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Figure 8.4 Transiant responses al 10MHz with THD<1%
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Figure 8.5 Translant responses al 100MHz with THD<1%

In many current conveyor applications, there Is a need to have both polarities of
output current iz or multiple outputs k. and ix. In some conventional CCIl, this facility is
usually performed using additional current mimors to copy and Invert polarity of the
output current i;. Howaver non-ideal characteristics of current mirror always Introduce
some tracking error between the current iz, and k.. In the similar way on this topology,
we can not straightforwardly cascade addifional inverters &t the outpul Z terminal in
order to make an inverted-direction current iz since thers is usually an excess phase
shift thal causing an unperfected tracking between the currents i, and iy In this case,
we demonsirate a parallel connecled |CCll+s as shown Fig.8.6. Fig.8.7 () shows a
perfected tracking of the voltage signal at terminals v, v, and v, The perfected
huukhglnmmﬂﬂ'dﬁﬂﬂiﬁ.ﬂhﬂﬂmhﬁj.?{h}
confirming a high precision property of this ICCII+.




voltage at the floating-gate |s small as a result of the negative feedback. With +0.75y
supply, mucm;mmmm-hpuﬂ:ﬁmmnwammx
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8. A HIGH SPEED LOW INPUT CURRENT LOW VOLTAGE CMOS
CURRENT COMPARATOR

In the last decade, currant-mode circuits [39, 43, 54] have drawn lots of interest
for modemn Imegrated circults and sensory systsms. This is due to their attractive
features such as high speed, wide dynamic ranges and low voltage operation, all of
whhmamnmiﬂyrduamﬂufﬂdhtnﬂnndnucdhgmnmgnmmylm.lnaﬁnguu
and mixed signal processing, the cument comparator is also one of the key elements.
Mﬁmﬂhnﬂpwﬂyhnmﬂ-MWﬁmdﬂmhhlnpulawh
current the output signal |s digital logics or rall 1o rail voltage signal, Obviously there s a
mMmmMMMthtmthlwwm.ﬂmmmﬂnn
high speed current comparator, one has to take care of the voltage swing carefully
since it directly determines the propagation delay. Conventionally, most reported current
Wm[ﬂkﬁ&lmwmﬂumwmulhﬂd{dﬂmhmm (&),
where the input cument signal is converted lo the wvoltage V,, and V, by the
transimpedance staga comprising inverter amplifier A, and voltage buffer A; The
resulting voltaga V, |s then amplified by the lattler high gain Inverter amplifiers Ay to
produce output logic voltage. There exist parasitic capaciiors at all nodes. Ideally for
hmipamﬁmwmmﬂ.ﬂmﬁgﬂmﬂmﬂmﬂhummwnSMM
possible and situated exactly around the Inverter threshold voitage of the inverter A,.
However, the reported works were refating o Improve the lowest input curment acquiring
abllity by arranging a proper biasing to tum on the MOSFETs of the buffer A, all the
time. Most of them utilized diode connected MOSFETS as & level shifter to create Vi
of the buffer MOSFETs, Il is seen that although the transimpadance stage is formed in
& negative feedback loop & much larger loop gain has not bean exploited to keep the
signal Vi, and V, as low as possible. Morsover with a larger loop gain, the Input
impedance at node Y, could be much lower and recelve & much smaller input current in
the pico Amps range. The so called dead zone which is the smallest input current range
to which comparators are insensitive |s then minimized. However, a drawback of having
the small voltage swing &t V, is that the gain of the latter invertar ampiifier must be
necessarily high with hence a higher power consumption. Obviously, there is a conflict
that if & speed a8 a result of a small voltage swing of the tranresistance stage is
desired, a very high gain of the latter inverter amplifier will be necessary to provide the
rall to rall output swing, Inﬁhpnpar,mmlnﬂuhﬂmmﬂj (b}, whers &
much higher loop gain is emphasized to gain speed and then trade power to the latter




low Ver operation, | |

8.1 THE PROPOSED CIRCUIT

Mﬂmu“aﬂmeiﬂhMmmﬂﬂam
propagation delays and low input current acquiring capability or smallest dead zone. In
this work, we trade off power for the required speed by maintaining the lowest voltage
swing of the transimpedance stage and then providing high power to bulld up the lattsr
high gain stage using inverter ampiifiers. We then focus on the two separated circult
biocks as follows. 1

9.1.1 TRANSIMPEDANCE STAGE

The transimpedance stage, shown as the dashed block In Fig.8.2, plays the
most important role in determining the speed of the comparator, It Is seen that the
whale stage is formed in a negative feedback loop by observing the polarities of output
voltages and currents of each Inverter. A, as a shorted input-oulpul transconductance
amplifier or mamrhmnmm resistor with the value of 1/gm.
A, and A; are two high voltage gain amplifiers constructed from two cascaded Inverters.
Since there are two high impedance nodes In the loop RC frequency compensation is
necassary to make the circuit stable, Capacitor C Is set to 0.1pF while the resistor R Is
set to 1.6k Ohms. Note that the C and R could ba made from a parasitic capacitor and
:mmmmimmmmhmmm




mmmﬂmmumMm-ﬁi.mﬂ1hA_uMMim
designed with the same dimensions which are 2.1umi0.25um and Tumi0.25um for WIL
of NMOS and PMOS respectively,

Fi-nlnEi.ETrllmu

Constructed in the feedback loop, the input resistance at nods V,, can be derived as.

2=l @1)
whera gmy is an equivalent transconductance of A, and and A, is & voltage gain of the
amplifier Ay and A;. Note that all inverters have the same transconductance and voltage
gain because they have the same dimensions. It Is seen that the input resistance R, is
mrmuﬂmﬂd'umultsInnninhmmw:nﬁnltmdavhm-nnmm&um
value of V; at the output of A,. Fig.0.3 shows an open loop gain and phase of the
hadmﬁmmmuuhpmmmuthmut'mmufm,saw&m:
anupmnuﬁ“mammmmmmmmm.wmm
specification, we have enough loop gain to suppress signals for the lowest voltage
swings at Vi, and V; as shown in Fig.9.4. The negative feedback aiso stablizes th
mmmatﬂmevﬂHﬂjh.ﬂh‘ﬂm_MEhThhm
Is cructal for assuring that the signal swing Is very small and also situated right at the
ﬂlﬂfﬂfﬂ'ﬁnﬂﬂ!lﬂiﬁuﬂﬂﬂhﬂﬂdﬂmhﬁhﬁh:dhgihm
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8.1.2 GAIN STAGES

Wahvumnwuﬂﬁhpwﬁngﬁgﬂuim&dﬂ,-nfﬂmmm.
The main aim in designing this part is to construct high voitage gain to produce rall to
rﬂnutpmhwn.ﬂuudmﬂmuuu#hmmm.hhhhmhm
can be constructed in a modular fashion as shown In Fig.9.5. INV1 has the same
dimension as those in the transconductance stage. INV2 has smaller dimensions than
those of INV1 by half, |.e. Tumi0.25um and 3.5umi0.25um for WIL of NMOS and PMOS
respeciively, The modules could be placed in parallal for higher gain. For A,, there are
mIMamnmdhmmummIWImmmmmm
Lﬁ.mﬂmunmuﬂymdudwlmlhhMMimmmmd
the inverter does not deteriorale the speed much because each inverisr has a very
small propagation delay which is less than ins. So as discussed earlier the major
contributor o the delay is the transimpedance stage. |

60




8.2 SIMULATION RESULTS

mmmmmhﬁmmmuuzﬁmm
mmemwhutmmwmmmtlmpm
On HSPICE and with Vo set to 1.5V, the comparator responses of thres Input current
ampiitudes of 1uA, 100nA and 100pA are shown In Fig.8.6 where the average
propagation delays are 1.95ns, 3.6ns and 10.7ns respectively, Performances ve the
mmmnmmnm1ﬂvmmummumm.mhm
and power delay product (PDP) are shown in FIg.9.7. It is seen that the lowest inpul
curent amplifude is at T50pA thanks to the small input resistance as & result of the
negative feedback with high loop gain. The average propagation delay is inversaly
proportional to the Input current ampiitudes since the voltage swing at the output of the
MMMMHW.MMIMMWMMW
mlmmumnlmMWasmmi'hmmﬂwwvmﬂ
MMmWaHMMMWMHm.PﬂmﬂMME
various Vo and Input signal ampiitudes are shown In Fig.9.8. Performance comparisons
MMWMHMWIHTM'B.LHHHMHHpmnrl:uh.bghir
MMMM“:WW'MM@M&M?&W&
mdethmuwmmudeh
memnﬂhy.ﬁmmmmthMhhﬁwhmm
achieve the required speed and rall to rall output voltage swing.
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Figure 9.8 Propagation dalays &t Vig 1.041. Vols

A mew High speed low input current low voltage current comparator has been
damonstrated on a 0.25um TSMC CMOS process, Based on the concept of a high
umdmmmmhhmwmwummﬂlmﬂhlﬂhﬂuﬁwumﬂﬂu
transimpedance stage with an emphasis on a very large loop-gain 1o produce a very
small transformed voltage swing which is situated at the center of the gate threshold
voltage of the latter slage. This will ensure the fastest response time. The same
dimension inverters are used in all ampiifier stages. They are fast and simple and
suitable for low voltage operation. There is no exira bissing circull and stacked

|
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transistor, thus the same design can be applied with various Vg - le there is no need to
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10, CONCLUSION

A floating-gate MOSFET or FGMOS on & standard double-poly CMOS offers
various new useful functions which can be used to creats many novel circulis such as
mmmmrmmnmmmﬂmmmmmhm
gives @ review of FGMOS such as the principle properties, funclional charactsristics and
modeling for simulation tocls. FGMOS device is basically & mulliple-input device of
wmmmmwmmmmhmmmummﬂmu
circuits. It has unique and attractive characleristics of which the most important
mhummmmhmﬁm:ﬂmmnmt}.ﬁaamulﬂpMnmt
gnhdmim.ﬂmwﬂtngnappmmuthﬂuﬂgm_hhtmm:mﬂmurhinput
whgnMHlInpmmrmum.Tﬁnmmrum“wahm
signal computation. 2) The effective threshokd voltage (V) sesn at the input gate is
nable. These two phenomena are very atiractive to analog designers. The first featurs
Mhnmlﬁﬂwkmgﬂuihv&nmhthw:mﬂrhmm“w
mmhmmm-mmmﬂnmmmmr
m.mhmmmmmmmummam
mm-ummmamtdhm.wm.ﬂmmm
mﬂhumrupmm“ﬂmmmmmwhhnﬂm
mpmmﬂa.lnwsmmmh.mmnmqmmmmmmm
hmnmd.ﬂwammmﬁﬂhmmhﬁurﬂmmmsmh
mumwmmmmmmmwmmmm
networks,

A Hysteresis Tunable Voitage Comparator using FGMOS s already proposad,
ﬂﬂmmmla&mnﬂuhra:ﬂmﬁgFMMHﬂummmmmm
create the hysteresis. Based on the tunability of the FGMOS, the current ratio of lnyglg;
and lpyflps corresponding to the amount of feedback current Is used to tune the
hysteresis effectively. An experiment of the beck-gate tuning of M3 and M4 has aiso
been investigated with & result showing that the range of Vyms, 8nd Vime. are not as
mﬂﬂmmmwmmwFM.Mhhﬂdﬁgﬂhbllﬂng
HMWWHMMdHWWMhMWHIEnHMIy
lsolated &s in the case of poly! and poly2 pates. The proposed ides can be
Implamented on any standard double-poly CMOS processes. The work has besn
parformed on AM| 1.2llm CMOS process avallable through MOSIS. All tha simulation




s ol 4

resulis confirm well the functionality, Performance optimizing will be placed as futurs
works. Following the design of the Hysteresis Tunabis Voltage Comparator, a non-
tlocked B-bits um:mhmm. i essentially manipulatas the
mm%mhmhhmmmmmmm:w
mmmhmwmmmwmmmnmw
on any standard double-poly CMOS and be useful to mixed signal and computational
m.um-mmmwﬂmmmm

Mm:ppimu-mmmmm.dnﬂngMku—
mmﬁmmmmmmmmmmm has baan

mﬂdmumufﬂwhmmldﬁmndhhmﬂ-ﬂmumpmmmm
this circuit is 95% at 0.88Watt with & 2.8V power supply.

Inmhmnm.nmmhmmﬁuEﬂhwﬂnrhammﬂw
feedback form is presentad. Hm.hﬂﬂ&hwuwhn:nnlynnakmm
mﬁmmmtmnvanmhhuhdhumgnﬂnhudbmhhnn. However, the

proposed. H.mmnm'muhﬂnuiﬂﬂﬂ}MMMWEamDﬂ
!b&ui1%hﬂ1lﬂnMﬁlﬂ:dmﬁﬂthlruﬁndhmudassﬂﬁmunh
o the use of CMOS hmﬂmwﬂlbhm.anahg inverter cells using
MWMS.M:thtmmmdmmm
the lack of CMRR capability, which will be part of our future works, Based on the same
mmptufdudgnhgﬂﬂﬂshﬂﬂﬂﬁimhlmmmkhmlhww
mm:mmmsmmﬂmwmmmwn
humnnﬁ&mﬂﬂﬂﬂ“ﬁ-mmmmm o enhance convaying
precisions, signal linearity and low output resistance property at the terminal X The
circult is totally realized In class AB thanks fo the usa of CMOS inverters and the
available floating-gate MOSFET additive analog inverter cell which facilitales the
negative fesdback channel to tha normal CMOS inverter. With the programming
mmmmmmwmmmdmw




WMWUHMM.MMMFMWMW the
hmnmiﬂummn@shmhht“mmvﬁhgﬂﬂimmm&
mnu;mamunurmmmmmia.?w“m. the circull can handle
signal swing as large as £500|LA ampiltuds through X and Z terminals and +500m\ at
vmxmmmumnu%mummmmm&mm
to operate up to 100MHz signal frequency.

Amhlghapaadlnwmputmmhwmhgnmﬂmpnmm:m
mmmuwummmuuﬁmmmnm.munm

mammmmawmmrmmmmmnmmmm
mnttrufﬂmgmﬁﬂvﬂfﬂdmhuaﬂﬂmhﬂarﬁp.ﬁinﬂﬂmmmahm
mm.mmdmmhmim“mdhmmﬁwm“wﬂm
rantunda'rmmanusmmhrmmm.ﬂmhmmmdmuu
:mmmnnﬂm.mmﬂmmnmuwwmﬂmvm-mm

Is no nead to readjust the design,

Thhmmﬁwimhmbunmh-mmmﬂmw
HDEFETduﬂmInvarinmhwWhﬂmipplmﬁruhuﬂmﬂm
ﬂmdnmhlmnmpmnramhgulgrﬂmmdmﬁﬂmamuldum.ﬁﬂ
proposed analog huldhnhhchnamuuhnimmmuymdﬂgmmd
mmnmmammminmmhcmmmnmmmm
baan pointed out and should be explofted furthar for future works.
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DESIGNS OF ANALOG AND DIGITAL COMPARATORS WITH FGMOS

K. Nandhasri and J. Ngarmnil

mmmn@mmmmm:mmmw 10530
Email; jitkasameGne mut s

ABSTRACT

Designs of salog and digitsl comparmioms are presesied in this
papes. We exploit the threshold voltage operation charnscheristic of
flcating-gate MOSFETs 10 produce s hywemesls-tunsble anslog
mpmmwr,hqum
cireuit ig deveboped 1o & digital comparsor using replacement of
fioaiing-gae MOSFETE Ror the inpus devices of which the dnin
cwrents are binear woma of the weightsd reruiliple-input voltsges
which are thes applied a3 binary bite. Simulstion reyults om 1 2jew
ChMOS are demonsemied.

1. INTRODUCTION

Recently, masy. applicetioms of fNoating-gaie (FOMOS) devics &
snzlog ciroal have been reported [ 1 10]. However, i slectmic
wysiema, the voliags corspanator is alsy & very widely ssed clronlt
ﬂmhﬂhmmﬁmmmmﬂﬂ
fox analog wnd digitad compamators based an an explodtation of tse
FOMOS. A hymeresis-tumshle anslog comparsior is constructsd
with n electronically tansble positive feedback factar obtasned by
threshold voltage mning of the embedded FGMOS:. Receutly, o
ﬁnh’nl&ﬂiﬂmwmﬂuimmmﬂ
Wit proposed [ 1], The: cireuil was imtendsd for beas , Size
snd improved speed. This paper also presents an slemative desigs
of an B-bilt digital comparster featuring arithmetic finceioss of AsB
sed AZH. Tha tdrouit essentinlly masipulates the propossd snalog
voltpe comparsion to peoduce & new digital ciccudt in which the
signal is imemally processed b an amalog fashion. As &
comequence, the Bew oomparsior 8 achisved by virbie of tha
enaleg technigqus,

L FGMOS BASIC PRINCIPLES

Figure L. The FGMOS symbol

An FOMOS is an ordinary MOSFET except that the conventional
#ate o8 palyl is fomed, The equivalent stnscrure, shows in Figurs
I, comprises & foating gat= on polyl and inpue gatss (G, G,)
basilt 0@ poly which are coupled 1o the paly| gate by the capacitars
{Cy~, G between poly] and pelyl With UV {Humination, sere
imitial charge on the cam be assumed. In such o case,
e dhrain current of the PGMOS can be written s

Iy =~%p¢_%mtvﬂ,+_._+1.rﬁ}-rj- P

Iy = M T Ve ¥~ -tV B 2

Whets ky,.., &y wme Gy, C/Cr mespactively and C; o1 the ol
capanitamce of the Aosting geie. The drain cwrrent i esseially
Mmﬂﬂhmw-‘hﬂhrhmidw
mﬁ;uhmh:,ﬂmm—hwum
in order to show the dhreshald operation when only two inpur gases
wre ammmmed. 1 by seen that Vi) can be wiilied us 2 signal pon
while Vo in umed ta ane the effective threshold voltage. Thess twn

features wre: expiodud in tis work,
3. HYSTERESIS ANALOG COMPARATOR
i 1T
4 b I
L] — i il
L { —|r: i

FHm l*f:L;u i
Wiima "HII
G

Figwrs L The Hyseresis Analog Comparaior

mnnlog commparator i well discusssd in [117 and
8] form in Figane 2 whane M3 and (M4 are FOMOSs
Thhi-ﬂi-mhummhl-tnﬂupwmndh-
M0 and M1 1, The poitive feedbad occurs only whan the: carmesi
rwtiod af 1oyl end 1,1, are both groater than unicy. IT these rarios
increass figther, the feedback cament will also increass remlring
wider positive and negative trip point voliages (Vg and Vi, )
Henee the hysieresis can be comtrolled. Am oquation can be
developed for Vigy. from the condition thar whesrem the circuis
cpeewizs (n the hysteresis loop, I alwayn equali 1,;. Sonilarty for
Vome. with [; ee equal to 1), We bave

= [ Ially =1
Fiune E +dhldy
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I
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wrw differant. M3 and M4 are desi with the aress of the rwe
inpii jpates sopaald fo 10.Ex22. while the conventional gase
Aress uew sef 30 132324 pm”, the same oy thoss of MI0 and M1 1.
The cirealt was slmulated on HSPICE iming | Jpm AMI CMOS
with assisance from the FOMOS muceo model in [1] and supgply
woltage set to 5.0V Figurs 3 shows Vigp, and Vige. vi. Vo varied
im the mnge of 2.5-5.0,

t_l. 'l.-
e
LM ]
3 =
re
ol T i) T T
(N} 4.3 %8 L] a.p
¥
Figire 3. Vogpe imd Ve, v Vi

f

[T (&)
I: R N ] W“ Figure 5, A Moa-hyserssis 4-hit Digital Comparasor
o e e i . In Figure 5{x), the FOMOSs M, snd My e designed with the
y {_ ; m-ﬁ-}--im'u‘,mj:.;,hmumur
ﬂl. L 3 - - -: = -.. hwﬁ;unﬂrﬂdu?w.m
Y i iy 4 und b4 are the lenst significant bits of this comparator. Then the
L imgrt gates have the sizes sel by the bimery weights as in Table 1,
T 1T Teble 1. Design parametery of the FOMOS
; /| b S o K
L ne Binary weights | WM T ™ I
. - Coparissneal T ™y pULE s 13m.e
£y E L™ - :: £ - = - - -
Thie nos-hyserssis  4-bit  comparssor be symbol
from when the
Figure 4. Compartson of results from {a} nos-bysteresia HHF F;ﬁ:n. outpail Iﬁffliﬂ - e
' waightsd sum banary mpais =t
Based on the propesed opemp-bused andlag comparator, s weighted sums brinary inparts of
m%‘m—nunmw%m m‘h:dlnﬁ Inmhﬂn;dwthmﬂmm
thee devices These 4-bit digltsl coimpanmsors propossd detect equslity binary inpute functiomlities are
:ﬂﬂr-mmwwm-u- confirmed by the smmistion resubts in Figure ¢




- = o e o oW B |
et

Figure & Resubts of e nom-hysieresis 4-bst comparmioe

Figare & showa output signal & fusctions of Vg and drain
curreats af the devices wher= the bimiry a7-a4 ane wwept
digitally ane the bimary b7-b4 are set bo #0111, M iz sten that the
output voliage i o V2 amd the input druis currens are equal
wisen the binary aT-a4 equuls o b7-b4. This propemy will also be
imitived further in the datign of the B-bits compamor.

The kysternsis compamenr shown in Figure 7 |8 similer io that of
Fipare § except that the hysteresls (uning part used im the
comparsind i employed. Because of the hysteresin cperation, this
circmit deliver anly two bevels of the output signal e high or low.
As m esult of the hywteresis taning, ihe output signal is deliversd
acconding w0 the arithmetic functions of A>B or AR fhat e
wsitciad by the voltage V.. Using the same dimensions of sl
MOSFETs as in FigureS and setting coaventional guie sress of M3,
M4 to 15 4pm®, we set the lnput gt sress of both M3 sad Md
for the impuil dignal snd for Voo to 773 1pm’ and 11301
respectively. The simulstion resubis ase shown in Figune B

L~
- 3 e  —
LB
_'ﬁ ""é' &
cC 1 b

(m)

*

Yo,

[§=1]
Figuwre 7. Fiystenesia 4-bat Digital Comparwior
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Flgure 8. Simulution resnin of the hysterosis compasatar

From Figues B, the binary bits b3-bl are sl 10 #0101 whils the
hﬁl“ﬂwﬁhﬁ.hilmhﬂ?‘hﬂh
mﬂ,ﬂ:mnpﬂwmwmmmmm
wets wre s, The cirouit parfarms te fanction ASE, TFV . i set
mhmﬂmhhﬂh AxB. In the nex
bt il digital 1]
s it Sbeae gl ot o
5. §-BIT DIGITAL COMPARATOR
An B-bit digital comparator i realived by using the two 4 bil
comparsine: and another compambor s shows in Figare 9, The 8-

bit bimary inputs deoted as a7-a0 snd 5750 can be defined us A
B respeetively.

o

i compamier |8 wsed o
mﬂ-mlﬁh“hh“dmmhﬁn
Vi are delivered when A>B, A<B or A~B. The 4-hit bystesssis
comparsor is used for the camparison of the lower 4 bits whese
emby e levels of cotpet voltags &l Voyp, e delivered. The third
coemparator ks uied ax the main comparstor, of which the referenced
inpist is conmecied t0 Vg mnd OND. The functions of the main

companar an: summariesd (o table 2
—Table 1. Funcibons of the main comparaor
Upper 4 bt outpnt | Lowes 4 hits outpui Chuigmat
High / Vg X Figh/ Ve
Equal F ¥l High F Vim High / Vi
Fiqual | Vsl Low | G Larw / GHDY
Lerw § O x Low | GND




witere X demotns don't care condithon. 1 is seen th wieen the apper
4 hiles of 4 nﬂ.ﬁ:nh—rﬁ-hufﬁ.knuwilﬂnh
I.Hil-nﬁuly.lrﬂuw-'lﬂlﬁf-tmnqnlhhnﬂﬂ.
the outpus will correspond o the: canparison resalt of the lower 4
bits-of A and B. b onder 1o have the functions carmespand io Table

Tﬂhlﬁiﬂ:ﬂﬂhﬁhhlﬁnm
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14v " o T2 54 ki el e fdheih
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Eav w L1
S k1Y =
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A LOW-VOLTAGE WIDE-SWING FGMOS CURRENT AMPLIFIER

K. Moolpho, J. Ngarmnil and K. Nandhasri

anrnn:nlnf!hmim Faculey of Engineering,
Mahamakom University of Technology, Bangkok 10530, Thailand
: jitksssmiimut ac th
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ABSTRACT

mmmummmliﬁnﬁmm;r
formeed inthe class AR sruchare utilizing CMOS invertsrs
and the recently proposed sdditive analog imverter using
mmt%mmlnmﬂum
topology, the amplifier can deal with wide signal swings
up o F300pA, with 1% of the THD and 10pF of .,
Designs and HSPICE simmulation results are demonstrated
on 0.5um double poly CMOS processes with 1.5V and 1V
power supplics o indicate high frequency and low power
capaliifitics mypectively.

L. INTRODUCTION

In the last decade, carrent-mode circults [1) have drmwn
hhufhﬂrmﬂumhdrmmiuhm-ndulﬂa
bandwidths, wide dymamic ranges and low voltage
mmﬂlﬁhhmvwmhm
1“&&%*@:@”&%
mode  sigoal processing  have been  demomsirated
successfully. These have mostly wilized currsst mirrer
cells, Gilbert gain cells and log-domain, squmre-root
dommin  of tamslinear cells 10 perform  filtering,
multiplicstions, modulations, etc.  For amplification
purposes, curreat-mode ampiificrs [2] based on a high
Mmmmmrmmm
configuration is aiso & very promising technique since s
nflhi:hnhduﬁuhlmptiﬁﬁmh:khnpdhﬂ
large collection of tansfer functions, performances of
ntkhntuﬂ-pudmurﬂmh-pbmmnimtmhq
m.ﬂuh,mﬂghp:fmmm:m-qﬂlh
and opamps [3-9] have been proposed om CMOS
mmmmmamwm
us  Differantial Inpwt Differential  Outpus (DD,
MMWW(BM}HH&#
Input Differestial Owiput ($1DO), etc. In general, the
m:mpnh:ﬂumhmmu:hbﬁﬂm
ﬁhF‘.l.m&:iwmumw:imﬂy
coaverted 0 o volage quantity by the tmimpedance
smplifier (Rm) and then ampiified aguin by the

0-7803-7442-7/02/317.00 ©2002 [EEE

mmmmﬂ]mmmuw
current and hence the i i

Iv-65%

T ] :;Fi




| Vinp | I—LL "
Vi | '
‘\m: »
1]
W

is shiown in box (a) and writren as

1
Rmne=

(gm, + gm) o
Mnﬂnﬁm%hm
ntHlmE-dFHDiufﬂnm-ﬁ:lddm—lq
MEMNHWEIWEMM
propased in [3). It is employed in this circuit opether with
the other Rm and gm blocks to work az & differential
lqﬂﬂn*bmnl-nhﬂyufi,llimﬂﬁ_ﬂi,
nﬁuhhﬂhplmﬁ:?_hhimm:mhni
node Vi, Comsidering only the NMOS, s large sigmal
curent equation can be written &8 in (2) where the

cofficient of Vi, is now negative.

fa "‘i‘ﬂ; %[[l.li’" ‘#:JF-”‘F: "F-]"m

[
V1) 8 0,)

Hett o and 1, W the rempective ompat resistances 1o
the flaating-gaie NMOS and PMOS in the dashed bax (b) .
With further analysis using the diagram in Fig.2(c), the
open-loop current gain of the whole circuit can be derived
s

A = Rm - gmyr., gm,r., em, (4)
and the dominumt pole frequency(m,) i
1
= :'5]
% Fagmyr, e
while the GBW is
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%R.hﬁiﬂmﬂmﬂhmm%
hﬂhhhmmﬂhiwm

Ast
Fig 6 THD va. Closs-loap gain

4, CONCLUSEON

mmmm:mhm%.mﬁ'
mmhmTﬁHleﬁﬂ“hﬂﬂ
+200uA amplitade while s THD of sbeuwt 1% iz still
ﬁlﬁuimdmﬂmuﬂhh:rﬂmhhﬂm
AB thanks (o the use of CMOS inverters and the svailablc
additive smalog inverter cells using floating-gare
MOSFETw. An effect of complex podes snd zeros around
ﬂ::]ﬂlﬂ:nflhnm]mpphhﬁpl[l]mh
nuﬁmdu:ruﬂlinmhmpﬂqmufﬂ!
mmhdmmlﬂilﬂhphﬁufma
works. In this paper, the circult is called s oerent

e

amplifier mstcad of opamp due W the Iack of CMER
nlpﬁﬂq,hl:id:ﬂlthmnfmhurnmh.

5. REFERENCES

Ackpgwiedpement: This work has been wupported by &
gt from the Thailend Resesrch Pund (TRF). Authors
hwﬂﬂhhﬂukhmﬁrﬂrmuulwm

TABLE 1| PERFORMANCE COMPARISONS
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T‘Iﬁmm-duipurmmmnrhuuum
Mmﬁﬂunﬁqmudpgﬁwum
q:hummmmmy.mmh-
ample  structre  comprised only of a Bysseresia
comparsior and owtpat drivers. Thanks to the me of a
n-mnmmﬂmmmm

mmﬂlcﬂﬂnjpmdmbltpuhrmlﬂm
mwmmmmmmunum
with 95% efficlency with & 2.8 Vals power mapply, This
REaRs @ & a monolithic chip & possible,
making this amplifier suitable for portable applications
such n3 speaker driving circuss in mobile phones, hearing
#ids and ather implantable medical devices,

L INTRODUCTION

Hwﬂinmqﬂhmdmmdmm&w
ﬂlﬂﬁﬂ.lﬂdmhynnmﬂyﬂrﬂm;hﬂﬂ
efficiency because their power transistors operate in the
linear area where a huge biasing or idle current is
mhmnhﬁ]:mkﬁvuamﬁmm
mmmmmmm“mm
whﬂhwhmhpuﬁﬂurﬁltimy,lﬂuﬁ;
converter techniques such s Pulse Width Modulstion
f,FWH]mhnppEdlnﬂudmhmm:ﬂnf.ﬂh
-qimu:.nhrduurwihﬂﬂugmpliﬁmw:h-ﬂ
type [1.2] This type of amplifier presents  several
Hmmmrnhmﬂmrﬂtqﬁﬁmh
mmumﬁmmmmm
this work we present the development of s class-D
Hﬂiﬁ:MhhﬂWﬂMmhﬁm[ﬂiﬁﬁﬂql
multiple Enput  hysteresis  voltage compersor  using
Noating-gate MOSFET: 1o allow low volinge cperation fior
lhlqﬁﬁu-.l'hcimnmmnulmhhhpmﬁnﬂm‘
lﬂ'mulﬁi:l:h}pﬁlhlmnnpmuwm“nﬁ-
spealoer driving ciremits in mobile phones, hearing sids and
results will be discussed in detsil below,

0-T803-T448-TOLF1 7.00 ©2002 [EEE
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m.v.{l}mmquﬁuﬂlm le"'_lm-dhlqnlﬂ;mildhuﬂy:n ectad 1o
the +AV boundary as shown in Fig 3. tliqmnrhm ?'Ii:hhhlﬂqlr;:lhiah

F1n i !

]
r ' T ity lewm
i .ot i

;r—h*—l-—"&!r."ir : r i Ehﬂuﬂlmhm”hm‘uhﬂmvﬁ
Your IIIIFMIIEI”I‘.“H{MEIEH:

J I_' U fdaimine- o wwitching raage of a hysteresis 0 control the
of i and f the

Fig. 2 Block diagram of the RWDIM technigus mmmmh i

Mmhlﬁwmhﬁ;llhwﬁh‘
&mdﬁrlﬂmumﬂﬂlmhnm

as in (1)
. 5,@Y Yo
"7 ﬁ["["s‘l” ® ‘A} <

where Sy and 5; denote the slopes of the imput signal Va(t) |
und the feedback signal V(1) respectively snd AV i the
hwﬁ;bmhqumdi‘whwﬁmﬂﬂ_: Fig 4 Hysteresis loop

An example of the hywiesesis comparator [4, 5] is ahown
¥ ; Panerated
hhdwmnfﬁlmmﬂtﬁﬂlﬂﬂ m-ﬂﬂummhﬂllﬂm’-“ﬂ

3. THE PROPOSED RWDM CLASS D AMPLIFER = Positve foedback ocours only when the current ratio of

Ioaoflen oF Ingyflp in grester thas anc.
A new proposed cless-T) amplificr based on the RWDM
mmim-tbhtdiamnmm
Hhmlﬂhqﬂﬂwwﬁnuﬂ-h}m
m.ﬁhmmmmm&
ﬂmmmmmmmnmh
ilwﬂnulmmc:h‘mnnmh:hhﬁr
and the boad resistor,

- Cain
L idrbem
e

Fig.3 The Proposed Concept

i

Fig-5 Rail 10 rail imput hysteresis comparator

The bysteresis comparator shows in Fig5 ia ahbe to
receive § wide-range input signal. This particular abiliy is

V-282




mh}ﬂunn;kumlnﬂhcmn-qnm
muusm-[?uum:[s.ﬁ]ummm
Hlmdhﬂnfhdimuuﬁﬂmlﬂmﬂil
chumirﬁ:ﬂhnﬂ-hdbﬂripuflhﬂﬂlﬂ

?ﬂ,nhﬁ%ﬂluﬂmznmuhh
mmllﬂhﬂﬂhﬁwd:ﬂt.lnmm
e comparstor basicelly pomcsses the riil-to-rail
characteristic,

3.1 FGMOS Baxic Prisciples

mumknmmmmmmumm
uti:hhhnﬂluhmvmﬁmﬂpﬂﬂ.hﬂuﬁqmd

ammuphmp:mmmﬂmmumw
[6,7] is shown in Fig.6. It comprises the flouting gate, and
imput gates (G, G2) built on Poly2, which are coupled to
the Polyl gate by the capaciiors berween Palyl snd Poly2
ﬂmmdutlﬂtrﬁﬂmhuwuhiﬁulthpmﬂu
floating-gute, the drain carrens can be written as

T (CTATAR A | )

=G T+ ) -%- 1,7 )

ﬂh:k.lﬂhnﬂpﬂfmdﬂﬁquvdrlﬂﬂrh
the total capecitance of the floating gate. The drsin current
i cssentially u linear sum of all inpuss weighted by the
capacitive coupling ratios. Eguation (2} is wrranped to
show the threshold operation with only two e gates
lnmd.hhlnm'lﬂvmmhuuﬂimdnldpﬂpm
wﬁh%‘mhnndhmﬂuuﬁhm“ww
Equation (3} is written o show & linesr sum of the
weighted mudtiple-input voltages. This operation snsmres
the comparator has the capability 1o handde larpe laput
mmmummmmmm
3 mention befors,

4. THE PROPOSED RWDM BTL CLASS-D

ﬁﬂﬂdpmmmn}wnqiﬁrhmdmmr
R‘i'm-[ln:hl_q-hmhﬂ;‘?. I s basically &

me-mlwmmmmrrﬁu
In Figh, the 3-impus fully differential hj’;‘ﬂ:u'ﬂil
comparsior comprises three-input gutes FOMOS devices
-ﬂummﬂﬂhmm

COpETRInT
muz‘pﬂmimunm.mpm
sudio input signal and the 2™ gate of M2 is eonnected 1o
Gnd. The weights of the 2 jnpus allow & wide inpus
for the compersior. The 3™ fmput gates with the
of 0,




mwuﬂﬂmr:ﬂhﬁimﬂhhtwﬂlhm
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Fig.B Fully differential cosmparator
& SIMULATION RESULTS
Mmhmﬂlh&T,thﬁwh
mumummmnmmmu
?nhmmlr.mmﬂﬂ-mdnﬂmmu
mmmmammhmﬁsﬂl

of 52V, Other performances based on simulniion results
04 are sumemsrized in Table |,
1L -.r.-l | | I I_ 1
JI | 'J | ™ wt i —
| O 1 v f 1
T T T AT
I. I 1§ ."r i |
Ll ]IS /| I
iy -I = - = : -

ST
'Ii"|'|'__]I"_ |
T
Fig.% The voltage output signal, tve current ousput
and the RWDM outpat signal at input 1.3V, 20kHz

Iable | Summary of the proposed smplificr
Frmhduu-luﬂ- Alcate] 0. 5pam CMOS
voltage 1.8V .

|

Satic Power dissipation | 79.51.W '
Mosimi il sing | 5V, |
|

|

Dutprud lowd
| Maximmum power 0.B8W
| Efficiency 3%




| |
[4] J. Ngarmnil, K. Mandhasri, K, Moolpho. “Floating-gate MOSFETs Analog Gircuit

Buiding Blocks: Design perspective”. 2002 IEEE Internationsl Symposium on
Communication and Information Technology, October, 2002,
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power MOSFETs of both sides of the loads will be very
precise. Dimensions of all MOSFETs are also shown in
the figure.

Fig.8 Fully differential comparator
5. SIMULATION RESULTS

Based om the proposed circuit in Fig.7, the smplifier has
bewn designed on Aleatel 0.5um CMOS process with 2.5
Volis power supply. The amplifier can defiver cursent to
the B0} reststive loade and eorrespond to the outpat signal
of 5.2V, Otther performances based on simulation ressils
on HEPICE are summarized in Table 1.

L ] LI

Fig.9 The voltage output signal, the current output signal
and the RWDM output signal at input 1.3V, 20kHz

Table | Summary of the roposed amplifier
Procesa iechnolo Alcate] 0.5um CMOS
| Supply voltage 2.8V
Static Power dissipation | 79,51uW
Ml:hmmw E‘ 5.1Vea
Cratpat load 17}
Maximum power 08w
_'E'I'I-inimt-,r 05%

Py FR
Fig.10 THD ve. Signal frequency and input amplinude
& CONCLUSIONS

A simgle-chip low-voltage high-cfficiency Class-D Power
Amplifier for portable devices has been proposed The
wreplifier has » very sienple mrchitecture thai makes ji
eatier for it to be integrated with other clrcuit blocks on s
mhLFrmﬂﬂ:hiﬂ.aﬁﬂ:ﬂwn{M
architecture coupled with the low woltage operation
provided by the use of foating-gate MOSFET hysteresis
comparnier, this amplifier is suitable for portable devices
with battery operations. It exhibits high distortion st low
input signal due to the small changing of the input signal
compared (o the ripple st the output. The efficiency of this
circait is 95% at 085 Watt with » 2.2V power supply.
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1. INTRODUCTION

Recently, mamy spplications of Floating-gee
MOSFET or FOMOS devices in snalog cirenits
been reported [1-6]. Normally plaving & key role in
modern integrated memories suach zs EEPRORM
Flash, FOMOS hes some umigue charsetesistics which
could be applied fo design many new circoit o B0
enbunce existing snalog circuits for having exira special
festures such as very low voltags, low power and high
comexity funciions. This paper reviews the
proposed analog and digital comparaion besed on

B:%

high open boop gain amplifier, & singls amplifier biquad
is designed and demonstrated a5 an spplicsiion of the
propased currest nenplifies.

I. FGMIOS BASIC FRINCIFLE

FGMOS is an ordinary MOSFET sxcept that the
gats, which i built on the convertional polyl, in floating
and then called *Floating-Gats", The structurs of FGMOS
is shown in Fig. 1.

s (C AR AR TR )

T (C ARV SRy e

wheee k) and k; wre capacitive coupling mtics C/C; and
C#Cy respectively and Cr i the total capacitance of the
foating gate. The dmin corent is essentially & knear pom
of all mputs weighted by the matios. Equution (1) is
nrvanged i show the threshold valtage tuming. It is seen
that Vi can be wtifized ne 5 signal port while Vi is wed

. to tume the effective threshold voltage. Equation (2) is

writhen 1o show & linear sum of the weighted multipls-
mput voltages.

A HYSTERESIS TUMABLE COMPARATOR

A hysteresis nmable compamior war propossd m
[7], based on an eles tanable positive feedback
factor produced by theeshold voltage mming of the
embeddad FOMOS devicns.




1.
A 3}
_:EI'L' ;lll'l-fq T l]

Based an (1), since FGMOS adlows w 1o fune drain
the ratio of lpwles and Topip, can be tuned
ﬂwﬂdnﬂrb:_ntmmﬁulmm
it the inpd gaies of My amd M, are
differenc. My and M, are designed with an squal sres of
Gy mndd Gy an 10.8x22 S’ while W foating-gate ares
Is #2t 10 13.2x2. 4 yn’, which is also equal 10 those of M,

LI ] J.‘I- I.Il 1.‘. R
Fig-3 Praps and Froe vt Fryng

anrulh:mnrhm ma

environmend, the circuil was tested with a fiaise-

milated sigral ﬂhh“wﬁmﬁﬂwﬂ.ﬂ'ﬂ.
Sirulation results &re shown i comperisan with these

ﬁnnmﬂuﬁmhﬁ#
B A E | | == -
¥ J_‘ 1 -|§ll N

:
7
£
E
:
'
i
¢

n the level af v 1 is ovidenily
i Vo, i3 high or 36t 10 SV, the curmens ratle
“Igﬂ'lu will be high and remdi in & large
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uthHmylnﬁ.uThﬁlﬂiuHﬁummﬁngy
the: simidation resubts in Fig &
.

% LOW VOLTAGE CURRENT AMPLIFIER

A current amplifier circuit [B) tatally formed in the
nhlﬂﬁmﬂlkdqmm&m‘m
dlkhnilﬂﬂqiﬂhﬂlﬂ.ﬁm double poly CMOS
processes with 1.5V, Ay o buffer, the smplifier can deal
with wide: signal swings up 1o £200pA, with 1% of the
THD and 10pF of C. The curent amplifier, a5
!}ﬂhnﬁﬂ"!mtﬂﬁ].ﬂij,lﬂlﬂbwm
Inuimhd-:mmdui,td in Bl twp oubped iereinsls
-Hlvm“!h:unﬂmm‘lwllpum:lui.nd
i hﬁuhmuqdum:mndﬁaﬁdhﬂpm
respectively, Ililrhundlhtﬂu':qml.:lnnnlj-h

fe) Block diagram
mmmwmwmu

bocks ms shown in ihe dushed boxes The tame
iuwhmnpﬂuhﬂmhhn:{qjlﬂiﬁmu
1

Am= {4)
(gm, +gm,)
lﬂ:mmudmnrupmﬁw!y&:mmm“
of NMOS and PMOS of the inverer . The additive
luh'imlutinhn{b}ih-ﬂuﬂly:mu-immﬂms
Mdrmﬂrhﬁlimhﬂu&gﬂaﬂﬂﬂﬁn
mpmiﬁl.hiuwmmmulw
with the other Rm blocks 1o work as & differential
amplifier. Hemce the polarity of iy, i inveres io those of &,
causmg the voltnge &1 node Vias 10 be fnverse 1o those st
ndt\'.rﬂudmﬂuﬁwm Fig.Bc), the opan-
mmmﬂhmwmhdﬁvﬂu
A = Bm - g s, gm.r, gm, 3
mm.ummmmﬂnhmm
while the GEW is

-EBIF.E'LEER_MI; &)

T
‘l'h:l'm.lldnipldh:nuhmhaillw in
Fig.m.'l‘hm:itillbmhlﬂnnlmilmhﬂuijmdm
& modular fushion where all inveriers i
dﬁﬁumlh;hwhﬁhmimmﬂ
NMOS and PMOS i

Fig.10 Dusign schemanc

mhﬂwﬂjmmpmﬂ:mﬂﬁm
hwhﬂ-ﬁ:ﬂpﬂdwiﬂ:\'mnr!.ﬁ.ﬁﬂmqu
l‘HﬂEmduljp-d-imlhdtl::uh:m'afﬁ.W.Slnd
234605 resulting in the idle currents of
Jﬂ;htfm-nhi:m.hwmdhﬂnvm
mﬂhmﬂmnmﬂmfmmmhﬁhd
the gmy bhock respectively to increase the gain. The
mtlﬂd-&tﬂ;ﬂ!ﬁﬂhurl-ﬂkﬂ,

HEFICE !riﬁﬂ::ptthn-nulhumhﬁ;.ll whers
69.648 Open-loop gain, 127MH: GEW and 74° PM
mmhiwﬂniﬁﬁjipw:pnnmmwtim
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ranseoaduciznce stage. TNV has amaller dimeasions than
thoss of [NV by half, i.e. lum®.25um and 3. 5umf0.2%um
for W/L of NMOS and PMOS respectively. The modules
could be placed in parailel for higher gain. For A,, there are
gix [NVIs comnected i parallel, where each [NV
podsesics an ouput current equal to L, Ay and Ay are caly
needed when [, is bower than 10nA. Cascading mamy
mages of the inverer does not deteriorste the speed mmach
because each inverter has » very small propagation delay
which is less than Ins 50 ez discussed earlier the mugjor

conributor ta the dedny is the tramsimpedance smges.

Figure 3 Oain sags

3. SIMULATION RESULTS

The proposed current comparator has been desigoed on &
0.25um TSMC CMOS process snd tested with warbous
power pupplics and input current amplinedes. On HEPICE
mnd with Vpp set to 1.5V, the compammtor responses of
three input current amplitudes of Tud, 100nA and 100pA
are ghown in Figure 5 where the average propagation
delays are |.95ns, J6na and 10.Tns  respectively.
Performances vs the input current amplitudes at 1.5V Voo
such ax average propagation delsy, static power snd poveer
delay product (POF) are shown in Flgare 6. It |5 scen thai
the bowest inpal current amplitude iz st £50pA thanls o
the small inpul resistance 28 @ result of the pegative
feedback with high loop gein. The wverage propagation
delay is inversely proportionsl o the input curnent
amplitides aince the voltage swing at the outpal of the
ransconductance stage it small. With small input cument
amplitudes, ihe satic power alse increases because all
node voliages ere around the common-mode walue or
Vop2 where most MOSFETs of the inverters are fully
wmrmed on Propagation delays si varioms Vi snd imput
signal amplitudes are shown in Figure 7. Performancs
COMpRrisons among many reporied circults are lised in
Table 1. It is seen thet the power is higher than thoss from
some earfier designa because the scaling down of the Vg
normally degrades some properties of the inverier such as
sverage drain current, voliage gakn amd propagation delay.
Thus more power hae 1o be pumped ioto the circuits in
order to achieve the required apeed and rail to il outpus
voliage swing,
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Abatract-This paper proposes a low voltege inverting second
wathe current conveyor working up to s 10MHz with
SY pewer supply. The circuif ls formed In class AR streciurs
g CMOS inverters and a psendo foating-gate MOSFETs
itive smalog Imverter facilitating & negative feedback loop o
ilate sccurate signal tracking of the terminal voliage X to ¥
the terminal current Z to X. Simulation results on 0.5um
be paly CMOS processes confirm high precision conveying
rea, wide signal awing and low voltage capabilities of the
ent conveyor.

L INTRODUCTION

Recently, several signal processing techniques [l-2]
id on second genération current conveyors (CCII) have
1 demonstrated successfully such as filtering, log-domain
slinear, squarer and rectifier and multiplier circuits, Most
wied CCIT stroctures are based on a translinear cell which
acked on current mirmor circuits. A high precision CMOS
1 [3] was also realized with voltage follower and current
ors with an emphasis on local negative feadback loop
md v, and v, terminals. All these circois have
suntered with fimitation on low voltage applications since
circuits are based on stacking topology of transistors. For
voltage applications, 8 CMOS CCIl [4] was proposed
ly wsing CMOS inverters allowing only two stacked
ces between the supply radls. The circuit is in 8 class-AB
1 of which the curretit sigmal swing can be very high
iise there is not my fixed bias current source to limit the
al swing. However, the circuit is restricted to applications
re the Y input is only referenced to sigmal groumd. A
wed woltage follower based CCIl was abo proposed
ntly in [5] exhibiting performances on low voliage and
paciness. However, the current signal swing of terminal X
Z are fimited to the fix bies curvent source.

In this paper, we proposss a new inverting second
wathon cument conveyor ‘positive’” (ICCH+) totally
ted in the class AB structure utifizing CMOS inverters and
recently proposed additive analog inwverter [6-7] using
idi or Quaasi Noating-gate MOSFETs, of which the offsst
hge of the flioating gate terminal can be weakly controlled
ctively via o large valued resistor thanks to the inventions
sosed in [B-11]. The design is emphasized on negative
back with & high loop gain to enhance the conveving
tisions relsting to v, o v, and |, to i Thanks to the class

AB topology, the circuit is also capable with wide swing
sigmals. The design is applied on a 0.5pm double poly CMOS
with #0.75V power supply demonstating low voltage
nanhﬁllﬂﬂﬁﬁqumcymimupmlm

I, THE PROPOSED ICCTI+

.if”. Vo, ¥
IcCis  Z=

TR | wes==dx

(a) Symbol

YO W

M M2

¥

{b) Schamafic
Fig.1 The proposed 1CCTI+

ICCIl+ is shown in Fig.| of which the part
among voltage and current terminals are

described
I 0 0 0|
. (=|-1 0 0f 4
1, 0 1 0w

: (1)
ﬂiﬂlhﬂilﬂﬁ' iz & high impedance node and does not draw
any fmpat Terminal X is s low impedance node with
voltage ¥; equal to —v,. Terminal Z is a high impedance

node with the terminal current i, equal 1o i, These properties
are transformed to the proposed 1CCTI+ shown in Fig.1, It is




n that ¥ is connected to the inpur gate of fosting-gate
ISFETs and &5 perfectly a high impedance node. Z is
nected to the output node of an inverter which is obviously
\gh impedance node with current driving capability. It will
shown later on that there is an internal negative feedback
p from Y terminal 1o X terminal. By virue of the negative
fback loop, X can be derived as a low impedance node
1 & current driving capability by inverter INV3 which is
wn in Fig, 1(b).

In Fig.1(b), the ICCIl+ comprises four cireuit blocks
ignated as [NV, INVZ, INV3 and INV4. The INV] is an
itive analog mverier or basically a two-input CMOS
srter built from floating-gate MOSFETs M) and M2 and
proposed in [6-7], Based on the idea of Psendo or Quas;
ting-gate MOSFET in [9-11], large wvalue resistors
irge) are shown to comect the floating-gate terminals of
and M2 to Vdd/2 thus the DC offset of the floating-gate
ISFETs can be effectively controlled and the complicated
&l charge propramming scheme such a3 UV removal can
woided. The resistors are buil from reverse-bissed diode
nectod PMOSs. The INVI is employed in this circuit
sther with INV2 and INV3 blocks to mimic the function of
erential amplifier which allows the output of INV3 to
atively feedback to the node X. Since voliage polarity of
'3 output is inversed to those of v, causing the voltage st
e v, 10 be inversed to those at node v, hence the function
nverting CCIl to copy the voltage -v, to v, can be fulfilled,
reaver, the diode connected PMOSs are always in reverse
| because volage af the floating-gate is small a3 & result of
negative fesdback. A modulated AC wvoltage at the
ting-gate can be written in {2) where the coefficient of v,
egative as a result of the pegative feedback vie INV2 and
.

'!"m=-t|1-"?*'k=|1-'.| [1}

e k1 and k2 are the capacitive division factors C/C; and
-1, where C; and C; are the input coupling capacitances of
and M2, Cy is the total capacitance seen from the floating
1. All capacitances correspond directly to the sizes of the
it coupled gates, In this case, the equal inpwt coupling C,
Cy of MI and M2 are s&t to 60fF and 1004F respectively
result in approsimnated equal vatues k; and ks of 0.5. A
Il signal voltage gain between the owtpul V.. ey and the
erenfial inputs can be derived as

¥
ﬁ = ~Cam, + g, Y "-u-} @

TE EMiy, B, Nd lue fyp aré  the respective
sconductance and output resistances of M| and M2
ectively, The voltage transfer of v, to v, is dertved as

Y o B BT R BT s =1 (4)
v, I+gmr,gmr,emr,

1 BMaley, £l are the intrinsic voltage gain of
the INV1, INV2 and INV3 respectively, We can also derive
the output resistance of terminal X as v, in (5) which is low as
a regult of the negative fecdback.

r
h= " (5)
i+ ST B BT P

M. SIMULATION RESULTS
Based on the proposed schematic In Fig.1(b), the circuit
can be in &8 moduler feshion where all inverters

inchuding additive anslog inverter have the same
dimensions of NMOS and PMOS correspondingly. If a higher
gain of mny inverter blocks is required, we simply add more
oells of the identical inverters in parallel, The circuit has been
designed on the Alcatel 0.5um double poly CMOS process
with 10, power supply. For each nverter madules, NMOS
designed with the dimensions of 8.4/0.5 and
24/0.5 respestively corresponding to gm, of 344uA/V and
gmy of 314UAV and resulting in the idle currents of 34pA for
ethh\qa.mmmmumkwﬂnhﬂfiﬂﬂ
Ohms and Cc of 0.35pF are employed for stability since there
are two high impedance nodes scross INVZ. In this circult, we
employ only one CMOS inverter for the additive inverter

INVI , There are nine inverters conmected in parallel for
INV2 and parsllel inverters for INV3 and INV4 blocks
hence i equals to i;. Both X and Z terminals are

loaded with external resistors of 1k€2. Fig2 shows frequency
responses of the mtio v./v, and i/i, which are seen that the
circuit mhwln&ﬂg::tmufv..’vfmlm
than 1% and those of L4, to 1.6% m the Frequency of
IMMHE
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(b} Zoomed view of (a)
Fig.2 Magnitude responses of v,/v, mnd 1/l

The magnitde responses of the X terminal output
tance r, was derived in (5) and is shown in Fig.3. The
e is less than | Ohms st DC rising to 500 Chms =t
VMHz. It & increasing dependent to the frequency in the
frequency range because the loop gain of the negative
back is decremsing =t high frequency. However, the
ating frequency of the cireuit is bound to 100MHZ

L A

g U m m wm m W
S g LD

Fig.3 Magnitude response of r, (Ohms)

} shows the ansient responses at 10MHz of v, vs. v, and
i lg. In Fig4{s) the responses of v, vs. v, confirm well
(4). It 15 seen that the signal swing is as large as
ImV. Fig4(b) shows & perfect matching of i, vu. i, with

L] SR T - SA T

the current swing as large as +500uA. For hi frequency
capubility, shows the transient responses lﬁﬂmﬂ-la In
Fig.5(n) the responses of v, vs. v, with signal swing of
300mV. Fig.5(b) shows the responses of i, vs. i, with the
current swing of +200uA. It is seen that the corresponding

signals . ¥y and i, vs. i, are still matched bui with o smal|
nhl:;h tu‘lipul:mpﬂmhmutm:m-h'lﬂb
by | Total power consumption is 816uW which
can be lowered with a reduced bandwidth, .
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Fig-5 Transient responses at 100MHz with THD<1%

In carrent conveyor applications, there is a need to

htvtlhul ics of output current iy or multiple outpats iz,
and iz. In conventional CCII, this facility s usually

< =
kN
1

e




formed using additional current mirrors to copy and invert
wity of the output curreni i;, However non-ideal
racteristics of cumrenmt mirror always introduce some
king error between the current iy, and iz In the similar
' on this topology, we can nol straightforwardly cascade
itional inverters at the owtput X terminal in order to make
mverted-direction current iy, since there is wsually an
=33 phasc shifl that causing an unperfected tracking
veen the currents by, and iz, In this case, we demonstrate a
ilel connected ICCTI+s a8 shown Fig§. The perfected
king i both magnitode and out of phase of iz, and iy are
am in Fig.7(b) confirming & high precision property of this
T+,

aﬁfﬂ_\ﬁ:ﬁt

freert
' hmnnlnlnlni-i-uhuuh# [ree-

(b} A for iz- mdui-'nf iz
Fig.7 Transient responses at |0MHz with THD<1%

IV, CONCLUSION

paper has presented & low voltage wide swing inverting
nd generation CMOS current conveyor of which the
gn focuses on the use of CMOS inverters and the negative

feedback enhance conveying precisions, signal linearity and
low output property af the terminal X, The circuit is
mm-ruhihdumwmmemnfﬂhms
mverters and the availsble flosting-gate MOSFET additive
invarter cell which facilitates the negative fesdback

ﬁnm:mi CMOS inverter. With the programming
Im‘hbﬁmmuﬂmwmm DC
of the floating-gate inverter can be effectively
o Vdd?2 and the complicated initial charge

i

éé‘

programming schemes could be avoided. The diode connected
PMOSs mﬂmh;h large resistors are always in reverse
bies because the voltage at the floating-gate is small as a result
of the negative feedback. With +0.75V supply, the circult can
handle signal swing as large as +500pA amplitude through X
and Z and +500mV at Y and X terminals while the
T[-IIIIl 10 less then [%. The circuit is designed to

100MHz signal frequency.

[:I] MA Ith H. Kuntman, "A CMOS realization of inverting
nmnl umwm-' Froc, 2002, NORDIC Signal

:z; M.T. meﬁmmm
iging the conirolled convevor”, Ime 1 of

E:Iwm oLES, Noud, 1998, pp 483-4B8.

[3] U ¥ “High-precision CMOS cument conveyor,

Electronics Lettern, Vol 36, No. 7, March 2000, pp,609-610.

[4] B. Msundy, L Finvers, P. Aronhime, “#i low volinge CMOS

ww#mﬁhﬂp Proc. MWSCAS-1998,

August, |

[5] A. 1. Lopez-Martin, ). Ramirez-Angule, & G, Carvajal, “Low-

vollage widetand CMOS current conveyors based an the

Aipped follower, Proc. [SCAS2003, pp.l-R01-B04.

[6] ¥. Berg, 0. Nasss, M, Hovin, "Ulira low voliage Moating-gate
amplifier with numable galn mnd linearity”, Proc

[SCASI000, pp. TH-343-346.

M K 1 Mgarmndl, K. Nundhasri, "A low-voltage wide-
Baimg current amplifier”, Proc. ISCAS2002, May, 2002,
[8] T. T. Obmi, “A Functional MOS Transistor Featuring
Cints-Level Sum and Threshold Operations”, TEEE Trans.
Elec,  wol, 39, 1952, pp, 1444-1455.

(9] O Massz, A Dlsen, ¥, Berg, T. 8. Lande, *A low voltage
second order biguad wsing preudo floating-gete transistors”, Proc.

ISCASI0], pp. I-125-128,
(o] L A. I. Lopez-Martin, R. G. Carvajal, C.
Lackey, “Low-valtage closed-loop amplifier circuits based on quasi-

fioating gate yansistors™, Proc. ISCAS2003, pp.J-B13-B16.
uull-n#n-wu.c Urquidi, & G, Carvajul, A.Torralba,
“Sub-voli supply smslog circuits besed on quasi-floating pate
trensisiors”, Proc. ISCAS2003, pp.l-TR1-T84,
llﬂlﬁﬁ-ﬂ.ﬁlﬂlmm:ﬂmﬂgmmmt
missing building blocks, CMOS reslizarbons and
lppw Int. J. Electronics, Vol. 85, pp.413-432, 1999,

Acknowledpement: This work has besn supported by & grant from
the Thailand Research Fund (TRF). Authors sre gratefll 1o the TRF
fior their precious suppont.







