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We present a microscopic analysis of the influence of the spatial correlations between local diffusion
noise sources on the noise calculation in a submicron GeAs* diode under different applied
voltages. The simulation is carried out using an ensemble Monte Carlo simulation. We demonstrate
that in the case of submicron nonhomogeneous structures the use of the diffusion coefficient to
characterize the local noise sources is not correct, specially under far-from-equilibrium conditions.
The nonuniformity of the electric field and the nonstationary behavior of the electrons lead to
significant changes in the spatial correlations with respect to the case of an homogeneous
semiconductor. Therefore, the diffusion noise at the terminals must be calculated in terms of the
correlations between the local noise sources19®5 American Institute of Physics.

It has already been demonstrated that noise sources
placed at distances of the order of the mean free path of the Dn(f):% Dym(f). 1)
carriers inside a semiconductor are correldtédThe impor-
tance of these correlations in homogeneous materials d&he details of the theory underlying this decomposition were
pends on the distance, the electric field and the type oflescribed in a previous work.
semiconductot® The correlation length(distance over In Ref. 5 it was shown thab(f) corresponds to the
which the correlation persigtgecreases as the electric field Iongitudinal diffusion coefficient when the field and carrier
increases, and is longer in GaAs than in Si because of thdistributions are homogeneous over distances longer than the
different type of scattering mechanisms predominating. co.rrelation length. This is not the case of the structure we are
The diffusion coefficient is usually employed to charac-9°ind to analyze, where the valuesif,(f) are expected to

terize the local noise sources when calculating dif“fusionbe modified by the nonhomogeneity. We study a GaAs

o : . : "~ n*nn" diode. The impurity density is 16 cm™2 in the
noise in device§ thus assuming that the spatial correlations._ . . 5 o . .
. : “n* regions and % 10'° ¢cm™ 2 in the n region. The dimen-
related to a given point are the same as those present in _a ) -
. . ... _sions are: 0.3 and 0.4m for the source and drain™ re-
homogeneous semiconductor under stationary condition

in th ¢ h devi jons, respectively, and 0,6m for then region. The initial
However, in the case of nonhomogeneous devices, sever mber of particlegto assure charge neutralitis 29 200.

factors (nonuniformity of the electric field, nonstationary opmic boundary conditions are applied at the ends of the
transport may change the behavior of the spatial correlationsstrcture, where the number of carriers is updated every time
with respect to the case of an homogeneous material. Thesgep. The carrier kinetics is simulated during 1 ns divided in
effects are important on the noise at the terminals when th@me steps of 10 fs. The values B¥,(f) are calculated by
length of the device is of the order of the correlation length,Fourier transform of the cross-correlation functions of the
i.e., in submicron devices. velocity fluctuations obtained from the simulations. During

The purpose of this work is to study the importance ofthis study the field profile is fixed to its stationary value,
the above-mentioned effects on the diffusion noise in a subevaluated previously by averaging over 50 ps in which the
micron GaAsn*nn* structure, where the nonhomogeneity field is updated at each time step by using a one-dimensional
is introduced by then™-n homojunctions. The analysis is Poisson solver. The material parameters and scattering
performed by using an ensemble Monte Carlo simulation. mechanisms taken into account in the simulations were de-
This method allows the calculation of the noise without in-Scribed in previous works?

troducing anyad hocsupposition about the properties of the ~ We have analyzed three situations, one of them corre-
noise sources or their correlations. sponding to equilibrium, and the other two to bias voltages

In the simulation the structure is divided into cells of 100 ©f 0-15 and 0.6 V. The stationary profiles of the free-carrier

A each, and the cross correlations between the mean Veloc(fpncentration, electric field, velocity, and energy are plotted
. : . . In Fig. 1. The results obtained for the low-frequency value of
ties of the carriers inside each of them are calculated. Th in the n region of the structure are presented in Fig. 2

spatial correlations are studied by decomposing the nois%” 9 P 9. <

lated t h ted b i ) into th gether with the value of the longitudinal diffusion coeffi-
related to cefh, represented by a magni uﬁ)e,.( ), into the cient (for homogeneous GaAs with the impurity concentra-
contributions coming from the correlations with near calls

tion of the n region corresponding to the electric field

Dam(f), so that present at each position. Figure 3 shows the contributions to
D,(0) in certain positions of the sample coming from the
¥Electronic mail: tomasg@rs6000.usal.es correlations with close cellf,(0) (for the sake of clear-
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FIG. 1. Profiles of(a) free-carrier concentratiofib) electric field,(c) veloc-
ity, and(d) energy, as a function of the position in the structure. The applied

voltage is: 0 V(solid line), 0.15 V (long dash, 0.6 V (short dash . . . . .
this case the diffusion coefficient can be used to characterize

the noise associated with each position.

ness we do not represent them when they become negli- Figure Zb) presents the results obtained for a bias volt-
gible). age of 0.15 V. In this case, both sets of values only agree in

At equilibrium Fig. Za), both sets of valueeD,, and the  the central part of the sample. The differences can be ex-
longitudinal diffusion coefficientare similar within the un-  plained by comparing the decomposition @f,(0) into the
certainty of the calculations, which we estimate to be 15%spatial correlation®,,(0) with the homogeneous cager
This agreement can be explained taking into account how then electric field of 2.5 kV/cm, which corresponds to the
cross-correlations behave inside the sample. Figu® 3 mean field in then region of the diode[Fig. 3(b)]. Only in
shows the decomposition d,(0), at the positions 0.35, the center of then region the spatial dependence of the cor-
0.6, and 0.85um, into the spatial contribution®,,(0), as  relations is similar to the bulk case. When the electrons enter
well as the values obtained in homogeneous material ahe n region (coming from the sourgethey are practically
equilibrium?® The exactness in the curves of tiénn* thermal, and must cover some distance before their energy
structure is lower because the number of particles simulatednd velocity take the values corresponding to the electric
in each cell is lower than in the homogeneous case. In facfjeld present in then region[Figs. 1c) and 1d)]. Near the
spurious spikes and spatial fluctuations are observed whesecond homojunction the velocity and energy decrease due to
the correlation vanishes. The behavior of the spatial correlathe thermalizing effect of the drain™ region. Thus, the
tions in then*nn* diode is quite similar to that in the ho- electrons only reach the steady state corresponding to the
mogeneous sample, specially for positions insiderthre-  electric field along a zone of 0.8m in the center of the
gion where the electric fielfFig. 1(b)], velocity and carrier region, and it is there where the spatial correlations are simi-
concentration are unifornfFig. 1). Only slight deviations lar to the homogeneous case abg(0) corresponds to the
appear near the-n* homojunctiongdue to the electric field diffusion coefficient. Elsewhere, inside thé nn* structure
associated with the built-in potentjadnd inside then™ re-  the correlations show a different behavior, leading to values
gions (due to the higher efficiency of impurity scattering, of D,(0) lower than the diffusion coefficient corresponding
which reduces the correlatiomsWe can conclude that in to the local electric field. The differences are stronger in the

686 Appl. Phys. Lett., Vol. 67, No. 5, 31 July 1995 Mateos, Gonzalez, and Pardo



corresponding to the mean field in theegion of the diode
[Fig. 3(c)]. Near the source, similar effects to the previous
applied voltage take place. As the carriers advance along the
n region the free paths increase, and as a result the velocity
correlations persist over a longer time and distance, leading
to very high values ofD,(0) [and consequently of
D,(0)]. Near the drain junction the intervalley scattering
mechanismsgisotropig between thd” and the upper valleys
are dominant. This fact produces negative values in the
cross-correlation functions which loweD,,(0) and
D,(0),>%%and the correlation practically disappears inside
the drain. Therefore, in view of the results obtained under
far-from-equilibrium conditions, we must remark that the use
of the diffusion coefficient to characterize the noise associ-
ated with each position in the* nn* structure is not correct,
and the different spatial correlations must be taken into ac-
count.

In conclusion, we have presented a microscopic analysis
of spatial correlations between local diffusion noise sources
in a GaAsn™nn™ diode in order to investigate the effect of
the nonhomogeneity. By using an ensemble Monte Carlo
simulation we have avoided argy priori assumption about
the behavior of the noise sources. The results show that the
diffusion coefficient cannot be used to describe the local
noise sources when calculating diffusion noise in shast
compared with the correlation lengthonhomogeneous de-
FIG. 3. Contribution to the low-frequency value Bf, in cells located at ~ vices, specially far from equilibrium. The nonstationary
V) 0-33/:m6 g) 0-4me, (h<>) 0.5 um, (O) O-GIMm, %A)oogé“m’ (E) 8-2 transport and the nonuniformity of the electric field are re-
Zm ‘:\':]d(( é).O.SlgTu’rr]Og tegu‘?l?;rlﬁ?ﬂc%rg:ﬁg S;rztrf] t)he‘coﬁgéiio; i  Sponsible for a behavior of the spatial correlations different
cells at different distance®,,,,. The full circles correspond to the value of 1O the case of an homogeneous semiconductor. Thus, in such
D obtained for a sample of homogeneous G#4h the doping of then  devices, the noise must be analyzed by taking into accoiunt
;ﬂgﬁ‘? :;ic"’tlﬂr:_'ﬁgcbfi'aeédvf’ﬂ;;;o;gee';&ﬁgrifl'ﬁLd, ('l;') g"_elesg'\?’”aﬁg(tge all the individual cross correlations, instead of describing it
06V through the diffusioin coefficient corresponding to the local
electric field.
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vicinity of the drain homojunction, where an important num-

ber of randomizing scattering mechanisms takes place due

the high energy of the electrons. These mechanisms make tRé\-14/14/92.

correlation disappear for very short distances inside the

drain. However, near the source region the carriers are

practically at equilibrium, and the only effect modifying the

correlation is the presence of the field due to the built-in )

potential. Thus, the correlation extends over a longer dis-lfigza’\'ougieﬂ J. C. Vaisgie, and C. Gontrand, Phys. Rev. Léit, 513

tance, mamly in the source direction. . . 2p, Lugili, R. O. Grondin, and D. K. Ferry, ilthe Physics of Submicron
The effects related to the nonstationary motion of the Structuresgdited by H. L. Grubin, K. Hess, G. J. lafrate, and D. K. Ferry

electrons are higher as the applied voltage is increased, aspienum, New York, 1984 p. 211.

can be observed in Fig. 1 for a bias voltage of 0.6 V. The®J. P. Nougier, C. Gontrand, and J. C. Vaissjén Noise in Physical Sys-

electrons do not exhibit the velocity and the energy corre- tems and 1/f Noiseedited by M. Savelli, G. Lecoy, and J. P. Nougier

sponding to the field. There is an overshoot in the veIocityA(DE'TVI':er'rrAmf‘tdergag' é%s":’]‘;idli s of Submicron DevicgBlenum

and the steady state is not reached at any position inside thq\l-ew.Yo?k,ylggm, 5. 360, ondinFhysics of stbmicron Devicesienum,

n region. Moreover, while for the previous bias points the s; wateos, T. Goritez, and D. Pardo, J. Appl. Phy#?7, 1564(1995.

electric field was uniform along an important part of the  6k. M. van Viiet, A. Friedmann, R. J. J. Zijlstra, A. Gisolf, and A. van der

region, for 0.6 V it is strongly nonuniforrtas compared with Ziel, J. Appl. Phys46, 1804(1975.

the correlation length All these factors increase the dis- ;C- Jacoboni and L. Reggiani, Rev. Mod. Phgs, 645(1983. .

agreement betweed,,(0) and the diffusion coefficient asso- T. GonZ#ez, J. E. Velguez, P. M. Gutigez, and D. Pardo, Semicond. Sci.

. . . g . .. Technol.6, 862(199)).

ciated with the local elec_tnc flelﬁFlg_. 20)]. l_\loyvhere_ inside _9G. Hill, P. N. Robson, and W, Fawcett, J. Appl. Phgs, 356 (1979.

the structure do the spatial correlations coincide with those iR, Fauquembergue, J. Zimmermann, A. Kaszynski, E. Constant, and G.

the homogeneous sampl@r an electric field of 10 kV/cm, Microondes, J. Appl. Phy$1, 1065(1980.

Appl. Phys. Lett., Vol. 67, No. 5, 31 July 1995 Mateos, Gonzalez, and Pardo 687



