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Generation-recombination noise analysis in heavily doped p-type GaAs
transmission line models
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T. Kleinpenning
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(Received 5 May 1995; accepted for publication 4 December)1995

Low-frequency noise measurements are performed on heavily gepgik GaAs transmission line
models. Excess noise exhibitsf doise and generation-recombinati@®R) noise components. A

study of the GR components vs device geometry shows the spectral densities due to contact
resistances to be negligible. Thus the noise sources due to the volume resistances are predominant,
and have to be located in the bulk layer or in the space-charge region of the devices. These two
possibilities concerning the location of the GR noise sources are investigated. For both cases,
expressions for the variance and the relaxation time associated to fluctuations in the charge carriers
are given. The comparison between the experimental data with the theoretical results shows that the
GR noise sources are located in all probability in the space-charge regiorl99® American

Institute of Physicg.S0021-89786)02406-9

I. INTRODUCTION The p™* GaAs base layer is very heavily C-doped, with a
_ _ . _ ; =A% 108 em 2. ; ;
Heterojunction bipolar transistorddBTs) are of great doping equal tep 4x 10" cm™®. The thickness of this

interest for many microwave applicatiohgjue in part to layer is 90 nm.

their supposed fgeble low frequgr?cy noise level l—ﬁ)owever i Devices with different lengths between contacts are
e o ' “available:L;=5 um. L,=15 um, L;=30 um, and some-

turns out that low-frequency noise measurements in AIGaAs%i\ 19 HT -2 pt -3 K

. . . mesL,=130 um. The width of these devices is §im.
GaAs H.BTS exh|b|t_ excess nholse 020_ r?po_sed ¢fridise _anq The measured resistanBeof these devices comprises a
generation-recombinatioi@R) noiseZ > This excess noise is

: -~ = _volume resistanc®,, and two contact resistanc&s . These
often assumed to come from the base layer. This article is fasistances are related by

contribution to the study of GR noise in the base by perform-
ing low-frequency noise measurements on base-related trans- R=Ry+2R.. 1)
missi.on line models TLMs. Coqduction takes place in theFOr all samples, R, measured was always aboutB
heavily dopedp-type base and is analogous to that of the
base current. _ o lll. EXPERIMENT

In Sec. I, the structure of devices studied is given. In
Sec. lll, measurements are presented. The spectral densities Low-frequency voltage noise measurements were per-
show 1f and GR phenomena. Their decomposition into sevformed in the range 1 Hz—100 kHz using a FFT analyzer.
eral components is explained. In Sec. IV, a study of noise v&are was taken that whatever the bias current, devices al-
length between contacts will permit one to distinguish be-ways exhibited an ohmic behavior. Thus we can write for the

tween contact and volume noise. In Sec. V, theoretical exspectral densities:

pressions of the variance of the spectral densities and of the S S S
. . . | P R
GR time constants are established. Experimental results are —= 5= —=— 2
: . < P R
then discussed. In Sec. VI, noise measurements vs tempera-
ture are presented. with Sy, S;, Sp, Sy the spectral densities associated to fluc-

tuations of voltage, current, charge carriers, and resistance;
V, I, P, andR being the voltage, current, number of free
Il. DEVICE STRUCTURE charge carriers, and measured resistance, respectively.

Transmission line modéTLM) test structures consist of All spectra showed excess noise composed of @dm-

various resistances. The values of these resistances are det& _r_1ent, _se\7/e'£al gﬁn_lt_al_rz,\ajlon—recomlbgqathr! compon((jants, and
mined by the distance between the contacts. In this study, thi |tedn0|§e. 0: a S, sp?actra hegsn!ehs vk\]/erﬁ Iecofma
devices are constituted of all the layers from subcollector tP0sed using a least square fit method with the help of the

base of the associated AlIGaAs/GaAs HBTSs. following relation:
A schematic cross section of the device is given in Fig. b 2 C;
1. Devices are issued from a metal-organic chemical vapor SR=?+21 m+SRwhite (€)
i= i

deposition(MOCVD) process. A layer of AlGaAs of a few
nm thick only is left between contacts. This layer is com-with b the value at 1 Hz of the 1/noise,C; the value of the
pletely depleted and acts as an electrical passivation Redgeplateau of the GR component with the GR time constant.
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% with Sk, andSZRc the GR spectral densities associated to the
% L volume resistanc®,, and to the contact resistancBs, re-
pm

depleted .
A% s spectively.
90 mm GaAs i, 4o 3 Generation-recombination spectral densities due to the
volume resistance obey the following law:
600 nm GaAs =2 10"
Sk z
1000 n GaAS o g 1% v 2 _AnA @
Ry P =1 1+w

Gads S.1 with P the number of carriers in tha»type layer,r; the time

constant, and\; a parameter related to the plateau of the GR
FIG. 1. Structure of a TLM. component. L

The varianceA P? associated with the fluctuations of the
charge carriers is given by

7; IS associated to the cut-off frequency by 5

- ©  4ArA; df
1 AP?= f S, df= — =2 A. (8
=5 (4) 21 o 1+(2mm)%f? .21 i ®
|
The white noise is defined by haV(le:or the GR spectral density due to contact resistances we
S\/White
Srwhite™ 72— - 5) J Kt
[ i
SR 2 T 2 9

The voltage white nois&, i in the case of TLMs is ther-

mal noise 4TR calculated with the value of the measured With K; a coefficient independent of length

resistanceR. An example of a spectrum decomposed into its As P, Ry, and APZ should be proportional to length

different components is presented in Fig. 2. between contactg, relation (6) becomes with the help of
All the spectral densities exhibited a quadratic evolutionrelations(7) and (9):

with bias current. In this article we will be interested only

z y

in the GR noise. 1
Z'1+22 2’114—0)] 19

IV. EVOLUTION OF SPECTRAL DENSITIES WITH with K; andK; coefficients independent of length

LENGTH Hence, if noise due to access resistances is predominant,

In order to distinguish between noise due to the acces80 evolution with lengtfL is to be seen.

resistances and noise due to the volume resistances, a study

of the GR phenomena vs lengthbetween contacts must be

performed. B. Experimental results

A. Theoretical expressions It is possible to estimate values &P?/P? from experi-

As fluctuations in volume resistances and contact resismental results. In the ohmic regime, the quanfiy?/P? is
tancegcf. relation(1)] are uncorrelated, the measured spec-defined by
tral density of the GR noise is such as 52

AP?2 (=S,  (=SR, SZA
Sr=Sgr,t SR, (6) p2 _fo Edf—fo R? df=—57— 11

with S, and SRU the GR spectral densities associated with
fluctuations of carriers and fluctuations of resistance, respec-
tively.

By integrating the expression for the GR noise given in
relation (3), relation(11) becomes

z

AP? 1 C 12
p? _4R5i=1 T )

We estimated the ratia P2/ P? for different TLMs using
values of the GR plateaus and time constants issued from the
105 decomposition of the Lorentzians. An example of values
with an accuracy of 10% of P?/P calculated using relation
(12) and values oP is given in Table I.

FIG. 2. Noise spectra for various base currents of TLM with length between 52/ 02 . .
contactsL =30 um. Decomposition of a spectral density into its different The evolution ofAP*/P* with Iength L is studied. We

components. have reported values &fP?/P? vs 1L in Fig. 3.

i D (N
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TABLE I. Values of the measured resistarRg of AP/ P, and of 1P for

3x10-13 | — — R,
different TLMs of length between contadtg= 30 um and for a bias current * o
=8 mA. -
rd
-
AP? 1 g 2x10-13 ) ///
TLM R, (@) B B g -
< s

1 121 9.2¢1073 1.9%10°%0 j_ ., ///,

2 113 6.3x10°° 1.2x10°%0 el P

3 109 541073 1.2x10°10 @ o«

0 -

0 20 40 60 80 100 120 140

By considering the fact that the number of carri€rss L (zm)

proportional toL, the experimental evolution is
AP%xLS with 0.8<s<1.

According to relation10), each GR component must be
analyzed separately. We then can st&gys lengthL when
f—0. The evolution withL of the plateau extracted by fit
has been plotted in Fig. 4 for a GR component with a cut-o
frequency of about 45 kHz at room temperature.

In Fig. 4 we observe a linear evolution of the GR pla-
teaus withL. Thus the noise due to the access resistances RCR:
not predominant at larger values lof The same results were
obtained on analogous nonpassivated devices. This leads ¥ GR NOISE FEATURES IN THE BULK AND IN THE
the assumption of GR sources located in the volume or at théUNCTION
p* "-GaAsh-GaAs interface.

FIG. 4. Plateau vs length between contdct®r TLM 2 at | =8 mA.

is that conduction also takes place on about 10 nm in the
SCR on then-GaAs side. Even if this leakage current is

gsmall, it can contribute to a GR process revealed by noise
measurements. In view of these simulation results, the GR
noise sources can indeed be located in the bulk or in the

Expressions for the variance and the relaxation time as-
sociated to GR phenomena are given hereafter. We consider
two cases: first GR noise in thg" *-GaAs bulk, and then

The electrical isolation of the-n Jun<+:tJ|ron should be  op 5ise in the space-charge region betweerpthe-GaAs
sufficient for limiting conduction in thep™ "-GaAs layer. and then-GaAs

However, leakage currents in the space-charge region on the
n-GaAs side must be considered. The percentage of leakade Noise due to traps located in the
currents may not be negligible due to the low thickn@ss0

nm) of the p” "-GaAs layer. Another interest of the simula-
tion of the current in this TLM is that the conduction is the
same as that of the base current in a HBT.

Hence, a bi-dimensional simulation has been performe<§1
on the structure centered around tpé "-GaAsh-GaAs
junction. Results of the current density distribution in the
device is given in Fig. 5.

The peak of the current density seen in Fig. 5 should be
due to the passage of carriers into a zone of higher mobility.

C. Simulation

p**-GaAs bulk

The material studied here is a heavily doppdype
aAs layer. Regarding its high doping 0k40™ cm ™3, the
material is considered to be degenerate. The varidrfee
haracterizes generation-recombination noise. In any case it
olds thaﬁ2 has to be equal or smaller th& From the
values ofA P?/P presented in Table |, we gatP? < P.

Je (A/um?) (x 10'2)

The major part of the conduction is located in the 90 nm of 1 ]
the bulk layer, but the interesting part of the result obtained 18000
16000
14000
12000
-11 ¢ TLM "Base" 1 ]
7xig'“ v TLM "Base" 3 ¢ 10000
Sx10-12 . 8000
I U - 6000 |
PY e 1
S . 4000
102 * 7= glope 1/L =
75103 . P 2000 3
5x10°13 7 0 3

3x10 -

0.07 0.08 0.09 0.1 011 012
10* 105 106 GaAspt+ | GaAsn
1/L (m1
(m™) Depth (um)
FIG. 3. AP?/P? vs length between contacts FIG. 5. Simulation of conduction in the TLM.
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1. Theoretical expressions Levinshteinet al!! finds values ofo of the same order of

. = . . magnitude as those measured here; but for nondegenerate
Theoretically, the varianc& P~ for semiconductors is GaAs

given by’
1 B. Noise due to traps located in the space-charge

2: .
AP 1/P+1/P++ 1/ Z+—P1) (13 region

Let us consider recombinations in the space-charge re-
with P the number of free charge carriers in the valencegion (SCR betweenp®*-GaAs andn-GaAs!* Since the

band, Py the number of traps occupied by holé; the  conduction is determined by the" * bulk layer, we have
number of traps.

P; andZ; are related by P=P,+P1~P,, (18
P; e(ET—Ep)/KT oY AP=APy, (29
A A9 6=6,+Gi=(au, P, +auiPIIL?, 20
with f; the density of probability of traps filled with elec- AR AGZN AG%N uq\2 AP? 21
trons, Er the trap energy, anll¢ the Fermi level. R~ G2 G2 |\, P% @D

In this material, the Fermi level is located at about 3.5 . . iy .
KT below the top of the valence band at room temperature\{vIth P, the number of holes in the™ *-GaAs layery, their

As t lie in th tb h that>3.5. In thi mqbility, P, the number of holes in the SCRy their mo-
ca?serafhse I((:xlnressiognaiif%qliJsSsirr:a izgd anag becomgs ° bility, G, the conductance of the™"-GaAs layer, ands,
’ P P the conductance of the SCR. Due to the high dope we have

1 m,~50 cnf/V s. The value ofu, is determined by the dope
1P+ eVzZe (15 and the electric field in the SCR, it amounts tg~150
T cn?/V s. The ratiou,/u,~3 is in accordance with the peak

The theoretical expression of the GR time constant is givein Fig. 5. Consequently, we have
oy AR AG7_ AP P 1
= ~ <9 —S<—.
L ovg ( Z: RZ - GZ °pz ~Upz<p

Q Zr— Py Note that the experimental values in Table | confirms this
inequality.

A theoretical analysis of the variance and of the GR time
constant is performed. The expressions used are established
in the Appendix. Two cases must be considered. Relations
obtained are summarized below:

For a low trap density, the variance is expressed by

AP?

(22

+ PT) (16)

with vy, the thermal velocity() the volume of sample con-
sidered, andr the capture cross section of the trap.

As y=3.5kT, the expression for the time constantan
also be simplified and becomes

—1_ OUth
T l=—— (P &+2Zy). (17) —
Q AP2~z;WL/y. (23
In our case;~0.37 (nm) L.
The GR time constant is given by
Experim'enta_lly, for device; with =30 um, thg number 7 1=2g0vyN, e ET/KT (24)
of free carriers in the bulkl® is P=8.6x10°. This result _ . _
combined to the values &P P given in Table | leads to a With N, the density of states in the valence band.

2. Experimental results

value of the variance kP2 ~ 8.2 X 10/, e.g., for TLM 1. For a high trap density, the variance is expressed by
SinceA P? < P, according to relatiofl5), the approximation —  w(ztN,)YWL -
AP? = Ze™Y has to prevail. Phenomena are observable 1 2y € @9

when E;—Eg<4kT° Using y~3.5, we obtain

Z;~2.7x10°. This leads to a density of traps of at least

zr~1.3x10"° ecm ™3, 7 1=20v4(z:N, ) Y2 ET /KT, (26)
With a mean value of of 3X10 ° s at room temperature

for the GR component considered, this gives a capture crosg. TEMPERATURE DEPENDENCE OF THE

section o of about 4<10 2% cn? with relation (17). This  VARIANCE AND RELAXATION TIME

value is much lower than those usually published for know

hole traps in bulk GaA¥ as well as the cross section of a o

single electror(10™2? cn?). Therefore, it is possible that the Experimentally, the variancA P? is found to be much

cross section might be thermally activated, as can be obewer thanP,. The temperature dependence of the variance

served by Levinshteiret al’* Then o can be written as was experimentally found to be slight.

o=0pexp(—E,/kT) with o, a prefactor independent on According to Eq(15), for bulk phenomena, the tempera-

temperatur”'® and E, the carrier barrier height energy. ture dependence is approximately given by

and the GR time constant by

"A. Study of the variance

J. Appl. Phys., Vol. 79, No. 6, 15 March 1996 Pascal et al. 3049
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10 TABLE IIl. Signature of traps: energy extracted from an Arrhenius plot of

In(7T2) vs 1000T.
10° » E=640meV
It ’ . e E (meV)
o ¢ o
" ; 4 E=480meV .
I A / < E;=300 meV 420
eS I 280
=107 J & 820
/‘ .
10° ’
/’
:
‘0“‘3 4 s p ; 8 dependence of the relaxation time, it seems to be most obvi-
1000/T (K- ous that Eq(24) prevails. The temperature dependence- of

is determined by the temperature dependencesr0b,,

FIG. 6. Arrhenius plots of InfT9) vs 10007 for TLM 2 with L=30um N, T%2 and the exponential factor exp€/kT), thus
at|=8 mA. Slopes of lines are proportional to an energy representing the 2
7 1cT? exp —E,— E7)/KT.

signature of traps.
It is here not possible to establish which part of the activation

— _ energy can be ascribed to the traps and which part to the

2 y — .

APT~Zy e Yorexp(— B /KT). cross section. Values dE=E_ +E; are extracted from an
For SCR phenomena, Eq25) predicts AP?xexp(—E;/  Arrhenius plot of IngT?) vs 10007. Results are given in
2kT) and Eq(23) givesAP2 « y~ !« T, thusAP2should be ~ Table Ill.
weakly dependent on temperature. Recent measurements performed on CBE-grown TLM

In view of these results we can conclude that the GRWith the same structure as those studied here showed no GR

noise most probably stems from the SCR with a rather lonfomponents. Traps observed on devices analyzed in this ar-

trap density. Experimentally we obtain, according to Eg.ticle may thus be induced by the epitaxy technique.
(21): By considering the evolution of the variance and of the
—_— = GR time constant with temperature, traps must be probably
AP?=(AR?/R?)P?9~7x 10°. located in the SCR.
With the help of Eq(23) the trap density is then found to be
z;~10"® cm 3, VIl. CONCLUSION

Low-frequency noise measurements prype GaAs
B. Study of the time constant very heavily doped exhibit generation-recombination compo-

In the bulk region, if Eq(16) prevails, this energy has to nents. The noise due to contact resistances was shown to be
be ascribed to a thermally activated capture cross sectioﬁ‘,egligible' The generation-recombination noise sources were
thus o(T) = o exp(— E,/kT) with o, a prefactof2!3 Since found to be located in the bulk region or in a space-charge
thep* *-GaAs layer is ?jegenerated the number of free hole&€gion of the device. Expressions for the variance associated

is nearly independent of the temperattft@he thermal ve- to charge carrier fluctuations and expressions of the GR time
locity is proportional toTY2 We then get constants are given for each case. For bulk noise sources,

noise vs temperature measurements were performed. Signa-
-1 1/2 _ _
7l TY2 exp(Er— Ep— Ey).

ture of traps, that is the energy and capture cross sections
Therefore we have made an Arrhenius plot ofAft?) vs  Were extracted. Capture cross sections of traps were shown

10007 (see Fig. 6. Three energies and prefactors were ex-{0 be probably thermally activated. However, to our knowl-

tracted from the slopes of the lines. The results are given ifdge, no thermally activated cross sections have been re-

Table II. ported forp-type GaAs in the literature. We can therefore
The signature of traps estimated here cannot be confSsume the GR components observed to originate from the

pared to those reported in the literature fotype GaAs%’ space-charge region or at tpen junction interface.

Published results are given for nondegenerated materials and

the capture cross section is not thermally activated. ACKNOWLEDGMENTS

When GR phenomena originate in the space charge re- \ye would like to thank Mrs. Chantal Dubon-Chevallier

gion, then Eq.(24) or Eq. (26) applies. In view of the ex- and Mr. J. Dangla from the CNET BagneuRrance for
perimental results of the variance and the strong temperatugqupwmg devices.

TABLE IlI. Signature of traps: energy and capture cross sections extracte@PPENDIX: THEORETICAL ANALYSIS OF GR
from an Arrhenius plot of InfT%?) vs 10007 PHENOMENA IN THE SPACE-CHARGE REGION

E (meV) o, (crrP) In order to derive expressions for the variamx:Bf and
— the relaxation time of the GR process, we consider the en-
480 6.7X10 : S
300 2 %% 10-15 ergy band diagram as sketched in Fig. 7. The space-charge
640 17104 region has traps that produce GR noise. The band bending of

3050 J. Appl. Phys., Vol. 79, No. 6, 15 March 1996
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«pGaAse——— SCR — . nGaAs

i
0

£=-90 nm

FIG. 7. Energy band diagram of the TLM.

V(X)=—Vp(2X\ —x2)/\?
with

A=(2€Vp/qNp)*?~300 nm. (A1)

Here € is the dielectric constany/ is almost equal to the

band gag1.4 V), Ny the donor density im-GaAs, anch the

junction width. The relevant part of the SCR is given by

0=x<\, here we can make the approximation

V(X)=—2VpX/\. (A2)

- N[N [
AP§=f f J S (x,x",w)dx dx df
oJoJo

:j)‘ pikx)z;eff
0 pz‘x)+z$,eff
With the help of Eqs(A5), (A6), and(A8) the variance can
be written as

dx. (A10)

— J'w z7 dx
AP~
odo 2+e™ P e [ 24 /pl,, €]
Zly |7 ’(B e P+1
= —— | z—arcta) ———— (Al11)
VB-112 V-1
with
B=1+2z% e’/p(0). (A12)

In Eqg. (Al1l) the integral is taken from O tee, since for
X=M\/2 it yields yx>1. The spectral noise density of the
fluctuationsA P, is given by

Spl(w)=fo}\foxsg(x,x’,w)dx dx. (A13)

Since the relaxation time is a function xfthe spectrum can

Using Eq.(A2), the number of free holes in the SCR is deviate from the ideal Lorentzian spectrum. The region

calculated to be

N
P1=WLf p(0)edVIKT dyx~WLp(0)NKT/2qVp .
0
(A3)

Since P,~WLIp(0) we obtain P,/P,~\kT(2qVpl)

~0.03. HereW is the width,L the length, and=90 nm the
thickness of the TLM structure. With the help pf/u®,~3

we find G,/G,~0.09.

The spatial cross-correlation spectral density of the hole

density for unit lengttpy,, is given by?®

AT(X)Plx) 2T eft(X)

SO @)= e T+ w2200] 2
(A%)
with
2 =25 1000100, (AS5)

fri(x)=1+exd (Er— E1)(X)/kT]=1+exp yx—b),

(A6)

_ OUth
0=y [P+ ZHen(0 1/ (), (A7)
Pl =Ploy XHAV(X)/KT]=p( exp(—yx), (A8)
y=2qVp/AkT~0.37nm)"1 and b=|E{|/kT. (A9)

Here,zf = z;WL is the hole trap density for unit lengti,
the Dirac delta function, anf}; the Fermi—Dirac distribution
function.

The varianceA P% is

J. Appl. Phys., Vol. 79, No. 6, 15 March 1996

where the denominator in the integral given by E11) is
minimum determines the corner frequency of the spectrum.
This minimum is obtained at

In
x=x1=(b—7'8

/ y<bly=(E/2Eg)\

with E4 the band gap. According to EGA7), the relaxation
time is then found to be

_ OUth _

T l(xl): WL per)e bﬁllz' (A14)
We can consider several situations.

(1) Low-trapdensity: z <p{y, e ® (B~1).

In this case we obtain

AP3=7%|y(1+e P)~zWL/y (A15)
and

2004Pk, 7P
7'71=—th © ~20vyN, e ET/KT (A16)

WL

with N, =~ pz*o)/WL the density of states in the valence band.
(2) High-trap density:
Pl e "<Zi<ply €° (1<p<e’).

Here we obtain

1/2, % 1/2 1
TZ7 Py, obiz m(ztN,) 2WLe

2y 2y

A pi - —Eq/2KT
(A17)

and

Pascal et al. 3051

Downloaded-31-Aug-2011-to-131.155.151.114.-Redistribution-subject-to-AlP-license-or-copyright;-see=http://jap.aip.org/about/rights_and_permissions



-1

200 02% 1/2pz*0%/ze* b/2 Symposium on GaAs and Related-W CompoundsTorino, Italy, 1994
1=

~20vp(z1N,) Y2 e ET/KT, (IOP, Bristol, 1994.
WL 8A. Van der Ziel,Noise in Solid State Devices and Circuii#/iley, New
(A18) York, 1986.

9 . ;
. . e *  _b. Y. Dai, Solid State Electror32, 439(1989.
At very hlgh (unreahstu)ﬂ) densmeszT > p(O) e’ the 10D, C. Look, Electrical Characterization of GaAs Materials and Devices

variance becomes equaIA(P"{ = p}*o)WL/y. (Wiley, New York, 1989.
M. E. Levinshtein and S. L. Rumyantsev, Semicond. Sci. Teclndl183

'HEMTs and HBTSs: Devices, Fabrication and Circyiéslited by F. Ali and (1994.

12 . . .
A. Gupta(Artech House, New York, 1991 J. R. Kirtley, T. N. Theis, P. M. Mooney, and S. I. Wright, J. Appl. Phys.
2T. G. M. Kleinpenning and A. J. Holden, IEEE Trans. Electron. Devices 1363' 1541(1988- . )

40, 1148(1993. A. Mitonneau, G. M. Martin, and A. Mircea, Electron. Lett3 666
sc. Delseny, F. Pascal, S. Jarrix, G. Lecoy, J. Dangla, and C. Dubon14(1977)- ) ) ) ]

Chevallier, IEEE Trans. Electron. Devicé4, 2000(1994). T. G. M. Kleinpenning, S. Jarrix, and G. LeCd3roceedings of the 13th

4M. N. Tutt, D. Pavlidis, and D. Pehlketnternational Symposium GaAs International Conference on Noise in Physical Systems and 1/f Fluctua-
and Related Compounds, Seattle, 1981st. Phys. Conf. Ser. No. 120  tions Palanga, Lithuania, edited by V. Bareikis and R. Katil{ifgorld

(IOP, Bristol, 199}, Chap. 6. Scientific, Singapore, 1995p. 193.
5D. Costa and J. S. Harris, Jr., IEEE Trans. Electron. Deveé®s2018  *°S. Jarrix, Ph.D. thesis, University of Montpellier I, Montpellier, 1994.
(1992. 18g.-I. Kim, C.-S. Son, M.-S. Lee, Y. Kim, M.-S. Kim, and S.-K. Min,
5T. Ma, W.-S. Lee, J. W. Adkisson, and J. S. Harris, Jr., IEEE Trans. Solid-State Commurf3, 939 (1995.

Electron. Deviced0, 458(1989. 7F, Hasegawa and A. Majerfeld, Electron. Lei1, 286 (1975.

’R. Plana, J. P. Roux, L. Escotte, O. Llopis, and J. Grafféniérnational 18T, G. M. Kleinpenning, IEEE Electron. Devic&¥, 2084(1990.

3052 J. Appl. Phys., Vol. 79, No. 6, 15 March 1996 Pascal et al.

Downloaded-31-Aug-2011-to-131.155.151.114.-Redistribution-subject-to-AlP-license-or-copyright;-see=http://jap.aip.org/about/rights_and_permissions



	I. INTRODUCTION
	II. DEVICE STRUCTURE
	III. EXPERIMENT
	IV. EVOLUTION OF SPECTRAL DENSITIES WITH
	V. GR NOISE FEATURES IN THE BULK AND IN THE
	VI. TEMPERATURE DEPENDENCE OF THE
	VII. CONCLUSION
	ACKNOWLEDGMENTS
	APPENDIX: THEORETICAL ANALYSIS OF GR

