Self-Aligned Vertical PNP Transistor for H gh Performance Si Ge CBi CMOS
Process Background of Invention 1) Field of the Invention Thi s
invention relates generally to devices and the fabrication of sem conductor
devices and nore particularly to the fabrication of a vertical PNP

transi stors and nethods for making sanme in Bi CMOS processes. 2) Description
of the Prior Art H gh speed and | ow power [SIB, which operate in the
GHz band, has been required for many applications such as the nobile

t el econmuni cation and wirel ess LNAs. The Si Ge Bi CMOS LSIs have been w dely
studi ed as potential candi date. However, the perfornmance of conventi onal

Bi CMOS gate circuit, which is conposite by CMOS buffer and NPN out put
driver is poor when the power supply is |lower. This degradation at |ow
power supply is due to the Vbe voltage | oss and substrate bias effect of

t he CMOSFET (Fig.15A). To overcone this problem several BiCMOS circuits
have been proposed. Addi ng hi gh-speed PNP transistors into the Si Ge Bi CMOS

to form so-gakl I j i | .L.ra;:pat e | oss
(See figur e§€l£§)%n%ﬁew @%%T'rggw ﬁgé@; [ ?‘eag'ﬁho I%y@g}ﬂ'@ti on
i n deep suPratesson regi ne. Fi gure 15A shows a schematic of a

principle circuit of Bi CMOS gate and out put voltage swing for a
conventional Bi CMOS. Figure 15B shows a schematic of a. principle circuit
of Bi CMOS gate and output voltage swing for a base-charge CBi CMOS. The

output voltage is shifted to Vcc+2Vbe, No voltage | oss occur. There
is a need for an inproved structure and process for a SiGe CBIiCMOS with

hi gh- performance Si Ge NPN transéasékg{ra ﬂ?q.,fl?hlee[tnrimsi stors. The

i nportance of overcom ng the various defiTi enci es noted above is evidenced

by the ext éhdiield afdblerdovegiiecal devel opnent directed to the subject, as
The nore

docunent ed by the rel eyant patent an echnical |iterature.

rel evant techni ?gqs 'ﬂ\@]\i’%ﬁﬁ]@ﬁ?%g?'ﬁer ﬂ)éh 5?\6?%% ﬁ?%hl?a%%ﬂ‘éatmne%ned by

consi der i ngefmi@ntiattoPvbiBes and more FarfQ4MPRBITaWicatiod s vares#IPNR et
al. - includes a nmethod and resulting structure for fabricating high

per f or nenckaggpioreand nEthegriforrraking fametior BIGNPSyecessesi coMoS devi ces. The
resulting vertical PNP transistor includes an emtter region including
silicon and germanium and has its PNP emtter sharing a single |ayer of
silicon w 2hDekeripitbh tof dine iPsicorAt base. The net hod adds two additional

maski ng steps to conventional fabrication processes for CMOS and bi pol ar
devi ces, thus representing mnor additions to the entire process flow.

US 6,699, 765 - $hyilep&sd and B3w-power MBld1ashieth opafité fratheGHA bBh@oh#y been
transi stor usi ngésel ective epitaxiall ydgr own Si Ge base | ayer. A transistor

i ncl udes araswireddeonany gppkications ssehiasdhe maile telgsemnnicationevirelpss
overlying C . T i j =\ :

i ol ot it NBs Be SROPRICABSTRRaROHEE Blocl Bl bl AXEhaidRte.
struct ure doeelvgn, tige pérdordiaceadfrdonvestidret BIOMIQS gatearictuid owhigbtis ng t he base

layer thr O&%’p\pgsifeetr)]); &R/{Og %%ngp gﬁd II\H’l\'i gﬁtpclﬂit (cailrng} irsip%ol' & %E ‘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 BiICMOS 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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US 5,930,635 - Bashir, , et al. - Conplenentary Si/Si Ge heterojunction
bi pol ar technology - The nethod results in the fabrication of vertical NPN
and PNP transistors which have an identical structure and node of

operation. uUS 6, 630,377 - Panday, , et al.- Method for naking

hi gh-gain vertical bipolar junction transistor structures conpatible with
CMOS process. US 6, 359,317- Carroll, et al. - shows a Vertical PNP
bi pol ar transistor and its nethod of fabrication. US 5, 943,564 -
Chen, et al. , Bi CMOS process for form ng doubl e-poly MOS and bi pol ar
transi st or . plinsiplesdiviitidBigMGIS ahitccahd d@mw@oledgéhé,Wm@tf@rr &Dase-chargs L.
Harame et al "Current status and future trends of SiGe Bi CMOS

Technol ogy CBI@@Sﬁaﬁgutmﬁ vettagmismiitedty Voer2Vhes No yltagedoss omys,  Nov.
2001. T. Nagano, S. Shukuri, MHraki, M Mnam, A Wtanable and T.
Ni shida, "What Can Replace Bi CMOS at Low supply Vol tage Regi me?", | EDM
Tech. Dig., p.393, 1992 C T Chuang and D. D. Tang, "Hi gh-Speed Low

P AC-CO| | Push- Pu " Sol i d- St at
T 1 VoS et R & FBRa B arbigaroved Strligtirg yad Bodess (@S tm. S Kopo.

H. Jouba al@BlMMO’STWWaﬂﬁRI -pefforingRc&SiGe NN ean&BidedaRd PN ti¥aYistors.
Self-Aligned Vertical PNP Transistor,"” Proc. of 1994 Bi pol ar/ Bi CMOS

Grcuits & TechAdledEPONBEES AfOVECODR theggious Sigfifiengiestnateabereift i on
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met hods of nmanufacturing ransi stor
Per f or manc eloSuensi l@vtt@ rlétemaai; satﬂmt ahd itechoiical fittrrature.e Thasndrelrélewant

Under ot and{ A0 BA SHEORASEE € br IEHat Roahaoso By CRRRERY Benot an-

extensive @ypiwhgw of the invention. It is intended neither to identify key
or critical elenents of the invention nor to delineate the scope of the

i nvention. Rat hétS 200409994k Y hubpas &aser B heekalmiiojudes a megiaskaift sone
exanpl e Cofgﬁﬂm%u&t@% foR ﬂmc'aﬂﬂg 'hfbf?pé{d@a‘nﬁ:b%rtc%rl P afld PN ude to the

nor e det ai cription t rese
transistors for use in BICMOS dewces The resulting vertical PNP transistor

includes an emitter region including silicon and germanium, and has its PNP
emitter sharing a single layer of silicon with the NPN transistor's base. The method
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.



| at er. An first exanple nethod enbodi nent for a nethod of formng a
VPNP transistor conprised of SiGe, the VPNP transistor is conprised of a
VPNP emitter, a VPNP base, a VPNP collector : the nethod conprising:

provi di ng substrate having a NVPN regi on and a NPN regi on; the substrate
having a VPNP buried N region around the NVPN region and a NPN buried N
region in the NPN region; formng a buried Nwell in the VPNP region
extending into the VPNP buried N region; formng a buried P+ region

adj acent to and above the buried N well region; form ng an epi |ayer over
the substrate amStb@B3INGTRdPHhdw) | el MeehodAdPrizkingedightgatgiverticalt he epi

| ayer has a_n- doping; formng a isolation region_in the substrate at | east
bet ween thZ"WNUF‘%C?’bHa%\ﬂatOéSWUF%WTHP&W!? ML MORPIOSEsS: the epi | ayer
and substrate; the N wells contact the buried Nwell; formng a P well
region in the VPNP region; the P well region contacting the buried P
region; the P WIS 6,859,847 efiartadly eet and showsha Ventisal PR bipoles tRingistdr | s

adj acent tq Eih N (,\{'t\élql if £ rti.ons of the P well are under the isolation
regi on; f oM H% rge FQ( ”%’Ppect or region in the epi |ayer over the VPNP
buried P region in the VPNP region; formng a VPNP (N) base region in the

VPNP col |l ector region in the epi |ayer; . )
US 5,943,564 - Chen, etal., BiCMOS process for forming double-poly

MOS and bipolar transistors with substantially identical device architectures

D. L. Harame et al., “Current status and future trends of SiGe BiCMOS
Technology", [EEE Trans. Electron Devices, vol. 48., pp. 2575-2593, Nov. 2001.

T. Nagano, S. Shukuri, M.Hiraki, M. Minami, A. Watanable and T. Nishida,
"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.



forming a VPNP enitter i
_ _ er in the VPNP region; .

VPNP r ! egl on; formn . .

M r:g: 82_ a]gj acent the VPNP enitter; forning a %’/p\'j; |§|+Drre_g| ons in the

Anot her aSpéct o(r)][n ?ﬁ a VPNP P+ enmitter region in the VPNP ﬁg'sg” inthe P

having a NPN buri ed ﬁ reégirrglnei ﬁnt)(r)lceil r,\rIERIt further conprises: the substrate

the NPN region i : region;, formn i Con

epi | ayer gi/gp ;Ret gengl | ayer that contacts the NPN gu?i ZijnKIe; o b

N col [ector redion f N buried N region in the NPN region co egion; the

base over the El-col | gz:t gr NrPN device; forming a NPN emtter Ovrenr)r;sagNaS_ Ge

base i . egion in the NPN region; i ;
in the NPN region over the epi |ayer; forg*i ng, at rl\lllng Khr i 2%1 ?t grPN_ Sj tGﬁ

- I n e

NPN base; whereby a resulti i
I ng gﬂ,\lg}r{é}gsdf&heflnb@mmpri sed of: NPN enitter;

the Ni- emtter regi -
gi on, NPN Si . ase’region, N | | ect ar, 0 i
The example embodiments of the present invention provide sfr GuRN*tardeg! on.

methods of manufacturing a Self-Aligned Vertical PNP Transistor for High

Performance SiGe CBiCMOS Process which is characterized as follows.

The following presents a simplified summary in order to provide a basic

understanding of some aspects of the invention. This summary is not an extensive

overview of the invention. It is intended neither to identify key or critical elements
of the invention nor to delineate the scope of the invention. Rather, the primary
purpose of the summary is to present some example concepts of the invention in a

simplified form as a prelude to the more detailed description that is presented

later.

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:
providing substrate having a NVPN region and a NPN region; the
substrate having a VPNP buried N region around the NVPN region

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 adjacent to and above the buried N well region;
forming an epi layer over the substrate and the puried N well and the

VPNP buried N region; the epi layer has an- 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;



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 coll ector, 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 adjacent 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 wells contact

the buried N wel}; I Lo ragl et he; ion
contacting the btorrllngnada %\ﬁfvevél' gﬁ@bﬁﬁ‘e{% %ﬁf@ﬁ%tnhg%egpvq"gg@? ﬁa%t%%ﬁﬁe
substrate; the P wel lthe buried P regiradtent Well tihghdlepélaler st nitbasubétratbe P
wel | is under the isqlatjon, region; P P). collector, region in the epi
| ayer over the VPNP gllﬁ‘? Pe‘ﬁe'b'sr%b?%%t??l}{f%g \&phlePgﬁ’lnér??”}f '?/%N‘R% ef Uie
region in the VPNP cohé glstlon'Rgigh i n the epi layer; a VPNP emitterin the
VPNP region; N+ S/D reg\i/ons in the VPNP region adjacent the VPNP emtter;

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

forming a VPNP (N) base region in the VPNP collector region in the epi
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.



a VPVP P+ region in the P well region; a VPNP P+ emtter region in the VPNP
base. 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 layer over the a NPN buried N region in the
NPN region; the pi layer 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 region over the epi layer; NPN N+ enmitter in the NPN base. whereby
a resulting NPN transistor is conprised of: NPN emtter; the NI+ emtter
region, NPN Si Ge base region, N Collector, and the BN+ region. The
above advantages and features are of representative enbodi nents only, and
are not exhaustive and/or exclusive. They are presented only to assist in
understandi ng the invention. It should be understood that they are not

representative gf e i nventions defined by the I to b

colrcl)si dered Iim 1?3‘ 0t i%g%@tplgénemﬁg&i ?ﬂgﬁ | grgeéléced%qrﬁw&?dbéf W% It'?inﬁ'g,?oror

l'i mi tati ongoaiprizgdiof #i@atand @ NATE trahsistds, th®V/PINTStransistor &0c8m Bisdohsfse
advant ages be nutually contradictory, in that they cannot be

si mul taneoﬁ}ﬁgp&n@g@n? \(FHXB %HSﬁg@é/Péﬁ%Ge"?ﬁiWi’ thesdayica £Pprisetie advant ages
are applicabl e t0;PRERSPRGhG 9]‘:VF5'W rb gﬁrgng%,que%iaﬁppl icable to others.

Furthernore, certain aspects of the cfained invention have not been
di scussed Hre aubstraievieavérg a M’ beried deregfimuadund toe AMPN eggioniand atMidkle
di scussed herei 'Bul:igélﬁ”e\é?or{[i% tkgﬁlﬁﬁ\l rr]é)gﬁiorq;i scussed herein other than

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

a buried P+ region adjacent to and above 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 VPNP (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.



for purposes of space and reducing repetition. Thus, this summary of
features and advantages shoul d not be considered dispositive in determning
equi val ence. Additional features and advantages of the invention wll
becone apparent in the foll ow ng description, fromthe drawi ngs, and from
the clains. Brief Description of the Draw 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 with the present invention will be nore clearly understood from
the follow ng description taken in conjunction with the acconpanying
drawings in which like reference nunerals designate simlar or

correspondi ng eladhérsaspeefbbihe axathie ehbytimantiurthenbbrdprises: Figures 1
t hrough 14 show cross sectional views for a structure and nethod for

form ng a VPNP device according to enbodi nents of the present invention.

Fi gures 15 hQiss i J¥=ToTs A D NGBRY jrcuit of Bi CMOS
gate and oﬁ?;é)ut vé@%ﬁ@%ﬁ@%nﬁpﬁo@g'gaﬁB@%ﬁ?i'@ﬁ”ﬁwgﬂé@%@"accor ding to the
prior art. asinker régiguiretheES8Pdhreg®nan slodepalipiyer thfat aomtacisdh@NPN buded N of

Bi CMOS gate and output voltage swng for a base-charge CBi CMOS according to
the prior art. r%‘f)ﬁi | ed Description of the Preferred Enbodi nents

Exanpl e enbai-g8ictorabgldrein phée 8 pintiyémyidittthena WHN bbgediRsegiohad thaNeet ai |
with reference to the acconpanyl ng draw ngs. Exanpl e enbodi nents provide a
structure and a'BePRodNDEPEIBYeH IBGORCSE-YPRI i gned Vertical PNP Transi stor
for H gh Pexf : i IFrVESes eI RFSN

secti onal v%é\wl\uor?ﬁﬁﬁ%%ﬁngﬁstor. %Drﬁgg%g?ﬂ{oﬂmécégil l@i@atﬁébe

si mul t aneousl y fregined the Wth reference to the acconpanyi ng draw ngs,

FIGS. 1 - 14 rate fapri ion process st.eps. Throughout the draw ngs,
an NPN regiaglﬁbliﬂzél'lgr? %?ec'ﬁﬁge\%f%gd? RISR( ﬁ]ea‘?‘%ﬁ%fe& will be created is
shown on t hgPN ghtemigtedinahyYRNMN bagéon 14 in which a vertical PNP transistor

wll be created is shown on the left. It should be recog[ni zed that sonic of
the steps dfharaby fsasylting MEDbFansigtor i cenvrisebaa NPl emitescingd b §pitieive

been om tted f obedibRViUbK Sitsh 32T ichlon N- ColldbreAATRE HIRE Ry 0 Torm the

vertical PNP Transistor for process as shown I'gures 1 to
14.

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



Figure 158 shows a schematic of a principle circuit of Bi CMOS gate and

out put voltage swing for a base-charge CBi CMOS that can be made using the
devi ces of the exanpl e enbodi nents of the invention (such as the VPNP
device) 110 figure 14. AL forma BN Mask, do BN Inplant 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 forned
in the CMOS device along with the steps to formthe VPNP and NPN devi ces.
We form BN Mask (not shown) over the substrate. The BN mask has BN openi ngs
over a portion of the NPN region 12 and over portions of the substrate

adj acent to the borders of the VPNP region 14 and a NPN region 12. We
i mpl ant  N-tfgppuiheBas bf spdde ahe rédileirig @ipetition. THUS, thiShtmbtaidy befbabtirks @i on
20A in the NPN region 12 and border BN+ regions 20B. B. perform oxidation
and oxi de édantagesghowldnaelbe censiderrd géspogiivepn getacminingvepvivaledcer i npl ant
Next, we peg d i i | : en we
cton’ the o g e ottt ARl dhiodeebife Mo Wi Robh RO in HeET,

r egi on t harfolidweing idgisttiptiooo fredn thebdramangs, asd icen theeclaingle consunes si li con,
when this oxide is etched away, 600A-800A steps exist at the edge of the
BN+ regi on and becone alignnent marks that all ow subsequence mask | evel to
be aligned with the BN+ layer. C. form RN well W perform an
oxidation to form80 angstronms 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 openi ng over the VPNP region 14 where the
BP region 26 and the BNwell 24 will be forned. W performa BN well
Implant to forma BN well (buried N-type well) 24 in the VPNP region 14.



D. formBP | ayer Next, we performa BP (buried P-type) inplant to
forma BP (buried P-type layer) |ayer 26 above the BN well 24 in the VPNP
regi on. The subsequently formed VPNP has a very | ow collector resistance

because of the high P concentration BP | ayer 26. The buried P-type
| ayer 26 (BP |ayer) provides a | ow resistance path for PNP col |l ector
current flow The BP mask 22 is renoved. E. grow Epi | ayer Referring

to figure 2, we then grow an epi |ayer 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 concentrati on between 1E16 and 2E16
atons/cc, As shown in figure 4, the n-doped epi |ayer conprises the
N-collector in teh NPN Tx. F. form STl trenches As shown in figure 2,
we forma STl trenches 33. Preferably we forma pad oxi de 28 and maski ng
(e.g., nitride) layer 29. Brief Descriptien obtine Brawings ons 32 usi ng

preferably using a et Qcess sk 31 (e.g.
P16 ek hawt ngneEafin fng HygriaBen Bf faShiopnificle B henliid 1ihg'
nitride) | ayeserdhvamtion whsitfuaher détafl©ona Pidcest on edigalg steh gr OW 577 1i ner
oxide and fill HOP, then do L11 mask and oxi de etchback, do Oxide CMP to

for m pl anarsesgonductor dgiceain a5PaUaRCE It FiRaFeRRIRENIPE Wikpe MR eaown)
(e.g., oxi We%&dﬂ'ﬁoﬁ_ﬁwe"fﬁ@cﬂﬁlhg%‘e@@ﬁﬁldrﬁgk?%_lﬂ ccgrguﬁt?tno%gg Heh figure 3,

next we format [east 1solation™reglions I on et ween the NVPN
regi onl4 amdcompahiNg degivimgs iz which like reference numerals deSIgnate similar or

corresponding elements, regions and portions and in which:

Figures 1 through 14 show cross sectional views for a structure and method

for forming a VPNP device according to embodiments of the present invention.

Figures 15A shows a schematic diagrams of a principle circuit of BICMOS
gate and output voltage swing for a conventional BiICMOS 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.



We can format |east isolation regions 32 by filling the trench with a
dielectric material, preferably a HDP oxide material. Next we can

pl anari ze the STI region 32 preferably by perform ng a oxide etchback and
then a oxi de chem cal -nechani cal polish (CW) to forma STl region 32 with
a planar top surface. H After sacrificial oxide growth, do Sinker nmask,

Si nker Inplant and driving, then NWmask and i nplant, PWmask and i npl ant
The sequentially steps process on CMOS device region, including Wt

adj ustment i nplant, gate oxide grow, poly deposition and poly gate etching,

LOD inpl ant and Nitride space. Form Si nker 38 Referring to Figure 4,
in Step 4, we forma sacrificed oxide |layer on the epi surface. Next we
forma Sinker mask(not shown). For a sinker region 38 by performng a

si nker I nplant The sinker region, has a_N type dopjing, or, inpurity. The
sinker 38 is adj acentS?t@"SH Wi%&%ofﬂhe%%fFE&dlnﬁ'%b@ﬁ"Bgﬁﬁ%A. Ve then
renove the sinker mask. We then preferably performa drive in anneal. Form
N-\Vell 36 Then we forma Nwell (NW mask over the epi surface. W
performa N Well inplant to formNwells 36. The n-wells 36 contact the BN+

regions 20B. Vé E-tﬁ?rﬁblé S i&]gﬁtsl%f\%ﬁé bre(sléw in%ﬁhOn RYIY Hgalésc%%%dii%le%ﬂt '

with reference to the accompanying drawings. Example embodiments provide a
structure and a method of forming a Self-Aligned Vertical PNP Transistor for High
Performance SiGe CBiCMOS Process. Figure 14 shows a cross sectional view of
the transistor. In addition CMOS devices can be simultaneously formed.

With reference to the accompanying 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.
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Next we forma P Wll (PW 34 in the epi layer 30 and in the substrate 10.

The P well is adjacent to the N Wl 34. The p well is under the isolation
regions 32. The P well A P-well mask is formed. W perforns a P-well
inplant. We renove the p-well mask. N-collector region 52 As shown in

figure 4, the n-doped epi |ayer conprises the N-collector 52 in the NPN Tx.
The N col l ector region 52 preferably has a n type inpurity concentration
bet ween 1E16 and 2E16 atons/cnB. CMOS device area steps The foll ow ng
sequentially steps process can be performed on CMOS devi ce region,
including Vt adjustnent inplant, gate oxide grow, poly deposition (for CMOS
gate) and poly gate etching, LDD inplant (to form CMOS LDD regions) and

nitride spacer (Wer fgeh BN %@@%ﬁo\ﬁhﬁ@y@thékuﬁﬁﬂat% BNPnkbk had By st eps

can forma CMOS FET in the region. |. deposit OS Protector |ayer, do
t he secondOBPniRgs Vet a@artrcef thedNFON regian N2mskovarpoginns of the sesteatei ng to

figure 5. ug Aep0s!ihe BoIELaF UL GERIPIRRIPTs AN S NAR (EGiH 1, OUCS prot ect or

| ayer) on ubstrate surface. ectric protecC SF ayer 44 can be
fornmed of TECS W¥e oheplantdNagpe Hapantdntolthe lsnbsisatalioibrnot B200 (langdtN-ons +1- 10%

. The dielectri rotector |ayer 44 (e.d., protector |ayer) can have
mul tiple flfFEeT gﬂg‘,'”iﬁe Bg’@ﬁreﬁo%ﬂg@f‘%el?grpﬁf/gmﬁr@ﬂ'% uence Si N
deposition, because the SiNis high stress filmand not able adhere well on
silicon; 2) a sacrificial oxide for the inplant; 3) the conposite
dielectric layer of VPNP emtter window to separate Emtter Poly wi th Base
regi on. W t henB RefAIm cR6Fatigp antkexige af¢aing, geowraaarifiseshoxide, do BP e

performa P-coll ect omésmlgngveyf%ﬁfémiﬁ,ﬁ%{:ol | ector (VPNP P coll ector

region) 50 in the VPNP region performa N-base Inplant to
forma N-base region 54 in the P collector 50 in the VPNP region 14. The
N-base regi on 54 can have a concentration between 8E181cn8 and 2E19/cn8B .
The N-base regi Vaxbaveckgifant angxidstionéo tasm aupxide davsr (8eli shosysy). Thgrewe

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.
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J. formNitride, do Pwmin Mask (new) and emtter w ndow etching

Referring to figure 6, we formlower dielectric |ayer (e.g., SIN) 58 over
the dielectric protector layer 44. The dielectric layer 58 is preferably

conprised of nitride and preferably has a thickness between 180 and 220 A

(target -200 A) The SiN | ayer 44 can be used as etch stop layer to
control subsequence Pwi n and Base Poly etching, it is also used as

dielectric layer to forns VPNP em tter w ndow. W forma Pwin Mask
59 having a PNP Emitter opening (60) over the n base region 54. W

forma PNP emtter opening 60 in the dielectric layer 58 and the dielectric
protector |ayer 44 to expose the n base region 54. W can etch the
dielectric |ayep. ¥8rmBPYsgerdi el ectric protector |ayer 44 using the Pwin
mask 59 as an etch mask to formthe PNP emtter opening 60. W renover the
Pwin Mask 59. INextlepesetfoVaB P (oirest Bitype)yimiplaando &drava Bieghusied PNEpEm tt er

br ot ector (@5 15yss1haEahs Uyl 24naey PN idhs bh Sesiusitung t he

di el ectri c fhay&l vPRiP H}h‘@a F?/@FWI%W écﬂl@@tdr@é{sﬁétaﬁée Vhddaube oﬁr?é‘ﬁlghtp) formthe
PNP emtter poly. The polysilicon layer 64 is used to as buffer silicon

| ayer for spt@ergraiwthPﬂﬁéerSZQ;e film70 can not directly deposit on oxide

or nitride due e fed"‘lflﬂfi{] 06 26 (BP laye J}?rodeg%clégfreg%ta%ce pga%?(osr' | i con)

| ayer 64 prefer ab as a ness openin Ween and 660 A
(tgt 600 APNP collector\/tﬁjrmttﬂowm aP Em tter poly Irrpl ant 66 into the
polysilicon | ayer 64 to dope the polysilicon |ayer 64 and to subsequently
forma P enmtter 64A (See figure 8). The P emtter region 64A
preferably has ahp-BFYpaas@paBiregoRegnt rati on bet ween 1E20 and 2E201cnB
after extension base i rrpl ant (refer figure 11). L. open NPN base regi on by
BJT mask and etgﬂ nl% aE }hen do SIC mask and SI C i npl ant
. 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 ST| 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 STl mask 31 (e.g., L10 mask) having STI opening. We etch
the pad oxide 28, masking (e.g., nitride) layer 29 and substrate to form STI

trenches 33.

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

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

STl trench sidewalls.
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Referring to figure 8, we expose the NPN base region in the NPN region 12
by formng a BJT mask 65 with a NPN base openi ng 65A and etching the
polysilicon |layer 64, dielectric |ayer 58 and a dielectric protector |ayer
44, M form SIC mask and performa SIC inplant Next, we can forma
SI C mask (not shown) that has an SIC opening in the NPN region 12. W can
performan optional SICinplant to forma SiCregion 71 in the N-collector
region 52 under the subsequently fornmed P Si Ge base 70B. The SIC inplant is
an option step to get high Ft NPN device by tuning collector dopant

profile. 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 laver 70. TacrshffinlYEE o/ RefoReBif R 1ddll RENERA 51HESD @TPréyish 950

angstrons and can ped with a p-type dopant suc or on.
Si Ge base B2ydretwoen she bivpIN semibrolf4 @ea theniNEN negies 1dp no | ess t han 10% of

the silicon and,gernmani u and .wher.ei n_t.he I iu kes, up,,no nore than
30% of the sili %Cﬁﬂgorag%'wﬁﬁfmmﬁaa{'on feg'o'ﬁgﬁ %mfn@rnt}?}gg'f?'\ﬂ}ﬂ@w Yielectric
| ayer 75. Hhfedtnoeiatigll pafiéiadly awempP Oxidemakgiatonpri sed of an oxide | ayer
74 and a nitride |layer 76. For exargl e, we can form an oxide |ayer 74 that

can be forned ofNexkws aandplamaizectie hHVegint 3 plefrablydut Reréming 2 axifle220
angstrons. i Lyl V.er hekness
betacen 1361540 28 (hATR SRRl IeR e R ol 'GP BT o

t he | ayer s32 with a p@tnaritop efifaca.ng to figure 9, we forma N-EWN mask (N
emtter window mask) 77 that has an N-emtter nmask opening 77A over the NPN
region 12. W then etch the layers 74 76 exposed in the NNemtter
mask opening to forma N-emtter opening where the NNemtter wll be

deposi ted. Ve themfarsaceificiel dxidd dy-owehk doN\Sinker hiask, \Sinkkerwmigiak) and .
driving, then NW mask and implant, PW mask and implant. The
sequentially 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.
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P. formEmtter |ayer Referring to figure 10, we forman emtter
| ayer 81. The emtter |ayer 81 can be conprised of two |ayers, such as a

first emtter layer 78 and a second emtter |ayer 80. For exanpl e,
we can forma first Emtter (Poly) layer 78. W then performa N -type
Emtter inplant to dope the first emtter poly |ayer 78. W t hen

grow (in-situ As-doped) second Emitter Poly |ayer 80 that can have a

t hi ckness between 1800 and 2200 angstrons. The second emitter |ayer 80 can
have a n-type dopant concentration about 2E20/sg-cm +/- 10%. Q do Emtter
Poly mask and etching, The etching stop on SiGe |ayer. To keep resist, do
Ext ensi on Base I nplant (p_type) Referring to figure 11, we form an

Emtter Poly ma 0 i | [ j e NPN
region 12, © " NeFhd ERRER IR B S5 e EpNIaD (AP fEG Rt 4L
| ayer 74 arderf teillde adagent tbithgoN dhell i Thep weallisrur8ler theoisblation régonPN

emtter 80 _.78(81 T tch stops on Si er.70. . Next, wth the
e tter Poliy HEPHURIC, A Fvall BRS B loqac B EHoMME A RSB W ant 88
(e. 9., Pptypemote tiewpavéihmaskCe | ayer 70 and | ayer 64 with a p-type dopant.
The Si Ge layer 70 can have a p-dopant concentration between 1E20 and

2E20/ cnB. N-collegfer regianti2%er regi on 64A preferably has a p-type dopant
concentration between 1E20 and 2E20/cnB after extension base inplant. R
grow TECS. - do Base Poly mask, this mask al so pattern PNP Emitter. Then
renove Si Ge/ Pol WsNhtowrdiev fidu@S 4nthet m-dbpge ep| laybi chmpoisps did N-adle OS2 in

Protector hayRbn Tx.
The N collector region 52 preferably has a n type impurity concentration

between 1E16 and 2E16 atoms/cm?®.

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 implant (to form CMOS 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.

I. 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 multiple
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
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Referring to figure 12, we forman insulating |ayer (90A 90B) (e.g.,

i npl ant bl ock layer ). The inplant block |ayer can be made by a TECS oxi de
process and preferably has a thickness between 380 and 420 Angstrons. The
(TECS) insulating |layer (90A 90B) layer is to make sure PNP Emtter does

not accept subsequence N+ self-aligned inplant. The i npl ant bl ock
| ayer 90A 90B to prevents the PNP Emtter do not get inplanted by the
subsequence N+ self-aligned inplant.) W next forma Base Poly and

PNP em tter mask 94B 94A that covers the NPN Base poly 70B and the PNP
emtter 70A 64k (VPNP Si Ge Emtter 70A) (VPNP POLY Em tter 64A)
Usi ng the mask 94A 94B as an etch mask, we etch and renove the

Si Ge/ Pol y/ NiHari ! - i i b 1By or
Cayer. The BEuRPRor e ompasheidoattOLRr ETPAE bRiRT i Reeiek

perform a NemitigsiRaly witb Basemedie®. D r egi ons and form PNP sel f-align high
doped Base region. Referring to figure 13, we forma N+ S/ D Mask
(not shown) havi ng opening where the N+ S/D regions will be forned.

W perform a N+ WearthanforioafsecondNBPShBsK 8gioeas tHBINPNaegiowntt.i on as the PNP
self-align high doped Base regjon 91. The Nregi ons can have a N

91 t
i npurity concentW&tResiOrHra disgatecserinndans to forat Ay eahectar {YPNG Hscoﬂﬁ-@P%pe

region 91 iﬂégf&hi@f?\ktﬁé V@IP9B§ich4t he NPN region 12. T. Do P+ SID Mask
and P+ inplant The subsequence” RTA active SID dopant, neantinme, the dopant

in NPN and PNP EWe peiforpobyNisass! Iswplanitto forid adbasaregih 64 inthesP Icoliestot o

form shal | \ i.on xt, we rma P+ SID Mask..(not shown)
havi ng opeﬁ#ﬁngghé\et\&;em%ﬁ%glgméﬁDTpgé\f_glﬁswe}q'o%tgﬂfC@Pﬁ@d? a concen?r%cgrber forma
P+ i npl ant tewben BEV/REMPant & 1ONnemI5The N-besPiigisch b4 chhexidiiRortiegispn 14.
For VPNP and NPN parts, .no other regions are absorbed P+ inplant.

Next, we p oA SRIFACRI YRt i ve the P and N type SID 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 N-Base region 26 (e.g., silicon) to form
shal low PNP Em tter region 96 and shallow NPN emtter region 98.

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

Referring to figure 14, we form NPN spacers 102 and VPNP spacers (BJT Si N
spacers) 100. In an exanple process we grow aTECS | ayer ( 150 angstron) and
a Nitride |layer (900 angstrons), perform space etching to form NPN and PNP
spacer which can prevent Emtter and Base short during a subsequent
silicidel/salicide process. The insulating |ayer (90A 90B) |ayer is also
renmoved during space etching. Next, we grow a TECS | ayer (400
angstrom naned as salicide block (SAB) |ayer, perform SAB mask (not shown)
and SAB etching to renove SAB TECS layer in all CMOS and BJT device

region. Next, W fRip@sHUE FIOR pFS@Ricedy APEr Bhd o B5RaRIPAPIERRRrPEIfACES.
This forns the PNP devi ce 110 and the NPN device 112. V. Alternate

embodi nents - nodi fi &P &mitter poly Impéardy/OS process st eps not shown may
i ncl ude gate OXH% g{ n: FET_ pol #g ilicon depg‘ﬁl ti on and etch, spacer
growt hs and/ or #feEing 9 §9%\'?ﬁj7é'ﬁ’% 8 2 PLQIBHIST 67y Ja MPWSAICENhAYRYS 64 yer
i mpl ant s, %I%‘N%s%ﬁ%bi&n@éﬁgﬁd ahe dlé@&tﬁ@‘iéyer%BCTh(\,Npogéﬁﬂth We?&%l@ﬁ@' e

process steps An exanple overviewis a formng a
t ransi st or etehgdrtodenn tife BNEeemfiter @otyor Heanpolsiltios ager o4 ¢s aned mwasNbuffer

transi stor i t ski 0 Skl t eps
1 zed 1 AERh b RECEdaNE RN UL £22ob hoPBingh ek SR o
conpri sed oftride WB&IRb pobit ddtiereAcd/PNP base, a VPNP col | ector and the NPN
transistor is conprised of a NPN emtter, a NPN base and a NPN col | ector,

the nethod conprises the following steps: figure 1 - provide a substrate

10 having a VPN'?hQXirbt@E'toN(é %%' Ms?l%n?rlﬁwd@ RecrdNBN h89h WclribsanA tife NPN
buried N region 20A in th N reg
opening 60 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 profile.
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formng a buried Nwell 24 in the VPNP region extending into the VPNP
buried N region 20B; formng a buried P+ region 26 adjacent to and above
the buried N well region 24: figure 2 - formng an epi |ayer 30 over the
substrate 10; the epi layer is doped n-type; 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 l|ayer and substrate; the N wells 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 transi Stl@.r%joﬁv SRE@Bas8lapér 10)0upPbr HRYSL RIS ef 1S (@gNERS7yed N
region 20A in the NPN region; the epr layer is doped n-type; figure 5 -

forming a VPNP (P) ca@ndd¥itddedaygrsy6 P col | ector 50) over the VPNP buried P
region 26 in the VPNP region 14; figure 5 - form n? a_VPNP (N) base region
54 in the VPNP (8ferhptatighre Poye OB, SiGe Baselager for Ahagpigelaygsr 0

di el ectric LayeledBiNebst Betvwdtis i858t Sad t ol 5 Lith8; has
an (VPVP) er?lﬁt t (\a/re openi na gg over%g-)geg%l\%%( bggg ?r(l]a(g?%nbgl?l?%gi gljur e 7
f orm ng an petypetdepapbsych ag/boropd over the first dielectric layer 58 44 and
filling the (VPVP) emtter opening 60;
The SiGe base layer 70 is comprised of Germanium makes up no less than
10% of the silicon and germanium, and wherein the germanium makes up no more

than 30% of the silicon and germanium.

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 TEOS 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 layers, such as a first emitter layer 78 and a second

emitter layer 80.
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figure 7 - doping the emtter poly layer 64 with a p-type dopant; figure
8- formng a NPN base region opening in the emtter poly |layer 64 over the
| ower dielectric |ayer 58 over the NPN region 12; figure 9- formng a SiGe
| ayer 70 over the poly layer 64 and filling the NPN base regi on opening;
form ng an upper dielectric |ayer 75 over the SiGe |layer 70; the upper
dielectric layer having an NPN em tter opening exposing the SiGe | ayer 70;
figure 10- formng an emtter poly layer 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 emtter 81 (78 80) over
the Si Ge layer 70 by patterning the emtter poly layer 78 80 and the upper
dielectric layer 75 (74 76); figure 11 - doping the SiGe layer 70 in the
VPNP region 14 with a p type dopant; figure 12 - formng an insulating

| ayer 90 (teos $0yesaeple, hWGSiaGéOI‘fa?efrrS niteeidPolyd 1ay i \Medheg perfofmgur e

- 12 - patter Si Ge |ayer 70 and

the | ower i Enﬁt%ﬁe 't BopB YL firs? a%ﬂoq}%{yte‘é? S70A 64A 11 the VPNP
regi on 14 and a \WeNhbageov Qia-situ AH€opEt sexgindrErhter Polyglayer 8Bthat ean ng 1\ 1+
S/ D reglo 91 | he VPNP re n 14; _figure 13- mn NP, P+r ion 95
‘n the P whA/ed t@ifﬁsﬂeﬁ betWPaﬂ13%@“#@9&%@8@%@&8@%@ 96 in
the VPNP bagecathd a n-type dopant concentration about 2E20/sg-cm +/- 10% .

Q. do Emitter Poly mask and etching, The etching stop on SiGe layer.
To keep resist, do Extension Base Implant (p_type)

Referring to figure 11, we form an Emitter Poly mask 84 that covers at
least 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/TEOS multi-layers,

which composite as CMOS protector layer
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di ffusing P dopants fromthe VPNP emtter 70A 64A;, figure 13- formng a N+
emtter 98 in the NPN base 70B. X. Overview of exanple device Device An
exanpl e devi ce enbodi nent is shown in figure 14. The device conprises
VPNP transi stor conprised of SiGe, a CMOS device and an NPN transistor. The
VPNP transistor is preferably conprised of a VPNP emtter, a VPNP base, a
VPNP col | ector and the NPN transistor preferably is conprised of a NPN
emtter, a NPN base and a NPN col |l ector. 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 base, a VPNP
collector and the NPN transistor is conprised of a NPN emtter, a NPN base

and a NPN col |l ector. The device conprises the foll ow n(g: a substrate 10
havi ng a NVPN réﬁ@fsmrmtoawr%mPNe?Egnb@ﬂ insuiading laver (394 9RBY (6§ dnpiarb

D5 N AP SE R MRS Bkl PEBSS el ot anen 0%
t he VPNP bupretedaily hegisothickness between 380 and 420 Angstroms. The (TEOS)
insulating layer (90A 90B) layer is to make sure PNP Emitter does not accept
subsequence N+ self-aligned implant.
The implant block layer 90A 90B to prevents the PNP Emitter do not get
implanted by the subsequence N+ self-aligned implant.)
We next form a Base Poly and PNP emitter mask 94B 94A that covers the
NPN Base poly 70B and the PNP emitter 70A 64A. (VPNP SiGe Emitter 70A)
(VPNP POLY Emitter 64A)
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 will 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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20B; a buried P+ region 26 adjacent to and above the buried N well

24; an epi layer 30 over the substrate and the buried N well 24 and
VPNP buried N region 20B; a isolation region 32 in the substrate at
bet ween the NVPN region 14 and NPN region 12; a sinker region 38 in
NPN region in the epi |ayer that contacts the NPN buried N regi on20A;
in the epi layer and substrate; the N wells contact the buried N

wells 36

wel | 20B;

contacti
and int
of the P

epi layer is toped nePpRat Mesmnte, 118 oQido e gl AP SNy AdPS "

t he epi
VPNP (N)

region 5

t he

region

| east

t he
N

a Pwell region 34 in the VPNP region 14; the P well region 34

ng the buried P region 26; the P Wll (PW 34 in the epi | ayer 30
he substrate 10; the P well is adjacent to the N Wl gortlons

wel | 37, iBo PadS/D Mask iand) Pt implantdgThe sebseqlaence;BFMemtme

| ayer over t bl%o\éﬁDPde&anE) S5iGé on sAfcomtd formVehiliowe Emittet4;

A on 52

t he

50)

a

base region 54 in the VPNP collector region 50 in the epi |ayer;
a NPN emitter 81 (78¥i9Mover a NPN Si Ge base 70B over the N-coll ector

2 inthe NPNregion 12; the a VPNP emtter 70A 64A in the VPNP
regi on 14;

Next, we form a P+ S/D Mask (not shown) having openings were the

P+S/D region will be formed.

We perform a P+ implant to form VPNP P+ regions 95 in the PW 34 in the

VPNP region 14. For VPNP and NPN parts, no other regions are absorbed P+

implant.

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 TEOS
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a NPN Si Ge 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 emtter 70A 64A 96; a
VPNP P+ region 95 in the P well region 34; a VPNP P+ emitter region 96 in
the VPNP base 54 by diffusing P dopants fromthe VPNP emtter 70A 64A,
figure 13- formng a NPN N+ emitter 98 in the NPN base 70B. A Tabl e of

el ement Below is an partial table of elenents: Partial Table of elenents
naneel enent SubstratelO VPNP regi onl2 VPNP regi onl4 BN we// 24

layer in all CMOS and BJT device region. Next, we form silicide region 106 on the

exposed silicon surfaces.
This forms the PNP device 110 and the NPN device 112.

V. Alternate embodiments — modifications

The CMOS process steps not shown may include gate oxide growth, FET
polysilicon deposition and etch, spacer growths and/or depositions and etches,

extension and halo masks and implants, source/drain masks and implants, etc.

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:

e 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;

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

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

e figure 2 -forming an epi layer 30 over the substrate 10; the epi layer is doped

n-type;
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(buried P+ type layer) buried P+ layer26 P well 34 Epi |ayer30 N well s36

Si nker region38 dielectric protector |ayer44 second BP mask46 VPNP ( P)

col l ector region50 VPNP (N) base region N-base region54 | ower dielectric
| ayer (e.g., SIN)58 Pwin Mask59 PNP enmitter openi ng60

e figure 2 & 3 — forming isolation region 32 in the substrate at least between the
NPN region 12 and the VPVP region 14;

» figure 4 -forming a sinker region 38 the NPN region that contacts the NPN
buried N region 20A;

o figure 4 - forming N wells 36 in the epi layer and substrate; the N wells 36
contact the buried N well 20B;

o figure 4 — forming 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 comprised of the epi layer over
the a NPN buried N region 20A in the NPN region; the epi layer is doped n-
type;

e 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;

e 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,

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

o 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;

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

o 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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protector (e.g., polysilicon) layer64 P Emtter poly Inplant66 NPN Si C
region7l teos74 nitride76 N-EVVIN nask77 Extension Base | nplant88 N -

regi ons90 VPVP P+ regions95 VPNP P+ emitter region96 98 NPN N+ enitter98
sui ci de regi ons106

figure 10 — forming an emitter poly layer 78 80 over the an upper dielectric
layer 75 and filling the NPN emitter opening in upper dielectric layer 75 over
the SiGe layer 70;

figure 11 — forming an NPN emitter 81 (78 80) over the SiGe layer 70 by
patterning the emitter poly layer 78 80 and the upper dielectric layer 75 (74 76);
figure 11 — doping the SiGe layer 70 in the VPNP region 14 with a p type
dopant;

figure 12 - forming an insulating layer 90 (teos 90) over the SiGe layer 70, and
the NPN emitter 81;

figure — 12 — patterning the insulating layer 90 (teos 90), the SiGe layer 70 and
the lower dielectric layer 58 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;

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

X. Overview of example device

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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BN+ (buried N+) regi on20A border BN+ regi ons20B VPNP pol ysilicon | ayer 64A
VPNP Si Ge | ayer 70A VPNP emitter 70A 64A 96 NPN Si Ge base70B NPN enitter81
(78 80) VPVP cap insulating layer90A Ill.Non-limting advantages of sone
exanpl e enbodi nent s Some of the exanpl e enbodi nents of the
self-aligned VPNP transistors provide sone the follow ng benefits: r1 Only
two extra reticles, three nask steps. o BN mask 22 (figure 1 ) and BP nask
46 (figure 5) (sane reticle for BN mask 22 and BP nask 46). and Pwi n mask

59 (figure 6)

In more detail, referring to figure 14, an example overview of device
comprised of a VPNP transistor comprised of SiGe while forming a CMOS device
and an 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 device comprises the following:

e asubstrate 10 having a NVPN region 14 and a NPN region;
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 a buried N well 24 in the VPNP region extending into the VPNP buried N region
20B;

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

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

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

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

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

e 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;

e 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;

24



LI As plug-in nmodule, fully integration with Si Ge Bi CMOS processes. LI High
doping Polysilicon Emtter can increase hole injection efficiency from
emtter to base, reduce enmtter resistor, and formvery shall ow EB
junction. o Hi gh doping Polysilicon Emtter can have a dopant concentration
range between 1E20 and 2E20/cnB 1 Self-aligned N+ base inplant to form N+
base region 54 can reduce base resistance and parasitical ES capacitor. U
Very | ow collector resistor benefits fromBP layer 26. L PNP transistor is
| sol ated from other CMOS and NPN devices by BNwell, Nwell and BN+ juncti on.
Wth reference to figure 14, the resulting NPN transistor 112 can conpri se:
Nemtter 80 78; N+ emtter region 98, P Si Ge base region 705, N Collector

52 BN+ region ilicide regiqns The Vertical, PNP (VPNP)
transistor '116%33@%%@9'@91?&8%?Nﬁﬁ?ﬁﬁo'ée%?r_éggl[o8250p'8rt%'? §R! '%ﬁr_’and a
pol ysilicog boNPNERRidrisaN7640) over BINPNI SR bdsed70B 0w th&NY@GIRcEgtgi on 26,
a P collector region 50 and a buried P region 26 bel ow and adj acent to the

P col | ector rregiosrb2 iithe RN regign dgs th@e. At | east the fol l owing el enents
are new anq uge\hgwlg, enmte%ﬁ%hA%rArtﬁé (/HﬁF“rre%icins?Jl;ati on VPNP to ot her device;

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

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

e aVPNP 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;

e 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 well 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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2) BP region 26 provide a | ow resistance path for VPNP coll ector current;
3) TECS dielectric protector |ayer 44 and |lower dielectric |ayer (e.g.,

SIN) 58 help formVPNP emtter window 60 (figures 6 and 7); 4) SiGe used
as VPNP Emitter layer; 5) VPNP SiGe Enmitter 70A + Space conbine self-align

VPNP. G ven the variety of enbodi nents of the present

i nvention just described, the above description and illustrations show not
be taken as limting the scope of the present invention defined by the

cl ai ns. Wil e the invention has been particularly shown and descri bed

with reference to the preferred enbodi nents thereof, it wll be understood
by those skilled in the art that various changes in formand details may be
made wit hout departing fromthe spirit and scope of the invention. It is
intended to cover various nodifications and simlar arrangenments and

pr ocedur es,diglegtricgrotantpydayér t he appended chéins therefore shoul d be
accorded the br st_interpretation so as enconpass all such

nodi ficati o%escl%gﬁgyémﬁﬁkar arrangenent s and %ﬁocedur es. clainmed is: 1.A

met hod of fWRRNPN®P)Zollestbegiampr i si ng: 50providing a substrate with a
first transistor region separated fromother regions by first isolation
regi ons, \/\h\é‘:r)@%rﬂ\{)hga%eu'f?gﬂ N-hasedegipir ed wth a col l ector mask exposing

the first tlf)ﬂ/@?ﬂ%i tri& ﬁ& _gIN)y mplantipg dopants of a first dopant
type using the collecto sk'to %orma collector region of a first type

t ransi st or ;Pwin Mask npl anti ng dopan s of a s&2ond dopant type using the

col |l ector to.for e region the collggtor region; formng a
conposite ﬁlﬁ{see{ﬁllitgﬁog%rﬁﬁé inthe first transistor region over the base
regi on, whesretettérhe.opaipsiidan) payadrect i on stag¢k conprises a dielectric |ayer

Above the. df BTBLET PRy IBHE and {1111 ng he Bben ngi o o VP
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 64A
VPNP SiGe layer 70A
VPNP emitter 70A 64A 96
NPN SiGe base 70B
NPN emitter 81 (78 80)
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anneal ing the substrate to diffuse dopants fromthe doped |ayer into the
base region to forman emtter region or the first dopant type; and wherein
a first buried doped well of the second dopant type is disposed bel ow the
col | ector region, and a second buried doped well of the first dopant
type is disposed above the first buried doped well, 29 2. The net hod of
claiml wherein the first dopant type conprises p-type dopants and the
second dopant type conprises n.-type dopants to forma vertical PNP
transistor in the first transisto regi 3. The method of claim2 wherein:
the first transistor region conprises second isolation regions disposed
between first isolation regions; and further conprises

second dope\gp{/gq‘ia%qﬁﬁ@g{'siﬁ%&%rto t he conposbbg protection stack and second

i sol ation regi ons, doped regi ons coupled to the base region, and
fonning first doped regions between first and second isolation regions, the
first doped regions coupled to the collector region. 4. The nethod of

cl aim 3 wherein:

Il Non-limiting advantages of some example embodiments

Some of the example embodiments of the self-aligned VPNP transistors provide

some the following benefits:

0O Only two extra reticles, three mask steps.
o BN mask 22 (figure 1 ) and 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 Polysilicon Emitter can increase hole injection efficiency from
emitter to base, reduce emitter resistor, and form very shallow EB junction.
o High doping Polysilicon Emitter can have a dopant concentration
range between 1E20 and 2E20/cm3

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

0 Very low collector resistor benefits from BP layer 26.

0 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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form ng the second doped regions conprises inplanting second type dopants
into the substrate between the conposite protection stack and first

i sol ati on regions; and formng the first doped regi ons conprises
inplanting first type dopants into the substrate between first and second
isolation regions. The nethod of claim| wherein: the first transistor
regi on conprises second isolation regions di sposed betwee | atj oni on

further conprises form ng second doped regi ons adjacent to the
conposite protection stack and second isol ation regions, the second doped
regi ons coupled to the base region, and fanning first doped

regi ons between first and second isolation regions, the first doped regions

coupled to the qakhestiedl Frmgl(vnNPf)trEhgsmtﬂ@dcmfcahpme Eraitter ¢having a
g the second doped reg s conprises inplanting second type dopants into the

substrate KéPadenpeRiONcHipard ﬁé’%&‘%‘t‘@@tb%‘ﬁ”& parendif)r st SsT ERIIYh
regions; @gbpana{se rfeﬁ ofﬁ'ﬁ 4 PolibEst rébgcﬂ‘?go LAE LHFSPLPRESIBR D6 v@%hbng

first type e substrat ween first and Second i solation
regi ons. 7atieenttohibd PEoltdcimmepionheitieide regientil0ét transi stor is loin ed
with folti ing i AGCS transistors.

At least the following elements are new and useful:

1) Bnwell 24 structure isolation VPNP to other device;

2) BP region 26 provide a low resistance path for VPNP collector current;

3) TEOS dielectric protector layer 44 and lower dielectric layer (e.g., SIN) 58

help form VPNP emitter window 60 (figures 6 and 7);

4) SiGe used as VPNP Emitter layer;

5) 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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8. The nethod of claim1 wherein: the first transistor region

conpri ses second isolation regions di sposed between first isolation
regions; and further conprises form ng second doped regi ons
adj acent to the conposite protection stack and second isol ation regions,

t he second doped regions coupled to the base region, and g first doped

regi ons between first and second isolation regions, the 31 first doped
regions coupled to the collector region. The nethod of claiml|l wherein the
buried doped wells are formed by: i npl anti ng &pants of the second
dopant type into the substrate in the firs transistor region to forma
first dogﬁﬁ “@thﬁ&@ surface of the substrate to a first well depth;

i mpl anti ng opan the first dopant type into the substrate in the first
transi stor region to form second doped well from surface or the substrate
to a second well depth which is less than the first well depth; and grow ng

an epi layer on the surface to formthe first and. second buried doped
wel | s. . A method of forming a device comprising:

providing a substrate with a first transistor region separated from other regions by
first isolation regions, wherein the substrate is prepared with a collector mask exposing
the first transistor region;
implanting dopants of a first dopant type using the collector mask to form a
collector region of a first type transistor;
implanting dopants of a second dopant type using the collector mask to form a
base region in the collector region;
forming a composite protection stack in the first transistor region over the base
region, wherein the composite protection stack comprises a dielectric layer with an
opening and a doped layer having dopants of the first dopant type above the dielectric
layer and filling the opening;
annealing the substrate to diffuse dopants from the doped layer into the base
region to form an emitter region of the first dopant type; and
wherein
a first buried doped well of the second dopant type is disposed
below the collector region, and
a second buried doped well of the first dopant type is disposed
above the first buried doped well.
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10.. The method of claim| conprises fbrmng isolation wells of the second
dopant type surrounding the collector region, the second deep buried well

and. at least a portion of the first deep buried well. 11. The method of
claim 10 wherein: the first transistor region conprises second

i sol ati on regions di sposed between first isolation regions; and further
conpri ses form ng second doped regions adjacent to the

conposite proteetio stack and second isolation regions, the second doped

regions coupl g@etQiREoRB3E IMeRraR thédSt dopant type comprises p-Bfp8idBFanid 4t doped
regi ons between first and second isolation regions, the first doped regions

coupled t ' 2. t i Fﬁm@ i p.the
substr at etﬂ%%)érarg?(f@ s'flg {e:lt ecc(gﬁ[g{stg é:%rﬁé% sdt-gg%tgrrg)géagﬁ agfg%%%%@%& r orﬁgr? #llgl %irst
transistgr re Lqp by.first isolation regions and conprises: inplanting
dopants dfSYHESEQEERP Jopant type to form a second col | ector region of a
second type transistor; formng a second base regiong the first dopant type
on the surface of the substrate in the second transistor region; and

formng a second emitter (e%ﬁon on the base region having the second dopant
3. The method of claim 2 wherein:

the first transistor region comprises second isolation regions disposed between
first isolation regions; and
further comprises
forming second doped regions adjacent to the composite protection stack
and second isolation regions, the second doped regions coupled to the base region, and
forming first doped regions between first and second isolation regions, the

first doped regions coupled to the collector region.

4. The method of claim 3 wherein:
forming the second doped regions comprises implanting second type dopants into
the substrate between the composite protection stack and first isolation regions; and
forming the first doped regions comprises implanting first type dopants into the

substrate between first and second isolation regions.

5. The method of claim 1 wherein:
the first transistor region comprises second isolation regions disposed between

first isolation regions; and
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type- The met hod of claim 12 wherein the first type is p-type and the
second type is n-type to forma PNP transistor in the first transistor
region and a NTN transistor in the second transistor region. 14. A device
conprising: a substrate with [ust and second transistor regions
whereintransi stor region is separated fromother regions by first isolation

regi ons; an epi | ayer disposed over the substrate in the first and
second transistor regions, wherein well in the substrate, and t he
epi layer in t{gndrichbritdsansi stor region is separated fromthe substrate by
a device | ayer; a collector region disposed in the epi layer in the

first transistor regi i 0 I . 1,SES first
dopant type; qgh@g% %ygrggglﬁ%}:ditrgﬁ?lﬁsedd$al%§%tﬁ b {lge:c%lsn?)sg?o(r)énr}%gt?oglnﬁ%gove t he
collector_r.egion.to the surface of .the i. layer: a conposite

br ot ect | GRASteeRd iofation Zesipiss héspeind dobes Rigns bl dp terhaSyEERy Y on,
wherein the conposite_pr%tection stack conprises a di.el cIric_Iay%r with an
openi ng and a dopedoTRijEfirsh dopsdgesiophnteceiistpadspgond 1 Afeasset’dhove t he
dielectric layer and filling the opening; and anr region of the first
dopant t Vit dipsp ssians icounl erbtoihes eollegigr gagidsel ow t he

6. The method of claim 5 wherein:
forming the second doped regions comprises implanting second type dopants into
the substrate between the composite protection stack and first isolation regions; and
forming the first doped regions comprises implanting first type dopants into the

substrate between first and second isolation regions.

7. The method of claim 1 wherein the first transistor is formed with forming CMOS
transistors.
8. The method of claim 1 wherein:

the first transistor region comprises second isolation regions disposed between
first isolation regions; and
further comprises
forming second doped regions adjacent to the composite protection stack
and second isolation regions, the second doped regions coupled to the base region, and
forming first doped regions between first and second isolation regions, the
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opening of the dielectric layer of the conposite protection stack. 15.A

net hod of fabricating an integrated circuit conprising: providing a
substrate with first and second transistor regions, the first transistor
region is separated fromthe second transistor regi on and other regions by
first isolation regions and a collector nmask is provided on the epi |ayer
whi ch exposes the first transistor region,; i npl anti ng dopants of a
first dopant type using the collector mask to fonn a first collector region

of a firstirdt Mpsedire@bsd ®upled tdithekBlIdddrybgibi.ansi stor region; inplanting
dopants of a second cl opant type using %he collector mask to forma first

base region in the collector region; formng a conposite protection
stack in the first transistor region over the base region, wherein the

conposite9protﬁﬁéﬁgﬂb§%§ak.c? %%%g%Fng%ﬁ%%%éﬁ%ﬁf%%ﬁgéﬁgv}h an openi ng and

a doped | ayer having dopants o 2" the dielectric
| ayer and filling the opening: anneal i n he substrate_to diffuse
dopants from t‘r?g’q%fglﬁlgdb %{%‘Pfg[}‘ﬁfﬁoil%%awpw&ﬁiﬁs Rstpte ifEhefigt r st emitter
region of the first dopant type i npl anti ng dopants of die second

VASSE
dopant t ypansiseriresian i lour adustdopsdwelb fropeyriaere ¢ffthesubsiednip 2 fsewell ansi st or ;
formng an epi laver in the first and second transistor regions, wherein
the epi |88P8% in the first transistor region is separated fromthe
substrate by the doped | ayer, and the epi layer in the second
transi st or regingiantmgdepants ofsbhe Hrstldomint gpt orto thegulestrate in the first transistor

region to form a second doped well from surface of the substrate to a second well depth
which is less than the first well depth; and
growing an epi layer on the surface to form the first and second buried doped

wells.

10.  The method of claim 1 comprises forming isolation wells of the second dopant
type surrounding the collector region, the second deep buried well and at least a portion

of the first deep buried well.

11.  The method of claim 10 wherein:
the first transistor region comprises second isolation regions disposed between
first isolation regions; and
further comprises
forming second doped regions adjacent to the composite protection stack
and second isolation regions, the second doped regions coupled to the base region, and
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form ng a second base region having the first dopant type on the surface of
the ep.i layer in the second transistor region; and formng a second
emtter region on the base region having the second dopant 16. The met hod of
claim15 wherein the first type is p-type and the second type is n- type to
forma PNP transistor in the first transistor region and a NPN transistor
in the second transistor region. 17.The nethod of claim15 wherein:

the first transistor region conprises second isolation regions disposed

between first isol %I'nﬁig% ggsg;h]@?gegﬁrgs Je%éeﬂ%st%ﬂaﬂééoﬁ& Tsolation ref(i:(t(ns, the foOrmng

second doped regions a conposite protection st and second

i sol ation.regions,.the second, do regi ons coupled to the base region, and
f or mi ng ﬁrfts‘g’pﬁ‘gbegﬂmﬁgﬂfpg toglétf%@%ﬁoﬂe%ﬁn' and second isol ation regions, the
first doped regions coupled to the collector region IS The nethod of claim

17 wherein: form ng the second doped regions conprises inplanting
second type dopants into the the cpi |ayer between the conposite protection

stack and? i r skheimashos ofstpimdgiigiein thgebstrate compyises A sECORG IrRGSISEQT rgdpRd
regions conprises inplanting first type &pants into the cpi |ayer between
first ancepaatoddroistbe fitst bmnsistgri regisn by first isolation regions and comprises:
implanting dopants of the second dopant type to form a second collector region of
a second type transistor;
forming a second base region having the first dopant type on the surface of the

substrate in the second transistor region; and

forming a second emitter region on the base region having the second dopant

type.

13.  The method of claim 12 wherein the first type is p-type and the second type is n-
type to form a PNP transistor in the first transistor region and a NPN transistor in the

second transistor region.

14. A device comprising:
a substrate with first and second transistor regions, wherein the first transistor
region is separated from other regions by first isolation regions;
an epi layer disposed over the substrate in the first and second transistor regions,
wherein
the epi layer in the second transistor region is over a buried doped
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The met hod of claitn 16 wherein the tlrst and second transistors are forned
with formng CMOS transistors. 20. A nethod of form ng a device conprising:
providing a substrate with first and second transistor regions; providing a
col l ector mask on the epi |ayer exposing the first transistor region;

i npl anting dopants of a first dopant type using the collector mask to form
a collector region in the epi layer of a first type transistor in the
first transistor region; inplanting dopants of a second dopant type using

the collector mask to kaHHﬁﬂE%?&m%&Q&RP in the collector region in the
first transistor region; ormng a conposite protection stack in the
first transistor region,ov t he ) i aer.el Re ite
protection stack conpriggg%ghﬁgépgﬁi€$£§ §§g¥r @ngﬂmggg%ﬁﬁg éﬁd a doped
| ayer havi ng dopant f the first dopant type above the dielectric |ayer
and filling the opéﬁh#&ﬁébya‘kvmﬁ &aling the substrate to diffuse dopants

fromthe doped layer into the base region to forman emtter regjon of the
first dopant tfgbecterigeipp fiﬁp?ﬁjdafhthéﬁpﬁfi&‘iféﬁl thefirgt{ganpistos fFeekmg WEEE BN d

transi stor regions, wherein the epi layer in the first transistor
regi on i sheseqilgetar rgionrcomprises asfifsdapantdypsy t he doped | ayer, and t he
epi layer in the second transistor region is over the second coll ector

regi on, 21. Thdasetepod infhedIrstitrang@itor mgjpmi abewe the collector region to the surface

of the epi layer;

a composite protection stack in the first transistor region over the base region,
wherein the composite protection stack comprises a dielectric layer with an opening and a
doped layer having dopants of the first dopant type above the dielectric layer and filling
the opening; and

an emitter region of the first dopant type disposed in the base region below the

opening of the dielectric layer of the composite protection stack.

15. A method of fabricating an integrated circuit comprising:

providing a substrate with first and second transistor regions, the first transistor
region is separated from the second transistor region and other regions by first isolation
regions and a collector mask is provided on the epi layer which exposes the first transistor
region;

implanting dopants of a first dopant type using the collector mask to form a first
collector region of a first type transistor in the first transistor region;

implanting dopants of a second dopant type using the collector mask to form a
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g a first doped well of the first &pant type on a surface of the substrate
primto formng the epi |ayer, wherein the formng of the epi |ayer on the
substrate causes the first doped well to be a first buried doped well. 22.
The nethod of claim 21 wherein: the first transistor region conprises
second isol ation regi ons di sposed between 37 first isolation regiors and
further conprises form ng base contact regions adjacent to the
conposite protection stack and second isol ation regions, the base contact

regi ons C@%@b@ﬂnﬁgoﬁHﬁh@@@ﬁmﬁﬁg&ﬂﬂl and form ng collector contact
regi ons between first and second isolation regions, the collector contact

comprisea oo Rt E b R i R 0BT e on

the surface.of the.substrate p l.ayer, the second
doped wel [ “HhaviIT %larem @8??1839%@ péotgcél%ﬁﬁdg%‘brflﬂ%es aﬁle?é%*rt?rl SR H ¢ st doped
well of the first the seco oped wel ], wherein the first
doped wel PPHARE %P OPSﬁE”aﬁFIy qugrdé’Pa‘&%Bfﬁ %\‘/’\%gP@nﬁt}ﬁ’ﬁéb?‘fer@? diglepitls i s | ess
than the second depth and wherein formng the epi |ayer causes the

first andlayecaddiiegbEopenng to tx: first and second buried doped wells.

The met hod of claim 23 wherein:
annealing the substrate to diffuse dopants from the doped layer into the base

region to form a first emitter region of the first dopant type;
implanting dopants of the second dopant type to form a second collector region of
a second type transistor;
forming an epi layer in the first and second transistor regions, wherein
the epi layer in the first transistor region is separated from the
substrate by the doped layer, and
the epi layer in the second transistor region is over the second
collector region;
forming a second base region having the first dopant type on the surface of the epi
layer in the second transistor region; and

forming a second emitter region on the base region having the second dopant

type.

16.  The method of claim 15 wherein the first type is p-type and the second type is n-
type to form a PNP transistor in the first transistor region and a NPN transistor in the
second transistor region.
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the first transistor region conprises second isolation regions disposed
between first isolation regions; and further co wses form ng base contact
regi ons adjacent to the conposite protection and second isol ation regions,
t he base contact regions coupled to the base region, and form ng
col l ector contact regions between first and second isolation regions, the
col l ector contact regions coupled to the collector region. 25. The nethod of
cl ai m 20 wherei n: the first transistor region conprises second

i sol atiom+ eglmgngh&p Eﬂmbl%twﬁ‘e’?élnf' rst isolation regions; and further

conpri ses Form ng base cont act reglons adj acent to t he conposite

protection stagk-a second .i sol ati g e base qonia ons
coupled to t hgﬁ%grssgg?nesm?%ﬁegmn gormprises or(?niSOltaH B ISp oseglt%gt(%%% egi ons

bet ween f#rst and second i, sol ation regions, the coIIector contact regions
coupl ed tHSVﬂﬁm%HVF@@P%Fn?eglon The method of clai m20 wherein the
first dopant type conprises p-type dopants and the second dopant type
conprises n-t YSPRRTIESt 0 forma veiical PNP transistor in the first

transi stor gion 27. The nmethod of claim 26 wherein the first transistor is
formed with forni ngoummgsecond doped regions adjacent to the composite protection stack

and second isolation regions, the second doped regions coupled to the base region, and
forming first doped regions between first and second isolation regions, the

first doped regions coupled to the collector region.

18.  The method of claim 17 wherein:
forming the second doped regions comprises implanting second type dopants into
the the epi layer between the composite protection stack and first isolation regions; and
forming the first doped regions comprises implanting first type dopants into the

epi layer between first and second isolation regions.

19. The method of claim 16 wherein the first and second transistors are formed with

forming CMOS transistors.

20. A method of forming a device comprising:
providing a substrate with first and second transistor regions;
providing a collector mask on the epi layer exposing the first transistor region;
implanting dopants of a first dopant type using the collector mask to form a
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98. The nmet hod of claim 20 conpristis. i npl anti ng dopants of the
second dopant type in the second transistor region to fot a stkond
col |l ector region of a second type transistor; form ng a second base
region having the first dopant type on the surface of the substrate in

t hesecond transi stor region; and formng a second emtter region on the
base regi on having the second dopant type. 29. The nethod of claim 28
wherein the first type is p-type and the second type is n-type to forma

PNP t r ansi,gEQbr e 'ohﬂ?thfeief)§lta 20 % b e B G@P AR ikt NENidksAaBsibst or in the
% . The thod of cla

second transistor region. I'm29 whereih the first and

second transistors..ared with form %ﬁtr.n'st r ) evi ce of
claim 14 corrprl?rl {eag?mg SOPa%SaOI%PiS?CSOPdgg?l e 835@%%%1 ec(s)[?“{l%%t t?l}:(g}grlgdopant

type di sposed on.a _surface of. the substrate bel ow the epi |layer. 32. The
devi ce of°%§&gigp in the COII?@"rfrieg‘Q’c‘ 4 ﬁlﬁzj‘gﬁtéﬁaﬁ?‘“@é‘ﬁg‘é’ﬁ’ conprises second

i sol ation regions di sposed between first isolation regions; and
forming a composite protection stack in the first transistor region over the base

region, wherein the composite protection stack comprises a dielectric layer with an
opening and a doped layer having dopants of the first dopant type above the dielectric
layer and filling the opening;
annealing the substrate to diffuse dopants from the doped layer into the base
region to form an emitter region of the first dopant type; and
forming an epi layer in the first and second transistor regions, wherein
the epi layer in the first transistor region is separated from the
substrate by the doped layer, and
the epi layer in the second transistor region is over the second

collector region.

21.  The method of claim 20 comprises:
forming a first doped well of the first dopant type on a surface of the substrate
prior to forming the epi layer, wherein the forming of the epi layer on the substrate causes

the first doped well to be a first buried doped well.

22.  The method of claim 21 wherein:
the first transistor region comprises second isolation regions disposed between
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further conprises base contact regions adjacent to the conposite protection
stack and second isol ation regions, the base contact regions coupled to the
base region, and collector contact regions between first and second

i sol ation regions, the collector contact regions coupled to the collector
region. 33. The device of claim14 conprises: a second buried doped
wel | of the second dopant type on the surface of the substrate bel ow the
epi layer, the second buried doped well having a bottom a second dept h;

a first dopethiellre@bndRgafirst dopant type in the second doped wel |l bel ow
the epi |ayer, mﬁg?%i%’t e first doped well has a bottomat a first depth,

Wherein the fhﬂ&&xgggbﬁﬁ%s less than the second depth. 34. The device of
cl ai m 33 wherern: he first transistor region conprises second

i solation regions di sposed between .first isqlation regions;.an urt her
conpri ses b ag‘@“@%gﬁg tco?t\é\%ir‘c'ﬁignsaf’éi aﬁﬁ‘étg? aiec?ofrwgslgﬁf)%%tf@esgaﬁ;(ot ection
stack and second isol ation regions, the base contact regions coupled to the
base region, &Adsecond isolagpp g, e ResgCconiaelgraiALs ¢wplsddn theibasa regitl second

i sol ation regions, the collector contact regions coupled to the collector
regi on. and

forming collector contact regions between first and second isolation

regions, the collector contact regions coupled to the collector region.

23.  The method of claim 20 comprises:

forming a second doped well of the second dopant type on the surface of the
substrate prior to forming the epi layer, the second doped well having a bottom at a
second depth;

forming a first doped well of the first dopant type in the second doped well,
wherein the first doped well has a bottom at a first depth, wherein the first depth is less
than the second depth; and

wherein forming the epi layer causes the first and second doped wells to be first

and second buried doped wells.

24.  The method of claim 23 wherein:
the first transistor region comprises second isolation regions disposed between
first isolation regions; and

further comprises
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37d 35. The device of claim 14 wherein: the first transistor region
conpri ses second isolation regions di sposed between first isolation

regi ons- and further conprises base contact regions adjacent to the
conposite protection stack and second isol ation regions, the base contact
regi ons coupled to the base region, and col l ector contact regions
between first and second isol ation regions, the collectorontact regions
coupled to the collector region. 36. The device of claim 14 wherein the

first doping type Goihd RS cBahREs HRRNENAD el B SRINGLARRARI! YPe

conprises n-typedopants to provide ical PNP transistor in the first

transistor r e.gaing rs‘éc‘To;%1 ?soﬂl%%h & '(())Js t%l %lﬁy c%ﬁtta&o 15}15%S<§o§1bled.to }he b%seslggigﬁ,d
col l ector region of a secon E;tlypé ransistor rn e epi layer | he second
transi stor re%%ﬁn; a second base regi on havi ngdopant type on the surface of

the epi |ayer t he second transistor region; and

forming collector contact regions between first and second isolation

regions, the collector contact regions coupled to the collector region.

25.  The method of claim 20 wherein:
the first transistor region comprises second isolation regions disposed between
first isolation regions; and
further comprises
forming base contact regions adjacent to the composite protection stack
and second isolation regions, the base contact regions coupled to the base region,
and
forming collector contact regions between first and second isolation

regions, the collector contact regions coupled to the collector region.

26.  The method of claim 20 wherein the first dopant type comprises p-type dopants
and the second dopant type comprises n-type dopants to form a vertical PNP transistor in

the first transistor region.

27. The method of claim 26 wherein the first transistor is formed with forming CMOS

transistors.
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a second emtter region on the base region having the second dopant type.
38. The device of claim 37 wherein the first type is p-type and the second
type is n- type provide a PNP transisior in the first transistor region and
a NPN transistor in the second transistor region.

28.  The method of claim 20 comprises:

implanting dopants of the second dopant type in the second transistor region to
form a second collector region of a second type transistor;

forming a second base region having the first dopant type on the surface of the
substrate in the second transistor region; and

forming a second emitter region on the base region having the second dopant

type.

29.  The method of claim 28 wherein the first type is p-type and the second type is n-
type to form a PNP transistor in the first transistor region and a NPN transistor in the

second transistor region.

30. The method of claim 29 wherein the first and second transistors are formed with

forming CMOS transistors.

31.  The device of claim 14 comprises:
a first buried doped well of the first dopant type disposed on a surface of the

substrate below the epi layer.

32.  The device of claim 31 wherein:
the first transistor region comprises second isolation regions disposed between
first isolation regions; and
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33.

further comprises
base contact regions adjacent to the composite protection stack and second
isolation regions, the base contact regions coupled to the base region, and
collector contact regions between first and second isolation regions, the

collector contact regions coupled to the collector region.

The device of claim 14 comprises:

a second buried doped well of the second dopant type on the surface of the

substrate below the epi layer, the second buried doped well having a bottom at a second

depth;

a first doped well of the first dopant type in the second doped well below the epi

layer, wherein the first doped well has a bottom at a first depth, wherein the first depth is

less than the second depth.

34.

The device of claim 33 wherein:

the first transistor region comprises second isolation regions disposed between

first isolation regions; and

further comprises
base contact regions adjacent to the composite protection stack and second
isolation regions, the base contact regions coupled to the base region, and
collector contact regions between first and second isolation regions, the

collector contact regions coupled to the collector region.
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35.  The device of claim 14 wherein:
the first transistor region comprises second isolation regions disposed between
first isolation regions; and
further comprises
base contact regions adjacent to the composite protection stack and second
isolation regions, the base contact regions coupled to the base region, and
collector contact regions between first and second isolation regions, the

collector contact regions coupled to the collector region.

36.  The device of claim 14 wherein the first dopant type comprises p-type dopants
and the second dopant type comprises n-type dopants to provide a vertical PNP transistor
in the first transistor region.
37.  The device of claim 14 comprises:

a second collector region of a second type transistor in the epi layer in the second
transistor region;

a second base region having the first dopant type on the surface of the epi layer in
the second transistor region; and

a second emitter region on the base region having the second dopant type.

38.  The device of claim 37 wherein the first type is p-type and the second type is n-
type to provide a PNP transistor in the first transistor region and a NPN transistor in the

second transistor region.
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