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Abstract

A review on the recent developments of
second generation current conveyors (CCIl) that
implemented by based on the used of long tail pair
differential amplifiers is outlined in this article. The

applications and modifications of Surakampontorn CCII

circuits are discussed. Seven differential-amplifier-
based CCII circuits are listed, i.e. Surakampontorn et
al. CClII, Liu et al. CCIl, Palmisano et al. CCII, Ismail
and Soliman CCII, Yodprasit CCIl, Laopoulos et al.
CCll, Through
studied by

and Elwan and Soliman CCII.

simulation results that has been

Hassanenin et al., the comparison of the CCII
characteristics and performances of the CClls are
also reported.

Keywords: Current conveyor, differential amplifier,

CMOS.
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fyano Ui 1 luunenw) vielinszuslnariou
mm%amai‘ﬁaamﬁmmanwsmmuwa@mﬁrgtywm
Wntuanndu [41] W. Chiu uazAmke UILEUDIDT
RUNIWNIZURUUUNAGAIULTIAW DDCCII (Differential
Difference Current Conveyor) Tasltraasananiu
n3tuR lWAMW8anUUY [42] H.O. Elwan Uaz AM.
Soliman L&WaNNIAANLULNITENINIUNTZUEDNULY
Tutengn381984 [43] Beazldnsnfisluiade 3.2.7
e IfaATziasaInIasuULLaaTuAALADS (LC
ladder filter) H. Sedef Waz C.Acar l9¥HLaUE
Tassaounulmifioanuuulasldrsasaowiunszus
Lﬂmmﬁ?ﬁugm%é’ﬂ [44] 1M. Filanovsky laviiaua
RANNNIVDIIITENDNIBUIIAWTUEF (CMOS voltage
conveyor) laglwvasiisyanondnilusyauimnszus
wazdya maandusy I osIaw uazldnannis
POINATIHNIUNTZUR FiNTeanuuLLazd Tl 31w
WRNZEN [45] A mAETinaTEn anIunTIuEed S,
Emami W8z ﬁ1ﬂ1$ﬂ§uﬂ§01@ﬂﬁﬁLauaﬁ'ﬁmi
founauuuylnl Lﬁaammmﬁmmuq@é&ygwmiﬂ
fiwain X uazvmsdeanwldrsassaniunszuais
mammﬁﬂﬁﬂﬁmuﬂ"ﬁoﬁw [46] Wessam S.
Hassanein uazAme Hlauanannylingia9aives
W. Surakampontorn laglsfinmsilaunauluvsses
AUDDINIIVLNUNAGIIF I MDA NIV
'ﬁﬁoLﬁaﬁﬂﬁm*}uﬁmmuﬁ;ﬂﬁmqwmﬁwﬁwa?ﬂ X #
ddn wvmeiinsilennauludnduvasisasvane
adnsd ol s linazua s unmudmans
maa’;am‘umﬂwmm&'ngrgwm@i’mﬁ?uvlmﬂi:mmmﬁ
wazlinmafinsulsuifisguanddvesnsaslmiiy
299916 Iﬂﬂﬁgﬂﬁ 1 Tuunanu ﬁagﬂﬁ 5(1) [47] J.
Arcamoni uazAmiz lavihn1diulamady o
ielWinanziumsld i NEMS  Resonator  [48]
wonaNdt Surakampontorn  WazAme  H9ldianans
aaﬂLLummimﬂwwuﬂs:uavlﬁngﬂuuu%ﬁo wal bailév

lFsmnonadwdygaiugnialym 49)

3.2.2 [NIITRIWYNIWNILHRVDY S. Liu et al. [50]
MJI:'E M4
|
1 1
M5 M6
X z
vyo—|[_MI M2
M7 M8 M9
Vs =4Pj ‘:I.j :
—s e
311‘71' 6 WATHIYANIUNTEUFVDY S. Liu Lazaue
AMFNTAVDIIIT LEAIIUENNNT (5) LAT (B)
V_X _ Em1&ms 5
= (5)
Vv &m&ms +(8a2 +8a3)(&as + &as)
+ 1
PO I £ BT P S (6)
&m18ms &6t 89

mwgﬂﬁe Ppd S. Liu WRZADAY ISLRWIN
19970n0LTIawlasld199 5V N AR IR Y U Db
(M1,M2 uae M7) H29978=710wnIsua (M3 Las M4)
T3aulnszualunNIge e uw89193 VLI ONAGEN
é’mvzyﬁmwhﬁ'umﬁau%é’nmﬂmmsgﬂﬁ 5 LaN
wasn X wnunazl T I 993 NLTION (source
follower) LiNoaanavasaaniGaislaoanuuuli /), =
I, Yagld M5 Hunsudsaosinas (PMOS) uazli
' & 6 ' & v
gndatduuuurass 390 (common source) 1 umaled
) ° o . @ &
UNA Vg, = Vo, uaziild v, = v, whausnndiu
waznsilaunauidnwesn X Mofoanvenuglia
nga Mldanudumuadyanondiinesn X fid
v 3 a A 1 Id 6 1
®oudy nuTsaasivas M6 aatdunuusasasa
T S ) o & al
WTunuiNagIwnIzLE i, ldiwain z - asenn
M5 usz M6 uwii¥ (matched) niw 39vili i, = i,

amaudifvaasashldaydlidesuns 6)  uaz (6)

2t lsianuisatitiitedey Aesawimaflidrduanis

N30k i, woe twn i, Iewn L, F 1. eaniwaasiian
X X D4 D5

@d@l’]&lﬁ?ﬂ
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3.2.3 9ATEUWIUNIZUEVRI G. Palmisano Was G.
Palumbo [51]

19957 (M3 uaz M7) uaz M5 v
AIIFIUNITURAIAITIONILUE [, Uae 2/, AUEAU
G. Palmisano Wat G. Palumbo aanuuuldaiu M1
°11ammsmmﬂwa@mé‘fyzywmgnﬂam‘fwmummﬁ I
N M3 §nBNaui9a3 03830 M4 faunauands
M2 Aifinsilaunduseuds madivinlinszualnaniin
M1 ez M2 Wsa [, = |, winw ld v, = v, uae
Wasan M4 uaz M6 Sedardunuumaiasan daw
guwsdnu Mlwnszuafinedn x anaseulddiwain
zmWi, = iy quawddvanseridayyilusuns
7)  uwaz  (8)

NIUTAaINRDuNIN§RIIITNH U

M3 | |M4 |!|M6
| ]
| |

FUBFINATII9TRITI 1INV

Va2 —|

B
1

Eﬂﬁ 7 WITRIYNIWNILUFVBI G. Palmisano Llaz G. Palumbo

V_X: gml (7)
8a4(8a1 +2843)

(843 + &ma)

g&m t8at

= 84112843
(&m1 + 8a1)(&ma + &a3) +8d4(8q1 +2843)

1
VZ =
&act8a7

LR

®)

3.2.4 WITEWWIUNTZURVDI AM. Ismail Laz A.M.
Soliman [52]

'Jsﬁmﬁwmmmagﬂﬁ 8 284 AM. Ismail
uaz AM. Soliman esanuunlasldrsasvenonasis
Fynim2 2993 lapfi M3 faMe  darwiiluaies
a2 auNIZURLUL improved Wilson tivetiaduldnszus

1vamnn M3 waz M4 winnu vinlwussaunwesn Y

M5

Eﬂﬁ 8 WITRIYWIUNIEURVDY A.M. Ismail Lz A.M. Soliman

anaruldiwain X fddawaad wia v, = v,
NAMTHAUNAUHIY M7 waz M2 vinlwanuduniud
Wasn X WA1dn 1Hedsann M9 M10 uaz M11 WIS
s 1 a A 1 < 4’ d’ a A
N1 WANTTLEAD LARE M2 1 uaSInTavaInIsadd
1AREIU M10 wae M11 @IRULNDINMTEINNIUNTIUR
i, ldgswasn z i M dosflawiailu 2 tives
M7 qaisndavasiasiaayd liluauns (9) uaz (10)

vy 1
4= 9)
Vy 1483t 8as (843 +2845)(d2 +2847)
Eml 2g311
2 1
ry =— 843" °8ds sz r; =————— (10)

28,1 (gm + &az + &ds) 848 + &al

3.2.5 WATRIYNIWNILULRVDI U. Yodprasit [53]

I I M9 M10 Ml v
H: . B

Eﬂﬁ 9 WATRIYWIWNILURVBY U. Yodprasit

Vss

V_X: Em38m718ms
Vv 8m3&m78ms —8u38as8ar

(11)
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841845847 1 (12)

ry =—2d12d35d7__ gy 5, =
EmEm58m718ms 8a11 1 8a14 * &d1s

19958 M3 M4 M9 M10 uaz M11 vinwihdiluases
I1UNITTURAIAL 29274 U. Yodprasit 89019
aaﬂLLuu‘Lﬂ”Lﬁ'm]smﬂwmﬂi:uaﬁq@ﬁzyrywmwﬁﬁ
wasn X fdreann Fadanlditnafloundugands
woin X lag M5 usz  Me  ¥winfilaunsy
PRI UATIA DL e UALATIES M1 Uz M2
wintusnndu uazfimavinlinszus [, = 1, Tasaes
fzraunszua (M12-M13) (unaliaanavasaanidn
lawan ¥l v, = v, madslaunszuaanwein X
ldgawasn z  laprsasasviounseus M12-M15 17
Mé’ﬂmﬂ,ﬁmﬁmqmgﬂﬁ 8 usdaLanfianlsasiing
vasaidnlaiAswldaunszuadyyio i, Sednin
2997209 Liu UAZATAE WITENLWIUNTZUAANZY 9
289 U. Yodprasit 7068y Ao TR INFYYIDUIIAY
fwasnidnias Lﬁaomﬂﬁwﬁ@hgamaﬁﬂﬁ M5 U@z
M6 ag}'lumu’éué’a (saturation mode) 1@ 8nyszans
Wiks MIN I NTTUIRM AR DU U UV ILTIR AT
nyzuguaziinsawnsuain vnldsrentrenaad
UFTRNWUAY Uaz993TUFDUNN B9 H. M. Hassan
and A.M.

Soliman  #LEWAIIITANAWIAN U.

Yodprasit  laglwdl r,  diuazfigrenireadnad
Uganuniraliluunana [54] qusuifvasiasle

sy lilusunis (13) uaz (14)

3.2.6 WATRIUNIUNILURVAS T. Laopolos et al. [55]

M l:i:T—]\I/]E

(N) WITRIYNIUNIEULRVDY T. Laopolos et al.

Vi II:I Ml6

1z
&
L =<

M| Mo mit [
= (W [ X Z
Yo T 1 I |<.| ° ¢—o

<J—Hb

M2 M3 Mi4 M5
JII—
M7 ™)

iy

(V) WNAITRIYNIWNIEURVBY Elwan ez Soliman

Eﬂﬁ 10 2397284 T. Laopolos Lazame Laz 28y H.O. Elwan

IWae A.M. Soliman

2933284 T. Laopolos et al. mugﬂﬁ 10(n)
M7 uss M8 1iuiesdnenszugasd 3l uss g
ANEAY Namjmﬂwa@mé'tytywmﬁﬂi:ﬂauﬁm M1
19 M4 audusasauusian M5 daldusasasin
Wevi ot 1, = 1,, BFMsi@eiu . Liu et al) 1iloaa
NATBI0aNWLTN M6 LAz TR aUNTZUE M12 - M13
Fwihfidaunsuiieldiwein X Fanudumuda
Wasann Mo A9 M11 deruuisasasriaunssus
Watwnu M5 Sailusrunisanslounszusain

wasn X ldgiwasn z

3.2.7 WATRIYNIWNILLRVDI H.O. Elwan LR: AM.
Soliman [43]
WITRIYWNIUNTLLRVDI H.O. Elwan LR

AM.  Soliman VL@?LLam"Li‘Lugﬂﬁ 10() laold
m’mLﬁu'jwmsﬁ"wﬁmawwum:uagﬂﬁ 5
(Surakampontorn Circuit) 1JuwvasiuuaaaLe (class
A) Aldnsdrelennszualasldrsasarnsads M5
Mldiidadnane 199vlaiaansarinanulugianing
YIWTIAUDINTIAULS (rail-to-rail) 39ladvinnINa@IM
2vandunuuamae  wazuwuuaanaiad (class AB)
Taoluaiu1925010uTI0% 1929952995281 8Na6N
SUQIMLUL NMOS (M1 Uaz M2) uaz Wiy PMOS
(M10 uaz M11) @avwuasauns vinlweassansa

lEnulwiagsuanauwia 1.5 laviegradodle inilon
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= wa A a
AN 1 LLamqmaumLﬂmumﬂu"uanwsmﬂwmnsma [7]

bt H "L gﬂﬁ 5 gﬂﬁ 6 gﬂﬁ 7 gﬂﬁ' 8 gﬂﬁ' 9 31]"71' 10(n) 31]'?1' 10(2)
Input Voltage \% -0.73t0 0.2 | -0.5t0 0.8 -0.3t0 0.7 -0.4 t0 0.9 -0.5t0 0.2 -0.5t0 0.7 -1.46 to
range 0.85
Ay (Average - 0.99385 0.99998 1.00014 0.989 0.999998 0.99996 0.99995
values)

-4.52 to -0.078 to -0.642 to -4.77 to -0.0025 to -0.066 to -0.771 to
Voltage offset mV
variation 2.27 -0.056 0.506 12.34 -0.00047 - 0.007 -0.043
Fa4 Of voltage | MHz 776 1660 1800 589 75 2.7 1995
transfer gain
Input current HA -100 to 100 | -100 to 100 | -100 to 100 | -200 to 200 | -100 to 100 | -150 to 150 | -100 to 100
range
A, (Average - 1.0037 0.99991 0.9946 1.0038 1.01034 0.99998 0.99995
values)

-1.04 to -0.0035 to 0.583 to 1.05 to -2.23to -0.001 to -0.004 to
Current offset A
variation - 0.0006 0.006 2.35 3.08 -0.044 0.0036 0.0058
faqp OF current MHz 66 95 94.5 66.8 6.6 23 115
transfer gain
Iy Q 5.9 10.46 14.63 6.92 0.1 3.5 9.14

2041997 Liv et al. 3N 6 Twwesiims 1w
a & "= & o wal
nudaaaifves uszdoiduwuurasaiin thalwl
o o A 6 v Y a A
nsflaunduidnfiwein X daddanvoogdlanigs
&) v . | o v
dunalussau Vg, = Vg, uazilunarild v, = v,
Twsnzideaiunanisflounaurildanudiuniuga
syainnein X Jerdeuday Anas M6 daiiln
WuUTasEIINLTUAL tNagsiounszua i, ldanesn
Z We9n M5 usz M6 sNWIENu 9¥IW i, = i,
unanuildldldquandduesneylitelaldayy
AMFNTAUDII9T
HONIIMNIIILWILNIZUENINA1IT U 69
dmahuauaitnsudeavioalas LA, Awad
AM. Soliman

WaE
1 = a L3 =S ] Y o
w9t NTUTo I lulasinan

nanfslufiil [56]

4. miﬁnmm%mﬁﬂuqmauﬁ'ﬁmamaasmﬂmu
nyzud

Wessam S. Hassanein WazAms o
° =2 =2 wn A = A
Ynsansisguauiaressnsgdin 5 fagdi 10

o ° A = a

wazyinmIssesuuuiivaSouisy lluunaany [7]
ﬁ‘ I [ 1 v A v A = v
LwaLﬂuﬂs:IﬂﬁuLLnunamyatmwm"l,@ﬂ@aaﬂmmm
Huarsen 1 eazilBoasuisaniannldann

v a w ' A & A
1ANF1TBIDININGTN  F992iANIN9933d 10 (1) @
nga sniiuluiIasvasnnuduniu r, Sdannni
2993311 5 Tasfi9asiaNNTUTauniINn 299371
1 9 uaz 10(n) Adafduaanisauas r, 1 udluizag
YPINAADUIUBIANND  GINT1I99TAUNIN TIXD
2ATANNTUTaUNINGE aaasg‘ﬂﬁ 6 uaz 7 l#en
pavidadniizaaniennanUJiceugs ue r, & i
Iidainlddszandfirldiiaanufianaagsld
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'mig‘ﬂ‘ﬁ 5 LAz 8 @a:ﬁﬂmauﬁmnﬁlﬁmﬁu LA9RT
E‘Uﬁ 8 HanuTutannitun

4. unsyil
Tuunanaitléviinmunindevauinis
miaammmwsmmeﬂs:uajuﬁ'aaumui'ﬁ
9aTrEeNaddFu o Wwuwanluniseanuuy
wazlduaasamadiouifiouguanda fisnAnyaas
AIVTFILWABNTEUF VBIT 7 awslumjuffﬁ
inmsAnmnlas W. S. Hassanein, I. A. Awad ULag
AM. Soliman [7] agnilsfeailasainisesveny
nadsFynanduiseTamae Gasesdasiinszuad
Fiftelusarsaslimunsarouldnisyyimdn
vanuardnay asnunisiiaesdnszuslussly
anaananfawsilugfilif sy oudt SevldiAe
MasugLe (power dissipate) Tuagasled Fovin
1993088 39 linanzannunseanuuulieasi
qmﬁuﬂ‘awﬁﬁé’ﬂwﬁw (low power) uazldlniFns

a8 (low voltage)

1aNa1319D9

[11 Toumazou, C., Lidgey, F.J. and Haigh, D.G.
1990. Current conveyor theory and practice.
Analog IC Design: The current mode approach,
Peter Peregrinus, London.

[2] Smith, K.C. and Sedra, A. 1968. The current

conveyor- a new circuit building block. |IEEE

Proceedings, 56: 1368-1369.

[3] Sedra, A. and Smith, K.C. 1970. A second-

generation current conveyor and its applications.

IEEE Transactions on Circuit Theory, CT-

17:132-134.

[4] Wilson, B.

1990. Recent developments in
current conveyors and current mode circuits.
IEE Proceedings, 137: pt. G, No.2, 63-76.

[5] Gohh, F., Roberts, G.W. and Sedra, A. 1990.

The current conveyor: history, progress and new

results. 137: pt. G, No.2,

pp.78-87.

IEE Proceedings,

[6] Wilson, B. 1992. Trends in current conveyor and
current-mode  amplifier International

Journal of Electronics, 73: 573-583.

Hassanein, W. S., Awad, |. A. and Soliman, A.

M. 2005. Long tail pair based positive CMOS

design.

(7]

current conveyoir: a review. Frequenz, 59: No.7-
8, 186-194.
[8] Vidal, E., Alarcon, E. and Gilbert, B. 2004. Up-
to-date bibliography of current-mode design.
Analog integrated circuits and signal processing,
38: 245-262.
[9] Rajput, S.S. and Jamuar, S.S. 2007. Advanced
applications of current conveyors: a tutorial.
Journal of Active and Passive Electronics
Devices, 2, No.2: 143-164.
[10] Fabre, A.

1995. Third generation current

conveyor: a active element.
Electronics Letters, 31:338-339.

1995. CMOS

new helpful

[11] Piovaccari, A. integrated third
generation current conveyor. Electronics Letters,
31: 1228-1229.

[12] Daryanani, G. 1976. Principles of active network
synthesis and design. John Wiley & Son, New
York.

[13] Van Zanten, A.T. and Huijsing, J.H. 1975. An
accurate integrated voltage to current converter.
IEEE J. Solid-State Circuits, SC-10: 432-436.

[14] Van de Plassche, R.J. 1975. A Wide-band
monolithic instrumentation amplifier. IEEE J.

Solid-State Circuits, SC-10: 423-431.

[15] Pookaiyaudom, S., Surakampontorn, W. and

Kuhanont, T. 1978. Integrable electronically
variable general-resistance converter — a
versatile  active  circuit  element. IEEE

Transaction on Circuits and Systems, CAS-25,

No.6: 344-353.
[16] Surakampontorn, W. and Thitimasjshima, P.
1988. Integrable electronically tunable current
conveyors. |[EE Proceedings, 135, pt. G, No.2:

71-77.



72 1138193113 AAnssndand ey, I 3 atuf 2 nsngiaw - SuAN 2553

[17] Surakampontorn, W. and Kumwachara, K. 1992.

CMOS-based electronically tunable current
conveyor. Electronics letters, 28, No.14: 1316-
1317.

[18] Fabre, A. and Mimeche, N. 1994. Class A/AB
second-generation  current  conveyor  with
controlled current gain. Electronics Letters, 30,
No.16: 1268-1269.

[19] Papazoglou, C.A. and Karybakas, C.A. 1997.
Noninteracting electronically tunable CClI-based
current-mode filters. IEE

Proceedings, 144, No.3: 178-184.

[20] Papazoglou, C.A. and Karybakas, C.A. 1998. A

biquadratic

transformation to obtain CCll-based adjoint Op
Amp - based circuits. IEEE Transaction on
Circuits and Systems-lII:
Signal Processing, 45, No.7: 894-898.

[21] Sayin, O.K. and Kumtman, H.H. 2004. Design of

Analog and Digital

high-order active filters employing CMOS
ECClIs. IEEE Applications Conference on Signal
Processing and Communications, 375-378.

[22] Minaei, S., Sayin, O. K. and Kuntman, H. 2006.
A new CMOS electronically tunable current
conveyor and its application to current-mode
filters. IEEE Transaction on Circuits and

Systems-ll:

Processing, 53, No.7: 1448-1457.

[23] Song, S. X., Yan, G.P. and Cao, H. 2007. A new

Analog and Digital  Signal

CMOS electronically tunable current conveyor
based on translinear circuits. The 7" IEEE
International Conference on ASIC, 569-572.

[24] Papazoglou, C.A. and Karybakas, C.A. 2000. An
electronically tunable sinusoidal oscillator suitable
for high frequencies operation based on a single
dual-output variable-gain CCIl. Analog Integrated
Circuits and Signal Processing, 23: 31-44.

[25] Surakampontorn, W., Riewruja, V.,

Kumwachara, K. and Dejhan, K. 1991. Accurate

CMOS-based IEEE

current conveyors.

Transactions on Instrumentation and
Measurement. 40, No. 4: 699-702.

[26] Cataldo, G. D., Ferri, G. and Pennisi, S. 1998.
Active capacitance multipliers using current
conveyors. |IEEE 1998 International Symposium
on Circuits and Systems (ISCAS’98), 11-343-346.

[27] Karybakas, C.A. and Horopanitis, E.E. 1998. V-I
scalar circuits based on CClls. Electronics
Letters, 34, No.4: 317-318.

[28] Karybakas, C.A. and Papazouglou, C.A. 1999.

filters

IEEE

Low-sensitive CCll-based biquadratic
offering electronic frequency shifting.
Transaction on Circuits and Systems-Il: Analog
and Digital Signal Processing, 46, No.4: 527-
539.

[29] Drakakis, E.M. and Karybakas, C.A. 1999. A
multiple output active filter based on current
followers. International Journal of Electronics,
86, No. 2:141-151.

[30] Palumbo, G. and Pennisi, S. 1998. A technique
for the reduction of the input resistance of

IEEE  International

current-mode  circuits.

Conference on Circuits  and
Systems, 279-282.

[31] Giuseppe, F. and Guerrini, N. C. 2003. Low-

Electronics,

voltage low-power CMOS current conveyors.
Kluwer Academic Publishers, Boston.
[32] Wang, H.Y. and Lee, C.T. 2001. Versatile

insensitive  current-mode  universal  biquad
implementation using current conveyors. |IEEE
Transaction on Circuits and Systems-Il: Analog
and Digital Signal Processing, 48, No.4: 409-
413.

[33] Yuce, E. and Minaei, S. 2009. On the realization
of simulated inductors with reduced parasitic
impedance effects.
Processing, 28: 451-465.

[34] Horng, J. W., Hou, C. L., Chang, C. M., Chiu,

W. Y. and Liu, C. C. 2009. Current-mode

Circuits System Signal

universal biquadratic filter with five inputs and



213819333 dEnssnaans Neu. U7 3 atufl 2 nsngiaw - AN 2553

73

two outputs using two multi-output CClls.
Circuits System Signal Processing, 28:781-792.

[35] Horng, J. W., Hou, C. L., Chang, C. M., Yang,
H. and Shyu, W. T. 2009. Higher-order
immittance functions using current conveyors.
Analog Integrated Circuit and Signal Processing,
61: 205-209.

[36] Yuce, E. and Minaei, S. 2010. New CClI-Based
Versatile structure for realizing PID controller
and instrumentation amplifier. Microelectronics
Journal, 41: 311-316.

[37] Chunhua, W., Haiguang, L. and Yan, Z. 2009.
Universal current-Mode filter with multiple inputs
and one output using MOCCII and MO-CCCA.
AEU International Journal of Electronics and
Communications, 63: 448-453.

[38] Chunhua, W., Deshu, Z., Jianzhuo, Y., Chen, S.,
Chen, X., Jianxin, C., Guo, G. and Guangdi, S.
2001. A MOCCII current-mode KHN filter and its

IEEE 4"

International Conference on ASIC, 289 - 292

[39] Cam, U. and Kuntman, H. 1999. CMOS four

non-idea characteristic research.

terminal floating nullor design using a simple

approach. Microelectronics Journal, 30: 1187-

1194,
[40] Pienchob, P.,

Kumwachara, K. and

Surakampontorn, W. 2004. A compounded
second-generation current conveyor using only
NMOS transistor. Proceeding of the 2004 ECTI
Annual Conference, 405-408.

[41] Wojtyna, R. 1995. CMOS current conveyor for
13V supply operation. Analog Integrated Circuit
and Signal Processing, 7:91-101.

[42] Chiu, W., Liu, S.-l., Tsao, H.-W. and Chen, J.-J.
1996. CMOS differential difference current

applications. |IEE Proc.

Circuits, Devices and Systems, 143, No.2: 91-96.

[43] Elwan, H. O. and Soliman, A. M. 1997. Low-

conveyor and their

voltage low-power CMOS current conveyors.

IEEE Transaction on Circuits and Systems-I:
Fundamental Theory and Applications. 44, No.9:
828-835.

[44] Sedef, H. and Acar, C. 1999. Simulation of

resistively terminated LC ladder filters using a

new basic cell involving current conveyors.
Microelectronics Journal, 30: 63-68.

[45] Filanovsky, .M. 2001. CMOS voltage conveyor.
Proc. 44th IEEE 2001 Midwest Symposium on
Circuits and Systems, 318-321.

[46] Emami, S., Wada, K., Takagi, S., and Fuijii, N.
2001. A novel design strategy for class A CMOS
second generation current conveyors. IEICE
Transaction on Fundamentals, E84-A, No.2:
552-558.

[47] Hassanein, W. S., Awad, I. A. and Soliman, A.
M. 2004. New wide band low-power CMOS
current conveyors. Analog Integrated Circuit and
Signal Processing, 40: 91-97.

[48] Arcamone, J., Misischi, B. F., Serra-Graells, van
den Boogaart, M.A.F., Brugger, J., Torres, F.,
Abadal, G., Barniol, N. and Perez-Murano, F.
2008. Compact CMOS current conveyor for
integrated NEMS IET Circuits,

Devices & Systems, 2, No.3: 317-323.

resonators.

[49] Surakampontorn, W., V., and

Cheevasuvit, F. 1991. Integrable CMOS-based

Riewruja,
realization of current conveyors. International
Journal of Electronics, 71, No. 5: 739-798.

[50] Liu, S., Tsao, H. and Wu, J. 1991. CCll-based

continuous-time  filters with reduced gaun-

bandwidth  sensitivity. |IEE Proc. Circuits,
Devices and Systems, 138: 210-216.

[51] Palmisano, G. and Palumbo, G. 1995. A simple
CMOS CCll+.
Theory and Applications, 23: 599-603.

[52] Ismail, A.M. and Soliman, A.M. 1998. Wideband

International Journal Circuit

CMOS current conveyor. Electronics Letters, 34,

No.25: 2368-2369.



74

MIATITINST Ienssumand wou. U9 3 aufl 2 nangiAn - Funew 2553

[53] Yodprasit, U. 2006. High precision CMOS current
conveyor. Electronics Letters, 36: 609-610.

[54] Hassan, H.M. and Soliman, A. M. 2006. Novel
accurate wideband CMOS current conveyor.
Frequenz, 60: 11-12.

[55] Laopoulos, T., Sisko, S., Bafleur, M. and Givelin,
P. 1992. CMOS current conveyor. Electronics
Letters, 28: 2261-2262.

[56] Awad, I. A. and Soliman, A. M. 2004. High
accuracy class AB CCIl-. AEU International
Journal of Electronics and Communications, 58:

237-243.



