24 March 2006 - 1 THI N FI LM SEM CONDUCTOR EPI TAXI AL SUBSTRATE AND PROCESS
FOR PRODUCTI ON THERECOF BACKGROUND OF THE | NVENTI ON (1) Field of the

I nvention The present invention relates to a thin-film s rgh tor
epitaxi al substrate suitable for 5 producing a hetero- Jaﬁ @Q? La)gsolar
transistor (HBT) and a process for producing the thin-film sem conductor
epitaxi al substrate. (2) 'Description of the Related Art As a semi conduct or
el enent used in a region 10 of frequenc}es hi gher than that of m crowave,

a high- performance hetero-junction bipolar transistor (HBT) is produced
by using a recent excellent crystal gromh technique such as MOCVD. HBT is
conposed as follows: a material having a |larger band gap than a base |ayer
is 15 used as an eWﬁﬂNeFILHy§EMﬂ160N§>H6T@rR| EPITANINS. [SHRETRHTE ddihet er o
junction, and an energy barrier at the time when holes flowinto the

enmitter layer fromthe basePRPaRFEF FORNERGRUEAIONaTHESRSEr ed With a
hono-j uncti on BACRGROUND I @RSTEEOINSENTGN hol es can be prevented from 20

flowwng into the emtter, whereby the emtter injection efficiency is
i nproved. The ¢Lyrehiehdpbffthat Iomenetbani sm of conventional HBT conposed
as described above is fundanentally the sane as that of a conventi onal
The present 1nventlon relates to a thin-film
semiconductor epitaxial substrate suitable for
5 preoducing a hetero-junction bipolar transistor-(HBT)
and a prcess for producing the thin-film semiconductor

epitaxial substrate.

(2} 'Deécription of the Related Art
| As a semiconductor element used in a region
10 of frequencies higher than that of microwave, a high-
 performance hetero-junction bipolar transistor (HBT} is
produced by using a recent excellent crystal growth
technique such as MOCVD. HBT is composed as follows: a
material having a larger band gap than a base layer is
15 used as an emitter layer to_make emitter-base junction
as hetero junction, and an energy barrier at the time
when holes flow into the emitter layer from the base
layer is heightened as compared with a homo-junction
bipolar transistor éo that holes can be prevented from:
20 flowing inté the emitter, whereby fhe emitter‘injeétion
efficiency is improved.
The current ampllflcatlon mechanism of
conventional HBT composed as described above is

fundamentally the same as that of a conventional



24 March 2006 - 2 hono-junction bipolar transistor. Accordingly, the
probability of the reconbination of electrons and holes in the base region
shoul d be | essened in order to inprove the current anplification factor.
Therefore, 5 the follow ng structure, for exanple, has Bédargh| 2006 nown:

Al GaAs wth a conpositional gradient is used in the emtter |ayer and base
| ayer so that an electric field for accelerating electrons is produced,
and the flow of electrons in the base‘r%gTon is accelerated by 10 the
synergistic effect of a_convention ow, due.to giff#ﬁion caused

_ _ al  type. of t1ow, d
by the concent?ErPTANRFRHPRNPLPY aEIEE%Eﬁﬁg 8hd a"FFow dtE Yo € transit
o o1l Tons”calieh, b hsceL et KLe kb pbpthgog B A gpechasal s 1o

reduce the tr f el ec ase region, ere

probability Ofiﬁgg%erﬁgggbkgeiéenﬁgéuﬁaes ' 988s8A0aNPhesrlir! B8 base region

Is lessened. In rtron, an“atte as been made to 1 nprove the

crystal linity photbgeephdtirtayer ampsi Eheat 28nbagerbayer TRerbigrboundary
surface between ?hen1|n order to inprove the current anplification factor

of HBT. The rehat f@NsbkPnesveesthpe, CEyst akhinpley Rbsabean! wellor |ayer
or a sub-collector layer and the <current anplification factor, however,

has not 25 sufkhnsinentAyGhrenwitiestcoapeditiionelegradiehaisisensntl ynbeen
found that the

the emitter layer and base layer so that an electric
field for accelerating electrons is produced, and the
flow of electrons in the base region is accelerated by

10 the synergistic effect of a conventicnal type of flow
due to diffusion caused by the condentration gradient
of electrons and a flow due to the transit of electrons
caused by the electric field produced in AlGaAs
crystals, to reduce the transit time of electrons in

15 the base region, whereby the probability of the
recombination of electrons and holes in the base region
is lessened.

In addition, an attempt has been made to

improve the crystallinity of the emitter layer and the

20 base layer or the boundary surface between them in
order to improve the current amplification factor of
HBT. The relationship between the crystallinity of a
collector layer or a sub-collector layer and the
current amplification factor, however, has not

25 sufficiently been investigated.

However, it has recently been found that the

carrier concentration in a sub-collector layer, i.e. a

thin layer with a high electric conductivity formed



carrier concentration in a sub-collector layer, i.e. a thin layer with a
hi gh el ectric conductivity forned 24 March 2006 - 3 between a collector

| ayer and a collector electrode in order to reduce the nt a S|stance
between them affects the current anplification factor2g %éﬁ#@
designing a sem conductor device, it is desirable 5 that the carrier
concentration in the sub-collector |layer can be freely set. However, when
the carrier concentration affects the ciirfent anplification factor

remar kably, the degree_of L{eedon1 f the d severely

T Lo R R e LSRR bl a8 Pl o ARNERRR 6 TS U
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is to prOV|de B hi R T T SBnT conduc epi aX|a at permts

sol ution of sughepropl a@rw&tparhg{léé 84 on Pllcfo BT PERSPKABLyDr 0dUCI Ng

the thin-film sem conductor epitaxi strate Anot her | ect” of the

present 'nventIﬁ"ﬁé§1%ﬁln@rQVééﬁiébﬁﬁﬁétéf|&%§f@éC0ﬂQU£§0&e§9t£61é3|
substrate that perm11s reduction of the i nfluence of the carrier 20

concentrati®nn dHh@ EHO-EHLE BSE Ofoh QY CErHPLbNCIRUERE@NSubaBPLLIEEEBkIi ON
factor, and a process for producing this thin-film sem conductor epitaxial

substrate. Stildyemotdrerbebfeeélpfséthe pHesentr) nwvieahi bhe cartbeprovi de a
thin-filmsem conductor epitaxial
concentration affects the current amplification factor
remarkably, the degree of freedom of the design of the
device is severely limited, so that the design of a

10 device having desirable characteristics is complicated.

SUMMARY OF THE INVENTION

An object of the present invention is to
provide a thin-film semiconductor epitaxial substrate
that permits solution of such problems in the prior

15 art, and a process for producing the thin-film
semiconductor epitaxial substrate.

Bnother object of the present invention is to
provide a thin-film semiconductor epitaxial substrate
that permits reduction of the influence of thelcarrier

20 concentration in a sub-collector layer on the current
amplification factor, and a process for producing this
thin-film semiconductor epitaxial substrate.

Still another object of the present invention
is to provide a thin-film semiconductor epitaxial

25 substrate that permits production of a highly reliable
semiconductor device, and a process for producing this

thin-film semiconductor epitaxial substrate.




25 substrate that permts production of a highly reliable sem conductor
device, and a process for producing this thin-film sem conductor epitaxial
substrate. 24 March 2006 - 4 In the present invention, .in.order.to solve

t he above problens, in producing a thin-film sem condu@f”@ﬂa@gié%g al
substrate for HBT production by form ng a sub-collector layer, a collector
| ayer, a 5 base layer and an emtter layer(s) on a substrate by gas phase
crystal growh, the step of adding bor6n4(B) to at least a part of a |ayer

ti ising th b-col L ector | ad the col Lector | i
"ncor porated i nto the pr SBuERPOREEPEBEsSASPRERERe nER- CTHRF i SEH onduct or

i taxial subspyate, Theref in, t Lol i t i t axi
Substrate thusr SAEEEAPEPRESHaY ot BFoHHEER; & SRERLEIIACI O S T

at Teast a par ool obig, sbsCobleckos1! ¥s:ohbNeorCAbCELkuLREh, pgr near

t he boundary surtace between e su ector layer and the collector
layer. Wien thesppiRg £Byusddedibstbbusapeesent cbhledtolkredayed, part of a
| ayer portion conprisSing the sub- collector |ayer and the collector |ayer,
conposite Brysagé ﬂ&?@@t&ndaaﬁedmﬁﬂtbbelayerQD|eﬁtarshbyetahﬁ 2§ dopi ng
of the sub-collector lTayer with a high concentration of a dopant are
i nhi bited fromyaprppagat chgstalogrbethasehkageepand abdieg boern |[{&yer(s).
As a result, the conposite crystal defects

to at least a part of a layer portion comprising the

sub-collector layer and the collector layer is

incorporated into the production process of the thin-
10 film semiconductor epitaxial substrate. Therefore, in

the thin-film semiconductor epitaxial substrate thus

_produced, the boron (B) added is present, for example,

in at least a part of the sub-collector layer or the

collector layer, or near the boundary surface between
15 the sub-collector layer and the collector layer.

When the boron (B) added is thus present in
at least a part of a layer portion comprising the sub-
collector layer and the collector layer, composite
crystal defects caused in the sub-collector layer by

20 doping of the sub-collector layer with a high
concentration of a dopant are inhibited from
propagating into the base layer and the emitter
layer(s). As a result, the composite crystal defects
caused in the sub-collector layer can be effectively

25 prevented from becoming a recombination center in the
base layer and the emitter layer(s) to increase the
base current and lower the current amplification

factor. Therefore, even when the sub-collector layer



caused in the sub-collector |ayer can be effectively 25 prevented from
becomi ng a reconbination center in the base |ayer and the emtter |ayer(s)
to increase the base current and | ower the current anplification factor.
Therefore, even when the sub-collector |ayer 24 March 288darch 2408 goped
with a high concentration of a dopant, the influence of the doping on the
current anplification factor can be curbed to prevent the |lowering of the
current anplification factor, and at thedsanme time, the 5 reliability of a

senm conduct or devi.ce c¢can,be inproved. According to the first odi nent of
the present ih¥edePs ,w%ﬁ@r%nﬁégBrS9PﬂﬁﬂtﬁaPﬁ?ﬁ-??Iﬂ1888ﬁP§0n§H§tor

[ i al b LS] b d b- . . ,
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COMpI i Si Ng_Sai g #hbir: COb Ot kat 2YAT £8860F I GOkt eEhaT shAlCEindy. fagor ding

to_the_second e ment” of ~ present |nvent|on,_there is provi a
thin-film sem&pnsct Ofyepkt axbahisoRetEbe ASGOEE B8nt Bet hfiprabede first

enbodi nent, wherein a portion containing said boron (B) added is forned in
the formof a thin 20 fiAstseaingntactie £prieaxembodayentnesr thhe boundary
surface between said collector |ayer and said sub-

present invention, there is provided a thin-film

semiconductor epitaxial substrate comprising a

substrate and a sub-collector layer, a collector layer,

10 a base layer and an emitter layer (s} which are formed
as thin-film semiconductor eéitaxial layers on said
substrate, wherein boron (B) added is present in at
least a part of a layer portion comprising said sub-
collector layer and said collector layer.

15 According to the second embodiment of the
present invention, there is provided a thin-film
semiconductor epitaxial substrate according to the
above first embodiment, wherein a portion containing
said boron (B) added is formed in the form of a thin-

20 film semiconductor epitaxial layer near the boundary
surface between said collector layer and said sub-
collector layer.

According to the third embodiment of the
present invention, there is provided a process for

25 producing a thin-film semiconductor epitaxial substrate
comprising a substrate and a sub-collector layer, a

collector layer, a base layer and an emitter layer(s)

which are formed as thin-film semiconductor epitaxial



coll ector layer. According to the third enbodi nent of the present
I nvention, there is provided a process for 25 producing a thin-film

sem conductor epitaxial substrate conprising a substra nd
sub-col l ector |ayer, a collector |ayer, a base |ayer a%gwﬁﬁ"¥£?QQQH

| ayer(s) which are fornmed as thin-film sem conductor epitaxial 24 March
2006 - 6 layers on said substrate, which process is characterized by
conprising the step of adding boron (B)°to at least a part of a |ayer

portion Conpri%%ﬁ?%%f?%d%%§§a§8$é?f%?étL@Hf%?2§9°éégg ggllector | ayer. 5

According to t I men ent 1nvention, there is
provi ded a pr : [ AP L coad ep} i a
%faé@énﬁ&édg% 8&11?ri§‘i1@g £han §€%,9§ HalPhgenbEay

substrate according to ove third enbodi ne wherein"a naterial for

boron (B) is agsleded ot a1 £4£€leh epatrpeds 19 P@%é@dp@#tiﬂﬂ ab@pk s ohgsai d

| ayer portion to carry out the addition of boron (B). According to the
fifth enbodi negiidfsithecoPlesert lLayent aed, sdhereolbeptoyi Uagdea. process for
producing a thin-filmsem conductor epitaxial substrate 15 according to the
above thirdsor fourth erbochrding tehehei fourtktémpbbdinant sofistbdeas sai d
material for boron (B). According to the sixth enbodi nent of the present

i nvention, tharesenpriovwerticonhetheve|imcpironided a process for

preducing a thin-film semiconductor epitaxial substrate
according to the above third embodiment, wherein a
material for boron (B) is added for a predetermined

10 period during growth of said layer portion to carry out
the addition of boron (B).

According to the fifth embodiment of the
present invention, there is provided a process for
producing a thin-film semiconductor epitaxial substrate

15 according to the above third or fourth embodiment,
wherein triethylboron is used as said material for
boron (B). ‘

According to the sixth embodiment of the
present invention, there is provided a hetero-junction

20 bipolar transistor comprising a thin-film semiconductor
epitaxial substrate according to the above first or

second embodiment.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a cross-sectional view showing one
25 embodiment of the thin-film semiconductor epitaxial

substrate of the present invention.



20 bi polar transistor conprising a thin-film sem conductor epitaxial
substrate according to the above first or second enbodi nent. BRI EF

DESCRI PTION OF THE DRAWNG Fig. 1 is a cross-sectional é (m/ sho&&{g one
enbodi nent of the thin-filmsem conductor epitaxial 4ilYlggeh he
present invention. 24 March 2006 - 7 - PREFERRED ENBCDINENT OF THE

| NVENTI ON One enbodi nent of the present [nvention is explained belowin
detail with reference to the drawing. 5'Fig. 1 is a schematic view showi ng

I - _ q _ sh
2ubel Th o or PR FBRSE A BBt br B EWVERRTBLC1E T T enll b The
thin-filmsem conduct or ﬁ@'é@%b&iméHPSEEaﬁﬁ gk%séﬂﬁ EBQQHEEBH GaAs- based

HBT. 10 The thin-filmsemco ctor epitaxia strate shown as one

embodi ment of éﬁﬁl&iﬁé&”&el@Neﬂﬁ'8@th§leﬁﬂkﬁ'BS?erBﬁb@“&oTBﬁeStrUCthe of
the thin-filmsem conductor epitaxial substrate 1 shown in Fig. 1 is as

follows: 15 The@rakingfil m sem conductor epitaxial substrate 1 is
constructed by lamnating a plurality of sem conductor thin-filmcrystal
growth | ayess one after Bih@thkrisnaaschkedstiobsieat shdwbfigsenilayasul ating
GaAs conpound sem conductor crystals by a MOCVD net hod as expl ai ned
structure as one example of thin-film semiconductor
epitaxial substrate for HBT produced by the process of
the present invention. The thin-film semiconductor
epitaxial substrate 1 is for producing GaAs-based HBT.
10 The thin-film semiconductor epitaxiai substrate 1 shown
as one embodiment of the present invention is explained
below.
The structure of the thin-film semiconductor
epitaxial substrate 1 shown in Fig. 1 is as follows:
15 The thin-film semiconductor epitaxial substrate 1 is
constructed by laminating a plurality of semiconductor
thin-film crystal growtﬁ layers one after another on a
GaAs substraté 2 of semi-insulating GaAs compound
semiconductor crystals by a MOCVD method as explained
20 below. The GaAs substrate 2 is composed of a semi-
insulating GaAs (001l) layer, and in addition, a buffer
layer 3 composed of an i-GaAs layer is formed on the
GaAs substrate 2.
A HBT functional layer 4 is formed on the
25 buffer layer 3. The HBT functional layer 4 is composed
of layers formed as follows: An n'-GaAs layer (carrier

concentration: 3 x 10 to 5 x 10'® cm™) capable of

functioning as a sub-collector layer 41 is formed in a



20 bel ow. The GaAs substrate 2 is conposed of a sem -
| ayer,
formed on the

n- - GaAs Iayer
as a collector
sub-col | ect or
epi t axi al

and in addition, a buffer |layer 3 conposed of an i-GAs |ayer
GaAs substrate 2. A HBT functional | ayer 4 |s forned on the
25 buffer layer 3. The HBT functional layer 4 is conposéft Maich 2806 s for ned
as follows: An n'-GaAs |ayer (carrier concentration: 3 x 1018 to 5 x 1018
cnB) capable of functioning as a sub-collector layer 41 is fornmed in a 24
March 2006 -

gr owt

S

8 thickness of 500 nmon the buffer layer 3. In addition,

I nsul ati ng GaAs (001)

an

ﬁf&ﬁﬁgéicggcgga AT 90" tfe X }g&@ fgg%r7gpab&ﬁ of functi oning

ayer orned in a t ness 0 nmon the

%&Nfén‘lla TH%ﬂmAmr&ﬂﬁéprmé&m&@ndy%or

in a portion pfet B@:ﬁot: wﬁ%% b2y eund? iWRii el bs hhcedNleatlbor Wyt e

sub-col | ect or

the collector {gyeéridd i ahehlemggsn@ﬂtwmmﬁ on the. stb-tbelebitokness
of the B- containing |layer 42a is 10 rim The B-containing |ayer

| ayer 4 ereby a B-containing 10 |ayer 42a is formed

be forned i%H theyéorélof Bhédentddl baysesi epadfictioed epst agmakbohdyetor
cont ai ning boron (B), by 15 feeding triethylboron (TEB) as a materi al

boron (B)
. e.

i ntephtaedal ogrowget beyshelihlaysrse and

startlng gases necessary

10

15

20

25

In this case, boron (B) added is present in a
portion of the collector layer 42 which is in contact
with the sub-collector layer 41, whereby a B-ccntaining
layer 42a is formed in the collector layer 42. 1In the
embodiment shown ianig. 1, the thickness of the B-
containing layer 42a is 10 nm. The B-containing layer
42a can be formed in the form of a thin-film
semiconductor epitaxial layer containing boron (B), by
feeding triethylboron (TEB) as a material for boron (B)
into a reactor together with arsine and
trimethylgallium (TMG), i.e., starting gases necessary
for forming the collector layer 42, only for a
predetermined period from the start of growth of the
collector layer 42 to the time when its thickness
reaches 10 mm.

A p'-GaAs layer (carrier concentration: 2 x
10" cm™) capable of functioning as a base layer 43 is
formed as a semiconductor epitaxial growth crystal
layer in a thickness of 90 nm on the collector layer
42. An n-AlGaAs layer (carrier concentration: 5 x 10%7
cm™®) capable of functioning as an emitter layer 44 is

formed in a thickness of 110 nm on the base layer 43.

crystal ayers In tthis case, boron (B) added is present

in

42a can

for

trimethylgallium (TM5),



for formng the collector |layer 42, only for a predeterm ned period from
the start of growmh of the 20 collector layer 42 to the tinme when its

t hi ckness reaches 10 mm A p'-GAs |ayer (carrier conﬁégtratb%ﬂxmg x 1019
cnB) capable of functioning as a base layer 43 is for

sem conductor epitaxial growh crystal 25 layer in a thickness of 90 rimon
the collector layer 42. An n -Al GaAs |ayer (carrier concentration: 5 X
1017 cm 3) capable of functioning as an‘emtter |ayer 44 is forned in a

t hi ck f 0 t b | 43 4 GaAs
I alygr n(eizr(rjl er orﬁcgor‘#l'sat %a’r?q:si(ca erl\é?aagibcﬁ' gT % unct i on| g as
an emiLer | ayego 4| sofOgRd: 1014 tggcgaeg ;00150, i ogst b eHhbar

Iayer 44, An carrrer concen I on cm3

capabl e of funfﬁl&ﬂ&ﬁgcﬁ%e Syp- f@btﬁzﬁrohat’ﬁé éﬁltéerfpa d ha.a AHI ckness
of 100 rimon the emtter layer 45. An n'-InGaAs |ayer (carrier

concentr at i on: n* @4ak01% yetm @h 1GaRab @ ferftnatian m asLEh erjter contact
layer 47 is formed in a thickness of 120 nmon the sub 10 emtter |ayer

46. The thin- fédpalsbsi sontiustOlowphy axsak sabibeniater llapewndbnibig. 1 is
characterized in that the B-containing |layer 42A is forned in a part of
the collectorforyesd 2. a Byhidkise$orof n§00 hemBononheai emhgtes Layer 42A,
i.e., a layer region contalnlng boron (B)
45. An n'-InGaAs layer (carrier concentration: 4 x 10%
cm™) capable of functioning as an emitter contact layer
47 is formed in a thickness of 120 nm on the sub-
10 emitter layer 46.
The thin-film semiconductor epitaxial
substrate 1 shown in Fig. 1 is characterized in that
the B-containing layer 42A is formed in a part of the
collector layer 42. By thus forming the B-containing
15 layer 42A, i.e., a layer region containing boron (B)
added, iﬁ the collector layer 42, composite crystal
defects caused in the sub-collector layer 41 by doping
of the sub-collector layer 41 with a high concentra-
tion of a dopant are inhibited from propagating into
20 the base layer 43 and the emitter layers 44 and 45. As
a result, the composite crystal defects caused in the
sub-collector layer 41 can be effectively prevented
from becoming a recombination center in the base layer
43 and the emitter layers 44 and 45 to increase the
25 Dbase current and lower the current amplification
factor. Therefore, in the case of HBT produced by the

use of the thin-film semiconductor epitaxial substrate

1, even when the sub-collector layer 41 is doped with a



added, in the collector layer 42, conposite crystal defects caused in the
sub-col l ector |layer 41 by doping of the sub-collector layer 41 with a high
concentra- tion of a dopant are inhibited fron1propagati2%ﬂig%o 0, t he base
layer 43 and the emitter layers 44 and 45. As a result 24¢¥i@r ite
crystal defects caused in the sub-collector |ayer 41 can be effectively
prevented from becom ng a reconbinattpg_cqpter In the base |ayer 43 and
the emtter layers 44 and 45 to increas (%he 25 base current and | ower the

current amplifhegti aBncLACLQE: odNEECE0LBpahY | BRCERE1ALAEET opr efluced by

the wuse of the m sem conductor epltaxia trate 1, even when

the Sub-C0!|eCaeﬁih§y8ﬁ flel SufPPRE WhbhiaiedtVBRCRaZ08E akObehi gh
concentration of a dopant, the influence of the doping on the current

anpl i fication ¢agbea €8Npbevertr brd 16wREEHENbE! BRel oWRELAYG Of the current
anplification factor of the HBT, and at the sane tinme, 5 the reliability of

t he HBT can beamppiovedtibn dadesrt ofi thesHBUat entthetdthkesanee timet, ween
current anplification factor characteristics attained in the case of the

| ayer struchurehefréheabihinyfofntseniiBdndant be éppraxedl substrate 1
having 10 the B-containing |layer 42A shown in Fig. 1 and those attained in
the case of a thin-filmEenprdeduteotnveptigatal thabdiffesevbeai ned by

formng the collector |layer 42 without form_ng the B-containing | ayer 42A
between current amplification factor characteristics

attained in the case of the layer structure of the
thin-film semiconductor epitaxial substrate 1 having
10 the B-éontaining layer 42A shown in Fig. 1 and those
attained in the case of a thin-film semiconductor
epitaxial substrate obtained by forming the collector
layer 42 without forming the B-containing layer 42A,
samples of these thin-film semiconductor epitaxial

15 substrates of the respective case were produced.

Sample A
A MOCVD method was adopted for the following

growths. After completion of the growth of the sub-
collector layer 41, triethylboron (TEB) was fed

20 together with starting gases of arsine and TMG at and
after the start of the growth of the collector layer 42
to grow the B-containing layer 42A to a thickness of 10
nm. Then, only the feed of TEB was stopped and an n-
GaAs layer was grown to a thickness of 680 nm. Thus,

25 the collector layer 42 was formed which had the B-
containing layer 42A of 10 nm thick in its portion that

was in contact with the sub-collector layer 41, to




sanpl es of these thin-filmsem conductor epitaxial 15 substrates of the
respective case were produced. Sanple A A MOCVD net hod was adopted for the
following growhs. After conpletion of the growh of t§§£$Ub- ect or

| ayer 41, triethyl boron (TEB) was fed 20 together with gich es of
arsine and TM5 at and after the start of the growh of the collector |ayer
42 to grow the B-containing | ayer 42A a thickness of 10 nm Then, only
the feed of TEB was stopped and an n-- GaAS | ayer was grown to a thickness

of 680 nm Th %g th éﬁ to e 4%_ f ? X@& ad the B-
cont ai ni ng Ia;b:rro %\eo%“ﬁ él’le‘%“l?]?‘lli%: é(i'%hll sii\%]gnrltElc')(%)rgnF fa 8€%€ I n cont act
w th the sub- Goldeal ol | A¥sde e 0 2 dBERD PLVO: - sdlucPhifdUSRonAMPhE A Of
the thin-filmsem conductor epitaxia ubstrate having the | ayer structure
shown in Fig.pily. Sanple B 5 After the growth of the sub-collector |ayer
41, a collector Tayer 42 having no B-containing |l ayer 42A was fornmed by
growi ng an n--GaAs layer to a thickness of 700 nm w t hout feeding TEB.
There was produced sanple B of the same thin-filmsem conductor 10
epi taxi al subBamgile g5 in the case of sanple A except for not having the
B-containing | ayer 42A. Each of sanple A and sanple B was processed
5 After the growth of the sub-collector layer
41, a collector layer 42 having no B-containing layer
4237 was formed by growing an n -GaAs layer to a
thickness of 700 nm without feeding TEB. There was
produced sample B of the same thin-film semiconductor
10 epitaxial substrate as in the case of sample A except
for not having the B-containing layer 42A.
Each of sample A and sample B was processed
into HBT each having an emitter size of 100 um x 100
nm, followed by measurement of the current
15 amplification factor at an electric current density of
1 kA/cm’. The current amplification factor of the HBT
(B) produced by the use of sample B having no B-
containing layer 42A was 50. On the other hand, it was
confirmed that the current amplification factor of the
20 HBT (A) produced by the use of sample A having the B-
containing layer 42A was as very large as 89.
The concentration of boron (B} added in the
B-containing layer 42A of the aforesaid sample A was 6©
x 10" cm™® as measured by secondary ion mass
25 spectrometry.

In the above embodiment, the B-containing

layer 42A was formed as the lower portion of 10 nm




i nto HBT each having an emtter size of 100 pmx 100 nm followed by
nmeasurenment of the current 15 anplification factor at an electric current
density of 1 kAlcnR. The current anplification factor qf ,the 1. . (B
produced by the use of sanple B having no B- containing% AvéVjiébQQNas 50.
On the other hand, it was confirmed that the current anplification factor
of the 20 HBT (A) produced by the use of _sanple A having the B- containing
| ayer 42A was as very large as 89. The déncentration of boron (B) added in

the  B.contal Nggel ayer cA2A 011 L1Eo BT PLOSR! oS aMRLGefepes chios¥adBifigom as

measured by sectondary i On nasSS Spec above e

t he B-cont ai ni h k QF ; nm 24
March 2006 - 1 t%%%%éofgfﬁggi%%Fég?gF %%e?uggéﬁébgg %??Eggﬁéégering t he

cause for |0Wﬁfé@@o@§ i@ei§ué6§géc@ﬂ?éaf£ﬁéﬁiQHe Eaﬁéoéffébti§sC0nJECthed
that the same effect as described above can be obtai ned wherever the B 5

cont ai ni ng | ay®dsdP#pe@Yabevé ocardboeteeintiewhubeveol tret Br | ayer 41 and
t he base layer 43, nanely, in the collector |layer 42 region. In the above
enbodi nent , 5 baramt 4 B ingsl ageled4 22 omahebe ofbenédr behyeen4fhensobder to
reduce the 10 diffusion of vacancy fromthe sub-collector layer 41 to the
base | ayer 43.cHoleveor lagesaht afidletheasase layer 43, namely, in
the collector layer 42 region.
In the above embodiment, boron (B) was added
to the collector layer 42 in order to reduce the
10 diffusion of vacancy from the sub-collector layer 41 to
the base layer 43. However, the same effect as
obtained by this addition is expected to be obtained
also by adding boreon (B) to at least a part of the
emitter layer 44, the emitter layer 45 or the sub-
15 emitter layer 46. In this case, boron (B) can be added
in the same manner as in the above embodiment.
According to the present invention, in
producing a thin-film semiconductor epitaxial substrate
for HBT production by forming a sub-collector layer, a
20 collector layer, a base layer and an emitter layer(s)
on a substrate by gas phase crystal growth as described
above, the step of adding boron (B) to at least a part
of a layer portion comprising the sub-collector layer
and the collector layer is incorporated into the
25 production process of the thin*f%lm semiconductor
epitaxial substrate. Therefore, in the thin-film

semiconductor epitaxial substrate thus produced, the

boron (B} added is present, for example, in at least a



obtained by this addition is expected to be obtained also by adding boron
(B) to at least a part of the emtter layer 44, the emtter |ayer 45 or
the sub 15 emtter layer 46. In this case, boron (B) can be adde in the
sane manner as in the above enbodi nent. According to tR#& MachA{06

i nvention, in producing a thin-filmsem conductor epitaxial substrate for
HBT production by formng a sub-collector. layer, a 20 collector |ayer, a
base | ayer and an enitter layer(s) on~alsubstrate by gas phase crystal

h d | bed h f addi b B
f’f “" | ?ZZ{ ngéfr%#?ﬁ REnERY g?‘ﬁ%“?‘ﬁﬁ%%f)g’éof?%%?gfrlo{éggr %iﬁ%i?ﬁta_ _%?%%ﬂaof’a”
se?/n' conduct or (p]'gp’l?%%gi %]1% g?f%@??%?%pégﬁggéé glrgee?w?gngt ﬁkelgt E%E-F%?%}@&bk

i cond pi T . L
o osont for el & Shrthy TRRLEotoh REPEL S0 8ya 3t T coRpofREeT ' ©

sub-col | ector daysFaDradfeced! L8684 1RVERe sOH-BERLEBBrPPHPERI YysSurface
bet ween the sub-collector |ayer and the collector layer. Accordingly,

conposite %ryddpdngled£cte Causetol Nedter SLy6o! keehoa hayer by 5 doping of
the sub-collector layer with a high concentration of a dopant are
I nhi bited fromorreapagaticg oHtd dbpatiaserd ayehilabtedhéremi tter |ayer(s).
As a result, the conposite crystal defects caused in the sub-collector
| ayer can be daffapagdatlng into the base layer and the emitter
layer(s}. As a result, the composite crystal defects
caused in the sub-collector layer can be effectively
10 prevented from becoming a recombination center in the
base layer and the emitter layer(s) to increase the
base current and lower the current amplification
factor. Therefore, even when the sub-collector layer
is doped with a high concentration of a dopant, the
15 influence of the doping on the current amplification
factor can be curbed to prevent the lowering of the
current amplification factor, and at the same time, the
reliability of a semiconductor device can be improved.
It should be further understood by those
20 skilled in the art that although the foregoing
explanation of the present invention has been given by
taking the case of the embodiment shown in Fig. 1, the
invention is not limited thereto and various changes
and modifications may be made without departing from
25 the spirit of the invention and the scope of the
appended claims. For example, although the present

invention is explained above in the case of AlGaAs-

based HBT, the present invention is not limited in



10 prevented from becom ng a reconbination center in the base |ayer and
the emtter layer(s) to increase the base current and | ower the current
anplification factor. Therefore, even when the SUb_CO|%§®&0rhgﬁﬁﬁ% is
doped with a high concentration of a dopant, the 15 inf 2 e dopi ng
on the current anmplification factor can be curbed to prevent the | owering
of the <current anplification factor, and at the sane tine, the

reliability of a sem conductor device™ 4 Be i nproved. It should be further

d db 0 skjll i I A i
under sto00 by 4405 ¢caPoRkLLI S0CLRALBE 84 ybkohl Lhougl Ui toregs o
the embodi ment, soupy 19 FLls cdnallor! BYLELLO | SuROL LLEI kBgl thereto and
vari ous changes and nodificafions nay be nade w fhout départing from 25

the spirit of AheqhdVgdliRBaPlEatE8 AEPPEiRT thECsaRBPREARErChE! BBovEOS
exanpl e, although the present 1nvention is explained above in the case of

Al GaAs- based tBTorif¢ MESENENENYLSAE| @PfesLNRE hbstéed in 24 March 2006 -
14 application to AlGaAs- based HBT but can be applied to a thin-film
sem conductor epitaxial substrate for producing | nGaP-based HBT, in the
same manner as above to bring about the sane effect as above. 15 WHAT IS
CLAIMED | S: 24 March 2006




1. A thin-
and a sub-

| ayer (s)

filmsem conductor epitaxial substrate conprising a subs

collector layer, a collector |layer, a base |ayer and an

which are formed as thin-film sem conductor epit qﬁ
2¢ N2

said substrate, wherein boron (B) added;is present in

| ayer portion conprising said sub- col | ect or | ayer and said coll ect
layer. 2. gher t4d nofAd fgsepd conduct or epitaxi al substrate accordin
claim1l1, wherein a portion containing said boron (B) added is formed in
the formof a thin-filmsem conductor epitaxial |ayer near a boundary
surface between said coIIector | ayer and said sub coIIector Iayer.

process far producin m senl onduct or |ta r at
(ﬁéi% E?g nger, a

conprisin

uDECLT P ‘E%‘F"?a‘%’rt ’élé IFB

‘a substr e

base | ayeiondiidh Ahe N t48hst Ayes ($aa Wi sl 2681 { e ved Béﬁéblna film

sem conductor epitaxial layers on said substrate, whic

rocess IS

trate
emtter
yers on
art of a
or

gto

3. A
e

char act er iold 3t QOHARTSF NP theset by of a@@d¢%g®%b¢bﬁr(B§Y?§ gl least a

part of a
col | ector

S 4¥gtf§gh §OUR {191 09 5 ;MPC§Rau8§59mﬁ%§¥§§laﬂd sai d

ayer rocess according rern a nat

erial

for boron I(Blers c&d@hd Osulde tor ecket arzmﬁeﬂn lp@rmd(ﬂuradgegr ot h of said
| ayer portion to carry out the addition oi bor on 16 24 Mar.ch
A process REGHIM i t3F 2Rk 2 radt dhef et @YET PO Elon comprising

gsaid sub-collector layer and said collector layer.

2. The thin-film semiconductor epitaxial substrate

according to claim 1, wherein a portion containing said

boron (B) added is formed in the form of a thin-film semi

2006 5.

conductor epitaxial layer near a boundary surface between

said cecllector layer and said sub-collector layer.

3. A process for producing a thin-film
semiconductor epitaxial substrate comprising a substrate
and a sub-collector layer, a collector layer, a base
layer and an emitter layer (s} which are formed as thin-
film semiconductor epitaxial layers on said substrate,
which process is characterized by comprising the step of
adding boron (B) to at least a part of a layer portion
comprising said sub-collector layer and said collector

layer.

4. A process according to claim 3, wherein a
material for boron (B) is added for a predetermined
period during growth of said layer portion to carry out

the addition of boron (B}.



triethylboron is used as said material for boron (B). 6. A hetero-junction
bi pol ar transistor conprising a thin-film sem conductor epitaxial

substrate according to claiml or 2. 7. The thin film enicqgﬁg&@gr
material according to claim1, wherein,gaid collector ﬁ%ﬂ@?r said
sub- collector layer is GaAs. 8. The thin filmsem conductor materi al
according to claim?2, wherein said collector |ayer and/or said sub-
collector layer is GaAs. 9. The thin film sem conductor nmaterial according

to claimi§. wherei n shipreubsgokitectdingayercigimn3dnorGAAswheagén. 10. The

hin fil d d d I I [
an - Caac T H/a A OIS (RERC P P @b BORALCTbr SB BPFRR ABLOrding to

claim1l1, wherein said sub-collector layer is an n'-GaAs |ayer having a
carrier concentration of 3x1018 to 5x1 018 cm3. 12. The thin film
sem conductor materid* RREVFAT HGICEEOR| BIRPIAT WAERBERSEAFd col | ector |ayer

I's an n-- riQyet Dhawing. Elgﬁrééﬁ{c%8@8896£aé PPaR aim%QQEtEHEQ 13. The

thin filmsemcon tor nmateri accor to c alm erein the
col | ector dayerdias o tdlaknessot720f 700 nm 24 March 2006 14. The thin
filmsem conductor material according

7. The thin film semiconductor material according

to claim 1, wherein said collector layer and/or said sub-

collector layer is Gahs.

8. The thin film semiconductor material according
to claim 2, wherein said collector layer and/or said sub-

collector layer is GaAs.

9. The thin film semiconductor material according
to claim 1, wherein said sub-collector layer is an n'-Gals

layer.

10. The thin f£ilm semicondud according to claim 1,

wherein said colletor layer is an n -GalAs layer.

11. The thin film semiconductor material according
to claim 1, wherein said sub-collector layer is an n'-GalAs
layer having a carrier concentration of 3x10'® to 5x10'®

cm-3,

12. The thin f£ilm semiconductor material according
to claim 1, wherein said collector layer is an n -GaAs
layer having a carrier concentration of 1x10%® cm-2.

13. The thin film semiconductor material according

to claim 1, wherein the collector layer has a thickness



to claim1, wherein said thin-filmsem conductor epitaxial |ayer near a
boundary surface between said collector |ayer and said sub-collector |ayer
has a thickness of 10 nm 15. The thin f|In1sen1conductor naterlal
according to claim1, wherein the substrate is a seni - i2AdVaEah 206 Gaas
(001) Il ayer. 16 The thin filmsem condictor materi al accordlng to claim
1, which fuyf ?i gqnprises an i-GaAs buffer |ayer forned between the

substrate and e sub-collector layer. 17. The thin film sem conductor
material according to claiml, wherein the base layer is a p'-GAs |ayer

having a carrier concentratio f 2x1019 ¢m 3. 18. hin fil.m
sen1cgnduc}%rlnaterl%?eaEEb#dEhgm F%meaF Ttoﬁh@?gﬁﬁl?h IaSﬁPlffj'éLrnglayer i s

an n-- GaAscd ayesimhayi PHefeCAT ELEH EANGERLIAL bBRi8bndxEeEE cMm 3. 19. The
thin filmsemn conductor material according to claim1, which further

conpri ses ewitaxiGahslayerencarea bpupdargyenrfaecchetween 46 20. The

thin films conduct or naterlal ccordi | |ch further
conpri ses eflec?orC% €% ??esalgon =% Fogéﬁégogvgég%%e s%ﬁ emtter |ayer.

thickness of 10 nm.

15. The thin film semiconductor material according
to claim 1, wherein the substrate is a semi-insulating

GaAs (001) layer.

16. The thin film semiconductor material according
to claim 1, which further comprises an i-GaAs buffer
layer formed between the substrate and the sub-collector

layer.

17. The thin film semiconductor material according
to claim 1, wherein the base layer is a p'-GaAs layer

having a carrier concentration of 2x10"? cm->.

18. The thin film semiconductor material according
to claim 1, wherein the emitter layer is an n -GaaAs layer

; . ' 17 3
having a carrier concentration of 1x10"" cm--.

19. The thin film semiconductor material according
to claim 1, which further comprises an n'-GaAs sub-emitter

layer over the emitter layer.

20. The thin film semiconductor material according
to claim 19, which further comprises an n'-In GaAs emitter

contact layer over the sub-emitter layer.



