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invention relates to an. nnproved

hni ue” for making’. “serniconductor *devices.

'More partxcularly it relates to improved

' ds .of . building up distinct layers. of

1 semiconductor material on suit-

v ak semiconductors and to the pro-
“ducts’ salting ‘from’ such methods. _

emiconductor matenals have become in-

their usefulness in fabricating semni~
[ thermoplastlc devices:. among

_ "pas 'usual semxconductor
materials for ‘fabricating devices were crystals
25 'of “certaiil elements’ contained in Group IV
‘silicon were used.
_ C ‘germanium and “silico
riain - undesirable .limitations
inded that new .and’ better materials
. techniques ~ for’ i Emic
_,dev1ces be sought. _
Silicon devices were somewhat
.frequency response, -
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pigm devices which, had relatwely'_good re-
quency response could not operate
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" significan

. of the pmodxc table of elements; specxﬁcally, :

but would " op ate’ "at ~ Group’
200°C, whereas. germa- ; :

-tensucs desirable in semiconductor devices. .

the inherent advantages of galhum
others of the’ compound ~'semi-
conductors, certain difficulties have prevented

Despite

important
culties ‘of ‘producing a miaterial of ‘the requisite
punty required for starting - material” for
devices, and the difficulties of addmg requlred
amounts of significant impurities or. “dopes”

to the” pure matenal to”
devices.

ties and the
t n-type impurities, conimonly used

with the Group IV semiconductor

dlfr'usmn processes used in the fabrication
ices based on Group IV semiconductors.

uctors in ‘a similar fashlon, for example,
',oductton of  significant amounts’ of a
“II or Group VI impurity_ into “the

10 ‘be’ quite difficult ‘to produce repro-
' IIE=V devices, possibly because of a
n-of factors including’ the relatwely
tpil_ressure of .one ‘of ‘the “elements
~ the

aterials,
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_ The present invention makes it possible to .

overcome some of the inherent difficulties in
utilizing Group III—V compound semi-
conductor materials to fabricate devices. For
instance, it is possible utilizing the present
invention to deposit an n-type material on a
p-type material forming a single crystal
material with a distinct p-region and n-region
having controlled impurity concentrations.
Briefly, in the practice of the present inven-
tion, a controllable heating means maybe dis-

posed about a-vessel in which there are.
into which .there may be

confined, or
introduced at appropriate times, one or more
‘bodies comprising . the semiconductor - onto
which the additional semiconductor material
is to be deposited to form the desired’ com-
pound product and: additional semiconductor
matesial. Further, the vessel is constructed so
that any desired atmosphere or vacuum may
be maintained therein. The controls provided
for the heating means are such that there will
exist in the vessel a relatively hotter region
and a relatively cooler region. By maintzining
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~wafer 1 and wafer 2. The open end of the

tube may be sealed as shown in the drawing
or it may be provided with a valved closure
through which any desired atmosphere may
be introduced, or through which the quartz
#4ube 10 may be evacuated to any desired
extent.

When the matenals of wafers 1 and 2 are

suitably chosen and the heating means 12 and
.13 are actuated to produce the desired

temperatures, T, and T,, material will transfer
by a relocation ‘process from: the hotter zone
to the cooler zone. Conventionally, a carrier
medium enters into the relocation process and
thus, one is present in the tube 10.

In the first step of the process, wafer 2,
for example GaAs, is placed in the hot zone
16, maintained. for example at between 800°C
and 1000°C while the wafer 1, for example
GaAs, is placed in the cooler zone 14, main-
tained at approximately 700°C. Material wili
migrate from the surface of wafer 2 and
deposit on the surface of wafer 1. As a result,
a fresh, new.surface will be created on wafer
2 with the removal (by relocation) of the
original surface layer.

After the new surface is formed on wafer
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55 arrangenent requires that the several |ayers 4. A nmethod of building

up a crystalline be of different band gap naterials and be naterial
conprising | ocalilgufd.Lsl..and. sec0rd—120 - arranged in band gap order.
As is: evident, this bodies of sem conductor material in spaced can

be acconplished by the procedure of ,the relation in an enclosure, heating
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mai nt ai-ni ngf sanme  at  sufficiently elevated 60 retain their own identity,
for exanpl-e GaAs - tenperatures, and wth #@9%8sperature differ- can
i Mo SUf {12125 3, e peatingeaisci20bd Touts siiued ﬁ@@wgv&iémﬁé sl o
to first pPbducesozthatfli cregiongsusioy BT o thD 6t e - RnospheRCinky0 b6 vatuglly
produced 155 Qi o5 Béiwech BRORCTaRY Clabiuty It the larengaey the grdictinty.
) Sty ok o aterofnet el PRIl G e o

- oq' » S , Of a“ium :ar's_enide,
o e shyen s cibe drppines, 1p her, S SESER, Gl Kl smgberswold by the
control -of the PEFLART A" chimmaton O Siagle g for “emmple.n edphoyi wlgpe, hsom
fechni ques,~ 10 Cadl Birmain e pisbrsefackof wilerk apee A gt or 1 ]
s p-type and’wahiliough he et for e sl | The following dre specific campiG il E 5
woul d Tesul t. Al BT el 5 B : 7€ Soatuibid SHOWE anb o BE QGkitkisdEasaS
repeated except i LIHSEN, sinfl€-criy st mﬁhﬂ@ﬁﬂ‘amfubtﬁhv@faﬂﬁsmaﬂuﬁtaHMat t he

anpoul e | engt hsWaine chysdioriemition 3s e garentimaierisle| ocat i ng onto an n-type waf ergg

and 70 .  the B CrpSFeg Mo ¢l ean-.up- SV

Furt her, theexc:@?g:r et

800[err]C for cEhifakkdioned t he mat eri al deprrsdet veek both wikéme from n-type  gallium
[ : ! L & "ﬁ%sswdmibed, it .is preferable Fl?‘f;nfae stals and had excess’ carrier com- .
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P Actally, the. permisibledegtoe of difer- Japped with optical rouge (Amrican Opica
1 cell' sizes ‘between ‘the ‘substrate ‘and g, "309W for example) on all faces anH_N he
sitagially ~deposited material depends oolish etched with a dilute mixture .off IO
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35 ‘Most. of the .semiconductor :rpatenals Wh“h ‘other crystal slice was at othe cqld epd gﬁ a 100
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792[err]C for controlling or varying the amount of the 75
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produced havmg a -better emitter’ eﬂicxency
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nium. Further it is' known that gallium
arsénide has a short ‘minority carrier lifetime

and- this: fact requires transistors made of this .

material “to have extremely narrow: base
widths. The procedure of the present inven-
tion makes it possible to produce. extremely

- narrow -base -widths. to close: tolerances by

suitably controlling the temperatures and times

of the procedures. As a still further:illustra-

. tion,- a plural layer or stacked: ‘solar cell
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arrangement has recently been discovered, The |
‘arrangement requires that the several layers
- be of different band gap materials-and be
~arranged in band gap order. As 1s evident; this -

can be accomplished by the procedure of the
invention, and the materials joined -together

‘retain their ‘own identity, for example- GaAs _

can be relocated onto germanium.

It is obvious from ‘the previous: descnptmn .
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1. A method of building up a crystalhne
matetial comprising ‘the steps of -volatilising
. part -of a first semiconductor bedy to produce
a’ fresh surface; volatilising at least some of
a:second semiconductor body, and . allowing:
the " constituents. " of - said volatilising second

tob form+p
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body to relocate on the part of said first body

thereby forming. a crystal therewith.”

2. The method of claim.1; comprising
carrying. out the volatilization in an enclosure.

3. The method of claim 1 or 2, in which
the bodies. are comprised of different semi-
conductor ‘materials.

4. A method of ‘building up a:crystalline
matenal comprising “locating first: and*second

bodies of semiconductor material in spaced . . |

15

120

relation in an enclosure, heating said bodies -

-and" maintaining same -at: sufficiently. elevated .-

temperatures, and with':d- temperature differ-
ential therebetween,:for a period of time ‘suffi-
‘cient to first dproduce -a refreshed . surface -on
‘one body, and'’ then reversing the. tempm'ature
differential ‘to cause relocation ‘of the semi-

125



and a higher ban
arseni de) to be
Thus, a device

f produced having a better emtter efficiency

regl ons were COITpOSéCIi éif” ge!ﬂmnﬂm” 1ot a_

d gap material (gallium
vapour grown onto the base
S VWHAT W CLAIM IS -

devi ces.may be fabricated. 40.

regl an asTan- ‘S'Hﬁkt—t..e\i'egl on

105

- crystalline than if all
conprii sing the steps of vol-atili si ng gywm Further it is kﬁovvh t hat
- gal I*#tim part—of—=a—frrst—semcomductor—bodytU-produce

~short minority camayibemprepirtdfor gis treatofentchytopyest f wefers ordbyathplqostrqh@fethe hrfétusion

sone of
sem conduct or’
narr.ow base
The procedure #f
first body

bo

tmé‘é%?g
formng a crystaloné

2. The net hod of
t enper.at ures ald
115 of the p
cl aim, 1 or 2,

bOd{ es are cogﬁr
di stpijered. T

se | ayers
di ent band
andisggcond 1%%
of . conduct
proéedure of the
I nvention, and t

suffIC|entIy e
~tenperatures, an
ger mani um

125 .

- produce a ref rse,s
by one body,
~of the materi al

35

50

55

60

dy, and allga:gg 2 110

iength e 5.75 |

TS sb ok

cl&%éd’ dfer
npfngdined af 72766 Toshaogy

e gi%&%i%% T

hof the hokterOfampR. Pl ur al

1ty
15 pr

T
TR B

ml

hlepm & thalréocptwn rrautiet. Githe; Iy hdf
1., C

\P ]F ses a F P? !nch

figim

mﬁ, ey e

arsemde is taﬁstpor&ki fkdAE b CHOE ok efid

frsarface dhe
gl Z%ﬁ%%“ with @
210fl el daRiin bedohat, 0 il
@hert,hiz willi -
permits controlling the impurity concentration
by varying or changmg the ambient atmos-
phere.

To illustrate the above, the present inven-
tion enables a tramsistor to be fabricated of
germanium for the base and collector regions,
and a higher band gap material (gallium
arsenide) to be vapour grown onto the base
region as an emitter region. 'I'hus, a device is

Sl el

produced havmg a better emitter efficiency -

than if all regions were composed of germa-
nium. Further it is known that gallium
arsenide has a short mmonty carrier lifetime
and this fact fequires transistors made of this
material to have extremely narrow base
widths. The proceduré of the present inven-
tion makes it ‘possible to produce extremely
narrow base widths to close tolerances by
suitably controlling-the temperatures and times

of the procedures. As a still further illustra- -

tion, a plural layer or stacked solar cell
arrangement has recenﬂy been discovered. The

be of different band gap materials and be
arranged in band gap order. As 1s evident, this
can be accomplished by the procedure of the
invention, and ‘the materials joined together
retain their own. identity, for example GaAs
can be relocated onto germanium.

It is obvious from the previous description
that P-N junctions are produced merely by
appropriate selectmn of the material of the
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hotter regions; it provides a method of form-
ing 'layered bodies, PN junctions and semi- -
conductor bodies by methods permitting
greater flexibility and which are adapted to
the formation of unique crystal structures
from which an almost endless variety of
devices may be fabricated.

" WHAT WE CLAIM 1S:—
‘1. A method of building up a crystalline

‘material comprising the steps of volatilising
part of a first semiconductor body to produce
‘a:-fresh surface, volatilising at least some of
‘2’ second semiconductor body, and allowing
the “constituents of said volatilising second

‘body to relocate on the part of said first body

;thereby forming a crystal therewith.

72, The method of claim 1, comprising
arrymg out the volatilization in an enclosure..
3. The method of claim 1 or 2, in which

'f_the ‘bodies are comprised of different semi-
:.'conductor materials,
arrangement- requires that the several layers :

4. A method of building up a crystalline

_'materxal comprising locating first and second
-bodies of semiconductor material in spaced
.relation in an enclosure, heating said bodies
;and :maintaining same at sufficiently elevated
__;temperatures, and with a temperature differ-

ential therebetween, for a period of time suffi-

“Clent to first produce a refreshed surface on
‘one body, and then reversing the temperature
.differential to cause relocation of the semi- .-
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