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Abstract—The graded-gapa-SiC:H-based p-i-n thin-film light- TFLED’s had progressed markedly [4]-[6]. Recently, a series
emitting diodes (TFLED’s) with an additional low-resistance and  of visible TFLED’s made ofa-SiC:H have been presented
high-reflectance n"-a-SiCGe:H layer were proposed and fabri- by Hamakawaet al. [7]-[10]. The emitting color of TFLED

cated on indium-tin-oxide (ITO)-coated glass substrate in this
paper. For a finished TFLED, a brightness of 720 cdm? could be could be controlled from red to orange and to even yellow

obtained at an injection current density of 600 mA/cm?, and its by adjusting the optical bandgap of the luminesceiC:H

EL (electroluminescence) threshold voltage was lowered to 8.6 V. i-layer.

In addition, the effects of reflectance and resistance af-SiCGe:H As compared with the conventional crystal LED’s, the

film on the performance of TFLED were discussed. The optimum - gjc:H.-hased TFLED’s possess several potential advantages,
rapid thermal annealing (RTA) conditions for fabrication of ible to flat  displ to fabricat t
TFLED after metallization were also studied and employed to €.9., accessibie Lo flal-panel dispiays, €asy 1o fabricate onto any
improve the optoelec’[ronic characteristics of TFLED. SUbStrate, tunable CO|Or W|th |ntegrated mult'layer StrUCtUI’eS,
and lower cost [10]. The brightness @fSiC:H-based TFLED,
however, is still insufficient for practical applications so far.

_ 3 To increase its EL intensity, the investigations that smooth the
INCE THE success of doping amorphous silicon producgsbtential barriers at the p-i and i-n interfaces [11], [12] or

y glow discharge, the related researches of amorphqy®vide a better ohmic contact with external electrodes have
semiconductors and devices for optoelectronic applicatiopgen reported [13].

have been developed continuously and have received extensivig this paper, a new device structure ®SiC:H-based p-
attention. Because the prime feature of amorphous semicef- TFLED was proposed, fabricated, and characterized. In
ductors is lack of long-range ordering and structural symmetryider to increase the carrier injection efficiency and decrease
various multicomponent alloys, such asSiC:H, which have the EL threshold voltaggV;y,) of the TFLED, the CGL
tailor-made optical bandgaps, can be synthesized. Moreovgmposition-graded layer) structure [12] was adopted for the
in the amorphous semiconductor, the deficiency of longepositions of p- and n- layers, and part of the-&SiC:H
range periodicity could relax the-selection rule for optical |ayer in the previously reported-SiC:H-based TFLED [12]
transition and, hence, results in a large optical absorptigras replaced by an'ra-SiCGe:H layer, which would lower
coefficient and possibly yields a high luminescent efficienayie internal resistance and increase the internal reflectance of
[1]. One of the optoelectronic devices that nearly utilize all ghe device due to incorporation of Ge into the film. In addition,
these advantages is the TFLED. the increments of device brightness (B) due to the higher
The studies of EL in amorphous semiconductors have begiflectance and lower resistance of the-&SiCGe:H layer
going on for many years. In 1976, Pankateal. first reported were estimated and discussed. Moreover, to obtain a better
an infrared electroluminescence in a Schottky barrier interfagAmic contact for the device, the needed RTA conditions had
of a-Si:H as well as in ane-Si:H p-i-n junction at low g3lso been tried.
temperature [2], [3]. Since then, the development of p-i-n

I. INTRODUCTION

. . ) Il. DEVICE STRUCTURE AND FABRICATION
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Fig. 1. (a) Schematic cross section along with the flow-rates of source gases and (b) optical-gap diagram and the emitting paths of light of the obtained
TFLED with an nf-a-SiCGe:H layer. The numbers in parentheses of (a) are thicknesses of the layers in angstroms.

CPD-1108D) system. As illustrated in Fig. 1(a), the-pr nt-  of the TFLED’s having CGL and/or DGL were also described
type CGL [12] was deposited by suitably changing the flowlsewhere [14]-[17].

rates of three source gas@s,H,, GeH,, and SiH,) to obtain

the graded or constant optical bandgap of amorphous films. lll. RESULTS AND DISCUSSION

The pt-a-SiC:H CGL was deposited by gradually increasing Fig. 2 shows the/ (current density} (bias voltage) and-
the GH, flow rate to grade the optical bandgap from 1.6§ cyryes (in the inset) of the obtainedSiC:H-based TFLED
to 2.52 eV. The i-SiC:H layer was obtained by keeping th&yith an 11+-4-SiCGe:H CGL and the previous one [12] with an
SiH, and GH; flow rates unchanged to maintain an opticah+_,-SiC:H CGL having the same CGL thickness. As could
bandgap of 2.52 eV. Similarly, thetra-SiCGe:H CGL was pe estimated from this figure, this new TFLED with ah-a-
formed by gradually increasing the GeHow rate but keeping SiCGe:H CGL had aB = 720 cd/m? at.J = 600 mA/cn?,

the GH, flow rate constant to grade the optical bandgaphis brightness was significantly higher than the 40@nad

of this amorphous film from 2.52 to 1.63 eV. Finally, th&or the previous one [12] with an™a-SiC:H CGL at the
C,H, and GeH flow rates were down to zero, and the $iHsame.J. The new TFLED had &%, of 8.6 V, which was
only was used to deposit the thinSi:H layer, which was much lower than that (9.9 V) of the previous one [12]. The
used to obtain a lower contact resistance with the external, was defined as the-axis intercept obtained by linearly
Al electrode than those of the-SiC:H-based layers. As alsoextrapolating the linear portion aB-V curve. Therefore, if
shown in Fig. 1(a), a dopant-graded layer (DGL) [14]-[174 thin nt-q-SiCGe:H layer was used to replace part of the
was formed around the p-i or i-n interface. The DGL was*-a-SiC:H CGL in the previous one [12], the brightness of
obtained by suitably adjusting the flow rate of doping (Rld;  a-SiC:H-based TFLED would be improved significantly.

or BoHg). All of the deposition parameters of the presented The EL spectra for a fabricated TFLED under various bias
device are listed in Table I. The detailed fabrication processesitages are depicted in Fig. 3. From this plot, it could be seen
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TABLE | T i T T
DEPOSITION PARAMETERS OF THE PRESENTED DEVICE 1.2 |. [Bias voltage (V), Peak wavelength (nm), FWHM (nm)]
12 190
Layer Source Gases Fiow-Rates Chamber Pressure [12, 678, 190]
(sccm) (torr) —_ 1.0L l |
3
n SiH,: PH, 100 : 72 0.44 S
SiH,: C,H, : PH, 100:4.6:72 0.45 g 03| -
SiH,: C,H, : GeH, : PH, 100:4.6:5:72 047 é
i S, : C,H, 100:12.3 035 ; 06l {1, 618, 183] |
p SiH,: B,Hy 100: 36 0.35 %
SiH, : C,H, : B,Hg 100:4.6:36 0.38 b1
= 041 4
RF power density = 7 mW/cm? =
Substrate temperaure = 180 °C =
Process gases : 02| -
1.SiH, :SiH, (4%) + H, (96%)
2.BH, : BH (1%) +H, (99%)
3.PH; :PH,(1%) +H,(59%%) 00 == it N 1 t
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Fig. 3. EL spectra of the obtained TFLED under various bias voltages.
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Fig. 2. J-V and B-V (the inset plot) characteristics of the obtained
a-SiC:H-based TFLED with a low-resistance and high-reflectandeig. 4. EL stabilities of the obtained TFLED under 11 V pulse- and
nt-a-SiCGe:H CGL and the previous one with az-SiC:H CGL [12]. constant-voltage-driven modes.

that the peak wavelengths of EL spectra were at about 680 rindicated in the inset of Fig. 2, at a constant current density,
The little blue shift of EL spectrum with the increasing biashe increasedB for the new TFLED would be due to its
voltage, as indicated in Fig. 3, might be due to the fact thatider FWHM of the EL spectrum resulting from its higher
some of the electrons could be injected into the higher enengsobability of tail-to-tail state recombination.
states in the luminescentiSiC:H layer when the TFLED was The EL stabilities of this TFLED under the 11 V pulse-
biased at a higher voltage. The full width at half maximurand constant-voltage-driven modes had been measured. The
(FWHM) of the EL spectrum for this TFLED biased at 10 VIFLED was driven by each bias mode for a total elapsed
was about 185 nm. time of 5 min, and its EL intensity was taken at a 680 nm
Comparing the EL characteristics of this new TFLED withvavelength, which is about the peak wavelength of its EL
the previous one [12], the new (previous) TFLED had a Espectrum. Fig. 4 illustrates the measured EL stabilities of a
peak wavelength at about 680 (586) nm, a EL FWHM of abotitpical device. The EL intensity of this TFLED decreased
185 (140) nm, and & = log(B)/log(J) = 0.95 (0.96) (as with elapsed time and reached a steady-state value after 2
indicated in the inset of Fig. 2). The wider FWHM and thenin at approximately 52 and 45.8% of its initial intensity
slightly lower n for the new TFLED indicated that it had &or pulse- and constant-voltage driven modes, respectively.
higher probability of tail-to-tail state recombination [9], whichin this paper, we found the about 10 devices on a substrate
would be due to the employedtm-SiCGe:H layer having a that showed similar EL stabilities. This serious problem of EL
lower optical gap and a higher defect density. Therefore, sbility for the obtained device, as compared with the good
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Fig. 5. Variations of EL threshold voltagé/y,) of the TFLED’s with the o ) )
annealing temperature ranging from 260 to 290°C. Fig. 7. Variations of EL threshold voltageVi,) of the TFLED’s with
different annealing time durations.

800 : . : ,
750| Time duration: 3 min 1 between these two films would be broken [13]. Figs. 5 and
H, ambient . 6 illustrate the variations of El;;, and B of the annealed
700 | . . devices with theh temperature ranging from 2&Dto 290°C.
& esol ] Their annealing time was kept to be 3 min. From Figs. 5 and
g T - . 6, it could be seen that thB and V;, of the annealed devices
T 600 R were improved with increasing temperature up to 280
~ ssol. g 1 The annealing temperature should not be more than°Z90
§ because the Hmight diffuse out of the amorphous films,
g s0op o : and the device'sl;, was increased, as could be found in
o 450 | 75% T 0% l Fig. 5. The H outdiffusion would result in an increase of
= mean =+ 50% | the trap density in the amorphous film, and the degradation of
P 400 [ min g 50, 2% . the EL characteristics of the device would be observed [13].
3501 ] Therefore, a shorter annealing time at higher temperature could
not be used in the annealing process.
300 250 2'7 5 250 750 The variations ofV;;, and B for devices with different

annealing times are depicted in Figs. 7 and 8, respectively.
Their annealing temperatures were kept at 280 These two
Fig. 6. Variations of brightness (B) of the TFLED's with the annealinglots indicated that the optimumsHannealing process for the
temperature ranging from 260C to 290°C. fabricated TFLED’s was a 3-min 280C annealing.

. ) ) i The effects of reflectance and/or absorbance of the:n
EL stabilities of the previous one with'ra-SiC:H CGL [12],  gicge:H layer onB of the TFLED are discussed as follows.
might be due to the employed m-SiCGe:H layer and is still gyt of the device structures for the previous CGL TFLED
under investigation. One of the possible reasons is that i8] and this new TFLED could be divided into three regions,
incorporated Ge might be oxidized by,Gn ambient, and @ \yhere region 1 included the three p-type layers, region 2

passivation layer for the TFLED might be needed t0 improvg,nsisted of the i-type layer only, and region 3 contained the

its EL stability. _ three n-type layers. The parameters for different regions of
To obtain a better ohmic contact between the amorphoys, qevices are listed in Table 1.

Iaygr and externa! glectrode, the annegling process after COMrhe brightness of the previous CGL TFLEB§qy.) refer-
pleting the depositions of needed device layers was studlﬁgg to Fig. 1(b), could be expressed

and the optimum conditions were used to fabricate the above-

mentioned devices. After the last Al metal film had beerPcaL ~0.5bccL exp(—aiz1)+0.5bcL exp(—azw2)
deposited onto the'na-Si:H layer of the device, the sample - [Rz exp(—aaxs) exp(—a121)

was put into rapid thermal annealing equipment. In this H +(1— Rs) exp(—2asx3) exp(—a2) exp(—cay21)]
annealing process, the annealing temperature and time were (1)
chosen independently to obtain a better EL performance of
the TFLED. With an annealing process, the adhesion of Mlhere bcgr, means the initial brightness due to carriers re-
film to the nt-a-Si:H layer would be improved, and the oxidecombined at the p-i interface [10]. In deriving (1), it was

Annealing temperature (°C)
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TABLE 1
PARAMETERS FOR DIFFERENT REGIONS OF THE
OBTAINED CGL TFLED AND THE PREVIOUS ONE [12]

Wavelength (nm)

Fig. 9. Absorbances of the d-SiC:H, nt-a-SiC:H and m-a-SiCGe:H

layers.
region 1 region 2 region 3
-1 i-l -1
p-layer i1-layer n-layer 40 . , [ . , [ . . .
Room temp.
35 p o n*-a-SiCGe:H film
CGL TFLED[12] o X, o X, s, X5, Ry (58 L"o%% e n*-a-SiC:H film )
The new TFLED oy, X Ly, Xy o, X4 Ry 30 i, |
%(&’
S 250 %o 1
o : the absorption coefficient é X“\‘ 000%
x : the thickness ‘_E‘ 20| “\A\A‘ O&%QWO% |
R : the reflectivity 8 s M\“‘M Wooumﬁ)o
The subscripts were used to indicate parameters for different regions or materials. é’ § ‘\A\ % ]
s
& 10 a \A . @ b"ocp
. - [ by 1
assumed that the photons emitted at the p-i interface went RS
in the backward and forward directions with equal probabil- sk AN L,
ity, that is, half of light directed to the ITO-electrode side |
ini i _ 4] I 1 1 L I Lasaadaaaal Lo
(0.5bccL) and the remaining half directed to the Al-electrode 2004502007250 ¢00 650700 750 800850900

side (0.5bcqr,). The exponential terms, likexp(—axz), indi-

cated the light absorption in the amorphous films. In (1), the
first term 0.5bcqr exp(—aqx1) was the part of the emitting Fig. 10.
light directing from the p-i interface to outside. The sed®®'s
ond term 0.5bcaL exp(—aoxs)R3 exp(—aaza) exp(—og z1)

in (1) was the light directed to the Al-electrode but reThe optical gaps, absorption coefficigiat), and reflectivities
flected by the i-n interface to the outside. Finally, the thirdR) of amorphous films were obtained with a UV/VIS/NIR
term 0.5bcqr, exp(—aoz2)(1—R3) exp(—2asz3) exp(—azz2)  spectrophotometer (JASCO V-570). The absorption coefficient
exp(—ayz1) in (1) was the light reflected bythe Al-electrodeof the i-layer, the fi-a-SiC:H CGL layer [12], or the h-a-
Similarly, the brightness of the proposed device with a higleiCGe:H layer for the proposed device could be figured out
reflectance (HR) h-a-SiCGe:H layer Bygr) could be ex- from I = I, exp(—ax), i.e.,

pressed similarly as a=(1/z) In(L,/I)
=(ln 10)[log(I,/D)](1/x)
=2.3025A/x 3)

whereln 10 = 2.3025,1, is the incident light intensity,
(2) I is the light intensity transmitted through the samplég,

Wavelength (nm)

Reflectivities (in percentage) of~m:-SiC:H and rt-a-SiCGe:H

BHR ~ 0-5bHR exp(—a1x1)+0.5bHR eXp(—OCQ.’L'Q)
- [Ryexp(—aar2) exp(—a121)

+(1— Ry4) exp(—2a4x4) exp(—aax2) exp(—a121)].
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Fig. 11. Current versus applied voltage curves for tfieanSiCGe:H films

with different incorporated Ge compositions. The inset plot shows the devi

structure in thisIV measurement.

[defined as log(1,/I)] which is the absorbance of the film
as indicated in Fig. 9, and is the film thickness. As shown
in Fig. 9, there are few differences-8% measured at the

same thickness of amorphous film) in absorptions of thé?!
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significantly lower the resistance of the m-SiCGe:H film.
Therefore, the improvements for EL intensity alg, of the
proposed device would be mainly due to the lower series-
resistance of the ta-SiCGe:H CGL layer. With this layer,
more electrons could be injected into the i-layer and then
recombine with holes at the p-i interface to enhance the device
EL brightness(bpr).

IV. CONCLUSIONS

The a-SiC:H-based TFLED with a low-resistance and high-
reflectance M-a-SiCGe:H CGL layer led to improved bright-
ness and threshold voltage as compared with the conventional
device with an f-a-SiC:H CGL. The obtained TFLED fab-
ricated with an optimum 3-min 280C annealing process
had an obtainable brightness of 720/od at an injection
current density of 600 mAcn? and a threshold voltage of
8.6 V. These EL characteristics were much better than those
of the previously reported:-SiC:H-based TFLED without
Ge composition [12]. The improvements of optoelectronic
characteristics for the proposed TFLED were partially due to
the higher reflectance of thetm-SiCGe:H layer; however,
the lower series resistance of th&-n-SiCGe:H layer would
be the dominant factor to improve the device EL intensity.
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