1 "METHOD OF MAKI NG A BI POLAR TRANSI STOR' The present invention rg?gdgs

a nmethod of 5 maki ng a bipolar transistor and to a sem conduct V-r\:@a
with pipolar transistors integrated at a part of or the entire region of a
substtate. The construction of a prior bipolar transistor is shown in the
acconpanying Figure 1. The transistor of, 10 Figure 1 conprises a
substrate 201 which is provided with a CJO| | ector 202, a base 204 and an
emtter 205. The base 204 and the collector 202 are di rectly connected-fo

respective el ectrodes cqﬁqtﬁdwtcﬁ.d Lﬁﬁ(fﬁéai gfs dRu while ;te

em«tter 205 is connectedtmo rerystal line
silicon material 209. The transistor is prowded vmth |nsulat|onfllms 207, .
200-.and with a device isolation area 203. In order both to enhance the

speed of a transisto nd to i qprove the current anplificatjon factor, it
is 20 necessary tfjn‘?n r’[@é‘"ﬁ%"‘h‘ﬁ%l%‘fze?h carperhedypEhin t he

base by | dweri mgking iampipalar drangistoommmnd tdea beemrieondyctodudevgcehe

base length. S a [ reases e base
resi st ance, sowtq%gt b&%@l%‘i- #()}vyn%%t#g%& ?%% éc%%Pﬁa I?rbéﬁ
expected. 1In S&Ftllr@ulr&tglqm afhe @hatrateon of the prior bipol ar

transi stor shown in HMhaUcdnktrhddil &er n
bet ween t he met%\? el ectr g 2th of ﬁe(s{b]?é:pfﬁoﬁ E‘gﬁﬁ%e eﬁ?éﬁsggégg §§ hi s

di sadvant age i § ACKOTRANHINYT F 1HFEDrksentd ?n‘*’v’é?ﬁ?bﬁt%'h'éf‘e is
30 t hey ef oFégpn:ev |1decbn@rrwdso¢ afubstiatate 201 pehbch t 19 NSE6V 0ded

conprising a sghiefol IWTERLE Y, "% B %04 and an emitter 205. The
base 204 and the collector 202 are directly connected to
respective electrodes constituted by metal wiring
members 210, while the emitter 205 is connected to its
1z electrode 210 by way of polycrystalline silicon material
209. The transistor is provided with insulation films
207, 200 and with a device isolation area 203.
In order both to enhance the speed of a transistor
and to improve the current amplifiéation factor, it is
necessary to shorten the travel time of the carriers

5

20 within the base by 1owerihg the impurity concentration
of the base or by reducing the base length. Such a
change in the construction, however, increases the base
resistance, so that an improvement of the performance

25 can hardly be expected. 1In particular, in the

' construction of the prior bipolar transistor shown in

Figure 1 in which there is a considerable distance
between the metal electrode 210 of the base 204 and the
emitter 205, this disadvantage is very marked.

30 According to the present invention, there 1s'

therefore provided a method of making a bipolar
transistor comprising a silicon substrate having a base

”
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2 region and an emtter region which are respectively electrically
connected to first and second conductive or sem -conductive nmaterial, the
met hod* conprising formng a netal |layer on the silicon substrate, reacting
the metal layer with the silicon substr?te so as to produce a netal
silicide mhich constitutes the first material and which is in electrical
connection thregeohaaadraglenlatetheegubatmmueh ﬁeunwem@emqu6lyon of the

et mater al | eleRreighdn 2doinadrtlsl Bo! 9, L SRR it sy S %n:

substrat e; forn1 an annu I'nsu
and thereafter ﬁem#rﬁgnﬂn@t9830métesnéﬁnamheamemhqﬂ|qqmmnﬂs¢nﬁ formiagul ar

i nsul-ation fl|”hsﬁe%ﬁthaQEr'Bnekﬁﬁt%hQde%Q%%%QHfEEdM‘Hédéﬂiﬁ§“ tHelr
region, the annuggP&anulatl Il melectrically |solat|n the first and

second material & 8Yex Uf‘-l"'r@r th?hél Substaate: S0 & it AFIRFDe W
Mo, Ti or Fa. Paehertall wildtide wmchomtsltc.rtxnfest hbef ifidistaiatidrlal a

first insulation_/f .1.s f.arned here ortlo of_,bo the first

mat eri al and thgnfii &"?ﬂ'c §'§I afh & F@l%\?@ iR twﬁ" tihfné%sr egion; a

second i nsul at i degiionmoifs ther sn&bscturattlee mens:tvurmm gordidn lafi s:d!eaéfi_tnsh‘i |1

the aligned. regh&%er&%ﬁ dnCan ng'ogprhhgﬁd@:d- @%16%3%*?%#%%&'&f“' n
S orn1 ul ar

the aligned 25 region 1s re e ann ati1on
film Preferabl?hetﬁ@bﬁﬁﬁéﬁén i FOFMANGo AT ANRAVLAL, isysydatign | | nsul ator

whi ch has b$en EiQeuGad the ém;;%ahlﬁa@wnt ;NQHg rmﬁelﬁe@@fttéle fHENNY the
I nsul ati on” |In1 Prefera I¥ qq |nsul lon filmi
econd mate ia y inwardly of the 'annular .
insulation film so as to be in electrical connection
with the emitter region, the annular insulation film
' electrically isolating the first and second materials
from each other.

The metal of the metal silicide may be W, Mo, Ti

W,

-
wm

or Ta.
' Preferably, after the formation of the first
material, a first insulation film is formed thereon; a
portion of both the first material and the first
insulation film is removed in the aligned region; a
second insulation film is formed on the first insulation
film so as to fill the aligned region; and a central
-.portion of the second insulation film in the aligned
W, 25 region is removed so as tO'form the annular insulation
film.
Preferably, the annular insulation film is a side
- wall insulator which has been produced by dry etching
without masking'the second insulation film.
Preferably,'the second insulation film is
completely removed except for the part thereof which

»
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30 conpletely renoved except for the part thereof which 3 forms the
-annul ar insulation film The invention also conprises a bipolar transistor
when made by the nethod set forth above. The present invention enables the °

base resistance 5 to be reduced and the performance of the transistor
to be inproved. The invention is illustrated, nerely by way of exanple, in
t he acconpanying drawings, in which:- Figure 1 is a sectional viewwpof a
prior bipolar 10 transi stor; Figur8 2 is a sectional view of

embodi ment- of a bipolar transistor in accordance with the present

‘invention; and Fi ures 3(A 3( ) are sectional views of 15
successi ve E9EBRs hﬁ FHB&F%FH&§?§3353°P idMsodi ment shown in Figure 2. An

embodi rrelnt of theTnéﬁiﬁﬂéntlitmnhﬂ.so comprdges & Blgd’l;&rz tramsdstior a

sectiona | nLt Si jde |ayer 410 is 20

provi ded on §?Ba§§dﬁobyf§g§ege%ﬁ°§ ?gtv%égtgbéhéﬁﬁea401 A first

i nsul ati on f|In14ﬂheapueaen&nﬁnwgntépneewahlesnshbaba@#'MHaﬁsmahcare used

forisolati Qerga f.-fishh'ack;ﬁe rihRca G £2 the e ARddEdr B erial 411
er

frof each of ector 402, .a device |solat|on area 25 403,
metal wirinBe bﬂPEPEEFPOde terninal s 404, 412 and 413, and an outer
insul ation layer #R6 haventhensidee iddastratiedyn merely dykwayn ofevi ce and

the present l I¥STE! Ofn' $nB0hcbERpEhGIRY bPalWlfighd" Wit Wl M Of
Figure 1 is a sectional view of a prior bipolar
10 transistor,' _
Figure 2 is a sectional view of an embodiment of O
a bipolar transistor in accordance with
the present invention; and
Figures 3(A), 3(B) and 3(C) are sectional views of
15 successive stages in the formation of the embodiment '
shown in Figure 2.
An embodiment of the.preSent invention is
shown in Figure 2, which is a sectional view. 1In this
embodiment, a metal silicide layer 410 is
20 provided on a base 409 formed in a silicon substrate 401. A
first insulation film 406 and an annular side wall
insulation film 407 are used for isolating the metal
silicide layer 410 and a semiconductor material 411 from
each other. A collector 402, a device isolation area
25 - 403, metal wirings or electrode terminals 404, 412 and
413, and an outer insulation layer 405 have the same
construction as in a known device and the present
invention is not restricted to the particular form of
these elements shown 1n Figure 2.
30 The manufacturing process for producing the
' embodiment shown in Figure 2 will be explained with
reference to Figure 3. _ . .
- In Figure 3, only the elements essential for
explaining the present invention are shown. A device



tHese el ements shown in Figure 2. 30 The manufacturing process

for producing the enbodi mnent shown in Figure 2 will be explained with
referefice to Figure 3. In Figure 3, only the elenents essential for
expl ai ning the present invention are shown. A device 4 isolation area

502 and a base 503 are first formed in a sybstrate 501. Thereafter, the
entire surface is covered with a netal |ayer 504. By annealing, a portion
505 of the™retal layer 504 is reacted with silicon in 5 t he

under l'ayer, therisolatdonrareaa 502t andsial baisée 503hateetfdrssi ifiorméd dor@i on
505 being formed, qu Sﬁ&%es*b SE i\%%:%%‘%t% er 1—.%r %91'1:9.3@5(;11&'3.'&”?.% Wi th an

emtter region (not but 'corres to the emtter 408
of Figure 2). Osoyered mitd aomemnd layer 5@4 whﬁWhaB@ealinﬁasah@PIEé@ﬁ

furned Tnto a Mgy o il Rkl GeyaRd SoA A3 HUMCAR WRIS@ILICR W | o

| eavi ng t he metal SI|ICI e portio |rst |nsu at.i on Ogézs next
provi ded Sover t K&&pnder layeracsh e&'ﬁ@YaH%’WP@H & meta ﬁ"ét“ﬁ’laﬁt
film 506, togethRitay igilliltadeidordfiicn® 055 beinte fdrmed Ioﬁﬂeiemtbm 505 in

t he region 110, ved by phot.ol | ar ch|n
second i nsul ati é?af “E)!?(YFH a regh gbgvaa&t%'@@ﬁ‘[ %Ithe eeé&fa:{etgg% rst
i nsul ation fil m(ﬁﬁﬁ: ahosinoim |I'T:I.g¥n:gm3e lii*(ﬂB)cmmcmdimg |tq H:é‘ler epittes] 0.
20 Y Qi S gyt d Nyet 15Uy W07,
a portion thereo \Iymch orm?t)an é’ﬁﬁ }r Si fooriglrtlo 509, f or med
in the rddion 51@5 aotsheen .trunqqﬁ.ri@t;p(@ metal 5111c1de is etched by

an appropriate solution while leaving the metal silicide

\U portion 505. A first insulation film 506 is next
provided over the entire surface, and a portion of the
first insulation film 506, together with the part of the

15 . metal silicide portion 505 in the region 110, is removed
by photolithography and etching. Thereafter, a second
insulation film 507 is provided over the entire surface
of the first insulation film 506 as shown in Figure 3(B)
so as to fill the region 510.

20 _ By etching away other parts of the second

- insulation film 507, a portion thereof, which forms an
annular side wall portion 509, is formed in the region
510, as shown in Figure 3(C).
, Through processes such as the formation of an
- 25 emitter 408 and an emitter electrode 412 and wiring
~ thereafter by ordinary methods, the construction shown
in Pigure 2 is obtained. The metal layer 504 for
obtaining a metal silicide, may for example, be a Ti, W,
Mo or Ta layer. As a solvent for etching only the metal

30 of the layer 504 while leaving the metal silicide, a

mixed solution of ammonia and hydrogen peroxide, for
example, is suitable. '

In the construction shown in Flgure 2, since the

resistance of a metal silicide is much lower than the

'l



Thr ough processes such as the formation of an 25 emtter 408 and an
emtter electrode 412 and wiring thereafter by ordinary nethods, the
cgnstruction shown in Figure 2 is obtained. The netal |ayer 504 for
obtaining a netal silicide, my for exanple, be a Ti, W M or Ta |layer. "
As a solvent for etching only the netab 30 of the | ayer 504 mhile
| eaving the netal silicide, a m xed solution of amoni a and hydroge

peroxi de, for * exa Is suitable. * In the construction sTrown in
. Figure 2, s+ﬂeeriﬁzn$é§¥s§AﬁEereFiatﬁ5F3|o§|Puspaxen§iﬁﬁéﬂ ba#er tkan the
lnpu;:ty dhi§U§0ﬁ§1%£§|ﬁbagﬁé?ﬁlyarédﬂéénthenBhsha§&81stah&eposSlbLf t?
greatly re e_base resis c si-nce ssible to
reduce the gﬁé?éﬁﬁgoﬁgfmﬁéﬂcﬁhggngFap°§FFséFdéol5 8P°21%h§n§1?§8n8ﬁ1tter
408 5 betwegneahermetaénSiﬂhamdehéayertAneeahdtthenemhetereéosode 210
and the e”‘EBeé §9§a§99“£x£8n€'€ﬂéﬁ %he P?sﬁéﬁ%erpétﬁhéﬁcﬁgbs furt her

reduced. | sStance between
t he netal seleeta@danalohan@ntbeeemﬁytesneﬂ§|shnyntha Fagureeds &helo

the '”SU|atb8§eftE§1§QZnéEO§§ EﬂrEh&&fEeaucEBe 2Rt bAWT9bhl, 284AcREt Ween the
nmetal silicide |ayer and the emtter 408 can be set to take acgount of

the sidewayttsple ﬁsﬁibiﬁetenFPPEF°&|FhﬁspéﬁtP&ﬁérbﬁﬁgee?hG e petad esent
invention esabiesde andnthat emitter byteoherbuadngedhuhthhckaescpaule of

redughng thgpgase ogksbaNEe 18" 07 5nduh U0 $2558e7%0 2nd' BeHikeN!

anpliTicati
distance between the metal silicide layer 410 and the

emitter 408 can be set to take account of the sideways W
spread of the emitter diffusion layer 408.
Thus, the present invention enables a transistor
15 to be produced'which is capable of reducing the base
resistance and has a high speed and a high current
amplification factor.




6 CLAI M 1.

A met hod of meking a bipolar transistor conprising a

silicon substrate having a base region and an emtter regi on which are
reéspectively electrically connected to first and second conductive or semi -

5

on the siljcon substrate, reacting the metal layer with the silicon
substrate S0 as to produce a netal silicid® which constitutes the said

first materi al

and which is in electrical connection with the base 10

regi on of the substrate; renoving a portion of the said first materi al
region aligned with the emtter region of the substrate; form ng an -annul ar
insulation filmin said aligned region; and thereafter formng the said
second material radially inwardly of the annular 15 insulation filmso
as to be in electrical connection with the emtter region, the annular

insulation filmelectrically isolati

" conductive material, the said nmethod conprising formng a netal |ayer

n a

M8 said first and second material s

b T e ol "o o g DR SE BRI bl Rebddhalier e TEe! 20

of the netal

claim1 or 2 i FOMPrd®ing taersitlra@qrbmsrtmaf@ hawing & tbare arégiion and r st
insulation fil @n emietead rtégqroﬁpmhﬁerp%té %éﬁeéﬁ%ﬂf’éfédtﬁtléﬁf{' al

the fi

rst

al 1 gned region;

a

and

i nsul_ation,fi 25 ane
second i nsul at © 8Hnﬁ°|trﬁ4 rqu‘ 3&?@& '?dsth %&‘T%ﬁ"f i§90isH as to fill
the aligged regnnd,uca‘.tid'eammal,pcuue oa ik mémxommunbnmﬂ@tﬂmifnd m in

the aligned regl gideal TBPRE G trit® 19 " b AU A rd el ' 1

metal layer with the silicon substrate so as to produce a

o/

10

15

20

25

metal silicide which constitutes the said first material
and which is in electrical connection with the base
region of the substrate; removing a portion of the said
first material in a region aligned with the emitter
region of the substrate; forming an annular insulation
film in said aligned region; and thereafter forming the
said second material radially inwardly of the annular
insulation film so as to be in electrical connection
with the emitter region, the annulaf,insuiation film
electrically isolating the said first and second
materials from each other. _
2. A method as claimed in claim 1 in which the metal

of the metal silicide is W, Mo, Ti or Ta.
3. A method as claimed in claim 1 or 2 in

which,'after the formation of the first material, a
first insulation film is formed therebh; a portion of
both the first material and the first insulation film is
removed in the said aligned region; a second insulation
film is formed on the first insulation film so as to
fill the aligned region; and a central portion of the
second insulation film in the aligned region 1s removed
so as to form the annular insulation film.

N



5
7 4. A nethod as clained in claim3 in which the annul ar insul ation.
filmis a side wall insulator which has been produced by dry etching

without nmask of the second insulation film 5 5. A net hod as
cl.aimed in claim3 or 4 in which the second insulati-on filmis conpletely
renoved except for the part thereof which forns the annul ar insulation

film 6. A met hod of making a bipolar transistor substantially a

her ei nbefore described with reference 0 to Figures 2 and 3 o?ithe
acconpanyi ng draw ngs. 7. A blpolar transi stor when nmade by the nethod

of- any preceding claim A sem conduct or devi ce conposed of a

bi pol ar trahsistor as élﬂﬁﬁﬁedlHSCF&P#NPdWHEnCéﬁﬁ@héeéntUhéﬁﬁ thes 1
and provi desinmblar Pghbudatebnt FE 14Nkl @ 63de0walll Inisthiatdy! WRlign

clect i car 1 Ja8cheh: REORRERNT by BBV, REcRiod pasRoNT BasK SECEHE mareral
consi sting sécendeinsudationr fadmeri al -which is 20 electrically .
Y oy oL X BEEhOA £81 F1SSneR0NR o1 il b WU licn® U heflnll
f||n1producé@s%¥a§¥9neféhmngsmFPmEé?tﬁéYkIﬁgoxegeeanspmnibtatbe pegpdsi t ed
on the substhétofi WhoEHCfolfisZthe ann@ll8¢! ihadllbtibhOlF3tm.t he first and
second natqglal A method of making a bipolar transistor _
substantially as hereinbefore described with reference
10 to Figures 2 and 3 of the accompanying drawings.
7. A bipolar transistor when made by the method of o/
any preceding claim. '
8. A semiconductor device composed of a bipolar
transistor as claimed in claim 7 when appended to claim
15 1 and provided at a part of or thé entire region of said
substrate, comprising said first material consisting of
a metal silicide which is electrically connected
directly to the base region, said second material
consisting of a semiconductor material which is
20 electrically connected directly to the emitter region, a
first insulator, a péit of or all of which is directly
on the first material, and said.anhular'insulation £film
produced by dry-etching without masking a second
insulator deposited on the substrate, in order to
25 electrically isolate the first and second materials.
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