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Polycrystalline Silicon Thin-Film Transistors
Fabricated by Rapid Joule Heating Method

Y. Kaneko, N. Andoh, and T. Sameshima

Abstract—We report n- and p-channel polycrystalline silicon lon implantation
thin film transistors (poly-Si TFTs) fabricated with a rapid joule so_444a8
heating method. Crystallization of 50-nm-thick silicon films and X —
activation of phosphorus and boron atoms were successfully a-Si”| glass |
achieved by rapid heat diffusion via 300-nm-thick SiQ inter-
mediate layers from joule heating induced by electrical current cr . Joule heating
flowing in chromium strips. The effective carrier mobility and the SiO, \___
threshold voltage were 570 crii/ Vs and 1.8 V for n-channel TFTs, doped a-Si i IS
and 270 cn? /Vs and —2.8 V for p-channel TFTs, respectively. undoped a-Si —1

Index Terms—Crystallization, defect, joule heating, mobility, oxygen plasma
polycrystalline silicon (poly-Si), thin film transistors (TFTs), x x x %
threshold voltage. doped poly-Si

undoped poly-Si
I. INTRODUCTION Sio

APID thermal annealing is useful for fabrication of

polycrystalline silicon thin film transistors (poly-Si
TFTs) at low processing temperatures and their application Al
to electrical devices [1]-[7]. Laser crystallization has been
widely used for rapid formation of polycrystalline silicon films.
Poly-Si TFTs with high carrier mobility have been achieved.
However, complicated optical equipment is required in order tdg- 1. Schematic fabrication flow of poly-Si TFTs.
deliver the laser beam to samples and to control the distribution

of laser beam intensity for laser crystallization. We have Top view
recently demonstrated a simple crystallization method using =
electrical-current-induced joule heating [8], [9] Microsecond Voltage source 200pm
order rapid heating is achieved by joule heating caused by I

electrical current flowing thin metal films.

Oscilloscope

In this letter, we report fabrication of n- and p-channel poly-Si 100nm Al
. . L . . 100nm Cr
TFTs. Crystallization of silicon as well as activation of dopant 300nm SiO,

atoms are achieved using the rapid joule heating method. The
high carrier mobility demonstrates that t he polycrystalline sil-

icon films fabricated by the joule-heating method have a posggg.IZ. Sghematic appfaratuslof the ralpid(joulle heating and tlh(?jcross section of
o ; ; ; the layered structure of samplesuS-pulsed voltage was applied to 100-nm-
bility of device application. thick Cr strip with a length of 50@m and a width of 20@:m.

50nm Si

Il. EXPERIMENTAL o o ]
crystallization and dopant activation were simultaneously

Fig. 1 shows the fabrication steps of Poly-Si TFTs. Fiftycarried out with the joule heating method as shown in Fig. 2.
nanometer-thick undoped amorphous  silicon films weffnree hundred-nanometer-thick Siims were formed on the
formed on glass substrates. Two hundred-nanometer-thigkcon films. 100-nm-thick chromium films were subsequently
SiO; islands with lengths of 25 and 10am and a width of formed on the Si@ films. Chromium strips with a width
70 pm were formed on channel regions of the silicon filmgs oo um and a length of 50gm were defined above the
as the dopant stopper. Phosphorus and boron atoms W&ignnel regions. The resistance of the chromium strips was
implanted at 10 KeV with a density of.3 x 10> cm™2, g5 () Aluminum electrodes were formed at the edges of the
respectively. After removing the dopant-stopping-Si€lands, hromium strips to apply electrical voltages. 5pulsed

voltages were applied to the samples, as shown in Fig. 2. The

Manuscript received June 4, 2003. The review of this letter was arranged@lectrical current was measured as a voltage at a load resistance

Editor T.-J. King. - , connected between the sample and ground using a digital
The authors are with the Tokyo University of Agriculture and Technology0 il . d btain the ioule h . d .
Koganei, Tokyo 184-8588, Japan. scilloscope in order to obtain the joule heating energy ensny

Digital Object Identifier 10.1109/LED.2003.816580 per unit area. The joule heat generated at the chromium films
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Fig. 3. Transfer characteristics of n- and p-channel poly-Si TFTs with 8, 10!
channel length of 23:m and a channel width of 70m fabricated at joule {8 :
heating energy densities at 0.75 and 0I74m?, respectively. g 0.0 (b)
- 1.0}
diffuses into the underlying layer and the silicon film are heate% 28 . P-channel s
by heat flow through the intermediate Siayer. The silicon @ _4'0 | ° .
channel regions and source drain regions below the chromii= _5'0 ‘ ‘
strips were successfully crystallized with no substrate heatir 0.55 0.6 0.7 0.8
Raman scattering spectra and TEM observation revea ' ' '
that silicon films were crystallized at a joule heating energ Joule heating energy density (J/cm?2)

density above 0.58/(:1112, the crystallization threshold, caused

by 115-V voltage pulse application [8]. The average grairg.4. Effective carrier mobility (&) and the threshold voltage (b) as functions
size was about 100 nm at a joule heating eneray density B e (enn e Tl b e epsent e Sl oy
0.74J /cm®. The dopant atoms in the source and drain regiopshannel TFTs.

below the chromium strips were also activated. The electrical

conductivity became 320 S/cm for phosphorus doping a
280 S/cm for boron doping for joule heating energy densi
above 0.65J/cm2. After removing the Si@ layers and the
Cr strips, 13.56 MHz-remote-type-oxygen plasma at 100

130 Pa and 250C for 30 min was applied to defect reductio ) ) ; . .
in poly Si films [10], [11]. Silicon islands were then defineddor p-channel TFTs. The high carrier mobility means that sil

SO, films 130-150-nm-thick were then formed as the gaiconﬁlms had the high crystalline volume ratio. Moreover there

insulator by thermal evaporation of SIO powders in the Oxygﬁgg: possibility of mobility enhancement especially in hole mo-

Iggrrier mobility increased from 115 to 570 &/iVs as the joule
IP(eating energy density increased from 0.67 to 017&5112 for
-channel TFTs. It increased from 147 to 270%¢Ms as the
ule heating energy density increased from 0.60 to 0/7:4112

. ility caused by tensile stress [16]. Our previous study revealed
radical atmosphere at room temperature [12]. C_ontact ho t the silicon films crystallized by the present joule heating
were opened and then Al gate, source and drain electro

. ) . . i s
were formed. After fabrication of the TFT structure, TFTs wer &thod had a high tensile stress in the silicon fikn6 x 10° Pa

heated at 200C with 1.3 x 106 Pa— HyO vapor for 3 h for Sue to difference in thermal expansion coefficient between sil-

improvement of SIiQ properties [13]-[16]. Measurements 01gcon and glass substrate [9]. The threshold voltage distributed

. . . between 1.8 and 2.2 V for n-channel TFTs, and it distributed
capacitance response with the gate voltage with a freque%c

) . Stween—3.5 and—2.8 V for p-channel TFTs as shown in
2; 1ac|'\':lo|-r|: f(')trh At\:]egast'?p ge;?l'gsgre;ﬁg:j'cfhn;{uggrS('\ggf.SC)Fig. 4(b). Almost same characteristics on the carrier mobility
apacitors wi iy ! "  SPECINC, 4 threshold voltage were obtained for TFTs with the channel
dielectric constant of the SiOayer, the densities of interface

! . Z length of 100um.

10 —2 1
trr?gz an ‘I’Si?' on>:|ij2e cha:g:ﬁs v&eorevélzm thm i t(I‘;1m tre\/:[m ,nt In order to estimate the density of defect states in poly-
?espe.ctiiely ¢ atter the apor heat the treaime ‘crystalline silicon films, transfer characteristics shown in

Fig. 3 were analyzed using a numerical calculation program
constructed with the finite-element method combined with
statistical thermodynamical conditions with localized defect
Fig. 3 shows the transfer characteristics of the n- and pstates at Si@/Si interfaces and silicon films [17], [18]. The
channel poly-Si TFTs with a channel length of 2B and a total density of defect states including acceptor and donor
channel width of 7Qum fabricated at joule heating energy dentype defects trapping electrons and holes, respectively, was
sities at 0.75 and 0.7%/cm?, respectively. Sharp increase in thestimated a$.3 x 10'2 cm™2,
drain current with low gate voltage application was observed for The results of Figs. 3 and 4 demonstrated that the present
the both TFTs. Fig. 4 shows the effective carrier mobility (a) an@pid joule heating can be applied to crystallization of silicon
the threshold voltage (b) obtained by linear relation of the drafiims and activation of dopant atoms in TFT fabrication steps.
current with the gate voltage for TFTs fabricated at the jouleabrication of TFTs with a high carrier mobility and a low
heating energy density from 0.60 to O.J’ﬁch. The effective threshold voltage is possible at low processing temperature.

I1l. RESULTS AND DISCUSSION
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However, defects remained in polycrystalline silicon probably [4] A. Kohno, T. Sameshima, N. Sano, M. Sekiya, and M. Hara, “High per-
caused high leakage currents due to carrier recombination at
the junctions of channel/doped regions. The density of defect

states should be further reduced.

IV. SUMMARY

The rapid joule heating method using @5ehromium strips
was applied for crystallization of 50-nm-thick silicon films and
activation of dopant atoms for fabrication of polycrystalline sil-
icon thin film transistors (poly-Si TFTs). The joule heating at
0.6 ~ 0.78 J/cm2 successfully formed undoped crystalline sil-
icon channel regions and doped source and drain regions. Ac-

(5]

(6]

8]

tivation of dopant atoms was also achieved. Defect reduction
treatment of 13.56 MHz-oxygen plasma at 100 W, 130 Pa atl®]

250°C for 30 min was used after crystallization of silicon films.

Heat treatment at 200C with 1.3 x 10% — Pa— H,O vapor for

(10]

3 h were also applied after TFT fabrication in order to improve
electrical properties of SiQgate insulator. N-channel TFTs had [11]

an effective carrier mobility of 570 chiVs and a low threshold

voltage of 1.8 V at ajoule heating energy density of 017&112.
P-channel TFTs had an effective carrier mobility of 27 ¢Wis
and a low threshold voltage 2.8 V at 0.74J /cm”. Those

results show that the polycrystalline silicon films formed by

[12]

the present joule heating have a good enough quality to TFTL3]

operation.
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