
Monolithic integrated semiconductor structure. 

Field of the invention. 

The invention relates to a monolithic inte­

grated semiconductor structure, which is suitable 

for forming integrated semiconductor components 

based on the group III/V elements on a silicon 

substrate, to a method for producing the same and 

to the uses thereof. 

Background of the invention and prior art. 

The invention of the integrated circuit based 

on silicon and silicon dioxide has allowed in the 

last decades an enormous development in microchip 

processor technology and microelectronics. In an 

integrated circuit, inter alia, n-channel and p-

channel transistors are combined for data process­

ing in the so called CMOS logic (complementary 

metal oxide semiconductor). Transistors basically 

are resistances controlled by an external gate 

voltage. In the last decades, the performance of 

the integrated circuits could be improved by in­

creasing miniaturization of the transistors and 

thus by the growing transistor density. In the 

meantime, however, the dimensions of the individ­

ual structures of the transistor components are so 

small that fundamental physical limits are reached 

and further miniaturization will not lead to an 

improvement of the circuits. 
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Meanwhile, besides silicon and silicon diox­

ide, new materials are used at this place for pro­

ducing integrated circuits, the physical proper­

ties of said materials leading to an improvement 

5 of the functionality. Inter alia, the use of III/V 

semiconductor materials in the CMOS technology is 

discussed. 

Since the electron mobility of some III/V 

semiconductor materials is substantially higher 

10 than that of silicon and the efficiency or switch­

ing speed of n-channel transistors is signifi­

cantly determined, inter alia, by the electron mo­

bility, the use of III/V semiconductor materials 

as n-channel layers could lead to a substantial 

15 improvement of the integrated circuits. Further­

more, the gate voltage can be reduced by using 

III/V semiconductor materials, which in turn re­
duces the energy consumption and thus the heat 

dissipation in the integrated circuits. At pre-
20 sent, various institutes, universities and enter­

prises investigate the use of III/V channel layers 

in the silicon technology. 

Which III/V semiconductor is most useful for 

the integration on silicon, is determined, on the 

25 one hand, by the fundamental properties of the 

semiconductor material, such as the electron mo­

bility and the electronic band gap. 

On the other end, the compatibility for mass 

production in the silicon technology must ulti-

30 mately be considered. Arsenic is a substantial 

constituent of many III/V semiconductor mixed 

crystals. Due to the high toxicity of arsenic, an 

envisaged use of arsenic-containing materials in a 

large-scale industrial production requires an ex­
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pensive disposal of the arsenic-containing waste 

products. 

For the integration of III/V semiconductor ma­

terials on silicon-based circuits, normally the 

5 epitaxy method is employed. In this epitaxial pre­

cipitation method, the lattice constants of the 

crystalline semiconductor materials play a deci­

sive role. The used silicon substrate or the car­

rier substrate in the silicon chip technology de-

10 termines the basic lattice constant. Most III/V 

semiconductor materials with high electron mobil­

ity have, however, a different lattice constant 

from that of silicon, which is normally higher. In 

the epitaxial integration of III/V channel layers 

15 on silicon substrate, this difference of the lat-

— tice constants leads to the formation of misfit 

dislocations in the III/V-semiconductor layer. 

These dislocations are crystal defects, which sig­

nificantly deteriorate the electronic properties 

20- of the semiconductor layer. In order to assure an 

optimum material quality of the III/V channel lay­

ers, special III/V buffer layers are necessary. 

These buffer layers are defined by a special se­

quence of different III/V semiconductor materials 

25 and/or by a special production method. Further­

more, this buffer layer must not be too thick, so 

that the compatibility in the III/V-integration on 

silicon with the actual CMOS process is assured. 

Different buffer layers or matching layers are 

30 for instance known in the art from the document DE 

103 55 357 A. 

Technical object of the invention. 
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It is the technical object of the invention to 

specify an integrated monolithic semiconductor 

structure, which integrates group III/V semicon­

ductors on silicon substrates, and that under ful-

5 fillment of all electronic requirements, under 

avoidance or reduction of arsenic-containing 

wastes during the production and under optimized 

matching of different lattice constants of silicon 

on the one hand and group III/V semiconductors on 

10 the other hand. 

Basics of the invention. 

For achieving this technical object, the in­

vention teaches a monolithic integrated semicon­

ductor structure containing the following layer 

15 structure: A) a carrier layer based on doped or 
undoped Si, B) optionally a layer having the com­

position BxAlyGazNtPv/ wherein x - 0 - 0.1, y = 0 -
1, z = 0 - 1, t = 0.- 0.1 and v = 0.9 - 1, C) a 

relaxation layer having the composition BxAly-

20 Ga2InuPvSbw, wherein x = 0 - 0.1, y = 0-l, z = 0 
-1, u = 0 - 1, v=0-l and w = 0 - 1, wherein w 

and/or u is on the side facing toward layer A) or 

B) smaller than, equal to, or bigger than on the 

side facing away from layer A) or B) and is vari-

25 able or constant within the relaxation layer, and 

wherein v = 1 - w and/or l=u+x+y+z, D) op­

tionally a layer for blocking misfit dislocations 

and having the composition BxAlyGa2InuPvSbwNt, 
wherein x = 0 - 0.1, y = 0 - 1, z = 0 - 1, u = 0 -

30 1, v = 0 - 1, w = 0 - 1 and t = 0 - 0.1, E) op­

tionally a layer for hetero-offset having the com­

position BxAlyGazInuPvSbwNtAsr, wherein x = 0 - 0.1, 
y = 0 - 1, z - 0 - 1, u = 0-l, v = 0 - 1, w = 0 

- 1, t = 0 - 0.1 and r = 0 - 1, and F) a arbitrary 

35 group III/V semiconductor material or the combina­



tion of several arbitrary semiconductor materials, 

wherein the sum of the above indices for all group 

III elements is always 1 and wherein the sum of 

the above indices for all group V elements is also 

always 1. 

The basis of the invention is a novel combina­

tion of existing semiconductor materials and fur­

ther developments thereof, in order to obtain an 

optimum buffer layer or matching layer, resp.r for 

the integration of III/V components and in par­

ticular channel layers on silicon substrate. 

The peculiarity of the invention is the reali­

zation of a buffer layer being phosphor(P)-based 

and low in arsenic (As) or also free of As, which 

has in addition by the admixture of aluminum (Al) 

on the group III side in the III/V semiconductor 

mixed crystal the material property of a rela­

tively large electronic band gap and has on the 

buffer surface the lattice constant of the n-chan­

nel layer with an as small dislocation defects 

density as possible. 

The invention has three decisive advantages 

over existing integration concepts: 

1. The lattice constants of (AlGa)P and sili­

con are only minimally different. Therefore, thin 

(BAlGa)(NP) layers with low boron or nitrogen con­

centration can be epitaxially deposited without 

the formation of misfit dislocations on (001) 

silicon substrate. Procedural challenges for the 

monolithic connection of III/V semiconductor mixed 

crystals and silicon because of the different 

crystal properties of the two materials, such as 

atomic binding properties and lattice base, are 

solved during the growth of this first thin III/V 



semiconductor layer. Only in the next step, the 

lattice constant is increased by the specific ad­

mixture of antimony and indium and the formation 

of misfit dislocations is initiated in a con­

trolled manner. By using a defect-free template, 

thus the overall layer thickness of the III/V 

buffer layer can significantly be reduced, which 

in turn is decisive for the compatibility with the 

existing CMOS process. Furthermore, thinner layers 

are less expensive in production. 

2. The band gap is a characteristic semicon­

ductor material property depending on the material 

composition of the III/V crystal and its state of 

strain. Since the band gap of the III/V material 

of the n-channel layer is mainly small, there is 

at the contact face between the buffer layer and 
the n-channel layer a large hetero-offset in the 

conduction and/or valence band of the electronic 

band structure, when the buffer layer has a com­

paratively large band gap. A large offset in the 

conduction band is in turn very advantageous for 

the functionality of an n-channel transistor. In 

this invention, in particular a large hetero-off-

set to the n-channel layer is realized. 

3. n-channel material systems with optimum 

properties for the component frequently contain 

arsenic. These channel layers are however very 

thin compared to the buffer layer, therefore it is 

decisive to reduce in particular the arsenic con­

centration in the thick buffer layers. The use of 

a phosphor-based buffer allows for the first time 

a significant reduction of an arsenic-containing 

compound in the industrial production. Thereby, 

the costs of the expensive disposal of arsenic-

containing waste products can drastically be low­

ered . 
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Further, in this integration concept it is 

taken advantage of that even thin (30 - 60 nm) bo-

ron-aluminum-gallium-nitride-phosphide £(BAlGa) 

(NP)) layers can be deposited defect-free and 

without crystal polarity disorder on exactly ori­

ented (001) silicon substrate. Thereby, the neces­

sary buffer layer thickness can significantly be 
reduced. 

This (BGaAl)(NP)-Si template is therefore used 

as a model for the invention. In the following, 

the buffer in the embodiment with imperatively es­

tablished layers C) to E) is subdivided into three 

layer packages (1 - 3 or layers C) to E) , resp.) : 

1. The first layer package (relaxation layer 

C) on the template preferably consists of differ­

ent individual layers, may however also be one 

single layer. The composition of these (BA1-
Galn)(SbP) individual layers is varied so that 

many misfit dislocation defects are formed and the 

lattice constant is systematically increased. Fur­

thermore, special baking methods can be employed, 

in order to promote the formation of misfit dislo­

cations. It is decisive that the realized lattice 

constant at the surface of the first layer package 

corresponds to the target lattice constant for the 

integration of the channel layer. 

2. In the second layer package (layer D) ) , a 

misfit dislocation blocker layer is realized. This 

blocker layer may consist of one or several (BAl-

GaIn)(PSbN) individual layers with different com­

position. It is the object of these (BAlGaln) 

(PSbN) layers to prevent that misfit dislocations 

from the first layer package reach the upper III/V 

layers (layer packages 2 and 3 and the channel 

layer). Herein, the state of strain of the indi-



- 8 -

vidual layers is specifically varied. However, no 

further misfit dislocations are to be produced, 

and consequently these individual layers are de­

posited in a pseudomorphously strained manner. 

5 3. In the third layer package (hetero-offset, 

layer E)), the optimum band gap as well as the op­

timal hetero-offset for the integration of the 

channel layer is realized. This last layer package 

may in turn consist of one or several (BAlGaln) 

10 (PSbNAs) layers. Whereas the first two layer pack­

ages are free from arsenic, this last layer pack­

age may include a thin arsenic-containing layer. 

This layer is however comparatively thin (<50 nm), 

whereby the significant advantage of this inven-

15 tion with regard to the low-arsenic production is 

still maintained. 

In particular, the following variants of the 

invention are preferred. 

The compositions of layers C), D), and E) can 
20 be selected so that the lattice constant of one of 

layers D) and/or E) and/or of the side of layer C) 

facing away from layer A) or B) substantially cor­

responds to the lattice constant of layer F). 

On the side facing toward layer B) or C) , 

25 layer A) preferably is a Si (001) surface of a Si 

monocrystal. 

The individual layers preferably have the fol­

lowing features. 

Layer B) may have a thickness of 5 - 100 nm, 

30 in particular 30 - 80 nm, for instance 60 nm, and/ 

or a p- or n-doping concentration of 1*1015 

1*1021 cm-3, in particular 1*1015 - 1*1017 cm-3, for 



instance 3*1015 cm-3. Preferably, it has one of the 
following compositions: z = v = 1, x = y = t = 0 
or y = v = 1, x=z=t=0orx= 0.01 - 0.1, y = 

0.90 - 0.99, z = t = 0, v=l or x = 0.01 - 0.1, z 

= 0-90 - 0.99, y — t = 0, v = 1 or t = 0.01 - 0.1, 

v = 0.90 - 0.99, y = x = 0, z = 1. For instance it 

is GaP. 

In layer C), w and/or u may be monotonically 

rising or falling from the side facing toward 

layer A) or B) to the side facing away from layer 

A) or B) (if w and/or u on the side facing toward 

layer A) or B) is smaller or larger than on the 

side facing away) . Herein, the term "monotonically 

rising or falling" means on the one hand in mathe­

matical strictness "strictly monotonically ris­

ing/falling", viewed as a function of w and/or u 

in a direction of a location coordinate extending 

orthogonally to the surface of layer A) or B). Ex­

amples are linear, exponential or any other arbi­

trary monotonic function. The term may however 

also comprise functions, in which the value of w 

and/or u may be, depending on the location, par­

tially constant. An example of this is a {rising 

or falling) step function, which is obtained when 

layer C) is produced in partial layers. In princi­

ple, it is however not excluded that w and/or u 

within layer C) has, in sections, changing signs 

of the slope in a location-dependent concentration 

distribution. In particular, it is also possible 

that the function w or u, depending on said loca­

tion coordinate, has maxima or minima, i.e. the 

maximum or minimum values thereof may be higher or 

lower than the values of w or u at the two sides 

of layer C). It is however also possible that the 

maximum or minimum values are between the values 

of w or u at the two sides of layer C). Layer C) 
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may however also consist of an individual layer 

with a constant composition. 

As mentioned above, layer C) may be formed 

from a multitude of partial layers, in particular 

5 1-30 partial layers, preferably 2-10 partial 

layers, for instance 6 partial layers, wherein w 

in turn may be variable or constant within a par­

tial layer (in the direction orthogonal to the 

surface of layer A) or B) ) . Layer C) may have a 

10 thickness of 1 - 500 nm, in particular 100 - 400 

nm, for instance 300 nm. The partial layers re­

spectively may have, equally or differently, a 

thickness from 5 to 500 nm, in particular 10 to 

100 nm, for instance 10 to 60 nm. Layer C) or the 

15 partial layers thereof may have, in part or in to­

tal, a p- or n-doping concentration of 1015 - 1021 

cm"3, but may however also be undoped. Layer C) or 

the partial layers thereof {identical or differ­

ent) preferably have one of the following composi-
20 tions: y = l, x = z = u = 0, v = l- w or x = z = 

0, y = 1 - u, v + w = 1. Examples are AlPvSbw and 

AlyInuP or AlyInuPvSbw. The last-mentioned layer is 

recommended in particular as last but one partial 

layer within partial layers otherwise comprising 

25 AlyInuP, referred to the overlying next layer. This 

last but one partial layer may for instance have w 
= 0.08 and v = 0.92. 

Typically, layer D) will have a thickness of 1 

- 150 nm and/or be undoped and/or have a p- or n-

30 doping concentration of 1015 - 102i cm"3. It may be 

formed of an individual layer or a multitude of 

{identical or different) partial layers, in par­

ticular 1-10 layers, preferably 2-5 layers, 

for instance 2. The layer thicknesses of the par-

35 tial layers may be in the range from 1 to 150 nm, 

for instance 5 to 100 nm. Layer D) or the partial 
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layers (identical or different) thereof preferably 

have one of the following compositions: x = 0 

0 . 1, y = 0 . 9 - 1, V =r 0 - 0.7, w = 0 . 3 - 1, z = u 
= t = o or u = 1, w = 0 - 0.5, V 

= 0 . 5 - 1, t = 0 
- 0 . 1, X = y = z = 0 or II i-

1 

, V = 0 -0.7 , w = 

0. 3 - 1, t = 0 - 0. 1, X = z = u = 0 or u = 0. 9 -

1, X = 0 - o. 1, V 
= 0 . 5 - 1, w = 0 - 0. 5, y = z 

t = 0. 

Layer E) or the partial layers thereof (for 

instance 2 to 5) may have a thickness of 5 - 200 

nm, in particular 10 - 100 nm or 10 to 50 nm. 1 to 

10, preferably 2 to 5, for instance 2, partial 

layers may be provided, of identical or different 

composition and/or thickness of the partial layers 

(thickness of the partial layers: 5 - 200 nm). It 

or its partial layers may be undoped and/or have a 

p- or n-doping concentration of 1015 - 1021 cm-3. 

Layer E) or its partial layers (identical or dif­

ferent) may preferably have one of the following 
compositions: y = 1, v = 0.2 - 0.5, w = 0.5 - 0.8, 
x=z=u=t=r=0ory=l, w = 0.4 - 0.8, r = 

0.2-0.6, x = z = u = v = t = 0. 

Doping, if provided, can be made with the ele­

ments Si, Te, S, Zn, Mg, Be and/or C. Doping re­

agents for use in the method described in the fol­

lowing are for instance diethyl tellurium, di­

methyl zinc, diethyl zinc, ditertiary-butyl si-

lane, silane, ditertiary-butyl sulfide, bis-cyclo-

pentadienyl magnesium, or tetrabromomethane. 

The invention further comprises a method for 

producing a monolithic integrated semiconductor 

structure according to one of claims 1 to 15, 

wherein on a layer A) , optionally a layer B) is 

epitaxially grown, on layer A) or B) a layer C) is 

epitaxially grown, on layer C) optionally a layer 
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D) and/or E) is epitaxially grown, on layer C) or 

D) or E) a layer F) is epitaxially grown. One 

layer or several of layers A), B) , C) , D) , E), 

and/or F) may be p- or n-doped, but may also in 

particular be undoped. 

In particular, a method according to the in­

vention may comprise the following steps: a' sub­

strate containing layer A) is placed in an epitaxy 

apparatus, in particular a metal-organic vapor-

phase epitaxy (MOVPE) apparatus, a carrier gas, 

preferably nitrogen or hydrogen, is loaded with 

educts in defined concentrations according to the 

given composition of a layer A), B), C), D) , and 
E), if applicable also F) , or the partial layers 

thereof, the loaded carrier gas is conducted over 

the surface of the substrate heated to a tempera­
ture in the range from of 300 °C to 800 °C, in 

particular 400 °C to 625 °C in the case of layers 

C) and D) or the partial layers thereof, or 525 °C 

to 725 °C in the case of layer E) or the partial 

layers thereof, or on the surface of the uppermost 

layer on the substrate for a defined time of expo­
sure, wherein the total concentration of the 

educts and the time of exposure are adjusted to 

each other such that the semiconductor layer with 

a given layer thickness is epitaxially formed on 

the surface of the substrate or the surface the 

uppermost layer on the substrate. 

Layer C) may be grown in partial layers, and 

between the growth of two partial layers and/or 

after the growth of the last partial layer, baking 
of the substrate to 550 °C to 750 °C, in particu­

lar to 600 °C to 725 °C, may occur. 

As educts can be used: C1-C5 trialkyl gallium, 

in particular triethyl gallium (Ga(C2H5)3), triter-
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tiary-butyl gallium and/or trimethyl gallium 

(Ga (CH3) 3) as Ga educt, diborane (B2H6)or C1-C5 

trialkyl borane, in particular triethyl borane 

{B (C2H5) 3) and tritertiary-butyl borane and/or bo-

rane-amine adducts such as dimethyl aminoborane as 

B educt, alane-amine adducts such as dimethyl 

ethylamine alane or C1-C5 trialkyl aluminum, in 

particular trimethyl aluminum (A1{CH3)3) and 

tritertiary-butyl aluminum as Al educt, C1-C5 tri­

alkyl indium, in particular trimethyl indium 

(In(CH3)3) as In educt, phosphine (PH3) and/or Cl-

C5 alkyl phosphine, in particular tertiary-butyl 

phosphine {TBP) (t-(C4H9)-PH2) as P educt, arsine 

(AsH3) and/or C1-C5 alkyl arsine, in particular 

tertiary-butyl arsine (TBAs) (t-(C4H9)-ASH2) and/or 

trimethyl arsine (As(CH3)3) as As educt, C1-C5 tri­

alkyl antimony, in particular triethyl antimony 

(Sb(C2H5) 3 ) and/or trimethyl antimony (Sb{CH3)3) as 

Sb educt, ammonia (NH3), mono(C1-C8)alkyl hydra­

zine, in particular tertiary-butyl hydrazine (t-

(C4Hg)NH2) and/or 1,1-di(C1-C5)alkyl hydrazine, in 

particular 1,1-dimethyl hydrazine ( (CH3)2-N-NH2) as 

N educt, wherein the C3-C5 alkyl groups may be 

linear or branched. 

Educts for doping are: diethyl tellurium 

(DETe), dimethyl zinc (DMZn), diethyl zinc (DEZn), 

ditertiary-butyl silane (DitButSi) , silane, diter­

tiary-butyl sulfide, bis-cyclopentadienyl magne­
sium, tetrabromomethane. 

The total pressure of carrier gas and educts 

may be in the range from of 10 to 1, 000 hPa, in 

particular 50 to 500 hPa, wherein the proportion 

of the sum of the partial pressures of the educts 

to the partial pressure of the carrier gas is be­

tween l*10E-6 and 0.5, and wherein the deposition 
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rate is 0.01 to 10 ym/h, in particular 0.05 to 5 

jjm/h. 

The invention thus also comprises a novel epi­

taxy method, wherein the use of metal-organic 

5 group V starting substances permits the use of ex­

tremely low deposition temperatures. Low crystal 

growth temperatures are particularly important, in 

order to be able to realize the lattice mismatch 

in a very thin buffer layer. Since these metal-or-

10 ganic group V precursors such as TBAs and TBP are 

liquid at room temperature, handling in the pro­

duction is substantially safer than the use of the 

usual gaseous and highly toxic starting substances 

arsine and phosphine. Furthermore, the maintenance 

15 times of epitaxy machines can be reduced, since 

parasitic deposits in the waste gas raw system are 

significantly reduced. Overall, this novel epitaxy 

method thus offers significant economic advantages 

in mass production. 

20 Finally, the invention relates to the use of a 

semiconductor structure according to the invention 

for producing a III/V semiconductor component such 
as a III/V channel transistor on a silicon sub­

strate, wherein the III/V channel of the transis-

25 tor preferably forms layer F) and is epitaxially 
grown, as well as to a semiconductor structure ob­

tainable by a method according to one of the 

claims of the invention. 

The explanations with regard to the semicon-

30 ductor structure according to the invention can 

also be used in an analogous manner for the method 

and vice versa. 

An independent importance also has a combina­

tion of layers C) , D), and E) according to the 
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claims as a buffer layer, and that independently 
from the features of the further layers according 
to the claims. 

In the following, the invention is explained 
5 in more detail with reference to non-limiting ex­

amples of execution. 

Example 1.1: Layer C), first variant. 

In this Example and in all following Examples, 
a CCS (close couple showerhead) Crius MOVPE system 

10 obtained from Aixtron is used. 

The template to be used consists of a 60 nm 
— thick GaP layer on a (001) exactly oriented sili­

con substrate. In the first step, the template is 
baked at 675 °C for 5 min under tertiary-butyl 

15 phosphine (TBP) stabilization. The reactor pres­
sure is 100 mbar, the total flow is 48 1/min and 
the TBP flow is 1E-3 mol/min. Reactor pressure and 
total flow are held constant in the complete proc­
ess . 

20 In the following step, the wafer temperature 
for the growth of the relaxation layer (layer C)) 
is lowered to 500 °C, and the mole flows of Al, P 
and Sb for the precipitation of AlPSb are ad­
justed. The growth mode may be continuous, pref-

25 erably by means of flow rate modulation epitaxy 
{FME) or by means of atomic layer deposition 
(ALD). Correspondingly, the trimethyl aluminum 
(TMA1) mole flow is adjusted such that per second 
one monolayer Al occupies the substrate surface. 

30 The (TESb + TBP)/TMA1 proportion (TESb = triethyl 
antimony) is 20, whereas the TESb/(TBP + TESb) 
proportion is adjusted such that in every layer 
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the desired composition of the group V elements is 

realized. 

Overall, the first layer package (relaxation 

layer) is composed of 6 individual layers. The in­

dividual layer thickness is 50 nm each. Every 

layer is deposited in the FME mode, and then a 

baking step is carried out. After baking, the wa­

fer temperature is reduced again to 500 °C, and 

the mole flows are activated for the next precipi­

tation. Baking takes place under TBP stabiliza­

tion, whereas the precursor TESb is enabled for 

the precipitation only in the reactor. Baking is 

carried out at a temperature of 675 °C for 1 min. 

The six individual AlSbP layers have the fol­

lowing Sb concentrations: 

1) 15% 

2) 30% 

3) 45% 

4) 60% 

5) 68% 

6) 60% 

After the last baking step, the precipitation 

of the relaxation layer is complete. In particu­

lar, the method parameters are as follows: 

Total gas flow 48 1/min, reactor pressure 100 

mbar, wafer temperature 500 °C, baking temperature 

675 °C, and baking time 1 min. 

Example 1.2: Layer C), second variant. 
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In this Example and in all following Examples, 

a CCS Crius MOVPE system obtained from Aixtron is 

used. 

The template to be used consists of a 60 nm 

thick GaP layer on a (001) exactly oriented sili­

con substrate. In the first step, the template is 

baked at 675 °C for 5 min under tertiary-butyl 

phosphine (TBP) stabilization. The reactor pres­

sure is 100 mbar, the total flow is 48 1/min and 

the TBP flow is 1E-3 mol/min. Reactor pressure and 

total flow are held constant in the complete proc­

ess . 

In the following step, the wafer temperature 

for the growth of the relaxation layer (layer C) ) 

is lowered to 500 °C, and the mole flows of Al, P 

and Sb for the precipitation of AlPSb are ad­

justed. The growth mode may be continuous, pref­

erably by means of flow rate modulation epitaxy 

(FME) or by means of atomic layer deposition 

(ALD). Correspondingly, the trimethyl aluminum 

(THAI) mole flow is adjusted such that per second 

one monolayer Al occupies the substrate surface. 

The (TESb + TBP)/TMAl proportion (TESb = triethyl 

antimony) is 20, whereas the TESb/(TBP + TESb) 

proportion is adjusted such that in every layer 

the desired composition of the group V elements is 

realized. 

Overall, the first layer package (relaxation 

layer) is composed of 5 individual layers. All 

ternary individual layer are 50 nm thick, only the 

thickness of the binary individual layer AlSb is 

selected such that baking causes a partial relaxa­

tion to the desired lattice constant of the semi­

conductor material of the n-channel layer. This 

means in this Example that the AlSb layer is not 
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completely relaxed and still has a lattice con­

stant smaller than AlSb, but identical with that 

of the n-channel layer. Every layer is deposited 

in the FME mode, and then a baking step is carried 

5 out. After baking, the wafer temperature is re­
duced again to 500 °C, and the mole flows are ac­

tivated for the next precipitation. Baking takes 

place under TBP stabilization, whereas the precur­

sor TESb is enabled for the precipitation only in 

10 the reactor. Baking is carried out at a tempera­
ture of 675 °C for 1 min. 

The six individual AlSbP layers have the fol­

lowing Sb concentrations: 

1) 25% 

15 2) 50% 

3) 75% 

4) 100% 

5) 60% 

After the last baking step, the precipitation 

20 of the relaxation layer is complete. In particu­

lar, the method parameters are as follows: 

Total gas flow 48 1/min, reactor pressure 100 

mbar, wafer temperature 500 °C, baking temperature 

675 °C, and baking time 1 min. 

25 Example 1.3: Layer C), third variant. 

In this Example and in all following Examples, 

a CCS Crius MOVPE system obtained from Aixtron is 

used. 
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The template to be used consists of a 60 nm 

thick GaP layer on a (001) exactly oriented sili­

con substrate. In the first step, the template is 
baked at 675 °C for 5 min under tertiary-butyl 

phosphine (TBP) stabilization. The reactor pres­

sure is 100 mbar, the total flow is 48 1/min and 

the TBP flow is 1E-3 mol/min. Reactor pressure and 

total flow are held constant in the complete proc­

ess . 

In the following step, the wafer temperature 

for the growth of the relaxation layer {layer C)) 
is lowered to 500 °C, and the mole flows of Al, 

In, P {or Sb) for the precipitation of AllnPSb are 

adjusted. The growth mode may be continuous, pref­

erably by means of flow rate modulation epitaxy 

(FME) or by means of atomic layer deposition 

(ALD) . Correspondingly, the sum of the group III 

mole flows, here TMA1 and trimethyl indium (TMIn), 

is adjusted such that per second one monolayer 

group III elements occupies the substrate surface. 

The TMAl / (TMA1 + TMIn) proportion and the TESb / 

(TBP + TESb) proportion are adjusted such that in 

every layer the desired composition of the group 

III and group V elements is realized. 

Overall, the first layer package (relaxation 

layer) is composed of 6 individual layers. The in­

dividual layer thickness is 50 nm each. Every 

layer is deposited in the FME mode, and then a 

baking step is carried out. After baking, the wa­
fer temperature is reduced again to 500 °C, and 

the mole flows are activated for the next precipi­

tation. Baking takes place under TBP stabiliza­

tion, whereas the precursor TESb is enabled for 

the precipitation only in the reactor. Baking is 

carried out at a temperature of 650 °C for 1 min. 
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The six individual AllnP layers have the fol­

lowing In concentrations: 

1) 25% 

2) 50% 

5 3) 75% 

4) 100% 

5) 100%, wherein in this layer Sb is also built in 
(w = 0.08, v = 0.92) 

6) 100% 

10 After the last baking step, the precipitation 

of the relaxation layer is complete. In particu­

lar, the method parameters are as follows: 

Total gas flow 48 1/min, reactor pressure 100 

mbar, wafer temperature 500 °C, baking temperature 

15 675 °C, and baking time 1 min. 

Example 2.1: Layer D, first variant. 

For the growth of the misfit dislocation 

blocker layer, the wafer temperature is adjusted 
to 575 °C. The TMAl mole flow is adjusted for a 

20 continuous growth mode (normal precipitation) of 2 

pm/h at 575 °C. Furthermore, the TEB flow is ad­

justed such that 2% boron are built in. 

The misfit dislocation blocker layer is com­

posed of 2 layers, which are deposited succes-

25 sively without growth interruption or a baking 

step. The composition (percentages respectively 

referred to 100% group III or group V elements) 

and layer thickness is as follows: 
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1) 50 nm, B 2% Al 98% P 40% Sb 60% 

2) 50 nm, B 2% Al 98% P 34.1% Sb 65.9% 

Growth rate is 2 ym/h (normal mode), total gas 

flow 48 1/min, reactor pressure 100 mbar, and wa­

fer temperature 575 °C. Layer 1) is facing toward 

layer C). 

Example 2.2: Layer D, second variant. 

The procedure in 2.2 is analogous to Example 

2.1. The misfit dislocation blocker layer is com­

posed of 2 layers, which are deposited succes­

sively without growth interruption or a baking 

step. In this Example, the group III atoms consist 

of indium only. Instead of TEB, the 1, 1-dimethy.l 

hydrazine flow (UDMHy) is adjusted such that 2% 

nitrogen are built in on the side of group V. 

The composition and layer thickness is as fol­

lows : 

1) 50 nm, N 2% P 98% In 100% 

2) 50 nm, N 2% Sb 5.9% P 92.1% In 100% 

Layer 1) is facing toward layer C). 

Example 3.1: Layer E), first variant. 

The last layer package (the buffer layer) con­

sists of a ternary AlPSb layer with a thickness of 

50 nm. Growth temperature, reactor pressure and 

flow settings are identical with the parameters 

for the precipitation of the misfit dislocation 

blocker layer. The composition of 100% Al, 40% P 
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and 60% Sb leads to the specific lattice constant 

for the integration of the n-channel layer. 

Settings as in Example 2.1, however growth rate is 

1 pm/h. 

5 Example 3.2: Layer E), second variant. 

The last layer package (the buffer layer) here 

consists of a ternary AlPSb layer according to Ex­

ample 3.1 with a thickness of 10 nm as the partial 

layer facing toward layer D) and a 40 nm thick 

10 partial layer with the composition AlAso.56Sbo.44. 

Growth temperatures, reactor pressure and flow 

settings are identical to the parameters for the 

precipitation of the misfit dislocation blocker 

layer, however the growth rate is 1 pm/h. 

15 
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Claims 

 

1. A monolithic integrated semiconductor structure comprising: 

A)  a carrier layer including doped or undoped Si, 

B)  a layer having the composition BxAlyGazNtPv, wherein 

 x=0-0.1, y=0-1, z=0-1, t=0-0.1 and v=0.9-1, 

C)  a relaxation layer having the composition BxAlyGazInuPvSbw, wherein x=0-0.1, y=0-

1, z=0-1, u=0-1, v=0-1 and w=0-1, wherein w and/or u is on the side facing toward 

layer A) or B) smaller than, equal to, or bigger 

  than on the side facing away from layer A) or B) and varies or is constant within the 

relaxation layer, and wherein v=1-w and/or y=1-u-x-z, 

D) an additional semiconductor material, or a combination of different semiconductor 

materials, 

wherein the sum of stoichiometric indices for all group III elements is equal to 1 and 

wherein the sum of stoichiometric indices for all group V elements is equal to 1,  

E) a layer for blocking misfit dislocations and having the composition 

BxAlyGazInuPvSbwNt, wherein x=0-0.1, y=0-1, z=0-1, u=0-1, v=0-1, w=0-1 and t=0-

0.1,  

and 

F) a layer for hetero-offset having the 10 composition BxAlyGazInuPvSbwNtAsr, wherein 

x=0-0.1, y=0-1, z=0-1, u=0-1, v=0-1, w=0-1, t=0-0.1 and r=0-1,  

wherein the compositions of layers C), E), and F) are selected such that the lattice 

constant of one of layers E) and/or F) and/or of the side of layer C) facing away from 

layer A) or B) substantially corresponds to the lattice constant of layer F). 

 

2. The semiconductor structure according to claim 1, so wherein layer A) on a side facing 

toward layer B) or C) is a Si 001 surface of a Si monocrystal. 

 

3. The semiconductor structure according to claim 1, wherein layer B) has a thickness of 

20-100 nm and a p- or n-doping concentration of 1*10
15

-1*10
21

 cm
-3

. 

 

4. The semiconductor structure according to claim 1 wherein layer B) has a composition 

selected from the group consisting of: 

z=v=1, x=y=t=0 or 

y=v=1, x=z=t=0 or 

 x=0.01-0.1, y=0.90-0.99, z=t=0, v=1 or 

x=0.01-0.1, z=0.90-0.99, y=t=0, v=1 or 

t=0.01-0.1, v=0.90-0.99, y=x=0, z=1. 

 

5.  The semiconductor structure according to claim 1, wherein in layer C) w and/or u is on a 

side facing toward layer A) or B) smaller than on the side facing away from layer A) or 

B) and in the direction of a location coordinate that is orthogonal to main faces of the 



24 

 

layer C) passes a maximum, wherein w and/or u in the maximum may be larger than 

on the side facing away from layer A) or B). 

 

6.  The semiconductor structure according to claim 1, wherein layer C) includes a plurality 

of partial layers, wherein w and/or u is variable or constant within a partial layer.  

 

7.  The semiconductor structure according to claim 1, wherein layer C) has a thickness of 1-

500 nm and has a p-or n-doping concentration of 1*10
15

-1*10
21

 cm
-3

. 

 

8.  The semiconductor structure according to claim 1, wherein layer C) or partial layers 

thereof have a composition selected from the group consisting of: 

y=1, x=z=u=0, v=1-w and 

x=z=0, y=1-u, v+w=1. 

 

9. The semiconductor structure according to claim 1, wherein layer E) has a thickness of 1-

150 nm and is undoped and/or has a p- or n-doping concentration of 1*10
15

-1*10
21

 cm
-3

. 

 

10. The semiconductor structure according to claim 1, wherein layer E) includes 1-10 layers. 

 

11. The semiconductor structure according to claim 1, wherein layer E) or the partial layers 

thereof has a composition selected from the group consisting of: 

x=0-0.1, y=0.9-1, v=0-0.7, w=0.3-1, z=u=t=0 or 

 u=1, w=0-0.5, v=0.5-1, t=0-0.1, x=y=z=0 or y=1, v=0-0.7, w=0.3-1, t=0-0.1, 

x=z=u=0 or u=0.9-1, x=0-0.1, v=0.5-1, w=0-0.5, y=z=t=0. 

 

12. The semiconductor structure according to claim 1, wherein the additional semiconductor 

material is a group III/V material.  

 

13. The semiconductor structure according to claim 1, wherein layer F) has a thickness of 5-

200 nm and is undoped and/or has a p- or n-doping concentration of 1*10
15

-1*10
21

 cm
-3

. 

 

14. The semiconductor structure according to claim 1, wherein layer F) includes 2-5 layers. 

 

15. The semiconductor structure according to claim 1, wherein layer F) has a composition 

selected from the group consisting of: 

y=1, v=0.2-0.5, w=0.5-0.8, x=z=u=t=r=0 or 

y=1, w=0.4-0.8, r=0.2-0.6, x=z=u=v=t=0. 

 


