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Rapid Thermal Annealing Using the Combustion of H2 with NzO

A.Taj ima, N.Takashima, Y. Sunaga and T. Sameshima

Tolcyo A&'f Uni.versity, 2-24-16, Nal<nmachi, Koganei, Tolcyo 184 Japan

The combustion of I{2 gas with NrO gas was investigated in order to rapidly heat substrate to a high
temperature. A trrrsient thermomary with a 100 nm-thick Cr film as a temp€rature sensor formed on
quartz subsffate was used to measureteinperature change at the surface.The gas combustion was induced
by heating a W f,rlament. It propagated with a velocity lrger thm 100 m/s throughout a chmrber for m
initial total gaspressure of 500Ton(tHJ/tNOl=1).Thesample surfaceisheated to 800.C forasubsrrate
temperature of 300 "C. The full heating time width at half maximum was 5 ms.

1. fnhoduction

Rapid thermal mnealing has beeir important to device
fabrication technology because a total roquired energy for
heating treafinent must be reduced for fabrication of large scale

integrated circui ts w i th a hi gh packing densi ty and a hi gh yiel d.

The rapid thermal annealing is also attractive for low
temperature fabrication of thin film transistors on glass

substrates with no heat resistivity. Infrared (IR) rapid thermal
annealing has realized a heating treatment up to I 100 "C for a
few seon&.r'2) It activates ion-implmtod spocies well.
However, there ae still a proble,m of unwmted impurity
dlffusion duing the heating treatment. Pulsed laser heating
has been also widely studied for surface treatment. The sample
surface is heated very rryidy md meltod shorter than I ps.

Several surfae modlfications, for elemple, crystallization,
activation of implmted spwies and doping, are possible.3-sl

However, it is not yet easy to apply the laser treatment to
fabrication processing because of inhomogeireous beam

intensity and intensity fluctuation. Moreover, the high
heating and cooling ratio (108-1010 ICs) may czluse a stress-

induced defects.

This paperreports arapid annealingmethod using a gas

reaction energy, which is profucod by buming hy&,ogen gas

with NrO gas, via the following reaction,I{2 + N2O + HrO
+ N2. Here, the combustion reaction energy is 3?A
kJ/mole.o The reaction €nergy is used to heat a sample
rryidy. The paper chracterizes the heating and cooling
properties at the surface of quartz substrates using a transient
thennometry with a Cr film as a temperaturc sensor.? A
combination of the present rapid heating method with the
preheating of substrate to obtain a higher surfacetemperahue

is also reported.

2. Experimental

Two Cr wires with a thickness of 100 nm, a rvitrh of
O.2 mm and a length of 10 mm wetre fonned with an interval
of 25 rnm on a I rnm-thick quartz glass substrate. They were

connected to electrodes inside a chanber with a volume of 7

PC‐ 1‐5

litters. The initial temperahre of the sample before thegas
reaction was confrolled atroom ternperature as well as at300
"C by acurrent heater. After thechamber was evacuated,I!
ardNrO gases were intro&ced to the chamber with a s.me
patrial pressurerespectively (tHtitNrol=1). A Wfilament
installed at a chamber wall was heated to initiate the gas

ombustion. Elecause the gas combustion incrcases the gas

ternperature and results in a higher gas pressure, thechember
had a prcssure-prcof stnrclure to l0 bars. Change in the
resistivity of the Cr wires were measurod by a digital storage

oscilloscope during md after the gas reaction.

3. Results and discussion

Figure 1. shows the changes in temperature of the Cr
wires as a function of timefor an initial total gas pressureof
44O Torr md the substr:ate tempemture of room temperature.

The tempe,lature was calibratod fiom a relation between the
resistivity of the Cr wires md the tennperature which was

carefully measured usinga funrace beforethe gas combustion
experiments. The tennperature was increased rapidly by the gas

combustion and reactred 450 'C at maximum within 2 ms.
Then it decreased gradrally aocordlng to heat dffusion into
the substrate. The full width at the half maximum was 5 ms.
The result of Fig.l shows that the gas neaction energy is
effectively transfened to the sample. Figure 2 shows the
maximum temperature heated by the present gas combustion
as a function of the initial total gas prcssure for the initial
substrate temperatures at room te,mperature md at 300 .C,

respectively. Figure 2 also shows the velocity of the
ombustion propagation, which was obtained from the
retardation of the ternperature chmge between the two Cr
wires with the 25 mm interval. The maximum temperature
increased as thetotal gas pressureincreased for bothsubstrate
te,rnpenatures. Espwially for the substrate temperature at 300
.C, the ternperature reached 800 'C at the initial total gas

prcssurc of 500 Ton. The propagation velocity of the gas

oombustion increasod as the total gas pressure increased as

shown in Fig.2. It is higher than 100 m/s for 500 Torr.
The presentheating method was ppliedto activation of
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dopant species in seinicond.rctor. 0.27o-phosphus-6ped

hy&ogenated arnorphous silion (a-Si:H, P(0.2Vo)) films
with a thickness of 10 nm were heated by the gas

combustion with the initial total gas pressureof 500Tonand
the initial substrate temperaturcs at room temperature and at

330 oC, respectively. The elatrical confuctivity was

increased from 2xl0-6 S/on to 2xl}-3 S/cm by the

treatment at 330 "C-initial substrate te,mperature, while it
hardly chmgedfor thecase of the initial substratetemperahrre

at roomtemperature,as shown inFig.3. Theresultof Fig.3
shows that this heating treatment can give the sampl€s an

energy to activate dopmt species in the films.
The experimental results of Fi gs. I -3 reveal that the gas

combustion has a possibility of milliseoond=or&r heating

treatment. The combustion, which is initiated with helpof
the heated W filament, produces hot gas molecules because

of the high reaction energy. They heat a{iacent gases so that

they successively cause mother reactions (chain reaction)8),

which resul t in the propagation throughout the charnber. The

maximum heating ternperature canbe controlledby the initial
gas pressure as well as the preheating te,mpe,rature. The

heating ffeaUnent over a large area cuur be rcalizpd via the
propagation of the combustion throughout the chamber. The
present heating method can beuseful for activation of dopant

spwies in sernicondrctor md ohmic ontact between

semiconductor mdmetal. This method may be also useful for

rryid annealing treatrnent of s ome cermic films because very

hot and oxidized gas molecules (FI2O) are produced duringthe
combustion.

4. Summary

The, the gas combrxtion of H2 with Np was

investigatedfor arryid thermal treatment. 100 nm-thick Cr
films were used to measure the temperature at the surface of

+rfrtz substrate. The gas ombustion indrced by heatod W
filament propagated throughout the chamber. The propagation

velocity increased above 100 m/s as the initial total gas

prcssure increasod to 500 Ton ([tIJl[NO]=1). The smple
surface was rryidy heated and reached a maximum
temperature within 2 ms. The full time wifth at half
maximum was 5 ms. The maximum terrperature increasedto

500 "C, when the initial total gas pressurc increasedto 500

Ton. The preheating of the sarnple to 300 .C helped the

sanple surface to be heatod 800 oC. The eletrical
condrctivity of 10 nm-thick a-Si:H,P(O.2Vo) was increased

from 2x106 Sicm to2x10-3 S/cm by the treatment with the

i ni ti al total gas pressure of 500 Torr at 33 0'C-ini ti al substrate

temperature. These resul ts show that the present method has a

pos si bi li ty of milli second-order rryid themral treatment.
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Fig。 1.Temperature change at ale quartz surface

during and after the gas combustion for the lllltial

total gas pressure of 44・O Tor(障
2]ノ トJ20]=1)・
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Fig.3. Electrical conductivity of the O.2Vo-
phosphorus-doped hydrogenated amorphous silicon
films with a thickness of 10 nm as a function of the
treatment nembers for the initial total gas pressure
of 500 Torr and the initial substrate temperatures at

room temperature and at 330 oC, respectively.
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Fig.2. Maximum temperahre as a function of the initial
total gas pressure for the initial substrate temperature at
the room temperature and 300 oC, respectively. The
velocity of the combustion propagation as a ftrnction of
the initial total gas pressure is also shown. It was obtained
from the retardation of the temperature change between
the two Cr wires with the 25 mm interval.
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