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[11/V sem conductor. 5 Field of the invention. The
invention relates to a new I1I1/V sem con- ductor, a
sem conductor | ayer consisting of such a

sem conductor, a nonolithically integrated 10

seni conduct or structure comprising such a seni-

Background of the i nventton and oror art 1 n° [ EIANN
conduct i on capaci ties in con 20 junction with hi g
integration den- sity and working speeds or cycle .qume:
chips. 2 Critical aspects in conjunction with

distortions and lack of flexibility in the chip 5

conductor |ayer, the uses of such a sem conduc- tor or
of such a sem conductor |ayer, and a nethod fof‘the
field of conputer technology, there is a contlnuougyxw,
growi ng demand for higher proc- essing and signa
reliability and flexibil- ity. In the past, ““
technol ogy has made a rapid progress with reg \\m mﬂ\ “\\“\\“\“\m
frequencies. Wth this trend further advanci ng,
problens are 25 com ng up for the connection of fast

hi gh- speed connectiony areemnel ¢ abidudyorcost, on-chip
driver size and performance, crosstalk, signal

desi gn. Connections between chi ps by using opto-

el ectroni c ccnponents and optical wavegui des are

Field of the invention.

The invention relates to a new III/V semicon-
ductor, a semiconductor layer consisting of such
a semiconductor, a monolithically integrated
semiconductor structure comprising such a semi-
conductor laver, the uses of such a semiconduc-
tor or of such a semiconductor layer, and a
method for the production of such a semiconduc-

tor lavyer.

Background of the invention and prior art.

In the fi=ld of computer technology, there 1is
a continuously growing demand for higher proc-
essing and signal conduction capacities in con-
junction with a high reliability and flexibil-
ity. In the past, the chip technology has made a
rapid progress with regard to 1integration den-
sity and working speeds or cycle frequencies.
With this trend further advancing, problems are

coming up for the <connection of fast chips.
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a solution for many connection problens. Optica
connections have an extrenely high bandwi dth and are
conparatively insensitive against crosstalk 10 and
other interferences. By using these proper- ties of
opti cal connections, it may-beéonme pos- sible to
connect hi gh-speed chips with each other by optica
channel s and to achieve a con- siderable inprovenment
with regard to connection 15 density, current
consunption, interferences and crosstalk UBuaIIy

h| h-integrated circuits are based on h high-
hholt 6@% Si PPEUNT I st howeVBe uthCFﬁéP“ F“éc‘i igh-speed
sem carduci om,s andatlke produdtiohlafteffi 2@ <ctient on-chip

opfpel.ectr s”ig gﬁ%‘%ﬁe téﬁﬁ%iﬂ%k%ee S C%S%'E“PMQY, 'S ignal
consequently ar possi bl e. - fi'‘cien
opt beltect ¥ baInes C@rfpbnérﬂ%k canf hévewei tbel 1 produsedtbg chip

U%é@lﬂﬁft%@H@E%@ﬁ&B§*@ekM&é& %HH§QMW§“H§1anbpto—
i nst ance the GAs technol (y gS|nce t hese

sét BEiduel ors %P@Hﬁ‘ﬂéﬁtﬁ ré@t &t toAductdrgguides are
cwsgmant by rentttd ngaand absoerde tiingh | bgldb Melhs 2 Optical

eff|C|enc For_producin |nt rated.circu
COmBAI CtRE P ear A Tor Gbeds TS Lol oy, PP dighdtn and
cmreSOCDamesrbetweeehyl ayersss oA 1tthleveasagaofn$he Srosstalk
g]?acﬁ‘ﬁo'é’?xe%”d AYEL $ O L e Dasigs, Oﬁlstf‘ﬁgg?ﬂi'etsﬂe;o'sggfyoper—

I /V sem conductor are to be 3 :
priobPema® fc TMaL Ahe 1A BNEE €bAN Sst aritls BR Y heecome pos-

resppqtd ver pat ebahe @r e @difffierente et high abso appkires each
to GaP Su strates i nstead of
y optica channels and to achieve a con-
siderable improvement with regard tTo connection
density, current consumption, 1interferences and

crosstalk.

Usually high-integrated circuits are based on
the Si technology. Silicium is however an indi-
rect semiconductor, and the production of effi-
cient optoelectronic components using the Si
technology 1is consequently hardly possible. Ef-
ficient optoelectronic components can however be
produced by using the technology of the TIII/V
semiconductors, for 1instance the GaAs technol-
ogy, since these semiconductors are often direct
semiconductors consequently emitting and absorb-

ing light with a high efficiency.

For producing integrated circuits, commonly
the epitaxial process 1s employed. If now con-
tacts between layers on the basis of the Si
technology and layers on the basis of the tech-

nology of +the III/V semiconductor are to be
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Si substrates). This has as a consequence that 5
during the epitaxial growmh of Il11/V sem conduc- tors
on Si (or GaP) substrates, dislocations are created.
Such di sl ocati ons however disturb the function of the
conpl ete sem conductor struetuBe -to a substantia
degree, the nore since the 10 functional |ayer

t hi cknesses are today in the order of atomc

di mensions. In the case of high layer thicknesses,
the difference of the lattice constants even Ieads to
bends of the substrate. The reason for this

bt @811 y itthat® S tth RPGHE 15 tdeposi i £6n tté‘rﬁper]a‘% Gifdsc@n con-

eﬂittéi}ﬁlt%l growt heofr e b ble/M sem C@a@lécltpaag akes placgerent
on Si P sen1c nduct or s, a% t he %eneratio

of tbﬁ‘éls acaq oﬁ‘?% Fris APr e ess% Ri-gh° insfead of
depoyﬁmbatraeamennLWMSSIhaSheaﬁhe.semmEmdu@nne that

H#yg%%)tg%%cgg ?Wﬁfo @%@ﬂttfnﬁ%fﬁvr%eﬁﬂ%onduc—

erences 0] attlc constants caused b
mﬁ¢éﬁemntﬁawmp%m%a&moﬁuﬁﬁﬁiﬁéﬁﬁtde$ﬂOQ%%HWW$ are

th:er@QQveedstr%%qs ands dicyd peations.h FQewd FnM@akigro  the
t he above probl e various 25 approaches exist. In

{ He" BEcUmRR P 6350815 HIL S Eifar 8 oM e 8Eh bef It FaE TuctuTe
GaAs Iaym§hbamdﬁtdeﬂ;xme@mbém atBie suhstrat esamdte the

fined.m - crocracks. a predetern1ned 05|t|ons
th%s 8&3- OTigdat itehd & &EE % sd%s?ratelﬁelng SVof deti”  the

ato 80elreastt howevercr educed.s fThis -t eEhnot bgy ¢sstowef high
m%% Aot ?H”é@%@fégsh'%hé”tE%?E%%&E%C%Esthe lattice

because of the acklng contr ol it m cr o-
craekRs tianatong ¥edcalesads to bends of the substrate.

The reason for this is basically that with high
deposition temperatures an epitaxial growth of
III/V semiconductors takes place on Si or GaP
semiconductors, however the generation of dislo-
cations begins already at less high deposition
temperatures. If then the semiconductor struc-
ture cools down to ambient temperature, the dif-
ferences of the lattice constants caused by the
different thermal expansion coefficients will

lead to the above stresses and dislocations.

For eliminating the above problems, wvarious
approaches exist. In the document EP 0380815 Bl
there is described that GaAs layers can be de-
posited on a Si substrate and form defined mi-
crocracks at predetermined positions, thus dis-
locations of the Si substrate being avoided, at
least however reduced. This technology 1s how-
ever not suitable for high-integrated circuits
because of the lacking controllability of micro-

cracks 1n atomic scales.
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4 The docunent EP 0297483 describes a hybrid

i ntegrated sem conductor structure, wherein on a S
substrate an integrated circuit on the basis of the

Si technology is applied. Further, an op 5 tically

active elenment in GaAs technol égy-is provided on the

Si substrate. An electrical con- nection between the
integrated circuit and the optically active el enent

i s however not estab- |ished by a direct contact or by

the Si 10 substrate, but rather by an electrical wre

con- nection. This technol o too, is not suitable ,
for appl PoatPGHET P thi G | 37 died fPEG TSP ot or t ey brid
docutentr HDEcH0355357c bhdissc kbewns t rfuaft hayer wherein on a
styuctures wth optically active ele- 15 nts_on the .
bat s DO F A Sort CondUbEarst T E8 comfcriate On tAS basis
disf o¢dte ofis chasédh dyoloat t ice xpopd istdnt Ffokcher, an op-
I nst @qulBygyt %@%Pf aLion j ayers suby j ecled thtc?rﬁ‘ﬁb'lgc%gy is

stress. e 1 nsofar known neasures, a nodeling

eleepVarfl e dproperti®esSits 20L&l pEssi BPe,© afd thusal con-

em ssiab Mavet engids nNohe ageassibhbe 4P tOi AW DECONBA the
accessi ble., Fromthe doc%nent US 2004/ 0135136 Al

, a
mit B St e Yof 26t ¥ BPent LM T ViserfcoR@Uts BFE aP@t estab-
knoima higd t hésart ,a and it hey tar ecallways tl ayers, By whiélke  Si

are naqt | tabl e for | ication_on a Si ubstrat e. _
o #BSRORE R cBReT dor B b Appl 5 (0L SFhe HRedmangg® con
EP 4257026 - A2T hiUS 6,:2330 264l Bb y /USt 2004/ 0984667 A2uitable

Mef z ety 1id££i®ﬁ§-1gn@ig@i¥%ﬁg@ré§%G”é§¥%§§%s.
(2004), 6, 072, 196,

From the document DE 10355357 it 1is known,
for layer structures with optically active ele-
ments on the basis of III/V semiconductors, to
compensate dislocations caused by lattice con-
stants for i1nstance by adaptation layers sub-
jected to tensile stress. By the insofar known
measures, a modeling of electronic properties is
also possible, and thus emission wavelengths not

accessible up to now become accessible.

From the document US 2004/0135136 Al, a mul-
titude of different ITI/V semiconductors are
known 1in the art, and they are always layers,
which are nct suitable for application on a Si
substrate. Corresponding considerations apply to
the documents EP 1257026 A2, US 6,233,264 B1l, US
2004/0084667 A2, Merz et al., IEE Proc.-Opto-
electron. 1%51(5):346-351 (2004) , Us 6,072,196,
EP 1553670 A2, US 5,825,796, Ishizuka et al.,
Journal of Crystal Growth 272:760-764 (2004) and
UsS 2004/0161009 A1l.
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30 EP 1553670 A2, US 5,825,796, I|Ishizuka et al.
Journal of Crystal G owh 272: 760-764 (2004) and US
2004/ 0161009 Al. 5 In the docunent EP 0896406 A2
there are de- scribed |layers of optically active I11/V
sem - conductors on GP or Si Substrates (and others),
and these |ayers contain exclusively In as the 5 I11
conmponent.. In fact, such layers are only suitable
for InP substrates and formundesirably nmany
di sl ocati ons and faults on Si or GP sub- strates. The
document 937, 274 descri bes verg/ ener al
manner* i Ff%?eﬁtoqgﬂ}‘@r% orf i fog(%g‘lfoeffe@t sgﬁéei?ﬁt gre de-
Asartesdt,ldheres cot i nuesibel ngya aeed va III/V semi-
partlgul ro far thef| | d of hl%hlnterg Qtesd LT cw
t 0 connec subassengbﬁles or Ilayer Se-" quences on { {h&
basid¢ dfhehke Sil aeehsol ogy amdnoneks the ibasliy ofnthes the
I 141 S t.or ol ict calgl t ot

Techni oal "oby et of the i mient on 1i 1 s 4 rechn ca® "L
omteht:a@rleehef%vémﬁ of UtoS t 20 It Dpase ngansnf grndesirably

pravh gi ngieptd €aklivo astiyed ekemEnt s anthel basis ®fp sub-
the III/V sem cond

tors, on the Si ,
t CHHBIG- ort (CaP o S BEHITR bay? Swher Borl The Lcbacti bes in
ofa elvect yi Oﬁéne&hghalrSalhet]hecSlflﬁaaS:esdnor GER-dmsedbn dif-
a N 2 li.e g and fromthe optically active
§§§m Iéglgl n é‘atrtaeﬁy fornmed, i.e. by contact of
| ayers, and that practically free from disl ocations

As a result, there continues being a need in

ers),

particular for the field of high-integrated cir-
cuits to connect subassemblies or layer se-
gquences on the basis of the Si technology and on
the basis of the III/V semiconductor monolithi-

cally with each other.

Technical object of the invention.

It is a technical object of the invention to
propose means for providing optically active
elements on the basis of the III/V semiconduc-
tors on substrates of the Si technology or GaP
technology, wherein the conduction of electrical
signals of the Si based or GaP-based subassem-
blies to and from the optically active elements
is integrally formed, i.e. by contact of layers,
and that practically free from dislocations
forming nonradiative recombination centers in
the III/V semiconductor or at the border face

thereof to the layer underneath. It is further a
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form ng nonradi ati ve reconbi nation centers in the

[11/V sem conductor or at the border face 30 thereof

to the layer underneath. It is further a 6 technica

obj ect of the invention to propose stable

| um nescence and | aser conpeneAts-on Si  substrates or

GaP substrates, which are directly contacted, i.e. by

| ayer contact. It is another 5 technical object of the
invention to provide a nonolithically integrated

sem conductor struc- ture, which emts directly, i.e.

wi t hout wire- bound connection lines, data currents

frioRr ANSiCatecivl 8§y based &W%eséBW%ﬂFéﬁqr Qs B opose
omﬁawecallusmgmlschrdéwerandt 1h§s@:‘r| Objcerﬁbo‘hferﬁh% on Si
in-_vention to i thica i.nt.egrated .

s B RREF 8 ST F uttif e 2 By  Radet & whDGH oaPes g rectly
oM@namengSlcamabMJbeymdMQn@damuHoﬂt is another
dettéegt'l%dl ;“'_S_E B§ I]CeSCQf 5?6 Tfﬁ'%enpn%r‘? qoqpb(:&dé n?)rg<§V1de a
For achleV|ng thi's techni cal object e I n-

t exehes nphslta hi gal 1y F Adeyt Beed s%ﬁmimduato@r struc-

sty yebureg raceArdipd o o ateck Wyth 205 ofi GARut wire-
substrates and a I.11/V_sem conductor having the

cHpB8itt i oA NEST hy RdAs bPESHT / \ﬂ%FélrFuf(renﬁ)s fppm a Si-
ﬂtﬂ@e%ng/l@g@ -b 36 el @r%c@sSCOrSCL-rdﬁlth}ﬁ hs 6R opti-
99.5 no % 32.0 Ie @6 nd
ﬁal%s%l\égreﬁ:n theloﬁget%’t aIlrED X a% | tvvafs% 1bgc 1n-
nol en %l avmertepn priee @ oeal aofm@,anllctfalnfdadhxs almgpgrated

10 geles Wuctor structure, by means of which emit-
ted optical signals can also be modulated and/or
detected.

Basics of the invention and embodiments.

For achieving this technical object, the in-
vention teaches monolithically integrated semi-
conductor structures according to claim 1 with
Si or GaP substrates and a III/V semiconductor

having the composition GaxInyNgAspPcSbg, wherein

x = 70 - 100 mole-%, y = 0 - 30 mole-%, a = 0.5
- 15 mole-%, b = 67.5 - 99.5 mole-%, ¢ = 0 -
32.0 mole-% and d = 0 - 15 mole-%, wherein the

total of x and y is always 100 mole-%, wherein
the total of a, b, ¢ and d is always 100 mole-%,
and wherein the ratio of the totals of x and vy
on the one hand and of a to d on the other hand
is substantially 1:1. Preferably, vy = 1 - 30
mole-%, and ¢ = 1 - 32.0 mole-%, and such a

semiconductor per se.
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and wherein the ratio of the totals of x and y on the
one hand and of a to d on the other hand is
substantially 1:1. Preferably, y =1 - 30 30 nole - o,
andc=1- 32.0 nole - o, and such a sem conductor
per se. 7 In the case of a-P-free system In and/or
Sb  shoul d be conprised, since these elenents mni-

mze, like P, the local distortion fields caused by
the N-incorporation. 5 111/V sem conductors having the
follomrng conpositions are particularly preferred: a)
X = 70 - 100 nol e-% =0- 30 mle-% a = 0. 5 -

ol e- b tE 70C2 T8, % I 94 FES £ 452975 mbie- @/@ddror Sb
ﬂkb&w&& &%-c%ﬁ@ﬁh%é@,Ys1ﬁce]5hm&@ %lamertb5 mini-

- 10_nol e: 5 70 - 98.5

mﬂ%z% O} & X‘ éﬁe &f%%l %&oriloq5%1 ld@ caused

=y 5the 1D- mﬂee%pdmatmbn.98 5rm|e‘% c =0- 32

15 mole-%and d =1 - 10 nole-% 1In particular, X =

>70 - 100 nole-% a = >1.3 or >1.7 nole--% _

(opti onBEVY i nse&dnneenidshc ettt y D= 0igg 1 Bbke- Ofpllowing

C Sofpo P2c M es %’ra{‘dfzgrrtblcul@riyg%ise'f‘éllere%j

Preferred is also ¢ = or be 20 tween - nol e- %

Preferred is also a =4 or 55 - 11 nole-% The

seﬂj@@neucror-classoamﬁmrdkﬁg tg the 6 n— velotiap laf-%, a
xed ; ystq_ systenganNAsPSQ38|% chgr@;tsriqedb 1

on t e one by that be

29.5 mole~ , Or

b) x = 85 - 99 mole-%, y =1 - 15 mole-%, a =
- 10 mole-%, b = 70 - 98.5 mole-%, c = 1 - 29.5
mole-%, or
c)x = 85 - 99 mole-%, yv = 1 - 15 mole-%, a = 0.5
- 10 mole-%, b = 70 - 98.5 mole-%, ¢ = 0 - 32
mole-% and d = 1 - 10 mole-%.

In particular, x = >70 - 100 mole-%, a = >1.

3
or >1.7 mole-% optionally in connection with vy

(
> 0 or 1 mole-%), ¢ = 0 - 32 mole-% and/or b

60 - 99.5 mole- Preferred i1is also ¢ = or be-
tween 4 - 8 mole-%. Preferred is also a = 4 or
5.5 - 11 mole-%.

The semiconductor class according to the in-
vention of the mixed crystal system GaInNAsPSb
is characterized, on the one hand, by that be-
cause of the composition, presumably of the ad-
dition of nitrogen and/phosphorus, layer se-
quences adapted to the lattice or compressively

stressed can be produced on GaP and/or Si sub-
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25 cause of the conposition, presumably of the ad-

dition of nitrogen and/ phosphorus, |ayer se- quences
adapted to the lattice or conpressively stressed can

be produced on GaP and/or Si sub - 8 strates, wthout
causi ng dislocations. On the ®&ther hand, begi nning

froma nitrogen concentra- tion of > 0.5 nole-%in
conjunction with the phosphorus content, an

interaction of the elec 5 tronic |evels caused by the

i ncorporation of ni- trogen with the conducti on band

states of the nitrogen-free m xed crystal system at

t et Fa 5508 nt Wlmh%égur CIREER Wi | FLSERICRS I gff e The
tioneneed shinfd, of etdien hundpmentah anef gy rgapeat dOnthentra-
Féﬁfint and thu§)s%ren then the character ai. a direct h
sém 28nd@ct or of t e ERIMANASPSH "maf& " f HAIC 5y Sfem” Fof  tP€
i nettangehofars acenltentQ nmalne- 1%t dr acll en9% fvlteh & elec-

and_ ¢ = 2 4 | e- 9% ef er =3 .- l.e- % .
eE0Tge e b Tl R BY Y B el oF ni
résuppea f uhdah nemtal energyr gap nof bdisdi netlyr ¢ @ssof  the
thane L& e gV.r €ven downetio I-4,eV and snpliern TAkS the T
makes clear the drastic influence_of the Ener y gap

b Ot R cHriplosi t9ORYST t Hifst SBmitoRduct 6@ Systemde- effec-
20 coedingdt oshhe i nvent tor: Enrdedakint 4 he ¢ neenrfy ogap at
relates.to a nong- lithically integrated,sem conductqr
s&%ﬁtawfo&&ﬁnﬁ§4m£gﬁ§fgﬁﬂﬁﬁﬁgq%&eﬁiﬁr%&%ﬁ%F%er s
A)a a cciar eicer syl comd he tvasi 0 f dopedGerl n®5sPSb mate-

mpPQ@j§%s@é§hRFor instance, for a = 1 - 10 mole-

%, b = 60 - 95 mole-% and ¢ = 2 - 15 mole-%,
preferably a = 3 - 5 mole-%, b = 85 - 95 mole-%
and ¢ = 4 - 8 mole-%, there will result a funda-

mental energy gap of distinctly 1less than 1.8
eV, even down to 1.4 eV and smaller. This makes
clear the drastic influence of the energy gap by
the composition of this semiconductor system ac-

cording to the invention.

In detail, the 1nvention relates to a mono-
lithically integrated semiconductor structure

comprising the following layer structure:

A) a carrier layer on the basis of doped or

undoped Si or GaP,

B) as an option, a first current-conducting
layer composed of doped Si, doped GaP or doped
(AlGa) P,

C) as an option, a first adaptation layer,

and
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B) as an option, a first current-conducting |[|ayer

conposed of doped Si, doped GaP or doped (Al&) P, O

as an option, a first adaptation layer, 30 and - 9

D) an optically active el enent conprising a

sem conductor |ayer accordi ng Po the invention. To

the layer D), the below | ayers may foll ow. E)

optionally a second adaptation layer and F) a 5

second current-conducting |ayer conposed of doped S

or doped GaP or doped (Alta) P. In case of the (A G)

P, the share of Al may_be 20 - 100 nole-% and the

total f the harésSoFlX and e islam@ys 19pmprising a
MHd €m%c dhe ulayer B)a ey bec poard 1Qgn-weopedie | hneaset ion .
that the layer F) is present, the |layer F) may be

p-doped, if layer B) is n- doped, and vice versa.

Nor mallq, tthhe optvieal Del enehte Wbkl chavéayetayeray follow:
HﬁyctﬁgiEQﬁ g nse@H%S'%&Q?téW?Bn]ﬁag%fsaﬂd F) a
guant u ayer of a sem conductor according to th

i NVefAtilch, whergienthedayers 1 DB andaD3® bre pafmeped of

| ay&ps.d and vvt@rem BF dapr 4% Bypsuch@uoptircal by case
active elenent un1- nescence dlodg mell gs I?Ser
gﬁe 100

dioted tan el 86 oui | £ Up. SE F 5wish BE Y% hB®©

tafoiiral s ) apers tBhle otod3 1 ackarther ¢4hayere H4ofayrbe and Ga

prOV|de |t be reconmended. t hat e rr

Iéb%rs gwey senlconahcfgrs hagﬁhg ?%1 %gnp%2|f$%% é%%_E) or

| ngiNdPSrst . wherecasp =t8mt 100enol @vy®r qF2 0ls present,
the layer F) may be p-doped, 1f layer B) 1s n-

doped, and vice versa.

Normally, the optical element will have a
layer structure (D1-D2-D3),, wherein the layer
D2 1is a gquantum well layer of a semiconductor
according to the invention, wherein the layers
D1 and D3 are barrier layers, and wherein n = 1
- 15. By such an optically active element, lumi-
nescence diodes as well as laser diodes can be
built up. Following one of the terminal 1layers
D1 or D3, a barrier layer D4 may be provided. It

may be recommended that the barrier layers are

semiconductors having the composition Gap-
IngNyPsAst, wherein p = 85 - 100 mole-%, g = 0 -
15 mole-%, r = 0 - 15 mole-%, s = 60 - 100 mole-
2 and t = 0 - 40 mole-%, wherein the total of p

and g is always 100 mole-%, wherein the total of
r, s and t is always 100 mole-%, and wherein the
ratio of the totals of p and g on the one hand
and of r to t on the other hand is substantially
1:1, and wherein the Dbarrier layer has a layer

thickness of preferably 5 - 50 nm. Preferred



10

(8]
AN

25 15 nole-% r =0 - 15 nole-% s = 60 - 100 nole- %

t =0 - 40 nole-% wherein the total of p and q is

al wvays 100 nol e-% wherein the total of r, s andt is

al ways 100 nol e-% and wherein the ratio of the

totals of p and g on the one hdand 30 and of r to t on

the other hand is substantially 1:1, and wherein the
barrier layer has a | ayer thickness of preferably 5 -

50 nm Preferred - 10 ranges are: p = 90 - 100 nole q
=0- 10 mole-% r =0 - 10 nole-% s = 70 - 100

mle-% and t = 0 - 30 nole-% For the | ayer

t i tRAESS, 28°ranfe of 20- 20 AMY sreferredd ar 0 - 10
adept atison 5 | ayer maylbe rmcsem £pnductor 7 bav+ ng(l(he mole-%
Con;E)gSIt tl?@OGf;lpl ggNrP§ASt_ 0 _rﬁbrt]:mTel%Oyer 1'7}61ckness,
160 nalre}% arfi d2t = DO0- 80 Aol ec e fwhereidn the ddealtation

ofy e&)y@'}d rﬂa'ys @%W%zss 400 é‘@h%u@@&‘%‘ “né'r@ ithe '&ﬁ’ﬂh@' c®mposi-

r,san 'S a o, wherein t
raﬁtlr@nofG@hé rtqﬂal’s%rt armeae idh Pher ofl€ hand Hhdmgfle-53,

o=t @nih@ootrh@nehcmd d s=substantpalhy1k-ly,and = 70 -

in the adaptation |ayer hag a Iaver t hi ckness of
mle@@rdﬁ? %0°- %9500 Fm° 1A EQ 01§ T R caf”lnhfrelrl the
| nt @egrat edfsem conduceg tiog sﬂ\uetyl,srelam:omdjhg -0 theherein

I nvention, A cIf e rent -congdugt ing l'say‘lfarl 2RGL0r B Tl g

| ayer dis- pose bét'weén the carrier ayer &nd "t he
optnd20vkaldel acttilve el efert pdy béeat tiohea samecfine and g

a%naQ%%aUﬁw h@%ﬁ-and of r to t on the other hand

is substantially 1:1, and wherein the adaptation
layer has a layer thickness of preferably 50 -
500 nm.

In the monolithically integrated semiconduc-
tor structure according to the invention, a cur-
rent-conducting layer and/or barrier layer dis-
posed between the carrier layer and the opti-
cally active element may be at the same time an

adaptation layer.

Underneath and/or above the optically active
element, at least one optical waveguide layex
may be provided, which 1is optically coupled to
the optically active element. In this way, data
currents can be guided as optical signals from
the emitting optically active element to an op-
tical receiver at a different place on the car-
rier. It 1is understood that other elements may
additionally or alternatively Dbe used for con-
ducting optical signals, such as fibers or the
like.
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Under neat h and/ or above the optically active elenent,

at | east one optical waveguide |ayer may be provided,

which is optically coupled to 25 the optically active
element. In this way, data currents can be gui ded as
optical signals from the emtting-optically active

el ement to an op- tical receiver at a different place

on the car- rier. It is understood that other elenments

may 30 additionally or alternatively be used for con-
ducting optical signals, such as fibers or the like.

- 11 A lum nescence di ode or also a vertlcal

emttlphg 1 48em P64 Ry Be PiBduled 1y ERat aoe VeRderrcally
tt‘@mhayteiﬁgA)laﬁer)da@@/eorm@lg,tsbde ptﬂﬁedulca@/erbﬁ) that be-

t here |s rovi ded at t one pe i ¢ Seflection
s?tr Uetur el%%efl:r ébl 6}:;e op?fjcapl y act | ve el em(iC 182 the

haka v& 1f uhdameritttad: rem ssi oprwavetiedgt hti nlelkes tangee peri-

of , 490Q. réf%QQ:PQEth§t&~W§PEiQP further relates to
the use of a 0 sem conductor according to the

i nvention or a sem conduct or | ayer according to the

i nventp 08 £ 05 ptIRE, protiictdoni ef 1a1%/ura@e§wcgldé@deat has
(LED), a VCSEL % vertical cavity surface tti

|a%er‘3 P4¢dte it Gde 6™ hSVECSEL { V&Pt TaP Zﬂa éTn|§}h%l range

cavity sur face, et timg | aser) | aser diode and a

nodul ator or a detector structure. Finally, the

invention relates to a nethod for the production of a

sem cohldactiorvEeayeroacfurther relates to the use of a

semiconductor according to the invention or a
semiconductor layer according to the invention
for the prcduction of a luminescence diode
(LED), a VCSEL (vertical cavity surface emitting
laser) laser diode or a VECSEL (vertical exter-
nal cavity surface emitting laser) laser diode

and a modulator or a detector structure.

Finally, the invention relates to a method
for the production of a semiconductor layer ac-
cording to the invention comprising the follow-
ing steps: a substrate on the basis of doped or
undoped Si or GaP is brought into a MOVPE
(metal-organic vapor phase epitaxy) apparatus,
optionally a surface of the substrate 1is pro-
vided 1in at least one epitaxial coating step
first with respectively at least one adaptation
layer, one barrier layer, one current-conducting
layer, one waveguide layer and/or one reflection
structure, a carrier gas 1s loaded with educts
in defined concentrations, the loaded carrier
gas 1s conducted over the surface of the sub-

strate heated to a temperature in the range of



cording to the invention conprising the follow 20 ing
steps: a substrate on the basis of doped or undoped S
or GaP is brought into a MOVPE (netal-organic vapor
phase epitaxy) apparatus, optionally a surface of the
substrate is pro- vided in-at 12ast one epitaxia
coating step 25 first with respectively at | east one
adaptation |ayer, one barrier |ayer, one
current-conducting |ayer, one waveguide |ayer and/or
one reflection structure, a carrier gas is Ioaded

th educts defi ned concentration t he |
&pelg 36 9 gaé%l% Corftftict¥y T tshkér%@rcf%c@ ftt % upper-

Sube s3t raheg eabed tha tenpet abwe ifrot he raege wédl2dura-

300C to 700" C or on the surfa e of. 1up

Iaye? on" thé S%Bgf?r%é f%r a é?lnéaiduréga?cgﬁu§

exposured uarids t ke d ottdl e conceatiati oo fof e tthesedwctgre ad-
rﬂ L Ehe duration of sxpoesure Al ad o) ysiedstd eachductor

other such that the sem conductor |ayer iIs

ept ® ¥%ital By8 f Giedawithl & Ygi foF Magder ¥ itHl cRnegd oan laver

tht.ehilérkfraggsOfohhetﬁébséu@tf%@é ¥ thee surfwmee ftéher on
er nost éﬁ%er on_the sub- strate. 10 _Preferably

]i‘8vv| ny TedlicEs afe UREd ‘FBrpertIHSSﬁD\/I%P—EEf%Ehn%Pog%/f‘e sub-
Gsﬁattfe alkylgallium in particular triethylgallium

(G&(C2H5)3) and/or trinmethylgallium(Ga(CH3)3), as a

Ga educt, d- G5 trialkyliridium in particular

tri methykifredi anlds (the (OPR)L Byincasedmdhseduct, used for

amPBi avoNE® . technology: C1-C5 trialkylgallium, in
particular triethylgallium (Ga (CyH5s) 3) and/or
trimethylgallium (Ga(CHs3)3), as a Ga educt, Cl-

C5 trialkylindium, in particular trimethylindium

fatlon of

(In(CHsz)3), as an In educt, ammonia (NHs),
mono (Cl-C8)alkylhydrazine, in particular terti-
arybutylhydrazine (t-(C4Hg)-NH-NH,), and/or 1,1-
di(Cl-C5)alkylhydrazine, in particular 1,1-di-
methylhydrazine ((CHj3)2-N-NH5), as an N educt,
arsine (AsHj3) and/or Cl-C5 alkylarsine, in par-
ticular tertiarybutylarsine (t-(CyHg) -AsHy), as
an As educt, phosphine (PH3) and/or C1l-C5 alkyl-
phosphine, 1in particular tertiarybutylphosphine

(t-(C4yHg)-PHy), as a P educt, and Cl-C5 trialkyl-
antimony, in particular trimethylantimony
{ (CH3)3Sb) and/or triethylantimony {(CoHg)3Sb),

as an Sb educt, wherein the C3-C5 alkyl groups

may be linear or branched.

Preferably, the educts are employed 1in the
following molar ratios: As educt/group ITI
educts 5 - 300, P educt/group-III educts 0 -
500, N educt/As educt 0.1 - 10, optionally Sb
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nono( d - C8) al kyl hydrazine, in particular terti-

arybutyl hydrazine (t- (C4H9) -NHNH2) , and/or 1, 1-

di (Cl1-C5) al kyl hydrazine, in particular |,l-di-

met hyl hydrazine ((CH3)2-N-NH2), as an N educt, 20

arsine (AsH3) and/or d-C5 -al kyd arsine, in par-

ticular tertiarybutylarsine (t-(C4H9)-AsH2), as an As

educt, phosphine (PH3) and/or C-C5 al kyl- phosphi ne,

in particular tertiarybutyl phosphine (t-(C4H9)-PH2),

as a P educt, and d-C5 trialkyl 25 antinony, in

partlcular trlnethylantlnnny (CH3) 3Sh) and/ or

trei%tlﬁ;ﬂ /i AV S C2HBY 3Sh) , WE@%l Bh eldfct S UkHet €fn tem-
t hee €3tQhr al kylf grioups snmys bealdaeal sor albrpnehed to the

Preferably, the uct are e ¥ he 30

f i $B8%hg MoPEr ?’gq o : g%%? g‘?’oup FIF € dductd s total

3QDJ;eBsednet/@foupalrlriieduccysso ansD0edliedsct AAs adjusted

edcugt tcl)'le1 ra]no eoFEtrl@Iqal Id/ §% 1§ O%cbucl%/PéS gguctt 02-00 hPa,
in the Surface ten} perature of the substrate

i sﬂaajr@slt@d thet heatriapgeo fr oFMB00C A2 630CE whérce] @artlal

the tatal ropressuLe10f ceardt gr gas and eductsi by pressure
aJusted 5to the range from 10 to 1,000 hPa or to

200
hPat Shier 6T The raf 6 of St RE THESID of - partd aP - 1+ and
prveﬁélxreel@f whk edeptes 1oithe Q&fﬁéah@re(ssmretooflt)hepm/h.
rier SIS betwetenogogl dOl g wher e |nthe _
de %sﬁljfi ]r%ilé%rs 0-1%t ot P0 PRIAL gloﬁ% éjrstlcu?gr en

trpelbcyldabw rfgs 1 &td ws tifeyr de pent 14l ogédlciAs gduct/ gtwp for
Ie!jlhngqlécﬁéel?HD 100'36(” P ' %%@@Qgglrooup 301 educts 1 -

ct/group educt
100, for instance 1 - 10, N educt/As educt 1 -
10, for instance 3 - 8. The surface temperature

may preferably be in the range from 500°C to
650°C, in particular 550°C to 600°C. The total
pressure of carrier gas and educts may be in the
range from 20 to 100 hPa. The ratio of the par-
tial pressure of all educts to the partial pres-
sure of the carrier gas may be in the range from
0.01 to 0.05. The deposition rate may be between
0.1 and 5 pm/h; in particular 0.5 and 3 um/h.

In principle, the precise concentrations of
the educts depend on the thermal decomposition
properties of the respective educts in the MOVPE
process. The growth speed of the layer is deter-
mined by the concentrations of the group ITI
educts. On the basis of various decomposition
properties of the Ga and if applicable In
educts, known to the man skilled in the art, de-
pending on the selected deposition temperature
(surface temperature of the substrate), suitable

educt concentrations are adjusted, which will
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100, for instance 1 - 10, N educt/As educt 1 - 10, for
instance 3 - 8. The surface tenperature 15 may

preferably be in the range from500C to 650C, in

particul ar 550C to 600C. The total pressure of

carrier gas and educts may -be 1i4n the range from20 to

100 hPa. The ratio of the par- tial pressure of all

educts to the partial pres 20 sure of the carrier gas

may be in the range from 0.01 to 0.05. The deposition

rate may be between 0.1 and 5 pmh, in particular 0.5

and 3 pnmih. In principle, the precise concentrations
ofl €2 e eductRedepend Gt 19 ® Rer mhl ldetBmposhtitgh-198s ©f
prioper tiress pk dtheveespereines eductisn i ntthie MO¥RE conductor
process. The g{:(gwth sjpeedct of the layer is ter- mne th
by 4 K& TcohtEMtTat 'Gns™ 8f 1he grolp it M eddet§2 Tt ©
basiswof vampas adecorpose pieord e propentdesgafuehé Garapori-
a | £ plicable, | dugt t
s%dﬁtggqfnotfﬁekeg‘r%t , Iadt:{-ugeﬁ\gi ﬁégdgﬁca;@i:eggfel g%teggges of the
deposiititon stienpercat upé 86 f ddd tenpeeai ran @i athers, the
Sdl&bests %f_jceﬁ\illeqf_%uhb%_tglllﬁplzﬁurédg%{@eﬁdﬁgie%rgrtqons Illln the
adj ust ed, ch w, e 0 e desir gro

COHIBREr 4 FBRE bF * The SPESRLEL VR BltehbRYs 1R EHb usted to
sefh eonfléietiare d|l ayeh caacorditngohe the i ovent semiconductor
Because of the__known .te ture- ndent :
inc%ﬁ&rrueﬁtc%%ﬁgrlin% 2at irr%ﬁﬁ%f %ﬁé’%g?‘gg%?\/ educt's gFmCtlon
speti eshef tshwelegrtow h dapfeacetafornt het ¢npp/erature 1in  the
Seé@(&%%dsup,tofﬁi_st h%sreesepggtl'%e agcfl_‘?!"d%v\é@glé(:t for the man

concentrations in the MOVPE deposition shoul o
C@b#mq@dmg%mqggaﬁfé. For higher deposition tem-

peratures or educts that cannot easily be decom-
posed, 1f applicable, higher V/III ratios, but
also higher N/As ratios than mentioned above
have to be selected. For lower deposition tem-
peratures, correspondingly the reversed behavior

applies.

Alternatively to MOVPE, of course other epi-
taxial methods can also be employed, such as MBE
(molecular beam epitaxy), also under inclusion

of gas sources 1in particular for the group V

components (gas source MBE, GS-MBE), CBE (chemi-
cal beam epitaxy) or also MOMBE (metal-organic
molecular beam epitaxy). These methods can be

carried out by means of the usual and per se
known epitaxy apparatuses, and the respectively
suitable and per se known educts and sources
have to be employed. The respective conditions
can easily be adjusted by the man skilled in the

art.
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the desired concentrations in the sem conductor 10
| ayer according to the invention as a function of the
sel ected deposition tenperature in the excess. This
is easily achievable for the man skilled in the art.
For hi gher deposition tem -perldétures or educts that
cannot easily be decom 15 posed, if applicable, higher
VIT1l ratios, but also higher NNAs rati os than
menti oned above have to be selected. For |ower
deposition tem peratures, correspondingly the
reversed behavior applies. 20 Alternatively to MOVPE
of codrsBedthef &Pt tHxfalP Fefhsdsiean afsc? pgemiconduc-
ertgi@y_@ln r §chu as ][\ﬁﬁco(mia@ulab beam ephltva%yt%ioai ﬁ@s de-
under .incl usio 0 s.sourges in rticular for the
gfﬁﬁﬁlbe”%oﬁﬁoﬁé%FscggﬁéngbuggetWBE?%GS-NBE), CBE
(chem 25 cal beam epitaxy) or al so MOVBE
(nmetal -organic nol ecul ar beam epitaxy) . These
nmet hods can be carried out by neans of the usual and
‘per se known epitaxy apparatuses, and the
r espectisvel ¥ynsuitable and per se known educts and
sources 30 have to be enpl oyed. The respective
conditions can easily be adjusted by the man skilled
in Fhex afirectlb sémrm:t@@dufd)t[o!theip;rOdi,lct$émi0fgﬁductor,
sem conduc-_tor strgﬁgu%e g%corg%ﬂqgéo %He i nveption
0 :

g I:escrlirbedtllqﬁ t he tFai s 22 Bef it 1T Ofs pand

AmH x éotuserircdnduce orc d3da cfehpoondaoctorminimum are lo-
cated opposite to each other at the same crystal
pulse vector. In contrast thereto, for an indi-
rect semiconductor, the valence band maximum and
the conduction band minimum are not located op-
posite to each other at the same crystal pulse
vector, but are located at different crystal

pulse vectors.

A monolithic semiconductor structure 1is a
structure, wherein an electric contact of dif-
ferent functional semiconductor sections ocCccurs
by (preferably epitaxial) layers immediately
connected with each other. In contrast thereto,
in a hybrid semiconductor structure, an electri-
cal contact of different functional semiconduc-
tor sections 1s achieved by auxiliary connec-

tions, such as for instance wire connections.

In an n-doped semiconductor, the electrical
conduction 1is achieved by electrons because of
donor atoms having extra valence electrons. For
the n-doping of silicon, there can for instance

be used nitrogen, phosphorus, arsenic and anti-



where in the band structure the val ence band maxi num

and the conduction band m ninmum are | o- cated opposite

to each other at the same crystal 10 pul se vector. In
contrast thereto, for an indi- rect sem conductor, the

val ence band maxi nrum and t-he lgonducti on band m ni num

are not |ocated op- posite to each other at the sane

crystal pulse vector, but are located at different

crystal 15 pul se vectors. A nonolithic sem conductor
structure is a structure, wherein an electric contact

of dif- ferent functional sem conductor sections _
0GERUPY - by O(pr &t aBl VA epiltaki £ 1IGRBr LT mbll &y semi-
2Q ¢nanect ed svi t Ir @achi atshednclen ednt £ asin t het@t ot e lilarium
aéﬂ¥brig sem conduct or structure n electri-

c

|
Det °6F di$F8rent! Funtt i BnalCRE 'mﬁﬁmﬁg%%ﬁgCtor' the

sect eonse i sadche eveds by iguxi bicaryr sofinechdlens,bsgelmse of

aschﬁgr %H%toapﬁgrvg{&? %On%.GECt iaogée §5o£!“ QE_o'&fQPp_eﬁcc ptors
sem conductor, the electrical conduction is atheve§ _
byt @Fec@¥ bhs Pecawse BP r Yonord HEBAE Wavi i extirgn and in-

val enge elrectromse Ferr ther ®adapi ngy 9f skl igeathese in-
can for instance _be used nitrogen, @Posphorus,
arSeAlE Anfi &t § S 16 ™ noAy." Fof &t Hed AXdtpi AF of &P bP ¥ S -

(Al Ga)P sem - conductors, for instance silicon and

tellurjum_ can be used. In_a p-dop ' .
the ] o8ErT LAP ThNAGEH of ocelie by ol eC hoiBbey o T The
5 ¢ heciemcor pdriat horp bf cazrept op ratdps e pieceaptaromfons be-

ﬂﬂéﬁmhéﬁeémf@% @ng@u@eH§Ud#ﬂh@F%£§'usually have
concentrations above 10° cm 2.
A current-conducting layer consists of a
semiconductor doped to such an extent that a
conductivity being sufficient for providing a

defined electrical power 1s given.

III/V semiconductors according to the inven-
tion are typically compressively stressed. For
the purpose of the lattice adaptation and model-
ing of the band structure, barrier layers are
provided, which may be tensile-stressed.
Thereby, a compensation of the stress of the

ITI/V semiconductor 1s achieved.

An optically active element according to the
invention transforms energy into light radiation
and emits the latter, modulates the light radia-
tion and/or absorbs light radiation and trans-
forms it 1into an electrical signal. For laser
diodes, the number of layer periods n 1is typi-

cally 1 - 5. For luminescence diodes, n may how-
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dium For GP or (Al Ga)P can be used for in- stance
magnesi um zinc or carbon as acceptors. A

sem conductor is typically undoped, if the 10
concentration of donor or acceptor atons is be- |ow
105 cm 3. Doped sem conduct-orsusual Iy have
concentrations above 1015 cm 3. A current-conducti ng

| ayer consists of a sem conductor doped to such an
extent that a 15 conductivity being sufficient for
providing a defined electrical power is given. II1/V
sem conductors according to the inven- tion

are
t ol 84l | § Scomit essPvel y “st Fessed™OF3r! 2 ERE Hurpbsedgfector
t hee Fatctd €eeadaptrat imailyand enodal b 20 aimgiafl 1he hagther and

structure,. barrier. |ayers provi ded, which may be
t &Y Pe-'st t BSSedO ﬂ%rgﬁyfgg Eﬁéeﬂgart% on of the
stress of the 111/V senmi conductor is achieved. An

pmiC%Aya%%.¥%§¥gﬁe%ag%%”gk%kégtp@nzéhe compensa-
sforms energy

invention tra into light radiation an
eri 18Nt hefl at £&re s aBGul afesat heeMilgMNFddiBe rtibAYer or a

andd Qn ahsQubks d gt Fadiiken aBd dFaRsrg f@dBtife inven-
into an el ectrical signal. FPr | aser djodes, the :
nUnb®F of NI dye? fitods nfi st EygiV 36 STt FY P UcEopr on St
| unt nescenea s ode, e 6. mayd Apw alt7i cevel ahe tip Ho 1bot con-

Far dul ators or tectqor_ _structures, n may be
s%brsngﬁﬁ%l I%§/D hfbﬁgl‘rac and Sa%/énv'al ues of up to 50 and
nore. An adaptation |ayer serves for the conpensa- 5

tion %:ah%%¥@§ MEﬁlS@E§@Wn@§O%ﬂ@%e%éﬁl@d a quantum

film. By the +two-side <contact with a barrier
layer, the movements of the charge carriers are
confined, and the charge carriers are 1in the
case of epitaxial layers in a one-dimensional
inclusion (movements mainly in two spatial di-
mensions). Optically active elements having the
layer structure according to the invention are
also called multiple gquantum well (MQW) struc-
tures. By epitaxial stresses between the guantum
well layers and the barrier layers, the elec-
tronic properties with regard to the fundamental

band gap can be influenced.

Optical waveguide layers are widely known

from prior art. As an example only, reference 1is

made to the document "Semiconductor Optoelec-
tronics: Physics and Technology", J. Singh,
McGraw-Hill Inc., New York (1995).

Periodic reflection structures are dielectric
and/or epitaxial (A/4) multi-layer mirrors. They

are so-called distributed Bragg reflectors
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sem conductor structure according to the inven- tion

on the basis of Il11/V sem conductors on Si or GaP
substrates. Adaptation |ayers do not con- tribute to
light emission. 10 A quantumwel|l layer is also called

a quantum film By the twe-silde contact with a
barrier |ayer, the novenents of the charge carriers
are confined, and the charge carriers are in the
case of epitaxial layers in a one-dinensional 15

i nclusion (novenments mainly in two spatial di-
mensions). Optically active el ements having the |ayer

strRBRUre sedOrdFfigt® the i dventFor k8t edl sBycalPed opti-

mydiipke guantym wehle (MM strdiCrdpreseByiepitaxias the
stresses bggween the quantum 20 wel| | ayers

batt?er FEEEHE eFEE Brdni @ proPert s ﬁ?tsﬁar resona-
regard tmltthe funglament alh e band ,gapresﬁerbaeqa:efluencedde to

Q‘JEEI cal vvave%w d‘? layer s, are widely; k Qowgé I’%%@Gpr%ﬁllttlng

exanpl e only, reference 1s
ddceuﬁems ! Serﬁ@@md;uc,t or Kppoéletttooni cs ClPhysicdseanadkation

A)%% c]at@ar}g'h é\@gaw't" | |W5r19nsehlev\ét\,(orel(l Cam-
1995) er i

od| c reflection structures are dielectric
arkly 6F %hi Pdxd 8P (8 BY nBF€isd ayéraWPririoige Tﬁé)99%b Such
arge -8l bed- difstad bubed Bmaggctafﬂeg@to@yl&léBBR)e p or

refI ctin t$ellgg emtted b @9 ti- IIy acd

TR S T Sbr coBit | A TRAE S he © highE F 8P ecti S8 aF Lon -
mThen mh_blse | pseri o @ésenar etfdre cWLtohn regardcthereso,accept
Hggr%wglg%ﬂ@d%Eﬂe the function of a current-con-

ducting layer.

III/V semiconductors according to the inven-
tion are typically metastable at room tempera-
ture or at operating temperature. This means
that because of the thermodynamics of the situa-
tion at the respective temperature, there should
not exist a stable, homogeneous phase, but that
a decay into at least two different phases
should occur. This decay 1s however kinetically
inhibited. For overcoming the kinetic inhibi-
tion, a high temperature would be required to
act, and for this reason such metastable phases
can only be epitaxially deposited at compara-
tively low substrate temperatures, typically be-
low 700°C. After the deposition at reduced tem-
peratures, an annealing step of the semiconduc-
tor layer according to the invenfion may be em-
ployed in the temperature range of typically
700°C to 850°C for the reduction of nonradiative
recombination centers. There can be performed

equilibrium annealing steps, for instance imme-



5 the docunent "Vertical-cavity Surface-emtting
Lasers: Design, Fabrication, Characterization and
Application", Eds.: C. Wlnsen et al., Cam bridge
Uni versity Press, Canbridge (1999). Such periodic
reflection structures may atsolbe p or 10 n-doped for
t he purpose of current conduction. Then these
periodic reflection structures accept at the sane
time the function of a current-con- ducting |ayer.
I11/V sem conductors according to the inven- 15 tion
agg.t plcaIIy nmet ast abl e at room tenpera- ture or

Aty t erbefat Ut &F ETHi S2feans  that "Bechude o"fwtnheequl'
t het redyuanmrest bb dhe sucula atd Oﬂa@iidihah‘eesmedlIHEneallng

te nat ur t her n t st
nonBaereDuS Bhase S aE nAf 20 dacdy; i o"F 13heE s are
tv%0dibfef epente phasess usliouk i agccop. dhirs vdetay d sdlfferent
havgyere ki neticgkly y&phi bited. For overcoming the
kinetic |nh|b| tion, a high tenperature would be
required to act, and for this reason such netastable
phasesrﬁé C@Berﬂyrbelﬁﬁ)ietzaXiu&léd dae@as;irtce@ln@t to the in-
ara- tively | ow su trate(% erat r.es caIIy cal.
be- MW F00c. S AFY& T Re ‘depdsiti édu%éa ysta
peIat wseSpnaiEaadengfsaEptdfetIsensém:@ondtﬁc smoh a sin-
a t e vent. i Y, be em_30
Bk Eaer Btur S it or b Sorty 500G 16 waben £ Lonal
dnanlmeezred@@tdu o@r{ﬁpﬁmﬂ@du%@irvetkreeco@rbnlﬁaatxbﬁl deposi-

centers. therencan be peekqrmede @auelibsi um apnesdi ”b the

steps, for instance ime 19
document A. Ishizaka et al., Electrochem. Soc.

33:666 (198¢6) .

The term "substantially 1:1" comprises the
range of 0.8:1.2 - 1.2:0.8, in particular
0.9:1.1 - 1.1:0.9, preferably 0.95:1.05 -

1.05:0.95, and of course also exactly 1:1.

Embodiments of the invention.

Example 1: Production of a semiconductor layer

according to the invention.

After the usual pretreatment, a Si wafer
(manufacturer: Wacker, Virginia Semiconductor)
is placed in a MOVPE apparatus (type AIX200-GFR,
manufacturer Aixtron). First, epitaxial layers
are deposited in a conventional way on the Si
wafer, as described in more detail in the fol-

lowing Examples. On the thus obtained surface,
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diately in a MOVPE reactor, as well as non-equi -

['ibrium nmethods, such as rapid thermal annealing

(RTA). The respective annealing tenperatures are to

be sel ected such that no decay into different 5

phases i s observed. The car+i &0 | ayer used according

to the in- vention is typically a GaP or Si single

crystal. It is understood that the surface of such a

sin- gle crystal may be purified in a conventional 10

manner and prepared for the epitaxial deposi- tion. In

this context, reference is made to the docunent A

| shit ¢8ka? etd aa}’er EPéct B&heh L20k. seIml 666 FU986)E FHFecord-

tem;"wbsfcamu a|n|v}ér1tl rCOm%rI@@§ot§"L€tel;l5 raage @ﬁls pur-
artlcular 0,9:1.1

pr%?%%bl? 0. bgef%S 3. 05:9" 95, " ahd ot &S Lﬁ‘%%dal‘%?)th the

emnxhpmsle&mMKBnmﬁbedfbmﬂ®wuaU|mﬁuzmiymnﬁeused.
1:p Product | Lary aoil;ﬁ u%r?”‘o%on{?'&“‘iteo*{hg%ygeé 1186607 d'%gi L9 kylin-

the i nvent ter the usual f reat ment,
wedt BRI ( frarsuf detiur ers Wb#ca\hkgu ni alsém@émiz:wrl)hydra—

I's; phaced ipea tl\@/%kﬂppgrl%w&&teype ALX%00: PR 88 y1phos-

manuf act ur er  Ai xt r on) i rst i taxial Iayers are
dépodNed it a tdolehtibhan tidjC By t hé Ssi faiaf &S gePlica-
desteijhedaiin mytes et aklkdd st heatel - floawi ngh Examp€s.avail -

F?%%@gsé us o§§€%§$q%cgg CﬁPM%p then a layer of the

&0n fNg to the invention is
deposited. For this pur-

For the production of a semiconductor lavyer
according to the invention having an exemplary
composition Ga(Ng,037Rspo.883P0.08), the following
conditions were selected with a total reactor
pressure of 50 hPa: partial pressures TEGa (tri-
ethylgallium) 0.007 hPa, TBAs (tertiarybutylar-
sine) 0.142 hPa, TBP (tertiarybutylphosphine)
0.035 hPa and UDMHy (dimethylhydrazine) 0.85
hPa. Therefrom result the following ratios: ra-
tio As/Ga 20, ratio P/Ga 5 and ratio N/As 6.

The loaded H; <carrier gas having a total
pressure of 50 hPa 1is then conducted for 22 s
over the surface of the coated substrate heated
to 575°C. A layer according to the invention
having a thickness of 7.0 nm is obtained. After
expiration of the exposure period for the semi-
conductor layer according to the invention, the
MOVPE system is adjusted to the deposition con-
ditions of the respective barrier or adaptation

layer.



pose, an inert gas flow (H2) is |loaded with the
various educts. The follow ng educts are used: 5
trimethylgalliumor triethylgallium trialkylin- dium
(as far as applicable), I,I-dinmethylhydra- zine,
tertiarybutylarsine, tertiarybltylphos- phine and
trinmethylantinony (as far as applica- ble). Al these
educts are for instance avail- 10 able from Akzo Nobe
HPMO. For the production of a sem conductor |ayer
according to the invention having an exenpl ary

conposi tion 7AsQ.883PO&$8) , the follown

Ga (NO.O g |
condPEifons wer e 5&]%%’6&&3\/\?% R%otaf ré&Rtorasty” active

pressure of 50 hkd:.ewpamntd.al pressures TEGa (tri -
ethylgallium 0.007 hPa, TBAs (tertiarybutylar- sine)

0.142 hPa, TBP (tertiarybutyl phosphine) 0.035 hPa and
UDVHy Y mi nelhyl HpdirRzi nep p@. 185t ulsPao fThéredmpmaesul t first
t ol j ratiaQs: - 20.:do 7 i P

S and T atT e N e B P T oaded HE Tcar ok oas hdvi ng e e
ttaf St e§Suriea bf Y509KPa T sOttheh Sonddétiedr f am 22 §onven-

ovef ohhel swdaee rof trhee geatede sybstinater Reatedg 10 a bar-
575C. A ager according to the |nVﬁq;|?n 25 havi
a ter

a
t i tkie 7.9 m ¢ s Yokt AF H&Y. ¥ AT r &IOR8 de-
t heo expasdiy e ped odhfeor didwo semionondficter baverier layer

SCPSLOIB LR DR AL L 08 MORE S S 0sc 1ayes
r eshectdtverbare eio rors adapt at itont a30 3 ageranpum well lay-
Exappl e 25 Rroduciign fnan, opticall¥actizvelayer accord-
ing to Example 1 1is used. All quantum well lay-
ers have the same composition. As the barrier
layer, GaP 1s used. All barrier layers have the
same composition. The quantum well layers have
thicknesses between 2 and 20 nm each. The bar-
rier layers have thicknesses between 5 and 500

nm.

Example 3: Monolithic integrated semiconductor
structure according to the inven-

fion.

A monolithic integrated semiconductor struc-
ture according to the invention 1s shown in Fig.
1. For the production, the layers Bl) to F2) are
subsequently epitaxially grown on a Si wafer A.
The layer Bl) is p-~doped GaP. Zinc or magnesium
is used as doping element. The doping concentra-
tion is typically 1-10'® cm™®. The layer thick-
ness of the layer Bl) 1is 5 - 300 nm. The layer
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el enent. In the MOVPE apparatus of Exanple 1, first
the layers described in the followi ng exanples 5 are
epitaxially growm on a Si wafer in a conven tiona
manner. Thereafter, alternatingly a bar- rier |ayer
and a quantum wel | |ayer eath Zte de- posited, and the
deposition of a barrier layer represents the

conpl etion. This periodic |layer 10 structure conprises

intotal 5 quantumwell lay- ers. As the quantum wel |
| ayer, a |ayer accord- ing to Exanple 1 is used. Al
guantumwel | | ay- ers have the sane conposition. As

y

telbartPerd | aP&rta P e Yed. AP Darrier fapérscurrent
haventhe: 45 nspne ToBpes fken., Thehguantauyewel B2hayers pro-
haye thicknesses between 2 and 20 _nm each. ar =

Tt crser SRR L thE oot iEs bermeRn TS AR 5081 T 2o DoP-
Exianpl el 8: vdel i vhitoh i rtiegrated senpoemdigtiorin a doping
SLEYGLW L 3cGor dhng, O (g 5inveny tf oR A ”BEHOB'.thTﬁe alu-
i ntegrated sem conductor” struc- fure according to the

i fYeAtIM™ONCO SRBWT 3 hipirg. 1 S25MP.r Fof g pgrodictions, re-

theekayads B8d) tadf2)k @f g1subsequant | y epidasxugd I Vi11 ele-
grown on a_Si

wafer A The layer Bl) i -doped GaP
SR ERGE madneSHam CFe uEed 45 40pi g oo ARE BF 15 -
dopb ngncbaeant r a-l tteé onaitsi tgpiycal by dopet8 ¢ml&aTheip) can
| ALEeg ek e Rl LB bl |25 oAt e aau-
cUyrramin content the above applies. The share of
nitrogen referred to the total amount of group V
elements, 1is 0 - 4 mole-%. The layer thickness
is between 500 and 1,500 nm. The layer B2) is a
wavegulide layer, which acts at the same time as
a current-conducting layer. The layer C) dis-
posed thereupon is composed of undoped GaP. The
layer thickness is 50 - 100 nm. It is a separate
confinement heterostructure similar to a barrier
layer. Further, the layer C) acts as an adapta-
tion layer. For better visibility, the optically
active element D) disposed thereupon is shown as

a single layer. In fact, the layer D) is a layer

structure according to Example 2. The layer E)
corresponds to the layer C). Alternatively, both
layers can also be adapted as Ga(NP), (GaIn) (NP)
or (Galn) (NasSP) layers. The nitrogen share re-
ferred to the group V elements may be 0 - 10
mole-%. In the case of the latter layer, the

share of In referred to the total amount of

group III elements may be 0 - 15 mole-%. The
layer F1) corresponds to the layer B2), and the
layer F2) corresponds to the layer B1l), with the

difference that the layers F1l) and F2) are n-
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- conducting. Thereafter, the |layer B2) is pro- duced,

which is formed of p- doped (AlGa) P. Dop- ing is made
with zinc or magnesiumin a doping 5 concentration of
typically 1.108 cm3. The alu- mnumconcentration is
nore than 15 nole-% re- ferrexBto the total anmount of
group Il ele- nments. Atypical value is in the range
of 15 - 45 nole-% Alternatively, p-doped (A Ga)(NP)
can 10 al so be used, and with regard to doping and

al u- m num content the above applies. The share of

nitrogen referred to the total anmount of group V
eld&MBRts, AS 0ENd mPBI%T T $BPET t hitkhéssripg with a

betweem HOC ANde £,t500: 1M The | aygyi 8L 1y 2 1§o18 cm ™ is
wave | ayer, which acts at.the sane tine_as
Clﬁmgﬁtoyc%ﬂducfflhrfg I%@@FrTh@“Fﬁ)ﬁé}eﬁfecﬁ s-oﬁosgae layers
t ey eupoh ) i saaanpesed efo tindepeth &aR o Theh el ayegzer thick-
thi ckness is 50.- 100 nm It |s a parat

cont i nerent” e?@reos FUct ife i r‘nlgré to acgarrl er
| dykee ctFuwp bheryminke 1 Agero Cleact v idsh arr eaglaptda- toi ohhe op-
| %yﬁéalﬁa hetd e visi bhldfyy .the optically active

el enent di sposed thereupon is showmn as a single

| ayer. In fact, the layer D) is a layer structure

accor didg tiquwxpiﬁgZ t e di@&j&feeE) oo @Qfﬂ’}@ﬁﬁionéi@utpﬂllng,
tgfg | ayer Céée(Alternat veI% bot h a%/ers can al so le-
adapf ed U8 L EHNPY " (Ga'h)A\BF 7 C&AT hTE )%%%Vf €€
Thee nittsr,ogennshar @drie-i derred 1 6at)heP grieupG¥ ) elemepesiodic

m@%?%eiFl%% n?k%u Q:%?e? Ofskm%%@h“%shn qav1ng

| ayer share o to the tfota

a re-

: ofdlévf@l}”penltl @L‘Lewehwmnayomst@nt sl5cmgl e Thecorporated

in the current-conducting layer located under
the optically active element. The aluminum share
of successive layers 1s different and is, re-
ferred to the total amount of group III ele-
ments, 0 - 60 mole-% or 40 - 100 mole-%, resp.
Alternatively, (AlGa) (NP) individual layers may
also be used for the compensation of stress of
these DBR structures, and the Al contents are to
be selected as above, and the N contents from O
- 4 mole-%, referred to the total amount of

group V elements.

For surface emitting laser diodes (VCSEL) as
optically active elements, the optically active
element 1is enclosed from below as well as from
above by a reflection structure of the above
type. For current supply, either these two DBR
mirror structures may be n-doped or p-doped, or
additionally so-called intra cavity current con-

tacts are introduced in the overall structure,
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| ayer Fl) corresponds to the layer B2), and the |[ayer
F2) corresponds to the layer Bl), with the difference
that the layers FI) and F2) are n 23 doped. As the
doping elenment, telluriumw th a doping concentration
of typically 2.1018 cm3 is &l oyed. The | ayer
t hi cknesses of the layers E), Fl) and F2) correspond
to the layer thick 5 nesses of the layers C, B2) and
Bl) (in are- flection-symmetric order with regard to
the op- tically active elenent). For inproving the
degree of output coupling, .for |um nescence diodes as
oﬁ?%%I?OQ&QQE%ﬂ%erﬂ?%Em%ﬂ P aBditfere the two DBR
(A Ga)ylcRf { Ai@)d P perdegiea reblhect t em st ructures (DBR
structures) having different alum numcontents can be
incorporated in the current-conducting |ayer |ocated
under the optically active el enent. The al um num
share 15 of successive layers is different and is, re-
ferred to the total amount of group Il ele- nents, O
. Fsoamplles vr 46Undpp it elueresEy BREer AAt ivebygmicon-

(AI Ga) (NP) i ndi vigduat ol-ayes 8 ofayi nal 0% be nusednfdnthen .
conpensati on of stress of 20 these DBR structures, and

the Al contents are to be selected as above, and the
N Contpent§erﬁli@mr0duct43ﬂ0|Baly@sfrer reto ta dde toatalording to

a unt group el,enent s, for, surface emgtin B
Zam végﬁ &y %§() é& 1 ar

| aser odes ( ) ‘as ptlca?Fy Act{ve eIenenF_/
thaeeoptq calnd; &ct imgel e efenehto 4 ghencl sedr Efem beldowt o the

as. yebly agfdQM: of group V elements, was 1investi-
gated by means of the photoluminescence excita-
tion spectroscopy. The result 1s shown 1in Fig.
2. The fundamental energy gap 1s approx. 1.4 eV.
This value 1s clearly lower than the wvalue of
1.8 eV modeled without the nitrogen interaction
and shows the drastic 1influence of the energy
gap by the incorporation of nitrogen in coordi-
nation with the further shares of other compo-
nents in the semiconductor system according to

the invention.

Example 5: Dislocation-free structure of opti-
cally active elements according to

the invention.

An optically active element produced accord-
ing to Example 2 was investigated by means of
the high-resolution x-ray diffraction (HR-XRD)
and of the transmission electron microscopy
(TEM) .
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above by a reflection structure of the above type.

For current supply, either these two DBR mrror
structures may be n-doped or p-doped, or 30
additionally so-called intra cavity current con- tacts
are introduced in the overall Jtructure, 24  said
contacts permtting to produce the two DBR mrrors in
an undoped condition. Exanple 4: Fundanental energy
gap of a sem con- 5 ductor according to the invention.
A seniconductor | ayer produced according to Exanple 1
with nol e- anltrogen 90 nol e-% ar- senic and

nol e- ‘%bﬂospﬁor%gc rf @t e TRSEHE S P 5eal aﬂﬁ)uﬁtRDofprOflle
grh(ompf;\l elenends) was i gvest b riG gat ediky n%anS:TOéotrhﬁtlcal
phot ol_u nescence XCi t n_spectroscopy, .

PPt L SRRy o | e PE R bRt ot iy A rac-
i S appr otxhebr4y e\(/Flg'hl S vabue o) |l €Anky db)werr\tehdn sharp-
thee kal ugcofy L 8 g¥ pdgled Wiihout the Bl 1088 e xe s ang

interaction and shows the drastic i nfluence of
erfet gy nyap lby PR §aesr por A€itonc 6f th €r sgepeirdmental and

CaoK dior @t k@ Wty £ he ofcr t Ber sharesi ok Ot helb i£OMRAr  the
nents in the sen1conductor system accor di ng

t he
i rehtiteh? 926 Exarfpl €V 65 15 & oma?éﬁ?re@%ﬁi &%ueo&er a
OMarg@ﬂéyeanwyenﬂ@HEMémaeaﬂﬂongdﬁ dtirelocations.
i nvention. An optically active el enment produced

accord- 25 ing to Exanple 2 was investigated by nmeans
of Fig. 4 shows a TEM dark field image. There

can be seen pentanary layers according to the
invention as dark layers. The lighter layers are
Ga (NP) barrier layers. All three layers are
clearly resolved, and there cannot be seen any
large-area defects in the crystalline structure.
In the high-resolution TEM image of Fig. 5,
there are nearly atomically abrupt border faces
at the transition of the (dark) pentanary layer
according to the invention to the barrier layer,
said border faces being free from dislocations
and the 1like.

Example 6: Semiconductors with a particularly

low fundamental energy gap.

Different semiconductor layers produced anal-
ogously to Example, said layers however contain-
ing nitrogen in the range of 5.5 to 11 mole-%
{as always, referred to the total amount of
group V elements), show in the 1investigation by

means of photoluminescence spectroscopy at 20°C



the high-resolution x-ray diffraction (HR-XRD) and of

the transm ssion electron mcroscopy (TEM . 25 Fig.

3 shows an experinmental HR-XRD profile (Fig. 3 top)

in conparison with a theoretical profile according to

the dynamc x-ray diffrac- ti@btheory (Fig. 3

bottom. The observed sharp 5 ness of the individual
diffraction reflexes and the nearly perfect match of

the experinental and theoretical diffraction profiles
confirmthe outstanding structural |ayer quality over

a large area w thout generation of dislocatians.

Fidg. 41R3AGES AL FEM daf kFFi%Eh d S MEgEY THERB  €4n 6@55 than
sgenz peavanaey drayeress accohdimng 1t.o1 t hev, i nvantdwn ias below

dark |l ayers. The light | ayers are ( ) rie . _
| ayers. S AR gt¥1regeaﬁ)ay%$s %f’ilcc?réarufeaeﬁs\lgl \Fg‘Z? ‘ang€™mrcoen
t er etcannok yvizer sedre any gl5a hargyee agea defpecbs liowthéat of
crysial 'dr‘?el%{%%t €cul iyt h@o?' gchhe Ldjltdé’{‘ E'?!V' of lu-
image of Fig. 5, there are nearly ato rup

bt e Sferese at2tfle trahdrt | @‘nl%?ietshe (‘darllé)h are inte-

pent apdry hayen awcyﬂ@glgbtaosébe vavendhed 0 dtheuctures.
barrier |layer, 20 s t&bder faces being free from
Hha t %rll ©

di'st 084S bh§ 1 S BxdTPit€ 56+ © Berfi tOAGUCE Brs there
wiwhla paatnecuyarld)gf how dusdanentialn ernarqy wgaps 28ttenua-
D|fferent S co r Ia produced anal - ously _
to JE?(arrpcfe %L‘,ﬂa dTIla%/ChQ *Ho g\(’?lztr cgnt{gﬁ% Wiangeﬁutglr%éeﬁc’truc
irfehe.range of 5.5 to 11 nole-%



(as always, referred to the total anount of group V

el ements), showin the investigation by 30 neans of

phot ol um nescence spectroscopy at 20C 26 a

fundanmental, direct energy gap of less than 1.2 eV,

even less than 1.1 eV, which i&’ bel ow the energy gap

of silicon (1.124 eV). Sem con- ductor |ayers having

an energy gap below that of 5 silicon in particular

for the production of [u- mnescence and | aser di odes,
which are inte- grated wth Si/Si 02-based wavegui de
structures. _ In garti cul ar for these em ssion

erfe? GPés FA&E™Swill namely be no absorption and thus
attenua 10 tion of the light signal in the waveguide

struc- ture. 27 - Patent clains. 1. A nonolithic

i ntegrated sem conductor structure conprising the

followi ng | ayer struc- 5 ture: A) a carrier layer on

the basis af doped,er; + ypdoped Sie gh Py B) s@% ABonductor
option, a first current-conductin | ayer conposed of

dopel UGSt U d6pedCtd™ bF iduped 140 (AL &YW PNIC) Layeh struc-
opthor,: a first adaptation |layer, and D) an optically
active el enent conprising a sem conductor, | aye

for med* ¥ PonF& 44 HFV s rﬁ%%ﬁ- ?8 dubfor PRaVI fig ‘%ﬁe doped or
canpasigd @n SGaxd hy Mahs bPc Sbd,

B) as an option, a first <current-conducting
layer composed of doped Si, doped GaP or doped
(AlGa) P,

C) as an option, a first adaptation layer,
and

D) an optically active =element comprising a
semiconductor layer formed from a III/V semicon-

ductor having the composition GaxInyNaAspPcSbgqg,

wherein x = 70 - 100 mole-%, y = 0 - 30 mole-%,
a = 0.5 - 15 mole-%, b = 67.5 - 99.5 mole-%, c =
0O - 39.5 mole-% and d = 0 - 15 mole-%, wherein

the total of x and vy 1is always 100 mole-%,
wherein the total of a, b, ¢ and d is always 100
mole-%, and wherein the ratio of the totals of x
and y on the one hand and of a to d on the other

hand is substantially 1:1.

2. A semiconductor structure according to
claim 1, comprising the below layer structure
following to the layer D):

E) optionally a second adaptation layer, and

F) a second current-conducting layer composed
of doped Si, doped GaP or doped (AlGa)P.



wherein x = 70 - 100 nole-% y = 0 - 30 nole-% a =
0.5 - 15 nole-% b =67.5 - 99.5 mole-% ¢c = 0 - 39.5
nmole-%and d = 0 - 15 nole-% wherein the total of x
and y is always 100 nole-% 20 wherein the total of a,
b, ¢ and d is always 100 mol @8% -and wherein the
ratio of the totals of x and y on the one hand and of
atodonthe other hand is substantially 1:1. 2. A
sem conductor structure according to 25 claim1,
conprising the below | ayer structure following to the
layer D): F)optionally a second adaptation |ayer, and
F) a Second cur?BAC-TDREGT Ag ISaFy%‘FCéO}rﬁb%seéCCo‘?rdlng to
depedi & .1 deped? GaR 10& rdapedt (A GALR.c 28B)3.1A p-doped or
seméond Cﬁtor structure according to claim1l or 2,
PRS%he layer B) is p-doped or n-doped. 4. A
sem conduct or structure according to 5 one of clains
1to 3 whereiny =1to 30 nole- Oo0. 5. A
sem conductor structure according to one of clains 1
to 4, dheréin semitad8ZPrnplsd-puctMmBde Aaccording to
s%ngorbdpcgqra shiuct ure, agcorgdipg & o gne of; ckai Molpmole-
0 5, wherein the semicondictor is a rect
sem conductor. 7. A sem conductor structure according
to one of clains 2 to 6, wherein the layer F) is p-

5. A semiconductor structure according to
one of claims 1 to 4, wherein ¢ = 1 to 32.0
mole-%.

6. A semiconductor structure according to

one of claims 1 to 5, wherein the semiconductor

is a direct semiconductor.

7. A semiconductor structure according to
one of claims 2 to 6, wherein the layer F) 1s p-
doped, 1if the layer B) 1is n-doped, and wherein
the layer F) 1s n-doped, 1f the layer B) 1is p-
doped.

8. A semiconductor structure according to
one of claims 1 to 7, wherein the optically ac-
tive element has a layer structure (D1-D2-D3)np
wherein the layer D2 is a gquantum well layer of
the said semiconductor, wherein the layers D1
and D3 are barrier layers, and wherein n = 1 -

50, in particular 1 - 15.



I5 doped, if the layer B) is n-doped, and wherein the

|ayer F) is n-doped, if the layer B) is p- doped. 8. A

sem conduct or structure according to one of clains 1

to 7, wherein the optically ac- 20 tive elenent has a

| ayer structure (D -D2-D3)m; wvteretn the layer D2 is a
guantum wel | | ayer of the said sem conductor, wherein

the layers DI and D3 are barrier layers, and wherein
n=1- 50, inparticular 1 - 15. 29 9. A

sem conductor structure according to claima8, wherein
follow ng gne of the termnal Jlayers D or D3, a .

barri \g’ | ayer Sfﬁmilsc%’?g\‘ficd%ﬂ.r 16 CAUEEH EBndGGoprding  to
sta Letiur e 8accarth ngito foo cl awmBgoro Qe WheretAetheerminal

barrjer layers are. sem conductors,having.the.

conpoSits on 1Gapt ngN- PSASt: “Wierel AYS E 84 L §oprovided.
nmole-% g =0- 15 nole-% r =0 - 15 nmole-% s = 60

- 100 nole- % and t = 0 - 40 nole-% wherein the

total of p 10 and q is always 100 nol e-% wherein the

total of- A sSaRdacrdudivays FOOT HEIte1D6 waetePl dtives to

ra-1biien ofg thert oy pl swafe Peand qron therenee bandaandrs are
of r tot gn t.he ot her hand i 5 substantlaI,I%, 1:1, and .
wher 8§ ARB UG P F&r AVt "Hast89 ayét™P 25 i hi GkneS& mf NalNr -
prief&pabl ywher®0nnmp 1k Adsefi cohduatol estt uctqre 0 - 15
aAGf EQLQQ tq Qn%)ot Ch@iq§o$ Lp%lO%Serrgbn lhqifbr%kale—%
and/ or the second adaptat’i on 1 ayers are
semi @onduct o¥s ~havPngnohe Tonposheiront Gapi hgNr PSAst] of p
Whergi iy Pis always 100 mole-%, wherein the total of
r, s and t is always 100 mole-%, wherein the ra-
tio of the totals of p and g on the one hand and
of r to t on the other hand is substantially
1:1, and wherein the barrier layer has a layer

thickness of preferably 5 - 50 nm

11. A semiconductor structure according to
one of claims 1 to 10, wherein the first and/or
the second adaptation layers are semiconductors
having the composition GapIngNyPsAst, wherein p
= 90 - 100 mole-%, g = 0 - 10 mole-%, r = 0 - 10
mole-%, s = 70 - 100 mole-% and t = 0 - 30 mole-
$, wherein the total of p and g is always 100
mole-%, wherein the total of r, s and t is al-
ways 100 mole-%, and wherein the ratio of the
totals of p and g on the one hand and of r to t
on the other hand 1is substantially 1:1, and
wherein the adaptation layer has a layer thick-

ness of preferably 50 - 500 nm.



20 = 90 - 100 nole-% g =0 - 10 mole-% r =0 - 10
nmole-% s = 70 - 100 nole-%and t = 0 - 30 nole- %
wherein the total of p and g is always 100 nole-%
wherein the total of r, s andt is al- ways 100

nol e-% and wherein the ratto ® the 25 totals of p
and q on the one hand and of r tot on the other hand
is substantially 1:1, and wherein the adaptation

| ayer has a layer thick- ness of preferably 50 - 500
nm - 30 12. A sem conductor structure according to

one of clains 1 to 11, wherein a current-con- ducting
| ayer bfd/ dr bAPPIictON&Yett 8Fsposelube-UE feerf §RETding  to

cas hkerolfayen anfdst he opbi callly améy@fn elemenirremt-con-

th e t t

S Bt oo SRrace D SECh ARG Th LALod BrARRSEY be-

t ot ¢2,emhehel ncamder aeatlha ard/ oz ndabove td’]{@t@}@ta Talyl yactive

w%i%%é%@”%@ %téﬁés%émg_ﬂﬁﬁéCQ V?&% l&weﬁayer.
1 a pl e to

is provided, which is optic y cou

optically active ele- nent. 14. A sem conduct or

structure according to one of clainms 1 to 13, wherein
between_the lay- ers A), and D) and/ or outside the

| ayer ¥} ther ei‘%?%“ﬁl&ﬁﬂfaéd att Fe&dtUbRe FerfBditing  to
reéhectdﬂnclsattm@st ur et cl51 2A sehkeenductardstrmuci the and/or

acc rdlng 0 of Ialrrs to 14, wherein t
opt | 8alﬁ ytéc- ?Pve efe r%é'ntaﬁ]tlvefundamanet nqﬁs%ieoans’t one

wavet 1202 L engely ¢ puutilsee r ahggeof 709 -piok00dmm, which 1is
optically coupled to the optically active ele-

ment.

14. A semiconductor structure according ¢to
one of claims 1 to 13, wherein between the lay-
ers A) and D) and/or outside the layer F), there
is provided at least one periodic reflection

structure.

15. A semiconductor structure according to
one of claims 1 to 14, wherein the optically ac-
tive element has a fundamental emission wave-

length in the range of 700 - 1,100 nm.

16. A method for the production of a mono-
lithic integrated semiconductor structure ac-
cording to one of claims 8 to 15,

wherein on a carrier layer A on the basis of

doped or undcped Si or GabP,
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16. A nethod for the production of a nono- lithic

i ntegrated sem conductor structure ac- cording to one

of clains 8 to 15, wherein on a carrier layer A on the
basis of 25 doped or undoped Si or GaP, 31

optionally a first current-conduct+ng | ayer B

consi sting of doped Si, doped GaP or doped (AI&E)P is
epitaxially grown, optionally a first adaptation |ayer

Cis epi- 5taxially growm, and a nulti-|ayer

structure D, which forns an op- tically active el enent

i ncludi ng .a sem conductor |ayer conprising a .

sem cSHdtétedte Addordi hg DT %IBF%QEF%‘%LI%%’}% dayer B
eptdaxiiad t yngr ownf 10idgedA netihod @ee@rdli ngatro cbai Mdoped

16 erein. on the optically active el enent
op?%gﬁa>lg a®° se 6nd3§a§§?- igﬁrfﬁ9ér Eis epitaxially
grown,op and ronlfliye @pffiicatty catt pve el ementagenthe is epi-

s§cCs ,.9ng ada ,en layer a second current-conducting
15 ?gyer Fgcgagésting o? doped Si or doped GaP or

doped Y ARGA)PL i 4 2gpf F axéital Py tgt 6@n.D 18WhA ¢t Kk ms an op-
acCordiingyt @ ot av@ 181emddt wheneidy hhe d ayem BebSiductor
p-doped or n-doped. 19. A nethad accordln% to claim,

L6 S YRt o 7OTPG 1 he Ty dt ) oS FORAREGE O (HeCPayBng  to
Bloms r-f dopedimand wher & ,n the d@ayerasH) aild n- daped, .

if the layer B) is p-doped. 20. A nethod according to

one of clainms 16 to 19, wherein the optical elenent

is formed by

17. A method according to claim 16, wherein
on the optically active element optionally a
second adaptation layer E 1is epitaxially grown,
and on the optically active element or the sec-
ond adaptation layer a second current-conducting
layer F consisting of doped Si or doped GaP or

doped (AlGa)P 1is epitaxially grown.

18. A method according to claim 16 or 17,

wherein the layer B is p-doped or n—doped.

19. A method according to claim 18, wherein
the layer F) 1is p-doped, if the layer B) is n-
doped, and wherein the layer F) 1s n-doped, 1if
the layer B) is p-doped.

20. A method according to one of claims 16 to
19, wherein the optical element 1is formed by
epitaxial growth of layers D1, D2 and D3,

wherein the order of the epitaxial steps is per-



25

25 epitaxial growh of |ayers D1, D2 and D3, wherein

the order of the epitaxial steps is per 32 forned

such that the layer structure is (D -D2- D3)n, wherein

the layer D2 is a quantumwell [|ayer of a

sem conductor according to-one8of -clains 1 to 4,

wherein the layers DI and D3 are 5 barrier |layers, and

wherein n =1 - 50, in par- ticular 1 - 15. 21. A

met hod according to claim 20, wherein follow ng one

of the termnal layers DI or D3, a barrier Iayer D4

is epitaxially grown, 10 22. A nethod accordi ng

I H'SE oF W BiheFei i Ehel HEP eFtIrati/‘éFélraﬁ"els (D1-D2-

sam pgmdus]tmErSe imavitiget hEa@Cﬁ'ﬁpOSIDEI on sGam ngNESAaim well

V\,rlirele _51001£m|e 72 gr C,C I‘JTDIlle % o _orcl)e of
%yrmle%/os—gﬁl (1861 hol & Aaandf3 "¢ 4 e

15 Wherel nlt Heot dit.al wofe peamd ghies Abhweyss 1001 mﬂcte %3 are

W?qupelta%@!r of End @ﬂ%rtehﬁ aIll Nay's —10@0 in par-

nol e- 0, wherein theé ratio of the totals of p and g on

t el 6H@ dand andléf r to t on the other hand is

substantially 1:1, and wherein the 20 barrier |ayer

has a | ayer thickness of prefera- bly 5 - 50 nm 23. A

nmet hod according to one of clains 16 to 22, wherein

the fixst andherttsedonscadaptathicontd ayersiare20, wherein

it RN RSt (Rl R BRI L PR D1 gox 03

1P apké-s Laydr- D0 mdl &4 tex= 70 1y 190 o Wl e- %
and t = 0 - 30 nole-% wherein the total

22. A method according to claim 20 or 21,

wherein +the barrier layers are semiconductors

having the composition GaplngNrPsAsty, wherein p
= 85 - 100 mole-%, g = 0 -~ 15 mole-%, r = 0 - 15
mole-%, s = 60 - 100 mole-% and t = 0 - 40 mole-

o

3, wherein the total of p and g 1is always 100
mole-%, wherein the total of r, s and t 1is al-
ways 100 mole-%, wherein the ratio of the totals
of p and g on the one hand and of r to t on the
other hand is substantially 1:1, and wherein the
barrier layer has a layer thickness of prefera-
bly 5 - 50 nm.

23. A method according to one of claims 16 to
22, wherein the first and/or second adaptation

layers are semiconductors having the composition

GapIngNyPgAst, wherein p = 90 - 100 mole-%, g =
O - 10 mole-%, r = 0 - 10 mole-%, s = 70 - 100
mole-% and t = 0 - 30 mole-%, wherein the total

of p and g is always 100 mole-%, wherein the to-



of p and q is always 100 nole-% wherein the to - 33

tal of r, s and t is always 100 nole-% wherein the

ratio of the totals of p and q on the one hand and of

r tot on the other hand is substan- tially 1:1, and
wherein the adaptation layer has 5 a |ayer thickness

of preferably 50 - 500 rim 24. A nethod according to

one of clainms 16 to 23, wherein a current-conducting

| ayer and/or barrier |ayer disposed between the

carrier layer and the optically active elenent is at

the sane_ 10 tinme an adaptation layer. 25. A method .
actdrdithf tto ofe dPdcl i e 18 1t%? Y 24,1 GWHertPhe~3%, wherein
ulntdleéneahlﬂiaclmd/cmr ahoye ﬂcbealqrgiofcalp! éaalltz;ti‘qe on the one
el.enent, at | east one qgptical . wavequi de | ayer is

oriGuded iniTh s opt ifeat fy T8 Squpf b 19 fhd § Substan-
optiedllly actl veael@nwmter26n A het hodaadcotdiomg teyer has
o] f [ - 5 [ nethe_ | s A

and by Sl O L air G S P Thyer B hherd s oPeui dhe

at least one periodic reflection structure. 20 27. A

nmet hod according to one of clains 16 to 26, wherein

the optically active el enent has a fundanental .

eni ssioh-wadvel8Adthdi A AherFdye &° 906 -°f, forimm 16 to
- B3, 2&h&Arklid V sentoandustorc hadivng: L Ay canpgsir and/or
tikg)n Galxl nyl}lT?Asbl;-:’cSQ V\éhergi é(t:e70n- ‘ 00 g%I e'iér: laver
0 2933 of e-95 Y 8 = 0 5P° 591 @t ¥4 B =67 552 '] ye
nmod edc t=he -oB88.1x able- Yeandi de=element is at the same

time an adaptation layer.

25. A method according to one of claims 16 to
24, wherein wunderneath and/or above the opti-
cally active element, at least one optical
waveguide layer 1is provided, which 1is optically

coupled to the optically active element.

26. A method according to one of claims 16 to
25, wherein between the layers A) and D) and/or
outside the layer F), there 1is provided at least

one periodic reflection structure.

27. A method according to one of claims 16 to
26, wherein the optically active element has a
fundamental emission wavelength in the range of
700 - 1,100 nm.



50 - 15 nole-% wherein the total of x and y is

al ways 100 nole-% wherein the total of a, b, ¢ and d

is always 100 nol e-% and wherein the ra- tio of the

totals of x and y on the one hand and of a to d on

the other hand is substantiallys 20 1.1. 29. AIlII/V

sem conduct or according to claim 28, whereiny =1to

30 nole-% 30. AIlII/V seni conductor according to

claim 28 or 29, wherein c =1 - 32.0 nole-% 15 31. A

I11/V sem conductor according to one of cI aims 28 to

30, wherein the _sem conductor is a

seni contiuctor! 132,V AS €@k €ORGULE BP 4 a@xéw ldb%pm%% n§oaposi-

zgnmﬁncwﬁymﬁ l@@@gm@m%o M@f@flrcl al s ﬂadw B0 mole-
erein e er_thickness of t sem uct.or

| ayer Y s |nthe ?é Ereorﬁi- 50 n prefg%gbi“ 1@2 5, b

206 hmb 33. 9'|EheSusre>bé z%,sem con@uct o3 lactomh hg-t%0 and d =

0 of Ia| 810 of a tor. 35, | r -

acrtgor di ng t[ggél?eal m’Sg}kf1 i the pt?fgg]uc (?gﬁcl o;) fa x dHE y s

| i riéscendd Wi Bdel e asVCSEh dgén di bde,tataVECSEL a, b, ¢

| asgl di ode, glrmadylsatmostw@teuw 0f; fy @L@{@%qrn the ra-
structure 34. A nethod for the production of

5
sént Bort dii®téor t Payfet S a@&rﬁlr?gfl‘?oycl%‘flmtégec&ﬁﬁlglaﬁ’gd and
thetf f oh| ombngdst eps: tasubsthatre omidle basisuwifsdapedially
ory _quoped Si or GaP is brought into a MOVPE
appar at us,

29. A III/V semiconductor according to claim

28, wherein y = 1 to 30 mole-%.

30. A III/V semiconductor according to claim

28 or 29, wherein ¢ =1 - 32.0 mole-%.

31. A III/V semiconductor according to one of
claims 28 to 30, wherein the semiconductor 1s a

direct semiconductor.

32. A semiconductor layer comprising a semi-
conductor according to one of claims 28 to 31,
wherein the layer thickness of the semiconductor
layer is in the range from 1 - 50 nm, preferably
2 - 20 nm.

33. The use of a semiconductor according to

one of claims 28 to 31 or of a semiconductor



10 optionally a surface of the substrate is pro- vided
in at | east one epitaxial coating step first with
respectively at | east one adaptation |ayer, one
barrier layer, one current-conducting |ayer, one
wavegui de | ayer and/or one tefl®ectton 15 structure,
an inert carrier gas is loaded with educts in defined
concentrations, the |oaded carrier gas is conducted
over the surface of the substrate heated to a
tenperature 20 in the range of 300C to 700C or on the
sg#face of the ﬁppernnst | ayer, on_the substrate for a
d

THE dardt? b *dt9 expOsulr £2 1dhd 3the ft%t alt kBn-Production
cenfrati bmnmaf ntbe @duet sdandid he adduvatsown afa €x+r diode, a

PQAHES reJﬂgé%§tegi&91§aphaogpeﬁu %gpthagttnﬁc%%re or a
sem conductor layer "i's epltaX|a? y forméd wth a
gideheldyer tsicknassren the surface of the sub-

strate or on the surface of the uppernost |ayer on

the substrate. 35. A nethod according to claim 34,

wherein the 30 follow ng educts are used: 36 C-C5

trial kyd galpl ituen higy partd cuhar g ebd et bylgal bifum semicon-
(g%ég%gﬁ)B)landﬁpr trigenp%%galkiun1 (Gﬁ_(Cﬁ@? %2 P S
a et |t opfitondl T §OE2 Bt r & kyi T Adfum> 1 n ©8MP g
part eculal 1 bmiineg hyltd eidsum (I n(CH3) 3), as an In
educ.t a aglaané' @r(aN"J?’) Onm)Pﬁ(eCI Bg%)iaé k%lﬂ“&rﬁgfé ﬁle’o} nundoped
particul ar te_rtlarybutﬁ ydrazine (t-( - NH
Si1 or GaP 1s brought into a MOVPE apparatus,
optionally a surface of the substrate is pro-
vided 1in at least one epitaxial coating step
first with respectively at least one adaptation
layer, one barrier layer, one current-conducting
layer, one waveguide layer and/or one reflection
structure,
an inert carrier gas is loaded with educts in
defined concentrations,
the loaded carrier gas 1is conducted over the
surface of the substrate heated to a temperature
in the range of 300°C to 700°C or on the surface
of the uppermost layer on the substrate for a
defined duration of exposure, and the total con-
centration of the educts and the duration of ex-
posure are adjusted to each other such that the
semiconductor layer is epitaxially formed with a
given layer thickness on the surface of the sub-
strate or on the surface of the uppermost layer

on the substrate.

35. A method according to c¢laim 34, wherein the

following educts are used:
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NH2), and/or 1,1-di(d -C5)al kyl hydrazine, in 10

particul ar 1, 1-di net hyl hydrazine ((CH3)2-N-NH2), as

an N educt, arsine (AsH3) and/or Cl1-C5 al kylarsine, in
particular tertiarybutylarsine (t-(C4H9)-AsH2), as an

As educt, 15 phosphine (PH3) at/or d-C5

al kyl phosphine, in particular tertiarybutyl phosphine
(t-(CAH9) - PH2), as a P educt, and optionally O -C5

trial kylantinony, in par- ticular trinmethylantinony
(Sb(C2H5) 3) and/or tri- 20 ethylanti nony (Sb(CHB)S)

as an Sb educt, wherein the C3-C5 al kyl groups nm

I i near® L of Sbr ah&hed! K3 162 L AIHEE hod ‘decordi hg 3 ?5lmtrl_
3%tm®&r(ﬁaﬂltlhﬁn e(otuats:za{se ﬁnpla)ryeddm thei heldrowlag 1 1ium

nDQ% 25 tlos:S Cfduct/ oup Il educts 5 - 300,
ﬁé /g?oﬁb 119° educt® 599500, N educt/As educt
0.1 - d@t icoptidral ly Sble@di:t/AS tductlBy-l Und3mm, in

r f rated s
ATt ad T8 The Tanme T rom Booe fo {850 andl ainiihec I

théPcﬁhessure of carrier gas 37 and educts is

adj ustaginbe the (r@ﬂg@ frmﬂ@ (ta -2689 ahPﬂylVM'l}eﬁQlarkiﬂé in
rati o aof t?e total of.the élal ressur es

eREEE MO L RS par Birdl L prdssh PR REr T o gu it ) ~NH-
betmeen 0. @GbdAnd 5 0L 1] -and(@her@b natlhey depast bizdme, in

”ﬁ?r%ﬁ u%a&o 1,1l-dimethylhydrazine ((CH3),-N-NH,),

as an N educt,

arsine (AsHi) and/or C1-C5 alkylarsine, 1in
particular tertiarybutylarsine (L-(C4Hg) -AsHy),
as an As educt,

phosphine (PHi3) and/or Cl1-C5 alkylphosphine,
in particular tertiarybutylphosphine (t-(C4Hg) -
PH,), as a P educt, and

optionally Cl1l-C5 trialkylantimony, in par-
ticular trimethylantimony (Sb(CyHg)3) and/or tri-
ethylantimony (Sb{(CHs3)3), as an Sb educt,

wherein the C3-C5 alkyl groups may be linear

or branched.

36. A method according to c¢laim 35, wherein the

educts are employed in the following molar ra-

tios:
As educt/group III educts 5 - 300,
P educt/group-III educts 0 - 500,
N educt/As educt 0.1 - 10,
optionally Sb educt/As educt 0 - 1,

wherein the surface temperature of the sub-
strate 1s adjusted to the range from 500°C to

630°C, wherein the total pressure of carrier gas



10 pm h. 37. A sem conductor |ayer obtainable with a
nmet hod according to one of clains 34 to 36. 38. An

i ntegrated nonolithic sem conductor 10 structure
obtai nable with a nethod according to one of clains
16 to 26. - 37 -

and educts 1is adjusted to the range from 10 to
200 hPa, wherein the ratio of the total of the
partial pressures of the educts to the partial
pressure of the carrier gas 1is between 0.005 and
0.1, and wherein the deposition rate 1is 0.1 to
10 pm/h.

37. A semiconductor layer obtainable with a

method according to one of claims 34 to 36.

38. An integrated monclithic semiconductor
structure obtainable with a method according to

one of claims 16 to 26.



