;1 Je3e63<"" 6@&+ Description Bipolar transistor 5 This invention concerns
a bi ppl ar transistor which can be, in particular, in the formof a

so-cal |l ed self-aligned bipolar transistor. In the case of bi pol ar
transistors, the so-called extrinsic 10 base resistan

transition frequency and base col | ector capacitance, Clmmwmmlmmmw deci si ve
transi stor paraneters which determ ne inportant char acterl . quantities
such as the nmaxi num oscill ation frequency, the anplificati on "gain"), the
i ni mum noiBsdwiqitoign gate 15 delay times, etc. of the nsi st or.
The extrinsic base resistance corresponds to the resis Iﬂl\ﬁﬂ“‘m ‘WIn t he
base, or the actual base area, and an external contact ,| S connected
to the basesiidl s corracidtwr | i ne. 20 Regarding the above mm({l oned

transi stor paraneters, the follow ng applies, for instance, to the maxi num
oscillation frequency fmaX of the bipolar transistor: .i T 8~ RB CB~ 25 .

.. (D T, r , Bqit L&A NS se
resi st anééweel;n dé{ i's te% L‘E(S]rgéeé;fc I ect% capa%lfgt_llé%cse %fe ‘ﬂﬁ }?)I pol a @é}
transi stor.in gafrFEnrculer mim mie nvse dacd osoFmahled aebfp@lze;nedansi stor,

bipolar transistor.

In the case of bipolar transistors, the so-called extrinsic

10 Dbase resistance, with the transition frequency and base
collector capacitance, is one of the decisive transistor
parameters which determine important characteristic
quantities such as the maximum oscillation frequency, the
amplification ("gain"), the minimum noise factor, gate

15 delay times, etc. of the bipolar transistor. The extrinsic
base resistance corresponds to the resistance between the
base, or the actual base area, and an external contact,

which is connected to the base via a connecting line.

20 Regarding the above-mentioned transistor parameters, the
following applies, for instance, to the maximum oscillation

frequency fpax ©f the bipolar transistor:

‘f' ~ j; ... (1)
max 87 Ry* Coc

25
where fr; is the transition frequency, Rg is the extrinsic
base resistance and Cpc is the base collector capacitance of

the bipolar transistor.



the follow ng applies, depending on the extrinsic base resistance RB and
frequency f: z z 5 Fmn"'1+ 1 +~ ICRB1-1- J T2 +i TZ ... (2) ~f where
j3is the small signal current anplification, ICis the collector current,
and VT is the thermal voltage of the bipolar transistor. 10 Fromthe two
formulae (1) and (2), it can be seen tha& the extrinsic base resistance RB
should be small for fast switching and | 0w noi se factors. One nethod of
reduci ng | osses in the case of bipolar transistors is the use of a 15

pol ysi | i coFad édis GBI gt thiaf AhdastE A PLEPRY siTansisteyer

rovi des a J.owg esi st. t.h wt andi Y, I ce for the
Base curr er#th.% &)Oe%aaﬁhq&cgaréﬁ lhee%(\ﬁt r#gré%&ﬁgge&?e%tea}%}%r?%g% c%aéa‘:pachi eved,
20 for instmxestdywasy ahd feegueteyt fof the so-called "selfaligned double
pol ysilicon bipolar transistor”, as described in "Self-Aligned Bipolar
Transi stors for H ghPerformnce and Low Power-Delay VLSI", T.H N ng et
al ., I EEE Transactions on i ; = 28, No. 9, 25 pp. 1010
- 1013, 198l. Thisconcepiré§ therefore pised infalmost all w dely used
product iton Fecknbt eg of ®rRhe ghr i pol ar transist@)s. In the
attached figure, séch-d IV@aJigned npre flo buko;b pol ysilicon bipol ar
transistor is shown in cross-section. The emtter 3 is contacted via an n+
doped pol ysilicon 3 electrode 1. A p+ polysilicon electrode 2 is assigned
to the p+ doped base 4. The self-aligned emtter base insulation 7 is
cal | ed t he whgie ¥ si's BRI gWanlal $ignajndeirent anrliefieecen ode 3 sa theos

"tet th i t t i ki ") latl | 6 i
br ovi ded, Ao AR (T RALE o (Vo0 575 COBORA NPt tEn of

silicon") ibisadladn cordrayiestdis provided. In the figure, the collector area
5 of the bipolar transistor (wthout the associated collector electrode) is
al so shdin by a dashed 10 line. A nethod of producing such a bipol ar

transistor g desed ihed e dQhui st enceand N(BP- Ble 4. 23%8%%ken that the

extrinsic base resistance Ry should be small for fast

switching and low noise factors. One method of reducing

losses in the case of bipolar transistors is the use of a
15 polysilicon electrode for contacting the base. A p*

polysilicon layer provides a low-resistance path with

correspondingly low capacitance for the base current.

Specially small extrinsic base resistances can be achieved,
20 for instance, by use of the concept of the so-called "gelf-
aligned double polysilicon bipolar transistor", as
described in "Self-Aligned Bipolar Transistors for High-
Performance and Low-Power-Delay VLSI", T.H. Ning et al.,
IEEE Transactions on Electron Devices, Vol. ED-28, No. 9,
25 pp. 1010 - 1013, 1981. This concept is therefore used in
almost all widely used production technologies for ultra-

high frequency bipolar transistors.

In the attached figure, such a self-aligned npn double
30 polysilicon bipolar transistor is shown in cross-section.

The emitter 3 is contacted via an n+ doped polysilicon



In the case of a self-aligned double polysilicon bipolar transistor such as
i,s shown in the figure, the extrinsic 15 base resistance RB consists
essentially of three parts, which are called below the "internal™

resi stance part RB;,, the "external" resistance part RBe, and the "link"
resistance part RH . The internal resistance part RB;, results fromthe
resistance in the base area 4 on the active 20 transistor area. The
external resistance part RBe describes the resistance of the polysilicon
base el ect riddetx,0dhilch A exdLalysiel eon elrdtindse 2ok avtsidgimd [Gak

resi stance epresents the extrdnsic base resistance which results
fromthe | ot\%-%(’:lg)p“LeR?Ozé)eréé bu‘—’lndegrzis't h{eh%egf(efl-ﬂa_laﬁglrﬁan Cg né]"reﬁstﬁ%ﬁo%saese i nsul ati on,

t he spacer sinkulat icoday'is higidled thansdHmiarns " | meidid @dnexiy | ngidebase
resistance RB is usually dom nated by the sum of the internal resistance
part RH,, &itf (%555 %/]é’s‘ifs'ﬁ%ﬁ?c@ FarfED Rt RetdiRe’ B 35t ogr essi ng
lateral s5¢aldih ¥y ie-GRIPONRE S 1t gL TR Stance pasd; BBy, and the
link resistance part RB1 are continually being reduced. Si taneously, the
external redictuntsy gdre Ree islecratmst antUGCoS et 'Blasd anly, oxbletetuisen tdie
vertical conpanent,.scali which is lipked to t.h ateral, scaling requires
ever thi nnes:mplo oynsi)l ilcnosﬁlrmgdatyleorns 48 Connhedt il?ﬁjwelli%ci T oﬁégt,hearfglqwge'l ayer

resi st ance tife tdEiSedwmenstdN® afahd il i atdy (WHRAS Nthe Thus
the external resistance part RBe is beconming ever nore inportant for the

total extridRSCEES 1 lachife FEctrpdeep § el dayEiowre distamashad t he
base elgctr 2 el ARsSSHP! | - P44 | ayers
doped V]V-I%tch lgglreedn pgﬁnee]t%sed. chT e orofldééo%cr%% %ﬁgﬁ(y)lza{ernpcﬁ%a/rgéeléa%%elfhe

el ectri cal [desgotiibest aflaer ciorsdmntaent iion BH-Blyl &9 y35reater than 5 x 102
cm 3, to achieve the snallest possible |ayer resistance. The boron doping
atomis chosen because of the 15 consideration that boron has little or no
effect on tie tWedidael @t I I QpEigl dRLd pEI8RANat @R ib ke HF ai n
boundaries during thermal processing events. The nodel of doping material
separ at i on tEFEAFIES Ath HUGth e S olrfd FRIGWA thn jthe drtgwie ed iy eepamaion of
dopi ng o] | i€ f e at r nsel ves
capt ur elgt a%%tec%én%%agic%r i%%ap%{g?%%gt ?\?S%E&%l‘l??oﬁgl f‘)'?f‘ e% %F%E%dopi ng

mat eri al covidenit reate araldted teelgmaitthebouindasrres] 'S Uy iesSatc g i it QWM h
during anng%ld_eiur;' .. Redistribution of inplanted dogi n}g nmaterials and greater
grain size ri%ﬁi;t qUSTTH SFNGH A5 hdiest e’ chAfgel the el ectrical and
structural fqusapardrices (ird hg, | aygs sinvbigin %@@{évaﬁééﬁ%&tﬁs exlenral
resistance part RBe of the extrinsic base resistance RH The main problem
i s the anndddmdghsemaaiaansie din dqplhasavatealdhbiony Hromstive fact, only a
smal | pr, A f e i t , 0% is . gqnised. It,Is
assume Q)t het‘:%% ?{?Ié'csgbvrg,a%%n'- gﬁfgmrg;(a%erg{%op%%%aﬁ%lncsé é#aertp%%en?s?ﬁl%?ﬁster
form C usttére frarsnmtizorceofoft hehed g Ings idt icren tedkaes qlleaacer@le tthe waningal i ng

tenperature, o 5 alternatively mainly during coaling of the sanple. Wth
t ypi cal doﬁier‘?é{s\/é:l% DGR errYHEr S R i Fefietencs er

thickness ofark5@,; 259-85enfd ERMNELEYEHs]E8SHEANEES: Of aRPOUnPOL- 100 n/o
can be achieved. 5 The present invention is based on the object of

provi di ng Fasiydsarfnamidistlaw-idepsd denehardgrerthesislt el apfed he
connect2i5ng e%iet%terro%easge p}q,{sgjlcaq:lizgr{ y t-:[hhee p%sceeresl e;:t rode, is further reduced.

In today's bipolar transistors, the total extrinsic base
resistance Ry is usually dominated by the sum of the
internal resistance part Rp; and the link resistance part
30 Rp1. Because of progressing lateral scaling of the
components, the internal resistance part Rg; and the link
resistance part Rp are continually being reduced.

Simultaneously, the external resistance part Rge is



10 This object is achieved according to the invention by a bipolar
transistor wiwth the features of Claiml. In the subclains, preferred and
advant ageous enbodi ments of this invention are given. 15 According to the
invention, it is proposed that in bipolar transistors, instead of _
traditional polysilicon el ectrodes, polyiilicon | ayers into which inpurity
atons are inserted should be used. These cause a high density of vacancies
in 20 the electrode material. As inpurity atons, preferably C, P or Ar
atoms are SEREtantEnbinE s pedietadyspridiervert i crhle ewmingnof t he

impurity ag&gg-i the ﬁply i I ' raply,in 25 the range of
about 1019 - Oli% cm 3. Clhs'rsblolnrﬁ%q htac%;?%hé :lo uegj{aﬁl tsgc%/lnlnsq O SHh be buil't
into the sidvexortHiatrtdc@altydiiel dot erstd e safinsbrdedt ialg tdleedmridd@yvour abl e

(in energy te lattice sites, in exchange for 30 a Si atom_ The C atons
at the lat ﬁr‘é{a@q dSVED AT Hiango Rt ISP H¥upmdsad ateahtls thues, and

thus T orgm boue driiey Stdrieils SONPIRKRS  IRECAUSE Ol Uiy SABIA i araghant sm

of the C atons, addi'tional vacancies are generate _ darpon " the
pol ysi | i cons dpsoning efuare sy ildeiaks faor tihe eicsialcesct?mime_.ﬁg:
anneal i ng, ;50 that .interstigce-driven cluster formation of, for instance,
boron dopi r]f)gj_’lsa c?ﬁessj'lss%asucpeerés}sed, and thus the quantity and concentration
of 5 active doping atons can be increased. This results in a |ower |ayer
resi stance of the polysilicon |layer which is doped with, for instance,

boron, and Th#ESR télesr%éﬂlyleé? BaNtee risdhedisgardectmade & fasct can be
furthen g neqgaseddpddia ise, of RN GON LAMASDT AL RO HBINS LA L ne
S|I|con-gernan|um I nce carbon i's In gernier | "use 1 n sem conductor
t echnol ogy boron are used. The boron doping is chosen to be above the
electrically activatable concentration of typically greater
than 5 x 10%?° cm™, to achieve the smallest possible layer
resistance. The boron doping atom is chosen because of the
15 consideration that boron has little or no effect on the
grain growth, and does not tend to separate at the grain
boundaries during thermal processing events. The model of
doping material separation assumes that the conductivity is
controlled by separation of doping atoms at the grain
20 boundaries, where the atoms are themselves captured and
become electrically inactive. Additionally, a high doping
material concentration at the grain boundaries suppresses
grain growth during annealing. Redistribution of implanted
doping materials and greater grain sizes during subsequent
25 annealing steps change the electrical and structural
properties of the layers, which clearly affects the
external resistance part Rz of the extrinsic base
resistance Rg. The main problem is the annealing behaviour
of Si samples with doping atoms. In fact, only a small
30 proportion of the doping atoms, about 10%, is ionised. It
is assumed that inactive, non-eliminated doping atoms are
present in cluster form. Cluster formation of the doping

atoms takes place at the annealing temperature, or



and can be inserted into the polysilicon |ayer of the el ectrodes both
directly during |ayer growth and by ion 15 inplantation, the concept of the
i'nvention, as described above, can be inplemented sinply and econonical ly
in manufacturing nmethods for traditional bipolar transistors. A further
advantage is that C atons can be built ip wthout 20 essentially
interfering wwth the Si lattice structuré, since the volune of even SiCis
only about 3% greater than that of pure Si. Al though this invention refers
in particulartdmndiijpodlay @binlnambisimg s;oohing iofi e smeple t HWiother
transistor types such as FEI, MOS or. CMOS transistars is al oconcei vapl e.
The | nvent IOHF 1 oG T d 3 TS RTSTT BT Ow™ et i iy 16 (AR of
figure of & prafer rad aahod entisE0 Regarth Nguimewentogygent which is
shown in the figure, to avoid repetition reference can be nade to a large
extent to tiRSIAIARCesRamkIYn %f 1 L Qripd? ean basaghirvethed above, 7
in the Qigure a self-aligned npn bipolar transistor is shown in
cross-section. The emtter 3 of the bipolar transistor is contacted via an
5 n+ doped TiH ysiddaatn Ehemitrioge ils ladked @ pod yshh] ecom el modviodin? as
assigned tqQ th + doped, base 4. acers 7 are provided as th el f-aligned
omi trer bat BN AT AR (1bIHTSH et XHe ERT1TEAIGE ot ot 1 a TECS
i nsul ation dauetcBids ram etk s anshrndai 4:he, base dds&l erdsodsae, a4 0C0S
insulation |layer 8 is provided. In the figure, the collector area 5 of the
bi pol ar trdhwither feduded. shown by a dashed line. As the base el ectrode 2,
a polysfdicon | ayer, into which C 15 inpurity atons are inserted with a
concenttation of 1019 - 10z1 cm 3, is used. This can be done either by ion
i mpl ant ati orhiy chiedthaid vedlyi ereédcddyotianaged ayles piwwtithiomi bhpout an

addi tional .inplantation step. Additionally, as already, known, the

pol ysi | i corPRBART i S APHERE DN t W Hdridhe Z%F%‘i‘bﬁ%s R & eht r 52 OFe of

greater thal; 5 i, GheSredPed GAdPAMYA Y A ONBs | HEOEPOH&L € thENBRIyes into
the Si lattice at interstices and preferably at the nore favourable (in

energy terns)vérttioneand t@sverThe C inpurity 25 atons on the lattice sites
capt ure15§i atons frominterstices and formbound interstitial conplexes.
Because of these captured Si atons, additional vacancies are forned, with

an esti mat ecbdlensiny ©f BOUEnydOi ey 3it The Srofoegd! ozt at@sbipdTar ar e
formed in this way are stable 30 to about 700C. At hi,ﬂher t enper at ures,
they are corvaRrsEife®ns| irpeadel voragit bPnast @oiins £hi FIn g? LR EFOBSS about

3% conpar edpeﬂ}% 1 1 6o 1 AR FL X3 n €8N1RL SR P@ﬁ&ii’t}ﬁeaE&HEe&'?é‘t?HséPEe@y
vacancl es, 'soO at no undesire voltages occur 1
should be used. These cause a high density of wvacancies in

20 the electrode material.

As impurity atoms, preferably C, P or Ar atoms are used,
C atoms being specially preferred. The density of the
impurity atoms in the polysilicon layer is preferably in

25 the range of about 10'° - 10?' cm™.

Carbon with high solubility in silicon can be built into
the gilicon lattice at the interstices and also at the more
favourable (in energy terms) lattice sites, in exchange for
30 a Si atom. The C atoms at the lattice sites capture Si
atoms which are present at interstices, and thus form bound
interstitial complexes. Because of this capturing mechanism

of the C atomg, additional vacancies are generated. The



8 the electrodes. In this way, during annealing, the carbon generates sinks
for interstices in the polysilicon layer, so that interstice-driven cluster
formati on of the boron doping atonms is suppressed and thus the quantity of
active 5 doping atons can be increased. The hi gher concentration of active
doping atons which is generated in this y results in a |ower |ayer

resi stance of the polysilicon |ayer, which is doped with boron, and 10 thus
to a smaller extrinsic base resistance. This effect can be_ further

i ncreased ISARARN ude tdte R ilicon |lapan Gieypiigre ywieider sinks

si |l i con-ger I Vi I ; | Vs [ 1o the e 15
el ect rodg , thlg{Te fnﬁ%le%%I%{ﬁl?{o%gr%?éadnldlﬂ%’e%ooﬁq’g%ﬁ ofr}{%%%%%%%e&gla‘g ein
t he form acdarstieng ficrndtel dmwent ifor insthr@es Moron Bigmwles dtd@msiisd or,

with an emtter area (3 i.ch can be contacted electrically via 5 an
emtter el eqdiﬁpdf(fegﬁ%'; %‘%har?élsarﬁ'é? (2 ch a%h IRPEIHERIRP fectrical Iy

via a base RIBGld Qi) atonid!dAEIY HARdRq Wbl Gk e Lo act ed
electrically via a collector electrode; 10 characterized in that at |east
one el ect rdfwey liavermagiatanns oatdie ddlenidriaredtaysiesiilch 2)sis a

polysilico . Jnt .G J it tons d"’gLiCh ause a high density of
vacanci es :anét ewpl(ﬁ}{)}sicﬁoyg;oln ﬂa"’g}l(;éré,r’ ak%loexq?nr{sear e .hﬂ% : aBispr%afmaI?e]franm stor
accordi ng text@iaisnd bedwermedisgtaretk | IMHimteffect can be further

increased by the use of polysilicon layers of

10 polycrystalline silicon-germanium.

Since carbon is in general use in semiconductor technology,
and can be inserted into the polysilicon layer of the
electrodes both directly during layer growth and by ion

15 implantation, the concept of the invention, as described
above, can be implemented simply and economically in

manufacturing methods for traditional bipolar transistors.

A further advantage is that C atoms can be built in without
20 essentially interfering with the Si lattice structure,
since the volume of even SiC is only about 3% greater than

that of pure Si.

Although this invention refers in particular to bipolar
25 transistors, in principle use with other transistor types

such as FET, MOS or CMOS transistors is also conceivable.

The invention is explained in more detail below, referring
to the only figure of a preferred embodiment.

30
Regarding the embodiment which is shown in the figure, to
avoid repetition reference can be made to a large extent to

the above explanation of the prior art. As mentioned above,



the inpurity atoms are C, P or Ar atoms. 20 3. Bipolar transistor according

to daim1l or

21

characterized in that the density of the inpurity atons in

the polysilicon layer is in the range of about 1019 - 1021 cm 3. 25 4.
Bi pol ar transistor according to one of the preceding clains, characterized
in that the polysilicon layer is doped w,th boron atons. 30 5. Bipolar
transistor according to Gaim4, characterized in that the concentration of
the boron atonms is chosen to be greater than 5 x 102 cm 3. 10 6. Bipol ar
transi st or gt ddrdifigurse (fhes%lff“[ Lget aRth iniarns, L anrgkrter ized in that

5 the at | eggh Png 3}&% n2) consists of polycrystalline
[

silicon- ger mani um

ar tranS|stor according to one of the preceding

clainms, 10 characterlzed in that the at | east one electrode is the base
el ect r ode 8., B| oI ar si.stor. according to one of the preceding

cl ai s, (TQ% # tﬁ'f%t DinRtay gorane 15tmsi it d’ror?tsa%t%e 1'¥1%13gned
bi pol ar 5t r%ﬂﬁ'cﬁiﬁd cﬂfs)ﬁﬂcdﬁ/ e R Aot @0 Alg AVBp Alpilicon

I <v8: u| vgl f "VUV] c*alV] ¢" ~al] ca] ca] c" al] ca] ca] ca] ca] ca] calcal ca]caVv] c"
V] chalv] o &l toaldsa) ¢ all ¢ A on] e d e dlea ] mTalapge dafa-x Syacers 7 )
sC&} xsni d_%l%P(J Cpar]ocvai]cfeac{ Caasl Ctei’lecageclat] —Caaﬂicgarlecdle ]ecn@tctae;xg aga aé Carls@ﬂa J Ca.] cajc’a

Additionally, under the emitter electrode 1 a TEOS

insulation layer 6 is provided, and under the base

10 electrode 2 a LOCOS insulation layer 8 is provided. In the

figure, the collector area 5 of the bipolar transistor is

also shown by a dashed line.

As the base electrode 2, a polysilicon layer, into which C

15 impurity atoms are inserted with a concentration of

1019 _

10** cm™, is used. This can be done either by ion

implantation or alternatively directly during layer growth,

without an additional implantation step. Additionally, as

already known, the polysilicon layer is doped with boron

20 atoms at a concentration of greater than 5 x 1

0% com™3.

The C impurity atoms incorporate themselves into the Si

lattice at interstices and preferably at the more

favourable (in energy terms) lattice sites. The C impurity

25 atoms on the lattice sites capture Si atoms from

interstices and form bound interstitial complexes. Because

of these captured Si atomsg, additional wvacancies are

formed, with an estimated density of about 10 cm™3. The

Si-C agglomerates which are formed in this way are stable

30 to about 700°C. At higher temperatures, they are converted

to B SiC. The volume of SiC, which is greater by about 3%

compared with the Si matrix, can also easily be compensated

for by vacancies, so that no undesired voltages occur in
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10 thus to a smaller extrinsic base resistance. This effect

can be further increased by the use of polysilicon layers

of polycrystalline silicon-germanium.

Obviously, alternatively or additionally to the base
15 electrode 2, the emitter electrode 1 and the collector

electrode can be in the form according to the invention.



10 10 10! @ Y1! 10%& () - m
XXWUSPC! @#10%EE& () -' ' ! DSH109&' () -' ' ! NSH109&' ()-'"'!SSH109%& ()-'"' !\ SH10%&
()-' "TaSHLI0%VVE () - "=prxY: 1 @!'10% & ()-z& 10% & ()-10% & ()-!110% & () -
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a collector area (5) which can be contacted electrically
via a collector electrode;
10 characterized in that
at least one electrode of the emitter, base and collector
electrodes (1, 2) is a polysilicon layer, into which
impurity atoms, which cause a high density of vacancies in
the polysilicon layer, are inserted.
15
2. Bipolar transistor according to Claim 1,
characterized in that

the impurity atoms are C, P or Ar atoms.

20 3. Bipolar transistor according to Claim 1 or 2,
characterized in that
the density of the impurity atoms in the polysilicon layer

is in the range of about 10*° - 10%* cm™.

25 4. Bipolar transistor according to one of the preceding
claimsg,
characterized in that

the polysilicon layer is doped with boron atoms.

30 5. Bipolar transistor according to Claim 4,
characterized in that
the concentration of the boron atoms is chosen to be

greater than 5 x 10%° cm™.
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claims,
10 characterized in that

the at least one electrode is the base electrode (2).

8. Bipolar transistor according to one of the preceding
claims,

15 characterized in that
the bipolar transistor is a self-aligned bipolar

transistor.



