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Omnidirectional Reflective Contacts for
Light-Emitting Diodes

T. Gessmann, E. F. Schubert, J. W. Graff, K. Streubel, and C. Karnutsch

Abstract—An electrically conductive omnidirectional reflector LEDS) require a critical wafer-bonding process and use costly
(ODR) is demonstrated in an AlGalnP light-emitting diode (LED). ~ GaP wafers. Significantly improved luminous performance was
The ODR serves as p-type contact and comprises the semicon-ychieved by substrateless thin film LEDs (TF-LEDSs) [9], [10].
dgctor, a metal Iayer.and an |ntermed|ate low-refractive index H the AIGalnP | h dto f . flect
dielectric layer. The dielectric layer is perforated by an array of ere the alni= layers are shaped to form microrefiectors,
AuzZn microcontacts thus enabling electrical conductivity. It is then covered by a highly reflective mirror and bonded to a new
shown that the ODR significantly increases light extraction from carrier [9], [10].
an AlGalnP LED as compared to a reference LED employing a  |n this letter, a new conducting omnidirectional planar re-
g;sfé?)/l:tgﬂ dBialgo/% ;‘ige:é?;igzg'?g'r ?hxéeéngk?‘girg‘ihmeegglfi‘éﬁ flector is reported that is incorporated into an LED structure
respectively. as p-type ohmic contact. The ODR comprises the AIG_aInP

In_dex Terms—Light-emitting d_iodes (LE_Ds), Iighting, omni_di- zgr}]lcsl_ﬁdltjctor, ? met?I I_ayer, ?Ed kan mte_ltrr?ezl.a:e Itoyv-llndex
rectional reflectors (ODRs), optical materials, optical reflection, Y!€!€ClIC 1ayer of quarter-wave thickness. The dielectric layer
semiconductor materials, solid-state lighting. is designed to enhance the reflectivity of the metal layer in
a similar way as used for infrared hollow wave guides [11],
[12]. However, the dielectric layer of the ODR is perforated
by an array of metallic microcontacts thus enabling electrical

HERE ARE two ways to attain efficient light extractionconductivity for use in LEDs. It is shown that the optical prop-
from a spontaneous light emitter, namely the use of a fulbtties of this ODR significantly exceed the reflection properties
transparent structure or the employment of a highly reflectiv# a conductive DBR. In addition, the ODR-LED fabrication
omnidirectional mirror. In common AlGalnP light emittingprocess does not rely on a complicated wafer-bonding process.
diodes (LEDSs), the light-emitting epitaxial layers are grown on
conducting GaAs, which is absorbing for light emitted by the ac- II. EXPERIMENTS AND RESULTS
tive region. This type of LED, referred to as absorbing substrate L .
(AS) LED, is therefore not suited for efficient light extraction. ~ 1he Planar omnidirectional reflector consists of the LED

Distributed Bragg reflectors (DBRs) have been used to comiconductor material emitting at a wavelengi) a low-
the GaAs substrate [1], [2]. However, the DBR reflectivity detéfractive index layei(ni;), and a metal with a complex re-
creases dramatically at oblique angles of incidence resulting{activé indexN,, = n,, + ik,. At normal incidence, the
optical losses. Recently, there have been efforts to achieve DEREECtance of the triple-layer ODR is given by (1) (shown
with wide-angle reflection characteristics using aperiodicalfjt the bottom of the next page), and applies to a physical
stacked multilayers [3], [4]. General design criterions to achiedicknessAo/(4 nii) of the low-index dielectric layer, i.e.,
true omnidirectional reflection in all wavelength regions wert® @ quarter-wave layer. For an AlGalnP-$idg structure
developed by Finlet al. [5] who demonstrated an omnidirec-emitting at 630 nm, (1) yields a normal-incidence reflectance
tional reflector (ODR) made of polystyrene and Te multilayerBopr (6 = 0) of more than 98% compared to a value of about
for the infrared region. Another type of ODR employs birefrin96% for a structure without dielectric Iayer iIIustrating the
gent materials [6]. All these ODRs could be used in LEDs [7peneficial effect of the low-index layer.
however, due to their lack of electrical conductivity they neces- Fig. 1 shows the reflectivityz(\) andR(6) of different triple-
sitate a highly conductive thick buffer layer, a side-by-side cofayer ODRs and a transparent conductive DBR widely used in
tact configuration, and a mesa-structure. AlGalnP LEDs. The reflectivity curves were calculated using

The absorbing GaAs substrate can be replaced by a trafhe optical transfer matrix method [13]. As opposed to the ODR,
parent GaP substrate [8]. Such transparent-substrate LEDs (R$#) for the DBR sharply drops above 1and can be recovered

only at angles close to grazing incidence. As a result, the angle-

Manuscript received July 2, 2003. The review of this letter was arranged Q;Yeraged reflectivity® is much larger for an Ag-SIDODR
Editor P. Yu. (R > 0.98 at A = 630 nm) than for the DBRR =~ 0.5 at\ =
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Fig. 1. (a) Calculated reflectivity versus wavelength and versus (b) angle of incidence for two ODRs and a DBR with a Bragg wavelength of 630 nm. GaP is

the external medium. The transparent and conductive AlGalnP-DBR consists of 353 GAJ 7)o 5Ing 5 P/Aly 5Ing 5 P] quarter wave pairs. The ODRs comprise

a 500-nm-thick metal layer of either Ag or Au covered by a quarter-wave &@er. The solid and dashed lines correspond to TE- and TM-polarized waves,
respectively.
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Fig. 2. Top and side view of an AlGalnP LED incorporating a conductive S DBR-LED
ODR. The original GaAs substrate has been removed and the LED is bonded *% 15 A =630 nm
“p-side down” to a new conductive holder. The ODR serves as p-type contact O o AJ- =0.25 mm?2]
to the LED. T
% 10 |
are established by an array of AuZn microcontacts. In order to O
avoid degradation of the ODR reflectivity the patterning, depo- 5 Y =1:5%'5'-En24 ]
sition and annealing of the microcontact array was performed A = 0.05 mm2
before the deposition of Ag. The array covers only about 1% of 0 0 > 0 L 4'0 : 6'0 8|O
the entire backside area of the LED die. Therefore, assuming a [ (mA
reflectivity of 0.5 of each microcontact, the overall ODR reflec- Current | (mA)

tivity is reduced by only 0.5%. Fig. 3. Dependence of the total optical output power on the drive current for
About (10x 10) mn? plecgs of _the ODR'COV?red L_ED WereAIGaIﬁP-LEDs with different emission wavelengthsand junction areasl ;.

then bonded to a conductive Si substrate using silver-loadea samples were placed on a reflective sample holder inside an integrating

epoxy (Epo Tek H20E) dispensed on the Si as a uniform |a@here for the measurements. The data for the red TS-LED were taken from

. L15].

of about 2Qum thickness. The epoxy was cured at low tempera-

tures (80°C for about 12 h) to minimize stress due to thermal ex-

pansion mismatch between GaP, the epoxy and Si. The origilve@pection under an optical microscope was performed to check

GaAs substrate was removed by chemo-mechanical polishthg quality of the ODR after annealing. The ODR appeared as

and wet-chemical etching. Large area ohmic contacts to the exiformly bright area interspersed by the dark pattern of low-re-

posed 2zm-thick n-AllnP window layer were defined usingflectivity microcontacts.

AuGe as contact material. The AuGe contact resistance wag he optical output powef versus forward current for an

improved by annealing at temperatures below the degradat®BR-LED, a DBR-LED, and a TS-LED with different peak

temperature of the epoxy polymer at around 3@0for about wavelengths\ and junction aread ; is shown in Fig. 3. For the

40 min in nitrogen ambient. After annealing the LED surfaceeasurements, the samples were placed inside an integrating

was usually cracked due to stress caused by thermal mismagghere on a reflecting sample holder.

{(ns — nu)(ni + nm) + (ns + ni)kn 2 + {(ns — 1)k + (ns + nu) (g — nm) }2
{(ng + ni)(mi + 1) + (ns — mi)km }2 + {(ns + nii) by + (ng — n1i) (01 — M) }2

Ropr =

)
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Peak external quantum efficiencidg.,) as determined 18% and 11% have been determined frbreersusf measure-
from the L—1I curves are about 18% for the ODR-LEDments for the ODR-LED and the DBR-LED, respectively. This
(I = 27 mA), 11% for the DBR-LED {; = 27 mA), and difference was attributed to the use of a highly reflective ODR
about 12% for the yellow TS-LEDI¢ = 11 mA). We attribute enabling better light extraction through the rough surface and
the significant difference between the ODR- and DBR-LEDsidewalls of the ODR LED.
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