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NONSTATIONARY TRANSPORT OF ELECTRONS AND HOLES IN THE DEPOLARIZED MODE
OF MNOS DEVICES: AN EXPERIMENT AND NUMERICAL MODELING

Vv, A. Gritsenko, E, E. Meerson, UDC 621,382
I, V. Travkov, and Yu. V. Goltvyanskii

In experiments performed while investigating statiomary conduction inmetal—nitride—oxide—
semiconductor (MNOS) devices in the nonequilibrium depletion mode [1, 2] and separating the
electron and hole components of current in MNOS transistors (3], it was proved that the trans-
port voltage at both polarities near the semiconductor insulator interface is created by car-
riers injected from the silicon. It was uniquely established in experiments om blocking the
injection of holes from the silicon that at a megative voltage (V < 0) on the metal (Al, Au)
in MNOS devices having a tunneling-thin layer of Si0; that charge transport was caused by
holes and that the injection of electrons from the silicon was negligible [4]. Thus, when
V <:0 conduction in an MNOS device is a monopolar hole current (Fig. 1b).

It was established through experiment (1, 3, 5] that conduction in MNOS devices does mnot
depend on the polarity of the voltage applied to the metal. .This can be explained by two
models, For the momopolar, two-zone model (A) charge is transported by holes when V < 0, and
by electrons when V > O (Fig. la). Model A assumes that the parameters of the hole and elec-
tron traps in the Si,N. are identical.

Model B for hole conduction assumes that, just as in model A, charge is transported by
holes injected from the silicon when V < O (Fig. lc), and when V > O, tragsport in the body of
the Si,N, 1s limited by the transport of holes injected from the metal (Fig. le). The elec-
trons injected from the silicon in model B recombine with holes in the traps that are respon-—
sible for the memory effect (6, 71.

The relationship between the hole and electron traps parameters in the SisN. can be as-
certained using either model of stationary conduction. A method for determining electrom
trap energy was developed in [8] in the isothermal depolarization mode, However, the inter-
Pretation of positive charge scattering adopted in this work was ambiguous.

SL.N The purpose of this article is to study hole and electron transport in the body of the

trs « in the isothermal depolarization mode, to determine the parameters of the hole and elec-

sion traps, to compare the experimental results with those obtained through numerical analy-
8, and to discuss a possible model for deep trapping centers.
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Fig. 1. Energy diagrams for MNOS devices: 1I) a tunnelling-

thin oxide, stationary conduction; when V > 0: a), b) a
monopolar, two-zone model A; b), c) hole conduction models B;

b) monopolar conduction when V < 0; c) bipolar conduction

when V > 0. 1II) a tunnelling-thick oxide; a), b) nonstation-

ary polarization mode for MNOS~ (a) and MONOS~ (b) devices;

c) depolarization of MNOS devices — trapped electrons drain- N
ing onto a metal electrode., III) accumulation (a) and de=
polarization (c¢) of holes.

Specimens. The parameters of deep trapping centers in silicon nitride depend on fabri-
cation conditions, So that the results could be generalized, MNOS devices were studied in
which the Si,N, was fabricated in low-pressure reactors by three different techniques. The
$i0;2 layers of thickness do = 1.6-14 nm were formed by thermally oxidizing silicon. Layers
of aluminum and gold were used for the electrodes. A blocking layer of Si,N, was grown be-
tween the Si0; and the metal in the metal—oxide—nitride-oxide—semiconductor (MONOS) devices.

The Mathematical Model. The one-dimensional model proposed in [9, 10]:
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_"exp(—cr(CD.,—CD.—qy(z)))dx (3)

Pomexp [—§(0,%= (O4—p(0))*)/F.cl;
Py=exp [~§(Do— 01— (ON)*FO)] -~

was used for analyzing the experimental data and studying the physical processes as the sili-

con nitride layers were polarized and depolarized. The initial and boundary conditions were
chosen as
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n(00=L0,0; n(5,0=n(50); §0)=duZF(O); pld)=7. 0)

Here, Mg, Nt are the concentrations of free and trapped electrons respectively; vyg is the
drift velocity; 9¢ is the energy at the trapping center; v 1s a frequency factor; 4o = 3.1 eV;
¢, = 1.05eV is the height of the barriers at the Si—Si0; and S10,—S5i,N, interfacesrespectively;
I, is the rate of carrier injection from the contact; V is the amplitude of the applied volt-
age; o is the tunnel constant; dox and dy are the oxide and silicon nitride layer thicknesses
respectively, and Jox is a constant that describes the current through the Si~§10; contact.

The initial system of equations (1)-(3) were written as difference equations and Newton's
jterative method, done by means of a matrix run, was used to solve them. The field and tem-

perature dependence of the trapping section and the frequency factor were negligible in com-
parison with exponential factors.

ELECTRON TRANSPORT AND A COMPARISON OF THE EXPERIMENT
WITH THE EXACT AND APPROXIMATE MODELS

The z:t_:periments were performed on MNOS devices having §10; tunneling—impervious and tun-
dy ay : T
neling-thick Si;N‘(dx>E=Izn;dx/jn.dz). Electrons were accumulated by applying a positive
N o [ ]

pulse to the Al-electrode (Fig. 1, IIa, b). The device was depolarized by an "attracting"
positive voltage on the metal contact (Fig. 1, IIc), Parasitic effects may appear in this ex-
periment and they must be considered: a) holes may be injected from the metal and accumulated
near the A1-SisN,interface during device polarization (Fig. 1, IIa), b) as electrons are scat-
tered toward the metal electrode, the field at the Si—SiO; interface increases, increasing the
probability that electrons will be injected from the silicom (Fig. 1, IIc).

As a rule, holes were seen to be injected from the metal when a positive voltage was ap-
plied to the aluminum in the polarizing mode. To reduce this injection a "natural" oxide was
released from the SisN. surface ina 10Z solution of HF in water prior to depositing the alum-
inum, This treatment sharply curtailed the injection of holes. Holesinjectiém wascompletely

suppressed in the polarizing mode in MONOS devices because of the large barrier at the S10;—
Al interface (Fig. 1, IIb).

To block the injection of electrons from the silicon into the SisN. in the depolarizing
mode control experiments were arranged in which the critical value of the field at the Si—

S10, interface was experimentally determined at which the injection of electrons in the de-
polarizing mode was small.

Fig, 2. Kinetics of depolarization for a), c) MNOS, and c) MONOS
devices: a), b) electroms, c) holes; V (volts): 1) 30 V; 2) 40
V; 3) 50 V; T = 403°K. MNOS) dox = 10 nm, dy = 180 nm; MONOS)
doxl = 10 nm, dy = 175 nm, dox!I = 5 nm. Fabrication technique)
I (see Table 1).
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Parameters of Hole and Electron Traps in a Silicon
Nitride Fabricated by Different Techniques (LPR = low press. reactor)

Fabrication parameters

Electron traps
parmeters

Hole traps
parameters:

I LPR, 750°C
SiCl,: NHy=1:10

O 1,420, eV
vt m3.107 =1 SEC-1
Nyt = (2+1) -101® cm =3

*e D m1,3520,05 eV
.N,’-_ (3=1)-10t cm~3

0= (221)-40~43cm 2 o= 10-13cm ?

11 LFR, 900°C 0, =1520,1 eV OPr=1520,1eV
SiCly: NHy=1:20 * @, =1,45£0,05eV -
vem{0tE15€C~1

VA1t
o {082t SEC -t -
Ny#=2-10t8 ca=? -
. =3-10~t3cp * -

111 LPR, 850°C O =14x01 eV Q=1 4£0,1 eV
SiH, :NH; = 1:30 *Qrm=1,5+0,1 eV
Yom{(eEtSEC-1 VimiQ$=tsec

Nt ey 1012 cm—? -
0‘-..\4. 10~t3cm ¢ -

Comment.. Values of ¢» B and ve» h yere determined by the
discharge in MNOS devgces having a thick 510, layer accord-
ing to the simplified model; *se and v@:Dwere obtained by
comparing the experiments on discharge with the exact model;
and 1‘@2 were determined in an MNOS device having a thin $10,

layer in the stationary conduction mode. .

The kinetics of negative charge scattering in an MNOS device (a specimen in which holes
were seen to be strongly injected from Al) and a control MONOS device are shown in Fig. 2.
Under identical polarizing conditions, V = +75 V and T = 5 sec, it is obvious that the ini-
tial negative charge stored in the MNOS device is substantially less than that in the MONOS
device. This difference is caused by holes injected from the aluminum during polarization
being trapped (Fig. 1, IIa).

An approximation
tey-texp [(O.—pF*)/kT} (5)

of the_characteristic information storage time was used to analyze experimental data in 8y,
vhere P i8 the charactéristic field in which depdlarizing is performed. A qualitative esti-
mate of the applicability of Eq. (5) for analyzing experimental data was made via mathemati-
cal modeling.

A simple model based on Eq, (5) assumes that repeated trapping can be neglected in the
SisNe. This is in line with the smallness of the first term in the right-hand side of Eq.
in comparison with the second term. .

1)

The evolution of the distribution of populated traps when repeated trapping is and is
not present is shown in Fig. 3a. When repeated trapping is not present, the traps are dis-
charged from the strong field-metal electrode side. A region that was initially unoccupied
by electrons remains unfilled throughout the entire scattering process.

In considering repeated trapping the maximum traps populating region is displaced toward
the metal electrode (Fig. 3a) which produces a more uniform spatial distribution of the field
(Fig. 3c). This effect is caused by a strong retrapping effect. The trapping and ionization
rates differ insignificantly (see Fig. 3b) and, in spite of the fact that the ionization rate
over long time spans is a maximm in the region near the anode because of strong trapping in
this region, the region near the cathode makes the principal contribution to emptying the
traps.

At first glance the data of Fig.
applicable., A more detailed inspection,
be seen from Fig. 3¢ that although the maximum difference in the
from local electrons is about 25%, and the difference between the local field and the anode
field at the point of maximum ionization is about 10Z. Thus, using Eq. (5) gives a relative
error 6=5AF/2¢;§F‘/3 A 1.5% (for F ~ 1:10* V/cm) in determining the energy of the level that
is substantially less than the experimental error.

however, reveals that this is not the case, It can
field caused by the charge
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Fig. 3. Spatial distribution of local electron concentrations
(a), the electric field (¢), and the trapping rate Py (dashed
line) and traps ionization Py (solid line) (b) in the Si,N. at
different moments in time as an arbitrarily stored charge is
scattered; t (seconds)=: 1) 0; 2) 1.6; 3) 22; &) 104; 5) 203;
6) 303, dy - 180 nm, dox = 10 nm, N¢ = 6:10" cm™%, 0.8 =
1.4 eV, ve = 10* sec™?, o = 4-107*% cm?, N* = 3:10'7 em™?,

Fo = 1.35+10° V/cm, V = +50 V, T = 453 K, P¢ = gencvg(Nene),
Py = veny exp [(0&BF'/?)/kT].

Fig. 4., Characteristic time t; as a function of the electric
field in silicon nitride at coordinates corresponding to the
Frenkel effect of Eq. (5): (a) electrons, (b) holes; dox =
50 nm, dy = 150 nm. Fabrication technique) IXII. (1) 573°K,
(2) 513°K, (3) 473°K, (4) 413°Kk, (5) 373°K.

The physical basis for using the simplified model is that the characteristic time T3 for
thﬁrmallf'isnizing the traps is more than ten times greater than the characteristic trapping
time 14 = (Npopuq)™ = 10™%2 sec (for Np=10**cm™?, o, = 10~*> cm? and vg = 107 cm/sec) and the
characteristic drifc time is Tdr = dy/vd = 10~'? sec so that traps ionization is the limiting
factor and, on the whole, the kinetics of scattering are satisfactorily described by the Fren-
kel effect of Eq. (5). .An analysis of the experimental data by the approximate model and by
comparison with exact numerical computations shows that, within the limits of experimental
€rror, the parameters ¢+ and v coincide,

. Numerical modeling of the depolarization process showed that the kinetics of charge scat-
eTing significantly depends on the initial voltage bias of the plane zones AVFB, but depends
:ﬂly weakly on the combined effects of the magnitude of the charge and its centroid X. 1In
Onsideration of this fact, the characteristic discharge time 7, assumed a value obtained by
yrrapolating the dependence AVER, (log T) tozero. Itfollows fromFig. 2 that valuesof 1yinan
vicgs device, where the injection of holes during polarization is blocked, and in an MNOS de-
tlecg vhere the injection of holes is substantial, are close. The function t; = £(F, T) for
.pondizns is shown in Fig, 4 for a different SisN, fabrication technique. Functions corre-
ment b & to Eq. (5) for €w = n? = 4 are shown by lines in Fig. 4. f“ analysis of the experi-
the Y the approximate model yields ¢¢® = 1,37 + 0,1 eV, V& = 10% ** gec™'. Devices having
8ilicon nitride obtained by the other fabrication techniques were studied in a similar

£
n;Shion. The parameters for deep trapping centers in the nitride, obtained by different tech-
ques, are shown in Table 1.
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Fig. 5. Kinetics of electron scattering at
different temperatures; V = +40 V, experi-
ment: T = (1) 403°K, (2) 453°K, (3) 523°K,
Computation of ¢.& and vé respectively:
1') 1.4 eV, 2410° sec™; (2') 1,35 eV, 5. %
107 sec™'; (3') 1.5 eV, 2¢10° sec™'; (4')
1,6 eV, 2-10*° sec™'., Device parameters
are the same as in Fig. 2.

numerical analysis showed that varying the electric field F (when T = const) allews

to be determined, but does not offer the opportunity of uniquely determining &g and v,
yossible to uniquely determine the magnitudes of the frequency factor and the level

by comparing the results of the computations and the experiments performed at differ—
pperatures with a constant electric field intemsity. Varying v.shifts -the kinetle fune-
along the lg T axis and the value of ¢, affects the value of the characteristic épacing
its of 1g t;) of curves taken at different temperatures. This analysis for the data of
yields ¢¢® = 1,45 = 0,05 eV and ve = 10° %1 ac-'. Processing these experimenta by the ap-
ate model yielded ¢¢€ = 1,5 + 0.1 eV and ve = 10 7 ¥* sec™. The parameter values de-
ed by the exact and the approximate models are in good agreement.

NONSTATIONARY HOLES TRANSPORT

o MNOS device having a gold electrode was used to store a positive charge., Storimg the
from silicon in devices having a thick Si0; layer is difficult because of the large po-
\1 barrier at the Si~Si0; interface and holes are therefore stored in MNOS devices by

:ing a charge from the positively biased gold electrode (Fig. 1, IIla) at a temperature
J0°K. It was established that carrier injection in this case was caused by a thermally
zed tunneling mechanism [3]. To explain the affect of the contribution made by the pos—
injection of electrons from the silicon during polarization, the bias voltage in the

r zones AVyp was compared with the charge in the external circuit. The following e@quation
(6)

AVys > j f—(‘) ;h-

ound to be accurate to within 10%, where jexy is the current in the external cireuit.
om the silicon is small, In

don (6) is satisfied when the amount of electrons injected fr
:ion, direct support for blocking of electron injection from the silicon into the 8isN.
1at charge storage in the control MNOS devices having an aluminum electrode is absent.

Following polarization, a megative voltage was applied to the metal electrode and the
tica of the holes draining onto the metal electrode at different field tensions and tem=—
tures was studied (Fig. 1, IIIc).

An analysis similar to that made for stored charge scattering was made of the kinstics
epolarizing positively charged MNOS devices (Fig. 2). In keeping with the experimental
| (Figs. 2, 4) the kinetics of hole and electron transport agree within the limits of er=

for a given SisN, fabrication technique, i.e.,

0rm0, vt )
jatisfied.

THE MODEL FOR DEEP CENTERS

We will isolate the basic properties of trapping centers: a) the symmetry of the hole
electron traps parameters: the relations ¢4& = ¢4, V& = vB; B) activation energy as
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Fig. 6. A polaron model for carrier trapping in Si;N,ata’
neutral =Si~Si= defect. The configuration diagrams 11lug-
trate multiphonon trapping and the recombination of local
carriers with free carriers of opposite sign: 1I) multi-

phonon capture; II) emission; III) trapping and recombina-
tion; Eg = 4,6 eV,

functions of electric field intensity (the Frenkel—Poole effect) and the large -trappi
tion 0@ = g = 5.107*2 cm? (12] attest to the far-reaching nature of the voltage (a
distances, V1 nm, the voltage is near a Coulomb voltage), and; c) the large recombina
tions for holes and electrons that were observed experimentally in the SisN,: or = 3
co? in (7] and oy = 5+10%*% cm? ip {13], )

The model for a compensated semiconductor (3], in particular the volt—ampere cha

istics of the defects {14], may explain the first two properties, however, they do no
plain the large recombination sections,

It is possible that the properties observed can be explained by a polaron model !
the hypothesis that neural Si3N, defects exist in the zSi~Si= [15, 16]. The bonding
antibonding ¢*- orbitals in such a defect coincide with the edges of the E, and Eec in
(Fig. 6). Localizing holes and electrons Proceeds via multiphonon transition into a:
having negative energy ¢.', The gain in energy due to polarizing the lattice during j
trapping on a defect of radius Ro can be estimated by Mott's formula:

0,22—q%/e,R,; gy tmeg ~l—g-t,

In SisNy €w = 4, € = 7, and the value &¢ = 1.5 eV corresponds to Ro = 0.1 nm. The la:
Ping section in this moedel is qualitatively explained by the fact that the wave functi
the o= and o*- orbitals are very delocalized., The large recombination section 1s expl
by Coulomb attraction of local carriers to free carriers having opposite sign., Parame
that depend on the sign of the charge carrier (e.g., m*) do not appear in Eq. (8), the
the polaron model explains the equality 9¢® = 0,R, The 35i—§1= defects model explains
abgence of diamagnetic centers in unpolarized Si,N. [15]. Equation (8) is inwardly cc
dictory, because the macroscopic parameter €p appears along with the microscopic parar

ZI at characteristic dimensions of which the e concept in the problem loses strict mea
80, the

in Eq, (8),

DISCUSSION OF RESULTS

1 The Principal result of this work is experimental proof that the parameters of ho
: ectron traps in the Body of the SisN. are equal. From this fact and the injective n
conduction in the SisN, [18] we can draw the general conclusion that the sign ef the

Carrier in the SisN, is determined by the barrier, which assures a high level of carri
Jection for 4 given polarity.

the The potential barrier for electrons at the Al-51,N, interface is ¢oe = 2,0-2.1 eV
ativcorresponding barrier for holes lies in the $ob = 2.5-3,0 eV range [19], Even whe
Jec:: voltage 1g applied to the metal (Al) in MNOS devices having a thin §i0; layer, h
lilicon from the Al into the SiaN. 1is negligible in comparison with holes injection fr
leas ;:klél. From here it follows that holes injection from the Al into the SisN. is 1
(beca ely ft a positive voltage in comparisen with electrons injection at another vo:
can use 4ot > gge), Thus, from the barrier parameters at the contacts point of view

¢onclude that when a positive voltage is applied to the metal, electrons are the m:
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contributors to conduction in MNOS devices. In other words, an MNOS device having an alumi-
num electrode is well described by model A. However, the possibility of realizing model B is
not excluded. This variant of conduction apparently occurs in devices having gold or par~
tially silicon electrodes (when V > 0) or with a negative bias on the metals with little work
at the output., Bipolar injection was observed experimentally in a nonstationary mode in [20]
and was analyzed theoretically in (6, 21].

The results of this work do not clarify the nature of the unusually small value of the

frequency factor v, Note that values of.v = 1,2:10% sec™! were observed in [22] and v = 5 x
10* sec™? in [23],

CONCLUSIONS

1. A method of determining the parameters ¢¢ and v for hole trapping centers was pro-
posed and realized experimentally.

2. It was experimentally established that the parameters of deep electron and holes cen-
ters are

O =Dt vo=v
for all three SisN, fabrication techniques.

3. A numerical analysis of the kinetics of depolarizing a negative charge was made.
Charge scattering is accompanied by intense retrapping. Nevertheless, the experiment is sat-
isfactorily described by the simplified model, not considered trapping.

4., A polaron model of holes and electroms trapping on a neutral =5i—Si= defect in SisN.
was proposed.’ In keeping with this model, electrons (holes) were initially trapped in the
antibonding (bonding) orbitals of an Si—Si defect that coincide with the E. and E,, zone edges
in the Si3N.. Carriers were localized by the subsequent multiphonon transition. The model

explains the basic experimental data for the transport of holes and electrons in SisN, quali- :
tatively. ’

5. The equality of the parameters for deep centers and the relationship of potential
barriers for injecting holes and electrons in MNOS devices support using the two-zone mono-
polar model to describe conduction in the SisN., i.e., by electrons when a positive voltage

is applied to the aluminum and by holes when a negative voltage is applied — not by the hole
model proposed in (6, 7].

The authors are grateful :o'I. ﬁ. Yassievich and I, A. Merkulova for their discussion of
the results and to R, A. Sokolov for his help in preparing the specimens,

LITERATURE CITED
l. A. S. Ginovker, V, A, Gritsenko, and S. P, Sinitsa, Mikroelektronika, 2, 283 (1973).

2. L. E. Kurdov, V, V, Pospelov, and B. I. Tsilibin, Mikroelektronika, 2, 363 (1973),
3. V. A, Gritsenko and S. P. Sinitsa, in: Properties of Metal—Insulator—Semiconductor De-
vices (A. B, Rzhanov, ed.) [in Russian], Nauka, Novosibirsk (1976).
4e V. A, Gritsenko and E, E. Meerson, Phys. Status Solidi (a), 62, K131 (1980).
S. S. M, Sze, J. Appl, Phys., 58, No, 7, 2952 (1967). ;
6. C. M. Svenssor, J. Appl, Phys., 48, No. 1, 329 (1977). !
7. E. Suzuki and Y, Hayashi, J. Appl, Phys., 35, No. 12, 8880 (1982).
8. V. A, Efimov, V, A, Kolosanov, and S, P, Simitsa, Phys, Status Solidi (a), 49, 217 (1978)ﬂ
9. P. C. Arnett, J, Appl, Phys., 46, No. 12, 5236 (1975).
10. 4. I, Mal'tsev, V. M, Maslovskii, A, P. Nagin, V. V. Pospelov, R, A. Suris, and B. I.
Fuks, Mikroelektronika, 3, No. 3, 240 (1976),
1l. P, C. Arnett and B, H. Yun, Appl. Phys, Lett., 26, 94 (1975).
12, F, L. Hampton and J. R. Criichi, Appl. Phys. Lett., 35, No, 10, 802 (1979).
13. D. G, Esaev and S, P, Sinitsa, Mikroelektronika, 13, No, 5, 448 (1984),
14, J, C. T. Kirk, J. Appl. Phys., 50, No. 6, 1560 (1979). |
15, V. A. Gritsenko and P, A, Pundur, Fiz, Tverd, Tela, 25, No. 5, 448 (1983). ‘
16. I, A. Brytov, V. A, Gritsenko, and Yu., N. Romashchenko, The Electronic Structure of Amor-
phous Silicon Nitrids [in Russian], Preprint No., 6-84, IFP SO AN SSSR, Novosibirsk (1984).
17. N. F. Mott and A. Davis, Electronic Processes in Noncrystalline Materials [Russian trans-
lation], Mir, Moscow (1982).

18, V. A, Gritsenko, E,E. Meerson, andS. P,Sinitsa, Phys. Status Solidi (a), 48, 31 (1978). t

n



h9 (2200x3054x2 tiff)

19. V. A, Gritsenko, in: Silicon Nitride in Electronics (A, V. Rzhanov, ed.) (in Russian],
Nauka, Novosibirsk (1982),

20. V. A, Gritsenko and E, E, Meerson, Mikroelektronika, 12, No. 6, 580 (1983),

21. A. I. Agafonov, A, F, Plotnikov, and V. N. Seleznev, Zh. Tekh, Fiz,, 53, No, 6, 1089
(1983).

22, K. Lehovec and A, Fedotowsky, Appl. Phys. Lett,, 32, No. 5, 335 (1978),

23, A. Ross and M. E, Mois Williams, Beguwala, IEEE Trans., Electron Devices ED-25, No, 8
1019 (1978).

FRENKEL-LIMITED MONOPOLAR CONDUCTIVITY OF MNOS STRUCTURES

G, V., Gadiyak, V, A, Gritsenko, UDC 621,382
N. A. Romanov, and I, V, Travkov

N

N

The reduction in the thickness of SisN, films associated with increasing integration of
MNOS memory matrices has stimulated research om the physical mechanisms of charge transfer in
dielectrics. There is no unique interpretation of the experimental data. 1In particular, two
models are used to explain the conductivity of MNOS structures:

1. The monopolar two-band model [1, 2], according to which for both polarities of the

potential Vg applied to a metallic contact (Al) charge transfer is realized by carriers in-
jected from the silicon.

2, The hole model, according to which for Vg < O transfer is realized by holes injected

from the silicon, while for Vg > 0 it is realized by holes injected from the Al electrode [3,
4], j

The numerous experimerits on stationary currents in the state of nonequilibrium depletion
or MNOS structures [1, 5] and on the separation of the electronic and hole components of the

current in MNOS transistors [2, 4, 6] do not permit choosing unequivocally one or the other
model,

The first theoretical studies of the transition from the nonstationary to the stationary
state, carried out in [7] and independently in [8), demonstrated the determining effect of

Spece charge on current flow in both states. However, a number of questions have remained
unresolved,

The purpose of this work is a) to clarify the limiting factors of charge-carrier trans—
fer in the nonstationary and stationary states under conditions of polarization of the struc-
ture and b) to make a quantitative comparison of the experimental results on the conductivity
of MNOS structures with Si,N, layers of different thickness over a wide range of fields and
temperatures with numerical calculations based on the monopolar, one-level model.

EXPERIMENT

The experimental data were obtained on MNOS structures with an §10; film thin enough
(20 A) to permit tunneling. The thickness of the Si3N, layer in different structures equaled
dy = 390, 740, 1350, and 2500 A. The silicon nitride layers were obtained from SiH, and NH,
in a low~pressure reactor, Tsyn = 850°C, and SiH,/NH,; = 1:30, The metallic contact consisted
of an A1 electrode with an area of S = 5:10~° cm?®, Silicon nitride prepared in this manner
is characterized By the existence of trapping centers with energy =1.4 eV, which is conveni-
ent for the experimental study of the conductivity because of the insignificant relaxation of
the current when a constant voltage is applied. Since the main evolution is over =1 sec af-
ter the external voltage is applied, after which lomg-time current relaxation with an insig-

:ificant change in the magnitude of the current (=10Z) occurs, the current measured 3 min af-
t:::the onset of polarization was adopted arbitrarily as the quasistationary value of the cur-
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