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ABSTRACT

The effects of space charge and traps on the thermal noise in one carrier insulator diode with
traps lying below the Fermi level have been studied using the regional approximation method. The
mobility of the current carriers is proportional to the carrier density. It is shown that the noise is
highly suppressed by the space charge present in the device.

HE conductivity of single injection devices 1s

modulated by injected charge carriers when
current flows giving nonlinear current-voltage charac-
teristic. It is possible to construct solid state devices
from crystals of extremely pure germanium and sil-
icon, where dc and ac properties are very close to the
predicted theoretical models. Therefore, an attempt
has been made to study theoretically the effects of
space charge and traps on the noise in an insulator
operating under carrier density-dependent mobility
(cDDM) regime on the basis of the theory given ear-
lier!, which has been experimentally verified for the
space-charge-limited solid state diodes without con-
sidering the trapping effect®.

Single injection in an insulator involves current
flow by electrons or holes. The injection is kept at
levels such that the current flow 1s limited by space
charge. The presence of traps drastically affects the
current flow™>. It also affects the noise generated in
the device which is due to current or voltage fluctua-
tions caused by the scattering of the current carriers at
the lattice imperfections present in the insulating
materials™’

There is another source of noise in diodes asso-
ciated with the injection process which is considered
as a scries of single events occurring randomly. The
injection noise 1s known to play an important role in
vacuum diodes’. Analogously, it was considered by
several workers in the earlier studies of noise in soild
state diodes®”, that the injection noise is the main
source of noise in such devices. But, the experimental
studies have proved that the injection noise is negligi-
bly small in comparison to thermal noise which is due
to the fact that the space charge reduces the injection
noise® ® much lower than the thermal noise’. Thus the
thermal noise is the main source of noise generated in
the space-charge-limited sohd state diodes.

REGIONAL APPROXIMATION METHOD

Consider a low mobility insulator containing signi-
ficant density of a single set of traps lying below the

Fermi level. Assuming the conduction through elec-
trons, the general equations characterizing the current
flow and Poisson’s law are given by

J=eunE, n=no+n,, (1)
€ dE
~ o S na=(ntng) +(n,—ne), (2)
=(n—ng) +{po—p), ()
where

P,=N;—n, and PI‘{]:N[_‘HI’G,,

s 15 the mobility of the current carriers, e the permitti-
vity of the insulator, n; and n, ; are the injected free
and tt apped electron concentrations, 7 the concentra-
tion of free electrons and ng the thermally generated
free electrons, n, and », o are the trapped electrons
and its thermal equilibrium value, p, and p, p are the
concentrations of traps not occupied by electrons and
its thermal equilibrium value corresponding to nand
no respectively, and N, the total number of traps pres-
ent in the insulator, The total current flow is the
additive contribution of two components: (a) thermal
free electrons no and (b) injected electrons n,=
n — ne. Thermal free carriers contribute to current
but not to space charge.

In low mobility insulators’, some trapping sites
may be permanently occuptied so that they do not
contribute any delay by trapping the moving carriers,
This gives rise the mobility of the current carriers as a
function of carrier density

1= hn(x), 3}
where A 1sthe proportionality constant. The equations
are subjected to a boundary condition usually
employed in single injection current theories for
Ohmic contact

E(0)=0, (4)

At low mjection level of current, the insulator is
divided into three separate regions using the regional
approximation method* ™' The ingcted current car-
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riers n; decreases monotonically from a higher value
at cathode. All the injected carriers forming the space
charge are not reached to anode at appropriate injec-
tion level of current. There willbe an imaginary transi-
tion plane x2(J) where ni{x2)=no. To the right of
plane xz, no > n;, and n; may be neglected; to the left

of plane, n;>no, and ne is neglected. Due to the
presence of additional term (p, o— p,) in Poisson’s
law (2), the space charge region (0 < x< x3)} may
further be divided into two separate regions. For n;
= no, 1= no+ n; =2np which corresponds to p; =
Pro/ 2. Therefore, p,<p,q/2 in the left of the plane
Xx2 and p,1s neglected in equation {2). Now, there will
be a transition plane xy where =n;(x1) =n(x;)=p,..
To the left of plane x3, n > p,gand p, g is neglected;
and to the right of plane x;, extending upto xg,
Pt,0=(p1,0—pt,) > (n—no) so that (n—no) as well as
pare neglected in (2). The sets of definining equations
for current flow and Poisson’s law in three regionsare
summarized in figure 1.
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Figure 1, Schematic regional scheme for the current
injection in a low mobility insulator with traps lying
below the Fermi level. The dotted vertical lines re-
present the imaginary transition planes.

As shown in figure [, three regions are well separ-
ated by two imaginary transition planes x: and x
which are shifting towards anode with increasing cur-
rent. Regions I and Il are space-charged-limited and
the region 111 is ohmic. The distances x1 and x2 are
given by
B ____Z_EJ_ o eJ
T 3ZhAm T ShniA

where A= Py g/ no.

It is evident from (5) that the planes x;and xzare the
function of current density. These transition planes
represent the hallmark for the different current-
voltage regimes in the complete current-voltage char-

acteristic as described below
xi("cr,l): L, x:Je )= L,

where Jr i and J, 2 are the critical currents corres-
ponding to the injection levels at which the region Il
and I respectively leave the insulator,

(3)

X1

THERMAL NOISE IN THE DIODE

The interaction of the current carriers with the lat-
tice of insulator results in current or volitage fluctua-
ttons which generates the noise in the diode. A very
simple method of noise calculation in space-charge-
Limited single injection solid state diode has been given
earlier””. The sample is subdivided conceptually into
small slabs by the planes perpendicular to the current
flow. The sum of voltage drops across each slab gives
the total voltage fluctuation in the open circuited
device.

The open circuited noise emf in a frequency interval
Af 1s represented’ by Evz, where

Ax EAXx

P -
Av: =4kTARAf, AR=——— = — (6
’ 4 eunS  JS ()

here A Ris the resistance ofthe smallsection Axand S
the area of cross-section of the diode. Summing over
all sections of the diode, equation (6) becomes

~ V

v. =4kTRAf, R=LAR=—, (D
JS

where the voltage developed across the diodelength L

is given by

i
= j; E(x) dx. (8)

The noise generated in all the three regions of the
tnsulator is estimated in the complete range of
current-voltage characteristic in terms of mean square
noise voltage as follows:

(i) True Ohm’s regime (J<€Jy 1), x2<€ L. In this
regime, the tnjection levelis such that the regions and
IT are neghgibly small and the contribution i1s mainly
giveri by region 111, Injected {ree and trapped carriers
are negligibly small in region I, therefore all the
terms in the left hand sxie of Poisson’s law (2) are
neglected. Then , (1) to (4) give the current-voltage
characteristic

V
J= ehn%z-, (9)

which is pure Ohm’s law (J < V). The Ohmic resist-
ance and noise is evaluated from (7) and (9)

L
r v =4k TRSSf, (10)

which is a constant value,

(i) Ohmic regime (J<J¢r 1), 2o < 1. The regions
I} and 11 are dominant inside the insulator, The total
voltage developed across the diode (derived from
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current equation, Poisson’s law and (8) for regions 11
and I11) is the sum of the voltages across the regions 11

and 111,

E’noz‘ix% Jx
VeV S T T ety
J(L—x,)
2 2 L] (ll)
ehnj

where x2 is givenin (5). Equations(7)and (11)are used
to give the noise,

V _ (Vn+ Vi)

—,
— vo=4kTRyAf. 12

RO -_
At the critical current J¢r 1, x2 = L, then{(11) and (12)
give

Vcr.l L

2
= ~— vl =4k TRe 10/
JC[‘IS 2€hn§S r “r (1,3)

(ii1) TFL regime (Jo 1 <J<Je2)y << L<xz.
The space charge regions 1 and 1l are present in the
insulator. The noise generated in the device is

obtained as

V i+ Vy

TFL 1S JS

R A VTFL: 4k TRTFLﬁf, (14)

where the voltages ¥V yand V are given by
1,3

3 9eJ .
Vi=— 2, 15
' 5 4&fh X (13)
engA 0 J(L—x1)
n= e T T R e

which are derived from various sets of equations given
elsewhere The terminating noise for trap-filled-limit
(TFL) regime is obtained from (14) and (15) with
=1L,

R _ Vcr‘z _ 3L
27y .S SAlehniS
Ver,2 =4k TRcr.2‘5f* (16)

(iv) Trap-free regime (J>Jc2), xi> L. The
region I entirely fills the insulator. All the traps are
filled with electrons and the insulator works in pure
space charge conditions. Terms other than 7 in (2]
may be neglected. Then, (1)-(4) give the current-
voltage characteristic for SCL trap free regime as

2 3
J=2.06-E-’1- V{, : (17)
e L
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which yields the noise generated in trap free regime as

V el’

3
A I =4kTR.AS,
75 = Shsap? v TAKTR AT (18)

R

which shows that the mean square noise voltage
decreases as the inverse of square of the applied
voltage in space-charge-limited trap free regime,

DISCUSSION

The noise factor [':»'2/ k TAf] versus applied voltage
is plotted on a log-log scale in figure 2 by using
(10)—(18). The noise 1s large in the Ohmic regimes (1)

[v/uTat] (Ohm) —e

10 10’ 6} 10°
vV {(Volt) ——e=

Figure 2. Log-log plot of the noise factor (V/kTAS)
versus applied ‘voltage for three values of parameter
A=10', 10" and 10°.

and (ii) of the insulator and very much reduced in the
space-charge-limited regimes (i) and (iv) described in
section 3. The noise factor decreases with the increase
of voltage from a very high value in true Ohm’s regime
to the lower values in the SCL trap-free regime by
several decades. The vertical decrease in noise 1s
during the trap-filled-limit (TFL) regime where the
traps are gradually filled with electrons. It is due to
this that the effect of traps on thermal noise is
observed in TFL regime. It might be possible that in
TFL regime the trapping noise is highly increased
whose study may be made on the basis of previous
work'!. Thus, the noise is highly suppressed by the
space charge present in the device.
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ABSTRACT

Thermal denaturation of DNA in the presence of novel polycations has been studied at varying
concentrations of sodium chloride and urea. Ty, values of DNA-polycation complexes decreased
linearly with increasing urea concentrations. It is proposed that urea 1s responsible for destroying
intermolecular hydrogen bonds and hydrophobic interactions which may be involved in the
maintenance of tertiary structure of DNA-polycation complex. Baoth electrostaticand hydrophobic
effects probably influence the stability of the DNA-polycation complex. '

INTRODUCTION

T is well known that various types of polycations

interact strongly with nucleic acids which are
polyanions' ™, The effects of urea on the secondary
structure of nucleic acids have been extensively inves-
tigated'"'®. The effects of high concentration of urea
on the macromolecular structure and interaction are
well known. These arise from competitive hydrogen
bonding and disruption of hydrophobic interac-
tions?’. Such effects frequently show co-operativity
and do not arise below ¢ritical concentrations, How-
ever with small molecules whose residues may be
incorporated into macromolecules, the effects may be
detected at low concentrations of urea or urea deriva-
tives and follow linear or monophasic functions to
higher concentrations''. Thermal denaturation stu-
dies have been utilised to probe the interactions of
basic proteins and other polycations with DNA™. In
this paper we report our investigations on the melting
behaviour of polycation-DNA complex in different
concentrations of urea.

METHODS AND MATERIALS

DNA was purchased from Sigma Chemical Com-
pany (USA) as its sodium salt {(sodium deoxynucleo-
tide of calf thymus DNA highly polymerised). Sodium
deoxynucleate (1 mg/ml) was added to SSC buffer
{sodium chloride 0 01 M and sodium citrate 0.001 M
pH 7) over a few drops of carbon tetrachloride, The

P.

cH

0]
M + .
Ci—-ChHo <O>“c"‘ﬁ"(c HZ)E-E“H o, ol
3

-

POLYCATION ] N=35+5
[ CH3 CH3 1
Cl ¥ - H Y cr
—tCH2 CHa N—={ CH2)p-N — |- , B
CHy CH
| > In
POLYCATION Tl n=10

exact amount of DNA was estimated spectrophotomet-
rically assuming ¢ = 6.6X10° cm™*M ™" at 260 nm. The
Azgo/ Amg ratio of this solution was 2.3. The following
polycations were synthesised according to the proce-
dure of Rembaum and coworkers'®'".

Stock solutions were prepared in the jollowing con-
centrations: DNA (1 mg/ mbinsodium chloride 0.01 M
and sodium citrate 0.001 M pH 7, polycation (0.01 M),
sodium chloride (I M) and urea (10 M), The reaction
mixture contained the following order: DNA(7.5X 10 >
in DNA  phosphate), sodium  chlonde, DTA
(0.001 M), polycation and urea. The total volume of
the mixture was made up to 4 ml by diluting with an
appropriate volume of s8¢ butfer. The polycation and
DNA ratio is represented by ro Betote detetmimng
melting temperature (7)) the VvV ab>uorhanve of the



