EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

1/f noise in pentacene and poly-thienylene vinylene thin film
transistors

Citation for published version (APA):

Vandamme, L. K. J., Feyaerts, R., Trefan, G., & Detcheverry, C. (2002). 1/f noise in pentacene and poly-
thienylene vinylene thin film transistors. Journal of Applied Physics, 91(2), 719-723.
https://doi.org/10.1063/1.1423389

DOI:
10.1063/1.1423389

Document status and date:
Published: 01/01/2002

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 16. Nov. 2023


https://doi.org/10.1063/1.1423389
https://doi.org/10.1063/1.1423389
https://research.tue.nl/en/publications/708926a4-05ea-469a-a022-69c95f236d65

JOURNAL OF APPLIED PHYSICS VOLUME 91, NUMBER 2 15 JANUARY 2002

1/f noise in pentacene and poly-thienylene vinylene thin film transistors
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Department of Electrical Engineering EH 5.15, Eindhoven University of Technology, 5600 MB Eindhoven,
The Netherlands

C. Detcheverry
Philips Research Laboratories, 5656 AA Eindhoven, The Netherlands

(Received 25 June 2001; accepted for publication 5 October)2001

We investigate low frequency conductivity noise in the drain-source channel of organic material
field-effect transistors by measuring the spectra of current fluctuations for several values of the gate
voltageVys and drain voltage/4s and find that it is 1. The samples are biased in the ohmic range

of the appliedVy. The relative current f/noise is inversely proportional to the charge carrier
numbersN generated by illumination or by varying the gate-source voltage. Hooge’s empirical
relation for the 1f noise is validated for these organic semiconductors withaan0.01 for
poly-thienylene vinylene and about 100 for pentacene thin film transistors. From geometry
dependence of the noise we conclude that series resistance can be ignored for poly-thienylene
vinylene field-effect transistors. However, some pentacene samples suffer from a noisy series
resistance to the channel resistance. From thendise dependence on geometry and gate voltage
bias we conclude that it can be used as a diagnostic tool for device quality assessme0D2 ©
American Institute of Physics[DOI: 10.1063/1.1423389

I. INTRODUCTION Il. SAMPLES AND MEASUREMENT SETUP

Electrical characteristi¢s® and nois&®in organic ma- Samples are designed as field-effect transis{6isT)
terlals_ has been_ Studied to improve t_he_ knowledg_e_ of th%nd constructed in a bottom drain and source contact thin
electrical properties. Here we test again if the empirical "€%im transistor layou® The polysilicon on top of a glass sub-

lation for the 1f noise used for metal and semiconductass trate f th te electrodiirst layes, t d with
also applicable for organic materials as was shown already iR, are forms the _ga © gec rotirst fayey, fopped wi af‘
about 0.25um-thick oxide layer that forms the gate oxide

Refs. 4—6. Our aim is to test if fl/can be used as a diag- X }
nostic tool for device quality assessment. In most conductivéSecond layér Gold source and drain electrodes are defined
materials submitted to homogeneous fields one observesVdth conventional lithographythird layey. The top layer
1/f noise if the number of free carriers is less thart*10 (channe) is made from a spin coated organic material that is
According to Hooge’s empirical relation under constant volt-PTV or pentacene. The FETs hapetype channels, with
age conditions, the current fluctuatioBg/I2 are for homo-  widths W~500 or 1000um and length4 =1.25, 2.5, 5, 10,

geneous samples submitted to homogeneous fields 20, and 40um, respectively. The FETs operate in accumula-
tion. To contact the drain and source we scratch through the
S « polymer layer. To measure the noise we use a shielded probe

12 N (1) station. Due to the low conductivity of polymers the sample

resistancesyys are in the G) range. Noise due to conduc-

with the number of free charge carriers given By tance fluctuations in sample impedances higher than the in-
=12/quR whereR is the sample resistancethe length of ~ Put resistance;y of a low noise voltage amplifier can be
the resistor angk the mobility of free charge carriers amd ~ better observed with a low-noise curreiransconductange
the elementary charge. amplifier (Brookdeal 5002 in series with the impedance.

To achieve these objectives we do noise measuremenithen the current fluctuationS, are measured under a con-
by varying channel lengths, the biasing and illumination, tostant voltage bias as is shown in Fig. 1 wiy short cir-
check whether the relative noise is inversely proportional tcuited. With a current amplifier the corner frequency be-
the number of free carriertl. Here we discuss the noise tween the thermal noise and thef Toise of the sample is
properties of poly-thienylene vinylen®TV) and pentacene pigher and conductance fluctuations can be investigated bet-

samples produced by Philips Research LaboratdfieShe ter over a larger bandwidth.The conductance between

low frequency noise analysis turns out to be a superior diag- D . .
. . ; : source and drain is changed either by applying a gate voltage
nostic tool for quality problems with some devices. 9 yapplyingag g

or illumination. The pentacene samples were illuminated
from a distance of about 50 cm using a 12 V dc, 100 W
dElectronic mail: L.K.J.Vandamme@tue.nl halogen lamp of which we vary the current in steps of 2 A.
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FIG. 1. On-wafer level measurement setup. The drain-source current is set 107 o * :1 )

by a battery for the drain with voltagé,,~ V4 and another battery for the 10 10 10

gate with voltagé/y, both can be changed in steps. The current fluctuations

in |4 are amplified by a Brookdeal 5002 low-noise current amplifier whose

output is lead in an HP 3566A or Advantest R9211E spectrum analyzer in &IG. 3. The relative nois& /I taken atf=1 Hz dependence on the gate

bandwidth from 1 Hz up to 100 kHz. voltageVy. The inverse proportionality witVy is expected, because the
relative noise in Ohmic samples is inversely proportional to the number of
free carriers Kl«Vy) andS, /12=aINf at least ifa is Vg independent.

Ill. RESULTS
A. PTV

PTV samples have a spaghetti-like microstructure. They@dreement with Eq(1). We measured the dependence 02f the
are easily damaged by high field&* 18 kV/cm) and elec-  '€lative noise on the gate voltaygs. We found thatS /1%
trostatic discharge. Their drain and source resistances in darkl/Vgs @S is expected and shown in Fig. 3. We also investi-
are between 5 I and 10 G) for gate voltages of about9 gated how the noise depends on the geometry since the
to —22 V. Settling times after changing the bias conditionsS@mples have different lengths=5, 10, 20, 40um (FETs
are rather short, and therefore the drift during the measurd¥ith channel length oL <2.5 um often were detected to be
ments is relatively small. This is important in order to sup-ShOrt circuits, respectively. We measured the low frequency
press the X7 drift contributions in the spectrum at low fre- CUITENt NOiseS, at Vye=—9 to —22 V andVgs=—1.5 to
guencies. —4.5 V. We foundS, /1% 1/L which is in agreement with the

We measured the spectra of current fluctuations at &MPpirical relation for ohmic samplésee Fig. 4. Calculated
fixed gate-source voltage while changing drain voltagest vValues using Eq(1) are in the range of 0.01-0.08 using
(Vg=—1.5,—3.0,—4.5 V). We found that they are fi{see  Mobilities .= 10 %-10 % cm?/Vs. These are observed mo-
Fig. 2 except atf<3 Hz where the spectra suffer from a Pllities calculated from a relationu=L"*gm/(WGVqd
drift contribution. Sincel«Vgys and S;«I2 the sample is Wheregn=dIl/dV the transconductance ar@ the oxide
ohmic in the range of appliel¥,s. We investigated for a Capacitance per unit area.
given geometryS;/I? vs Vg and found S /121Ny in

10°® -
A T T T T SIII2 [1/HZ]
SI [A"HZ]
10°4 |
100 L J |
10™ . } Lim
10° 10° 10*
2 3 L4
10 10 10 10 FIG. 4. Geometry dependence of the relative currefitnbise on a PTV

sample.S, /12 (taken at 1 Hz withVy4=—3 V and Vg=—15.9 V) is in-
versely proportional with channel length becauseS, /12« 1/N=1/L for
FIG. 2. Current noise spect@ in a PTV sample for drain-source voltages samples biased at the saig, and having the same width. This fact indi-
Vgs=—1.5, =3, and—4.5 V, respectively. The spectra show Bnd back- cates an ohmic sample without serious contact noise contributions and
ground noise. The spacing indicates different drain-source current levels. proves the validity of the empirical relation of E().
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FIG. 5. lllumination effects on the relative noise on a pentacene sample. ThEIG. 6. Differences between the apparenand the reak due to ignoring
relative noiseS, /12 measured at 1 Hz varies linearly with the channel resis- radial field effect by treating the sample as if it were submitted to a homo-
tanceR becauseS, /1%« 1/N«quR/L? where u is mobility, q elementary ~ geneous electric field.

charge andR channel resistance, respectively. The resistance changes are

due to the generation of free carriers by illumination.

Sk a[1/r2—1/r3]

- 2

B. Pentacene _
R%2  4mtn[In(ry/rq)]?f

The pentacene samples are more robust than PTV

samples with respect to aging. However, their impedance in

: . 1 : ) ~ with t being the thickness of the layer andhe free carrier
darl_< is even higher (f(}lt_)l ) wh|c_h leads to noise _d_e concentration. If thex parameter is calculated by overlook-
tection problems even with low noise current amplifiers

S ‘ing the nonhomogeneity of the field and is calculated from
However, by shining light on pentacene samples extra char : . . >
. . S e experimentally observed relative noise at 1 F34/R*)
carriers are generated so illumination decreases the sample

e it — 2
resistance R 1/N) down to 1/3 of the dark value and also o "o by Eq.(2) and by multiplying it with N=(r5

the relative noises, /12. This kind of optical suppression of rytn, itresults in an apparentyyp,; which is always larger

1/f noise was also observed in silicon, GaAs and GaAIAsthan the real like

which is in support of the empirical relatidhl! Through 2_ 2 (12— 12
resistance measurements we found that measured at 1 Hz “eeet_ (12 ry(diy - i)
S, /12 Ry, (see Fig. 5. This result shows the validity of the @ 4[In(rp/ry)7?
empirical relation for the current fl/inoise in pentacene as

was found already in semiconductors under illuminafiof. ~ The continuous line of Fig. 6 shows the error in terms of the
The calculatedr values from Eq(1) were of about 1-100 ratio aapyf @ as a functiorr,/ry. If ais calculated by over-
using mobilities x=10"5-10"% cm?/Vs. The mobilities !00king the radial field but thus applyifg=L*/quR which

were calculated for PTV from measuring transconductanc&0lds for homogeneous samples submitted to homogeneous
and the oxide capacitance. Our mobility values 3010 4  fields, then we find an errat,p,,/ « which is expressed by
cn?/V s are typical for granular pentacéf@nd 3—4 orders

()

2 2

of magnitude lower than mobilities of single crystal — @app2_ (rp—=ry)2(Lri=1/r3) @
pentacené’ a 2[In (r,/r) T3
IV. ON CALCULATING THE RESISTANCE AND « This error a,p,/ @ is shown by the dashed line in Fig. 6.
IN RADIAL FIELDS Figure 6 shows that in the range of 1:00,/r;<1.5 @app1

Doing 1/ noise measurement with the aim of obtaining ~ ®aps?™ @, Within an error of less than 10%.
a reliable« value for quality assessment of material one hasThe resistance in a radial field is given by
to analyze the measurement data careffllpur samples
have concentric circular source and drain electrodes which R— LI / 5
leads to radical fields between the electrodes. The inner '~ 2t n(ra/ry )

circle with radiusr, functions as drain, the outer circle with

radiusr, functions as source. In our analysis for resistancanstead of our approximatioR,=p(r,—r4)/27tr,. How-

and noise dependence on geometry the radial field betweeaver, all discussions about geometry dependence in terms of
the concentric electrodes is approached as homogeneous. We-r,—r,; are correct because the errét,/R=(r,/r;

will now investigate if this is a correct approximation. The —1)/In(r,/r;) is negligible in the range 1.64r,/r;<1.5.
relative noiseSg/R? in such a structure is not given by Eq. Hence overlooking the complication due to the radial fields
(1) but N has to be replaced by a¥.; and for the relative in the calculations of resistance aadloes not result in large
noise we find® errors for our samples.
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10°® T ————rrrr TABLE I. Complications that explain anomalous relative noise dependence
[ SI/IZ [1Hz] o S /12 L* with x# — 1 andS, /1% Vi with y# — 1.
2 Dominant term  Dominant term
y inGorR in Sg or Sg S /12(L) S 112(Vg
- G~GyxL ! S6~Se, L2 if S L, V, Vg2
G~GgxLt Se~Se, L=tif stocL*, Vs vgzj
R~ Rch SR%SRS L72 Vgs
o V'.=-9.52V
o V'.=-12.7V
<o V'.=-15.9V
X v, =94V the noise generated by an injection-type current—voltage
*oV, =223V characteristic, respectively. We note here that in investigating
- L m] the noise as a function of geometry in hrarray (a set of
10° 10° 10* devices all having the same width but different lengitwe

assume that the conductanGeand noise parameter are
uniform over the set. If this is not the case then tharray
analysis is not applicable.

When considering the complicatiopsase(i)] due to a
V. ON /f NOISE AS A DIAGNOSTIC TOOL parasitic parallel conductan€s, to the channel conductance

_ o G with total conductance i$5=Gg,+ G, and noiseSg

Sometimes we face a situation when current—voltage- g +Sg, we assume that the conductance is normal and
characteristic indicates a normal device but the low fre'domicnhated by the channel, i.6~G=L ! but the emerg-
quency noise analysis indicates quality problems with tha, ., qiqe is” dominated b,y the paclrasitic conductance, i.e.
device!® In these cases the low frequency noise analysi " s~ that does not depend on the gate voltate our

a p

turns out to be a superior diagnostic tool. For instance, in A veriments sugaest that the parasitic conductance Baise
normal device the relative noi€ /1%« 1/L and 1V gs. If this P 99 P S@p

proportionality does not hold we consider the device noisdnust be independent of the channel lengtfor L <5 um
anomalous. In some of our pentacene samples we observ&fd inversely proportional to it fot>5 um in order to
that the relative noiss, /12 grows with the length. (see Fig. obtain a relat'lve current no'lse shown in Flg_g. This noise is
7) for FETs whose channel length>5 um. We also ob- &nomalous since normally it should g L "

served that in some pentacene samples the relative noise The complication[case(ii)] takes into account a para-
S, /12 grows with the gate voltagé s (see Fig. 8. In both of sitic noisy resistancBg in series with the channel generating
the above cases the noise is anomalous. Here we offer fooiseSg_. BothRs andSg_are considered to be independent
possible explanations for the origins of anomalous ndige: of L as in Refs. 17 and 18. For parasitic series resistance
a parasitic conductance situated parallel with the chafinel, problems we haveR=R.,+ R and Sg= SRch+ SRS with a

a parasitic resistance in series with the chanfiié), the de-  dominating channel resistancR+£ R, and parasitic resis-
pendence of carrier mobility on the gate voltagg and(iv)  tance noise $:=Sr ). Then the anomalous relative noise

derives from a length independent parasitic resistance with
noiseSRS becomes proportional tb~2. Table | summarizes

the abovementioned considerations to explain anomalous
, —o—L=125um ] trends in the relative current noise.
[ S/ [1H2] S-L=25um | The type of complicatioricaseiii)] to explainx andy
©—-L=5um . . .

different from —1 is the 1f noise parametesr dependence
on mobility «.”*° The mobility is weakly dependent on the
gate voltagé. If accu* with x~2 and uxVys we find
S /1%~ . Here we took into account how the channel
resistanceR depends on the gate voltaygs, i.e., Rx1/nu
oclNgSVés. Now we considerxy=1 with x=2 andy=3
which means that we use a well established dependenee of
on u observed in semiconductors and a weak dependence of
w1 on Vg as suggested in Refs. 2 and 3. Such a behavior
AV results in aS; /12«L~* that was observed for short channels
e (see Fig. TandS llzocvgswhich was not observe@ee Fig.
8).
FIG. 8. Some anomalies i /12(Vy) in pentacene. In a high quality The last complicatioricase(iv)] considered explaining
sample the proportionalit, /1% 1V g should be observed as in Fig. 3. The at the same time a nonohmic current—voltage characteristic

increase |n_re|at|v§ noise W|_th gate voltage is typical for s_amples which hav%md as, /1 20<Vys with y#—1 is the injection type of behav-
a small series resistance with respect to the channel resistance, but the noise 9

of this series resistance is much larger than the noise in the channel resi?l ON @ MICroscopic scale between two pentacene_ single
tance as in Ref. 18. crystals grains. For the current—voltage characteristic then

FIG. 7. Some anomalies i /1?(L) in pentacene. In high quality samples
the proportionalityS, /1% 1/L should be observed as in Fig. 4.

10 . T

7] " 1
101 10 100
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holds a proportionality in the current-voltage characteristics, /| 2o« 1/NocRy(®). Our PTV thin film transistors show no
asl«V2. For the noise then hol&&the proportionalityS;  contact noise contributions, as it was observed from the
«I?/V. So the relative noise for a fixed gate voltage thennoise versus geometry\(/L) relations. However, pentacene
becomesS; /1%cV 1“2 Some of our experimental re- samples suffered from series resistance contact noise, while
sults are in agreement or at variance with the abovemenhe resistance between source and drain was still dominated
tioned trends. by the channel resistance which was under control of the gate
The best candidate to account for the anomalous noisgoltage.

seems to b¢ii) when we assume a noisy series resistance in - From our noise under illumination investigations it be-
the channel dominating the noise of the channel but not itgomes clear that the free carrier transport process in PTV and
resistance. This has often been observed in submicron metqjemacene is quite different. On one hand, PTV has a behav-
semiconductor  transistors,  high  electron  mobility jor considering the ¥/ noise as in normal MOS transistors
transistorS’ and  metal-oxide-semiconductor (MOS)  except of the much lower mobility. Pentacene FETs, on the

transistorg®#1-22 other hand, suffer from a low but noisy series resistance. It

has been proved again that thé hbise van should be used
VI. ON BIAS AND GEOMETRY DEPENDENCE as a diagnostic tool for quality assessment of prototype de-
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