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ABSTRACT

This thesis presents a current-mode first-order all-pass filter with electronically tunable
phase feature. The proposed circuit consists of only a second generation current controlled
conveyor (CCCII) and one capacitor. The phase characteristics of the transfer function can be
easily adjusted with the bias current of the CCCIL. It is shown from the simulation as well as the
experiment that the result agrees well with the theoretical analysis. For verification, the proposed
circuit has also been successfully employed in a design of a current controlled quadrature
oscillator. The outstanding features of both circuits are that the significant parameter of each
circuit can be electronically tuned. Furthermore, these circuits also have less complicated

topologies.
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KA/'['MZ s, Mm ej(al +ag+.Aa,—f-pr-. -_ﬂn)
N,N,..N

H(jo)= 22)

n



s B
A o Vv & fex: ' 5 o
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2.7
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NITNTOITUNAMMMDOUAUNLIIRT T DR ANADY R IIN 230 wiounu 5= jo lu
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(jo+0,)
K1/a)2 +(-0,)

o> +(a,)
=K

(2.8)

=1 1 ar ' " {
Pnaumsuaad I ueg1araau 1091 o audla #aneuausININvLIAYeY
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diennudgeiulaslimmsdoumaiiny -90 ssmiaNNd @ =0, MANUIMILGIAN

ﬂ‘J‘llJ?lﬁ’ﬂlgll (corner frequency) YDI993



¢(a)0)4£degree)

0:10o, o, 7 100, (rad/s)

4 1 4 o a é
31N 2.4 WaRBUALDIMIHTYBIAINTOIHTUYNANUABUR U 114
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A o n’: @ o o ' ar P

dininusisresimaaaiuez Idfeidumsaw Teuvesszuudsaumsi (2.12)
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2.3.1  WanvumsenaleuI¥ausanu (voltage transfer function)
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H(s)= 2l [——"—] i
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Taon ¥, (s) uag V,(s) Whauseiuerdnn uazisadudunavsinansaiudidy
2vsnsosrugaanvdnuvinidureshifinsienndun . TauSuenluil as. 1968

o ' { o & =t o 1
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l
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31U 2.6 29snIRIINNAIND [14]

aowlull A 1969 B. B. Bhattacharyya ldodufandumsars Toumueunisi

o L d‘.ﬂ db o dl.
(2.14) vinanonvInsvruRnANUDBN I UNTS Auaaslugiln 2.7 3]

31U 2.7 299030 MNNANE (3]
£ y ' e ¥ - as |3 o = U
Farnvstinianugenlumaliusmsdouna TavasalSumgunsaimadvodiniosans
Aamdouriu
A Ay Poa - ' Y o & o qW !
iiesnnenueuiliivedasiio finownldrunoudisd Juhliaesnsewinmgn
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zﬂ\‘r'i 2.8[16]
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R2 = 0.4R|
RI
———W\ x
V; o— CCllt z gl
w—ij| y :
B50C

JUN 2.8 29snsRIIUYNAND [16]

§ o o ' ' o P =1 1
FaiiflatFumsdiolousuRoaiumums (2.14) inzaeashigUit 2.8 dadauganlums
ar 1 4 1 = o dl. - Aﬂ.. 1 J Ll =
divmmaaouayrmavanuiesiugiln 2.6 uatoiuamudldauigein deunluil
A.91. 1980 R, 1. Salawn Tdtinemienssnsosruynnnuddmandlug i 2.9 (18] Haiilaridu

nsoo Towdu

V(@) 1~ joRC
V.(@) 1+ joRC

(2.15)

Rz - 2R]
T AN
R
AN Yy
V. . CCI+ z O
s —— x 5
R

6
}

< : 4
JUN 2.9 29930309 UNNAMND [18]

" 1 1 a o = o
wwifiuinasiderumiioninesiiuauslas A. M. Soliman finanmsldgunsainiadv
0 4
waous 4 @2 uazannsodsuaimsasunlalalaonsdsuar R ifsaduRoaminiu
qy o ar U = g -~ ' [~ "
uennniivinavesilandumsowlouiimgeiufie K =1 ead1alsna 299snsesdumgn
- n”‘ - 1 as 1 - dda 1 ; & ° - [
AnuINInuanna 1INt AY  Sadisduiuaugnounanoudisiidessi lfiiannugeein

e \ BT § & -
114ﬂ'ﬁu11ﬂﬂﬂﬂ1ﬁlﬂﬂ1%ﬂ1ui?ﬂﬂﬂ']ﬂi]'jﬁu °ﬁ\111—l'1] f.f. 1988 M. Higashimura iag Y. Fukui
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Ve ldinaueesnsesrunnanudiieandedosdanann vsAauansluglin 2.10 [19]

Tagordunmmnifvosssmenunszue mansednned Idniladdumsdio Towshyly
MUAUMIN 2.9

3UM 2.10 29950 IHINNAINE [19]

& ar a
232 Wanvumsa1eleMB 105U (current transfer function)

29snsesrumnnnud gy dunisa Towdhi Tmuauns
# (2.7) naafe

H(s)—l°(s)—K("S+d’] (2.16)

_Lﬁ)_ 5+ 0y

= o a o w
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r o J é o Cly Al o
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Mlsesiinnududowdiuin luiadoiitildnantasnsesumnanudluInua

4 o = ¥ . . o= ar d‘

nszua a1 Idinauelull as. 1990 Tay M. Higashimura 1ag Y. Fukui #2993Aauaaalugun

2.11 [17] uaziifanFumsoioTowdy
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3.2 TN WIHNIZUA (current conveyor)
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WIIAWWIUNTLUE (current conveyor) gminauevuaiwsnlull an. 1968 Tag

A. Sedra 1Az K. C. Smith [23] R200uaRpi s sUAA NI 0QRAIABITE NN ADIND AT

L |

o 1 [ o e al {
szAuduRtausuAndeiumn 9 18 Taolidadnyeisuaaslugilii 3.1

r 520 e ]

ar as
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o
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N30aMINEAY () uanshnszuainafunesa 2 Simmeasetudusunssuad inadg
o 4 P oL
NWOIA X BIVZITUN VT AWWIUNTLUAUVUTININITAOWIUATELNUVUAY UNUAIY CCI-
Al d‘ é 2 o/ ﬂ'. - 1 =
WITHWUNTEIaUIMTRBDTIRN MrERsatUR 3.2 TaoauuRdimswdaans
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q
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3
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l
V
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JUN 3.2 29ImMEMIUNTTHATUNMTLUNUF Y
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wazasesnlAvudduiuaudiiuian (egative impedance converter :NIC) (S Taovzwy
TnasfierfsmowunsauaiidugUnsaininidory Aefisasven waziudSar
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nandeluiadede 1y
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weriunammmnnalumsdszgndldimnesmomunszua Wil s 1970
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msiuidon v lildinszia Inadmeda y tiwdr 1o unzdondoasesmowunszuai|d

@ o o
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o

SN\ 2350 Ok
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v ¥
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lunsainnszua lvarunesa z Tnaneasadududunszuan IMarkunesa x 1250n74993
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L% ar 1 L] T -
nnREENTAYeY CCII Anandisauannimi hhlszgaaldou lRedrannumnes
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¥
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o 4 13‘ 1 J 1 o
A.fl. 1971 Black uazamz Tdiuaueees ccll iszneviunnnguusseatluevildesufu
a o -~ s = gy ¥ o - J
nIuFmaos Ao lull f.6. 1978 Bakhtiar uazane A 1M uaue99s ccl Mlsznoviunn
U é 1 ] o 1 ar ‘I'ﬂ o d" =
nquveseedueuilddeiuiunguvesiidumunianuaunadtu venvinilull A,
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1980 Senani 1A% Huertas N I au©9995 CCII Mlszaoviunnestueuildesuiu OTA
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Usznoviunnendueuildesmiuiaztounsuua lanrsssmariitidedosfionuudinign
e o A = e o Yy 3 - o - = o
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wennntifaiunldeshdsediannldfudweduenildnd o [25] et lsfawaunsoaa
Al nﬂy 4 o =4 & =
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4
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wou upiivedesidingie lunsdinoszualudaiisdinyiildiman nuduniuuds
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4 vod d& Yo a4 :
i§® A. Fabre latduiiuiadofvonudununelufinesa x 4999995 translinear
kY ¥ " 1
ccn 39 ldinauenuannufail TasSoneesyiaiiinesmowmunszuajuiicesnniugy
fawnszue (CCCIn) [20-21] Hidgyanuaidwaaluzili 3.4 Taoli Tnssadreveaisesaegilii 3.5
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1. 29500AFAUAUADIUUUANUAIUMUAY (negative resistance oscillators) 1511
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2. 2vs00aFanesuUVilounay (feedback oscillators) 111299500 ATARIADS T
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o o
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Tugilii 5
X (s)
X, (s) y e
Xﬂ(s)
X,r(s)
Y
Als)
51t 5.1 vionlaezuniuvoeisssoadFamaos
defnsmuientaozunsuluzili 5.1 wwwud
X,(s)= X (s)+x,(s) (5.1)
X, (s)= ﬁ(s)Xa(s) (5.2)
wag
X, ()= 4X,(s) (53)
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Xi(s)=X,(s)+ Bls)X, (s) (5.4)

uaziliounum X, (s) snaumsi (5.4) asluaumsi (5.3) 9218

X,(s)=Alx, (s)+ Bls)X,(s))

= X
0 (S) 1 [( ) (S) (5.5)
TﬂUT'I L(S) o 9AS 1V BURR (open loop gain)

L(s): Ap(s) (5.6)
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b L(fwo ) =0
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ZL(jwy)=0 (5.9)
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0 3 Ra]inl * Rx3Im.rll
R
] = __"..I‘
ourl RIS inl (5.19)

4 i V. = i
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H(s)=H,(s)H, (5)
L [SC R, 1) sC,R,, -1 (5.21)
ASC R, +1 \sCoR,, +1
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wuazladasvnrsoudiaveissesadaiaimes lugiin s s

R 13€ Ri=1 YsCLRL -1
L et GH st a | B ;! 2582 (5-22)
(5eRY) R, [sc1 R, +1)(sczfeﬂ 1
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MODEL NR200N NPN(RB=262.5 IRB=0 RBM=12.5 RC=25 RE=0.5
+IS=242E-18 EG=1.206 XTI=2 XTB=1.538 BF=137:5
+IKF=13.94E-3 NF=1 VAF=159.4 ISE=72E-16 NE=1.713
+BR=0.7258 IKR=4,396E-3 NR=1 VAR=10.73 ISC=0 NC=2
+TF=0.425E-9 TR=0.425E-8 CJE=0.428E-12 VIE=0.5

+MJE=0.28 CJC=1.97E-13 VIC=0,5 MIC=0.3 XCIC=0,065
+CJS=1.17E-12 VIS=0.64 MJS=0.4 FC=0.5)

.2 W5RIMes voINTUTTAes luIna1s PNP a3 PR200
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+IS=147E-18 EG=1.206 XTI=1.7 XTB=1.866 BE=110
+IKF=4718B-3 NF=1 VAF=51.8 ISE=50.2E-16 NE=1.650
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+MJE=0.28 CJC=0.328E-12 VIC=0.8 MIC=0:4 XCIC=0.074
+CJS=1.39E-12 VIS=0.55 MJS=0.35 FC=0.5)
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intersil CA3096, CA3096A,
CA3096C

December 1997 NPN/PNP Transistor Arrays
Applications Description
* Five-Independent Transistors The CA3096C, CA3096, and CA3096A are general purpose
= Three NPN and high voltage silicon transistor arrays. Each array consists of
- Two PNP five independent transistors (two PNP and three NPN types)
. on a commen substrate, which has a separate connection.
Diffesential Ampiifiers Independent connections for each transistor permit maxi-
+ DC Amplifiers mum flexibility in circuit design.
> TR - Types CA3096A, CA3096, and CA3096G are identical, except
* Level Shifters that the CA3096A specifications include parameter matching
« Timers and greater stringency in lcgo. lceo. and Vog(SAT). The
« Lamp and Relay Drivers CA3096C is a relaxed version of the CA3096.
* Thyristor Firing Circuits
+ Temperature Compensated Amplifiers CA3095., CA3096A, CA3096C
. Operational Amplifiers Essential Differences
Orderidainformatian CHARACTERISTIC CA3096A | CA3096 | CA3096C
raeri n
g Vericeo (V) (Min)
PART NUMBER TEMP. PKG. NPN 35 35 24
(BRAND) RANGE (°C) PACKAGE NO. ~ i " 7 -
CA3096AE -55 10 125 |16 Ld PDIP E163 ‘ v
CA3096AM | -55t0125 |16 Ld SOIC M16.15 Vierycao (V) (Min)
(3096A) NPN 45 45 30
CA3096AMI6 5510 125 |16 Ld SOIC Tape |M16.15 PNP -40 -40 24
(3096A) and Rael Tes M Tk
CA3096CE -55to 125 |16 Ld PDIP E16.3 RS o -bbo e sd = s
CA3096E -55 o 125 |16 Ld PDIP E16.3 e St e =
CA3096M 5510 125 |16 Ld SOIC M16.15
(3096) hFE at 100pA
CA3096M96 5510 125 |16 Ld SOIC Tape |M16.15 PNP 40-250 40-250 30-300
(3096) and Reel Teno (nA) (Max)
Pi ¢ NPN 40 100 100
e PNP -40 -100 -100
CA3096, CA3096A, CA3096C
(POIP, sc?fc; IcEaitiAY (Max)
TOP VIEW NPN y 100 1000 1000
Ij PNP -100 -1000 1000
1 SUBSTRATE
= Ve sat (V) (Max)
E NPN 0.5 0.7 0.7
] Viol (mV) (Max)
E NPN 5 - -
E PNP 5
lhol (rA) (Max)
E NPN 06 : <
E PNP 0.25 - -
[]
CAUTION: These devices are sensitive o electrostatic discharge: follow proper IC Handling Procedures. File Number 595.4

1-888-INTERSIL or 321-724-7143 | Copyright © Intersil Corporation 1999 1



CA3096, CA3096A, CA3096C

Absolute Maximum Ratings

NPN PNP

Collector-to-Emitter Voltage, Vceo

CA096, CAI09BA ...........cccnnvnes 35v 40V

RIS v b oo By 24v -24V
Collector-to-Base Voltage, Vg

CA3096, CA3DBBA .. .......ccinnnnnans 45V -40V

AR . s vy v v s b e Wl 3ov -24v
Collector-to-Substrate Voltage, Veo (Note 1)

CA3096, CA3096A. . ...........c000nuune 45v -

e R R 30v -
Emitter-to-Substrate Voltage, Vgio

CA3096, CA3096A ................ 5. o - -40v

CAIDIBE .......ccvnivisicegils P - -24V
Emitter-to-Base Voltage, VEBO

CA3096, CA3096A ........... R BV -4V

CABIBC ..cvvvrevioglesd. iiiiinim 6v -24v
Collector Current, I (All Types). . ... . ceeu.. 50mA ~10mA

Operating Conditions

Thermal Information

Thermal Resistance (Typical, Note 2) 8,a (°C/W)
PO o v R s 90
i T CER e R 125

Maximum Power Dissipation (Each Tr . Note3) ..... 200mwW

Maximum Junction Temperature (Plastic Package) ........ 150°C

Maximum Storage Temperature Range . .. . ... .. .-85°C to 150°C

Maximum Lead Temperature (Soldering 10s)............. 300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above [hose listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a strasly eating and operation
of the device at these or any other conditions above thosa indicated in the operational sections of this specification is noffied.

NOTES:

1. The collector of each transistor of the mo%amlahdmmmmtobymmgmldode The substrate (Terminal 16) must be

connected to the most negative point in the external circuit to
action,

and to provide for norma | transistor

2. 84 is measured with the component mounted on an evaluation PC board in free air.
3. Care must be taken to avoid exceeding the maximum junction temperature. Use the total power dissipation (all transistors) and thermal

resistances to calculate the junction temperature,

Electrical Specifications For Equipment Design, At Ty = 25°C

TEST CA3096 CA3096A CA3096C
PARAMETER conormions | min | Ty | max | omin | Tve | max | Tve | max | unis

DC CHARACTERISTICS FOR EACH NPN TRANSISTOR

Iceo Veg = 10V, » 0001 | 100 ’ 0001 | 40 4 0,001 | 100 nA
g=0

Iceo Veg = 10V, - 0.006 1000 # 0.006 100 - 0.006 1000 nA
IB =0

V(eRr)cEO lg=1mA, Ig=0 35 50 - 35 50 - 24 35 -

V@r)ceo Ig= 10pA, 45 100 - 45 100 - 30 80 -
lge=0

Verycio i = 10pA, 45 100 = 45 100 4 30 80 z v
lg=lg=0

V(gRrIEBD Ig = 10pA, 6 8 S 8 8 = 6 8 2 v
Ic =0

Vz Iz = 10pA 6 7.9 98 6 7.9 9.8 6 7.9 98

Vee sar Ic = 10mA, 3 024 | 07 2 024 | 05 - 0.24 07
Ig = 1mA

VgE (Note 4) Ic = 1mA, 06 | oea | o7a | o6 | 069 | 078 | o6 | o069 | o7e v

heg (Note 4) b, il 150 | 3290 | so0 | 150 | 3%0 | so0 | 100 | 3s0 | s70

|AVRE/AT| (Note 4) | Ic = 1mA, - 1.9 : e 19 - . 19 = mv/°C
Ve = 5V

DC CHARACTERISTICS FOR EACH PNP TRANSISTOR

Iceo Vep = <10V, - -0.06 -100 - -0.006 -40 - -0.06 -100 nA
lg=0
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CA3096, CA3096A, CA3096C

Electrical Specifications For Equipment Design, At Ta = 25°C (Continued)

TEST RAZSE CA3096A CA3096C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS

lceo Vee = -10V, - 0.12 | -1000 - 012 | -100 - 012 | -1000 | na
Ig=0

ViBRr)CEO Ic = -100pA, -40 -75 - -40 75 E 24 -30 - v
lg=0

ViBRICBO Ic = -10pA, -40 -80 = 40 80 . 24 60 3 v
le=0

V(er)EBO Ig = -10pA, 40 | -100 - -40 -100 - 24 -80 % v
Ic=0

VisrjEIO Ig = 10pA, 40 100 . 40 100 5 24 80 - v
Ig=lc=0

Voe AT Ic = -1mA, - 016 | 0.4 : 016 | -04 . 016 | 0.4 v
Ig = -100pA

VgE (Note 4) Ic = -100pA, 05 | 086 | 07 ] 05 | 06 | 07 ] 05 | 08 0.7 v
Vee = -5V

heg (Note 4) Ic = -100pA, 40 85 250 40 85 250 30 85 300
VoE = -5V
Ig=-1mA, 20 47 200 20 47 200 15 47 200
Vcg = -5V

|AVgg/AT| (Note 4) | I = -100pA, - 22 - - 2.2 - € 22 - mv°g
Vcg = -5V

lego Collector-Cutoff Current Vz Emitter-to-Base Zener Voitage

lcEO Collector-Cutoff Current Ve sar  Collector-to-Emitter Saturation Voltage

VisricEO Collector-to-Emitter Breakdown Voltage Vge Basa-to-Emitter Voltage

ViBrjcBo Collector-to-Base Breakdown Voitage heg DC Forward-Current Transfer Ratio

Vierjcio Collector-to-Substrate Breakdown Voltage |AVg/AT| Magnitude of Temperature Coefficient:

V(er)eso Emitter-to-Base Breakdown Voltage et @ )

NOTE:
4. Actual forcing current is via the emitier for this test.
Electrical Specifications For Equipment Design At Ta = 25°C (CA3096A Only)
CA3096A
PARAMETER SYMBOL TEST CONDITIONS MIN I TYP ] MAX UNITS

FOR TRANSISTORS Q¢ AND Q3 (AS A DIFFERENTIAL AMPLIFIER) '

Absolute Input Offset Voltage Ml Vg =5V, ig = 1mA - 0.3 ] mv

Absolute Input Offset Current liol . 0.07 0.6 pA

Absolute Input Offset Voltage [aVol : 1.1 B uvec

Temperature Coefficient = s

FOR TRANSISTORS Q4 AND Qs (AS A DIFFERENTIAL AMPLIFIER)

Absolute Input Offset Voltage Mol Vg =-5V. I = -100pA - 0.15 5 mv

Rg=0

Absolute Input Offset Current ol - 2 250 nA

Absolute Input Offset Voltage AV 0| - 0.54 - pvrec

Temperature Coefficient AT
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CA3096, CA3096A, CA3096C

Electrical Specifications Typical Values Intended Only for Design Guidance At T o = 25°C

TYPICAL
PARAMETER SYMBOL TEST CONDITIONS VALUES UNITS
DYNAMIC CHARACTERISTICS FOR EACH NPN TRANSISTOR
Noise Figure (Low Frequency) T w f= 1kHz, Vog =5V, Ig = 1mA, Rg = 1kQ 22 dB
Low-Frequency, Input Resistance R; f=1.0kHz, Vog =5V Ic = 1mA 10 kQ
Low-Frequency Output Resistance Rg f=1.0kHz, Vg =5VIic=1mA 80 (19]
Admittance Characteristics
Forward Transfer Admittance gre | = 1MHz, Vg =5V, Ic = TmA 75 mS
i bre . | 1= 1MHz, Vgg =5V, Ic = 1mA 413 ms
Input Admittance gie |12 1MHZ, Ve = 5V, Ig= 1mA 22 ms
L€ bie | f= 1MHz, Veg =5V, I = 1mA .1 mS
Output Admittance gog | 1= 1MHz, Veg = 5V, Ic = 1mA 0.76 ms
Yor bog | f= 1MHz, Vcg = 8V, Ic = 1mA 2.4 mS
Gain-Bandwidth Product fr Veg = 5V, Ic = 1.0mA 280 MHz
Veg =5V, g = 5SmA 335 MHz
Emitter-To-Base Capacitance Cep Vegp = 3V 0.75 pF
Collector-To-Base Capacitance Cea Veg =3V 0.46 pF
Collector-To-Substrate Capacitance Ccr Vg =3V 3.2 pF
DYNAMIC CHARACTERISTICS FOR EACH PNP TRANSISTOR
Noise Figure (Low Frequency) NF : |f=1kHz ) o= 100pA, Rg = 1K a dB
Low-Frequency Input Resistance R f= 1kHz, Vigg = 5V, Ig = 100pA 27 kQ
Low-Frequency Output Resistance Ro f= 1kHz, Vg = 5V, Ic = 100pA 680 kQ
Gain-Bandwidth Product fr VGE = 5V, Ig = 100pA 6.8 MHz
Emitter-To-Base Capacitance Ceg Veg = -3V 0.85 pF
Collector-To-Base Capacitance Ces Veg = -3V 225 pF
Base-To-Substrate Capacitance Cor. | Vei=3V 3.05 pF
Typical Applications
(SUBSTRATE) ® [TCENTER FREQUENCY: 1k e
2 16 8
t4 5000 l O-_l_ S
0.4F kA il s ¥ V.
5 6
g 5
4
E: /
L Vi
k% sea G (7) (9) b OUTPUT A e /
5 o Q () N
O i 2 -.::: 0 r1: f2 fy- :: >0 s

NOTE: Fy OR Fj < 10kHz =

FIGURE 1. FREQUENCY COMPARATOR USING CA3096

~~ FREQUENCY DEVIATION (kHz)
FIGURE 2, FREQUENCY COMPARATOR CHARACTERISTICS
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Current-mode tunable allpass filter

0 o oo - - - L) - - an o o -
oy naeadnAds* i @reiaeswAc  Imumaiiands ez Usilumd nadiour
emadsrimnssuTnsannay s*maivsdmseiind auzdmnssumand

waniuma TuTatnszesunduhgammisaianszi

unfage
-'- . - - e A et - o - 4
wnanvinieeesnsesH A lu Tnuanszuafidiviinsdeudalddwiinediannselingd
q‘ o ‘- : i -4 A o o o - =] J
2esinmueiind niuninesmenunsuainuaudonssiua (CCCIN) oanilais s afuilszgnnils
Favintu nsdiummadeuniavesiladdunsawlouvensssmusoi @ lasiodemsdivanszualuda
¥9: CCCII n1MAapUMINILYeeIt9s lagnsidouuuudsssdwTsunsy SPICE 1Anansseumannismm
» .« ¥

nouifuesnd uensniiudadalfuansnimmaneaszyndlianasesnsesdnman il Tnoadradiunees

- ¢d qu P . -
pondaned e 19nssualunsnuguanud wieuiaidaswanadeyTasnisdouuyawsdawlisunsy SPICE

4 ¥ o . e
F9'ldnansmumdnniTedied

Abstract

This paper presenis & cu:.ent-mode allpass fiiter with electrouically tunable phase feature. The
proposed circuit is composed of only a current controlled conveyor (CCCII) and one capacitor. The phase
characteristics of the transfer function can be easily adjusted with the bias current of the CCCIL. It is
shown from the SPICE simulation that the result agrees weill with the theoretical analysis. For verification,
the proposed circuit has also been applied as a current controlled oscillator. The simulation result shows
the successful application. 3

1. umi 2vsiwiindye gl (sine wave oscillator) (7)

29930383 UNNAWE (allpass filter: APF) wisldierolfunumniinaravesszuuaneg I8

e e R : 2 _ ' =
ﬂ’iaﬂuﬂuliﬂﬂﬂuaﬂ%ﬂ"uﬂ')? ’N\lﬂﬁamﬂﬁuu bl iﬂu.hjﬂ'lllﬁﬂﬂﬂ'l‘i [4 6] ?Q“ﬁniaﬂﬂ'luﬂﬂﬂ'ﬂnﬂllﬂu

Ay lunisdssuanadyg ueuinen Tuau wonnvl (active APF) dauuiniussiimswaninuun

: ad a o o aa
msﬁami NuannIdUNd uuﬂ'mﬂuamiuuﬂ uaz

anAdesiiedn [1-3] 29vInIBIIUARIDTINT
vinnmmnaa (cascade) Muiteldithinsvsvamona

wiel¥ifhunsesfiadsnie lawes (delay equalizer) 14

[4-6] uazisensoriunldithoasdmuanutves

usrneznssinululuuaussdu (voltage mode)
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