Self-Aligned Vertical PNP Transistor for High
Performance Si Ge CBi CMOS Process Background of
Invention 1) Field of the Invention This invention
rel ates generally to devices and the fabrication of
sem conduct or devices and nore particularly to the
fabrication of a vertical PNP transistors and net hods
for making sane in Bi CMOS processes. 2) Description of
the Prior Art Hi gh speed and | ow power LSIs, which
operate in the GHz band, has been required for many
applications such as the nobile tel ecommunication and
wireless LNAs. The SiGe Bi CMOS LSIs have been w dely
studi ed as potential candidate. However, the
performance of conventional Bi CMOS gate circuit, which
is conposite by CMOS buffer and NPN out put driver is

poor when the power supply is |ower. This degradation
aﬁelf -Aligpeddfertical P NP TganaistoofardighiRerfoinmanee Si3e CRIGMOS
§H9 Aate bi as effect of the CMOSFET (Fig.15A). To
ove cone this problem several Bi CMOS circuits have
been proposed. Addi ng hi gh-speed PNP transistors into
the SiGe BiCMOS to form so-call ed conpl enentary Bi CMOS
(CBICMOS) can elimnate voltage |oss (See figure
15B). The CBi CMOS circuit nmakes Bi CMOS technol ogy
application in deep sub-mcron reginme. Figure 15A
shows a schemati c of Backgrewigpbtinientignt of Bi CMOS
%F%%ngg hQYh P | tage swing for a conventiona

ﬁ gure shows a schematic 1 of a.
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transistors and methods for making same in BiCMOS processes.
2) Description of the Prior Art

High speed and low-power LSls, which operate in the GHz band, has been
required for many applications such as the mobile telecommunication and wireless
LNAs. The SiGe BiCMOS LSIs have been widely studied as potential candidate.
However, the performance of conventional BICMOS gate circuit, which is
composite by CMOS buffer and NPN output driver is poor when the power supply
is lower. This degradation at low power supply is due to the Vbe voltage loss and
substrate bias effect of the CMOSFET (Fig.15A). To overcome this problem,
several BiCMQS circuits have been proposed. Adding high-speed PNP transistors
into the SiGe BICMOS to form so-called complementary BiCMOS (CBiCMOS) can
eliminate voltage loss (See figure 15B). The CBiCMOS circuit makes BiCMOS
technology application in deep sub-micron regime.

Figure 15A shows a schematic of a principle circuit of BICMOS gate and

output voltage swing for a conventional BICMOS. Figure 15B shows a schematic
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There is a need for an inproved structure and process
for a SiGe CBIiCMOS with high-performance Si Ge NPN
transi stors and PNP transistors. The inportance of
overcom ng the various deficiencies noted above is

evi denced by the extensive technol ogi cal devel opnent
directed to the subject, as docunented by the

rel evant patent and technical literature. The nore

rel evant technical devel opnents in the literature can
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CBICMO8The b@pUt VISt SHEfHNE Vicek 2U/BENES Abitask Bis8Bceur.
performance vertical NPN and PNP transistors Tor use

in Bi CMOS devices. The resulting vertical PNP
transistor includes an emtter region including
silicon and germanium and has its PNP emtter

shar i npeee isianpas foaparimpfoved steotiraiantd proeedd r a SiGe
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additions to the entire process flow US 6, : _
skidgared by ghe axteosiya tehmoligigahgryeapmegt dirgitpdtathe subject, as
' r [ LV, [ j [0 '
HoBARpa-aroy B DB R FLA SR B Tk e Tni, ipvant
techaicab decadopivetisrin shibBierattie, can hagleahay &y cveideying the
g coll ector region and bound by a field oxide
f‘o @é".“?g-a dielectric isolation |ayer overlying the base

| ayer USandoagugusobt AN -brayClhete BOV &t lay i-NEcilid€s a method and
di el ectric isaolation |ayer and contacting the base
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adds two additional masking steps to conventional fabrication processes for
CMOS and bipolar devices, thus representing minor additions to the entire process
flow.

US 6,699,765 - Shideler, et al.- Method of fabricating a bipolar transistor
using selective epitaxially grown SiGe base layer. A transistor includes a collector
region in a semiconductor substrate, a base layer overlying the collector region
and bound by a field oxide layer, a dielectric isolation layer overlying the base
layer, and an emitter structure overlying the dielectric isolation layer and

contacting the base layer through a central aperture in the dielectric layer.

US 5,930,635 - Bashir, et al. - Complementary Si/SiGe heterojunction
bipolar technology - The method results in the fabrication of vertical NPN and

PNP transistors which have an identical structure and mode of operation.



2 US 6,630,377 - Panday, et al.- Method for neking

hi gh-gain vertical bipolar junction transistor
structures conpatible with CMOS process. US 6, 359, 317

- Carroll, et al. - shows a Vertical PNP bipol ar
transistor and its nethod of fabrication. US
5,943,564 - Chen, et al. , Bi CMOS process for formng

doubl e-poly MOS and bi polar transistors with
substantially identical device architectures D. L.

Har a t - rent statu d future trends of

S Go B BRBORIZ R ATy S e GPGs B B g hERSain vertcal
Bilarganction trarfistor Stuctd®$ ZoddsibldNovh CRAOS prodess.

I\Iagaéﬁg, S. Shukuri, MHraki, M Mnam,k A I:)V\iélt anabl e

and T. Ni shida, "Wat Can Replace Bi CMOS at Low supply

Vol ta ' 7 . Tech._ Di : .
Chuang ol Sag et s 4 Borid P bdiar tansistor
ACH Gsupéthad ofdaiploatiemt ary Push-Pull ECL Circuit," | EEE

J. Solid-State Grcuit, Vol.27, No.4, p.660, 1992. T.

| keda, T. Nakashima, S. Kobo, H Jouba and M

Yanavelg 5,943,560h CHRer T ef amnesCORISIRSR a4k 4t DR¥RG double-poly
Sel f-Aligned Vertical PNP Transistor,” Proc. of 71994

B9 lerd/tmpatRogatsisters widh sulrdantialydgsnticebde viee arshitegiaires
1994. 3 Summary of the Invention The exanple

enbodi ments of the present invention provide

st r ucbuteSlaearde efelt htCgreait statnsbad fuurageads of SiGe BiCMOS

If-AlLgnh tic PNP Transi st pr, for Hi
Perrifac B hinsaRianRn) shces Vhiten Ans 25752593, Nov. 2001,
char aTt Ragaee SSHUKuUoNSHirdemM! Mihahi, AJWtE8EME 2nd T. Nishida
simplified sunna%y in order to provide a basic
What Can Replace BiICMOS at Low supply Voltage Regime?", IEDM Tech. Dig.,
p.393, 1992

C. T. Chuang and D. D. Tang, "High-Speed Low Power AC-Coupled
Complementary Push-Pull ECL Circuit," IEEE J. Solid-State Circuit, Vol.27, No.4,
p.660, 1992,

T. Ikeda, T. Nakashima, S. Kobo, H. Jouba and M. Yamawaki, "A High
Performance CBICMOS with Novel Self-Aligned Vertical PNP Transistor," Proc. of

1994 Bipolar/BiCMOS Circuits & Technology Meeting, p. 238, 1994.
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An first example method embodiment for a method of forming a VPNP

transistor comprised of SiGe, the VPNP transistor is comprised of a VPNP

emitter, a VPNP base, a VPNP collector : the method comprising:

rate having a NVPN region and a NPN region; the

providing subst
VPN region

substrate having a VPNP buried N region around the N

and a NPN buried N region in the NPN region,

forming a buried N well in the VPNP region extending into the VPNP buried

N region;

forming a buried P+ region adjacen
the substrate and the buried N well and the

t to and above the buried N well region,

forming an epi layer over
VPNP buried N region; the epi layer has a n- doping;

forming a isolation region in the substrate at least between the NVPN

region and a NPN region;

forming N wells in the epi layer and substrate:; the N wells contact the

buried N well;



the P well is adjacent to the N Well; portions of the
P well are under the isolation region; formng a VPNP
(P) collector region in the epi |ayer over the VPNP
buried P region in the VPNP region; formng a VPNP
(N) base region in the VPNP collector region in the
epi layer; formng a VPNP emtter in the VPNP region
formng N+ SID regions in the VPNP regi on adjacent the
VPNP emtter; formng a VPVP P+ region in the P well
region; formng a VPNP P+ emitter region in the VPNP
base. Another aspect of the exanpl e enbodi nent
further conprises: the substrate having a NPN buried N

r egi oHOIMAINGIRP sl redigindR the WPAPhepgions ith Brwelldigbion pentacting
the NPN re i t R

buried N r%?%%éa If’h]é‘ge&p tpg%\?\fegv@?h? @pfé?ﬁfp%‘%ﬁﬁﬁgé NRIstrate,
region in thes” NeN is egjaoantctortbe NsW&ella pirticcs| df dlod Brwell are under
regi on for a NPN deV| ce; formng a NPN emtter over a

NPN Si Ge b 93? {§RO IN—collector region in the NPN

regi ofbrniirﬁg?aWNP (B) eoli¥eidr Fegien aske kpi lbher d\!%NtH@UPN‘P buried
over the e%ﬁgla yer; faormng a NPN N+ emtter in

NPN base; gigByn the ¥ENF fegipnaPN transistor be
5D S NSRS e B PRI R s
layer;
forming a VPNP emitter in the VPNP region;
forming N+ S/D regions in the VPNP region adjacent the
VPNP emitter;
forming a VPVP P+ region in the P well region;

forming a VPNP P+ emitter region in the VPNP base.

Another aspect of the example embodiment further comprises:

the substrate having a NPN buried N region in the NPN region;

forming a sinker region in the NPN region in the epi layer that contacts the NPN

buried N region;

the epi layer over the a NPN buried N region in the NPN region comprises a N-
collector region for a NPN device;

forming a NPN emitter over a NPN SiGe base over the N-collector region in the
NPN region; the

forming a NPN SiGe base in the NPN region over the epi layer;

forming a NPN N+ emitter in the NPN base:

whereby a resulting NPN transistor be comprised of: NPN emitter; the N+ emitter

region, NPN SiGe base region, N- Collector, the BN+ region.



An exanpl e enbodi nent for a device conprised of VPNP

transistor conprised of SiGe and a NPN transistor,
the VPNP transistor is conprised of a VPNP emtter, a
VPNP base, a VPNP collector, the device conprises: a
substrate having a VPNP region and a NPN region; the
substrate having a VPNP buried N regi on around the
NVPN region and a NPN buried N region in the NPN
region; a buried N well in the VPNP region extending
into the VPNP buried N region; a buried P+ region

adj acent to and above the buried N well region; an epi
| ayer over the substrate and the buried N well and the
VPNP buried N region an isolation region in the
substrate at | east between the NVPN regi on and a NPN
region; Nwells in the epi layer and substrate; the N
vel | sApoeiasaple eebasiimeatfoN adévice camprised bf r‘é@NBrtranslstor

ct
%&%P}{g&!@of $!g:lelogﬂd a[hﬁPﬁF;V\%\E srt(r)re gthgr{/éshi%ﬁr%pgi§&9‘ i%ﬁcampﬁsed of a
VPR ainittar a4 G’PNFhBaﬁ \m‘VPNPSco[Iadﬂo&QBétdet/Qetd@mst\é‘é4 I
portions of the P vve{/F s under %sol ation region;

a VPNPSURSIrat® ey | 5919 anha NN regipsi over the
VRNBuBstFdte haling @OVPNP tBhrFéExeN r %3 B’ﬁ’ ) I‘leﬁ I}‘E%&N)and a NPN

base regl on in"the VPNP col region in
| ayer burieg Npegioain theeiNPh ﬂeB@nVPNP regi on; N+ S/ D

§ECBEIAL ) g PO A S ARl RSP BB i

amutied P+ egiconadjacdritéo S¥RMNBbbas the buried N well region;
an epi layer over the substrate and the buried N well and the VPNP buried N
region ;
an isolation region in the substrate at least between the NVPN region and a NPN
region;
N wells in the epi layer and substrate; the N wells contact the buried N well:
a P well region in the VPNP region; the P well region contacting the buried P
region; the P Well in the epi layer and in the substrate; the P well is
adjacent to the N Well; portions of the P well is under the isolation region;
a VPNP (P) collector region in the epi layer over the VPNP buried P region in the
VPNP region;
a YPNP (N) base region in the VPNP collector region in the epi layer;
a VPNP emitterin the VPNP region;
N+ S/D regions in the VPNP region adjacent the
VPNP emitter;

a VPVP P+ region in the P well region;
a VPNP P+ emitter region in the VPNP base.



6 Anot her aspect of the exanple enbodi nent further
conprises: the substrate having a NPN buried N region
in the NPN region; a sinker region in the NPN region
in the epi layer that contacts the NPN buried N
region; a N-collector region in the epi |ayer over the
a NPN buried Nregion in the NPN region; the ep
| ayer is doped n-type; a NPN emtter over a NPN Si Ge
base over the N-collector region in the NPN region;
the a NPN Si Ge base in the NPN regi on over the epi
layer; NPN N+ emtter in the NPN base. whereby a

resul ting NPN transistor is conprised of: NPN emtter,;
the. NANBHe PapCCR IS hampR SRERAECL ity Gamprpes:
Col | ector, and the BN+ regi on. The above advant ages
and features are of representative enbodi ments only,

&l spatrafgthayingea SIPN butetiNgegierdndise MEN g ar e
o SB S A r u  ER  p oron

repressgitrati ve of all the inventions defined by the

cl ai to be considered limtati n_the invention

22 Rereerlorion fote o Faver gven i a i g region in'the NPN
equi vadgidt; Sthet épi 1dy@r & @Rt n-ﬁ@je;i nst ance, sone of

t hese advant ages rmKl be mutually contradictory, in

thBIPN eraifter avpo @ WRNSTiteg hassayes e Precdleptor regien i thgINPN
enmbodj -.thgl M larly, some advantages are applicable

to one aspect of the invention, and inapplicable to
athIN SiIGEUashén ey MPNoegioai oveasipeepidapdr; t he cl ai ned

in%.!ﬁlrjki}' on.t ave nolg en di scussed herein. However, no
inf er ence” eﬁdﬁlﬂbe ENd35kn regardi ng those discussed
Releeity d flsaltingeNPR tidh@Rtornot cOinpfidss e NTa @hfitt@t B N+ emitter

t han
region, NPN SiGe base region, N- Collector, and the BN+ region.

The above advantages and features are of representative embodiments
only, and are not exhaustive and/or exclusive. They are presented only to assist in
understanding the invention. It should be understood that they are not
representative of all the inventions defined by the claims, to be considered
limitations on the invention as defined by the claims, or limitations on equivalents
to the claims. For instance, some of these advantages may be mutually
contradictory, in that they cannot be simultaneously present in a single
embodiment. Similarly, some advantages are applicable to one aspect of the
invention, and inapplicable to others. Furthermore, certain aspects of the claimed
invention have not been discussed herein. However, no inference should be drawn

regarding those discussed herein relative to those not discussed herein other than



7 for purposes of space and reducing repetition. Thus,
this summary of features and advantages shoul d not be
consi dered di spositive in determ ning equival ence.
Addi ti onal features and advantages of the invention
wi || beconme apparent in the follow ng description,
fromthe drawings, and fromthe clains. 8 Brief
Description of the Drawi ngs The features and
advant ages of a sem conductor device according to the
present invention and further details of a process of
fabricating such a sem conductor device in accordance

ith the present invention will. be re clearl
R repSeshOt Thaie ank! e Bl Rbetiiotc Tise T SCaKadyiaf features and
CRIVAHRGES SRowdiribt haeonBRIGASIDARY By IANdtB98ining sdivilience.
| i ke reference nuneral s designate simlar or

festyrgs @ndrasivestages gf Sisingartigrowil kesomeneppanent in the

I hna Fi S 1 Lonal views
oSl BLeliiBn. 1o B ¥adfof Y ORI e SEbND devi ce
according to enbodi nents of the present invention.
Fi gures 15A shows a schematic diagrams of a principle
circuit of Bi CMOS gate and output voltage swing for a
conventional Bi CMOS according to the prior art.
Fi gure 15B shows a schematic of a principle circuit of
Bi CMOS gate and output voltage swing for a
base-charge CBi CMOS according to the prior art. 9
Det ai | ed Description of the Preferred Enbodi nents
Exanpl e enbodi nents of the present invention will be
described in detail wth reference to the
acconmpanyi ng draw ngs. Exanpl e enbodi nents provide a



structure and a nmethod of formng a Self-Aligned
Vertical PNP Transistor for High Performance Si Ge

CBi CMOS Process. Figure 14 shows a cross sectiona
view of the transistor. In addition CMOS devi ces can
be sinmultaneously formed. Wth reference to the
acconpanying drawings, FIGS. 1 - 14 illustrate
fabrication process steps. Throughout the draw ngs, an
NPN region 12 in which a vertical NPN transistor wll
be created is shown on the right, and a VPNP region 14
in which a vertical PNP transistor will be created is
shown on the left. It should be recognized that sone
of the steps of fabrication according to conventiona

larity. An exampblhBnsarren e AawhEt: o2 “pre
Tr ansiThé deathings MdBdVERt4ddaDf Psamesada@sosdente hdcording to the
figures 1 to 14. Figure 15B shows a schenatlc of a

preseef prvention apg furiirer geeaiidef Garecest’ BbigRIngIch #ge
%léhﬂ%nﬁ%to? deoR8 1% B%&@a@e@m& B@seﬁﬂﬂv?ﬁ{ﬁﬁﬂ BESBE: clearly

he devices of the exa enbodi nents o
|undenstocx§i~frcqr@ubh ftal@vwmgadwpttqew&e@)m conpintliguwightde A

| o form BN r
afGTh Bt BifundS RN P drelhes b P kg Simitar or
YehBspegiirelbments, rifibng agd @artichsaird ia e devi ce
region (not shown). CMOS devices will be forned in
the CMOS device along with the steps to formthe VPNP
and NPN devices. 10 We form BN Mask (not shown) over
the substrate. The BN mask has BN openi ngs over a
port i biguegs 1 HeroNgN 14 sgiovrcregs aeliopabyiews ol aakudiira ard method

Ryl & BEARS AL 48iokdif ROEABORIMREN BEFDBsbR9h htion.

r egi on

Figures 15A shows a schematic diagrams of a principle circuit of BICMOS
gate and output voltage swing for a conventional BICMOS according to the prior
art.

Figure 15B shows a schematic of a principle circuit of BICMOS gate and
output voltage swing for a base-charge CBiCMOS according to the prior art.



W inmplant N-type dopant into the substrate to forma
BN+ (buried N+) region 20A in the NPN region 12 and
border BN+ regions 20B. B. perform oxidation and oxi de
etching, grow sacrificed oxide, do BP mask, BNwell
and BP inplant Next, we performan oxidation to form
an oxi de layer (not shown). Then we etch the oxide

| ayer. The oxide grows faster over the heavily doped
BN+ region than the lightly doped substrate. Since

t he oxi de consunes silicon, when this oxide is etched
away, 600A-800A steps exist at the edge of the BN+
region and becone alignnment marks that allow
subsequence mask level to be aligned with the BN+

|l ayer. C. fOetail&NDesickiptiénpsirthe Preférred Edabodihdsf or m

80 angstrons to 120 angstrons (target 100 A) of
sacrificed oxide (not shown). W forma BP/ BN mask 22
over the NPN region 12. The BP/ BN mask 22 has opening
over the VPNP region 14 where the BP region 26 and the
BN\wel [Exampleembogiengris wéthe wesemiriioentioa VBN beeldscribed in detail

o | ried & wel
B Sk [ RN BB MR Enl v
pmmf;mmmad Wn(dﬂmid etfoFningne)Sdlfmiigrrid Vatitarry@ TE%Slstor for High
(Fpu ed P- }/ X/l%l% | ayer 26 above the BN well 24
i WﬁNé C?%&Béﬁ Braqassclggur 14 shossmperogprectinnal view of
ahé/&abf3f§t@w Iﬁ@dbﬂ%ﬁ@mtﬁﬁaéﬁlé’&c@arpﬁé airsRtaPbolidl§ BHHB P
concentration BP | ayer .

With reference to the accompanylng drawings, FIGS. 1 - 14 illustrate
fabrication process steps. Throughout the drawings, an NPN region 12 in which a
vertical NPN transistor will be created is shown on the right, and a VPNP region 14
in which a vertical PNP transistor will be created is shown on the left. It should be
recognized that some of the steps of fabrication according to conventional SiGe
technology have been omitted for brevity and clarity.

An example method to form the vertical PNP Transistor for SiGe CBiCMOS
process as shown in figures 1 to 14.

Figure 15B shows a schematic of a principle circuit of BICMOS gate and
output voltage swing for a base-charge CBICMOS that can be made using the
devices of the example embodiments of the invention (such as the VPNP device)
110 figure 14.

A. form a BN Mask, do BN Implant to form BN region

As shown in figure 1, we provide a substrate having a VPNP region 14, a
NPN region 12 and a CMOS device region (not shown). CMOS devices will be

formed in the CMOS device along with the steps to form the VPNP and NPN
devices.

10



The buried P-type |layer 26 (BP layer) provides a | ow
resi stance path for PNP collector current flow The
BP mask 22 is renoved. E. grow Epi layer Referring to
figure 2, we then grow an epi |ayer 30 over the
substrate surface. The epi layer is preferably doped
wWth a n-type dopant. The epi layer is preferably
n-type doped with an concentrati on between 1 E16 and
2E16 atons/cc. As shown in figure 4, the n-doped ep

| ayer conprises the N-collector inteh NPN Tx. F
form STI trenches As shown in figure 2, we forma STI

i, 1G5 B e S e . T i s o
bBSHIAGS over #?bﬁi@n%f%ﬁ@l\ﬁm bég‘n’cﬁi maﬁd %U%P%Moﬁﬁgf s%strate

pr ocess. orma STl mask
stiaceplenithe bovere ot ine V%Ppaglooxhélomdzaj\l%mgmgwe g ,

nitri te 0 ST

33. Gﬂﬁ%ﬁcpjvé{@'hl Apeh A U Sudeete ,”“tahﬁh‘ TBGRETN)
regdn 204 |mmaiePNebgldmaﬂ<andimow¢m%ib@s poBm pl anar

STI We can grow a STl liner dielectric layer (not

shown) (e.g., oxide) on the STl trench sidewalls. 12
As shown in figure 3, next we format |east isolation

regi oBs petfdran loxXi@Mion and?oxife e¥fiAg] &R)MEH‘IFI@&H eRldb, do BP
and the NPN region 12. W can format | east isolation

regi ons 32mggkt BNwel apdBR jraptantwi th a

Next, we perform an oxidation to form an oxide layer (not shown). Then we
etch the oxide layer. The oxide grows faster over the heavily doped BN+ region
than the lightly doped substrate. Since the oxide consumes silicon, when this
oxide is etched away, 600A-800A steps exist at the edge of the BN+ region and
become alignment marks that allow subsequence mask level to be aligned with
the BN+ layer.

C. form BN well

We perform an oxidation to form 80 angstroms to 120 angstroms (target
100 A) of sacrificed oxide (not shown).

We form a BP/BN mask 22 over the NPN region 12. The BP/BN mask 22
has opening over the VPNP region 14 where the BP region 26 and the BNwell 24
will be formed.

We perform a BN well Implant to form a BN well (buried N-type well) 24 in
the VPNP region 14.

11



dielectric material, preferably a HDP oxide material.
Next we can planarize the STl region 32 preferably by
perform ng a oxide etchback and then a oxide

chem cal - nechani cal polish (CW) to forma STl region
32 with a planar top surface. H After sacrificial

oxi de grow h, do Sinker mask, Sinker Inplant and
driving, then NWmask and i nplant, PWnask and

i nplant. The sequentially steps process on CMOS
device region, including Vt adjustnent inplant, gate
oxi de grow, poly deposition and poly gate etching,
LDD i Iant F Ni tride space. Form Si nker 38

Ref er ﬁ@”? FH¥Gfe 4, in Step 4, we forma sacrificed

d nke
%;k?h‘e?@n AORER R osPHE 5 Mol R B TG oo
tayeirnkefer RBpibant tITehBNﬁuﬂkE# ll(ﬂ' &@g\gPNPhe%loﬁ NrieYs{m)seqléently

rit e, si nker i s, adj acen 0.an
YN PHER A Ve didow RN Gy Poresisance ECRFREPTERRGR Phe
@bﬁ&{&ﬁrdﬁgﬁkgp\{%é[—w preferably performa drive in
anneal Form N-Well 36 Then we forma N-well (NW

mask dvebuting Pefype dayer 264 BPAsy@re pfavidessa low wdistance path for

I1s 36. The n-wells 36 contact the
?@gﬁcgoﬁscu%gl% then renove the N-well (NW nask.

PW mask and inplant. 13
The BP mask 22 is removed.

E. grow Epi layer

Referring to figure 2, we then grow an epi layer 30 over the substrate
surface. The epi layer is preferably doped with a n-type dopant. The epi layer is
preferably n-type doped with an concentration between 1E16 and 2E16 atoms/cc.
As shown in figure 4, the n-doped epi layer comprises the N-collector in teh NPN
Tx.

F. form STI trenches

As shown in figure 2, we form a STl trenches 33. Preferably we form a pad
oxide 28 and masking (e.g., nitride) layer 29.

Next, we form STl regions 32 using preferably using a etching and oxide
process. We form a STi mask 31 (e.g., L10 mask) having ST| opening. We etch
the pad oxide 28, masking (e.g., nitride) layer 29 and substrate to form ST!
trenches 33.

G. grow STI liner oxide and fill HDP, then do L11 mask and oxide
etchback, do Oxide CMP to form planar STI

We can grow a ST/ liner dielectric layer (not shown) (e.g., oxide) on the

STl trench sidewalls.
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Next we forma P Well (PW 34 in the epi layer 30 and

in the substrate 10. The P well is adjacent to the N
Well 34. The p well is under the isolation regions
32. The P well A P-well mask is formed. W perforns a
P-well inmplant. W renove the p-well nmask.

N-col l ector region 52 As shown in figure 4, the

n- doped epi |ayer conprises the N-collector 52 in the
NPN Tx. The N collector region 52 preferably has a n
type inpurity concentration between 1E16 and 2E16
atons/ cn8. CMOS devi ce area steps The fol |l ow ng
sequentially steps process can be perforned on CMOS

devi c8s rS@@war\n flgweﬂ dierg We foff) aldeastisolatinn meaionsgd2 65Tt region

f e) and poly
ggk 23%&9% I ng, Y%gqur%ﬁ ta%?jttggflgpmm . regi ons)
and nWe calefasmaatdeadt fismlatinh megictelR gafiling itdetrahdtsyitaad

FET in th
%t?%m%ﬁ'a['lpregeéﬁ@&%)ig&/[ﬁx'gf’d?%t@f% | ayer, |30 tﬁe
seconpieRRvE®ak, plérﬂ#lﬂe fthe scm k&5i6RB2 @ﬂ&e&&@ﬁ? peBhARE a oxide

Referring to figure 5 we deposit a dielectric

pichbael apd thgnea oume(c@e@ﬂlcalomarm%p@hsrwcmag/tﬂﬁorraana STl region
e. The dielectric protector |ayer

%g%\ggwn@éﬁngg%lpséﬁja%% TECS oxi de and can have a

t hi ckness about of 200 angstrons +1-10% . The

dielectric protector layer 44 (e.g., CM3S protector

ot 1 of PG IREAAEI GBUE orol; 48 B Sk SBkel roplant and
the Si N i @riting) tisér AV niadinand implintaPUenrdikesrd Meblant. The

on silicon; crificial oxide_ faor 14
squent:aslﬁ/ steps process on CMOS device region, including Vt

adjustment implant, gate oxide grow, poly deposition and poly
gate etching, LDD implant and Nitride space.

Form Sinker 38

Referring to Figure 4, in Step 4, we form a sacrificed oxide layer on the epi
surface.

Next we form a Sinker mask{not shown).

For a sinker region 38 by performing a sinker Implant The sinker region
has a N type doping or impurity.

The sinker 38 is adjacent to and contacts the buried n+ region 20A.

We then remove the sinker mask.

We then preferably perform a drive in anneal.
Form N-Well 36

Then we form a N-well (NW) mask over the epi surface. We perform a N
Well implant to form N-wells 36. The n-wells 36 contact the BN+ regions 20B.

We then remove the N-well (NW) mask.
PW mask and implant.

13



the i npl ant; 3) the conp03|te dlelectrlc Iayer of VPNP
emtter window to separate Emtter Poly with Base
region. We then forma second BP nask 46 over the NPN
region 12. W performa P-collector Inplant to forma
P- collector (VPNP P collector region) 50 in the VPNP
region 14. W performa N-base Inplant to forma
N-base region 54 in the P collector 50 in the VPNP
region 14. The N-base region 54 can have a
concentration between 8E18/cnB and 2E19/cnB8 . The
N-base region 54 can extend to the top surface of

said epi layer. J. formNtride, do Pwin Mask (new)
and eMNextwe Toimaow Btati{PKY 34eftbe ephigyen3d rgdineths, sulstrate 10.

I
TRE P MBI aclCo I TL 5, T puch I unfhr S [oclaifBnggoions
RR. jhefRwnabl yA(FGpr nmﬁ ioformadt Wealperdarehspa ShweelabhplahiaVe

a thi Cﬁf essgﬂ en 180 and 220 A. (target - 200 A)

THBOS N9 R W‘:ii:an be used as etch stop layer to

MebllettorHegrsispce Pwin and Base Poly etching, it is
al so used as dielectric layer to forns VPNP emtter

wi ndow. W forma Pwin Mask 59 having a PNP Emtter

openi pg 399@}1 lr‘?\fﬁgr t‘?’ﬁhgﬁé&&%ﬁ e[ﬁ?érﬁg cﬁ)%nyper géﬁ’ Nd-ézglﬁégﬁ)r 52in

em tter “opening

theaNBBIt.c pr ot ector Iayer 44 to expose the n base

regi o iel ectr| er 58 and ,

t he dﬂé? é{:‘r“y\%& O;SF‘BQ‘BE grprﬁfgyg‘?'ybﬂsl?& et‘%@“%%ﬂ?ﬁ@%aﬂon
b8twaen AMEhed 2Ea8Katbmhsf@htn the PNP em tter openi ng

60. W renover the Pwin Mask 59. 15

CMOS device area steps

The following sequentially steps process can be performed on CMOS
device region, including Vt adjustment implant, gate oxide grow, poly deposition
(for CMOS gate) and poly gate etching, LDD impiant (to form CMQS LDD
regions) and nitride spacer (formed on CMOS gate sidewalls) and CMOS S/D /1.
The steps can form a CMOS FET in the CMOS region.

1. deposit CMOS Protector layer, do the second BP mask, then P-

collector and N-base Implant

Referring to figure 5, we deposit a dielectric protector layer 44 (e.g., CMOS
protector layer) on the substrate surface. The dielectric protector layer 44 can be
formed of TEOS oxide and can have a thickness about of 200 angstroms +/-10% .
The dielectric protector layer 44 (e.g., CMOS protector layer) can have muitiple
functions, 1) used as a buffer layer for subsequence SiN deposition, because the

SiN is high stress film and not able adhere well on silicon; 2) a sacrificial oxide for

14



K. deposit CMOS protector |ayer and al so used as PNP

Emtter Poly;, Do P Emtter poly Inplant; Referring to
Figure 7, we forma protector (e.g., polysilicon)

| ayer 64 over the N base region 54 and the dielectric
| ayer 58. The polysilicon layer 64 will be etched to
formthe PNP emtter poly. The polysilicon layer 64 is
used to as buffer silicon |layer for SiGe growth. The
SiGe film70 can not directly deposit on oxide or
nitride due to poor adherence. The protector (e.g.,
polysilicon) |ayer 64 preferably has a thickness in

t he, OEﬁnin% 60 between 540 and 660 A étgp 600 A). W

rigPiaNG I teecomppsitifivtactiin laver ofe/FINPemifier window to separate

POk IPoRPRith BYEE rS4ioh0 dope the polysilicon layer 64

and to subsequently ?orm a Pemtter 64A (See figure
8). The P emtter region 64A preferably has a p-type

dopant nceptration ween E20 .an 20/.c after

ot ondV IR e 6 SRk 48 Gl P NN feuGhea o

base "Waiperfohy aBPIcdistor angiat &oRd APdchRRbrdo/BNE P collector
SIC i g)l ant Referring to figure 8, we expose

mask and . .

trﬁg'oﬂgl\rroo'%ﬂe OYForedien the NPN region 12 by fornming a
BJT | L i C . etchi

=0T o S5t O, A5  BISf cotcr
dileindoe MPNR regiet f ér Thaldrasédegivh Fdocan 5@ aeskcatichtion

I, C & mol Xt an form a Sl C mask
O P PP 28 . g PO S Sbluthe top
Isirfakfé of saidgyi fagerm an optional SIC inplant to forma
SiCregion 71 in the Ncollector region 52 under the
subsequently formed P Si Ge base 70B. The SIC inpl ant
is an option step to get high Ft NPN device by tuning
col | ector

J. form Nitride, do Pwin Mask (new) and emitter window etching

Referring to figure 6, we form lower dielectric layer {(e.g., SIN) 58 over the
dielectric protector layer 44. The dielectric layer 58 is preferably comprised of
nitride and preferably has a thickness between 180 and 220 A. (target — 200 A)

The SiN layer 44 can be used as etch stop layer to control subsequence
Pwin and Base Poly etching, it is also used as dielectric layer to forms VPNP
emitter window.

We form a Pwin Mask 59 having a PNP Emitter opening {60) over the n
base region 54,

We form a PNP emitter opening 60 in the dielectric layer 58 and the
dielectric protector layer 44 to expose the n base region 54. We can etch the
dielectric layer 58 and the dielectric protector layer 44 using the Pwin mask 59 as
an etch mask to form the PNP emitter opening 60.

We remover the Pwin Mask 59,

15



dopant profile. 16 N. grow Si Ge Base | ayer 70, upper
dielectric layer 75 (e.g., TECS 74 and Nitride | ayers
76 ) Referring to figure 9, we grow a Si Ge Base | ayer
70. The SiCGe layer 70 can have a thickness between
850 and 950 angstronms and can be doped wth a p-type
dopant such as boron. The Si Ge base layer 70 is
conpri sed of Gernmani um nakes up no |less than 10% of
the silicon and germani um and wherein the germani um
makes up no nore than 30% of the silicon and
germani um Then we form an upper dielectric |ayer 75.
The upper dielectric |ayer 75 can  be conprised of an

oxi dei gpppsit LMAS rrateetor dayarayut afse. usast as RADHEMItterPoly;
can form pgg pgime},?}?ﬁ; ﬁﬁﬁla'h?‘at can be forned of TEGS
a

and that can have I‘ckness ’ between 180 and 220

angst rRefBrringéo Qe 0 W8 Rrilid plotetbded., fysiliddn 64
have a thi c\éﬁess bet ween 180 I!:':md 22 angsyroms.) .r over

thsr thisevesiorddiansh dhedielacliis layer 28mhhe palesilicoydayer 64 will be

' [ | 9; f.QF N. mas N
Blciop 16 T eI Repeh b6ty ThRob IRt e e TR b o buffer
ofieon reyer oA S@ergrotth. RN SiGgifiim 7I2can/Mottdientigtiopoditen oxide or
Igly%ra 7? 76 _exposed in the NNemtter mask opening to
POYHY QURFEHP YN CEPE S ng where the Neenitter will be
deposited. W then renove the NFNEWN mask (N emtter
wi ndow mask) 77, P. formEmtter layer Referring to
fi gur éha @rotaelor t-gn. RAlVEHiceR)e fayea 4 Pigleratiivdrasr thickness in the

bB¥Ghg®b between 540 and 660 A (tgt 600 A).

We perform a P Emitter poly Implant 66 into the polysilicon layer 64 to
dope the polysilicon layer 64 and to subsequently form a P emitter 64A (See
figure 8).

The P emitter region 64A preferably has a p-type dopant concentration
between 1E20 and 2E20/cm3 after extension base implant (refer figure 11).

L. open NPN base region by BJT mask and etching and then do SIC
mask and SIC implant

Referring to figure 8, we expose the NPN base region in the NPN region 12
by forming a BJT mask 65 with a NPN base opening 65A and etching the

polysilicon layer 64, dielectric layer 58 and a dielectric protector layer 44.

M. form SIC mask and perform a SIC implant

Next, we can form a SIC mask (not shown) that has an SiC opening in the
NPN region 12. We can perform an optional SIC implant to form a SiC region 71
in the N-collector region 52 under the subsequently formed P SiGe base 70B.
The SIC implant is an option step to get high Ft NPN device by tuning collector
dopant profite.
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can be conprised of two |layers, such as a first
emtter layer 78 and a second emtter |layer 80. 17
For exanple, we can forma first Emtter (Poly) |ayer
78. W then perform a N -type Emtter inplant to dope
the first emtter poly layer 78. W then grow (in-situ
As-doped) second Emtter Poly |layer 80 that can have
a thickness between 1800 and 2200 angstroms. The
second emtter |layer 80 can have a n-type dopant
concentration about 2E20/sg-cm +/- 10%. Q do Emtter
Poly mask and etching, The etching stop on Si Ge | ayer.

To ke resi do Extension Base |Inplant (p )
Ref o1 MO IaiRes ayerdo, upmraliclonirie tay opaiehe EOS 74

84 that cowghywiRlid. hﬁ%ﬁg NPN emitter region in the
NPN regi on 12. ’Usﬁ] #ﬁa}sak 84 as an etch mask, we

etch H&erﬁhg(ﬂ@f@@%@ wWehtgrda BiGE BB e 15 FE0. %J@l@f‘l@yer 70
emtter layer 81, to formthe NPN emtter 80 78 (81

TAB haver thg*a@%s BeiwspreBp@yand 960 aNesiromeiand cende doped with a

still in place, we performa
g@g%gﬁgﬁﬁﬂ%]ggga% ﬁant 88 (e.g., p_type) to dope the

Si Ge layer 70 and Iayer 64 with a p- type dopant. The

an_ha ant .concentration
bet nedhE SIRsd-RR MY D5 chaboab R ORI FaghoHP Gadess than
noed ef tklgticoasingd derinaRRING ARNIhERRCHBLJRnafim P{%k\é@%ﬁ no more
1 E20 and 2E20Q/cnB after extension base inplant. R

8 ees the sijeprpard IeENgNidEsk, this mask al so pattern
PNP Emtter. Then renove Si Ge/ Poly/Nitridel TECS
mul ti -1 ayers,
Then we form an upper dielectric layer 75. The upper dielectric layer 75 can

be comprised of an oxide layer 74 and a nitride layer 76. For example, we can
form an oxide layer 74 that can be formed of TEQS and that can have a thickness
between 180 and 220 angstroms.

We then form a nitride layer 76 that can have a thickness between 180 and

220 angstroms.

O. form N-EWIN mask and etching to remove the layers

Still referring to figure 9, we form a N-EWIN mask (N- emitter window
mask) 77 that has an N-emitter mask opening 77A over the NPN region 12.

We then etch the layers 74 76 exposed in the N-emitter mask opening to
form a N-emitter opening where the N-emitter will be deposited.

We then remove the N-EWIN mask (N- emitter window mask) 77 .

P. form Emitter layer

Referring to figure 10, we form an emitter layer 81. The emitter layer 81
can be comprised of two fayers, such as a first emitter layer 78 and a second

emitter layer 80.
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whi ch conposite as CMOS protector |ayer 18 Referring
to figure 12, we forman insulating | ayer (90A 90B)
(e.g., inplant block |ayer ). The inplant block |ayer
can be made by a TECS oxi de process and preferably
has a thickness between 380 and 420 Angstroms. The
(TEGS) insulating |layer (90A 90B) layer is to nmake
sure PNP Enitter does not accept subsequence N+
self-aligned inplant. The inplant block |ayer 90A 90B
to prevents the PNP Emtter do not get inplanted by

t he subsequence N+ self-aligned inplant.) W next form
a Base Poly and PNP emtter mask 94B 94A that covers
the NPN Base poly 70B and the PNP emtter 70A 64A.

(VPNP F@t annﬁ 97 cgﬁﬁ)rg{ é ﬁP B Qex\'AseF%"@( L r éAiNéﬁHeﬂwgperform

t he B as an and renbve
tah & tﬁoeeémtﬂrydnulam [{{)[:0]e =S 6.5 f‘rmil gmitieapelydayatii& h

Coanr aeindR aftr HosBuBnisis sefiid e rala RakiEher g0 Tat can

PRiE e thcRnds Ibepkaen 1800 hed DPOG SHESF&EE OMThe RiEnd Qernmter layer
PNP self al ;Ngn hi gh doped Base regi on. Referring

yRoHapant mn@mav@m@b@ubﬁgﬂ/@qu h‘s(vﬂ a‘@
opem ng vvhere the Nw S/D regions will be formed. W
performa N+ Inplant to form N+ S/ D regions 91 that
function as the PNP self-align high doped Base region
91. TK: do Egyitter Bglyomesk andatching: TheNetchingestoppom iSiGe layer.

Forms. Nvd (0 Y2 B3P0 FRHETEn e [lBlaBhle P8
NPN T eQi@ing %o figde 11, we form an Emitter Poly mask 84 that covers at
teast the NPN emitter region in the NPN region 12.

Using the mask 84 as an etch mask, we etch the oxide layer 74 and nitride
layer 74 76 and emitter layer 81, to form the NPN emitter 80 78 (81). The etch
stops on SiGe layer 70.

Next, with the Emitter Poly mask 84 still in place, we perform a Extension
Base Implant 88 (e.g., p_type) to dope the SiGe layer 70 and layer 64 with a p-
type dopant.

The SiGe layer 70 can have a p-dopant concentration between 1E20 and
2E20/cm®.

The P emitter region 64A preferably has a p-type dopant concentration
between 1E20 and 2E20/cm3 after extension base implant.

R. grow TEOS. - do Base Poly mask, this mask also pattern PNP
Emitter. Then remove SiGe/Poly/Nitride/TEQOS multi-layers,

which composite as CMOS protector layer
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T. Do P+ SID Mask and P+ inplant. The subsequence RTA
active SID dopant, neantine, the dopant in NPN and

PNP Emitter poly is also out-diffused into SiGe or

silicon to formshallow Emtter region Next, we form

a P+ S/D Mask (not shown) having openings were the

P+S/D region will be forned. We performa P+ inplant

to formVPVP P+ regions 95 in the PW34 in the VPNP
region 14. For VPNP and NPN parts, no other regions

are absorbed P+ inplant. Next, we performa RTAto

active the P and N type S/D dopants. During the

anneal , the dopant in NPN and PNP Emtters 78 64A (

poly) also out-diffuses into NPN Si Ge base 70B or the

PNP NRediereing égifigure2®2, (vee gornr]] slnlmsm)ait)ngt fay&ro9oA %Bﬁ(la@w implant
PNP mtter re shal low NPN emtter re

BBk Ve e ey g KIgSrecan B8 o1RCrdbs SR pBe process and
Nréferdify has hahiekhEN bavdeRNBosRRCAd Rn@éﬂ?ﬂnﬁ’sf Entid efEOS)

and Base short during salicide process. Referring to
finsgtlatingllayen{@0ASIOR) \iver dp i eake 5002 BNE B/RIIRr slpas epbaccept

g?é%ﬁ@gygﬁ@?gﬁgah%ié&g fo] Qntan exanpl e process we grow

and a Nitride |ayer (900
angst Toesnplané bfockmammm AR Ho mpgestents temPNPNEatiterRishot get

S revent Em tter and Base short during
'ggﬁﬂgeé%’é&\e 55???%'"@8?@ |§‘?|Ei@“9pﬂeg $he i nsul ati ng

| a er QA& I r

G110 HORRLIER ot RSP, 0 B cover

Kithbo8a pohy 108 dad Q)Bklp(gnggerm&y@pq (WBNPoS KSR thesn10A)
(PENPSPOMPE AR, SR et ching to renpve SAB TEGS

Using the mask 94A 94B as an etch mask, we etch and remove the
SiGe/Poly/Nitride/TEOS multi-layers, which composite as a CMOS protector layer.
The etch forms insulating layer 90A 90B.

S. form N+ S/D Mask and perform a N+ Implant to form N+S/D regions
and form PNP self-align high doped Base region.

Referring to figure 13, we form a N+ S/D Mask (not shown) having epening
where the N+ S/D regions wiil be formed.

We perform a N+ Implant to form N+ S/D regions 91 that function as the
PNP self-align high doped Base region 91. The N_ S/D regions 91 can have a N-
type impurity concentration of about 2E20/cm?®. The implant also forms N+S/D
region 91 in the Sinker regions in the NPN region 12.
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20 layer in all CMOS and BJT device region. Next, we
formsilicide region 106 on the exposed silicon
surfaces. This forns the PNP device 110 and the NPN
device 112. V. Alternate enbodi nents - nodifications
The CMOS process steps not shown may include gate

oxi de grow h, FET polysilicon deposition and etch,
spacer growths and/ or depositions and etches,
extensi on and hal o masks and i nplants, source/drain
masks and inplants, etc. W Overview of exanple
process steps An exanple overview is a nethod of

formng a VPNP transistor conErlsed of SiGe while
f or mi hg Do BoDd¥ask and iy dnplapts Thesubseqrenes R§Aactive S/D

| east thre [ Ay [

steps uti I(lgzp%ﬁ?m%m]rtﬁnﬁ%g%ﬁ%b%}'mk‘gﬁrﬁ%\ﬁ?@%@r‘no’y s
t he VPNP talsodtdiffuseddotp8iGedr silicontBNBriarnsHdliew Eaitter
VPNP base, a. VPNP collector and the NPN transistor is
conpri sed 'IYTNPN emitter, a NPN base and a NPN
collector, the nethod conprises the follow ng steps:
figure 1 - provide a substrate 10 having a VPNP buri ed

N r egiNmt,B:@ercanDalrféPr St &1a8KRNot sighvarr) Hedirgnsbemig3Nvere the

uried N re 20A|nthe NPN region; formng a

E 5@ R}v@'ﬁ' b%IPfr'”ﬁ the VPNP region extending into the
VPNP W bsifbrmMh M0 iR aOB: forch PYm 9+8fe§:%s ed iffthd PO 84 in the
26 adjacent to and above the buried N Wwell region 24;

VPt taion 14.0F o WENEranshNPNagasts, 30 aberregioas sipgbserbed P+
ﬂ'erIaﬁthe epi layer is doped n-type; 21

Next, we perform a RTA to active the P and N type S/D dopants. During
the anneal, the dopant in NPN and PNP Emitters 78 64A { poly) also out-diffuses
into NPN SiGe base 70B or the PNP N-Base region 26 (e.g., silicon) to form
shallow PNP Emitter region 96 and shallow NPN emitter region 98.

U. Figure 14, Then deposit 150A TEOS and 900A Nitride to form NPN
and PNP space to avoid Emitter and Base short during salicide

Process.

Referring to figure 14, we form NPN spacers 102 and VPNP spacers (BJT
SiN spacers) 100. In an example process we grow aTEOS layer ( 150 angstrom)
and a Nitride layer (900 angstroms), perform space etching to form NPN and PNP
spacer which can prevent Emitter and Base short during a subsequent
silicide/salicide process. The insulating layer (90A 90B) layer is also removed
during space etching.

Next, we grow a TEOS layer (400 angstrom) named as salicide block (SAB)
layer, perform SAB mask (not shown) and SAB etching to remove SAB TEQS

20



figure 2 & 3-formng isolation region 32 in the
substrate at | east between the NPN region 12 and the
VPVP region 14; figure 4 -formng a sinker region 38
the NPN region that contacts the NPN buried N region
20A; figure 4 - formng Nwells 36 in the epi |ayer
and substrate; the Nwells 36 contact the buried N
well 20B; figure 4 - formng a P well region 34 in
the VPNP region 14; the P well region 34 contacting
the buried P region 26; a N-collector region 52 for
the NPN transistor is conprised of the epi |ayer over
the a NPN buried N region 20A in the NPN region; the
epi layer is doped n- type; figure 5 - formng a VPNP

(Rker ookl emios ah@@ﬂ%éﬁcé@\gﬁcﬁm\@xt,% fPMeSilidide radid106 on the
buried P region 26 in the VPNP region 14; figure 5 -

PUPPRSPilcOprYacRs. base region 54 in the VPNP (P)
col ector 1 eoral fomfh theMid a1 10U MY EPA WGl 112.

di el ectric | ayer over the substr

dielectric layer 58 has an (VPVP) emtter opening 60
over WVhéltepnite @ybodisrentsegnodifichtiorfs gure 7 form ng
an em_tter poly layer 64 over the first dielectric

| ayer TB® CMO7focqss| stepgynetrhomprvpy inglide gategpéds ergwth, FET

- f . ' ' | 04 W
Gohsyaguection ARPLOS, SO TAIEE IO GYSIINe ol s,
eptensing and hatemasks Bed implantd, apercebdrabveeasks aed Ingplents, etc.
dielectric layer 58 over the NPN region 12; figure 9

- formng a SiGe |layer 70 over the poly | ayer 64 and

filling the NPN

W. Overview of example process steps

An example overview is a method of forming a VPNP transistor comprised
of SiGe while forming a CMOS device and an NPN transistor using at least three
masking steps in addition to masking steps utilized in forming the CMOS and NPN
devices, the VPNP transistor is comprised of a VPNP emitter, a VPNP base, a
VPNP collector and the NPN transistor is comprised of a NPN emitter, a NPN

base and a NPN collector, the method comprises the following steps:

» figure 1 - provide a substrate 10 having a VPNP buried N region 20B around
the VNPN region 14 and a NPN buried N region 20A in the NPN region;

» forming a buried N well 24 in the VPNP region extending into the VPNP buried
N region 208;

« forming a buried P+ region 26 adjacent to and above the buried N well region
24;

» figure 2 - forming an epi layer 30 over the substrate 10; the epi layer is doped
n-type;
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-base region opening; formng an upper dielectric

| ayer 75 over the Si Ge |layer 70; the upper dielectric

| ayer having an NPN emitter opening exposing the SiGe

| ayer 70; 22 figure 10 - formng an emtter poly

| ayer 78 80 over the an upper dielectric |ayer 75 and

filling the NPN emtter opening in upper dielectric

| ayer 75 over the SiGe layer 70; figure 11 - formng

an NPN emitter 81 (78 80) over the Si Ge |ayer 70 by

patterning the emtter poly layer 78 80 and the upper

dielectric layer 75 (74 76); figure 11 - doping t he

SiCGe layer 70 in the VPNP region 14 with a p ty

uoﬁgme &3 gleraning lsolatmnﬁe@@n&?- mribmsabstr@elaéﬁast detween the

0, and the NPN emtter

%ﬁﬁ?%%%oﬁWE {@qﬁe tter ﬁg %he i nsul ating |ayer 90

( t @igared ) forrhing aSmfﬁeed regidin JOthatdPNtrbgiohaketr cathitsdte gig NPN
44 to forma VPNP emtter 70A 64A in the VPNP

lrg ﬁ%ﬁgi\hre&m% UNPN base 70B in the NPN region 12;
J1 gHLR %iforn'fu?q RIS TR ﬁtﬁoﬁeﬁ?lage%ﬁé fﬁ&t&ﬂ@ t}{g'}@galls 36

region ; ure 13 - region
t heomagbihe hrtehgdd\d]v\@&l 208;i gure 13 - fornming a VPNP P+

em_tter |an9 i n the VENP b di f f.usi

o DL i 2 Ry o in 88 Yk rebiorg etH Vel region
f oe péhtactivy @Euriet Pfegish bbe NPN base 7OB

Overvi ew of exanple device |l. Device An exanpl e

dedi M@oaﬂ%@r%@ﬂ 5 ford RN Hansistgr i gamprised of the epi layer over
the a NPN buried N region 20A in the NPN region; the epi layer is doped n-

type;

* figure 5 — forming a VPNP (P) collector region (P collector 50) over the VPNP
buried P region 26 in the VPNP region 14;

» figure 5 —forming a VPNP (N) base region 54 in the VPNP (P) collector region
50;

» figure 6 — forming a lower dielectric layer 58 over the substrate; the lower
dielectric layer 58 has an (VPVP) emitter opening 60 over the VPNP (N) base
region 54;

» figure 7 forming an emitter poly layer 64 over the first dielectric layer 58 44 and
filling the (VPVP) emitter opening 60;

» figure 7 — doping the emitter poly layer 64 with a p-type dopant;

» figure 8 —forming a NPN base region opening in the emitter poly layer 64 over
the lower dielectric layer 58 over the NPN region 12;

* figure 9 —forming a SiGe layer 70 over the poly layer 64 and filling the NPN
base region opening;

» forming an upper dielectric layer 75 over the SiGe layer 70; the upper dielectric

layer having an NPN emitter opening exposing the SiGe layer 70;
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The device conprises VPNP transistor conprised of

Si Ge, a CMOS device and an NPN transistor. The VPNP
transistor is preferably conprised of a VPNP emtter
a VPNP base, a VPNP collector and the NPN transistor
preferably is conprised of a NPN emitter, a NPN base
and a NPN collector. 23 In nore detail, referring to
figure 14, an exanple overvi ew of device conprised of
a VPNP transistor conprised of SiGe while formng a
CMOS device and an NPN transistor. The VPNP
transistor is conprised of a VPNP emtter, a VPNP

AT R T
collhptas andiléng €hd P NCarmipter 8psnihg Einfupbepdieldttric Riyer 75 over

substrate 10 having a NVPN region 14 and a NPN region;
t héne ¢ /3neE "Ravi ng a VPNP buried N region 20B around

he . ‘ . : .
P eI P o aHn ALl B 16 bEFolin ! ReHt Moy
extrattéimigg the emittee PUBNRydUF8 80 aNd tleg upper R6Bctricdayer 75 (74 76);

buri ed P+ reqgion 26 adjaceni. to, an ove t huried N
e o0 0 o HOPHG e Ry el 58 VNG fadien S8 dih aipavpe
angiophst;buried N well 24 and the VPNP buried N region
20B; a isolation region 32 in the substrate at |east

petligbem 12 hérnimnan dgfiudatingdaperd0 dediBDy @gr dre $iGe layer 70, and
Si ' .in the NPN region in the epi |ayer
thgﬁgéjgrﬁgtntﬂgért @ NPN buried N region20A; N wells 36

b N fighee enR 4 patesrnidiaths Uil dtigaydi e feaedd)s tHeoBiG Cayer 70 and

R e Tidlentit 1ayer 33 44 to form a VPNP emitter 70A 64A in the VPNP
region 14 and a NPN base 70B in the NPN region 12;

» figure 13 — forming N+ S/D regions 91 in the VPNP region 14;

» figure 13 — forming VPNP P+ region 95 in the P well region 34;

« figure 13 — forming a VPNP P+ emitter region 96 in the VPNP base 54 by
diffusing P dopants from the VPNP emitter 70A 64A;

e figure 13 — forming a N+ emitter 98 in the NPN base 70B.

X. Overview of example device

H. Device

An example device embodiment is shown in figure 14.

The device comprises VPNP transistor comprised of SiGe, a CMOS device
and an NPN transistor. The VPNP transistor is preferably comprised of a VPNP
emitter, a VPNP base, a VPNP collector and the NPN transistor preferably is
comprised of a NPN emitter, a NPN base and a NPN collector.
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a Pwell region 34 in the VPNP region 14; the P well
region 34 contacting the buried P region 26; the P
Wll (PW 34 in the epi layer 30 and in the substrate
10; the P well is adjacent to the N Wll 36; portions
of the P well 34 is under the isolation region 32; a
N-collector region 52 in the epi |ayer over the a NPN
buried N region 20A in the NPN region; the epi |ayer
is doped n-type; a VPNP (P) collector region (P
collector 50) in the epi |ayer over the VPNP buried P
region 26 in the VPNP region 14; 24 a VPNP (N) base
region 54 in the VPNP collector region 50 in the epi
| ayer; a NPN emtter 81 (78 80) over a NPN Si Ge base
7OB over the N-collector region 52 in the NPN region

t PNP e n the VPN 14;
2 wenamele ST SBsth s el Abgraplo oleis r defice
b@rYlﬁrlsé’cDof a Wpﬁptﬂrargwmrgﬂnge@ df@G\s‘WFﬂerf@ﬂh@l@ alervlos device
a éacent the VPNP_em tter A 64A 96; a VPWP

e AR tiansises. phePNR Egngiatogis corapwqwfmvé’ma emitter, a
V@@J@Ha%ﬁ 4 PPAPeHENB, ba?%ghgj\lAFhW tr%né%’gbi'lﬁjgor{ﬁpﬁgéf’%ﬂfq % Nall:’N

from VPNP emtter
pPiftax-a 8N base 88d iarNPNeolBMohdde ddiice conpiTaas thedbliowing:

S T S SR

¢ the substrate having a VPNP buried N region 20B around the NVPN region
14 and a NPN buried N region 20A in the NPN region;

e aburied N well 24 in the VPNP region extending into the VPNP buried N region
20B;

» aburied P+ region 26 adjacent to and above the buried N well region 24 ;

¢ an epilayer 30 over the substrate and the buried N well 24  and the VPNP
buried N region 20B;

+ aisolation region 32 in the substrate at least between the NVPN region 14 and
a NPN region 12;

* asinker region 38 in the NPN region in the epi layer that contacts the NPN
buried N region20A;

* N wells 36 in the epi layer and substrate; the N wells contact the buried N well
20B;

* a P well region 34 in the VPNP region 14; the P well region 34 contacting the
buried P region 26; the P Well (PW) 34 in the epi layer 30 and in the substrate
10; the P well is adjacent to the N Well 36; portions of the P well 34 is under
the isolation region 32;

» a N-collector region 52 in the epi layer over the a NPN buried N region 20A in
the NPN region; the epi layer is doped n-type;

* a VPNP (P) collector region (P collector 50) in the epi layer over the VPNP
buried P region 26 in the VPNP region 14;
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Substrate 10- VPNP region 12 VPNP region 14 BN wel |

24 (buried P+ type layer) buried P+ layer 26 P well
34 Epi layer 30 N wells 36 Sinker region 38 25

di el ectric protector |ayer 44 second BP mask 46 VPNP
(P) collector region 50 VPNP (N) base region N base
region 54 lower dielectric layer (e.g., SIN) 58 Pwn
Mask 59 PNP emitter opening 60 protector (e.g.,
polysilicon) layer 64 P Emtter poly Inplant 66 NPN
SiCregion 71 teos 74 nitride 76 N EWN mask 77

Ext ensi on Base | nplant 88

a VPNP (N} base region 54 in the VPNP collector region 50 in the epi layer;

* a NPN emitter 81 (78 80) over a NPN SiGe base 70B over the N-collector
region 52 in the NPN region 12; the

e a VPNP emitter 70A 64A in the VPNP region 14;

+ a NPN SiGe base 70B in the NPN region 12 over the epi layer 30;

N+ S/D regions 91 in the VPNP region 14 adjacent the VPNP emitter 70A 64A
96;

« aVPVP P+ region 95 in the P well region 34;

* a VPNP P+ emitter region 96 in the VPNP base 54 by diffusing P dopants from
the VPNP emitter 70A 64A;

o figure 13 — forming a NPN N+ emitter 98 in the NPN base 70B.

A. Table of element

Below is an partial table of elements:

Partial Table of elements

name element
Substrate 10
VPNP region 12
VPNP region 14
BN welf 24
(buried P+ type layer) buried P+ layer 26
P well 34
Epi layer 30
N wells 36
Sinker region _ 38
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Nt S/D regions 90 VPVP P+ regions 95 VPNP P+ emtter
region 96 98 NPN N+ emtter 98 silicide regions 106
BN+ (buried N+) region 20A border BN+ regions 20B
VPNP pol ysilicon | ayer 64A VPNP Si Ge | ayer 70A VPNP
emtter 70A 64A 96 NPN Si Ge base 70B NPN em tter 81
(7880) 26 VPVP cap insulating layer 90A II1.
Non-limting advantages of some exanpl e enbodi nents
Sone of the exanple enbodi ments of the self-aligned
VPNP transistors provide sone the follow ng benefits:
N Only two extra reticles, three mask steps. o BN nask
22 (figure 1) and BP mask 46 (figure 5) (sanme reticle
for BN nmask 22 and BP mask 46). and Pwi n mask 59
(il 9 ug-in nodule, fgyly integration with
S[)li%%eg?(@%gc})ﬁ%gsrses. N Hi gh dopﬁl}ang Pol ysi |l i con
ErcondBR amaskncr ease hol e injectidih efficiency from

bl cPIBREG ol f0UCS em tter rgpistor, and form

VPNP (N) base region N-base region 54
lower dielectric layer (e.g., SIN) 58
Pwin Mask 59
PNP emitter opening 60
protector (e.g., polysilicon) layer 64
P Emitter poly implant 66
NPN SiC region 71
teos 74
nitride 76
N-EWIN mask 77
Extension Base Implant 88
N+ S/D regions 90
VPVP P+ regions 95
VPNP P+ emitter region 96
98
NPN N+ emitter 98
silicide regions 106
BN+ (buried N+) region 20A
border BN+ regions 20B
VPNP polysilicon layer B64A
VPNP SiGe layer 70A
VPNP emitter 70A 64A 96
NPN SiGe base 70B
NPN emitter 81 (78 80)
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0o High doping Polysilicon Emtter can have a dopant
concentration range between 1 E20 and 2E20/cn8 *

Sel f-aligned N+ base inplant to form N+ base regi on 54
can reduce base resistance and parasitical EB
capacitor. ™ Very low collector resistor benefits from
BP | ayer 26. ~ PNP transistor is Isolated from other
CMOS and NPN devices by BNwel I, Nwell and BN+
junction. Wth reference to figure 14, the resulting
NPN transi stor 112 can conprise: Nemtter 80 78; N+
emtter region 98, P SiGe base region 70B, N Collector
52 BN+ region 20A and silicide regions 106. 27 The
WEPYP cgp irpipatingPRPeT t r ansi st or 114 an conpri se:

Emtter (having a SiGe top portion 70A and a

pol ysilicon bottom portion 64A), a P+ emtter region
96, N base region 26, a P collector region 50 and a
buried P region 26 below and adjacent to the P
collector region, silicide regions 106. At |east the
follow ng el enments are new and useful: 1) Bnwell 24
structure isolation VPNP to other device; 2) BP region
26 provide a | ow resistance path for VPNP col | ector

Hlir r eNen-lanitngcadvandpges of éom%e’é%meie embedimantsngd

| oner . di el ric |aye N)

eni ¢t 26 RR B P EERpeR B AT e Tler e B iR et provice
MithiPtHerfoltawdg beaedits; 5) VPNP Si Ge Emitter 70A + Space
conbine self-align VPNP. Gven the variety of

enbodi nents of the present invention just described,
thé)mp bve cdies cetightd, dmeandask $taps.r at i ons show not be
taken a3 lélq]rﬁés%é [}%ure1 yand BP mask 46 (figure 5) (same reticle for
BN mask 22 and BP mask 46). and Pwin mask 59 (figure 6)

0 As plug-in module, fully integration with SiGe BiCMOS processes.
High doping Polysiticon Emitter can increase hole injection efficiency from
emitter to base, reduce emitter resistor, and form very shallow EB junction.
o High doping Polysiticon Emitter can have a dopant concentration
range between 1E20 and 2E20/cm3

0 Self-aligned N+ base implant to form N+ base region 54 can reduce base
resistance and parasitical EB capacitor.

O Very low collector resistor benefits from BP layer 26.
PNP transistor is Isolated from other CMOS and NPN devices by BNwell, Nwell

and BN+ junction.
With reference to figure 14, the resulting NPN transistor 112 can comprise:

N emitter 80 78; N+ emitter region 98, P SiGe base region 70B, N Collector 52
BN+ region 20A and silicide regions 106.
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scope of the present invention defined by the clains.
Wil e the invention has been particularly shown and
described with reference to the preferred enbodi nents
thereof, it will be understood by those skilled in
the art that various changes in formand details may
be nmade without departing fromthe spirit and scope
of the invention. It is intended to cover various

nodi fications and simlar arrangenents and procedures,
and the scope of the appended clains therefore should
be accorded the broadest interpretation so as to

[ fications and simlar . .
T andBaierical PAEDIA LSS0 ¢ gen compriarnEaites. (having a
él@@hﬁpﬁor%nf“/@?\@rﬁﬂa BolBNBoh BBASIS I Rliort @ﬂR)’ 'aslflgﬁgﬁtter region

VPNP transistor is conprised
Ofni Ntttase regivrIe, bas egilestorprgiondi( aud arbuhed Peglood26 below and

R EE N I SV AT R RN

N regl on around sal d NVPN region and a NPN buried N
ion |30ﬁa|d NPN regi on; form ng a buried N well in

e@%ﬁ '.na@f%sa?@ﬁcﬁrﬁ@ewﬁr@ 428l VPNP buried N
HZBh%II 2&%&%&% @so%trdnewlpﬁp za%%é}'q@ﬂieacent to and

ove said buried N well region; ormng an epi |ayer
@y BP repipnsdfbpovigieen @wdretsmarmﬂrmaiu for IBNP cafldctoh gunvenip

FrS S eQP o3 b4 I 108 BeBer ETB e v 58
“eﬂga}“n‘g@ m“‘?ggﬁ ndatbet ra o o2 d N vel s
ggﬁ e s oy Eq rlayer

9) VPNP SiGe Emitter 70A + Space combine self-align VPNP.

Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the
scope of the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments 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 is intended to cover various
modifications and similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest interpretation so as to

encompass all such modifications and similar arrangements and procedures.
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well; formng a Pwell region in said VPNP region

said P well region contacting said buried P region;
the P Wll in the epi layer and in the substrate; the
Pwell is adjacent to the N Wll; portions of the P
wel|l are under the isolation region; formng a VPNP
(P) collector region in said epi |ayer over said VPNP
buried P region in said VPNP region; formng a VPNP
(N) base region in said VPNP collector region in said
epi layer; formng a VPNP emtter in the VPNP region
formng N+ S/D regions in said VPNP regi on adj acent
said 29 VPNP emtter; formng a VPVP P+ region in the
P well region; formng a VPNP P+ emitter region in
et YENBirhas®: 2. The method of claim 1 which further
conprises:. said substrate having a NPN buried N region
in said NPN region; formng a sinker region in said
NPN region in the epi |ayer that contacts said NPN
buried N region; said epi |ayer over said a NPN buried

I r Rghethod Bf fRmthd\PN/PEBI teihsdidong®ised of ($icel [tee VPNP
re&liaon for a NPN device: formng a NPN emtter_over a
NPRPRSIBOT aeimiisd ofa YPNFeainitisbraY PNEGhase: ianVRNPFollector he
NPMctEsH 88mpdghg formng a NPN Si Ge base in the NPN

region over the epi layer; formng a NPN N+ emtter
providiag REDsttsie &aving a NVPN region and a NPN region; said substrate

having a VPNP buried N region around said NVPN region and a NPN
buried N region in said NPN region;
forming a buried N well in said VPNP region extending into said VPNP buried N
region;
forming a buried P+ region adjacent to and above said buried N well region;
forming an epi tayer over the substrate and the buried N well and the VPNP
buried N region; said epi layer has a n- doping;
forming a isolation region in said substrate at least between the NVPN region and
a NPN region;
forming N wells in said epi layer and substrate; said N wells contact said buried N
well;
forming a P well region in said VPNP region; said P well region contacting said
buried P region; the P Well in the epi [ayer and in the substrate; the P well
is adjacent to the N Well; portions of the P well are under the isolation
region;
forming a VPNP (P) collector region in said epi layer over said VPNP buried P
region in said VPNP region;
forming a VPNP (N) base region in said VPNP collector region in said epi fayer;
forming a VPNP emitter in the VPNP region;

forming N+ S/D regions in said VPNP region adjacent said
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whereby a resulting NPN transi stor be conprised of:
NPN emtter; the N+ emitter region, NPN Si Ge base
region, N- Collector, the BN+ region. 3. A nmethod of
formng a VPNP transistor conprised of SiGe while
formng a NPN transistor, the VPNP transistor is
conprised of a VPNP emtter, a VPNP base, a VPNP
coll ector and the NPN transistor is conprised of a NPN
emtter, a NPN base and a NPN coll ector, the nethod
conprising: providing substrate having a NVPN region
and a NPN region; said substrate having a VPNP buried
&E- round said NVPN region and a NPN buried N

@ﬁg 'said NPN region; fornmng a buried Nwell in

ﬁﬁhﬁnQ/FﬂV?PV@qDDWeQ%hQH%éWQ wélf @gha: d VPNP buried N
region; formng a buried P+ regl on adj acent to and

dpeviBgsaVBNBUR T emitieniegionrie gneNPNP3bager mi ng an epi

| ayer over the substrate and the buried N well and the
VPNP buried N region; formng a isolation region in
2aT He sndibbd aif el 1wa$h fohavemmprizasNVPN regi on and a

NP f id NPN
S, S Payios o el skt reoa st iraes n o O
I RGhMRY a lshiket F%ld\h N’ﬁéd@ NPN Afiéh ﬁ‘ﬂhe'e%Y%ryeﬁﬂ%t conlialcts said NPN

substrate; sai wel | s contact said burred
f or i Beried N ragion; region in said VPNP region; sal dP

%Illd: e plrl ﬁ%}teﬁ e %iﬁcg 'N?FQN %ghgcri] I\Hjéréf o%digsstaroe EERP Lohrfzz> c&mqrises a

S adNaa:éiBt:toroegach:fd?dra\ﬁng depded;i ons of the P well is

Porm?rqg 5 i\li Se?n:t?er over a NPN SiGe base over said N-collector region in said
NPN region; said

forming a NPN SiGe base in the NPN region over the epi layer;

forming a NPN N+ emitter in the NPN base;

whereby a resulting NPN transistor be comprised of: NPN emitter; the N+ emitter

region, NPN SiGe base region, N- Collector, the BN+ region.

3. A method of forming a VPNP transistor comprised of SiGe while forming a
NPN transistor, the VPNP transistor is comprised of a VPNP emitter, a VPNP
base, a VPNP collector and the NPN transistor is comprised of a NPN emitter,

a NPN base and a NPN collector, the method comprising:

providing substrate having a NVPN region and a NPN region; said substrate
having a VPNP buried N region around said NVPN region and a NPN
buried N region in said NPN region;

forming a buried N well in said VPNP region extending into said VPNP buried N
region;

forming a buried P+ region adjacent to and above said buried N well region;
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region; the epi |ayer over said a NPN buried N region
in said NPN region conprises a N-collector region for
the NPN transistor; formng a VPNP (P) collector
region in said epi layer over said VPNP buried P
region in said VPNP region; formng a VPNP (N) base
region in said VPNP collector region in said ep

layer; formng a NPN emitter over a NPN Si Ge base
over said N-collector region in said NPN region; said
formng a VPNP emtter in the VPNP region; formng a
NPN Si Ge base in the NPN region over the epi |ayer;

LR AN Taver SR B2 sufk2Re Sod TRt bl B it vine

vveII b@PN; regf)ﬂrm ng a VPNP P+ emtter region in the

VPNP base; formng a NPN N+ emitter in the NPN base.
fpropingea fﬁé”!ﬂ’i@@ f@ﬂioﬁd'ﬂ gRiepustyeiarat irasidisdwern BuniliPSkiggion and
of Si Gey 5 fnorm ng a CMOS device and an NPN

tranS|stor Ing at |east three nmasking steps in

afddinirigom stnGemeegiiomio ssic NS Nutdgiorziedhe epf layet gt tomtaceEsid NPN
and NPN. devi ces the VPNP transistor is conprised of

a VPNBEH NIEI0NL vPNP base, a VPNP  col I ector and the

XEMhihg ahEeBE BY sdid eFﬂﬁFéﬂ sers sttt RNiERN WdIR contadibid buried N
base and a NPN coll ector, the nethod conpri sing:

pr ow‘df-"”‘rg a substrate havi ng a VPNP buried N region

@%W%PN@’L\@%I?‘/@@}H RUAVPRI- i RS W2 DyibRIESRabthg said
buried P region; the P Well in the epi layer and in the substrate; the P well
is adjacent to the N Well; portions of the P well is under the isolation
region;
the epi layer over said a NPN buried N region in said NPN region

comprises a N-collector region for the NPN transistor;

forming a VPNP {P) coliector region in said epi layer over said VPNP buried P
region in said VPNP region;

forming a VPNP (N) base region in said VPNP collector region in said epi layer;

forming a NPN emitter over a NPN SiGe base over said N-collector region in said
NPN region; said

forming a VPNP emitter in the VPNP region;

forming a NPN SiGe base in the NPN region over the epi layer;

forming N+ S/D regions in said VPNP region adjacent said

VPNP emitter;

forming a VPVP P+ region in the P well region;

forming a VPNP P+ emitter region in the VPNP base;

forming a NPN N+ emitter in the NPN base.
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formng a buried Nwell in said VPNP regi on extending
into said VPNP buried N region; formng a buried P+
regi on adj acent to and above said buried N well

region; formng an epi |ayer over the substrate; said
epi layer is doped n-type; formng isolation region in
said substrate at |east between said NPN regi on and
said VPVP region; formng a sinker region said NPN
regi on that contacts said NPN buried N region;

formng Nwells in said epi |ayer and substrate; said
N wells contact said buried N well; formng a P well
region in said VPNP region; said P well region
contacting said buried P region; the epi |ayer over

gai g rﬁetNB’Blolf’ftfr'fr@r‘i}g? B VP8IFORandistsBESh IS §195i0% while forming a
conprises a N-collector region for the NPN transi stor;

saiCdM@pidavigeend an NidbEansistoy geingfad fedsh i rae vragkingsteps in
SRR PP 5 Dl RURY YO8 SHURPI Boyies, no
saMPNAPENgislor eotdreptised ofeyl/BHP erﬁﬂt_ef,oa VPN badeyweVPNP

ai pleen aop BEPRLGAnRISr GrsppyrBariarer NEpErT g PN base
t henYBNEPANGIIBaSe the hétRod Eemptisiggan emtter poly

| ayer over the first dielectric layer and filling the

(VPVP) enmitter opening; doping the emtter poly layer
R LR o A M NPGRERS 95 e egon

and a NPN buried N region in said NPN region;

forming a buried N well in said VPNP region extending into said VPNP buried N
region;

forming a buried P+ region adjacent to and above said buried N well region;

forming an epi layer over the substrate; said epi layer is doped n-type;

forming isolation region in said substrate at least between said NPN region and
said VPVP region;

forming a sinker region said NPN region that contacts said NPN buried N region;

forming N wells in said epi layer and substrate; said N wells contact said buried N
well;

forming a P well region in said VPNP region; said P well region contacting said
buried P region;
the epi layer over said a NPN buried N region in said NPN region
comprises a N-coliector region for the NPN transistor; said epi layer is
doped n-type;

forming a VPNP (P} collector region over said VPNP buried P region in said VPNP
region;

forming a VPNP (N) base region in said VPNP (P) collector region;
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dlelectrlc Iayer over the NPN regi on; forning a SiCGe

| ayer over the poly layer and filling the NPN base
regi on opening; formng an upper dielectric |ayer
over the Si Ge | ayer; said upper dielectric |ayer
havi ng an NPN em tter opening exposing the Si Ge |ayer;
formng an emtter poly |ayer over the an upper
dielectric layer and filling the NPN emtter opening
in upper dielectric |ayer over the Si Ge |ayer; formng
an NPN emitter over the SiGe |ayer by patterning the
emtter poly |ayer and the upper dielectric Iayer;

RIS 10 iR ol BlETer Brdrfin SuPSyAE HR O H BBl BVer has
| ayer an QVE*VP')I@nNW HBnideoverRRé VOINP 1g) 4w de@fgd; at i ng

| ayer, the Si Ge er and the | ower d|electr|clae
tfermeerﬁn %m\vemm ayeepverthe hestdimectrie daven and dlllmthw(VPVP)

base regl on; forming N S/Dregions in
sai d mé}%ggglo " forrri ng VPNP P+ region in the P

wielging dei emittef polwi!angaraviWPa\IB-t?ﬁe doparter r egi on in the

diffusing P d f
R A3 bl (SR BPetinbTE R mleE /e SVohe foer
et hodiepdctred faiysn Aomlﬂ@élePlNié@ﬁn i ncludes: form ng

silicide reg?l ons over the epi ger and VPNP base, and
faseingeR Sighi weénoveeéleeaolwmeﬁeﬂ% wnaﬁheNﬁNrbasemm opening;

Fd*ﬁﬂﬁ@én'u@ﬁé%@%g [ 18y 6\1%? tl‘f@@@-é‘% Fg%éphd?& Vﬁtrsc layer

I rst™ nas hat I nes irst op e
i npl ahagng an NP ehmterembe?nmgegxmsmgwtmr&%ﬁwerr egi on

%ﬁniﬁsda%; emitter poly layer over the an upper dielectric layer and filling the NPN

emitter opening in upper dielectric layer over the SiGe layer;

forming an NPN emitter over the SiGe layer by patterning the emitter poly layer
and the upper dielectric layer;

doping the SiGe layer in the VPNP region with a p type dopant;

forming an insulating layer over the SiGe layer, and the NPN emitter;

patterning the insulating layer, the SiGe layer and the iower dielectric layer to form
a VPNP emitter in the VPNP region and a NPN base in the NPN region;

forming N+ S/D regions in said VPNP region ;

forming VPNP P+ region in the P well region;

forming a VPNP P+ emitter region in the VPNP base by diffusing P dopants from
said VPNP emitter;

forming a N+ emitter in the NPN base.
5. The method of claim 4 which further includes:

forming silicide regions over the epi layer and VPNP base, and the NPN

emitter.
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in a second masking step formng a second mask that .
defines a second opening through which inplants for a
VPNP col  ector of the VPNP transistor and a VPNP base
of the VPNP transistor in the VPNP region are
subsequently nade; a third masking step, formng a
third mask that defines the VPNP emtter of the VPNP
transistor. 7. The nethod of claim4 which further
includes a fourth masking step that further defines
the VPNP emtter and the NPN base. 8. A device
conprised of VPNP transistor conprised of SiGe, the
VPNP transistor is conprised of a VPNP emtter, a
OpiRe pito g?Q}pNPJ"rd'HFIngE{"B}eI iNdidesgevi ce conprising: a
: g r ;
g oot A MR B i cf el through
NVPN wbighdmpiands for thiPRubied Peggivnr égihen/PNP segidn MPamade;

region. led. Nwell in id, VP eqiop extendin .
i s8eandimdBieE bt iiod £pRt sk HER g3 43P opening
adj acgmbugrowalnth iaipiaces foriadvBNPI slleblonedflthé ¥PINMragdistor and a
epi | overgtgg strate and the buried N well and

t he v%ﬁg%wee t \133 T gAnsigieriig B1eaY PHIF resipnaareisybsagyently
subst pale- at | east between the NVPN region and a NPN

region; Nwells in said epi layer and substrate; said
R thied maskingtdep, founidgsuthird danaskwéiat defigas thePViNPlemitter of the

regi ofynl ' NP region; said P well region

cont ag{:?\%gt?%gﬁq%ig uried P region; the P Wll in the

epi layer and in the substrate; the P well is

7. The method of claim 4 which further includes a fourth masking step that further
defines the VPNP emitter and the NPN base. '

8. A device comprised of VPNP transistor comprised of SiGe, the VPNP
transistor is comprised of a VPNP emitter, a VPNP base, a VPNP collector, the

device comprising:

a substrate having a VPNP region and a NPN region;

said substrate having a VPNP buried N region around said NVPN region and a
NPN buried N region in said NPN region;

a buried N well in said VPNP region extending into said VPNP buried N region;

a buried P+ region adjacent to and above said buried N well region;

an epi layer over the substrate and the buried N well and the VPNP buried N
region;

an isolation region in said substrate at least between the NVPN region and a
NPN region;

N wells in said epi layer and substrate; said N wells contact said buried N well;
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adjacent to the N Well; portions of the P well is

under the isolation region; a VPNP (P) collector

region in said epi |layer over said VPNP buried P

region in said VPNP region; a VPNP (N) base region in
said VPNP collector region in said epi layer; a VPNP
emtterin the VPNP region; said VPNP emtter conprised

of SiGe; N+ S/Dregions in said VPNP regi on adj acent

said VPNP emtter; a VPVP P+ region in the P well

region; a VPNP P+ emtter region in the VPNP base. 9.

The device of claim8 which further conprises: said
substrate having a NPN buried N region in said NPN. )

ra i well regian imeaid VEHFoFegion; saids nef regignosontactingesaigburied P
| ayer réé@é‘:‘i tﬁQ'FIW?a'i!Slnstﬁb% NP eP#‘id ﬁldthel\éuﬁggb%nth@Pmll is
N-col l ector region In er over sa

bur i eadjdcestliodhe NWa; d)oNRle Ofébﬁ &nwelb as dneqi the dgedatiarsregion;

d - NPN tt NPN . Si o
VNG on e Br Fodi O SR R Fyerdidt g MNP B K Tegion in
NPN Sis&Ge WRrNP ,-b@ohhe NPN regi on over the epi | ayer;

NPN N+ emitter in the NPN base. whereby a resulting
NPNRNFIN) base redion g SENRbEollaqtN regiontia said ¢ri layer;

an|c\1 tﬁee@ﬁ%wrngg?on géﬁ %cg\e/&f%jeg@g%ﬁ% (ﬁsgg ng%e;

N+aB4) stgionsciargaid ¥EBHFofegRinGadamcdntasdiPN  t r ansi st or,

WENP ér[ ansistor is conprised of a VPNP emtter, a
N 3

a VPVP P+ region in the P well region;
a VPNP P+ emitter region in the VPNP base.

9. The device of claim 8 which further comprises:
said substrate having a NPN buried N region in said NPN region;
a sinker region in said NPN region in the epi layer that contacts said NPN buried
N region;
a N-collector region in the epi layer over said a NPN buried N region in said NPN
region; said epi layer is doped n-type;
a NPN emitter over a NPN SiGe base over said N-collector region in said NPN
region; said
a NPN SiGe base in the NPN region over the epi layer;
NPN N+ emitter in the NPN base.
whereby a resulting NPN transistor is comprised of: NPN emitter; the N+ emitter
region, NPN SiGe base region, N- Collector, and the BN+ region.
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a VPNP collector and the NPN transistor is conprised

of a NPN emtter, a NPN base and a NPN coll ector, the
devi ce conprising: substrate having a NVPN regi on and
a NPN region; said substrate having a VPNP buried N
regi on around said NVPN region and a NPN buried N
region in said NPN region; a buried Nwell in said
VPNP region extending into said VPNP buried N region;
a buried P+ region adjacent to and above said buried N
wel|l region; an epi |ayer over the substrate and the
buried N well and the VPNP buried N region; a

i solation region in said substrate at |east between

ﬁ Re ANPrce semerisethal aVIRIBR transisitercoraprisadkelrSitegpas aiNPN
ﬁ%BN@{Sr d?r&%\lgpN'Pntrér%‘?sr\t]SPfs c{oﬂ*’pﬁ{]seé g:-?g Vlgﬂbatﬁablzt}aﬁ Zdn\gPNP base,
sulas\fﬁ’fslPe:;olieeth aINdvtbda NN behsistor sacamprisadeol ANNR &mitten, a NPN
dVP ion:. said P well region

cofieseentig SENUEROEANBOrES PORPHSRE: b vel | i n the

epl | ayer and in the substrate; the P well is
a Eacent to the N Well; portions of the P well is
sirate havingat MVPhhregian amd a NRNJ6Dioget or region in

hgﬁ gﬁbst a%‘ %Evﬂ}f)g; V?ﬁ%lﬁleHWr@ggBﬁ ?igalj}#dr &4} W\/Fbl\@ E)@ér‘fj and a
epl |ayer ope tYype;
(P) cblHNathmd Neggion in sasldil@Nepgiohayer over sal d VPNP

AdirB N weldh S Baediad eaterih B sald LN ptied Rigion;
bay(Ried P+ Ntbrestjatert to\eat a@ob@@aﬂ' Kerriders Qvé}l\/r%@oﬁal d
N-col | ector region in said NPN i on; i d

an epi layer over the substrate and the burled well and the VPNP buried N
region;

a isolation region in said substrate at least between the NVPN region and a NPN
region;

a sinker region in said NPN region in the epi layer that contacts said NPN buried
N region;

N wells in said epi layer and substrate; said N wells contact said buried N well;

a P well region in said VPNP region; said P well region contacting said buried P
region; the P Well in the epi layer and in the substrate; the P well is
adjacent to the N Well; portions of the P well is under the isolation region;

a N-collector region in the epi layer over said a NPN buried N region in said NPN
region; said epi layer is doped n-type;

a VPNP (P) collector region in said epi layer over said VPNP buried P region in
said VPNP region;

a VPNP (N) base region in said VPNP collector region in said epi layer;

a NPN emitter over a NPN SiGe base over said N-collector region in said NPN
region; said

a VPNP emitter in the VPNP region; said VPNP emitter comprised of SiGe;
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a VPNP emitter in the VPNP region; said VPNP emtter
conprised of SiGe; 36 '.i a NPN SiGe base in the NPN
region over the epi layer; N+ S/Dregions in said
VPNP region adjacent said VPNP emtter; a VPVP P+
region in the P well region; a VPNP P+ emtter region
in the VPNP base; and NPN N+ emitter in the NPN base.
11. The device of claim 10 which further includes
silicide regions over the N\ S/ D regions epi |ayer
and VPNP base, and the NPN emtter. 12. The device of
claim 10 wherein said sinker region has a n type

dapi . 13. The deyi of claim 10 which further
iaﬂ@*f’@%ge}%ﬁe@#%G‘gf“gﬁﬁe&'%%\f% PFPLBYYF  region; said
NEI/BTEgIBNBGH SN VFND O8yiSHT dBa€aldne epi | ayer
whereby the SiC region can tune the collector dopant
YEOR peittars. The device of claim 10 wherein said VPNP

Tl = A ' i VPNP Si Ge | ayer over a VPNP
%y@\é?ﬁ%zﬁ&?g@i{r@ﬁa}%\lﬁ%@gg# emtter region in the
\IPMPNFaB e .erditer region in the VPNP base; and

NPN N+ emitter in the NPN base.

11. The device of claim 10 which further includes silicide regions over the N+
S/D regions epi layer and VPNP base, and the NPN emitter.

12. The device of claim 10 wherein said sinker region has a n type doping.

13. The device of claim 10 which further includes a SiC region in the N-collector
region; said SiC region below the top surface of the epi layer whereby the SiC
region can tune the collector dopant profite.

14. The device of claim 10 wherein said VPNP emitter is comprised of a VPNP
SiGe layer over a VPNP polysilicon layer and VPNP P+ emitter region in the
VPNP base.
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