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The term 'Micropower' dafines a class of with power consumption in

micro watts level. It implies that the bias curment must be betwean the level of pico
undnanummﬁrﬂmuhupmaﬂnnabmmenm PRly or the bias current level can

8lso be In the range of micro Amp for circuit o around 1V powar supply. The
other mean is to design ﬁwibuﬂhuhunpuwlmﬂumm“mt
from the supply rails. In state of the at CMOS fes, weak inverted MOSFET

and Floating-gate MOSFET allow circult designars 1 achisve the goals. The Floating-
gate MOSFET or FGMOS on a standard dou CMOS offers various new useful
Iumﬂunswhlmmnbuuaadtumnhmmﬂm&:mm“mwm;am
power circults, analogue computational clircults and This research gives a review of
the FGMOS such as the principle properties, and modeling for
simulations. Several analog signal processing building blocks have been proposed,
They are very useful to applications in biomedical systems such as biologically inspired
ciroults, signal conditioning and sensor interfacing. g

:u i

Keywords: Low voltage, Low power, Micropowed, Floating-gate MOSFET, Analog
signal processing, Curment-mode circuit
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1. INTRODUCTION

Nowadays, Low power and Low voltage circuits are significantly demanded by
the markat of portable devices and applications, Together with the further device
shrinking of new coming commercial CMOS technologies, the continuously down scaling
of supply voltage Is obviously inevitably in modem microelsctronic anvironments. In the
contrary, performances and capabiliies of electronic systems have never been scaled
down. System complexities are increasing significantly every year. Design caution has
then been seriously given to the management of power consumption. Currently, most
computational systems are performed digitally and based on applications of
microcomputers where high spesd and high complexity funclions have litle been
considered to opimize power consumption and complexity. Excessive resources and
devices have been provided to achieve the required speed and complexity funclions.
Hence mammumﬂmmmnwﬂmmmmm In
biomedical applications where electronic circuls are operated by battery cefls and
sometimes used intact with or inner human body, power consumption must be limited in
order 1o prolong the battery life and to require very less battery changing, while the
speed and system functionaliies are siil the main requiremenl In this case, analog
circuits and systems are a good candidate, having a high potantial to achieve a high
complexity and high computational capabillty with less power consumption than in digital
systems, In this case, Floating-gate MOSFET devices (FGMOS) will play an important
role in performing low power analog signal processing because the FGMOS devices
have multiple gate terminals which enable the MOSFET to theorstically computs
multiple signals at a tima. However, this goal can only be achieved in conjunction with a
support of new circult techniques and structures.

In early days, FGMOS devices have been used In digital circuits as storage
devices. Currently, FGMOS devices recelve a widespread use as a data storage
alemant in commercial EPROM and EEPROM circuits that are typical examples where
data are stored in a form of charge on the floating-gates. The devices have been
proven to be very efficient In binary Information storage because of ease in
programming as well as the long-term charge retention, In the present binary data
processing, information storing is achieved by effectively depositing on or removing oft
the charges on the floating-gate. Today, the device has been proved to be very refiabls
and very compact integralion as indicated by the commercial manufacturing of megabit




fiash mamory. In the last decade while FGMOS devices played very important roles in
Memories, FGMOS transistors had received litfie attenfion as analog ciroull elements.
Howevar, during the transition of the new decade, thers have besn many applications of
these devices in analog circults based on their unigue characteristics of the variable
threshold voltage. In other words, the threshold voltage is programmable. As the trand
of integrated circuits moves toward low voltags applications, the fioating-gate MOSFET
ks now very useful in analog integrated circuits and signal processing applications. In
reduced power supply voltage, FGMOS transistor with programmable threshold voltage
can then be used with reduced effective threshold voltags and hance the smaller
required gate-source voltage. The floating-gate transistors can also be used in analog
cireult trimming of which the advantage over tradiional fuse trimming technologies Is
that the trimming is reversible K drift In the circull cccurs. There are also other
applications, such as input offset trimming of differential pairs, low voltage op-amp with
fioating-gate input stages, DV/A [1], electronic programming [2.3], mutfiple input Op-Amp
[4), low-voltage operation (5], circult timming [6], neural network [7] and four-quadrant
analog multiplier [8.9].

At the beginning of this report, reviews and baslc principle of the FGMODS
devices are |ntroduced In Saction 2, where the fundamental and Iiteraturs reviews from

previous reported works are summarized to give an overview of Floating-gate devices,
circuits and systems.

In Section 3, Floating-gate devices and modeling are addressed Including a
physical structure of floating-gate device, capacitive models, mathematical and macro
medels for SPICE simulations Including some simulation results.

In Section 4, a novel Hysteresis Tunable Voltaga Comparator is presented. The
circuil is basically a simple voltage comparator embedded with a positive fasdback
scheme to create the hysteresis. In this work, two FGMOS devices are amployed 1o
perform the feedback where one of the control gate voltages is used to tune an amount
mmmmmmmwmnlrﬁ.ﬁ.hww:vmﬁm
Ve of the comparator can be tuned electronically. The proposed idea is demonstrated
on a standard double-poly CMOS processes, Since the design nommally Incorporates
with layout of the FGMOS in order to get the value of the gate capaciances effectively,
Magic Program is used to create the layouts on AMI 1.2lm CMOS process available




’ -.hh. o

through MOSIS. Simulation results from HMSPICE are given to demonstrate the
functionality,

In section 5, Digital comparators using FGMOS devices are proposed hers as
anuﬂwmﬁnﬂwﬂrﬁdﬁw.mﬂﬂmmFﬁmm
nmmmhmmammrmmmmnmmm voltage
comparator. Two types of the 4-bit digital comparator are explained in this section, a
m&ald-ﬂtmmpamtwwammmm&hﬂ.m Based on the two type
comparators, an B-bit digital comparator is also prasented. Simulstion results verifying
the functionallty of the proposad comparators are demonstrated.

in section 6, an application of the multiple-nput FGMOS comparator k= also
praposed In this section as a design of Class-D amplifier. Based on the used of the
mmmwmamnmmmmmymm
integrated with other circuit blocks on & chip scale system level, This amplifier exploits
the proposed multiple-inputs FGMOS voltage comparators.

In Section 7, & new low voltage cument amplifier is proposed. The circuil is
totally formed in the class AB structure, utlizing CMOS Inverters and the recently
proposed additive analog inverter using floating-gate MOSFETSs. Operating in a negative
hmﬁmthpdm.hunﬁﬁmmnﬂdenﬂlmmWaupmimuMwm
1% of the THD and 10pF of C,. Designs and HSPICE simulaion resulis ars
demonstrated on 0.5Um double poly CMOS processes with 1.5V and 1V power
mmmmmmmwmmmmmy.

In Section 8, a low voltage inverting second generation current conveyor is
proposed. The circult can be operated up to a 100MHz with 10.75V power supply. The
Mnmhmmmmmcmmwammm
mmnammimwmngnmmmmm regulate
accurate signal tracking of the terminal veltage X to Y and the terminal current Z to X.
Simulstion results on 0.5lm double poly CMOS processes confimm high precision
conveying features, whl@d%uammmmhﬂﬂhmmEmm
CONVeYor.

In section 9, a new high speed low input current comparater is proposed in this
section. Based on a simpla negative feedback scheme around the transimpedance

stage with an emphasis on & very large loop-gain, the transformed voltage signal is




maintained &t the lowest swing that results In & speed improvemant. On a 0.25um
TSMC CMOS process, simulation results demonstrate propagation delays of 3.6ns with
+100nA input current and 1,5Volts power supply, while the smallest input current s
jﬁﬂpﬂ.hﬁmm-nmmmmvmmum 1.8 Voits.

Finally, conclusions and suggestions for future improvements are discussed in
Section 10.




2. FLOATING GATE MOSFET

Floating-gate MOSFET abbreviated as FGMOS is a device on standand double-
poly CMOS processes. It offers various new useful functions which can be used to
mutamwnmﬂﬂmﬁhwmmmwhpmmm:mm
computational circults efc. This saction gives & review of FGMOS and also includes

some of examples from earfier reported works as & background undsrstanding for this
device

2.1 LITERATURE REVIEWS: INITIAL WORKS ON FLOATING-GATE CIRCUITS

Floating-gate MOSFET (FGMOS) structure has been Invented for a long time
since 1967 by Kahng and Sze [10). Until now FGMOS is widsly use for many famous
nonvolatlie digital storage device such as EPROMs, EEPROMs and flash E-PROMs.
The floating-gate structure has & unique structure different from & conventionsl
MUEFEF.mHmdFGHmumw.ﬂmmeTmm!ﬁ.nshuwn
in Fig2.1. The gate on poly1 is basically a conventional gate of MOSFETs but |t is
completely ancased in an Insulator made of Silicon Dioxide (SI0;). Since Si0, Is a very
gmdimhtur,anﬁhnhchudahmmdrﬂﬂﬂh‘hﬂﬂﬂnnﬂmhnruﬂurﬂhﬂhﬁl
conductor, then it is often refered to as “floating-gate”. The other adjacent gate
conductor plate made of poly2 is an input gate which is a capacitive coupling terminal to
the floating-gate. Potential at the Input gate can be coupled o modulate the potential on
the floating-gate which then controls the current flow In the channel of the MOSFET. I
electrons are trapped inside the floating-gate, they cannot leak out due to the property
of the oxide. Changing the number of electrons on the flosting-gate means alter this
potential. In memory applications, altering the loglc output by changing the number of
charge on the foating-gate is referred to as “writing” to the memory device and the
state can be maintained for more than 10 years without an effect during read cycle.
After the invention of FGMOS device In 1967, there are many researchers working to
develop the device as shown in growth ve. year of developmants in Fig.2.2
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Figure 2.1 Top view and cross-section views through a typical EPROM

N

Figure 2 2 Development of floating-gate [11]

Thummtimhmlnﬂwhg-gahmmmmmhm
computations in neuromorphic systems [11]. The Intreduction of the ETANN chip by
Intel in 1889 showed the potential of using floating-gate devices for applications other
mmmmmliﬂMunmﬂmﬁﬁp'sﬁmﬁmmmmhg
vector-matrix calculation employing a floating-gate eray of 10240 analog matrix
alemenis. This floating-gate device developed in a specialized EEPROM fabrication
process, were used as an enalog floating-gate memery. The chip has an Impressive
uﬁlrnmﬁmﬂahﬂtrhnhpmﬁ.ﬂmnmuﬁﬂmchlpmunnmﬂmgmmm.

After Intel's invention chip, a new functional transistor had been proposed In
1982, which worked more inteligently than & mere switching device by Shibata and
Ohmi [14]. This transistor can calculate the weighted sum of all input signals at the gate
level, and controls the "on™ and "off” of the transistor based on the resull of such a




memmulmlmm.whmniawm
anahgw;hhmmuhunqlmmmm.m&mwm&mrhmﬂuﬁ'amm
MOSFET" or “neuMOS" (abbrevited as VMOS) in short, The device as shown in
Fhiﬂhmmpumdnfuﬂmﬁg—gmanndmﬂmmmmnumnﬂmhmumﬂm
mpﬂwmﬂ]‘g&ﬂm@fﬂrmwﬂaﬂmmhulm.ﬁmhmnnm
dmnmmhhmmmmmumﬁummthum
hﬂmnrﬂﬂunﬂmtnmdhumrmmpﬂmnmmh.
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Figure 2.3 Simpiified 2-nput FGMOS structure and symbol (s} p-type (b) n-typs MOS

Three research group accomplishments laid the groundwork for most of the
cument floating-gate circult developments. The earlier accomplishments could be
defined into three approaches of using the FGMOS devices as follows.

ﬂThmnantmuk[ﬁ]dummhaﬂnnandmmmvmtmnmuhn
standard CMOS double-poly process allowsd many researchers to investigate and o
exploit fioating-gate circut concepts without requing accassing 1o speciallzed
h&hﬂmpmu.ﬂﬁmammmdamappmmmmmﬁymﬂu
amount of charge on the floating gate. As a rasull, it led to later developments and
researches in analog memory [2, 3].

2) The YMOS approached by Shibata and Ohmi [14] provided the initial
knpmannndnummmhuumpudhmhrlmmrmmﬂnmmntuﬂmmdﬂﬂa
input FGMOS to compute analag information. These researchers concenirated on the
Mﬂwmﬂmﬂﬁhﬁﬂﬂdﬂﬁmﬂuﬂmpm,ﬂuﬁﬂﬂﬂ'ﬂuh




violet (UV) light to equalize charge, or simulated finating-gate elements by opening and
closing MOSFET switches. Today many researchers work on computational systems
With the floating-gate devices that were firstly established by Shibata and Ohmi. The
wﬂﬁMMFﬂHﬂEWhﬁdmﬂWﬁhhﬂa-nMﬂhﬂhﬂm
Inammﬁwnfh‘mmﬂhgwdighl inh1mt|-un-prmmﬂngdmﬂn[1. 4.8 9,
16, 17, 18, 21-27], including a multiple-input floating-gate diffsrential amplifier, a four-
quadrant floating-gate multiplier, simple D/A corverters, Translnear circuits and et

Eiﬂﬂmm‘nnﬂmmnﬁjnmﬂwhﬂmmwm
continuously operating floating-gats programming/erasing techniques, as the backbons
ufmudupﬁmﬂu.ﬂttmhnﬂnw.ﬁmwnmnhdmmuhﬁ'dmhmd
implementations of adaptive circulls in neuron network (19, 20].

2.2 OUTSTANDING PROPERTIES OF FGMOS DEVICE

Mdmhmhamwmmwnmmmmmm
can be very useful for analog and digital computational circuits. It has unique and
attractive characteristics of which the most impartant properiies to be applied In this
research and repor are as follows:

1) As a multiple-input gate device, the voltage appears at the floating gate Is a
mmmmmmxgamwmmm.mmmm
deﬂmﬂﬂtﬁaﬁnmmmhn.

z]mmmmmwﬂmmmmmhm.

Thmhvnphmmnmmiﬂmmmnmm.ﬁuﬁuhium
nfﬂ'mnwlﬁph-mmgnhEarhm;nahgdmgnmtudumnnmﬂwhudnptmw
mﬂmmmmmmpmmnmnwmwm
mmmwhmmﬁmmnhmFGWSdmﬂmhhnpﬂmmnww
mmmmwmammmmmmmhﬂnwm.mmw
mummmuammammmmummmmr
applications,




3. FGMOS DEVICE AND MODELING

Floating gate MOSFET has many impressive characteristics that can be used to
design a novel circuit or to enhance exist enalog circuits for additional spacial features
mmm1mm,mm.wmmmmm.-mmm-
new funchion into the presant clrcuits. However, one problem that can cause troubls to
designers is how 1o design and simulate an FGMOS dcreull in the conventlonal
simulation programs. This section describes a basis of floating gate structurs, modeling
and simulate macro models that are essenfial to design and simulation of FGMOS
clrcults. Threshold voltage shifing and weight summation characteristics of FGMOS are
demonstrated by simulation results.

3.1 DEVICE STRUCTURES AND THEORY

Many applications using multiple-input floating-gate transistors in analog clrcuits
have been reported over the last few years, based on the main properties that make
thesa devices attractive for analog applications as follows.

1) The leng-term retention characteristic of the charge injected Into the floating-
gate features analog memory, which are very ussful applications for DC offsat trimming,
naural networks for waight storage and efc.

2) The simple implementation of linear weighted voltage addition i pedormed
by only one FGMOS device.

Normally, these operstions require relatively complex circultry when using
conventional MOS or bipolar devices but they ame periormed by only one FGMOS
device. However, a practical problem with a multiple-input fioaling-gate device is that all
circuit simulators consider capacitor as an open circult for DC analysis and for this
reason there is obviously 8 DC convergence problem with the floating-gate nodes, If the
conventional MOSFET model and capacitors are usad straightforwardly. Consider the
fiosting-gata transistor represented Fig.3.1, of which the practical layout is given in
Fig.3.2. The equivalent circult of this device including capacitors between aach of the
inputs and the floating gate (denoted as polyt-poly2 capacitors) has shown in Fig.3.3.
These capacitors are labeled C,, C;, .., Cy The conventional gate-source and gate-
dmnmmhmﬂhimq‘m.ﬁrmmﬁh.ﬂwBMI
FGMOS device with only two Input gates, the extract natlist of the layoul will be derived
as shown in Fig.3.4, in which we can see that there iz only one conventional MOSFET




and five capacitors denoted as C, to C,. C; and C, are Input coupling capacitors
betwaen the input gate g1 and g2 to the floating-gate node respactivaly. It is notad that
fioating-gate node s fioating for the time being and can nol be used for simulation
directly although the netiist has been extractad from tha correct lsyoul. It s concluded
that the conventional equivaleni circutt and netlist always lead to DC convergence
problems in DC analysis of the simulator as & result of the ficating node. There Is a
need lo modify the exiracted netlist in order to provide a DG path to the foating noda
with affecting the circuit behavior, This will allow a successful simulation of the extracted
natlist.

(]

G10—i

NI =
Ml d-

Figure 3.1 Multiple-input floating-gate struchare and symbol

Figure 3.2 Layout of two-input floating-gate
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b)

Figura 3.3 Muftiphe-input FGMOS a) symbol, b]-nq:i:ﬂm ol

HSPICE file created from Fomosp,sxt - techrologu: sca
.option scals=0,5y

) D Fg 5 B pfet w=22 1=4
ad=66 pd=50 =s=EE pe=50

*= hspice subcircuit dictionary
1021 § []

Figure 3.4 Extraction of kayout of two-inpui floating-gate in Fig.3.2

3.2 MODELING OF MULTIPLE INPUT FLOATING-GATE MOSFET

mmmummnthmmm.u.ummuun
MOS transistor with a floating-gate (1" polysilicon layer} over the channel and in some
cases extending over o the field oxide area. Amay of control gates (multiple Input
gates) are formed by the 2" polysilicon layer over the 1" polysilicon which is the same
hw-ﬂhhhhwah.ﬂnmmmhﬂmﬂumﬂphmmﬂm
and fioating-gate and the channel are shown In Fig.3.3(b) while Fig.3.3(a) Is a symbolic
representalion of such the device. At the fioating-gate node, total charge must be
mmwhmmﬂinhmﬂ,.h

Or '[g—'ﬂ;(ﬂ Ve ]]_E‘" "o Ve ]_C"{iy-? 'Fm}-cn{Fr"Fm}'ﬂmﬁﬂ

where C, Is the capacitance between the floating-gate and each of the " input gate.
V, i the i® input voltage. Vy;, ¥,, ¥, and ¥, are the foating-gate, drain, and




substrate voltages, respectively. C,p,, Cr. and Cp, are the overlap capacitances
between the fioating-gate and drain, source, and bulk, respectively.

Now (), is the total channel charge obtained by Integration of the channel
charge per unit area, O, (v). along the channel and can be given as (3.2) {30, 31],

0.0) =22y ~¥; -V, )+ 4;) (32)
where y ls the distance along the channel,¥,(y) Is the voltage along the channel,
. s the floating-gale gate oxide capacitance, and ¥} s the thrashold voltage ssen
mmw-mmmmmmmmthmm
by using only its value at the source. Hence, by taking the integral of (3.2) and
substituting O into (3.1), the equation for the drain current of the FGMOS transistor in
saturation is obtained,

_ :
i@ 7 coty b oA TlElERE V] (2
E S ol TR ."[' G 3, J]-[l_ 3C; ]!’r
{3.3)
where K =1,(Cop /') s the Wansconductance parameter. u, s the electron
mability, and L Is the channal length. C, is the total capachtance associated with the
floating-gate, which is given by

c; =§cm +Crp .+t:,,+tL +§;c, (2.4)

With wmmmnmm.mmm-mmmmmm

be assumed, neglecting charge injaction during device operation, and assuming Cop i
much less than ., (3.3) can be simplifiad to the following form.

W | 3
I, = %K[z wV, +w ¥, --w,lh —wrF’;J {3.5)
where the capacitive coupling ratios are dafined as “"-[ECL]' Wy n[—i.'ﬁ'—],
r T

wy=|1= Ca o , w,:l—El. Equation (3.5) shows that the FGMOS
O 3C, 3G

ransistor drain current in saturation is proporfional to the square of the weighted sum of
the input voltage signals, where the weight of each input signal is determined by the
Wmﬂmmﬂmmﬂhhwﬁhﬁmmdmw
area. Hence. the squaring operation on the twa signals is inherently performed In the

12




FGMOS transistor, From (3.5), the drain current of & multiple input floating gate
MOSFET, can be rearranged as (3.6) and (3.7).

1 W -
L= 5 #Cax TMm¥er =V )= Vg =8, ) (38)

| W
le=35 HCor I[{‘*ﬂ Vor + et WV )=V =¥, P @a.7)

The drain current is essentially a finear sum voltage of all inputs weighted by the
capaciive coupling ratios. Equation (3.8) is arranged to show the threshold tuning
operation with only two input gates are assumed. It Is seen that ¥, can be utilizad as
a signal port while V, s usad to tune the effective threshold voltage seen from the
input G1. Equation (3.7) | writtan to show a linear sum of the weighted multiple-input
voltages. The two characteristics will ba exploited in this work.

Equation (3.5) can ba used to derve an equivalent circuit that allows calculation
of a DC operating point al the floating-gate node and also satisfies the charge
consarvation shown in (3.1). This circult is shown In Flg.3.5. It includes the necessary
addiional branch with an arbitrarily large resistor R (1000G£2) and n+2 voltags
sources controlled by the voltages F), ¥,..¥,, ¥, and ¥,. These elements are
connected in seres between tha foating-gate and ground. The gain control factor for
each vollage source commesponds fo the ratlo of the input voltage source cormesponds to
the ratio of the input capacitance associaled to each control vollage over the iotal
capacitanca .. This branch is included In order to allow DC convergence during DC
analysls of the simulation and is neglected on the AC andfor transient performance of
the circuit. The equation given above assumes that the gate-source and gate-drain
capacitances, L, and Cg,, are approximation constant. This, in practica is a good
approximation if the transistor remains In irode or saturated mode, which is the case for
most analog circuit applications. For the case that Cg, Cp<<C,, C,,.,C,
thenl; = C, +C, +K +C,, and varations in C; and C,;, when the fransistor
changes from saturations to triode mode (or to cutoff) do not cause a significant change
in the gain coefficlents of voltage control voltage source (VCVSE) a1, a2,....an. Tha
listing of & SPICE sub-circuit for & two-input floating-gate N-channel transistor with width
ovar length ratic W/L=25/3 and Input capacitance C2=2C1=288fF is given in Tabla 3.1,
C, and C, comespond o polyl-poly2 capachtors with area of 300u” and 600U’
respectively, C, and O, have vaives of 44.5fF. They were calculated using 2um
CMOS N-well technology parameters according fo Gu=C WL+CasaW, Cy=CanaW,
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overlap capacitance per unit langth respectively.

Figure 3.5 Macro model of multiple-input FGMOS [26]
Table 3.1 Muttiple FGMOS sub-circuilt
SUBCKT input3 BD g1 g2g3 S
C1 fg g1 50fF ‘
C2 fg g2 SOfF
C3 fg g3 50fF
M4 D fg S 8 NMOS L=1u W=20u AD=88p PD=24u AS=68p PS=24y
RS fg N9 5g
g6 NO N5 gl S05
a7 NGNZg2 505 ‘
sBSN2Sgio
ENDS input3

Based on the FGMOS model In {2.6), & tested circult for the threshold voltage tuning
can be shown in Fig.3.6 of which the drain current versus voltage at control gates curve
of the drawn p-type 2-nput FGMOS in Fig.3.2 can be demonstrated in Fig.3.7. In order
to show P funing capabillty, the circult has been tested under the condition that J_

i
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Is used as fhe threshold tuning voltage and set to OV, 1V, 2V, ..., 5V while ¥, is used
as an input terminal

vﬁ

|

Figure 3.6 Test circuit for DC -q:rﬂpfypr!-iptl FGMOS
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controliing the charge relating to two physical phenomena such as: hot carrier injection
[31] and Fowler-Nordheim tunneling (F-N tunnefing) [32]. These are the phenomena
used for wriling process in commercial UV-EPROMs [33], byte-allerable E°PROMs and
flash EEPROMs.
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4. HYSTERESIS ANALOG FGMOS COMPARATOR

Am@amhadmﬂummmammmvﬂmm“
input - signal V(] with a reference voltage V,y and produces a logic output lavel
chmhthhmrnrmmnmm.Tnum
important application for a high-speed voltage comparator occurs In and analog-to-
dwmmmmmmmhmﬂ.nwm-mmwm
Hmtunpamatuwmwmdnwﬂnnfﬂahmmhpmﬂilmmpﬂm
hmmmnmmmmﬁmhammmmmmﬂummm
pasitive fesdback parformed by multiple-Input FGMOS devices. Some fundamental of
mammtntammwmwindhmﬁmmﬁﬂnlﬂhthmmmm
saction,

4.1 FUNDAMENTAL COMPARATOR

nmmyhmmwdwﬁﬂyundmw'mﬂuumﬂmkuhm
differential input, single-ended output amplifier [34]. Fig.4.1 (a) shows the symbol of &
differential comparator which is very similar to that of an cperafional amplifier, Usually,
mmmmrmuhﬁmﬂw:hﬂr.hﬁhmﬁuﬁnmmmaNn
mmmummammmmdmﬁmmmmm
Independant of those of the input signal and is hence well sulted for the logic circults
following the hmh.lfmmuum.hwvﬁ#miﬂhmuhrmmﬂ, say, 0
o +3, as the input changes from —1mV to +1mV. Thus the required galn |s around
SVI2m = 2500, or 68dB. If & latch Is used, Vi, Is only needed to be higher than the
combined ofiset and threshold voltages of the latoh; this value is around 0.2V or fess.
Hma@nﬁ!ﬂﬂhﬁmﬂ.hmmﬂh%mnﬁhnhhh—guhﬂp-
amdﬂnﬁhWWMHmmmme-
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Figura 4,1 (&) Differential-nput comparator (b) Transfar curve of ideal comparaior
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The transfer curve of the ideal differantial comparator |s shown in Fig.4.1(b). In
MWMHWMNMWM-WJMhHMAMWF
Vet- When the positive input is greater than Vi the output Is logic high (Vi) and when
it Is less than V., the output is logic low (Vo). The ideal transfer curve of Fig.4.1(b)
corresponds to a differential gain of infinlty, In actuality the differential gain has a finite
value aqual to Av. Another non-ideal effect of the differsntial comparator is the input-
refarred dec transfer curve will begin changing only after the Input differsnce exceads
Ve The de transfer curve of a pmﬂmlwmwmhmmﬂwuﬂd
amwmuﬂam-mhWzmulmvmammmmmm
ﬂ:atmquhudhnnumﬂmnmpultnmiﬁliﬁ.m the speed or response time is
another Important parameter of & comparator, In most applications if Is required that
following an appropriate input level change, the comparator must switch between two
output levels with fast rise and fall times in the shortest ameunt of time,

FFpmﬂTmﬁumnlmhﬂlﬂﬁfﬂmmw

4.2 COMPARATOR WITH HYSTERESIS |

Hysteresis is the quality of the comparafor In which the Input threshold or the
trip voltages change as a function of the input (or output) lavel. In particular, when the
input passas the threshold, ﬁummﬂmﬂhmm:ﬂhmu&nﬂy
MMmmmmmmwhmmmmm
comparator output changes its state again. This can be llustrated much clearsr with the
disgram shown in Fig.4.3. Notice that as the input stans nagative and goes positiva, the
output dose not change untll |t reaches the positive trip paint, Vige,. Once the output




* i

goes high, the efiective trip paint is changed. When the input retums In the negative
direction, the output dose not switch until it reaches the negative trip point, Vse.

Figurs 4.3 Comparator Hyslaresis curve

The advantage of hysteresis in a nolsy anvironment can be clearly seen from
the fllustration given in Fig.4.4. in this figure, a nolse signal is shown as the Input to a
comparator without hysteresis. The Intention Is to have the comparator output foliow the
Wﬁwmrmlﬂnmndmhaﬁﬁhﬁ-mzﬂwﬂmmm,ﬂm
comparator output is too noisy the response of the comparator can be improved by
adding hysteresis equal to or greater than the amount of the largest expected noise
amplitude. The response of such a comparator |s shown in Fig.4.5.

'“ |
Figure.4 4 (a) Comparaior response 1o notsy input (b) Comparalor responss fo nolsy inpul when

hysterasis is added
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4.2.1 CMOS HYSTERESIS COMPARATOR

There are many ways lo accomplish hysteresis In @ comparator. All of them
involve some from of positive feedback. Referring o the differential input stage given in
Fig4.5, it = seen that there are two paths of feadback. The first is current-series
feadback through the common-source node of transistors M1 and M2. This fesdback
mhmm.mumminhwmwhm
connactions of transistors M10 and M11. This path of feedback is positive. If the
posiive feedback factor is less than the negative fesdback factor, then the overall
feadback will be negative and there Is no hysteresis, If the positive feedback factor
becomes greater than the negative feedback, the overall feedback will be positive,
which will give rise to hysteresis in the voltage wansfer curve. As long as the rafio
By ! B, Is less than ona, there is no hysteresis in the tranafer function. When this ratio
is greater than one, hysteresis will result The following analysis will devalop the
equations for the trip points when there is hystaresis.

o=l M5

¥
Fmi.Eﬂ:mamhI with hysieresis

It is assumed that the plus and minus supply voltages are used and the gate of
M1 s tiad to ground while an input voltage signal Is applled to the gate of M2. With the
input of M2 of much less than zero, M1 is on and M2 off, thus tuming on M3 and M10
and tumning off M4 and M11, All drain current of M5 flows through M1 and M3, so the
voltage at the drain of M1 Is logic high. The resuling circult is shown In Fig.4.8 (a),
(Notice that, M2 is shown even though It is off) At this point, M10 is attempting to
source the following amount of current.

| .

|
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(4.1)

Ve
(b}

Hmn#.l{a}ﬁumhammv.uwrrﬂ--ﬂmmvmw
Comparalor in a state where \V,, is vary positive and decreasing toward Vo,
A8 Vy, Increases toward the threshold point, some of the tail current beginning to flow
through M2 is supplied by the current of M10. h‘hiﬁ__'ﬂmﬂlﬂlnnww current
to M2, there is no state switching. Just beyond this point the comparator switches state.




To approximately calculate one of the trip points, the circult must be analyzed right at
the point where the current of M2 equals to thoss of M10. Mathamatically this is

!.IF ! LLI- .

“Twn)," 42
b=k \ (4.3)
bh=b+h (h=h) (4.4)

. § e b
H—HH“? -'-E}E T J{-’-}Jﬂ (4.5)

h=b-f | 4.6)
Knowing the currents in both M1 and M2, Il is easy to calculste their respective V,
voltage. Since the gate of M1 is at ground, the difference I their gate-source voltages
will yisld the positive trip point as given below .

|
Veisi ={%~J +¥; (4.7)
Vary E[%-]lﬂ'ilb : {4.3]
Fm‘rﬁ-i | (4.8)

Once the threshold is mnhnd.-h.m.m state so that the
majority of the tall curent now flows through M2 and M4, As a resull, M11 is also
tumed on thus turning off M3 and M10 and M1. As in the previous case, as the input
refurns negative the circult reaches a point at which the cument in M1 increases until it
equals the currant in M11. The Input voltage &t this point is the negative trip point Vigs..
The equivalent circult In this state is shown In Fig.4.7 (b). To calculate the trip point, the

following equations will bs applied.
(w/L
b “:ﬁ%‘,‘* B

h=h {4.11)
e hahtd (4,12)
' |
— S
= 1+[(# /L), f{#ﬂ#} i (4.13)

using (4.7) and {4.8) to caloulate Vs, the trip point is
Vere— = Voga = Yam (4.15)




while these equations do not take into account the effect of channal langth modulation,

The differential stage describad so far Is ganerally not useful alone, and thus
requires an oulpul slage o achieve reasonable voltage swings and outpul resistance.
There are a number of ways to Implement an output for this type of input stage. One of
these is given in Fig4.7, nmmm_w conversion |s accomplished at the
output end thus provides a class-AB type of driving capability.

HF’ 1 . ' :;m

Figure 4.7 Complets schemalic of a CMOS comparator with hysteresis

4.3 DESIGN OF HYSTERESIS TUNABLE VOLTAGE COMPARATOR

Reqgarding to the mantionad hysteresis mechanism, a simple hysteresis tunable
analog comparator can be designed and shown in Fig4.8 where M3 and M4 are
replaced by the FGMQOSs. The hysteresis involves a positive feadback produced by
M10 and M11, The positive feedbeck occurs only whan the curreni ratio of 1, Is
greater than one. If the ratio & higher, the amount of the fesdback cument will also
increase and result in & wider of the positive and negalive trip point voltage, Vige, and
Ve Hence the hysteresis can be controfled. However, the Vipe. 8nd Vrge. can be
devaloped from the condition that |; equals to |y, and |, equals to I,,, cormespandingly,

- | %EEE—:‘

s EL. ‘”w'rf:]
.=

U, jﬁlzfd =1

e EL "'I:uﬂq]

(4.16)




Thus, by the viue of the FGMOS, the ratio of Insflos and lpyfloe can be tuned
slectronically by V.. at the input gate of M3 and M4. Hence Vipe, and Ve, can be
tuned orthogonally. If the tuning voltage at the input gates of M3 and M4 are different.
M3 and M4 are designed with an squal ares of Gy and G, as 10.8X22.84m" whils the
floating-gate area is set to 13.2x2.4 Lim’, which also equal to those of M10 and M11.

4.4 SIMULATION RESULTS OF HYSTERESIS TUNABLE ANALDG VOLTAGE
COMPARATOR

The circuit has been simulated on Hspice with an sssistance of the FGMOS
macro model in [22] and supply voltage Is set to 5.0V, Fig.4.8 shows Vigg, and Vige vs.
Vine Varied in the range of 2.5-5.0V,

F“n'lr.l..
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Figure 4.9 Vins, 8nd Vg, v8. Vi
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Figure 4.10 DC transfer curve of hysierssis lnabils vollngs comparator

Time-domain simulation is also performed to express the performance of the
mmh-mWﬁ;mhwmaMummm
with the noise amplitude set 10 0.4V, Whils Vi i 88t to 3.8V, Simulation results are
mhmm.mmnwmmmd.ﬂ.

From Fig.4.8, it could also ba noted that the terminal G1 of both M3 and M4 are
nat necessarily connected to the same voltage, Vi,,. With the different voltages at both
mmvmmvmmwmmm.vmmuwmmm
orthogonally. If G1 af M3 and M4 are connectad 1o Vi, and V., respectively, the
simulation results are shown in Fig.4,12 and Fig.4.13 where Vige,=3.3V and Vipp=2.2V
are set by Viu,=4.8V and V=36V
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Figure 4.13 Transient analysie of orthagonal lune hysteresis lunable voltage comparstor
An experiment of the back-gate tuning of M3 and M4 has also been investigated
with & result in Fig.4.14 showing thal the range of Vige. 8nd Vige ara not as wide as
those offered by the circuit employing FGMOS. Also, the back-gate biasing always
expariences an amount of lsakage current because tha bulk terminal is not fully isolated
as in the casae of polyl and poly2 gates.
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A Hysterssis Tunable Voltage Comparator using FGMOS is already proposed.
The circuit is essentially exploiing FGMOS devices in the positive feedback scheme to
:ﬂﬁﬂﬂlhﬁ?uuhrimh.Emﬂmdﬂnihalmnﬂﬂﬂrtﬁihu1ﬂ3hﬂﬂﬁ,ﬂﬂ!:unﬂnimd&:ufhndﬁ“
and lpysflpe cormesponding to the amount of feedback current s used to tune the
hysteresls effectively. An expariment of the back-gate tuning of M3 and M4 has also
been investigated with a resull showing thal the range of Vige, 8nd Vige. are not as
wide as fhose offered by the circult employing FGMOS. Also, the back-gate biasing
always exparlences an amount of leakage current bacause the bulk terminal Is not fully
isolated as in the case of polyl and poly2 gates. The proposed idea is implamentable
on any standard double-poly CMOS processes. The work has been performed on AMI
1.2im CMOS process available through MOSIS. All the simulation results confirm wall
the functionality, Performance optimizing will be placed as future works.




5. DIGITAL FGMOS COMPARATOR

mm:muﬁhlmﬂmhhhm.ThMMHu
nmmm“mmmﬂmmwmmmunm
haundwhgamnmw.ﬁummm_mmﬁmmumw
MFauammmmm-mmmmmu
wh%ﬂup&ﬂﬁmhﬂdﬁm&hﬁrhhnuhhhﬂmhmmﬁhﬁa
Mﬂmmmhmmmmﬁhwmlhm
Inptnduﬂmudwhimmmﬁnnnmatllimmﬂhwmmx
voltages is explalted. Basically the intemal mechanisms of both proposed comparators
are analog functions. Designs and simulation results on Hapice on 1.2lm AMI CMOS
are given to demonstrate the functionallties.

5.1 4-BIT DIGITAL COMPARATOR

A 4 bits digital comparaiors are pressnted in this section, Based on the sama
mmmmruinmamumm,hmmunmm
realized by employing the foating-gate MOSFETs as the input devices. The 4-bils
dﬁhtmmnmpmwunﬂw@mﬂﬂmm.
Edhﬂ-mﬂmummnrmmhrdwﬂmmmmmmmu
dmhmmm.lnmd%mmmmm,d
input gates are umdlnrl-hﬁstlnumﬂw-'ldmh'ﬂuﬂuﬁwnﬁj)iﬂ
(3.6), drain current equations of multiple input floating gate MOSFET, can be
rearranged to (5.1) and (5.2) for S-inputs FGMOS as shown balow.

Is =‘%‘ch %[gf“'rra -%) _{Fﬂt i “:ijr (5.1}

1 W
L= 1Co T (WVo +otw¥Vo)~Ve-¥u T 2
Thaﬂnhmnummumnﬂaﬂyanmmﬂ'ﬂmw by the

mmmﬁm&uﬁm{ﬁi}hmhm-mmﬂhm
multipla-Input voltages. This equation ks used to design all comparators in this section,

5.1.1 NON-HYSTERESIS 4-BITS DIGITAL COMPARATOR

The non-hysteresis digital comparstor is shown in Fig.5.1. It is seen that
FGMOSs are employed as the input devices in order to exploit the drain current, which
hwﬁmﬂhfﬁ-z}mannmmﬂmmmmﬂmm




bits. Then the cirqu is digital st the input and output but It intemally works as an analog
Gircult.

EEES LARS
i A

Figure 5.1 Non-hysteresis 4-bits Digltal Comparator {a) schematic (b) symbol
From Fig.5.1 (a), the FGMOS M, and M, are designed with the floating-gate arsa of
12X31m’. Let ky..ky are the weights of the inpul gales densted as ad._a7 and
b4....bT respectively, where ad and bd are the least significant bit of this comparator,
The inputs gates have the sizes set by the binary weights as in Table 5.1.

Table 5.1 Design paramuters of the FGMOS
o K5 K8 K7

Blnary weights 118 1m % 12

Stzes(jim’) 0EX28 | 218%228 | 432x228 | s6.4xz28

Capacitance(fF) 1507 3185 &38.9 12778




This non-hysteresis 4-bits comparalor can be represented as a symbol in Fig.5.1(b).
ﬂuwﬂmd&ﬁvaanﬂaMﬂﬂummmawm“hthlghmvﬂwhmm
total wahﬁadmnfﬂmhinthmﬂtmnpmﬂlmhmkﬂhhhmmanmmnfh
negative terminal. The output signal s logic Low or GND when the total weighted sum
dehwhpmmﬂmmmmhMMMNmﬂmﬂiﬂ“m‘
mmmhvﬁwhmmuﬂwﬂghwwmdmaumkmnfhanMh
are equal. This particular function implies an ability to detect the equality of the binary
Inputs. The functionalities are confirmed by the simulation results In Fig.5.2.
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Figure 5.2 Simulation results of the non-tysteresis

Fig.5.2 shows output signal as Vioyry and drain curents of the input devices whers the
binary a7-a4 are swapt digitally and the binary b7-b4 are set to #60111. H is seen that
the output voitage is al V42 and the input drain currents are equal when the binary a7-
a4 equals to b7-b4. This property will alse be utiiized further In the design of the B-bits
comparator.

5.1.2 4-BIT HYSTERESIS COMPARATOR

The hysteresis comparator is shown in Fig.5.3 (a), which is simifar to Fig.5.1(a)
except that the hysteresis tuning part used in the analog comparator ks employed.
EmmufﬂmhymuﬂammﬁmnddmﬂnlrMththmm
signal at high or low. As a result of the hysteresis tuning, the output signal is delivered
according to the arithmetic functions of A>B or AZB that are sslected by V... Based
on the sama dimensions of all MOSFETs in Fig5.1(a) and M3, M4 are sal lo
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EKE-IJ.I.m and the two input gates are mmmﬂwn for the signal inpul gate and
11H31;.Im for Vime- The simulation results are shown in Fig.5.4.

Figure §.3 Hystaresis 4-bits Digital Comparator ) schematic b) symbol
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Figure 5.4 Simulation results of tha resis comparator
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From Fig.5.4, the binary b3-b0 are sel 1o #b0101 while the binary ad-al are swept
w.nhmnmwmhmmum.hummmmhmmm
both binary sets are equal, The circuit performs the function AZB. If V.., is set o Low,
the comparator will perform the function A>B. hlhunuiuummlhﬂhtmﬂulﬂsmﬂ
mmmdgmmmrmlhmnhmunnf!mml
comparator.

5.2 B-BITS DIGITAL COMPARATOR |
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Figure 5.5 8-bits dighal comparator

From Fig.5.5, It is seen that the 4-bits non-hysteresis comparators is used to compare
mauwmmmmmmmu'mwuumamﬂmmm
whu1A?B“hﬂBamdﬁ;BJﬂm|+Hh=mmhuibnumnnnmilumuihrﬂm:mnmammn
of the lower 4-bits where only two levels of output voltage at Vo,y, are delivered, The
third comparator is used as the main comparator, of which the referenced input is
connected to Wy, and GND. The functions of the main comparator are concluded in

Table 5.2.
h EE%TA
e




Table 5.2 Functions of the main comparator

Upper 4 bits output Lower 4 bits output Output
High I Vg X High / Vg,
Equal / V2 ' High | Vg High / Vg
Equal / V2 Low | GND Low | GND
Low / GND X Low { GND

mxmm.mmnhmﬂmemammlnMHA
are hiuhnru'mm-ﬂmnfa.ﬂumﬂpuihmeLmr#ﬁ away. I the upper
%MHAHMWHHMNE.MWMHWMMMEWM
of the lowar 4-bits of A and B. However, In order to have the functions correspond to
TnthJ.ﬂmmhMmﬂhmﬂuhurMuﬂuMasE“,E“,Eg.,,
Gz be designed with proper sizes. The weights of each input are denoted as Ki1o Kiz,
Kzs, Kga, comespondingly, which are considered as in Table 5.3,

Tabls 5.3 Sizing criterla for the main comparator

Inputs Dutput
Waight sum operations
Voun \'H'I. Vour
Ky ME# Wy X0 2 iy, M5+ kX0
v X & _
e Ry > ke
Ky X0 kXS < ey, X5+ kX0
i] X o
o1 Moy ey
- Ky 2.5+ kX0 < kg 5+ K™D
2.5V Q o
l"l hl“ ": E'I:h
. Ky X254 kX5 > by, X5+ k%0
2.6v 5V &v
St 20k >

where 5V and O stands for the logic High and Low and X denctes the don't cars
Condition, Examining the weight sum operations, we can concluda that all weights must
conform to the condition that k< k< 2k, < Ky +2ky;. Se, the weights and sizes of the
input gate capacitances are designed and calculated as in Table 5.4.




Tabla 5.4 Dﬂlﬂﬂmﬂ&hﬁa Gi‘ll Gﬂ'
Gy, Gy Gp Gy
Binary weights | 12118 a6 78 are

Sires(llm) | 1206228 | 432228 | 758xz28 | 972228
Capacitance
{TF)y

9164 @388 1117.9 14373

Then the functionalities can be demonstrated by the simulation results in Fig.5.6.

o [

i
{
i I il I
{
i

e e e BmE FWE BUL

.

&% BB T B &S EEE

T T R T S P
e TR

Figure 5.6 Simufation results of the 8-bits comparator

In Fig.5.6, the binary B |s set to #b11000110 while the binary A is swept digitally from 0,
It is seen that the Vioim, of the upper comparator contributes V2 when the binary
A=B, and then the output corresponds to the Vayr of the lower comparator.

This section presents a design of a non-clocked 8-bits digital comparator that
essantlally manipulates the proposed enalog voltage comparator to realize the new
digital circult in which the signal is Internally processed in en analogue fashion. Tha
proposed idea can be implemented on any standard double-poly CMOS and be useful
o mixed signal and computational applications, ANl the simulation results confirm well
the functionality.




6. FGMOS COMPARATOR ON CLASS-D POWER AMPLIFIER

MnﬂmwmrmrﬂﬂmmﬂﬁgthMmum-Aﬂ.whhh
mhﬁhmummmmrmmmlnh
Hmranmnhmﬁnwmwmmmmrmm
nrMﬂLInmﬂnrhmmth.MMMHﬂmm%
Modulation (PWM) can be applied to an audio amplifier, which is then referred as
switching amplifiers or class-D amplifiers [35, 36). This type of amplifiers presents
mrﬂWmﬂmmmﬂmﬂMwAﬂMmhmwﬁ
mmmlmﬂmmm.Hm.mmﬂnmmﬂn
development of another type of the class-D ampiifier based on the RWDM technigue
[37]. The clrcult is designed for applications of battery-opersied-devices such as output
drives In mobile speakerphones, hearing-ald devices and implantable medical devices.
mdmhnmmmmmammmmmmmm:m
mmﬂs,mmmmnmhwmmmm
will discussed in detall.

6.1 CLASS-D AMPLIFIER

Conventionally, most class-D amplifiers are based on the Pulse Width
Modulation {FWM) technique where the pulse width of the output PWM signal is made
wnmﬂmnlhﬂuanﬂhﬂﬂhnﬂﬂmﬂﬂhﬂhmhamlnpmm
and the triangular signal, The signal at the output Is recovered from PWM signal by
passing It through & low pass filter, which could be formad by & resistor and inductor
ammmhmmmmmimmmm
hhﬂuufaﬂmmﬂmalduunmﬂﬂumﬂluﬂmmmzj
comparator and 3) output staga.
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From Fig.6.1, the comparator compares the audio signal input with the triangular
mmmﬂmwmmmmumu-@d.mmammm
control the switching timing of the output stage transistors to drive & low Impedance
m.mmemmwﬂnhﬂbﬂmmm“mﬂumm
controliad by the duty cycle of the PWM signal. The duty cycls is 50% when thers is no
ammnmmm,mmmummmmumhmmnmm
can dissipate less power by property armanging the switching timing of the output power
MOSFETs hﬂwmmhmﬂnﬂmﬁnnm-ﬂuhﬂymmdu]ynﬂ. In an
mlnwﬂﬁm.h&%wd%muhumm.

RWDM principle |s also another technique used in class-D amplifier and shown
In Fig.6.2. The concept of RWDM is mostly like PWM, except that the input signal Va(t)
Iz compared mmmmtvﬁjhmmmmwm.mm
signal V,(t) Is essentially the integration signal of RWDM by a low-pass fiter. Since
there is a hysteresis in the comparator, V,(t) can track the amplitude of Va(l) within the
+AV boundary as can be shown in Fig.6.2.

input signal ®)  Hysteresis| V(D) . RWDM
Y Element | out

;E[t}

Figure 6.2 Block diagram of RWDM technicue
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Based on the RWDM mechanism In Fig.8.2, the switching frequency of the RWDM
output signal can be calculated as in (6.1).
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(6.1)
where Sz and Sc denote the siope of the Input signal Vis(t) and the feedback signal
Velt) comespondingly and AV is the magnitude of the hysteresis loop which is controlisd
dMWﬂﬂWHhMmmm.Bﬂhalmmwn

time constant of the integrator in the faedback path. An example of & simulated RWDM
signal of a sinusoid signal can be shown in Fig.6.3.

6.2 THE PROPOSED RWDM CLASS-D AMPLIFIER

ﬁmMMmﬂhMmﬁWﬂHW“hmul
MMHM.MhMMMMmmWHW
mm.dmmmmmmhmmmmmmmm
circult can pe integrated onlo @ menolithic chip except the inductor and the load
resisior.
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Figure 8.4 Proposed Class-D audio amplifier

memnmmmmnmmmhhmmmh
m.mhhhﬁ#lhﬁuhmﬂmm.mmm“n
the input signal with the feedback signal from the output, which is initially zero. With the
hysteresis loop, the comparator can delivers an RWDM signal comprising only logic low
or high that Is then integrated by the inductor resistor network. The fesdback signal Is &
saw-tooth-ike signal used lo compare with Input signal in the next cycle. All circult

bhdmufﬂupmpmdmﬂhrwmlummﬂmmmmdhm.
fiter will be described in the detail In the following sections,




Figure 6.5 Rall to radl input Hysteresis comparator

ﬂuhyﬂamdnmrwmﬂmmhm.u.ﬁhnmﬁﬁﬂhmm Fig.6.4.
MdmlhmmMMammmmmmwmh
achieved by the employment of two-Inputs FGMOS as the input transistor M1 and M2,
This characteristic allows the feedback signal at the gats of M2 o track the ampiftude of
the input signal al the gata of M1 effectively between the supply voltage and ground.
EﬂmwnmnﬂﬂFﬁhﬂﬁumwﬁﬂanuﬂtﬂumhmm
gates. With one of the Input gates connected to Vidd, the FGMOSs are ensured to ba
tumed on at all level of the Input signal. In other words, the comparator possesses the
raik-to-rail charactaristic.
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All the signal of the proposed circult are shown In Fig.6.8 that the pure sinusoid is the
mmmmmmmm"mmmmmmm
PWM signal shown In the lower of the figure,

6.3 THE PROPOSED RWDM BTL CLASSD

Aﬂmmmmﬂ}ﬁmumﬂh-hmdmhﬁwnmmdmmm
presented in Fig.6.7. It Is basically a fully differential version of the proposed RWDM
m:mmm.mmmanm'mmmmammm
double thosa of the haff-bridge configuration n Fig.6.4. The eudio Input signal Is directly
mwmhmﬂhm.MEMHmﬂmﬂﬂ-ﬂmmm
use 3-inputs flosting-gate MOSFETs as the input differential pairs of the hysterasis

comparator,
|
+ .
b : -
signal ‘o

Figure 6.7 The proposed RWDM BTL olass-D amplifier

In Fig.6.8, the B-inputs fully differential hysterssis comparator comprises three-input
gates FGMOS devices as the differential pairs of which the coupling capacitors are
designed as Cy=200fF, C,=128{F and C,=B4{F which comespond to the capacitive
coupling ratios of k1, k2 and k3 to 0.5, 0.32 and 0.16 respectively, The first inputs of
both plus and minus terminals having the weight factor of 0.5 are connected to Vg fo
hhnﬂudMWp-nmmmmﬂD:m#mmmmMWm
Poly1 of the differential pairs. The 2™ input gates having weight of 0.32 are used as the




inputs of the comparator while the 2™ gats of M1 is connected 1o the AC-coupled audio
input signal and the 2™ gate of M2 Is connected 1o Gnd. The weights of the 2™ inputs
allow & wide input swing for the comparator. The 3" input gates with the waight of 0.16
mmﬂnﬂhmmﬂuthW.ﬁwummm haif
mmmmmrﬂmuz“mmmmmmmmﬂnmhm
equal io 2, which Is the requirement to have an output signal swing of +/- 2.8V whila the
input signal swing is only In the range 0~2.8V. The other advantage of this fully
differential mmmﬁmnmﬂmmmmhhﬂmhmpumtrummm
nmnfphnuwMMnnyddw.ThmMﬁmerhﬂﬂFETsafbuﬂuldunfmn
Ioads will be very precise. Um#-ﬂMEFEﬁnmm:hmnhmﬁgn-

HHF_‘ M2
L L1

Figure 6.8 Fully differental comparator

6.4 SIMULATION RESULTS

Based on the proposed ampiifier circuit in Fig.6.7 with the comparator shown in
Fig.6.8, the amplifier can daliver current to the 8() resistive loads and comespond to
the output signal of 5.2V, .. Time domain simulation |s show in Fig.6.9 and THD vs

Signal frequency and input amplituds is show In Fig.6.10, Other performances based on
simulation results on HSPICE are summarized in Table 6.1,

Table 6.1 Summary of the proposed amplifier
Procass technology Alcats! 0.5} CMOS
Supply voltage 2.8Y

Static Power dissipation Te. 51w




Maudmaum ouput swing 52V,
Output load s}
Maximum power 088w
Efficlency B5%

Figure 6,10 THO vs. Signal frequency and input amplitude

A single-chip low-voltage high-efficiency Class-D Power Amplifier for portable
devices has been proposed. The amplifier has a vary simple architectura that makes it
mmmwmmmuumﬂ“_mm.wmnfmmgh




Mmmmmmwmmmmmwwm
use of floating-gate MOSFET hysterssis comparator, this amplifier is sultable for
pumuudnmwﬂnwumm.ummﬂghmﬂnmwwmgnal

due to the small changing of the input signal compared to the ripple at the output. The
efficiency of this circult |s 95% at 0.88Watt with a 2.8Y power supply.
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7. A LOW-VOLTAGE WIDE-SWING FGMOS CURRENT AMPLIFIER

In the last dacade, current-mode circults [39) have drawn lots of interest dus 1o
MMMEMHWH:MM%MMWNMW@
operations, all of which ara very important for modem integrated circuits. Several
elegant techniques for cument-mode signal processing have been demonstrated
aummmThmmﬁnwuutﬂzudmmtmmﬂlmmmlaanuhg-
domain, square-root domain or translinear cells to parform filtering, multipiications,
nuduhﬂmnnhFﬂWﬁmﬂnnpumu.Mumpﬂﬁam[lu]bMuna
hhhnmnﬂmnlgﬁnmﬂhmmﬁtﬁmﬁ-ﬂpmﬁgumﬂnnmﬂma
wwpmmmmmmuanmmm-mamﬁmmm
allows large coflection of transfer functions, performances of which are independent of
the large but sensitive open-loop gain. So far, saveral high performance current
umpﬁﬂnmﬂWWﬂMﬁh&mMﬂﬂHﬂB'mmmm
siructures and topologies such as Difierential Input Differential Output (DIDO),
Differential Input Single-ended Output (DISO) or Single Input Differsntial Output (SIDQ),
elc, Ingﬂmml,hanumqumppﬁndmnmnhﬂmnmubhchiﬂnumash
Fig.7.1, where the input current signal s firstly converted to a voltage quantity by the
transimpedance amplifier (Rm) and then ampliied again by the lransconductance
WM{mymmhmmmwmmmmwm
There s usually at least one high Impedance node In the circull that should be
connactad by a compensation capacitor for stabifity.

Figura 7.1 Cument opamg principle

sumr.nmﬂdaﬁmmnmmeudwtﬂmmmntufuhr
differential structures and enhancemant of the open-loop gain and CMRR. In this work,
we aim for a high signal swing by trying to avold a class A eircult for which the limitation
of currant signal swing and slew rate is a result of the existing current sources, which
ahnlhﬂ&nnhargﬂngmnmfwmammmmntﬂmmhhm“
nudn-ThuuﬂiumﬂunpmpumunmmMmpﬂuﬁMtﬂﬂWhmmhm
muhﬂﬂnmumuﬂhh;ﬂdﬂﬂi%ﬂﬂmﬁpmmmwdﬂwuﬁug
inverter [27] using fioating-gate MOSFETs, Since there is no blasing current source o
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imvarsion region,

7.1. THE PROPOSED CURRENT AMPLIFIER

The proposed cument amplifier, as symbolically shown in Fig.7.2(a), has two
dentical Input terminals denoted as |, and |, and two output terminals delivering the
same phase of the signal denoted as |, and ig, which are used as tha output and the
iﬂadhmhpntmpmﬁuﬂy.umahmﬂhmhﬁ.Ihmhﬂmﬂmwgmnnnqm
symbolized as an inverting terminal when the amplifier |5 connected in the negative
feadback configuration as shown by the dashed iine, This will be discussad later in this
section.

(c) Block diagram
Figure 7.2 The proposad cument ampiifiar

In Fig.7.2(b), the ampiifier comprises three circult blocks as shown in the dashed boxes.
The transimpedance ampiifier is shown in box {a) and written as




|

(gm, +gm,) 7
mmmmnmmﬁmmmmmnﬁnmmmm
m.mmummimrhmm}hm-mnmms Invertar
slegantly bullt from the floating-gate MOSFETs and proposed in [41). It Is employed In
mmmmmmﬁnwnmhhﬂuhm”udmumﬁulmﬂﬁu
mMMﬂThhmmﬂmﬂL!ﬂﬂwhwhﬂlMM?ﬂh
m&mummnmvh.mmgmmmuh@mmlmm
equation can be written as in (7.2) where the cosfficient of Ve, Is now negative.

lo =3 4Cu LKV =B W)Yo Vi 72)
HuraH-ﬁhEmﬂmumnﬂﬁthnmﬁﬂﬂcmrm%.wnmc,
qndc,mmuﬁmmmmgmmm:mhmmmmm
gate and Cr is the total capacitance sesn from the floating gate. All capacitances
correapand directly to the sizes of the input gates and the floating gate areas obtained
ﬂ'nmﬂnmmnﬂhnmtinmm.h-uﬂmﬂhmﬂgnnﬂymm
and result in equal values of C, and C; of 501F and k1 and k2 of 0.5. The two-inputs
EMEIMMWE:HadMIWhWﬂHmmmmh
batwesn the output Vo, and the differantial inputs can be derived as
———jr"" =~(gm, +gm, o Hrs, ) (7.3)
(F.F—F_ ! '

Here ry, and r,,, are the respective output resistances to the floating-gate NMOS and
FMOS In the dashed box (b). With further analysis using the diagram in Fig.7.2(c). the
npﬁrhupmntqﬂnnfﬂﬂhmnhdmtﬂtmhm"n

Rm=

A = Rm - gmyr, gm,r, . gm, (7.4)
and the dominant pole frequency(€),) is

s .
o, = - (7.5)
! rnﬂ“:lfﬁcl: \

whita tha GBW is |

GBW = 5‘"‘%& (7.6}

i
7.2. DESIGN AND SIMULATION RESULTS

Based on the proposed concept, the design schematic can be simplified as
shawn in Fig.7.3, where It is seen thal the clrcuit can be designed In a modular fashion
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where all invertars |ncluding the additive analog inverter have the same dimensions of
NMOS and PMOS mmmm.ﬂnm-ﬁﬂhgm@mmﬂmhuh
mmwnmyaddmmnﬂhmmmmﬁi.Fr.,;an:ll:cnm

Figure 7.3 The design Schematic

On the Alcate| 0.5lm CMOS process, two amplifiers have been designed for Vg of
1.5V and 1V to demonstrate high frequency operations and low power respectively,
With Voo of 1.5V, all NMOS and PMOS are dasigned with the dimensions of 6.8/0.5
and 23.6/0.5 respactively resuling in the idle currents of 30LLA for each inverter, As
seen In Fig.7.3, only one CMOS inverter is amployed for each Rm and gmi block but
extra input gates on Poly2 are connected to the inverter of the gm1 block. Then four
and three inverters connected in parallel are employed for the gm, block and the gm,
block respectively. The amplifier Is loaded with G, af 10pF and R, of 1.69k ) that is
the same value as Rm or its input resistance. To improve the phase margin, Re of 1k
Ohms and Cc of 0.8pF are also included in the compansation scheme. The circuit was
simulated on HSPICE with the performances shown In Fig.7.4 where 69.6d8 Open-loop
gain, 127MHz GBW and 74° Phase margin wers achieved with a supply voltage of
1.5Volts and 635UW of power consumption, As a unity gain buffer, step response and
imHmmmmmmﬂw.Mﬁﬂ'ﬁmmeMIn
Fig.7.4{d) and (&) where the 1% sattling times are measured as 9.4 and 34.5 ns with
and without C respactively,
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Figure 7.4 Simulation results

Another amplifier with a 1V power supply was designed including all NMOS and
PMOS with the dimensions of B/0.5 and 19.9/0.5 respeclively operated in the weak




Inversion region. As In Fig.7.3, mmnmcmslmmamhrmmm
WTMMMQMMIMthmmMWWM'hm
block and the gmy block respectivaly, The amplifier Is loaded with C, of 10pF and R, of
47.86k(). From simulations, an open-ioop galn of B6.3d8, with 2.68MHz GBW and 68°
phase margin & achieved with 6LLW power consumphion. Due to space restrictions, not
all performance graphs could be inchuded here. However, in Table 7.1 all performances
are compared with those of some eardier designs. The 1.5V Vg version ampiifier is also
mhmmmm.mmmmmmmmmmn
higher than 1 as shown In Fig.7.5.

Figura 7.5 The amplifier in negative feedback

Fmi?,ﬁmammm;ummmammmmmwa
arbitrarily put the dummy shorted input-output inverters to work as resistive loads and
uhummumncnﬂmmqahrﬁrﬂumvmwhhhhﬂmmDﬂvdhgnutul
hmﬂandauhutmdmﬂmﬂmdnﬁhangalnmnbemm“
R, +Rm

Jﬂ:l*.ﬂ-l-ﬂm (1.7}
whera R, andﬁgummmmmamng&utﬂ*mtﬂwhbhmm
value on a chip. The dummy inverter load is used to satlle a proper dc level in order to
avoid DC offsat of the feedback current. From (7.7), Rm with R, is the transimpedance
ﬁlmuﬂrmyhmhrwﬂhﬁmuﬂﬂlﬁﬂsﬂmlmmﬂﬂmmdhhmm
all Rms are the same valus. With Vag of 1.5V, by sefting R, at 10{) and adjusting R,
for various close-loop gains, the THD of the O/F signal were measured and shown in
Fig.7.6 where the |abels in the plot show details of the input signals.
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This section has presented a new low voltage wide swing current amplifier that can
Mammgg#umﬂmﬂ-m-mummhm
mmnummﬂhmhhﬁ-lm“hnmﬂ
hﬂEFEhMMﬂWﬂ:Mﬂu:W.H'iMHhmm
gain in Fig.7.4 (a) can be noticed as a result from the coupling capacitors of the
FGMOS devices. A deep analysis will be placed as future works. The circult is called a
mmmmumhhﬂmmhﬁmm which will be
parl of our future works.
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8. A LOW-VOLTAGE WIDE-SWING HIGH PRECISION CURRENT CONVEYOR

Recently, several signal processing lechniques [49-50] based on second
generation current conveyors (CCIl) have been demonstrated successfully such as
fitaring, log-domain translinear, squarer and rectifier and multipier circults. Most
reported CCll structures are based on a transinesr cell which is stacked on current
mirror circults. A high precision CMOS CCIl [51) was also realized with voltage foflower
wmmmmmmMWWMpmdhundn
terminals. All these circults have encountersd with imitation on low voltage applications
since Ihe circults are based on stacking fopology of fransistors. For low voltage
applications, a CMOS CCIl [52] was proposed nicely using CMOS inverters allowing
only two stacked devices betwesn the supply ralls. The clroult is In a class-AB form of
which the current signal swing can be very high because there is any fixed bias current
source to fimit the signal swing. However, the circuit is restricted to applications whers
the ¥ inpul is only referenced to signal ground. A flipped voltage follower based CCl|
was also proposed recently in [53] exhibiting pedormances on low voltage and
compactness, However, the cumant signal swing of terminal X and Z are limited to the
fix bias current source,

In this saction, we proposes a new inverting sacond generation current conveyor
‘positive’ {ICCIl+) totally formed In the class AB structure ullizing CMOS inverters and
the recently proposed additive analog inverter [27, 54] using Pseudo or Quasi floating-
gete MOSFETSs. of which the offset voltage of the floating gate tarminal can be weakly
controlled effectively via a large valued resistor thanks to the inventions proposed in
[55-58]. The design is emphasized on negative feedback with a high loop gain to
enhance the conveying precisions relating to v, 1o v, and i 1o i,. Thanks to the class AB
topology, the circuit is also capable with wide swing signals. The design is applied on a
0.54m double poly CMOS with £0.75V power supply demonstrating low voltage
capabiiity and high frequancy operation up to 100MHz.

8.1. THE PROPOSED ICCll+

Lir—
o=l x |




Figure 8.1 The proposad 1ICClH+

The proposed ICCIl+ is shown in Fig.8.1 of which the port relations [58] among
voltage and current terminals are described as,

i 10 0 0Offw,
v, |=|-1 0 0fi (B.1)
I, 0 1 0fw
where terminal Y is & high impedance node and does not draw any input cumsnt.
Terminal X is & low impedance node with voltage value v, equal to —v,. Terminal Z is a
high Impedance node with the terminal current [ equal fo I, These properfies arae
transformed to the proposed ICCH+ shown in Flg.8.1. It Is seen that ¥ is connected to
the input gate of floating-gate MOSFETs and | perfectly & high impedance node. Z is
connected lo the outpul node of an inverter which Is obviously a high impedance node
with current driving capability. It will ba shown later on that there is an intemal negative
feedback loop from Y tarminal to X terminal. By virtue of the negative feedback loop, X
can be derived as a low Impedance nods with a current driving capability by inverter
INV3 which is shown in Fig.8.1 (b).

In Fig.B.1(b), the ICCIl+ comprisas four circult blocks designated as INV1, INV2,
INV3 and INV4. The INV1 is an additive analog inverter or basically a two-input CMOS
inverter bullt from floating-gate MOSFETs M1 and M2 and was proposed in [27, 54].
Based on the idea of Pseudo or Quasi fioating-gats MOSFET In [58-58], large valus
resistors (Rlarge) are shown to connect the floating-gate farminals of M1 and M2 to
\Vidd/2 thus the DC offset of the floating-gate MOSFETs can be sffectively controlied
and the complicated initial charge programming scheme such as UV removal can be
avolded. The resistors are bullt from reverse-blased dicde connected PMOSs. Tha INV1
is empiloyed in this circuit togather with INV2 and INV3 blocks 1o mimic the function of
differential amplifier which allows the output of INV3 to negatively feedback 1o the node
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X. Since voltage polarity of INV3 output Is inversed {o those of v, causing the voltage at
node v, to be inversed to those at node v, hence the function of inverting CCIl to copy
the voitage -, to v, can ba fulflled. Moreover, the diode connected PMOSs are always
in reversa blas because vollage at the ficating-gate is small as a result of the negativa
feedback. A modulated AC voltage at the floating-gate can be written in (8.2) where the
cosfiiciant of v, is negative as a result of the negative feedback via INV2 and INV3.

Veg = kv, =y, (8.2)
Here k1 and k2 are the capacitive division factors Cy/Cy and C./C;, where C, and Cy
are the input coupling capacitances of M1 and M2, C; is the total capacitance seen
from the floating gate. All capacitances correspond directly to the sizes of the input
coupled gates. In this casa, tha equal Input coupling C, and C; of M1 and M2 are st Io
B0fF and 100fF respectively and result in approximated equal values k, and k; of 0.5. A
small signal voltage gain betwesn the oulput V. ny; @nd the differential inputs can be
derived as

|
.;i(:g)---{n—l-ﬁ}(rﬁﬂh] (8.3)
a(v,-v,
where gy, 9my, 8nd Tam Teyy 8re the respective transconductance and output
resistances of M1 and M2 respectively. The voltage transfer of v, to v, Is derived as
Y, _ gmrgmragmn, 0
vy L4 gmyr, gmyr,, gmar,
Wwhere gmyly,, OMgly, GMaf.s 8re the infrinsic voltage galn of the INV1, INVZ and INV3
respeclivaly. We can also derive the output resistance of terminal X as r, in (8.5) which
is low as a result of the negative feadback.

= L (8.5)
14 gmyr, gm,r,, gmir,

8.2, DESIGN AND SIMULATION RESULTS

Basad on the proposed schematic in Fig.8.1{b), the circult can be designed in &
modular fashion where all inverters including the additive analog inverter have the same
dimensions of NMOS and PMOS correspondingly. If a higher gain of any inverter blocks
is required, we simply add more cells of the identical Invertars in paraliel. The circult
has been designed on the Aleatel 0.5[lm double poly CMOS process with +0.75V
power supply. For each inverter module, NMOS and PMOS are designed with the
dimensions of 8.4/0.5 and 24/0.5 respectively comesponding to gmy of 344uAN and




gm, of 314uA/V and resulting in the idle cuments of 34|LA for sach inverter. The
compeansation network with R of 500 Ohms and C, of 0.35pF are employed for stability
since there are two high impadance nodes across INV2. In this circull, we employ only
one CMOS inverer for the additive inverter INV{ block. There are nine inverters
connected in parallel for INV2 and three parallel inverars for INV3 and INV4 blocks
hence making i, equals to |,. Both X and Z terminals are loaded with external resistors
of 1k{). Fig.8.2 shows frequency responses of the ratio wiv, and L/, which are seen
that the circuit contributes very low tracking errors of /v, to less than 1% and those of
L/l to 1.6% at the frequency of 100MHz.
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The magnitude responses of the X tarminal output resistance 1, was derived in
(8.5) and Is shown in Fig.8.3. The value Is less than 1 Ohms at DC rising to 500 Ohms
al 1mumuh1nmmmhhmmmwhmmnga
because the loop gain of the negative feedback I decreasing at high frequency.
However, the operating frequency of the circult Is bound to 100MHz.

j W Em owm am [ - oy
Figure 8.3 Magnitude response of r, (Ohms)

Fig.8.4 shows the iransient responses at 10MHz of v, vs. v, and |, vs. i In
Fig.8.4 (a) the responses of v, vs. v, confirm well with (8.4). It is seen that the signal
swing is as large as :500mV. Fig.8.4 (b} shows a perfect matching of |, vs. i, with the
current swing as large as +500uA. For high frequency capability, Fig.B.5 shows the
transient responses at 100MHz. In Fig.8.5 (a) shows the responses of v, vs. v, with
signal swing of +200mV. Fig.8,5 (b) shows the responses of |, va. i, with tha current
swing of £200uA. It is sean that the corresponding signals v, vs. v, and L, vs. |, are stil
matched but with 8 small phasa shift, All signal amplitudes ara set to confine the THD

to less than 1%. Total power consumption is 816LJW which can be lowered with a
reduced bandwidth, |
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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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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 ¢
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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  —
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_'ﬁ ""é' &
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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
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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.
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gt from the Thailend Resesrch Pund (TRF). Authors
hwﬂﬂhhﬂukhmﬁrﬂrmuulwm
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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 | | == -
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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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|
i...
Lo
e
EE 2T
Iis
[ 1
I L]
- ot i
/ ;
o I
i !
§ B e --ll-lbl-‘lﬁd‘"h_“-.“_-
e 8 [THR

. ()Afori,endoford,
Ml?ﬂmmﬂIMzwﬁWIH

i Y F‘x‘ﬁ‘h‘ o
- 'Ill.\‘? "n*
o %
- I
| K

Iiw
T AT T YR R sy ey Cog i
i i T
| (b)Afori,andofori,
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.
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