I11/V sem conductor. 5 Field of the invention. The invention relates to a
new | 11/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 layer, 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 denand for

hi gher proc- essing and signal conduction capacities in con 20 junction with
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 comng 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 problens. Optical

ITII/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 1integration den-

sity and working speeds or cycle freguencies.

With this trend further advancing, problems are

25 coming up for the <connection of fast <chips.



connections have an extrenely high bandwi dth and are conparatively

i nsensitive against crosstalk 10 and other interferences. By using these
proper- ties of optical connections, it nay becone pos- sible to connect

hi gh-speed chips with each other by optical channels and to achieve a con-
si derabl e i nprovenent with regard to commeétion 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 optoelectronic conponents
using the Si  technology is consequently hardly possible. Ef- ficient

opt oel ectronic conponegts can however be produced by using the technol ogy

of the 111/V SehtddmitctdFEEFbP i hBt aned8 ttecEdR t ethhbl 25 FyySPsiGe

these seni condishars: @ie rif t enadig ectregamisonducy ors eansequentdy-emipi ng
and absorb- in ligﬁt wiith a hiq? effigienCé. For produci ng .integrated
circuits, comfgrnhy % he® Bpt akiht processt e Neénpt oyed O3t con® 8 3 hct s
bet ween | ayer sd pstichet basis efndha & kt eshnaf gy iandl ayer s rontthhe basis of
the tech- nolﬁg e Jl1/V sem conductor are to it

of_th .be 3__made, it is

probl emdtic t ¥ e | aq eR St OBFanb € tdFe £ Re TospSct PYe Wat&d aPE e
different (thbealtsoonppl i esntmo ek ssbstmrdt e i hskhdadwafv e $u isidbst raat €S)

Thi s hmsasaagog%¥wggg%t?@r many connection problems. Optical

connections have an extremely high bandwidth and

are comparatively 1insensitive 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 indi-
rect semiconductor, and the production of effi-

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

25 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 1is 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



5 during the epitaxial growmh of 111/V sem conduc- tors on Si (or GP)
substrates, dislocations are created. Such dislocations however disturb the
function of the conplete sem conductor structure to a substantial degree,
the nore since the 10 functional |ayer thi%knesses are today in the order
of -atomi c dinensions. In the case of high -layer thicknesses, the difference
of the lattice constants even |eads to bends of the substrate. The reason
for this is basically that with high 15 deposition tenperatures an epitaxial
growh of 111/V sem conductors takes place on Si or GaP sen conductors,
however the generation of dislo- cations begins already at |ess high

deposition te ratures. Jf t t-he i Co tor .struc, 20 .ture cools down
to anbi ent terlrnpr%rggt’urelfec thleg diE?]?B]‘belreerﬁggtrsTﬂ of n?ﬁ(eétl atttsnl Te %:8%5 ants calsed by
the differentstthertmal oéxpansi ore spefd i civentsawid t 1 alleadatre t He fabovent

stresses and di at i .. nat.i ng . the r.obl en riou 25
appr oaches exﬁgﬁgggn %%géﬁoggﬁ%%%%ELlg%@ogfghBi%Q8%€F§tfggdgégﬁ¥%gg9t%g%
GaAs | ayers cari be Westposteed on Th S8 sbhbstr atse andcioordedefdémed nfhat

crocracks at predeler m ped @g%itteif?@%’l LBy, i 8- Apcqtﬂgm Aehhe Shduc-
substrate being avoided, at 30 |east however reduced. This technology is
how ever not tUFfalfi® For KPFh-Fafdgratdf erpdfts detdesed b othe Packi ng

control | abi |ityr 8h &I 0-sGacky i 810t € o308l @Sowkver disturb the
function of the complete semiconductor structure

to a substantial degree, the more since the

10 functional layer thicknesses are today in 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
ITI/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 1is 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 is how-
ever not suitable for high-integrated circuits
because of the lacking controllability of micro-

cracks in atomic scales.



The docunent EP 0297483 describes a hybrid integrated sem conductor
structure, wherein on a Si substrate an integrated circuit on the basis of
the Si technology is applied. Further, an op 5 tically active element in
GaAs technology is provided on the S| substrate. An electrical con- nection
between the integrated circuit and the -optiically active elenent is however
not estab- lished by a direct contact or by the Si to substrate, but rather
by an electrical wire con- nection. This technology, too, is not suitable
f.or 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 II1/V sem conductors |sloca i ons caused by
l-attice con- stants®For APt BROE b;ﬁgda lgg 4(5)?15 agrsscgb €3ecd e W?rt]e‘?mle

stress. By thaﬁﬂé@fmtbl’tb\ABenfﬁaﬁSWcHSct@IJTDdemLﬂ@thr@J eGtH ®Pied 1pr operdi es

is 20 al so possible,, and thus em ssion wayv gt.hs no acces bl e_up 1o now
become accessi es"}:kPSmrt%g docﬂmn?%ﬁ§5ﬁgz?/c81§§1 uAIt Ehethﬁ‘&el i
di fferent IIHd&s@h@o&nmtemhmméoqmowm|mppmﬂadt Endumeyzﬂanab@ws

I 25 Wﬁ t I

Cg)r/re;:pondl ngI con5|ldle gt Fc%\jdsi g%pleyg?% %Hﬁ{el gg%h(r)r&n EP 162%%1236f é\g&eusls
6, 233, 264 B1, EUSOVZOTDQﬁOGSIZlGﬁ?lGAZSlNEiBZbEﬁt?aEtGJEEnPr@)ﬂ;e-CGprmcael ectarton.
151(5) : 346- 32%&8@%)1’1 U €//@n196h &30 1ER 43236004A2 1Y% 21 825 %6, the

| shi zuka et .
optlcally active element 1is however not estab-

lished by a direct contact or Dby 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 instance 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 TIII/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 B1l, 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.



Journal of Crystal G owth 272:760-764 (2004) and US 2004/0161009 Al. 5 1In
t he docunent EP 0896406 A2 there are de- scribed |ayers of optically active
[11/V sem - conductors on GaP or Si substrates (and others), and these

| ayers contain exclusively In as the 5 111 conponent. In fact, such |ayers
are only suitable for InP substrates and ©orm undesirably many

di sl ocations and faults on Si or GaP sub- strates. The docunent 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 qf the, Si techpol ogy 5 e basis of the |Il/V
seni conduct or nonir?t%ihecaq?fiu\ﬂ‘?rﬁgea%ﬁ o@ﬁgﬁ%orécfégcaﬁh‘aﬁjeec?roef e
invention. It desrabteethni gl mbj ecf ofptheca hient iaant 1 oe 20 Iar pPoseemeians

for providing optically actjve e ts.on_the basis of the Ill/V
seni conduc- tocr(gng?facs% Sty a{)}és Go?h g{'&% %t eschl%o %633/ C&° Gailgn?eghtn}b?Sé’)),’
wherein the camldctibrsaf dlageriscalcostgnal s eofclhe iSyelased ror aGaP-thased

subassem 25 bl t r t he-qpti y act.i el is Lntegrally
f or med, rsr: . €. bfyfgon?é)g‘m%beﬁ%ér s,I(ill an%g!t: %ét %t‘r%(\é i callea{igh%ee aﬁ%m 59 la}L
di sl ocati ons Swi eyl aorfradi dtl De srudedisiatae sore eentfep smj tandesirably

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 subassemblies or layer se-
gquences 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, i1.e. by contact of layers,

and that practically free from dislocations
forming nonradiative recombination centers in

the TIII/V semiconductor or at the Dborder face

30 thereof to the layer underneath. It is further a



the I'11/V sem conductor or at the border face 30 thereof to the |ayer

under neat h. |
stabl e | um ne

t is further a 6 technical object of the invention to prop
scence and | aser conponents on Si  substrates or GaP

substrates, which are directly contacted, .i.e. by layer contact. It is

another 5 tec
i ntegrated se
W re- bound c
processor cir
the in- venti
structure, by
and/ or detec

hni cal object of the |nvent|oﬁ to provide a nonolithically
m conductor struc- ture, which emts directly, i.e. wthout
onnection lines, data currents froma Si- technol ogy based
cuitry as an opti 10 cal signal. Further, it is an object o
on to propose a nonolithically integrated sem conductor
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ture, which emits directly, i.e. without wire-
bound connection lines, data currents from a Si-
technology based processor circuitry as an opti-
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.

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 GaxInyNaAspPcSbg, 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 1s always 100 mole-%, wherein
the total of a, b, ¢ and d is always 100 mole-5%,
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, y = 1 - 30
mole-%, and ¢ = 1 - 32.0 mole-%, and such a

semiconductor per se.
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on the one hand and of a to d on the other hand is substantially 1:1.
Preferably, vy =1 - 30 30 nole-% and ¢ =1 - 32.0 nole-% 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 ni- mze, like P, the |ocal
distortion fields caused by the N-incorporation. 5 II11/V senm conductors

having the following conpositions are particularly preferred: a) x = 70 -
100 nole-% y =0 - 30 nole-% a = 0.5 - 10 nole-% b = 70 - 98.5 nole-% c¢
=1- 29.5nole-% or 10 b) x =85 - 99 mole-% y =1 - 15 nole-% a = 0.5
- 10 mole-% b =70 - 98.5 mole-% ¢ =1 - 29.5 mole-% or c)x =85 - 99
mole-% y =1 - 1540 'tene/ocaasoéf- 19 ol %5 DsF e rQ 19&35@8/08-0
32 15 nol e- %andd—l- 0 ol e-% In par'(telcsu}?gr rl1/(L)0r ? - %
a=>1.3 or >ih¢urﬂnqiei%(§p1mﬁﬁd45’r‘?dlrn g bireR t itdhe wiet he}ef&e()t@r nifpl e- %)
, ¢ =0 - 32 nphepand/is b ,= tBQ -189.:0 nelle-Q/@rl%rle&ﬁrrfeﬂeuesal €9 s 40T
be 20 tween 4 - 8 nole-%. Preferred is also a =4 or .5 - 11 nole-% The

sem conduct or ]%Vasté'l%c@orjd‘ilﬁﬁrt%offﬁé;%ﬂn ‘'vention of the m xed crystal system
Gal nNAsPSb is characterized, on the one hand, by that be 25 cause of the

conposi t5| on, pr esuf'?tfl/X/ of St he ad- . fhe

emlconductors having 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-%, v = 1 - 15 mole-%, a = 0.5
- 10 mole-%, b = 70 - 98.5 mole-%, ¢ = 1 - 29.5

mole-%, or

R

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

- 10 mole-%, b = 70 -~ 98.5 mole-%, ¢c = 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 =
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 in-
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-
guences adapted to the lattice or compressively

stressed can be produced on GaP and/or Si sub-



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,
wi t hout causing dislocations. On the other hand, beginning froma nitrogen
concentra- tion of > 0.5 nole-%in conjunction wth the phosphorus content,
an-interaction of the elec 5 tronic |evélsScadsed by the incorporation of
ni- trogen wth the conduction band states of the nitrogen-free m xed
crystal systemat the r point will occur, which will lead to an effec- tive
red shift of the fundanmental energy gap at 10 the r point and thus
strengthen the character as a direct sem conductor of the Gal nNASPSb mat e-
rial system FEor_iLnstance,, .f = - | e-; . % =60 - 95 | e-%.,and c
= 2 - 15 nol e-st’fqrggree érat‘ﬁqlly%oiltis -C%u#%lgg% dbl §:l§§a_t 98 "ol e- 9615 tahn% c =
4 - 8 nol e-% atkeere whhndesblaganfunda- fnemnala enértgyo gem of odicse hhatd y
ess than 1.8 £¥n eyan down (g lnd ey and;siald o 5 Hi s iomkes, ; ehear fae
drastic influence of the energy gap by the COHDOSPIIOH of this

sem conduct or ByeEEM AEL SR20CEBF U ARG 1 o atthe lindh@ARICONi ohn dét afhe theec-

inventign rel gtegntiq- a1@ro: sl idhiheald ypiyntegrat edcsam senduchar structure
conprising the follow ng | ayer structure’ A) a carrier |layer on the basis of

doped or 25 UnbBp&d: Si¥bFNGabhB) GRNEAN ©bticdh, 22 RPr s6 tAk Bént Odonddrt i ng

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 T 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 1ess 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 1invention 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



| ayer conposed of doped Si, doped GaP or doped (AIG)P, C) as an option, a
first adaptation layer, 30 and 9 D) an optically active el enent conprising
a sem conductor |ayer according to the invention. To the layer D), the

bel ow | ayers may follow. E) optionally a second adaptation |layer and F) a 5
second current-conducting | ayer conposed of doped Si or doped GaP or doped
(Al&)P. In case of the (AAG)P, the share of Al may be 20 - 100 nvole-%
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 F) is present, the layer F)
may be p-doped, if layer B) is n- doped, and vice versa. Normally, the
optical el enent mﬁil have a L%¥e£lstructure (D11D2-D3%n, wherei,n the | ayer
15 D2 is a quantum Wweld™ | &RF 162 Al denf &dntilict of 1&dtoPdi nG P Fhé i herd i on,
wherein the | ayenscdhdand ®8 draeybarrd ecdmyeng, taod twher géinvéntilon: 15.
By such an optically active elenment, |lum - nescence diodes as wel| as |aser
di odes can be 20 built up. Following one of the termnal layers D or D3, a
barrier layer D4 1y béerowivded. Dt, tine beerdevomiended st has yt hieo baom er

- 4e S 100 e o Ty 2ob T phT Do Fa ATPRTp b EORy LIPS WG " P
mol e- 5 second current-conducting layer composed of
doped Si or doped GaP or doped (AlGa)P. In case
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) 1is present,
the layer F) may be p-doped, 1if 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 is a guantum well layerof 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 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 -
25 15 mole-%, r = 0 - 15 mole-%, s = 60 - 100 mole-
% and t = 0 -~ 40 mole-%, wherein the total of p

and g 1is 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
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



%and t = 0 - 40 nole-% wherein the total of p and q is always 100 nol e-%
wherein the total of r, s and t is always 100 nole-% and wherein the
ratio of the totals of p and q on the one hand 30 and of r to t on the other
hand is substantially 1:1, and wherein the barrier |ayer has a | ayer

t hi ckness of preferably 5 - 50 r. m Prefert®d 10 ranges are: p = 90 - 100
nmle-% g=0- 10 nole-% r =0 - 10 nole-% s = 70 - 100 nole-% and t =
0O - 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 ngNr PsAst, wherein p = 90 - 100 nole-% g =0 - 10 nole-% r =0 - 10
mole-% s = 70 - 0.m] e-%apd t =,0 - _30 e-%.wherein the total of p
and gq is alway%a&égnﬁofifgﬁ eréin9%0 thelto afn%%er,°3 and t ié al wa 100
mole-% and wheteir™the rati® of tLhe motld stof p and7@ on 106 anelland and
of r tot on't otther hand i and i al 1: a ejn .t
adapt ation Ié@ﬁ? ﬁgs ah?ayerg?hﬁgﬁggésibfEB%@fé%é%lQq%%gﬁllgﬂgﬁggﬁ%sﬁ?lthe
monol i t hi cal | & | AieégF @t &F sénitoAdudimt rs sPrectwF & catcoPdi ngdieP th&ion
inventign, a cufyelnhaGonddctd ngchayes ndndl et rbaﬁé!v%rnlga%q{ed'csdmﬁg%eld—
between the carrier |ayér and the opti 20 cally active elenent may_ be at the
sane time an ‘aHapt 4t fed NeNef sAShder Wt art/ Br abd\e thel BPt itALPY %act i ve

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
10 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 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 1is 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.



el enment, at | east one optical wavegui de | ayer

optically coupled to 25 the optically active elenent. In this way
currents can be guided as optical signals from the emtting opti
active elenment to an op- tical receiver at a different place ont

rier.

It is understood that other el ementslhay-30 additionally or

alternatively be used for con- ducting optical signals, such as f

t he

like. - 11 A lum nescence diode or also a vertically emtt

may be provided, which is

, data
cally
he car -

i bers or
ing | aser

di ode may be produced by that be- tween the layers A) and D) and/or outside

t he

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

structure. Prefergﬁly uthe ogtlcally %Qtlgglelenent has a fundanent

em ssi on wavel eng

Pre' T afige* © of

|
. PO0 rfint SPhe & nvBAL lohCRdrk her

relates to themsetafng 1Dssemcbpdiect aracoer dhngdtocébie ppvemaonpba - a

sem conductor | ayer according ta the jnvention, for the producti

| uni nescence cﬁ"&%gn (Eélj laaqV&§Eﬁ_ ((:A/)iart‘?ggl @évi F?%{J?Facé’ugﬁ’ﬁf

| aser di ode orl ay¥ECSEL ,(vértecal xteprds ndkdauitt ylewsaceoeni

| aser) laser djgde .and,a gg¥ptgglﬁgcgugq§¢ctor structure. Fin
0

invention relates to a net

or the production of a sem conduct

ac- cording to the invention conprising the foll ow
Preferably, the optically active element has

a fundamental emission wavelength 1in the
of 700 - 1,100 nm.

n of .a

ing t1%ser)
tpemg -
ally, the
or |ayer

range

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 1invention 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 Dbrought into a

MOVPE

(metal-organic vapor phase epitaxy) apparatus,

optionally a surface of the substrate 1is

vided 1in at least one epitaxial <coating

pro-
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



20 ing steps: a substrate on the basis of doped or undoped Si or GaP is
brought into a MOWPE (netal -organi c vapor phase epitaxy) apparatus,
optionally a surface of the substrate is pro- vided in at |east one
epitaxial coating step 25 first with respectively at |east one adaptation

| ayer, one barrier |ayer, one current-condu&ting |ayer, one wavegui de | ayer
and/or one reflection structure, a carrier gas is |loaded with educts in
defined concentrations, the |oaded carrier 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- fipowo of _exp re, and the tqtal concentration of the educts
and the durat i30dr18oF eﬁﬁ’os‘lﬁ@ ar e A §?u§tqb%l tsoujégél‘f:%tl"fé st&&ﬁ t'HaP Stthe
sem conduct or md ayerl ageapi baxi ahley Sannedrwittdy & ogf ven Hayernetdhi gkress on
t he surface of_1he supstr r.on _th rface .of .the upperpost | ayer on
the sub- st rattel.oﬁo %fe?eﬁ%%ﬁy,r?he a'fno$| %vqﬁ%g%gdth%%s ca?ré%&sréggﬁ&rlo heoﬁ/D\/PE
t echnol ogy: CdtIC5 tadakkyd galnld ummhe ndymaatilcut ao ft r eetthybgald | ame ad-
(Ga(C2Hg) 3) an LERLLERl ) LuR.L CRLAR) B)y. 85 o £ STER
trial kyH?i ndi U%OL{IQ% e;S}ar,]tci cu %_r tr+_rret hy??n%m%%?lﬁ )S%q!,ﬂggs?n%ufg%e%uct,
anmoni a (NHB) .1 a weio( €S- C8pal kg Khyalk a7i néoimeparviidul a t gritven  layer
arybutyl hydrazipecird S4HD nNENER)s 1 8RH O bA- the substrate or on

the surface of the uppermost layer on the 'sub-

sStrate.

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

trimethylgallium (Ga(CHiz)s3), as a Ga educt, Cl-
C5 trialkylindium, in particular trimethylindium
15 (In(CH3) 3) ., as an In educt, ammonia (NH3) ,
mono (C1l-C8)alkylhydrazine, in particular terti-
arybutylhydrazine (t-(C4Hg)-NH-NH,), and/or 1,1-
di(Cl1l-C5)alkylhydrazine, in particular 1,1-di-

methylhydrazine ({(CHsz),-N-NH,), as an N educt,
20 arsine (AsHi3) and/or Cl1l-C5 alkylarsine, 1in par-
ticular tertiarybutylarsine (t-(CyqHg)-AsHy), as

an As educt, phosphine (PH3) and/or C1l-C5 alkyl-
phosphine, in particular tertiarybutylphosphine
(t-(C4Hg)-PHy), as a P educt, and Cl-C5 trialkyl-
25 antimony, in particular trimethylantimony
((CH3)38b) and/or triethylantimony ({(CyHg)3S8b),
as an Sb educt, wherein the C3-C5 alkyl groups

may be linear or branched.

Preferably, the educts are employed in 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



di (C1-C5) al kyl hydrazine, in particular 1,1-di- nethyl hydrazine
((CH3)2-N-NH2), as an N educt, 20 arsine (AsH3) and/or Cl-C5 alkylarsine, in
par- ticular tertiarybutylarsine (t-(C4H9)-AsH2), as an As educt, phosphine
(PH3) and/or Cl1-C5 al kyl - phosphine, in particular tertiarybutyl phosphi ne
(t-(C4AH9)-PH2), as a P educt, and d-C5-trial kyl 25 antinony, in particular
trimethylantinony ((CH3)3Sb) and/or triethylantinony ((C2H5)3Sb), as an Sb
educt, wherein the C3-C5 al kyl groups may be linear or branched.

Preferably, the educts are enployed in the 30 following nolar ratios: As
educt/group 111 educts 5 - 300, P educt/group-I1l educts 0 - 500, N
educt/ As educt 10, optionally Sb_13 educt/As educt 0 - 1, wherein the
mﬂfaceten}[ﬁﬁaﬁHéA& ¢HE Subd ratelis Q&QE%é&thﬁmSQ%@@€Qr6m@mOC
to GﬁOC mher]gb@rtarltglf@t ilbéfoprtﬁlséur%ﬁsg&rarﬁnﬁr gas andj ﬁ@ltﬁéé |§oadlt:c4§é ﬁd 5
to the range from t a _or to erein t eratloo t he
total of the pa?Pif&l %?8@3 %&gf Cal |t°edu€8§) (g t hEDEI iR frieSsuFetat the
carrier gas i obetwaene0.065 andHDidr agds wherei red be tdepdss t iaahj tatteed s
0.1to 10 pmh. 10 .1n particular th ol ow n tsma bee ed: As
educt/group I1 oeg&c sgfdlgg (fgto?orelé ﬁsot\g%cg)(gg % %edﬂc Og(?og 11
educts 1 - 100yhégreimstahee tatiloQ, Nfedtldnte’Astcetladt b £ tOef grarndstahce 3

- 8. The surfaEngetsesru)fgathe 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 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 in the range from 500°C to

650°C, 1in 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-
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 ym/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 1is deter-
mined by the concentrations of the group III
educts. On the basis of wvarious decomposition
properties of the Ga and 1f 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



15 may preferably be in the range from500C to 650C, in particular 550C to
600C. The total pressure of carrier gas and educts nay be in 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 na% be in the range from 0.01 to
0.05. The deposition rate may be between %1 and 5 pmth, in particular 0.5
and 3 pnih. In principle, the precise concentrations of the educts depend
on the thermal deconposition 25 properties of the respective educts in the
MOVPE process. The growth speed of the Iayer is deter- mned by the
concentrations of the group IIl educts. On the basis of various

deconposi tion roperties, of the .Ga ndlf pl.icable In 30 educts, kno to
the man skil | et PS tﬁg arPe d esﬁelfﬁ%l ng 58%”2 Iéfe&%racg tojéfat"élloch hs Of
tenperature (ts]mef aqee spmet avur e of emh@nswbstiat e)thsui tseé);heccerddotctor

concentrations; %zf‘dla% egdlm bwill 14, Lead 19t heB 5| rgd grQuR L1

concent rat i ons- of respective "6l enent s i'n the Sém cONdUCE o ayer
according to th@owﬁvemeroner&taasee—dﬁptetmdekawmemeqau@rret depapdent -

| ncongruent vapori; 3, zaj# on ol theogroup Ve gducts s F%?%le%-ié)é tch? Grow h

surface of the III/V sem conductors, the respectl ve gro
concentrationsgdFA%He SNMOVPE GRep@sh t itdve sHouf chafFéﬂLF-ICF?nlﬁ’él %H]OI:FSEE ed the the

desired concenféatpé)@ﬁllvré t Rer sap conduetns + 10c baves n 8ecor dbRg ta A he he
i nvention as a functl

OVPE ep051tlon 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 1is 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, correspondingly the reversed behavior

applies.

20 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 in particular for the group V
components (gas source MBE, GS-MBE), CBE (chemi-

25 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

30 have to be employed. The respective conditions

can easily be adjusted by the man skilled in the

art.



i i

of the selected deposition tenperature in the excess. This is 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,

hi gher V/I11 ratios, but also higher NVAs ratios than nenti oned above have
to, be selected. For |ower deposition tem Iferatures, correspondingly the
reversed behavior applies. 20 Alternatively to MOWPE, of course other epi-
taxi al methods can al so be enpl oyed, such as MBE (nol ecular beam epitaxy),
al so under inclusion of gas sources in particular for the group V
conponents (gas source MBE, GS-MBE), CBE (chem 25 cal beam epitaxy) or also
MOMBE (netal -organic nmol ecul ar beam epitaxy) . These nmethods can be

carried out by mednsmBRPE skl WhE pgerogdickhtmn fi taxy apparHt 48€s,; and

the respectivelyr suitabltehasd peeosedkagwntedughs and wOnEGes 3Q have 1o be
enpl oyed. The resggcagve cqﬁgitions, can Sasily e adjusted by the man
skilled in thé CarPeasi A WREhSd # 6/ hé“pridduction of a senmi conduc- tor
structure according to the invention is de- scribed in the clains 22 to 33.
5 Definitions. A direct sem conductor is a senm conductor, where in the band
structure the val ence band maxi nrum and the conduction band m nimum are | o-

5 Definitions.

A direct semiconductor i1s a semiconductor,
where in the band structure the valence 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 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-



cated opposite to each other at the sanme crystal 10 pul se vector. In
contrast thereto, for an indi- rect sem conductor, the val ence band maxi num
and the conduction band m ninmum 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 5%rutture 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- tor sections is achieved by
auxiliary connec- tiops, sych asn_fgr i.ngtancg v%r% conne(@i}o S, 525 _Ln an

n- doped seni cohdlidtor F %the Tt Bcthi €8P e 8ndUEt i OA N s°Achi Ve by ef & ons
because of donondatons rizavi Nngo ext ia sabence e ettircans. &#od  thel huddpimg of
silicon, there n roi nce e uysed nj n, S seni nd
anti - 16 m)nci/gﬁFofrO%t hép%%go'pi nIgllPongag géég%em)%ggg%omégﬁ u(g%érs,tc}f%r

i nstance sili coheand iekllurcamdweat dsen usatk uks ab - dopid ssepecandset arf the
electrigal condyct! on ReeYLS Dy1hal eg pecause Al o3 Lhe dpgor pRtall g f
acceptor atons. Acceptors for silicon are boron, alumnum, galliuman
dium For GaP i r( AIGhIP Tanake ubed 3oy il UBtighe®  neghediiumy Ameé om-
carbon as accepi@kS. For GaP or (AlGa)P can be used for in-

stance magnesium, zinc or carbon as acceptors.

in-

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

low 10° cm™’. Doped semiconductors usually have

concentrations above 10%° cm™?.
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 1s given.

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

the purpose of the lattice adaptation and model-

4 20 ing of the band structure, barrier layers are
J provided, which may be tensile~-stressed.
Thereby, a compensation of the stress of the

III/V semiconductor 1s 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 light 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-



A sem conductor is typically undoped, if the 10 concentration of donor or
acceptor atons is be- |ow 105 cm 3. Doped sem conductors usually have
concentrations above 1015 cm 3. A current-conducting |ayer consists of a

sem conduct or doped to such an extent that 15 conductivity being
sufficient for providing a defined eIeEtr}?al power is given. I1I/V

sem conductors according to the inven- tion are typically conpressively
stressed. For the purpose of the lattice adaptati on and nodel 20 ing of the
band structure, barrier layers are provided, which my be tensile-stressed.
Thereby, a conpensation of the stress of the 111/V sem conductor is

achi eved. An opf %al%% lﬁ%%VGtS'eﬁ%Pt %FSQrthQPEQa%Q? 250&nv%ﬂ;&g%tor

transforns energy in radi ation ~and em T8t &F, fodulatesd” t he
li ght radia- t$onuaridioe sabsor bsmbeivghto & adé abisdraand 2k ays- Mfiogher t damdo an

el ectrical S|gﬂ§be Epgleggrofdhpge%m)tgg QHqge (p;elayer periods n is typi

30 cally 1 - 5. For |um nescence diodes, r, how - 17 ever be up to 15.
For nDduIators or detector structures, n nmay be substantially higher and

have values of upA® 20 apd 2®ien Ama@c@lpt atd PR elayeb seryes tmphesa-
conpensa- 5 tion of stresses of a semjconductor |ayer or a _sem conductor

structure accdrdPflg 28 tR&ELHVERS t Pdn 6n ?ﬁ§”559P§hb?tPF1/95§éﬁfcoﬂ6uc%ors

on Si semiconductor structure according to the 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 gquantum 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 1in the
case of epitaxial 1layers 1in a ohe-dimensional

15 inclusion (movements mainly in two spatial di-
mensions). Optically active elements having the
layer structure according to the 1invention are
also called multiple guantum well (MQW) struc-
tures. By epitaxial stresses between the quantum

20 well layers and the barrier 1layers, 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



or GaP substrates. Adaptation |ayers do not con- tribute to Iight em ssion.
10.A quantumwel | layer is also called a quantum film By the two-side
contact with a barrier layer, the novenents of the charge carriers are
confined, and the charge carriers are in the case of epitaxial layers in a
one-di nensi onal 15 inclusion (novenments nmal®ly-in two spatial di- nensions).
Optically active elenents having the |ayer structure according to the
invention are also called nultiple quantumwell (MM struc- tures. By
epitaxi al stresses between the quantum 20 well|l |ayers and the barrier

| ayers, the elec- tronic properties with regard to the fundanental band gap

can be influen Optic wavegui de .| ayer.,s re wi d rom pri.or
art. As an exa@%gg‘ Janl § & agr]e?gxég%% ?CsheZg 5 teomfﬁéy%% gjrﬁanfL Btl‘
" Sem conduct orcﬂ)tlc_yel ec:ttimei cslé?rhyslitcs aandl Teebnad ogy't.idg Sthgls the

MG aw Hi || Irkc‘ ‘%1?, rlI?ler dlgor ef l. ectj %n sSrr uctures_ are
% ep| axna ]f

dielectric andf ayer mrror ﬁegyer30reaF8na'

so-cal | ed di sttro but eNlBrfaggaf@ﬁIrebt @rhse 18tC(DBR)$ flee:fdalectﬂ ng st healdghtt o
em ttedby the opti doC@Hn%r?Gt'“Q/{k%%‘éla%%\h??fse%k%égu éﬂ‘ﬁtln

hi gh- re]él ective end mrror in the laser resona- th regar 6reto
reference is redleetres 5 t He décument Fakrticaricavity @uﬁﬁf@c%t@mlmiiﬁgon

Lasers: Designpkabijgatione jGharacteyszatien wilmsen et al., Cam-
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.

ITII/V semiconductors according to the inven-

15 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

20 a decay into at least two different phases
should occur. This decay 1is however kinetically
inhibited. For overcoming the kinetic inhibi-

tion, a high temperature would be reguired 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-



and Application", Eds.: C. Wlnsen et al., Cam bridge University Press,
Canbridge (1999). Such periodic reflection structures nay also be p or 10
n- doped for the purpose of current conduction. Then these periodic
reflection structures accept at the sane tinme_the function of a
current-con- ducting layer. I11/V sem conductors according to the inven- 15
tion are typically netastable at roomtenpera- ture or at operating
tenperature. This nmeans that because of the thernodynam cs of the situa-
tion at the respective tenperature, there should not exist a stable,
honogeneous phase, but that 20 a decay into at |least two different phases
shoul d occur. Jhiks &degay i sahavever kiaeatdicakly aknhidited s For, pverconi ng
the kinetic inhibi- tion, a high tenperature would be required to act, and
for this reasoh®Sdcd ettt BRI phades 25 Sahdgnt § B epitaaki &NYC 8epdsd t ed
a}] cgrrpar a- tiyvefry)l gw&h@s&reaé;eetw@éataﬂﬂa,a 113}/15)};_086 & yeer a]t:@vy g90GrAf ter
t he deposition at reduc tem . peratures, .an_annealing step of, .t

seni conduc- tor®l &er§ c%?gier% FB%rhe%?]r‘f\/tenpiOongﬁﬁfgel&ﬁp%odﬁjgg@&eirhtthe
tenper atsure rgngeseafst ypi cabky r78AC to 850C for the reduction of

nonradi ati ve reconbination centers. There can be perfornmed equilibrium
anneal i ng steps, for instance imme 19 diately in a MOWPE reactor, as well
as non-equi- |ibrilimenet hods] e suchays r api e thet aulo mdhea i igp the in-

vention is typically a GaP or Si single crystal.
It 1is 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,



(RTA). The respective annealing tenperatures are to be
no decay into different 5 phases is observed. The carr
according to the in- vention is typically a GaP or Si s
understood that the surface of such a sin- gle crystal

sel ected such that
ier |ayer used

ingle crystal. It is
may be purified in a

conventional 10 manner and prepared for-th20epttaxi al deposi- tion. In this

context, reference is made to the docunent A |shizaka
Soc. 33:666 (1986). The term "substantially 1:1" conpr

et al., Electrochem
ises 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. Enbodi nents

of the invention. 20

Exanpl e 1: Production of a sem conductor |ayer according to the invention.
After the usuditRpretRedtFBAL, 8TfSi tREf ef T I/ManuF oRi G d e Er 2 SFPGichT a

Semi conductor)inhgs g aeed i hnay MVRE APRaY afidp d & YRR A

X@EEGEﬁig5pur—

manuf acturer Ai xtron). First, epitaxi%%blayers are deposited in

conventional VRYS6n t A& SR SKFeda s
| owi ng Exanpl esa r@ u se & Hus odt ai ne@ sErdBacewing. .edu

Q¥ri bea)i nt froreC aded | Wiirital't1 h& Tl -

cts..are. used?0

then a layer of the Il11/LV sggiconductor accQ%d- i%% to the invention.s

deposi t 8d. For- T A€ DUVE L08R iSer £ Tgas t oW

dium {(as far as applicable), 1,1-

zine, tertiarybutylarsine, tert

)R8 ohded Wi ¥ h itthe

dimethylhydra-
iarybutylphos-

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
composition Ga(Ng.037AsS0.883P0.08) .
conditions were selected with a
15 pressure of 50 hPa: partial pressu
ethylgallium) 0.007 hPa, TBAs (te
sine) 0.142 hpPa, TBP (tertiaryb
0.035 hPa and UDMHy (dimethylhy

an exemplary
the following
total reactor
tes TEGa (tri-
rtiarybutylar-
utylphosphine)

drazine) 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 1is then condu

cted 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

30 layer.

or adaptation



various educts. The follow ng educts are used: 5 trinethylgalliumor
tricethylgallium trialkylin- dium(as far as applicable), 1,1-dinethylhydra-
zine, tertiarybutylarsine, tertiarybutyl phos- phine and trinmethyl anti nony
(as far as applica- ble). Al these educts are for instance avail- 10 able
from Akzo Nobel HPMO. For the production ofla sem conductor |ayer according
to the invention having an exenplary conposition Ga(NO.037As0. 833P0. 08),
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 (tertiarybutyl phosphine) 0.035 hPa
and UDVHy (di et hyl hydrazine) 0.85 hPa. Therefromresult the foll ow ng

rati os: ra- ZOEH@HVE{GaZZIO Fat § G URITGROR anelfr aiiro NP RS i6caTHey | oadad H2
carrier gas having a total pessuwe of 50 hPa is then conducted for 22 s
over the surface of the coated substrate heated to 575C. A |ayer according
to the invention 25 having a thickness of 7.0 nmis obtained. After

expiration of the gxpogHee PeJv Pd beéJté"ﬁa%Gé{E £pndicter, | ayei aceqrdipng to
the invention, the _MOVPE systemis adjusted to the deposition ¢on- ditions

of the respectfie bélaryeeFSordﬁcfﬂé igp Ityer. foldiowipghplexamples
Productison of apecopealdyiagtiyvegredefetn a Si wafer in a conven-

tional manner. Thereafter, alternatingly a bar-
rier layer and a quantum well layer each are de-
posited, and the deposition of a barrier layer
represents the completion. This periodic layer
10 structure comprises in total 5 guantum well lay-
ers. As the guantum weli layer, a layer accord-
ing to Example 1 is used. All gquantum well lay-
ers have the same composition. As the barrier
layer, GaP 1is wused. All barrier layers have the
15 same composition. The gquantum 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 inven-

tion.

A monolithic integrated semiconductor struc-

ture according to the 1invention 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) 1s p-doped GaP. Zinc or magnesium

is used as doping element. The doping concentra-

tion 1is typically 1-10%® cm™®. The layer thick-

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



In the MOVPE apparatus of Exanple 1, first the layers described in the
follow ng exanples 5 are epitaxially grown on a Si wafer in a conven tional
manner. Thereafter, alternatingly a bar- rier layer and a quantumwell | ayer
each are de- posited, and the deposition of a barrier |layer represents the
conpl etion. This periodic layer 10 structufe conprises in total 5 quantum

well lay- ers. As the quantumwell |ayer, a layer accord- ing to Exanple 1
is used. Al quantumwell lay- ers have the sanme conposition. As the barrier
| ayer, GaP is used. Al barrier layers have the 15 sane conposition. The
guantum wel | |ayers have thicknesses between 2 and 20 nm each. The bar-

rier |layers have thjcknesses between_5 and 500 nm 20 Exanple 3: Monolithic
i ntegrated se tbndbét of SPAUCE Gfe 4Ed6F BingWtd $he }Avedd 3G oifuprent

nonol i thic integnates: san condhetaa Strle; tHhe aqcoydirng pto) t hesi nkendd on
is showmm in Fig. 25 1. For the prgducteién, fthe | ayers Bl% to F2) are
subsequent |y é’g‘??ﬁﬁi'al P 7 Bw Bn =° B Staf & AP ~SrhReCay éf 1813 ) Fs pPadped
GaP. Zinc or rﬁjlafigdjeSiSImmiaSeUSedt&S d:Ql iph 89 @i:ekn‘ﬁmt_;neTﬁﬁud?pﬁﬂg gonceptimg
tion is_typica 1.1018 . cm 3. The layer_ thic 0.ness of -tshe | ayer Bl) is 5
11500 nih The G 6F T S0y SECanTRaC T hpdr, Tarh i Sl g0 S eAt -
conducti ng. Theteafit ecortdenitayet iB2) is pmore than 15 mole-%, re-

ferred to the total amount of group III ele-
ments. A typical value 1is in the range of 15 -
45 mole-%. Alternatively, p-doped (AlGa) (NP) can
10 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, 1is 0 - 4 mole-%. The layer thickness
is between 500 and 1,500 nm. The layer B2) 1is a
15 wavegulide layer, which acts at the same time as
a current-conducting layer. The ayer C) dis-
posed thereupon 1is composed of undoped GaP. The
layer thickness 1is 50 - 100 nm. It is a separate
confinement heterostructure similar to a barrier
20 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)

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

30 share of In referred to the total amount of
group III elements may be 0 - 15 mole-%. The
layer Fl) 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-



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

m num concentration is nore than 15 nole-% re- ferred to the total amount
of group Ill ele- nents. A typical value is in the range of 15 - 45 nole-%
Al ternatively, p-doped (Al Ga)(NP) can 10 aksSo be used, and with regard to
dopi ng and alu- m numcontent the above applies. The share of nitrogen
referred to the total anmount of group V elenents, is O - 4 nole-% The

| ayer thickness is between 500 and 1,500 nm The layer B2) is a 15

wavegui de | ayer, which acts at the sanme tine as a current-conducting |ayer.
The | ayer C) di,s- sed_t hereupon is, conposed of undoped. GaP. The | ayer

thi ckness is 5609%80 e I{gies FepiFat Eied?)ﬁflitnenérﬁl%éltre]rﬁg‘tr‘ﬂéﬁg‘r ed
simlar to a baoreng20cbayarntEurt hen, ofie taypdrc£) 1act g -aso &h agdept ai st i on
| ayer. For better visibjlit the optically active elenent D) di sposed

t her eupon is sﬁW%¥eda' siﬁslee ﬁa?y%?.r Iﬁh%lja%gnet%%elsayé)rpD)t%g ailaaX/%Fs
structure accokEdi,ngFtlo Beanpl & 2) Therlrayepob)d 25 conrtespanas etro tchei & ayer
C). Aternati \égelle%’sggt hofrl aygLs fgg{r?arlsio be afi@? ed, as C@ELNP)&;.L%&Q{‘/)&NE’)

or (Gl n)(NaSP) T"ayers. The nrtrog are fe rredto e
el enents may bél@ctionmeyendetkn a hewhse of ithe katdard ayer,thhe 3P-

share of In refcgrgaeglglo %Q@itvoé a[elaé&cggﬂtt )of group Il elenments nmay be 0 -
Fl S

15 nol e-% The "layer correspon to the layer B2), and the

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) individual layers 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,



| ayer F2) corresponds to the layer Bl), with the difference that the |ayers
FI). and F2) are n - 23 doped. As the doping elenent, telluriumwth a
dopi ng concentration of typically 2.1018 cm3 is enployed. 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 a?fe- “flecti on-synmetric order with
regard to the op- tically active elenent). For inproving the degree of

out put coupling, for lum nescence diodes as optically active ele- 10 nents,
in addition (AlG)/P/ (AlG)/P periodic reflection structures (DBR
structures) having different alum numcontents can be incorporated in the
current-conductinqil%¥§rtg%g%§ed€ypdeEi;£Qe o] ticallﬁdactiwgwelenent. gpe
al'uni num shar e® 5 of “sUtcéssive afg%s i 5" di 1 8rent “and T, B- T&PrdPfo
the total anmoumt rafogsoupn| kin ehedampats,c®nd il ool.e-% or 40 - 100 nol e-%
resp. Alternatively, (AlLG)(NP) individual layers may also be used for the
conpensation of stress of 20 these DBR structures, and the Al contents are
to be selected 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 elenments, the optically active elenment is
encl osed from B&legip 4§ wel | dBundameatcvk By ar 8&f |82Pi ohf sér uteBEE O —t he

above 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 1s approx. 1.4 eV.

This value 1s clearly lower than. the value of

1.8 eV modeled without the nitrogen interaction

15 and shows the drastic influence 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 1nvestigated by means of

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

(TEM) .



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 structure, 24 said contacts permtting
to produce the two DBR mrrors in an undoped condition. Exanple 4:
Fundanment al energy gap of a sem con- 5 ductor according to the invention. A
sem conduct or | ayer produced according to Exanple 1 with 4 nol e-% nitrogen,
90 nol e-% ar- senic and 6 nol e-% phosphorus, referred to the total anount
of group V elenents, was investi 10 gated by neans of the photol um nescence
excita- tion spectroscopy. The result is showmn in Fig. 2. The fundanental

energy gap is apprexX.ql. 4 e\Vnofhi saval ugdsrgheantyil OW-kﬁwptﬂlﬁf\a/@'eue,
of 1.8 eV nodel ed mf%hout the nitrogen interaction: 15 and shows the drastic
i nfluence of tH& Ehergy §AP by the FABGDHESG DN O LA t Pogé § ArE&dorapl

nation with the fdrther sharesdam @t ke ex@odPeaksS ¢ N L-heasenygendugtor
systen1accord|ngé%§ ng i nventi.on. gp Exggple 5:qﬁ%slo ation-free structure
% [

of opti- callyt § @fent s¥d&or °The iTRentDR LAL ptitaf Py
active efenment nproglueetl adcord-nddviingutd Edampt a2 tasni nvestligated by d

means of  the @ﬁg“g%%%f&'%%%%gﬁthJ{gﬁ“é? Q%%XQQperimental 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 sald 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 1in the range of 5.5 to 11 mole-%
(as always, referred to the total amount of
group V elements), show in the investigation by

30 means of photoluminescence spectroscopy at 20°C



and of the transm ssion electron mcroscopy (TEM. 25 Fig. 3 shows an
experinmental HR-XRD profile (Fig. 3 top) in conparison with a theoreti cal
profile according to the dynamc x-ray diffrac- tion theory (Fig. 3 botton).
The observed sharp 5 ness of the indivi duah diffraction reflexes and the
nearly perfect match of the experinental a 8 fheoretical diffraction
profiles confirmthe outstanding structural |ayer quality over a |arge
area W thout generation of dislocations. 10 Fig. 4 shows a TEM dark field

i mmge. There can be seen pentanary |ayers according to the invention as
dark layers. The lighter layers are Ga(NP) barrier layers. Al three |ayers
are clearly rgsorrﬁ%djaﬁ@@lémre eaNNOL the cseenygny \E%' A ge- peea dee‘r?ghs in
the crystalline structure. t he hi gh- resolutron '?E

there are nearly Zat @r\ﬁrcalqﬁyeabrbﬁts %o?fd'e@nf ates &Vt hé”Hé sr tlrsonb(ﬁl@we

(dar k) pentanafy < agerer 9005@1319 otf0 tsher i BveNtion, §o 4t he@ar r '§ém1¢'@’@1’17—
sai d border faces bei ngaarree from di sl ocati ons and the |ike. Exa

Semi conduct or sAWicthP & YEER aPRy 11 OwFun8&RHE Al %Eré&ﬁbaf&’ ?%alﬁr f‘Pérent

seni condyct or ggyreiré;oaroﬂﬂcqﬁaalﬂaﬂ_chg&USE}bﬁOt%r@@od@@ltdlbayecbﬁ however
contain- ing nrtrogen in the rapge, o of é nol e- % g%s al ays,, referred

to the total afodHtsof™ es,

grated with Sl/SlOz—based wavegulde 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.



group V elenents), show in the investigation by 30 neans of

phot ol um nescence spectroscopy at 20C 26 a fundanental, direct energy gap

of less than 1.2 eV, even less than 1.1 eV, which is bel ow

t he energy gap

of silicon (1.124 eV). Sem con- ductor |ayers having an energy gap bel ow
that of 5 silicon in particular for the préduction of |u- nmnescence and
| aser diodes, which are inte- grated with Si/Si 02- based wavegui de

structures. In particular for these en ssion energies, there
be no absorption and thus attenua 10 tion of the |light signal
wavegui de struc- ture. .... ..... ... . 27 - Patent clains.

will nanely
in the
1. Anonolithic

i nt egrated sen%ggg?\ctor structure conprising the followng | ayer struc- 5
r

ture: A a ca

yer " Phe basis of doped or undoped S

or GaP, B) as

an option, a first current-conducting |ayer conposed of doped Si, doped GaP
or doped 10 (AlGa) P, C) as an option, a first adaptation |layer, and D)an
optically active elenent conprising a sem conductor |ayer forned froma
[11/V sem con- 15 ductor having the conposition Gaxl nyNaAsbPcShd,

1. A monolithic integrated semiconductor

structure comprising the following layer struc-

5 ture:

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

10 (Al1Ga) 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-

15 ductor having the composition GaxInyNaAspPcSbd,
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-%,
20 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

25 claim 1, comprising the below layer

following to the layer D):

structure

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 nole-% ¢ = 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 nole-% and wherein the ratbg 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
sem conduct or structure according to 25 claiml, conprising the below | ayer
structure following to the layer D): E)optionally a second adaptation

| ayer, and F) a second current-conducting |ayer conposed of doped Si,
doped GaP or doped (Al Ga)P. 28 3. A sem conductor structure according to

claim1l or 2, whergin tae &emqrcghdxﬁc@o@opegtQructnug%pedacéofaln to
sem conduct or struycture accordin 5 one of clainms 1 to 3, mhereln y =1

to 30 nole- SCkﬁéﬂn%oﬂﬁm?m’%gﬁﬁﬁhPeE&%oﬂﬁh@ruﬁbné%ﬁpcﬁﬁﬁﬁdlQé 4,
wherein ¢ = 1 40435 d&d.nole-o0. 10 6. A sem conductor structure according to
one of clainms 1 to 5 wherein the sem conductor 1is a direct sem conductor.
7. A sem conductor structure according to one of claims 2 to 6, wherein the
| ayer F) is p- 15 doped, if the layer B) is n-doped, and wherein the |ayer

F) is n-doped, if the layer B 18 Bctor structure according to

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

5. A semiconductor structure according to

one of c¢laims 1 to 4, wherein ¢ = 1 to 32.0
mole-%.

10 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 lavyer F) is p-

15 doped, 1f the layer B) 1s n-doped, and wherein
the layer F) is n-doped, 1f the layer B) is p-
doped.

8. A semiconductor structure according to

one of claims 1 to 7, wherein the optically ac-
20 tive element has a layer structure (D1-D2-D3)p
wherein the layer D2 1s a quantum well layer of
the said semiconductor, wherein the layers D1
and D3 are barrier layers, and wherein n = 1 -

50, in particular 1 - 15.



gt s o ettt

doped. 8. A sem conductor structure according to one of clains 1 to 7,
wherein the optically ac- 20 tive elenent has a | ayer structure (D1-D2-D3)n,
wherein the layer D2 is a quantumwel| |ayer of the said sem conductor,
wherein the layers D1 and D3 are barrier layers, and wherein n =1 - 50, in
particular 1 - 15. r_ 29 9. A sem conduct 8¢ structure according to claim
8, wherein followng one of the termnal layers DI or D3, a barrier |ayer
D4 is provided. 10. A senmi conductor structure according to 5 claim8 or 9,
wherein the barrier |layers are sem conductors having the conposition
Gapi ngNr- PsAst, wherein p = 85 - 100 nmole-% q =0 - 15 nmole-% r =0 - 15
mole-% s = 60 - 180 noje- %eld otn duB o A0 URILq % wiher ehn dheqtigtal of p
10 and q is always 100 nole-% wherein _the total of r, s and t is always
100 nol e- % whérde kint her r avheire bR t he it uhe Df P and § onh ehet 8@ haad and
of r tot on the pther hand i spsubsf aphiati ¥ r 11 4y candpuherei g tdwei bard i er
| ayer has a | ayer 15 thickness of preferably 5 -"50 nm 11. A sem conduct or
structure according to one of claims 1 to 10, wherein the first and/or the
second adaptation |ayers are sem conductors having the conposition

I I = - ) = - -0 = -
GamrmNrRyEt,\MwE®f1£ 20 G P2ond2yLe é%fhgt%reloagggréﬁgg_ P, 10

5 claim 8 or 9, wherein the barrier layers are

semiconductors having the composition GapIngNy-

PsAst, 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
10 and g is 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 1is substantially
1:1, and wherein the barrier layer has a layer

15 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 GapIngNyPgsAst, wherein p

20 = 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
25 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 thick-

ness of preferably 50 - 500 nm.



nole-% 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 ratio of the 25 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 of0preferably 50 - 500 nm 30 12.
A sem conductor structure according to one of clains 1 to 11, wherein a
current-con- ducting |ayer and/or barrier |ayer disposed be- tween the
carrier layer and the optically active 5 elenent is at the sane tine an
adaptation layer. 13. A sem conductor structure according to one of clains
1 to 12, wherein erneat h and/ord above the op iically active Jenent at

| 'east one optlcal vEgui Yo &y 4 1P bvi ded* ﬁﬂ?&ﬁelseﬁbc86ffbﬁgly
coupled to th@m@tlcﬁl Iylammse el econmebl., 14.h &Areem cenduci DF esit tEcbur-e
-according to of clyai erei en_the ers, A and D)
and/ or outS|de‘f%elfh er‘.%:)?E ggéﬁi rrgap?éﬁfﬁedwg?yFéhsglj%% Serlo
reflection sthrweewnr et he5.cArgeng coddugear asnductiuee cagtorcd hiyt oaCtmefeof
clainms 1 to 1 rein;the, op |1 tsi l.e n al

em ssi on wave%]Z%ﬁ%éﬁgt tSI na?htéekggns)eé 0 17;06%{(_? g 18%Btr?rg]@§%qc&frl g%ﬁg%hor

t he production of a nono-

13. A semiconductor structure according to
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
10 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

15 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-

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

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

25 doped or undoped Si or GabP,



lithic integrated 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-conducting |ayer B consisting of doped
Si, doped GaP or doped (AlIGa)P is epitaxially grown, optionally a first
adaptation layer Cis epi- 5 taxially grownl and a nulti-layer structure D
which forns an op- tically active elenent including a sem conductor | ayer
conprising a sem conductor according to one of clains 1 to 6, is
epitaxially grown. 10 17. A method according to claim 16, wherein on the
optically active el enent optionally a second adaptation layer Eis
epitaxially grown, nd on.the opt i.cally active e ene the sec- ond
adapt ati on | ayer é”%€&8553%gyréﬁt tcf?%ﬁrfﬁyTaﬁé?l 85H§P§tﬁﬁby8F doped-
Si or doped GaR s i goped (AbGa)RitbﬁeebltSXI al | gogreotn. GHE Aomet hddped

according to cI oL e | B is p-doped or n-doped. 19.
A net hod accor ng]ﬁg?c almlgfévgr!a ?d%¥ﬁé ‘llayer F) is p-doped, if the

| ayer B) is n- dop&dtl@ﬁtlait\/ﬂae’reanftlhestawedaF):a’Slnndob@denfC tie kayier B)
i's p-doped. ZQ:_élgqppgegqﬁggﬁdln 9,40 one of claims 16 to 19, wherein the

opti cal elenent is for epitaxial gromh of layers D, D2 and D3,
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.

10 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

15 layer F consisting of doped-Si or doped GaP or
doped (AlGa)P is epitaxially grown.

18. A method according to c¢laim 16 or 17,
wherein the layer B is p-doped or n-doped.

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

the layer B) 1s p-doped.

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

wherein the order of the epitaxial steps 1is per-



V\,herel n the order of t he epltaX| al steps is per 32 forned such that the
| ayer structure is (D1-D2- D3)n, wherein the layer D2 is a quantum wel |
| ayer of a semi conductor according to one of <clainms 1 to 4, wherein the
| ayers D1 and D3 are 5 barrier |ayers, and_wherein n =1 - 50, in par-

tieular 1

15. 21. A nmethod according To éfai m 20, wherein follow ng o

ne

of the termnal layers DI or D3, a barrier layer D4 is epitaxially grown.
10 22. A nethod according to claim?20 or 21, wherein the barrier |ayers are

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

barrier layer D4 is epitaxially grown.

22. A method according to claim 20 or 21,
wherein +the barrier layers are semiconductors
having the composition GapIngNyPsAst, 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 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 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

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 to-

10



33 tat of r, sandt is always 100 nole-% wherein the ratio of the totals
of p and g on the one hand and of r tot on the other hand is substan-
tially 1:1, and wherein the adaptation |ayer has 5 a |ayer thickness of
preferably 50 - 500 nm 24. A nethod according to one of clains 16 to 23,
wherein a current-conducting |ayer and/or 3hartier | ayer di sposed between
the carrier layer and the optically active elenent is at the sane 10 tine
an adaptation |ayer. 25. A nethod according to one of clains 16 to 24,
wher ei n under neat h and/ or above the opti- cally active elenent, at |east one
optical waveguide Iayer is provided, which is optically 15 coupled to the

optically actiy g%ele 46. aéﬁnﬁ%ﬁqand qghg a9 {§q0 ?ﬁe?f QJaIE?llgeln

wher ei n bet ween ayérs A) and ut5|de Fayef Rere is
provi ded at | edse oasiperioddi ¢ ref Ii‘e@tladrs stofuctour en R0 R70nA hitchodne

according to gne,af ghai npr 16 tio, %6,0Mhecr}§%n ttmaegpt}*é:g?l Y gc% Ia%rrent
has a fundanental em ssion wavelength in the range o nm 34
28. A 111/V serd @ddductor! hadinfy vhe edhposthet | aEﬁ%#hyﬁﬁﬁs%PdEbﬁ hvter ei n

x =70 5 100r@'@aﬁér th@Qn@§§ %r & ré%érabﬁ&”@b@3@5@6=§%;5' 99.5
nol e- % c =0 - mol e-% and d = % -% wherein the total of x

and y is

24. A method according to one of claims 16 to
23, wherein a current-conducting layer and/or
barrier layer disposed between the carrier layer
and the optically active element 1is at the same

10 time an adaptation layer.

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

15 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.

20 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.



al ways 100 nol e-% 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 substantially 10 1:1. 29. A IllIl/V sem conductor
according to claim 28, whereiny =110 mole-% 30. AILII/V

sem conductor- according to claim 28 or , Whereinc =1 - 32.0 nole-% 15
31. AI1lII/V sem conductor according to one of clains 28 to 30, wherein the
sem conductor is a direct sem conductor. 32. A sem conductor |ayer
conprising a sem - conductor according to one of clainms 28 to 31, 20
wherein the |ayer thickness of the sem conductor layer is in the range from

1- 50 nm preferaldy a2 IIZQm%e%Slcm%wé%oqf RaSeMm §ondyst egrldi ng
to one of claips 28 to_31 or a sem conductor 35 |ayer accor

claim32 for theCpr sthietPona %Fbgd%ne%%6€ld?oée a79CSEL1IO&eIﬁOg|GO'de a
VECSEL | aser o odg, a npdul a:eor m;@n@ci%ueaor a odgt ectars styducture. B 34. A

nmet hod f or the ducti.on em Lcon- duc accordi to ¢laim 33
conpri si ng | 0W|9?|9 g a subSt rat on t Baé‘i‘%ESf—ng‘tgjoBé’dfog =

undopeds Si orO GaP is bno[h@h{ ;ntmharl‘ﬂAPEta}pparmbug,l of x and y 1is
always 100 mole-%, wherein the total of a, b, c
and d 1is always 100 mole-%, 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 1s substantially
10 1:1.

29. A III/V semiconductor according to claim

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

A

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 1is a

direct semiconductor.

32. A semiconductor layer comprising a semi-

conductor according to one of claims 28 to 31,

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



10 optionally a surface of the substrate is pro- vided in at |east one

epi t axi al

coating step first with respectively at | east one adaptation

| ayer, one barrier |layer, one current-conducting |ayer, one wavegui de | ayer
and/or one reflection 15 structure, an_i t carrier gas is |loaded with

educts in

the surface of the substrate heated to a tenperature 20 in the range of
300C to 700C or on the surface of the uppernost |ayer on the substrate for
defined duration of exposure, and the total con- centration of the educts

and the duration of ex-

e sub- strate or on_ the surface of the ugpernnst | ayer
e

defined concentrations, the |oaded carrier gas is conducted over

posure are adjusted to each other such that the 25

seni conduct or lhﬁ%éﬁ: i gceptaxird | e doraed i t Ba rwven hayep rbhickpess, on
the surface of

the substrate®B352 Al HBIHNYSEETOT i g P8 T aidn 345 Bherld?

on

a

hed 185 ¢ ol 1w ng

educts are usetkc881 Cl-aChetriaklydgal | & umodmn Ipat bircubarr ¢ £itu 24 hyd gald i um
(Ga(C2H5) 3) and/or tri %q%ggglliunl (Ga(CH3)3), as a (A educt, optional

C1-C5 trial kyl %ﬁ?ﬁrﬁogﬁ

4%l ar trimethylindium (In(CH3)3), as an

educt, amonia (NH3), nono(d -C8)al kyl hydrazine, in particular
tertiarybutyl hydrazine (t-(C4H9) - NH

5
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34. A method for the production of a semicon-
ductor layer according to claim 33 comprising
the following steps:

a substrate on the basis of doped or undoped
Si or GaP 1s brought into a MOVPE apparatus,

optionally a surface of the substrate is pro-
vided 1n 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 1s 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 claim 34, wherein the

following educts are used:

y
In



NH2), and/or 1,1-di (d -C5)al kyl hydrazine, in 10 particul ar

1, 1-di net hyl hydrazi ne ((CH3)2-N-NH2), as an N educt, arsine (AsH3) and/or

Cl-C5 alkylarsine, in particular tertiarybutylarsine (t-(C4Hg)-AsH2), as

an As educt, 15 phosphine (PH3) and/or O - al kyl phosphine, in particular
terti arybutyl phosphine (t-(C4H9)- PH2), as P educt, and optionally d-C5

trial kylantinmony, in par- ticular trinethylantinony (Sb(C2H5)3) and/or tri-
20 ethyl antinmony (Sb(CH3)3), as an Sb educt, wherein the C3-C5 al kyl groups
nay be linear or branched. 36. A nethod according to claim 35, wherein the
educts are enployed in the followng nolar ra- 25 tios: As educt/group Il

educts 5 - 300, R edect/geeups ikl edyetsi On,, 500, N gductd As sgduct 0.1 -
10, optionally Sb educt/As educt g -~ 1, 30 wherejin the surface tenperature
of the sub- st®bbei%2adiiusted ¥6 thatls hnde #REMBDOCE £4MBBDEL IhEAdidH t he
t ot al pressure(@E(Qﬁqgjgy,g&ﬁs-a3%3aa@dh§gugts i s adjusted to the range from
10,094,200 o, vheteli the ot o of hey otal o Lhe, parijalypressures of
5 0.1, and whesern itdeldepositine tayeiirsdOubh t@In (CH3)3), as an In
educt,
ammonia (NHi3), mono(Cl-C8)alkylhydrazine, 1in
 particular tertiarybutylhydrazine (t-(C4Hg)~NH-
NH,) , and/or 1,1-di(Cl-C5)alkylhydrazine, in
10 particular 1,l-dimethylhydrazine ((CHs3),-N-NH,),
as an N educt,
arsine (AsHjsg) and/or Cl-C5 alkylarsine, 1in
particular tertiarybutylarsine (t-(Cy4qHg)~-AsH,),
as an As educt,
15 phosphine (PH3) and/or Cl-C5 alkylphosphine,
in particular tertiarybutylphosphine (t-(C4Hg) -
PH,), as a P educt, and
optionally <Cl1-C5 trialkylantimony, in par-
ticular trimethylantimony (Sb(CyHs)3) and/or tri-
20 ethylantimony (Sb(CH3)3), as an Sb educt,
wherein the C3-C5 alkyl groups may be linear

or branched.

36. A method according to claim 35, wherein the
educts are employed in the following molar ra-
25 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,
30 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 pmih. 37. A sem conductor |ayer obtainable with a mnethod according to
one of clains 34 to 36. 38. An integrated nonolithic sem conductor 10
structure obtainable with a nmethod 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 1s between 0.005 and

5 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 monolithic semiconductor
10 structure obtainable with a method according to

one of claims 16 to 26.





