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Roam temperatue conductane transiens in the SiN, :H/Si interface are reported Silicon nitride
thin films were directly deposite on silicon by the low temperatue electron-cyclotron-resonance
plasmamethod The shage of the conductane transiens varies with the frequeng at which they are
obtained This behavio is explainel in terms of a disorder-induce gap-sta¢ continuun modé for
the interfacid defects A perfed agreemenbetwea experimen and theow is obtainal proving the
validity of the model © 1997 American Institute of Physics [S0003-695(97)03732-7

Presently ultrathin silicon dioxide gates (3040 A) are
requiral as aconsequereof the reductian in the ultralarge-
scale-integratin (ULSI) silicon device dimensions On the
othe hand silicon nitride, SizsN,4, has been successfult used
as an insulato with differert 11l-V semiconductorsTwo im-
portart properties of silicon nitride (SisN,) make it a candi-
dae to substitue silicon dioxide, SiO,, in ultrathin dielectric
structuressilicon nitride has ahighe dielectric constahand
exhibits abette performane as a diffusion barrieg than sili-
con dioxide Neverthelessthe interfae betwea SizN, and
Si is nat as well known as the SiO,/Si interfae and signifi-
cantly highe densities of interfacid states are always dis-
played by the silicon nitride/silicon structure.

In this letter we repot for the first time the existene of
conductane transiens in Al/SigN,/Si structures As we
show later, this behavia is relatal to the existene of a spa-
tial distribution of interface states We use metal-insulator-
semiconducto (MIS) diodes in which a 550-A-thick
SiN, :H film was directly depositd on (100 n-type silicon
by electron-cyclotron-resonaeadECR) plasma at 200 °C.
Silicon nitride films hawe bee fabricatel with a wide com-
position rangé from Si-rich to nea stoichiometré and
N-rich films. For compositiors far from the stoichiomety the
hydrogen content increase and the numbe of electrically
active defecs in the film increase due to the distortion in
bonds inducel by hydroger? in spite of the danglirg bond
saturatiom tha it produces In a previows work® we have
proved by capacitance-voltag (C-V) ard deep-leve tran-
siert spectroscop (DLTS) studies that the electricad proper-
ties of thes films are closel related to hydrogen content.
We observe hysteress phenomea in the C-V curves This
behavio has bee previousy reportel by Lau et al.* and
may be understod by the defe¢ mode suggestd by Hase-
gava et al.>® Thes authos propose that the interface states
are distributed both in energy and in space This distribution
is called disorder-induce gap-sta¢ (DIGS) continuum.
Emission ard captue of free electrors by states located far
from the interface can occu by mean of tunneling
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mechanismé.When bias varies from inversian to accumula-
tion, electrors in the semiconducto conductiom bard are
capturel by emptial interfae states whered when moving
in the opposie direction electrors are emitted from filled
interface states to the conductio bard of the semiconductor.
Since the® processg are tunnelirg assistedthey are slow
ard nonsymmetrical Tha cause the experimenth capaci-
tane values to depenl both on the direction and on the speed
of the voltage variation and therefore hysteress effect are
observed.

Roam temperatue conductane transiens are obtained
when we apply positive pulses in the bias that drive MIS
structures from deg to we&k inversion Subsequentlycap-
ture processs take place in which the empy DIGS states
trap electrors coming from the conduction band This pro-
ces is assistd by tunnelirg ard is time consuming States
nea the interface captue electrors before thos located far-
ther away in the dielectric bulk. In Figure 1we show several
conductane transiens at three frequenciesThe mog notice-
able poirt is that the transiem shage varies significantly with
the frequency For the loweg frequency the conductance
remairs constam at the beginnirg of the transiem and it in-
creass at times longe than abou 1 s. Conversely at high
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FIG. 1. Roan temperatue conductane transiens of Al/SiN, :H/Si struc-
tures at severafrequencies(a) 37 Hz, (b) 71 Hz, and (c) 123 Hz.
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FIG. 2. (a) Schematt bard diagran of an I-S interfae illustrating the
captue of electrors by DIGS continuun states during a conductane tran-
sient (b) Gener& shae of the conductane transient.

frequeng we obtainel decreasig transientsAt intermediate
values the transiens have a mixed behavior first they in-

crease then readr a maximun value and after that they
decreas towards astationay value.

Conductane transiens can be explainel in terms of the
spatia distribution of the interface state€ When the states
are spatially distributed the electron emission and capture
processg involve both thermd excitation and tunneling In
Figure 2(a) we shav a schemat of the insulator-
semiconducto (I1S) structue during a transient Eg and E'F
are the relative locatiors of the Ferni leved with respet to
the interfae states before and after the pulse In this plot we
also draw lines correspondig to the states having the same
electra emissia rate? The point x.(t) is the distan@ cov-
ered by the front of tunnelirg electrors during the time t.
This distane is giverf’ by

Xen(t) =Xon IN(0on0 thnNst) 5 (1

wher X,,=h/4m(2meHers) Y2 is the tunnelig decay
length, o, is the electroy captue cross sectim value for

x=0, vyn, is the electran therma velocity, and ng is the free
electran densiy at the interface In orde to make estimate
Xen(t) we usel the following values of the different param-
eters DiMaria and Arnett'® reportel a heigh of 1.9 eV for

the silicon-nitride/silicon energy barrier, Hets . That gives a
value of 1.25 A for x,,. Empiricd data for o, are typically

in the range 05-5x10 4 cn?. Assumirg wee inversion
conditiors (ng=~10"" cm™3) we concluce tha the front of

tunnelirg electrors reachs deptfs of 28.8 31.7, ard 343 A

after times of 1, 10, ard 100 s, respectively.
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It iswell known that only those traps with emissia and
captue rates of the sare orde of magnitua than the fre-
queny hawe non-zeo contributiors to the conductancé!
Let us assune in Figure 2(a) an experimenthfrequencywy,
ard tha only those states with emissia rates in the range
wp*Aw have non-negligible contribution to the conduc-
tance At the beginnirg of the transiet the front of tunneling
electrors is very close to the interface Therefore all the
states capturirg electrors hawe emissio rates very much
highe than the frequengy ard do not produe ary chang in
the conductane of the structure When x.(t) reachs the
point A, the states with emissio rate equa to w, ard with
enery slightly highe than Er give some contributian to the
conductane signal After that more ard more states are sub-
sequent} incorporated When x.(t) reachs the point B the

rangew,* Aw is completed. In summary, the conductance

signd increase during the time employaed in going from A to

B. From then the states contributirg to the conductane at a

timet’ arethos indicatal by the segmenhP Q. This segment
moves from B to C following the equi-emissia lines ard the

instantaneasi conductane is proportiond to the densiy of

states in this segmentOnce x.(t) reachs point C the states
with emissia rates in the measurald range now hawe ener-
gies abowe the Ferni level, Ef, and remah empty. After-

wards no contributian of the interfacid states can be mea-
sural and the conductane reachs astationay value Asthe

profile of states usualy decreasgwith x, the shag of the

conductane transiet is like tha plotted in Figure 2(b). For

the frequencyw,, the initial situation correspond to some
point betwea B ard C and the observe transien will fol-

low the interfae states profile. Finally, the transiem corre-
spondimg to the frequencyw, is similar to that for w, but

with an additiond delay This modé explairs our experi-
mentd transiens of Figure 1. Curves (b) and (c) correspond
to the case of wy, and w. in Figure 2(a). In the ca® of the

lowed frequeng (37 Hz) the transien is eve increasing.
The 50 srecod seens nat to be long enoudp to complet the

measurald emissia rate range for this frequeng due to the

fact that the time needd by electrors to read deepe posi-
tions in the insulata exponentialy increass with the dis-

tance.

In addition we hawe mace measurementkeepirg con-
stant the frequeny and varying the temperature We have
detectd conductane transien at temperature as low as
200 K. This fact suppors the assumptia of tunnelirg as-
sisted (i.e., temperatue independent captue process Be-
sides as the temperatue decreasgthe transiens are modi-
fied in a similar way as when frequeng is increasd at
constamntemperaturethe lower the temperatue is, the faster
the transiens become That is easiy explainal taking into
accoun the fact tha the emissian rate is a function of the
temperatureas temperatue decreasethe emissim rates of
all interfaee states exponentialy decreas arnd the equi-
emissio lines shift approachig the interfaee and shorter
distancs hawe to be coveral by the front of tunnelirg elec-
trons.

In conclusion the anomalog conductane transiens ob-
serval in the SizsN,/S interfae are very well explaina with
the modd of a spatid distribution of interface states and
confirm the assumptios of this model Moreover we show
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that the sham of thee transiens is closel related to the
spatid and energett distribution of the interfae states We
are preseny increasig our efforts to obtan a precis for-
mulation for thes transiens allowing one to derive the spa-
tial and energett distribution of interfae states from the
experimentbmeasurements.
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