I11/V sem conductor. 5 Field of the invention. The invention relates to a
new | I1/V sem con- ductor, a sem conductor |ayer consisting of such a

sem conductor, a nonolithically integrated 10 sem conductor structure
conprising,, such a sem - conductor |ayer, the uses of such a sem conduc-
tor or of such a sem conductor |ayer, and a nethod for the production of
such a sem conduc- tor |ayer. 15 Background of the invention and prior art.
In the field of conputer technology, there is a continuously grow ng denmand
for higher proc- essing and signal conduction capacities in con 20 junction
WwWth a highreliability and flexibil- ity. In the past, the chip technol ogy
has made a rapid progress with regard to integration den- sity and working
speeds or cycle frequencies. Wth this trend further advancing, problens
are 25 coming up for the connection of fast chips. 2 Critical aspects in
conjunction with high-speed connections are reliability, cost, on-chip
driver size and perfornmance, crosstalk, signal distortions and | ack of
flexibility in the chip 5 design. Connections between chips by using opto-
el ectroni c conponents and optical waveguides are a solution for nmany
connection problenms. Optical connections have an extrenely high bandw dth
and

ITI/V semiconductor.

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

10 semiconductor structure comprising' such a semi-
conductor layer, the uses of such a semiconduc-

tor or of such a semiconductor layer, and a
method for the production of such a semiconduc-

tor layer.

15
Background of the invention and prior art.
In the field of computer technology, there is
a continuously growing demand for higher proc-
essing and signal conduction capacities in con-
20 junction with a high reliability and flexibil-

ity. In the past, the chip technology has made a
rapid progress with regard to integration den-
sity and working speeds or cycle frequencies.
With this trend further advancing, problems are

25 coming up for the <connection of fast chips.



are conparatively insensitive against crosstalk 10 and other interferences.
By using these proper- ties of optical connections, it may becone pos- sible
to connect high-speed chips with each other by optical channels and to
achieve a con- siderable inprovement withoregard to connection 15 density,
current consunption, interferences and crosstalk. Usually high-integrated
circuits are based on the Si technology. Siliciumis however an indi- rect
sem conductor, and the production of effi 20 cient optoel ectronic conponents
‘using the Si  technology is consequently hardly possible. Ef- ficient

opt oel ectroni c conponents can however be produced by using the technol ogy

of the 111/Vesepiconduct opsc{or § ASLAGRS IS GUF LACHRO! n 23 100K, Sl dce
these sem conductors are often direct sericonductors consequently emtting
and absorb- iamnhieght 1 aintsh a akgh eff ¢dilaeyl ifoy , pr oducs hig i ntaeyr athed
circuits, co the epitaxipl PLogess L | oyed.c d £ ;Row con; 30, acts
bet ween Iaye?gpgk%fhe aggs %é thépS? tZ%ﬂ%ologE qndlﬁaye?s on t égbaggs of
t he tech- noldgytoefrthend | AV Sediccokduct orf g s itol bety dAmdethig chip
probl egatic t the | atdd GoNs oSt apks o L he L espect i,v iglg are
differgﬁt (fﬂ?%lglsb gpﬁifgg toOEaP subst%%les %nggeadyoﬁlggﬁ%gugétrates)
This has as @® bengeruence ¢hap Gndwrtngarhe epitagpdl growhuafdas| are
sem conduc- taorgoqmisio(rlorfgqp)mﬁlﬂt%ﬁt5%tlner§ec‘é'i%r9(:%tfé)]9§e%§. Optical
connections have an extremely high bandwidth and
are comparatively insensitive against crosstalk
10 and other interferences. By using these proper-
ties of optical connections, it may become pos-
sible to connect high-speed chips with each
other by optical channels and to achieve a con-
siderable improvement with regard to connection
15 density, current consumption, interferences and

crosstalk. »

Usually high-integrated circuits are based on
the Si technology. Silicium is however an 1indi-
rect semiconductor, and the production of effi-

20 cient optoelectronic components wusing the Si
technology 1is consequently hardly possible. Ef-
ficient optoelectronic components can however be
produced by wusing the technology of the III/V
semiconductors, for 1nstance the GaAs technol-

25 ogy, Since these semiconductors are often direct
semiconductors consequently emitting and absorb-

ing light with a high efficiency.

For producing 1integrated circuits, commonly

the epitaxial process is employed. If now con-

30 tacts between layers on the Dbasis of the Si
technology and layers on the basis of the tech-

nology of the III/V semiconductor are to be



created. Such dislocations however disturb the function of the conplete
sem conductor structure to a substantial degree, the nore since the 10
functional l|ayer thicknesses are today in the order of atom c di nensions.
In the case of high |layer thicknesses, the difference of the lattice
constants even |leads to bends of the subsBrate. The reason for this is
basically that with high 15 deposition tenperatures an epitaxial growth of
I11/V sem conductors takes place on Si or GaP sem conductors, however
the-generation of dislo- cations begins already at |ess high deposition
tenperatures. If then the sem conductor struc 20 ture cools down to anbi ent
tenperature, the dif- ferences of the lattice constants caused by the
different theravhe, expdnsiich doepbilcteatts i lthaltead i thetdbove scpésses

and di sl ocati tRor el at v I iou r.oaches
exist. In thqu%cunen??EngQBdgﬁngnﬁ:?ﬁg}2m?§Q%é§g?f%e 6% alééiséggfgrs
can be de- pdgitéd onlgcSi apubbiest etandGhdr nedéfs hed s crostgcks atf
predet erm neg Posdp RS atlus di srilgeahLans .of fahecélnéag%téﬁ&@ behig:

avoi ded, at east however reduce I's technol o OW ever not
swtabﬁefordﬂghmqnégﬁnéﬁhﬁa%m&% IbecauBe of ﬂ&i/ﬁd@ﬂ@lconduc‘

controllabllltCiv)e Ckq- ¢hackssipn aéﬁ'@s%?%%'éaé 4i Jﬁ%@&&%ﬂ%erel o a

0297483 descri ybrid “integrated sem conductor structure
Si substrateCameaﬁteébrat%acéir&ﬂ@l@ﬂhémushowever disturb the

function of the complete semiconductor structure
to a substantial degree, +the more since the
10 functional layer thicknesses are today 1in the
order of atomic dimensions. In the case of high
layer thicknesses, the difference of the lattice
constants even leads to bends of the substrate.
The reason for this 1s basically that with high
15 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-
20 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, various

25 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

30 least however reduced. This technology 1is how-
ever not suitable for high-integrated circuits
because of the lacking controllability of micro-

cracks 1in atomic scales.



of the Si technology is applied. Further, an op 5 tically active elenent in
GaAs technology is provided on the Si substrate. An electrical con- nection
between the integrated circuit and the optically active elenent is however
not estab- |lished by a direct contact or by the Si 10 substrate, but rather
by an electrical wire con- nection. This téechnol ogy, too, is not suitable
for applications in high-integrated circuits. Fromthe docunent DE 10355357
it is known, for layer structures with optically active ele- 15 nments on
the basis of I11/V sem conductors, to conpensate dislocations caused by

| attice con- stants for instance by adaptation |layers sub- jected to tensile
stress. By the insofar known neasures, a nodeling of electronic properties
is 20 al so possiBilee ad®awms ndm IBP onldAdvied BAgt Be T0r 1 bz esai bh#bupt €0 now

become acceSSJ]M% fger@ahgeqrpfe%rauy%&ooé/t%é%%d w?n@k” ﬁ'b%deaof

different 1117V sem conductors are known in the art, and % are al ways
| ayers, 25\Mﬁéh%#Esmﬁa§@tﬁﬁhﬂﬂ@ﬁ%@ﬁﬁ%%lﬁﬁﬁ@ﬁ%?SpnSE Strhesis

Cor r espondi ngoﬁort%i@ersqtlee%ra@elnb% itheagecuient s ﬁBrJ@@ZQZG A2
6, 233, 264 B1, US 2004/0084667 A2 rz et al., |EE Proc. -Cpto- el ectron.

151( 5) :5346- 3501 C2doky, BS BLuR2, Wb EP 1553678AA2, WUBCHEPE0PgE, 1S

| shi zuka et %rovﬂ@eanaénoftr@y%tlal QLN b 2272; 760r 764 d2004): And ¢ J4S-
2004/ 0161009 Al. 5 In the docunent EP 0896406 A2 there are de-
nection between the integrated circuit and the

optically active element 1s however not estab-
lished by a direct contact or by the Si
10 substrate, but rather by an electrical wire con-
nection. This technology, too, 1is not suitable

for applications in high-integrated circuits.

From the document DE 10355357 it 1is known,

for layer structures with optically active ele-

15 ments on the basis of III/V semiconductors, to
compensate dislocations caused by lattice con-
stants for 1instance by adaptation layers sub-
jected to tensile stress. By the insofar known
measures, a modeling of electronic properties 1is

20 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 III/V semiconductors are
known 1in the art, and they are always layers,

25 which are not suitable for application on a Si
substrate. Corresponding considerations apply to
the documents EP 1257026 A2, US 6,233,264 Bl, US

2004/0084667 A2, Merz et al., IEE Proc.-Opto-
electron. 151(5):346-351 (2004), US 6,072,196,
30 EP 1553670 A2, US 5,825,796, Ishizuka et al.,

Journal of Crystal Growth 272:760-764 (2004) and
US 2004/0161009 A1l.



scribed |l ayers of optically active I11/V sem - conductors on GP or S
substrates (and others), and these |layers contain exclusively In as the 5
1l conponent. In fact, such layers are only suitable for InP substrates
and formundesirably many dislocations and faults on Si or GaP sub-

strates. The document US 5,937,274 descriBes~-in a very general manner
different layers on dif- 10 ferent substrates. As a result, there continues
being a need in particular for the field of high-integrated cir- cuits to
connect subassenblies or |ayer se- quences on the basis of the Si technol ogy
and on 15 the basis of the I11/V sem conductor nonolithi- cally with each

ot her. Techni cal _object of the invention. S techni cal object of the
invention to 20 Igtopdse MEARETGR tpribbi ﬁ%‘ué éo4pQ gc gy HRenfe 2denéits on

the basis of dheiblddV sepeconduct tops iw sukst badesvel ther By t selniot ogy
or GaP technologﬁ, wherei n the gonduc i,on OL el ectrical, signals of the S
based or GaP-IRRBEY SuBaSsent 25 dF i &F t 8 tandUProht hé Dptlicdaf |y Heeirve -

elements isdméegfiklse farapdrs . eobyaqont acicotidiayens; 1andadatthe
practically free fron1d|slocat|oEs formng nonrgdl tive reconbi nati an
centers in thell 1 FARRBRECOhductdr drd GE 't he® boPdert FREE 330 A hEreb Y the
| ayer underneaibtaldlés ffaurt Merpasb éectnt 63l obpect o ol thedigwentibany t o
propose  stabl gL umnescence ADd.! ageh COTOPE SN § or Gar sub-
strates. The document US 5,937,274 describes 1in
a very general manner different layers on dif-

10 ferent substrates.

As a result, there continues being a need in
particular for the field of high-integrated cir-
cuits to <connect subassemblies or layer se-
guences on the basis of the Si technology and on

15 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

20 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-

25 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

30 thereof to the layer underneath. It is further a



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. without wire- bound connection lines, data currents froma Si-

t echnol ogy based processor circuitry as aﬁ opti 10 cal signal. Further, it
is an object of the in- vention to propose a nonolithically integrated
sem conductor structure, by nmeans of which emt- ted optical signals can
al so be nodul ated and/or detected. 15 Basics of the invention and

enbodi nents. For achieving this technical object, the in- vention teaches

monolithically integrated sem - conduct structures.according to claim1l
With 20 Si of }ﬁ’négjbasirap s afif a9 I/g/lhseem' tBNGULY 8P havPng PP ose

corrposi tion @asdhayI&aASbﬁme?,s abered naxd= @se rlO@:Odfmpe-r%ny s= o 304 .
and 0 £ 0 - PRBFEDE Cancrl B A THER T 0P o SRAY i 87 wiyd S60 ol o- %
wherein thectotabkodfed, bi.e.andyd lsysd mayson06 ol e-Df iand awhet gierr t he
hand Ts subdianraityt 1 ABIEer erabl v By = 1 e ShT el Lo dla LN
32. 0 nol e- % maymo $uchh ac aslehivcondutegr peedse.semi cdmdihet case f racP-free
system In a@yf%,Sbwhich emits directly, i.e. without wire-
bound connection lines, data currents from a Si-
technology based processor circuitry as an opti-

10 cal signal. Further, it is an object of the in-
vention to propose a monolithically integrated
semiconductor structure, by means of which emit-
ted optical signals can also be modulated and/or

detected.
15 .
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

20 Si or GaP substrates and a III/V semiconductor
having the composition GaxInyNazAspPcSby, wherein
x = 70 - 100 mole-%, y = 0 - 30 mole-%, a = 0.5

- 15 mole-%, b = 67.5 - 9%9.5 mole-%, c¢c = 0 -
32.0 mole-% and d = 0 - 15 mole-%, wherein the
25 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, yv = 1 - 30
30 mole-%, and ¢ = 1 - 32.0 mole~%, and such a

semiconductor per se.



shoul d be conprised, since these elenents mni- mze, |like P, the |ocal
distortion fields caused by the N-incorporation. 5 I11/V sem conductors
having the following conpositions are particularly preferred: a) x = 70 -
100 nmole-% y =0 - 30 nole-% a = 0.5 - 10 nole-% b =70 - 98.5 nole-% c
=1- 29.5 nole-% or 10 b)x = 85 - 99 “mol’e- % y =1- 15 nole-% a = 0.5 -
10 nole-%, b =70 - 98.5 nole-% ¢c =1 - 29.5 nole-% or c)x =85 - 99
nole-% y =1 15 nole-% a = 0.5 - 10 nole-% b =70 - 98.5 nole-% ¢ = 0 -
32 15 mole-%and d =1 - 10 nole-% In particular, x = >70 - 100 nole-% a
= >1.3 or >1.7 nole- @6(optionally in connection mﬁth y >0or 1 nole-% |,
c =0- 32 mﬂe W /o 9. Ie % ferre I ¢ =.,0r be
20 tween 4 - 97 %Drefaesf?e J‘lfs%al go a =4 so¥s qfll %%Iﬁdz Y% ﬁ1b

sem conduct orslmbaslsd atoor diagptra g€, i ns nner&l arh f et helmnx@nlt(sr ythadlsyst em
P % Har aghd 280, ORtNe, 209 hand. by L be 2pacausg.dfe
conposi tion, présumably of the a |on of rogen an osphorus ayer
se- quences ddﬁptédatN—UhECbaulwceanononpress|ver stressed can be
produced on GaP and/or Si sub - 8 strates, w thout causing dislocations. On

the other hand, beginning froma nitrogen concentra- tion of > 0.5 nole-%
i n conjsuncti on W&hIVMg semiconductors having the following

compositions are particularly preferred:

a)x = 70 - 100 mole-%, y = 0 - 30 mole-%, a
0.5 - 10 mole-%, b = 70 - 98.5 mole-%, ¢ = 1 -

29.5 mole-%, or

10 b)x = 85 - 99 mole-%, y =1 - 15 mole-%, a = 0.5
- 10 mole-%, b = 70 - 98.5 mole-%, c¢c = 1 - 29.

mole-%, or

[(€))

B}

c)x = 85 - 99 mole-%, y = 1 = 15 mole-%, a = 0.5

- 10 mole-%, b = 70 - 98.5 mole-%, ¢ = 0 - 32

15 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 =
I 60 - 99.5 mole-%. Preferred is also ¢ = or be-
20 tween 4 - 8 mole-%. Preferred is also a = 4 or

5.5 -~ 11 mole-%.

The semiconductor class according to the 1in-
vention of the mixed crystal system GaInNAsPSb
is characterized, on the one hand, by that be-

25 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-



phosphorus content, an interaction of the elec 5 tronic |evels caused by the
i ncorporation of ni- trogen with the conduction band states of the
nitrogen-free mxed crystal systemat ther point will occur, which wll
lead to an effec- tive red shift of the fyndamental energy gap at 10 the r
poi nt and thus strengthen the character as a direct sem conductor of the
Gal NNAsPSb mate- rial system For instance, for a =1 - 10 nole b = 60 - 95
nole-%and ¢ = 2 - 15 nole-% preferably a =3 - 5 nmole-% b =85 - 95
nmole-% 15 and ¢ =4 - 8 nole-% there will result a funda nental energy gap
of distinctly less than 1.8 eV, even down to 1.4 eV and-snaller. This nmakes
clear the dr pc.influe he .gy.. gap shy. iti of, i's
sem conduct o(;assé'ggﬁlétteepng ac- Q;tgt lgé}lttitl ngce%]gstghnegi nggﬁ}%%%f%%&fai I(,gﬂt hetﬁg

i nvention relcdtles rt changonobed ithincalyy finmegreat vd tseniyeondoctare stmect ur e
conprising the foll ow ng | ayee s use: rier. | r he is of
doped or 25|15ln(§:lgpe§\@8i goret\yG'a]s-l, %‘)b‘i;% an gégi %nc?ﬁ;hﬂégé%rrvggghoﬁgﬁiti ng
| ayer conposadh of pdoped sSi ¢ oduped tGaPasr dagesir acAl Gayp, o€) wBeancdptdon, a
first adaptatiogpliayeley30sandhdsdd BY oPhkcal h¥ o M%teJ[sHergfcmm's' ng
a sem conductor |ayer according to the”invention. o the layer D), the
beImNIayersﬁﬁﬁgﬁﬂllﬁMth the conduction band states of the

nitrogen-free mixed crystal system at the T
point will occur, which will lead to an effec-

tive red shift of the fundamental energy gap at

10 the I' point and thus strengthen the character as
) a direct semiconductor of the GaInNAsPSb mate-
rial system. For instance, for a = 1 - 10 mole-

%, b = 60 - 95 mole-% and ¢ = 2 - 15 mole-%,
preferably a = 3 - 5 mole-%, b = 85 - 95 mole-%

15 and ¢ = 4 - 8 mole-%, there will result a funda-

mental energy gap of distinctly d1ess 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-

20 cording to the invention.

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

comprising the following layer structure:

A) a carrier layer on the basis of doped or

25 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,
30 and



E) optionally a second adaptation |layer and F) a 5 second
current-conducting | ayer conposed of doped Si or doped GaP or doped (A (R)
P. In case of the (AlGa) P, the share of Al may be 20 100 nole-% and the
total of the shares of Al and Ga is always 100 nole-% The |ayer B) may be
p or 10 n-doped. In case that the layer Fy iS present, the layer F) may be
p-doped, if layer B) is n- doped, and vice versa. Normally, the optical

elenent will have a |ayer structure (D1-D2-D3)n, wherein the layer 15 D2
is a quantum wel | |ayer of a sem conductor according to the invention,
wherein the |ayers D1 and D3 are barrier layers, and wherein n =1 - 15.

By such an optically active e t, lum.- neSCfnce di odes as wel,| as |aser
0 odes can bo 2008ul P uBE FoFRow Ko BHG 'Get el LR hal CPAFEr LS IHE of DB, a
barrier |ayekdMiaeyndecprovi ded:e bt a ddy rlel fgcamended i hatehbe drarri er

| ayers are sem conductors having the conposition Gap- | ngNrPsAst, wherein p
= 85 - 100 m)le-% g=0 2515 nmle-% r =0 - 15 nole-% s = 60 - 100
mole- %and t = Qo tﬂfﬂerm]lay%r V\bereimhtehebémtoal Dfay[kran(rha:]yi g @l Wayws 100
nol e- % wher |n th total 8 Onnddt (V a dF¥\/nerein
the ratio o th% tci‘ta?? 1fy aan%l 8 t fé %%5 haJh(BIn %X& of Sn the
ot her hand i sesubstiant |caiztyen11:—1coa)|tdumAtIerregn theyiEarri ecnohm/cesehlas afl ayer

m: EFE}ESZ Ef gpreél‘ér WY 3 - Apon FLefettedidfed A48 2% . P1n 9a%el00
of the (AlGa)P, the share of Al may be 20 - 100
mole-%, and the total of the shares of Al and Ga
is always 100 mole-%. The layer B) may be p or

10 n-doped. In case that the layer F) 1s present,
the layer F) may be p-doped, if layer B) 1is n-

doped, and vice versa.

Normally, the optical element will have a

layer structure (D1-D2-D3)p, wherein the layer

15 D2 1is a guantum 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

20 built up. Following one of the terminal layers
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 -

25 15 mole-%, r = 0 - 15 mole-%, s = 60 -~ 100 mole-
% and t = 0 - 40 mole—%, wherein the total of p

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

r, s and t 1is always 100 mole-%, and wherein the

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

30 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. Preferred



mle-% r =0 - 10 nole-% s = 70 - 100 nole-% and t = 0 - 30 nole-% For
the layer thickness, a range of 2 - 20 nmis preferred. An adaptation 5

| ayer may be a sem conductor having the conposi- tion Gapi ngNrPsAst, wherein
p=90- 100 mole-% g =0 - 10 nole-% r =0 - 10 nole-% s = 70 - 100
mole-%and t = 0 - 30 nole-% whereinthé%tatal of p and g is always 100
nol e-% wherein 10 the total of r, s and t is always 100 nole-% 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 adaptation |ayer has
a layer thickness of preferably 50 - 15 500 nm In the nonolithically
integrated senm conduc- tor structu acco 8i ng to the inventio a cyr-

r ent - conduct i'ig* ¥ &yer a&ned/orpbafriéﬁ Iéyei[ ismoglogé& betdeén the cart er

| ayer and thewcopéi %20 eal+y (acti veOelmokrt- Srpy de=at70he-sdan®e0t imel ar %

adaptation | ayer.  Underneat nd/ or ahove the optically actiye .elenent, at
| east one optairbcgil tWaT/eﬁi deh% gyénro{?raf be Fpor%v:%g‘eed, W%ﬁ i%héﬁt]?%%Flsy

coupled to 2% thengptiodl |3 actzlermi ementpreddhrsdvayAndatdapduatents can
be gui ged as oy Laly ${0nAL Sof ol (e, BT LL00 eRULGRL| ¥ a0t e SLETeNt o

i
an op-"tical receiver at a different ace on'the da
under st ood t haito ot lex p Ehetenk s Amay, 30 haddéetinonal Isy 80 att drthat el 9-Be used

for con- ductqi ng (boti_caiosing(glg@_,%,suc‘ih gsdigerfoormgkﬂ%_%i,kes - 70 -
100 mole-% and t = 0 - 30 mole-%, wherein the
total of p and g is always 100 mole-%, wherein

10 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 adaptation
layer has a layer thickness of preferably 50 -

15 500 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-

20 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 layer
may be provided, which 1s optically coupled to

25 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 1s understood that other elements may

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



- 11 A lum nescence diode or also a vertically emtting | aser diode may be

produced by that be- tween the layers A) and D) and/or outside the |ayer

F), there is provided at |east one peri- 5 odic reflection structure.

Preferably, the optically active elenment has a fundanental em ssion

wavel ength in the range of 700 - 1,100 A The invention further relates to

the use of a 10 sem conductor accordlng to the invention or a

sem conductor |ayer according to the invention for the production of a

lum nescence diode (LED), a VCSEL (vertical cavity surface emtting |aser)

| aser diode or a VECSEL (vertical exter 15 nal cavity surface emtting

| aser) | aser diode _and,a nodul ator or a detector structure. FlnalaﬁéIthe
ye

‘invention rel ated td W' hBEHOUC G th lﬁrcb%ucf)l on %FS8 séni cHRGlcOR

ac- cording 'Ee(ﬁlitth@llnl'lj/emfals)é‘er@njpcbd%I rtgag/heaéolghw\du%(bcﬂn@ wtepst abe—

substrate on the ba5| ed or doped or GaP | bro

into a MOVPELWSetal & regar]nac ?/5§‘orAdhasalé"%p| lllbjg QF/S%Fat?JE LS Hpei oﬁ

surface of the ysebstrate thepro- mdqﬂrbﬁnadeaeast ohe aepi t axi al Em@atu-ng

step 2? first wth rgigectlvely eqit gne adaptation |ayer, one barrier
fit - 15yer,°

| ayer, > one cOfte tan%n e Swavegui de | ayer and/or one
reflection structure, a carrier gas is |loaded with educts in defined

concentrat | ons, %@%%8%%%&§@T£%% optically active element has
a fundamental emission wavelength in the range
of 700 - 1,100 nm.

The invention further relates to the use of a

10 semiconductor according to the invention or a
semiconductor layer according to the invention

for the production of a luminescence diode
(LED), a VCSEL (vertical cavity surface emitting
laser) laser diode or a VECSEL (vertical exter-

15 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-

20 ing steps: a substrate on the basis of doped or
undoped Si or GaP 1is 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

25 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 1is loaded with educts
in defined concentrations, the loaded carrier

30 gas 1s conducted over the surface of the sub-

strate heated to a temperature in the range of



30 gas is conducted over the surface of the sub- strate heated to a
tenperature in the range of 12 300C to 700C or on the surface of the upper-
nost |ayer on the substrate for a defined dura- tion of exposure, and the
total concentration of the educts and the duration of exposure are ad 5
justed to each other such that the serficonductor layer is epitaxially
formed with a given |ayer thickness on the surface of the substrate or on
the surface of the uppernost |ayer on the sub- strate. 10 Preferably, the
follow ng educts are used for the MOWPE technology: C-C5 trial kylgallium
in particular triethylgalIiun1(Ga(C2F5)3) and/ or trinethylgallium

(&(CH3)3), as. a, educ trlalkyl ndlun1 partic
IrimﬂhWind%ﬂﬁlgiTﬁ(é@P$c &5 af T n SdtfuctS Y ?a?% L%e upper-
Emn?(CI -;38) alrd@/ébydlrag;erxe omnn pgrezl gulba:_rtlt:artlteh gawb@t yﬁh)ﬁdiﬁéldnedi;ra—
t - (C4H9) - NH- NH2 or 1- di (Cl- razine, in particular

1,1-di- net h}ljh?/érffz nSX(R?f—@)’%Nﬁﬁ?GF)Ci‘s u&to 56 *$§iar¥el?5&s|%§
and/ or GLCBﬁﬂéybﬁscma anqmthdldMﬁﬁtu@ﬁlmﬁmuwﬁ@smﬂm are ad-
(t-(CAH9) - AsH2 uct, phos hi ne (PH3 d/or Cl-C5 a
phosphPne, ir p%\Ftl cu€8r e[%??‘l at YRy ocsphl(crtn1 : % ﬁée)mbﬁf’)ndléétorP
educt, and CI-LCpetrri alskykpZ5t antiiartbhy, fnrpmedlcmhaﬁltmingﬁhwéantlawmm:

%%05) ;SE)'ag’%ﬁéﬁ&k%ré§5hyér?“teﬂ7<gpysoér£g%'é5é3%? £ AR GUEL. ypergin the

the surface of the uppermost layer on the 'sub-

Strate.

)m Preferably, the following educts are used for
the MOVPE technology: Cl-C5 trialkylgallium, in
particular triethylgallium (Ga(CyHg) 3) and/or

trimethylgallium (Ga(CH3)3), as a Ga educt, Cl-
C5 trialkylindium, in particular trimethylindium
15 (In(CH3)3), as an In educt, ammonia (NH3),
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),-N-NH,), as an N educt,
20 arsine (AsH3) and/or Cl1l-C5 alkylarsine, in par-
ticular tertiarybutylarsine (t-(Cy4Hg)-AsH,), as

an As educt, phosphine (PH3) and/or Cl1-C5 alkyl-
phosphine, 1in particular tertiarybutylphosphine
(t-(C4Hgy)-PHo), as a P educt, and Ci-C5 trialkyl-
25 antimony, in particular trimethylantimony
((CHz3) 3Sb) and/or triethylantimony ( (CoHs) 38b),
as an Sb educt, wherein the C3-C5 alkyl groups

may be linear or branched.

Preferably, the educts are employed 1in the

30 following molar ratios: As educt/group III
educts 5 - 300, P educt/group-III educts 0 -

500, N educt/As educt 0.1 - 10, optionally Sb



Preferably, the educts are enployed in the 30 following nolar ratios: As
educt/group 11l educts 5 - 300, P educt/group-I1l educts O - 500, N
educt/As educt 0.1 - 10, optionally Sb 13 educt/As educt 0 - 1, wherein the
surface tem perature of the substrate is adjusted to the range from 500C
to 630C, wherein the total pressure of caBrier gas and educts is adjusted 5
to the range from10 to 1,000 hPa or to 200 hPa, wherein the ratio of the
total of the partial pressure of all educts to the partial pressure of the
carrier gas is between 0.005 and 0.1," and wherein the deposition rate is
0.1 to 10 pmh. 10 In particular the following ratios may be em ployed: As
educt/group |11 educts 10 - 100, for instance 10 - 30, P educt/group 1]
educts 1 - 109dufdr/Restafdeet 0 10, N edubgmeieduthel sunfaps itedtance 3
- 8. The surf@geatte‘grpgr abur e dgemay yi sterpbly be indherange tromBPOC to
650C, in particular 550C to 600"C. The total, pressure of carrier gas and
educts may ber#Rdtthe LFafge ¥¢OmC20 t® 1068 hFa: THESBei® ofthde patatii al

pressure of agll.aducts torthesparibal Bres 2hsureqqtdde l@r racﬁﬁugaeseamy be
in the range from 0.01 to 0.05. The déposition rate nay be between 0.1 and

5 pmhS in pdrei ¢iiar TaBIand BB H0 69 pri Ol I 8P4 h@rpr%elgéJ hpa,

concentrationghefreife ‘@H@Ct%ad@i)éndo@n the t hesfah degonpasé tiwar t3% 1
properties of the respecti veael\quc in_the I\/D\/PlEqé)rocess The growt h sgeed

of the |ayer RE€detefs ©f educts partial pressur
of the carrier gas is between 0.005 and 0.1, and

wherein the deposition rate is 0.1 to 10 um/h.

. 10 In particular the following ratios may be em-
! ployed: As educt/group III educts 10 - 100, for
instance 10 - 30, P educt/group III educts 1 -

100, for instance 1 - 10, N educt/As educt 1 -

10, for instance 3 - 8. The surface temperature

15 may preferably be 1in the range from 500°C to

650°C, 1in particular 550°C to 600°C. The total
pressure of carrier gas and éeducts may be in the
range from 20 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 uym/h, in particular 0.5 and 3 um/h.
In principle, the precise concentrations of
the educts depend on the thermal decomposition
25 properties of the respective educts in the MOVPE
process. The growth speed of the layer is deter-
mined by the concentrations of the group III
educts. On the basis of wvarious decomposition
properties of the Ga and 1if applicable 1In
30 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



m ned by the concentrations of the group II
properties of the Ga and if applicable In 30 educts,

vari ous deconposition
known to the man skilled in the art,
tenperature

de

(surface tenperature of the substrate),

educts. On the basis of

pendi ng on the sel ected deposition
sui tabl e educt

concentrations are adjusted, which wilt 144 |zad to the desired group Il

concentrations of
according to the invention.
.incongruent vapori
surface of the I11/V sem conductors,
concentrations in the

desired concerft #8tibAs § RSt

the respective elenents in the sem conductor
Because of the
5 zation of the group V educts or species of the

th

MOVPE. deposi tion should carefully be adj
HeS Srfi TONHEPHP 16 1§ ay ECACES T AG A" Ehe

| ayer
known t enper at ur e- dependent
growt h
e respective group V educt

dj ust ed tg t he

invention as whéunatd 9pe X i rhe seleeteftdeposht i arhéenpaim@t won d 4 ctther

excess. This js easily achievable for. the man

skilled_in the art

hi gher deposit?Bfi % e

Beddis

e At trest Br fctsn VAt tammot BELST 1§ SheP

15

posed, if appinecabl et dhpgberaVilkld-dapicasdebitt iahsony ghem N Asapatrdios t han
nment i oned abovet.have t ggﬁgelected. 5or IO@@g dgposition.ten} fr t.ures,
corresgondi ndl Y- r &er b&a0PEr Vapptitést S 28 W R Rai SR fp 0 PE,

of course otheroepgihr tsaxt fik creet bddstdan dlsDh/be saplioyeddwswuth ras, MBE e

(ol ecul ar b%:
for the group

ALBR A FS9upndsT bAGlHeT 000 ol 983 SOHLGES |

iqlp%ﬂ{écular

MOVPE deposition should carefully be adjusted to

the desired concentrations

in the semiconductor

10 layer according to the invention as a function
" of the selected deposition temperature in the
excess. This 1s easily achievable for the man
skilled in the art. For higher deposition tem-

peratures or educts that cannot easily be decom-

15 posed, if applicable, higher V/III ratios, but
also higher ©N/As ratios than mentioned above
have to be selected. For lower deposition tem-

peratures,

applies.
20
beam

(molecular

of gas sources 1in

components
cal Dbeam

25 epitaxy)

molecular Dbeam

carried out

known epitaxy apparatuses,

sultable
to

and per

30 have be

Alternatively to MOVPE,
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of course other epi-
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conponents (gas source MBE, GS-MBE), CBE (chem 25 cal beam epitaxy) or also
MOMBE (netal -organic nol ecul ar beam epitaxy) . These nethods 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 30 have to be
enpl oyed. The respective conditions canleasiiy be adjusted by the nan
skilled in the art. 15 A nethod for the production of a sem conduc- tor
structure according to the invention is de- scribed in the clains 22 to 33.
5 Definitions. A direct sem conductor is a sem conductor, where in the band
structure the val ence band maxi nrum and the conducti on band nininun1are | o-
cated opposite to each other_at the sane crystal 10 pul se vector.

contrast thereto® fMELAPENdiQr r &dte sérk @ENdIc B8, ?ﬁa%aﬁﬁﬁéc&ﬂﬂuﬁmlmﬂn

and the COHQ@CﬂI @&MB@JE@I natarel DAY | eeatedeopi npesit e o gachqat-her at
t he same 'crystal pu] se ctor, but are Iocatgg at different crystal 15

|
pul se vectors*¥ Prﬁrﬁjolﬂlhl Seffildhliscto? $tFudfure is a structure, wherein
an electric contact of dif- ferent functional sem conductor sections occurs
by (preferably epitaxial) layers imrediately 20 connected with each other.
In contrast thereto, in a hybrid sem conductor structure, an electri- cal
contact of different functional sem conduc-

5 Definitions.

A direct semiconductor 1s a semiconductor,
where 1in the band structure the wvalence band
maximum and the conduction band minimum are lo-
cated opposite to each other at the same crystal

10 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

15 pulse vectors.

A monolithic semiconductor structure is a
structure, wherein an electric contact of dif-
ferent functional semiconductor sections occurs

| ' by (preferably epitaxial) layers immediately
20 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.

25 In an n-doped semiconductor, the electrical
conduction 1s 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-



tor sections is achieved by auxiliary connec- tions, such as for instance

W re connections. 25 In an n-doped sem conductor, the electrical conduction

is achi eved by el ectrons because of donor atons having extra val ence

el ectrons. For the n-doping of silicon, there can for instance be used

nitrogen, phosphorus, arsenic and anti~ - 4% Tony. For the n-doping of GaP

or (AlG) P sem - conductors, for instance silicon and tellurium can be

used. In a p-doped sem conductor, the electrical conduction occurs by hol es

because of 5 the incorporation of acceptor atonms. Acceptors for silicon are

boron, alum num galliumand in- dium For GaP or (Al Ga) P can be used for

i n- stance magnesi u zingc or carbon.as accegptors. A sem ductor is

typi cal |y undoped, FFOFhe%hfb &on %Hbegid%goﬁgﬂgno rorpgiggblgr 2E0s i s

be- | ow 105 @ 3dublapedssemfconduthertsa nsgal Isyi have n cancent t atlilons iatwve

1015 cm 3. A current-conducting | ayer con ist§ of a .sen1%ong$ctor ﬁ ped to
u | éeh

such an extef®Thaba U5 Gondddt i VA t yPbEHYS Suf STl &fC BV di
defined el ectal €al rpowwed isogidwent ildd / ¥ csentr eonsycthar 5eacdoe diangs ¢ 0 atthe

inven- .tion are typicall onpressively stressed. For _the puyrpose, of the
latticd adapgg}?onfgﬁﬁnﬂ%agﬁnggpngoo EH%CSEﬁHDEtrgéfﬁ?%; b%FfFE tPéf%rs
are provi ded,omhischl imay rbeatrensh be-cst § essledn 1 rifhey ebya 14 ioompensat ion of

the stress ofythe |El/V serbcogductory igyachieygd. o ysed for in-

stance magnesium, zinc or carbon as acceptors.

A semiconductor 1is typically undoped, 1if the
10 concentration of donor or acceptor atoms is be-

low 10° cm 3, Doped semiconductors usually have

concentrations above 10'° cm™3.
A current-conducting layer consists of a
semiconductor doped to such an extent that a
15 conductivity being sufficient for providing a

defined electrical power 1is given.

ITI/V semiconductors according to the inven-
tion are typically compressively stressed. For

the purpose of the lattice adaptation and model-

520 ing of the band structure, barrier 1layers are
‘ provided, which may be tensile-stressed.
Thereby, a compensation of the stress of the

ITI/V semiconductor is achieved.

An optically active element according to the

25 invention transforms energy into light radiation
and emits the latter, modulates the light radia-

tion and/or absorbs 1light radiation and trans-

forms it into an electrical signal. For laser
diodes, the number of layer periods n is typi-

30 cally 1 - 5. For luminescence diodes, n may how-



An optically active elenment according to the 25 invention transforns energy
into light radiation and emts the latter, nodulates the |light radia- tion
and/ or absorbs light radiation and trans- forns it into an electrical

signal. For |laser diodes, the nunber of L?yer periods nis typi 30 cally 1
--5. For lum nescence di odes, n may how 1%/~ ever be up to 15. For nodul ators
or detector structures, n may be substantially higher and have val ues of
up to 50 and nore. An adaptation |ayer serves for the conpensa- 5 tion of
stresses of a sem conductor |ayer or a sem conductor structure according to
the inven- tion on the basis of Il11/V sem conductors on Si  or GP

substrates. Adaptatjon | ayers do.not n- tribuyt o light emssion. 10 A
quant um wel | 95yér IO§ alus% caf| ea%a' q a%furﬁnoﬁqﬁlatcéyr?heotr 9§ e CESHE act

with a barriert rhayerretshe movenent sbef thebeharge icart yver & iarlee rcorfridhed,
and the charge carrjiers are i.n the, casge of epitaxial layers in a

one- di nensi 0&5’?}"?5 Vel ds o(ﬁf( n%er?é)ntgsnﬁirh ymionr wo spatial di- nensions).
Optically active elenents having the |ayer structure according to the

| nvention are al30 %adéggaﬁi&hp'f?g%%gg‘é\% bls (MM Shrauce JfHIER s BY

epi taxi al stresses between e quan I Trayers and the barrier
| ayers; the dlieen teénietpropeetsi es fwi 8h segardonctuheoftundaedralorband gap

can be influenced.c (PELCA o pavegyide: Laver s A Erwidesy k§oWhe inven-

tion on the basis of III/V semiconductors on Si
or GaP substrates. Adaptation layers do not con-

tribute to light emission.

10 A guantum well layer 1is also called a guantum
film. By the two-side <contact with a barrier
layer, the movements of the charge carriers are
confined, and the charge <carriers are in the
case of epitaxial layers 1in a ohe-dimensional

15 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

20 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

25 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

30 are so-called distributed Bragg reflectors



fromprior art. As an exanple only, reference is 25 made to the docunent
"Sem conductor Optoel ec tronics: Physics and Technol ogy", J. Singh,
MGawHi |l Inc., New York (1995). Periodic reflection structures are
dielectric and/or epitaxial (A/4) nmulti-layer mrrors. They 30 are
so-called distributed Bragg reflectors - U8 {DBR), reflecting the |ight
emtted by the opti- cally active elenent and representing thus the

hi gh-reflective end mrror in the |laser resona- tor. Wth regard thereto,
reference is made to 5 the docunent "Vertical-cavity Surface-emtting
Lasers: Design, Fabrication, Characterization and Application", Eds.: C
Wl nmsen et al

. m  bri_dge Universit ress, Canbri dg 1999). Such,
peri odi ¢ refl(&:}%%n s{?ggt%‘?5§nr%ytﬂ%olfﬂeg}btoreribtﬁ-%‘gpgé’ fB%‘et heP hdrpose
of current cenduttyi oact ien thesecperi adidc refpeetd ontsingcturas agespt at
the same ti 1 hg_f ueg_ﬂli on of a current.-con- ductitng layer. 111/V _
seni conduct of’s" ABcdrdt h ot T Re FRVenT 15 PFon® Br et Hpi £AFIST néteSPERIe at
‘room t enpera-oturedothat repes ati ng hteenperoat urres £ Ehiesn aeans s thatd because of
t he thernodynam cs ,of  th ituas, tion at,the respectdve_.tenperature, there
shoul d? not éc%lnést gosct%%%él,st horrggeerntg%)ﬁ%lphgge\flﬁ t t%%fffd:n% ﬁglclaglg?rrﬁgo at
| east two di fifees emts phagess igmoul d Foclouri.c Ahi® rdecayC i 8 rlzoweg erl k& hetdrcal | y

| nhi bi ted. Farn @VRFOTNG 18 i Ot &o1.N1 Bl o581 9B teqper afype. voul d
bridge University Press, Cambridge (1999). Such
periodic reflection structures may also be p or

10 n-doped for the purpose of current conduction.
Then these periodic reflection structures accept
at the same time the function of a current-con-

ducting layer.

III/V semiconductors according to the inven-

15 tion are typically metastable at 'room tempera-
ture or at operating temp€erature. 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

20 a decay 1into 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

25 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 invention may be em-

30 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-



act, and for this reason such netastable phases 25 can only be epitaxially
deposited at conpara- tively |ow substrate tenperatures, typically be- |ow
700C. After the deposition at reduced tem peratures, an annealing step of

t he sem conduc- tor |ayer according to t |nvention may be em 30 ployed in
the tenperature range of typically 700C o 850C for the reduction of
nonradi ati ve reconbination centers. There can be perfornmed equilibrium
anneal ing steps, for instance imme 19 diately in a MOVPE reactor, as wel
-as non-equi- libriumnethods, such as rapid thermal annealing (RTA). The
respective annealing tenperatures are to be selected such that no decay
into differe S i @R§@ e rri d co gto
the in- vent?%n ?s t ?ghl% EE %%%gfﬁéléﬁirh§¥F{ %ﬁf n?ﬁluéggpStood
that the surflancl@r@fursu@heiahgudrﬁ, gISelQ:hyéltSalrﬁW%etrhﬁrﬂllaeﬂd pmreealing
conventi onal %Qngnne@h@pdrg@%R%Equjgr Hh@egg]tﬁﬁ Hﬁ%ﬁ?étu&kﬁ? alye this
context, reference is docunent A. |z§i ectrochem
Soc. 33: 666 {A9BE) .S The T rM "SUBEH anhipdl | pO1:de caohpt Ndes dhe fasemdnge of
0.8:1.2 - 1.2;)0,8¢cd Njpardjgulafeg0.9:1.1 - 1.1:0.9, preferably 0.95:1.05 -
1.05:0.95, and of course also exactly 1:1. Enbodi nents of the invention. 20
Exanpl e 1: Production of a sem conductor |ayer according to the invention.

The carrier layer 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

document A. Ishizaka et al., Electrochem. Soc.
33:666 (1986) .

The term "substantially 1:1" .,comprises the
15 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.

20 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,

25 manufacturer Aixtron). First, epitaxial 1layers
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,



After the usual pretreatnent, a Si wafer (manufacturer: Wacker, Virginia
Sem conductor) is placed in a MOWPE apparatus (type Al X200- GFR, 25

manuf acturer Aixtron). First, epitaxial layers are deposited in a
conventional way on the Si wafer, as described in nore detail in the fol-

| owi ng Exanpl es. On the thus obtained surd@ce; 20 then a layer of the II11/V
sem conduct or accord- ing to the invention is deposited. For this pur- pose,
an inert gas flow (H2) is loaded with the various educts. The foll ow ng
educts are used: 5 trinethylgalliumor triethylgallium trialkylin- dium/(as
far as applicable), 1,1-dinethylhydra- zine, tertiarybutyl arsine,
tertiarybutyl phos- phine and trinethylantinony (as far as applica- ble). Al
these educts Htenfdt Y 8hceCdval € 101dHl'e FSroht &ieZvS RETe? L HPNES CESH t he

production ofi ggserd CORAUCE afvd @y elon ageordep® ¢ Dtihe, | meant ten hagung- an

exenplary conposition Ga hD.037A50.8%§$0.08 , . the fallow n condi tions
vere sel ect e® W Eh a2 Potal Sfdact&s 15 47 €ss é)ofl%ogﬁbﬁgzﬁngFéﬂlpFég%ures
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heat ed
phine and trimethylantimony (as far as applica-
ble). All these educts are for instance avail-

10 able from Akzo Nobel HPMO.

For the production of a semiconductor layer
according to the invention having an exemplary
composition. Ga(Ng,037A8s0.883P0.0g), the following
conditions were selected with a total reactor

15 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-

20 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 is then conducted for 22 s
over the surface of the coated substrate heated
to 575°C. A layer according to the invention
25 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

30 layer.



to 575C. A layer according to the invention 25 having a thickness of 7.0 nm
is obtained. After expiration of the exposure period for the sem -
conductor | ayer according to the invention, the MOWPE systemis adjusted to
the deposition con- ditions of the respective barrier or adaptation 30

| ayer. 21 Exanple 2: Production of am optlically active elenent. In the
MOVPE apparatus of Exanple 1, first the |ayers described in the follow ng
exanples 5 are epitaxially growmm on a Si wafer in a conven tional nanner.
Thereafter, alternatingly a bar- rier layer and a quantum wel | |ayer each
are de- posited, and the deposition of a barrier layer represents the
conpletion. This periodic |ayer 10 structure conprises in total 5 quantum
wel | lay- er§x3mPilke fuant BEOWEEFtiger, of | ayBr &bid2thy t @ Exaisli e 1

is used. Al quantumwell lay= & sthave the sane conposition. As the barrier
| ayer, GaP is used. All barrier layers have the 15 sane conposition. The
quantum wel | | ayers have thicknesses between 2 and 20 nm each. The bar-

rier layers haverthi eknessesvipet Wwessp a ranghu 8000 fNME :20m pRanplie, 3:£ Mprel i thic
i nt egrated senicog?uctor sfructure ccordin9¥to&%€§ inven- tion. A
monol i t hi ¢ i Ateyr dte¥edehi dndiactdreSirud- Fire Fd"hg" fo EXERRAYERt i on

is shown in B epitaxially grown on a Si wafer in a conven-
tional manner. Thereafter, alternatingly a bar-

rier layer and a gquantum well layer each are de-
posited, and the deposition of a barrier layer

N represents the completion. This periodic layer
10 structure comprises in total 5 quantum well lay-
ers. As the quantum well layer, a layer accord-

ing to Example 1 is used. All gquantum well lay-

ers have the same composition. As the barrier

layer, GaP 1s used. All barrier layers have the

15 same composition. The guantum well layers have
thicknesses between 2 and 20 nm each. The bar-

rier layers have thicknesses between 5 and 500

nm.

) 20 Example 3: Monolithic integrated semiconductor
structure according to the 1inven-

tion.

A monolithic integrated semiconductor struc-

ture according to the invention is shown in Fig.

25 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-

30 ness of the layer Bl) is 5 - 300 nm. The layer



25 1. For th

e production, the layers Bl) to F2) are subsequently epitaxi

growmn on a Si wafer AL The layer Bl) is p-doped GaP. Zinc or nagnesium
ng el ement. The dopi ng concentra- tion is typically 1.1018 cm 3.
ick 30 ness of the layer Bl) is 5 - 300 nm The layer 22 Bl) is
a contact layer, which is also current é&é&nducting. Thereafter, the |ayer

duced, which is fornmed of p-doped (AlG)P. Dop- ing is made with
zinc or magnesiumin a doping 5 concentration of typically 1.1018 cm 3. The

used as dopi
The | ayer th
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ments. A typical value 1is in the range of 15 -
45 mole~-%. Alternatively, p-doped (AlGa) (NP) can
also be used, and with regard to doping and alu-
minum content the above applies. The share of
nitrogen referred to the total amount of group V
elements, 1s 0O - 4 mole-%. The layer thickness
is between 500 and 1,500 nm. The layer B2) is a
waveguide 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 1layer E)
corresponds to the layer C). Alternatively, both
layers can also be adapted as Ga(NP), (GalIn) (NP)

or (Galn) (NaSP) 1layers. The nitrogen share re-
ferred to the group V elements may be 0 - 10
mole-%. In the case of the latter 1layer, the

share o0of In referred to the total amount of
group III elements may be 0O - 15 mole-%. The
layer F1l) corresponds to the layer B2), and the
layer F2) corresponds to the layer Bl), with the
difference that the layers Fl) and F2) are n-

Seonflucti PY -1 ayer .

tion



25 corresponds to the layer C). Alternatively, both Ilayers can also be
adapted as Ga(NP), (Gln)(NP) or (Gln)(NaSP) |ayers. The nitrogen share
re- ferred to the group V elenents nay be 0 - 10 nole-% In the case of the
| atter |ayer, the 30 share of In referred to the total anount of group Il
el ements may be 0 - 15 nole-% The |aye3Fl) corresponds to the |ayer B2),
and the |layer F2) corresponds to the layer Bl), with the difference that
the layers FI) and F2) are n 23 doped. As the doping elenment, tellurium
wth a doping concentration of typically 2.1018 cm3 is enployed. The

| ayer thicknesses of the layers E), Fl) and F2) correspond to the |ayer
thick 5 nesses of the layers C, B2) and Bl) (in a re- _flection-symetric
order with régaidto BRe bpe t Co® 1§ dactil@eldmentde L EST i Wir o¥iid: t Re

degree of ouppyigQuUPEbRAGenferat upnesgence pdi ©des asopt b E&l lamactive el e-
10 nents, in addition (Al Gg)/P/(AI Ga)/ P periodic reflection structures (DBR
structures) RBRhQYSR ffef 8/t AaMPhium EEMSS E&F be § ncbPSor 44 LiSn t he

current-condggti ng 1 ayernfocap ¢d dbdere sphe @ptd sald yeact hye ! ement x -The
al um num share 15 of sgcce sivi I%yers (135 digggrent, anq is, re- ferred to
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For improving the degree of output coupling,

. for luminescence diodes as optically active ele-
)10 ments, in addition (AlGa)/P/ (AlGa)/P periodic
reflection structures (DBR structures) having
different aluminum contents can be incorporated

in the <current-conducting layer located under

the optically active element. The aluminum share

15 of successive layers 1is different and 1is, re-
ferred to the total amount - of group III ele-
ments, 0 - 60 mole-% or 40 - 100 mole-%, resp.
Alternatively, (AlGa) (NP) 1individual 1layers may

also be used for the compensation of stress of

20 these DBR structures, and the Al contents are to
be selected as above, and the N contents from 0

- 4 mole-%, referred to the total amount of

group V elements.

For surface emitting laser diodes (VCSEL) as

25 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

30 additionally so-called intra cavity current con-

tacts are introduced 1in the overall structure,



be sel ected as above, and the N contents fromO 4 nole-% referred to the
total amount of group V elenents. For surface emtting | aser diodes (VCSEL)
as 25 optically active elenents, the optically active elenent is enclosed
frombelow as well as from above by a reflection structure of the above
type. For current supply, either these twd4DBR nirror structures may be

n- doped or p-doped, or 30 additionally so-called intra cavity current con-
tacts are introduced in the overall structure, 24 said contacts permtting
to produce the two DBR mrrors in an undoped condition. Example 4:
Fundanent al energy gap of a sem con- 5 ductor according to the invention. A
sem conduct or | ayer produced accordj wth nol e- @6n|trogen

n
90rmle@@arS%éﬁCCQ&}%Chﬂep%ﬁ%bg%kﬁ%st?eﬂﬁ? 4G5 ¢ ot al Bhdunt

of group V eh@ﬂg@ﬁﬁnsmasl|@Mesimdbgug@t@@rnylmaaﬂﬁ of the photol um nescence
excita- tion spectroscopy. The result is showmn in Fig. 2. The fundanental
energy gap is approx. 1.4 eV. This value is clearly |ower than, the val ue
of 1.8 eV nodeled without the nitrogen interaction 15 and shows the drastic
i nfluence of the energy gap by the incorporation of nitrogen in coordi-
nation with the further shares of other conpo- nents in the sem conduct or
system accor di ngntpol et He | nFant deme®20al energy gap of a semicon-

5 ductor according to the invention.

A semiconductor layer produced according to

Example 1 with 4 mole-% nitrogen, 90 mole-% ar-

senic and 6 mole-% phosphorus, referred to the

total amount of group V elements, was investi-

10 gated by means of the photoluminescence excita-
tion spectroscopy. The result is shown in Fig.

2. The fundamental energy gap is approx. 1.4 eV.

This wvalue 1is clearly lower than. the value of

1.8 eV modeled without the nitrogen interaction

15 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 1in the semiconductor system according to

the invention.

20
Example 5: Dislocation-free structure of opti-
cally active elements according to
the invention.
An optically active element produced accord-
25 ing to Example 2 was 1investigated by means of

the high-resolution x-ray diffraction (HR-XRD)
and of the transmission electron microscopy
(TEM) .



Exanple 5: Dislocation-free structure of opti- cally active elenents
according to the invention. An optically active el enent produced accord- 25
ing to Exanple 2 was investigated by nmeans of the high-resolution x-ray
diffraction (HR-XRD) and of the transm sai on electron mcroscopy (TEM. 25
Fi-g. 3 shows an experinmental HR- XRD profi (Fig. 3 top) in conmparison with
a theoretical profile according to the dynamc x-ray diffrac- tion theory
(Fig. 3 bottom. The observed sharp 5 ness of the individual diffraction
reflexes and the nearly perfect match of the experinmental and theoretical
diffraction profiles confirmthe outstanding structural |ayer quality over

a large area wi '[E(il.ét geigers%té‘gg og‘ipdl gk&%a%%s t%q Fg. ._él %ho Oaf TEM dar k

field i mage. There™ “can "be seen pent anar yers accor i vent i on
as dark Iayer$F1Tghe | Bght ep )l ayier s @emp aGat KR)n baw:rt@r IaayéﬁseoAbltJtdnaée

| ayers are %%r%ytlr resgl.yed, qan '([:!{Jt her et%aémqit Hﬁe@” ﬁau%/l %5 #Eﬁgﬁefggea

defects in thé crys &l 17 e Struc I'n the hlg reso mage of
Fig. 5, thertimme hésrdyyat ORigal | §v &by uptorbor ddrh € acdss e atv adhe strangi-t i on

of the { dark)ag@ga%afytlrﬁé/e indf¢ rcfith tng@fé'&“c%.”&honr&?dlé‘ﬁegarihér

| ayer, 20 said border faces belng ree ocat i ons
Exanpl e 6: SefiGondgctof s \Hethf§cﬁhrm|acﬁj¢érl<%/f the experimental and

theoretical diffraction profiles confirm the
outstanding structural layer quality over a

large area without generation of dislocations.

10 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

15 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,

20 salid border faces being free from dislocations
and the like.

Example 6: Semiconductors with a particularly

low fundamental energy gap.

25 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 1in the investigation by

30 means of photoluminescence spectroscopy at 20°C



| ow fundanental energy gap. 25 Different sem conductor |ayers produced anal -
ogously to Exanple, said | ayers however contain- ing nitrogen in the range
of 5.5 to 11 nole-% (as always, referred to the total anount of group V
el enents), show in the investigation by 30 neans of photol um nescence
spectroscopy at 20C 26 a fundanental, ~di £éct “energy gap of less than 1.2
eV, even less than 1.1 eV, which is beI 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 diodes, which are

inte- grated with Si/Si Q2-based wavegui de structures. In particular for
t hese em ssi on energjes, theie nanmel y be no absorption, and th'élz;
attenua 10 ti®dn %Fntdr?emﬁ%lﬁ si g d—lr?ﬁtt h@r\ﬁalw?%@w déRt 1Ue- L8PS an

]gllA: MS: 1. | A 1onol kthi c d\fléﬁgr aked se:rna:ﬁndlyctlor evst r ﬁﬂiﬂ&ﬁ CQ@Prgsa ngwt he
(0] oW ng ayer struc- ture: carrler aye t e SIS O ope or
undoped Si or tasp, eB)e%‘ﬁyopgiacPal P;af alti 48 md r?’pr ?Sﬂng & em 1don

sem conduct ordhayes rf Qranjadrfsl’ omarllrhd;/\érsemn@mgyd@apr H@ybmg tthet of

conpo tonGaInNaAschS o wherein 30
oo | o= B PR ot g 10T 5g " by 5 ks oo dRET 1807 520 I

minescence and 1laser diodes, which are inte-
grated with Si/Si0O;-based waveguide structures.
In particular for these emission energies, there
will namely be no absorption and thus attenua-
10 tion of the light signal in the waveguide struc-

ture.



0 - 39.5 mole-%and d = 0 - 15 nole-o0, wherein the total of x and y is

al ways 100 nole-% wherein the total of a, b, ¢ and d is always 100 15

nol e-% and wherein the ratio of the totals of x and y on the one hand and
of atodon the other hand is substantially 1:1. 2. A sem conductor
structure according to claim1, conpri-9i’ng the bel ow | ayer structure 20
followng to the layer D): F) a second current-conducting | ayer conposed of
doped Si, doped GaP or doped (Al Ga)P. 3. A sem conductor structure according
to claiml orp2,1mberein the layer B) is p-doped or 25 n-doped. 4. A

sem conductor structure according to one of claims 1 to 3, whereiny =1to
30 nole- 0 -28- 5. A sem conductor structure according to one of clains 1 to
4, whereinc =1 Io 32t0 HI[T@hel%tﬁ.lCA s&rﬁte@dumteﬁ st rstmwbmaﬂ:@ortdjmg to

5 one of clalgg L d wherein.the sem £an g ég S |are L
seni conduct or> 7. A gér% cSr?dnu%fél’Slsrtguctt Scordh ﬁ&gto ohel ofS EF&iGs 2 to
6, wherein theukayer F) is p- doped, if the | ayer B) is n-doped, and wherein
10 the J ayer F) is dape i.f_ the er B) 0 1 €0 ctor
structure accordi ng%t %paoﬁglof clrlal oY ?ﬁ kﬁ\%e%%sofghegf |§§Ir£:(§/ a%(c:tu
undoped Si or GapPp,
D) an optically active element comprising a
semiconductor layer formed from a III/V semicon-

ductor having the composition GayxInyNagAspPcSbqg,

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

the total of x and y 1s always 100 mole-%,
wherein the total of a, b, ¢ and d is always 100
15 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 Dbelow layer structure
20 following to the layer D):

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

3. A semiconductor structure according to
claim 1 or 2, wherein the layer B) 1s p-doped or
25 n-doped.

4. A semiconductor structure according to

one of claims 1 to 3, wherein y = 1 to 30 mole-

o
<



tive elenent has a |ayer structure (D1-D2-D3)n, 15 wherein the layer D2 is a
quantum wel | layer of the said sem conductor, wherein the layers DI and D3
are barrier |ayers, and wherein n =1 - 50, in particular 1 - 15. 9. A

sem conductor structure according to 20 claim8, wherein follow ng one of
the layers DI or D3 being terminal, afdrrier layer D4 is provided. 10. A
sem conduct or structure according to claim8 or 9, wherein the barrier

| ayers are 25 sem conductors having the conposition Gapl ngqNr PsAst, wherein
p =85 - 100 noles% CA femilbonml €t %r I st 0 uc 15 rrol %&/o:osrcﬁﬁ@ - t1€0
nole-% and t = 0 - \Spereln he t taI of p_ and ig \g%s 100
nol e-% wherePRS hé’ftotg]rnabf“ hd “t’ < %t fay§ 100 hol £9% “het ei n
the ra- tio ohotle-%0tals of p and q on the one hand and of r tot on the
other hand is substantially 1:1, and wherein the barrier |ayer has a |ayer
5 thickness of preferably 5 - 50 nm 11. A sem conductor structure accordi ng
to one of clains 1 to 10, wherein a first and/or a second adaptation |ayer

are sem conduct or vin e 1Lon I Ast = 90
- 100 nol e-% —é aAiO Qetnﬁ %/o Q'E’HPEBB 10@?@ ?é a?%errﬂ)ggml e- %and

t =0 -530 rm‘PéE V\héreﬁ?hatlh@astdtatooﬁp éfh@eqellsnaltvba@s 1990 1 51 ed W tviher ei n
the total of rg s apd tcds AlepPays, 408 nple-% and wherein the ratio of the

7. A semiconductor structure according ¢to

one of claims 2 to 6, wherein the layer F) 1s p-

doped, 1f the layer B) 1s n-doped, and wherein

10 the layer F) 1is 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)p

15 wherein the layer D2 1is a quantum well layer of
the said semiconductor, wherein the layers DIl
and D3 are barrier layers, and wherein n = 1 -
50, in particular 1 - 15.

9. A semiconductor structure according to

20 claim 8, wherein following one of the layers DI
or D3 being terminal, a barrier 1layer D4 1is

provided.

10. A semiconductor structure according ¢to

claim 8 or 9, wherein the barrier layers are
25 semiconductors having the composition GapIngNy-
P;Ast, wherein p = 85 - 100 mole-%, g = 0 - 15
mole~-%, r = 0 - 15 mole-%, s = 60 -~ 100 mole-%
and t = 0 - 40 mole-%, wherein the total of p

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



15 totals of p and g on the one hand and of r tot on the other hand is
substantially 1:1, and wherein the adaptation |ayer has a |ayer thick- ness
of preferably 50 - 500 nm 12. A sem conductor structure according to 20
one of clainms 1 to 11, wherein a current-con- ducting |ayer and/or barrier
| ayer di sposed be- tween the carrier |ay@r and the optically active el enent
is at the sane tinme an adaptation |ayer. 13. A sem conductor structure
according to 25 one of clainms 1 to 12, wherein underneath and/or above the
aﬁ_ti ﬁa! ly actiyelslelgﬁrant% ats |£aﬁﬂa}0£]e_l oocfolt in@aLIeyva\;ngluhde:daMertSHf ggovilged,A
ich is optjca o ed to the optica active el e- nent - 30- :
seniconductortéPrd%{uggﬁécggﬁﬁ?LS fﬁpoﬁei%?gcfhiﬁﬁ fﬁfﬁ P WREET n 20t ween
the lay- ers &f and Dp amnd/ om outtsé deothe d ayesn &), itsheseib & § aproviedddy at
| east one perio@ic r?j ect.ion S QHgt%;e. 15. A senicong%%tog sigucture

.5 .
according to ~oné of ¢ afﬁ%eieféll , whéret hitHe 3ﬁ1¥8§||y ac- “tiveéYelenent

has a fSundanenhalc kenessi onfwavee feersgt hyi b t he SrGanga of 700 - 1,100 nm 10
16. A method for the production of a nono- lithic integrated sem conductor
structure ac- cording to one of clains 8 to 15, wherein on a carrier |layer A
on the basis of doped or undoped Si or &GP,

11. A semiconductor structure according to

one of claims 1 to 10, wherein a first and/or a
second adaptation layer are semiconductors
having the composition GapIngNyPsAst, wherein p

10 = 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 1is always 100
mole-%, wherein the total of r, s and t 1s al-

ways 100 mole-%, and wherein the ratio of the

15 totals of p and g on the one hand and of r to t
on the other hand 1s substantially 1:1, and
wherein the adaptation layer has a layer thick-

ness of preferably 50 - 500 nm.

12. A semiconductor structure according to

20 one of c¢claims 1 to 11, wherein a current-con-
ducting layer and/or barrier layer disposed be-

tween the carrier layer and the optically active

element i1is at the same time an adaptation layer.

13. A semiconductor structure according to

25 one of claims 1 to 12, wherein underneath and/or
above the optically active element, at least one
optical waveguide layer 1s provided, which 1is
optically coupled to the optically active ele-

ment.

30



15 and a nulti-layer structure D, which forns an op- tically active el enent
i ncludi ng a sem conductor |ayer conprising a sem conductor according to
one of clainms 1 to 6, is epitaxially growmn. 20 17. A method according to
claim 16, wherein on the optically active elenent a second
current-conducting | ayer F consisting off0doped Si or doped GaP or doped
(AlG)P is epitaxially grown, or wherein on the optically active 25 el enent
a second adaptation layer Eis epitaxially grown, and on the second

adagt at ijogapl aye(rjlazl sg@ongf %ghrilrace@hdwidu@_ti :’t?tf@)ﬁ&ifufe?)g@’%%stﬂdmn%f lectﬁeg Si
or dope or do , IS epitaxia r.own - 31- : met ho
according to ¢l r§§6 Coﬁai?l, wher®f n ltﬁe Iwzﬁ/%Fgér? s P5- dopER o%%r?-dg)ﬁé’d—. 19.
A nmet hod accosdsn@r X oacldi )18 nuherei nutthedleayeheF)l &g ep dBped, t he rtche

| ayer B) is n-_5 dape nd wherei;n the layer F) .is. n-doped, if | ayer
B) is p-dope&szog%%g%o% a%gor dLlenégst%o c?ynneeof 23éelrallcr-)rgql t%e ff9eép &r'ei n
the optiical edemmmttnsef.orned by epitaxial growh of layers D1, D2 and D3,
10 wherein the order of the epitaxial steps is per- forned such that the

| ayer structure is (D1-D2- D3)n, wherein the layer D2 is a quantum wel |

| ayer of a sem conductor according to one of <clainms 1 to 4, wherein the

layers DI and D3 A€ o 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.

10 16. A method for the production of a mono-
lithic 1integrated semiconductor structure ac-
cording to one of claims 8 to 15,

wherein on a carrier layer A on the basis of
doped or undoped Si or GabP,

15 and

a multi-layer structure D, which forms an op-
tically active element including a semiconductor
layer comprising a semiconductor according to

one of claims 1 to 6, is epitaxially grown.

20 17. A method according to claim 16, wherein
on the optically active element a second
current-conducting layer F consisting of doped
Si or doped GaP or doped (AlGa)P 1s epitaxially
grown, or wherein on the optically active

25 element a second adaptation layer E is
epitaxially grown, and on the second adaptation
layera second current-conducting layer F
consisting of doped Si or doped GaP or doped
(AlGa)P is epitaxially grown.

30



15 barrier layers, and wherein n =1 - 50, in par- ticular 1 - 15. 21. A
met hod according to claim 20, wherein followng one of the termnal |ayers
D or D3, a barrier layer D4 is epitaxially grown. 20 22. A nethod
according to claim?20 or 21, wherein the barrier |layers are sem conductors
havi ng the conposition Gapi ngNr PsAst, wiérein p = 85 - 100 nole-% q = O -
15 mole-% r =0 - 15 nole-% s = 60 - 100 nole-%and t = 0 - 40 nole 25 %
wherein the total of p and q is always 100 nole-% wherein the total of r,
s and t is al- way8.100 moéeh¥%dwheceiordhegrati® of 1tHent ot &l sorof 1y and q
on the one hand and. of .r. to.t_ on the .other hand,is substantially 1:1, and
wherein the 3‘6g§éfrer}§r tl%%/erla}'?’a%ra ayar BT @RiTed s O 5t ergPé)reg'bl y 5 - 50
nm -32- 23. A nethod according to one of clains 16 to 22, wherein the first
and/ or second adaptation |ayers are senm conductors having the conposition
Gapl ngNr PsAst, wherein p = 90 - 100 nole-% q =50 - 10 nole-% r = 0 - 10
mole-% s = 70 - 160 Aol Yhadd & ccQrdi3og nol @- o; 1 aler eilB t hevitetralinof p
and q is alwayg .10 - ein -t fd, tni s s 100
mol e- % wher e?lﬁe tﬁé‘@aﬁ qomo:‘/\,qtesaebt oc%gﬁghg'f %aflanghéor%sat)aggon?to%gﬁ% and
of r té@t on €A hera hdnd' & rsubBt ahbeti ARME 1: F) add whier@PRathe 1f
adaptation | ayge hasyea |gyeri d hhc 1E§§do.f preferably 50 - 500 nm 24. A
met hod according to one of clains 16 to

20. A method according to one of claims 16 to

19, wherein the optical element 1s formed by

epitaxial growth of layers D1, D2 and D3,

10 wherein the order of the epitaxial steps 1s per-

formed such that the layer structure 1s (Dl1-D2-

D3)p, wherein the layer D2 1s a quantum well

layer of a semiconductor according to one of

claims 1 to 4, wherein the layers D1 and D3 are

15 barrier layers, and wherein n = 1 - 50, in par-
ticular 1 - 15,

21. A method according to claim 20, wherein
following one of the terminal layers D1 or D3, a

barrier layer D4 1is epitaxially grown.

20 22. A method according to c¢claim 20 or 21,
wherein the barrier layers are semiconductors
having the composition GaplngNryPsAst, wherein p

85 - 100 mole-%, g = 0 - 15 mole-% r = 0 - 15

mole-%, s = 60 - 100 mole-% and t = 0 - 40 mole-

i

25 %, wherein the total of p and g 1is always 100
mole-%, wherein the total of r, s and t is 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 1is substantially 1:1, and wherein the

30 barrier layer has a layer thickness of prefera-
bly 5 - 50 nm.



23, wherein a current-conducting layer and/or 15 barrier |ayer disposed
between the carrier layer and the optically active elenent is at the sane
time an adaptation |ayer. 25. A nethod according to one of clains 16 to 24,
wher ei n underneath and/or above the opti- 20 cally active elenent, at |east
one optical wavegui de |ayer is provided3?nhich is optically coupled to the
optically active elenent. 26. A nethod according to one of clains 16 to 25,
wherein between the layers A) and D) and/or 25 outside the layer F), there
is provided at | en3t POR&ep&fci@dia(bcf@Hd&Qtd;OIﬂCStdﬁu@tijﬁé 27aiAsmet Bod o

according to eof clalmsl to erelntheotlcally tive elerrent
has a fundame%l’ al gm ssi0n vel enlglf ﬁ\elh apﬁie/?angsé gfongo a?%% ta_LtiG
-33- 28. A lll&Yesen earmlusteori bavidgce t e £ohposi ngi onh Gaxd @mNMhE’Qde

wherein x = 7 10 e-o0, = 0. 1 €30, = 67.5
- 99.5 nol e- oé)a "(()hnp 8‘ G‘y Iwg]%rggdpgb: 5 0960 15 ?rgloe E\ V\%erél n-t he
total 6f x and y i §0 ahedys 100 moke-©, ~whéPeimotige % ot & Gf a0 b; é¢0Gnd d
is always 10%8‘92'&9’ aE}M' gheie'on Lh%(ﬁanﬁ}ic—? of the doLaks ?Be @BQ:M on

t he one hand and on the other hand i< substaniial 1. 29.
Alll/V sem dbﬁd@ct@ﬁdac%om Ryl e ¥ ail M0 280 Ihekei rW?e{elllﬂo ts‘“oe mSIOe‘ 0.

30. A IV segicandugt or sacggidi g itO 8'13\15'@/5 100 mole-%, wherein
the ratio of the totals of p and g on the one
10 hand and of r to t on the other hand 1s substan-
tially 1:1, and wherein the adaptation layer has

a layer thickness of preferably 50 - 500 nm.

24. A method according to one of claims 16 to

23, wherein a current-conducting layer and/or

15 barrier layer disposed between the carrier layer
and the optically active element 1is at the same

time an adaptation layer.

25. A method according to one of claims 16 to

24, wherein underneath and/or above the opti-

20 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
25 outside the layer F), there 1s provided at least

one periodic reflection structure.

27. A method according to one of claims 16 to
26, whereiln the optically active element has a
fundamental emission wavelength in the range of

30 700 - 1,100 nm.



28 or 29, whereinc =1 - 32.0 nole-o0. 15 31. A ll1/V sem conduct or
according to one of clains 28 to 30, wherein the sem conductor is a direct
sem conductor. 32. A seniconductor |ayer conprising a sem - conductor
according to one of clains 28 to 31, 2Q;wherein the |ayer thickness of the
sem conductor layer is in the range from1l - 50 nm preferably 2 - 20 rim
33. The use of a sem conductor according to one of clains 28 to 31 or of a
sem conduct or 25§ayer according to cl %i m 32 for the (groducti on of a

| uni nescence di ode® * a®VGSEL /Yas®F "di 98 & Y€ © YECSER VitdsEr tdi©dE T Addul at or
structure or miodet®e)dh NJUSLPESb g 34wBdreAmekhed 70or 4 heopr ageitki-on of
a sem con ductor |ayer, according to claim33 rising the follow ng
steps: a substftatle on 1 he b%\gi érg%i €dopred aor—uﬁoggged %%Si mSﬁeGaP'i \gg’br“ought
into a MOVPE @ppar at ug,9 an imer &€-c¢ar r cer= gas + s 3l%adechoM £k %edactds dn=
defined conceptratign e Joa rrjer s J nduct ed aver the. to
surfacg of tﬁg subis?rZP%H%eaf édqf}geg%tlelﬁrpgr}g?ureegt%% tﬁg rgngaen%f 300€ to
700C or on thelsarface 0 ®©f mchee upperwbstr ¢ ayertloa tthetsubsbrfate, fdr, ac
defined duratj posur n e |_.con-, .cent rat | of e ucts
and the dur ata!lrgﬁ 8{ gé 1%98?5%56%(?6; éﬁj%gt ed tgnecgchkgétjﬁgrq nsuct:%%t hgtg t he
sem conduct ort 1 ayé&rf | §hepi t axiaal $y offorke@d it ¥ &on the one hand and

of a to d on the other hand 1is substantially

10 1:1.
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-%.
15 31. A III/V semiconductor according to one of

claims 28 to 30, wherein the semiconductor is a

direct semiconductor.

32. A semiconductor layer comprising a semi-

conductor according to one of claims 28 to 231,

20 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

25 layer according to claim 32 for the production
of a luminescence diode, a VCSEL laser diode, a
VECSEL laser diode, a modulator structure or a

detector structure.



gi ven | ayer thickness on the surface of the sub- strate or on the surface of
t he uppernost |ayer on the substrate. 20 35. A nethod according to claim
34, wherein the follow ng educts are used: Cl-C5 trialkylgallium in
particular tri- ethylgallium (G(C2H5)3) and/or trinethylgallium (Ga(CH3)3)
, as a Ga educt, 25 amonia (NH3), nono(€&i- C8)al kyl hydrazine, in particular
tertiarybutyl hydrazine (t-(C4H9)-NH NH2), and/or

1, 1-di (C1-05) al kyl hydrazine, in particular 1,1-dinethyihydrazine
((CH3)2-N-NH2), =8 .am Nneducdd I ar sine pAsHB) candd or o@ - £S sad kykarrst ne,
in particular tq;tiarybut Iarsined%%TéCA -Ask@ép as $n As educt .

phosphi ne ( PH3J Cardy or T V-5 af RYIGHOS P ne.® ifiBarti clifar SOMPTIs1ing
tertiarybutyl phesphohé ot (G4AHOy e p35: PH2), as a P educt, and -35- wherein
the C3-C5 al kyl gro | i near, r.r hed A et ho rding to
cl ai m 35, wherei ngt hégjsb gg)uéc tgearc;(;r?er%)q %yg ﬁgt hoeff c??l6cf%\?v|dng(]S ?mlqlar?g%g)-e%
tios: As educBigrooupGeIA edudtsoBgh300ntd® edd@@ Y §Eoupr PkIr &bust,s 0 - 500,

N educt/As educt 0.1 - 10, wherein the surface tenperature of the sub- 10

strate is adjusted to the range from500C to 630C, wherein the total
pressure of carri@p dgasert carrier gas 1s loaded with educts in

defined concentrations,
the loaded carrier gas 1s conducted over the
10 surface of the substrate heated to a temperature
in the range of 300°C to 700°C or on the surface
of the wuppermost layer on the substrate for a
defined duration of exposure, and the total con-
centration of the educts and the duration of ex-
15 posure are adjusted to each other such that the
semiconductor layer 1is 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.

20 35. A method according to claim 34, wherein the
following educts are used:

Cl-C5b trialkylgallium, in particular tri-

ethylgallium (Ga(CyHs)3) and/or trimethylgallium
(Ga(CHz3)3), as a Ga educt,

25 ammonia (NH3), mono(Cl-C8)alkylhydrazine, in
particular tertiarybutylhydrazine (t-(C4Hg) -NH-
NH, ), and/or l1,1-di(Cl1-C5)alkylhydrazine, in
particular 1,l-dimethylhydrazine ((CHj3),-N-NH,),
as an N educt,

30 arsine (AsHsy) and/or C1-C5 alkylarsine, 1in
particular tertiarybutylarsine (t-(Cy4qHg) -AsHy),

as an As educt,
phosphine (PH3) and/or Cl1-C5 alkylphosphine,
in particular tertiarybutylphosphine (t-(C4Hg)-
35 PH,), as a P educt, and



and educts is adjusted to the range from10 to 200 hPa, wherein the ratio
of the total of the partial pressures of the educts to the partial 15
pressure of the carrier gas is between 0.005 and 0.1, and wherein the
deposition rate is 0.1 to 10 pmih. 37. A sem conductor |ayer obtainable
with a nethod according to one of clai¥-34 to 36. 20 38. An integrated
nonol i t hic sem conductor structure obtainable with a nethod according to
one of clainms 16 to 26. 39. A sem conductor structure according to claima1l,
wherein a | ayer Byhbeiewgna fhestc3 26 scusnentt cendygpisngmbayep econpased- of
doped Si, doped P or do ed (AA&)P, and/or wherein a |layer C) being a

first adaptat?Sn 8?”1% ‘l ocat ed between | ayer A) and | ayer

D). 30 -36-

40. A sem conductor structure according to claim2, wherein a |layer E) being
a second adaptation |layer is |ocated between layer D) and F) 5 41. The

met hod of claim 16, wherein a first current-conducting |ayer

B consisting

of doped Si, dopéa GIP ore dopetl (SAIGH)HNE épitakdan! Y0 @h@Wﬁl@n thger A

and/or a flrsé %QQP%3159§4 La ere§;k§ ?BFt?§E%|E¥>EEBWﬂ%e L3

42. The nethod of c
MOVPE dpparattsos:

As educt/group III educts 5 - 300,
P educt/group-II1 educts 0 - 500,
N educt/As educt 0.1 - 10,

aim after ringingt

wherein the surface temperature of

10 strate 1s adjusted to the range from

ohq Jayer D
strate into the

the sub-
500°C to

630°C, wherein the total pressure of carrier gas

and educts 1s 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

15 pressure o0of the carrier gas 1s between 0.005 and

0.1, and wherein the deposition rate
10 um/h.

is 0.1 to

37. A semiconductor layer obtainable with a

method according to one of claims 34 to 36.

20 38. An integrated monolithic semiconductor

structure obtainable with a method according to

one of claims 16 to 26.

39, A semiconductor structure according to

claim 1, wherein a layer B) being

25 current-conducting layer composed of
doped GaP or doped (AlGa)P, and/or
layer C) being a first adaptation

located between layer A) and layer D).

30

a first

doped Si,
wherein a

layer 1is



and before loading of the inert carrier gas a surface of the substrate is
provided in at | east one epitaxial coating step first wwth respectively at
| east one adaptation |ayer, one 20 barrier |ayer, one current-conducting

| ayer, one waveguide |ayer and/or one reflection structure. 43. The nethod
of claim 35, wherein as 25 additional eddcts C1-C5 trial kylindium in
particular trinmethylindium(ln(CH3)3), as an In educt, and/or d-C5
trialkylantinony, in par- ticular trinmethylantinony (Sb(C2H5)3) and/or tri-
et hyl antinony (Sb{CH3)®), sasianobli eduetr, aserudl: used. #4colhei et had of
claim 35 or 43, wherein the nplecular rati b educt/As educt is 0 -, 1. 35
-37- 4 S. A ﬁ%r‘?oﬁrfltgi’c ‘“l'maérgq'h?e& sgwgorndxggt & uct ur & corrpr?glcr?d]?he
followi ng | ayedagirac-idmuré:ayg ra icar ficera t aylerb et wehenbadsi geaf Dbpechadr 5
undoped Si orF§aP, and D) an optically active el enent conprising a

sem conductor Iayer formed froma I11/V sem con- ductor having the
conposixion Gaxl nyNaAsbPcSbd, wherein x = 70 - 100 nole-% y =0 - 30
nole-% 10 a = 0.5 - 15 nmole-% b = 67.5 - 99.5 nole-% c¢c = 0 - 39.5 nole-%
and d = 0 - 15 nole-% wherein the total of x and y is always 100 nol e-%
wherein the total4éf alhp, BegdhPd it aldwbysm™od & noMér9f edrid wheEéit & he

ratio of the totalsn@l Xonducting layer B consisting of doped
Si, doped GaP or doped (AlGa)P 1s epitaxially
10 grown on layer A, and/or a first adaptation

layer C 1is epitaxially grown prior to layer D.

42, The method of <c¢laim 34, wherein after

15 bringing the substrate into the MOVPE apparatus
and before loading of the 1inert carrier gas a
surface of the substrate 1s provided in at least

one epitaxial coating step first with
respectively at least one adaptation layer, one

20 barrier layer, one current-conducting layer, one

waveguide layer and/or one reflection structure.

43. The method of claim 35, wherein as
25 additional educts Cl-C5 trialkylindium, in
particular trimethylindium (In(CH3)s3), as an In
educt, and/or C1-C5 trialkylantimony, 1n par-
ticular trimethylantimony (Sb(C;Hs)3) and/or tri-
ethylantimony (Sb(CH3)3), as an Sb educt, are

30 used.

44, The method of claim 35 or 43, wherein the

molecular ration Sb educt/As educt is 0 - 1.

35



15 and y on the one hand and of a to d on the other hand is substantially
1:1, whereiny and/or d are above O, if c is zero and vice versa. 20

-37 -

45, A monolithic integrated semiconductor
structure comprising the following layer struc-
ture:

A) a carrier layer on the Dbasis of doped or

5 undoped Si or GaP, and

D) an optically active element comprising a

semiconductor layer formed from a III/V semicon-

ductor having the composition GaxInyNaAspPcSbg,

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

the total of x and y 1s always 100 mole-5%,
wherein the total of a, b, ¢ and d is always 100
mole-%, and wherein the ratio of the totals of x
15 and y on the one hand and of a to d on the other

hand 1s substantially 1:1,

wherein y and/or d are above 0, 1if ¢ 1is zero

and vice versa.

20





