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ABSTRACT

This thesis describes simple circuit configurations for realizing actively variable
simulated inductors using single VDTA (voltage differencing transconductance
amplifier) and only one grounded capacitor, resulting in resistorless and canonical
structure as well as attractive for integration. The value of the simulated equivalent
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2959 RE IV [37142] fatudeiiuldinnges VDTA Wugunsaiueniindnmiaden
wislunsdunseiesussnanadyanaueusdonnamanseuatasinaus iy

Mnugrailindundisiuineivusatuitejutiulunisesnuuuiasdaunsgi
Nesdgunuuimienh Tnensldeunsaiweafivmdnifiesiaien Ae 19195 VOTA el
299stiauldgaenduton wazanunsaUTusnsIve1gr1Auil (transconductance  gain)
lesneasnisneBiannseiingd lnunisamuaunsvaludaainnieusn vlniaauaaads
LLazﬁwsju@iamaﬂ%’Umwnmﬁma%ﬁﬁﬂﬁ’mamwaﬂiaaﬁ'z‘ggyw uonaINEE eIy
gunsainadnsauten shliiuiivensasivuadnuasduddeshadlniig saufeh
Tostuyulunisnanisesiiaindnse Samngaufuimmensthlvaaduinssusely

1.2 AU INNEUAZINUILAIAYBINITANYN

Fneninusatuiifunisesnuuuuazdaassisasdeunuuiuiethuuuuuan
lolaeldasas vDTA  WugUnsalueafiivdnduunisfsesiufusiivlszadiounsng
(grounded capacitor) §1uaumileh ﬂ"@uﬁLmueﬁﬁlﬁmﬂ'amﬁmmmmuqmlé’é’asﬁ%mimq
idnmsedindriiunsusunszualudavesnsas VDTA Senuandifinantdisand uiugunsal
wiadl iliiAnanudangulunisesnuuuuasaznaniiletillesnuuuiszgndidunsas
IO IULAZNITODATALANOTING Y uaﬂmﬂfﬁwmﬁwuéaﬁ’uﬁé’ﬁﬂmﬁaqmauﬁaLLag
vdnNaEluNITEeNLUULALdAAT ST UsEnanadaweuzdaniagldases VDTA i
lassasanevingn Wugunsalueaiinudn yjadunisldgunsaluaniinuasnadndiuiuies
2asfieenuuuilassaiefiligeendudou uaranunsouumnuantividfyvenaaslime
Bnsnediannseilind



1.3 sdnnstmsiitiauetuluineninug

PINMsRnmuNauItefiAetestuniseenuuUIRTUssinanadyaaueusaen
wuinilesanndymvesdunieriuuumadnfidvuadlnglduunsaudenisiaundy
21933520 Feduluinerdnudidegatuniseenuuuuardauaiiziinanisuiuy
éf’;l,wﬁaaﬁflﬁhiﬁﬂ’ﬁqiyﬁa (lossless inductor) LLazLLUUﬁﬁﬂnig@Lﬁa (lossy inductor) 1ag
141995 VDTA wiasiinmsthiaueniddeludnvasiorfunntiuds  wionddeviounly
ofin [3-16], [43)-[52] Seildespuagnaneusznmsideifisufuaidoildiiaueluinginug
aduilly odgunsniueaiiunnniwidsialunisdaesigvines (3], [43145]  Bnviadslal
ansauUsAeBidnmsedndle [461-148] videdndusdiosendugunsninnadiunnnimili
Tun1sdansziems [49)-[52] Wudu

MnUssduiing ity annsnasundnmsimifildiiaueluineinusi do
Fuareilareenuluinnsdounuudimiesiwuulsualdlagldians VDTA desufiuda
ulszisunsTg %agﬂmwamaauﬁsmwuuéhmﬁ'mﬁwﬁwmﬁﬁ%aua anunsanusan
Leshedsnrsnsdiannseling ldaunsalueafinuazwiadndiuiudes laausiAaindy
FIUNIUAINNBUDN

1.4 579821989AVINYIUNYS

TAngdnugadudl uvadomesnidu 6 un wazmanuandn 6 na Tnsudazuni
sreazidundantoluil

w1 unh Ssandunsnaniienuduwazanuddgvestlym AU
yaneuay IngUszasiunn1sfing udnnisluifidniauetuliine inus wiowvieanden
voIng1Gnuslulnazun

UNTi 2 nanfanannsnulaznsAsziieesn1elueednses VDTA saudenis
NAFDUANTTOULD93935 VDTA  Tmaldlusunsy PSPICE  wavnisreavasasalaeldlediues
CA3080 taz loFuas CA3280

Uil 3 ﬁmuamsaaﬂLLUULLaxé’qLm'wvhwaLﬁsJuLLUUé’hmﬁmﬁwﬁlﬁﬁmiqmtﬁa
(lossless inductor) Ingldsas VDTA uassfaifuuszaifiounsms sdlsvinnsdudiunanis
1899N15719 U995 e lFlUSLATH PSPICE  LagHanIsNAaaIn1en1560193533 ety
lo%ues CA3080 way ladiuas CA3280

undl 4 ﬁ'uauamiaammuLLa32‘%me}‘nwslﬁaul,wuéﬁmﬁmﬁwﬁﬁmsq@ﬁaLLUU
oynsu (lossy inductor)  lagld29as VDTA  wilaf wasanansautsauavirnulslog
US1ANFIAIUNIUINNAEUBN ?zj"'qmamsaﬁ’waaqmw‘hmumamwmﬂmmaauﬁww
TUsunsu PSPICE w3guiunanisnnaasnienissesasasaaeldlediues CA3080 way lod
Wweas CA3280

undi 5 ﬂmuamiaammuLLasﬁ’ameﬁaqailﬁaumuﬁamﬁmﬁwﬁﬁmiqagtﬁmw
yunn (lossy  inductor) 192995 VDTA  Sruaunilei siesaududuivdsyquuuiisunsiod
Srununilei Tnevhmstudunanissiassnisyaurensasiaeldlusunsy PSPICE uazka
nsNRaReEN1IReNasIsangldladiuas CA3080 way lediuas CA3280



undl 6 agunaeddeildinaueliluinendnud ndomtitaiaueuurlunisiiite
WAZMTIAUIAD

dvhevesingrinusezidunanuin JaansnieseinuantRuagaunisily
meluusiazun fedimeazdeaelud
AMANWIN A NTIATIEVANELTRVBIINATUNAIIIENSTIAA DS
MANUIN ¥ NITIATIwAMENTRYINaTaEIoUNTE A
AN A MAnsinuantivenwsdsuwuuimilenhilifinsgayde

ee

ee

AMANUIN S NMTRTeiaantivenndeuLuuimmilenihfiliinsgaidewuuaunsy

ee

MANUIN A NTIRTeiAandRivennRdsuLuufmmleniiinsgadowuuruy

A

MeNwan 8 unaaiSedldsunishnu

1.5 wna158198undl 1

[1]  A. Uyeur and H. Kuntman, “Seventh-order elliptic video filter with 0.1 dB pass
band ripple employing CMOS CDTAs”, International Journal of Electronics
and Communications (AEU), vol. 61, no. 5, pp. 320-328, 2007.

[2] M. A. lbrahim, S. Minaei and H. Kuntman, “A 22.5 MHz current-mode KHN-
biquad using differential voltage current conveyor and grounded passive
elements”, International Journal of Electronics and Communications (AEU),
vol. 59, no. 5, pp. 311-318, 2005.

[3] C.Psychalinos and A. Spanidou, “Current amplifier-based grounded and floating
inductance simulators”, International Journal of Electronics and
Communications (AEU), vol.60, pp.168-171, 2006.

[4] E. Yuce, “Inductor implementation using a canonical number of active and
passive  elements”, International Journal of Electronics, vol.94, no.4,
pp.317-326, 2007,

[5] E. Yuce, “Novel lossless and lossy grounded inductor simulators consisting of a
canonical number of components”, Analog Integrated Circuits and Signal
Processing, vol. 59, no.1, pp.77-82, 2009.

[6] F. Kacar, H. Kuntman, “CFOA-based lossless and lossy inductance simulators”,
Radioengineering, vol. 20, no.3, pp.627-631, 2011.

[7] K Matsukawa, Y. Mitani, M. Takayama, K. Obata, S. Dosho and A. Matsuzawa,
“A fifth-order continuous-time delta-sigma modulator with single-opamp
resonator”, IEEE Journal of Solid-State Circuits, vol. 45, pp. 697-706, 2010.

[8] R. Raut, M. N. S. Swamy and N. Tian, “Current-mode filters using voltage
amplifiers”, Circuits, Systems, and Signal Processing, vol. 26, no. 5,
pp. 7173-792, 2007.



[9]

N. A. Shah and S. Z. Igbal, “Versatile voltage mode universal biquad filter
using the operational amplifier pole”, International Journal of Electronics,
vol. 94, no. 1, pp. 75-79, 2007.

R. Raut, M. N. S. Swamy and N. Tian, “On the realization of current transfer
function using voltage amplifiers”, International Journal of Circuit Theory
and Applications, vol. 34, no. 5, pp. 583-589, 2006.

S. Koziel and S. Szczepanski, “General active-RC filter model for computer
aided design”, Bulletin of the Polish Academy of Sciences, vol. 54, no. 1,
pp. 89-99, 2006.

N. A. Shah, S. Z. Igbal and B. Parveen, “Lowpass and bandpass transadmittance
filter using operational amplifier pole”, International Journal of Electronics
and Communications (AEU), vol. 59, no. 7, pp. 410-412, 2005.

Y. Ozcelep, A. Kuntman and H. Kuntman, “On the degradation of OTA-C based
CMOS  low-power filter circuits for biomedical instrumentation”, Turkish
Journal of Electrical Engineering & Computer Sciences, vol. 20, no. 2,
pp. 1359-1368, 2012.

C. N. Lee, “High-order multiple-mode and transadmittance-mode OTA-C
universal filters”, Journal of Circuits, Systems, and Computers, vol. 21, no. 5,
pp. 1250048 (21 page), 2012.

A. Pirmohammadi and M. H. Zarifi, “A low power tunable Gm-C filter based on
double CMOS inverters in 0.35 m”, Analog Integrated Circuits and Signal
Processing, vol. 71, no. 3, pp. 473-479, 2012.

S. V. Thyagarajan, S. Pavan and P. Sankar, “Active-RC filters using the Gm-
assisted OTA-RC technique”, IEEE Journal of Solid-State Circuits, vol. 46,
no. 7, pp. 1522-1533, 2011.

F. Rezaei and S. J. Azhari, “Ultra low voltage, high performance operational
transconductance amplifier and its application in a tunable Gm-C filter”,
Microelectronics Journal, vol. 42, no. 6, pp. 827-836, 2011.

H. Alzaher, N. Tasaddug and O. Al-Ees, “Implementation of reconfigurable
nth-order filter based on CClI”, Analog Integrated Circuits and Signal
Processing, vol. 75, no. 3, pp. 539-545, 2013.

W. Tangsrirat, “Cascadable current-mode first-order allpass filter using current
controlled conveyors”, Przeglad Elektrotechniczny, vol. 89, no 1a, pp. 187-190,
2013.

J. W. Horng, “Analytical synthesis of general high-order voltage/current transfer
functions using CClls”, Microelectronics Journal, vol. 43, no. 8, pp. 546-554,
2012.



[23]

[26]

(27]

[29]

J. W. Horng, C. L. Hou, Y. S. Guo, C. H. Hsu, D. Y. Yang and M. J. Ho, “Low input
and high output impedances current-mode first-order allpass filter employing
grounded passive components”, Circuits and Systems, vol. 3, no. 2,
pp. 176-179, 2012.

B. Metin, K. Pal and O. Cicekoglu, “A new approach for high-input impedance in
voltage mode filters using first-generation current conveyor in place of second-
generation current conveyor”, International Journal of Electronics, vol. 99,
no. 1, pp. 131-139, 2012.

C. Acar and S. Ozosguz, “A new versatile building block: current differencing
buffered  amplifier  suitable  for analog  signal-processing filters”,
Microelectronics Journal, vol. 30, no. 2, pp. 157-160, 1999.

M. T. Abuelma’atti, M. H. Khan, and H. A Al-Zaher, “Simulation of active-only
floating inductance”, Frequenz, vol. 52, pp. 161-164, 1998.

A. Toker, S. Ozoguz and C. Acar, “CDBA-based fully integrated gyrator circuit
suitable for electronically tunable inductance simulation”, International
Journal of Electronics and Communications (AEU), vol. 54, no. 5,
pp. 293-296, 2000.

C. Acar ,and S. Ozoguz, “A versatile building block current differencing buffered
amplifier suitable for analog signal processing filters”, Microelectronics Journal,
vol. 30, pp. 157-160, 1999.

D. Biolek, “CDTA-building block for current-mode analog signal processing”,
Proceedings of the 16th IEEE European Conference on Circuits Theory and
Design (ECCTD 2003), Krakow, Poland, vol. 3, pp. 397-400, 2003.

Y. Li, “A modified CDTA (MCDTA) and its applications: designing current-
mode sixth-order elliptic band-pass filter”, Circuits, Systems, and Signal
Processing, vol. 30, no. 6, pp. 1383-1390, 2011.

N. Pandey and S. K. Paul, “Single CDTA-based current mode all-pass filter
and its applications”, Journal of Electrical and Computer Engineering,
vol. 2011, Article ID 897631, 5 pages, 2011.

F. Kacar and H. Kuntman, “A new, improved CMOS realization of CDTA and its
filter applications”, Turkish Journal of Electrical Engineering & Computer
Sciences, vol. 19, no. 4, pp. 631-642, 2011.

W. Tangsrirat and T. Pukkalanun, “Structural generation of two integrator loop
filters using CDTAs and grounded capacitors”, International Journal of Circuit

Theory and Applications, vol. 39, no. 1, pp. 31-45, 2011.



(32]

[36]

[38]

[42]

W. Tangsrirat, T. Pukkalanun and W. Surakampontorn, “Resistorless realization
of current-mode first-order allpass filter using current differencing
transconductance amplifiers”, Microelectronics Journal, vol. 41, no. 2-3,
pp. 178-183, 2010.

D. Prasad, D. R. Bhaskar and A. K. Singh, “Multi-function biquad using single
current differencing transconductance amplifier”, Analog Integrated Circuits
and Signal Processing, vol. 61, no. 3, pp. 309-313, 2009.

M. Siripruchyanun and W. Jaikla, “Current-controlled current differencing trans-
conductance amplifier and applications in continuous-time signal processing
circuits”, Analog Integrated Circuits and Signal Processing, vol. 61, no. 3,
pp. 247-257, 2009.

W. Tangsrirat, “Cascadable current-controlled current-mode universal filters
using CDTAs and grounded capacitors”, Journal of Active and Passive
Electronic Devices, vol. 4, no. 1-2, pp. 135-145, 2009.

D. Biolek, R. Senani, V. Biolkova and Z. Kolka, “Active elements for analog signal
processing: classification, review, and new proposals”’, Radioengineering,
vol. 17, no. 4, pp. 15-32, 2008.

N. Herencsar, R. Sotner, J. Koton, J. Misurec and K. Vrba, “New compact VM
four-phase oscillator employing only single Z-copy VDTA and all grounded
passive elements”, Elektronika ir Elektrotechnika, vol. 19, no. 10, pp. 87-90,
2013.

D. Prasad, M. Srivastava and D. Bhaskar, “Electronically controllable fully-
uncoupled explicit current-mode quadrature oscillator using VDTAs and
grounded capacitors”, Circuits and Systems, vol. 4, no. 2, pp. 169-172, 2013.

D. Prasad, D. Bhaskar and M. Srivastava, “Universal current-mode biquad filter
using a VDTA”, Circuits and Systems, vol. 4, no. 1, pp. 29-33, 2013.

D. Prasad and D. Bhaskar, “Grounded and floating inductance simulation circuits
using VDTAs”, Circuits and Systems, vol. 3, no. 4, pp. 342-347, 2012.

D. Biolek, M. Shaktour, V. Biolkova and Z. Kolka, “Current-input current-output
universal biquad employing two bulk-driven VDTAs”, Proceedings of the 4"
International Congress on Ultra Modern Telecommunications and Control
Systems (ICUMT 2012), St. Petersburg, Russia, pp. 484-489, 2012.

D. Prasad and D.R. Bhaskar, “Electronically Controllable Explicit Current Output
Sinusoidal Oscillator Employing Single VDTA”, ISRN Electronics, vol. 2012,
Article ID 382560, 5 pages, 2012.

E. Yuce, S. Minaei, “Novel floating simulated inductors with wider operating-
frequency ranges”, Microelectronics Journal, vol.40, pp.928-938, 2009.



(44]

(52]

D. Prasad, D. R. Bhaskar, and A. K. Singh, “New grounded and floating simulated
inductance circuits using current differencing transconductance amplifiers”,
Radioengineering, vol.19, no.1, pp.194-198, 2010.

E. Yuce, “A novel floating simulation topology composed of only grounded
passive elements”, International Journal of Electronics, vol.97, no.3,
pp.249-262, 2010.

H. Kuntman, M.Gulsoy, O.Cicekoglu, “Actively simulated grounded lossy
inductors using third generation current conveyor”, Microelectronics Journal,
vol.31, no.4, pp.245-250, 2000.

U. Cam, F. Kacar, O. Cicekoglu, H. Kuntman, A. Kuntman, “Novel grounded
parallel immittance simulator topologies employing single OTRA” International
Journal of Electronics and Communications (AEU), vol.57, no.4, pp.287-290,
2003.

F. Kacar, A. Yesil “Novel grounded parallel inductance simulator realization using a
minimum_number of active and passive components” Microelectronics Journal
vol.41, no.1, pp.632-638, 2010.

H. Yu Wang, C. Ting Lee “Systematic synthesis of R-L and C-D immittances using
single CCllI” International Journal of Electronics, vol.87, no.3, pp.293-301,
2000.

M. A. lbrahim, S. Minaei, E. Yuce, N. Herencsar and J. Koton, “Lossy/lossless
floating/erounded inductance simulation using one DDCC”, Radioengineering,
vol.21, no.1, pp.3-10, 2012.

F. Kacar, A. Yesil, S. Minaei, H. Kuntman “Positive/negative lossy/lossless
grounded inductance simulators employing single VDCC and only two passive
elements” International Journal of Electronics and Communications (AEU),
vol.68, no.1, pp.73-78, 2014.

H. Alpaslan, E. Yuce “Inverting CFOA based lossless and lossy grounded
inductor simulators”, Circuits Systems and Signal Processing, vol. 34, no.10,
pp.3081-3100, 2015.



N 2
24935 VDTA

2.1 nan

Jagtuarunvtdmissnumalulagniseanuuieassiy (integrated  circuit, 10)
viefifeudunduin Tod WHinswaunlvegesingy Feihlismieiudidnnsedind
dwsunisusesananadugaueuraen (analog signal  processing Iusmwumm 195U
AN ueonkUULARIHATIZITIETTIITUINYNY mmu@qmﬂﬂmauumaq
rasutuiifesinatsusznis erfidu Suuamdn duddemdsudeos Foildiana
AaasdazazanlunisualUuszgndldeu Wusu Fodudeilieasusyananadoyyin
LLauvﬁaﬂﬁﬁaLﬂiwzﬁﬁuiuiﬂwaamwii’m wsegunsalkonitn latdundunuimdifsy
LLauﬂmaLﬂuaﬂmmwafﬂ,umiwwmaaﬂufuumws YIANAF Y ILIULADNATEE UINUY
[11[12] 91AnsAnmanasdselusfnfidiuun nuiinisoenuuukarduas1eniens
Uizmawaé’zyﬁg']mu@uzﬁaﬂﬁ?umﬁaqﬂﬂiaiuaﬂﬁwLﬁuqﬂniajwé“ﬂ Tnefiimanedidfy
WleusuUsmwasiangunsaiueainugiuiiinisldausuegraunivagl s ansnmly
MU BL  namReweteNandeunnsessardediasneg lunmsinurenasi
oonuuussgUnsaimadnl TauidslatiulfAnanubanguuasdauadesiilunisiily
Uszgnaldueanuuuiasussunanadygisuourdenjuiuunie ot adamunlord
sunuulnssadeneluvenasfiGevie  lidudou wardsnaliBsnaanut@nisviiany
fuguvensasliannsavruldlussduussiulide s wagamsauiuudeinmau s
1093995 bd835 N5 nusednd  Fefeuthulddutmunendndrdnylunisiaun
gunsalaATINA LUy

2935 VDTA (voLtage differencing transconductance amplifier) LUuaUﬂ'ﬁMLLaﬂwW
vilomila mgmwwmmu’lm Dalibor - Biolek wazpnzluy A.¢.2008 [13] lagdlTngUszasa
vaniioldlunisoonuuuuardaagisesssananadygiamag esaniinuandfsiy
ADENTUS USRS IVUIEAIAIINUEY  (transconductance  gain) - UB9NATIARILIBNITNY
Sidnnsedind Taen1suusArnszualusaainmeuen sntaasiasawensashidudou fuil
2esfivuinidn wavdudderdsiniiae

Feguluunialdndnfamdnisiiauiiugiueeises VOTA wiousaiass
AuandRlunagauaiuaznsUfiR Bnsdainauenuinislunseesnuuuuasdansey
1935 VDTA Tagldlusunsudnanin1svineu PSPICE  wazfudunamanisnenaassassldlod
\as CA3080 siosauiulediued CA3280 woeuU3tv Harris semiconductor Feanunsamde
Iuttesnain Snisasdafarudeuie lidwindudeu warannsoiusnsueiee
AU (transconductance  gain) Lasie3sn1snediannsetinddnaie Tnenisaiuny
nszudludaninmeuen vilvsasiitiaueiinuadosiuazdavegulunsilunisesnuuy
warduATIEasUsEINANad g MwoUYAen [14)-[19]



10

2.2 ANENURYD92935 VDTA Tunisgaund
7995 VDOTA  Tumsgaued anunsafisusansdgydnwainielaiiladsgui 2.1 (n)

Y o

TAgANUFUNUS TEUINIBTIAUNUNTELAVDII9DT DS U LAGaT

iz ng _ng 0 Vp
I, =] 0 0 Oms || Vi (2.1)
[ 0 0 -0V

z

A (% !

Toofl  gme AT gms  A® SRWEBAIANLTNAIULINLALEIUTI@R W8 IE9T VDTA
Py auns (2.1) wandliduimaseussdudumassrineda p fun (v, - vo) axgn
Wasuluiunszuaiin z (i) METRTIVEIWAIAIIUUT Qe Tuvaeilussiunnasouiivn
(v,) dxgnuAsuldifunseuaiian x (i) feshsveteaInut grs saansadousiuny
Ieshensasanyamalninlasssud 2.1 () [201-121)

L ix - oz
Voo—— p X+ =20 vy Ip e (Vi) Ix
i VDTA i \d 2i£Y), :
X
Vno—= 1 n A P e, v
In
lllz Vho———o0

sUf 2.1 2995 VDTA Tumageaind

[y

(n) deydnwainagludia () 29asauyanelni

2.3 AMANUAYEI993T VDTA luneufjun

winfiansanaaaniinisinnuvesas VDTA Tunsallidldugauaf  (non-ideal)
annsadeusdunglansguil 2.2 Feagurndsenoufedufiuaududsiidndune p (Ry//C,)
wazda n Ro//C,) TapBufiunududefitaendng z 4 x+ uazda x- agUsznaudae RIIC,
Ret//Cxs W82 Ry/IC,. sudwiu fatufsaninsaiuesunennuduiusseninousad
BuNRUAZNTELADWNATDII99S VOTA lumnsufualameelud

iz Qe — e 0 Vp
ix+ = 0 0 ﬂgms Vn (22)
ix— 0 0 - ﬂgms Vz



11

Wo a=1-egnr $aE egmr (egnr << 1) AD ArAMuTeunlunIsdmudnsvene A

111 (transconductance tracking error) 5$%311997 p ey 7 n W z Tuaaed )i A A
AT UUTUNTENIUERTWEIBAIALNEIINTY z U x  Tunsdlll f= 1 - egns

e Egms (ggms << 1)

Ul 2.2 199sausandlnihueasas VOTA Tumeuf i

2.4 1158951292995 VDTA lneldmalulagnsiudamaswuuuag

1935 VDTA ngnesnuuunagiauslagldinaluladniiudainesuuuueas
U5¥NaUMENquINATRE N AYARIdILAD 21995UMaIRNeNTERaRDEAY  (floating current

source) hag MNITALNDUNTLLA (current mirror) Y95 1UALLDEATDILARLINATAIL

2.4.1 299SANAIIYNTEHEADYA

JUN 2.3 wanaeasunasdnenseianasm Jausenoumensudiames Mo-M, uag
M3-M, intifiulasusadunaniaduns (differential input voltage, Vin = V1 - V) Tidu
nszuae I ng (1o) LlNITUMIIUTANBS M1-M, F8laanuduiusasil [nanuin nil

Iy = &[ﬂj(vem Vo )2

2 L
W
way lp, = %(Tj(vesz ~ Vi )2

INAUNTT (2.3) wag (2.4) azlanssuaieding lo dAwviiy

I _ILICOX ﬂ 4'IB _
o~ 2 L in

HCox W /L)

(2.3)

(2.4)

(2.5)



12

Tunsalilansnsaysnsivenemauid (gm) ¥093995Tu3UN 2.3 16910 [ananuan n2]

( 0.0, J{ 99, ] 2.6)
6,+9,) 8+,

Tnei 9 = [1aCoy % (2.7)

Wie lg Ao nszualudauemsiudawmes | Ae AIENINANNARBIRLTBIDLANATEUY

I

I

Cox fa Armuglifindenuivennneenled gi Ao  dns1versmIAdIIul
Wi uaz Li fip AUNINHaYAIINENIT09YRIdINTEUAY B INI 1T AL 0 S WU UL DA
(i=1,2 3 4) 8108160

JUN 2.3 1995UvaIYNTELaRDEN,

2.4.2 29958V DUNTSLhE
v I3 494'/ Ao W ~ =~ a o ¥ [~

NITALNDUNTLUE LUUWITNUFTIUNANAYIITUUS %QUBNUWlﬂUiSQﬂGﬂW’]ULUu
WHANTIENTERARUUALT (constant current source)  IneRnaNURYBIINITATIDUNTEUA
iumaammmuumammﬂivLLamewmmﬂumvLLaauwm TurauziignuAaal AU kAW
auwmmu,a“ ANBUNUAUTLDIANAGY I99TAETOUNTE LLawaamLUUImImquIaa
mmeuﬁLmamwuaauamlmmgﬂw 2.4 gunsavnauldlasedousaulusa feilanvintu
I~ ) ¥ I3 d'g a0 (Y %
Junavilvinszuaoinaitinsuagianvinduieg [22]-25]



13

NFUN 2.4 damvualid 1 Wuwasienssuansiuag loe Dunssuaedng
YoruvTaviounseua elannuduiusasil [26]-[28]

2
m:(wzl-q(vesz _VTsz (1"'2'2\/052](!@0“} (2.8)
I, WL, A Vesi =V 1+ AVosi N\ #Cox4

lag i AANBAanAIN81IveeYeeiInsEId (channel  length  modulation) ¥@s

NIUTAWDTUUVLRAMIN | e mualinsuTames M uwag M, dadiuaunsdiuyn
Uszms aeladnsvenenseuaransasasiounseualusun 2.4 wiriu [nnanuin v1]

log _[ Yoy (2.9)
| WL, '

in

LaTNANBUALDINIIANAYB RS IuNSElday A uALEn Windu [AARuIn 2]

iout ng 1
e (2.10)
by O | 7, S(Ce+Coso)

gml

NFUNTT (2.10) WINANTUUNTUAIIUDAN (S —> 0) DRTIVYIENTLUAVDIINTALVIDU
ASLWAALNNY

LT (2.11)

'in gml

Py

M, M,

(n)

JUN 2.4 1995agiounITlaL UL
() wiavan () vlnay



14

ilevnsasunassnenszuaaseiilugufl 2.3 1Uszneufuasasagieunszualugud
2.4 9¥lenaasdsguil 2.5 2993 VDTA wuuldinaluladvsudawmosuvunea lnesnswens
A1AINNVDINITUNEITIENTEUAROERT  M1-My uaz Ms-Ms fanansadnsigsivila
WuReafuduauns (2.6) tufieo

ng ;( ngZ +( g3g4 (212)
9+ 9, 9,+0,

WA Oos ;( 9:9¢ J{ 979 (2.13)
9s + Ys 97+ 0

o gnr WaY gms PESHTIVEIEAIANTTEMILTANDS M1-Ms uaz Ms-Mg uaziile
WuaNng (2.7) asluaunis (2.12) wag (2.13) Tnsivunlinsiudamnesvniidanuauny
AunnUszn1s (matching) waghifasananuuandaveswiansudanes  agladnsivey
AAuthvensas VOTA Tusuit 2.5 il

g, = K'(ﬂjlBF (2.14)
|-
IGH Sr K’(V%]IBS (2.15)

e K'= pCox aun1s (2.14) uay (2.15) wansliiiuiensnuensainue gne way
Oms V892993 VDTA @wnsamuaulasieisnismedidnnseiingd siunisuiunszualuda
lge Wag lgs MIUATGNU

n T

b |
IBFl lIBS
L= M I ™

Mz ] ||_>1

3UN 2.5 lassasnneglurednsas VOTA wuuldwalulagnsudawesuuuea



15
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Lﬁaqmﬂimmﬁwuéaﬂ’uﬁgaLﬁuﬁ%ﬁwLauamiaaﬂLLUULLazé’ams’wﬁN%LﬁauLLw
gandlenilagldaees vOTA  Wugunsaiueniiindgn fedulusdetiainmsmasy
AnaNTAYe99s VOTA fhinauslusuil 25 wan1sdiassmsvinuvensasselusungy
PSPICE Tagltmalulad 0.35 -um CMOS 983UTHW Taiwan Semiconductor Manufacturing
Company (TSMC) lnss18azdunva3nnunine (W) wazadnue (L) 199903uinIszuaves
NIuTanes uanafanIad 2.1

A157199 2.1 AUNIe (W) wazAnuend (L) U999e9uInIsiaamsuaadnasilyluieas
VDTA #lagufl 2.5

Transistors W (um) L (um)
M1 — Mz, Ms = Mg 16.1 0.7
M3z — My, M7 — Mg 28 0.7

Mg =My, Myy = My 56 0.7
Mis, M1s k 0.7

U 26 (n) uandlassasnaneluresisas VDTA - Aldlumsdraes 1ilefvuals
wasdglFeedildfiinsingu £15 V nanssiaemuinessidiaueiudosidslnii
(power consumption) WNfiU 5.29 mW LLazﬁgﬂﬁ 2.6 (V) L@n9935 VDTA Lﬁ'aﬁwmiqmm
1993lagAEnisasaduudeniens (create block) wieanuaraanlunisilusassnisinay
UﬁamwsﬁaaﬂLLUU%Uizﬂ@Ué’wﬁz’ﬁuwm p LAz n %’JLEJWMGI iz TiX UAE X WAzt I
WAL lgs Hudnnszug lusaannnieuenims Weldlunsususnaueaaanasidnde

U 2.7 uanananIs91aesnsve1oa1ALtiesas VDTA anlusunsu PSPICE
idlevimsnsaaeuanatRvessnsegmann TnsudsAiusadudunnain -300 mv
WhHI300 MV wuidhImeeAIAIniwenias VOTA  Minaueiinuaudfidudadu
Tuthaussfuduwad -100 mv §9 100 mv

gﬂﬁ 2.8 WARINANITINABIBAIIVEIBAIANLTIVERT VDTA iavnisnsiaaey
AaLURvRInTIvENeAIANY InewUsA I = lgr = lgs (Om = OmE = Qms) Fudunszua
ludamoseeas VDTA WilAdus 0 pA aufle 200 pA devimswieudieouiunanis
AN luaNns (2.12) Wuinszualudd lg wiifu 50 pA, 100 PA, 150 pA
waz 200 pA SasiveneannuiifildainnissiassnisvhauasiiainnuRanainuszana
0.3%, 0.9%, 2.6% Ly 3.8% MUANU
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M9 3 E M10 Mlla E M12
F v wa EI[_‘ ’_\E w7
z X-
1 n
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ler
M13 [ | M14 ] M15 M16 [ M17 | ]
L)
i V+ V-
Fa 1w
1.5vde i i 1.5vdc
-0 0
(n)
. V4 V-
Ul
2 E )Z< 7 1.5vde - =—  1.5vdc
3 '8 B
=4, RE
BS ?0 ?0
VDTA
()
JU# 2.6 2995 VDTA laglusunsa PSPICE
(n) lassasranely  (v) vdon199s VDTA fasrevuieldlunisdiass
100uA

50uA \ - iz
, o Iy
v iy
0A
-50UA _~ \ V

-100uA

-300mVv

-200mV

-100mV

ov

100mVv

200mVv

300mv

5UN 2.7 wan139100980919818AAH11U043995 VDTA ilauUsAILsInuduns
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1.0m
0.8m ] ] ] ] ] ] ] ] ] ] ] ] /-57'4
- o . : . U T ! . S
0.4m —
0.2m /

0

0A 50uA 100uA 150uA 200uA

o 1(UL:iz)/V(V3:+)
5UN 2.8 Wan133180980I118MANNTIIYDIRT VDTA WawdsAnssualuda ls

SU7 2.9 LAMIHANITSIRBINARDUALDSA N YIABLUALTBUNA T p (1))
LLazGé:f'a n(rn,) 99933 VDTA mﬂmimaauwudﬂﬁmmﬁ 1 kHz, 10 kHz, 100 kHz wag
1 MHz 3ufiuaudian D Wavdn n AsfiAnUsyann 2.44 GO, 245.28 MQ. 24.58 MQ, uas
2.44 MQ #ua1ay

3G

Moy (Q)

| I
1kHz 10kHz | 100kHz 1IMHz |

(%
[

JUN 2.9 WaN159180NaNBUALDIVNNNAILAVRIANBUTUAUTEBUNATIVN p Uag n

9
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U 210 wansmansaesHanoUaALewIANLiveIBuRLAS W NATIoY 2 xr
WAz x- (I, Txe UAY Iy) LR mualinssualuda Is = lge = lss 3AWIIAU 50 PA Fawadl
lpa1nnsdnaesnisieunudt r, - dadssann 1.03 MQ Iuﬂiaaﬂ’smﬁﬂﬁﬁ’amu&y’qm
1 kHz 2ufls 300 kHz Tuwaigdl re uag 1, fessana 1.05 MQ Turinsanudufifau
faugt 1 kHz Uil 1 MHz

1.2M
= 5 = ol
—B\ [ LG Tl

—~ Orx-
g AN
s 0.8M
5]
c
<
=}
[
=%
E
=1
i=3
80.4!\/1

1kHz 10kHz 100kHz 1MHz 10MHz 100MHz

Frequency (Hz)

5UM 2.10 HANNTIIABIHARDUALBININAHAVDIDUALAUTIDIWINAVBIIAT VDTA

;:;Uﬁ 211 HARINANITIIARINARBUALBINTIANAETEISATIVENEAIAI N G,
s+ W8T Qs V092995 VDTA JaWU31210AUUNATN (bandwidth, faw) SiA1Uszu
400 MHz LLazg‘LJ‘f?'i 2,12 WAASHANITRIABINANBUALDINNNANNE ATV AIAINL
dlommuali s = lee = lss wUsandu 50 A, 100 PA wag 150 HA MINEWU 21NN3
VAFOUNUTINTIVEIBANAIINLIYEINAT VDTA atunsaudsAnlanumsaiuaunseualuda
Az BENUBIdnIYENEA1IANNIINe9a3 VDTA asuldifanied 2.2

M131991 2.2 $8aelBUAYDISNIIVLeAIATINTEIY01399T VDTA lugun 2.5

s Om (MAV) AIANEANATR
(A HANITATUINNING 1) NAN13371984 %)
50 0.426 0.430 0.9
100 0.603 0.601 0.3
150 0.738 0.729 1.2
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Current gain (dB)

10

I—

I'o

|

[

-10

o : At TTI0kHz  100KkHzZ |
-20 N . . .l " ZZIZZZZ! N ZZZZZZZ-!- N
100kHz 1MHz 10MHz 100MHz 1GHz 10GHz
< DB(I(UL:12)/V(V3:+)) v DB(I(UL:IX+)/V(V3:+)) & DB(I(UL:1X-)/V(V3:+))
Frequency
= ° a
g‘lJ‘VI 2.11 HANITIADINANBDUAUDINNAIUAVDY OmF Oms+ b8 Oms-
800u = T
~[1s=150pA
600u B L= :100u;A:> -
400u
200u
0 SR
1kHz 10kHz 100kHz 1MHz 10MHz 100MHz 1GHz 10GHz

Frequency

JUM 2.12 HaNS9IRRIHARDUANBININANNDYRIERT VgAY WeuUsA Ig
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2.6 NANIINAADINDINITIN

AnaNTANNSYuYenas VOTA lugufl 25 gnihundenaaeuseisasasaile
wansliiudenIuaenAdeITEn I aNaN 1AM BLaTNaN1531809N 15N UT0S
2995959 Tnoguil 2.13 uansswaziBennisre1ses VDTA ilesihnsnnaesass laeldled
W% CA3080 slatauifulofiuns CA3280 Wlatmunundsanglaldedlifianuiniy £5v

M3dNATIE¥99s VOTA  lumsufoRduanunsailalaeldledives cA3080
ﬁmﬁﬂﬁﬂumﬂ%’uﬁmmwauwm Lz‘jav‘i’]miﬂauLLiaﬁuﬁuwﬂﬁla%wa% CA3080 WaM19YY
usssudunmazgnivdsuluifunszuaiodivm i, 199995 VDTA fesnsIvenmnIai gue
1u5um%mmuauwmaa1mL“uai CA3280 tuendoussduiinnasendaiondwnvasledives
CA3080 mf\]uaﬂLﬂaﬂuiﬂmuﬂﬁuual,mmwm ix maamwmammmm Oms anm‘Lumu
yoInITUAD NS i, Tulidynaiondnmduiuuninuasiunay Fuinannisnduta
ussBunnditoulilediues CA3280 fuandlugud 2.14

Tunsdidléviinisnsvaouauantivesnans VDTA — #en1snennansas oy
ualiussiudunadidouliituda p 9892995 VOTA (vp) Wiy 100 mV fiannad 1kHz
mﬂﬁ?ﬁ@LLiqﬁuLmMmﬁ'mﬂﬂ'ﬁ'aué’aéﬁummmm 1 kQiidh 2 Ul 2.15 wanssanisin
AnauTRve I wNATIYY 2 HeufunssiuBumait p - wansinamanTRnUILTIy
WAt z dufidAanataUszana 4% warUil 2.16 udnskanisianiaRve ey
OWNTYa x+ uazda x- 1992993 VDTA 99 Lﬁuié"j'mamimaammamﬂ’ammLméfu
mewmuummmaamﬂamL‘Uulﬂmwaﬂmiquwg namFoLITU AT X+ WA
1 x Y992493 VDTA azdivunawiniu usfismandududeiinanluudaluaunis (2.1)
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7

2.13 N1581A512%995 VDTA TegldlaBiues CA3080 wazla@uas CA3280

5UN 2.14 28995 VDTA NEiNN15HNAa9939
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'@.1 S0mv/ 2 S0mv/ 2000us/  0.0s Stop £ 2 A0OuV OO
T E Meas HINE|

Freg(1):
99,832kHz

Pk-Pk(1):
Vi 105mi

in Pk-Pk(2):
/ 109rmiv’

+

5 ligl
J o

Vout

1 Y
Y

5U# 2.15 samyinAuautRvelssfuleAnniitl z

é‘ 1 20mv/ 7y 20mii 1.000us/  -160.0ns Auto £ 1 4000 NG
£ 1) :55 Meas & [E

| PR-PK(1):
I N 99mV

| Bk-Pk(2)

102my

JUN 2.16 WaNTINANENURTDILTINULIANATNTY x+ WAzT x-
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gﬂﬂ 217 LAAINANISIIADINANDUAUDININANUNVDIDATIVLIYATAINULNYD
1995 VDTA  1lovinsuusen g = lge = lgs #AWWNAU 50 A, 100 PA Way 150 pA
ANUAPU  HANITIANUIIAIAUDLUUNINYD99ATHANUSEUI 750 kHz, 900 kHz way
1 MHz @udsu Fatanslidiuingnsivensaiauinauisawlsalalaedsnisnig
a & a & 1 [y d! I3
didnnsetindiiunisniununseualuda lge way lgs 9INN8UONVBI995 VDTA  Faluly
murann1samguf nlaunaueliludiei

2
S
E
]
s ——
@ lg= 50pA|
__________ @ 15=100pA | |
I5= 150 PA
10 Ll
1k 10k 100k IM 10M
Frequency (Hz)
5UN 2.17 wam3inHaneUauBINNANNDYEIsRs1vengAIAIi WauUsen Ig
2.7 a3

Ineninusunilindnimdnnsinuiiuguuasduaseiiges VDTA  fieenuuu
lassasanglumewmealulagnsudamesiuuyed  1ngnsaaeunnautinIsyinmuYeens
selusunsudasananIsinan PSPICE waginisiensasmnassasufiedudunnansives
2995 Iaeldlediues CA3080 uay CA3280 wamsvaaeunuitnuastAvonasiitiaoud
mNugenndesfUMANMINIMgE] nanAeseTithiausiiadufiuuddunmgaunnzasly
sdsEunTzua wozAdufiuaudiovineasdaduanantififvestinssuaioning Snits
rasiithiausansaususnsvsmmuthe vssldmeismsmadidnnsetind Taons
wusAnszualudaainmeuen vilvsesfidiauedanuadessnazagaanlunisiily
Uszgndltlunisesnuuy uazdansziaasidouwuuimienhinogldinanluundaly
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19astaguLUUAUlgnliiinsgey e
lngly2935 VDTA

3.1 na1d

TutanessufiiuuInIseonuuUkazdLATIZITUssInanady g aLe s don
szilouoenuuulneldgunsaiuoniinidundn §929a5 COTA  (current  differencing
transconductance  amplifier) [1]  1Jugunsalueniinvdeniailéfuanuien 1iesand
AautRAuAe  aunsaUiudnTvenerInNdIveneslanieisnisnisBiannsetind 39
QﬂﬁﬂmaaﬂLLUULLazﬁwm%ﬂugﬂLLUUﬁm6] 1NUTE [2]9] WAINNITAANIUNAITUIYY
wuhidleliuundléfdinauefiugunsaiueniaialmififidedn VOTA [10] Feimun
UNUUIAAYDIITT COTA Ineamaudin15v1nuYessns VDTA ansaseuiiigulany
2995 CDTA - fvhawlulyunnszua nafenadunmueias COTA  Hauautiiduisas
NAFNINTIILE dUNABUNAYBII9T VOTA Hlnaiandiiunsasnaianssiu asznaude
WV 18NSEUAATUANAIENAANVBILT I ADSINAUNITVYIEAIAIMUIUYUNAELE AN
(multi - output transconductance amplifier) Foushednenmlunisusualanis
Sudnnsedng Snvlassatreameluvesiasiiinangiiadn (compact structure) Saviili
IasumnufisdlunisimuiwasUssgndldaununisussaanadayaio wasanladygyinue
Urdone199 1nue [11)-[16]

wiiatutlagiugunsalueniinazlasuaufionldluszuulassingliin whaglsh
pudsnasiasedefanilenit (inducton) Lugmsznoy wishefumidenhmidugunsal
wadnudvuaiilng Selimuzaudenisiaunduisn Sddfinnswereuusym
fanam lagtngunsaiuenfiviindaasiginesdeunuudamieni (171271 ainn1shnn
nanuAdeluedniniuanuin 2sasidsunuusamioni ﬁlgﬂﬁwmﬁﬂu [17]-
[25] $u Sududesorfunisrefiuviuainasuen s?fqﬁﬂﬁﬁmﬁwé’qawulw%gjzgt,ﬁaazam
wazunsideiulilaunsoufuussdmedidnnsefing (1710241 Seusimsesiiviauely
[27] avaunsausualimedsnismadidnvsedndiany  uwifdndusedldgunsaiueaiinly
nMsdaunsziesisaeia Wusiu

fatluuniFeinauesandsusvuiunieniflddinsgaudelasld 20as VOTA
\ganilsfnagdnfivuszadeiiounsniddiunisda Ingusimaindadiuniunuy
wiadrlainneuen 2esThiausansnUiuAa s nhaualdfnsUiusasvens
AAUtee9993 VDTA faedsnmsvnedidnnsedind  wéeuiauansfiognenisussend
THunsduaseiasnsesiuavanuiduduans Ineldlusunsudiasanisineu
PSPICE wazaTiadounmandinsyinureniasitiauslagninennanniasass
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a oo

3.2 qnsidgunuuinilenibisinsgydeniuaue

VDTA

| o—r n £ X+
I

a

JU# 3.1 2aasideuiuuiimileninldinsgaideiiiaus

U7 3.1 wannsasidsunuusinmienhitlifinsgadeiviaus [26] Faszneusie
2995 VDTA (ugunsaluenfiivanitesiuieon seswfudaivlszqiiisunsnddnounis
i illehnnsitengiasidsusuuiamdeninlifinsgadeiinauslagondonuand
1992995 VDTA feainis (3.1) agldinnuduiusasdl (mawuan al]

Il pt? ngng 1 [T Vl (3 1)
I, sC, -1 +1|V, '

(%

vseanusaleulvinglusuvesduiiuaudsuns (input impedance, Zin) ¥8434a3LAds

7 ()= aO) V) _Vi(6)Va(s) _ S[ C, ): v/ 5.2
|1(S) o |2(S) 9k Ims
ﬁqﬁ?u%iﬁmmmmﬁmﬂwam‘ga (equivalent inductance, Leg) ¥893935 11U
-
Ly =—— (33)
ngng

aunis (3.3) wansbiivinsesdeuwuudmiontnluiinsgadeninauelugun 3.1 du
ansausuatAnumtehauyalilaen1sUSUAIAINYY One 48T Oms  UD99RS VDTA
HIuN1sPIUANNsELalUSa lee Wag lps MINEIAU
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3.3, aussauzvasInsallildulunuanund
Weddsfwansznuvesnsaliilulunugauafivesises VDTA  deSuieluneu
wihilluauns (2.2) azvildaunis (3.1) nanedu [ananuan A2]

Il :angﬂng +1 -1 Vl (3.4)
l, sC, |-1 +1]V, ‘

manuwihlieanumienhauyavensas Tunsdinaedu

C,

—— (3.5)
O{ngﬁg mS

eq

Toeit o o Arrudssulunisdsinusnsvensmamhsswineda p WAy 2 n g
2 luvausdl B fie memadesunlumsdriugnswessnnushanussuiinnaseuts 2
Ugdh x

Fodmszimeaniala (sensitivity) vesAenumienthauyadenisiuasuuase
gunsalaaninluiems 3swudn [nranwan A3]

SR\t (3.6)
s il (3.7)

TuvaignanubdemsivaeuiUasdigunsalmadv davindu
L o
Sk = (58)
AuFURUSUI9dunanalriuda1an T nueduia a1 us ol Aunils

MngANI ergunsaliieaitnl WU gme 138 gms NneluasianUisuuwdasiy 1% 9
VI Leg fAnduiasuniasly 1% anandy [uau



30

3.4. WHaN153198INNTNNUVDIRT
femnineninusaduidatiufieniiauenisesnuutiasduasginsandsunuy
gaundlenilagldaees vOTA  Hugunsaiueniiingn fedulusidetisinmsmasy
AauiRvesiasiviauslusui 31 lnedneaziBoavesdnivetsaimiuniinedisas
VDTA agulsifansnadt 3.1
Tuideildsassmehaurenasdsuwuuiamiendilifinnsgydeiiiuaue
TPUMUUALALTIAU Vip = 100 mV, Ci= 1 nFUA¥ Omr = Qms = Om = 0.306 MAN
Mndeuludina1eeiilian Leg = 10.89 mH  #anan1531a8inan1sneuauamIaIaIves
Nﬁ]iﬁﬂ%auauamﬂﬁﬁqgﬂﬁ 3.2 udiulaIusaiy Vip ssthvtinnsesd i ﬁagm%la@imﬁ’u
Usza104 90° LarFUT 3.3 LARINARDUAUDIMNAINAYDNIRTTIIEUD 91NN1591a09n
yhaunuinesTiiaueazdan s nhianaeszanal 1.4%
Tunsdlilganenishauresiesfouuuiimieahilifinsgydeiiiiaue
Toumuuali Ci= 1 nF uaghlsAl  Om= Gur = Gms HAANVIAU0.306 MA/, 0.542
MAN U 0.809 mAN ¥l Leq = 10.89 mH, 3.44 mH wag 1.53 mH sud iy aua
nsdassmansAusINIANNRLUTBUTIEUAUNA g Wi uansiasUT 3.4 (n) HameUAUBq
MIVUNA Uar3UT 3.4 (1) NaReUALBWNINE HantsTaaIM eI T aued
ARamANgIanUSEIIM 2.8%  wazNanovausmwaalisUszana 88 TndlAssiuAma
nu s 90 Tutssanaiaennnud 10 kHz i 1 MHz 1flesndadinviesnuaiiud
TumsuitRnugsgavensasiiiaueiivszanailiifiu 1 MHz

M19197 3.1 91902108AV83AN Leg VOIIATNUNAUBLUIUN 3.1

lg C1 Leg (MH) Om ATAIURANAA
(MA) | (nF) . % A (MA/V) (%)
mamimmmquwg NANI13180 8
25 1 10.67 10.89 0.306 1.4
50 1 3,40 3.44 0.542 0.5

100 1 1.66 1.53 0.809 2.8




Vin iin
(mV) (nA)
150+
100+
50
OA
.50 o
-100-
-150- ; 7 — B 4 ; : :
0 10 15 20 25 30
Time (us)
gﬂﬁ 3.2 mamsaﬁwaaqmamsmauauaqmqmawamwaﬁﬁﬁmudugﬂﬁ 3.1
Magnitude  Phase
(Q) (degree)
100 M7 100
1M+ 60 o \
10k o / O (MANV)| HaMwged] | wanisinaes 4
0306 | ----- 5
1k4 0 l
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Frequency (Hz)

5UN 3.3 nan1391aeIHaN1INeUAUBININANDYeNsIIEWe U UN 3.1
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100 M
@ 1M
5] /
=]
©
= 10k | e / O (MAIV) Nannged | mansdnaed
== 0 0.30
O 054 | =--- —
VvV 0.80
100 +
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Frequency (Hz)
(n)
100
50
o
)
()
E . & E
= .
] Om (MAIV) | wamngu] | nan1ssiaes
T 25
0 0.30
O 0.54 L AN ST
| 'v 0.80
0
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Frequency (Hz)
()

UM 3.4 HANT9IRBIHARDUANBINNANUDVEIRTIY NaUelUUN 3.1 WiBuUTAT g
(N) HAMDUAUDININYUIN (V) NARDUAUBDINILWE



33

3.5 HANIINAADIFADINATIN

ileuandlififiuingantivesises VDTA fdnauslugud 3.1 fannuasandesiy
NNN1INIIN B uazranIsIasInIsinulaglusunsy PSPICE  3slangiaaaulaenis
F9299593¢ AegURl 3.5 FauanesieaziBunnsiennasswenasdsuluuimiedil
nsgaydeiiiaus  Ineldlediues CA3080 uay o CA3280 sesamfudiiuysyqifien
N Suaunil waggURl 3.6 wansnmdnevesnasTilivihnsdennassads Tagdmua
TWdeaildlunsnaaeuldildnviniu £5V uazudsen 1s - anaeuenldiimwiniu 25 LA,
50 pA Uaz 100 pA AINEINU

=

5U# 3.5 mwsienasifeunuuimwiisidmbidinisagdeninaveniglunmmeass

JUN 3.6 nuaeisasifeuwuudivienhiliiinmsagydenlilunaaes
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nsdanseisesdsunuusunienidlifinsgapdelasldias VOTA Tumefoa
tuannsovinldlneldlediues CA3080 uay wes CA3280 sesafusufuusziivunsnd
Fruuniledn duandusuil 3.6 uaziedusunuantfivensasitiaueinihnismsivaoy
AANTAT995931 TnsaziBeauansfamsnel 3.2

TunsdlfazBuduanauifvensasitiauedionisianaainisasase nefuunly
Ci=1nFU8Y Om = Ome = Qms = 1 MANV (lg = lgr = lgs = 50 pA) vilualariaw
wilonhauyaiifu Leg = 1 mH Ssuanevaussmanauanslifsguil 3.7 uavguil 3.8
WARIHANTNAABUNANDUAUBINIMNAVDIINITITY 1INNTNAGBUNUTIHANBUAUBIVN AL
1992093959 UsEanm 82 IndiAssruAmamquiifiyua 90 lurasanuiidaud 10 kHz
89 70 kHz fauandluguil 3.8

U 3.9 LAAIHANTNATOUNAMDUALBINSULINTBIDTATE  LilouuUsen gn
Tnemvuali Ci = 1 nF Way g JAWVNAU 0.5 mAV, 1 mA/V uag 2 mAN Favinlex Leq
fiAnUasundandu ¢ mH, 1 mH uag 0.25 mH Audu wan1siawuiAnsmieni
auyaYeIsasTtLaueilAl 346 mH, 1.24 mH WY 0.37 mH FINANITNARB UNANDUAUD
manuduansldfasuil 3.9 Taeddmnuianainuszanal 13%, 6.5% Was 9 % mud iy

M15197 3.2 3188888AU09AN Leg NllUNITVIAGOUINASTIUIUN 3.6

lg o | Leg (mH) Om ANAIURANANA
(HA) (nF) . Ve (MmA/V) (%)
Nam'immmquwg NAN1INPaDI
25 1 4 346 05 13
50 1 1 1.24 1 6.5
100 1 0.25 0.28 2 9




RIGOL STOP M@ F H, EBEmlL

L PRI e T S el — e

MEFET  188ml) CHZw~  188ml) Time Z8.88us. D0 .E88u=

JUT 3.7 wan13iamanauausImala1vesasiugun 3.6

CH1 Az 20 =/ REF 20 = gz.9492 =

T : : : : 7 : : 3 :
IF EH 1 kHz POLERE B dEm SHP 789.9 msec
START 18 H=z STOP 1680 kHz
) SWE PARAM VAL
o 10 kHz B2.942 *
1 20 kH= 85,977 *
o 30 kH= ae.93z2 -
3 40 kH= g6.29g8 *
4 a0 kH= 84.377 °
3 60 kH= B0.045 =
& 70 kH= F0.6e23 ¢
7 a0 kH= 40.281 =

3UM 3.8 Nan1TIANARBUANBIMANAYBNRTIUTUT 3.6
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CH1

CH1

3 ko/ REF 3 kn

3.3499 mH

IF BH 1 kHz

FOHER @ dBm

START 18 Hz

i) SWE PARAM TAL

o 10 kH=z 7E2.15 &
1 20 kHz 1.1417 kR
2 30 kH=z 1.6603 k2
3 40 kH= 2.3926 kR
4 20 kH= 3.471 kR
3 60 kHz 5.4531 k&
& 70 kH=z 10,209 k2
7 20 kH= 24.654 k&

(n)

SHP 789,89 msec

3TOP 188 kHz

EXTEA

3.3499
3.5173

3.64
3.6844
3.751
3.8403
4.3689
4, 7635

mH
mH
mH
mH
mH
mH
mH
mH

3 knf REEF 8 ko

IF BW 1 kHz
START 18 Hz

i) SWE

10
20
30
40
a0
&0
70
a0

=l h ik wf—= 0O

PARAM

EH=z
EH=z
kEH=
kEH=
kEH=
kEH=
kEH=
kEH=

POLER @ dBEm

WAL

909.36 2

1.2736
1.7584

2.454

3.432
5.1342
8.5005
17.111

()

kR
kR
kR
kR
kR
kR
kR

SHP . 789.9 msec

STOP 188 kHz

EXTRA

852.35
976,62
1.1326
1.3434

1.573
1.89493
3.2356

3.874

uH
uH
mH
mH
mH
mH
mH
mH

JUM 3.9 Wan13IANARBUANBININYLINYEIIRSTUFUN 3.6 1aWUsAN g
(1) gm = 0.5 MA/V

(@) gm =1 mA/V

() gm = 2 MAV
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CHL 1Z]

264.61 uH

3 kof REF 3 kn

IF BW 1 kHz
STAET 18 Hz

N SWE PARAM

10
20
30
40
a0
&0
70
a0

-l Ohoin B — O

JUN 3.9 nan13TaNaneuaueIn1auInve9Rslugun 3.6 ewdsen g (se)

kEHz
kEH=
kEH=
kEH=z
kEHz
kEHz
kEHz
kEH=

() gm=0.5 MA/V

FOLER & dBm

(A)

(SU) Om= 1 mA/V

3.6 M3UszYnAldUVI2995TUNEUD

WAL

84,6 0

1.0203
1.3841
1.8716
2.5199
3.
3

-

4689

.0av7sg
. Fa0n

k&2
4]
48]
4]
4]
4]
48]

SHP 789.89 msec

STOP

EXTEA

264 .61
276,41
284.01
=95.01
305.84
318.5
413.28
455.47

188 kHz

uH
uH
uH
uH
uH
uH
uH
uH

(ﬂ) gm:2 mA/NV
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Tuefazuan I aNITUsEeNALYIIUY9RsTNYIaUs 1AuN15HuATIENNTS
n39eUKAUAIINE (band pass filters, BP) daunanslugun 3.10 wiadwunl Cep = 220
PF, Rep = 5kQ 18y Leg = 10.89 mH azvinluiAin2udnans (center frequency, fe) U9

29958A WU fe - 104 kHz lngrsasasnaififinnuianatnuseanm 7.3% aanandbugy

311 uagguil 3.12 UAAINARBUALDININANNDYDINITNTDWIULAUANNDTUFUT 3.5
WOWUSAT i = Gme = Oms ALAWYINAU 0.306 mA/V, 0.542 mA/V uag 0.776 mAN il
Leg = 10.89 mH, 3.44 mH uag 1.53 mH mua1du neulvdenanviliriauinas

Y9IMITUAWINAY 104 kHz, 183.kHz way 275.2 kHz MUARU Ings1gagtdenn1Snagay

agUlanannsned 3.3



M19197 3.3 T1988L88AUBIAN Leg MlTlUNSMIARDUIRTIUFUN 3.10

38

Is Om Rep Cep Leg fe ANAIURANATA
(MA) (mA/V) Q) (pF) (mH) (Hz) (%)
25 0.306 5k 220 10.89 104 k 73
50 0.542 5k 220 3.44 183 k 32
100 0.776 5k 220 153 | 2752k 5
I"LEq"] Cep = 220pF
| I
% ' AN 'R
Pl A/ |
Vin Rep = 5 kQ Vo
7T % -

5UM 3.10 2sasnseaiumauanud legldiasdeuiuuimimieni
Minaueluzui 3.1




(degree)
90d

Phase

45d

0d

-45d

-90d

-20

-60

Gain
(dB)
20

-40 =

1kHz

10 kHz 100 kHz 1 MHz 10 MHz
Frequency (Hz)

5UM 3.11 Nan159190man UaLDIMNANDVRIINATNTOUMAUAILALUTUT 3.10

Gain (dB)

20 'k yo
f.=104 kHz
f,= 183 KHz =---meeeee-
fe=275 kHz — .- — -
-0 i or! oy ) ~ i =
e = o, b i
/’ i v, A ~ | -
6&:'/ 2 \ -, -]
/ \\ o ~.
P . ~i
-20 ”/ ‘\\\ = .., Tk N
/,’ \ = . . 8
- .y
L~ .
-0 .
/
//
\
-60
1k 10k 100k M 10M
Frequency (Hz)

JUT 3.12 Nan159190IHANDUALDIVNIANDYRY
' = PN P '
1AINTBNIUUAUANUDLUFUN 3.10 1OUUTAN g
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3.7 agU

Inerimusunilindndsnmsduasshasdouuiuienidlidngadelng
1445 VDTA wazdufivszqiiisunsmdsundsdh Tnensaaeunuantinisiauves
299elusnsudIaemanITIaIL PSPICE uazvinnsiensasmnassasailedudunmads
v012993 Ineldlediued CA3080 warleBiued CA3280 dosamdusifiuUszaisunsnng 3
wan1svadeUnUIAuaNTRveasiteulinNaenadesfundnnTmgel nanfe
resfinaueiaianainlunsdaasssidnioniauyaUsvann 13%  wazianpila
Ussanas 82 IndiAssudmanguiiiysia 907 Tutannudideust 10 khz fa 70 kHz
SnviduanauumenisUszgndldeunssitiaue forssnsosiuuauarmd Fauandl
Wuinsesitiaueamsatuinsmienhauyald Tnsuusadnsmeneanuiives
2195l8eIBnImeBiannseiind vileasiidnaueiirnundesiuazazanlunisiily
Usegnaldanu
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4.1 na1dn

faugintaqtulalinnsurgunsalieniin uiUszendldlunisooniuuiasuas
duAs1¥ieasUssananadyy 1o Uz AaNA9Y Lﬁaamﬁ’wuwﬁuaqQUmaﬂwwa%Wluma
ponuuy wiegslsAmuiunilenh fnadugunsaimadiiiddnlunisesniuuuaznsg
Fuaszimsastusyuulassielni W 2sasnsesdygin wazaeastnindyaiaaiud
Judy  uidesmienihiifugunsaimadiuioueilvgvlriuddosiuildo uas
o1nazyilmAnauFeuazauld Gelivmnzaudomsiauniduasessn Jdldinsmes
witymiandrilasihgunsaiieniimanesniuuuazdaasesinsideunuuiaienintu
1nune [1]-[6]

nnsnumueAdelueisnuitdianumiothauyaildainasasideunuud
wilonhduduiowaammgud %ﬂumwﬁﬁ’aﬂauﬁmiqiylﬁaLﬁmﬁu FarFelding
thiguersasdeunuuiamieiiiinnsgapds (lossy inductance simulator) Tuifilsian
amnumieniauyaiinuaenndostunsidnulunsUfta  udedidlsAmunuinias
Fouwuudmilenhiiinisgydefigninaueluedniy Sufuiosordegunsniniadun
ninileda [7-018] Snsadslaianniadfoudidniedidnnsedng (71415 dau 2easd
annsoUsuusseldvedidnnsotind (16117 du ssufudeserfugunsaiueativannny
vilslumsdaaigiagas [16)-118] 1ug

FefuluinenfnusuniFujutuinauoieadouuusunieuhifimsgydouu
oynsudeliiounsng Taeldaaes VDTA  dwnunilsinazinifuusssaiisunsndsiuiy
nilefn UsiEandasiumunuunadnanmenen 19asiiausainsauiuaIam
FunmuasyauazeumdethauyalsmneisnsmeBidnuseind dunisuusadnsives
A1A1Y899993 VDTA anantfivessasfousuusmisiiiiiiaueildgnasaasy
AR 1nen131aen1svinnumelusinsy PSPICE  wSaurmegnan1snaaauannIsHe
ynaaensaTatilngldlofives CA3080 wax CA3280 wiowvsthiausuumsUszgndlidg
nMsduAsEieesnsesuanudmduiuaes dsusnguaseandendulunumdnnism

)
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4.2 29siasuwuufnienihnlinnsgydenuvaynsuimingue

VDTA x

~

5UN 4.1 23sidgunvumviignhndnsagdsuuveynsuiitiaue

SUT 4.1 uannasidgukuusiivilenihninisasdswuuaynsy agldieas VDTA
A o = ¥ [ L3 a [ = v A ! ! v v &
NLEUD  39UIzNaUAITINAT VDTA  LUUgUNIaLaan WUaNtnednagl RasIunuaILNy
Usefguns1nduauniledn Werinnsiingieimiasideuiuusunileniininisgaydey
wuvaynsufuLaue awlanuduiusasl [nauwan 91]

Zin(s):v"‘(s): “ +s( 2 j=R9q+sLeq (4.1)
1n(S)  Oms \ OmeOms

FIAIAUAMUNIUANLA (equivalent resistance, Req) V993935 iU

R . (4.2)
ST :
ng
wazAasmieithanya (equivalent inductance, Leg) 1999935 Wity
C
= ——— (4.3)
ng ng

aun1s (4.2) uay (4.3)  uaasliiudneasdeusuudumvilenihndnisaydouuveunsud
Ynauelugun 4.1 duanunsauiuanuiumuanyalalagnisaival gee wozUTUA1AY
wilenhauyaldlnensniunl gme A% Oms V093995 VDTA HunisudsAnseualuda

lge ey lgs IMNNIYUBNINDT



a5

4.3. aussauzvasnsallidulunuanuni
Wemiladamansevuvasnsdliidulunugauafivesnsas VDTA dseSuraldudilu
199U wansnsadeuaunis (4.1) Tudladsil [nanwan €2

Zin (S) = Vin (S) = : + S( Cl J = Req + SLeq (4.9)
Iin (S) ﬂgms O!ngﬁng

[ (%
Y =1 1

AITUANUATUVNUANYAYD499T unsalilagviniy

1
~w— (4.5)
q
lBng
wazAAUwleauyaveees lunsdinaiedu
C
/e \utls s (@.6)
aﬂng ng

e a fo Arrudosuulunsdeinudnsveteannami goe B9 Leg dAAananaly
NAMING YY) Tunaugd B Ao mpnudenuulunisdaiuensivenamanuin gns 89
ViNlih Req HiAHanaInluanamvguiguie i

lunsalinseimnainula (sensitivity) GuaqmmmﬁmmuamgammsmgauLLiJaq
Argunsaiuoannlugees aenudn [mAnwIn 93]

Sf — /g @a.7)

Oms

1 1 PN o ! a 1 6 = -
LLasmmmhmaqmmmmummamﬂamamsvdaEJuLLUmmqﬂnsmu@mﬂimma WLNINU

I“?CI - Leq —3
ngF r ngs =-1 (48)
S, =S, =-1 (4.9)

Turauznanulenmsivasunlasdrgunsalniadv davindu

S =1 (4.10)
1

9Inaun1s (4.7) 89 (4.10) wansliiuinatanulvisnunduiefsivseldiiunds
WA Wergunsalkeain 1y a way f Meluisasiianddsundatii 1% agvili
A1 Req 50 Leq Anduiasuntasly 1% 9nandn Wudu
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4.4. WAN1531ADINITHNNIUYDIINDT

Tuhideillisrassnmsinurenssitiaveselusunsusiassnisvine PESICE
Lﬁasmﬁ]aa‘uamamﬂ’amsﬁﬁmumama%ﬁﬁﬂLauaiugﬂﬁ 4.1 Tegnualit Vip = 100 mv,
Ci= 1 nFUA% Qmk = Gms = 0.809 mMAN nidaulusananavili Req = 1.24 kQ @
Leg = 1.53 mH Wans1aesHanIsnovausImiavensiiausuandlasgui 4.2
WUIMSI Vin  dmitnszua T JJuguladszsann 78° Gﬁqﬁiﬂé’ﬁmﬁuﬁmwmwﬁﬁ
yula 87.2 © wagdlAmlana1nuszunn 11.2%

U7 4.3 uanwmanouausImsauivenasiiviaus Taodmuald gue = gns =
0.306 MA/V ¥I¥ Req = 3.30 kQ was Leg = 10.89 mH HaNI591889NI599IUNUI 2995
finausasliAinnaInyszann 8.2% wagguil 4.4 LanINAN1TIA0IHARBUALBINIIYUIN
vonsasiiiauslugui 4.1 lunsaidlammuely Cr= 1 nF wazimueld gue WA
WU 0.306 MAA 91ntrmswUTen Oms = 0.306 mA/V, 0.542 mA/V Lag 0.809 mA/NV
AWEINU VAR Leg = 10.89 mH, 6.12 mH Uaz 4.07 mH au81dU 91NN1591899013
yhaunuinaesiiuaueiiapnuRawaintiosfigauszanm 5.8%  Lileaainisasiinaue
ANT0UUTAT - Req Uag Leg l0medsnismisdianseling silinanisdnassnisvinaudian
anufisnaInanad faandluned 4.1

M19197 4.1 3189888AUBIAT Req Uae Leg 10939957 IUTUR 4.1

IeF Igs gmF Oms Req P g Ci ANAINURANAA
(LA) (uA) (MANV) | (mA/V) | (kQ) (mH) (nF) (%)
25 25 0306 | 0306 3.30 10.89 1 8.2
25 50 0306 | 0542 | 1.86 6.12 1 6.5
25 100 0306 | 0.809 | 1.24 4.07 1 5.8




Vin
(mV)
150+
100+

50+

-50+

-1004

-150-

iin
(LA)
90

60+

30

-60 -

-90

10 20 30 40
Time (us)

JUN 4.2 namsdnaewanauaueInieiaIveasiiauelugun 4.1

Magnitude
(@)
100 M

1M+

10 k-

1k-=

Phase
(degree)
180 ‘
Jm (MA/V) mamw\qwﬁ HAN153Na94
03064 [ \FSrA —m
90 +—
§ ___--‘_"/
-90
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Frequency (Hz)

5UN 4.3 nan13dnaesranauauemNAIvenRsiiausluun 4.1

ar



48

100 M
Om (MA/V) nanamgud) | wanisdnaes : e o e
O 0.30 i
c 1M 0 0.54
P v 0.80
a —
=
=)
IS
2 10k
100
1kHz 10 kHz 100 kHz 1 MHz 10 MHz

Frequency (Hz)
UM 4.4 HANTTIRBIHANDUAUBININVUIAYBNINRTNUNaNTUFUN 4.1 1oWUIAN Gs

4.5 Namswﬂaawim\wﬁﬁa

ieButunniandvensastiiauslusUil 4.1 1ilanuaenadesiundnnsmamgu
waguan1sassMsnulaelusunsy PSPICE  dslansiageulnenisdaisasasslaglyled
1was CA3080 uaz Lues CA3280 siesaufudaiulszqiiiaunsng ﬁagﬂﬁ 45 Fauans
imaazLﬁsmmam’amaawamwaLﬁauuuw'hmﬁmﬁwﬁﬁmigzgl,?ml,wuauﬂm LLazg‘Uﬁ 4.6
LAAIANEN DTV N SHeNAaeIase Tagimusliundssneliiaeaiamindu +5v
1ae lge SlAATivindu 25 pA andusiinisudsen les THYINAU 25 pA, 50 LA uaz 100
LA AUa1RY ImmwaazLSaﬂwamimaaqaqﬂéﬁ’amiwﬁ 4.2

JUN 4.5 msrnaRsifeukuuimitesdninisgydesuvaynsuildlunimeass
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nMsdanseissdsusvuiuniehiiinsgydowuvoynsy  TunsUfomi
ansavilalagldleTiuas CA3080 waz lwes CA3280 sesaufduduiulszqiiiaunsng
Fruruniledn ﬁ'ﬂLLamﬂusUﬁ 46 uaziileBudunuantivessasiinauedwinisvaaeu
AMANURYDII9T Imsmwumi‘w Ci=1nF uazl¥h. gm = Ome = Oms = 1 MAV (Igg = lgs =
50 A) ¥AliA1 Reg = 1 kQ Uag Leg = 1 mH Samanouauswnanatuandlifagui 4.7
LargURl 4.8 uansansinnaneuaLemIeANAYeseslugufl 4.6 InMMAFEUNUT
NanoUALBIIaresaTA sz 81 FdlndlAssdusminalummguiisievindy
86 lutaannudlaitiu 70 kHz fauandlusud 4.8

SUT 4.9 LANINANTNAADUHARBUALDNIYLIAY99TIUTUT 4.6 1E1oUUSAN Qs
Tnefmual Ci = 1 nF ua% gme = 0.5 MAN. 9nHULUSAN gms U 0.5 MAN, 1 mAN
war 2 mAN auddu Gevilsl Reg wUsAnlu 2 ke, 1 kQ war 500 @ Tuuedl Lo fifn
WasuwUaadu 4 mH, 2 mH uag 1 mH auddu mansianuinesitiauedidiay
AANaNAUTELNaL 3.2%, 2.6% LAY 2.2 % AINEIU fanandlunnsid 4.2

M131991 4.2 518881880091 Reg ka2 Leq MlBlUN1IMAARUIGRSIUSUT 4.6

Ier Igs OmF Oms Reg Leg Ci ANAUEANATA
WA | (A (mA/V) (MAN) (k) (mH) (nF) (%)
25 25 0.5 0.5 2 4 ! 3.2
25 50 0.5 1 1 2 1 2.6
25 | 100 0.5 2 0.5 1 1 2.2




JUN 4.6 A ma1e9asidgusuuimiigniminisgadenuveunsuitlilunaaes

RIGOL = STOF -hwxﬂﬂﬂmﬂd k7 A . Bl

[MEEEA  16EmL) CHZ~  1B88mU Time Z20.88us D-E.08EUS

UM 4.7 Han15iaNanauaueInIeIareeeasiugun 4.6
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CH1

CH1 2] 1 kn/ REF 1 ka 1.32 ka

CHZ

I[F BH 1 kHz POHERE @ dBm SHP_ 789.9 msec
3TART 18 Hz 3TOP 188 kHz

5UN 4.8 HAN13IANARDUANDINNIAUAYDIINRTIUTUT 4.6

1 kaf REF 1 ko

IF Bl 1 kHz FOHER & dEm SHP_ 789.9 msec

START 18 Hz S5TOP 188 kHz

N SWE PARAM TA4L EXTRA

0 10 kHz 1.9647 kR 3.34099 mH
1 20 kHz 2.0617 k2 3.5173 mH
2 30 kHz 2.1003 kR 3.64 mH
3 40 kHz 2,236 kR 3.6244 mH
4 50 kHz 2.371 kR 3.751 mH
5 60 kHz 24561 kR 3.8403 mH
6 70 kHz 2.809 kR 4 .3689 mH
7 80 kHz 3.754 kR 4.9635 mH

(n)

gﬂﬁ 4.9 wams"’a’mmamaUauaamwmmamwﬂugﬂﬁ 4.6 1518UUIAN Gns
(M) Oms = 0.5 MAN (V) gms = 1 MAV (A) Oms =2 MA/V
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CH1 1 kaf REF 1 kn

T : : : : : : : : :
IF BW 1 kH=z POLERE B dEm SHP 789.9 msec
STAET 18 Hz STOP 188 kHz
N SWE PARAN VAL EXTRA
] 10 kH= 4989, 36 5 1.8324 mH
1 20 kHz 1.0736 k& 2.0328 mH
2 30 kH= 1.1584 k2 2.1326 mH
3 40 kH= 1.254 k2 2.2434 mH
4 50 kH= 1.432 kR 2.373 mH
5 a0 kH= 1.5342 k2 2.4993 mH
a] 70 kHz 1.7005 k& 2.8356 mH
7 20 kH= 2.411 kR 3,474 mH
(V)
CH1 1 kn/ REF 1 kn
T ; : g , : : 4 g :
IF BH 1 kHz POLERE & dEm SHP 789.9 msec
STARET 1B Hz STOP 188 kHz
H SWP PARAM VAL EXTERA
] 10 kH=z 489.86 7 Q972.35 uH
1 20 kH= 500.383 & 1.0326 mH
2 30 kH= a0s .29 2 1.1326 mH
C; 40 kH=z F13.837 & 2434 mH
4 a0 kH= 889,160 2 1.373 mH
5 60 kH= 074.34 1 1.4993 mH
&) 70 kH= 1.32 kR 1.8356 mH
7 80 kH= 2,050 k& 2474 mH
()

gﬂﬁ 4.9 mamﬁmwamauauawNmmmaa'mﬂugﬂﬁ 4.6 \iloudsen Oms (619)
(M gms=0.5mAN (V) gms =1 MANV (A) gms =2 MA/V
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4.6 myUszandldanuvasiasitiaue

Tuidetlfuanuumsnsszandldau lnemsduangisasnsosiuanufio
dUAUADY (second — order low pass filters, LP) ﬁﬁlugﬂﬁ 410 e CLp = 220 pF,
Req = 330kQ Uaz Leg = 10.89 mH ¥ilsienaanudidmenyl (cutoff frequency, fo) 89
1asiAwYINAY fe = 137.7 kHz ﬁqLLamﬂugﬂﬁ 4.11 LLaz'gUﬁ 4.12 LAPINANDUAUDINIY
mmﬁmamwﬁmaqmmﬁﬁﬁé’ué’uaaﬂugﬂﬁ 4.10 15ouUsA gms HU 0.306 MA/V, 0.542
MAN Uag 0.776 mAN Tunsdiiimueld gue Asiiiify 0306 mA/V ¥l Req = 330
kQ, 1.86 kQuazl1.24 kQ uag Leg = 10.89 mH, 6.12 mH wag 4.07 mH aUa1vu 270
Foulusanan il f. = 137.7 kHz, 191.4kHz wag 263 kHz awd1du  91nnsvadey
WuIeasTitiaue A RANaINUSENIM 3.2%, 2% WAz 1.7% Auawy tneseazidunnis
noaeuazUlFfnei 4.3

M13197 4.3 31982108AUR3AT Req b2 Leg NYlun1sinsasiugui 4.10

Ier Igs OmF Oms Reg Leg Cep fe ANAIIURANAA
(UA) (uh) (MmAN) | (mAN) | (kQ) (mH) (pF) (kHz) (%)

25 28 0.306 0.306 3.30 10.89 220 137.7 3.2

25 50 0.306 0.542 1.86 6.12 220 191.4 2

25 100 0.306 0.809 1.24 4.07 220 263 1.7

5UM 4.10 wasnsesuanudisuduasdagldiasdeuiuudumileni
niinsgaydslusun 4.1




Gain (dB)

Gain (dB)
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40
0— —=]
Oms (MA/V) | wamanged] | wansdnaes
40— 0306 | ----- —
-80
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Frequency
g‘dﬁ 4.11 HANTINABINARDUAUDINIIAIUDUDY
AINTOWILAIUAMSUAUABTlugUN 4.10
40
0 s
O (MAIV) NaNNNgY | HAN1sI1aed
-40
O 0.30
0 0.54 -==- I
Vv 0.80
-80 "
1kHz 10 kHz 100 kHz 1 MHz 10 MHz

Frequency

JUN 4.12 HAN15INR0INARBUAUBINNAIINATDINITNTBHUANURAS UG VDY
Tugui 4.10 1ouWUIAY gms
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4.7 a3
Inerdimudunilinaniinsdaangisenidsusvuiamieniifinnsgydoiuy
ounsudetisunsNelagld1995 VOTA uazdiAvdszqiisunsniddiuiuniada lne
ATIVEBUAMANTRNITVNUTDITAELUTLNTUTIA0NANITHY PSPICE  wazyinn1see
2svnasRuedusunuaiiivensaslaglilefiues CA3080 uarlediues CA3280 wa
nsnadanuinnuantivensestihiaeuiimuaenndosiundnnsmangel] nafeddas
finauodanminaUszanu 81 dndlAssiudymguindaumiayindiu 86 uazdlen
Anwanauszana 11.2% Tudsarmidaud 10 khz 89 70 kHz wieuiuansuuamienis
Uszgndldauasasiviaue fesesnseshunnuiimdufuass desngradenadediy
nguf Snfnssiitiaueannsnuusauiiumuanyauar e A s ieauyaldde
Bnsnwddnuselind nafe awnsoruAudnTweIsAANNTlaRILNITUYTAINST LA
lusaanneusnises ilshaasiiausiinnuesesnuasagainlunshluussgndlda
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5.1 na1

INNTTIELENISEDNLUULAZEAATIZH99s B suLUUS et Tngldasas VDTA
Tuunfl 3 wazund 4 WU’mq%ﬁﬁwLauaﬁmm%wéw,l,azﬁéméh gansatlueanuuuiay
Uiuaﬂm‘imwmmummummuwwwawﬂm waannsnumInewIselusAnfiufiunuan
Luammﬂm’mmLauamlmmamamﬂmmLﬂulﬂﬁuaa:;waLaamwummumm Faiily
wummLauamiaaﬂLL‘U‘ULLawmmeumaﬁmaﬂuuwmmumummmingmaLLU‘UGszu
nmsAneeuddeluedn (111101 nuitlumsdsaszisasidounuusnnioatiifinng
gdouuvauuiigninaueluefn dusiuseserfugunsaimadnmnnimisia (11-07]
frogragn udde [1]  Indudesendeddiuniudiuiuassnlunsdaunsieiies wie
MATY [2] fesendadidumulunisduasigimeasarud Wudu veddedsldaiunss
ﬂsmmammmaﬂmauﬂﬁlﬂ 11-[3] mmwawmmsaﬂi‘uLmelmmqaLaﬂmauﬂa[ al-[é]
Tusndudeseifonisdesaufuisuniy [71-[10] \Dudu

fatuunauisaiiauersasdsunuuiininififinsgadesuurunulagld
2995 VDTA _ snunilwhuasifudseeseiisunsnddiuiunisda Usiaaindadnuniy
WUUWETN 9ana1euen  [11] 'm]iﬁ'ﬁ’]Lauammiaﬂ%’uﬁwmméﬁumuaugaLLasﬂ'wmm
wilynhauyaldthensususnnveemautme s VOTA auaudivenasidouuwuy
sundleniiidinisgydesuuruuithiausluunildgnasadeumugndes Tnslilusunsu
$1809n159137 PSPICE uazianauuImsmsUsrndlinuisasitiauosensdaass
rnsslounuduuuIny Ssunnguareandendulumundnnisnmeng Snvisdbusuls
PeNanITInIINNsRennassasaneldlediues CA3280 way CA3080
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5.2 29sidsunuuimnieniilinnsgyidswuuvuiuiningus

—
)

VDTA

5UN 5.1 wasifguiuuiinienininsgyidiuurinuniiaue

al

SUT 5.1 wannasdguwuusiunignihniinsgydouuuaniu 1ngldi9as VDTA 9

Unaue  JeUsznaumensas VDTA sesududaiudssgiiaunsnsdiuiunisda dievi

£
a

NTIATIERRsIRsukUUImle iiinsgadswuuruumiuaue alaanuduiiusa
[N1ANUIN 91]

V. (s sC
Z,(s)= n(8) _ L (5.1)
Iin (S) ng ng i SClng
?z'fqmﬂ’;méhumuam”a (equivalent resistance, Req) 9993935 110U
R 1 (5.2)
i e :
ng
LazAANWEEIaNLa (equivalent inductance, Leq) 1992985 17
C
kAR (5.3)
ng ng

aun1s (5.2) wag (5.3) LLamﬂﬁLﬁudnq%LﬁsJuLLuuéhmﬁmﬂ’]ﬁﬁmiq@lﬁaLLUULLUWmuﬁ
tiaueluguil 5.1 duannsauiuannuiunuauyaldlaensuue gee wazanusn
muqmﬁmmmﬁmﬂwawalﬁlmmiﬂ%’ummmﬁﬂ OmF 8% gms V099995 VDTA HIUNNT
wusAnseualudd lae wag lgs AINAIAU
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5.3. du590Uz09399snIllidulumugauad
Weliasgasidsuwuudiumienhmiauslusun 5.1 lagiladawansenuves
nsalladulumuaaunfivensas VDTA azanunsaliouauns (5.1) Tndladsll [nawwan 22]

V. (s sC
Z,(5) =8 _ 1 5.0)
Iin (S) asclng + aﬁgms ng
AITUAINATUVNUANYAYD4399T Tunsalilviniy
1
R, = (5.5)
q
ang
waAIAmlehauyaveses lunsdinaiady
@
NN T ¢ (5.6)
aﬂng ng

dlo a Ao mevmdosunlunsdeiudnsuereaininudl gee 3990 Reg AAnAananaly
MnAmangud Tuvaed g fe Aerudsauulunsdsiusasveisanauh ges @
VIl Leg AARnnatalyainmmiamguijigusianiu

Tunsdftsnzsimananala (sensitivity) TesAAudumuaLyatenisiasuLUas
AgUnsaikeaTinliIRs avnud [n1AKUIN 23]

SRa _ 11 (5.7)

Omr

wazArndlavesiaNumishatyasien suasuuasrgunIaileafinlues Ay

kg _ qle —
ngF _ngs =-1 (58)
S =S, =-1 (5.9)

Tuvagnaulsensivisuwdasengunsalniad dewindu

S =1 (5.10)

naun1s (5.7) 89 (5.10) wanalisiuinarnnulhisruasuiiafaus e baifiunia
' =~ | a o0 W ' = a a
NUBAININ LHOANTITNOTEAYIOINAT LU Ome Y190 Gms SAnURsuUaslU 1%
1A Req #1398 Leq HAnTuuasundasly 1% ainanin ilusu
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5.4 NaN15318899N15YIN9IUVDINRS

Tudetiagsnstuduauantivensasiivnausluzud 51 Tasnissraesnns
MuMelUsASUI189901591197U PESICE TeeAuuali Vip = 100 mV, Ci= 1 nF uag
Ome = Oms = 0.306 MAN aniTeuludinaagyiiliin Reg = 3.3 kQ uag Leg = 10.89
mH mamsf\i’ﬂaaamamimauaummanawaafmsﬁ'ﬁ’lLauaLLamﬂé’ﬁagﬂﬁ 5.2 INN1TI1@84
ASTNUNUITIAU Vip 28imunseud lip ﬁagmﬂa@mﬁuﬂszmm 820 TnalAgaiuan
y9q TG 88 ©

U7 5.3 uanwmaneuaueIsAuivenasiitiiaus Tnofmuald Cr = 1 nF uas
Omk = Oms = 0.306 MANV @961 Reg = 3.3 kQ Wag Leg = 10.89 mH 21nn1591809015
vaunuinesiinaueaziiafanataussunm 59% uwazdialndiAgstuaniamngu]
Turasannudusyana 10 kHz 89 1 MHz lneseasiBonuansdmsiai 5.1

dlevhnssnaesnisvinauvesasiitiaue tnefuueld Co = 1 nF uagimuald
e WilANASTIWNGU 0.306 MAN niunsudsen Oms = 0.306 mA/V, 0.542 mA/N
War 0.809 MAN auadu VIIHAN Leg = 10.89 mH, 6.12 mH uag 4.07 mH suddu &
NaNsTIReINaRDUALBIIANAWSBUTEUTURaM IV uanssssUR 5.4 91nnnsTa
mMshaunuinesidiaeiidiawantesianuszaina 5.9% - Lileswinasasitiiaus
A130UUTAN  Reg 4az Leg Misnesn1sm1edidnnsefind Ssmanisdnasinisriiauiian
TnalAssuazUsngragenndeadulunumannisniagedludisu

M13199 5.1 518a2189AU09A1 Reg UAZAN Leg Vo439937AURLUTUT 5.1

Ier Igs OmF Oms Reg Leg Ci AIAUEANAA
(WA | (LA (mA/V) (mA/V) (kQ) (mH) (nF) (%)
25 25 0.306 0.306 3.30 10.89 1 5.9
25 50 0.306 0.542 3.30 6.12 1 6.5
25 100 0.306 0.809 3.30 4.07 1 1.2
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Vin iin
(mV) (nA)
150+ 90
100+ 60+
50+ 30
0+ 0
-50+ -30
-1004  -60-
-1504  -90

0 10 20 30 40

Time (us)

3UN 5.2 nan39188eHan1Ine uAueInIIAIve s aueluguil 5.1

Magnitude ~ Phase
(Q) (degree)

3l - 100
25k 80
Nan1mged | HanIdnaes

2k 60

15k 40
1k A 20

0- 0

1 kHz 10 kHz 100 kHz

Frequency (Hz)

JUT 5.3 HANT9IRBIHANITABUANBINNANLAYDIRTIIaUslugUT 5.1
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3k
25k R N7
@Zk N R S S N 111112 N R S S N R S S
8 / / H gns= 0.30 MANV (Igs=25 PA)
£ ek 7 Gms= 0.54 MA/V (Igs=50 pA) |
05k W ——
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Frequency (Hz)

JUN 5.4 HANTTIIHARDUANBININUUIAYEIINATNUNaUBLUFUN 5.1 LTOWUIAN Gs

5.5 NANISVNINADIMNDIITVIY

Tutdeilldfudunnautivensthiauslusuil 5.1 dfianuasaedastuvdnms
MaINguuaznanIsitaasn1sinnulaelusunsy PSPICE Fre19asaselaglyledives
CA3080 wag Luas CA3280 ﬁagﬂﬁ 5.5 FIWAAITIEASLSEANIIHENARBIVEINISELUL UG
mﬁmﬁwﬁ:ﬁmiqzyL?IEJwamu LLazgﬂ‘ﬁ 5.6 BARINNENETBNISTLE N SREVAa8ITse
Tunsnnaesazimusliaesliilamindy 5V ualy e Asfivinfy 50 pA 91ntuudsen
lgs TATNAWYIIAU 25 pA, 50 pA Uay 100 pA MUaIRy  lags18agtdennIsNAaDILEnIs
AN 5.2

sUN 5.5 nisserasidsuwuuiamileahninsgadeuuvuruunldlunismeass



63

TumeufiRanunsaymsdaasgieesidouuvuiunionhfifinsgadowuuruny
lelneldloTiuns CA3080 waz o CA3280 siosamdusufivysyyiivunsng sruruniasin
éﬁguﬁ 5.6 laaA1muald Cy = 1 nF waelih. gm = Gme = Oms = 1 MAV (Ige = lgs = 50
UA) ¥11H Req = 1 kQ UaE Leg = 1 mH Sanansuaussmsnaiansléfisgud 5.7 uazgud
5.8 LAAINANITIANANBUAUBINNIYENIASIUTUT 5.6  HANTVARBINUIHARBUALBINNG
waveasasivhiaueiirlndlAssiudvmguiiuuma 88 Tutsaudlsiiiu 70 kHz i
wandluzui 5.8

Ul 5.9 UARINANTNAFDUNANBUAUBINNIUUIATB1ATIUTUR 5.6 1iTOUUTA Gms
Tngmuuali Cy = 1 nF Wagf MUl gme T dAnAIfivingy 0.5 mAA ¥ilek Req = 1 kQ
NTLUTAN Oms JAWNAU 0.5 MAN, 1 mAN  wag 2 mAN ¥l Leg = 2 mH, 1 mH
Wz 05 mH  auddiy wansineasasanuinesiiiausiiaianuianaiaUsyana
2.5%, 1.4% uay 2.2% audu vl inisesihiiauedmnsnuium Re uaz Leg
eeiBnsmedidnnsednd lunsufohannsoanmaanainaiiinduldlasn1susue Req
uay Leg Wiasilndidastudmnamguiiundeduls

UM 5.6 amaensasifsuwuuiuvilenihnidnsgaydsuuurnnunldlunaaes



M13199 5.2 518881880U09A1 Req 4aY Leq MlEluN1IMAGRUI9RSIUSUN 5.6

64

Ier Igs ImF Oms Reg Leq Ci ANAURANAA
(LA (LA (mA/V) (mA/V) (k) (mH) (nF) (%)
50 25 1 0.5 1 2 1 2.5
50 50 1 1 1 1 1 1.4
50 100 1 2 1 0.5 1 2.2

F B.88ml

1+

MEFER  18Eml)

CHZ~ 18@mt) Time 28 .08us BHEE . HERL=S

UM 5.7 Han1sinnanauaueiianreastugui 5.6




CH1 | Z] 1 kns REF 1 ko 1.32 ko

IF BH 1 EkHz FOHER @ dBm SHP 588 .52 sec
START 18 Hz STOP 188 kHz

5UN 5.8 HANTIANGADUANDINIIAINATD9ASTUTUN 5.6

CHL [Z] 1860 of REF 1 kn 939.47 o

IF Bl 1 kHz FOLEE @ dBm SHP  7589.9 msec

STHRET 18 Hz 5TOP 188 kHz

H SWE PARAM VAL EXTEA

0 10 kH= Q89,538 & 1.8374 mH
1 20 kH= 1.0736 kR 2.1022 mH
2 30 kH= 1.1554 kR 2.1326 mH
3 40 LkH= 1.254 kR 2.2434 mH
4 50 kH= 1.435 kR 2.373 mH
5 &0 kH= 1.5342 k2 2.4993 qH
& 70 kH= 1.6301 k&2 2.6356 mH
i 20 kH= 1.7505 ki 2.774 mH

(n)

gih'?i 5.9 mamsi’mmamauauaa‘wmmmamwﬂugﬂﬁ 5.6 1i1BUUIAN gms
(M) Gms = 0.5 MAN - (V) gms = 1 MAV () gms = 2 MA/V
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CHL [Z] 188 of REF 1 ko 1.847 ka

IF BH 1 kH=z FOLMER & dEm SWP FE9.9 msec

STHRT 18 Hz 5TOP 188 kHz

H SWE PARAM Tal EXTRA

] 10 kH= 1.047 kR 1.0374 mH
1 20 kHz 1.0736 kR 1.1022 mH
e 30 kHz 1.1554 kR 1.1326 mH
2 40 kHz 1.254 kR 1.2434 mH
4 50 kHz 1.435 kR 1,373 mH
5 60 kHz 1.5242 kR 1.4993 mH
& 70 kHz 1.6301 kR 1.6356 mH
7 80 kHz 1.7505 k& 1.774 mH

()

CHYL [Z] 188 of REF 1 ko 989.497 o

IF BH 1 kHz FOLERE @ dBm SHP  789.9 msec

START 18 Hz STOP 188 kHz

N SWE PARAM TaAL EXTRA

0 10 kHz 8939.36 Q 475.35 H
1 20 kHz 1.0736 kR 489.86 H
2 30 kH= 1.1554 kR 500.363 H
2 40 kHz 1.254 kR 510,20 H
4 50 kHz 1.435 k& 543.837 H
5 60 kHz 1.5342 kR 589.16 H
B 70 kHz 1.6301 kR f14.34 H
7 80 kHz 1.7505 k& 643.837 H

()

gﬂﬁ 5.9 mamﬁmwamauauaqmwmmﬁuamwﬂugﬂﬁ 5.6 WiouUsn Oms (619)
(M) Gms = 0.5 MAN () Gms = 1 MAV (R) Gms = 2 MANV
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5.6 m3Uszandldanuvasiasitiaue

Tudedllfenietauumansdszndldnu Tnsesnuutisasilanuudiuuouy
FsgUf 5.10 1ile Cx = 220 pF, Req = 3.30kQ UAY Leq = 10.89 mH vinl¥dranuddveoo
(cutoff frequency, fo) ¥esIsasiiAwiniy 112.8 kHz #agufl 5.11 wagguil 5.12 uans
mamauauaamamm?{maa’m]iﬂimm'mmmﬁéﬁé’uﬁuaaﬂugﬂﬁ 5.10 fowUsAn gms
Tuns@iildmmunly gme AW 0.306 MAN waruUsA gms WAL 0.306 MA/,
0.542 MAN Wag 0.776 mAN T Req = 3.30 kQ Tuttuedl Leg auiidndu 10.89 mH,
6.12 mH wag 4.07 mH andeuladanann vl fo = 112.8 kHz, 137.2 kHz uay 168 kHz
AUARU  9NMIMRaeUNUIRsTIaueiidAuRananUsEIN 9.2%, 6.4% WAy
1.7% mudiu lnesieaziBennismaaevasuléfannsed 5.3

M13199 5.3 5188¢188AU09A1 Reg Uaw Leg Ndlummageuitaslugui 5.10

Ir lgs OmF Jms Req Leg Crp fe ANAINURANAA
WA | WA | (mANV) | (mAN) | (kQ) (mH) (pF) (kHz) (%)
25 25 0.306 0.306 3.30 10.89 220 112.8 9.2
25 50 0.306 0.542 3.30 6.12 220 13772 6.4
25 100 0.306 0.809 3.30 4.07 220 168 4.7

—_— — ——

R-L simulator

|
%/eq ée | CX

T’

Zin

Iln
2

JUT 5.10 19s3lanuuduuuruilagldrasmiauslugui 5.1
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15k

1 kHz

10 kHz

100 kHz 1
Frequency (Hz)

MHz 10 MHz

SUN 5.12 HANTINE0INANBUANBINNAUNVBINATI LU UNTULUUIUY

Tugﬂﬁ 510 ioudsan Oms

35k
U OV O 05 WSRO SO il
3k :
@ 25k
@ O e P
°
=
= 2k
&
~
15k
1k
0
1kHz 10 kHz 100 kHz 1 MHz 10 MHz
Frequency (Hz)
JUT 5.11 NaN159190INANBUAUDIVNAINAYEN
eslow LUt UUTUUlugUN 5.10
35k
3 k : M
= gno= 0.30 MAV (Igs=251A)
...... S Gne= 0.54 MANV (Igs=50 pA)
S gne= 0.80 MANV (15s=100 pA)
= 25k - -
(5]
°
=
£ 2k
g :
g L NN
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5.7 a3

Inerdinusuniildesueianiseenuuuiarduasziesdsusuudiamieniia
msgaydouuuruy Tnelihees VDTA  wagdfiuuszqiiisunsndduiuniled auand
M3vuIeNITItiauegnnTIIaeuANgndesiislUsLNTISIa0IN TN PSPICE
LagnsroaTnaestaiefusunmuaifivensasiviaus TngldleTiues CA3080 way
lediues CA3280 sesafufufvdsegiiouninid nansvadeunuinuaivesisasiith
iwouiinuaonadesiundnnismmeuf namnAelsesitiausiimanuiunuaiyauay
Andleniauyalndifesturmmeguin ludasauifausd 10 kHz 8 70 kHz Bnifads
LanuIMINTUszgndldanuasitiaue Tnsniseaniuuisasilonuuduuvruu
wansliifiuinsesiviausaansausuimauiunuanyauaz A umiesihauyalsd
e3BnsneBLannsednd vilieasiidausiianiuadesiinazazainlunisialy
Ussgnaldau

5.8 @NENE9BeUNdi 5

[1]  H. Kuntman, M.Gulsoy, O.Cicekoglu, “Actively simulated grounded lossy
inductors using third generation current conveyor”, Microelectronics Journal,
vol.31, no.4, pp.245-250, 2000.

[2] U. Cam, F. Kacar, O. Cicekoglu, H. Kuntman, A. Kuntman, “Novel grounded
parallel ~ immittance  simulator topologies employing single OTRA”,
International Journal of Electronics and Communications (AEU), vol.57,
no.4, pp.287-290, 2003.

[3] F. Kacar, A. Yesil “Novel grounded parallel inductance simulator realization
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Journal, vol.41, no.1, pp.632-638, 2010.
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vol.68, no.1, pp.73-78, 2014.
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pp.455-462, 1998.

[9]  M.T. Abuelma’atti, M.H. Khan, “Current-controlled OTA-based single-capacitor
simulations of grounded inductors”, International Journal of Electronics,
vol.78, no.5 pp.881-885, 1995.

[10] A.P.V. Mohan, “Grounded capacitor based grounded and floating inductance
simulation using current conveyors”, Electronics Letters, vol. 34, no. 11
pp.1037-1038, 1998

[11] nyga szdou, 19w derdiod, Yaan gazfmass “vadsunuuiandeniuuy
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6.1 unasy

Ineniinusatuilfiiauenisoonuuuuasdunssinadsuwuudanioihuoy
Usuanls tneldasas VOTA Wugunsalueaiinndnsesiuiusiuuszsaiiounsindiui
wilarintuy Taslduademiithiaueeeniduassdumdn fail

dauusn diauendnnsiiugiunmmheulasanautivesnsas VOTA Sudugunsal
wanfinwiianilefignitamuiiulng Dalibor Biolek uazamylul) a.f.2008 Tnedingusvasd
wdnieldluniseenuuukazduATEiaTUsTInaNad QIR Lﬁaamﬂﬁﬂmamﬁ’ﬁmu
Aoaunsausudnsiveneainugl - v9999slameisnIniBidnavsednd Taen1suus
Anszualudaninsuen Snislasaiiswessaslidudou fufiasiivuindn uae
AuFoatdsliteh Tsawmnuagagosilunmiilulssendldin

dufians Yaueld9sidsunuuiivienilifinisgyids 199s1dsunuudh
wilenthAfinnsgadenvueunsy Lagsesdsuuuuiamienininisgydeuuuruiy
nanade iemnfitiauestueluingninusatuiaseuaaumnanudululdvamseonuuy
uazdaesnasdsuLUiuvioTh Snvinses VOTA flFlunisdnameissdeunuy
s inedwusatuignesnuuulassadmelulasldvaluladduoa vilvanuse
Usuasnsvenemnutildmeitnsmedidnnsednd uaziinnsgaderdenilowfiouiu
walulaBuuululwans Seldndsanuannnt uawnilesiningrdnusiyatuiiaueisas
Bounuuinmienh fdugunsaiueadiniidenldddaduRuuddunpaannyadluns
dwhunizua warAdufiunudiowmngedudunmautiffvesianssuatondnm manzauly
nsihlusenuuvuazduasgiisanfounuudnnioni wiouitendaogienis
UszgnAldnuasasitiaus 1non139eniuua9asnsossiuuaualIng 19snsasiunmd
Mduiuassuazaasiiouuud [Wudu wisududunanisdiasinisinnudielusunsy
PSPICE  Wagnan1TinaInn1sovinansassunsuiniZassnaudelediues CA3080 wag
CA3280 &nme
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waNANUNANITeNMUANLASUN TR SaNAERLRluUUTEgARINTSEAUALAE
SEAUUINIALARGIIE [1]-[5]

1. P. Yaruan, P. Mongkolwai, W. Tangsrirat “Single VDTA-base floating inductance
simulation with a grounded capacitor”, Proceedings of the International 29"
International Technical Conference on Circuits/Systems, Computers and
Communication (ITC-CSCC 2014), Phuket, Thailand, pp.67-70, 2014. [1]

2. P. Yaruan, P. Mongkolwai, S. Unhavanich, W. Tangsrirat “VDTA-based floating
capacitance multiplier with a grounded capacitor”, Proceedings of the Annual
Conference on Engineering and Information Technology (ACEAIT2015),
Osaka, Japan, 22-24 March, pp. 233-240, 2015. [2]

3. P. Yaruan, P. Mongkolwai, W. Tangsrirat “Electronically tunable impedance
multiplier using VDTAs”, Proceedings of the International 12th IEEE
International Conference on Electrical Engineering/Electronics, Computer,
Telecommunications and Information Technology (ECTI-CON 2015),
Hua Hin, Thailand, pp. 67-70, 2015. (3]

4. puge sudeu, Ushnn mealid, 2amad saeddal “asasammanugliitiagliases
VDTA”, nsvszquinfetneiaingsuluila sminerdesivusea asedl 7, 2. vaus,
n11.229-232, 2015. [4]

5. R pgdeu, 13WA Aarishi, faan gssfinass “asendeuuuuiamieniuuy
yuusefisunsnAlasliieas VOTA wilsih”,  n1sUszyuiaiatiedaanssulvii
W INENSEITNIAE ASeT 8, 9. Qifim, Wti1.342-347, 2016. [5]

Tneseazidenauavatisazunanulssruuliluniauuin o

6.2 UBLEUBLUZLUINISIUNI5TINITED

AN59DNLUULAZAISEBATIEMIsIBsuLUFandeniwuuuiuanls Tagldeas
VDTA Alsiauetuluineinusadul nuhddussduiiaulamlufamusoussing
el

Usensusn 89usii11995 VDTA  fhiaueilassadawuumaluladfueaazUsznda
naeuanadIwuuinalulaglulnaisnsudames winnuindlidesdnveanalulad
YeanIIuTamed Ao msUsumsasweeauunsll Sudady Saudansimn
29958ruiliUuAsnsweeanuldednaludady  Faagsilasnsivensinanui
1991993 VOTA fianlndifssiunguiuniu
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Uszn1siiaes  wiinsasiviaveluiveriinusatuiaeiienuadessnazazainly
nsiludszgndldau iesarnarunsaiudnsivergaininuilddieisnismis
Sidnnsefindg whsgrslsfinudyaradildlunsusuaduinadudygrawoudenain
MBUBNTBIIaT Fatuuumnansitedediinauladnusznis Ae msmuaunszualudaves
2197 VDTA  ge3on15n1saInea  nanmen1sitdygiafinaainnnigusnlunisusu

s o w1

HNI1VLILAIAMNUNIVDIT  FIzAINALRAINITIILADINAAYAI9Y Vo9sasiULaued
ANNLNUgLaziBen SN Tua iU

6.3 Lana1581989unil 6

[1]  P. Yaruan, P. Mongkolwai, W. Tangsrirat “Single VDTA-base floating inductance
simulation with a grounded capacitor”, Proceedings of the International 29"
International Technical Conference on circuits/Systems, Computers and
Communication (ITC-CSCC 2014), Phuket, Thailand, 1-4 July, pp. 67-70, 2014.

[2]  P. Yaruan, P. Mongkolwai, S. Unhavanich, W. Tangsrirat “VDTA-based floating
capacitance multiplier with a grounded capacitor”, Proceedings of the Annual
Conference on Engineering and Information Technology (CEAIT2015A),
Osaka, Japan, 22-24 March, pp. 233-240, 2015.

[3] P. Yaruan, P. Mongkolwai, W. Tangsrirat “Electronically tunable impedance
multiplier using VDTAs”, Proceedings of the International 12" IEEE
International Conference on Electrical Engineering/Electronics, Computer,
Telecommunications and Information Technology (ECTI-CON 2015),
Hua Hin, Thailand, pp. 67-70, 2015.

[@] a5 emiFeu, Uy weaalad, wed feeddad “asasnmaiaauqliiliagldases
VDTA 7, msUszyaa3avieianssulaiy unningrdesnsusna adadi 7, 2.9a13,
n11.229-232, 2015.

5] n1y39 ewdou, 15w feedsat, Yaaw gsriinass “aendeusuuiamvieniuuy
uusefisunsdlngldisas VDTA i, n1sUsEgULATYE3AINTIU LN
WNINGIEESITUIAA AT 8, 9. Qlﬁm, . 342-347,2016.
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Nl N153ATINANANURVDIIIDTUNEITNNTLUEADLAILUUNRENTIUTENDS
NNWITUMEITIEnNsEUaasemluzun 2.3 Wedhudeulndlagivuaiiananseua
Nvaludiueineg 01995 Welduszneunisiaevinuantiveeas alasgun n1

M,

l'Ds |D4¢

lo lo
V, «—  —

lIDl |D2¢
Vin=Vi-V; M, M

Vao

2

JUT N1 199suvAsdnensElaRRemILUUNBaNTTanRTILgUT 2.3

¥
f v a

IN3UN N1 NI NETINVRINTEUA Flpmuduiusaall
lpy +1p, =15
130 | e | = (n1.1)

o Ipi ABNSTRALASUTDINIIUTANBIHIN 1 (i = 1, 2, 3, 4) WarklaMAUALINSIUTANDS
nnFiiauaLneEAuYNUsEnTs (matching) vihlwla

by =15,
1 I, =1ps (n1.2)
AIUINRTUAUFLRUSVRINTEIALRANA 1o R

lo=1lp,—los=1o,— 1o, (n1.3)
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Wensu@aweivniinuluyidud awla

W
lpy = & T (V<331 —Viy )2 (n1.4)

2 L

W
ez lo, _ Mo (W (Vg Vi F (n1.5)

2 L

Feiuussfudunadiavindy

Vin =Ves1 =Vas2 =Vi =V, (n1.6)

Wawaunis (n1.4) waz (n1.5) wnuluaunis (n1.6) agansoeuaunsiuy tanadl

Vin:\/ 2l —\/ 2lo, (n1.7)
IUCOX(VV/L) ILICOXM//L)

[

nNauN1s (N1.1) way (n1.7) azlemnuduiuseall

A D e \\{F| 2
VUYL () AGAL N B TN 1.8
R 4 (L)V 26, LI G 8
Iy tCo (WY, [ 4l 2
Y 1C, DB\ | e [ L5 K] Ty 1.9
e = M [ L)v'” uCo /L)y " (n1.9)

WNUAALNNT (N1.8) hag (n1.9) adhu (n1.3) azla

HCox (W 4l 2
=" —N |—————-V. 1.10
S e

FWNALADRTIVE8AIAULLNAAU

_ dig
av,

in

G

- /|BﬂcOX(WTJ (n1.11)
V, = 0
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N2 N15IATIZHEUTIAUININANAVDIINATINUNTZUALUUADYAD
AUI0UENNANNRVRNATINAITIENTELARREfIlUTUT N1 @1X1TaIATIElARIN

1995auya lnganunsaasunelasiail

V
Cgs 4 l gs4

lg4

JUN N2 2995aULATDINITUNAI BN LaRRY I lugUN N1

Wemunualinsudanes My - My Way Ma - Mg 3A210@11950% (symmetrical)
2 lP AU UNUST LM ININ TS ARAZ LT IA UAIT]

I = 0, Vgsi (n2.1)

dlo ig FENTHUAATY g ADSMTIVENEANANNTNTRIMTIUBANDS Vg AD UIIRUTENIN
PUNNTUVMOSAVOINTIUTARMSIN i (i = 1,2, 3,4) sz Rg AoA1AuEIUnIUAelY
uwEsIEnTNa lp Befleigenn dsunieamsaiiengians  efiarsunane
nsudanes My uaz My vilshaaseugalusud n2 ansnsatdewsasauyalalldfagui 3

—>
Vin 1 1 __L

C N Cys2
—osl O1Vin  O2Vin e
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JUM N3 1995aULAY0INITUNEITIENTEUARDEFD HaNTUNANIENT LTINS M, LA
M;
310307 n3 wandiasizilunsdalriudmaziiuladivmuiamss M, uas M,

[y

#RIUNUIUAN YU IUIUNUIIEIUN T B ULARIFUNUS AR T

T o (_9192 ]Vm (n2.2)
2 (9,+0,

o a (Y o a s Y1
wazluiuedfeIiunsaluemITUTANDS M;s e My ﬁ]%VLGYJ'W

(&jvm (n2.3)
9,+9,

FIUUIINAUNTT (N2.2) hae (12.3) 3¢ LA DATIVYIAIAINLNVDIIIITHRAIIENTL L
aegfilugun N1 sl

2

1

12

a7 ( 0.9, j{ 99, ] h2.0)
Vo (8i+0,) L0+,
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¥1 M3AIRTITiAuaNURTDRTasiDuNIEUE

Tudedazuanaiodnansinsevauandfvonsasassiounszua lnefinnsun
NIIUTANDT Mi13-Mys 092905 VOTATUSUT 25 FeilsewaviBenmsiiasziqaauifves
2993898

JUN 91 29Q3aEVDUNTTUANUUNOAN T TUTALNDS
INFUN V1 Wemvuald lip Uag lo ABNIELABUNALAZIDMNAYRIIATALIDU

o & a a 6 ) ¥ Ql' <3 LY I o' ) v
NTLRARIUAIAU TUDAMNNIIUTELHDS Mz YINATNNLTUAIAIUNIUAIRIYIA Vbsi3= Vas
TuraieInsuTanes My, Baulus19dueIv5e Vosia = Ves - Vi Mlvinsshaiasuvindu

b1 :g(\/esm _VTH14)2(1+/1V0514) (¥1.1)

e 0<(Vgs —Viy) SVps a2 A4 ABAINOALAAANNLTIIVDITONIINTERAVDINTUTANDS

FIANNIOWITNTIAIUTENINATLRADIENG Loy UBENTZUNEBUNG i TAGIL

2
M - ( L13W14 J(VGSM _VTH 14 J {l 5 ﬂ’ZVDSlAf J( IUCOX 14 j (GU].Z)
I in W13 L14 VGSlS _VTH 13 1+ ﬂ‘lvDSIB IUCOX 13

WaMMUAlNIIUTAWDT M kag M, Ianuaunayiunnlsenis Seilviean Vg

uay UCox AnslAINUME Aeluaunis (11.2) Jananawdu

los (—“3\’\’14 J (1.3)
I i W13 L14

n
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[
= 1

NEUNTT (¥1.3) Auladnsdnsendn low MU lin 38TUegiUAIAIINNII
warANEIYesYRIlINTld Felunsdliinsudames My vimthialouunadngnseua
AIIUYIBUAT FIAUTIUINEAUDIIRTaIN s NUliR 1M zaLAD

Vosis =Vas =V (v1.4)

Tunsdinnseuansuved Mz wag My, SAWINANIYI Vpsis = Ves Nafe
Vbsia SANANLNTY NTEWa |oyr 3ZTAWNUIUAE
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P2 NITIATICHNANDUAUDINIIAINUNINDTHLTDUN TS LA
NAMDUALDINIANUDUBINATATNDUNTERE  Mya-Mys @1115096A5129N L9270
flafudngleu (transfer function) Ye999TANYARIFUN V2 Fisil

i. lout
n__p 1 2 .-

\

o ) B
Cgsls’_JF Om13 ngg]A Om14Vin dsa

SUN N2 29958ULAY09RTALNBUNTEUE Myz-My,

INFUN 13 Wediarsaiivue 1 legldngnszuanasvenid (Kirchoff’s current
law, KCL) aglamudunuseaall

Iin ~ (SC9513 i gmlS i chsl4) Vin

o I
%30 N = 2 (v2.1)
SCgsl3 it gm13 7 SCgsl4

dleRansanilyiun 2 gl
lout = 9maaVin (v2.2)
wWUAANNIS (n2.1) astu (n2.2) agla

Egt_ - Omas (v2.3)
iin gm13 &5 S(CgslS - CgslA)

%59 —out _ mid (v2.4)
b Omis | 1, S(Costa + Couta)
gmlS

INFUNTT (92.3) MNRITUUNTUANUDAT (S —> 0) IRTIVYNYNTLWAVDINITALN DU
NSLLAILLYINAU

i
Yo _ Oma (02.5)

Iin gmls



AANUIN A
N15ATILAUANUAYDINITAYULUUALUNEIUN

wuulsigayidelaglyaeas VDTA



85

Al NsAATIEiAMANURAYaRsRsuwUURmHeniwuultigyde
luideilazuansiiegan1singvinuautiavedasideuwuuiivieniwuuly
goydelngldaeas VDTA Tugudl 3.1 Bellsngasidennmsliaszinuauuiveiaasaal

Vin=Vi-Ve 1 VDTA

T

5UT a1 wesidgunuuimieaiuuligadsidiaus

Y

NTATIENaslugun Al ansarililngendunnuduiusseninaussiuiunssua
Y892935 VDTA il

I,=i,=0 (P1.1)
iz = One (Vp _Vn) (A1.2)
uay L, =05V, (M1.3)

diefinsandilvun 1 lugun a1 egldngnszwawnasvenil (Kirchhoff’s current law, KCL)
zleAnuduNuGeall

i=—i (m1.4)

el

Vi, =V, —V, (Al.5)
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dlothauns (r1.5) wiwasluaunis (Al.2) aglés
i, =0,V (P1.6)
unuauns (A1.3) asluaunis (a1.4) azla
iy =—1,_ = 0.5V, (P1.7)

91nauN13 (A1.7) Wofia1sau V, sunguadlensi (Ohm 's law) agled

iin 3 gms(slcz: J (A1.8)
1

LNUALNIS (A1.6) adlu (A1.8) @unsatdeuaunishnilain

= Ons I Vin (A1.9)
in SCl

NAUNT (AL1.9) A ABUTUAUTBUNATDIITT A9l

Zm=\./i= ot (A1.10)
Iln ngng
30
VizV, Vi—V, Cl
Y s Z e v = Sk (P1.11)
Iin _Iin ngng

AatiuA1AUmeIdnaNya (equivalent inductance, Leg) 9043995 Jadlewiniu

G,

= (A1.12)
ng ng

Leq
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Qe

o

1089 a Ao AANLTEAUETUNTARIUSRSIVENIAIANNEY SENINTD p wag 99 n LUEY

(9]

a a | ~ P ) | ° & v &
z Tuvaugdl B Ao ArudosuulunsamIuensIeeIeAInuineIng z TUgta x 6

g

ee 2

Feaunsolesginisvheuvensasnsdlidugaued Tagsd -
dlefimsanillun 1 lugudl a1 aglduduiusead
o=—i, = 9.V, (P2.2)
ey
I, =a0,:Vi, (P2.3)
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A3 nsamszvmAIaulrenisilasullaesRUsEnaULBATINLAZNIETN
Tun1sfiarsanAiaula (sensitivity, S) ¥0IN153LM03 Y dan1stUasuLlase

29AUTENAU X A0 UUALAINAUFURUS fail

%change iny _ (Ay/y)x100%
%change inx  (Ax/x)x100%
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A a1 v ! = A o v y ! 1 a s ! a !
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paAUsENaU X Aatiuaunis (a3.1) Iudeulminataidu

sy=Ay/y=§Q
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S, =S =-1 (3.9)
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=i (91.4)
LAy

=V (41.5)
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aunsaazurulvesieestunsailia

S =S AL (13.3)

Imr Oms

S, =S, =-1 (13.4)

WAy Schq =1 (43.5)



ANANUIN 3
N133tAT1SAUANUATDINITIABULUUA NN

NnAnIsaudsUUYUIULAS TU3995 VDTA

U v



97

a1 MTIAszaMaNTRYesAsuLuUAmlenindnsgydsLuuIuIY
Ingl42935 VDTA

lun1siesziauaniivensasdeuwuudivienhnidnsagdewvuruiulagly
1993 VDTA anhsadnieilalagiisneazidendail

Zin
SUN a1 1asidgunuummilgnhfiinsagidenuuruuimiiiaus

a 'S d‘ o Y U Y 6 1 (Y] [y
N15iATemeasiugun 31 - awsarildlpgendeauduiussenitauseiuiu
NILWEVDI995 VDTA #19il

I,=i,=0 (?1.1)
iZ = ng (Vp _Vn) (le)
uay I, =05V, (21.3)

deiansaniluug 1 lugun a1 legldngnszuaaasvendl (Kirchoff's current law, KCL) g
Taanuduiuseadl

i =—j (1.4)
GH]



Prauns (91.4) uay (91.5) unuadluaunisi (91.2) aglan

iin = _iz =—0Onr (Vp _Vin)

[

Wenasanilvua 2 Tugun a1 aglamnudusiusaail

_ ix
V, =
sC

WAUANNIS (31.3) adluauns (31.7) aglain

LI T OimsVin

v
P sC

wWUANNIS (31.8) ashuaunis (31.6) @1unsawdauaunistualean

: V.
b, =~ Ome (—% » Vin)

iin 11 (%4_ ng) Vin

[

NAUNTS (31.9) AeleBuuAUGDUNmVeIINaT Aall

7 =Yy sC

. )
Iin ng ng + SCng

eq

ng

bbeYe

Leg

- ng ng

98

(31.6)

(Q1.7)

(31.8)

(31.9)

(?1.12)



99

a 4 a av o1& a
22 NMFIATEANaNUAYa93Rsn Al liulUnugAuAR
Tuidellavuaniswandeanisieszinuanifivenasnsalidulunugaund
Tngo1fAuduNUS Iz ISR UAUNTELEY892995 VDTA nsdlliidugaunf fsil

iz OCng - ang 0 Vp
I, |=| O 0 Bns || Vs (R2.1)
(e 0 0 —B0s |V,

1087 a Ao A1ALTBUUIUNITENIUSRTIVEIEAIANIN Qur  MUVMUET B AD AIAIIY
Weauulun19dmiIuena818A1aNNEY Ons AIHUTIE@INNTOIATIEANITNNIUVD19DS
nsdlladugauad 1aad

[

dlearsanluug 1 lugui a1 aglannuduiusaed
I = _iz = =00 (Vp _Vin) (22.2)

in

wagynfiarsalvue 2 lugui al agled

v, =—= (32.3)
sC
D)
= P9V
)| 5f catdido (2.4)
p sC
wnuaNnis (22.4) adlu (@2.2) azla
S ﬂgmsvin
l.. =— —= Iy
in ang( SC |n)
7138
iin = (m + ang) Vin (QZS)

sC



100

[

NAUNT (32.5) AwleBuiiuaudBunmnveeas fail

Vin _ sC
iin aﬂng ng + aSCng

in

Ry = (2.7)
ag mF

bbe e

C

= (22.8)
AB9e s

€q



101

33 N1TATITIIAIANlInan1sUABULUaIR9AUSENaUKBATINLAZ W ETIN
Ansun1sIAs1IAIANN RN UAsULUaIRIRUsENBULEATIN WAL NIER WY B
JsdgukuUiImle i wueUNsuEnsadufgUR 91 anunsadnsiedilanadl

[

deansanmanahives g, denisudsan R, avldanuduiusasil

oR,
Fo = One _® (33.1)
Req 6ng
unuen Ry, 3nauns (32.7) kel
> 8(1)
Req g ( 1 J 0{ng
T, % Otng ang
I, o
» F( 1 ] O(aYye )
"\ G 0
-1
1 2
g 1) (0 fon)
Y e
e N (33.2)

Wavinisiasuinuandaaiaulvensdwesdu lasedeisnisfeddu
aunsaazunNlvesvsiasiail

sgL:;F - SQL:; Y (33.3)
S, =S, =-1 (33.4)

WAL SCqu =1 (33.5)



NIANUIN 2

UNAUIYNLASUNISANUNW



103

unauIdendsunsinunlunisussyuidvinmsniediuiaanssudiannssiinduasns
doansluszaurid wazszavuIuaa luInerdnusiiisnuau 5 unanuaialuil

(1]

P. Yaruan, P. Mongkolwai, W. Tangsrirat “Single VDTA-base floating inductance
simulation with a grounded capacitor”, Proceedings of the International 29"
International Technical Conference on circuits/Systems, Computers and
Communication (ITC-CSCC 2014), Phuket, Thailand, 1-4 July, pp. 67-70, 2014.
P. Yaruan, P. Mongkolwai, S. Unhavaniich, W. Tangsrirat “VDTA-based floating
capacitance multiplier with a grounded capacitor”, Proceedings of the Annual
Conference on Engineering and Information Technology (2015ACEAIT),
Osaka, Japan, 22-24 March, pp. 233-240, 2015.

Ay Bxiden, Ut wsealad, 2smed fardsn “asazaurinnuglihlngldies
VDTA 7, nmsUseaanadotnginansauluin avninendusvasea assd 7, 2. vau3,
n11.229-232, 2015.

P. Yaruan, P. Mongkolwai, W. Tangsrirat “Electronically tunable impedance
multiplier using VDTAs”, Proceedings of the International 12" IEEE
International Conference on Electrical Engineering/Electronics, Computer,
Telecommunications and Information Technology (ECTI-CON 2015),
Hua Hin, Thailand, pp. 67-70, 2015.

AR Bzdou, 2w Sy, Taam asviwass “andsuuuuianieniuuy
yuusefisunsnAlagldisas VOTA wilsdh”, n1sUszyaiaiatieiainssului
LN INEFEINTNIAE ASaT 8, 3. Qlﬁm, U1, 342-347, 2016.



104

a Kovint

2 1 1 ¥ L . 'lﬁ -Wel Gie.
IPhuketiGraceland o segtod 1 g\

m% ) * Yong Stao
S '« Toshl i Watanabe » Yashikagt Misanagal
Resort an _?Sp PhukEt Wanlop Surnkampostorn s Youing/Shik Mt » Phaopbak Sirivak
. lllu-hl Yamads « Wannaral Saentiamoniul
= Lsso Shirakawa International (‘wrdllnlhn l'lmnhhg ﬂmnﬂlﬁ = Wariduan Werapuin
« Jac Hong Lee Commiliee General Chair Publicity Chair
» Pribhas Chongsatitwattang e Byung Gook, Fark = Chiranu. _&-ngumqk » Phempeak Keeratfwintakorn
» Jim-Koa Rhoe | Chaodir Aswakul Gengral Co-Chair Publication {hair
o Jin I Park * Chean Won Choi #Napisa hinra » Nitthiita Chirdchoo
» Keaji Onagn » Chiranui Sa-gisnsak » Yoog Seo Koo udusiry Relstion Clisic
» Kosin Chammongibai » Duesik Homg TPC Chair » Jitkasesn Ngamamil
» Kukjin Chan + Daichakom Tanchamen » Lunchakom Wugisinikulkij  » Pisit Chambeitkong
» Masw Nokagawa o Eisisung Kang TPC Co-Chair Finance Chairs
« Masayuki Kawarmata » Hiroshi Tamesn. » Kunitikn Hirishi » Rujipan Sampenns
» Moeai Keniriksh = Hyen Wik Park = Jusi Heo = Siniluck Santhachai
= Rokuya Ishii » Joonki Paik TIC Secretary Registration Chairs
« Salowhi Goto » Jun Heo » Pisit Vamichchamant » Pichaya Tandzyya
= Sawnsd Tantarstans = Kebake Nakano = Dutchakorn Tancharoen = Sisipham Wongsuthavas
» Sevag Due Kim o Laochakor WG T G o Sl ey | » Wannaree Woagtrairat
 Seung Hang Hong |« Marikam Nakamur » Piyn Rovinevewat | ]

LR o RE Y




105

Single VDTA-based Floating Inductance
Simulation with a Grounded Capacitor
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Abstract—The resistorless realization of a floating
simulated inductance circuit is proposed in this paper. The
realized floating inductance circuit contains a single
voltage differencing transconductance amplifier (VDTA)
and only one grounded capacitor, resulting in simple and
canonical structure as well as attractive for integration.
The resulting equivalent inductance value of the proposed
simulator is electronically adjustable through an external
bias current of the VDTA. To demonstrate the
workability of the proposed circuit, the second-order
voltage-mode bandpass active-RLC filter is also suggested.
PSPICE simulation results are employed to confirm the
theoretical analysis.

Keywords— Voltage Differencing Transconductance
Amplifier (VDTA), floating inductance simulator, resitorless
realization.

. INTRODUCTION

It is well-known fact that the floating inductor is one of the
important elements in circuit design, such filters and
oscillators. However, it is impractical to fabricate a large-
valued inductor in the integrated circuit technology because its
characteristic is far from the ideal behavior, and it requires a
large chip area. Although on chip inductors in spiral is a new
research area, they still occupy a large chip area and have low
quality factor (Q), and their values are very small, usually in
order of 1 nH. Therefore, to overcome this problem, several
floating inductance simulator circuits using various high-
performance active devices have been reported in the technical
literature [1]-[9]. However, all of these reported circuits have
either one or more active elements, or more than two passive
elements for floating inductance simulationtemplate.

In this study, a circuit configuration for simulating floating
inductance using single voltage differencing transconductance
amplifier (VDTA) [10]-[12] and a grounded capacitor is
presented. The circuit containing only grounded capacitor has
considerable advantages in compact structure, reducing cost
and in fully integrated circuit design. The equivalent
inductance value of the realized floating inductor can be
adjusted electronically by changing the transconductance value

of the VDTA. The performance verifications of the proposed
circuit are performed by PSPICE simulation.

1. BAsic CoNCEPT OF THE VDTA

As symbolically shown in Fig.1, the VDTA device is an
active five-terminal building block, when p and n are input
terminals, and z, +x and -x are output terminals. The terminal
relations of this device can be expressed by the following
matrix equation [10]-[12] :

iz 9mF  —9mF 0 Jvp
ix+ |=| 0 0 Oms | Vn (1)

Ix— 0 0 ~Oms || Vz

where gme and gns are the first and second transconductance
gains of the VDTA, respectively. From eq.(1), the differential
input voltage from p and n terminals (v, — vy) is transformed
into the current through the terminal z (i) by the
transconductance gne. The voltage drop at the terminal z (v,)
is then converted to output currents at the terminals +x (iy.) and
-X (iy.) by the transconductance g¢.s.  Generally, the
transconductance gains of the VDTA can be controlled
electronically by the external bias voltage/current

p X+
—
VP o—— P X+ ——oVy,
i VDTA i
n X-
Vn o——— N z X- ——O VX-
K
V.

Fig.1. Circuit symbol of the VDTA.



I1l.  PROPOSED VDTA-BASED FLOATING INDUCTANCE

SIMULATION CIRCUIT
Fig.2 shows the circuit configuration of the proposed
floating inductance simulator circuit, which consists of only
one VDTA and one grounded capacitor. This configuration
results in a resistorless and canonical structure. Routine circuit
analysis of Fig.2 using eq.(1) vyields the short-circuit

admittance matrix as follows :
+1 -1 Vl
-1 +1|V,

ol

From above expression, we see that the proposed circuit of
Fig.2 simulate a floating inductor with an equivalent
inductance value of Leg = C1/gmeQms. This reveals that the
value of L, can be adjusted electronically through either gr
or gns Of the VDTA. In addition, if we let V; =0 or V, =0,
then the proposed circuit can be used as a grounded inductor.

I, J
p X+
| VDTA
n 7 X —‘

Fig.2. Proposed floating inductance simulation circuit

_ 9mF9Ims
SCl

@)
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IV. SIMULATION RESULTS

The performance of the proposed circuit was verified using
PSPICE simulation. In simulations, the VDTA was performed
by the schematic CMOS implementation given in Fig.3 [11]-
[12] with supply voltages +V = -V = 1.8 V. The CMOS
transistors in VDTA implementation were simulated the 0.35
pm TSMC process parameters. The dimensions of MOS
transistors are given in Table I.

TABLE I.  Aspect ratio of MOS transistors in Fig.3

Transistors W (um) L (um)
M - M;, M5 — Mg 16.1 0.7
Ms - My, M7 = Mg 28 0.7
Mg — My, M1y — M7 56 0.7

Mz, My 7 0.7

+V
Mg |j |_4| Mio My, Ii’_l [ﬂ M;,
LN T
A 1 et
p 1z t—o L{ X- X+ 1
IBFl _| M, M, I_ Ms Me lIBS
M,, M,,
My, I H__>1 I M5 Myq I r__“ I Mg
-V

Fig.3. Internal CMOS structure of the VDTA circuit.
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In Fig.3, the structure is realized by two Arbel-Goldminz 100M BRI IR
transconductances [13]. In this case, the gme- and gms—values gg“’;_‘j)’ Ieal | Simulated
of this element are determined by the output transistor s M1 6 o0sa |- — o i <ug
transconductance, which can respectively be approximated as : e o v j__,,—»:::/e;::*“’
5 e
> e
L
InE = 9192 |, | _9394 3) o
01+92 g3+04 1
1k 10k 100k M 10M 100M
Frequency (Hz)
(a)
and gmsz( 9596 ]Jr[ 979s J (4) 100 _
05+ Je 97 + s . i 5
i N
I
where 0j = [lgjsCox — 18 the transconductance value of € w0 : |
Li 8 am (MANV)] Ideal | Simulated ﬂ §
the i-th MOS transistor (i = 1, 2, ..., 8), Ig; is the bias current */ o
of the i-th transistor, u is the effective carrier mobility, Coy is - \ \
the gate-oxide capacitance per unit area, and W and L are the % : mLk v L ey
effective channel width and length, respectively. Frequency (Hz)
The impedance of the proposed floating inductance \ (O
simulator circuit in Fig.2 relative to frequency is shown in Fig.4. Ideal and simulated frequency responses

of the proposed floating inductor circuit in Fig.2.

Fig.4. The passive component value is selected as : C; = 1 nF, (a) hABAIEAR® fekponses [bJ\phase responses

while the VDTA’s transconductances were varied as : g, =
OmF = Oms = 0.27 mA/V (lB = lgg = lgs = 20 ,UA), Om = 0.54

mA/V (Ig = 80 xA) and g, = 0.81 mA/V (Ig = 180 pA), to Leg C =220 pF
obtain Leg = 13.74 mH, 3.43 mH, 1.52 mH, respectively. Lo Wg I¢ A o
Fig.4 demonstrates that the simulation results are in close
agreement with the ideal results as expected. v, & 4 v,
o . o -
V. APPLICATION Fig.5. RLC bandpass filter.
To demonstrate an application of the proposed
floating inductor of Fig.2, it is employed in the RLC Gain  Phase
bandpass filter shown in Fig.5. The floating inductor (dz? (d;%ree)
circuit is simulated with the following component values : P o |
Ci=1nFand:gm=0mr = Oms = 0.27 MA/V (Ig = lgr = 3\ \\ — Simulated
lss = 20 uA), which results in Le; = 13.74 mH. Fig.6 /S
shows the frequency responses of the bandpass filter of // \ \\‘
Fig.5, which appears that the ideal and simulated w0 _,// ] ™~
magnitude and phase responses are in good agreement for /// \ \\‘
a set of selected values over several decades. 401 0L ‘\ Vi ¥
S A
007 00 10k 100k ™M 10M
Frequency (Hz)

Fig.6. ldeal and simulated frequency responses
of Fig.5.



Furthermore, in order to demonstrate the electronic
controllability of the proposed floating inductor, the value of
Leq in Fig.5 was changed to 13.74 mH, 3.43 mH and 1.52 mH,
by adjusting the transconductance gain g,, to be 0.27 mA/V,
0.54 mA/V and 0.81 mA/V, respectively. This tuning leads to
obtain the center frequency f, = @./2, = 91.5 kHz, 183.2 kHz
and 275.2 kHz, respectively. The simulated magnitude
responses of the bandpass filter in Fig.5 with electronically
variable L., are depicted in Fig.7. From the results, the
corresponding f, are obtained as : 95.6 kHz, 181.3 kHz and
267.4 kHz, respectively.

20

0 ST
—~ / bl ‘;, -
o Pt AT
S Laer L
= s \\ S
£ Pre L N
%) -20 ,./ \\5 hCH gt X
=) P ~h g
£ Pug \ g
o / i~
> .
40 /// L= 13.74 mH (f, = 915 kHz) N
----- L,,= 3.43mH (f, = 183.2 kHz)
— -+ — L= 152 mH (f, = 2752 kH2) J
60 T T 1 1 j
1k 10k 00k ™ 10M
Frequency (Hz)

Fig.7. Simulated magnitude responses of Fig.5
with variable Leg.

VI. CONCLUSION

This paper describes a floating inductance simulator circuit
with electronically tunable feature based on the use of the
voltage differencing transconductance amplifier (VDTA) and
only one grounded capacitor. The important gain of floating
inductance simulator can be adjusted electronically by
changing bias currents of the VDTA. PSPICE simulation
results verify that the performances of the proposed circuit are
in good agreement with the prediction of the analysis
performed.
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ABSTRACT

An electronically tunable floating capacitance multiplier circuit based on voltage
differencing tranconductance amplifiers (VDTAS) has been described. The proposed
multiplier circuit is realized by the employment of only two VDTAs as active
elements together with one grounded capacitor as a passive element, without an
external passive resistor. The circuit is simple and canonical structure as well as
attractive for integration. The value of the resulting equivalent capacitance is
electronically controllable by means of the transconductances of the VDTAs. To
emphasize the advantage of this floating capacitance simulator circuit, a second-order
active bandpass filter realization has been suggested as an application example.
Performance simulations using PSPICE are employed to verify the theoretical
analysis.

Keyword: Voltage Differencing Transconductance Amplifier (VDTA), capacitance
multiplier, floating immitance function simulator.

1. Introduction

Capacitance multiplier circuits are very useful active building blocks in many
applications such as filter design, oscillator design and cancellation of parasitic
elements. This is due to the well-known fact that the use of the physical capacitor,
particularly of large values, is either not permitted or is unwanted in the integrated
circuit technology. Accordingly, several floating capacitance simulator circuits using
various active elements were realized in literature [1]-[9]. However, they still suffer
from the following weakness: (i) they have either two of more active devices or more
than one passive element for floating capacitance multiplier simulation [1]-[9]; (ii)
they use some floating passive components [1], [3], [5]; (iii) they employ any
external passive resistors [1], [3], [5]-[8]; (iv) they cannot be tuned electronically [1],
[31, [7].

In this work, we present a floating capacitance multiplier circuit employing
voltage differencing transconductance amplifiers (VDTAS) as novel active elements
[10]-[11]. The proposed capacitance simulator topology is constructed with two
VDTASs and one grounded capacitor. The proposed floating simulator can be tuned
electronically through the transconductance parameter of the VDTA. Since the circuit
is composed of only grounded capacitor without requiring any external passive
resistor, accordingly, it is a canonical structure and quite suitable for fully integrated
circuit design [12]. An application example together with the simulation results are
also given to illustrate the performance of the proposed capacitance multiplier circuit.
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2. Description of the VDTA

As symbolically shown in Fig.1, the VDTA device is a versatile active circuit building
block, when p and n are input terminals, z, +x and -x are output terminals. The
terminal relation of this device can be expressed by the following matrix equation :

ix+ = 0 0 gms Vn (1)

where gme and gms are the first and second transconductance gain of the VDTA
respectively. From equation (1), the differential input voltage from the terminals p
and n is transformed into output currents at the terminal z with first transconductance
gain (gmr). The voltage drop at the terminal z (v;) is transformed into output currents
at the terminal x+ and x- with second transconductance gain (Qms)-

Vio—— p X+ ——a Vs
i VDTA il
Y . PO
o h) X i, o — = )

Vv

Figure 1. Circuit repreéentation of the VDTA.

Recently, the simple CMOS realization of the VDTA is introduced in [11].
Fig.2 shows the internal structure of the circuit, which is composed of two Arbel-
Goldminz transconductances [13]. In this case, the gme- and gms—Vvalues of this
element are determined by the output transistor transconductance, which can
respectively be approximated as :

ng;( 9192 }{ 9394 ] (2)

01+02 g3+ 04

gmsz( 9596 j{ 9798 ] , 3)
05+ Up g7 +0s

where g. — h C Wi is the transconductance value of the i-th MOS transistor (i =
i BiA#“ox Li

1, 2, ..., 8), g is the bias current, x is the effective carrier mobility, Cox is the gate-
oxide capacitance per unit area, and W and L are the effective channel width and
length of the i-th transistor, respectively.

and
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+V

fﬂfl

\"1|; |

=V
Figure 2. CMOS realization of the VDTA used in simulations.
3. Proposed Floating Capacitance Multiplier Circuit

Fig.3 shows the proposed floating capacitance multiplier circuit. It consists of only
two VDTA and one grounded capacitor with no external passive resistor requirement;
hence, the circuit is simple and canonical structure and very suitable for integrated
circuit implementation. Straightforward analysis of the proposed floating inductor in
Fig.3 yields the following short-circuit admittance matrix :

{'1}%{“ —1}{%} @
P OmF19ms1 -1 +1] Vs

or we can obtain the following input impedance :

__ 9mF19ms1 1 )
n
SC19mr29ms2  SCeq

Here, the parameters gmri and gmsi represent the transconductances gme and gms of i-th
VDTA (i = 1, 2), respectively. It is clearly seen from above expression that the circuit
of Fig.3 can simulate a floating capacitor with an equivalent capacitance value as :
Ceq = CiOmr20ms2/Omr10ms1.  Also note that the value of Ce¢ can be adjusted
electronically through either gmei or gmsi Of the i-th VDTA. In addition, if we let V; =
0 or V, =0, then the proposed circuit can be used as a grounded capacitor.

1
Fi L :
‘ 1
Fao E n @ X- — — n
Z.'JI

Figure 3. Proposed floating capacitance multiplieF circuit.
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4. Performance Verification and Simulation Results
The performances of the proposed floating capacitor in Fig.3 have been demonstrated
through PSPICE simulation. The simulations were performed by using a CMOS
realization as shown in Fig.2 with DC supply voltages equal to +1.8V. The CMOS
transistors in VDTA implementation were simulated using 0.35-um TSMC CMOS
technology process parameters. The dimensions of MOS transistors are given in
Table 1.

Table 1. Dimensions of MOS transistors of the VDTA circuit shown in Fig.2.

Transistors W (um) L (zm)
M; - Mz, Ms — Ms 16.1 0.7
M3 - My, M7 — Mg 28 0.7
Mg—Mlz, M14—M17 56 0.7

M1z, Mg 7 0.7

The proposed floating capacitance multiplier circuit given in Fig.3 was
simulated with OmF1 = Oms1 = JmF2 = Oms2 = 0.38 mA/V (IBFl = lgsy = lgpx = lgsp = 40
4A) and C; = 1 nF. Fig.4 shows the simulated voltage and current waveforms of the
circuit when a sinusoidal input voltage at a frequency of 100 kHz and amplitude of 50
mV peak was applied to the circuit. The signal current is 89° phase-shifted with
respect to the voltage that is very close to expected valued (90°). The impedance of
the simulator circuit of Fig.3 relative to frequency is shown in Fig.5. As can be seen,
the ideal case and simulated results are almost the same over the wide range of
frequencies from 1 kHz to 2 MHz.

Voltage Current

(mV)  (uA)
1007 ~ 60 — AN
g v '
Wi~ B \“/' V%l A Era
R NN XN
0 0 \\ : A / A\ \ /: N\
1 &4 VIRRTARVEELERNY 4
D4RV, A TN YA
N N2 h—dl A N
2004 60 i : O i
0 5 10 15 20 25 30

Figure 4. Simulated voltage and current waveforms of the proposed floating
capacitance multiplier circuit of Fig.3 for f = 100 kHz.

In order to demonstrate the electronic tunability of the proposed capacitance
multiplier of Fig.3, the simulated magnitude responses for various DC bias currents
are given in Fig.6. In Fig.6, the transconductance values were selected as : gm1 = Omr1
= Oms1 = 0.27 mA/V, 0.38 mA/V and 0.54 mA/V (lg1 = lgr1 = lgs1 = 20 pA, 40 LA
and 80 ,UA), and Om2 = OmF2 = Oms2 = 0.38 mA/V (le = lger = lgsz = 40 ,UA),
respectively. This results in : C¢q = 0.5 nF, 1 nF and 2 nF, respectively.
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Figure 5. Frequency responses for the impedance of the proposed floating capacitance

multiplier circuit of Fig.3.
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Figure 6. Electronic control of C¢q With respect to bias currents.
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Figure 7. Second-order bandpass filter.
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5. Application Example

To illustrate the utility of the proposed capacitance multiplier in Fig.3, the second-
order bandpass filter is realized in this section. The floating capacitance multiplier
was simulated with the following component values : C; = 1 nF and gmr1 = Qms1 =
OmF2 = Oms2 = 0.38 mA/V (IBFl = lgsy = lgrp = lgsp = 40 ,LIA), which results in Ceq =1
nF. Fig.8 shows the frequency responses of the bandpass filter of Fig.7, which
appears that the simulated gain and phase responses are in good agreement with the
ideal responses for a set of selected values over several decades. In addition, the
electronic tunability of the proposed capacitance multiplier circuit of Fig.3 is
demonstrated. For this purpose, the value of C¢q was changed from 0.5 nF, 1.0 nF to
2.0 nF, by tuning gmr1 = gms1 = 0.27 mA/V, 0.38 mA/V and 0.54 mA/V, respectively,
while keeping gmr2 = Qms2 constant at 0.27 mA/V. This tuning leads to obtain the
center frequency f. = 76 kHz, 103 kHz and 153 kHz, respectively. The simulated
voltage-gain frequency responses of the bandpass filter in Fig.7 with electronically
variable C¢q are depicted in Fig.9. From the results, the corresponding f. are obtained
as approximately : 70 kHz, 99 kHz and 147 kHz, respectively. For a set of selected
values, the results show that that the ideal and simulated responses are in good
agreement with the expectation values.

Gain Phase
(dB) (degree)
40-I 100 .

{oopopdebbiboneedondo oo b
7t ===~ Ideal i

= i

20 Simulated {1

0

=20+

A4pd -

lI(lJUk
Frequency (Hz)
Figure 8. ldeal and simulated gain and phase responses of Fig.7.

20 ::1:J

—o— Coy=0.5nF (fi= 76 kHz) [i T
—o— Cyy=1.01F (f: =103 kHz) [+
—— C,,=2.0nF (f=153kHz) | |

Y
O\
/

Voltage gain (dB)

o
>
o

Tk 10k 100k M 10M
Frequency (Hz)

Figure 9. Simulated gain responses of Fig.7 with electronically variable Ceq.
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6. Conclusions

In this study, an electronically tunable floating capacitance multiplier scheme is
described. The simulator circuit is realized needing two VDTASs and one grounded
capacitor, which is suitable for integrated circuit implementation. The value of the
simulated capacitance is electronically tunable by adjusting the bias currents of the
VDTAs. The usefulness of the proposed circuit is demonstrated on the RLC bandpass
filter design example.
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Abstract
A simple circuit configuration for the realization of a

capacitance  multiplier  using  VDTAs (voltage  differencing
transconductance amplifiers) is presented. The proposed multiplier
circuit contains only two VDTAs along with an external grounded
capacitor under control. The equivalent capacitance value of the

realized multiplier can be tuned electronically through the
transconductance parameters of the VDTAs. The characteristic of the
proposed circuit and its filter application are demonstrated using

PSPICE simulation with TSMC 0.35-zm CMOS technology.

Keywords: Voltage Differencing Transconductance Amplifier (VDTA),

capacitance multiplier, electronically tunable
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Abstract— This paper describes a simple circuit configuration for
realizing an impedance multiplier using VDTAs (voltage
differencing transconductance amplifier) as active components.
The proposed impedance multiplier circuit contains only two
VDTAs along with external impedance under control. The
equivalent value of the realized multiplier can be tuned
electronically through the transconductance parameters of the
VDTA:s. The characteristic of the proposed circuit is
demonstrated using PSPICE simulation with TSMC 0.35-pm
CMOS technology.

Keywords—Voltage Differencing Transconductance Amplifier
(VDTA); impedance multipler; immittance function

. INTRODUCTION

An impedance multiplier is a kind of active circuit that
effectively inflates the impedance presented by the load.
Therefore, the impedance multiplier is a useful element for
various functional analog applications, such as active filters,
oscillators, biasing and impedance matching. A most
appropriate application of the impedance multiplier is in the
simulation of the tunable passive element such as resistor (R),
inductor (L) and capacitor (C). It may also be used in IC
fabrication for simulating large valued R, L and C.
Consequently, it is of interest to simulate the passive
impedances using various analog active building blocks [1]-[2].
Although a large number of modern electronic active building
blocks have been reviewed and considered as alternatives to
the classical voltage-mode operational amplifier [3], the
voltage differencing transconductance amplifier (VDTA) has
been found to be particularly attractive in various analog signal
processing and signal generating applications [4]-[7]. This
device combines the advantages of voltage differencing unit
and the transconductance amplifier.

Considering these facts, in this study, an electronically
tunable impedance multiplier using VDTASs as active elements
is presented. This multiplying circuit comprises only two
VDTASs and the scaling impedance. The proposed impedance
multiplier circuit can provide electronic control to grounded
impedance functions, i.e. resistor, capacitor and inductor. To
demonstrate the practical workability of the proposed

978-1-4799-7961-5/15/$31.00 ©2015 IEEE

impedance multiplier circuit, simulation results based on
TSMC 0.35-um CMOS process parameters have been
provided.

Il.  DESCRIPTION OF VOLTAGE DIFFERENCING
TRANSCONDUCTANCE AMPLIFIER (VDTA)

As shown symbolically in Fig.1, the VDTA element
consists of an input voltage subtractor that transfers a
differential input voltage (v,-v,) to the current through the z-
terminal (i,) by the first transconductance gain (gme), and a
dual output transconductance amplifier that converts the
corresponding voltage drop at the z-terminal to currents at the
x-terminals by the second transconductance gain (gns). From
the ideal operation, the terminal relationships of the VDTA can
be characterized by the following matrix :

i1 o o 0 oy,
o[ 000 0 o)y, )
iz One —Onr 0 0 Vy
ix 0 0 ng 0 Vz
ip ix
V., —>  —
po—— P X —o
i VDTA i)
Vhno—= | n Z—ovV,

Fig.1 Electrical symbol of the VDTA.
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Fig.2 CMOS realization of the VDTA [4].

Fig.2 shows the CMOS realization of the VDTA [4]. In
this realization, the internal structure of the circuit is mainly
composed of two Arbel-Goldminz transconductances [7]. In
this case, the values of g, and gys for this element of can be
determined by the output transistor transconductance, which
can respectively be approximated as:

ng;[ 0192 JJ{ 9394 j 2

g1 t02 03 +04

and ng;£ 9596 }r[ 9798 J )
g5+ Je 97 + 38

where g = HCoxWilBi s the transconductance value, Ig
Lj

is the bias current, u is the effective carrier mobility, C is the
gate-oxide capacitance per unit area, and W; and L; are the
effective channel width and length of the i-th MOS transistor (i
=1,2, ..., 8), respectively.

I1l. PROPOSED IMPEDANCE MULTIPLIER

The proposed circuit for realizing electronically tunable
impedance multiplier is depicted in Fig.3. It uses only two
VDTASs and one grounded scaling impedance. The use of
grounded passive impedance makes the proposed circuit

suitable for monolithic integrated circuit (IC). Using the
VDTA relationship given in eq.(1) and by doing routine circuit
calculation, the input impedance of the proposed circuit in
Fig.3is found as :

ZL£KZ, (4)
where K = 9mF29ms2 (5)
nglngl

and gmr and gmsi are the transconductance gains of the i-th
VDTA (i=1,2). Itisevident from eq.(5) that the proposed
circuit of Fig.3 simulates the Z,-impedance multiplier with a
multiplication factor K. Also note that the multiplication factor
K is controlled electronically by the ratio of VDTA
transconductance gains.

N r—
+0 p X X n

VDTA
Il-

Z’:'V_i"o_l_n ® , , @ 3

Fig.3 Proposed impedance multiplier circuit with VDTAS.



In above expressions, if Z, = Z,, = sLy is taken, then an
inductance multiplier simulator can be obtained as :

Z, =sKL, =sL,, (6)

where the realized equivalent inductance value (L) is found
as:

L. =KL (7

eq X

On the other hand, if Z, = Z¢, = 1/sCy is chosen, eq.(4)
becomes :

, K _ 1 8)

Thus, the circuit of Fig.3 realizes the capacitance multiplier
whose an equivalent value is given by :

eq

c - & )
K

If Z, = Zgp« = Ry, the circuit simulates the resistnace
multiplier with the value of

R. =KR (10)

eq X

From above expressions, it can be concluded that the
realized Leg, Ceq and Req can be tuned by means of the
transconductances g, and gpms;.

IV. SIMULATION RESULTS

In this section, PSPICE simulations were carried out to
demonstrate the performance of the proposed circuit in Fig.3.
The CMOS VDTA structure given in Fig.2 was realized in
simulations. The aspect ratios of the MOC transistors are
given in Table | using 0.35-um CMOS process parameters
from TSMC (Taiwan Semiconductor Manufacturing Company,
Ltd.). The supply voltages were chosenas : +V =-V =15V.
The bias current Ig (= Ige = lgs) is given externally to control
the transconductance parameter of the VDTA.
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TABLE I. TRANSISTOR DIMENSIONS OF THE CMOS VDTA STRUCTURE
SHOWN IN FIG.2.
Transistors W (um) L (um)
Mi, M2, M5, Me 16.1 0.7
M3, My, M7, Mg 28 0.7
Mg-Mi, 21 0.7
Miz, Mg 7 0.7
M14-My7 8.5 0.7

Fig.4 shows the simulated waveforms of the input voltage
and current through the proposed inductance multiplier circuit
of Fig.3, when a sinusoidal input voltage signal with 100 mV
peak value at frequency f = 100 kHz was applied to the circuit.
In this case, the active and passive circuit components of Fig.3
were chosen as @ gmri = Omsi = 0.38 MA/V (lgri = lgsi = 20
#A), and L, = 0.1 mH. From Fig.4, it can be measured that
the phase shift between the voltage (vi,) and current (i)
approximately 88°, which corresponds to the theoretically
predicted equal to 90°.

Vin iin
(mV) (uA)
150+ 90 5
vmE lin

1004 60 ~ RGP Vo
L P F T TN
0+ 0 /
YLAELY NN \ Y
-100-{ -601 NA A
-150-  -90

0 5, 10 15 20 25 30

Time (us)

Fig.4 Waveforms of input voltage and current for the proposed inductance
multiplier circuit of Fig.3.

In order to demonstrate the electronic tuning property of the
proposed - inductance — multiplier circuit in Fig.3, the
multiplication factor K was adjusted to the following values :

e K=0.1 (gnr = 0.38 MA/V, gnst = 0.95 mA/V,
Omr2 = Oms2 = 0.19 mA/V),

e K =05 (gnr1 = 0.38 MA/V, gps1 = 0.53 MA/V,
Omr2 = Oms2 = 0.38 MA/V),

e K=1(gnr1 =gmst = mr2 = Gms2 = 0.38 MA/V),

e K=5(9nr1 = Umst = Omrz = 0.38 MA/V, sz =
1.37 mA/V) and

L4 K =10 (ngl = 0Oms1 = 0.19 mA/V, Omr2 = 0.38
MA/V, gmse = 9.53 MA/V)

The above settings lead to obtain the realized equivalent
inductance value L¢g as : 0.01 mH, 0.05 mH, 0.1 mH, 0.5 mH
and 1 mH, respectively. Fig.5 shows the corresponding
impedance characteristics of the proposed multiplier circuit in



Fig.3 with respect to frequencies for five different values of K.
As it is seen from Fig.5, the impedances increase with the
frequency and the proposed inductance multiplier circuit
operates pretty well between 30 kHz and 10 MHz.

10M T T
| —— simulation | A .
M1
~{---- Theory K=10 / Ot
100k oA -
K=5 e IR
& 10k T SRS
< 1Kk s g -
N K=1TT14 A R
100 B AT N
o] "—‘& 1 AT\ K=01
—=F i, e K=05
10 poma== W B0
1=t =
1k 10k 100k M 10M 100M
Frequency (Hz)

Fig.5 Ideal and simulated impedance responses of the proposed inductance
multiplier circuit in Fig.3 for different values of the multiplication factor K.

Vin in
(mV) (nA)
1507 90 : :
i Vin
1001 60 <& &
VA TR A
0+ 0
I \ / \ / \ /
-1004 -60 / / /
-150-4  -90
0 5 10 15 20 25 30
Time (us)

Fig.6 Waveforms of input voltage and current for the proposed capacitance
multiplier circuit of Fig.3.
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Fig.7 Ideal and simulated impedance responses of the proposed capacitance
multiplier circuit in Fig.3 for different values of the multiplication factor K.

To further evaluate the performance of the proposed circuit
shown in Fig.3, the grounded capacitance multiplier circuit is
simulated with the following components : gmri = gmsi = 0.38
mA/V and C, = 1 nF. The simulated results of the time
response analysis for i;, and v;, are given in Fig.6 with 100 mV
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(peak) sine wave at 100 kHz input. It can be observed that the
realized impedance exhibits a positive 91° phase shifting as
expected. In the same manner, the frequency responses of the
proposed capacitance multiplier for five different values of K,
are also shown in Fig.7. The simulations were done by varying
K =0.1, 0.5, 1, 5, 10 with the same component values setting
as mentioned above. This results in the values of the realized
equivalent capacitance Ceq as : 10 nF, 2 nF, 1 nF, 0.2 nF and
0.1 nF, respectively. From Fig.7, we can see that the circuit
operates correctly along the frequency range from 1 kHz to 400
kHz.

V. CONCLUSIONS

This paper has been presented the simple realization
scheme of an electronically tunable impedance multiplier
circuit based on VDTAs. The proposed impedance multiplier
circuit is realizable by only two VDTAS and a single scaling
impedance, thus results in a canonical structure and suitable for
IC implementation. The simulated equivalent values of the
presented impedances, namely L., Ce¢ and Req, can be
adjusted electronically via the biasing currents of the VDTASs.
Simulation results based on TSMC 0.35-um CMOS process
parameters have been performed and the results well confirm
the theoretical expectation.
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Abstract

A simple circuit synthetic for realizinga lossy parallel
inductance simulator using only one VDTA (voltage differencing
transconductance amplifier) and one external grounded capacitor is
presented. The equivalent values of the realized equivalent resistance
and inductance can be tuned electronically through the external bias
current of the VDTA. The characteristic of the proposed simulator and
its filter application are demonstrated by PSPICE simulation with

TSMC 0.35-zm CMOS technology.

Keywords: Voltage Differencing Transconductance Amplifier (VDTA),
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