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Amorphous Visible-Light Thin Film LED Having a-SiN:H
As a Luminescent Layer
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Department of Electrical Englneering, Faculty of Englneerlng,

Ghulalongkorn Univereity, Bangkok 10330, Thailand.

Hydrogenated anorphous Elllcon nitrlde (a-SlN:II) hae been firet applled aa
a lunlneecent active layer (l-layer) fn anorphous vieible-Llght Thln FiLm
tlght Enltting Dlode (rrlno). The TFLED hae a etructure of glaee
subetrate/IIO/p a-SlC:H/1 a-SlN:II/n a-StC:II/A1. The red color emleslon can
be obeerved et room temperature from the TFLED of whlch the optical energy
gap of I a-SlN:II layer le around 2.41 eV.

1. IntroductLon

Ilydrogenated amorphoue elLlcon nltrlde
(a-SlN:E) ternary alloy hae been wldely
atudled by many reeearch groups from the vLew
polnte of both baelc propertlee and
possiblltttee of appllcatlone to eLectronic
devlcee (1-2). The main applicatLone of
a-StN:II so far have baeed on lte lneulatlng
propertlee euch ea paeeivatlon layere on
electronlc devices and gate layers ln Thln
Ftln Traneletorg (tff) (3). Ae for the
eemlconductlng propertiee, there are some
reporte on the optical propertlee of a-StN:H
(4). They reports that lf the optlcal
energy gep of a-StN:II le wlde enough for
example Eo= 2.2-9.! eV, the photolunineecence
of a-SlN:fl w111 ehow vlslble llght. However,
there hae been no report on the applleatlon
of a-SlN:Il ae a Lunlneecent actlve layer ln
eny llght enltting device eo far.

In thle paper, the succees ln the
appllcatlon of eemlconducting a-StN:Il ae a
lunlneecent active layer ln a Thln Fllm tight
Enlttlng Dlode (fflnO) ls prepented for the
flrst time. In the paet few yeare, the
authors have eucceeded ln the development of
amorphoue vietble-llght Thln Ftlm Light
Enltting Dlode (fflnn) baeed on a-SiC:H
(5-7). The TFLED had the structure of

glaee eubstrate/ffO/p a-SlC:II/t a-SlC:H/n
a-StC:H/Al.

The purpoee of thie work le to examl.ne
the poeelblltty of applytng a-SiN:H es e
lumlneecent layer ln the TFLED. The
etruc,ture of the TFLED enployed in this work
le glaes substrate/ffO/p a-SiC:H/t a-SlN:H/n
a-SlC:H/Al.

In thig paper, fabrication technoLoglee
and baeic propertiee of a-SiN:H TFTED are
preeented.

2. Preparatl@ of TFLEI)

The TFLED enployed in thte work hae a
structure of glaes eubetratelttOlp a-SiC:H/1
a-SiNtH/n a-Sic:H/Al ae ehown ln Flgure 1.
The thicknee::".of the p-, f.- and n-layere
ere 150 ti, 5OO d and 3OO A, reepectively.
The anorphoua layere rf,ere prepared by a
capacitiveLy coupled RF (8.5G MIIz) glow
diecharge plaema CVD eystem. The eubetrate
temperature and gqs preeBure durlng fiLn
growlng were 190 

oC and 1.0 Torr,
reepectlvely. The eource gases for a-SlN:H
layer were e mlxture of stlane and Anmonia.
The source gases for a-SlC:H layers were a
mlxture of etlane and Methane.

In the TFIED, the p- and n- a-SiC:H
layere act as inJectore of holee and
electrone, reepectively, into the a-SlN:H
lunlneecent active i- layer. The optlcaL
energy geps of the p- and n- layers yrere kept
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3. Reeulte and Dlscueeione

3.1 Dtode Gharacterietlce of a-Stf,:X ITI"EI)

Figure 2 showe a schematlc band
diagran of p a-SiC:H/ I a-SiN:H/n a-SlC:H
heterojunctlon TFLED ln (a) thernaL
equllibrluur and (b) forward biae
conditlone, reepectlvely. The inJection
electrolumlneecence can be obeerved wtren the
dlode le poeitlvely biaeed. The reeulte from
the photoluminescence ehow that in order to
obtain a vielble lunineecence, the optlcal
energy gap of the l-layer hae to be larger
than 2.2 eY. While the optical energy gap of
the p- and n- Layer ehould be at moet around
2.O eV. Thue, there exlete the band
dlscontinuitiee (notch barriers) at the p/i
(An ) and tln (ag ) lnterfaces.vc-

In order to show that the p-a-SiC:H/l
a-SiN:H/n a-SiC:Il junctlon exhibtts e diode
characterlstic the electrlcal characterletice
have been exemined. Flgure 3 ghowe the
eemllogarithmtc curvee of current denelty (.I)
versus applled voltages (V) meaeured at room
temperature for the TFLED of which the
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opttcel energy gap of I a-SlN;H layer ls 2.41
eV. The rectiflcatlon ratlo of forward to
backward current at 8V (the voltage where the
eroleelon beglne to be obeerved) fe more than
two ordere of rragnltudee. The emleelon can

be observed whgn the^ current denelty le
higher than 1o-' (l/csr').

3.2 Electrohnlneacence Propertlee of
a-SlN:E IFIAI)

The emieeion fr'om TFLED can be
obeerved under a forward blae condltl.on.
Under a forward btae condltlon, elctrone and
holee are lnjected from the n-layer and
p-layer respectively, into the lumineecent
a-SiN:II Layer via the fleld tunnellng proceee

i a-Sill:H

f- rr.r-t-*t)
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through the notch barriers at the l/n and p/l
tnterfacee. The lnJected electrone and holee
ere then resombined through the locaLized
etatee ln the lunlneecent a-SiN:I{ layer.

Flgure 4 ehoyte the room tenperature
varlatlon of the brightnees wlth the
lnJectlon current deneity for the red TFLED.

It le found in this Flgure that the
brlghtneee '(g) varlee _w1th the injection
current denelty ae B & Jn, where the exponent
n le cloee to unlty.

3.3 Euleslm Speetstn of a-Slf,:X IFIJI)

Figure 5 showe e room temperature
emleelon epectrrrm of a-SlN:Il TFLED of which
the optlcal energy gap of a-SlN:H layer le
2.1+1 eV. The epectrum peake around 1.8 eV

and le quitely broad with FWHM = 0.2 eV. The
color of the TFLED te red.

3.4 Erople of Real hleeLon frm a-Sllt:f,
ITLBI)

Figure 5 ehowe en exemple of a real
emleelon from the red color TFLED. The
dlameter of the emlgslon pattern Le 2 trrn.
The emleeion was obeerved at Vo = 8V and
Jtr,t = 8 mA. The emlesion can bL observed ln
a dark roo,m and ;he brtghtness ie at the
order of 0.1 cdlma.

t. GoneluaLon

A new effort hae been made to develope a
Thin Fllm LED from a-SiN:H based materlal.
The success ln the fabrlcatlon of a-SlN:H
baeed TFLED ehould expand the appLicatlone of
a-SlN:II materLaL.

FiA.6 Exanphe o{ the zea.(, enitaion Azon a-giJ,tzH
TFLE?. The dianetut o{ the esni^ttion pa,tluln
iA Zttun.
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The amorphoue-vlsible TFLED hae varl.ous
attractlve advantagee. It le avaiLeble for a
low cost and wlde-area flat-panel dieplay.
It can be operated wlth much lower voltagee
aa compared with an intrineic EL devLcee.
One can realtze a multL-color TFLED only by
adjuetlng the optlcal gaps of the lumineecent
1-layer. Furthermore, because of the
anorphoue nature, the TFLED can be forured on
any substrates, €.g., glass, poLymer fllm,
cerenic or etainleee steel. etc.
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