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1. Introduction

Designing electronic system often
needs to deal with low level signal. Noise
and drift place a lunit on the minimum de-
tectable signal. When we begin to design 1t
15 essential to consider the effect of the van.-
ous noise and dnft throughout the system.
After determined the noise and drift contri-
butians of the individual components, par
ticular IC amplifier, we can optitnize the
system by selection the nght components

and careful PCB design and construcuon.

2. Low level amplifler:
2.1 Amplifier for automation;

We can divide low level amplifier into
three kinds of amplifier, They are ultra low
noise voltage amplifier, ultra low nose cur-
reat amplifier, and ultra low doft amplifier.

1). Ulira low noiss volfage ampldier

Most of themn are bipolar operahcnal
amplhfier Thus kind of amplifier offers very
low noise voltage and low noise current, low
drift as well. Such as AD 797 with e =0.9
n¥/mhHz ; in= 2 pAshHz, VOS 10UV and
VOS AT, 02 V! T ; LT1115 ¢, 0.9 nV/
tHz, m 1.2 pA/mHz |V, =50V and V=
(.5 pV/T. For the current feedback ampli-
fier due to the asymeirical mput inpedance
the bias current an the inverting inpul is

higher than on the non-inverting input.
Therefore the mnverting current noise usu-
ally is higher than the voltage-feedback
amphfier.
However current feedback amplifier has an
advantage of its higher loop gain at higher
frequency compared with voltage feedback
amphifier, so in broadband application cur-
rent feedback amplifrer may be adopted.

2) Utlra fow current nolse amplifier.

Muost of them are FET input amplifier.
They offer ultra low current noise and low
vollage noise. low drift as well such as
OPA 111 with input current noise 1.6 fA/
rtHz , input voltage noise 7 nViHz |, off-
set voltage 2500V and YOS drift | pV/C.

3).Ultra low gnift ampifier

In process control drift is ofien
concerned In this kind of apphcation low
dnft amplifier is suilable. Most of them are
either error-correction amplifier{ MAX
425), or chopper-stable amplifier {TC 7652).
The specification of MAX 425 is Vos 0.5pV,
Vos dnft 0.005 nV/T for TCTG52 Vos 2
MV, Vos drift 0.01 pV/C | in = 10FAS
rtHz, en=(0.1-10Hz) 0.7 pVp-p

2.2 Norse Figurs:
Maise factor, F is a figurc-of-merit for
a device or a circuit with respect to noise.
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F= total avanrlable cutput noise power
portion of output noise power caused by e
of source resistance

Here et 15 source resistance thermial
noise.

e ~=J4KT Rs AF

K= Boltzman's = 1.38 X 10

T= temperature of the conductor in de-
gree Kelvin, R is the resistance of source.
A fis bandwidth.

Total available cutput noise power= e°,
+ ¢+ 1" Ri | e, 15 the amplifier noise
voltage, 1n is the amplifier noise current.

F=1+e" /e* +1 R e’

The logarithmic expression for noise
figure*

NE=10log F

=10 log {1+ /fe* +1° R *e? }—---1 1)

2.3 How fo choose low fevef am-
plifier for auvfomation and
bioefectronics:

Total noise voltage at the mput of an
amplifier is a function of noise voltapge as
well as neise current. It also dependent on
the resistance of signal source, When source
resistance 15 low we can select amphifier
according o the noise voltage performance
of the amphfier When the source resistance
15 high, the noise current is crucial. ampli-
fier with ultra low current noise should be
adopted.

For example . when the source resis-
tance is 1 k ohm at the frequency tkHz,
bandwidth 1Hz.

For ADD 797
8,5/{09) < 1092 = 107 < 1057 =2.2n

ForOPA 11 ¢ =710V

1n thss cireumstance, AD?97 performs
better noise merit than OPAT11],

For AD797
e, ~J10.9)x 109242 x 107 * {P?F =2.2nV

So when source resistance is high,

OPAL11 has better noise performance

We also can select low noise ampli fier
by minimum the noise figure.

Ta lustrate this point. it 15 worth to
compare the performance of twe mentioned
amphfiers above OPALL] and AD797.

Frony formula ¢ 1) the noise figure of
OPALll and AD797 can be compared at
RS= LK ohm and Rs = |M chm respectively

For R, = 1Kohm AD7,NF=1 14

OFA111, NF=6
Far R, = | M chm AD 797, NF=24

Eomponanrs g nd /P C

OPALLL.NF=0.014

From the calculation it is clear that
when R, = 1K chm AD797's NF 15 lower
than OPA 111's M™F 30 1t 15 better to use
AD797. on the contrary when R, = 1M chm
DPA111's NF 15 close to zere OPAlIl1sa
suitable amplifier.

MNoise figure can be calculated by a
basic prograny,'!' The noise figure plot has a
charactenstic shape : it has a minimum a1 a
certasn source resistance and increases for
lower and higher resistance. Au lower resis-
tance the main noise contribution comes
from the amplifier's nowse veitage. For
higher resistance the noise cumrent takes over
and accounts for the increase n the nolse
figure. For a given source impedance using
noise figure to select a right amplifier 15 es-
sental for design a low noise system

The following are lists of some param-
eters of low level amplifier , all parameters

are typical value if without indicate:

2.4 Low noise amplifier for
tefecommunication:

The low neoise amplifier for telecom-
mumnication achieves broadband bandwidth.
Thus kind of amplifier musi perform n the
ether 50 ohm or 75 ohm terminal for which
the noise figure 1s developed, A gain blogk
can he completed characterized by its noise
figure. Most of this kind of amplifier 1s made
by Si-Ge, GaAs and is widely used 1n
CDMA,GSM.GPS.optical communicaton,
ete

3. The Conslderation of Ap-
plication Low Level
Amplifler:

Ta reahze a low level signal processing,
not only select a right amplifier is impor-
tant but also must take some measure to pre-
wvent source of ermmor We can wdentify each
errar contributor and minimize their detn-
mental effects in the system,

3.1 Interference:

The following steps can mimmize this
kind of error:

Limiting cireust bandwidth helps to
avoid noise amplification- using just enough
bandwidth

Separating the power/ground connec-
tions used for the small signal sections from

‘gto-’ume
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Figure.1 A List of Some Ullra Low Noise Vottege Ampifier.
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Frgure 3 A List of Some Uftira Low Drift Ampitfiar
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those used lor the large signal wall avoid the
Shield, Signal separation and shielding
helps 10 avoid noise coupling through

parastic capecitance,

3.2 EMF

Any connection of disgimilar metals
produce a potential that varies with the
junctions In [ow dnft amplifier circuits,
therrmal EMF 1s usually the primary error
source. Limiung the number of junction and
balancing junctions in amplifiers input are
good practice. Choice better solder 15 an
anpother way, the solder with 60% Cd/40%
Sn contributes thermally induced voltage of
0.16 WV/T on the contrast the solder with
64% Sn/36% Fb contributes 1.5 pv/C_For
a differential circuit such as operational
amplifier, keep the thermal-EMF- induced
shift are equal in phase and amplitude and
cancellabion result. A shight air currents ray
cause drifi and noise due to it unbalances
the temperature of the operational amplifier's
mput transistor pairs. A small plastic cov-
cred the amplifier can reduce drift and noise
from 0.2uVP-F to 0.05 WVP-B(2).

3.3 Leakage.

Guarding is an effective way to solve
this problem. The guard is a PC-board trace
that encircles the amplifier's input and drives
the trace at a potental equal to the input,
thereby preventing leakage to the amplhifier
input terminal Another choice is to con-
nect the amplifier’s input directly to the sig-

nal source via a Telfon standoff.

4. Concluslon:

Low noise and low drift are widely
used in automation, felecommunication and
bioelectronics. For [ow signal source imped-
ance situation, bipolar amplifier can provide
very [ow noise characteristic and FET am-
plifier with high resistance signal source can
result in an excellent systern performance.
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