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INTEGRATION OF BIPOLAR AND CMOS DEVICES FOR

SUB-0.1 MICROMETER TRANSISTORS

BACKGROUND OF THE INVENTION
1. Fleld of the Invention

- This invention relates to sehiconductor'devices and

more particularly to BiCMOS transistor devices and methods

of manufacture thereof,

2. Description of Related Art

U.S. patent No. 5, 793 085 of Vajana et al. for "Bipolar
Transistor Compatible with CMOS Processes” shows a BiCMOS

process with ion implanted source/drain and base regions.

U.Ss. patent No. 5;681,765 of Darmawan for "Process for
Fabricating Single Polysiiicon High Performance BiCMOS"
shows a BiCMOS prooesses with a pattefned photoresist layer
80 with an opening above a polysilicon layer 78 with a
thickness of about 3250A. Dopant 44 is implanted through
the opening in the photoresist layer to form a base-emitter
region 84 for an eventual bipolar transxstor in a tub 68 in

an epitaxial 1ayer 60.

U.s. patent No. 5 606 152 of Harada for "Semiconductor
Integrated Circuits Having Bipolar Transistors and LDD-
Structured MOSFET" show BiCMOS processes with polysilicon

layers and ion implanting boron ions to form an N-type
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region in a polysilicon emitter electrode layer 23 formed

above a gate oxide layer 12, which in turn is formed above a
base layer 19 formed in an N-type ep;taxial layer 4 in a P-

silicon substrate 1.

U.S. patent No. 4,962,639 of Ford for "Process for

Making BICMOS Integrated Circuit Having a Shallow Trench

. Bipolar Transistor with Vertical Base Contacts" describes a

BiCMOS process, but makes a reference to the NMOS region 27

at Col. 3, lines 23-41, to an intermediate stage of manu-
:acturing the NMOS region 27. A seéond polysilicén layer is
dépositéd on a previous polysilicon layer. The second
polysilicon Jéyer is then heavily doped'td become a poly-
siligon N+ layer witﬁ an N+ dopant. Alternatively the
polysilicon is deposited as a heavily doped layer by an in
situ piocess. Then in.NMOS region 27, using a portion of
the second polysilicon.layer which is now heavily doped
polysilicon N+ layer 40, a buried contact region 41 is
formed in a P-well fggion 16 by diffusion, as the result of
a high temperature anneal. 1In Col. 4, lines 4—43, a trench
is formed where the NPN:tranéistor is to be formed. First
an active base region 67 is formed by implanting boron in
the N—Qell 19. Ozide sidewalis 68 are formed in the trench.
A polysilicon emitter 69 is deposited in the trench between
the oxide sidewalls 68. Then emitter 69 is doped N-type

using masks and implants. By this procesé'or an anneal, a
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very shallow N—type emitter junction is formed in the active

base region from the doping of the polysilicon emitter 69.
uU. S. patent No. 5 504 362 of Pelella et al., "Electro-
static Discharge Protection Device" in Cols. 7 and 8 and
FIG. 2 teaches outdiffu51on from N+ polysilicon emitter
contact 48/P+ polysilicon base contact 44 to form N+ emitter

outdiffusion region 39/P+ base:outdiffus1on region 40 of an

' NPN bipolar transistor 15C in a BiCMOS device. - .

uU. S. patent No. 5 652 154 of Komuro for “Method for

)

Manufacturing BIMOS Device" shows a process for manufactur-

- ing a BICMOS device. At Col 5, lines 7= 37, an intrinsic

base_region'109 is formed by ion implantationlof a P—type
dopant comprising_boron into an N-type silicon region C of'a;
P—type silicon substrate lbl. Later in the'process there 1is
an ion 1mplantation of the polySilicon layer which is first

"modified to have an N-type conductiv1ty" by driving dopant

from a doped glass layer or by icn implanting N~type dopant

into the polysilicon. Then the doped polysilicon is formed
into gate electrodes 112a-112¢ which are to be used to form
FET devices in areas A and B and a bipolar device in area C.f
Then" ...in area C, the polysilicon layer is left as an

emitter electrode 112¢ above an emitter diffused region

'forming area for the bipolar transistor.“ The next step is

a heat treatment step employed to form an N-type emitter

R en e g o o s e s
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region 113 in the P fype intrinsic region 109. (Col. 5,

lines 38-59).

SUMMARY OF THE INVENTION

When the gates of CMOS transistors are scaled to less

than 100 nm, the gate_oxide thi;knessés'will be around 5 A

to 40 A. Under such éircumstances, the gate structure of

bipolar devices and MOS devices become more similar than the

iarge geometry devices.

In accordance with this iﬁvention, a simple approach to
the method-of manufacture and the structure of bipolar
dévices and MOS deviées is prévidéd.' The . proposed invention
is very compatible.wifh cMOS piocess with minimum additional
steps to form the'sélf—aligned bipolar transistors in a

standard CMOS process.

In accordance with.the method of fhis invention a
semiconductor deﬁice ié.for@ed with dielectric, iéqlation
structures in a top surface of é‘silicon semicénductor .
subétrate, separating the subétrate into a plug area, an
emitter area,.an'NMOS area and a PMOS area. The plug area
is juxtaposea'with thé emitter area away from the NMOS area
and the PMOS area. Fofm a buried doped layer for a biéolar
transistor in the plug érea and the emittef area of the
substrate deep below the surface. Form a collector plug

region in the plﬁg areé, reaching from the surface of the
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substrate to reach the_buiied doped layer. Form a gate

oxide layer superjacent to the isolation structures on the

top surface of the silicon semiconductor substrate. Form a

‘conductive ?olysilicdn layer superjaceni to the thin silicon

oxide layer. Mask the NMOS and PMOS regions of the
substrate with éh emiftéi_mask héving a window over tﬁe
emitter area of the substréte."lon implant.emitter dopant
into a portion of the'coﬁductive polysilicon layer over the
emitter area of the substiate'through the.window in the
emitter mask. Strip-tﬁé emitter mask. Anneal the substrate
including the thin siiiéon oxide layer, and the polysilicon
layer to drive the dopant into én emitter region in the
emitter.area in the subétrate, Form'ddped.sburce/drain

regions and a base in the emitter area of the substrate.

Preferably, the annealing is.performed by rapid thermal

annealing. The isolation structures are trenches formed in
the substrate filled with silicon oxide dielectric. The

gate oxide has a thickness from about 5 A to about 40 A.

In accordance with another aspect of this invention, a

semiconductor device comprises dieleétric, isolation

structures formed in a top surface of a silicon

semiconductor substtate,.separating the_substrate_into
emitter, NMOS and PMOS areas. A.gafe oxide layer is
superjacent to (overlies) the isolation structures on the
top surface of the siiicon.semicbnductor substrate.' A

conductive polysilicon layer is superjacent to the thin
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silicon oxide layer. Emitter dopant has been lon implanted

into a portion of the conductive polysiiicon layer over thé

emitter area of the substrate. The substrate including the

thin silicon oxide layer was annealed driving dopant from

the.polysilicon layer into an emitter region in the emitter
area in the substrate. deed source/drain regions are
formed in the NMOS and PMOS areas of the substrate, and a

base region is formed in the emitter area of the substrate

as part'of an NPN device. Préfeiably, annéaling was

performed by rapid thermal annealing. The gate oxide has a

thickness from about 5 A to about 40 A. The isolation
structures are trenches formed in the substréte_filled_with '

silicon oxide dielectric.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects and édvantages of this

invention are explained'and described below with reference

‘to the accompanying drawings, in which:

FIGS. 1 - 13 show a sectional, eleVétiqnal view of a
fragment of a semiconductor device in accordance with this -

invention, in various stages of the manufacturing process.

" FIG. 13 shows a sectional, elevational view of a
fragment of the semiconductor device in accordance with.this

invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention teaches a BlCMOS process for manufacture of
a bipolar transistor in a standard CMOS process. Referring to:
FIGS. 5- 7, a fragment of a semiconductor device 10, in accord-
ance with this 1nvention, is shown in an early stage of manu-
facture. In this stage of the process of the invention shown

in FIG. 5, a step is performed of implantation of N type

-dopant through a bipolar polysilicon emitter opening 20* in a

mask 20 to form an N+ doped emitter portion 18' of a polysili- '
con 1ayer_18. Next, in FIG. 6, the polysilicon is being
patterned-into.ﬂf doped emitter portion 18E and gate
electrodes 1§N and 18P. In FIG. 7,'the device 10 has been

. annealed causing formation of an emitter region EM in the

silicon semiconductor substrate 12 of the device 10 below the

.emitter portion 18'.

‘Process Flow

1) Form STI isolation structures and other front end

processing.-

FIG. 1 shows a sectional, elevational view of a fragment

' of a semiconductor device 10 in accordance with this invention

in an early stage of manufacture, Semiconductor device 10

includes a P- doped silicon semiconductor substrate 11 on

" which an N- doped epitaxial (N- Epi) silicon semiconductor

layer . 12 has been formed.
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In N—Epi-laver lé,.four Shallow Trench. Isolation
structures STI formed in four equally spaced trenches are
shown'illustrating a structure in accordance with this
invention. Isolation structures STI are filled with silicon .

dioxide dielectric. ‘The isolation structures STI reach down

from the surface of the N-Epi layer 12 to a substantial depth. -

The isolation structures STI are provided to isolate the

,emitter area E which is ‘located on the left end of device 10

from the NMOS area N which is located in the middle of
device 10. Area N is also isolated from the PMOS area P which

is located on the right end of device 10.-

The emitter area E is located between the first and
second of the four isolation structures STI from the left.

The NMOS area N is between the second and third of the four

" isolation structures STI from the left. The PMOS area P is

between ‘the third and fourth of the four isolation structures
STI from the left. ' _ B
. o, : | o _

In FIG. 1, a mask 13M has been formed on the surface of
N-Epi laver 12 covering the three of the four isolation
structures STI from the right, thus exposing the emitter
area E between the first and second of the four isolation
structures STI from the left. This permits deep implantation
of N+ ilons 13I in device 10 to form an N+ buried lJayer 13

located both above and below the interface, i.e. straddling
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”the'interface.between.the P-sub 11 and the-NrEpi layer 12.

In accordance with a typical BiCMOS process, the BiCMos

' devices are formed in a wafer of silicon 11 with a superjacent

N- epitaxial layer 12 with an N+ buried 1ayer 13 for an NPN

'transistor formed in an early part of the process, as shown in

FIG. 1. The N+ dopant ions 131 can be Antimony (Sb) or

Arsenic (As). The dose and the energy ‘level of ions 13I

impianted to form N+ doped buried layer 13 and the

'concentration of dopant in N+ doped buried 1ayer 13 are all

within conventional ranges, as will be well understood by

those skilled in the art.

2) Form N+ Collector Plug
In FIG. 2, the ‘device 10 of FIG. 1 is shown after a
mask CM has been formed on the surface of N Epi 1ayer 12
covering the four isolation structures STI from left of the
first isolation structure STI and extending to right. The
purpose is to ekpose an area to the ieft of the emitter area E

to permit implantation of N+ ions CI to form N+ collector plug

C to the left of the leftmost isolation structure STI

extending from the top surface of N-Epi layer 12 superjacent

to and in direct contact with the top'surface of the buried N+

‘ iayer 13. 'The dose and the energy level of ions implanted to

form collector plug C and the concentration of dopant
collector plug C are conventional, as will be well understood

by.those skilied in the art.
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In FIG. 3, the device 10 of FiIG. 2 is shown after a
blanket gate oxide layer Gox was-formed superjacent to and in
contact with the the top surface of N—Epi layer 12 and the

isolation structures STI, i e. covering N= Epi layer 12 and

.isolation structures STI. The gate oxide layer GOX is a thin

silicon oxide layer having a thickness from about 5 A to about

40 A.

4) Form polysilicon 1ayer .
The device 10 of FIG. 3 also includes a blanket layer of_'

polysilicon 18 was formed superjacent to the gate oxide

- layer GOX in a.subseguent step in a conventional process of

fabrication, as will be well understood bf those skilled'in

the art. Polysilicon layer 18 has a thickness typical of the"

polysilicon employed in FET gate electrodes.

5) Form Mask for Bipolar Transistor Emitter'
In FIG. 4, the ‘device 10 of FIG. '3 is shown after a -

photoresist doping mask 20 has been formed superjacent to the

'blanket layer of polysilicon 18 exp051ng the surface‘of

polysilicon layer 18, between the first and second STI regions
from the left to forms a shallow P- region 17 in the surface
of N-Epi layer 12." Mask 20 includes a window 20' between the - -

leftmost two of the four isolation structures STI shown in the

‘emitter area E of the N—ﬁpi layer 12. Ton implantation of
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'boron difluoride (BFz) dopant ions 21 is performed with an
energy sufficient to plant the ions 21 in the N-Epi layer 12, o
below the gate oxide 1ayer GOX. This forms the shallow P~

_region 17 in the surface of N-Epi layer 12 between the first

and second STI regions from the left. The dose and the energy:
level of ions 21 implanted to form collector plug C and the

concentration of dopant in the collector plug C are

f conventional, as will be well understood by those skilled in

' the art. -" ..' B o B -_v;'a

'6) Implant Polysilicon for Bipolar Transistors Only.

In FIG. 5, the devicé'id'of FIG. 4 is shown (with the

mask 20 of FIG. 4 remaining in place) while the N+ doped

portion 18' of polys;licon 18 (above P— doped region 17 in

the emitter area E of N—Epi layer 12) is being ion

implanted through window 20° in mask 20, with N+ ions 22 at .

an energy from about 20 keV to about 50 keV. "The dose of

arsenic (N+) dopant ions 22 from about 1 E 15 ions/cm" to

‘about 1 E 16 ions[cm‘? results in a concentration at this

stage of the process from about 1 E 19 atoms/cm—> to

about 1 E 21.atoms/cm‘5.

7) Pattern Emitter and CMOS Gates.

In FIG. 6, the device 10 of FIG. 5 is shown after

'formation of a patterning mask 30 with four large windows 30 .

therethrough over the polysilicon layer 18 including the

portion 18" and used for etching to form an NPN N+ doped
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'emitter portion 18E and CMOS gates 18N and 18P. The four
.windows 30' of patterning mask 30 are centered over isolation 2
structures STI. Ucing mask 30 the polysilicon layer 18 has

been etched through windows 30‘ ‘down to the gate oxide

layer GOX. The results are N+ doped polysilicon emitter

_ portion 18E formed from N+ doped portion 18' over emitter

-area E of the N-Epi layer 12, the NMOS gate electrode 18N

formed over the N area of N- Epi layer 12 and the PMOS gate

;electrode 18P formed over the P area of N-Epi layer 12.

8) Rapid Thermal Anneal'(RTA) to Drive-in Emitter Dopant.’

In FIG. 7, the device 10 of FIG. 6 is shown after etching"
' eway portions of the gate oxide layer GOX unprotected by the-

N+ doped polycilicon emitter portion 18E, the NMOS gate

electrode 18N end the PMOS gate electrode 18P.

Next, performance of a rapid thermal annealing process

' drives the dopant ‘in polysilicon emitter portion 18E down -

through the portion of gate oxide layer GOX remaining below N+

doped polysilicon emitter portion 18E into a new emitter

substrate N+ doped region EM forming in N-Epi 1ayer 12 as' a

' part of the NPN device. N+ doped region EM is self-aligned

‘with the N+ doped polysilicon emitter portion 18E.

)

9) Form PLDD/PLDS Regions for bipolar base and PMOS Regions.
In FIG. 8, device 10 of FIG. 7 is shown after formation

of a mask MP exposing the upper ‘surfaces of areas E and P but
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'covering area N during_ion'implantation_og a light dose'of'

P-type boron dopant_ions PL into lightly doped drain/source

(LDD/LDS) regions ?— have been'forned for the N+-doped

_polysilioon emitter portion'ISE“and gate 18P; self-aligned’

-ﬁith both thereof. Dopant fons PL are implanted at an energy

from about 0 1 keV to about 50 keV, with a dose from
ebout 1E 17 ions/cm"2 to about 5 E 14 ions/cm~2 of resulting
in a concentration at this stage of the process from about

1 E 16 atoms/cm™® to about” 5 E 18 atoms/cm™2.

- 10) Form P+ Regions for bipolar base and PMOS Regions.

In FIG. 9, device 10 of FIG. 8 is shoun'with the mask MP
remaining after formation of spacers SP on the sides of the
polysilicon emitter portion 18E and gate’ electrode 18P,,

covering areas on either side of the emitter portion 18E and

'gate electrode igp exposing narrower portions of the top

. surfaces of ereas E and P during ion implantation of a full

dose of P type dopant PF for the. N+ doped polysilicon emitter

-portion 18E end gate electrode 18P. Preferably, boron dopant :

ions PF are implanted with a dose from about l1E 15 ions/cm"
to about 1 E 16 ions/cm~2 at an energy from about 0.lkeV to
about 50 keV. A concentration from about 1 E 19 atoms/cm™ to

sbout 1 E 21 atoms/cm™2 results at this stage of the process.

The result is a P+ base.region B, and a P+ doped

region 44 self-aligned with the spacers SP adjacent to emitter

'portion 18E plus P+ S/D regions self-aligned with the spacers
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SP adjacent to gate electrode 18P. P4 base region B and P-

doped region 41 are located to the left of the emitter

'portion 183. P+ doped region 44 and P- doped region 46 are

located to the right of the emitter portion 18E. P+ s/D

. regions and lightly doped (LDD/LDS) regions P- are 1ocated to

the left and right of the gate electrode 18P in the

conventional manner for a PMOS device. -

11) Form NLDD)NLDS.Regions for the NMOS Regions.

In FIG. 10, deuice.iolof FIG. 9 is shown after formation -
of a mask MN expoeing the upper surfaces of area N, and :
ccvering ereas E and P during.ion.implantation of a light dose"
of'N—type dopant NL lightly doped drain/sourcé (LDD/LDS) - |
N-regions N- have been formed on the'ieft and right of the
gate 18N, self aligned therewith. 'The'dopant NL is preferablj‘
arsenic (As) or pho=phorus (P) dopant ions 1mp1anted with a
dose from about 1E 12 ions/cm’2 to about 5 E 14 ‘ions/cm™2 of .
at an energy from ebout 0 1 keV to about 50 keV. At this
stage of the process a dopant concentration from about

1 E 16 atoms/cm™3 to about 5 E 18 atoms/cm‘s_results.

12) Form N+ Regions for NMOS Regions.
“In FIG. 11, the device lo'of FIG; 10 is shown with mask

MN remaining after formation of spacers SP ‘on the sides of

"-electrode 18N, exposing the upper surfaces of area N during

ion implantation of a full dose of N-type dopant NF for the

formation of source/drain regions S/D of gate electrode 18N
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self aligred with the spacers SP. Dopant NF is preferably
arsenic (N type) dopant ions implanted at an energy from about-
0.1 keV to about 50 keV at a dose from about 1 E 15 ions/cm .

'to about 1 E 16 ions/cm ; resulting in a concentration from o

about 1E 19 atoms/cm‘3 to about 1E 19 atoms/cm

N+ S/D regions and'lightly doped (LDD/LDS) regions N- are
located to the left and right of the gate electrode 18N in the

conventional manner for an NMOS device.

13) Strip Mask

In FIG 12 the device 10 of FIG. 11 is shown after mask

MN has been stripped from device 10. The NPN transistor area

includes the P+ doped regions 40 and 44 spaced by the spacers

from the emitter portion 18E and the P- lightly doped regions

42 and 46 located below the spacers. The N+ emitter region E

s is located between the P- lightly doped regions 42/44. A thin

oxide layer 32 has been formed superjacent to (over) the

'_collector region C in N-Epislayer 12 and over the STI regions .

i.(aside from the P+/N+ regions of the device 10)

14) Backend process.’: . N
In FIG. 13,_the device 10 of FIG. 12 is shown after
conductive regions‘50, 51, 52, 53, 54 and 55 composed of of"

titanium silicide (Tisi ) have been formed over the N+/P+

'regions of device 10 for the purpose of reducing resistarce.

————
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In acdition, titanium silicide (Tisi sz where X is
. preferably a positive integer 2,. i. e. TlSia) layers 28A have E
' been formed over the polysilicon emitter portion lsE and gate'.

electrodes 18N and 18P,

5 S While this invention has been described in térms of the
above spec1fic embodiment(s), those skilled in the art will
recognize that the invention can be practiced with modifica-
tions within the spirit and scope of the appended claims, i.e.
that changes can be made in form and detail Without departing

10 ‘from the ‘spirit and scope of the invention. Accordingly all
such changes come within the purview of the present invention
end the invention encompasces the subject matter of the claims

which follow.
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Having thus described the invention, what is claimed as

CLAIiws

new and desireble to be secured by Letters Patent is as

follows:

l. .A method of forming a semiconductor device comprising-
| forming dielectric, isolation structures in a top
'surface of a silicon semiconductor substrate, said

isolation structures.separating said substrate into

5 . a bipolar area, an_ﬁMOS area and a Pﬁos area,

| forming'a thin silicon oxide layer superjacent to
said isolation =tructures'on'said top surfacé of said
o Silicon semiconductor substrate, ' H
. forming a conductive polysilicon layer superjacent
10 to said thin silicon oxide layer, | _

. masking said NMOS and PMOS regions of said substrate:.
with a bipolar mask having a window over ‘said bipolar
area of said substrate, '. _

ion implanting bipolar dopant into a'portion of said -
l5 | _'-conductive.polysilicon layer over said bipolar area of
caid substrate through sald window in said bipolar mask,
'stripping said bipolar mask,
annealing said substrate including said thin silicon -
oxide layer,'and said'polysilicon layer to drive said.
20 dopant into a’ bipolar region in said bipolar area in said
substrate, and _ 71".
forming doped source/drain regions and a bipolar

base in said bipolar area of said substrate.
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A method'in'accordance With claim 1 vherein:
said annealing is performed by rapid thermal
annealing. '
A method in accordance with claim 1 where1n°
Sald silicon oxide comprises gate oxide having a
thickness from about 5 A to about 40 A.
A method in'accordance uith claim 1 wherein:
said annealing is performed by rapid thermal
annealing and . | o
said silicon oxide comprises gate oxide having a

thickness from about 5 A to about 40 A.

A method in accordance with claim 1l wherein.
said isolation structures are trenches formed ‘in

said substrate filled with silicon oxide dielectric.

A method of forming a semiconductor device comprising:
_forming-dielectric, isolation structures in a top
surface of a semiconductor substrate, separating said
substrate into a plug area, an emitter area, an NMOS area
and a PMOS area, said plug area being juxtaposed with
said emitter_area_located on a side of said emitter area

away from said NMOS area and said PMOS area,

AU N )
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forming a buried doped layer for a bipolar

'transistor in said plug area and said emitter area of

' said substrate deep below said surface,

forming a collector plug region in said plug area,

reaching from said surface of said ‘substrate to reach

' sald buried doped layer,.

forming a gate oxide layer superjacent to said

isolation structures on said top surface of said silicon

' semiconductor substrate,,~

forming'a conductive polysilicon,laYer'superjacent
to said thin silicon oxide layer, f

forming a lightly counterdoped region in said
emitter area below said surface,.

masking said NMOS and PMOS regions of ‘said substrate
with an emitter mask having a window over said. emitter o
area of said substrate, _.

ion implanting emitter dopant into a portion of
said conductive polysilicon layer over said emitter area
of said cubstrate through said w1ndow in said emitter
mask, o o - '

stripping said emitter mask,

patterning an emitter conductor over said emitter
area and CMOS gates over said NMOS and PMOS regions from
said conductive polysilicon layer,'

annealing said substrate including said thin
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silicon oxide.layer,'and sald polysilicon layer to drive

said dopant into an emitter region is said emitter area -

in said substrate self aligned with said, and

forming doped source/drain regions in said NMOS area

and said PMOS area and forming a base region adjacent to .

"said emitter region in said emitter area of said

'substrate. .

A method in accordance with claim 6 wherein-

said annealing is performed by rapid thermal

'annealing

A method in accordance with claim 6 wherein:

said gate oxide has a thickness from about 5 A to

) about 40 A

A method in accordance with c1aim 6 wherein°

said annealing is performed by rapid thermal

annealing, and

said gate_onide has a thickness from about 5 A to

about 40 A.

A method in accordance with claim 6 wherein:
said isolation structures are trenches formed in

said substrate filled with silicon oxide dielectric.

A
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A semiconductor device comprising:

~ dielectric, iSolation ‘structures formed in a top

-surface of a silicon semiconductor substrate, separating

.said substrate into bipolar,.NMOS and PMOS areas,

a thin 51licon oxide 1ayer superjacent to said

isolation structures on said top surface of said silicon

'semiconductor substrate,

a conductive polysilicon layer superjacent
to said thin silicon oxide layer,

bipolar dopant ion implanted.into a portion of
said conductive polysilicon bipolar layer over said

bipolar area of said substrate,

dopant having been'driven'by annealing from said

polysilicon bipolar layer into said substrate including

| said thin oxide 1ayer thereby doping said bipolar region

in said bipolar area in saig substrate,

doped source/drain regions ‘formed in said NMOS and
PMOS areas of said'substrate, and

a bipolar base formed in said bipolar area of.said .

substrate.

A device in accordance with claim 11 wherein:

said annealing is performed by rapid thermal

annealing.

VRN R 0 0



“13.d ‘A dev1ce in accordance with claim 11 wherein.
| _ said silicon oxide comprises gate oxide having a
- thickness from about 5 A to about 40 A
14. A device in accordance with claim 11 wherein-
. - . said annealing was performed by rapid thermal
annealing and - o
- said silicon oxide comprises gate. oxide having a

5 thickness from about 5 A to about 40 A.

15._ A device inﬁaccordance'with'claim 11 wherein:
. said isolation"structures:are trenches formed in

said substrate filled with‘silicon-oxide dielectric.

"16. A semiconductox device comprising:.

. dielectric,'isolation.structures formed in a top
surface of alsilicon semiconductor substrate,.separating
said substrate into a plug area, an emitter area, an NMOS

5 : larea and a PMOS area, said plug area being juxtaposed -
with said emitter area located on a side of said emitter-
area away from said_NMOS area and said PMOS area,

a buried doped'layer-for'a_bipolar_transistorrin,

said plug area and said emitter area of said substrate

10 o deep below said surface, - _;i;;_;_ﬂ————~

A R |



15

20

25

30

a collector plug region in said plug area, reaching

'from said surface of said substrate to reach said buried

.~-doped layer,f ’,z.,- R _-..i;“h;;

.a gate cxide layer superjacent to said isolation
structures on said top surface of said silicon.

semiconductor substrate,

a conductive polysilicon layer superjacent to’

‘said thin =ilicon ‘oxide layer formed into an emitter

conductor over =aid emitter area and CMOS gates over said

NMOS and PMOS regions from said conductive polysilicon

'layer,'

. a lightly counterdoped region formed in said emitter .
area below said surface,

| emitter dopant having been ion implanted into a

portion of said conductive polysilicon layer over said ’

~emitter area of said substrate,

said substrate including said thin silicon oxide

layer with dopant therein driven by annealing from said

polysilicon layer into an emitter region in said emitter

area in said substrate,
doped source/drain regions formed in said NMOS and.
PMOS areas of said substrate, and

a base formed in.said emitter area of said

substrate.’

* C L M H *



17.

18.

19.

20.'

24
A denice'in accordance with claim lG wherein:
said annealing is performed by rapid thermal

annealing.

A device in'accordance with claim 16 wherein:

said gate oxide has a thickness from about 5 A to

about 40 A

'A device in accordance with claim 16 wherein.

said annealing is performed by rapid thermal

annealing ‘and

said gate oxide has a thickness from about 5 A to

about 40 A.

A device in accordance Wlth claim 16 wherein:
said isolation structures are trenches formed in

said substrate filled with silicon oxide dielectric.

* c L M s *



