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WO 2004/ 061922 PCT/ US2003/ 039876 5 10 Met hod of
Fabrication of a Support Structure for a Sem conduct or
wDeoit0e192215 Background of the Invention The prBGENS2003/039876

i nvention pertains to the fabrication of a

sem conductor device or an integrated circuit (1C).
More particularly, the present invention pertains to
the 20 fabrication of a device or |IC through the
extensive growmh of a sem conductor |ayer of a

desired doping profile and defect density on a
conventional wafer. Electronic devices and integrated
circuits, and nmethods for their fabrication, are well
known in the art. Typically, the fabrication process
starts wth a sem conductor substrate with a suitable
dopi ng | evel and defect density. The el enents of the
device or 25 circuit are then formed on or just bel ow
the surface of the substrate through additive
processes (such as material deposition using such
techni ques as chem cal vapor deposition (CVD) or
sputtering), subtractive processes (such as etching)
or processes that nodify the properties of the

exi sting material (such as ion inplantation or thernal
anneal ing). The processes can be perforned selectively
usi ng wel | -known 30 photolithographic techniques to
form masking | ayers on the substrate surface. WO

2004/ 061922 PCT/ US2003/ 039876 One exanpl e of an

el ectronic device that can be fornmed using such
processes is a surface emtting laser. In general,

t he performance of an el ectronic device depends not
only upon the structure grown or forned on the
subsMetitod cfifabacionloft Sabpart Stradtutelfor p SopRohil@IordDetife
5 substrate itself. For exanple, the doping level in
the substrate nmay affect series resistance and current
density distribution if the current flows through the
substrate, junction capacitance for junction isolated
Bdeltgrouns] ofdhe Inyeutionip t ol erance in devices with

The present invention pertains to the fabrication of a semiconductor device or an

integrated circuit (IC). More particularly, the present invention pertains to the
fabrication of a device or IC through the extensive growth of a semiconductor layer of a
desired doping profile and defect density on a conventional wafer.

Electronic devices and integrated circuits, and methods for their fabrication, are
well known in the art. Typically, the fabrication process starts with a semiconductor
substrate with a suitable doping level and defect density. The elements of the device or
circuit are then formed on or just below the surface of the substrate through additive
processes (such as material deposition using such techniques as chemical vapor
deposition (CVD) or sputtering), subtractive processes (such as etching) or processes
that modify the properties of the existing material (such as ion implantation or thermal
annealing). The processes can be performed selectively using well-known

photolithographic techniques to form masking layers on the substrate surface.
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parasitic thyristors (such as CMOS |1 Cs). Defect
densities are also inportant, affecting |eakage
w@eooneedg2 and device reliability. In the case PET/ES2003/039876

optical device emtting through 10 the substrate (such

as a NECSEL (Noval ux(r) Extended Cavity Side Emtting
Laser)), optical absorption in the substrate is also
important. In the particular case of a NECSEL or
bottomemttjng VCSEL (Vertical Cavit Side Emtting

Las efne expaples gpelpsienisfdevige thatipant beafoemed usieg suchprocesses is

I current flowng to the gain region

a3frfh @ én?ﬁ’rﬁgl}é—%?

passes the substrate. H gh conductivity is 15

r equilii gehetal, fhe ppribMeanse bf Abele@finsd e@ dePBhdiidt BRIGVSBL the
too nmuch current crowding at the device perineter.

SHtare g er furied 9B dhe wbslaie sufase ks alsp upom dwirbyerties of the
i i I . ~ h hand, _opti.cal.
SRR B AL 80 S AL 0L oy G e
rdsestamice andlcirhénn density tdisatieutiof if thiclcdrre @AW ahRINEh id SiBStrate,
.framthe need _tao majntain device operation wthin

TGGHER pHRRGETTSH TvrRCondsalped deviegss e laiss:upAolesapce indasiines with
phrasifi6 fyeMidRY(shid 8 @9105’31(@32. b%gegt §dit ?faleeceﬁlsogiﬁﬁ)ﬂ‘tgﬂt, hffecting
th pt abl etween

e substrate quv. An acc e trade-of
lealsegeecuriehisend devjoe radiabilits ¥l thevcase if st apiden] dbdve apitfigsthrough

0ss..and | ow d ensi t i.s difficult . achi eve
el bt SNBSS R g ln nds iy side g o).
optical Bbsdrptioheh ehd substrii€ fhldolimppRtantTPr oved met hod of

manuf acture of an electroni ¢ device or integrated

ci r ci thepreiculsr caevd e MNECHRL arbeitdnn pmithing FCHRT (Mprtical Cavity

d Q- [ r of the r.equir nts
S?gt ed a ovaes.%gs%lrgnlrrgﬁgltto °P ﬁ{éllglsﬁsseﬁr%? BRPRELEDP F E@FQ%S e
cuerndmo dlowin todthe pdie reuies pasbes thxoRigh iR substratet HRt dhductivity is
fabr&f@%i ng a sem conductor device is described. In
Tegiired (oetagB dhe sgriss eetstange lwhand prevengfoosmpeh eureent cregrding at the

AU EHRESSer STHR m%%gﬂeg%&ﬁ%é H%ﬁ%ﬁ{egﬁ%%egc thick

sel ected that has the require
substrstiet {n thiopthet harel; btits] ks subisherlapelowgaehis, mains B &8 doping

t he . (vertical gradient freeze)_ technique, can only
e il b S B ement STFes it o wotain device
optirgtion WitEiatspecifidtaidn bvdr tBirS ftetithel T S embiR'in achieving this
is to keep the defect density in the substrate low. An acceptable trade-off between these

three requirements (low resistance, low optical loss and low defect density) is difficult
to achieve in commercially available substrate materials.

In view of this, there is a need for an improved method of manufacture of an
electronic device or integrated circuit that eliminates the need for the starting substrate

to meet all three of the requirements noted above.

Summary of the Invention

According to an embodiment of the present invention, a method of fabricating a
semiconductor device is described. In this method, a starting substrate of sufficient
thickness is
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exanpl e). Such high doping levels are usually

undesirable for bottomemtting 5 VCSELs or NECSELs as
wdesmrocpee above. However, according to the preeemis2003/039876

invention, a highly doped | ow defect density substrate

can be used as the starting material. A sem conductor

| ayer is epitaxially grown on top of the | ow defect

density starting naterial. The grown nmaterial can be

any material that can be grown wth high crystal

sai@pé@d thot hng thewequired &umglydawé dﬁ@ﬁ demsigy. d&@m;al intethwids of biebstrate

o GEF e B P ) Sl S 8TBk v o

defesisicbligied if thie dopkaiel & 1%1@@’8&@1!‘1&@@&5( I’W@érﬁ *uh&aAs, for

Al GaAsP conposition is adjusted to give a close

examrle)e Sushbigh doping levls asdsvally ungeszahdy for hotjors ghtitiibp e
VS0, ST LR B 3T R g g

investigr, abhighly depedilowadrfecadansitp suts&aﬂewaﬁ be 864l astthé€startin
quality (i.ncluding defect density) will nat cﬁ

m%%ﬂ%f %éerslé:@tl@icwtﬂawrtlmftﬁgawllv H@%%quf)ﬁlge haeﬁ ¢afecidensity
stﬁﬁﬁe%gitéﬂaq %Qg@%&tﬁ‘ﬂﬁﬁtmﬁf c,%ﬁtbre' ha@%ﬁﬁ Ak é? aye %thh high

e grown con ctor
ciyethl queadityadel tlsmmﬂtmﬁmtenah é]'}@ldaﬁb i w#l beothe t@né ns ﬂma @&rtlng

te st ing this fabrica th
gl o SRS 1S nGn B o0l Siimtonn B e (for
eNMR26 AYa A4 05 Bh AR wh%rettﬁs mm;am édiﬁﬁd%ﬁﬁn% bajRgkd &hgﬁ}g a close

chem cal etching, 20 CWP, chem cal physi cal pl asm

lagiiceinaie with the m@&ﬂivmg Qﬁﬂﬁs) any Laﬁntabé¢ amaXtEﬂl gkt $®h1|)1fque can
ST T

c@iﬁiiﬂ)"nafamjcdrf&:ﬂy blibileﬂ I tﬂel atystdl ualify (ihélﬁihh? defebeddnbity)Willdnatch
wafer will be perfornmed at or close to the end

o%behqqf@rg)@pﬂq,aéogg\?,ugéelﬂjgggn@mabn sequence so that the
thi CJfffé acﬁ Egnéﬂ?st ek fcal @)nparc%se%@ Lard r? 8%1 (?03) of the grown
s up 0 he ware

mech anlca ort durlng or a
senzibondnator tayes exingeweB-esthblisheé waldradaledstricafion teehniques. At an

oI Sads S et g ob b °€$‘i@§%?t@$e°%‘éq%%%ﬁ%qremoved from
th@%o@@w@fé% aﬂ%ﬁ@m&e &ﬁkmﬂ%ﬁ 61¥s1ﬁn°g g ﬁééloplkexgg

describ ove and is 'y decoupl fromt

CiyBh s;h@rylcal erphaimgdcrrbasmaeert@mg eten) ﬂqavnmxﬂyop swificbenthidkpess of
o 3 S LB P B2
c@tigtients @)ﬁ@é tHe® afd depafafed into individual die. Typically, the thinning of the
wafer will be performed at or close to the end of the active device fabrication sequence
so that the thicker starting material is present to provide mechanical support during
most or all of the wafer fabrication sequence.

In one embodiment of the invention, the doping of the grown semiconductor
layer is uniform and can be selected for optimum device performance. Low defect
density is achieved as described above and is fully decoupled from the doping density.
In a second embodiment, the doping density is not uniform. For example, it might be

kept very low (less than 1 x 10'® cm™ ) through most of the grown layer to minimize
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3 WD 2004/ 061922 PCT/ US2003/ 039876 optical absorption

and increased only in a thin region close to the
waaebime1adevi ces to provide good el ectrical corduaiS2@®B/039876

Brief Description O The Drawings 5 Fig. 1 are

di agranms presenting a fabrication process for a NECSEL

sem conduct or device as is known in the art. Fig. 2

are diagrans presenting a fabrication process for a

sen conductor device according to an enbodi ment of
optiral phsomtion and rgreased onlyiig ¢ thig aegiomelosefiodhtsctisiealaiviegs to

i€l .(WPE) for NECSEL devices 10

p%dgr%gpg%eﬁ%daf Ogaéét%énConduct or layer of Fig. 2 built

according to enbodi ments of the present invention.

ig. 4 is a flowchart of a sem conductor fabrication
beescripden O Jhe Drawings  enbodi nent of the present

i o Ei y ahri ' r or an
opt 1 o 05, o prRhiRles BB GRS B s WSSl
semigonduictoFidgvicGadlisrinotva imtheapl et ed opt i ga! I

Sccof t Ad oS PGSR PBTCARE P EbeRF aisisenror device
adetding RLnLRRIdiREAVT 1REf RSt A¥elifonl 9- 1, an exanpl e

of a sSeniconductor fabrication process is 20 presented
f or Bigsolth amlgraphsisbewingnvalhpleg efficienay KECESfor MECBELidsvices

kR0l ABa Ryt el P poraifeif pibodmentsr e

. peeanidentdbagr am the device |ayer, 103, is grown

epitaxially on one surface of the wafer. In the case
of al'1eEtER floy gharg efp semicaydictar feiricdten pliosessiaoenrding to an

and quantumwells to provide
e%%@%gﬁ@%ﬁgﬁﬁ}?&%%tilﬁé%@%'rd di agram the NECSEL device

i's 2Bigf fidepiets affalividation ebcessfor & Gftical EdliccoMga@bs 105

ar.e?f%]g‘ded I n%ttlge fourth diagramthe substrate is
SHPKIAF vt B84 red final thickness and polished to

gi vVerfohg d85eR 38 Mmpleted optical semiconductor device (e.g., a NECSEL), built
according to an embodiment of the present invention.

Detailed Description

Referring to Fig. 1, an example of a semiconductor fabrication process is
presented for an optical device, in this case a NECSEL, as it is known in the art. In this
example, the starting substrate 101 is a low-doped 4-inch GaAs wafer. In the second
diagram, the device layer, 103, is grown epitaxially on one surface of the wafer. In the

case of a NECSEL, the device layer includes distributed Bragg reflectors (DBRs) and

- quantum wells to provide optical gain. In the third diagram, the NECSEL device is

further fabricated, and electrical contacts 105 are added. In the fourth diagram the
substrate is thinned to the desired final thickness and polished to give the necessary
optical quality finish. In the fifth diagram, an anti-reflective coating (ARC), 106, and
an optical aperture, 107, are formed on the polished surface to complete the NECSEL
die. In operation, light is generated in the device and is emitted as shown by the large

arrow.
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anti-reflective coating (ARC), 106, and an optical

wa@p@roeroey 107, are fornmed on the polished surPEDES1003/039876

conplete the NECSEL die. In operation, light is
generated in the device and is emtted as shown by the
large 30 arrow. 4 WD 2004/061922 PCT/ US2003/ 039876
Referring to Fig 2, an exanple of a sem conductor
fabricati.on process for an optical device is presented
accordiiyne & Kig % A8 suampla of a semisengiciardabrication pracess. for an
oS ' f ' to meet .the .

B Opdl e BRI akeortfeth ad bbb, S E Brés R Eipton In s
ewibiokent,resfar Hl 1tis seleqibdip mledtshd defedbidehsiyl BqERATeted QRS

'.téﬂ | ow defect 5 ena(iﬁéi es (etch-pit density, or EPD,
O%F JEVige Withew! regase) tesBoning dgnsity e Spidaire GpAs veaferawiits low defect
deth f ; ' hav. j | evel s qf
s et RGeS 1 8D bR 1 A RORPIRR Lot v
fiom penwlseitergbwypicalyrigve doging ldvetwvar ayffox(nstelyi £2108 cm™ or

B Sy BT CorbEn A b & el oaBeECE (el gmadicn
fleaxgtechitiyle. The BREROBHAIN PN pidify Shifehd MBmSHORHIA £

The thickness 10 of ! | ayer s selected to provide
Els ehfahs dayanild 3l is shgpmsown oo the dterting sabsteesy i Treshickness

NEf+$
I: ' . ni f or m.of . non- uni for I S )
oL 15 ERLIR S sl PPN B v
vl diod dapingoitve] (omfdcemnintindfosm) sheledRll €61 ofifeh tased N
t]%e aglrovxﬁrl ayer will be simlar to or better than
peharmagee. Wathgiropar slgctionnfigrewh condigiens, Wee defeegriensity intthe
AR i [ , est ..of th evice
R VIR i dto of B A ot bl ONafeTHRR the
higlvquabityl sipport lay8r, il $2,g5 gwawn, drctesthod INEGSHe BN i6n nfay proceed
fa}lbri cated wi.th Iecﬁri C { contacts 115, A key el enent
ot _OFﬁ’e‘n&?%sle CIOVERLPER, 13 KarryRmanditae NRGSBlievigsfier
fabic AR REthTRBIAPV6HENDYES Rlkby Sfende Fofjh@?fés&g invention,
substrate 111. In this way, en the device 1s ’
hewensT.cis dut theivwaferahivningsstépeutw wemaeabil oftheARD)ing ibStrate 111.

i.cal aperture,. 117,. none of .the ori ginal
AR RN ER IRy BT bRt e B8R CosbedAB el 16, and
amotidat syeytuel)pi Nhope of {Heab‘i’i fgfﬂa'ﬂ SUHdEhiRFeM Y. itqié’vtl{iilg Badible to
e y

density) with the | ow ect density nornal
cqrg@me AFBKEaTR Fl@wng @bcgﬂ@s @@Agdmg, very low dopant density) with the low

defect density normally requiring high dopant density.

According to a first embodiment of the present invention, the support layer 112
has a uniform doping level of betweeh 5 x 10'® cm™ and 5 x 10" em™ and a thickness of
about 100um.

According to a second embodiment of the present invention, the support layer
112 is doped very lightly through most of the material (for example, less than 1 x 10
cm™) in order to minimize optical absorption, while a thin (e.g., 2 to 20pm thick) layer
of more heavily doped material (for example, 5 x 10} cm™ and 5 x 10 cm’) is formed

immediately adjacent to the device layer to provide electrical conduction. Such a
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According to a first enbodi nent of the present

i nvention, the support layer 112 has a uniform doping
wo eanglo692 bet ween 5 x 1016 CM -3 and 5 x 1017 BEF/USEN039876

a thickness of about 100m 25 According to a second

enbodi nent of the present invention, the support |ayer

112 is doped very lightly through nost of the materi al

(for exanple, Iess than 1 x 1016 cm3) in order to

m ni mze optical absorption, while a thin

taitgyad depiag prqﬁe\@ﬂérrea@y abgriaeds arFrpplso by @JH&%I&C?O@?HRSPBW flow

BBy A e B0 Sy o)

S E?_;:I&gzsg%g‘; %ﬁggmmts d d tha d?lﬁng grtgilé 11Nﬂ52m4daﬁ63b9ié§cnbed in more
7 ta| ore Qping profjle is readil

de@émth é?ﬁpe(fté(? Figgattr-e Thefjguss ﬂm%ﬁ W@@Q}Pg 894611%’\%/

gr H » -

e SRS A Ll ol AR g of i ot

pdaz&édr bﬁﬂﬂkt)aﬂg:)}tﬂie I\mﬂSEIgtoah@ianuEelectntﬂlp@wmyaniarankimportant
escribed.in detajl with respect.to Ei.gs. 3a-b.

PeioEMARGE e 1 lordiadls Hestioieigraltieh @Pﬁ hwfﬁaglé%’ﬁ Tgsticd.

FlgV?aﬁhu&PJtes\«@ﬁdt%& b ETRRed 988 HhSfortNEb¥edié dePigby changing

ficiency is the ratio oftheotlca power emtte
thistydoplreg INE@SEQr the selkeeofithiseamaplece NEESHE W@ﬁteaﬂﬂ%@n apd a

s it dkogs G QFORF Bty ahEhedt FER é??"ﬁféﬁ"% hdjs
acheeved kit lﬁﬁﬁ&n\&ﬁﬁétrat‘@dbﬂ%@g atdvorved 104 tom™a Kioirf the point of

substrate dopi ng by changing . that do evel . For
VIPW@fW@fn&WP% BismFbsieate éONEQS@ECS&Pg g‘é?st SAMBORISen d

assuned. The peak
b‘%é&} %4 %St?'g %ﬂf}é%&/ cgﬁﬁ%lga\%g& \[Ibl&% h a uniform
su bstrgagaetheng;hoﬁvs dhobétte? pxrfdlﬁ)ﬂa'nce narPbe dehgaved hg using a
point o vi ew of Xi_m zin S substrate
ta&%‘ﬂﬁab dapua rofifge Tpdius n’iS‘Pﬁrﬂf g@ SIRWP\RBRRPTT PiRstrate is
i i §ha q ADsRLRS f
AGRANGS 08 ShTHR A shill AR (168 nAOBRKRLS OBroen 0l L0urm)

ofanhiecheavilpgoned mmagerzal islflded nadJ@c%r(d tastip sieyiae Brydiogs degeribed above.
rof i L In t

t
e doptat Neae Fandiieita it Hnd0gl SR DR G Ap o
3 |aﬁa e (J1MhPAgThe iRESLSEShbRLINE edtifioa s W) the khum ﬂz@’er

"heavi | y doped material is added adjacent to the device .,
thldga@q;s i8 gdjysted:raureel 098 shews simulated results for a shunt doping of 2 x 10

cm™, curve 200b shows results for a shunt doping of 5 x 10" cm™, and curve 200c

shows results for a shunt doping of 1 x 10'® cm?. It is clear that with the two higher
shunt doping levels, higher WPE values can be achieved with the tailored substrate
doping design than can be achieved using a uniformly doped substrate. For example,
with a shunt doping of 1 x 10'® cm™ and a shunt thickness of about 8pum, the peak WPE
is about 12%.

The calculations discussed above show that embodiments of the present
invention offer not only improved reliability (through lower substrate defect density)
but also better device performance. The calculations are based on one example of a

NECSEL design. However, tailoring the substrate doping profile can be applied to
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laprapighishays quaifesn dgping %bﬁt@@@m A

Three n-type doping | evels are considered in the\shunt
layer: 2 x 1017 cm 3, 5 x 1017 cna 3, and I x 1018 cm
w@200Fhe19thr ee curves show the variation i n WPEP@HUS1963/039876
shunt | ayer 20 thickness is adjusted: curve 200a shows
simul ated results for a shunt doping of 2 x 1017 cnB,

curve 200b shows results for a shunt doping of 5 x
1017 cm 3, and curve 200c shows results for a shunt

dopi n 1 x 1018 ¢cnB, |t is_clear that with the two
otmré%fgSEIs Autheptisghdavics designs withi dgﬁ%rﬁnml%hwer@awbﬁ@te
RS YA RS e lEr AR U0 b Ry SRR

thivkib&t bad ﬂoplﬁ@ tevely ariflie ger%EalWetdiffe‘-reﬁhbﬂﬁlffémm optical déviee
1018 cnB and a shunt thickness of about 8m the peak
SfEEsS- i s about 12% The cal cuI ations di scussed above

Showpﬁm 598e8 SRabp I%Ee @&@sirougdcaﬁgg égﬁageﬁéﬁor

not ‘on nproved re ab| strate
dersfiiieetcctordmgsm iy pmbbditment esﬁ)‘.hb ptesent inlentioe ispanfnoarired sath

caI ns one ex I f 30
e g Dol ol B o e e Snsprue S fcisg. As
d1§Uu9§éd| 280t M 8arBRP bR EateQnayPo ¥R LRAORE ggﬁs of defect density
PCT/ US2003/ 039876 ot her NECSEL and optical device

alolesWignant wigard fir dpping hevetiendvsn dapanieyrsr dn binglsdE3 at e

SS d d i fi
sy Las g B dooaeq ke S HHRea bR BB Shlepgostace
witle¥ @bsiredi dobinghrefitee Hxﬁ’chebﬁaﬂpfefs afseidsed 5ovd] b eerditonductor

optical device desig exaleraqg e of an overall
s€R ephagchlorom™ ormay -

[ [ f
hifoE o e 601 3mSR Hhor U obta Ve Bierpt depths
aﬂdl @mem d%iach)éntd llémwéémnlvosﬁ lagelanThe sinterial ofiths sdisicomatuetardayer
e As i scussed.aboye, the start.i ubstrate
st oL 56 sERe o7 DE R TR HOF SERIB AT SONP g 2AS)
oﬁfﬂetd}q%n{p%&%ﬁ s&&rthaqpédﬁgoé &¥Fh e Pftaﬁylﬁnwﬂﬂ B8 criy¥BPquality

I ock sem conduct or Tayer "having a desired
(fmmm& sMGaAeE gqommn GrAowhtrs the AlGiAsP emnositianas selected to

s & dp8 Bt O hE CaBiF claionts B SPAGRPRrGsefihe woer

sdz'fabé e&BARRiMRle®in Repeeth for XroWdh & f €Y actiad devicexladétlth block
cm or

127, the active la)}/fer(s) required for the intended devices are grown. For example, for a

NECSEL appropriate distributed Bragg reflectors (DBRs) and quantum wells are
grown. In block 129 the processing required to form the active devices is carried out
using known techniques such as dielectric and metal deposition, photolithography,
etching, implantation and annealing. In block 131 the original starting substrate is
completely removed using a technique such as, for example, mechanical or chemical-
mechanical polishing or chemical etching. Finally in block 133, any additional layers
ot structures required on the opposite side of the substrate are formed, again using
known techniques. The devices on the wafer are then complete. The wafer can be
separated into individual die and those dice mounted and electrical contacts made using

well-known methods.
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have a nore conpl ex doping profile with two. or nore

doping levels at different depths and sel ected
w@er@dioerts bet ween those | evels. The material PET/UR®03/039876

sem conductor |ayer 15 should either be the sanme as

the starting substrate (for exanple, GaAs grown on

GaAs) or be of a conposition such that it can be

grown epitaxially with good crystal quality (for

exanpl e, Al GaAsP grown on GaAs where the Al GaAsP .

co etql rehniguession sameyingpthe giafiangsubsisete maptqrial garnbg Fplied in
orif tbMpHE erbuifleR ot it burRBt 08 on! ofl e RiHAMiRns,

e wafer ~surtrace can be pertforned In preparation for

mesiewdal &f cishicaheicdchanickd pblishingigersed forreinboe the2flatd2ad, In the

the active | ayer(s) required for the inteﬂged devj

ertbligpee dsscriisd abs i giecetow magerinlgpd gerting sppate petorial ar
vy SR Sb A oY Stk b GECHRLES ohlFHRle A Ma LITLYELL difficult

tof detemmiieeexactly wherdtheiociginal stamgmiaerialug fullysemgvdda Ghnis is

oS et 25, S o0 T8 8L SPRRL i,

reﬁ{m/‘ﬁ?é doRe oflthe BloRmMayed 1ok BRarpleJi (MR 208iud Wit e substrate. The
0

Q
substrate 1s 25 ¢ etely renmoved using a technique
palisbingggocess caneb@mpxqr the siadaititigkness mepswigdia) order to ensure full
rrechﬁné'f\f}al ﬂoﬁlf shing or chemical etching. Finally in
TSRO 358G addi ti onal | ayers or structures

I equirhette@AtivhembRiieshi1Besh cigentitaltdich Bubmbvathe saurting
formed, again using . known techni ques. The devices on

. sybEaigafetulighle eloheoncis gprver en thersiartipg afbsiralp betore growth of the

SIRRRIFLE it s i by gfon e te
- Irmibik kadsof i AMGaAS 6hadd®) B2 GO WHROUB OB dE GemSendewidh, for

techniques for renoving the starting substrate
CYRRRIP. TS AT AP BERPHIe /YA BT IR elolsn Gas
p%ﬁ%g%ﬁ r RIGIAE With L&A PI@REtbA e xBMPBREOF a suitable etch is

I nt, nechani cal or chem cal -nechani cal

apaiongin hydrosided bydrogen perovide t WeteraOaed tie starting swbstrate is
SR e SR A BN B 5 R0 B e Mffchemica

c@he GaAs and they differ only in the doping level). It
is thus difficult to determ ne exactly when the
ori giliiaplse passitinlp srartdpe tie splstrain tepovalmsoesgses Hijoyssed above.
. ' i s
F ST pRf A ST TP Aol brkd il B
chemical etching used to remove the remaining material and finish accurately on the

etch-stop.

Embodiments of the present invention are based on epitaxial growth of single
crystal material on a semiconductor substrate. The various embodiments can be
realized using any suitable method for epitaxial growth, including, but not limited to,
metal organic chemical vapor deposition (MOCVD), molecular beam epitaxy (MBE),
vapor phase epitaxy (VPE) or liquid phase epitaxy (LPE).

An example of the fabrication of a semiconductor device using the present

invention is described with reference to Fig. 5. The first figure shows a cross section of
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" descri BEAWRICIS IR YRR 4O ¢

removi ng sone of the grown |ayer (for exanple, 10 to
20m with the substrate. The polishing process can be

wa Rovede1d22 t he waf er t hi ckness neasured i n or dePCT/US2003/039876

ensure full 10 renoval of the substrate. An
alternative enbodi nent uses a chem cal etch to renove
the starting substrate. A suitable etch stop is grown
on the starting substrate before growth of the

support |ayer 112. Exanpl.es of suitable

h_
th BT e T i el BoBARS N ERPDOT FETRREOPSLE 45T aR the

de‘&mlc?%:éﬁ‘geglﬁa?%é 2 abrféea,ﬁoﬁf%ﬁeﬁ .lx‘:gﬁfbﬁr?eg ?71% ggnﬁgn&u%fﬂ%\ﬁ?&essing

exanp acitric acl rogen

stepR e Xolthevs toviaine the NBTSEE didhat et ches GaAs
preferentially over Al

As. Wtk G As t ch- stop,
exarfl Erention O}é }ﬂdp%l wagksdised Lo a % ilﬁ?ﬁiﬁ%ﬁ%‘ﬁg &lg‘%’at%?ns for
hydr oggﬁbsggﬁéﬁmag s/(st}%ﬁstle-ﬁ). Once the starting substrate

is renove etch stop | ayer can either be left in

pl ade Gurreatmwéiderhgntgsteps4-BerThihsmrchzived etingha p@on implant that
al so possible to conbi ne_.the st rat.e .r enpv.al .

pr oces&elices Be geudigtiyiy ofthe k@%&s&'ﬁﬂﬂ? fhe 168‘11%%% aperture by
coul d BEHSEEctbPof HFRY €0,000 TRE NECSER @It dt0fuésdsh Withdut this
chem cal etching used to renove the renmaining nmateri al

and fi minplnidutreumehly flowst tisidettah getno ppertrh ogilvasng svall-plug
of the esent ijnventi.o . . ' ' oMk :
o Lo gRiSasl Anueabl e85 PRRE P L St Ay M enie
subst r gkdvessT NEhe/ Bighcumsrggmipgdamentily parubes tireagh fedlayer, and
usi ng any suitable nethod for epitaxial grow qj@ i
i ncl udiregova of thedeyarispsureythabany cntapingpts foms therjmplanigtion or
vapor it MRGYR:; beam epi t axy ,
(MBE) , %a\%g% rsltegﬁgée ep?%ag)é/ﬁ?%@%%f@%r liquid phase
‘epi t axBepirBiign ofAle epitarial kyafintbhsldtebmiesat($teps 91 1)a This not only
sem conduct or devjce using th resent 30 invention js , .
_ ¢ iylted 1ot s T pffp b€ strain
shows anich-Q%$n 8RGh118a0kyerSaen2d0né BRAIWE for improved die attach,
PCT/ US2003/ 039876 the wafer after epitaxial growh,
i ncl udiomgye chesissens porformsanet aohbiefter seliabdiiyr and t he

E ﬁ\é | .e S\g %{eig é%&]{ﬁ%{%ﬁ: (sbq-lr)g 3 8&@5}; ié%%&id%‘]a)perr %gs%ic'\géte% ?ﬁ@%vg:%% surface
and mesa sidewalls; vias are opened in the nitride for electrical contacts.

e. Creation of electrical contacts to the anode and cathode of the laser diode (steps
16-26). The contacts are formed on the same side of the die to enable a robust
and reliable die attach process once wafer processing is complete.

f.  On-wafer test (step 27). Full laser operation can be checked at this early stage
in manufacturing.

g. Wafer thinning to remove the starting substrate material. (steps 28-29).

h. Formation of an anti-reflecting layer on the output surface, essential for good
mode control and smooth L-I characteristics in the final product (step 30).

i. Formation of an optical aperture on the output surface to improve mode control

(steps 31-33). The aperture is defined using a metal layer.



steps as follows to formthe NECSEL die: a. Creation

of fiducial marks used to align the masks defining the
weaioseers2 for 5 subsequent |ayers (steps 1-3)PCDUS2003/039876

Current confinenment (steps 4-8). This is achieved

using a proton inplant that reduces the conductivity

of the p-DBR outside the required gain aperture by

about a factor of about 10,000. The NECSEL will stil

function wthout this inplapt, but current fl

Thewtgriee efibe gampleied NEGYIEL 15 degeriied gvifaaferpnaggo T, 6. The

|
LS 150, S b B . i
dié iﬁlﬁolﬂ&e@t@&h& subpeoeity &iéﬂ&?sptebdﬁlﬂ@lﬁ llsimlgémbwyleeqhmmlds The laser

s PO IeT A EAP R GHITBY S0 I g SR 0T e
strf&ﬁ?u% i Sd()@?%r?%ﬁ i 1 A0 %&%,ftéﬁﬁyﬁ@h@@?@?ﬂhej (ﬁ%c%sure of

nesas (steps 9- s not only
whikh emsheedtacincrpadated biytrefetenteirt their sulm&ty)at e | ayer but

al so IIe e traln i nherent |

|aye4x ek B S ELHEDF AR SHHEATOR TR B L aion the
H'E'e tidiPan a‘l"é?)%'u%é&fgblﬂﬁr&l%rﬂ% of %}&cbﬁddcﬁfr devices.

e rability. d. Wafer passivation (steps 12-15). A

nitride |ayer paSS|vates the wafer surface and nesa
sidewal | s; vias are opened in the nitride for

el ectrical contacts. 20 e. Creation of electrica
contacts to the anode and cathode of the | aser diode
(steps 16-26). The contacts are forned on the sane
side of the die to enable a robust and reliable die
attach process once wafer processing is conplete. f.
On-wafer test (step 27). Full laser operation can be
checked at this early stage in manufacturing. 25 g.
Wafer thinning to renove the starting substrate
material. (steps 28-29). h. Formation of an
anti-reflecting layer on the output surface, essentia
for good node control and snmooth L-I characteristics
in the final product (step 30). i. Formation of an
optical aperture on the output surface to inprove node
control (steps 31-33). The aperture is defined using
a netal |ayer.
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30 9 WD 2004/ 061922 PCT/ US2003/ 039876 The structure
of the conpleted NECSEL is described with reference to
wWOo-@4/061922The  NECSEL di e, 301, including epitarCEUS2003/039876
| ayer 303 is fabricated as descri bed above. The die
is soldered to the sub-nmount / heat spreader 305 using
known techni ques. The laser is conpleted using an
external mrror 307 to forman external cavity 309.
This 5 structure is described in the art (US patents
Wit IefdaimedIsing 6, 404, 797, the di sclosure of which are
hereby incorporated by reference in their entirety).
Al t hough the NECSEL fabrjcation sequence is used here
Lfor Amethadreftfhbricatinge selpxce@@wtoru devisachwarisiag al so be

v tiby e Shisa BTy CusAT SR E e RS

1. AorinBedepficondidtbiciayérg saidcaamiag seicbaducte sibstrate;
conprising: . selecting a starting _sem conduct or

subsierRng aHYE ¢RReNGRIS eB saidsgriieopdustor layer ayl a
5o GRBINEA dANEE o HleSRhilies L0 ser conduct of
substrate orm ActTve conponents on said
, sentconductor | ayer; and renoving said starting
sem u r subs rate. 2. - The nethod of claiml
2.furt %@P{%P %IF‘% f%ﬁ‘ecﬁ?f‘PP’B?IPgng a doping | evel for
sai %oﬁﬁmlﬁ%%%h%r 1evAY&' sald%emTétﬁde@tbf‘%%Pf claim2
wherein sard doping level is unitormfor the
sem conduct or Iayer 15 4. The nmethod of claiml

wher.gi n tart sen ¢ duct ubst at d said
3. oom Hisanaed ol pER e B TR PGk e ht OB TR oo
sefficdnldaétor thywherein said starting sem conduct or

substrate |s made from GaAs and sai d sem conduct or
| ayer is are made fromepitaxial growh of a single

4. The method of claim 1 wherein said starting semiconductor substrate and said

semiconductor layer are made from GaAs.
5. The method of claim 1 wherein said starting semiconductor substrate is made
from GaAs and said semiconductor layer is are made from epitaxial growth of a single

crystal material.

6. The method of claim 5 wherein said semiconductor layer is made from
AlGaAsP.

7. The method of claim 1 wherein said starting semiconductor substrate has a low

defect density.

8. The method of claim 7 further comprising:

controlling a doping level for said semiconductor layer.

9. The method of claim 8 wherein said doping level is uniform for the

11
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20 crystal material. 6. The nethod of claim5 wherein
sai d sem conductor layer is made from Al GaAsP. 25 7.
wab@4meroknd of claim 1 wherein said starting PCT/US2003/039876
sem conduct or substrate has a |ow defect density. 8.
The method of claim7 further conprising: controlling
a doping level for said sem conductor |layer. 30 9.

The nethod of claim8 wherein said doping level is
uniformfor the 11 WD 2004/061922 PCT/ US2003/ 039876
semgqondueidleyer | ayer. 10. The method of claim 7 wherein

said starting sem conductor substrate and said
sem conductor |ayer are made from GaAs. 5 11. The

107et hrih éthed af éthifn WedeRimsad@btdrtiigaeinidvadeaod mbmneite bad said
substrate is made from GaAs and said sem conductor
semigpadugter layer aypmade fom @@At-axi al growth of a single
crystal material. 0 12. The nmethod of claim 11
wherei n said sem conductor |layer is nmade from
11AI GagRnethdd ofclaii Nedhersin §aad statthilg segicndagdt bbtratied made
starting sem conductor

conpr.ising:. selectin .
from Geadysnd Sﬁlé\ﬁpwgcoadkscg?@aera%ﬁgim%e thosn ppjfa¥ial groyvth of a single

crogiigapguctor layer on said starting sem conductor
rgu%]st rate while controlling a doping level for said

sem conductor |ayer; formng a gain cavity on said
' duct |.ayer: and. i jd.starti
o B b Rt B R R RS 1

Afauaseer conpri sing:

13. A method of fabricating an optical device comprising:

selecting a starting semiconductor substrate having a defect density;

forming a semiconductor layer on said starting semiconductor substrate while
controlling a doping level for said semiconductor layer;

forming a gain cavity on said sefniconductor layer; and

removing said starting semiconductor substrate.

14.  The method of claim 13 further comprising:

controlling a doping level for said semiconductor layer.

15.  The method of claim 14 wherein said doping level is uniform for the

semiconductor layer.

16.  The method of claim 13 wherein said starting semiconductor substrate and said

semiconductor layer are made from GaAs.

17.  The method of claim 13 wherein said starting semiconductor substrate is made

from GaAs and said semiconductor layer is are made from epitaxial growth of a single

12
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controlling a doping | evel for said sem conductor
| ayer. 15. The nethod of claim 14 wherein said doping
wo ewelo619%2 uni form for the seni conductor | ayerPCRBESHB3/039876
The nmethod of claim 13 wherein said starting
sem conduct or substrate and said sem conductor |ayer
are made from GaAs. 17. The nmethod of claim 13 wherein
said starting sem conductor substrate is made 30 from
GaAs and sai d semi conductor layer is are made from
ceystal mategialgrowt h of a single 12 WD 2004/ 061922
PCT/U82003/039876 crystal material. 18. The nethod of
claim17 wherein said sem conductor |ayer is nade from

18 GaAHR md&hddof cThitm mﬁﬁélncsfal@éeﬁh&nhacﬂﬁp ﬁt‘&@l‘ ig n?agg ?’rom

starting sem conductor substrate has a

Aﬁ@ﬁéﬁ?y 20. The nethod of claim19 further
conprising: 10 controlling a doping |evel for said
sem conductor layer. 21. The method of claim 20

18her dha nsahatl efapaingl 3 wN@bini saidutirting Bérﬁl%ndd&ﬁ‘)r substrate has a low

dﬁ% (gelnnductor | ayer. 15 22. The nethod of claim19
grEstsai d start | ng sem conduct or substrate and said

sem conductor |ayer are made from GaAs. 23. The net hod

of claim 19 wherein said starting sem conduct or

28ubs Thanethael ofdiem Hmm&émmmgsal d semni conduct or

l.ayer i ro e axi al vvth of a single
20 cFYEt :Ha %?IP%I‘GVG a?%éﬁfﬁ)é??ﬁ t‘Hf ayFai m 23
mhereln said sen1conductor | ayer is nmade from
GaAsP.
21.  The method of claim 20 wherein said doping level is uniform for the

semiconductor layer.

22.. The method of claim 19 wherein said starting semiconductor substrate and said

semiconductor layer are made from GaAs.

23.  The method of claim 19 wherein said starting semiconductor substrate is made
from GaAs and said semiconductor layer is are made from epitaxial growth of a single

crystal material.

24.  The method of claim 23 wherein said semiconductor layer is made from
AlGaAsP.

25. A method of fabricating an optical device comprising:

selecting a starting semiconductor substrate having a defect density;

forming a semiconductor layer on said starting semiconductor substrate while
controlling a doping level for said semiconductor layer;

forming a gain cavity on said semiconductor layer;

removing said starting semiconductor substrate;

13
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25 25. A method of fabricating an optical device

conprising: selecting a starting sem conduct or
wasermee having a defect density; form ng a PCT/US2003/039876

sem conductor |ayer on said starting sem conduct or

substrate while controlling a doping |evel for said

sem conductor |ayer; formng a gain cavity on said

sem conductor layer; 30 renoving said starting

sem conduct or substrate; 13 WO 2004/ 061922

PCT/ fo8231@3Y fd30@néuctboemihn gam davity layeoomla sidoof saidt he

&g at\Fl)l]tH&Fl ayer on a side of said sem conductor
Sepgametc 'ng a second conductor on an opposite side
of %hﬁm%%e@&@é!ﬁlﬁ%toﬂ @}V &1 oppoiélside 8f SRPSniGoRctor layer;

external mrror/lens relative to said sem conduct or
andayer to create an extended cavity. 26. The nethod of

claim25. further conprising:. controlling a.dopin

| evelsiogmacy iR oy ByaRaiatd sygtooidicitagin p rpate
antdxt&ldall Gavdfy. wherei n sai d doping level is uniformfor

the sem conductor |ayer. 28. The nethod of claim25
wherein said starting sem conductor substrate and said
15 [ Jfom GAs. ML 29. The
6 Sﬁg&%{%g#%%& ’f‘g% er e?gos Sn tarting sem conduct or
SUb%dh&leﬂgSad@ﬁigleffdﬂ(fm ﬁ&i%nﬁmhcmaﬂodle@em conduct or

| ayer is are nade fromepitaxial growmh of a single
crystal material. 20 30. The nmethod of claim29

2 e i el of 8 98 ikt s:h@M@ﬁmg $evRPH Gl bR Yor the

semiconductor layer.

28.  The method of claim 25 wherein said starting semiconductor substrate and said
semiconductor layer are made from GaAs. -

29.  The method of claim 25 wherein said starting semiconductor substrate is made
from GaAs and said semiconductor layer is are made from epitaxial growth of a single

crystal material.

30.  The method of claim 29 wherein said semiconductor layer is made from
AlGaAsP.

31.  The method of claim 27 wherein the doping level is selected between 5 x 10’

cm” and 5 x 10" em™.
32.  The method of claim 26 wherein a majority of the thickness of said

semiconductor layer is doped at a first level, and a remainder of the thickness of said

semiconductor layer is doped at a second, higher level adjacent to said gain cavity.

14



Al GaAsP. 31. The nethod of claim 27 wherein the doping
| evel is selected between 5 x 1016 25 cnBand
wG2d05veB. 32. The nmethod of claim26 wherei nPEI/US2003/039876
majority of the thickness of said sem conductor |ayer
is doped at a first |level, and a remai nder of the
t hi ckness of said sem conductor |ayer is doped at a
second, higher |level adjacent to said gain cavity. 30
14 WO 2004/ 061922 PCT/ US2003/ 039876 33. The net hod of
33| ai The2bethbé bétlains a5 svhstear $aid stag g semimbndvasor sSibbtsite hasea low
has .a |.ow defect density. 34. The nmethod of claim 33
defert dgsitYconpri sing: 5 control ling a doping |evel for
said sem conductor |ayer. 35. The nethod of claim 34
wherein said doping level is uniformfor the
34 eni Elormethbdof tlaye B3 furthed 6omphsinget hod of cl ai m 33
wherein said startjn em conductor substrate and said
5 sem wﬁf&ﬁ&g& ‘?qpé@?eiev‘gnjér sr%fg%enflf;%rﬁﬁl@%&yeﬁi The met hod
of claim 33 wherein said starting sem conduct or
substrate is nade from GaAs and sai d sem conduct or
33.ayeThé method ofrglaim B svheegin saist daping deyet 5 vaiform $o1ihe e
5 cr sga material. 38. The nethod of claim37
SRHEFEROL G seni conduct or | ayer is nmade from
Al GaAsP. 15

10 36. The method of claim 33 wherein said starting semiconductor substrate and said

semiconductor layer are made from GaAs.
37.  The method of claim 33 wherein said starting semiconductor substrate is made
from GaAs and said semiconductor layer is are made from epitaxial growth of a single

15 crystal material.

38.  The method of claim 37 wherein said semiconductor layer is made from
AlGaAsP.
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