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AsstracT. The paper presents a new technique for adaptive cancella-
tion of noise in MOSFET IC operational amplifiers. It employs two
operational amplifiers, one is passive with its inverting and noninvert-
ing inputs short circuited. This operational amplifier is only responsi-
ble to amplify its equivalent input noise and to give a proportional
output voltage. The second operational amplifier is active and is used
to amplify the signal to be processed together with its equivalent input
noise and gives, thus, a proportional output voltage. The two opera-
tional amplifiers are coupled to each other through a common floating
gate so that the noise of the passive amplifier is subtracted from the
input of the second one and makes it, therefore, noise-free (~an/VHz
or 0.1 pV ..o within 2.5 kHz bandwidth) over a wide variety dynamic
range of input voltage (~120 dB) and ambient temperature. A feed-
back loop is added to improve the amplifier linearity (better than 2%).
The standard 2 um CMOS technology is used for the realization of
the proposed noise-free operational amplifier.

1. Introduction

The need for noise-free operational amplifiers for use in many precision appli-
cations has recently been greatly increased!!-3]. Numerous studies concerning
the specification and evaluation of devices and amplifiers’ noise have been de-
veloped, in addition to great efforts aiming at compensation or cancellation of
this noisel!-3:4],

These contributions showed that the most important noise sources arel!-3-1:
a) the 1/f noise resulting from channel and oxide layer activities and, b) the
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channel thermal noise. The already-known techniques used to minimize the
noise are complicated and considered incapable of efficiently minimizing the
noise since these techniques necessitate the employment of an excessive num-
ber of devices and circuitries which add to the amplifier noise. The use of these
devices and circuitries also inserts new poles which produce appreciable phase
shift at high frequencies and represents a serious instability problem. It leads,
besides, to greater chip area and power consumption and degrades the amplifier
reliability and persistivityl®]. To overcome these problems, exceptionally high
speed devices with sophisticated and expensive technology are requested.

We propose a new technique for adaptive cancellation of the high-gain oper-
ational amplifier noise (below 1nV/VHz over a very wide dynamic range of sig-
nal level (slightly greater than 120 dB) regardless of the ambient temperature
variations. It is integrated using the standard 2 pm floating gate MOS technolo-
gy. It is seen to be free from the majority of drawbacks of all already-known
systems. Moreover, it is quite simple, reliable insensitive to device mismatching
and has a better linearity (better than 2%) owing to the use of a specially de-
signed voltage controlled resistors used to provide a voltage dependent negative
feedback. The study and modelling showed that the noise cancellation is suc-
cessfully achieved from dc up to high efficiency. Figure (1) shows the schemat-
ics of the new technique.
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With I being the hot carrier gate current (~10710 A), Cpg the floating-gate to
channel capacitance (10716 F), and e, the equivalent noise voltage to be can-
celled (~In V).

Measurements on an experimental device using the proposed techniques
showed excellent agreement with the theory and simulations and indicated a
powerful potentiality in noise cancellation over all already-known techniques.

2. Architecture

It is constructed of two basic units. The first is noise simulator which is re-
sponsible of simulating the device noise under all the conditions of operation
while the second is the noise free active device. Figure (2) shows the corre-
sponding schematics.
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Fic. 2. Schematic of the adaptive noise cancellation.
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Each of these building blocks is constructed as shown in Fig. (3,a,b,) of two
input driver MOSFET’s T,, T} and T,, T, and two current sources T,, T, Ts,
Ty each pair of driver/source string T, T,, T} , T, and T,, Ts, T,, Ts are con-
nected in different configuration with a common mode negative feedback
through T; and T, respectively, to stabilize the currents and node voltages
against any device mismatching, characteristics spreading, aging and/or temper-
ature excursions.

These two units are fabricated and realized on the same chip, using the 2u m
trapezoidal FG-CMOS technology (see Fig. (4-a)), with so compact layout
which keeps the physical separation between Tj, T'l and T,, T, smaller than
50 pm. This guarantees the maximum possible device to device matching and
fulfil the best device identity. In this case, any shift or excursion in the T, T'1
parameters will be equal and identical to that occurring in the parameters of T,
T,. Better device matching can be achieved as will be shown by interdigitating
T, with T, and T; with T, as shown in Fig. (4-b).

A third unit, the electron hole EH injector, is inserted and used to follow the
variations of the first device noise, simulate it and transfer it to the floating gate
of the inverting input driver MOSFET T,. It is constructed of a P-channel
MOSFET J;, which is responsible of injecting holes into the common floating
gate and an N-channel MOSFET J which injects electrons into the floating gate
according to the polarity of V; as will be explained below. Fig. (5) shows a
cross section and the layout of the EH injector.

3. Mechanism of Operation

The mechanism of noise simulation is as follows: suppose that the operation-
al amplifier input equivalent noise is e,. Then the output V), of the operational
amplifier noise simulator is V;; = — Ge, with G being the amplifier gain. The
negative voltage V), is transferred simultaneously to the common drain of the
EH injector. This makes the gate source voltage V5qp of the MOSFET T nega-
tive and makes its drain to source voltage Vqp to be sufficiently high that hole
heating takes place in its channell®-%]. These hot holes being energetic become
capable of jumping over the Si-SiO, interface potential barrier and penetrating
into the SiO, layer where they are accelerated towards the floating gate by the
gate-voltage induced oxide field where they are falling in trapping inside the
floating gate potential well. The trapped hole charge makes the floating gate to
attain a positive potential V5 which increases with time according to the equa-
tion.

| ot
Vi (t) = Ci ~10%t ()
FG
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Where

Igp is the hot hole gate current (~10710 A)

Cpg 1s the floating gate to the channel capacitance (~10716 F/um?)
Vig increases with time, when it becomes equal to e, after t given by:
tzl%gseczlo‘lssec. . e, =107V 3)

This Vg variation is directly transferred to the noise simulator input and
makes V; drop to zero and hence turns Ty, off which stops the flow of Loy and
enables the EH injector to latch up the noise voltage ¢, . It is seen from equation
(3) that the speed of response of the EH injector can be as high as 1 V/u sec
which enables the EH injector to follow any fast variation in the device 1/f (up t
some GHz). However larger 1/f noise levels which need longer coverage time
will also be successfully cancelled because the EH injector is still much faster.
To increase further the cancellation rate, the known rectangular gate MOSFET
is replaced by the trapezoidal gate MOSFET(®:10] shown in Fig. (4-a). Interdigi-
tation of the T, T| and T,, T, gates (see Fig. (4-b)) enhances the device
matching and allows more powerful noise cancellation.

When e reverses its polarity due to operating conditions effects, V; revers-
es its polarity as well. In this case the electron injector Ty will be turned on
(Vggn Will be positive) and its drain to source voltage heats up the channel elec-
trons which will be injected into the oxide layer and accelerated into the float-
ing gate where they will be trapped and make Vi to attain a negative value
equal to e after the t defined by equation (3) this voltage variation being trans-
ferred to the noise simulator input, makes V; to go to zero. Ty is turned, there-
fore, off and the flow of Ign is stopped which enables the EH injector to latch up
the noise voltage e, during its stokastic variations.

When ¢, is zero (I/f noise is completely cancelled), the two injectors Tp and
Ty turn on and Vpgp and Vg are so that electron and hole heating occur si-
multaneously, which leads to two equal electron and hole gate currents Ig and
Ign. In this case the net charge accumulation in the floating gate is zero anc{) Vig
remains zero.

The latch up phenomenon characterizing the Tp, Ty inverter circuit configu-
ration makes V; to have also a very high speed of response (about 103 V/u sec
or 103 times faster than the required rate for successful noise cancellation)
which enhances adaptivity of the noise cancellation.

4. Experimental and Simulation Results

The channel current I g and the hot carrier gate current I, are first measured
versus Vg at different values of Vg for different device geometries. Figure
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(6) shows the experimental setup used to perform the measurements. From
these measurements the values of the channel and oxide transconductances g,
€10« and their dependence on the device biasing conditions and geometry are
specified. The drain and gate currents can be formulated by[4-7].
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Fic. 6. Experimental setup.
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From which the channel and oxide transconductances g and g - can be for-
mulated by:

Z
Oma =C “IVDS » Vbs <Vpss (6)
— Z(L _Al)UOxn 1 p ¢B
= [2V g -V —— [V, OX][1- [—=
Omox do)‘ox [ GS T L—([ X ][ \/Em]
g ,do_ A :
exp[{(——=—+—=—-20 7 Vpg <V,
p[_(KTO 1 1, | DS < Vpss @)

Where Z, L are the channel width and length respectively. (um)

u is the carrier nobility (cm?/V. sec)
Co  is the oxide capacitance per unit area (F/m?)
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ox 18 the carrier mean p, . symbol path in SiO, (A®)
. is the carrier mean free path in Si (A°)

¢y is the Si-SiO, potential barrier (V)

d, 1is the channel depth (A°)

A is the Si-Si0, potential barrier shift (A°)

Al is the pinch off region length (A°)

—_— —

Next the equivalent input noise spectrum SVg is measured as a function of
Vis- The equivalent channel and gate currents noise spectra S; and S; can,
. D g
therefore, be determined from the g SVg andg_ SVg product.

We have measured the equivalent input noise spectra S, and the resultant
channel and the gate current noise spectra S; and S; for NfOSFETs biased in
the ohmic region with and without noise cancé)llations.gThey are composed of 1/f
and 1/f" noise components. We observed that the measured without cancella-
tion. These measurements can be employed to detect the long and short term
stressing effects on the short channel MOSFETs high gain operational amplifi-
ers. Figures (7, 8 and, 9) show the evolution of Svg, SID and S; with frequency
and the effect of cancellation on the noise level . ¢
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Fic. 7. Gate voltage noise spectrum.
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5. Conclusions

This paper presents and explains a new technique, based on modifying the
device construction, for the adaptive cancellation of noise in the high gain
MOSFET operational amplifiers. It allows to realize submicronic MOSFET op-
erational amplifiers without fearing from noise increase cause due to the device
scaling down. The proposed technique possesses an excellent potentiality in
noise cancellation (from frequencies as low as some cycles per second up to
very high frequencies; GHz). It helps in fact to reduce the noise level by about
four decades.
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