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Using simulation, we have investigated into the@otr spreading, ventional square-shaped ones, like a lower seegstance and a

heat transfer, and light emission in a high-povighttemitting
diode (LED) with an interdigitated multipixel arrédVPA) chip
design. The main advantages of such LEDs compaitbdcan-

higher emission efficiency at high currents, artenpreted in
terms of current spreading and local active regigerheating
originated from the current crowding typical foapar LED dice.
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1 Introduction Generally, llI-nitride light-emitting square one. The output optical power of the LEDS wa
diodes (LEDs) fabricated on sapphire substratedersufmeasured in [5] by collecting the light extractéuough

from the current crowding [1-3] and subsequentvacte-
gion overheating [4], eventually resulting in auetion of
the light emission efficiency at high operationremts. In
order to improve the high-current LED performaree,in-
terdigitated multipixel array (IMPA) chip designshheen
recently suggested in [5], primarily aimed at therent
crowding suppression.

In this paper we report on the simulation studythef

the back side of the sapphire substrate. fheand p-
contact resistances were 5%10Q-cn? and 1x1G Q-cn?,
respectively, in accordance with data reportedSin The
LED heterostructure provided the emission spectrum
peaked at 400 nm.

To investigate into the device operation, we uded t
SimuLED package [6] that provides coupled analydis
the current spreading, heat transfer, and lightaekibn in

IMPA LED with the focus on advantages provided bg t the LED dice. The hybrid approach underlying thawa-

novel chip design. We consider coupled currentasgirey,
heat transfer, and light extraction in the IMPA adhven-
tional square-shaped LED dice to get a deeperhhango
specific features of their operation. The theogdtjredic-
tions are compared with the data reported in [5].

tion has been briefly discussed in [7]. It includés mod-
elling of the LED heterostructure coupled with 3ihsla-
tion of the current spreading and heat transfethedie.
3D ray tracing is used to analyze the light propiagain-
side the die and its extraction to outside.

The computed band diagram of the Ga-polar LED het-

2 Results Following [5], we compare here the IMPAerostructure and the partial electron and holeettirdensi-

die consisting of a hundred of 30xg6 pixel-LEDs inte-
grated on a sapphire substrate with a conventismahre-

ties corresponding to the total current dengity 160
Alcm? are shown in Fig.1. One can see that the conductio

shaped 300x30Qm* LED die. The LED heterostructureand valence bands in the andn-GaN contact layers, as
employed in both dice and the IMPA design have beemll as in then-GaN barriers separating individual InGaN

discussed in detail in [5]. As the square chip was de-
scribed in [5], we have chosen rather arbitrary tigptcal
electrode configuration shown in Fig.2. Both di@a lthe
same light emitting area, while the total areahaf tMPA
LED is about an order of magnitude larger than tiahe
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guantum wells, are nearly flat at such a currentsig.
The electric field remains unscreened only ingh&lGaN
blocking layer, quantum wells, and narrow spacegha
regions adjacent to the wells.

The distributions of the electron and hole currden-
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sities show that electrons can easily penetratugir the The temperature distributions in the selected csession
multiple-quantum-well active region, partly leakingto corresponding to different forward currents arettphb in

the p-GaN contact layer. The simulation predicts abdét 7Fig.2 (bottom). The temperature rises near theretee-
of electrons to be lost at tipeelectrode because of leakagérode gap by ~150 K at 300 mA and by ~350 K at 6Q

atj = 160 A/cni. At a higher current density or at an elewhile the mean temperature of the active regioreeds
vated temperature, the electron leakage becomesh mie room temperature by only 55 K and 120 K atdhas-
more pronounced, considerably reducing the integoah- rents, respectively. As a result of the overheatihg out-
tum efficiency of the LED structure. put optical power of the square LED starts to sd#&uat the
forward currents as high as 400 mA. At higher auise

1k . —I160 A} , ' C ] 10° —~ the optical power rollover is predicted to occuhieh is in
1= cm = close agreement with observations (see Fig.3).
Of o
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Figure 1 Computed room-temperature band diagram and partia

electron and hole current densities in the viol&DL hetero- g
structure reported in [5]. The bandgap is markedrey shadow.
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small when holes pass through the quantum wellcadja < ——- 300mA

to thep-AlGaN blocking layer. As a result, only this well 2 950F 500 mA .

is filled sufficiently with holes, giving the majaise to the 5 500l 1

radiative carrier recombination. Actually, just ghivell ©

serves as an efficient light emitter, providing mdhan Q 450 T

95% of emitted photons, while other quantum wefiere = 7

ate under non-optimal conditions. @ 400r P 1
Fig.2 (top) displays the predicted current denslit 350 b ’0,./" _

tribution over the active region of square LED fa for- T eI

ward current of 50 mA. One can see that currenwdiag 300 0 30 00 90 120 150 180

is mainly observed near the gap between rthend p-
contact electrodes. The current density varies tatioee
times at 50 mA and about six times at 300 mA indf®ss  Figure 2 Two-dimensional distributions of the current dgns
section marked in Fig.2. The variation is foundbéonearly in the active region of square LED at 50 mA (top}l &empera-
exponential with a specific decay or current-spie@d ture profiles in the selected cross section ateckffit currents
length L of ~80um at 50 mA and ~70m at 500 mA. The (bottom). The distance is counted from the die edge
current-spreading length found in this study is wb8
times smaller than that derived in [5] on the badiana- Simulation of the IMPA LED has demonstrated ex-
Iytical estimates. Such a big discrepancy betwéentwo tremely high uniformity of the current density atein-
values of the current-spreading length shows thataina- perature in the active region. This is largely daethe
Iytical estimates may be inadequate because ofriltgno choice of the pixel dimensions to be a few times léhan
the interrelation between the current localizatéwea and the current spreading length in the conventionaDLEhe
electric potential distribution inside the LED dithis in- difference in the current density between the gixetated
terrelation leads, in particular, to the dependeoté¢he in the centre and on the periphery of the IMPA idi¢ess
current spreading length on the current throughdibee, than ~0.5% at the forward current as high as 3.BmAurn,
which is an evidence for a non-linear charactethefcur- the respective temperature difference does noteex6é6
rent crowding. at such a high operation current. The predictedimamx
The heat transfer in the die is simulated, assurtfieg overheating of the active region is about 20 K @@ fA
heat sinking through the back side of the sapphibistrate. and about 260 K at 3.5 A, respectively. The remialska
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lower overheating of the IMPA LED is primarily dteits (~3.2-3.3 V) and measured (~3.7-3.8 V) turn-on agdis
extended chip area. The uniform current density tendt of the square and IMPA LEDs. As the former value is
perature distributions in the IMPA LED provide aam close to those repeatedly reported for blue angwIdEDs
scatter of the emission wavelength and electrolesiinin other papers, we attribute the discrepancy betwbe
cence (EL) intensity between different pixels. Ttisclu- theoretical and experimental turn-on voltage to tios-
sion is in line with the observations made in [5]. ohmic behaviour of th@-contact, which is not accounted
The lower overheating and much more uniform currefadr in the simulations.

density distribution in the active region provide toutput The total light extraction efficiency is found tce b
optical power to grow with current without rollovap to ~15% for both dice, independently of current. T@lain
3.5 A. Some tendency to the output power saturaisonrather low values of the measured external quartfin
predicted only for the currents higher than 3.0 This ciencies of both types of LED, we had to suppos&ang
means that the IMPA LED is capable of high-currept light absorption inside the dice, presumably odogrin
eration, in contrast to the square LED. the p-GaN contact layer. Only ~3% of all emitted photons

is predicted to be extracted through the semitraresy

A0 '120 % o ' ' p-electrode (see the inset in Fig.3). The rest 12%ho-
35¢f - tons leaves the dice through the side walls and bige of
% 30|, ] the sapphire substrate.

}: 251 . 3 Conclusion Using simulations, we have analyzed

2 ool ] specific features of the IMPA LED operation, in quami-

8 son with an LED of conventional square-shape de$igie

5 15¢ ] to suppressed current crowding and more trangaiinthl

2 10} i operation conditions, the IMPA LED can serve adghh

5 o) B experiment k_)rightness light source, working w_ithout r_oIIovefrtbe op-

_— - theory tical power and having a low series resistance hHigi-

A A A 1 formity of the current density and temperaturehia active

0 200 400 600 800 region provides excellent emission wavelength unifty

over the extended IMPA die.

We used in the study an approximate hybrid approach
that has been found to give the results close &ilabie
observations. The approach enables coupled mogedfin
the current spreading and heat transfer in an LEEDofla
complex geometry. Since the interplay between Hee-t
mal and current-spreading effects is an importactof
that affects the LED operation, considering thenf- se
' consistently is quite critical for adequate simiglatof the
light-emitting devices utilizing an elaborated dgsi

Forward current (mA)

Figure 3 Theoretical and experimental output optical poafer
the IMPA and square LEDs as a function of operatioment. In-
set shows the far-field emission pattern that &xlyehe same for
the IMPA and square LEDs.

Our simulations predict the series resistance &f(d.
for the IMPA LED and about 7-@ for the square LED
respectively. The theoretical values agree welhlie se-
ries resistances of 1M and 8Q reported in [5]. In order to
understand this result, one can estimate rougldysdries
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through which the current effectively flows. At 1.7 um

andp = 240um, the estimate provides the series resistance potarences

of ~7 Q for square LED, in good agreement with simula- _ i . .

tion and experiment. In the case of the IMPA LEBe t [1] I Ellashewch,.Y. Li, A. Osinsky, C. A. TraM. G. Brown,
current spreading length should be taken equal to the > i'ndKR' F'\]K"\i/lr"cfk' ‘]E:' P|_r|°(;]' SSRBSVZLKZ.Q (1[?9?)&' S.J
side length of an individual pixel, i.e. to 3@n. Then at 2] Pérkm;Hd H HWZ‘?]’ A :JF”h s LéIVITQO?;-(ZIOOé)) e
p = 1800um (the length of g@-pad multiplied by the num- 3] X duo and E Fg’ScﬁEt')ertyAppl li:’hys LR 3;337
ber of pixels), the estimated series resistanabasit 0.4, (2'001). C ' ' ' '
which is three times lower than the value obtaibgdli-

. : - [4] K. A. Bulashevich, I. Yu. Evstratov, V. F. Myim, and S.
rect simulation. The discrepancy may be addressebiet Yu. Karpov, phys. stat. sol. () 45 (2007).

contribution of thep-contact layer resistance that was neq{s] a. Chakraborty, L. Shen, H. Masui, S. P. DenBaand U.
glected in the above rough estimate. Nevertheleskpws Mishra, Appl. Phys. Let88, 181120 (2006).

that the series resistance is primarily controbigdhe elec- [6] http://www.semitech.us/products/
trode perimeter which is much larger for the IMPBIL [7] 1. Yu. Evstratov, V. F. Mymrin, S. Yu. Karppand Yu. N.
We have found a discrepancy between the computed Makarov, phys. stat. sol. (8) 1645 (2006).
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