguiluund
s dallswariSendasoluil

3.1 NANISIIABINTITVNUVDIINDINTDIANUDNATEUTING
19950599ANALUAINT 3.2 gnuaaaun1sinuaieldlusunsy PSPICE  lagldy
Tn59a¥19909 VD-DIBA lunwdl 4.1 fiadrsunanledives (T1228 [26] Fafureasvensninuin
dnelou (OTA) uaz ADS30 [27] Fafursrsuin-audynias 2asviauiiunasdne +5 1aad lngen
Anutangleuveslediues LT1228 dAnniny

0, (LT1228) =10l, (4a.1)

WNUAT g, TuaNnISN (4.1) asluaunisn (3.24) uay (3.25) aglannudlusssurfuazaiodaunn
W3 Aell

fozE loyles (4.2)
7\ CC,
by
Q= oGy (4.3)
IBlCZ
VD-DIBA ils

(;c T gm\% T}\\égffo
dl _gm X oo oW

Vo 1ty
LT1228

No
<o

A 4.1 Tassadnenieluves VD-DIBA

1Y

PNFUNITN (4.2) wag (4.3) WHaUSU Iy =ls=Is azlannudlusssufnazaIodsLnnmes fail

(5l [1

— (4.4)
° 7z \CgC,

bbele
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Q= % (4.5)
2

MNENNST (4.9) way (4.5) nuUSuauasssumAldeddassanmeanuinmesldaaeizns
SLanNTedndd Iy

a19uusnUsu C, = C, = 1nF, I = 195 pA 1ag lg, = 195 pA MIUAINU Han1531889
msvhundaslunnd 4.2 BunanevausmarwinvesiliitunsosmiuLauaud (BP) nsod
H1uANAge (HP)  wagnsessumudm (LP) ainnansinassduduldineasnsesaiudi
Yuaueaunsalinansvauesidauileitundontusfilaimszililuaunsd (3.20) & (3.22)
NHANNTINIADINTVINUNUAIAIARLHAMESYIAY 1 drumnudsssurdiiavingy 295.12
KHz @uAfifunaeInaunisf (4.12) aswiiv 310.35 kHz Feraudfildainnissiasenis
v¥auazdouunanadisuan 4.91% siinaneanufsnanslunisasiunssulasnseua
Nnndunludaoring audarianudunuuazamquilslusy VD-DIBA feitldiinsizdliluum
73 wenandarnuineaseglinanouausmavai -3dB Ussunn 42.47 MHz (fansani
mama‘uauawaﬂﬁqﬁ%’umaqmummﬁqa)

g /7 %\ HP

8 ] B // k\\B/k\\\
/

-100/

1.0k 3.0k 10k 30k 100k 300k 1.0M 3.0M 10M  30M 100M
Frequency

a
AN 4.2 HNaRBUAUBININUYUIN

= I3 s o ' a A )
AW 4.3 1 WuNanauaueIueIlenTunIaInIulauAuLiausu o= lgp= g

(8m1=8mz) LU 100 A, 200 pA, Uaz 400 pA fuiulszq C; = 10nF waz C, = 0.1 nF azleiA1 Q
- 10 FeBuduldaunsauumuisssudlaseiiniedidnvsedndedsdaszainaednun
wosauiledinseililuaunisil (3.25) waz (3.26) Fadleusu Iy 18u 100 pA, 200 pA, waz 400

v Y

LA a¢ldrAssTIN AR S USE Ao 151.35 kHz, 301.99 kHz wag 602.56 kHz

[=]

Ig=200pA
1g=100pA \]43=400|.1A
/%

———
— NN ——
— \&
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dleouduwndudynnniledvuia 50 mv, Awd 300 kHz udWHU C; = G, = 1nF,
lor = 195 UA UAZ 1y = 195pA ANddU nansdraeantsviauiandtunmi 4.4 Judyaia
ussuvesilardunsesiuauiigs (HP) laddunsosrinuwounud (BP) waznsedsinum i
(LP) wsuiudyaiaduns 31nnan1531aeanudn AuEanaIanisesuelindsiy (Total
harmonics distortion: THD) U84 V,p, Vi Wa® Vee 111U 0.105%, 0.09% ag 0.153% M1ua1nu

©

V‘ VPV:V
n AR e A~ ~

N /> \VAVAVAVAVA

)

Voltage (mV)
N

YA ANARA
NN NN

/N

(

/'( ~

O

o]

3 4 5 6 7 10 11 12 13 14

6 8
Time (ps)

o
-
[N

AN 4.4 HanouauBNlauunaTasas st s Ui udyauBune

diedouwssrudunmdudyaraladvuinaaud 300 kHz udrsuvuinvesdeyaie
UNARIUA 10 MV, JUDI 400 mV,, 198 Cy = Co= 1 nF, Ig = 195 pA Uag  lg = 195 pA
AINEIAU wan1sIraesnIsiusanslun g 4.5  WuruinveawssiuednaLiisuiunsenu
BuNm FanuINLevuInvosUBUNALAININNTY 160 MV, azvilisasnsesrudldiduds
WU LULAEINUNANTIARIlUA NG 4.6 ENUI LHBVUIATDIUTIAUBUNAZINIT 160 MV, T2
lidyaaneandwaisanuilsiduiiianuiniisunversueiindausgraiuladn duludlown

a0 v 1 v a 1y !

rasnsesanudmhausluldnulinisteunssiudunalignd 160 mv,,

600
y
500 o //)
v
—e— V\VVBP //
—_ 400 _ O VLP /'
e —w¥— VHP -
o Ve
>
S
= 300 -
(O]
o
8
=)
> 200 A
100 A
0 T T T

0 100 200 300 400

Vin (mVp-p)

NN 4.5 YUIATDITIRULBIANALTEUAUVUIATDITIAUBUNA



28

10

—e— VBP
6 1 O VLP
—¥— VHP

THD (%)

e St SR

0 100 200 300 400
Vin (mVp-p)

AN 4.6 Anuiiaigun e suetindsiuvassazlsituiieuivrunveus B unn

4.2 HANISNAABINITHINIUYBIINDINTIIANUENAENTITRILN1510299593

29asn5eIANalun Mg 3.2 ONMAFBUNNSTYINUAIENTT#R993958  Lagldlaseaina
299 VD-DIBA lun il 4.1 1sasvirnufiuvasdneg +5 Taas Fiulseq G = Co= InF, Iy = Iy =
200UA 9NATALINANENNST (4.2) agldmussaumAninty 31831 kHz Tuvaziiaanud
595U RNHANNTNAROWNNA 310 kHz FemanisnnaesazldnanouausIuUIATaIUAAL
Hefduiannd 4.7 arnamaznuiinanevauemsuIane 3 Heidy Saudenndeiy
HANDUAUDIUNIING W) asm”l,iﬁmmzwudwﬁmm?{ﬁ’]r'ﬁ’umm?iqamamuauaﬂumwmaawz
Weswuanlummgud Fadusansenuananudnumuusauazauquslslus VD-DIBA fsitld
Yinseililuaunisii (3.64) - (3.66)

At 4.8-4.10 \HudnygraBunafisuiuiednauesiladdu LP, BP wag HP muddy
Tnetournavosussiudunaiivnin 100 mv,, uduldsuanudvesdyaadunndiuiu 3 e
Tawn 100 kHz, 310 kHz wag 500 kHz %aﬁmmﬁ 100 kHz %LfJummﬁﬁsﬁl"}ﬂﬁﬂmuﬁﬁﬁuma
dauiinnud 310kHz  zdumnudsssuvdnasfinnud 500 kHz  azfuaudfiganiiaaud
53337 lnedyandunnindeseatalaalaudesdl 1 (CH1) dudynanoidnafedyaines
2 (CH) mﬂmamii’mé’fyjmmmmﬁqﬁ%’umaqmummﬁﬁ’]Lﬁauﬁuﬁmmwméuwmiuﬂwwﬁ 4.8
qenuUin fienudsninenudsssuni (100 kHz) awinussduvesilandunseaiuaudaivuns
gegn (103 mV,,) waziilonuifindudu 310 kHz way 500 kHz vuAwssfuazanandens (Ju
97.6 MV, , wa 44 mV, , AuaRu mumiLaauLWaﬁuaﬂawmmmewmﬂuauwmuwmmmmm
mewmuamaqammmauwmmﬂﬁuumammmwmu uagirmdsssuAdyaaieiwnasi
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7149 wud1 NANUDSTINVIRVUINVRF Y IMALIAEIEAT 99.2 mV,, Tuvaziinudninid
ANUATTINYIA (100 kHz) UagfiAIUNEINIIAUASTTUYIR (500 kHz) VAT IR UZEIAN
OI 1 d‘ d‘ a gj = 1 U o U 1 U
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1 Measure
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1: 16EmU
Lo 1Z.8my
B Wlo
k 1: =49, Gml)
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i Frequency

TPRLLH1: 99, 88kHz
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Dty Cycle
1: 5@, 18%
2 19.81%
Rize Timne

1: 2.928u=
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EDGE fAC
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"
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unil 5
agUnan1sIdeuazUaLauaLue

5.1 d5duasaiusiena

miAdsiiiauemsduaTzinaznisesnuuusasnIesnwiviarewinfisuduaesinug
wssduvisduna-anuednaiinuauaussaurfuarmednunameslddisitnnedidnnsodnd
nsrUUNTITEEuINNMsAnvIguindnnisuensainsesauiuaruifefifeades ST
AuaNtRvenIsTIndSagy VD-DIBA Fudugunsalueniidfagundniiihunldlunsdansie
2995 Mntudldhnsduameiuaznsesniuviainsesnnud nefinsouuundnlunisdanszs
1935113910 195U swesuuullandeduinaedinsheIniuIRTUIN-audy I Mensauy
wuuAnEAsldhnsfiaseiuarnisooniuuisesnsesaauilagld VD-DIBA 1Hugunsaiueniivl
FnnuaenesieTNiumAvUsTIideaInTIuAdn assflagUsannffuniunguen 2993
nsesamAfiiausanunsalinanevausanisyhauldandadidy Tiud fstunsosiuniiuigs
nsesHUANARIAZATOIULAUAIIA AFumUTBuRRANgTsazaaniilunisinlusemalan
Tnglifesliraasturuntsuen lusazfinudunuiiodmyesilsdtunsesmuanuigedaem
Fefuasesiuazeanuuuanlilasiainsudfiinmsiinssimanssougvesisasislunsdd vo-
DiBA vienlunsdifugauefuarliifugaued uddininasildlunaasuaussougiiumsdianins
aumelUsunsu PSPICE wazn1svnassinsasdsdlasldlodiues LT1228 way AD830 seo3aufu
Jugunsal VD-DIBA nafildarnnimeadeuianuisuifieufunalumamguiilddiesedily anduis
thlassaisenaesnsssmudildunsiouisunuaniffuisasnsesanudiladfinaus iud

NANT9188INTINNUTBINATNTBIANUATIUAUDFETUTUATY PSPICE Tluvasdnensasiy
IWA892995 £5 V naeualuda Iy, = I, = 195pA §Lfudseq C = G = InF Wud’]’aqaimmmiﬁ
mamauauaamimmu%amﬁm%u Toun flardunsessiiunuigs ﬂiaqmummamuauﬂﬁaqmu
uauaud Tnedieedfunninesvinfunisdiuanuisssumiivintu 29512 kHz dauedidiuan
Tumamguiaziiniu 310.35 kHz Gemmnuddildannisdiassmsvinuezideuvuaindiidn
4.91% vaildaaneaufienanalumsasiunssiuuasnspiandunaluguesing sawdsany
AunuuwarAIuquaslud  VD-DIBA ImmqmmmmmawmLauammiamauaummmﬂmm
42.47TMHz ﬁ’JU“ﬂJNﬁ’M@JLUULWLE‘W“UENNR]?EJEJIWUNVI“UU’]WUENLLi\iﬂuauWWlemﬂu 160mV,,
tutheifoslimmmimfsumeuesindsumensasiaiiuliiu 2% uensnduddmudni e
USU lg; WA 1, (USUlUNSDUAL) a]zﬁﬂﬁmmmmu@mmmﬁﬁiimwﬁlﬁaijﬁaizmﬂmaﬁéum
waslareisvndianvsedind

mamimaaumﬁﬁwmé’asjmwimwm%qﬁLma'aai'mLméfu"LWL??smN% +5 1986 lg; = lgp=

200 pA Fufiuszq C, = C= 1nF sldmodiunimesvifunduazaufisssuvniifiu 310 kHz
dueidualummguiaswindu 31831 kHz Ferramddildainnisdassmsiauasdeuuy
RnAfRIuIN 2.61 % lun1veassatldnansvausanisuuinvesusasilsiduasnndesiu
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nanavauedlunimae]] eg1slsiniuaznuitfiaudaiuanudgmanovauedunismnasias
= a =g v @ 2y
Wesvuanluniangu) dadunansenuainanudiuniunduazaiugudsludy VD-DIBA  #sld
Aaenbiluaunisn (3.64) - (3.66) ludruvesnmantfivensasnsesnnudnutausild VD-DIBA
Wisuiiguiunasnsaspnudvanentiimeediauesndeunthilnldaunsalueniidniaguaiuse
agulanannsneim 5.1

o a = wa 4 o Y] a' A Yo v
M19191 5.1 ﬂ'ﬁL‘UiEJ'UL'VlEJ‘UﬂmamU@m@ﬁ'N‘ﬂiﬂi@ﬂﬂ'ﬂ'ﬁJﬂVlu’]Lau@ﬂUﬂﬂﬂimLﬂgJﬂJE\l}u’]Lau@ll']LLa'J

Ref ABB | d1m0u | 3w | gunsalwiadnde | A.aw. Buwa AUANUUY Weidunsednnil a.
ABB | R+C A9NT1IFNILR g4 Bidnwsaiind a9, i

(3] cai 3 6+2 Tafla lalle Tallgt -

4] ccll a 542 Tafla lalle Tallgt -

5] DvCC 3 a+2 Talla 14 Tailer B

(6] DvCC 2 4+2 Tafla laila Tallgt -

(7] DDCC 2 342 Tafla lalla Tallgt -

(8] FDCCII 2 242 1o 14 Tallgt BR

9] DDCC 3 342 Tafla 1o Tallgt -

[10] DDCC 2 342 Tafle 1ol Tallgt -

[11] DvCC 3 342 1o 1o Tallgt -

[12] DvCC 3 342 Tafle 14 Tallgt -

[13] DvCC 2 342 Tafle 1ol Tallgt -

[14] DDCC 2 342 Tafla lafla Tallgt -

[15] DDCC 3 242 Tafle 14 Tallgt -

[16] DDCC 3 242 Tafla lafla Tallgt -

(17] DDCCTA 2 242 1o 14 ot -

(18] OTA i 0+2 T T it -
oidedl | vDDBA | 2 0+2 19 19 g HP

5.2 UaldUBLUY
msiaunlasnsesuBasaUsumElnauazmedunane S udassaniuld
waglvsasanunsalinaneuaussmaednnldasuiiaiilaidy viewaulaseadisnesisasli
mmmmauaummmﬁlﬁqﬁu Tnea1ald VD-DIBA fifllassadrafumaluladfuea Wetluadadu
25T laiudvuadnas wazaussousseduansUNIURaEATuEnde
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Abstract. This paper deals with a single-input multiple-
output biquadratic filter providing three functions (low-
pass, high-pass and band-pass) based on voltage differ-
encing differential input buffered amplifier (VD-DIBA).
The quality factor and pole frequency can be electronically
tuned via the bias current. The proposed circuit uses two
VD-DIBAs and two grounded capacitors without any ex-
ternal resistors, which is suitable to further develop into
an integrated circuit. Moreover, the circuit possesses high
input impedance, providing easy voltage-mode cascading.
It is shown that the filter structure can be easily extended
to multi-input filter without any additional components,
providing also all-pass and band-reject properties. The
PSPICE simulation results are included, verifying the key
characteristics of the proposed filter. The given results
agree well with the theoretical presumptions.

Keywords

Analog filter, VD-DIBA, voltage-mode, single input-
multiple output.

1. Introduction

Analog active filter is one of the standard research
topics in the circuit design. It is commonly utilized block
for continuous-time analog signal processing. It is gener-
ally used in many fields, such as communications, meas-
urement, instrumentation, and control systems [1]. Espe-
cially, the filters providing several functions within a single
topology, namely the universal or multifunction filter, have
been receiving considerable attention. One of the most
popular analog filters is a single-input, multiple-output
(SIMO) topology in which various transfer functions can
be realized simultaneously. The SIMO topology can be
found in many applications, for example in touch-tone
telephone tone decoder, in phase-locked loop FM stereo
demodulator, or in crossover network as a part of the three-
way high-fidelity loudspeaker [2].

The design of analog circuits using active building
blocks, taking into account several various criteria such as
minimum number of active elements or others, has been
receiving considerable attention. Biolek et al. [3] proposed
several circuit ideas of building blocks for voltage-, cur-
rent- and mixed mode applications. One of them is the
voltage differencing differential input buffered amplifier
(VD-DIBA). This device allows applications with inter-
esting features, especially those providing the electronic
controllability. It is obvious from the literature survey that
a few circuits using VD-DIBA have been hitherto pub-
lished, for instance the voltage-mode first-order allpass
filter [4], inductance simulator [5], and multiple-input sin-
gle-output (MISO) voltage-mode biquad filter [6].

This contribution presents a SIMO voltage-mode fil-
ter with high input impedance, employing VD-DIBAs. It is
suitable for fabricating as a monolithic chip or also for off-
the-shelf implementation, consisting of 2 active elements
and 2 grounded capacitors. The proposed filter can provide
three standard functions (low-pass, high-pass and band-
pass). The quality factor and pole frequency can be elec-
tronically adjusted.

The paper is organized as follows: In Section 2, which
follows this Introduction, the definition and features of the
VD-DIBA are given, and the proposed filter is also pre-
sented. The non-ideal analysis is included in Section 3. The
experimental results, namely SPICE simulations and meas-
urements on a filter specimen, are illustrated in Section 4.
Section 5 describes the filter extension to multi-input to-
pology and transconductance type. The comparison with
previous works is described in Section 6. Some concluding
remarks are given in Section 7.

2. Theory and Principle

2.1 VD-DIBA Overview

The principle of VD-DIBA was introduced in [3]. The
internal construction of VD-DIBA using commercially
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available ICs has been proposed in [4]. Its symbol and
equivalent circuit are shown in Fig. 1(a) and (b), where V.
and V. are the voltage input terminals. The voltage is con-
verted to the z-terminal current via a transconductance g,
which can be tuned by the bias current. The difference of
z- and v- terminal voltages is copied to the w terminal with
the differential-input unity gain buffer. An ideal VD-DIBA
has low-impedance w terminal and high-impedance v., v_,
z, and v terminals. The characteristics of VD-DIBA can be
described as follows:

L) (0 0 0 oYV
L |]o 0 0 0|V
| W
Iz =\ &n En 0 0 0 Vz
L1 lo o o o0 oy
v.)] Lo 1 -1 o\Z,
I,
Vo—a—v_ I

I VD-DIBA WV

V, z v
&12 éIV
v. 7

(2)

Vo——0g,V.-V)

@1 S~
V+o——o ?@

vé v

(b)
Fig. 1. VD-DIBA: (a) Symbol. (b) Equivalent circuit.

2.2 High Input Impedance Voltage-Mode
Filter Using VD-DIBAs

The proposed second-order filter is illustrated in
Fig. 2. It consists of two VD-DIBAs and two grounded
capacitors. It is obvious that the proposed filter provides
simultaneously three frequency responses (HP, LP and BP)
with high input impedance property. Considering the ideal
VD-DIBA, a routine analysis of the proposed filter pro-
vides the following voltage transfer functions:

2
Ve s

= : )
in S2 +S@+ gmlng
Cl CICZ
gmlng
Vo cc 5
Vin SZ"FS@-}— gmlgm2
Cl CICZ

and

82

Yor __ “ @)
I/i s@_i_gmlgrrﬂ

Cl Cl CZ

s+

The filter pole frequency (wy) and quality factor (Q) can be

expressed as
gmlng
0, = [Ema 5)
o C.C,
/C g
Q: 1S ml . (6)
C,8,,

It follows from (5) and (6) that the quality factor and pole
frequency can be tuned electronically via transconduct-

ances.
L

and

VD - DIBA, Wy,
J/— v+ z Vv
V2 V-
= |VD-DIBAw

I_C] vV+z \4
!

Fig. 2. Proposed voltage-mode filter.

The relative sensitivities of the proposed circuit can
be found as plus or minus 0.5:

@ 1 . QD @y 1
S;:(:I = ngz = E’ SCl = Scz = _E > (7)
and
§50=50 =Ligo_g0 -1 (8)
G e _E’ (ST M __5'

As a drawback, the LP and BP outputs are not of low im-
pedance characters, thus they should be additionally buft-
ered when applicable, or the filter topology should be
modified as described in Section 5.

3. Non-ideal Case

In practice, the influences of voltage tracking errors
from the unity-value gain of internal differential voltage
buffer, and also the parasitic terminal impedances of VD-
DIBA [4] will affect the filter performance. In this Section,
these parameters will be taken into account. For non-ideal
voltage buffer, its model is as follows:

Vo=BV.-pV,. ©)
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Here " and f are the voltage error gains from z and v
terminals to w terminal. The influences of parasitic imped-
ances of the v+, v- and v terminals of VD-DIBA No. 2 and
of v+ and v terminals of VD-DIBA No. 1 are negligible
because of their connection to low-impedance outputs w, to
the input voltage source, or to ground. The most important
parasitic impedances are resistive and capacitive parts
affecting the z terminals of VD-DIBAs, acting in parallel to
C, and C,. Let us denote them R.;, C.;, and R.,, C,,, re-
spectively. Taking them into account together with (9), the
transfer functions will be modified to the more general

forms:
s+ s+ -
Vi _ — B B; R.,C R.,C, , (10)
V., D
gmlng
V.p C C'
7 =5 B ’ (an
and
Yo _prp, b RaC) (12)
Vin D
where C{ =C +C,, C2’ =C,+C,, and
D= (13)
o = Em8m [ o - 1 ] (14)
C C gmlRZZ gmlgrnZRlez2
v o- , 1
| Jﬂl pre Py
Q* — @Q gmlRZZ grnlngRlezZ (15)
ng C; ﬂ; + 1 + Cl 1
ngRzl ; gmlgm2Rle22

It should be mentioned that the stray/parasitic z-terminal
capacitances are absorbed by the external grounded capac-
itors as they appear in shunt with them. However, the para-
sitic resistances R.; and R, not only affect the @y and Q by
they also add parasitic zeros to the HP and BP transfer
functions. The product g-p; of the voltage buffer gains
affects the gain of all the filter sections. As a result, the

effect of the finite low-frequency attenuation of BP and HP
sections appears [7]. It can be described as follows:

V. + oo
7o - ?2 - (1-{_ + 1 +'81 ?2 gmlRZZJ’ (16)
VBP J=0 ﬂl ﬂZ ﬂZ ngRzl 132

Vi 1

VHP £=0 IB] ,32 (1+ﬂ2gm2Rzl+ﬂl ﬂngl zlng 22) (17)

Note that these undesirable finite attenuations strongly
depend on the g,,R. product. Consider unity gains of the

voltage buffers for the simplicity. Let us denote g,R.=a.
Then (16) and (17) can be simplified to the forms

Vi :—(l+a+1), (18)
Vip |r=0 a
Yul Clvasa (19)
Vip 17=0

Then one can see that a = g,,R, products of 10', 10%, 10°,
and 10 result in the attenuations (18) of 20.9, 40.1, 60,
80 dB for BP output, and in the attenuations (19) of 40.9,
80.1, 120, 160 dB for HP output. Two rules of thumb can
be 