1111111112321313121232atbrrazazareirifbrt 0 5 JAN 2007 *166166* Description
BibolartransistorIIIIIIIIIT*I*I—H#L" HHHHHIIIIIIII~~I *co0000?* 5
This invention concerns a bip Sj st be, in particular,
inthe formof a so-called self gwmwﬂ”m ’umum Iar tranS| stor. In the case of
bi pol ar transistors, the so-call 10 base resi st gricganvigih t he

transition frequency and base coll ettsoe* capaci tance, is one of the
deci sive transistor paraneters which determ ne inportant characteristic

quant i ti eBe§GERPAS OChe naxi mum oscu—w%tshe anplification
("gain"), the m ninmum noi se factor gate 15 del a , etc. of the

bi pol ar transistor. The extrinsic basj"Mﬂ ’mwg corresponds to the
resi stancBipeflweenrtaneistase, or the a mm ea, and an external
contact, which is connected to the base Vig@gpg«connecting line. 20
Regardi ng the above-nentioned transistor. paraneters, the follow ng

I t i q fmax of the
Sbolcr 158 asescr e pRaRE D Regle DL LEEYENEL LIRGRL LTS,

f r equencyinRBairs ithd agxt dimngile fvase afes stancel bad @Efl-alﬁbﬁeaase

i r.
col | ect orbgggﬁglrt %r%%%scifstot he bi pol ar transisto

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

10 base 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 time!s., et';c. 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 tranéistor,parameters, the
following applies, for instance, to the maximum oscillation

frequency fpax of the bipolar transistor:

f ~ fT _ oo (D)
e 8”.RB.CBC _ '

25
where fr is the transition frequency, Ry is the extrinsic
base resistance and Cgc is the base collector capacitance of

the bipolar transistor.



0 5 JAN 2007 2 For the m ni mum noi se factor Fn?n'of a bi polar transistor,
t he follow ng applies, depending on the extrinsic base rﬁ?&‘#ﬁnﬁﬁ?RB and
frequency f: 2 ,r j-*+-1++f T /2.1 CRB 1+ T-2 + 2 ...
J3 f where is ‘the small signal current anplification, Ic is the collector
current, and VT is the thermal voltage %f the bipolar transistor. 10 From
the two fornulae (1) and (2), it can be“seen that the extrinsic base
resi stance RB should be small for fast sw tching and | ow noise factors.
One net hod” Bf ?Qﬁh@%%bmuWo§§é§elﬁaﬁﬁ@rcﬁﬁﬁ of blb@ﬁ@dsurwmﬁfﬂ¥ftnns t he
use of a de agting the base _
ponS|I|c§%ufg%z$1%$g€ de%sgg%%mf?% %egpat Wit T 55?fé§%ﬁﬁﬁlngly | ow
capaci t ancesigt amhee b&samiurfrﬁQuencSpeﬁi ally smal|l extrinsic base
resi stances can be achieved, 20 for instance, by use of the coPcept of the
so-called "self- aligned double ponS|I|con blpolar transi stor as
described in "Self-Aign I Lors ngP;OEErLﬁrgﬁgg?rgﬂd

- VI4SI ", T.be ;NiNng € ansac
Egsfsggfrvg$liébbh A ]N gg 013;-11981. This concept) is
therefore used i n? al‘fosy Kid i de 5{ rqgugflon t echnol ogi es for
ultra- high frequency bipolar tran |stors

where B is the small signal current amplification, Ic is the
collector current, and V; is the thermal voltage of the
bipolar transistor.
10
From the two formulae (1) and (2), it can be seen that the
extrinsic base resistance Rz should be small for fast.
switching éhd 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 fesistances-can be achieved,
20 for instance, by use of the concept of the so-called "self-
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 attached figure, such a self-aligned npn double 30 polysilicon

bi pol ar transistor is shown in cross-section. The enitter 3 is contacted
via an n+ doped polysilicon 0 5 JAN 2007 3 electrode 1. A pﬁSpdANéﬂﬂ.lcon
el ectrode 2 is assigned to the p+ doped base 4. The self-aligned emtter
base insulation 7 is called the "spacers". Additionally, under the )
emtter electrode 3 a TECS ("tetraethoxﬁsilan /5 tetraethylorthosilicate")
insulation layer 6 is provided, and under the base el ectrode 2 a LOCOS

("l ocal o¢ilesttinedefl. shlpeapd)yshbutahi ehebayerie8 2i § spramsidgkd Igb t he

figure, the collector area 5 of the bipolar transistor (w thout the
asgociate& colfiec %ﬁeél%%??o e)$?§ ﬁ?gt'ghbﬂﬁe9y8§1&§§ﬁé 3f% | i ne. A nethod

of produdﬂn$UﬂHﬂﬁdhtﬁ[K&EﬁaII@@StﬁéO“sbégeggsgrhQQQtﬂaﬂéﬂﬂyﬂ rin
EP-B1-0 535 350. In the case of a self-aligned double polysil'icon bi pol ar
transi st ot AT HL S5 elpmrode t hea fTEOS e (" tAbrerthionyisd 1atb Mbase

resi st anc i i Yy O hree.parts, which are cal]ed bel ow
the "i Ehst e%néa%%' regigéﬁtn}giégg%%%l), I?%ﬁéiégi Erﬁiﬁy'err ésﬁsgt &y ' RBe,
and the "lamk'undesitstancespacieRBloddhe antecos! (resicshiarsd RalioRBlr
results féﬁglthqwresist nce in the base area 4 on the active 20 transistor

area. The SExt&rHal’ reTStAntd puiYe R #8sBFPBededt hdry édiestfamareof t he
pol ysi | | comebase edacds ofeed, s WhE Chhne | 52051 40 thenexiernal  Rage, sonhact.

The link resistance part RB1l represents the extrinsic base resistaince
whi ch res#fccifatad 4wl levkeopebeconedehdes &hsosehbwal byned dashed

10 line. A method of producing such a bipolar transistor is

described, for instance, in EP-B1-0 535 350.

In the case of a self-aligned double polysilicon bipolar
transistor such as is shown in the figure, the extrinsic

15 Dbase resis£ance Rg consists essentially of three parts,
which are called below the "internal" resistance part Rp;,
the "external" resistance part Rg., and the "link™
resistance part Rgp . The internal resistance part Rp; results
from the resistance in the base area 4 on the active

20 transistor area. The external resistance part Rpe describes
the resistance of the polysilicon base electrode 2,.which
leads to the external base contact. The link resistance
part Rp1 represents the extrinsic base resistance which
results from the low-doped zone under the self-aligned

25 emitter base insulation, the spacers 7.

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

- Simultaneously, the external. resistance part Rge is



25 emtter.base insulation, the spacers 7. In today's bipolar transistors,
the total extrinsic base resistance RB is usually dominated by the sum of
the internal resistance part RBI and the link resistance pdhl M 06 .
Because of progressing lateral scaling of the conponents, the internal
resistance part RBI and the |ink resistance part RB1 are continually being
reduced. Sinultaneously, the external. % esi st ance part RBe is 05 JAN 2007
4 constantly increasing, because the vertical component scaling which is

| i nked to 3PS tatelnl 18enERrAgNBeqhEFayseerbe Vhimieralpaiogidrieoun | ayers as

connectin d+t ayer shstance of these connecting areas
i s thus S%C%E% ?‘?@%c}rl]c?%a%l&ﬁg?h%ﬁst%%eiékteerﬁgalsicra it it Pt RBe s
becomi ng ewerr nonennepopdapsildeohheayeral agxtbinnsict i ALY dasisiance RB.
To keep the layer resistance of the base electrode 2 as 10 small as

possi bl e, & g%??er Yobl JeP1PEBRACRaGEr haEEeGORNER T IFer Gir el isddusThe

bor on [ i S 80p e . ghov ernél i cakl tivat abl e _
concent(:j)(r) gt({tg}lé%? t ypi %:%%%gjﬁ%ggf e?hﬁtghgkr}sSg%E%g%lpynr}e%?%tg%acc iR (e

shal | est possidteningesver esdseahvporThst bépen tiepitog sdt @Rt rehiesen
because of %}&ee A fot_[\ésrilderﬁlti on that boron has little or no effect on the
grain grovkv)t ) and: does 1ot tend to separate at the grain boundaries during
t hermal processing events. The nodel of doping material separation assunes

hat the conductivity is controlled by separation of doping atons at the
;rgin To keep thg layer resistance of the base electrode 2 as

10 small as possible, in general polysilicon layers doped with
boron are used. The boron doping is chosen to be above the
electrically activatable cdncentration 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 considerat'ibn 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 Rg. 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



20 boundaries, where the atons are thensel ves captured and becone _
electrically inactive. Additionally, a hi gh doping material concentration
at the grain boundaries suppresses grain growh during anW!JANQZUU‘(
Redi stribution of inplanted doping materials and greater grain sizes
during subsequent 25 annealing steps crg__)ange the electrical and structural
properties of the layers, which clearly-affects the external resistance
‘part RBe of the extrinsic base resistance RB. The main problemis the
anneal i ng Prviaiively ®rigaypiesingt hodmgg}ggp&t @R Sb?\ﬁllait:,t ,Wigﬂ%}s/sﬁn:gal I
rtd.qn t doping. atons._ about 10% is ionised. N
?gafrﬁggctel%%lon@%}ﬁn\é 3 eﬁoBanoﬁ?Bnﬁrﬁﬁéerptt@@éhtS " 1A us€®r RBAM
Cl uster - f @ netyrean wWiidheesdopbngisat ondshakes Rhasewa lra%lanneal I'ng
tenmperature, or 0 5 JAN 2007 5 alter natlvel'y mai nly during cooling of the
sanpl e. WA RyHIRE AoppPebablies bP0bB/Bncgnebeenchiiaves x 1020 cm 3 and
a layers thickness of 150 - 250 nm mnimmlayer resistances of about 50 -
100 s2/0 can be achieved. 5 The present invention is based on the object of
provi di ng Tie mysdent timnsitst on iTﬂ M@i@bbbheth?y@?jéggl afg'ﬂﬁﬁ]’?{dﬁté‘l@e a
i ng .el ectraodes articuylar t he base el ectrode, i _
fggﬂggé. d‘pﬁiliasr Otolb?ré%fsq%r ajcrhi‘ié]i%ﬂha%}é%rﬁ?ﬁart geEhetiapgenifor sy a

bi pol ar tbﬁﬁﬂéﬁéﬂthéﬁbéﬁﬁbié%ﬁLﬁ@?t?éuf&@i?‘%helBa%@eelectrode, is

further reduced.

10 _
This object is achieved according to the invention by a
bipolar transistor with the features of Claim 1. In the
subclaims, preferred and advantageous embodiments of this
invention are given.

15 .

According to the invention, it is proposéd that in bipolar
transistors, instead of traditional polysilicon electrodes,
polysilicon layers into which impurity atoms are inserted

should be used. These cause a high density of vacancies 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?2 cm™3.

Carbon with high solubility in silicon can be built into
the silicon lattice at the interstices and also at the moré
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 atoms, additional vacancies are generated. The



supbcl ai ms, . preferred and advant ageous enbodinents of this invention are
given. 15 According to the invention, it is proposed that in bipol ar
transistors, instead of traditional polysilicon electrodes, g®IlyRidggrcon
layers into which inpurity atons are inserted should be used. These cause
a high density of vacancies in 20 the electrode nmaterial. As inpurity
atons, preferably C, P or Ar atons are Fsed, C atons being specially
preferred. The density of the inpurity atoms in the polysilicon |ayer is
pref er abl yanb@s ithetharpel péibboan 18¢6r- the2éfome3 prCaribtys vd idkdi gh

lubility.-in silicon can be built into., the silicon |lattice at the
?gt gr Ist: cesc;rgnld{ta KO- ST 2 hbre PREBGFABY eSPi ﬁhéﬁerlé’specregrtﬁ‘ﬁe'ldd%lt‘f%

sites, inaxohangeedafiat 8haos] abeMnIbenEeat BBB A dhB dAtdd Sl Sid es
capture Si_atons which are present at interstices, and thus form bound
i nterstitiSAPRIGHTISkesinBecluSetbe @hpBtEhpt BRdngomeehdniagrhorofot he C

at ons, -addj 4. I Cl r eper . _The 0.5.JAN 20 7.6 carbpn in
t he pol5ysicéicitecl§{1@|%¥;er %héét?('sé %r(ga%rzg)%i gégggﬁﬁ § Fglrlsi AEEFsi T e duri ng
anneal i ng,lcse Hatyentesst scendei yenthel polebifloraat e eaf wifiom inst ance,

bor on dopi atons is _suppressed, and thus the quantity and concentration
of 5 act P\%%c%i)l"ﬁgt}é't oﬁﬁrcgﬁﬁs’ﬁ%n?%crlé‘agéﬁ.f. Thils Chesultes & pmellegwer | ayer
resi st ance:@fr e PWYsd | +600st ANEE . WhLER LEredeped Wiih.e fQnd,nst ance,

boron, and thus to a snaller _
increased by the use of polysilicon layers of

10 polycrystalline silicon-germanium.

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

15 implantati!oh, 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
ﬁo 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 é large extent to-

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



extrinsic base resistance. This effect can be further increased by the use
of polysilicon |ayers of 10 polycrystalline silicon-gernani um Since carbon
is in general use in sem conductor technology, and can be i Ege&&ﬁgw&nto
the polysilicon |ayer of the electrodes both directly during-l rgrowth
and by ion 15 inplantation, the concept 7of the invention, as described
above, can be inplenmented sinply and economcally in manufacturing nethods
for traditjonal bipolar transistors. A further advant age is fth_at C atons
can be buil® FRewfidete 20sedfeniiigneyd npnebfipoleg widdndims & iattice

structure, Lnce.t L f.even SiCis only about 3%greater than
t hat of pusfléédélﬁ.% ?ﬁ%%ghggﬁltgophventi on refers in particular to bipolar

25 transistors, in principle use with other transistor types such as FET,
MOS or transistors is also conceivable. The invention is explained in
more det ai 1-Def B, L7 Ef &r PFnghet B1PRé BNy aRRdSiteTOfi sa qurdtaartest] “eidbadhi nent .

30 Regayding & yEeNL ¥l ehebs - 8AAWA 10 4he {Loye. 19, ayoid
repet ?ﬁ onﬂl?efcg?%ﬁg@ggn becmade '?o a Farge &xtent ftoP% es’lgblocipél _
expl anat i ch-@ttxe@e p2i bs assighasdnent thred+aboped Qase]AN 2ikerk i the

The em 116t SOPRESR] Bo) P8 PRACT SEBRnFE EBhEAeToRaFen P uis Fiprtoped
pol ysi | i comddd epdnaley |, uabdratpe pRkYSkli 69Bctrode 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 a’tlbms- are inserted with a concentration of

10%° - 10% cm%ﬁ is used. This can be done either by ion

implantation or alternatively directly during layer growth,

without an additional impfantation step. Additionally, as

already known, the polysilicon layef is doped with boron

20 atoms at a concentration of greater than 5 x 102° cm™2.

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 atoms, additional vacancies_are
formed, with an estimatéd density of about 10 cm™. 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 SicC, 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



el ectrode 2 is assigned to the p+ doped base 4. Spacers 7 are provided as
the self-aligned emtter base insulation. Additionally, under the emtter
el ectrode 1 a TECS insulation |layer 6 is provided, and und%PitBﬁ ﬂﬁfe 10
el ectrode 2 a LOCOS insulation layer 8 is provided. In the |§ e; 't he
coll ector area 5 of the bipolar transisgpr is also shown by a dashed |ine.
As the base electrode 2, a polysilicon lfayer, into which C 15 inpurity
atons are inserted with a concentration of 1019 - 1021 cm 3, is used. This

can be dorfd®itlretiydésn Innpphaat wavondoriabt enmawilviely, dilteatdybaturi ng

| ayer gro i t ho ditional inmplantation step.. Additionally, as
al r eady k%ém%%r%(%gp%%vg% ?%Enlpgf/léth‘gBaobEdtt%et R P e Rt a
concent r atdmrciodt gireadest t bandbi*xed020used. foThR tCdmRIY idne AORs,
incorporate thenselves jnto the Si lattice at interstices and preferably
at the norEPFE ATABT 1% i FURPELGFSEerRd) thust fhe dusedittheT dampivwety 25

atons Nt td€nsSi LS KaPIHELSLgtoms from interstices and form
bound interstitial conplexes. Because of these captured Si atons,

additional vacancies are forned, with an estimted density of about 1019
cm 3. The | oner at es ornmed in this way are stable 30 to

Si -.C ich f
about 7006@%Mh%ﬁg erc?ﬁﬁﬁﬁ55¥€i§§,g%ﬁﬁﬁtéV@ E8RdEF: éF oo WiB ek} @S The

vol une of deireraddhin scigieakgey bysabeyti3d% ¢ewRrar ad it hdhe Sipdmtrix,
can al so easily be conpensated for by vacancies, so that no undesired
vol t ages Se s Pol s Jlanopolrayer, which is doped with boron, and

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 electrgde 2, the emitter electrode 1 and the collector

electrode can be in the form according to the invention.



the electrodes. In this way, during annealing, the carbon generates sinks
for interstices in the polysilicon |ayer, so that interstice-driven

cluster formation of the boron

guantity of active 5 doping atons can be increased. The highg@ JAN 2007
concentration of active doping atons which is generated in this way
results in a lower |layer resistance d the polysilicon |ayer, which is
doped with boron, and 10 thus to a smaller extrinsic base resistance.

ef f ect

pol ycrystalline silicon-germanium Qbviously,

cdnt®en$ urt her increased by the use of polysilicon |ayers of
alternatively or additionally

doping atons is suppressed and thus.the

Thi s

to the base 15 electrode 2, the emtter electrode 1 and the coll ector-
el ectrode carBhmolar ttheahoi staecowdtRg to the invention. 0 5 JAN 2007

C ai ns

cont act ed Bt

1. Bipolar transistor, with an emitter area (3) which can be
T 13597 a(3 b WRiehi E8Br P&l eentagsedl Bl as st ldrnear i)

9

whi ch Qangﬁaéﬁgﬁ@g}{g&@%@gé&écgh?y via a base electrode (2); a collector

area (5) which can be contacted e

wherei n ata |kt area el €ctwbiehofahhbeeobhtertebasd eantdicedllyectiof a

el ectr odesbag

1
characterizéﬁéi%???ﬁﬁOd

10

15

20

25

30

a collector area (5) which can be contacted electrically
via a collector electrode;

wherein at least one electrode of the emitter, base and
collector electrodes (1, 2) is a polysilicon layer, into
which doping is inserted,

characterized in that

into the at least one electrode, in addition to the doping,
impurity atoms with a density of 10*® - 10?* cm™® are

inserted, the impurity atoms being C, P or Ar atoms.

2. Bipolar transistor according to Claim 1,

characterized in that

the polysilicon layer is doped with boron atoms.

3. Bipolar transistor according to Claim 2,
characterized in that
the concentration of the boron atoms is chosen to be.

greater than 5 x 102° cm™3.

4. Bipolar transistor according to one of the-preceding-
claims,

characterized in that

the at least one electrode (1, 2) consists of

polycrystalline silicon-germanium.

ectrically via a collector electrode; 10

IS a gokgf[licon | ayer, into which doping is inserted,



into the at least one electrode, i.n addition to the doping, 15 inpurity
atons with a density of 1019 - 1021 cm3 are inserted, the inpurity atons
being C, P or Ar atonms. 2. Bipolar transistor according to Ggisrgp;lN 2007
characterized'in that 20 the polysilicon layer is doped with boron atons.
3. Bipolar transistor according to Claim2, characterized in that the
concentration of the boron atons is cho$én to be 25 greater than 5 x 1020
cm3. 4. Bipolar transistor according to one of the preceding clainms,
characteri zegl, imibdas+30 e consi ts of
pol ycrystal | i ne §$I|con Eégﬁé%Fﬁklg%E Qgiﬂgég%gcggg é% %ﬁpo?a?cF aRSi st or
accordi ng t &~ bxEnsf the preceding clains, characterized in that the at
| east one el IS e.ba | ectrode (2). 5 6. Bipolar transistor
RS Fet et Beitne

according to one o réBe f claims, characterized in that the
bi pol ar transistor 1eastseht-algieddbi R dhe Hhdd ADFESLOLge (2) .

5
6. Bipolar transistor according to one of the preceding
claims,
characterized in that

the bipolar transistor is a self-aligned bipolar

10 transistor.



