EPI TAX!JAL SEM CONDUCTOR MATERI AL AND METHOD FOR FABRI CATI N%%O ? g??., x

SAME The present invention relates to a neth . o
fabricating a gtructure of sem conductor nmaterial by epifei ﬁlc.:rap‘
growt i on a silicon substrate in a CVD reactor ~ chanber. The ;
invention alsp relates to a bipollar 3 seniconduct or device

I ncl uding a power rectifier junction. - . The invention is concerned

wWith the fabricati off®f present invention relates to a method for
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fabricating epitaxial ‘semiconductor material and to a
semiconductor material wuseful for material for the
manufacture of a semiconductor device, and in particular to
.a process for making epitaxial material through the use of
misfit dislocations which permits improved control of the
switching speed or other lifetime dependent parameters of
bipolar semiconductor devices manufactured from such
semiconductor material.

It is known that the switching speed of silicon
bipolar devices can be increased by the introduction of
heavy metallic impurities in the active region of the
device. The impurities significantly reduce minority-
carrier lifetime and as a result shortens reverse recovery
time. Gold and platinum impurities are often used, and are
rapidly diffused into this silicon. However, the solid
solubilities of these impurities in silicon are very small
and they tend to precipitate or segregate at defects,
disordered regions, and surfaces. Their diffusion is
therefore difficult to control and is sensitive to process
conditions, particularly the diffusion temperature and
time, and also cooling rate (after the diffusion) in
certain temperature ranges.

U.S. Patent No. 5,097,308 issued March 7, 1992 and
U.S. Patent No. 5,102,810 issued April 7, 1992, both to Ali
Salih, are directed to a method for controlling the

switching speed of bipolar
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epitaxi'al material in which nmsfit dislocations are forned mme

msfit dislocations permits inproved control of t he svm¥h
other_lifetine dependent paraneters 10 of bipolar senlcondu
manuf act ured from such - sem conductor materi al

that the swi tching speed of silicon bi pol ar devi ces can be |ncreased

by the introduction of “heavy netallic2inpurities in the active region

of the 15 BEWEECdovibld | Mg Cne! Gel IHaNkl o 1C0HEL SENYIHY in the

carrier lifetinme and as a result” shortens reverse recovery
depletion region. The misfit dislocation are formed during

epitaxial growth by creating a silicon/silicon-germanium interface.
These state of the .art patented inventions utilize misfit

5 dislocations to lower the minority lifetime in semiconductor
devices. This can be used to enhance the switching speed éf pover
rectif iérs, particularly fast recovery power rectifiers with misfit
dislocations it becomes possible to obtain localized regions in the
device with low minority lifetiﬁe close to regions with a higfx
10 minority lifetime. It also allows for a great amount of freedom to
pl.ace these misfit dislocations in favorable locations. Misfit
dislocations produce relative small ‘ leakage currents and are
metallurgically and e.lectrically stable, and thus, device
performance does not significantlir deteriorate under high power and

15 temperature applications. Unliké processes where misfit
dislocations had been previously used to remove impurities from the
space charge region, in the patented  invention, the mi.sfit
dislocations are used to directly reduce minority carrier lifetime.
That becomes possible because they are associated with deep energy

levels in the energy gap of silicon, like metallic impurities.

The misfif. dislocations are formed by growing a thin

layer of silicon containing a few percent Ge somewhere in the epi
layer of "pure" silicon (substantially Ge free). The two
interfaces of the siiicon without Ge and the thin layer of silicon
25 containing a few percent Ge are strained, because the crystal

lattices of the bordering layers do not exactly match. As a result
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tinme. Gold and platinuminpurities are often used, and ar

: i laced
diffused into this silicon. However, the solid sol ubt} tH&Qﬁ’g 25 e
inmpurities in silicon are very small 20 andtheytendtoJ [‘mB

segregate at defects, di sordered regions, and surfac
diffusion-is therefore difficult to,control and is sensitive to
process conditions, particularly the diffusion tenperature and

time, and al y3s1eehtPens ddspda tfd thegedintergacey.in 25 certain
t enper at ure ranges. -
: Unlike metal impurities and structural defects formed by
electron beam irradiation, misfit dislocations are permanent
defects that are not_sensitiQe to high-temperature processing short
5 of melting the silicon material. They are also localized, having
their influence in well defined narrow regions in the Si device.
They are formed during thé epitaxial growth and do not reqﬁi:e
additional processing steps as ones used to introduce mnetal
impurities and structural defects. Tﬁus, misfit dislocations are
10 used effectively as a more versatile alternative to metal diffusion
with the added advantage of localization of their effects. The
misfit dislocations can also be used as a complement to metal
diffusion to obtain significantly better results than conventional
impurity introduction techniques. Flexible tailoring of recovery
15 characteristics can be achieved by adjusting the placing 6f the
dislocations as well as a adjusting the densities of both misfit

dislocations and metal impurities combined in the same device.
The above described patented process teaches forming the
silicon/silicon-germanium interface during epitaxy by growing a
( 20 silicon layer with 2% or 3%.gérmanium and thereafter growing a
"pure" silicon layer. However, as a practical matter, it is
difficult to achieve a "pure" (substantially germanium free)
silicon layer after the silicon-germanium layer is formed because

of residual germanium which remains in the reactor systen.

25 The oresent invention enables us to provide a method

whereby silicon layers which are not contaminated with germanium




U.S.. Patent No. 5,097,308 issued March 7, 1992 and e
5,102, 810 issued April 7, 1992, both to Ali Sal i h,
nmet hod for controlling the ﬁmﬂqﬁi ﬁﬁﬁl'
swi t chi ng speed of bipolar power devices through the use
di sl ocations in the depletion region. Ihe msfit
can be formed after silicon-germanium layers are fabricated in a
CVD reactor during epitaxy.-. |
The patented method teaches placement of the -
silicon/silicon-éernanium interface near the middle of the
5 depletion region. The present invention provides for the
possibility of placement of the misfit dislocation regions near or
even outside the boundary of the depletion layer.
The patented method suggests the diffusion of metallic
impurities as a complement to the use of misfit dislocations. 1'1;
10 is now ‘suggested that the simultaneous diffusion of gold -
and platinum impurities appears to provide optimum results.

It is further proposed that the placement of a Au
doped wafer in the epi reactor during the growing of the epi
layers, amidst the substrate wafers on .whig:h the epi layer is

15 grown, will be a useful source of Au. The grown epi layers pick up
enough | Au, which diffuses and ends up mainly in the misfit
dislocation regions. .

As the reader will no doubt note, the process here
disclosed is entirely epif.axial in nature and can be performed

[ 20 completely in a single CVD reactor. In that sense, it is similar to

the process and material disclosed in Copending Euyropean
"_Applicatié'n- 94301701.2 filed 10th March, 1994 (EP-A )
entitled Multilayer Epitaxial Structure and ~Method For
Fabricating Same. _ That
25 application teaches an all epitaxial process in which a heavily

doped layer is grown on a lightly doped substrate. To minimize out




di sl ecattons are formed during_epitaxial growh by creati
silicon/silicon-germaniuminterface. 5 The above- Tt heets cplaced
patent 5,102, 810 discl oses a met hod for fabricating H H II
sem conduct or material by epitaxial growmh on a sili | n
a chem cal vapor deposition (CVD) geactor chanber, in which a
region having msfit dislocations is formed by 10 successively grow ng

| ayers of geiffusion,cothai subgteate che “cappedhdbyegrawing: veep thliincandon

an initial epitaxially grown silicon |ayer. It is to be recognized
that this i heavyily doped silicon layers which arée depleted by hydrogen purges.

The epitaxial layers are then grown over the capped substrate.
Those aspects are effectively utilized in the present invention
5 which combines same with some of the features of the Salih patented
process to obtain a more advantageous result. |
To minimize contamination of the gas flow lines and
reactor surfaces from the high impurity concentrations necessary in
the CVD reactor when i)erforming the epitaxial process, a unique gas
10 flow system is employed in the CVD .reactor. That sjrstem is -
described in copending | Eixropean Application 94301700.4
_filed 10th March, 1994 entitled Gas Flow System For CVD Reactor.
The gas flow system there aescribed may ‘be employed

advantageously in the practice of the present invention as

15 -well.
The preferred nractice of the nresent invention enables us:
to provide an improved semiconductor material and a method for
controlling the mino_rity lifetime, and with this lifetime the

switching speed of devices formed therein where germaniunm

MmN
, .

20 contamination of silicon layers, which are formed in the CVD
reactor after germanium containing 1layers, is substantially

reduced ;

to provide
an improved semiconductor material and a method of controlling the
25 minority carrier lifetime, and for example with the help of this

lifetime controlling the switching speed of devices formed therein
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| ayer. Wil be grown at an appropriate given tenperatureqmsmmﬂ}hsB%nln

pat'ent 5,102,810 there is disclosed a sem conductor 15 cﬁb
a. region of msfit dislocations within whi ch there ﬁ' l e
spaced ger mani um cont ai ni ng silicon layers, these

separated by a . germaniumfree siliaon |ayer. Bot h the

mentioned U S. patents propose the use of 20 wmsfit dislocations to
| ower the mi ndniwhiah geldrend platinum dmpusitiies careidiffused ginultemeobely

used to enhance the . :
as a complement to the misfit dislocation process :

| to provide
an improved semiconductor material and a method for controlling the
Sminority carrier lifetime in regions of devices formed therein in
which the misfit dislocations are located in a region proximate to
or outside a depletion region or outside a space charge region in
the case of a forward biased junction;
to provide an
(._ 10 improved semiconductor material ahd a method for controlling the.
minority carrier lifetime in specific regions of devices formed
therein in which a gold diffusion is performed during the epi
growing steps by replacing one of the wafers in the epi susceptor
by a gold doped wafer as a source of gold for the other wafers.
15 : In accordance with one aspect of the present invention,
a method is provided for fabricating an improved epitaxial material
(see fig. 2). In the CVD reactor, an epitaxial layer is grown on a
silicon substrate. The layer includes a first region containing
misfit dislocations. Germanium containing gas is introduced into
( 20 the reactor chamber as the substrate temperature is reduced to
1150°C to grow a 2 g thick silicon layer containing for example 3%
germanium. Next the chamber is then purged. A layer of
substantially germanium free silicon is then grown again, 2g thick;
Germanium containing gas is again introduced into the chamber to
25 form a second germanium containing layer, 2p thick. The chamber is

purged after the second germanium containing layer is formed.




swi.t chi ng speed of power rectifiers, particularly fast™  recovery power

rectifiers.

anount of

| ocalized regions in the device 25 wth lowmnority |
regions with a high mnority lifetime. It also allo

Wth msfit dislocations it becomes pagg iskieeHas BeepBepliced
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During this purge the témperature is increased. A second
substantially germanium free silicon layer (2u thick)is grown on
the etched surface of the second germanium containing layer. The
chamber is purged again. Next another 2u substantially germanium
free silicon layer is formed. Finally the surface of this iast
layer, is etchea to remove a significant part of it. HCl gas is
introduced to back etch ébout one micron of the silicon layer
surface. This is to remove unwanted germanium residue which has
settled on the wall of the vapor deposition chamber thereby
preventing further unwanted silicon germanium deposition.

A second region of several misfit dislocations may be
formed at a location spaced from the first region. A'third region
of misfit dislocations may be formed at a location spaced from the
second region.

The material may then be subjected fo diffusion to form
a P/N junction. ‘

The method further comprises the step of simultaneously
introducing gold and platinum impurities into the first region.

| In accordance with a second aspect of the. present
invention, material within which to-  fabricate a bipolar power
semiconductor device is providea. The material includes a silicon
substrate with first and second surface areas. An epitaxial layer
is formed on the substrate. The epitaxial layer includes a layer
that in the finished device will become a depletion region of a
first conductivity type. A region in the epitaxial layer is formed

under conditions which result in misfit dislocations as described
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2a: . . - leakage currents and are metallurgically and electrically ~—~~—~—————
st'abl e, and thus, device perfornmance does not si gnl ficantl yThlsSheetHasBe

. enReplaced
deteriorate under high power and tenperature applications.

processes where m sfit dislocations had been 5 previously UH

I mpurities fromthe space charge regi 1, the use of nisf

dislocations in the two U S patents is to directly reduce m nori ty

carrier |ifetidRove.

Gold and platinum impurities may be introduced into
the region of misfit dislocations simultaneously by a
separate diffusion.

5 The present invention and its practice will now be
further described with reference to the accompanying -
drawings, wherein like numerals relate to like parts and in
which: |

( Fig. 1 is a schematic cross-sectional view of a
| 10 portion of a bipolar power semiconductor device formed in
the material of one of the embodiments of the present
invention illustrating the placement of three spaced

regions of misfit dislocations;
Fig. 2 is a schematic cross-sectional view of one of

15 these three regions of misfit dislocations shown in Fig. 1;

| and '

Fig. 3 is a schematic cross-sectional view like Fig.
1, but of another embodiment of the present invention.
L The practice of the invention utilizes misfit

20 dislocation regions f;:rmed in or close to the depletion
region. These regions function as an alternative and a
complement to metal diffusion for enhancement of switching
characteristics of power rectifiers. The mnisfit
dislocations are formed in a silicon epitaxial layer in the

25 depletion region in material which will become a bipolar
power semiconductor device, such as a rectifier, before the

rectifying




That ‘becemes possi bl e because they are associ at ed W|th de Bee%'f{‘gﬁl&\!d
|l evels in the energy gap of silicon, like netallic “n Eiﬁ

The m sfit dislocations are fornmed by growing a thin

| con -
cont ai ni ng a few percent germani um (Ge) sonmewhere |

| ayer of pure" silicon (substantiably Ge free) The two |nterfaces of
the silicon th (e _and_the_thin con cont ai ni

percent Ge ad é‘"é’f'tiaf‘ngﬂ dbgs‘e‘tﬁg@ th'gh?:r?gf I PE%Q‘B’I‘S Serve pg ngﬂ%’r‘?%g

_l ayers do nOtkﬁ)i%gsl XnHHLEQo fé @ei@t—?&u'stites. for. metallic impurities. A small

amount of metallic atoms, preferably a mix of gold and platinum,
will be simultaneously diffused into the misfit dislocation region
5 and will remain there in largéf concentrations than outside the
misfit dislocation regions, leaving the surface and the remaining
depletion region with minimal metallic pr_egipit.ates. The end
result, if the place for ﬁhe misfit dislocation region is well
chosen, is a very fast switching rectifier with relatively low

( 10 forward voltage and leakage current.

A process embodying the present invention has been

successfully demonstrated with a rectifier having a switching speed
-about 25 nano seconds and a breakdown voltage of approximately 700
to 800 volts. The process is particularly well suited for use in
15 high voltage, very fast switching power rectifiers rated at less
than 1000 volts.
Description of Preferred Embodiment
By way of an example, the process may start with an N
( type substrate 10 (see fig. 1) of Arsenic doped silicon of less
20 than .005 ohm-cm resistivity with crystal orientation of <1-0-0>.
The substrate is preferably capped as taught in Application
94301701.2 .referred to above. A N- silicon epitaxial layer is
grown (in a vapor deposition reactor chambei-) over the substrate.
In this epi layer three regions are grown with misfit dislocations.

25 The placement of the regions is such that when processing is




di sl ecat irons appear at these interfaces. Unli ke metal

i mpurities and structural defects fornmed by el ect r OIThisSEsatHas Been Replaced
irradiation, msfit dislocations are permanent defe ot
sensitive to high tenperature processing short 5 of mel tﬂlﬂ"q"'nmﬂlﬂmn
material. They are also |ocalized, havi ng10

finished, these misfit dislocation regions end up in or close to

the depletion region, which is a fully reverse. biased P-N junction.

Each misfit dislocat:.i_on region consists of two 2 micron

thick layers of silicon. with 3% germanium, separated_ by a 2 micron

5 layer of silicon with no germanium (see fig.Z) . Two layers of two

microns thick silicon sub layers are deposited on top of the second
SiGe layer. |

More particularly, above cappéd surface 12 of substrate

10 the epitaxial layer is grown. After the device if finished the

-,

10 epitaxial layer will include an N++ out diffusion buffer region 14.
A P+ diffused region 18 is diffused into this epitaxial layer to
create a P-K junction 20. If this P-N junction is reverse biased,
a depletion region 16 will sustain the bias voltage.

Depletion region 16 will contain N-type silicon with

15 regions 22, 24 and 26 separated by regions 28, 30 and 32 containing
misfit dislocations. Each of the mi.sfit dislocation regions 28, 30
and 32 are pref'erably formed of _ five layers each approximately 2
microns thick. _ .

A typical region 28, 30 and 32 including misfit

( 20 dislocations is illustrated in Figure 2. With the temperature of
the CVD reactor chamber lowered 50°C to 1050°C, a first germaniﬁm

containing layer 34 (Si/Ge) of approximately 3% gérmanium is grown.

It is approximately 2 microns thick. Next a 4 min. hydrogen purge

is performed to clean the gas in the chamber. A first

25 .substantially germ.anium free silicon layer 36 is then grown over

layer 34. Layer 36 is also approximately 2 microns thick.

THIS SYEET HAS BEEN
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their influence in well defined narrow regions in the Si device d
are fornmed during the epitaxial growh ang do not requi r gThis She Bfeenﬂ;gﬁ*
processi ng steps as ones used to introduce netal I mpuri mﬂ

structural defects. Thus, msfit dislocations are 10 used

more versatile alternative to nmetal diffusion w th the added advant age
of localization of their effects. The 37 msfit dislocations can al so be

used as a conpl enent to netal diffusion ,to obtain siqgni.f i.carﬁy b %ter
results than conven@rohaP of 1ayes 3¢ A, spRPPY AFFERAVE A4 HaRg e%ﬁg e

tailoring 1c_)tfs grl_,eoc‘”’c%lver

a

(%i/ce) which is similar to layer 34 in composition and
thickness. After this another purge. During this purge the
temperature is raised to 1100°C. Above layer 38 another

5 gubstantially germanium free layer 40 is grown. Then another purge
and another substantially germanium free 1layer 42. Silicon
sublayers 40 and 42, each are approximately two microns thick.
Finally a gas etch etches away a part of layer 42 and another 4

{ ’ min. hydrogen purge removes the et.ching gasses.

10 Each multi-layer region of misfit dislocations has a
thickness of approximately 10 microns. The regions are spaced apart
by N-silicon regions 24 and 26 of approximateiy 13 microns
thickness. Adjacent the surface of region 32 of misfit
dislocations is grown an approximately 45 micron thick silicon

15 buffer. A portion of the buffer will be diffused with a P type
impurity to form a P+ type region 18 with a P/N junction 20. The
regions of misfit dislocations are preferably proximate to junction
20.

Fig. 3 shows the case where the misfit dislocation

20 regic;ns 28 and 30 are situated just outside the depletion reéion
16. | The misfit dislocation regions are the same as earlier
described and shown .in Fig.2, however preferably with one two or

more Ge doped layers.

The advantage of this system is found primarily the

25 leakage current IR and to a lesser extent to the forward voltage

THIS ST{EET HAS BEgN
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15. characteristics can be achieved by adjusting the pI aci f
di sl ocations as well as a ad usting the densities of bot hﬂlﬁiﬁﬁt asPBeenR

di sl ocations and netal inpurities conbined in the same dev m”””,”m

The above descri bed process teaches formng the
silicon/silicon-germaniuminterface duri ep| taxy by grovm ng a 20 silicon
| ayer with 2% or 3% ger mani um and t hereaft gr ow ng pure" silicon
| ayer. Hodeep V£ .asHalpretedtran S&PFﬁPti?’i i|“sthe de&llFﬁ%I]taYeFolséﬁhFﬁe

a "pure" subhst anti al | ee
silicon-ger ﬁiltﬁﬁqeﬁg’:ef‘:°¥§°g ﬂg‘)cr? gg}c’aué ))"ffuﬁﬁlrgjeig|g€i)ﬁpla]1‘i%y‘ﬂ1 l;i]{rpfhﬁi;ﬁs\tNElE:'c‘h
remains in (Pe hERCERE 9YBLFMo lower the minority carrier lifetime (as is
currently the standard manner of achieving this) is known to
5 increase the IR because the generation component of IR |is

. proportional to the lifetime.

IR (gen) = g ni (Vol. of depl region)/n.r.
where IR (gen) is the generation part of the leakage current.
ni is the intrinsic carrier concentration..
10 q is the electron charge (1.6 x 10 -19 coul. current)
r is the lifetime

n is a constant. For a midband energy level n = 2

If the 7 in the depletion regioln is large, IR is small. If 7 just

15 outside the aepletion region is small, the recombination there will

diminish the charge in the space charge region when the rectifier

is forward biased, which will ;‘éSult in a faster switching time.

The misfit dislocations in this case must have more regions or more

( germanium in each 2u region or more gold or/and Pt to achieve the

20 same switching time as in_ the case of fig. 1. In some cases only
one of the misfit dislocation regions might be the preferred’ '

embodiment. A similar reasoning is in special cases true for the

spare charge region.
As noted above, increasing the switching speed of silicon

25 devices has been conventionally accomplished by the introduction of
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25. Theé present invention enables us to provide a net hq‘ﬂisSheetIEf‘a{‘s‘ﬁEe%b

silicon |layers which are not contam nated with germaniu
4 . can be fornmed after silicon-germanium | ayers ar

l eplaced
in a C/D reactor during epitaxy. Accor di ng tguwiuﬂgﬂﬂmm

invention there is provided 13

10

15

( 20

heavy metallic impurities, which tend to reduce minority carrier
lifetime and therefore result in devices with a shorter recovery
time but wiéﬁ a higher IR due to the metallic impurities such as
gold and platinum which have been used.

In a special case of the present invention, m.isfit
dislocations as well as metal diffusion are employed to enhance the
switching speed in devices?suéh as power rectifiers. The misfit
dislocations serve as getter'sifes of the metallic impurities. The
metallic impurities are diffused all through the silicon and end up
into the misfit dislocation regions as the regions are formed and
remain in those régions in relatively large concentrations, as
compared to the surface and remainder of the depletion region. The
source of these metallic impurities can be a gold doped wafer in
the vapor deposition reactor chamber.

We have found that maximum results are obtained by
simultaneously diffusing gold and platinum impurities Iinto the
misfit dislocation regions after the regions are formed. This can
be achieved with a gold and platinum Filmtr§nic spin-on used as a
metallic dopant. It is believed that, because the metals have
different activation energies, different and distant trap energies
are present. Diffusion of the gold'and platinum at 810°* C for 60
minutes has resulted in power rectifiers with a switching time in

the 25~30 nano second range.

It should now be appreciated that described above




a nmethod.for fabricating a structure of sem conductor 5 nﬁ;iseghieeqha

epitaxial growh on a silicon substrate in a chem cal v sbééenRepl“ed
deposition (CVD) reactor chanber, in which a region h%ﬂmu;l""v ﬂ!lH"’
dislocations is fornmed by successively grow ng | ayer

germani um contai ning silicon "and germaniumfree silicon on an initial
silicon layer 10 epitaxially grown at, ,a gi ven tenperature, and wherein

t he formati on of said region is characterized by the steps of:

| oweri ng t h&st2npeackind BPP%hﬁgﬁt’s‘ﬁ‘oé’tfr Biafib ddpcation techniques. The

misfit dislocations are associated with deep energy levels in the
energy. gap of silicon. Misfit dislocations act as localized
lifetime killers. The employment of such misfit dislocations is a
5 controllable, clean teéhnique for increasing switching speed of
power rectifiers and reducing the minority carrier lifetime of
mutiiayer devices.
In addition, misfit dislocations are effective gettering
( sites for metallic impurities. émall amounts of gold and platinum
10

can easily be incorporated into the region of misfit dislocations,

leaving the remaining silicon layers with minimal metallic impurity

precipitates.

While only a single embodiment of the present invention
has been disclosed for purposes of illustration, it is obvious that

15 wany variations and modifications could be made thereto. It is
intended to cover all of these variations and-modifications which

fall within the scope of the present invention,'as defined by the

following claims:

o~

A copy of the specification and drawings of each of above-
20 mentioned applications 94301700.4 and 94301701.2 has been filed with the
documents accompanying this application. '




50[ er.r] C'bel ow sai d given tenperature; gr ow ng —at—---l east—-one "
silicon layer containing about 2- 15 3% germani um w

ger mani um cont ai ni ng gas i ntroduced into the reactor !li‘ﬂﬂ I“ll llll”“l
purging the reactor chanber and raising t he

said substrate to said given tenperature; gr ow ng a first
germaniumfree silicon layer on the, 24® or the |ast-forned,
ger mani um co@k&iMf:ng silicon | ayer; purgi ng the reactor chanber;

growing a second ger ngni ug Eéeﬁoéi.ﬂoi'c?ﬂbi—ﬁéﬁﬁ;ng an epitaxial material in a
c,;VD reactor by growing an epitaxial layer on a silicon wafer under
conditions which result in the formation of region containing

5 misfit dislocations the wafer being at a given temperature, the
method comprising the steps of:
lowering the temperature of the Si wafers;
introducing a germanium containing gas into the reactor to grow a
silicon layer containing a few percent of ge.rmanium: purging the
( 10 chamber; heating the wafers to the original temp.; growing a
substantially Ge free Si layer; purging the chamber, growing a
second Ge free Si layer; etching the surface of the last layer and
removing a part of this same and purging the chamber.
2. The method of Claim 1 further comprising the
15 following steps after the first purging of the chamber: growing a
substantially Ge free Si layer; introducing a germanium containing
gas into the reactor to .grow a silicon layer cohtaining a few
percent. of germanium and purging the chamber.
3. The method of Claim 2 further comprising the three
( 20 steps mentioned in Claim 2 two or more times.
4. The method of Claim 1 further comprising the steps of
introducing germanium containing gas into the chamber to form a
second germanium containing layer over the first germanium free
layer. |
25 S. The method of Claim 2 further comprising the step of

purging the chamber after the second germanium containing layer is

This Sheet Has Been Replaced




et.ching said second germaniumfree silicon |ayer to rermve apart—

t hereof; and 25 purgi ng the reactor chanber. r|or
nmet hod. teaches pl acenent of t he silicon/sili c ’,lﬁm’
i nterface near the middle of the depl etion region. The p H"

I nvention provides for the 16
formed.

6. The method of Claim 4 wherein the step of growing a
substantially second germanium free silicon layer comprises the
steps of growing a first substantially germanium free silicon

5 sublayer, purging the chamber and growing a second substantially
germanium free silicon sublayer.

7. The method of Claim 1 further comprising the steps of
forming a second region ;f misfit dislocations in the epitaxial
layer spaced from the second germénium free silicon layer.

( 10 8. The method of Claim 7 further comprising the steps of
forming a third region of misfit dislocafions in the epitaxial
layer spaced from the second region.

| 9. The method of claim'l further comprising the steps of

diffusing a portion of the epitaxial layer with a conductivity type

15 opposite that of the substrate to form a P/N junction, proximate
the regioh of misfit dislocations.

10. The method of Claim 1 further comprising the step of
simultaneously introducing gold and platinum impurities int6 the
region of misfit dislocations.

( 20 11. A material useful for fabricating a sémiconductor
device comprising a silicon substrate with first and second surface
areas, an epitaxial layer formed in said substrate comprising a
depletion region of a first conductivity type and a region of a
second conductivity type, a region in said epitéxial layer formed

25 under conditions which result in misfit dislocations, said region

comprising a first layer of germanium containing silicon, a first

This Sheet Has Been Replaced
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posshbi]ily of placenent of the msfit dislocation regions~-" 1ea| uu

even ouf'si de the boundary of the depletion |ayer. r ef

features of the practice of the invention are conc ﬂ!u | l Iﬂﬂl"""
_provision of nore than one region of 5 msfit disloca L

i nclusion of nore than one ger mani um cont ai ni ng SI|ICOﬂ | ayer in'a
m sfit dislocation region; the tbrmation of a P/IN junction

in the layRR baXdblstagt UM piddialaniGn APk 418 RIACCERREcOha T &Y of
germani@ containing silicon and a second layer of éubstantially
germanium free silicon.
12. The material of Claim. 11 wherein said second layer
5 of substantially germanium free silicon comprises first and second
~adjacent sublayers of'substantially germanium free silicon.
13. The material of Claim 11 wherein said first
germanium containing layer. is approximately 2 microns thick.
i 14. The material of cClaim 11 wherein said first
10 substantially germanium free layer is approximately 2 microns
thick.
15. The material of Claim 12 wherein each of said first
and second sublayers'are approximately two microns thick.
16. The material of Claim 11 further comprising gold and
15 platinum impurities in said region.
17. The material of Claim 11 wherein said region is
formed proximate the Jjunction between said region of a first

conductively type and said 'region of a second conductively type.

1is8. The material of Claim 11 wherein said first
( 20 germanium containing layer comprises approximately 3% germanium.
19. The material of Claim 11 wherein said second

germanium containing layer comprises .approximately 3% germanium.
20. The material of Claim 11 further comprising a second
region in said epitaxial layer formed under conditions which result
25 in misfit dislocations.

21. The materialﬂ of Claim 20 wherein said first and

THIS SHEET HAS BEEN
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nore ni sf |t di sl ocation regions., with respect to the 10 junction. or ..a__

depletion |ayer associated t her ewi t h. Preferred features of the
above nethod of the invention are set forth in Cains jummjﬂ
Anot her aspect of the invention lies in a bipolar sem “"""II””"I
device including a P/N junction that plrsow des 15 a power dctifikr ™
j unction. Such a device 1is nade enpl oying a nethod I n accordance
with the insegondnregions freispacekd from facht ofbexh devices in accord with
this ‘aspect of the invention,

22. The material of Claim 20 further comprising a third

region in said epitaxial layer formed under conditions which result
in misfit dislocations.
5 23. The material of Claim 21 wherein said third region
is spaced from said second region.
24. The method of Claim 1, 2 or 3 where the processing
6f. the epi wafer alter the epi growth contains a step of a
simultaneous diffusion of Pt and Au into the wafer.

10 ' 25. The method of Claim 1, 2 or 3 where during the epi
growth, one of the wafers in the epi receptor is a gold doped‘
wafer, which works as a source of Au for the other wafers in the
receptor. The Au doping now occurs during the epi growth and does
not need a separate deposition and diffusion step.

15 26. A method of fabricating an epi wafer with two
regions of misfit dislocations where the placing of the misfit
dislocations is such that after the wafer has been processed into
rectifiers the two misfit dislocation regions are situated just
outside the two borders of the depletion layer as breakdown.

( 20 27. The method of claim 26 where the depletion layer is
not taken at breakdown voltage but at the voltage where the
rectifier requires a low leakage current.

28. The method of claim 26 where the wafer is processed
into 3, 4 of 5 layer devices and the depletion layer is the
25 depletion layer of one of the junctions.

29. The method of claim 6, but placing the misfit

\
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Thé pri'_or3 met hod suggests the diffusion of netallic Trpurities

conplenment to the wuse of msfit dlslocatlons
that tHRe sinultaneous di ffusion of gold and pl atl numj‘lm m{\lﬂmmr I“]
appears to provi de optlnun1results erLproposed

that the placenment of an Au 25 doped gvafer I n the reactor chanber during
Lhe orow N0 fifgyocat bl 9REEILELIAEYERS Lhadd AP k1ol Y o forvara

di sl ocati ons, strate wa are being processed,
wil | biased rectifier.
30. The method of claim 26, 27, 28 or.é9,'but placing

only one of the two misfit dislocations regions.
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be a useful

source of Au. The grown epitaxial |ayers pick

up enough Au, which diffuses and ends up mainly in the msfit
di sl ocati on regions. As the reader will no doubt note, the
process here ~disclosed is entirely epitaxial in nature and can be
20
ABSTRACT

10

An epitaxial semiconductor material particularly
suitable for a high switching rectifier has misfit
dislocations (28, 30, 32) formed in the depletion region
(16) adjacent a PN junction (20). A method is described
for forming each Si/Ge misfit dislocation region.(Fig. 2)
epitaxially on a capped Si substrate (10). These misfit
dislocation layers are formed in a step in a CVD reactor
chamber at a lowered temperature.l .To enhance switching
speed gold, and preferably gold and platinum, is diffused
through the Si. body: and forms relatively 1large
concentrations at the misfit dislocation sites. In a
modification (Fig. 3) the misfit dislocations are provided

just outside the depletion region (16).
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5 perforned conpletely in a single CVD reactor. I n that sense, it

is simFar to the process disclosed in Co-pending Eur opean .
Application 94301701. 2 published as EP-A-0671770 on 13-09-95 and a
copy of which application was filed with t he docunents for the
present application. EP-A-0671770 10 teaches an all epitaxial process in
whi ch a heavily doped | ayer is grown on a lightly doped substrate. To
mnimze ~out diffusion, the substrq@% is "capped" by growi ng very
thin and heavily doped silicon |ayers which are depleted by
o
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hydr ogen~purges. The epitaxial |ayers are then grown over 15 the capped
substrate. Those ‘aspects are effectively utilized in the
preferred practice of the present invention whi ch conbi nes sane with
sone of the features of the = process of the U S. patent already

di scussed to obtain a nore advant ageous result. 20 To mnimze
contam nation of the gas flow |lines and reactor surfaces fromthe high
i mpurity concentrations necessary i 8/3he CVD reactor when perforn ng

t he epitaxi al process, advantageously a gas flow systemis enpl oyed
with

ke
A-Y6
,’38
/"'36
S4— 24

2 micron Si
2 micron Si
2 micron Si
2 micron Si/Ge (3%)

Fiag 2

2 micron Se/Ge (3%)




and a

copendi ng Eur opean
filed with the docunents for the present

25
A- 0671484 on 13-09-95,

whi ch systemis that described in
publ i shed as EP-

Appli cgtion 94301700. 4,
copy of which application was

t he CVD eactor
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descr.i.bed ‘bel ow provi des ‘-am"sem conduct ori material in which ‘&é%g??m um
cont and nat-i on of silicpn %‘yﬁ |ch are forned in th act or
after germani um cont ai hi ng fz& ’ substantially redug .

THe mnority Ilifetine Li contr IIed and the sw tching s%do
devi ces made usi ng the sem conductbr material structure
enhanced - préf-er—a-bJ—y—geJ—d—a-nd..pl atinuminpurities are di ffused
si mul t aneous| y &PIEAXIANTSFEMICOHDUCTOR MATEREANTI ANI@IMWtFDBnFABRICATINﬁrSNESS A
gol d diffusion may be perforned during the.

é@fﬂ-j

The present invention relates to a method for

fabricating epitaxial semiconductor material and to a
semiconductor material wuseful for material for the’
manufacture of a semiconductor device, and in particﬁlar to

5 a process for making epitaxial material through the use of

misfit dislocations which permits improved control of the

switching speed or other lifetime dependent 'parameters of

bipolar semiconductor _devicés manufactured from such

{ : ,,semicdnductor material.

10 ' It is known that the switching speed of silicon
bipolar devices can be increased by the introdﬁction of
heavy metallic impurities in the active region of the
device. - The impurities significantly reduce minority-
carrier lifetime and as a result shortens reverse recovery

15 time. Gold and platinum impurities are often used, and are
rapidly diffused into this silicon. However, the solid
solubilities of these impurities in silicon are very small
and they tend to precipitate or segregate at defects,
disordered regions, and surfaces. Their diffusion is

20 therefore difficult to controi and is sensitive to process
conditions, particularly the diffusion temperature and
time, and also cooling rate (after the diffusion) in.
certain temperature ranges.

U.S. Patent No. 5,097,308 issued March 7, 1992 and
25 U.S. Patent No. 5,102,810 issued April 7, 1992, both to Ali
Salih, are directed to a method for controlling the

switching speed of bipolar

is Sheet Has Been Roplaced THIS SHEET HAS BEEN |
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10 -epitaxial

gromﬁng steps by replacing one of the wafers in ' t he

epi taxi al susceptor by a gold doped wafer as a source of gold for the

ot her wafers..
practice

proximte to o
region in the

The net hod of t5§ i nvention may be put into
so that the msfit dislocations are located in a region

ot JTUrictl

15

r outii ESS& ANl =TT nwmigﬁnmaAmea&?ﬁcharge

accordance with one enbodi nent of the present . invention, a method is
provi ded for fabricating an inproved ABSTRACT

10

An epitaxial semiconductor material particularly
suitable for a high switching rectifier has misfit
dislocations (28, 30, 32) formed in the depletion region
(16) adjacent a PN junction (20). A method is described
for forming each Si/Ge misfif dislocation region (Fig. 2)
epitaxially on a éapped Si substrate (10). These misfit
dislocation layers are formed in a step in a CVD reactor
chamber at a lowered temperature. To eﬁhance switching
speed gold, and preferably gold and platinum, is diffused
through the Si. body and forms ©relatively 1large
concentrations aﬁ the misfit dislocation sites. In a
modification (Fig. 3) the misfit dislocations are provided

just outside the depletion region (16).

Fig. 1

30 AUG 1996
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20" epitt axi al mﬁ@m’éﬂk‘( s SEORLpNOYCIOL MP%&WPD £RC GBI ATNL SAme
epitaxial |ayer Thedl Ppedthtd Sidveriiciibsté BAiCesTheol ayer method i NEbHdes a.
fitst region containing msfit dislocations. Ger mani um cont ai ni ng gas

i s i nt roducfdbiriitattifey r eacistiructure chbEnbeemitdriticidist maiteeEaperisy ur e
I's reduced to 1150[err]C 25 to growa 2[err]mthick silicon |ayer
cont ai ni ng épitaxdafll egB¥wth on geshhcom sulistrate thaab&VD srédmtror
purged. A |layer of substantially germaniumfree silicon is then
grown agai ng!hamber 2[ er rThe t hinventGamuardlse conediherg gas iss d:gr;pcmlar
|ntroduged semiconductor device including a power rectifier junction.
The invention is concerned with the fabrication of
epitaxial material in which misfit dislocations are formed.
The use of misfit dislocations permits improved control of
the switching speed or other lifetime dependent parameters
10 of bipolar semiconductor devices manufactured from such
semiconductor material.

— It is known that the switching speed of silicon
bipolar devices can be increased by the introduction of
heavy metallic impurities in the active region of the

15 device. The impurities- significantly reduce wminority-
carrier lifetime and as a result shortens reverse recovery
time. Gold and platinum impurities are often used, and are
rapidly diffused into this silicon. However, the solid
solubilities of these impurities in silicon are very small !

20 and they tend to precipitate or segregate at defects,
disordered regions, and surfaces. Their diffusion is
therefore difficult to control and is sensitive to process

conditions, particularly the diffusion temperature and

time, and also cooling rate (after the diffusion) in

25 certain temperature ranges.
U.S. Patent No. 5,097,308 issued March 7, 1992 and
' U.S. Patent No. 5,102,810 issued April 7, 1992, both to Ali !

Salih, are directed to a method for controlling the
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"6b " into the chanber to forma second gernmani um containing layer, 2[err]m

it gi ]g:(l;r n; ge SAAMBINd SPUKISE Hi1arhBoRBE0AdviBRETRAFITORha! isBJokayer
) ) .n{isfit dislocations in the depletion region. The misfit
dislocations are formed during epitaxial growth by creating
a silicon/silicon-germanium interface.

5 The above-mentioned U.S. patent 5,102,810 discloses a
method for fabricating a structure of sémiconductor
material by epitaxial growth on a silicon substrate in a
chemical vapor deposition (CVD) reactor chamber, in which
a region having misfit dislocations 1is formed by

10 successively growing layers of germanium-containing silicon

and germanium-free silicon on an initial epitaxially grown

A silicon layer. It is to be recognized that this initial
layer will be grown at an appropriate given temperature.

In patent 5,102,810 there is disclosed a semiconductor

15 structure having a.region of misfit dislocations within

which there are two or more spaced germanium-containing

silicon layers, these layers being separated by a

germanium-free silicon layer.

Both the mentioned U.S. patents propose the use of

20 misfit dislocations to lower the minority lifetime in

L semiconductor devices. This can be used to enhance the

switching speed of power rectifiers, particularly fast

recovery power rectifiers. With misfit dislocations it

becomes possible to obtain localized regions in the device

25 with low minority lifetime close to regions with a high

minority lifetime. It also allows for a great amount of

freedom to place these misfit dislocations in favourable

locations. Misfit dislocations produce relatively small
REPLACEMENT SHEET
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Lo : . ' 2a . :
7 During this purge the tenperature is increased. A second

substanti al iaalgsgaaaw%hrt%e aHd 1 60 hey£I1u2geEL] T hhek) Ie&&a’%&ﬁly
t he surface of the second germani um contai ni ng | ayer.

chanbet is PralEe, aged thhieX tdenbd e A rdrieal g oy |s)ig§ﬂ.rﬂia£ﬁr&tﬂly 5
free silicon Iayer is formed. Finally the surface of this |ast
deteriorate under high power and temperature applications.
Unlike processes where misfit dislocations had been
5 previously used to remove impurities from the space charge
region, the use of misfit dislocations in the two U.S.
patents 1is to diréctly reduce minority carrier lifetime.
That becomes possible because they are associated with deep
energy levels in the energy gap of silicon, like metallic
10 impurities.
The misfit dislocations are formed by growing a thin
N layer of silicon containing a few percent germanium (Ge)
somewhere in the epitaxial 1layer of ‘'"pure" silicon
(substantially Ge free). The two interfaces of the silicon
15 without Ge and the thin layer of silicon containing a few i

percent Ge are strained, because the crystal lattices of

the bordering layers do not exactly match. As a result
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llayer, is etched to renobve a significant part of it. HO gas is

I ntroduced to back etch about one mcyon of the silicon |ayer surface.
This is to remove unwant ed germani umTesi due which has settled on the
wal | - of aidmcsanensdeppeati #0 ehevdantebesedby. 10 preventing further
unwanted silicon gernmani um deposition. A second region of
several misfit di ¥inddxei nesahdpphritiesfardrsgractarkdcdefentsfarnddfryom the

first region. Athird region , of msfit dislocations nay be forned at a
Iocationegiﬁﬁﬁﬂf fPGﬁPthérradl%ﬁiﬂﬂnd ?kiﬁ%ﬁ1_dlslocatlons are permanent

defects that are not sensitive to high temperature processing short
5 of melting the silicon material. They are also localized, having
their influence in well defined narrow regions in the Si device.
They are formed during the epitaxial growth and do not require
additional processing steps as ones used to introduce metal
impurities and structural defects. Thus, misfit dislocations are
10 used effectively as a more'vers;tile alternative to metal diffusion
with the added advantage of localization of their effects. The
misfit dislocations can also be used as a complement to metal
diffusion to obtain significantly better results than ccanventional
impurity introduction techniques. Flexible tailoring cf recoveryl
15 characteristics can be achieved by adjusting the placing of the
dislocations as well as a adjusting.the densities of both misfit
dislocations and metal impurities combined in the same device.
The above described |pakenseddprocess teaches forming the
silicon/silicon-germanium.interface during epitaxy by growing a
20 silicon layer with 2% or 3% germanium and thereafter growing a
"pure®" silicon layer. However, as a practical matter, it is
difficult to échieve a "pure'" (substantially germanium free)
silicon layer after the silicon-germanium layer is formed because
of residual germanium which remains in the reactor systex.

25 The oresent invention enables us to provide a method

whereby silicon layers which are not contaminated with germanium
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'15' ' The material may then be subjected to diffusion to form a

P/'N juncti ofan be formed afted 'ﬁl&%@ﬂgefxﬂ{atd”ﬁ{m QRS T el FabHiRRutd
S|nultaneously i ntroducing gold and platinuminpurities into the first

regi-on. PR a CVD redbeopr daetihgi 8peBkken My be used to provide a
material with which to fabricate a bipolar power sem conduct or

devi ce. The mat eatabrdhngudes thesiprecent irsthsiicr echetd Lbr proanidieskcond
surface areas. An epitaxial |ayer is formed on the substrate. The
epitaxi al layeretihmsl udesr afbbyécatingt hat strudimirfe nicfhededévcionduwutddr
becone a depletion region of a
5 material by epitaxial growth on a silicon substrate in a
chemical vapor deposition (CVD) reactor chamber, in which
a region having misfit dislocations is formed by
successively growing layers of germanlum containing silicon
and germanium-free silicon on an initial silicon layer
10 | epitaxially grown at a given temperature, and wherein the
formation of said region is characterized by the steps of:
- lowering the temperature of said substrate to about
50°C below said given temperature;
growing at least one silicon layer containing about 2-
15 3% germanium with the aid of a germanium-containing gas
introduced into the reactor chamber;
purging the reactor chamber and raising the
temperature of said substrate to said given temperature;
growing a first germanium-free silicon layer on the,
20 or the last-formed, germanium-containing silicon layer;
| purging the reactor chamber;
growing a second germanium-free silicon layer
etching said second germanium-frée silicon layer to
remove a part thereof; and
25 purging the reactor chamber.
The prior method teaches placement of the

silicon/silicon-germanium interface near the middle of the

depletion region. The present invention provides for the
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- 5
25 first conductivity type. Aregion in the epitaxial layer is forned
under condi bb88sbWMiieh bESpllhceReftS6E! tHESNOELL0ASsABCARISH hdyions

above. 5. The present invention and its practice will ' now be
' near or even outside the boundary of the depleticn. layer.
Preferred features of the practice of the invention
are concerned with the provision of more than one region of
5 misfit dislocations; the inclusion 6f more than one
germanium-containing silicon layer in a misfit dislocation
region; the formation of a P/N junction in the
epitaxially-grown structure; and the placement of one or
more misfit dislocation regions with respect to the
10 junction or a depletion layer associated therewith.
Preferred features of the above method of the invention are
— set forth in Claims 2 to 10.

Another aspect of the invention lies in a bipolar
semiconductor device including a P/N junction that provides
15 a power rectifier junction.  Such a device is made
employing a method in accordance with the invention.
Claims 11 to 14 set forth devices in accord with this

aspéct of the invention.
The prior method suggests the diffusion of metallic
20 impurities as a complement to the wuse of misfit
S dislocations. It is now suggested that the simultaneous
diffusion of gold and platinum impurities appears to

provide optimum results.
It is further proposed that the placement of an Au
25 doped wafer in the reactor chamber during the growing of
the epitaxial layers in the region of misfit dislocations,
amidst the substrate wafers which are being processed, will

be a useful source of Au. The grown epitaxial layers pick

| REPLACEMENT SHEET
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~further described with reference to the6acconpanying dr awi ngs,

mhereinIik@pngg%HaHsAﬁlah%iEﬂ!d#?ﬁdggésaﬁ?dgdﬁs up dﬂﬁdﬁyo%naﬁﬁimlar

Firg. 1 is a schematlic cross-sectional view o 10 “portior
povier Seni cRpgpct 08ideubaeibar #egibhs . a material fabricated _
according to the nethod of the present invention, and illustrating

the placement ofashter spacdsk rQE1DPNECOTAdAE | holkS| ARl | AScess here
Fig. 2 is a schematic cross-sectional view of one of
disclosed is entirely epitaxial in nature and can be
5 pérformed completely in a single CVD reactor. In that
sense, it is similar to the process disclosed in Co-pending
European Application 94301701.2 published as EP-A-0671770
on 13-09-95 and a copy of which application was filed with
the documents for the present application. EP-A-0671770
10 teaches an all epitaxial process in which a heavily doped
layer is grown on a lightly doped substrate. To minimize
out diffusion, the substrate is "capped" by growing very
thin and heavily doped silicon layers which are depleted by
hydrogen purges. The epitaxial 1aYers are then grown over
15 the capped substrate. Those aspects are effectively
utilized in the preferred practice of the present invention
which combines same with some of the features of the
process of the U.S. patent already discussed to obtain a
more advantageous result.
20 To minimize contamination of the gas flow lines and
i reactor surfaces from the high impurity concentrations
necessary in the CVD reactor when performing the epitaxial
process, advantageously a gas flow system is empléyed with
the CVD reactor, which system is that described in
25 copending European Application 94301700.4, published as EP-
A-0671484 on 13-09-95, and a copy of which application was
filed with the documents for the present application.
The preferred practice ~of the present invention
REPLACEMENT SHEE
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15 © these three regions of msfit dislggations shown in Fig. 1; and
Fig. 3 is adesbeliBedCbeness prostidesah YefWcbnkadudy materiall, ifwiieh her
device forned of a material fabricated in accord with present invention.
The devi CeSgéﬁmﬁﬂﬁiutﬂSCtﬁgtam&ﬁﬁt(J“.Oﬁdcblﬁt@.tli’&tbzerl&ljlrefﬁbrwbﬁénchﬁécﬁﬁﬁé@ to
the 20 met hod of this invention utilise msfit dislocation regions forned
in or closeihothe CVD dephetbonafegiroyemmaicimiavoneaihbhagdilslyerat,i obs

regions function as an alternative and a conpl enent to nqtal .
di f fusi on fsnbehhnhieddnt ofedwigchi ng The cheimoritystildfaetiofe pbswer
rectifiers. The m sfit di sl ocations are formed in a silicon

epi taxial |e9eErehlede argl theemvwitidhingedgrged nofmtdevigieswriade wsindecone
a bipolar the semiconductor material structure is enhanced -
preferably gold and platinum impurities are diffused
simultaneously as a complement to the misfit dislocation
process. A gold diffusion may be performed during the
10 epitaxial growing steps by replacing one of the waferé in
the epitaxial susceptor by a gold doped wafer as a source
~— of gold for the other wafers.

The method of the invention may be put into practice
so that the misfit dislocations are located in a region
15 proximate to or outside a depletion region or outside a
space charge region in the case of a forward biased

junction.
In accordance with one embodiment of the present
invention, a method is provided for fabricating an improved
20 epitaxial material (see Fig. 2). In the CVD reactor, an
W epitaxial layer is grown on a silicon substrate. The la;er
includes a first region containing misfit dislocations.
Germanium-containing gas is introduced into the reactor
chamber as the .substrat:e temperature is reduced to 1150°C
25 to grow a 2um thick silicon layer containihg for example 3%
germanium. Next the chamber is then purged. A layer of

substantially germanium-free silicon is then grown again,

2um thick. Germanium-containing gas is again introduced

REPLACEMENT SHER
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S _ _ 6b
power $em conductor device, such as a rectifier, before the

rectifying into the chamber to form a second germanPum cdit¥fdOyis
dirf fused. The msfit dislocations serve as lifetine killers and al so as

get'ter sitelafer, mepal IHHidWpUrilid eShadbe®ld purged after the second

germanium-containing layer is formed.

EELACEHIENT s |

4y

15 BEC 1997

This Sheet Has Been Replaced

(M




“anount "of metallic atons, preferably a mix of gold and platinum wi ||
be sinmultaneously diffused into the msfit dislocation region 5 and w |
remain there in larger concentrations than outside the m sfit
di sl ocation regions, leaving the surface and the_ renaining depl eti on
regi on VPR nithdls nBUEBEI cth ediqFPRaRBYTe IPhelppgrased ¢ esubt, S?‘F°ftq1e

pl ace for .t sf.it dislocation regio %h ver fast

B T ohi R Pdr Y, ST O Fars PO TRy (G SR a5 Ena P

current.ene [a-ﬁeh-ed-[surface of the second germanium-containing layer. The
chamber is purged again. Next another ijilsubstantially germanium —

free silicon layer is formed. Finally the surface of this last

(%3}

layer, is etched to remove a significant part of it. HCl gas is

introduced to back etch about one micron of the silicon layer

surface. This is to remove unwanted .germanium residue which has

settled on the wall of tﬁe vapor deposition chamber thereby

10 preventing further unwanted silicon germanium deposition.

A : A second region of several misfit dislocations may be

formed at a location spaced from the first region. A third region

.of misfit dislocations may be formed at a location spaced from the
second region.

15 The material may then be subjected to diffusion to form
a P/N junction.

The method further comprises the step of simultaneously

introducing gold and platinum impurities into the first region.
g e e eI et s or o d——a e peet—x" %e present
moybe wsed Lo proyide o

20 invent:.%%’ﬁiﬁl—al—'g:ﬁﬁﬁ—vﬁ(to fabricate a bipolar power
" semiconductor device fis—prewidedd The material includes a silicon
substrate with first and second surface areas. An epitaxial lavyer

is formed on the substrate. The epitaxial layer includes a layer
that in the finished device will become a depletion region of a

25 first conductivity type. A region in the epitaxial layer is formed

- under conditions which result in misfit dislocations as described
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A proecess enbodyi ng the present invention has been successful ly

denonstrated with a rectifier having a &wi t chi ng speed about 25 nano
seconds anqba br eakdown vol t age of approxi mately 700 to 800 volts. The
process i s*paF¢s cul arly well sui ted for use in 15 ‘t he productlon of high
vol tage, very fast .sw tchin eTe 1000
vol ts. 881aS¥nd F;:E%;'scirl pf g

By way of . M S bsjrate
10 (see flgﬁel;&a%q) %rlse g lol&jfﬁgﬁougi oh#r 3

resistivit

5 The present invention and its practice will now be
further described with reference to the accompanying
drawings, wherein like numerals relate to like parts and in
which:

Fig. 1 1is a schematic cross—-sectional view of a

10 portion of a bipolar power semlconductor device formed in

abricated’ Hhe naebh

material o he present

inyention'fb]iustrating the placement of three spaced
regions of misfit dislocations;

Fig. 2 is a schematic cross-sectional view of one of

15 these three regions c!of misfit disloéations shown in Fig. 1;

and

Fig. 3 is a schematic cross—-sectional view like Fig.
device 1‘¢Med q‘u wwucenul .

V The hﬁw% utilizeg misfit
. . . . 9 .

20 dislocation regions formed in or close to the depletion
N Lin Fhedevice. The cislocabis .

7{ region s runction as an alternative and a
complement to metal diffusion for enhancement of switching
characteristics of power rectifiers. The  misfit
dislocations are formed in a silicon epitaxial layer in the

25 depletion region in material which will become a bipolar

power semiconductor device, such as a rectifier, before the

rectifying REPLACEMENT SHEET
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The substrate is preferably capped as taught in EP-A-0671770
referred to above. A N silicon epitéxial Iayer S grown (ina vapor

PR TR T RS e Lo G LT
of the rggigRs$sl andusisd Nl R PLER€BSSFHH detallic impurities. A small
amount of metallic atonms, preferabl§ a mix of gold and platinum,
will be simultaneously diffused into the misfit dislocation region
5 and will remain there in larger concentrations than ocutside the
misfit dislocation regions, leaving the surface and the remaining
depletion region with ninimal metallic precipitates. The end
result, if the place for the misfit dislocation region is well
éhosen, is a very fast switching rectifier with relatively low

10 forward voltage and leakage current.

A process_embodying the present invention has been

successfully demonstrated with a rectifier having a switching speed
about 25 nano seconds and a breakdown voltage of approximately 700
to 800 volts. The process is particularly well suited for use in

roduckiono
15 fhigh voltage, very fast switching power rectifiers rated at less

than 1000 volts.

Description of Preferred Embodiment
By way of an example, the process may start with an N
type substrate 10 (see fig. 1) of Arsenic doped silicon of less

20 than .005 ohm-cm resistivity with crystal orientation of <1-0-0>.

The substrate is preferably capped as taught 1n|&pp;;ca=ionj
/[ EP-A-0Cb11 170 ~

referred to above. A N- silicon epitaxial layer is

grown (in a vapor deposition reactor chamber) over the substrate.

eptFazei af
In this layer three regions are grown with misfit dislocations.

25 The placement of the regions is such that when processing is

— st ey
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10" - finished, these misfit dislocation regions end up in or close to
the depletion region, which is a fully reverse biased P-N junction.
Each m sfit, dislocation region consistst®%f two 2 mcron thick layers
of silicopyidrea3%rdasd@n 148; QR8I 8E£EI Y 2B IMsCePd up Inl B¥EE18EeSELicon
with no germanium (see fig.2). Two |ayers of two m crons thick silicon
sub | ayershakepdepdsirt edgban} ophich ivie fetbndreverseSbGeskdy®t junction.

Each misfit dislocation region consists of two 2 micron
thick layers of silicon with 3% germanium, separated by a 2 micron

layer of silicon with no germanium (see f£ig.2). Two layers of two

(4]

microns thick silicon sub layers are deposited on top of the second
SiGe layer.
More particulérly, above capped surface 12 of substrate
10 the epitaxial layer is grown. After the device %z:finished the
10 epitaxial layer will include an N++ out diffusion buffer region 14.
A P+ diffused region 18 is diffused into this epitaxial layer to
create a P-N junction 20. If this P-N junction is reverse biased,
a depletion region 16 will sustain the bias voltage.
Depletion region 16 will contain N-type silicon with
15 regions 22, 24 and 26 separated by regions 28, 30 and 32 containing
misfit dislocations. Each of the misfit dislocation regions 28, 30
and 32 are preferably formed of five layers each approximately 2
microns thick.
A typical region 28, 30 and 32 including misfit
20 dislocations is illustrated in Figure 2. With the temperature of

the CVD reactor chamber lowered 50°C to 1050°C, a first germanium

"

containing layer 34 (Si/Ge) of approximately 3% germaniua is grown
Tle PP AAANTC .. . é L .

ick. Next a 4 min. hydrogen purge

is performed to <clean the gas in the chamber. A first

25 substantially germanium-free silicon layer 36 is then grown over

layer 34. Layer 36 is also approximately 2 microns thick.

[REPLACEMENT SHEET
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"Mre particularly, above capped surface 12 of substrate 10 the
epitaxial layer is grown. After the device is finished the 10 epitaxial
| ayer will jnclude an N++ out diffusiian buffer region 14. A P+

di f'fused region Ls..di ffiu L at.o | ' Is : s 1 regate a
P-N junction 20. 6?? ,ttgﬁi ‘!’sé ISEA%%?u#c]tal SEQ{:? %v%%ééaﬁéﬁ%,rmtﬁg l?atye@fgpﬁ%et I on
regi on ;6 gWohdn SYystiice )t BRibh ass \Wiklia@e. to layer 34 in colBPsPtidm arRgi on 16
will contain NNtype silicon wi-th 15 regions 22, 24 and 26 separated by

r egi onthigkn@@sand 3Ztegnttdiisi rgpother rpwiget. di Bhotag i 8hés Bacheofthehe

m sfit dislocation regions 28, 30 - and 32 are preferablg/ formed of five
| ayers t@éﬁtﬂ?réﬁb‘FGxi melx'912ed to 1100°C. Above = layer 3 another

S substantially germanium-free layer 40 is grown. Then another purge
and another substantially germanium free layer 42. Silicon
sublayers 40 and 42, each are approximately two microns thick.
Finally a gas etch etches away a part of layer 42 and another 4

" min. hydrogen purge removes the etching gasses.

10 Each multi-layer region of mnmisfit dislocationé has a
o thickness of approximately 10 microns. The regions are spaced apart
~ by N-silicon regions 24 and 26 gf.'. approximately 13 microns

thicknes.s. Adjacent the surface of region 32 of m'isfit
dislocations is grown an approximately 45 micron thick silicon

15 buffer. A portion of the buffer will be diffused with a P type

impurity to form a P+ type region 18 with a P/N junction 20. The
fegions of misfit dislocations are preferably proximate to junction
20.

FPig. 3 shows the case where the misfit dislocation

20 regions 28 and 30 are situated just outside the depletion region
16. The misfit dislocation regions are the same as earlier
described and shown in Fig.2, however preferably with one4 tw;a or

more Ge—doped layers.
lseuﬁian~J«c15rn«aﬁ@%&jsﬁuuiwﬂL)

in
The advantage of this Prsfr\is found primarilylt;e

25 leakage current IR and to a lesser extent to the forward voltage
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“m’'ctons thick. A typical region 28, 30 and 32 including
msfit 20 dislocations is illustrated in Figure 2. Wth the tenperature of
the CVD reactor chanber | owered 50[err] 1050-C, a first gernmani um
cont ai AAFRP | a"yerHBHe('S#%')mbfgea‘ﬁEPékmebI"—?%%@’étlm 4AYES ¥ Swnfar  on
an initjal, .underl

, axial. _growmh as_seen,in Fi 1. The
ger mani largesgg, SF’ﬂP ?‘gthe éi PE&F%‘E’('@ ;'}‘egarlri?(’:?o’rﬁp‘i%t%f Rkt a 4
mn. hy 2 0. 4 a r. A
frot SEbE0Sh A %éé?ﬁaﬁ?uﬁﬁf@%ée‘-é%%%nﬁﬁaw‘%%r LR e P
over | ayerrérkly ayRe 3btdriadlds omauroxbéfMmtehye?img CERNS) t HisCkknown to

5 increase the IR because the generation component of IR is

. proportional to the lifetime.

IR {gen) =-g ni (Vol. of depl region)/n.r.
where IR (gen) is the generation part of the leakage current.
ni is the intrinsic carrier concentration.
10 g is the electron charge (1.6 x 10 -19 coul. current)
v is the lifetime

n is a constant. For a midband energy level n = 2

If the r in the depletion region is large, IR is small. If r just

15 outside the depletion region is small, the recombination there will

diminish the charge in the space charge region when the rectifier

is forward biased, which will result in a faster switching time.

The misfit dislocations in this case must have more regions or more

germanium in each 24 region or more gold or/and Pt to achieve the

20 same switching time as in the case of fig. 1. 1In some cases only

~ one of the misfit dislocation regions might be the preferred

embodiment. A similar reasoning is in special cases true for the
spa\ié charge region.

As noted above, increasing the switching speed of silicon

25 devices has been conventionally accomplished by the introduction of
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d1--top of layer 36 a second gernmani um containing | ayer 38 IS grown

(Si/CGe) which is simlar to layer 34 ;3 conposition and t hi ckness.
After this another purge. During this purge the enperature |s
ral sed hepvYlmsOddric impyydtipgyerhich t%n?ot"r?erred“S‘*sHbg?’éh’fY aFyyrier

gernanIUF&géé¥%e %XE{ é% ré%o g AT Qen a é&{%%; RYtH®a shorter recovery

time but Hlth a higher IR due to the metallic impurities such as
gold and platinum which have been used.
. . ek
) In a special case of thef{present invéntion, misfit
dislocations as well as metal diffusion are employed to enhance the
switching speed in devices such as power rectifiers. The misfit
dislocations serve as getter gites of the metallic impurities. The
metallic impurities are diffused all through the silicon and end up

10 into the misfit dislocation regions as the regions are formed and
remain in those regions in relatively large concentrations, as

o compared to the surface and remainder of the depletion region. The
source of these metallic impurities can be a'gold-doped wvafer in
the vapor deposition reactor chamber.

15 We have found that maximum results are obtained by
simultaneously diffusing gold and platinum impurities into the
misfit dislocation regions after the regions are formed. This can
be achieved with a gold and platinum Filmtronic spin-on used as a
metallic dopant. It is believed that, because the metals have

20 different activation energies, different and distant trap energies
are present. Diffusion of the gold and platinum at 810° C for 60

\_/. minutes has resulted in power rectifiers with a switching time in

the 25-30 nano second range.

It should_now be appreciated that (described above
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and another substantially germanium free |ayer 42. Silicon

subl ayers 40 and 42, each are appro¥inately two m crons thick. Finally
a gas etch etches_away a part of Iay%r 42 and anot her 4 m n. hydrogen

pufge‘réﬁn?egr?ﬁélﬁﬂkﬂﬁﬂﬂj1§a§3€§ of misfit d151°C§§&9PrﬁBQH“JH&§ér régeon of

msfit dIS|O at L ons thlckness of r oxi mat el crons The
regi ons mipgt gpéés {%ﬁ ns are,gSRPEIEYTh 4 reg o) %9?5%9/ g% ihe of

appr oxi @%%lﬁ Jg%an GEOthcox’ih' ChiesSit aiHUAREBhs tha §§'rfl%E§11§%dm cron

regi on di slocations is grown an approxi mately
t hi ck sulnf@elmelﬁlbnéxfse.r ThA paplopbed dheubtf hesrit |didwdditfibusedsvwath a P
type S controllable, clean technique for increasing switching speed of
power rectifiers and reducing the minority carrier lifetime of
mutiiayer devices.
In addition, misfit dislocations are effective gettering
sites for metallic impurities. Small émounts of gold and platinum
10 can easily be incorporated into the region of misfit dislocations,
leaving the remaining silicon layers with minimal metallic impurity

e precipitates.

While only a single emb¢dimefit of the present invention
has been disclosed for purposes ofj4dllustration, it is obvious that
15 many variations and modificatjidng could be made thereto. It is

intended to cover all of ese vgdriations and modifications which

fall within the scopef the pregent invention, as defined by the

following claims:

]

A copy of the specification and drawings of each of above-
20 mentioned applications 94301700.4 and 94301701.2 has been filed with the
L documents accompanying this application.
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'irtcpr_Uri ty to forma P+ type region 18 w tlr? a PINj unﬁmu I'Hl IU“I 20

regi ons of @gisimk di sl ocations are preferably proxi

Fi*g. 3 shqows the case where the misfit dislocation 20 reglons 8 and 30
are sifuatet. j ush methbdefbbefdbplieateng ads@tructurdbof séhedorfudtor

di sl ocation regions are the sane as earlier descri bed and shown in
Fig.2, howewatepielebubiyivakbabngtowthron a giiriecde-sdpadrdtayef0) in
The advantage of this sem conductor material structure is found primarily

in the

10

15

20

25

a chemical vapor deposition (CVD) reactor chamber, in which
a region (28:30:32) having misfit dislocations is formed by
successively growing layers (34, 36, 38) of germanium;
containing silicon and germanium-free silicon on an initial
silicon layer (14:24:26) whiéh is epitaxially grown at a
given temperature, and wherein the formation of said region
(28:30:32) is characterizéd by the steps of:

lowering the temperature of said substrate (10) to
about 505C below said given temperature;

growing at least one silicon layer (34:38) containing
about 2-3% germanium with the aid of a germanium-containing
gas introduced into the reactor chamber; |

purging the reactor chamber and raising the
temperature of said substrate (10) -to said given
temperature;

growing a first germanium-free silicon layer (40) on
the, or the last-formed, germanium-containing silicon layer
(34:38) ;

purging the reactor chamber;

growing a second germanium-free silicon layer (42);

etching said second germanium-free silicon layer (42)
to remove a paft_thereof; and

purging the reactor chamber.
2. A method as claimed in Claim 1 in which more than one

germanium-containing silicon layer (34, 38) is grown and in

I -




) 16
‘25 leakage current IR and to a |l esser extent to the forward voltage

12 - dvdpidlf . beloeeal entoamsggerergtowthsn dfheyelepart unAcbayeiniagby far

t he | ar gest, component of the IR Diffusing netallic inpurities al

t hr ough th@n&ﬁqnntlaYemmw(34ua3ﬁkunuHQ'xea¢ter ¢hdmibereiapurged and

currently the standard manner of achieving this) is known to

a germanium-free layer (36) of silicon is grown.
3. A method as claimed in Claim 1 in which two or more
5 spaced regions (28, 30, 32) of misfit dislocations are
formed, each being formed by successively growing layers
(34, 36, 38) of germanium-containing silicon and germanium-
free silicon on a respective initial silicon layer (14, 24,
26) which is epitaxially grown aﬁ said given temperature,
10 and wherein the formation of each of said regions is
characterised by the steps of Claim 1.

Y 4. A method as claimed in~Claim 3 in which there are’
three regions (28, 30, 32) of misfit dislocations are
formed.

15 5. A method as claimed in Claim 3 or 4 in which in the
formation of each of said regions, more than one germanium-
containing silicon layer (34, 38) is grown, and in which
between successive growths of germanium-containing silicon
layers (34, 38) in each region, the reactor chamber is

20 purged and a germanium-free silicon layer (36) is grown.
6. A method as claimed in any preceding claim further
comprising the step of growing an epitaxial silicon layer
above the misfit dislocation region(s) and forming a P/N
junction (20) in the last-mentioned epitaxial silicon

25 layer.

7. A method as claimed in Claim 1 or Claim 2 comprising

the step of forming a P/N junction (20) in the epitaxially

grown structure, said P/N junctlon (20) hav1ng a depletlon
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2 17
;S;Iﬁcréase the IR because the generation conponent of IR is _
proporti onakegdonhg 16)f efdsriated therewith, and iR «lgbth) saidntedioh. of

dépi regign)/n.r. where IR (gen) is the generation part of the
| eakagé cur@8t:30) of milsifdtt hdishocanson casribocgbadendutsida. the g is
the electron charge (1.6 x 10 -19 coul. current) r is the lifetime

n is a consbanndaries f wihddembetgion eveyian= (20) proximate one of
the boundaries.

5 8. A method as claimed in Claim 3 or Claims 3 and S
comprising the step of forming a P/N junction (20) in the
epitaxially-grown structure, said P/N junction (20) having
a depletion region (16) associated therewith, and in which
respective regions (28, 30) of- misfit dislocations are

10 formed outside the boundaries of the depletion region (16)
proximate respective one of the boundaries.

— 9. A method as claimed in any preceding claim further
comprising the step of simultaneously diffusing gold and
platinum impurities into the or each region (28:30:32) of

15 misfit dislocations.
10. A method as claimed in any one of Claims 1 to 8
further comprising the step of diffusing gold as an
impurity into the or each misfit dislocation region
(28:30:32) -and obtaining the gold impurity for diffusion
20 from a gold-doped wafer in the reactor chamber.
11. A bipolar power semiconductor device comprising a
structure of semiconductor material formed upon.a silicon
substrate (10) in accordance with Claims 2 and 6, wherein
said P/N junction (20) provides a power rectifier junction
25 in the device and has a depletion region (16) associated
therewith, and wherein said misfit dislocation region [28:
32 (Fig. 1): 28:30 (Fig. 3)] is located proximate one

boundary of the depletion region (16) but not the other

T S e
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I fiherr | depl et ionis | IR 1. 1f r just 15
:)]:j"'f}sihgert Lgbégfe}fisgg'o??&’%c{fﬁ‘g: gnslrr;I I ?r?ﬁe recl)rsmisgt I on the;:caJ \l/J\A |1
i“mi ni A i h ' wh h tifi S
e o Eo26, Bk BaRE Bt PRRSohORERRy RS (SRR LSns e
isfit disl | ' | LORS. Or. _MOre. ...
Ger mani um | SC2LERNSE, be RonfltalBitly IMCIIP FEPNAS WBonTH i licony

same Swi t ChibigstiBReAS (1)t NE, CARROMaHD dich! LBARS CaSESSONlNy 6,
one of the msfltgglslocazlon regi ons m ght JE)e t he pre?erred
embodi mgnt . yhér&ifl sali d GHAP™Y Wikt forl N(FPL PR £ASESal PUeelOrddi8 fier
junction in the device and has a depletion region (16)
associated therewith and wherein each of the two, or two of
the, spaced regions of misfit dislocations is located
proximate a respective one bodndary of said depletion
10 region, but not the respective other boundary thereof.
13. A bipolar powerf semiconductor device comprising a
\_/ structure of semiconductor material formed on a silicon
substrate (10) in accordance with Claim 7, wherein said P/N
junction (20) provides a power rectifier junction within
15 the device.
1l4. A bipolar power semiconductor device comprising a
structure of semiconductor material formed on a silicon
substrate (10) in accordance with Claim 8, wherein said P/N
junction (20) provides a power rectifier junction within

20 the device.

_ M
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space charge regi on. As noted abov EPWM'ﬁéhme

swi t chi ng speed of silicon 25 devi ces has been cpnyenti onar Ty
acconpl i shed by the introduction of he vg m sl @pn{rﬂduril ties,
whigh tend to reduce mnority carrier 1 [lifetine &n ref oF&resul t in
deviices WEH TAXIA SEMICONDUETYR MATERIAL AND METHOD FOR FABRICATING
SAME
The present invention relatss to a mwethod for

fabricating a structure of semiconductor material by

epitaxial g¢rowth on a silicon substrate in a CVD reactor

chamber. The invention also relates to a birpolar
5  semiconductor device includirig a power re_ctifier junction.

The invention is concerned with the fabrication of
epitaxial material in which misfit dislocations are formed.
The use of misfit dislocations permits improved control of

N\ the switching speed or other lifetime 'dependent parameters
10 of bipolar semiconductor devices manufactured from such
semiconductor matérial .

It is known that the switching speed of silicon
bipolar devices can be increased by the introduction of
heavy metallic impurities in the active region of the

15 device. The impurities significantly reduce minority-
carrier lifetime and as a result shortens reverse recovery
time. Gold and platinum impurities are often used, and are

g rapidly diffused into this silicon. Howe:\rer, the solid
solubilities of these impurities in silicon are very small

20 and they tend to precipitate or segregate at defects,

disordered regions, and surfaces. Their diffusion is

therefore difficult to control and is sensitive to process
conditions, particularly the diffusion temperature and
time, and also cooling rate .(after the diffusion) in

25 certain temperature ranges.
U.S. Patent No. 5,097,308 issued March 7, 1992 and

' U.S. Patent No. 5,102,810 issued April 7, 1992, both to Ali

Salih, are directed to a method for controlling the ...



time but with a hi gher IR due to the netallic inpurities

and p! ati num whi ch have been used. 5 In a speci i
i‘fpl enent ation of the present invention, msfit di sl ogatfi on

metal diffusion are enployed to enhance the switchin

such as power rectifiers. The msfit 2 dislocations s¢rve as getter
sitesjof the netallic inpurities. The metallic inpurities -

al | tfrouglF4iftehding segednafehipopar MPYaR GeVhEeH SHTeudh Shsc dSeoR Er egi ons
as the¢ regions are_formed and remain in those regions in relatively

| ar ge| concéHtsat sHslegationgolpabhe €8PipeldurFet®hnd FRRaMdér tof t he

depl efi on regi.on. The ) . , )
dislocations are formed during epitaxial growth by creating

a silicon/silicon-germanium interface.

S The above-mentioned U.S. patent 5,102,810 discloses a
method for fabricating a structure of semiconductor
material by epitaxial growth on a silicon substrate in a
chemical vapor deposition (CVD) reactor chamber, in which
a region having misfit dislocations 1is formed by

10 successively growing layers of germanium-contaihing silicon

and germanium-free silicon on an initial epitaxially grown

silicon layer. It is to be recognized that this initial
layer will be grown at an appropriate given temperature.
In patent 5,102,810 there is disclosed a semiconductor

15 structure having a.region of misfit dislocations within

which there are two or more spaced germanium-containing

silicon 1layers, these layers being separated by a

germanium-free silicon layer.

~ Both the mentioned U.S. patents propose the use of

20 misfit dislocations to lower the minority lifetime in

semiconductor devices. This can be used to enhance the

. switching speed of power rectifiers, particularly fast

recovery power rectifiers. With misfit dislocations it

becomes possible to obtain localized regions in the device

25 with low minority_lifetime close to regions with a high

minority lifetime. It also allows for a great amount of

freedom to place these misfit dislocations in favourable

locations. Misfit dislocations produce relatively small




ay

vapor “deposi tion reactor chanmber. 15

results are obtained by si nul taneously diffusing gofd and plati num;
impurities into the m sfit dislocation regions aftger t?e%r@ggw r
formed. This can be achieved with 'a gold and pl atijpu iTrtronic

spi n-on used as a metallic dopant2a It is believe e

metaj s have 20 different activation energies, differept and distant tr
energi es leakage gussepts BnYf ggcomesRlinagderd linang

60 m nutes has resulted in power rectifiers with a swtching tinme in
stable, and thus, device performance does not significantly

deteriorate under high power and temperature applications.

Unlike processes where misfit dislocations rad been
5 previously used to remove impurities from the space charge

region, the use of misfit dislocations in the two U.S.

patents is to directly reduce minority carrier lifetime.

That becomes possible because they are associated with deep
o energy levels in the energy gap of silicon, like metallic
10 impurities.

The misfit dislocations are formed by growing a thin
layer of silicon containing a few percent germanium (Ge)
somewhere in the epitaxial layer of ‘'pure" silicon
(substantially Ge free). The two interfaces of the silicon

15 without Ge and the thin layer of silicon containing a few
percent Ge are strained, because the crystal lattices of

the bordering layers do not exactly match. As a result




t he 25-30 nano second range. It shoul dmw—z l

descri bed above Is a practical appl RERL 55%@%8?&

di sl'ocation techniques. The _ m sfit dislocatli NS are associ ft ¢

Wi th. deep energy levels in the zenergy gap of s@ 20%3,3 10aM $f

di slocations act as |ocalized. i -
dislocations appear at these interfaces.

. 10
N

15
i 20
N>y

25

Unlike metal impurities and structurkli—defeets-forcedby
electron bean irradiation, nisfit dislocations are permanent
defects that are not sensitive to high tecperature processing short
of rcelting the silicon material. They are also locallzed, having
their influence in well defined narrovw regions in the Si device.
They are formed during the epitaxial growth and do rot reguire
additional processing steps as ones used to intrciuce mnetal
impurities and structural defects. .Thus, misfit dislccations are
used effectively as a more versatile alternative to metal diffusion

with the added advantage of localization of their effacts. The

nisfit dislocations can also be used as a complement to netal

diffusion to obtain significantly better results than ccnventional
impurity introduction techniques. Flexible tailoring cf recovery
characteristics can be achieved by adjusting the placing of the
dislocations as well as a adjusting the densities of koth misfit
dislocations and metal impurities corbined in the sane device.

The above described process teaches forming the
silicon/silicon-germanium interface during epitaxy by growing a
silicon layer with 2% or 3% germanium and thereafter growing a
"pure" silicon 1layer. However, as a practical mattsr, it is
difficult to achieve a *"pure" (substantially germaznium free)
silicon layer after the silicon-germanium layer is form2d because
of residual gertanium which remains in the reactor systez

The oresent invention enables us to provide a method

vhereby silicon layers which are not contaminated with germaniun



P

lifetime killers. The enpl oyment of such msfit df léﬁﬁﬁﬂﬁﬁﬁmlnggT‘ 5
controllable, clean technique for increasing sw tgm i 1
poéwer rectifiers and reducing the mnority carrie ifetine of _
mutil ayer devi ces. I n addi tion, spiz WNsHRAAati gns are
effective gettering sites for meétallic inpurities. Small ‘anbunts of
gol d gnd platinum 10 can easily be incorporated into the,rqglon.of
m sfit] disl egatberfprmed after galingntgerraniiniyaysdd iacenthydrcsibgid h
mnimgl metallic inpurity _ precipitates.
in a CVD reactor during epitaxy.
According to the present invention there is provided
a method for fabricating a structure of semiconductor
5 material by epitaxial growth on a silicon substrate in a
chemical vapor deposition (CVD) reactor chamber, in which
a region having misfit dislocations 1is £fcrmed by
successively growing layers of germanium-containirg silicon
and germanium-free silicon on an initial silicon layer
o

10 epitaxially grown at a given temperature, and wharein the

formation of said region is characterized by the steps of:
lowering the temperature of said substrate to about
50°C below said given temperature;

growing at least one silicon layer containing about 2-

15 3% germanium with the aid of a germanium-containing gas

- introduced into the reactor chamber;
purging the reactor chamber and raising the
temperature of said substrate to said given temperature;

growing a first germanium-free silicon layer on the,

20 or the last-formed, germanium-containing silicon layer;

purging the reactor chamber;
growing a second germanium-free silicon layer;
etching said second germanium-free silicon layer to

remove a part thereof; and

25 | purging the reactor chamber.

The ©prior method teaches placement of the
silicon/silicon-germanium interface near the middle of the

depletion region. The present invention provides for the
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possibility of placement of the misfit dislocaticn regions
near or even outside the boundary of the depleticn layer.

Preferred features of the practice of the Invention
are concerned with the provision of more than one region of
misfit dislocations; the inclusion of more <chan one
germanium-containing silicon layer in a misfit dislocation
region; the formation of a P/N junction in the
epitaxially-grown structure; and the placement of one or
more misfit dislocation regions with respect to the
junction or a depletion layer associated therewith.
Preferred features of the above method of the invention are
set forth in Claims 2 to 10. .

Another aspect of the invention lies in a bipolar
semiconductor device including a P/N junction that provides
a power rectifier junction.  Such a device is made
employing a method in accordance with the invention.
Claims 11 to 14 set forth devices in accord with this
aspect of the invention.

The prior method suggests the diffusion of metallic
impurities as a complement to the wuse of misfit
dislocations. It is now suggested that the simultaneous
diffusion of gold and platinum impurities apgpears to
provide optimum results.

It is further proposed that the placement of an Au
doped wafer in the reactor chamber during the growing of
the epitaxial layers in the region of misfit dislocations,
amidst the substrate wafers which are being processed, will

be a useful source of Au. The grown epitaxial layers pick
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mat eri al

chemi cal

(28:30:32) having msfit dislocations is fornmed by
growing |ayers (34, 36, 38) of gernmanisum
gernanlun}free silicon on an initial
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1. A method for fabricating a str T
by epitaxial growh on a silicon substratiA,
vacor deposition (CVD) reactor chanber, i X

oht i shi'ng: s:;wc

-

up enough Au, which diffuses and ends up mainly in the
misfit dislocation regions.

As the reader will no doubt note, the process here
disclosed is entirely epitaxial in nature and can be
performed completely in a single CVD reactor. In that
sense, it is similar to the process disclosed in Co—pending
European Application 94301701.2 published as EP-A-0671770
on 13-09-95 and a copy of which application was filed with
the documents for the present application. EP-A-0671770
teaches an all epitaxial process in which a heavily doped
layer is grewn on a lightly doped substrate. To minimize
out diffusion, the substrate is "capped" by growing very
thin and heavily doped silicon layers which are depleted by
hydrogen purges. The epitaxial layers are then grown over
the capped substrate. Those aspects are effectively
utilized in the preferred practice of the present invention
which combines same with some of the features of the
process of the U.S. patent already discussed to obtain a
more advantageous result.

To minimize contamination of the gas flow lines and

"reactor surfaces from the high impurity concentrations

necessary in the CVD reactor when performing the epitaxial
process, advantageously a gas flow system is employed with
the CVD reactor, which system is that described in
copending European Application 94301700.4, published as EP-
A-0671484 on 13-09-95, and a copy of which application was
filed with the documents for the present application.

The preferred practice of the present invention




silicon l'ayer (14:24:26) which is epitaxially grown at a gi

tenperature, and wherein the formation of said regionjg p
cHiaracteri zed by the steps of: | oweri ng ﬁ
said substrate (10) to about 50[err]low saidiglven tenperatufe
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germanium ccntamination of silicon layers, which are formed

in the CVD reactor after germanium-containing layers, is
substantially reduced. The minority 1lifstime is
controlled, and the switching speed oi devices made using
the semiconductor material structure is enhanced -
preferably gold and platinum impurities are diffused
simultaneocusly as a complement to the misfit dislocation
process. A gold diffusion may be performed during thé
epitaxial growing steps by replacing one of the wafers in
the epitaxial susceptor by a gold doped wafer as a source
of gold for the other wafers.

The method of the invention may be put into practice
so that the misfit dislocations are located in a region
proximate to or outside a depletion region or outside a
space charge region in the case of a forward biased
junction.

In accordance with one embodiment of the present
invention, a method is provided for fabricating an improved
epitaxial material (see Fig. 2). In the CVD reactor, an
epitaxial layer is grown on a silicon substrate. The lafer

includes a first region containing misfit dislocations.

Germanium-containing gas is introduced into the reactor

chamber as the substrate temperature is.reduced to 1150°C
to grow a 2um thick silicon layer containing for example 3%
gérmanium. Next the chamber is then purged. A layer of
substantially germanium-free silicon is then grown again,

2pum thick. Germanium-containing gas is again introduced

i gas i ntroduce
eact G2SEnaRBEr below provides pyrefimigonduct e aatariahaibethigind
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fenperature of said substrate (10) to said given t enper at ur e;
growing a first germaniumfree silicon |ayer (40) on 20 the, or the

| dst-formed, germani um containing silicon |ayer (34:38);

purgi ng the reactor chanber; - growing a second germani umfree
silicon | ayer (42); etching said second germaniumfree silicon
| ayer (42)] 25 to renove a part thereof; and purgi ng the

reactor chanber.

' 6b
into the chamber to form a second germanium containing
layer, 2um thick. the chamber is purged after the second

germanium-containing layer is formed.
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2. A nethod as claimed in Claim1 in which nore than one

germani umcontaining silicon layer (34, 38) is grown and in 16
whi ch” bet ween successi ve growt hs of gernmani um cont ai ni ng silicon
| ayers (34, 38), the reactor chanber is purged and a germaniumfree
| ayer (36) of silicon is grown. _

During this purge the tepperature is increased. A second

substantially germanjium-free silicon layer (2umthick)is grovn on
the surface of the second gerwmaniun-containing layer. The
chacber is purged again. Next another2umsubstantially germaniua-
5 free silicon layer is formed. Finally the surface of this last
layer, is etched to remove a significant part of it. KCl gas is
introduced to back etch about one micron of the silicon layer
surface. This is to remove unwanted germanium residue which has
settled on the wall of fhe vapor deposition chamber thereby
10 preventing further unwanted- silicon germaniun deposition.

A second region of several nisfit dislocations nay be
formed at a location spaced from the first region. A third region
of rmisfit dislocations may be formed a2t a location spaced from the
second région.

15 The material may then be subjected to diffusion to fﬁrm
a P/N junction.
The method further comprises the step of simultaneously

introducing gold and platinum impurities into the first region.

20 The present invention may be used to provide a material with which to

fabricate a bipolar power semiconductor device. The material includes a silicon

substrate with first and second surface areas. An epitaxial layer
is formed on the substrate. The epitaxial layer includes a layer

that in the finished device will become 2 depletion region of a

w
o

first conductivity type. A region in the epitaxial layer is formed

under conditions which result in nisfit dislocations 2s described

REPLACEMENT SHEET
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(28, : 30,

silicon and ger mani um free silicon on a respective
| ayer (14, 24, 26) which is epitaxially grown at sai
tenperature, 10 and wherein the fornmation of each of sai
characterised by the steps of daiml. 8 4. A method as

‘3. Anethod as clained in aim1 in which two or nore 5 spaced regi ons

32) of msfit dislocations are formed, each.bei-ng—forred-by
successively grow ng | ayers (34, 36, 38) of germanium containing

ETESH

3 in which there are

10

15

~— 20

:25

above.

The present invention and its practice will now be
further described with reference to the accompanying
drawings, wherein like numerals relate to like parts and in
which:

Fig. 1 1is a schematic cross-sectional view of a

portion of a bipolar power semiconductor device formed in

a material fabricated according to the method of the present-invention,

and illustrating the placement of three spaced regions of misfit dislocations;

Fig. 2 is a schematic cross-sectional view of one of
1
these three regions of misfit dislocations shown in Fig. 1;
and

Fig. 3 is a schematic cross-sectional view like Fig.

1, of another device formed of a material fabricated in accord with present invention.

i .Sﬁeleﬁias ﬁéeh iRQﬂ&ed

lHai m

The devices formed using a semiconductor material fabricated according to the

method of this invention utilise misfit dislocation regions formed in or close to a

depletion region in the device. The dislocation regions function as an alternative and a

complement to metal diffusion for enhancement of switching
characteristics of power rectifiers. The misfit

dislocations are formed in a silicon epitaxial layer in the

depletion region in material which will become a bipolar

power semiconductor device, such as a rectifier, before the

rectifying

REPLACEMENT
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'f:hree regions (28, 30, 32) of msfit dislocations are
A nmethod as claimed in CGaim3 or 4 in which in the
of said regions, nore than one gernani um cont ai i

(34, 38) is grown, and in which bet ween successi

ger mani um contai ning silicon | ayers (34, 38) in gagh region, the

react or

gr own.
conpri
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chanber is 20 purged and a germani umfree ii |'Tcon | ayer (36)

6. A method as clained i any preceding claimfurther

51 10§ c5baP: O a OF AN aRrePtia¥i 8l a Si1d G ohaYBbrve 2s lifetime

killers and also as getter sites for metallic impurities. A small
anount of metallic atoms, preferably a mix of gold and platinunm,
will be simultaneously diffused into the misfit dislocation region
and will remain there in larger concentrations than outside the
misfit dislocation regions, leaving the surface and the remaining
depletion region with rminimal metallic precipitatest The end
result, if the place for the misfit dislocation region is well
chosen, is a very fast switching rectifier with relatively low

forward voltage and leakage current.

A process embodying the present invention has been

successfully demonstrated with a rectifier having a switching speed
about 25 nano seconds and a breakdown voltage of approximately 700
to 800 volts. The process is particularly well suited for use in
the production of high voltage, very fast switching power rectifiers rated at less

than 1000 volts.

Description of Preferred Embodiment
By way of an example, the process may start with an N
type substrate 10 (see fig. 1) of Arsenic doped siliéon of less
than .005 ohm-cm resistivity with crystal orientation of <1-0-0>.
The substrate is preferably capped as taught in EP-A-0671770

referred to above. A N- silicon epitaxial layer is

‘grown (in a vapor deposition reactor chamber) over the substrate.

_In this epitaxial layer three regions are grown with misfit dislocations.

The placement of the regions is such that when processing is

S



é‘bove‘_the m sfit dislocation region(s) and formng a P/N

the |ast-mentioned epitaxial silicon 25 la PEA%EMENT EHEET

(20)

mét hod as clainmed in Caim1 or Caim?2 conprising the {step of "Torm
a P/N junction (20) in the epitaxially grown structune, diR
junction (20) having a depletion 2 JENNQSQ

10

finished, these nisfit dislocation regions end up in or close to

the depletion region, which is a fully reverse biased P-N junction.

Each misfit dislocation region consists of two 2 micron

. thick layers of silicon with 3% germanium, separated by a 2 micron

15

20

20

layer of silicon with no germanium (see fig.2). Two layers of two
nicrons thick silicon sub layers are deposited on top of the second
SiGe layer.

Hore particularly, above capped surface 12 of substrate
10 the epitaxial layer is grown. After the device is finished the
epitaxial layer will include an N++ out diffusion buffer region 14.
A P+ diffused region 18 is diffused into this epitaxial layer to
create a P~K junction 20. If this P-N junction is reverse biased,
a depletion region 16 will sustain the bias voltage.

Depletion region 16 will contain N-type silicon with
regions 22, 24 and 26 separated by regions 28, 30 and 32 containing
misfit dislocations. Each of the misfit dislocation regions 28, 30
and 32 are preferably formed of. five layers each approximately 2
microns thick.

A typical region 28, 30 and 32 including misfit
dislocations is illustrated in Figure 2. With the temperature of
the CVD reactor chamber lowered 50°C to 1050°C, a first germanium
containing layer 34 (Si/Ge) of approximately 3% germaniun is'grown

on an initial, underlying layer of epitaxial growth as seen in Fig. 1. The germanium
containing layer is approximately 2 microns thick. Next a 4 min. hydrogen purge is

performed to clean the gas in the chamber. A first substantially germanium-free silicon

layer 36 is then grown over layer 34. Layer 36 is also approximately 2 microns thick.



r‘égi on (16) associated therewith, and in which said region (28:30) of

msfit dislocation is |ocated outside the boundari es of said

dépl etion region (20) proxi mate one of t he boundari es. 5 8. A
method as clained in aim3 or CIaims 3 ,a,nd 5 ‘conprising the step of
formng p P/N junction (20) in th I taxially-grown structure, said

P/N juncfion (20) havifgtop °f lay‘ﬂ'éﬁﬁeﬁ isﬁﬁ '?deQFB‘ﬁa'(lfﬁ)’C%’é%adé‘ll&? dgver e
t"h_er ew th, agg érﬂ)\mhl (\(I%J./Ge) which 1s sicilar to layer 34 in composition and

thickness. After this another purge. During this purce the
tenperature is raised to -1100°C. tbove layer 38 another
° substantially germanium-free layer 40 is grown. Then another purge
and another substantially germaniun free layer 42. Silicon
sublayers 40 and 42, each are approximately two microns thick.
Finally a gas etch etches away a part of layer 42 and another 4
nin. hydrogen purge removes the etching éasses.
10 Each mnulti-layer region of wmisfit dislocations has a
\/ | thickness of approximately 10 microns. The regions are spaced apart
by N-silicon regions 24 and 26 (Fig. 1) of approximately 13 microns
thickness. Adjacent the surface of region 32 of nisfit
dislocations is grown an approximately 45 micron thick silicon
15 buffer. A portion of the buffer will be diffused with a P type
impurity to form a P+ type region 18 with a P/N junction 20. The
regions of xisfit dislocations are preferably proximate to junction
20.
Fig. 3 shows the case where the misfit dislocation
20 regions 28 and 30 are situated just outside the depletion region
16. The misfit dislocation regions are the same as earlier
described and shown in Fig.2, however preferably with one,tw.o or

more Ge—doped layers.

The advantage of this semiconductor material structure is found primarily in the

25 leakage current IR and to a lesser extent to the forward voltage

REPLACEMENT SHEET
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r':é-spegtive regions (28, 30) of msfit dislocations are 10 formed outside

t he boundaries of the depletion region (16) proxinate respective one
of the boundari es. 9. A nmethod as clained in any preceding claim
further conprising the step of sjjmultaneously diffusing gold and

platifquminpurities into the or each region (28:30:32) of 15 nisfit
di sl odat i 678P VI- HBede-glagtrop wesesphiodn Rhafprdstior Javairnks byt 628

f-urt hgr nprising the step & f%ff sipg . gold S, an_ . .inmpurity
. . . t
into tlhe %?’eegac b sﬁ°tmp8f‘§1‘gc%§|% f Ty g#ﬂ%m% netaflic Impurities BI1
through the wafer to lower the minority carrier lifetime (as is
currently the standard manner of achieving this) is known to

5 increase the IR because the generation component of IR is

proporticnal to the lifetime.

IR (gen) = g ni (Vol. of depl region)/n.r.
where IR (gen) is the generation part of the leakage current.
ni is the intrinsic carrier concentration.
.\./' 10 q is the electron charge (1.6 x 10 -19 coul. current)
1 is the lifetime

n is a constant. For a midband energy level n = 2

If the r in the deplétion region is large, IR is small. If r just
15 outside the depletion region is small, the recombination there will

diminish the charge in the space charge region when the rectifier

is forward biased, which will result in a faster Switching tine.

The rmisfit dislocations in this case must have more regions or more

germanium in each 2p region or more gold or/and Pt to achieve the
‘\— | 20 sane switching time as in the case of fig. 1. In some cases only
one of the misfit dislocation regions might be the preferred
embodinent. A similar reasoning is in special cases true for the
space charge region.

As noted above, increasing the switching speed of silicon

[
N

devices has been conventionally accomplished by the introduction of

REPLACEMENT SHEET
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"(28:30:32) and obtaining the gold inpurity for diffusion 20 froma

gol d- doped wafer in the reactor chanber. 11. A bipolar power

.senm conduct or device conprising a structure of sem conductor nateri al
formed upon a silicon substratej3l0) in accordance with Clainms 2 and
6, whprein said P/N junction (20) provides a power rectifier junction
25 ih tHheadeyvirebabhic hirpur idpFet Yokl ¢gingnte 18594 deingrady carfhe¥ew t h,
and wherein said nmsfit di Iocatiog region [28: ;o SZ%nd e 15,2830
(Fig.| 3)Ytfetdepodnf etherOrfatgsdhh 10 cevices vith ashortet recovery

time but with a higher IR due to the metallic impurities such as

gold and platinum which have been used.

In a special case of the implementation of the present invention, misfit
dislocations as well as metal diffusion are employed to enhance the
switching speed in devices such as power rectifiers. The nisfit
dislocations serve as getter gites of the metallic impurities. The
metallic impurities are diffused all through the silicon and end up
10 into the misfit dislocation regions as the regions are formed and
N remain in those regions in relatively large concentrations, as

compared to the surface and remainder of the depletion region. The
source of these metallic impurities can be a gold-doped wafer in
the vapor deposition reactor chamber.

15 ¥e have found that maxinum results are obtained by
simultaneously diffusing gold and platinum impurities into the
misfit dislocation regions after the regions are formed. This can
be achieved with a gold and platinum Filmtronic spin-on used as a
metallic dopant. It is believed that, because the metals have

20 different activation energies, different and distant trap energies

\_-| . are present. Diffusion of the gold and platinum at 810° C for 60

ninutes has resulted in power rectifiers with a switching time in

the 25-30 nano second range.

It should now be appreciated that described above

REPLACEMENT SHEET
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boundary of the depletion region (16) but not the other

18 -

boundary t her eof. 12. A bipolar power sem conduct or

devi ce conprising a

10

15

11
is a practical application of misfit dislocation techniques. The

misfit dislocations are associated with deep energy levels in the
energy. gap of silicon. Misfit dislocations act as localized.
lifetime killers. The employment of such nisfit dislocations is a
controllable, clean te;hnique for increasing switching speed of
pover rectifiers and reducing the ninority carrier lifetime of
nutiiayer_devices.

In additibn, misfit dislocations are effective gettering
sites for metallic impurities. Small amounts of gold and platinum
can easily be incorporated into the region of misfit dislocations,
leaving the remaining silicon layers with minimal metallic impurity

precipitates.

A copy of the specification and drawings of each of above-
mentioned applications 94301700.4 and 94301701.2 has been filed with the
documents accompanying this application.
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structure of sem formed upon a silicaon_ substrate
(10) Sin accordanc= ﬁf%ﬁﬁ@ﬁsgﬁ_ft and 6, 5 wherein said P/'Njunction
(20) provides a pp rectifier junction in the
depl etion region {1 )2 2 JAN 199%spcf ated therewith and w:mmm ngmi” me
two, or two of the, spaced yegions of msfit dislacations
Iocjged ClaimsP oXrinmat e a respectj ve one boundary of said depletion

[

regijpn, bu =170t -t he_respective othe boundary t her eof . 13. A
bi pol ar  poyer S%”hgoﬂi%'cf&f ff@a& @L%ﬁéf%@ture of sShidShdte8L

semnifconductor nater| forne
material by epltax1al growth on a silicon substrate (10) in

a chemical vapor deposition (CVD) reactor chamber, in which
5 a region (28:30:32) having misfit dislocations is formed by
successively growing layers (34, 36, 38) of' gexrmanium-
containing silicon and germanium-free silicon on an initial
silicon layer (14:24:26) which is epitaxially grown at a
given temperature, and wherein the formation of said region
10 (28:30:32) is characterized by the steps of:
, lowering the temperature of said substrate (10) to
about 50°C below said given temperature;.
growing at least one silicon layer (34:38) containing
about 2-3% germanium with the aid of a germanium-containing
. 15 gas introduced into the reactor chamber;
purging the reactor chamber and raising the
temperature of said substrate (10) to said given
; temperature;
o growing a first germanium-free silicon layer (40) on

20 the, or the last-formed, germanium-containing silicon layer

(SR

(34:38);
purging the reactor chamber;
growing a second germanium-free silicon layer (42);
etching said second germanium-free silicon layer (42)
to remove a rpart thereof; and

purging the reactor chamber.

2. A method as claimed in Claim 1 in which more than one

'1 germanium-containing silicon layer (34, 38) is grown and in
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¢ordance mﬂt Claim7, wherein sald P/N

4. A bipolar '[ (r:t hfei/?gej gg(r:r;)lrfjgl \rllmgt gl nlsl“l“ﬂﬂnlrul‘ﬁl‘“ﬁnm

senri conduct or npat n.la S|I|con substrate (16) i"n * *
accqrdance withf G aim 8, mhereln sai d1P/ N junction (20) provides a

pomﬂr rectifier=yuncrron wtni 20 the device.
. which between succe551ve growths of germanium-containing

substrate (10)

junction (20) pr V|?%§é@|00 '

silicon layers (34, 38), the reactor chamber is purged and
a germanium-free layer (36) of silicon is grown.
3. A method as claimed in Claim 1 in which two or more

spaced regions (28, 30, 32) of misfit dislocations are

wn

formed, each being formed by successively growing layers
(34, 36, 38) of germanium-containing silicon and germanium-
free silicon on a respective initial silicon layer (14, 24,
| 26) which is epitaxially grown at said given temperature,

('10 and wherein the formation of each of said regions is
characterised by the steps of Claim 1.

4. A method as claimed in~ Claim 3 in which there are
three regions (28, 30, 32) of misfit dislocations are
formed.

15 5. A method as claimed ‘in Claim 3 or 4 in which in the
formation of each of said regions, more than one germanium-
containing silicon layer (34, 38) is grown, and in which
between successive growths of germanium-containing silicon

\f' layers (34, 38) in each region, the reactor chamber is

20 - purged and a germanium-£free silicon layer (36) is grown.

6. A method as claimed in any preceding claim further
comprising the step of growing an epitaxial silicon layer

.é above the misfit dislocation region({s) and forming a P/N

3 ‘junction (20) in the last-mentioned epitaxial silicon

| 25 layer.

7. A method as claimed in Claim 1 or Claim 2 ccmprising

the step of forming a P/N junction (20) in the epitaxially

/) " grown structure, said P/N junction (20) having a depletion
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region -t¥&)—ass6Cciated therewith, and .in which said region
(28:30) of misfit dislocation is located outside the
boundaries of said depletion region (20) proximate one of
the boundaries.

8. A method as claimed in Claim 3 or Claims 3 and 5
comprising the step of forming a P/N junctioﬁ (20) in the
epitaxially-grown structure, said P/N junction (20) having
a depletion region (16) associated therewith, and in which
respective regions (28, 30) of misfit dislocations are
formed outside the boundaries of the depletion region (16)
proximate respective one of the boundaries.

9. A method as claimed in any preceding claim further
comprising the step of simultaneously diffusing gold and
platinum impurities into the or each region (28:30:32) of
misfit dislocations.

10. A method as claimed in any one of Claims 1 to 8
further comprising the step of diffusing gold as an
impurity into the or each misfit dislocation region
(28:30:32) -and obtaining the gold impurity for diffusion
from a gold-doped wafer in the reactor chamber.

11. A bipolar power semiconductor device comprising a
structure of semiconductor material formed upon a silicon

substrate (10) in accordance with Claims 2 and's, wherein

7 said P/N junction (20) provides a power rectifier junction
" in the device and has a depletion region (16) associated

'ﬁtherewith, and wherein said misfit dislocation region [28:

bouddary of the depletion region (16) but not the other

22 1 o A O

‘32 (Fig. 1): 28:30 (Fig. 3)] is located proximate one
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boundary thereof.

12. A bipolar power semiconductor d;vice comprising a
structure of semiconductor material formed upon a silicon
substrate (10) in accordance with Claims 3, 5 and &6,
wherein said P/N junctibn (20) provides a power rectifier
junction in the device and has a depletion region (16)
associated therewith and wherein each of the two, or two of
the, spaced regions of misfit dislocations is located
proximate a respective one boundary of said depletion
region, but not the respective other boundary thereof.

13. A bipolar power semiconductor device comprising a
structure of semiconductor material formed on a silicon
substrate (10) in accordance with Claim 7, wherein said P/N
junction (20) provides a power rectifier junction within
the device.

14. A bipolar power semiconductor device comprising a
structure of semiconductor'material formed on a silicon
substrate (10) in accordance Qith.claim 8, wherein said P/N

junction (20) provides a power rectifier junction within

'the dévice.

R A



