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Abstract— Recently different and contradicting results
regarding the influence of dislocation loops on ligt
emitting efficiency of Si-based LEDs at room tempexture
were published [1-4]. W& report our results on light
emission of devices called DILED and DiFLED which e
with and without dislocation loops, respectively. fie p-n
junction in the DIFLED device was realized by dopan
diffusion while using ion implantation with various ion
energies for DILED. Electroluminescence (EL) has len
used to investigate room-temperature light-emissiorand
the contribution of dislocation loops by comparisonof the
characteristics between the DIFLED and DILED devics.
In this paper, the device fabrication, working principle and
properties will be discussed. The electrical and ajcal
characteristics of the different devices were meased and
discussed. Some simulation results using the Sivalcode
give more insight on the effects of dislocation Iqus.
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x 10%. The mechanism of this approach is the spatial
confinement of the injected carriers due to thealoc
strain field introduced at the dislocation loop ifios.

In the reference [3], the cathodeluminescence kas b
used to investigate light emission at room tempeeat
from dislocation loops generated in Si substrajemb-
implantation. The efficient luminescence of Si abm
temperature due to dislocation loops was indepdrafen
the presence of a p-n junction.

The extended structural defects (dislocation loops)
have also been produced into Si substrates by
implantation of B and P ions with a subsequent post
annealing at 700 - 1208 as shown in [4] and [5].
However, the internal quantum efficiency of the dhan
to-band EL of the devices achieved the maximumevalu
of 0.4 % after annealing at 1100C, when the
dislocation loops are not introduced. The paper [4]
concluded that no influence of dislocation loop® ithe

higher quantum efficiency due to the spatial
I. INTRODUCTION confinement of injected carriers.

Bulk crystal silicon is an indirect band gap maieri 1€ purpose of this paper is to investigate more
and consequently shows low emission efficiency.r@hecléarly the influence of dislocation loops into trght-
have been several approaches published recerﬁf{/"tt'f‘g structures fabricated in the bulk silicon
showing the same purpose to produce an efficight Ii material.
emitter that is more suitable with standard, silitased
integration technology. One of these approaches is
fabrication of dislocation loop array into the dsjs In order to analyze the influence of the disloaatio
silicon by implantation technique [1-5]. The work[il] loops in the light emitting process, we fabricated
and [2] has described a silicon light emitting @iodruns of devices called DILED and DiFLED which are
operating efficiently at room temperature. Thavith and without dislocation loops, respectivelyhel
dislocation loops were produced in n-type silicostarting material is 4-inch n-type silicon waferthvia
substrate by Boron implantation with the peakesistivity of 5-10 Ohm-cm. The p-n junction inside
concentration of 1 x 8 Blcn®. The observed DIFLED was realized by using Boron diffusion
electroluminescence (EL) with the dominant wavelengtechnique while using B-ion implantation technidoe
at ~ 1154 nm shows an external quantum efficiefi& o DILED. The dislocation loops profile inside the @D

[I. EXPERIMENTAL
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was controlled due to changing temperature of post-

annealing process in range of 850-10%D for 20 00112 DILED annealed at }
minutes after implantation. To change the positibthe 3|—850 :C
dislocation loop array in Si substrate, the impion T e
process was carried out with different energieslevhi _. lE_G’é 1000 °C
keeping a constant dose of 1 x 10B/cnt. After g’ : ----- 1050 °C

implantation and annealing, aluminum contact areasg

were formed at the back- and front-sides of theiadev O 1
The ohmic contacts were sintered at 4@ for 5 1E-104

minutes. 15.123 N
In order to get comparable profiles, the sizes and 3 v};ﬁwﬂ;w@;ﬁmw ‘

structures of the DILED and DiFLED fabricated are ISR M L : :

similar. Their sheet-resistance as well as junctiepth N “ 2 \foltage (i/) 4 6 8

was controlled to be in the same level by changing

implantation energy and diffusion conditions. Figutr Figure 2: IV characteristics of DILED annealed at

shows a schematic of structure of DILED and DiFLEDIfferent temperature

device.

1E-8

B. Optical characteristics

The electroluminescence (EL) measurement of the
hu devices was carried out at room temperature. The EL
/r/h/h was observed under forward bias at a constantrunfe
° 100 mA. All EL spectra of DILED and DiFLED give the
same phonon-assisted band-to-band emission peak at
TV wavelength of 1154 nm.
The evolution of the dislocation loops dependshan t
annealing conditions after implantation. In Fig@r¢he
n type emission spectra of DILED annealed for 20 minutes a
| four temperatures are displayed. The spectra shatv t
the device annealed at 105C gives the highest
intensity. The trend of increasing is still contnup to
) ) o ~1050°C, but we do not investigate further because in
Comparison of observed light emitting charact®ssst ¢, .t the dislocation loops would be completely digsd

between the DIFLED and DILED device is a fundamer&fter annealing at 110€, as in [6]. However, instead of

for evaluating the effects of the dislocation |dagers that we use DIFLED as a reference for device withou
in the radiative recombination process of carriers. dislocation loops.

[Backside confact

Figure 1: Schematic of structure of DILED and DiFLED

0.4

[ll. RESULT AND DISCUSSION DILED annealed at ]
] 0 SN

A. Electrical properties ol 333 02 "~.“

Current-voltage (I-V) characteristics were measured | -~~~ 950 °<§
between the back and front contacts to make s th 5 | |~ 1950 © S
the devices behave as real diodes and to see tigh w < o2 PV AR
mechanism is dominant in the device. The |-V plats 2 FRV Y
all devices show low leakage current as the standar £ | / "»_‘\,"\.
characteristic of diodes. This is in contrary te tlesult 0.1 /\
described in reference [1]. Under forward bias, the // \\\
dominant contribution to the total current is the o S,
diffusion current component. It means that the °°7 w100 1100 1200 1300

recombination outside of the space charge region
throughout the low ir;jection regime. 'An Qxamplahﬂ Figure 3: emission spectra of DILED as function of
I-V measurements with DILED was given in Figure 2. yayelength at different annealing temperatures.
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04 DILED annealled at 1050 °C for 20 min
—— 40 keV
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Figure 4: increasing of emitted light intensity wit higher
implant energy.

The EL of DILED realized with different implantatio
energy is observed and shown in Figure 4. The lig
intensity increases as we grow up the implant gner
Higher energy implants, deeper the dislocation $00
formed from the surface and then a greater volume
silicon is available for recombination of carriefs.is

also means that the surface recombination is Idnit%f

since the p-n junction is far away from the surfaget
the highest EL intensity of DILED in both cas
mentioned above is still lower that of DIFLED, wher
the dislocation loops are not introduced, see Eigur

{----DIiFLED
~~~~~~ DILED 100keV & annealed at 1050 oC
- DILED 40 keV & annealed at 1050 oC
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Figure 5: Comparison EL of DIFLED and DIFLED

We can see in Figure 5 that the intensity of emitte

[4] N.A. Sobolev, AM. Emlyanov, E.l. Sjek, V. |

experiment the dislocation loops did not show difgce

in changing the bandgap of silicon to the nature
radiative recombination process in the bulk silicon
Moreover, the devices with the dislocation loopsvsla
lower emitted light intensity than that of deviagishout
dislocation loops, so the extended structural defec
(dislocation loops) formed in the case of DILED sad
the adverse effects while they were supposed tease
the light emission as in [1][2].

[VV. CONCLUSION

In our experiment, dislocation loops formed in DILE
device inhibited the radiative recombination ofrizas
and acted as non-radiative recombination centens. T
strain field in bulk silicon due to the dislocatitoops
did not take part efficiently in the spatial cord@inent of
the charged carriers.

In the case of DILED the front side Boron
mmlantation was used to fabricate p+ regions innan
ype silicon substrate and also to form dislocatanps,

o the dislocation loops formed is always aboveptine

j?lnction and not independent of the implanted dose.

By making the junction formation and the formation
dislocation loops independent of each other addt
et more information about the role of dislocatioops.
his we hope to realise by making p-n junctions by

diffusion and the dislocation loops by Si implaidat
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