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Renaissance of Bipolar Technology

l. Introduction
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Current trends in bipolar technology are discussed. It will be demonstrated that
bipglar technology is -g_etting ner{ povrerful momentum based on i) improvements in
technology synergetically using MOS techniques, ii) new concepts sirch as self
aligned structures or polysilicon emitters.
E-lploiting these innovations is shown to drastically reduce parasitics and device
dimensions, thus__considerably extending the domain of bipolai technology tovards
high speed as well as high conplexity systems.

Vivid competition of bipolar and MOS techno-
logy exists for more than 15 years. Bipolar's
end has been predicted regularly, however,it is still strong in business. Moreover it
recently demonstrates new powerful momentum
most likely leading to a larger share in fu-
ture VLSI business than predicted before.

The real unique bipolar advantages havn't
changed. They are still
- extremely high intrinsic speed (t, ( 30ps),
- extremely high driving capacity r'r

(transconductance g; (Fig. 1)),
- extremely good thre'dhold control AVgf €5mV.

The new impulse for bipolars' therefore origi-
nates from different reasoning. It is based-
on

- improvements in bipolar technolo(ry synerge-
tically using MOS techniques (poly-Si, sili-
ci des , sal i ci des , trenches etc. ) ,- improvements in bipolar technology
self alignment concepts (emitter to
base to collector and isolation),

- a smaller increase in process complexity
(e.9. 13 masks including 3 layers.of metal
plus passivation) compared to its major
rival CM0S,

al'l of them resulting in drastically better
yi e1 d as wel I as perf ormance data.

2.- Advanced Bipolar Technol_ogy

2.1 Self aligned structures /1, 2/

Self aligned structures require less complex
processing (independent of lithography) and
yield reduced devices dimensions and thus

smaller parasitic capacitances. The most dra-
stic effect is obtained by means of E/B self
al i gnment.

- Co" can be reduced by a factor of 5 as com-
pHFed to a conventional process (Z 7nl ithography)

- Ro can-be reduced by a factor of 2 to S,
dEpending on the poly-Si emitter effect used.

EIB self alignment requires careful optimiza-
tion of the doping profiles within tha E/B
isolation region, because the heavily doped
regions underneath the spacer oxides- (fii. Zllimit the breakdown voltage basically by-tun-
neling effects. This finally leads to itrade
off between switching speed desired and break-
dorn voltage required.

E/B to isolation self alignment allols to
reduce drastically the Co" capacitance, however,
too small base contactin$'areas will ovemide
the effect on switching ferformance by
increasing the base contact resistancL. Careful
optimization is required there too.

2.2 Poly-Si Emitter effect

Emitter junctions shalloler than the hole diffu-
sion length (L?(N.-= 2.10^ cm-')ry200 nm) be-
come transparent to holes. In the case of metal
contacting possible spiking of the metal results
in high base currents and - what is worse - in
an extremely poor process controllability.

The urgent need for new emitter contacting
schemes with reduced interface recombination
rates led to the discovery of the poly-Si
emitter,_wlich has been subject to a large
number of investigations, aII of them showing
substantial increase in current gain.
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The_origin-s of this improvements hypotheti-
cally result from the unique featuibs of the
poly-nono interface and/or of the conductivity
features of the poly-Si itsel f /4, Sl. Experi-
ments give proof to both theories dependihg
on the processing chosen.

Interfacial oxides (lhermally grown, chemi-
cally, dsi', 15-20 A) result in:

- vgry lov base cuments (current gain S-18
times I arger than Al contact),- difficul t I,_ control l abil ity,

- l arge Rr. \'

Base currents and depending on the thickness
of the oxide a'lso collectoi currents are con-
trol'led by tunnel ing mechanisms (Fig. 3).

No or.very thin interfacial oxides (d._.^ er
0-10 A) lead to transistors with rru2

- ideal current characteristics,
- sma]l but control l abl e emi tter

the effect of current on the capacitance, a
diffusion capacitance is usually added t6 tnejunction capacitance. Both, howbver, neglect
the i nfl uence of mobil e carri ers wi ttri n-ttre
i.nternal spacg charge layer, which becomes pre-
dominant in the case of heavily forward-biaied
pn junctions as recent results have shown /3/.
These charges.-decrease with increasing doping
levels as indicated by first-order reisoning
( G-l/N) and by complete numerical calculaiions
of the complex situation (Figups 6y. For diqita'l
gpp'lications, increased base-doping will thEre-
fore not in any case result in hig6er E/Bjunction capacitance. Thus the in[egra'l emit-
ter-base time constant, as the product of
capacitance and base resistance, derives full
benefit from the reduced base resistance and
reads about t or€6 ps for an emitter area
of Ar= 1 

,um x"2 
,um.

2.4.2 Base-Col 1 ector Capacitance

,Numerica1 device model ing has simil arly been
used to simu'late the effective base-collec-
tor (BC) capacitance and to determine the
proper epitaxia'l doping Ievel for self-aliq-
ned transistors which differs from that of-
conventiona'l transistors. This is not appa-
rent at first glance because the BC capifi-
tance of conveitional transistors is:uiii-
cally a reverse-bidsed junction capacitance,
only a small portion of which is fiooded wifh
collector current. Increased epitaxial dopingis therefore not advisable beciuse it leads '
to increased capacftance.

The situation is different for self-aligned
structures, where a substantial portion of
the BC capacitance is flooded with collec-
tor current. Within this portion of the capa-
citance minority carrier ltorage plays a mi-jor role. The stored charges aecriasl with
increasing epi-doping. This leads to a BC ca-
pacitance minimum as a function of epi-doping.
99qpf ete numerical calcul ations usin! MEDUSA"
/7/ reveal the existence of this minimum at
a doping level of about Z - LO,* cm- 3 (Fig. 7)
f or 2 Fn lithography.

2.5 Isol ation

0n top of the conventional junction isolation
two different structures for oxide isolation
are being used, which can be characterized
by:

i ) L0C0S type isolation scheme;
- we1'l establ ished technique, for about

10 years in production,
- advanced processes with pl anar topography

and small windages being.developeb ispbr/8/, SWAMI /g/,-oxrs /t6/1, '

- re'l ati vely _l ot"cryslal defect densi ty
( 

S aerect < 10' cm-z),

ii) trench isolation scheme;
- ygry :ryall devices can be devised yiet-

ding hi9!_ integration density,- very smal'l Cn. and R,. obtainab'le viel-
di ng improveUj perf oFman.. ( Td( -30 

ps ) ,

eff i ci enc.y
I ncrease,

- the problem of epitaxial
poly-Si.

real ignment of

In this case we have experimental proof /6/
that

- the base current is not determined by hole
_transport within the bulk of the poly-Si
layer (Fig. 41 ,- the reduced base current and enhanced cur-
rent gain is caused by a barrier action
of the poly/mono intgrface which is defined
extending up to 400 A into the poly-Si.

As a figure of merit for the effectiveness
of the emitter contacting an effective recom-
bination velocity S^nn at the poly-mono
interface is introdEtAd (Fig. 5). This parameter
integrally describes recombination and transport
phenomena within the poly-Si and the poly/mo-
no interface and easily can be determinei
experimental ly.

2.3 Resistances

A current gain of 100 is sufficient as well
as desirable for ECL applications. The im-
prove! higher efficiency of the poly-Si emit-ter therefoi^e can advantegeously be used to
increase tfie active base doping-thus drasti-
cally reducing base resistance.

The external base resistance is most conve-
niently reduced by using si'licides as base
contacts

2.4 CapacitanceC

2.4.t Base-Emi tter Capacitance

Textbook inf.ormati.on often is mis'leading when
the effect of increased base doping on E/B
junction capacitance has to be bstimated.for
ECL techniques. For high forward injection
as used in digital applications the measurernent
of junction capacitances is impracticable
due to the high current densities. To model
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- synergetic processing takitrg advan-
tgge of the ongoi ng deve'lopmenti of
the DMM trench cel l ,- complex processing for in-trench sub-
strate contact needed.

The trench isolation certainly offers better
possibitities for advanced stiuctures. Very
_impressive bipo'lar processes with trench iio-
lation have been pr6posed. However, it is still
an open question whether trench isolationwill give sufficient yietd in production.

2.6 Performance

Performance data are impressively being demon-
strated by the power delay products achieved
in the last years (Fig. 8) but even more rele-
vant.for the system engineer by a diagram
:horying the system speCd actually achieved
by different technologies as a function of
gfip-comple{ty (Fig. 9). ttith improved yield
bipolar technology attacks the MOS side ihere-
as with improved performance it maintainsits good situation at the III-V side. Fur-
thermore it demonstrates which appl ications
drive which technology.

3. Technol oqy Trends and cons_equences

N_ov self aligning concepts and the use of
clever emitter contacting schemes (poly-Si
emitter effects) overcome ttre limititions
of conventional bipolar transistors, so that
at present no severe limitations for further
improvement are in sight. Holever, the tradeoff between performance and breakdown vol-
ta_ge has to be met by reducing the breakdown
voltage requirements.

Drastic further improvements of processing
and performance are to be expected by using

1. new materials as diffusion sources, forlol resistance contacting an( espeiially
for the meta'llization syitem(becbming m6re
and more. of primary concern for bipolar
and Ctr0S);

2. new processing techniques like advanced
lithography and especially rapid thermal
anneal i ng;

3. neiv device structures like better self
aligning schemes (e.g. salicides) and
hetero emitter structures.

Even more important horever is to realize
a general trend which can be observed since
quite some time and which will become more
and more the major driving force for future
bipolar work. I would like to ca'll this trend
MOS-BIP0LAR TECHN0LOGY C0NVERGENCE. Such a
convergence is being pushed by both technical
as well as economical reasons. It has been
observed_by nost processing engineers as a
general feeling, it can howevei be described
quantitatively as seen in Fig. l. The extra-
polation _into. the early 90's-for MOS using
more bipolar knowhow (epita{y, low resistive
contacting, multil evel metall ization) and
bipolar using more MOS techniques (silicides,

trenches, etc.) is justified by the syner-getical u_se of process developirents aird there-
fore finally by the drastic shvings in develop-
ment as well as prodction costs. As a last
consequence there will no longer exist an
urgent need for seperate deveTopnent I ines
and even more the capacity of pi^oduction lines
can be used much more economicilly.

Last not least this general trend wil'l make
an.o1d designer's dream come true, the combi_
nation of C[{OS- and BIp0LAR-transistors on
9h!p gombining-the inherent advantages oi
both technologies. Due to the convergence
of technolqgy the overhead in procesiing will
be quite limited (about 3 maski and 15 7 to
20_% nore processing steps). The advantaqesof such a technology wili enable VLSI ani
ULSI chips with both ultra high system comple_xity and ultra high system spded.- ' -

A large lpectrum-of _appl ications ranging fromfast real time signal.irrocessing via-laige
data processing units to advanced cormunica-
tion systems is driving this technology ap-
proach.
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System de'l1y time tyq as a function
of the wiring 'length L" and fan-in/
fan-out. Design rules Hnd transcon-
ductance for bipolar, GaAs and MOS

tranqistors are 1.0 4rm, 0,2 pm,
0,2 ilm and 6,6 mS, 0,93 mS, 0,43 nS
resp6ctively. Wiring parameters: C, =
0,15 pF/nm, l.| = 1,5 ,um.

Fig. 2z SEM cross section of self aligned
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Simu'lation showing the inpact of
various device parameters on the
base current of po'ly-Si emitters.
Experimenta'l data for the metal
contacted device (. ), HF-dip (v )
and RCA c'leaned (a) interface are
al so i nc] uded.

Fig.

Fig. 6: Emitter-base capacitance Co, as a
f uncti on of Uo, ( si mu1 ati ol'l) . The
rings indicatE'measured data.
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