;ste3eLO~-LL"6*T~8G ~ THI N-FILNI SEM CONDUCTOR EPI TAXI AL TRATE AND
PROCESS FOR PRODUCTI ON THEREOF BACKGROUND OF THE | NVENTI ON wmmmmmwm[ t he
I nyention The present invention relates to a thin-filmse

epitaxi al substrate suitable for 5 producing a hetero-junction*tsigol ar
transi stor (HBT) and a process for producing the thin-film sem conduct or

épitaxial substrate. (2) Description-ol the Related Art AﬁWﬁmmﬁmummmmEctor
el enent used in a region 10 of frequencies higher than th ve, a
hi gh performance hetero-junction bipolar transistor (HBT) is phgevced by
using a recent excellent crystal growth techni que such as MOCVD. HBT is
conposed as fol | BWEN-ZInMt 6EMACONAVUCIQRaEPATHRCADasdBgEpArRanNa base | ayer

is 15 used as an enitter |layer to make enmitter-base junction as hetero
junction, and an energy bB8RPCBESaFfORhEBRODHETHEABNTHARESEf| ow i nto the

emtter layega R@ﬁpbﬂﬁ ggngbaxﬁka§I§ﬁightened as conpared with a

hono- j unction bipolar transistor so that holes can be prevented from 20

flow ng intoghe erbtihebs YREr €R¥ehBgogM tter injection efficiency is
i nproved. The current anplification nmechani smof conventional HBT conposed

as described above is fHadgpeBtat! yniBatsanerasathat tof aarepAventnonal -
2 hono-junction bipolar transistor. Accordingly, the probability of the

reconbi nati osenfcehdattonsephdakobessiinbsthetbaseitaeglenfshoul d be | essened
in order to inprove the current anplification factor. Therefore, 5 the

f ol | om ng5st puctlucéngf er hekamprgunhasohebhpwdblk knempisBAbGaAEBRIth a
conpositional gradient is used in the emtter |ayer and base | ayer so that
an electric angla pspcaseeferapraguelegt Ebasthsnpfbduceanigpddufect| ow of

el ectrons in the base region i s accel erated by
epitaxial substrate.

(2) Description of the Related Art
As a semiconductor element used in a region
10 of frequencies higher than that of microwave, a high-
performance heterc-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 so that holes can be prevented from
20 flowing into the emitter, whereby the emitter injection
efficiency is improved.
The current amplification mechanism of
conventional HBT composed as described above is

fundamentally the same as that of a conventional



10 the synergistic effect of a conventional type of flow due to diffusion
caused by the concentration gradient of electrons and a flow due to the
transit of electrons caused by the electric field produced in Al GaAs
crystals, to reduce the transit tine of electrons in 15 the base region,
whereby the probability of the reconbination of electrons and holes in the
base region is |l essened. In additiony an-attenpt has been nade to inprove
the crystallinity of the emtter layer and the 20 base | ayer or the
boundary surhase-bengeéant Rérrilarordansistphpr okecerdivatyenthanplificati on

factor of HBT. The rel atiagnship between the crystallinity of a collector
| ayer or a sBBOBBPLéEEYr OFafbe EﬁﬂomﬁénéﬁiPBnP aﬁbFFFF%ﬁﬁiéﬁdfﬁﬁiﬁﬁ

however, has,no% 25 suff|C|entI¥ EQ %n Sti d. Fb vert it has
recent|y beeh™ blifid® ?ﬁﬁtr?ﬂéOEa PPRFACBRCERPFEPFINI P nCR9CEbE R0l | ect or

| ayer, i.e. h|n I Mgrc na cogpe§|§$£;|ec gggtlvkﬁ rég ggd -

bet ween a cof? C ayer in or Yo feduce t he

cont act r§5'fﬁénf8198&$ﬁ “sEPSEEu?%fefB§ %ngéféreﬂés ﬂgghfugg;lon fact or

remar kabl'y n designing~a sentcondlctor devi esirable S that the
carrier conceptiati ANchAst NELHUR- Eehbsgieiobéyegrgéﬂekg fregbyqseh.

However, when the carrier concentration affects”the current anplification
factor renarka@|¥ml£hsrd@gyse ghdf reedompbrt be €rst ganot1éberdevice is

severely limted, so that the design of a 10 device having desirable
character|stfﬂéldsfﬁenabtéaéedt1S@N@BEHtEEn§FEsIpWEﬁUt@N and the
flow of electrons in the base region is accelerated by
10 the synergistic effect of a conventional type of flow
due to diffusion caused by the concentration 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



An object of the present invention is to provide a thin-film sem conductor
epi taxi al substrate that permts solution of such problens in the prior 15
art, and a process for producing the thin-filmsem conductor epitaxi al
substrate. Another object of the present invention is to provide a
thin-filmsem conductor epitaxial substrate that permts reduction of the
influence of the carrier 20 concentrat8oAa in a sub-collector layer on the
current anplification factor, and a process for producing this thin-film
senlconductobebwﬁﬁaxﬁaFOéQQGtﬂatéayexlandaﬁo@héie@bpécelattrhéeplesent
invention is to provide a thin-filmsem conductor epitaxial 25 substrate
that permitsCpPBauUEPi BRAIBESCatRRgRPYLREr| BBFESE@RFRORELEE®R EHROMce, and a
process for rgducing this thin-film sem conductor epitaxial substrate.

4 In the prgg RECF nURAt FORISRh BFREHT+6256PY el RRECRLESRAPEBBEENS, in

produci ng a | m seni conduct or, e substrate for HBT production
kg, gt A

by forning a eéb??é€9o? F%Qé?onguﬁg%%gé?g?c?ayéF l% 4ehiE o t&yer an? an
| t
em tter gye£§%§0€ a§5P§££ Soggegé ?Pfgﬁe grggé i cogp?l g SLep o

addi ng boron eas a par ayer por S|ng t he

sub-col l ectof @Yeéa?ng%tPﬁ §P§|%8#0r ﬁ@%@&efs H&Rreﬁéaéggrl€£o the

producti on process o |n 1 i | msem cohductor epitaxial substrate.

Ther ef ore, |Boﬁ8§nﬁbbﬂi£h|ﬂfﬁ@ﬁtgoﬂﬁécé@fréﬁtt§%b§if§8§§£6ﬁt§aé98§
produced, the boron (B) added is present, for exanple, in at |least a part

of the sub-cpbheek@blypyehe Otledhee COE| EEOHOM AYEr thOTdESREnt HE bRaNdary
surface between
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.

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

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.



15 the sub-collector |ayer and the collector |ayer. Wen the boron (B)
added is thus present in at least a part of a |ayer portion conprising the
sub collector layer and the collector |ayer, conposite crystal defects
caused in the sub-collector |layer by 20 doping of the sub-collector |ayer
with a high concentration of a dopant are inhibited from propagating into
the base layer and the emtter |layerfs).-As a result, the conposite crystal
defects caused in the sub-collector |ayer can be effectively 25 prevented
from becomi ng a reconbinathenpcresert invehelbaselnagedenntotpeleditter

| ayers) to increase the base current and |ower the current anplification
factor. ThereherabosgeRrahéfmshelBubredifergor Tthjerfiln 5 js doped with a
hi gh concentration of a dopant, the influence of the do ing on the current
anpl i ficati oFCRhEPBAUERAT bePLhrbEalt DUDFETRRE fRE FRhePFAJUGELPRePEur rent
anplificatiog factor, and at.the sane tine, thelf reIia?iIity of a

sem conduct o OH@%F%eacﬁﬁbbgo%Lﬁ?B95d.ai@ﬁbr%iﬁ% BCtRE t7YSE7 efbodi ment of
the presepnt jnvention, there i |.d {n=fi ] ugct or
epitaxiaIgsu%%??a@%y%gn%?ﬁsg%ggﬁgég%gt?g %rg%h %$s%g%§%$}g%?%rg%ayer, a

col | ect or laﬁ?%éﬁﬁgs Q?thgﬁygg?ﬁﬁﬂ,a@h@”&ﬁéﬁrofaﬁ 85hgVBbeBnags) formed as

thin-filmse uctor epitax ayers on said substrate, wherein boron

(B) added isi.pregsent kP atpoheastrazpastepfpdrt Y€ +i 9Pn€0PREI Sing said
subcol | ect or Payer a%d sai% collec?or %2ye$.r15 Accgfging t% t he second

enbodi nent ofybheopresent Layent kAR, thBeegliscpspvidedraishin-film
sem conduct or epitaxial substrate according to the above first enbodi nent,
wherein a poihtenpeeatadningosahd peoductBynaddedess 66red thinhhe form of
a thin 20 fil msem conductor epitaxial |ayer near the boundary surface
bet ween 3$@i dfcbhl eembcohdyetoandpsbadislibseosteater | Byerefore, 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 tne
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



According to the third enbodi nent of the present invention, there is
provided a process for 25 producing a thin-filmsem conductor epitaxial
substrate conprising a substrate and a sub-collector |ayer, a collector

| ayer, a base layer and an emtter |ayer(s) which are forned as thin-film
sem conduct or epitaxi al - 6 layers on said substrate, which process is
characterized by conprising the step-ob adding boron (B) to at |east a part
of a layer portion conprising said sub-collector |ayer and said collector

| ayer. 5 AccdfdifRgero Wikéd Poligh SopeENrERtion cheapdesant i ®hention, there
is provided a process faor producing a thin-film sem conductor epitaxial
substrat e accd8fdiiigCfoCth&NghSPE iR P8 EhBoGirERNL RRBAdITACatAaerial for

b B) is_ added f det er mined 10 period durin wh of said
Cayer porti o SEboCaFPy BEL CRESGUARt P67 /P Choron LPHF T TABLBRAFRG Lot he
fifth enbodi { i ion, _t ' i ded f
produci ng a PRERSH AU CoRaIeror (BbPLaXPAE. EybsiPaCE T ‘Aol Mg 1o L he

above t hi 5d Qelagg&tgf§”g%d5p§§ﬁgcwnehékertag@&@g'Egpogeiﬁmg§89ea$ sai d

material for boron cco to the sixth enbodi nment "or the present

invention, there is praicéedidgheberdz) ¥nekkoBn2BqkhRAkak £t £gASI Stor
conprising a thln-f|In1sen1conguctor epi taxi al substrate according to the

above first piesea®ndneebodonentheBRl EE PESCRHBEI Nt THEIRRAWNG Fig. 1
is a cross-sectional view showi ng one 25 enbodi nent of the thin-film

sem conduct oseapicbadualk osukptitake adf subetpaesenbmpy etihiyos. PREFERRED
EVMBODI MENT OF THE | NVENTI ON One enbodi nent of the present invention is
expl ai ned bekowsitmadet and w shbrebédentert daybe, drawbhdecboEi gaydris a
schematic view showing a | ayer structure as one exanple of thin-film

sem condd€t oR BpEeaxisersabst pat entsterBTapesdatedhbyght Aeepfocmed of the

present invention. The thin-filmsem conductor epitaxial substrate 1 is for
produci ng GaAs- bAdBgffmT semiconductor epitaxial’ 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



10 The thin-filmsem conductor epitaxial substrate 1 shown as one

enbodi nent of the present invention is explained below The structure of
the thin-filmsem conductor epitaxial substrate 1 shown in Fig. 1 is as
follows: 15 The thin-film sem conductor epitaxial substrate 1 is
constructed by lam nating a plurality of sem conductor thin-filmcrystal
growt h layers one after another on a—GAs substrate 2 of seni-insulating
GaAs conpound senlconductor crystals by a MOCVD net hod as expl ai ned 20
bel ow. The GaA¥SL§oSPr gfed 2SPQSESﬁ58seHhéFhap§€ﬁ?Fﬁs&Pat|ng GaAs (001)

| ayer, and in add| ion

ff 3 d AS |
formed on t hENBAAS §65§Faa g Eg5ﬂrﬁé$59uﬁ5Fr§ﬁ§§ P y@ag& PSPﬁgéegnlfhe
25 buff | f | 4 f l f d
23 ol one: BT o Ao 1pRLe HUBRERT §f aobsbat, BrEnBRoee eg i B°L°, Tote
cm 3) Capab'sa9§ EURCLLeNLRgARS 18,805 LEGHOEABYEEFI LG O Ed 10 @

g t hi ckness o nm on t ayer i on; "an n--GAs

l'ayer (cagrier concentpatheRind %olgﬂ@ 98h§£h0éﬂeeh§meﬁtfHECEhen'ng as a
collector layer 42 is forned in a thickness of 700 nmon the sub-collector

5 layer 41. ghesentWonkapeisnar entoened psoseAbgoadyebeEsgpbaxi al growt h
crystal layers. In this case, boron (B) added is present in a portion of

t he col | ect oprbdyetnd2awbhth-£slmnsenbtantiuntbh epetsubatoklipsteatkayer 41,
whereby a B-containing 10 |ayer 42a is forned in the collector layer 42. In
t he enbodi neatcehdingi hoFthge dbovhethhrdkemssdbhehhe Boeneannang | ayer 42a
is 10 nm The B-containing |ayer 42a can be forned in the formof a

thin-fil mseniatondadt bprepprani 4B) | ayepddedt &Pni agpbedehetBinedy 15 feedi ng
triethyl boron (TEB) as a material for boron (B) into a reactor together
with arsitfe BRALIPH ABEAYIgErPVEM efMepidi layersparting GasearrBcesdsary for
formng the collector. layer 42,only for a predeterm ned period fromthe
start of grohtf 8fd %EéonZchBPF%Et%? 'tayer 42 to the time when its

EB&SKQ?{Z) eapabl e o ”%\“aﬁef%ﬂ? ooasns BESER & gcg;aggg?goggeﬁgga;%og
' ' L 2 90
The collector rayar a3 eRRobr FRASe o BroPLEe £ BEBRRERTFAR On: 5 X 101

cnB) capabl e Qédﬁe@ﬁglgntﬂgnaﬁlfﬂ §§hl&8ﬁdu@¥8£ ééft§x19%”§9b59rétéhiCkness

of 110 nm on the basé | ayer ayer (carrier
concentrasloaccéralﬁgltOCﬁhé)aﬁ@@@btﬁlﬁa éﬂnﬁéuﬁﬂhngmﬁédﬁﬁeﬁﬂ1tter | ayer 45

is forned
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.



in a thickness of |50 nmon the emtter |ayer 44. An n+-GaAs |ayer (carrier
concentration: 3 x 1018 cm 3) 5 capable of functioning as a sub-emtter

| ayer 46 is fornmed in a thickness of 100 nmon the emtter |ayer 45. An
n+-1nGaAs | ayer (carrier concentration: 4 x 1019 cm 3 capabl e of
functioning as an emtter contact layer 47 is fornmed in a thickness of 120
nmon the sub 10 emtter |ayer 46. The7thin-film sem conductor epitaxial
substrate 1 shown in Fig. 1 is characterized in that the B-containing |ayer
42A is formeBREREBRpEr EMBPDINENE oPF eBllor INRENFIQ®. By thus forming the
B-containing 15 layer 42A, i.e., a |layer region containing boron (B) added,
in the collector |ayerOn®, eebapsBeie %fy%?%lpﬁ%$%%¥51E§%§gHOPnl§he

sub-col l ector |ayer 41 bi dogin& of,ihe,sub-c | | ect or Iager 41 with a high
concent r at i oRXBF2AREBOPRRLCYr &7 ARFAT L WL R oRF pFEPRGEL FRG- PRt 0 20 the base
| ayer 43 and,the.emtter layers 44 and 45. As a result, the conposite
crystal defe@f8¥E88sed in the sub-col lector |ayer 41 can be effectively

prevent ed:from becom ng rfpggbgngéﬁgﬂ%gggtg{e&nsﬂgﬁiggsgn%g¥g£ 43 and the

emtter |ayers 44 and 4%8fo i NCr ease ase curren ower the

current anpl 'ﬁ%@ﬁ{;?@ 5@%9&-&Qﬁﬁf&%@tﬁﬂ?lbflﬁa@@m%oﬁmc%pduced by the

use of the t m sem conduct or epitaxial substrate 1, even when the

sub-col | ect ogpl 8yl a#lsiiss€pRed wbthuar %roé@ce@iﬁp ewépgféé@ggoafof a
dopant, the influence of the doping on the current anplification factor can

be curbed totpeeyestehbeihovrtiog. of ThBetgunrenimagphitbsattooarfact or of
the HBT, and at the sane tinme, 5 the reliability of the HBT can be

i nproved. | nepiterisd savestagate {hefdrfproéuncenpetabenbesedeliBT.
anplification factor characteristics attained in the case of the |ayer
struct ur &€0of Thethhinfflhnsephtenddotoorepptankadl seopsrabeel 1shaying 10

t he B-containing | ayer 42A shown in Fig. 1 and those _ ,
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 growth layers one after another on a
GaAs substrate 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 (001) 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



attained in the case of a thin-filmsem conductor epitaxial substrate

obtai ned by form ng the collector |ayer 42 without form ng the B-containing
| ayer 42A, sanples of these thin-film sem conductor epitaxial 15 substrates
of the respective case were produced. A MOCVD net hod was adopted for the
follow ng growths. After conpletion of the growh of the subcollector |ayer
41, triethylboron (TEB) was fed 20 tegétker with starting gases of arsine
and TMG at and after the start of the growh of the collector layer 42 to
grow t he B-cahtigiknieng ldyeP042m vo &hehbekdess lafyer03nm Then, only the feed
of TEB was stopped and an n-GaAs | ayer was grown to a thickness of 680 nm
Thus, 25 the2g6itéetor aPaferGCads whdY$Hr BRI ke € hc e hea Beomt al nkng | ayer
42A of 10 nmthick_{n its orttgn that, was in contact. with the

sub- col | ect ot O aydr Jararaple of FunGdRIbdE A% W HeIIRF th¥et i49m

sem conduct or, epi taxi,al, substrate having e layer structure.shown in Fig.
A ter LIS SPGRER OF ShE LaBREsR BeraP o) ayabiathen il FLiar tPayer 43

havi ng no .B- i nhn [ A r med row.ng an.n-- | ayer to
D hi cknede SRVER RS, HRKSE h0 ARy LR e e 0 B Ben B sr e B o

t he same thinpfi ; ] c epi i.al substrate as in the case of
sanple A extgsék gpaﬁgpeﬁgg#nggpﬁégé-g%%?é%ﬁing | ayer 42A. Each of sanple A

and sanple B was proceggedniint ea5BT ea¢hnhaw)ngqaBqenkt beksghze ;af 3100 um x
100 nmfol | owed by neasurenent of the current 15 anplification factor at an

el ectric curpemtidansift yhef cb1kALesR. 13hercypr @Rt campki fhcabheacktact or of
the HBT (B) produced by the use of sanple B having no Bcontaining | ayer 42A

was 50. On thetat her babdcoilllewasrcaafernmad,t hatrebe auBrebhtadplnki cati on
factor of the 20 HBT (A) produced by the use of sanple A having the B
contai ni 3§ | Apgerd2Rawas dsruwedyihatge asl88ctdhelegrcedlrat fIonthk boron
(B) added in the B-containing |ayer 42A of the aforesaid sanple A was 6
embodiment shown in Fig. 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
15 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
20 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
25 layer in a thickness of 90 nm on the collector layer
42. An n -AlGaAs layer (carrier concentration: 5 x 10

cm™®) capable of functioning as an emitter layer 44 is

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



x 1018 cm 3 as neasured by secondary ion mass 25 spectronetry. In the above
enbodi nent, the B-containing |ayer 42A was forned as the | ower portion of
10 nm - 12 thick of the collector |ayer 42. However, considering the
cause for lowering of the current anplification factor, it is conjectured
that the same effect as described above can be obtai ned wherever the B 5
containing |ayer 42A may be fornmed bet%een the subcollector |ayer 41 and
the base layer 43, nanely, in the collector |ayer 42 reglon In _the above
embodi ment ,  Bor oi-GaE)s weayerldezh 1 bl e hec ot enitatiomy el 1210 onder to
reduce the 10 diffusion of vacancy fromthe sub-collector |ayer 41 to the
base | ayer 482arpbwevef, ftRetiarenaf pecnasmébtarnéaysy t¢hi $sadairmeen is
expected to be obtained al so by adding boron (B) to at | east a part of the
emtter |ayetn42, LRhekBREEt 8F i§9er48n Fhenemétberslanptt 4 -1 afBr 46. In

th b B) be added th kNt b

aﬁﬁﬁﬁ‘W#&@%ﬁ@ﬁ%%hﬁﬁﬁ%yﬁﬁﬁﬁ’%?ﬂﬁnm
duegt I f B by .f

ub- ool | oct op2Fapee. o8 sHESHPELRe, b ofor BL o Ry &Y hna®anSem 1

| ayers) on afé?@éﬁrﬁhe b¥h9@§n89§58fciﬁétﬁﬁ 8?0%59 éﬁlg€§9rhgﬁg rabove, ‘the

step of addin oron (B) to at least a part of a layer portion conprising

the sub-coll get or phayersadhd hes wot | 8641081 d AY&Indnd NEOTPOr af ed jgeo the 25
production process of the thin-film sem conductor epitaxial substrate.

Therefore, ismt’hechbablbl bih $eRceaBadayOEsepnt axidkesubshtake Lhyer
produced, the boron (B) added is present, for exanple, in at |east a - 13
part of the gubieolfbemedrihayethbockhbescokl @aedonml ayetheosuhear the
boundary surface between the sub-collector |ayer and the collector |ayer.
Accor di ngPy, emohpesi Leyerydbal defects caused in the sub-collector |ayer by
5 doping of the sub-collector layer with a high concentration of a dopant
are inhibited from prophgathhyg-£nats ﬁﬁ@lbaééupé9éreﬁhﬁaﬁhélenltter

| ayer(s). As a result, _the conposite crystal defects caused in the

sub- col | ect oPUPEYERTEah BBOWRT &Rt FV8tyl18SpFEIEAFEATEEBF BBCBARAG a

nmbi nat t the b I d.th tt I
ﬁ&&%%ﬁﬁ%m%ﬁﬁ%%ﬁ%%#%?r%&ﬁm

even when th |l [ I yerg e h a hig ntragion of a
dopant, the §8§ F?gengé§§F thé do%ltI:IQB EI?ﬁelc rI:Ié(F:itBa88 |%aﬁ§on factor
can be cggbeg grpﬁgxen% the Lo éggrg lBHe08H£5§Q ? gghcqg hon factor,
and at the sane tine e relrabi |ty of a sem conductor device can be

i nproved. ItaéaegIdlﬁetﬁHrEbﬁleéBQ§r§£989 by, tBesBosite 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 base 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



20 skilled in the art that although the foregoing explanation of the
present invention has been given by taking the case of the enbodi nent shown
in Fig. 1, the invention is not limted thereto and various changes and
nodi fications may be nmade wi thout departing from25 the spirit of the
invention and the scope of the appended clains. For exanple, although the
present invention is explained above LA the case of Al GaAsbased HBT, the
present invention is not limted in - 14 application to A GaAs-based HBT
but can be apbh egonerRtEathoRi P acipRdMEuctr Epftusned hbsheate for
produci ng | nGaP-based HBT, in the sane nanner as_above to bring about the
safe ef fect @@PEpdVer the gqurrepiarane T MFHEEPT SE29E0R FFRMRFi I m

sem conductor epitaxial substrate conprjsing.a substrate and a

sub- col | ect of4¥ %r?oapE%Y?%Et@Felﬁ?/‘% ring b‘ggetrll%y%?rﬁ?fdt an emtter |ayers)
which are fornmed, as thin-fLl m sem gonduc epi taxial, | aye aid
substrate, v@ﬁﬁihfﬁ?ﬁﬁ%ﬁp( c%%ﬁeﬁfigh%régghtg?% A ?%%s%aéépgg?ébf a | ayer
portion conpry Si i - cpl t I r.an i ol lector layer. 2. A
thin-fiIn?se%*%oﬁ%h%%%?l%p?tggi%ﬁgsu Et?%?ebﬁcg%égéﬂ%&to claiml1, wherein a

port i on contai ning sai ¢,bokon (8) addeekigaleremd anetbeotosm of a

thin-filmsem conductor epitaxi | ayer near a boundary surface between

sai d col | ectst | @¥8r c@PfeSai SnsSubr coht 864 OF ab YLl chBradt §F D6€8Es T OF
producing a thin-filmsem conductor epitaxial substrate conprising a

substrat e angt®astbdcohl €6&ocabayerf, tiae cOVect strhayere af baise | ayer and an
emtter |layers) which are forned as thin-filmsem conductor epitaxial

| ayers on satldisubsimaseniobndhcponcesstasichasaioserazedl byaconpri sing the
step of adding boron (B) to at least a part of a |layer portion conprising
sai d subl@oltketBrcomyeining Saver céfheshovn| byeFig4. 1 papdotkeseaccordi ng
to claim3, wherein a material for boron.(B%,is added for a predeterm ned
period duri ngterbned &° SRFdca8gepf parEibn-FbleafeyieeRdERECRddi ti on of
boron (B). - 16 /5, A process according to_clajm3 or 4, ﬁherein

triethyl bor ofP} 2%ty %Eb§éfﬂtﬁa?%F?éPe@gPybE?B%l?%DFh%.c%@ 8EEPH-j uncti on

bi pol t i St | Si thin-fil duct it axial bstr at
bi pol ar transi stor ,conpr si.noc2, L g- {10 ogshendyeS ol §BL B2hal Substrate

A LA & ARG A LA N . AF & A o ! . ; Y14 "5JKpVZ[ k
$%$txy}xsnid€é?%§ %a £§T§%€%§T@% Eg}ﬁ%f%éT%§$%§?%§§ga$ééf%§ %g]ca]ga]ga]ca]
ca] ca] caj gal cahsalsabsabeatfal calseal £Ra! ¥adef Gede UpWbduced.

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
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E 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
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5 containing layer 42A may be formed between the sub-
collector layer 41 and the base 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 boron (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-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
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layer and the collector layer. Accordingly, composite
crystal defects caused in the sub-collector layer by

5 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

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
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to bring about the same effect as above.
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] 1. 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, wherein boron (B) added is
present in at least a part of a layer portion
comprising said sub-collector layer and said collector
layer.
2. A 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
semiconductor epitaxial layer near a boundary surface
between said collector 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).
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6. A hetero-junction bipolar transistor
comprising a thin-film semiconductor epitaxial

substrate according to claim 1 or 2.



