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A HWCH GAI N LATERAL PNP AND NPN Bl POLAR TRANSIST D. PROCE

COVPATI BLE WTH CMOS FOR MAKI NG BI CMOS %@J\‘gwgé_'?s
BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE I The
present invention relates to the fabrication integrated circuit deV|ces
on sem conductor substrates, and nore particul arIy reﬁq JM A@ L (La

| ateral PNP and NPN bipolar transistor structures wt d rr

gain and a nethod of fabrication. The process is conpatihle~wth CMOS
processes for maki ng Bi CMOS i nt egrated citcuits. (2) SCRI PTI ON OF THE

EELSE;fET (CMOS) d%@gggg&ggkq%g%ggFC?E%hsgﬁg%gaﬁﬁ&shggT%é#gfsfﬁg?(an Bi CMOS

circuits. These BixgyOBr6tESs!idoupR@¥LE wrradeibORGR 1BGMABL Bg@RoPVer either
bi polar or CMOS circuits built separatgly on the sanme substrate. The

bi pol ar transi st @IREUDOVEdes high current driver capabilities and is very
useful as a constant current source and active load in many anal og/digital
applications. Alternatively, the CMOS devices conposed of P and N channel

field effect transistors BACKGROUND OF THE INVENTION
(1) FIELD OF THE INVENTION

The present invention relates to the fabrication
of integrated circuit devices on semiconductor substrates,
and more particularly relates to novel lateral PNP and NPN
bipolar transistor structures with increased current gain
and a metheod of fabrication. The process is compatible with

CMOS processes for making BiCMOS integrated circuits.
(2) DESCRIPTION OF THE PRIOR ART

Bipolar and Complementary Metal-Oxide Semi-
conductpr (CMOS) devices can he built on the same substrate
to form BiCMOS circuits. These BiCMOS circuits provide
additional advantages over either bipolar or CMOS circuits
built separately on the same substrate. The bipolar
transistor provides high current driver capabilities and is
very usefﬁl as a constant current source and active load in
many analog/digital applications. Alternatively, the CMOS

devices composed of P and N-channel field effect transistors



- 2- (NPN- FETs and PNP-FETs) offer |ow power consunption, high packing
density, and dynam c nenory storage capabilities. Unfortunately, the
vertical bipolar transistors with high current gains (about 100) require
nore conpl ex processing and increased nmanufacturing cost. “An
alternative approach to using a conventional vertical bipolar transistor
Is to use a lateral PNP or NPN bipolar transistor which is nore conpatible
with CMOS processing and still provides_the constant current source and
is very useful as an active |load. The inproved current- voltage (I-V)
characteristics of the Lateral PNP bipolar transistor (also referred to as
an L-PNP bipolar) are shown in Fig. 1 vs. the |less desirable |-V
characteristics of a P- channel FET (hereafter referred to as a PNP-FET)
shown in Fi(¥PNZFEThendOPNRFFETE) iofflear law Imiveratoidiptiipol, ahidglaving a 0.6
m croneter (u base wi dth and a PNP-FET having a 0.6 um channel |ength.

As is cl ear [Ppcséng demsﬁtg, and Aynanicynerdry sgorage ARALA 4RSS for a

series of _cglr;&t ant base rr;gntsc%& %}2 vvherg tte bg}s& rrents are

i ncreased i PﬁEP‘é?Feeﬁts GPe 1V Ty ngé? ¥ MFPBSEEEF e S'a#]‘rb & es,

depi cted r e%a%ea[,v%%n@v (absue Ui'd’cﬁs ﬂe[;esfcl (ofdre kLﬁﬁé,J)me:Lsgmg 2)

[Terr](3), and IJerT]( : he |-V curves are shown f

col | ector cuwndenhctedsd h)anaﬂaattiztm(gt icostof the applied coll ect or bi as

voltage (V[err]) between the collector-emtter

An alternative approach toc using a conventional

vertical bipolar transistor is to use a lateral PNP or NPN
bipolar transistor which is more compatible with CMOS
processing and still provides the constant current source
and is very useful as an active load. The improved current-
voltage (I-V) characteristics of the Lateral PNP bipolar
transistor (also referred to as an L-PNP bipclar) are shown
in Fig. 1 vs. the less desirable I-V characteristics of a P-
channel FET (hereafter referred to as a PNP-FET) shown in
Fig. 2. The comparison is for a lateral PNP bipolar having
a 0.6 micrometer (um) base width and a PNP-FET having a 0.6
um channel length. As is clearly seen in Fig. 1, a family
of I-V curves are shown for a series of constant base
currents (I), where the base currents are increased in
increments of 1 microampere from 0 to 4 microamperes, as
depicted respectively by the curves In(0), Ip(l), Ip(2),
In(3), and I(4) in Fig. 1. The I-V curves are shown for a
collector current (I.) as a function of the applied

collector bias voltage (V.,) between the collector-emitter

where the I, is measured in microamperes along the vertical



where the I[err] is nmeasured in mcroanperes along the vertica

- 3- axis Y, and the V[err] is neasured in volts along the horizontal
axis X. As can be seen, the I[err] increases rapidly as a function of

i ncreasing Vce and renmains essentially constant thereafter. For exanple,
I[err] is essentially constant when Vce is greater than 0.25 volts. On
the other hand, the PNP-FET shown in Fig. 2 does not have a flat drain
current (lI[err]) region as a function of draisn_voltage (V[err]) and does
not provide the ideal constant current capability. This is best
illustrated in Fig. 2 by the fanily of 1-V curves for a series of

di f f t gat t ts of 1.0 volt
from0 o 3 0BH oo Enaibhp olan) FoBRBRPTULIG B9 U BHFROLEV orr] (1),

Merr](2), apdrM&ital(dkisx. Fisg cdn BO%kden,hehd £onscaabsybidithe I [err]
Is plotted along the Y axis as a function of V[err] along the X axis. As

is clearly seea funcithenfafri increasdngves, anderepaing esgentbally gnificantly

as a function of VD ggﬁto a VD of 5.0 volts, and therefoEf does not
provi de the GeRfFaRF HREEIREeTUr FORY ex%‘ER]rﬁJt ¢ is essentially ,upyer, the

conventional _L-PNP or N bi pal ar. ve I ISy as is
best descri beanﬁfl?ht ngngeﬁcesDtgreﬁFag 6%2’ gg ab?oﬁl\%ndt)dlﬁoﬁal prior

art L- PNP BbR@! a¢nd PRBSFET Odhowd'€nOFi heﬁ%obé”hé@tﬁﬁsal flat drain
substantially | ower current gain (e.g. I[err](L)/I1[err] <5, where
current (Ip) region as a function of drain voltage (VD) and

does not provide the ideal constant current capability.
This is best illustrated in Fig. 2 by the family of I-V
curves for a series of different gate voltages Vg, where Vg
is varied in increments of 1.0 volts from 0 to 3 volts as
depicted respectively by Vg(0), Vg(1), Vg(2), and Vg(3) in
Fig. 2, and is held constant while the Iy is plotted along
the Y axis as a function of Vp along the X axis. As is
clearly seen by the family of curves, the Ip varies
'significantly as a function of Vp up to a Vp of 5.0 volts,
and therefore does not provide the desired constant current

output.

However, the conventional L-PNP or L-NPN bipolar
transistors have limitations, as is best described with
reference to Figs. 3A and 3B for a conventional prior art L-
PNP bipolar transistor. One of these limitations is a
substantially lower current gain (e.g. I (L)/Iyp < 5, where
Io(L) is the L-PNP collector current, and Iy is the base

current) for the L-PNP bipolar transistor. To best



I[err](L) is the L-PNP collector current, and I[err] is the base current)
for the L-PNP bipolar transistor. To best

-4- understand the reason for this |low current gain, reference is made
to Fig. 3A. A schematic cross-sectional viewis shown for a conventional

L- PNP bi polar transistor formed in a device area having an N well 14
doped with arsenic or phosphorus on and in a P doped (boron) silicon
substrate 10 and surrounded by a field oxide 12. This L-PNP is forned
during fabrication of the FET by growi ng @a-gate oxide 16 and a polysilicon
| ayer 18 which are patterned to | eave portions over the intrinsic base
region B formed fromthe N- well 14. Next an N++ base contact 17 is nade

to the N .. _The P+ Liter. 20,.and P++ coll ector. 20 [ n fornmed
Srgerarind ihe SOMT o AEP (5L el HisfareTnlebts

in the em orare nwpl‘ant ™ ng bor on

(Blerr]), whid galiberdatilger 88d POl SeHehbe 08 I s3eL¥EE:i GSaPRiew™sant bl ockout
mask. Now as is clearly seen in Fig. 3A and depicted by the superinposed
schemati ¢ diskgwantéora tdoavebtpodal LePNEubipadlaementssistidP famded- NP, t he
current gain of the L-PNP bipolar transistor is reduced because of the
unwant ed paraderiee \ATeRPPEY DY 5 for ¥rdh b doped) Wi ER AXISREC BF pol ar

{ransi stor BRMBSBRII&C b 6 20 Ffabn {34 feod QuplRiackongt s in an

unwant ed V- ector current rr tHat reduces the desired
col l ector cuirneeshrid@iddd by af fiditwe okiBAPLD) paihae L+PwBiiy dbrmes depicted

in Fig. 3B. Now as shown in Fig. 3B, when the emtter-base is forward

bi ased during fabrication of the FET by growing a gate oxide 16 and
a polysilicon layer 18 which are patterned to leave portions
over the intrinsic base region B formed from the N~ well 14.
Next an N** base contact 17 is made to the N~ well. The P**
emitter 20 and P** collector 20' are then formed in the
emitter area E and collector area C by ion implanting boron
(Bll), while the patterned polysilicon 18 serves as an
implant blockout mask. Now as is clearly seen in Fig. 3A
and depicted by the superimposed schematic diagram for the
bipolar circuit elements V-PNP and L-PNP, the current gain
of the L-PNP bipolar transistor is reduced because of the
unwanted parasitic V-PNP bipolar portion of the lateral-PNP
bipolar transistor between the emitter 20 and the substrate
10. This results in an unwanted V-PNP collector current
I.(V) that reduces the desired collector current I.(L} of
the L-PNP bipolar transistor, as depicted in Fig. 3B. Now
as shown in Fig. 3B, when the emitter-base is forward biased
(Vpe), the emitter current I, injected into the N~ well 14
(which serves as the N base for the L-PNP) results in aﬁ

unwanted parasitic collector current I.(V) in the substrate



(V[err]), the emtter current I[err] injected into the N well 14 (which
serves as the N base for the L-PNP) results in an wunwanted parasitic
collector current I[err](V) in the substrate '

- 5- 10, which reduces the collector current I[err](L) of the L-PNP
transistor to the collectors 20° (Fig. 3A) resulting in low - current gain.
One prior-art nmethod of inproving upon these L-PNP bipolar transistors,
shown in Fig. 4, is to forma N+ region 1lsin the P- substrate 10 fol |l owed
by a P- epitaxial layer 13 (EPI) prior to formng the bipolar device. An
N well 14 is fornmed next in epitaxial layer 13 in which the L-PNP

bi polar transistor is forned simlar to the nethod of the prior art in
Fig. 3A. Thi 80f ovlvis-ha rledages ythdt+ cddpectoregiurnenat I (16 Y£Phke H-R)Par
base-col | ect oraé'}u_nction 1 under. the P++ emtter 20 to mnimze the

vertical PNPTEERFEHOTGAPNRMSBPCLeRRatti fighe3d htkesal ting ¥urlPent gai n.
However, thi gur%rgpi%iigantly reduces the reverse bias breakdown voltage at
t he base-col I'ector junction 1. Also, minority carrier injection fromthe
emtter 20 into the base area under the emtter 20 is not significantly
reduced, which would further reduce the V-PNP current gain and increase
the L-PNP current gaiOne mhiomsritodebhed afequpresinmpngopr bbesss iln§NBt eps
that incl ud%,growi ng a costly epitaxial |ayer and increases, nmanufacturing
cost . ipolar transistors, shown in Fig. 4, is to form a N* region

11 in the P~ substrate 10 followed by a P~ epitaxial layer

13 (EPI) prior to forming the bipolar device. An N~ well 14

is formed next in epitaxial layer 13 in which the L-~PNP

bipolar transistor is formed similar to the method of the

prior art in Fig. 3A. This forms a heavily N* doped region

at the V-PNP bipolar base-collector junction 1 under the P**

emitter 20 to minimize the vertical PNP current gain thereby

enhancing the lateral PNP current gain. However, this

significantly reduces the reverse bias breakdown voltage at

the base-collector junction 1. Also, minority carrier

injection from the emitter 20 into the base area under the

emitter 20 is not significantly reduced, which would further

reduce the V-PNP current gain and increase the L-PNP current

gain. The method also requires more processing steps that

include growing a costly epitaxial layer and increases

manufacturing cost.

One method of forming a lateral~PNP is described
by Joyce et al., U.S. Patent No. 5,326,710, in which devices

having reduced parasitic capacitance between an N* buried



One nmethod of formng a lateral-PNP is described by Joyce et al., US.
Patent No. 5,326,710, in which devices having reduced parasitic

capaci tance between an N+ buried

- 6- | ayer and an epitaxial layer are fornmed by inplanting N wells prlor
to growing the epitaxial layer. The process also provides reduced
geonetries for inproved performance. Another nethod for making | ateral

bi pol ar transistors is described by Cook-eg4 -al., U S. Patent No.
5,187,109, in which an N+ epitaxy and an N- epitaxy are utilized for
maki ng an L-PNP bi polar transistor that is conpatible with CMOS

t echnol ogy. 14véH+rddaeaneh Peg a1 84 b | Rgistors is
descri bed byéﬁnantha ePE% ﬁag 1%?5&%%;%%%@%b iplﬂglgégiﬂ hIS nmet hod al so

uses an N epllsgmlor hay@l‘o@m@;\l\mhene@i‘t&ﬁadl féyesed ITageprodess P- silicon
substrate, and provides a nethod for fabricating lateral NPN transistors
with reducedlsaserayidas E%éPQﬂﬁ gepmetries, £orahimProvAd RErfermanfe to reduce

the parasitic capacit e ntha et a f 264, 382, use
a recessed hﬂﬁF?é} ng f%% %ﬂﬁgo}aEFE?HPHﬁPS af_ﬁﬁﬂﬁsfﬁbpﬁ%ﬁﬁbe current
gain. US BéEéPibé\dObg cé&? &2%11.554e8l, trurlEakbRS. df?%(‘arv hgs, s nethod for
maki ng a | ateral PNP bi pol ar transistor having a buried N+ | ayer and an N
epi taxi al | afieeh athei*ceplieatyrandamd WTidficaxgr aré herilfieedetor n the N
epitaxial layer over the buried N+ |ayer.

making an L-PNP bipolar transistor that is compatible with

CMOS technology. A further method for making lateral

bipolar transistors is described by Anantha et al. in U.S.

Patent No. 4,546,536. This method alsoc uses an N~ epitaxial

layer grown on an N* diffused layer in a P~ silicon

substrate, and provides a metbod for fabricating lateral NPN

transistors with reduced base areas and an emitter over an

insulating layer to reduce the parasitic capacitance.

Anantha et al., U.S. Patent No. 4,264,382, use a recessed

oxide under a portion of a L-PNP or L-NEN to improve current

gain. U.S. Patent No. 4,167,425 issued to Herbst describes

a method for making a lateral PNP bipolar transistor having

a buried Nt layer and an N~ epitaxial layer. The coll®ctor

and emitter are then formed in the N epitaxial layer over

the buried N* layer.

Therefore, there is still a strong need in the
semiconductor industry to make L-PNP and L-NPN bipolar
transistors with improved current gain, compatible with CMOS

technology, and at low manufacturing cost.



Therefore, there is still a strong need in the sem conductor industry to
make L-PNP and L-NPN bipolar transistors with inproved current gain,
conpatible with CMOS technol ogy, and at |ow manufacturing cost.

-7- - SUWMMARY OF THE | NVENTI ON It is
therefore a principal object of this invention to formlateral PNP and NPN
bi pol ar transistor structures with inproved current gain that are
conpatible wth CMOS technol ogy for making Bi CMOS circuits.

It is another object of this invention tayse a novel buried base region
under the emtter of the lateral bipolar transistor to increase the
built-in voltage (Vbi) at the emtter base junction of the vertical PNP

(V-PNP) thereby reducing thgueMilerdr aaienTRieNt®@Nvertical bipol ar
transi stor and increasing the current gain of the |ateral bipolar

transi stor. Because of the relatively higher built- in voltage of the
V-PNP em tter-base junction, the vertical injection of holes fromthe P++
emitter is |ess thanlthds yherefare|djridncdnal (oRdesSy of nER4vi ng t he
| at er al - PNP, gai n.. LL.i h ' MY {fi s invention to
fabricate th’g%eél 10BN\° a%%rnf_-lﬁt’ﬁr %péo’f%;&%jr g?lg ioéytp%ﬁék.w’e'f%%su]tsm&

structures with improved current gain that are compatible

with CMOS technology for making BiCMOS circuits.

It is another object of this invention to use a
novel buried base region under the emitter of the lateral
bipolar transistor to increase the built-in voltage (Vp;) at
the emitter base junction of the vertical PNP (V-PNP)
thereby reducing the current gain of the vertical bipolar
transistor and increasing the current gain of the lateral
bipolar transistor. Because of the relatively higher built-
in voltage of the V-PNP emitter-base junction, the vertical
injection of holes from the P** emitter is less than the

lateral injection, thereby improving the lateral-PNP gain.

It is another objective of this invention to
fabricate these L-PNP and L-NPN bipolar transistors without
the need for a epitaxial layer using a cost effective

manufacturing process.

A further object by a second embodiment of this

invention is to modify the buried base rééion of the lateral



the need for a epitaxial |ayer using a cost effective manufacturing

process. A further object by a second. enbodi nent of this
invention is to nodify the buried base region of the |ateral
- 8- bi pol ar transistor by inplanting tetravalent inpurities such as

germanium (Ge), silicon (Si), or carbon (C) to reduce the mnority carrier
lifetime in this buried base region. This further reduces the current gain
of the vertical bipolar transistor part of the lateral bipolar transistor,
and thereby inproves the current gain of gthe lateral bipolar transistor.

I n accordance with the objects of the invention, a |ateral bipolar
transistor is described which uses a buried base region under the emtter.

Thi's reducedipbraf WrapBist@Aivy QnplAstinyakiedvy et Gabutitis sueh formed
between the emtter and the substrate, and inproves the current gain of
t he | at er al 2&r gexnaniom (89) a siddead EHbbdioregerbethd Quitpertduggaitheof t he

| at eral bipglar gfransistor js_fuyrther jnproved | mpl anting.a.tetraval ent
i mpurity, _sﬁ‘&ﬁmé‘st%é:,arﬁ‘?ro*l%tlf“ﬁalmrmg’gffﬁ%%sﬁggfﬁloréar I‘TI%éF lifetine
in the buriedr+RASE dLYLONRL dlizeler éﬁ?lofbgﬂgl@érﬁiréﬂsb%&far Bot h NPN
and PNP | ateral transistors can be fabricated using this nethod, and is
conpati bl e wrbhs{ddy paginef ofhe Natepakiblipolar transistor, and

thereby improves the current gain of the lateral bipolar

transistor.

In accordance with the objects of the invention, a
lateral bipolar transistor is described which uses a buried
base region under the emitter. This reduces the current
gain of the unwanted vertical transistor formed between the
emitter and the substrate, and improves the current gain of
the lateral transistor. By a second embodiment, the current
gain of the lateral bipolar transistor is further improved
by implanting a tetravalent impurity, such as Ge, Si, or C
that reduces the minority carrier lifetime in the buried
base region of the vertical bipolar transistor. Both NPN
and PNP lateral transistors can be fabrica;ed using this
method, and is compatible with CMOS technology for making
BiCMOS circuits. Only the L-PNP bipolar transistor is
described, but by reversing the conductive type dopants, an

L-NPN bipolar transistor can also be fabricated.

These high current gain lateral PNP bipolar

transistors are fabricated by first providing a single-



BiCMOS circuits. Only the L-PNP bipolar transistor is described, but by
reversing the conductive type dopants, an L-NPN bipolar transistor can

al so be fabricated. These high current gain lateral PNP

bi polar transistors are fabricated by first providing a single-

-9- crystal sem conductor substrate. The substrate is doped with a P
type dopant (first conductive type dopant) such as boron. N doped wells
are formed next by ion inplanting with gcond conductive type dopant
such as phosphorus. A pad oxide conposed “of silicon oxide is formed on the
substrate, for exanple by thermal oxidation, followed by the deposition

of a silicon | dgeh?aggddegopr é%%d%@ oxrggugdygtgafélfg ddpayer. The

silicon nitr| ayer (SI3N4) en patterned |eaving portions over
devi ce areaSWy&hIaePthgpéﬁéﬁﬁﬁnms(ftfsnncandOUEivéitﬂp@ dmpamt Y eyicbnas Local
oxidation of silicon commonly practiced _in the industry is used to form
the Field om@@n( FOX) doped gfeldsi 8¢ yEormeRaPeBly 1% 8h mg’s%ﬂ"dﬁgoﬂl

technol ogy, as i i n_the.induys C ch the
silicon subs® r%ﬁ‘i?rﬁ cPE%‘é%%‘ev FHPE hedP ts‘rlérél osﬁg’ hé’%gh???? Q.W}NQ ﬁ

chem cal Vap&gl&e%ahhggd(&/Qmezsﬁd&m ch férxﬂ@ﬂ%npkﬁéaéuwtﬁrhtéhe
substrate surface Si 3N4 layer is then renoved usi ng phosphoric acid.
Successi vel yfonSedanptenhp ntherm8VOSk idrk iBnCMVDS! t awdth diyoghe sdepogigaer

oxi dation and a polysilicon deposition are done and_ the q;e nask used to
define the gafe |sEidcRRansErifs lager to provide an oxidatiom barri

layer. The silicon nitride layer (Si3Ny4) is then patterned
leaving portions over device areas while the SigN4 is
removed over field oxide regions. Local oxidation of
silicon commonly practiced in the industry is used to form
the Field OXide (FOX). Alternatively a shallow trench
isolation technology, as is well known in the industry, can
be used in which the silicon substrate is recessed in the
FOX regions and filled with a chemical vapor deposited (CVD)
oxide which is made planar with the substrate surface. The
SigN4 layer is then removed using phosphoric acid.
Successively, as is common in CMOS and BiCMOS technologies,
a gate oxidation and a polysilicon deposition are done and
the gate mask used to define the gate length alsc defines
the base width of the L-PNP. This polysilicon layer is
internally connected to the emitter of the Lateral-PNP
transistor and also this layer acts as a P* implant blockout
mask for the external base region between two P** regions in
the N~ well. The P** and N** heavily doped regions are

formed consecutively with the P** and N** source/drain



the base width of the L-PNP. This polysilicon layer is internally
connected to the emtter of the Lateral -PNP transistor and also this |ayer
acts as a P+ inplant bl ockout mask for the external base region between
two P++ regions in the N well. The P++ and N++ heavily doped regions are
formed consecutively with the P++ and N++ source/drain

- 10 - regions for PMOS and NMOS, respectively, and thereby provide a
conpati bl e process sequence for formng the emtter, collector, and base
contact for the L-PNP transistor for the | CMOS structure.

Continuing with the process and a key feature of this invention is the
formation of N+ buried base regions in the N wells under the emtter areas

using a firstreiehs- foFf GMOSt aHASKMOES, @BshaPt Afl1yaskd thesdybproeiidase
regions are inplanted to lie within the Nwells and are further forned in
t he V- PNP bi polcampeedphan prﬂaesbméwnlstaséore@?mmcg bhe eeri Hriegher
concentration than the N wells and are nEIanted to a dept h %uch t hat when

the P++ enitt¥dester, |3dbPashpfertast TORe e t1RF [FOATTY PEIYMts the

buried regi gx P bi pol ar region. The higher doped buri ed base
regi on results%?PgaLP%Wé?ﬁuUrrent gain for the V-PNP bipolar wthout

reducing the current gain for the L- PNP bipolar. Further, the increased
doping of the emitter/ base junctions for the V-PNP blpolar results in an

i ncr eased Continuing with the process and a key feature of
this invention is the formation of N* buried base regions in
the N wells under the emitter areas using a first photo-
resist mask -as an implant mask. These buried base regions
are implanted to lie within the N wells and are further
formed in the V~-PNP bipolar region. The buried base regions
have a higher concentration than the N wells and are
implanted to a depth such that when the P** emitters are
later implanted, the emitter junction intersects the buried
regions in the V-PNP bipolar region. The higher doped
buried base region results in a lower current gain for the
V-PNP bipolar without reducing the current gain for the L-
PNP bipolar. Further, the increased doping of the emitter/
base junctions for the V-PNP bipolar results in an increased
built-in voltage when the emitter/base junctions are forward
biased, thereby further reducing the current gain of the V-
PNP bipolar between the emitter and substrate. Th?s also
results in improving the current gain of the L-PNP bipolar

(for example, from about 5 to greater than 15).



built-in vol tage when the emtter/base junctions are forward biased,

thereby furt
the emtter

of the L-PNP bipolar (for exanple, fromabout 5 to greater than 15).

her reducing the current gain of the V- PNP bipolar between
and substrate. This also results in inproving the current gain

A second photoresist mask and the patterned polysilicon |ayer are used as

an i npl ant mask and the

transi stors
dopant, such
(P++). The s

i nproved L-PNP bi pol ar transistors.

dopants, inp
By a second
tetraval ent
(O, to furt
reduci ng the
substrate an
The process
maki ng CMOS

econd photoresist mask is then renoved to conplete the

roved L- NRN selcopd| pliotidr@sssstmisk Gamad @hé pdrternde.

enbodi nment, the buried base region can be inplanted with

emtters and collectors for the L-PNP bipolar
are selectively ion inplanted using the first conductive
as boron. The enmitters and colleCtors are heavily doped

By reversing the polarity of the

type

iBodyFitieRn layeR a%e g«‘ﬁeﬁiaﬁFuﬁﬁ‘ impantspask AR SP? or carbon
'L%ﬁtrcgggfgtghfz%n f%‘cgf‘”f““{"m,%gﬁb gnd _thereby further

gain o € ve |Ca bi p
GireMBE Q¥#10,d1Re i 8R1 ingifankBl hel&f aéhebgﬁ)?é@rconhﬁé@%est or.

is now continued to form P-channel
divpeufibpamt, tslkehsasitboron. The emitters and collectors are
heavily doped (P**). The second photoresist mask is then
removed to complete the improved L-PNP bipolar transistors.

By reversing the polarity of the dopants, improved L-NPN

bipolar transistors can also be made.

By a second embodiment, the buried base region can
be implanted with tetravalent impurities, such as germanium
(Ge), silicon (Si), or carbon (C), to further reduce the
minority carrier lifetime and thereby further reducing the
gain of the vertical bipolar between the emitter and the

substrate and improving the gain of the lateral bipolar

transistor.

The process is now continued to form P-channel and
N-channel FETs for making CMOS circuits on the same
substrate. The lateral bipolar transistors are then inter-

connected to form the desired BiCMOS circuits.

ran?%er 5hd the

N- channel FETs for



substrate. The lateral bipolar transistors are then inter- connected to
formthe desired BICMOS circuits.

-12 - BRI EF DESCRI PTI ON OF THE DRAW NGS - The
obj ects and ot her advantages of the invention w Il become nore apparent in
the preferred enbodi nents when read in conjunction with the foll ow ng

dr awi ngs. Figs. 1 and 2, respectively, show graphs of the
current-voltage (I-V) characteristics for a lateral PNP bipolar and a
P- channel FET. Fig. 3A shows Y schematic cross-sectional view

of a conventional |low current gain prior-art L-PNP bipolar having a

schematic circuit diagra”hﬁ&s%hﬁﬁkmﬁygxéﬁ4n¥h%§PEF§&B§§9r conponent s

superi nposed on the .cross séec is the schematic
circuit diagramshown in Fig. 3Ain greater detail. Fig. 4
shows a schematic cross-sectional view of a conventional prior-art L-PNP
bi pol ar havi ng i npr ovéae opiechs anghiotthesi adyamtagesdopcthe dpvenkirte regi on
formed after .. Qqrowing an epitaxial layer. Al so shqwn is. the _schematic
Ciroui t di agFdh PEFORREREEBBRETIRE GF Fhe RESHGSTAAGSPH ments when

read in conjunction with the following drawings.

Figs. 1 and 2, respectively, show graphs of the
current-voltage (I-V) characteristics for a lateral PNP

bipolar and a P-channel FET.

Fig. 3A shows a schematic cross-sectional view of
a conventional low current gain prior-art L-PNP bipolar
having a schematic circuit diagram of the L-PNP and V-PNP

bipolar components superimposed on the cross section.

Fig. 3B is the schematic circuit diagram shown in

Fig. 3A in greater detail.

Fig. 4 shows a schematic cross-sectional view of a
conventional prior-art L-PNP bipolar having improved current
gain using an N* doped retrograde region formed after
growing an epitaxial layer. Also shown is the schematic
circuit diagram for the components of the V-PNP and the L~

PNP bipolar components of the lateral transistor.



PNP bi pol ar conponents of the |lateral transistor.

-13 - Figs. 5 through 9 show a series of schematic
cross-sectional views for a lateral PNP bipolar transistor for the
sequence of processing steps for making this |ateral PNP bipol ar
transistor with inproved current gain by the nethod of this invention.

Fig. 10 shows a schematic cross-sectional view, by a second enbodi nent,

for further inproving the lateral bipolar transistors of this invention
using a tetravalent inpurity inplant in-h& -base region under the emtter
to reduce the mnority carrier lifetine. DESCRI PTI ON OF THE
PREFERRED EVBCDIVENTS £ige. 5 hroughé JEANGCSQL: JRKING hhGSE;d T oved

| ateral bipol ar transi SPoF s mf}h ﬁlg er current gain rs described in

detail. The netbed-decrdensli vaid ebraal Bitrall PP KipdihR) tr &Pk
transistor, but it should be well understood by those skilled in the art

t hat by rever §pngthdesegueace tof giroctheinprahepsi fer dmicingsthis cradierAlPN
(L-NPN) bipolar_transistors can also be nmade. It should al so be well
under st ood by PFRRPLIEF FEEFIF 1T WAFE ITRFCVEENERTERRA G810 k¥ tdtures can be

formed. For e&%ﬁﬂ%&gé%ﬁgcﬂx@éd@m@dditiO”al processing steps, both
P- channel and channel
Fig. 10 shows a schematic cross~sectional view, by
a second embodiment, for further improving the lateral
bipolar transistors of this invention using a tetravalent
impurity implant in the base region under the emitter to

reduce the minority carrier lifetime.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of making these improved lateral
bipolar transistors with higher current gain is described in
detail. The method is described for a lateral PNP (L-PNP)
bipoclar transistor, but it should be well understood by
those skilled in the art that by reversing the polarity of
the conductive dopants lateral NPN (L-NPN) bipolar
transistors can also be made. It should also be well
understood by those skilled in the art that other device
structures can be formed. For example, by includiﬁg
additional processing steps, both P-channel and N-channel
FETs can be made on the same'substrate and in the same chip

area to form Complementary Metal-Oxide Semiconductor (CMOS)



FETs can be nmade on the sanme substrate and in the sanme chip area to form
Conpl enmentary Met al - Oxi de Sem conduct or ( CMOS)

- 14 - circuits and utilized with the above lateral bipolar - transistors
to make Bi polar/CMOS (Bi CMOS) circuits. Ref erring now nore
particularly to Figs. 5 through 9 for a first enbodi ment, the nethod for
maki ng L-PNP bi polar transistors is described. The nethod begi ns by

provi ding a sem conductor substrate 10. Typically the substrate 10 is a
single-crystal silicon having a <100> crystalgd ographic orientation. The
Substrate is preferabl y doped with a first conductive type dopant, which

Is a P type Lg)ant such as. baron %Bé} and is_doped tqQ a_concentration of
bet ween aboGiTSU¥rsEapd Yhttiged Kith Hhepdoygglateral bipolar N goped wel | s

14 are Tor medaed A LONLOPEARLLAG cUid RadcaBEPTE Aanduot i ve type dopant

such as phosphorus Pref sTare to a concentration of
bet ween about 1.0 E 16 and 1.0 E 17 atons/cnierr] and the junction depth
of the Nwell in the P- silicon substrate is between about 1.0 and 3.0

m croneters (un). Neﬁ?farpielw noyi tergarhisudadlnftasifigsend osrpuahSi O2) s

f or med onthe substrate, . exanmple b %r | oxi.datiop.. The pad oxide
is grown to Pafehit iGiess B’Fb%{e’ﬂﬁ@ d%/ g gﬁ’d ngA#ﬁjg}f?om;. A silicon
nitride (Si g%&lé@%ﬁranggsféréj%oﬁlag@f’lbed. The method begins by

providing a semiconductor substrate 10. Typically the

substrate 10 is a single-crystal silicon having a <100>

crystallographic orientation. The substrate is preferably

doped with a first conductive type dopant, which is a P type

dopant such as boron (B), and is doped to a concentration of

between about 5.0 E 14 and 1.0 E 16 atoms/cm3.

N doped wells 14 are formed next by ion implanting
with a second conductive type dopant such as phosphorus.
Preferably the N wells are doped to a concentration of
between about 1.0 E 16 and 1.0 E 17 atoms/cm> and the
junction depth of the N well in the P™ silicon substrate is
between about 1.0 and 3.0 micrometers (um). Next a pad
oxide 30 composed of silicon oxide (Sioz)lis formed on the
substrate, for example by thermal oxidation. The pad oxide
is grown to a thickness of between about 200 and 300
Angstroms. A silicon nitride (SigN4) layer 32 is déposited
over the pad oxide 30 to provide an oxidation barrier layer.
The SigNy4 32 is deposited by low pressure chemical vapor

deposition (LPCVD), using dichlorosilane (SiClj;H,) and



over the pad oxide 30 to provide an oxidation barrier |ayer. The Si3N4 32
I s deposited by |ow pressure chem cal vapor deposition (LPCVD), using
dichlorosilane (SiCl[err]Herr]) and '

- 15 - ammonia (NH err]), and to a preferred thickness of between about
1200 and 1700 Angstronms. The silicon nitride layer 32 is then patterned

| eaving portions over device areas while the Si3N4 is renpbved over areas
where field oxide isolation is desired. TQ; Field OXide (FOX) 12 can be
formed by any conventional process. For exanple, LOCal Oxidation of
Silicon (LOCOS), commnly practiced in the industry, can be wused to form

the Field OX de as shown in cally f or ned
by ther mal o>ﬁ“l‘j‘8 f‘% NHad /i 8045t ptrSQSrﬁﬂ d’l‘r’f& et °o ﬁfe"‘e’%‘%‘g&?‘%ooo and
9000 Angstrommg 44 of R 'ag,sgxm&g he&n@%&bﬁ% aue{-wes 198k! 9avid rench

I solation tec nology, can bé used as 1s al so wel known in the industry

(not depict edtried bhetefed FehvidyXPHriteons forers Iaalvlwezv ateaenehiledhati on i s
used, it can be nmade by recessing the silicon substrate 10 and filling
with a CVD gidlig bhi xdmavednaver Hzassr wherd ﬁliﬁéds%‘»sfiﬁ @13t Imds.

Referring now to Fig. 6, the Si 3N | 3 e ff_and a new
| ayer 16 useodezfsuﬁﬁe g%ﬁee F&)? g ojf’sde 3%@% f70 t‘ﬁ%&% g?’ %t ween about
100 and 200 lgued by P@S'ﬂdcgﬂ Ofidhtlehyst ! icon |ayer
18 having a (rpigéréalo ogt ween a out a;R‘%OO and 3500l Angstrons. Layer

Slllcon (LOCOS), commonly practiced in the industry, can be

used to form the Field OXide (FOX), as shown in Fig. 5.
Typically the LOCOS is formed by thermal oxidation and.is
grown to a thickness of between about 5000 and 9000
Angstroms. Alternatively, other methods, such as shallow
trench isolation technology, can be used as is also well
known in the industry (not depicted in Fig. 5). For
example, if a shallow trench isolation is used, it can be
made by recessing the silicon substrate 10 and filling with

a CVD oxide which is made planar with the substrate surface.

Referring now to Fig. 6, the Si3N, layer 32 is
stripped off and a new layer 16 used as the gate oxide is
grown to a thickness of between about 100 and 200 Angstroms,
followed by the deposition of a polysilicon layer 18 having
a thickness of between about 2000 and 3500 Angstroms. Layer
18 is then doped using POCl3. Layer 18 also forms the gate
electrodes for the FETs on the CMOS devices. The
polysilicon layer 18 is then patterned by conventional-

photolithographic techniques and anisotropic plasma etching



18 is then doped using POCl[err]. Layer 18 also forns the gate el ectrodes
for the FETs on the CMOS devices. The polysilicon layer 18 is then
patterned by conventional photolithographic techniques and ani sotropic
pl'asma et chi ng - 16 - to

| eave portions over the base areas B for the L-PNP bipolar transistors and
in the gate areas of the CMOS FET portions. Using a bl ockout mask (not
shown), a heavily doped base contact region 17 are forned by ion
inplantation in the Nwell 14 to provide good ohmic contacts for the base
of the L-PNP bipolar. For exanple, the base contaci 17 c formed by

i mpl anti ng arE%nﬁﬁ?Wﬁrpﬁﬁﬁﬁﬁﬁbg§§rtﬁpﬁ) edérﬁaségﬁ%ghipﬁﬁpgﬁggf bet ween
about. 1.0 E 1 -§g¥% : t / h k-gR! rerd t he

| ater P++ wr%' anté%ﬁgﬁgs%ozt%hgﬁﬁ-%dpﬁg ggtgoﬁ%s%l Ltgﬁe%?ﬁ:?y t he N++
and P++ sour cgétitidns.i npsaid 2 babckdet MESSFERoanshdvwme , BMUSRELY
respectively. Referring nowto Fig. 7 and continuinq with the
process, a ke§opedhitigse 6Pntafits regient} brpbes tpRBed FHdCPo MBI RE B i ed

base regions 14' in_the gl |l s _14 under the. enmiiter are BnfphkLst
phot or esi st nEBKEAD N gey e}é\fatsc’ gﬁwf“gﬁl%ﬁﬂd BPBAR 0T R" r?é:gﬁ ?orseb[ ectively
| mplant  the bUﬁ'fﬁLl¥%§ﬁp BEHINS 18or SiflAkabLYe thid @Bnta®t ant @ahon, as
depicted by the vertical arrows 5, is carried out to formthe buried base
regi ons 14' bpkofoided dubshpirtingr AasenicTlor dhobphiomes tbaprovisle ens are
preferably fornmed by inplanting phosphorus

concentration of between about 1.0 E 19 and 1.0 E 20

atoms/cm3. These N** implants and the later p*t

implantations for the L-PNP also form simultaneously the N*t

and P** source/drain implants for the NMOSFET and the

PMOSFET, respectively.

Referring now to Fig. 7 and continuing with the
process, a key feature of this invention is the formation of
N* buried base regions 14' in the N wells 14 under the
emitter areas E. A first photoresist mask 19 is used as an
implant blockout mask to selectively implant the buried base
regions 14'. Preferably the ion implantation, as depicted
by the vertical arrows 5, is carried out to form the buried
base regions 14' below the substrate surface. The N* buried
base regions are preferably formed by implanting phosphorus
(P31). The implant dose and ion implant energy are selected
to provide a'final dopant concentration of between about
5.0 E 17 and 2.0 E 18 atoms/cm®, at a depth x4, which is

equal to the junction depth of the emitter that is



(p[err]). The inplant dose and ion inplant energy are selected to provide
a final dopant concentration of between about 5.0 E 17 and 2.0 E 18
atons/cnferr], at a depth x[err], which is equal to the junction depth of

the emitter that is - 17 -
subsequently fornmed. This N+ buried base region increases the dopant |evel
under the emtter and, as will shortly be seen, reduces the current gain

of the V-PNP bipolar portion of the lateral PNP bipolar transistors and
consequently increases the L-PNP bipolar curitént gain.
Referring nowto Fig. 8, the first photoresist nask layer 19 is renoved

and the emittesssdideaOly O Hed.f Ofnid R buPNe BiRQ! 26§i80 dcrabapt ed using

a second photoresist- mask 24 as an inpl ant ockout nask. The second
phot oresi st  nelek d>paandlevel patiber ticd emiltyst | AN alsayell lshoredy bde
intrinsic base areas B of the L-PNP bipolar transistors are used as

i npl ant bl ockRREIaSRSUERS | HhF SHETERE Iaint pEr sbe(V-PARJbipRlagobPEEien s 20' .

For the L-PNP bi el ar I 840 he .preferred ion inplantations is

carried out us%lé&%ae #F%é?g&scpyﬁdéé??%aer tti%ﬁrelsﬁ% it aﬁ‘? ng%%qu(eé%g?’r] ), and
the emitter antheredskectns i-MMPaBipdBdAMRESESt HAnsel ected to achieve the
desired dopant concentration. Preferably the emtters and collectors are

heavi |y doped (P++) to a concentration of between about 5.0 E 19 and 1.0 E
20 atons/cnferr]. The ion_inplant energy is selected to provide an emtter

metal - lurgical junctiBeEHEPON RPEE9 Fifat 84 i B HiEREPRUOTRSISEI i ed

mask layer 19 is removed and the emitters and collectaors for
the L-PNP b;polars are implanted using a second photoresist
mask 24 as an implant blockout mask. The second photoresist
mask 24 and the patterned polysilicon layer 18 over the
intrinsic base areas B of the L-PNP bipolar transistors are
used as implant blockout masks to implant the emitters 20
and the collectors 20'. For the L-PNP bipolar transistor,
the preferred ion implantations is carried out using a first
conductive type dopant of boron (Bll), and the emitter and
collector implant parameters are selected to achieve the
desired dopant concentration. Preferably the emitters and
collectors are heavily doped (P**) to a concentration of
between about 5.0 E 19 and 1.0 E 20 atoms/cm3. The ion
implant energy is selected to provide an emitter metal-
lurgical junction depth x4 that lies within the N* buried
base region 14' after final processing. The emitter is
formed having a junction depth x5 that lies within the
buried base region 14' that has a phosphorus concentration

of between about 1.0 E 18 and 2.0 E 18 atoms/cm3. Typically



base region 14' after final processing. The emtter is formed having a
junction depth x[err] that lies within the buried base region 14' that has
a phosphorus concentration of between about 1.0 E 18 and 2.0 E 18
atonms/cnferr]. Typically -
18 - the emtter junction depth x[err] is between about 0.2 and 0.4 um
This results in an emtter-base junction with a higher doped buried base
14" for the vertical PNP bipolar portion of the L-PNP bipolar transistor,
while retaining the | ower dopant concentration (about 1.0 E 16 to 1.0 E 17
atons/cnferr]) of the NNwell region 14 i m ttAeintrinsic base regi ons B of

the L-PNP. Thig Qu&te@:bﬁ%% L84 &8 x.s" $JUCES delh® aNoiDF . 2DIaR@! @4 CUT T €Nt

gain and i ncreases the L-. 5 | polar cdrrent gain. The second photoresi st
| ayer 24 is tdwen rRO®VEshdlds CANGM adnd ttbe-bade janchbh biitol ar higkersi st or s.
The N+ buried base also does not intersect the NN well P- junction in the
substrate, artPRedeborbed hiseslhdtiordbheeventiqady ENScbPURT BPERKIDWN

voltage for t -PglP II_ec'or-ﬁgse Junctiaqn. s To better
appr oo ate LI HFCETTVRLIZRARE; e sian SURE SEEERMT ROEnEPERE (he
conpl et ed | at gyl + PG, cH3Qle3bnt { AN S0QH Bhpywd B .6IresSHr HRohs2as3) view in
Fig. 8 is again showmn in Fig. 9 with typical bipolar schematic synbols
for V-PNP anchf-tBEPNbweDl aregtivanss sirortheolttoirsicsbpse i rgpioad. BAsE depi ct ed
in Fig. 9, the V-PNP bipolar portion of the transistor consists of the
emitter 20, t¥e L-PNP. This buried base region 14' reduces the V-PNP

bipolar current gain and increases the L-PNP bipolar current

gain. The second photoresist layer 24 is then removed to

complete the lateral PNP bipolar transistors. The N* buried

base also does not intersect the N~ well P~ junction in the

substrate, and therefore does not reduce the reverse bias

breakdown voltage for the V-PNP collector-base junction.

To better appreciate the objectives and other
advantages of this invention, the completed lateral PNP
bipolar transistor shown in cross-sectional view in Fig. 8
is again shown in Fig. 9 with typical bipolar schematic
symbols for V-PNP and L-PNP bipolar transistor portions
superimposed. As depicted in Fig. 9, the V-PNP bipolar
portion of the transistor consists of the emitter 20, the
base area comprised of the N* buried base 14' and well area
14, and the collector area consisting of the P™ dopéd
substrate 10. The desired L-PNP bipolar with higher current
gain consists of the emitter 20, the intrinsic base region B

formed from the lower doped N-well area 14, and the



base area conprised of the N+ buried base 14' and well|l area 14, and the
col l ector area consisting of the P- doped substrate 10. The desired L-PNP
bi pol ar with higher current gain consists of the emtter 20, the intrinsic
base region B forned fromthe | ower doped N-well area 14, and the
- 19 - coll ector region 20'. Because the current gain for a bipolar is
proportional to the ratio of the total-emtter- to-the-total-base charge
(gain [err] Qerr]/err]), the increase in the buried base region
therefore reduces the V-PNP bipolar curreng gain, and increases the
current gain of the L-PNP bipolar having the | ower doped intrinsic base
14. Alter- natively, this decrease in current gain of the V-PNP can be
expressed as WPREeFERT FeGROPhE0 eni BREAVES- TR FUEERTAE 9 &F #(gain [err]
G\N[err]/ QN err, where th mel .nu r_r.eprese ot nber of
active i npur ibtl%l’é?’én’ss B °F ﬁﬁ%?ﬁ“; & §n§ r%%lsoe%r%eg%%n{sg%xlptregg?é%ﬁiun active
i mpurities pel,-¢HB- - har en Hagenef indHeasenyentiedn i s
that the inﬁoegggdt%%a&ar??sfeS/e? g{)éfq?ﬁe cl\‘]sa%jﬂ%e)g base region 14' under
the emtter ivurieasessd heghvhl théreforkeenedwtes/iihef $+PNR HuipRiat N+
em tter-base junction of the V-PNP bipolar portion relative tg t he P++/ N
eni tter - base qurseRtoFRist, BRE 1RCINISES HBEFUrIRHE @?éﬁp‘?g,thtehfﬁ ¥Wilt-in
vol tage, whicgh_ increases wth | gv | .he N neghpns because
of a shift i BIERESELIR He s,lg‘g%ﬁ%tr"é’s‘?gl Photihdigbpledits [l BEGLP

natively, this decrease in current gain of the V-PNP can be

expressed as the ratio of the emitter-to-base Gummel number
(gain e« GNg/ GNg), where the Gummel number represents the
total number of active impurity atoms in the emitter and

base regions expressed in active impurities per cm3.

A second advantage of this invention is that the
increased dopant level of the N* buried base region 14
under the emitter increases the built-in potential Vyj for
the P**/N* emitter-base junction of the V-PNP bipolar
portion relative to the P**/N~ emitter-base junction of the
L-PNP bipolar. For example, this built-in voltage, which
increases with dopant level in the P and N regions because
of a shift in the Fermi levels, can result in a Vp; with a
difference of as much as 250 millivolts between the V-PNP
and L-PNP bipolar portions. This increase in Vy; for the V-
PNP further reduces the injection current in the bése of the
V-PNP and can improve the L-PNP bipolar current gain by a
factor of 5 to 10 times, and can result in a gain greater

than 15, which is acceptable for L-PNP bipolar devices for



di fference of as nmuch as 250 mllivolts between the V-PNP and L-PNP

bi pol ar portions. This increase in Vbi for the V- PNP further reduces the
injection current in the base of the V-PNP and can inprove the L-PNP

bi pol ar current gain by a factor of 5 to 10 tines, and can result in a
gain greater than 15, which is acceptable for L-PNP bipol ar devices for

- 20 - analog and m xed-signal applications. Although the higher dopant
concentration can result in a reduced enmtter-base reverse bias breakdown
voltage, the emtter-base junctions are alWays used with forward bi asing
and the higher _concepntration, resulti in ared d breagkdoywn vqltage is
not an issue.@®a°9 and mixedrgtaHIy r‘?@p?gcﬁ’g‘?nsl‘o, x;gg%‘é%hn?ﬁg %)%Itlx%ent is
descri bed fOradginthgind&iaicon (i GUELERTi 0 Re@lictdCendttePMbasd her eby
further increasing the current gain of the L- PNP bipolar transistor. The
second enbodireirsiesbiake tirieatiowr ordltagé| r e eritcdenepaseejopptidny an
additional ion inplantation of a tetravalent inpurity. As depicted in Fig

10, a sel ectiake aA¥pEntusash whEh pieT@rfebiasing a8d 5BRIR¥XDSAl  phot oresi st
bl ockout mask_28 for_ jnplanting.a tetrav to ol 1Ly, ger mani um
(Ge), silicon P& {génarrﬁgﬁgg’(% pfef g‘!rhg‘%ﬁ/ btr%gu%‘%\!yivr?%:égﬁ? ose is

bet ween aboutpdle QnEisdgeand 1.0 E 14 atoms/cnR, and the inplant energy is

selected so that the ions 26 are inplanted in the buried

Referring to Fig. 10, & second embodiment is
described for further reducing the current gain of the V-
PNP, thereby further increasing the current gain of the L-
PNP bipolar transistor. The second embodiment is identical
to the first embodiment except for an additiocnal ion
implantation of a tetravalent impurity. As depicted in Fig
10, a selective implant can be performed using an additional
photoresist blockout mask 28 for implanting a tetravalent
impurity, such as germanium (Ge), silicon (Si), or carbon
(C). Preferably the ion implant dose is between about 1.0 E
13 and 1.0 E 14 atoms/cmz, and the implant energy is
selected so that the ions 26 are implanted in the buried
base region 14' of the N~well 14, as depicted by the
vertical arrows 9. Alternatively, the Ge, Si, or C can be
implanted using the first photoresist block-out mask 1% and
implanted after the N* buried base 14 is implanted. This
ion implantation using tetravalent impurities further
reduces the minority carrier lifetime in the buried base

region 14. This implant 9 further reduces the current'gain



base region 14' of the Nwell 14, as depicted by the wvertical arrows 9.
Alternatively, the Ge, Si, or Ccan be inplanted using the first
phot or esi st bl ock-out nmask 19 and inplanted after the N+ buried base 14 is
inplanted. This ion inplantation using tetravalent inpurities further
reduces the mnority carrier lifetime in the buried base region 14. This
inplant 9 further reduces the current gain

- 21 - (vertical current conponent) of the V-PNP bipolar and inproves
the current gain of the L-PNP bipolar transi&tor. VWil e the

i nvention has been particularly shomn and described with reference to the

preferred enb t thereof, it be understood by those skilled in
the art that ?‘S%{r?o%&z Ehahges °i°ﬂ‘pf’ﬁ?ﬁbrﬂj" &EPaYT%N Fr@PRE2Re®R wi t hout

departing fropmsiesPichit @ eniCoREn s t 2 'L“i!ﬁﬁ 1abkl £r é:@il&n% cal so be
e (0]

understood by those skilled in the art t r|ty e dopants
can be reversed to formlateral NPN blpolar tranS|stors with inproved
current gain and, by including additional processing steps, that both
L-PNP and L- NPN bi pol ¥pilg dihe dpBpatiom hae PeemmRRtdFEUAFENtSHEWBN t he

same substral gng |dsQdhLd A +eBEPARLe AU Mo AN HELRnodiiiiaRg | NC! uded

thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without
departing from the spirit and scope of the invention. It
should also be understood by those skilled in the art that
the polarity of the dopants can be reversed to form lateral
NPN bipolar transistors with improved current gain and, by
including additional processing steps, that both L-PNP and
L-NPN bipolar transistors can be formed concurrently on the
same substrate. In addition, P-channel and N-channel FETs

can be included to form BiCMOS circuits.



- 22 - CLAIMS 1. A nmethod for meking lateral bipolar transistors wth
i nproved current gain on a sem conductor substrate conprising the steps
of : providing a silicon substrate having a first conductive type

dopant ; f ' wel I s having a second conductive type dopant;
form ng Imullﬂmg]ﬂgll Hm I d substrate; depositing a silicon nitride
| ayer on saicd padeoxs des | ayer thereby providing an oxidation barrier

| ayer; patterning said silicon nitride f4ayer and | eaving portions over
device areas while renmoving said silicon nitride |ayer over field oxide
regi ons; forgpiagsa field oxide isolation in said field oxide regions;
renmoving said silicon nitride |ayer and said pad oxide |ayer; gr ow ng
a gate oxide |ayler andetiepb<ioki ngking Q@k¥sal i ®Hblady@Fansistdp@tterning said
polysilicon | ayer |eaving portions over base areas in said device areas
whil e renovi ng "“déht PBPEOYHC SHFEedo|gasn Pood $emisonduetorriubssratad

col l ector areas Joorrsgirg It%teersgl bi°2€'| ar transistors, and concurrently
form ng gate el ectrodes ¥ or of refg® fect transistors (FETs);

providing a silicon substrate having a first
conductive type dopant;

forming doped wells having a second conductive type
dopant;

forming a pad oxide on said substrate;

depositing a silicon nitride layer on said pad oxide
layer thereby providing an oxidation barrier layer;

patterning said silicon nitride layer and leaving
portions over device areas while removing said silicon
nitride layer over field oxide regions;

forming a field oxide isolation in said field oxide
regions;

removing said silicon nitride layer and said pad
oxide layer;

growing a gate oxide layer and depositing a
polysilicon layer;

patterning said polysilicon layer leaving portions
over base areas in said device areas while removing
portions of said polysilicon layer over emitter and
collector areas for said lateral bipolar transistors,
and concurrently forming gate electrodes for field

effect transistors (FETs);



- 23 - lon inplanting selectively said second conductive type dopant
In said device areas to forma base contact for said |ateral bipolar

transi st first photoresist mask and sel ectively |nplant|ng
bur| ed bgmz"HHH“!nF"mHmsal d second conductive type dopant in said

tter areas ysng* within said wells to inprove said current galn of
sald | at eral bipolar transistors; using a second phot oresi st mask and
said patterned polysilicon Iayer as an inplant nmask and selectively ion

i nplanting said first conductive type dopant in said emitter and collector
areas to formemtters and collectors, respectively, wherein said emtters

form junctions mAggnsgﬁﬁ&gﬁgﬂdadsggégifgga 0B51 g AUl dnRCEERYu P! eting said

| ateral bipolar transistors wth sa roved current galn. 2. The

met hod of cl ai mtlypewhep&ht isnisdifi ushcezaadugttdefdzypa Hapandontacd P type
dopant, and said second conductive type dopant is an N type dopant, and
form PNP | at er alfds pekdrlatensdi dipebar tragsistersinethod of claim 1, wherein

said first conductive typ ,d%fa t is an Nt ge dopant, and said second
conductive type doP&iPdi FS@ LT 14 S3RIRBREYS %r al bi pol ar

transistors. implanting buried base regions with said. second

conductive type dopant in said emitter areas and lying
within said wells to improve said current gain of
said lateral bipolar transistors;

using a second photoresist mask and said patterned
polysilicon layer as an implant mask and selectively
ion implanting said first conductive type dopant in
said emitter and collector areas to form emitters and
collectors, respectively, wherein said emitters form
junctions with said buried base regions, and thereby
completing said lateral bipolar transistors with said

improved current gain.

2. The method of claim 1, wherein said first
conductive type dopant is a P type dopant, and said
second conductive type dopant is an N type dopant, and

form PNP lateral bipolar transistors.

3. The method of claim 1, wherein said first =
conductive type dopant is an N type dopant, and said
second conductive type dopant is a P type dopant, and

form NPN lateral bipolar transistors.



- 24 - 4. The nmethod of claim1l, wherein said gate oxide is silicon
oxi de having a thickness of between about 100 and 200 Angstrons. 5. The

met hod ' wherein said polysilicon |ayer is deposited by chem cal
vapor bﬂnmu@ﬁ’f[&wﬁ t hi ckness of between about 2000 and 3500 Angstrons.
6. The wre w cigal 'l wherein said wells are doped to a concentration
of between about 1.0 E 16 and 1.0 E 17 atons/cnferr]. 7. The nethod of
claim1l1, wherein said buried base regions are doped to a concentration of
bet ween about 5.0 E 17 and 2.0 E 18 at ons/cnB. 8. The method of claim
1, wherein said emtters and said collect®4s-are doped to a concentration
of between about 5.0 E 19 and 1.0 E 20 atons/cnferr]. 9. The net hod of
claim1l1, wherein the junction depths of said wells in said substrate are

bet ween about }'.0 Thaengne%hgdrg rcqg?.;[ne{,s vghuerpe'in said gate oxide is

silicon oxide having a thickness of between about

100 and 200 Angstroms.

5. The method of claim 1, wherein said polysilicon
- layer is deposited by chemical vapor deposition to a

thickness of between about 2000 and 3500 Angstroms.

6. The method of claim 1, wherein said wells are doped
to a concentration of between about 1.0 E 16 and 1.0 E

17 atoms/cm3.

7. The metho? of claim 1, wherein said buried base
regions are doped to a concentration of between about

5.0 E 17 and 2.0 E 18 atoms/cm°.

8. The method of claim 1, wherein said emitters and
said collectors are doped to a concentration of between

about 5.0 E 19 and 1.0 E 20 atoms/cm3.

9. The method of claim 1, wherein the junction depths
of said wells in said substrate are between about 1.0

and 3.0 micrometers (um).



- 25 - 10. The met hod of claim 1, wherein the junction depths of said
emtters out 0.2 and 0.4 mcroneters. 11. The met hod of
claim1l, g@i&gWent gain of said lateral bipolar transistors is
at | east greaferL 12. The method of claim1l, wherein said base
regions are further nodi i ed by including a high-energy tetravalent
impurity inplant to reduce the mnority carrier lifetime to further

i nprove the current gain of said lateral bipolar transistors. 13. The
met hod of claim 12, wherein said tetravale ﬁ?"inpurity i nplant is sel ected
fromthe group that I ncl udes germanium silicon, and carbon. 14. A

met hod for meki ndOBi %@ﬁh@él o€ ¢kadmg | wherain thiepdraetigmmelePshsrs with

i nproved current qgain sem conduct or supstrat ing the steps
opp provi di ng‘% §H? %t?ﬁﬁs??%t W&\?Pnﬁb%“?lorg gpéd‘gct igve type P

dopant ; f or Mg dapegd- el I s having a second conductive type dopant;
formng a pad oxide on said substrate;

11. The method of claim 1, wherein said current gain
of said lateral bipolar transistors is at least greater

than 15.

12. The method of claim 1, wherein said base regions
are further modified by including a high-energy
tetravalent impurity implant to reduce the minority
carrier lifetime to further improve the current gain of

said lateral bipolar transistors.

13. The method of claim 12, wherein said tetravalent
‘impurity implant is selected from the group that

includes germanjum, silicon, and carbon.

14. A method for making BiCMOS circuits having lateral
bipolar transistors with improved current gain on a
semiconductor substrate comprising the steps of:
providing a silicon substrate having a first
conductive type dopant; .
forming doped wells having a second conductive type
dopant;

forming a pad oxide on said substrate;



- 26 - depositing a silicon nitride |ayer on said pad oxide |ayer
t hereby providing an oxidation barrier |ayer; patterning said silicon
‘nitride layer and | eaving portions over device areas while renoving said .

oot att on” | MMM IIEMEUN ' <7 Sosnes "o Pamouing £ar 1 o9t fcbn'ni e

| ayer and sdi d‘pad *oxi*de | ayer; growi ng a gate oxide |layer and
depositing a polysilicon |ayer; patte&ging said polysilicon |ayer
| eavi ng portions over base areas in said d€vice areas while renoving

portions of said polysilicon layer over emtter and collector areas for
said lateral bipol @epbs@Psdelalsd1icathiGRRaH! L& Yonl BRTE WhdAx@del ectrodes

for field effect transistors (FETSs); ion inplanting selectively said
second conduct i Viayexy pbedeparroviding dardexiidet e amrirdef okawexr ;base cont act
for said lateral bipolar transistors; using a first pfotqresist mask

and sel ectively | MACAREFHY iFiced  bicr pdfride 1a¥eT 28f ¢ SRP6Yd
conductive type 9&%@%? Bv SR dbvaLe! Sféﬁérw%ﬁfaa'ggn&ﬁn Osa¥l tdi1 3@l d well's

to inprove said curre gain of sald latera I pol ar transistor;

nitride layer over field oxide regions;

forming a field oxide isolation in said field oxide
regions;

removing said silicon nitride layer and said pad
oxide layer;

growing a gate ozxide layer and. depositing a
polysilicon layer;

patterning said polysilicon layer leaving portions
over base areas in said device areas while removing
portions of said polysilicon layer over emitter and
collector areas for said lateral bipolar transistors,
and concurrently forming gate electrodes for field
effect transistors (FETs);

ion implanting selectively said second conductive
type dopant in said device areas to form a base contact
for said lateral bipolar transistors;

using a first photoresist mask and selectively
implanting buried base regions with said second
conductive type dopant in said emitter areas ahd lying
within said wells to improve said current gain of

said lateral bipolar transistor;



usi ng a second photoresi st mask and said patterned polysilicon |ayer as an
I npl ant mask and selectively ion inplanting said first conductive type

dopant i sald en1tter and collector areas to formemtters and
collect wherein said emtters form junctions with said
burled thereby formng said |lateral bipolar transistors
wth said |np ovéd tu nt gain; and concurrently form ng P- channel and
N-channel field effect transistors (FETs) on said substrate and form ng
CMOS devi ces; i nterconnecting sai d CMOS #kvi ces and said | ateral

bi pol ar transistors to formsaid BiCMOS circuits. 15. The net hod of

claim 14, wherein said first conductive type dopant is a P type dopant,
and said second cwsidhgcai secq?%@h@&paﬂslsts maskNang praifopanternftl form PNP
| at eral bi pol ar tranS| Stor The net hod é/\per ein said

first conducti®®Y¥ c&Bpiﬁ’feﬁ ?Saﬁnl\ll‘i‘%]p?é‘tdﬁ‘ﬁﬁ tanélrﬁfoﬁtav second
conducti ve type; %(; lah%:L Pdgﬂq)glggg%nd%%vef% I\&D ahatgral bi poI ar
. e nmethod o

transi stors. aim 14 ereln sail gate oxide is
silicon oxi de hayidgenfititercindsoldkechet wemsasakouford GonixterLO0thdAngst r ons.

collectors, respectively, wherein said emitters form

junctions with said buried base regions, and thereby

forming said lateral bipolar transistors with said

improved current gain; and concurrently forming P-

channel and N-channel field effect transistors (FETs)

on said substrate and forming CMOS devices;

interconnecting said CMOS devices and said lateral

bipolar transistors to form said BiCMOS circuits.

15. The method of clzim 14, wherein said first
conductive type dopant is a P type dopant, and said
second conductive type dopant is an N type dopant, and

form PNP lateral bipolar transistors.

16. The method of claim 14, wherein said first
conductive type dopant is an N type dopant, and said
second conductive type dopant is a P type dopant, and

form NPN lateral bipolar transistors.

17. The method of claim 14, wherein said gate oxide is
silicon oxide having a thickness of between about

100 and 200 Angstroms.



- 28 - 18. The nethod of claim 14, wherein said

polysilicon |layer is

deposited by chem cal vapor deposition to a thickness of between about

2000 and 35 19. The nethod of claim 14, wherein said wells
are doped " ﬂﬂmwumn of between about 1.0 E 16 and 1.0 E 17
* oL

- atons/ cnB.

of claim 14, wherein said buried base regions

are doped to a concentration of between about 5.0 E 17 and 2.0 E 18
atons/cnjerr]. 21. The nmethod of claim 14, wherein said emtters and
said collectors are doped to a concentrat[p?SOf bet ween about 5.0 E 19 and

1.0 E 20 atons/cnferr]. 22. The nethod o
depths of said wells in said substrate are between

clai m 14, wherein the junction

about 1.0 and 3.0

mcrometers (um. - 23. The nethod of claim 14, wherein the junction

depths of said emtters are between about 0.2 and 0.4 mcroneters.
18. The method of claim 14, wherein said polysilicon

layer is deposited by chemical wvapor deposition to a

thickness of between about 2000 and 3500 Angstroms.

19. The method of claim 14, wherein said wells are

doped to a concentration of between about 1.0 E 16 and

1.0 E 17 atoms/cm3.

20. The method of claim 14, wherein said buried base

regions are doped to a concentration of between about

5.0 E 17 and 2.0 E 18 atoms/cmS3.

21. The method of claim 14, wherein said emitters and

said collectors are doped to a concentration of between

about 5.0 E 19 and 1.0 E 20 atoms/cm3.

22. The method of claim 14, wherein the junction

depths of said wells in said substrate are between

about 1.0 and 3.0 micrometers (um).

23. The method of claim 14, wherein the junction

depths of said emitters are between about 0.2 and

0.4 micrometers.



- 29 - 24. The nethod of claim 14, wherein said current gain of said
| ateral bipolar transistors is at |east greater than 15. 25. Lateral

bi pol ar a‘ nproved current gain on a sem conduct or

substr at mm}umnm”mum’ a silicon substrate having a first conductive
type dopantt t tloped=wells having a second conductive type dopant;

field oxide isolation surrounding device areas on said substrate; a
patterned polysilicon |ayer over a gate oxide |ayer on portions of said
device areas over base areas in said wells.,or said |ateral bipolar
transistors and further said wells having & base contact doped with a
second conductive type dopant; doped buried base regions of said second
conductive type dopant under emtter areas and lying within said wells

for inproving said current gain of said |ateral bipolar transistors;
doped enitters of%sailhef PRk °%c9fd&&?%‘9e1‘¥y|@@eaéban¥alq‘ SUFEENB\ER NS4 d

buri ed base reglgp %ﬁ ng@ELQ §§¥'*¥5Héi §°#un§% Congﬁggh%;g%élrburled

base regi ons tors rom sail I'rs ucti ype
than 15.

25. Lateral bipolar transistors with improved current
gain on a semiconductor substrate comprised of:

a silicon substrate having a first conductive type
dopant;

doped wells having a second conductive type
dopant;

field oxide isolation surrounding device areas on
said substrate;

a patterned polysilicon layer over a gate oxide
layer on portions of said device areas over base areas
in said wells for said lateral bipolar transistors and
further said wells having a base contact doped with a
second conductive type dopant;

doped buried base regions of said second conductive
type dopant under emitter areas and lying within said
wells for improving said current gain of said lateral
bipolar transistors; )

doped emitters of said first conductive type dopant
formed over said buried base regions and making
metallurgical junctions with said buried base regiohs

and collectors formed from said first conductive type



- 30 - dopant to conplete said |lateral bipolar transistors wth said
| nproved current gain. 26. The structure of claim25, wherein said first
conductive type dopant is a P type dopant, and said second conductive type

dopant is an d formPNP |lateral bipolar transistors.

27. The strucrtl‘lﬂmlwn“ﬂmmlmr wherein said first conductive type dopant
is an N type dopdnt - ahd %ai'd second conductive type dopant iS a P type
dopant, and form NPN | ateral bipolar transistors. 28. The structure of
claim 25, wherein said emtters are doped with boron to a concentration of

between about 5.0 E 19 and 1.0 E 20 atoms4gnierr] said buried base
regi ons are doped with phosphorus to a concentration of 5.0 E 17 and 2.0 E

18 atoms/cnierr] alagFaggl‘ga %k‘%’iié% ig%gei g@%ﬁoﬁ%%%gﬁlogyén QLtBdrs

concentration of between abo atons/cnjerr]. 29.
The structure of claktm 24id whereed sAuftdntr y&dn. base regions are nodified
to reduce mnority carrier lifetimes by inplanting a tetravalent inpurity
fromthe group that includes germanium silicon, and carbon.

26. The structure of claim 25, wherein said first
conductive type dopant is a P type dopant, and said
second conductive type dopant is an N type dopant, and

form PNP lateral bipolar transistors.

27. The structure of claim 25, wherein said first
conductive type dopant is an N type dopant, and said
second conductive type dopant is a P type dopant, and

form NPN lateral bipolar transistors.

28. The structure of claim 25, wherein said emitters
are doped with boron to a concentration of between
about 5.0 E 19 and 1.0 E 20 atoms/cm3, said buried

base regions are doped with phosphorus to a
concentration of 5.0 E 17 and 2.0 E 18 atcms/cm3, and
said wells are doped with phosphorus to a concentration

of between about 1.0 E 16 and 1.0 E 17 atoms/cm3.

29. The structure of claim 25, wherein said buried
base regions are modified to reduce minority carrier
lifetimes by implanting a tetravalent impurity from the

group that includes germanium, silicon, and carbon.



