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sufficient ohmc surface area is retained. Furteh if the contacts can be

made ref | ecti ve,This invention is in the field of light emlttmg semxconductor devices. Light emitting

diodes(“LED"s) with highly reflective contacts and methods for making tbem are the
pamcular subject of this disclosure,

In known LEDs, the extraction efficiency, which is a ratio of the amount of light -
leaving the finished LED to the amount of light actually generated by the LED, is determined
by two competing processes: internal scattering of light into light escape cones within the LED
and intérnal absorption of light within the bulk of the LED or at lossy surfaces.

‘Due to their high density of free charge carriers, the contacts which allow a voltage to
be applied acfoss an LED absorb a great deal of the light generatéd by the LED. Minimizing
the size of the LED’s coﬁtacts increases the extraction efficiency of the LED, as long as
sufficient ohmic surface area is retained. Further, if the contacts can be made reflective,
internal reflection of light is increased. This improves the extraction efficiency, as the reflected
light will eventually scatter into one_of the LED’s light escape cones if the absorption
coefficient within the LED can be reduced sufficiently to peﬁnit 10-100 internal reflections
within the LED chip.

Reflecting contacts have beén known since the 1970's. Two approaches, dielectric
mirrors with contact holes and shadow mask evaporation, are used to fabricate these
reflecting contacts. To form a dielectric mirror with contact holes a Si0, layer is deposited
on the back surface of the LED wafer and small holes with a diameter of 15-25 pm are etched
through the Si0, layer using photolithography. As the wafers from which the LED chips are
fabricated are generally not corr.lpletely flat, optical resolution with conventional
photolithographic techniques limit the hole size to no less than 10-15 pm in high volume
produciion. Consequently, the contacts typically cover 25% of the LED's back surface,
resulting in an area weighted reflectivity of 70-75%. After being reflected twice by the rear
contacts, a photod has a 50% chance of being absorbed. Fig. 2 shows an LED using this type
of known reflective contact.

To avoid the cost of the S'iO2 deposition and subsequent photolithographic steps, a




i nternal reflection of light is increased. This inproves the extraction
eTfIC|ency as the reflected light will eventually scatter into one of the
LEG s |ight escape cones if the absorption coefficient within the LED can
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approaches, dielectric mrrors with contact hol.es and shadow nmask
evaporation, are used-to fabricate these reflecting contacts. To forma
dielectric mirror with contact holes, a Sierr] layer is deposited on the
back surface of the LED wafer and small holes with a diameter of 15-25
[err]mare etched through the Si Q2 | ayer using photolithography. As the

wafers fromyutice bhetdl Canltzlevaporded through alshadeat edslabefo@emaatsl Therssuldagpl et el y

flat, optical resolution with conventignal photolit h| C. tech u
limit the hetrsacss stil covermenshlys25% Rithe {FED's b f‘?ﬁ‘r q 3 rﬂ Ha ﬂ’(?g"uctlon

Consequent | Yorm%@ﬁsxeéj%ﬁﬁfeﬁtrﬁ:ﬁ@t‘r&%lltlyc&x%ﬁol%?% of the LED s back surface,

resulting i.n an ar reflectivity of 70-75% After being reflected
twi ce by the reahs bonhubase knovan tpdhoiqoues ¢ffes oalysoarsishimpeovemenisin fightgxtientisad.

zi/gl d2t ﬁgo‘é"g@?{é&#’zg il r%:ag P?:}%acgytpo%e&% WA rb%%ﬁﬁ'f'a'cé/ &¢ tﬁ @Q{e often used. TO

CPoST 15 on cand sequent oto ogr aphi c
steps, a LEDs with highly reflective but still conductive back contacts and mezhods for

fabricating them are therefore desirable.

Summary of the Invention

In a first preferred embodiment of the present invention, LEDs with highly reflective
contacts are formed using a laser to create small alloyed dots in a highly reflective metal
evaporated on the top and bottom surface of the LED chip. Using this technique, most of the
bottom surface remains highly reflective, and only those portions of the bottom surface where
the laser struck become absorbing. Typically, only 1% of the bottom surface is formed into
absorbing, ohmic contacts, leaving 99% of the bottom surface to serve as a reflecting surface.
The 1% of the surface, however, provides an adequate low resistance ohmic contact. LEDs
fabricated with this technique allow 'photons to bounce off the rear surface more than 20 times
before there is a 50% chance of absorption. '

In a second embodiment of the present invention, an application of compound
semiconductor wafer bonding techniques permits the fabrication of LEDs with a plurality of
these small, micro-alloyed contacts without the use of a laser.

These embodiments will now be described in detail, with reference to the figures listed

and described below.

Brief 'Description of the Nllustrations
Fig. 1 is a cross section of an LED fabricated according to the first embodiment of the
present invention; :
Fig. 2 shows an LED with a known type of reflective contact;
Figs. 3a, 3b, and 3c illustrate the process needed to fabricate the second embodiment

of the present invention;



contact netal can be evaporated through a shadow mask to form contacts. The
resulti.ng contacts still cover roughly 25% of the LED s back surface and
performsinmilarly to those formed using the dielectric mrror wth contact
hol es. As both these known techni ques offer only marginal

i mprovenents in light extraction efficigncy, sinpler netal contacts
covering the entire hack surface of the LED are often used. LEDs
with highly reflective but still conductive back contacts and net hods for
fabricating themare therefore desirable.

Sunmmary of the Invention In a first preferred enbodi nent of the
present invention, LEDs with highly reflective contacts are forned using a
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by reflecting contacts and the LEi)s fabricated by using this method. In this first embodiment,
a highly reflective metal doped witl-x Zn, Ge or another similar metal that forms ohmi_c, low
resistance contact with p- or n-type GaP is evaporated onto the top and/or bottom surface of
an LED wafer. A low resistance ohmic contact to an LED is one which allows the LED to
operate with less than 20Q forward resistance when operated in excess of the diode turn-on
voltage. Only small areas on the top and/or bottom surface of the LED are coated with this
reflective metal. Instead of alloying the entire wafer in an oven, the wafer is selectively alloyed
By heating it with a series of laser pulses. This process forms a grid of small alloyed dots of
diameter D a distance L apart. |

As an example, a 500 x 500 i.lm LED chip with a dot diameter D of 2 pm and a dot
spacing L of 20 pm center-to-center has a total of 625 micro-alloyed dots on its bottom
surface. The spreading resistance of an individual dot would be characterized as: .

R,, =p/2D.

In p-type GaP, p is 0.1Qcm and for n-type GaP, p is 0.04Qcm. All 625 dots in parallel add up
to a spreading resistance of 0.4Q for an n-type back contact. The 2 um dots spaced 20 pm
apart result in a contact area (D¥L*of 1%.

The genefal case for the spreading resistance R,, for an LED chip with area A, dot
diameter D and a dot spacing L is given by the formula:

| 'R, =[p/2D] * [L¥A]= D* [L¥D**[p/2A].

For an LED of given size A, p‘esistivity p, and fractional contact area D*/L?, the spreading
resistance decreases with D. The optimum solution is given by the smallest manufacturable
diameter of the micro-alloyed dots. If the laser wavelength is less than 1 pm, laser micro-

alloyed dots with a diameter D in the 2 pm range are possible.



sem cohd_uctor waf er bondi ng techniques permts the fabrication of LEDs with

a plurality of these small, mcro- al  oyed contacts without the use of a

| aser. These enbodi nents will now be described in detail, with
reference to the figures listed and described bel ow

Brief Description of the Illustrations_ Fig. 1 is a cross section
of an LED fabricated according to the first enbodi ment of the present

i nventi on; Fig. 2 shows an LED with a known type of reflective
cont act ; Figs. 3a, 3b, and 3c illustrate the process needed to

fabricate the second enbodi nent of the present invention;
- 3 -

Fig. 1 is a cross-section of an LED fabricated using this first embodiment of the

present invention. LED 10 is comprised of active layex: 11, lower p-type GaP layer 13, and

_upper n-type GaP layer 15. Metal layer 17 covers the entire bottom surface of layer13 and
front contact 19 covers a predetermined portion of upper layer 15. Micro-alloyed dots 21 of
diameter D are formed on both metal layer 17 and front contact 19.

The choice of metals used for metal layer 17 and front contact 19 is critical. The
reflectivity R of the unalloyed metal on a material having an index of refraction n, equal to 3.0
is given by the formula:

R=[(n,-n)"+i;"V[(m,+n)*+,'].

The best choice for the metal is silver. For silver and yellow light, n,=0.05 and k,= 3.94, with
R=0.98. The weighted reflectivity for the back surface is than R=§7%, which is cbmprised of
a 2% loss on 99% of the unalloyed metal area and a 100% loss on the 1% comprising the

. micro-alloyed dots. - In an LED chip of this design, a photon can bounce off the back surface
more than 20 times before there is a 50% chance of photon absorption.

The Ag metal can be AgZn or AgGe, but a preferable arrangement would be a
sandwich of Ag for reflectivity, a do'pant metal such as Zn or Ge, a solder barrier metal such as
W or Mo and a solder contact layer such as Ni.

The micro-alloyed contacts disclosed herein cannot be produced by standard
photolithographic techniques as the LED wafer bow limits the resolution to 10-15 pm in high .
volume production. This limitation can be overcome by using a laser to alloy dots with
dimensions on the order of ~1-2 um. This can be accomplished with a pulsed or continuous
wave laser beam with sufficient power that can be deflected to scan the back surface of a
wafer. Alternatively, a hologra;n or diffraction grating(s) could break up the laser beam into a
dot pattern of the desired size and spacing. Neither process would require any registration
with featu_res on the front of the wafer, such as the top contacts. Furthermore, the laser
alloying circumvents the problem of producing micro-alloyed contacts on bowed wafers by
virtue‘d-'t'the increased depth of field that can be obtained in the laser alloying process. If the
top contacts are to be micro-alloyed, a different dot pattern could be used. Lgcal heating of

the un-metallized top GaP layer should not create absorption centers.



Fi g. 4 illustrates another enbodinment of the present invention; Fi g.

5 illust rates yet another enbodiment of the present invention; and
Fig. 6 illustrates still another embodi ment of the present invention.
Det ai | ed Description of the Preferred Enbodi nents The first

enbodi ment of the present invention cogprises a nmethod of fabricating
effective contacts on an LED chip w thout destroying the val uabl e opti cal
properties offered by reflecting contacts and the LEDs fabricated by using
this method. In this first enbodinment, a highly reflective netal doped with
Zn, Ge or another simlar netal that fornms ohmc, |ow resistance contact
with p- or n-type GaP is evaporated onto the top and/or bottom surface of
an LED wafer. A |l ow resistance ohmic contact to an LED is one which allows
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case for the spreading resistance err area A, dot
photolithiographic techniques employed on flat wafer surfaces and compound semiconductor

wafer bonding techniques. Herein, a flat wafer surface is defined as having sufficient surface
ﬁatness and absence of bow so as to facilitate the photolilhographi'c patterning of features with
dimensions of 1-4 pm over the entire diameter of the wafer with yields exceeding 90%.

Transparent substrate (“TS”) AlGalnP/GaP LEDs have been fabricated by removing
the original GaAs growth substrate from an GaP/AlGalnP/GaAs epitaxial wafer; and wafer
bonding a GaP substrate to the AlGalnP epitaxial layers, resulting in a GaP/AlGalnP/GaP
wafer, “By coiﬁbining wafer bonding and photolithographic techniques, an LED with “micro-
alloye;&” contacts can be fabricated.

The process of fabricating an LED with micro-alloyed contacts using the second
embodiment of the present invention is shown in Figs. 3a, 3b, and 3¢. Using known
photolithographi.c techniques, small openings 51 of about 1-10 um in diameter and roughly 5-
100 pm apart are patterned on a dielectric film 53 on a flat, transparent substrate 55. Next,
using techniques described by F.A. Kish, et al., “Very High Efficiency Semiconductor Wafer-
Bonded Transparent Substrate AlGaInP/GaP Light Emilting Diodes,” Appl. Phys. Lett., V.
64, 2839-2841 (23 May 1994), the transparent substrate is wafer bonded to the LED active
layers 57 (Fig. 3b). Next, ohmic contact metallizations 59 are depo.sited over the entire
surface of the patterned dielectric and then alloyed into the ohmic contact areas (Fig. 3c). One
possible material system is AlGaInP active LED layers, a GaP transparent substrate, and either
Au-Ge-Ag for an n-type contact or Au-Zn-Ag for a p-type contact. |

If the ohmic contact metallization possesses the appropriate reflectivity in the reflective



diameter D and a dot spacing L is given by the fornmula:

[err] .or an LED of given size A resistivity p, and fractional contact
area Derr]/L[err], the spreading resistance decreases with D. The opti num
solution is given by the snall est manufacturable dianeter of the
mcro-alloyed dots. If the |aser wavel eagth is less than 1 [err]m |aser
mcro- alloyed dots with a dianeter Din the 2 pmrange are possible.

-4- . Fig. 1is a cross-section of an LED fabricated using this
first enbodi ment of the present invention. LED 10 is conprised of active

| ayer 11, |ower p-type GaP |l ayer 13, and upper n-type GP | ayer 15. Metal
‘layer 17 covers the entire bottom surface of |layer 13 and front contact 19
covers a predeterm ned portion of upper layer 15. Mcro-alloyed dots 21 of
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mechanical integrity of the metallization is insufficient, then the non-alloyed metallization can

_be removed selectively from the reflective areas using various etching techniques. The
dielectric masking material may also be removed. A final deposition of reflective material
would then be made over the reflective contact areas. This refleclive material may consist of
metals, a dielectric/metal stack, or a dielectric stack. LED 70, shown in Fig. 4, is an example
of a device wherein the reflective contact pattern areas comprise a dielectric and a different
metallization than the ohmic contact areas.

If the reflective layer consists of conductive metallic layers, such layers may be |
deposited over the entire micro-alloy structure. The reflective layer may also consist of a
stack of dielectric layers which would require deposition in ohly the reflective areas.

The transparent substrate should be polished on both sides before any other processing
step. Such polishing is required for wafer bonding and provides a smooth surface to improve
the optical reflectivity in the reflective contact areas.

Wafer bonding tyi)ically occurs at high temperature and significant decomposition of
the exposed semiconductor surfaces can occur. It may be desirable to protect the entire
micro-alloy structure by depositing one type of dielectric (e.g., Si;N,) in the ohmic contact '
regions, to prevent decomposition, and a second type of dielectric (e.g., Si0,) in the reflective
contact areas prior to wafer bonding. After wafer bonding is complete, the dielectric in the
ohmic contact areas can be selectively removed prior to deposition of an ohmic contact
metallization(e.g., by plasma etching). If no protective dielectric layer is employed in the
ohmic contact areas, it may be necessary to etch the top surface layer of the semiconductor in
these areas to remove any surface damage that may have occurred during the wafer bonding
process. |

If the dielectric that is used to mask the reflective contact areas is used as part of the
reflector, this dielectric should be deposited to form an optically smooth layer. Such a layer
caﬁ be deposited by electron beam deposition. Prior to alloying, the ohmic contact
metallization may be patterned by lift-off techniques, resulting in only metal layers present in
the ohmic contact areas during the alloying step.

Fig. 5 shows LED 80 wherein the reflective contact pattern areas comprise a non-



The choi ce of netals used for netal layer 17 and front contact 19 is
critical.. The reflectivity R of the unalloyed netal on a material having an
i ndex of refraction n[err] equal to 3.0 is given by the fornul a:

[err] The best choice for the netal is silver. For silver and yell ow
light, n[err]=0.05 and k[err]= 3.94, wigh R=0.98. The weighted reflectivity
for the back surface is than R=97% which is conprised of a 2% 1 o0ss on 99%
of the unalloyed netal area and a 100% 1| oss on the 1% conprising the

m cro-all oyed dots. In an LED chip of this design, a photon can bounce off
t he back surface nore than 20 tinmes before there is a 50% chance of photon
absor ption. The Ag netal can be AgZn or AgGe, but a preferable
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produci ng mcro-alloyed contacts on bowed wafers by virtue of the increased
depth of field that can be obtained in the |aser alloying process. If the
top-contacts are to be mcro-alloyed, a different dot pattern could be
used. Local heating of



the un-netallized top GaP | ayer should not create absorption centers.

- 5 One difficulty with the first enbodi nent of the present
invention is the need to develop a practical netal system which can serve
si mul taneously as an ohmic contact in the |aser alloyed regions, a very

good reflector in the non-alloyed regi_%rls, and whi ch can absorb a high

power | aser beam The pattern resulting fromthe | aser 7artoying nust be

sufficiently lowin the stress it places on the sem cond
adhere well to it, especially in the non-alloyed regi onslmﬂmmlmfmm“lll
| aser manufacturing process may al so be too expensive in certcaim " s *

appl i cations. The second enbodi nent of the present invention
provi des an alternative nmeans to

What Is Claimed Is:

1.LA rgﬂectivé contact for a light emitting semiconductor device, the light emitting
semicbnductor device having a top and bottom surface, the reflective contact comprising:

a reflective metal layer covering a predetermined portion of at least one of the top and
bottom surfaces of the light emitting semiconductor device; and

a plurality of alloyed metal-semiconductor zones formed from the reflective metal layer
and the at least one of the top and bottom surfaces of the light emitting semiconductor device,
the alloyed metal-semiconductor zones comprising by area no more than 10% of the total area
of the reflective metal layer and the alloyed metal-semiconductor zones corhbined, the alloyed -
metal-semiconductor zones forming an ohmic, low resistance contact with the at least one of

the top and bottom surfaces of the light emitting semiconductor device.

2. The reflective contacts of claim 1 wherein each of the alloyed metal-semiconductor zones

has a shape, that shape being selected from a group of shapes comprising at least circles,

ellipses, squares, and annular rings.

3. The reflective contacts of claim 1 wherein the alloyed metal-semiconductor zones are

individually between 4 and 100 pm? in area and between 5 and 50 pm apart.

4. The reflective contacts of claim 1 wherein the alloyed metal-semiconductor zones are

formed by means of a laser beam.

5. The reflective contacts of claim 4 wherein the reflective metal layer further comprises a
plurality of layers, the plurality of layers comprising:
a reflective metal layer; and

a dopant metal layer.

6. The reflective contacts of claim 4 wherein the alloyed metal-semiconductor zones comprise
no more than 5% of the total area of the reflective metal layer and the alloyed metal-

semiconductor zones combined.



manuf acture the reflective contacts. This second enbodi nent utilizes both
convent onal photolithographic techni ques enpl oyed on fLW
and- conpound sem conduct or wafer bonding techniques. Herein, a fla
surface,is defined as having sufficient surface flatness w
so as to facilitate the photolithographjc patterning of flee m"”m
di mensions of 1-4 [err]mover the entite diameter of the wafér Wth ysel
exceedi ng 90% Transparent -substrate ("TS") A GalnP/ GaP LEDs have
been fabricated by renoving the original GaAs growth substrate froman
GaP/ Al Gal nP/ GaAs epi taxial wafer, and wafer bonding a GaP substrate to the

Al Gal nP epitaxial layers, resulting in a GaP/ Al Gal nP/ GaP wafer. By
conbi ni ng waf er bondi ng and photolithographic techniques, an LED with
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p-type contact. If the_ohm c contact netallizazion possesses the
appr opr i atkeamethe alyed zenes comprising hyrareaojmere than 10% of the area of the reflective

metal layer and the alloyed zones combined..

9. The method of claim 8 wherein each of the alloyed zones has a shape, the shape being

selected from a group of shapes at least comprising circles, ellipses, squares, and annular rings.

10. The method of claim 8 wherein the alloyed zones are between 4 and 100 pm? and the

centers of the alloyed zones are between S and 50 pm apart.

11. The method of claim 10 wherein the area weighted reflectivity of the alloyed zones and the

metal layer is greater than 80%.

12. The method of claim 8 wherein the laser beam is deflected across the metal layer to form

the zones sequentially.

13. The method of claim 8 wherein the laser beam is split by at least one of a hologram and a
diffraction gra.ting to form a pattern of zones of the desired shape, size, and spacing

simultaneously.

14. Reflective contacts for a light emitting semiconductor device comprising at least a first flat

transparent substrate wafer bonded to the light emitting semiconductor device, the transparent



-6-- ., contact areas, the LED is conplete at this point. If the
reflecticvity is insufficient or if the nechanical integrity of the
nmetallization is insufficient, then the non-alloyed netallization can be
. renoved sel ectively fromthe reflective areas usi ng various etching
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deposition of refflective material wodl then be made o ",mmmm,e
contact areas. This reflective material may consist of netaf S,
dielectric/nmetal stack, or a dielectric stack. LED 70, shown in Flg. 4, is
an exanpl e of a device wherein the reflective contact pattern areas
conprise a dielectric and a different netallization than the ohm c contact
ar eas. - If the reflective layer consists of conductive metallic
| ayers, suc ted over t he ent §e |10

mn

structure. “t%ﬁtéa%%/g?’?%%(f@lwév&rp?s ngf%%' ac%ﬁ"é‘eﬁ’"or to ekgo'}d%lael ectric

| ayers whi feflective kridtal Belag depositd @b the patiefned Mtayispakent mtsttaeet(ter ee:ag eafer
The transparent substrate shoyl d_be polished on both sides before any other
- processi ngbonded am'il ohm{c contacts 8el:ng formetP by alloying the re#ectlve metalemto the l?ght y

emitting semiconductor device through the patterned contact zones, the alloyed contact zone

area being less than 10% of the combined reflective metal and contact zone area.

15. The reflective contacts of claim 14 wherein the contact zones each have a shape, the shape
comprising one shape from the group of shapes including circles, ellipses, squares, and annufar

rings.

16. The reflective contacts of claim 14 wherein the contact zones are between 4 to 100 ym?® in

area and are spaced between 5 to 50 pm apart.

17. A method for forming reflective contacts for a light emitting semiconductor device, the
method comprising the steps of:
| forming at least a first flat transparent substrate;
patterning a first side of the transparent substrate with a plurality of contact zones; |
wafer bonding a second side of the transparent substrate to the light emitting
semiconduetor device;
depositing a reﬂecttve layer over the first side of the transparent wafer; and
forming alloyed contact zones between the reflective layer and the light emitling
semicenductor device through the patterned contact zones, the area of the contact zones being

no more than' 10% of the combined total area of the contact zones and the reflective layer.

18. The method of claim 17 wherein the contact zones have an area of between 4 and 100 um?

and are spaced between 5 and 50 um apart.

19. The method of claim 18 wherein the zones are all the same shape, the shape being chosen

from a group of shapes at least including circles, ellipses, squares, and annular rings.



step. Such_ polishing is reqtji red for wafer bonding and provides a snooth
surface<to inprove the optical reflectivity in the reflective contact
ar eas. Waf er bonding typically occurs at high tenperatu

significant deconposition of the exposed sem conductor jm ur.
It may be desirable to protect the enti“a mcro-alloy s mmg!mﬂm)mm
depositing one type of dielectric (e.qg., Si[err]Nerr]) i the ohmCys '8
contact regions, to prevent deconposition, and a second type of dielectric
(e.g., Sigerr]) inthe reflective contact areas prior to wafer bonding.
After wafer bonding is conplete, the dielectric in the ohmc contact areas
can be selectively renoved prior to deposition of an ohm c contact

metal | izatiqn( .,..b | as t chi | f. no protective_dielectric |ayer
s erpl oyed 2o flasgaf g7 e nabeletecee e s Samiuted SE Pt wosed he
top surface ghagsls #feabthfchiRiE ks dieletiriclfetallsHRRE 2Ad BRRctHO sth@DVe any
surface danmage that nmay have occurred during the wafer bonding process.

If the dielectric that is used to mask the reflective contact areas is used
as part of - i i i i an-
opt | oal 1y srloThe FEbRFE! dim 7 Mndel 62 kil SosE R Mslamfonk SRASH] FRpl bR
deposi ti on. téribottomaudide of iha fjght emitingsemicondudtacdevicermad abkdcombflat oanspargntbe
~patterned by liff-.off_ technigues, resulfing in aonly netal, layers present in
Phe onm o o SHestele it BErdPd f Bh airiRt b oA Bty baifhink siicSnauc el e S0gE i

LED 80 wher gedbntifRt frédsha&idt iswtrfto Risteen pttetdn areas conprise a non-



-7 : al l oyed netallization that al so covers the ohm c contact areas
al | oyed .netal lization, each netallization potentially being different.
..Fi'g. 6 illustrates LED 90 wherein the reflective contact areas conprise a
highly reflective dielectric stack. I n both enbodi ments of this
invention, the mcro-alloyed areas may be of any shape (e.g., ellipses,
squares, annular rings, etc.). They are not limted to having a circular
shape. However, the area coverage of t He'de m cro-al |l oyed regi ons should be
<10% of the total contact area, the contact area consisting of the

m cro-al l oyed and highly reflective regions.
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-8 : ' What Is Clained Is: 1. A
reflectiive contact for a light emtting sem conductor device, the |ight
em fting sem conductor device having a top and bottom surface, the

refl ective contact conprising: a reflective netal |ayer covering a
predeterm ned portion of at |east one of the top and bottom surfaces of the
light emtting sem conductor device; and a plurality of alloyed

met al - sem conductor zones formed from?{fe reflective netal layer and the at
| east one of the top and bottom surfaces of the light emtting

sem conductor device, the alloyed netal -sem conductor zones conprising by
area no nore than 10% of the total area of the reflective netal |ayer and
the all oyed netal -sem conductor zones conbi ned, the all oyed

nmet al - sem conductor zones form ng an ohmc, |ow resistance contact with the
at |l east one of the top and bottom surfaces of the light emtting

sem conduct or devi ce. 2. The reflective contacts of claimI| wherein each
of the alloyed netal -sem conductor zones has a shape, that shape being
selected froma group of shapes conprising at least circles, ellipses,
squares, and annul ar rings.

|
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-
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\/

FIG.2 pror arr
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3.~ The reflective contacts of claiml| wherein-the alloyed
nmet al - sem conductor zones are individually between 4 and 100

area and between 5 and 50 [err]m apart .

~claim1 wherein the alloyed netal -sem conductor zones are fo
5. The reflective cdtacts of claim4 wherein the
| ayer further conprises a plurality of

of a | aser beam
reflective netal
plurality of l|ayers conprising:

a dopant netal |ayer. 6. The re
al | oyed netal - sem conductor zones c
area of the reflective netal |ayer
zones conbi ned.

o
Nble al | oyed neta57-

4. The reflective

i

| ayers, the

a reflective netal |ayer; and

e contacts of claim4 wherein the
no nore than 5% of the total

senm conduct or

A —— y/
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reflectivity of the netal |ayer and all oyed netal -sem con t HayBRen RS
greater than 80% 8. A nmethod for formng reflective cont : KNI
emtting sem conductor device, the nethod conprising the st @W _
depositing a reflective nmetal layer orygt |east one of a top surfac
bottom surface of the light emtting sem conductor device; and

forming a plurality of alloyed zones fromthe reflective netal |ayers and
the at |east one of a top surface and a bottom surface of the |ight
emtti-ng sem conductor device using a | aser beam the alloyed zones
conprising by apga,no nore than 10% of the area of the reflective netal

| ayer and the all o\gd zones conbi ned. 9. The net hod of [ Y]
each of the alloyed‘zones has a shape, the shape being se eg ggvggggﬁgERs

group of sh - TES, ST WArEK-BORDED'
—~~ INTERFACE

| TRANSPARENT
SUBSTRATE

’ ’ NN 7 ~— DIELECTRIC
(‘ ( LAYER(S)

OHMIC CONTACT
s e FICA S

' . . . . . ';\
7.~The reflective contacts of claim4 - -wherein the area melﬁhtEET“”“—-—~—-__

80 |
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10: The et hod of claim8 wherein the alloyed zones are between 4 and 100
[err] nferr] and the centers of the all oyed zones are between BeenR
[err] mapart. 11. The method of claim 10 wherein the area We
reflectivity of the alloyed zones and the netal |ayer is great

. 12. The nethod of claim8 wherein the |aser beamis defl ected across t
"metal layer to formthe zones sequentig¢tRacT 13- The nethod of clai m8
wherein the | aser beamis split by at |east one of a hologramand a
diffraction grating to forma pattern of zones of the desired shape, size,
and spaci ng sinul taneously. 14. Reflective contacts for a light emtting

sem conduct or devi ce conpr$GAYYEREFERSITRE ICONTACTSIFGR ansparent substrate
waf er bonded to the light emtting sem conductor device, the transparent

LIGHT EMITTING SEMICONDUCTOR DEVICES

Light emitting diodes with highly reflective ;:ontacts and methods for fabricating them

are described. In a first preferred embodiment of the present invention, LEDs wirh reflective
.contacts are formed using a laser to create small alloyed dots in a highly reflective metal
evaporated on the toﬁ and bottom surface of the LED chip. ‘Using this technique, most of the
bottom surface remains highly reflective, and only those portions of the bottom surface where
the laser struck l';»ecome absorbing. Typically, only 1% of the bottom surface is formed into
contacts, leaving 99% of the bottom surface to serve as a reflecting surface. The 1% of the
surface, however, provides an adequate low resistance ohmic contact. LEDs fabricated with
this technique allow photons to bounce off the rear surface more than 20 times before there is
a 50% chance of absorption. In a second embodiment of the present invention, an application
of compound semiconductor wafer bonding techniques permits the fabrication of LEDs with a

| plurality of these small, micro-alloyed contacts without the use of a laser.
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area and are spaced between 5 to 50 [err]m apart. 17. A method for
form ng reflective contacts for a light enitting sem conductor device, the
nmet hod conprising the steps of: formng at least a first flat
transparent substrate; patterning a first side of the transparent
substrate with a plurality of contact zones; Substitute shéet - DTriinigra 18PN
side of the transparent substrate to th4light emtting sem conductor

devi ce; depositing a reflective layer over the first side of the
transparent wafer; and form ng all oyed contact zones between the
reflective layer and the light emtting . sem conductor device through the
patterned contact zones, the area of the contact zones being no nore than
10% of the conbi 78 total area of the contact zones and the reflective

| ayer. 18. The hod of claim 17 wherein the contact 2 &BBs
of between 4 and 100 [err err and_are_spaced between and 50 pm apart ..
19. The net hqd_of cIa|n118 wherein the zones are a he_sanp -BONDED
shape bei ng ghesen S-S t—tt—ahapes—s St ere 94 EACE
el li pses, sqguares, and annul ar rings.
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20~ The nmet hod of claim 17 wherein the reflective layer is conprised of one
of the’group of materials at |east including netals, dielectric/netal
stacks’, and dielectric stacks. 21. The nethod of claim 17 wherein the at
least first flat transparent substrate is walSubstituteesheed -al Hhoahaarys19B3ce

of the light emtting sem conduct or devi ce aft—a second ftartransparent.
substrate is wafer bonded to a top suﬁgm he light emtting

sem conductor device, after the secon nsparent substrate has been
~patterned. '

HIGHLY REFLECTIVE CONTACTS FOR
LIGHT EMITTING SEMICONDUCTOR DEVICES

Lighe emitiing diodes with highly reflective contacts and methods for fabricating them
are described. In a first preferred embodiment of the present invention, LEDs with reflective
contacts are formed using a laser to create small alloyed dots in a highly reflective metal

U evaporated on the top and bottom surface of the LED chip. Using this technique, most of the
' bottom surface remains highly reflective, and only those portions of the bottom surface where
the laser struck become absorbing. Typically, only 1% of the bottom surface is formed into
contacts, leaving 99% of the bottom surface to serve as a reflecting surface. The 1% of the -
surt'a.ce however, provides an-adequate low resistance ohmic contact. 'LEDs fabricated with
this technique allow photoas to bounce off the rear surface more than 20 times before there is
a 50% chance of absorption. In a second embodiment of the prasent invention, an application
of compound semiconductor wafer bonding techniques permits the fabrication of LEDs with a
 plurality of these small, micro-alloyed contacts without the use of a laser.

(Figure 1)
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