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1/ noise in conducting Langmuir-Blodgett films
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Measurements of spectral characteristics of electric noise in conducting Langmuir-Blddgjefilms of
(C1eH33 TCNQ) 4(C1H35-DMTTF)q ¢ prepared by the vertical lifting technique have been carried out.
[(C1gH33 TCNQ)g 4(C17H35-DMTTF), ¢ denotes the surface-active charge-transfer complex of hexadecyltetra-
cyanoquinodimethane (gH3;3-TCNQ) and heptadecyldimethyltetrathiofulvalene, #&,-DMTTF).] Excess
1/f noise has been observed over the frequency range of HA0We found that the noise power is
proportional to the square of dc current flowing through the sample and has a power spectrum varying
approximately ag ~! over the frequency range studied. The noise power is three orders of magnitude larger
than that predicted by Hooge's formula. A theoretical model for the origin ohiise due to fluctuations of
the number of charge propagation paths in the sample is proposed. The calculatidnsoi$éd.level using this
model are in quantitative agreement with experimental results not only in the LB films but also in
tetrathiofulvalene-tetracyanoquinodimethaid@F-TCNQ) crystals.[S0163-182€28)02920-§

[. INTRODUCTION this model are in quantitative agreement with experimental
results not only in the LB films but also in TTF-TCNQ crys-
The Langmuir-Blodgett technique is now intensively tals.
studied since it gives the possibility of organizing electron
donor and acceptor molecules at the molecular level. The
aim is to produce charge-transfer complexes in the form of
ultrathin films suitable for utilization in molecular-scale de- The Samp|es were prepared using the LB technique_ Ex-
vices. The LB films of surface-active derivatives of charge-pjicit description of this technique is contained in Ref. 3,
transfer complexes of TTF and TCNQ are very promising fonyhere further details can be found. The monomolecular layer
using in molecular electronitME) devices because of their \yas formed by mixing benzene solutiofizx 10~4 mole/|
homogeneity and stability? Unfortunately, the weak point concentration of C;gHs TCNQ and G/Hss-DMTTF (Fig.
of these films is their comparatively low conductivi).1-1 1) jn a 1:1.5 molar ratio and spreading the mixture onto a
S/cm usually. These values lie far beloabout three orders ultrapure water surface in a KSV-5000 trough. The mono-
of magnitude the conductivity values of the corresponding |ayer was transferred at a constant surface pressure of 20
bulk TTE-TCNQ crystals. It reduces significantly the area ofmN/m by the vertical lifting technique onto the stringently
possible applications of these films in ME. The fact that thecjeaned sapphire substrate with prefabricated chromium elec-

electrical transport mechanism of the films is insufficiently {ygdes. The area per molecudein the process of deposition
studied hinders progress in preparation of films with higher

Il. SAMPLE PREPARATION

conductivity. Due to the low dimensionality of the LB films C.-H
this mechanism could have several features that are not ob- 17 <5 S S/ CH;
served in bulk TTF-TCNQ crystals. In this context it is clear “ON_/TYN
that the study of conduction mechanisms not only can allow "\ /_\ /”
one to increase the film conductivity but also can lead to new S S N CH
physical phenomena. 3

. Noise measurements are shown to be an effect_ive tech- C17H3s-DMTTF
nigue for studying electrical transport mechanisms since data
on the number of charge carriers and their lifetime can be
obtained. It is well known that noise imposes a practical limit Ci6Hss
on the performance of the electronic devices. Therefore, a NC _| CN
knowledge of LB film noise characteristics allows one to \__/_\_/
appreciate prospects for their applications in ME devices. /—\ /—\

In this paper the measurements of electrical noise in con- NC = CN

ducting LB films are presented for the first time. Exceds 1/
noise has been observed over the frequency range of C16H33-TCNQ
1-10" Hz. We also suggest a theoretical model for the ori-
gin of 1/f noise. The calculations of theflhoise level using FIG. 1. Materials used in this study.

0163-1829/98/520)/1322Q7)/$15.00 57 13220 © 1998 The American Physical Society



57 1/f NOISE IN CONDUCTING LANGMUIR-BLODGETT FILMS 13221

contacts
/ r ﬁ“k

AN 'C16H33 or 'C17H35 ’ d Lﬁ
O-TCNQ or -DMTTF

FIG. 3. Sample and electrode geometry.

FIG. 2. Schematic representation of the cross sectiori-tfpe

LB film consisting of six monolayers. noise was measured by applying a constant voltage to the

sample and recording the current fluctuations. We used two-
was about of 20 A Dipping speed was 5 mm/min for the probe configuration for noise measurements since high resis-
upstroke deposition mode and 3 mm/min for the downstrokeances of the samples and stray capacitances prohibit the use
one. All the prepared samples were Yftype (see Fig. 2  of both five-probe ac and four-probe dc techniques. To pre-
After LB film deposition the samples were transferred to avent ac pickup and interference from other sources of elec-
vacuum chamber where they were stored under vacuum fqfomagnetic fields, all units of the setup were electrically
at least a week to remove residual water b_efore the measurgereened and the voltage supply was provided by dry batter-
ments (our experience had shown that this process led tQeg since the high level of intrinsic low-frequency noise is
obtaining reproducible noise spedtra inherent in the dry batteries themselves the current was sup-

In this paper we present results of noise measurements B ied to the sample through the first-order low-pass filter
four samples whose resistances ranged from Q68ample with a cutoff frequency of 102 Hz. We used a quiet metal-

3) 1o 1 MO (Sa".‘p.'e 1 All samples had linear "%'tage' film resistor as a calibrated oriR.,;, and a low-noise pre-
current characteristics in the current range of 3010 ° A. amplifier with a field effect transistor input stage

The film characteristics and geometrical parameters of elec- As shown in Fig. 4a), voltage fluctuations on the cali-

tric contacts of the samples are summar_lz_ed in Table . Th%rated resistor were amplified by a preamplifier and by a
room-temperature Iat_erah-plane C_OndUCt'V'tY‘T have been_ selective amplifier with variable band-pass filter. Being a
calculatgd by assuming that LB f!lms C.OnS'St of alternatlngpart of the selective amplifier the band-pass filter played the
conducting layers(see Fig. 2 with thickness h= 10.'& role of an antialiasing filter restricting the frequency range of
(formed by -TCNQ and -DMTTF head groupalong which riginal data prior to analog-to-digital conversion. Estima-

ch_arge propagation occurs, and nonconduc_ting layers wit ons of noise spectral density were performed using Fourier
thickness 25 Aformed by -GgHss and -GHs side group)s transformation of the measured signal. We followed recom-
Therefore, 0=2d/(ReampiWN), where Rsampie IS the  yandations from Ref. 4 in our calculations. Spectral densi-
sample resstancql,andw are the distance b.etween Fhe elec-ties were estimated by averaging 200 squared absolute val-
trodes and the width of the ones, respectivedge Fig. 3 o5 of Fourier transforms of subrecor@mise realizations
andN, is the number of layers. so the normalized error was=1/,/200~0.07. Two types of
IIl. EXPERIMENTS AND RESULTS ;ubrepords were registered: one for spec_tral density .estima-

tions in the frequency range of 1-"1Blz with a resolution

The noise measuring setup is shown schematically in Figof 21 Hz, and another for spectral density estimations in the
4(a). Due to the high resistances of the samples studied, thigequency range of 1-150 Hz with a resolution of 0.65 Hz.

TABLE |. Parameters of the samplesN, is the number of layers] andw are the distances
between the electrodes and their widths, respectil@g Fig. 3, and o is the room-temperature
lateral (in-plang film conductivity. B and y are given byS™®®&i#/f”, where S™**is the
spectral density of the excess noise obtained by subtracting the thermal noise from the total noise
of the sample. i is the dc current flowing through the filnfiis the frequency. 5= S™**1/i2 is
the dimensionless noise magnitude parameter.

w d o?

Sample N, (mm) (mm) (Slem) B Y 5P

16 91 145 012001 1.97#0.04 117001 (2.3:1.8)x10°%
46 9.0 1.15 016001 2.030.03 1.150.01 (2.4:1.4)x10° %
28 100 1.35 0.6t0.01 2.06:0.03 1.16:0.01 (4.5-2.4)x10 !
28 9.0 145 O05F0.01 1.90:0.04 1.26:0.01 (7.0:2.9)x10 !

A WN P

85 =2d/(RsampihWN)), whereRg,mpeis the sample resistance=10 A (see Fig. 2
bThe large deviations of are connected with the variation of this parameter over the current and
frequency ranges.
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FIG. 4. (a) Schematic diagram of the experimental setup for the noise measurem@ntgw-noise preamplifierB, antialiasing filter;
C, selective amplifier with variable band-pass filtdD, analog-to-digital converterE, computer. R;=82.5K), C;=200uF,
R.aib=83.3 K). (b) The noise equivalent scheme of the experimental setup.

Figure 4b) presents the noise equivalent scheme of theseveral values of dc currentflowing through the film are
experimental setup. In this schen&?™" 5P andS*®™P  shown in Fig. 5. It should be noted that it is possible to find
are the spectral densities of the noise current generators re§#°***in this way with an admissible precision only in the
resenting the noise of the sample, calibrated resistor and th@nge of frequencies and currents Whe@enput(f )
total noise of the preamplifier and power supply, respecs, oty y |t determines the locations and lengths of fre-
tively. V\/ﬁpgjefme ei>r<]|guer|men';al spectral dﬁpu?'.ty of noise CUryuency intervals for the curves in Fig. 5.
rent asS"™(f ) = S{P(f )/Rg,,, whereSj™ is the spec- The spectral densities drawn in Fig. 5 can be approxi-
tral density of voltage fluctuations at the input of the low- mated by a functionS™®S{f )«B/f?, where B=consty

noise preamplifier,Re uiv— Rsam I(Rcalib/(Rsam Ie+ Rcalib) is Ci ; ;
the resistance of the sqample anpd calibrated Fr)esistor connectgol’ r']n ot_her worfds, f[hey reprhesent tr;]e classm;ﬁlzimdse. .
in parallel for the noise current. | ex‘l'ese. inset o Flg.l 5 shows t e spectrg ensities
As follows from the noise equivalent schemg™t STt :fo) a'F several fixed frequencidg as functions of dc.
= geampley gealib . gsetup 1y this expression, the noise of cali- ‘?“”e”“eIL‘gngf‘ﬁg through sample 4. As it appears from this
brated resistoS®"(f ) is described by Nyquist's formula figure, " ~5xi", where3~2. The fact that the noise power
is approximately proportional to the square of the current and

SFAP= 4k T/Reqir, Wherekg is the Boltzmann constant and . -

T is the absolute temperature. In order to evaluate ex erlI_hat the samples have a linear voltage-current characteristics
. b cetup PET5ver the current range used allows us to conclude that the 1/

mentally the noise of the setu*"", we performed control

. . hoise in conducting LB films is caused by conductivity
measurements with the sample replaced by a lOW'no'Sﬁuctuationsrf

metal-film resistor with the same resistance. We found that 1o 1 easurements of spectral densities as a function of dc
spectral densities registered in experiments with the LB films, ,irent and frequency in other samplds-3 reveal similar
exceeded the value of the spectral densities observed in theg its. The values of and B for all samples are listed in
control experimens{°™" by 1-3 orders of magnitude in the Tgpje |

iy i ) : ™
low-frequency range, and th&®°"™ did not practically de- The fact that the noise power spectral densities observed

pend on current. So we concluded that the setup noise dog$ the LB films are described by a power laB*°e5¢f )
not influence our experimental results over the whole fre-;s/¢» whereB~2 andy~1, allows us to use the relation
quency range and for all values of dc current flowing throughs_ Sexées?/i 2 '

the s.allmplle. tVVe also found that the experlment_al spectrg i tlabulated in Table | for all samples studied. Paraméter
densitiesS{™" approached the sum of thermal noise of theyenendgweakly) on current and frequency since the experi-
sample and calibrated resistokgll (1/Rsampit 1/Rcaib) I mentally measured values @fand v differ slightly from 2

the high-frequency range. This fact proves the correctness @fnq 1, respectively. Therefore, included in Table | the devia-
the calibration of our experimental setup. tions of S are not caused by errors in the noise power spectral

_ The experiments reveal that the noise in conducting LByensity estimation but are connected with the variatios of
films can be separated naturally into two components: thgyer the current and frequency range.

first one is a current-independent thermal noise expressed by T4 determine where the noise originatésthe film or at

the Nyquist formuleS"*™= 4kgT/Reampie the second one—  the contactswe studied how it depends on the number of

Spreess= gpamPle- gheM_increases with increase of the dc charge carriers in the samples. In the case when the noise is

current flowing through the film and rises in the low- caused by the contacts one should expect the noise magni-

frequency range. tude to be independent of the number of charge carriers in
As follows from the noise equivalent schem&®** the volume of the sample between the contacts. In the LB

=g"PU_ g The dependenced™*®¢f ) for sample 4 at  films studied the number of charge carriéts contained in

as a dimensionless noise magnitude parameter.
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FIG. 5. The spectral densities of the excess n&RE*tf )=S2™P{f ) — S £ ) obtained by subtracting the thermal noise from the
total noise of sample 4 at several values of the dc current flowing through the sauplesA—C, left-handY axis): A, i=4.3uA; B,
i=1.1uA; C, i=0.3uA. A least-squares fit to the dependen&¥°¢f ) is the functionS”°*stf )< 1/f¥, wherey=1.20=0.01. In the
inset, the spectral densities of the excess n8f&§&*°at several frequencidg as a function of dc currerfteft-handY axis). A least-squares
fit to the experimental points is the functi@™ i, f,)«i?, whereg~1.9. The frequencies, are tabulated in the inset. Right-haNd
axes: ST=STRE e Reampie=203.5 K.

the volumeV .= 2hwNd [V ongis the volume of conduct- fact that there is some dependence of the noise magnitude on
ing part of the film(see Fig. 2] may be estimated asV . the number of charge carriers in the sample volume indicates
Indeed, sincer=une, thenoV,,=eN.u, Wheren is the  the bulk nature of X/ noise in the samples and unambigu-
carrier concentrationy is the carrier mobility, ana is the ~ ously points out that the noise is not caused by the contacts.
electron charge. Figure 6 demonstrates the dependence of the
noise magnitude on oVo,q. A least-squares fit to the four

points gives a slope of-0.95, not significantly different V. DISCUSSION

from — 1.0. Hence, we obtain th@b:1/(o'Vong < 1/N. . The A. General
Fluctuations with spectral densities of the tyféf,i)
10° T «i?/f are the dominant kind of noise in the low-frequency

range in metals and semiconductofsHooge proposed the
empirical formula for the X/ noise magnitude in a metal
films, bulk semiconductors, and metals:

P2
w100} 1 Hoog _ al
[ ] S| %f )_ ch ’

whereN, is the number of charge carriers ane=2x 103
is the constant. Although this relation is not universally ap-

Lo o ) . plicable, it can be used to provide a reasonable ridise

1078 107 10 order-of-magnitude estimations in many cases.

oV . (S cmz) At present there is no theory for the origin off Xoise in
cond conducting LB films, so we compare the magnitude of the
FIG. 6. Dependence of the dimensionless noise magnifmte ~ 1/f noise derived for our LB films using the Hooge formula
Veona- A least-squares fit to the four points gives the slep@95,  with our experimental results as the first step. Hooge's for-

not significantly different from-1.0. mula estimation gives
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conductances of single stacks are small as compared to fluc-
tuations of node conductance and fluctuations of conduc-
tance of the sample are accounted for by fluctuations in the
number of charge propagation paths.

The thermal fluctuations of distances between the stacks
are caused by the influence of a large number of independent
agents; so, the process of path switching with time obeys
Poisson statistics. As a result, fluctuations in path conduc-

wan JTCNQ stacks tance take the form of a random telegraph signal, which
—— -one of the conducting paths shows a relaxation-typ@ orentz-typé spectrun® The spec-
S trum of conductance fluctuations of the whole sample is the
~ FIG. 7. Sketch of the simplified model for the charge propaga-symmation of the relaxation spectra of conductance fluctua-
tion in LB films in plan view showing film crystallites and one of o of single paths. The average time of functioning of a
the conducting paths traced through TCNQ stacks. The n@®es iy pathr is a random variable in the ensemble of the
junctions of stack endsare in the circles. sample paths with a distribution functiqn(7) due to the
Hoog polycrystalline nature of the samples. The shape of the dis-
s :Sﬁ _Y_ Y o tribution functionp(7) can be found from more detailed mi-
Hooge™ {2 N.  NVeong ’ croscopic considerations. As was showWhunder some as-
) _ o _ sumptions about the dependengdr), this sum can
wheren is the charge carrier concentration in the LB films yomonstrate a 1/dependence over a limited range of fre-
(in our _H3a||—effect Ineasure_meﬁts was found to be about 4, ency determined by the spread of the functioning times
10" cm™?), Veong= zhwNid is the volume of the conducting Thus, in principle, this model can explain the observed de-

part of the film(see Fig. 2 As we can see, the experimen- hendence of the spectral density of the conductance fluctua-
tally measured values af listed in Table | are on average iions on frequency: Se(f )/G2=S(f )/i2=&lf, whereG

three orders of magnitude larger than the values obtained i, sample conductance, amdis the noise magnitude

with the use of Hooge’s formula. Because of the empirica'parameter, as defined above.

character of Hooge's relation, this discrepancy is not surpris- the model allows us to calculate the noise magnitude and

ing. It may point to differences of conduction mechanisms i, s to determine the value of parameterLet us denote

LB films anq those sysFems in which Hpoge’s formula Wo_rksconductance of a certain path gyt). Theng(t,) is a ran-

well. For this reason, in the next section we shall considegjom yariable that takes, with a probability of 0.5, either of

electron transport in LB films at the microscopic level. these two values: g, when the conducting path is in the

«on» state, and 0, when the path is in the «off» state. The

B. Model dispersion of the random variablg(to) is (Ag)2=g(t,)?

As was shown in transmission electron microscopy and-[g(to)]>=0.592— (0.59)?=0.25y? (the overbar in this ex-
electron diffraction studiek,LB films of charge-transfer pression denotes an averaginghe conductance of the
complexes consist of crystallites with size of the order ofsample withN paths at the momertt can be written in the
1-10 um. It is generally accepted that in these crystallitesform G(t0)=Eﬁzlgk(to), whereg(to) is the conductance
the head groups of constituting moleculédCNQ and of the kth path. So, the average conductance of the whole
-DMTTF) are gathered in separate stacks by analogy witsample isG:@(tO)zz’Q‘:lgk(to):%Elt‘:lgk, Sincegy(to)
that in bulk quasi-one-dimensional DMTTF-TCNQ crystals are independent random variables, the dispersion of the con-
and that the charge propagates freely along the stacks insid@uctance of the whole sample is equal to the sum of the

To construct a model of the fLhoise origin in conducting dispersions of(to), therefore(AG)2=2E,lm. Tak-
LB films and in polycrystalline quasi-one-dimensional CrYS-ing into account this fact one can obtain

tals, one should consider in more detail the motion of charge

‘#‘-‘ »m‘, N
A T ETTRTRReRt N A
TR DRV DDy
A R N
W ||'I|' ‘\\\\\\\\\\\\\

in them. S S

Having reached the boundaries of crystallites, the charges (AG)?  Zi_;(Ag?  =RL,0% NJSo9°F(g)dg
tunnel through intercrystalline potential barriers from 2T TGN 2 (3N 2" (N[aF(a)da)2
DMTTF or TCNQ stacks to the similar stacks located in the (Zpoa00)? (Bi=190°  (NJogF(g)dg)
neighbor crystallites. Since the probability of such tunneling 1 (*02F(9)d C

. . . . Jo9°F(g)dg

decreases exponentially with the increase of the distance, the == (1)
probabilities of charge transfers to the nearest stacks will be N (fogF(9)dg)® N

larger than that to any of the other stacks by orders of mag-

nitude. So, the motion of charge carriers in the film occurs bywhereF(g) is the distribution function of the path conduc-
specific paths as shown schematically in Fig. 7. Let us terntance[the valueN F(g)dg determines the number of paths
the place of conjunction of stack ends as the ngdd=ig. 7  with conductances in the range @, g+dg)].

the nodes are in the circlesDue to the exponential depen- It should be noted that Dubsa al® obtained an estima-
dence of the tunneling probability on the distance, thermation for the relative resistance noise of a two-dimensional
fluctuations of the potential barrier width in the node lead torandom resistor network made up from identical resistors.
large fluctuations of that probability, which in turn lead to This estimation has the form analogous to the #g, but

the random switching of the corresponding paths betweethereN denotes the number of bonds that contribute signifi-
«onx» and «off» states. Thus, in that model, fluctuations ofantly to the total noise.
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In order to calculate consta@ in the Eq.(1), it is nec- the distancel between the neighbor TCNQ head groups in
essary to know the distribution functiof(g), which, in  the stack is of the same order of magnitude as the similar
turn, may be found on the basis of microscopic considerdistance in TTF-TCNQ crystals and amounts to about 3 A
ation. To estimaté=(g) it is reasonable to assume the dis- =3Xx 10 8 cm. The length of a charge propagation path is of
tanced between the stack ends in the nodes to be a randonhe order of the distancd between the contacts, therefore
variable distributed uniformly. Since, as was mentionedone path containd/A -TCNQ groups.
above, the probability of tunneling from one stack to another As follows from Fig. 7, there are TCNQ stacks through
decreases exponentially with an increase of the distanceyhich the charge propagation path cannot be traced due to
hencegxexp(—«l), wherek is a constant. Then assuming unfavorable location or orientation of them with respect to
the conductance of the whole path to be determined by onanother stacks. In order to estimate the part of stacks in-
node we obtairF (9) g™, 0min=<0=0max. FOr this distribu-  volved in the process of conductivity we can use the fact that
tion function we haveC=3 IN(Qmax/Omin), i-€., for not too  the system is similar to those considered in percolation
large ratiognax/Omin the value ofC is of the order of unity. theory'® (the problem of conductivity in mixture of metallic
So, performing estimations we shall suppose tha&nd glass balls It is known that percolation of current in

(AG)?/G2=1/N. such systems is possible only if the fraction of metallic balls
(AG)Z can be expressed also using the spectral density ds 30—40% at least. In the case of our system it means that, in
the conductance fluctuatiorgg(f ):° order for the current to flow through the LB film, 30—40% of
the stacks at least should be included in the conducting paths.
frmax fmax Therefore for estimations we can suppose thktof the
(AG)Z=J Se(f )df=6 GZJ df/f 0.4dw/A -TCNQ groups form the conducting paths.
Frmin Frmin Taking into account that the sample hdsof monolayers,
= 5G2 IN(f max! Fmin) - the estimation of the number of paths in the sampl&is

=0.4N,(wA)/A. This expression gives an upper bound for
Therefore we have relations(AG)?/G?=1/N and the number of the conducting paths. Substituting this estima-

(AG)?G2= 6 In(fmax/fmin) from which we can finds. tion into Eq.(2) we obtain
The final expression for the noise magnitude parameter
has the form Sfim _ 1 A

0™ NI Frnaod Fraim)  IN(F ! F i) O-AWN A
Sif 1

e M =4x101-9x10 % 2
5the0r i2 N In(fmax/fmin) . (2) ( )

It is seen thats™ agrees within one order of magnitude
Formula (2) for the noise magnitud@y,.,, involves the  with the experimental values @ftabulated in Table I.

term In(fnax/fmin), Wheref ., and f i, are upper and lower

limits, respectively, of the frequency range fof hbise. As D. TTF-TCNQ crystals: 1/f noise magnitude calculation
was shown above, in our LB film,,,/fmin=10" at least, so _ o
in our case INMa/fmi)=IN(10*)~9. In general, 1/ noise Above we repeatedly emphasized the similarity of the

can exist in a broader frequency range; however, the fact thgharge transport in the LB film crystallites and in the bulk
Sieor depends logarithmically on the, .. /f i, leads to the TTF-TCNQ crystals. In th|s_ c_ontext |§ is interesting to com-
weak variation of the expressia@) with expansion of the Pare their noise characteristics.f Idoise measurements in

frequency range. For example, expansion of frequency rang'gTF—TCNQ crystals were reported for the first time in Ref.
up to 10~ 1 Hz (the range in which ¥/ noise was ob- 11. The temperature dependences of the normalized broad-

served in other systefsresults in only triple decrease of Pand(1-1000 Hz excess noise power were presented in Fig.
Sieor- Therefore, even if we do not know the exact value of11 Of Ref. 11. Atj;; 65K th(‘fl‘l’alu‘? of this noise power
f e fmins EQ. (2) gives a satisfactory estimation of the noise '2nges from & 10™*“to 9x 10" . It is convenient to con-

magnitude in polycrystalline quasi-one-dimensional systems/€rt the normalized broadband excess noise power into the
noise magnitude parametéiintroduced above. For this, the

I ) ) _ normalized broadband excess noise power should be divided
C. LB films: 1/f noise magnitude calculation by In(1000)~7. Thus, we haveﬁTTp_TCNleXIOﬂZ—l
In order to evaluate the fl/noise magnitude using for- x10 1%,
mula (2), it is necessary to find the quantity of conducting As in the case of the LB films let us compare the value of
paths in the film. This quantity can be estimated from thedrrercng With that predicted by Hooge’s formula. For this
following simple considerations. As was mentioned abovepurpose it is necessary to find the number of charge carriers
the area per moleculd in the monomolecular layer was in TTF-TCNQ crystal. It can be done taking into account the
about of 20 =2x10"1% cn?. Since the area between the following: (1) Parameters of the unit cell of TTF-TCNQ
contacts can be expresseddas (see Fig. 3, the correspond- aré?? a=12.3A, b=3.8A, c=185A, B=104.46°, V,
ing part of the monolayer contairtbv/A molecules. =abcsin$=839.9 A°. (2) Each unit cell contains two
As was shown in Ref. 8, the charge in our LB films propa-TCNQ molecules(3) There are 0.6 conducting electrons per
gates mainly along the TCNQ stacks. To form monolayersTCNQ molecule. Since the typical crystal dimensions are
we used mixture(CigHaz TCNQ) 4(C1HzsDMTTF)ge SO 2X0.2¢0.03 mnt (Vys=1.2<10%cn?’), such a crystal
the part of the monolayer between the contacts containedontains N¢=2(Vys/V)0.6~1.7X 10'® charge carriers.
0.4dw/A molecules GgH33-TCNQ. In the film crystallites Therefore the value of the fl/hoise magnitude parameter
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predicted by the Hooge formula igLEEéLCNQ: a/N, originates in the bulk of the film and is not related to the

~10719 Itis 7—8 orders of magnitude less than the experi-contacts. Square dependence of the spectral density of noise
mentally observedrr.rcng. TO our knowledge, this strik- N dc current indicates _th_at the noise is caused by fluctua-
ing discrepancy has not been explained up to now. tions of the film conductivity. _ .

Our model of 1f noise origin can help to shed light on  All attempts to explain the observed noise magnitude us-
this problem. There is significant similarity between trans-ing ordinary approaches for analysis of Hoise were un-
port mechanisms in TTF-TCNQ crystals and conducting LBsupcessful. The Hooge fqrmula predicts the magn_ltudefof 1/
films. TTF-TCNQ crystal is the typical quasi-one- NOise to be 1OOQ—3000 times less than the experimental val-
dimensional system. It is well known that charge carriersues. Moreover, in the well-known crystals of TTF-TCNQ
propagate mainly along the TCNQ stacks. Since the lengtéhere is an even larger discrepan@-8 orders of magni-
of the stacks due to crystal imperfections is significantly les§ude between the experimental value of Hoisé" and the
than the distance between the contacts, the charge carridi0ge formula prediction. _
undergo multiple hops from stack to stack in the process of T0 explain the discrepancies, we proposed a theoretical
propagation. Therefore we can apply our model of thie 1/ model for the origin of the ¥/ noise. According to this
noise origin to TTF-TCNQ crystals. For this purpose it is model, the noise observed in conducting LB films and TTF-
necessary to estimate the number of charge propagatioHCNQ crystals is believed to originate from charge transport
paths for the samples used in Ref. 11. It can be done takinBeculiarities related to the quasi-one-dimensional nature of
into consideration the following circumstancegd) In ex-  these systems: charge carriers move along the paths whose
periments with TTF-TCNQ crystals current flowed along thenumber fluctuates, and that causes the noise. Using this
principal conductind axis. (2) The typical cross section of Model we derived relatio(2) between the spectral density of
the samples of TTE-TCNQ across theaxis of crystals is 1/f noise and the number of charge propagation paths. The
aboutS~10"% cn?.  (3) The cross section of the unit cell relation sati_sfactorily predicts the value of thef Hoise in
across thé axis isac sin 3. (4) There are two TCNQ stacks the conducting LB films and crystals of TTE-TCNQ..
per this cross section of the unit cell. Then the number of Accordingly to formula(2) the value of the noise is de-

charge propagation paths is estimated\as2S/(ac sin §) termined mainly by the number of charge propagation paths.
~9x10°. Substituting this value into Eq2) we obtain This result is important because it means that the high level

of the 1f noise in conducting LB films and TTF-TCNQ
TTE-TCN 1 acsin g . crystals is related closely to the quasi-one-dimensional na-
S Q_ — ~10 11 . . .
theor NI o Frr) 25 I0(F e f i) , ture of the conduction mechanism and the polycrystalline
(2"y  structure of these substances. So, the magnitude of the 1/
noise could be reduced if only we reduce the distance be-
tween the contacts below the crystallite size or increase the
crystallite size above that distance. This fact should be taken
into consideration in discussion about possible applications
V. CONCLUSIONS of the conducting LB films in ME devices.

In summary, we studied the electric noise in conducting
LB films of (CigH33-TCNQ)g 4Ci/H35-DMTTF), ¢ Charge-
transfer complex in the frequency range of 14 Hx in the
presence of the dc current. Exces$ abise(along with the SN.I, LILP.,, and V.P.C. acknowledge support by
usual thermal noigevas found. It was proved that the noise R.F.B.R. Grant No. 96-15-96397.

which lies close to the experimentally observed values o
6TTF-TCNQ: 1 X 107 12— 1>< 107 11.
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