
1 

INTEGRATION OF BIPOLAR AND CMOS DEVICES FOR 

SUB·O.l MICROMETER TRANSISTORS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention relates to semiconducto.r ·devices and 

more particularly to BiCMOS transistor devices and methods 

of manufacture thereof. 

2. Description of Related Art 

U.S. p;!itent No. 5,793,085 of Vajana et al. for "Bipolar 

10 Transistor Compatible with CMOS Processes!' shows a BiCMOS 

process with ion implanted source/drain and base regions. 

U.S. patent No. 5,681,765 of Darmawan for "Process for 

Fabricating Single Polysilicon High Perfo~ance BiCMOS" 

shows a BiCMOS processes with a patterned photoresist layer 

15 80 with an opening above a polysilicon layer 78 with a 

20 

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 transistor in a tub 68 in 

an epitaxial layer 60. 

U.S. patent No. 5,606,192 of Harada for "Semiconductor 

Integrated. Circuits Having Bipolar Transistors and LDD-

_Structured MOSFET" show Bi CMOS 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 epitaxial layer 4 in a P­

silicon substrate 1. 

U.S. patent No. 4,902,639 of Ford for "Process for 

Making ~iCMOS 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-

10 facturing the NMOS region 27. A second polysilicon ~ayer is 

deposited on a previous polysilicon layer. The second 
. . . 

polysilicon _layer is then heavily doped to become a poly-

silicon N+ layer with an N+ dopant. Alternatively the 

polysilicon is deposited as a heavily doped layer by an.in 

15 ~process. 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 region 16 by diffusion, as the result of 

a high temperature anneal. In Col. 4, lines 4-43, a trench 

20 is formed where the NPN transistor is to be formed. First 

an active base region 67 is formed by implanting boron in 

the N-well 19. Oxide sidewalls 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 

25 using masks and implants. By this process 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 polysil~con emitter 69. 

U.S. patent No. 5,504,362 of Pelella ~t al., "Electro-
: • ... 

static Discharge ·Protection Device" in Cols. 7 and 8 and 
":-. 

5 FIG. 2 teaches.outdiffusion from N+ polysilicon emitter 

contact 48/P+ polysilicon base·contact-44 to form N+ emitter 

outdiffusion region 39/P+ base .. outdiffusion region 40 of an 

NPN bipolar transistor·1sc in a BiCMOS device.· 

U.S. patent No. 5,652,154 of Komuro· for "Method for 

10 Manufacturing BIMOS Device" shows a process for manufactur­

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

base.region 109 is form~d by ion implanta!~on of a P-type 

dopant comprising_boron into an ~-type silicon region C of a 

P-type silicon substrate 101. Later in the process there is 

15 an ion implantation of the polysilicon layer which is first 
., ...... 

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

from a doped glass l.ayer or by. ion implanting N-type dopant 
. . 

int~ the polysilicon. Then t~e doped polysilicon is formed 

into gate electrodes 112a-112c which are to be us.ed to form 

20 FET devices in areas .A and B and a bipolar device in area C. 
. . . . ' 

Then" ••• in area c, the polysilicon layer i~ left as an 
•·. 

emitter electrode 112c above an emitter diffused region 

forming area for the bip~lar transistor." The next step is 

a heat treatment step employed .to form an N-type emitter --. : .. 
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region 113 in the P type intrinsic region 109. (Col. 5, 

lines 38-59). 

SUMMARY OF THE INVENTION 

When the gates of CMOS transistors are scaled to less 

5 than 100 nm, the gate _oxide thicknesses· will be around 5 A 
to 40 A. Under such circumstances, the g~te structure of 

bipolar devices and MOS devices become more similar than the 

large geometry devices. 

In· accordance with this invention, a simple approach to 
. . 

10 the method of manufacture and the structure of bipolar 

15 

devices and MOS devices is provided. The-proposed invention 

is very compatible with CMOS process with minimum additional 

steps to form the self-aligned bipolar transistors in a 
standard CMOS process. 

In accordance with the method of this invention a 

semiconductor device is for~ed with dielectric, isolation 

structures in a top surf ace of a silicon semiconductor 

substrate, separating the substrate into a plug area, an 

emitter area, an NMOS area and a PMOS area. The plug.area 

20 is juxtaposed with the emitter area away from the NMOS area 

and the PMOS area~ Form a buried doped layer for a bipolar 

transistor in the plug area and the emitter area of the 

substrate deep below the surface. ·Form a·collector plug 

region in the plug area, reaching from the surface of the 



s 
substrate to reach the buried doped layer. Form a gate 

oxide layer superjacent to the isolation structures on the 

top surface of ·the silicon semiconductor substrate. ·Form a 

conductive polysilicon layer superjacent to the thin silicon 

5 oxide layer. Mask the NMOS and·PMOS regions.of the 
' . 

substrate. wi t.h an emitter. mask having a window over the 

emitter area of the subi:;trate. · ·Ion implant emitter dopant 

into a portion of the conductive polysilicon layer over the 

emitter area of the substrate through the window in the 

10 emitter mask. Strip the emitter mask. Anneal the substrate 

including the thin silicon oxide layer, and the polysilicon 

layer to drive the d9pant into an emitter region in the 

emitter area in the substrate. Form doped source/drain 

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

15 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 

20 semiconductor device comprises dielectric, isolation 

structures formed in a top surface of a silicon 
. . 

semiconductor substrate, separating the substrate into 

emitter, NMOS and PMOS areas. A gat~ oxide layer is· 

superjacent to (overlies) the isolation structures on the 

25 top surface of the silicon semiconductor substrate. A 

conductive polysilicon layer is superjacent to the thin 
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silicon oxide layer. Em~tter dopant has been ion implanted 

into a portion of the conductive polysilicon layer over the 

emitter area of the substrate. The substrate including the 

thin silicon oxide layer ·was annealed driving dopant from 

S the polysilicon layer into an emitter region in the emitter 

area in the substrate. Doped source/drain regions are 

t"ormed in the NMOS and PMOS areas of the substrate, and a 

~ase region is formed in the emitter area of the substrate 

as part of an_NPN device. Preferably, annealing was 

10 performed by rapid thermal annealing. The gate oxide has a 

thickness from about 5 A to about 40 A. The isolation 

15 

structures are trenches formed in the substrate filled with 

silicon oxide dielectric. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other aspects and advantages of this 

invention are explained and described below with reference 

to the accompanying drawings, in which: 

FIGS. 1 - 13 show· a sectional, elevational view of a 

fragment of a semiconductor device in accordance with this 

20 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 BiCMOS process for manufacture of 

a bipolar transistor in a standard CMOS proc~ss. Referring to· 
. . . 

FIGS. 5-7, a fragment of a .s_emiconductor dE;1vice 10, in accord-

s ance with this invention, 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 implanta.tion of N type 

. ·dopant through a bipolar polysilicon emitter opening 20' in a 

mask 20 to ~orm an N+ doped emitter portion 18' of a polysili-

10 con layer. 18. Next, in FIG. 6, the polysilicon is being 

patterned into N+ doped emitter portion 18E and gate · 

electrodes lBN 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 
. . 

.15 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 
. . . 

20 of a semiconductor device 10 in accordance with this invention 

in an early sta.ge 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 layer 12, four Shallow Trench. Isolation 
.· 

structures STI formed in four equally spaced trenches are 

shown.illustrating a structure in accordance with this 

invention. Isolation str.uctures 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 prov~ded·to isolate the 

emitter area·E which is :located on the left end. of devic~ 10 

from the NMOS area N which is located in the middle of 

10 device 10. Area·N is ·also fsolated 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 stru~tures STI from the left. 

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

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

between the third a~d fourth of the four isolation structures 

STI from the left. 

. J I 

In FIG. l, a mask 13M has been formed on the surface of 

N-Epi layer 12 covering the three of the four isolation 

20 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+ ions 13I in device 10 to form an N+ buried layer 13 

located both above and below the interface, i.e. straddling 
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the interface between the P~sub 11 and the:N~Epi layer 12. 
·. . . 

In accordance· wi_th a typical BiCMOS process, the BiCMOS 

devices are.formed in a wafer·of silicon 11 with a superjacent 
. . . 

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

s tran~istor 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 ·131 

implanted to for~ N+· doped buried l~yer 13 and the 

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

10 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 layer 12 
. . . 

15 covering the four isolation structures STI from left of the 

first isolation structure STI·and extending to right. The 

purpose is to expose an area to ·the left 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 

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

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

layer 13. ·The dose and the energy level of ions implanted to 

form collector plug c and the concentration of dopa~t 

collector plug C are conventional, as will be well understood 

25 by those skilled in the art. 



.. 

10-
3) Grow Gate Oxide ; · .-. · .. · 

In FIG. 3,· the· device 10 of FIG. 2 is shown after a 

blanke~ gate oxide layer GOX was formed superjacent to and in 

contact ~ith the the top surface of N-Epi layer 12 and the 
. . 

5 iso;Lation structures STI, i.e_. covering N:-::Epi. layer 12 and 

10 

isolation structures STI. . ~he ·g·at.e oxide layer _GOX is a thin 
. . 

silicon oxide layer ha_ving· a thickness from about S A to about · 

40 A. 

4) Form polysilicon layer 

The device 10 of FIG. 3 ~lso· includes·~ bla~ket layer of 

polysilicon 18 was formed superjace~t to the gate oxide 
. . . 

layer GOX in a Eubsequent step in a conventional process of 

fabrication, as will be well understood by those skilled in 

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

15 polysilicon employed in FET gate electrod~~· 

. . . 
5) Form Mask for Bipolar Transistor Emitter· 

In FIG. 4, the device 10 ~f FIG. ·3· is. shown after a. 

photoresist doping mask 20 ·has been formed su~erjacent to the 

blanket layer of po_lysilicon 18 exposing the surface. of 

20 polysilicon layer 18, bet~ee~ 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-Epi layer 12. Ion implantation of 
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boron difluorlde (.BF:a·) .... ·.dop~nt,_. io~s 21. is performed with an 
. . . _-: . . . . . . . 

•. · .. 
energy sufficient to plant the ions 21 in.:·~the N-Epi li!iyer 12, 

below th~ gate ~x~de layer GOX. This· forms the shallow P- . ·: ·. 
region 17 in the surface of N-Epi layer 12 b~tween the first ... : 

• .' . ' • • • ~ r • • . ·, ' • • • ' • : • • • ' • • • • • 

5 and se.cond STI regions from the. left. The dose· and the energy. 

10 

level of ions 21 implarite_d t~· form collector· plug c ·and the 
·' . 

. . 
conce.ntration of ~opant in the· coll"ecto~ plug C are 

conventiona:i," as will be well understood by "tho~e skilled" in" 

. the art. 
• ·" . -.'! 

6) Implant Polysflicon for Bipolar Tran~istors Only. .. :· .. 
In FIG. 5, tpe .9evice 10 of FIG. 4 is shown (with the 

mask 20 of Fl~. 4 ·remaining in place) while the N+ doped 

portio·n 18' of polysil.icon ·ie (abo~e·P- dope.d region·17 in 

the emitter ar~a E ~f_N-E~i. ~ayer 12) is being ion 

15 implanted, th:z:-ough window 20' in ~ask _20, with N+: ions 22 at 

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

arsenic (~+) dopant· ions 22 _from· about 1, ~l,15: ions/cm-2 to 
. . ·. . . . 

·about 1 E 16 ions/cm- 2 results ·in a concentration at this 

stage of the process fr~m about 1 E 19 atoms/cm~3 to 
.. 

20 about 1 E 21. atoms/cm-·3
• 

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 JOY 

thereth~ough ov~r the polysil~con layer 18 including the 

25· portion 18' and used for etchi~g to form an NPN N+ doped 

. ' 
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emitter portio~ 18.f:: and CMOS gates 18N and 18P. The· four 

WindOWS 30 I Of patterning ma~k '3o are Centere~ OVer isolation 

structures STI. Us_ing mask 3o· the· polysilicon layer .18 has 
.. 

been etched thr_~ugh WindOWS 30 I•. down to th~ gate 0Xide 

5 lnyer GOX. The res.ults are N+ doped polysilicon emitter 
. . . . . 

pc:rtion. lBE· formed from N+ doped portion ~ .. a·1 over emitter 
.... ·. 

area E of t'he.·N-Epi' layer 12, the NMOS gate electrode .18N· 

formed over ~he N area 'of ·N_:Epi '_layer 12 and the PMOS gate 

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

10 B) Rapid Thermal An~eal (RTA) to Drive-in Emitter Dopant.· 

15 

In FIG. 7, · the device 10 of FIG. 6 i"s. shown aft.er etching· 

eway portions of the gat'e oxid.e layer GOX -~np;rotected by the· 

N+.doped polysilicon emitter portion 18E, the NMOS gate 
.. . 

' . 
electrode 18N and the FMOS gate electrode lBP • 

. Next, perform~nce of a r·apid_ thermal annealing pr9cess 
.. 

drives the dopant· in polysilicon emitter portion 1a·E down · 

through the p~rtion of gate oxide. layer GOX remaining below N+ 

doped polysili.con emitter portion lBE into a new emitter 

substrate N+ doped region EM forming· in N-Epi layer 12 as· a 
20 part of the NPN device. N+ dope~ regio-n EM is self-aligned 

with the N+ doped polysilicon emitter portion lBE. 

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 ~xposing the upper surfaces of areas E and P but 
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covering area N during ion "impla.ntation of a light dose of· 

P-type boron dopa;nt. ~.on~ PL into lightly dop~d drain/source· 

(LDD/LDS) regions P- ii.ave been· fo:r:-nied for the N+- doped . 

polysilic~n emitter porti6n- 18t-and gate lBP, self-aligned-

5 with both thereof. Dopant ions PL are implante~ at an energy 

from. about· ·O .1 keV to a.bout 50 keV, with a do-se from -

about 1 E 17 ioris/cm- 2 to- about S E 14 ioris/cm~2 of resulting. . , 

in a concentra~io~ at this· stage of the process from about 

1 E 16 atcrns/cm- 3 to about'S E 18 atoms/cm- 3 
• 

.:.·. ..~ .... 

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

In FIG. 9, device 10 of FIG. e is shown with the mask MP 

remaining after formation of spacers SP on the sides of the 

polysilicon emitter p~rt!o~ 18E and gate'elect~ode 18,, _ 

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

15 gate electrode lBP exposing narrower portions of the top 

surfaces of areas E and P during ion implantation of a full 

dose of P-type dopant PF for the .. N+ doped polysilicoi:i emitter 

portion 18E end gate electrode lSP. Preferably, boron dop~nt 

ions PF are implanted with a dose from about 1 E 15 ions/cm- 2 · 

20 to about 1 E 16 ions/cm- 2 at an energy from about O.lkeV to 

about 50 keV. A concentration from about 1 E 19 atoms/cm- 3 to 

about 1 E 21 atoms/cm- 3 results at this stag~ of the process. 

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

region 44 self-aligned with the spacers SP adjace~t to emitter 

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

~oped region 41 ar~ loc~ted to ihe left of the emitter 

portion lSE •. P+ doped region 44 and P~ doped ·region 46 are 

located to the right of the emitter portiori 18E. P+ S/P .· 

5 regions and lightly doped (LDD/LDS) regions .. P- are located to 

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

conventional manner for· a· PMOS device·. · · 

11 ) Form NLDD /NLDS Reg·i ons for the NMOS Regions • 

In FIG. 10, device 10 of FIG. 9 is shown after formation 

10 of a mask MN expo£1ng the upper surfac~s of area N, and 

covering ereas E and P during ion implantation of .a light dose· 

·of N-type dopant NL lightly doped drain/source· (LDD/LDS) 

N-regions N- have been formed on the· left and right of the 

gate 18N, self-aligned therewith. The dopant NL is preferably·· 

15 arsenic (As) or phosphorus (P) dopant ions implanted with a 

dose from aborit 1 E 12 ions/cm~2 to ab6ut 5 E 14 ions/cm- 2 of 

at en energy from about 0 .1 kev··to about 50 keV. At this 

stage of the process a dopan~ concentration from about 

1 E 16 atoms/cm- 3 to about 5 E 18 atoms/cm- 3 results. 

20 12) Form N+ R~gions for NMOS Region~. 

In FIG. 11, the device 10 of FIG.~ 10 is shown with mask 

MN re·maining after formation of spacers s:P"on the sides of 
. . . 

····electrode l8N, exposing the upper surfaces of area N during 

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

25 · for.mation of source/drain regio~s· S/D of gate electrode 18B 
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self~aligned wi~h the space~s·sP. Dopan~ NF is preferably 
.. . . . . 

arsenic (N type) dopant ions· implanted at an energy from about 

0.1 keV to about ·so keV at a dose from about 1 E 15 ions/cm-2 

to about 1 E 16 ions/c·m~2 ,· resulting in a concentration from 
" 

about 1 E 19 atorns/cm- 3 to about 1 E 19 atorn~/cm-3 • 

N+ S/D regions and lightly dope~ (LDD/LDS) regions N- are 

located to the left and ~ight of the gate electrode ~SN in the 
· .. 

conventional manner for an NMOS device. 

13) Strip Mask · 

In FI°G. 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 regio~s 40 and 44 spaced by the spacers 

from the emitter portion lSE and.the P- lightly doped regions 

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

15 is located between the. ·P- lightly doped reg.ions 42/44. A thin 

20 

,... . .. ·. 
. . . . 

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

col~ector region_C in N-Epi =layer 12 and over the STI ~egions 
.. · 

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

14) Backend process.·: 

In FIG~ 13, the device 10 of FIG. 12 is shown after 

cond~ctive regions SO, 51, 52, 53,· 54 and 55 composed of of· 

titanium silicide (TiSix) have been formed ov~r the N+/P+ 

·regions of device 10 'for the purpose of reducing resistance.· 

l 
' l 
1· 

1 
! 
l 
·! 
l 
I 

! 
! 
l 
I 

! 
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In acldition,· titanium silicide (TiSix, where x is 
.. . . . .... 

pref~ra~ly ~ ~osi~ive inte~e~ ·2,. i·.~; TiSi2) la~~rs 28A have~ 
.. 

b~en formed over the polysilicon emitter portion 18E and gate 

electrodes l BN and l 8P ;· 

While .this invention has been described in terms of the 

above specif~c embocHment(s) '· those skilled in the art .. will 

r.ecognize. 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. ~nc1 scope of the invention~ Accordingly all" 
. . 

such changes come within the purview of the present invention 

and the invention encompasses the subject matter of the claims 

which follow. 
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* C L M S * . CLAIMS . . . ·-~·. 

Having thus· described the inventio~, what is claimed as 

new and desirable to be secured by Letters Patent is as 

follows: i'".· 

1. 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 

a bipolar area, an NMOS area and a PMO~ a!ea, 

f or~ing a thin silicon oxide layer superjacent to 

said isolation stiuci~re~ ~~-~aid top_surfac~ of said 

silicon semiconductor substrate~ 

forming a conductiv·e pc)lysilicon layer superjacent 

to said thin silicon.oxide layer, 

masking said NMOS and PMOS regions. of said substrate 
. ··: :-.;-::- ... : ·. 

with a bipolar mask having a window over said pipolar 
. . 

area of said substrate, 

ion implanting bipolar dopant ·into a·portion of said 

co~ductive polysil~con layer _over said bipolar area of 

said substrate through said window in said bipolar ma~k, 

stripping said bipolar.mask, 
. . . 

annealing said substrate including said thin silicon 
. . 

oxide layer, and said polysilicon layer to drive said : 

dopant into a· bipolar region in said bipolar area in said 
~- ~, .•. : ;,, 

substrate, and 

forming doped source/drain regions and a bipolar 

base in said bipolar area of said substrate • 
. , 
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2. A method in accordance with claim 1 wh~rein: 

said annealing is performed by rapid thermal 

annealing. 

3. · A method in accordance with claim 1 wherein: 

said silicon oxide comprises gate oxide having a 

thickness from about· 5 A to about 40 A. 

4. A .method in accordance with claim 1 wherein: 

5. 

said annealing is performed by rapid thermal 

annealing and 
.. 

said silicon oxide comprises gate oxide having a 

thickness from about 5 A to· about ·40 A. 

. : 

A method in accordance with claim 1 wherein: 

said isolation structures are trenches formed ·in 

said substrate filled with siiicon oxide dielectric. 

6. A method of forming a semiconductor device comprisfng: 

forming dielec.tric, 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, 

11111111111111 11111 1111111 1111 
* C L M S * 
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* C L M S * · 

forming a buried doped layer for a bipolar 

tranEistor in said plug area and ~aid emitter area of 

said substrate deep below said surface, 

formin"g a collector plug region in said plug area, 

reach"ing from said surface of said substrate to reach 

said 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 polysiiicon_.layer superjacent 

to said thin silicon o?C.ide layer, 

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 
. . . 

area of said_ substrate, 

ion implanting emitter d·opant into a portion of 

said condu~tive polysilicon l~yer ~~er said emitter a~ea 

of said substrate through _said window in said emitter 

mask, 

stripping said emitter mask, 

· patterning an emitter conductor over said emitter 
. -

area and CMOS gates over said NMOS arid'· PMOS regions from 

said conductive polysilicon layer, · 

annealing said substrate including said thin 
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silicon oxide laye~, ·and said polysilicon layer to drive 

said dop~n~ into .~~· ~mit~er"regiori is ·said emitter area . 

in said subst.rat'e· s·elf..:aligne.d ~1.u1· r:;;aid, and ... . ~ ... . . . ·. . ... _:." 

forming doped source/drain r·egions in said NMOS area 
•• ,';,r 

and said PMOS area and forming a base region adjacent to 

·said emitter region in said emitter area of said 

substrate. 

7. A method in accordance with claim 6 wherein: 

. s.aid annealing is performed by r~pid thermal 

annealing. 

a. A method in ·accordance with claim 6 wherein: 

said gate oxide has a· thickness from about 5 A to 

about 40 A. 

9~ A method in accordance with claim 6 wherein: 

said annealing is performed by: rapid thermal 

anneali~g, and 

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

5 about 40 A. 

10. A method in accordance with claim 6 wherein: 

said isolation structures are trenches formed in 

said substrate filled with silicon oxide dielectric. 

. ': . ~-· ~. 
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11. A semiconductor device comprising: 
. . . 

dielectric, isolation structures formed in a top 

-surfac~ ~f ·a silic6n·~emicond~ctor subst~ate,··sep~rating 

said substrate into bipolar, . NMOS apP,._J>MQS areas, . . . . . 

a thin silicon oxide layer superjacent to said 

isolatiori structures on said top surface of said silicon 

semiconductor substrat~; 

a con~uct.iv~·· polysilicon layer superjacent 

to said thin silicon oxide layer, 

b_ipolar 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 layer thereby doping said bipolar region 

in said ~ipola~·a~ea in said ~~~strate, 

doped source/drafn regions ·formed in said NMOS and 

PMOS areas of said substrate, and 

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

20 substrate. 

12. A"device in accordance with claim 11 wherein: 

said annealing is performed by rapid thermal 

annealing. 
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13. ·.A· device iir accorc"fo~ce with claiin 11 wherein: 

said silicon ~xide comprise·s gate oxide ·ha~ing a 
.. 

thickness from about 5 A to about 40 A~ 

14. A device in accordance with claim 11 wherein: 

said anne~ling was performed by rapid thermal. 

annealing and 
. . . 

· said silicon oxide comprises gate .. oxide having a· 

5 thickness from about 5 A to about 40 A. 

5 

10 

15. A device in· ·accordance with claim 11 wherein: 

said isolation structures are trenches formed in 

said substrate filled with silicon oxide dielectric. 

,· 

· 16. A semiconductor device comprising: 

dielectric,· i_solation structures formed in a top 

surface of a silicon semiconductor substrate, _separating 

said substrate into a plug area, an emitter area, an NMOS 

area and a PMOS area, safd plug area being juxtaposed.· 

with said emitter area loc.ated on a side ·of said emitter· 

area away from said NMOS area and said PMOS area, 

a buried doped layer for a.bipolar t~ansistor in 

said plug area and said emitter area of said substrate 

deep below said surface, 

111111111111~ llljl Ill~ II 1\11 . 
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a· collector plug region in said plug area, reaching 

·from said surf ace of sai"d substrate to r·each said buried· · 

·-doped laye~, · : : . 

. a gate cxide layer superjacent to said isolation 

~-tructure~ . o.n:. sa~~- tb~ ~-u~face ~f ~a~·;;· silicon 
. . . •. . . . . t: .. 

. . .. 
semi conductor· ·substrate, 

. . . . 
a conductive polysilicon layer superjacent to 

said thin silicon oxide. layer formed into.an emitter 

conductor over said emitter area and.CMOS gates over said 

NMOS and PMOS regions from said conductive polysilicon 

·1ayer, 

a lightly counterdoped regi?n formed in said emitter 
.. 

area below said surface, 

emitter dopant having been ion !~planted into a . .· . 

portiqn of s~id condu~~ive polysillton ~aye~ over said 

emitter area of said substrate, 

saicf substi:ate including. said thin silicon oxiqe 

layer with dopant therein driven by annealing. from said 

poly~ilicon layer ·.into a~ 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. 
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17. A device in accordance with claim 16 wherein: 

said annealing is performed by rapid thermal 

annealing. 

18. A device in accordance with claim 16 wherein: 

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

·about 40 ·1. ... · 

19. A. device in accordance with claim 16 wherein: 

said annealing is per·f ormed by rapid thermal 

annealing and 

said gate oxide has a·thickness from about 5 A to 

5 · about 40 A. 

20. A device in accordance with claim 16·wherein: 

said isolation structures are trenches formed in 

said substrate filled with silicon oxide dielectric. 
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