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[.ABSTRACT

The lowering of the power supply and voltage has

an enormous impact on the signa to noise ratio
(SNR) of analog circuits.
The SNR decreases because of the lower alowable
signal voltages and aso because of higher noise
voltages due to low supply currents. To maximise
SNR, we have to make the signa as large as
possible ideally from rail to rail. Nowedays trend
howards low voltage and low power design are
mainly driven by the technological limitations of high
performances VLSl systems and the increasing
demands for long life equipment.

It is well known that rail-to-rail mode operationa

amplifier with a high common mode rejection ratio
arein growing interest. In this work, we are interested
on a particular structure of a CMOS input operational
amplifiers stages, used very frequentely in anaog
circuits, for instrumentation applications in very large
scale integration (VLSI). Our study relates to a
particular differential input stage which functions in
rail-to-rail mode( from the positive bias voltage Vpp
to the negative one Vs )
The principal performances aimed for the input stage
are a common mode gain as low as possible, a
differential gain and a band-width rather high and as
possible the most constant on all the common mode
range. Finally, we can affirm that the predictions
under our consideration a the beginning were
confirmed by electric simulation.

I1-Introduction

In order to maximise the signa to noise ratio in
low voltage design , we must make signals as large as
possible, ideally from rail-to-rail., so the amplifier
input stage should be able to deal with common-mode
input voltage from Raail-to-Rail. This imposes
specid demands on the common mode input range
and the output voltage range amplifiers.

The main purpose of an input stage is to amplify
differential signas and reject the common mode input
range. Other important specifications of the input
stage are the input referred noise, offset, and the
common mode rejection ratio.

Our work consists of study an input stage with a
common mode input range which extends from rail-
to-rail from Vss to Vpp It is then centered on
(\/95+VDD)/ 2. The principal perfcormances aimings
by the stage are its differential gain and a band-width
which are as high as possible, and a most constant
common mode range with, moreover, alow common
mode gain.

I1.Conception of the Rail-to-Rail input
stage

In order to achieve this Rail-to-Rail input stage, an
n-channel (NMQOS) and a p-channe (PMOS) input
pair are placed in parallel.



A) SimpleNMOSand PMOS input stages

So in order to carry out the Rail-to-Rail input stage
we will base ourselves on two simple differentia
stages, which are the most communly used input
stages in a single differentia pair. This can typically
composed of n-channel or p-channel pair , as shown
in figurel.
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Fig.1. Simple NMOS and PMOS differential Stages
resistances play the role of load for the differential
pair and the transistor M3 forms the current source.
The working of differential stages depends on the
bias voltage of transistors witch depends itself on
input voltages and in particular on the common mode
voltage.
For the n-channel pair, the common mode input
voltage rangeis given by:

Vss +Vgsn +Vasat <Meommon<Vbp D

For the p-channd input pair, the common maode input
voltageis given by:

Vss <Meommon<Mad —Vdsat —Vsgp 2
where:
V common 1S the common mode input voltage
Vg the gate-source voltage of the n-channel input
transistor
V¢ the source- gate voltage of the input transistor
V g4sat the voltage across the drain and source of M3, it
is a voltage which is necessary to ensure that M3 is
operates as a current source.
Vpp the positive supply voltage
V ss the negative voltage supply.

B) Study of input dynamic range of a simple
NM OSdifferential stage

For this study we propose to represent the
evolution of drain and source potentials of the input
transistors M1 and M2, M3 static current  due to the
variation of the input common voltage, according to
the common mode input voltage for stage NMOS
with resistive loads.

When the ccmmon mode voltage varies from Vssto
Vdd, we canvisualize4 functioning zones[1].
First we assume that Vthreshold (M1)= Vthreshold
(M2)=Vth.

HMh(M1)<Muc Vss+HVin(M1) (3)

M1 and M2 are blocked , there is no currents in the
differential stage.

Vdrajn(M 1):VDD and Vsource(M 1)=V$ , then the

current is useless, the differential gain isaso equal
to 0.

HV/ss-+Vin(M1) Mvc <Vs+Vin(M1)+Vos(M3)  (4)

M3 operate in ohmic region, the continuous currents
increase with VMC, Vgs(M1)= Vgs(M2) increase
with the drain current  and the drain voltage
decreases. The transconductance gm is not constant
because the current varies.

Vss+Vrr (M1)+Vosat (M 3) <V <Vop —Vbsat(M1)

—RIp+Veso (5)
In order that M1, M2 and M3 operate in saturated
rgion it is necessary that

Wi >Vss-+VrH (M1)+Vosar(M3) . (6)

The currents in transistors are constant and equal to
Icste = |, and VGS(M1)=VGS(M2)=Vsso. Vsource
follows the variations of Vyc and Vdran(M1) =
Vdrain(M2)=Vpp-RI. In saturation region zone |,
VGS, and the transconductance gm are constant.

*VDD—(VDSAT(M D+RI cste)<V mc<Vop—Veso(M l))

(7

When Vyc approchs Vpp, the transistors currents

remain constant, the voltage Vpg(M1) = Vpg(M2)

become lower to Vpgat, M1 and M2 enter in ohmic
zone. Vpg decrease, and Vg increase.

This s zone exists only if

Veso(M1)<Vosar(M1)+RI (8)

I1l. Simulation results:

In order to highlight quoted explanations above,
we simulate with WINSPICE the electric diagram
of figure 1 for an input common mode voltage
varying from-2.5v to 2.5v, with vss=-2.5v and
Vpp=2.5v.
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Fig. 2:drain v(7), source(4), and gate(1) voltage of the
transistor M1 according to the common mode input
voltage

We can check that M3 works as a current source
(figure.3.), for this we represent Vps and Vpsat=Vas
-V, weobservethat Vps > Vpsat, We can affirm
that M3 isin saturated region.
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Fig. 3: Vps and Vpsat of M3 according to the
common mode input voltage.

V(3) is the gate voltage, v(2) the source voltage, v(4)
the drain voltage and V(M 1)=0.9v.

The simulation results are in agreement with the
results of the qualitative study which preceded. The
drain current increases with Vyc. In order to
decrease the loss of gain we can lower resistance
values, or to exploit the Vdsat tension by reducing
the ratio W/L of theinput transistors.

C) NMOSdifferential stagewith transistors
loads

For obstruction reasons , it is in habit in CMOS
technology to replace the resistive loads by
transistors assembled in diode.  Within  the
framework of our study, let us consider a NMOS
differantial stage where resistances are replaced by
transistors PMOS M5 and M6 as illustrated on the
figure4., thesetransistors are always saturated.

Fig. 4:NMOS differential stage with transistors |oads

V. Simulation results:
Let us represent in the same manner the evolution

of Vdrain v(3), Vsource v(6) and Vgate v(7)
according to the common mode input voltage.
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Fig. 5:drain, source, and gate voltage of the
transistor M1 according to the common
mode input voltage.



Here we can remarque that the output voltage Vdrain
represents by V(3) is not equal to Vpp which is equal
to 2.5v when Vss<Vyc<V14(M1) that is explained by
pointing out the characteristic of transistor PMOS
assembled in diode, of which resistance varies with
its operation point , the leakage currents generent a
fal of potentia at the transistors boundaries
assembled in diode whose resistance can reach
several giga-ohms.

The AC and the transient ssimulation are represented
infigure.6. and 7 for out+ and out-.
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Fia. 6:AC analysis

On the figure.6. is represented the amplitude of the
differential gain according to the frequency of the
input signal .

On this figure, it appears that the differential low
frequency gain remains appreciably constant then
falls beyond acertain frequency.
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Fig.7.: transient analysis

On figure.7., we can appreciate the amplification of
the
nput signal V(7).here we consider out+ and out-

D) Rail to Rail input stage

The considered input stage of the amplifier we
intended to use hasto have acommon mode input
range which extends from rail to rail. In order to
achieve this, an n-channel and p-channel input pair
can be placed in parallel, asis shown in figure.8.

can be placed in paraldl, asis shown in figure.8.
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Fig.8.: Common mode input range of arail-to rail
input stage

The n-channel input pair M1-M2 is able to reach the
positive supply rail while the p-channel one M4-M5,
can sense common mode voltages around the
negative supply rail.

In order to ensure a full rail-to rail common mode
input voltage range, the supply voltage of the rail to
rail input stage requires a supply voltage of at least:

Vsup, min =ngp +Vgsr1 +2Vsat 9
If the supply voltage is above the minimum supply
voltage, the common mode input voltage range can be

devided into the following three parts:

e Low common input mode input voltages:
only p-channel input pair operates



e Intermediate common mode input voltages,
both of the n-channel an p-channel input pair
operate.

e High common mode input voltage, only the
n-channel input pair operate.

In order to highlight quoted explanations above, we
simulate with  WINSPICE the eectric diagram of
the rail-to-rail input stage given in figure.9. for an
input common mode voltage varying from-2.5v to
2.5v, with vss=-2.5v and Vpp=2.5v., where current
source Ig; and I, are replaced by transistors M5, M6
which form current source, theresistive loads R1, R2
of NMOS differential stage are remplaced by PMOS
transistors M9, M10 assembled in diode., the PMOS
differentia pair is loaded with current mirrors instead
of resistors R3, R4.

In this electric diagram, we can observe that:

e M3, M4, M6, M7, M8 form PMOS
differential stage.

e M1, M2M5 MI10, M9 form NMOS
differential stage.

e M8, M11, M12, M7 form current mirrors.
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Fig.9.: electric diagram of a Rail-to-Rail
differential stagein CMOS technology.
V. Simulation results:

The simulation results we obtain are illustrated by
the graphs of the figures below:
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Fig.10: M1 drain v(5) , source v(4), and
gate v(20) voltage according to the
common mode input voltage.

V(5) isM1 drain voltage, V(4) is, M2 and M1 source
voltage, and V(20) isM1,M2,M3,M4 gates voltage.

The AC  simulation dlows to represent the
differential gain according to the input signa
frequency.
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Fig.11: differentia gain according to the
input signal frequency

The low frequency differentia gain ,is defined by:
A/D :V()uH._VOUt— (10)
\ﬁn+— in—
In differential mode Vin.=-Vin. and V oye+=-Vou-
And:
Ap =m (11)

n+



analytically:

(V\L/)Mll gma.gme

Omi+ U TP
(VLV)MS Jost+(ms+Jpss
Opsi+Jms+(Jbpse+(Jpsi1

Ap=

(12)

The loads transistors assembled in diode make that
the differential exit has low impedance. It results
from it that the differentia gain has alow value.

On figure 11 we represent the differentia gain
amplitude according to the input signal frequency, we
Remark that the differential gain is low because the
output nodes have low impedance. We can aso
observethat theband width isimportant

V1. Conclusion:

The Rail-to-Rail stage structure which we were
interested allows to appreciate the performances of an
input stage using two complementary differential
pairs. The objectives laid down by this study are
well atteinds, namely the running of the rail-rail
differential stage with symetrical output whose
voltages depend little on the common mode.
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