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A systematic study of the noise performances of polycrystalline silicon thin film transistors is
presented. The drain current spectral density of these devices shows an evifldsgtBvior and
scales, when operating in the linear regime, with the square of the mean value of the drain current.
The origin of the noise can be ascribed to carrier number fluctuations related to the dynamic
trapping and detrapping of the oxide traps. 395 American Institute of Physics.

Polycrystalline silicon(polysilicon thin-film transistors mum processing temperature of 580 °C, is around 50
(TFTs) are currently investigated for application in static ran-cm?/V s.
dom access memori¢SRAMS) and for addressing and driv- The noise measurements were performed biasing the de-
ing in active matrix liquid crystal displaySAMLCD). In  Vice with constant source-drain voltaygs, and measuring
these applications there is a common demand for high pethe fluctuations of the drain currehy, through a low noise
formances, high stability, and low noise devices. A numbescurrent amplifier(PAR 18] connected to a spectrum ana-
of technological efforts have been devoted in order to indyzer (HP 3561A. The noise contribution of the source/drain
crease the field effect mobility, now exceeding 40CPfs  contact resista_nce was found negligible. Polysilicon TFTs
in polysilicon TFTs recrystallized by excimer ladérThe  With channel width 4Qum (W) and channel lengths; 5, 10,
assessment of the long term reliability of the electrical sta20: 30, and 40um (L) were studied. Figure 1 shows the
bility has been the subject of a number of reCen,[transfer characteristics for different channel lengths, where

investigations:* while the noise characterization of such de- an high on/off ratio(more than 5 orders of magnitdes

vices has received little attention and only preliminary dataObserVEd' Figure 2 shows a typical drain current spectral

. ) L densityS;, measured in a device operating in the linear re-
exist in the literatur@~’ On the other hand the noise is the Yor n 9

I o _ gime:Vys=2 V and gate voltagey/y=14 V. As can be noted
main limitation to the use of polysilicon TFTs in large area . oise shows a 1 behavior, commonly observed in crys-
image sensors. In fact, the performances of such applicatioqamne Si(c-Si) MOSFETs!“When the device is biased in

would greatly improve using a local amplification of the Sig- the jinear regime with a constant gate voltage the drain cur-
nal, but the equivalent noise charge has to be lower thap,; spectral density increases\éﬁg or, equivalently, as the
about 1000 electrorfs’ square of the mean value bf, in agreement with the 1/

In the present letter we have studied the noise perfortheory}l as confirmed by Fig. 3, wher§, /|§ is plotted ver-
mances of polysilicon TFTs fabricated with a four mask se~s the mean value of,.
guence. The active lay¢t00 nm thick was deposited amor- The origin of the low frequency noise in MOSFETSs has
phous by pyrolysis of $He in an UHVCVD reactol’ and  peen related to either carrier number fluctuation or carrier
subsequently furnace crystallized at 580 °C. After definitionmobility fluctuation. In the carrier number fluctuation model,
and reactive ion etchingRIE) of the active polysilicon is- based on the McWorther theal$2%1%the fluctuations of the
lands, the gate SiOwas deposited to a thickness of 120 nm
by distributed electron cyclotron resonan&ECR) plasma

enhanced CVDPECVD).!° The gate electrode was defined 10-4
by RIE of anin situ doped amorphous silicon layer deposited

by LPCVD at 560 °C. The self-aligned source and drain con- 106
tacts were formed by a phosphorous implant, which was ac- =

tivated by a furnace anneal at 580 °C. This thermal treatment ; 10-8 -

also converted the amorphous gate material to low resistivity =
degenerated polycrystalline silicon. The contacts were de-

fined by lift-off of an evaporated aluminum film and the 10-12 g
devices were then annealed at 450 °C under flowing forming 10 0 10 20 30
gas(10% H, in N,). Finally, the samples were covered with
a SiO, passivation layer. Field effect mobility in these de-

vices, without posthydrogenation treatment and with a maxi-

FIG. 1. Transfer characteristics measuref at=0.2 V for different channel
lengths: continuous line =5 um dashed linee=20 um, and dotted line
3E|ectronic mail; roberto@iess.rm.cnr.it L=40 um.
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FIG. 2. Drain current spectral density for a TFT with channel length

FIG. 4. Normalized drain current spectral dens&l/lf,, at 20 Hz vs the
=10 um Vy4=2 V andVy=14 V.

mean value of the drain curreht, for TFTs with channel length=5 um
(@),L=20 um (M), and 40um (A). Continuous lines are the best fit to Eq.

drain current are induced by fluctuations of the interfacial(l)'
oxide charge due to the dynamic trapping and detrapping of
free carriers into slow oxide traps. In other words, due to thdéhe channelC,, is the gate oxide capacitance per unit area,
interface charge fluctuations, the flatband voltagefluctu-  9m is the device transconductantevaluated from the data
ates and, therefore, also the charge induced in the semicohown in Fig. 1, and Syy, is the flatband voltage spectral
ductor fluctuates. In the mobility fluctuation modélthe  density. The continuous lines shown in Fig. 4 represent the
fluctuations of the drain current arise from the fluctuations ofbest fit of the data with E¢(1) and, as can be easily recog-
the carrier mobility possibly through a fluctuation of the scat-hized, a very good agreement is observed. The mean value of
tering cross section. This results in & Toise whose inten-  the fitting parametes was found 1.5 16V s/C, close to that
sity is inversely proportional to the total number of carriersreported forc-Si MOSFETS[10* V s/C (Ref. 18], while the
in the system. In order to discriminate between the twovalue of the fitting paramete®,s, was around 1.2 10°
mechanisms the normalized drain current spectral density 7Hz. The noise in polysilicon TFTs appears much higher
can be analyzed. In fact, according to the carrier numbethan inc-Si MOSFETS****and such an higher noise level
fluctuations, at low values of the drain curre®t/13 shows a ~ could be related to fluctuations of the barrier heights present
plateau before decreasing @52 as the TFT is turned off  at the polysilicon grain boundarieer to an higher density of
Vice versa, in case of mobility quctuatiorS,/Iﬁ is expected  traps in the oxide close to the interface. Assuming a predomi-
to be inversely proportional th,.® nance of the latter mechanism and according to the conven-
Figure 4 showsS,/I2 versusly for different channel tional tunneling mechanisit;° the oxide trap state density
lengths. The measurements were performed biasing the TFT% can be evaluated from the following expression:
in the linear regime&V4=0.2 V) and changing/,. From the
shape of theS /12 the noise the polysilicon TFTs can be  Syi=(0?KTAN)/(WLCSf ), 2
ascribed to carrier number fluctuations. In order to confirm
this point we have fitted the experimental data with the theowhere X is the tunnel attenuation distan¢around 0.1 nm
retical expression for thg, /Iﬁ in the case of carrier number (Ref. 13], g is the unit charge, anlT is the thermal energy.

fluctuations*® From Eq.(2) we obtain, by using the fitted values 8y, a
N, value around 1%’ states/eV crf) which is about three
2_ 2 2 t
Si/1g=(1+ apterl a/9m)"(9m/14)"Svto @ orders of magnitude higher than tNg value generally found

wherea is a constantu is the effective carrier mobility in  for CMOS technology?*

In conclusion, we have, for the first time, systematically
studied the noise performances in polysilicon TFTs. These
devices are characterized by the presence of a strohg 1/
3x10-101 noise. From the analysis of the drain current spectral density
- . . we have identified the origin of the low frequency noise in
2%10-10L the carrier number fluctuations. The noise level appears to be
much higher than irc-Si MOSFETs. This increased noise
1x10-10} level could be related to several effects including the pres-
ence of localized states at the polysilicon grain boundéaries
. S or an higher oxide trap density. In the latter case we have

105 104 estimated an oxide trap density around®d 8tates/eV cr)
Id (A) which is three order of magnitude higher than typical values
for c-Si MOSFETs!* Although our DECR PECVD oxide,
FIG. 3. Normalized drain current spectral densiy/I3, at 20 Hz vs the depo.sned at lOW_ temperatu(e-100 °O, ConFamS an hlg_her
mean value of the drain currehg, for a TFT operating in the linear regime  density of traps if compared to thermal oxide, the estimated
with L=10 um andV,=14 V. value ofN, is not compatible with the quality of our oxidé.

S/1d2 (Hz'1)
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