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A NE#HG"AND MASK STRUCTURE FOR SELF- ALI GNI NG | ON | MPLANTI NG TO
VARI QUS DEVI CE STRUCTURES BACKGROUND OF THE | NVENTION (1) FIELD a%ﬁé
| NVENTI ON The present invention relates to the fabrication of integrated
circuit devices on seniconductor substrates, and nore particularly rel ates
to a method for making bipolar and MOS devices using variations in the
puncht hrough and field oxide.(FOX) thicknesg forfred by the LOCal Oxidation
of Silicon (LOCCS) method. The mul tiple thickness of the LOCOS is used as a
sel f-al i gni ng i nmpl AIMETHOD ANBhYAER %f@&%ﬁpy PELFaALIENENG LM e ar eas.

andthe acCompany- THRGRNING A8 FORY VARIRLS PEFIEE: SARLCEUREY cby” pr ovi di ng

hi gh devi ce-packi ng density and a cost-effective manufacturing process. (2)
DESCRI PTI ON OF THE PRI OR ART Typically the fabrication of bipolar and MOS
transistors requires a congjy F IiNvEiNeeeRsSi Ny steps. Because of
their vertical structure, b|po ar transistors require a series of separate
i npl ant masks and -2- ion inmplant steps for making the emtter, base,
and collector. This is because the bipolar requires nmultiple

(1) FIELD OF THE INVENTION

The present invention relates to the fabrication

| of integrated circuit devices on semiconductor substrates,
and more particularly relates to a method for making bipolar
and MOS devices using variations in the punchthrough and:
field oxide (FOX) thickness formed by the LOCal Oxidation of
Silicon (LOCOS) method. The multiple thickness of the LOCOS
is used as a self-aligning implant mask, and to electricaily
isolate the device areas. This eliminates the multiphoto-
resist masking steps:fOr ioﬁ implantation and the accompany-
ing aliénment tolerance limitations, thereby providing pigh
device-packing density and a cost-effective manufacturing

process.
(2) DESCRIPTION OF THE PRIOR ART

Typically the fabrication of bipoclar and MOS
transistors requires a considerable number of processing
steps. Because of their Vertical'structure, bipolar

transistors require a series of separate implant maské and

]



nask?ngwaﬁd I mpl ant steps to formthe collector, base, and emtter at
different depths in the silicon substrate. On the other hand; the FETs,
such as used on dynam c random access nenory (DRAM circuits are basically
surface devices that are sinpler to fabricate, and can have inproved device
characteristics by including a doped shielg _region under the FET source,

whi ch can incrggse; gy Mar %s:ggraﬂgkiﬁg@raﬁeeﬂrMOms\égl Lage between

source and drain. However Itional "masking step Is required to

i npl ant the shé®lTed®id.On THiGSH st Backide Sehe Gripolld eledfuirek! mhstdprer abl e
to be able to fabricate the bipolar and/or field effect transistors with
reduced conpl emasking tarids implantestepsl vo tfomm dhedecd leichglre basé; aandini ng
i mpl ant mask to decrease device size and to increase devi ce-packing
density, whi chembkter mh differensydepbhsecintthe Biliigonc substrabaal @t hod
I n which separate |ithographic, masking an nment tol erances limt

devi ce si ze. RERR berdisithe gEgﬁre%HHgbjalﬁlj Sed, on RyRAmd CyERRERR
by Joyner. U SBfL RS BRa sRERubER Sl dhdiga il R Bela JatiesE | O
T Moot bl PSfL 5 0508 86 dipLIBLGU) vl B0 i SR Mevicn
- 3- characteristics by including a doped shield region under the
FET source, which can increase driver current and increase
breakdown voltage between source and drain. However, an
additional masking step is required to implant the shield
region under the FET source. Therefore, it is desirable to
- be able to fabricate the bipolar and/or field effect
transistors with reduced complexity. It is also desirable
to provide a single self-aligning implant mask to decrease
device size and to increase device-packing density, which
would not be achieved otherwise by the conventional method
in which separate lithographic masking and alignment

tolerances limit device size.

One method of using a sc#een oxide layer having
various thicknesses to form devices at various depths in the'
substrate is described by Joyner, U.S. Patent Nos. 5,364,800
and 5,548,149. Joyner teaches a method_of patterning a
screen oxide implant layer having different thickness which

he then uses to implant oxygen to form silicon-on-insulator



(Sle‘subgtrates having silicon device areas of various depths. Therefore,
there is still a strong need in the sem conductor industry to nake circuits
with inproved self- aligned sem conductor devices for inproved density and
circuit perfornmance while reducing manufacturing cost. SUMMARY OF THE
INVENTION I't is therefore a principal objgct of this invention to forma

sel f-al i gned i ogoj il gtatlan H&é@%g&ﬁ%&%ﬂ%@%z@% 6354314, 2 novel

LOCOS et hod. er Objec IS 1Tnventton to use thrs nove

LOCOS net hod t@ep®ks, @ sel f-aligned nultiple thickness silicon oxide ion

I npl ant mask for form ng bipolar tran- sistors and/or FETs, while formng
the field oxide isolation, and therefore reducing the nunber of photoresist
ion inplant masking steps. A further object of this invention is to provide
a self-aligned nmultipl e Therefoges there nis ahiliask sthrongaheedr dujutks t he
size of the devices resulting_in higher circuit-density and inproved
circuit perfor%%ﬂkﬁ?nd“CtQQ-1P@“F§’&I§% B fiFquids Fﬁt§ LADEAYERS246ET or m

Phgohgae?nﬁ FET?tra |stQ S|%gﬁgaag{éég/égrf¥gﬁ£g$gdnhgaggg strapes and

circuit performance while reducing manufacturing cost.

SUMMARY OF THE INVENTION

It is therefore a principal object of this
invention to form a self-aligned ion implantation mask for

semiconductor devices using a novel LOCOS method.

It is another object of this invention to use this
novel LOCOS method to make a self-aligned multiple thickness
silicon oxide ion implant mask for forming bipolar tran-
sistors and/or FETs, while forming the field oxide
isolation, and therefore reducing the number of photoresist

ion implant masking steps.

A further object of this invention is to provide a
self-aligned multiple thickness ion implant mask that also
reduces the size of the devices resulting in higher circuit

density and improved circuit performance.
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powdr trdnsistors and FETs having variable sizes on the sanme substrate. In
accordance with the objects of the invention, a novel LOCOS nethod is used
to fabricate bipolar and/or field effect transistors by form ng a
self-aligned silicon oxide inplant mask. The oxide inplant mask is forned
having a different oxide thickness over each region of the bipolar, such as
base, collector, and emtter, and for FET devices over the source and

te/ drai [ . Thi I th ﬂ ed l.tiple. h t
?rﬁk g st eps s used | HS GORGORR BRAFCHRhARLer fevBnti By £ ?%%rﬁgask
also remains o u n o]
electrically i %s%?f?fuﬁ %ﬁelt(t:r%r?§ ééﬁ’é@:“?ﬁ{%%e ne Ful%e\%%}]!E'E?ﬁ‘eI ectri cal
i nterconnect i OR$+r18ESSL LI Hnd! tREShEVEL SLOTOT mELHYE thlUinhkel BipdLa®n a

singl e-crystal sem conductor substrate that is doped with a P-type dopant,
such as boron. pblkeeveransidtcr® ando FETSt Bavixey ivey idoyled sRzeandn Nexe ! $ame an
al so be used to nake CMOS devices for fabricating BiCMOS circuits. The

met hod utilizesubsthakesingle silicon nitride stripe having ~5- varying
wel | defined widths to make an oxidation barrier mask for making .

subm croneter bipolar transistors, and an array of silicon nitride stripes

havi ng various wel | defined
g In accordance with the objects of the invention, a

novel LOCOS method is used to fabricate bipolar and/or field
effect transistors by forming a self-aligned silicon oxide
implant mask. The oxide implant mask is formed having a
different oxide thickness over each region of the bipolar,
such as base, collector, and emitter, and for FET devices
over the source and gate/drain regions. This eliminates the
need for multiple photoresist masking steps as used in the
conventional method. The silicon oxide mask also remains on
the substrate to serve as part of the structure and to
electrically insulate the silicon devices from the next

level of electrical interconnections.

These bipolar transistors or FETs are built in and
on a single-crystal semiconductor substrate that is doped
with a P-type dopant, such as boron. However, silicon
substrates having doped P- and N-wells can also be used to
make CMOS devices for fabricating BiCMOS circuits. The

method utilizes both a single silicon nitride stripe having
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wi dt s and spacings on the silicon substrate for nmaking | arger power
transistors. Continuing with the process, a thermal oxidation is carried
out to forma field oxide (FOX) around the silicon nitride stripes, while
this thermal oxidation also |aterally oxidizes the silicon substrate under
the silicon nitride stripes (mask) to fargnthe ion inplant mask of various
t hi cknesses. Th .eral i i IS, nl eferred.to_as the .

puncht hr ough oxiev e%gnwlegieggéh d c%lnp 8 y*ﬁhﬁe?ntﬂ’é"é?‘ﬂ'%rparﬁrt’ﬁrde
stripes. This n LFEORa Ol 5ok Pttt C I Ng
a pad oxide Iaygﬁﬁ%% t he S?F%gon subgiratg&;E??g%éybgy%ékﬁééﬁéékjgﬁgfgﬁﬂ A
chemi cal vapor defesi oFdstCYEdn shiteile Ritribde havehgi FafeResided Fedibed
pad oxi de |layer to provide an oxidation barrier |ayer when the thernmal

oxi dation is | atwidther manddspatings fan rhheh@ifliebd subserdf&dor Hatkisid i con
nitride layer is then patterned using photolithographic techni ques and

ani sotropi ¢ pl askRrgsrc Powgrt bransistors .nglContihuing with e Jroqessyver
each devi ce area having varying decreasing widths for emtter, base, and
col | ector regi ordeTmadpexidation ¥%c% 4& putakot farmiatHield Hrids ((FOB)
nitride |ayer c al so_be patterned. over other device areas for FETs having
silicon -6- N etg‘Fr Ebgﬁc%ﬁf %ngsisﬁfﬁlﬁfﬁt hekile khis Shermad

oxidation also laterally oxidizes the silicon substrate

under the silicon nitride stripes (mask) to form the ion
implant mask of various thicknesses. The lateral oxidation
is commonly referred to as the punchthrough oxide when it

extends completely under the silicon nitride stripes.

This novel LOCOS method and resulting structure
starts by forming a pad oxide layer on the silicon substrate
surface by thermal oxidation. A chemical vapor depoéited
(CVD) silicon nitride layer is deposited on the pad oxide
layer to provide an oxidation bar.ier layer when the thermal
oxidation is later carried out to form the field oxide
(FOX). The silicon nitride layer is then patterned using
Photolithographic techniques and anisotropic plasma etching
to form a single silicon nitride stripe over each device
area having varying decreasing widths for emitter, base, and
collector regions, respectively, for the bipolar
transistors. The silicon nitride layer can also be

patterned over other device areas for FETs having silicon



nitrtide drea is forned over the FET source area to prevent punchthrough
oxide fromformng, while a silicon nitride stripe having a narrower w dth
is forned over the gate electrode/drain area to provide a punchthrough

oxi de mask, as an inplant bl ock-out nask, over the gate el ectrode/drain
area. The silicon substrate is then thermatl|§ -oxidized to formthe field
oxi de i sol ati onnétoidel stiripesyiofedacredsingitwidths .t hd sildiecemliaconi de
stripes, and concurrently and | aterally oxidizes the substrate under the
silicon nitridenst¥idanes g FormedppfRhtHefiT Sourcaaren tairreveryes

oxi do-tmpl ant _neacEEodll eI EEER FEMAT g ihAna 10 LYGRBHERELIAR
[ de i mpl ant nRSRERERSe EoFCCEER TG Y R AERBAERFEA
mask over the biEEbe JiAd S ReRrlef SRS Roplld Buedt Rl ST (ne

col l ector regi og ed¥ibdd/ddiin akbg Ebﬁéfbéidé'33ﬁﬂdéﬂ¥ﬂ} ' rbgfd%t%éQF over

the emitter region 1s made sufficiently wide to prevent the punchthrough
oxi de from for naggan timgilett blbekroay hdsk ! Rivernathegate Wheebrd®@8/drain
previ ously grown over the emitter region. The silicon nitride nmask is then
renoved by wet @te#®ing to provide a self-aligned oxide inplant mask having
different thicknesses over the collector, base, and emtter regions, and
al so different

The silicon substrate is then thermally oxidized
to form the field oxide isolation around the device areas
that have the silicon nitride stripes, and concurrently and
laterally oxidizes the substrate under the siliconr nitride
stripes to form the punchthrough oxide which later serves as
a self-aligned oxide implant mask. For the bipolar
transistors, the oxide implant mask over the collector
resulting from the punchthrough oxidation is thinner than
the field oxide region, while the oxide implant mask over
the base region is thinner than the oxide implant mask over
the collector region. And further, the width of the silicon
nitride stripe over the emitter region is made sufficiently
wide to prevent the punchthrough oxide from forming, thereby
retaining the thin pad oxide.which was previously grown over

- the emitter region. The silicon nitride mask is then
removed by.wet etching to prbvide a self-aligned oxide
implant mask having different thicknesses over the

collector, base, and emitter regions, and also different



-7-tthi cknesses over the source and gate/drain regions of the FET. A first
phot oresi st i nplant .bl ock-out mask is used to protect the FET device areas
frominplant while a series of consecutive ion inplants is carried out to
formthe collector, base, and emtter for the bipolar transistors. This
elimnates the need for a series of separate photo- resist inplant nasks

oo e Pty e, SR RSN A g

(bi polar or FET)" 1% hé phot oresi masks are

not required angg he )PrQeeESpRotttesidy inplaadusedckIbet CRAd P ugdedto
I npl ant energy is sufficient"to provide a projected range Rerr](C that is

greater than tRarcvecae thepFEDt devide myad fromoinptant wiklieons srias od
forma collector contact in the silicon substrate surface while formng a
buri ed col | ect monsedwmtiveeibasimplhahtshd e carrdedr oytohe form Hthesubstrat e
because of the thinner oxide nmask over the base and em tter regions. The

base is inpl antesdlestoryhbaagh and emithien IO &be hppaher NeEAH\A&LOLShe base

regions with a projected range err suf fici.ent to formthe _base
cont act regicwnfhﬁﬁl IPHQaFﬁgcﬁég 7 ﬁa§ﬁr69§r°%h§eeiﬁ?¥ﬁnﬁﬂ° ocks

boe baPhane: 2kt WRPIIRE REGkE XD A dlI-BR 1hoEnd AR 'SR (S, 0 @

buri ed base. The e en 1 nplanted throu pad oxi‘de into

the silicon subfijeales OM@ chilg Ohé i Bfpd e dewhicee (bifot i CherFrTliaNt
oxi des el sewhere on the substrate and-the first photoresist :
desired, the photoresist implant block-out masks are not

required and the process compiexity is reduced.

The collector ion implant energy is sufficient to
provide a projected range RP(C) that is greater than the
oxide implant mask over the collector regions so as to form
a collector contact in the silicon substrate surface while
forming a buried collector under the base and the emitter:_
regions in the substfate because of the thinner oxide mask
over the base and emitter regions. The base is implanted
next through the thinner oxide implant mask over the-base
regions with a projected range Rp(B) sufficient to form the
base contact region, while the thicker implant mask over the
collector blocks the implant, and the thinner pad oxide over
the emitter region results in a buried base. The emitter is
then implanted through the thin pad oxide into the silicon
substrate over the buried base, while the thicker implant

oxides elsewhere on the substrate and the first photoresist



-8-t bl ock-out nask protect the substrate and FET areas frominpl antation
The FETs are formed next by stripping the first photoresist inplant

bl ock-out mask, and by using a second photoresist inplant bl ock-out nmask to
protect the conpl eted bipolar transistors. The pad oxide on the ‘FET device
areas is renmoved, for exanple, by wet etghing. Then shield regions are
formed in the e | OFSE He 4&b8Rratel 8R4 FPT adkédd Oromhi | €
the rel ativel y'ﬁ%éﬁ%&gl ?Eﬁﬁl gnedél?)‘tu(r;luché; hr ough oxi de i npl ant mask over the
FET gat e/ drai n iapaantamdohbe thicker field oxide prevent impl anting in the
silicon el sewhere on the substrate. The self-aligned source shield region
provides higher driver currents and hi gher breakdown voltages between the

FET source and drain. The puncht hrough oxide inplant nask is etched to
expose the gate/drain arhe, FEFR e FarmedoPs®esPyt sbrbering thihsiissE ( hen

t d, d FET gat f d. A d I | i
ayer 1S depos AUSFO %Et aplent o i, 8% gaP, g%f’ﬁ%ﬁs?o%iéem e

gate oxide. A | ﬁ*F_ a | S
deposited and ani s& ls Wéﬂl{lgg‘#& (ﬂ%‘ H%E(]:{k%too g?ﬁ?él sl%gzceg'lrs
on the FET gat g, @I?q ly&%] dﬂ{@%aom%dbﬁl @h&eﬁt@n&e@{@e gt ed
adj acent to the T gate e ectrodes théereby conpleting the FETs for naking

Bi FET and Bi CM¥% GidnovieldS £Br example, by wet etching. Then shield
| regions are formed in the FET source regions by diffusion or

ion implantatien, while the relatively thick self-aligned
punchthrough oxide implant mask over the FET gate/drain
areas and the thicker field oxide prevent implanting in the
silicon elsewhere on the substrate. The self-aligned source
shield region provides higher driver currents and higher
breakdown voltages between the FET source and drain. The
punchthrough oxide implant mask is etched to expose the
gate/drain areas, the second photoresist block-out mask is
then stripped, and an FET gate oxide is formed. An N* doped
polysilicon layer is deposited and patterned td form the FET
gate electrodes .on the gate oxide. A conformal insulating
layer, such as a CVP silicon oxide, is deposited and
anisotropically plasma etched back té form sidewall spacers
on the FET gate electrodes. N* doped source/drain regions
are implanted adjacent to the FET gate electrodes, thereby
completing the FETs for making BiFET and BiCMOS circuits-in

conjunction with the previously completed bipolar
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conj unctiion with the previously conpl eted bipol ar -9- transistors.
FET source/drain inplant can also be used to formthe emtter on the
bi pol ar device provided that the circuit requirenents allow the emtter
junction depth to be the sane as the source/drain junction depth, thereby
elimnating the emtter inplant step. To~fbrm | arger devices an array of
cl osely spaced t¢iahisg@8cpisl I i fite HET RRUrek/daayh Ndmyl sHH Sca) hisRAbeNgsedan
be used to nmake both bipolar transistors and FETs using essentially the
above net hod. THee foirtt Bhe 0émitieemicrr ithe bipopas deviceguiawisiead dhattetiveen
are selected to provide a LOCOS puncht hrough oxi de thickness under the
nitride stripesizcuiti segnbremenfimiaklow fbet antkhessiwctian deptd $ei be
thinning that occurs in the spaces. This allows, for_the fahrication of
transistors hakhySaEe 88sthe ARUIGR/GERIAJUBALIMR derTs WienshyeT

requi rements. BRILEE DESCRI PTI ON QF THE NGS The objects and ot her
advant ages of CHIBIRGEIRG RS $111R&%, Bﬁ@gﬁ 8pP8rent in the preferred
enbodi ments when read in conjunction with the follow ng drawings. Figs. 1
and 2 show respective schematic cross- sectional views of a sinple LOCOS

structure before and aft@p form larger devices an array of closely spaced

The

silicon nitride stripes of wvarying widths and spacings can
be used to make both bipolar transistors and FETs using
essentially the above method. The widths of the nitride
stripes and spacings therebetweeg are selected to provide a
LOCOS punchthrough oxide thickness under the nitride stripes
that is about.equal to the thickness of the field oxide
thinning that occurs in the spaces. This allows for the
fabrication of transistors having various sizes, depending

on the BiCMOS or BiFET requirements.

BRIEF DESCRIPTION OF THE DRAWINGS

- The objects and other advantages of the invention
will become more apparent in the preferred embodiments when

read in conjunction with the following drawings.

Figs. 1 and 2 show respective schematic cross-

sectional views of a simple LOCOS structure before and after



- 10"- thb field oxidation to better understand the oxidation
characteristics of LOCOS with relation to the nmethod of this invention for
maki ng sel f-aligned bipolar and field effect transistors. Fig. 3 shows a
graph of the increase in the punch- through oxide thickness Tpt under the
silicon nitride mask as a function of decigasing nmask width (Werr]) during

thermal oxidatithe fielda 4xsddford t& dalttalk HBed8Ea88SEns tAMiHEEIPn I N the
field oxide thickness T[err] as a function of decreasing spacing (Werr])

bet ween adj acerhazaktepdstidts ¢l IV00SPwithFrglabi6hovs ehé GREtHd ©ft @Rii ew
of a silicon nitride mask for a bipolar transistor conprised of a single
stripe having iawestioni fiohsnaling selfheldgnedchipolar amp fiedd eiffact
silicon n|tr|de mask for making an FET conprised of a single stripe having
various wi dt hstTPP§istomsand 7B show, respectively, a schematic
cross-sectional view of the oxide inplant mask fornmed from the punchthrough
oxide for the bipolar transistor prior to inplanting the collector, base,

and emtter, and a schenpiiC 3 ghows a graph of the increase in the punch-
through oxide thickness Tpt under the silicon nitride mask .
as a function of decreasing ﬁask width (Wp,) during thermal

oxidation.

Fig. 4 shows a graph of the decrease (thinning) in
the field oxide thickness Ty, as a function of decreasing

spacing (Wg) between adjacent silicon nitride stripes.

Fig. 5 shows a schematic top view of a silicon
nitride mask for a bipolar transistor comprised of a single

stripe having various widths.

Fig. 6 shows a schematic top view of a silicon
nitride mask for making an FET comprised of a single stripe

having wvarious widths.

Figs. 7A and 7B show, respectively, a schematic
cross-sectional view of the oxide implant mask formed from
the punchthrough oxide for the bipolar transistor prior to

implanting the collector, base, ang emitter, and a schematic



cros$-sectional view of the oxide inplant mask formed fromthe punchthrough
oxide for the FET that is forned concurrently with the formation of the

i npl ant mask for the bipolar. Figs. 8A and 8B show, respectively, a cross-
sectional view of a bipolar transistor after inplanting the collector,

base, and emtter through the oxide inplajt_mask, and a cross-sectional

view of the FET area.having.a fi photqresi st bl ock-oul nas hat
brotects  REGSETSPERIPRRL THEbieH YaghoRide. tuphernt gheak omted direihou,
respectivel ' (:igﬁ? I Lanakmmi fsth | ppl ar device area
with a secoﬂnﬁ %H%tggirigg{){gh b‘f ock- cs'}%tcrt ﬁggkggﬁatﬁwﬁ?o %cf%%%g bi pol ar during
fabricati orgplculrRBnkElEy wibl ehe IRTemEeehi 88aknYi Siip Phnt Ny HOBYLled FET
structure. Figs. 10 through 12 show schematic top Vviews of various silicon
nitride madipoliak.maki ng bipolar transistors conprised of arrays of stripes
havi ng various-w dt hs and spaci ngs for making transistors having | arger
sizes than the transistors nmade using a single stripe. Figs. 13 and 14 show

schematic top views of a silicon nitride mask for nmaking FETs conprised of
vari ous - 12 - arFiags. 32 and 88 shevi ngesnerbively didceaa$-spaci ngs for

sectional view of a bipolar transistor after implanting the
collector, base, and emitter through the oxide implant mask,
and a cross-sectional view of the FET area having a first
photoresist block-out mask that protects the FET from the

bipolar implants.

Figs. 9A and Fig. 9B show, respectively, a
schematic cross-sectional view 6f the bipolar device area
with a second photoresist block-cut mask that protects the
bipolar during fabrication of the FET, and a cross-sectional -

view of the completed FET structure.

Figs. 10 through 12 show schematic top views of
various silicon nitride masks for making bipolar transistors
comprised of arrays of stripes having various widths and
spacings for making transistors having larger sizes than the

transistors madelﬁsing a single stripe.

Figs. 13 and 14 show schematic top views of a

silicon nitride mask for making FE?S comprised of various



maki'ng triansistors larger in size than the transistors made using a single
stripe. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Prior to discussing the
met hod of this invention for making self-aligned inplanted bipolar and
field effect transistors on a silicon substrate, a brief description of the.
oxi dation characteristics of the LOCOS mgihhod for closely spaced nitride
stripes w lartayshafpistiripesshaving taeiouss eridths andpspapings vfor Many of
the MOS technol ogi es apply isolation techni ques based on a LOcal Oxidation
of Silicon Rakiamp)transiskprscdaveer | bhaizecthen thephransistoss magdm
nitride layer,is used to mask device areas on a silicon substrate from

oxi dati on. Y thSingde SATAPRs thernal |y oxidized to formthe Field OXide
(FOX) that surrounds and electrically isolates the device areas. The

t hi ckness of the FOX and the thickness of the oxide fornmed under the narrow
silicon nitride mask by lateral oxidation (conmmonly referred to as the
puncht hr ough oxi de) are a function of the w dths and spaci ngs of the

silicon nitride nmasipESCRIPWEOROOF ETHE PREFERBEDSEMBODSMEREON Nitride mask is
sufficiently wide to prevent punchthrough oxide fromformng. However, in

this invention, a novel LOCOS net hod - 13 - is used to nake narrow
silicon nitride stripes of various

' Prior to discussing the method of this invention
for making self-aligned implahted bipolar and field effect
transistors on a silicon substrate, a brief description of
the oxidation characteristics of the LOCOS method for
Closely spaced nitride stripes will be helpful in setting
the invention in perspective. Many of the MOS technologies
apply isolation techniques based on a LOcal Oxidation of
Silicon (LOCOS). In this conventional method, a patterned
silicon nitride layer is used to mask device areas on a
silicon substrate from oxidation. Then the substrate is
thermally oxidized to form the Field OXide (FOX) that
surrounds and electrically isolates the device areas. The
thickness of the FOX and the thickness of the oxide formed
under the narrow silicbn nitride mask by lateral oxidation
(commonly referred to as the punchthrough oxide) are a
function of the widths and spacings of the silicon nitride
mask. In the conventional LOCOS the silicon nitride mask is
sufficiently wide to prevent punchthrough oxide from

forming. However, in this invention, a novel LOCOS method



wi dt hs fror making self-aligned bipolar and field effect transistors. It
shoul d al so be well understood by those skilled in the art that other

devi ce structures can be fornmed. For exanple, the process is described for
maki ng Bi FET or Bi CMOS devi ces, but that either device can be nade by

om tting the photoresist block-out nmask3is the follow ng description.
Furt her, byid rdedditagmikeandrfowedildicon hiieridbsstaipesinoff fuamiiong P- channel
and N-channel FETs by this nethod, Conplenmentary Metal Oxide Sem conduct or
(CMOS)  deviwdaithsafore making asel Braldianedchisod gr canl) fier¢ gfifectan be forned
therefrom Further, other sem conductor devices can also be nmade that take
advant age diranfistoos8es nethod for forming self-aligned inplants. Also, it
shoul d be well understood by those skilled in the art that these novel
LOCOS sel f- aligned inplant masks can be used to nmake ot her types of

XS se lgned 1 s can ke of |
Formed by fi1st ther h&i PBOBA M1 sty PRaSRGERGATRY fhogh dlipel " '©
stress-rel %ée:f%g%% kggsl' thdPCaddi ek RegcebrblecRAtb@ Edimds, t yRizcal Iy

bet ween about ngstrons. A silicon nitride (Si[err]Nerr])
| ayer 14 i Sex&?ﬂsi,t he! Proeeys ©6 deduribedr for makingi BIFET foy BicwOB! e,
4 -

aver 14 dévices, but that either device can be made by omitting the
photoresist block-out mask in the following description.
Further, by inﬁluding N- and P-wells in the substrate and
forming P-channel and N—cﬁannel FETs by this method,
Complementary Metal Oxide Semiconductor (CMOS) devices can
be made and Bipolar/CMOS (BiCMOS) circuits can be formed
therefrom. Further, other semiconduétor devices can also be
made that take advantage of this LOCOS method for forming
self-aligned implants. Also, it should be well understood
by those skilled in the art that these novel LOCOS self-

aligned implant masks can be used to make other types of

senmiconductor devices.

More specifically,.as shown in Fig. 1, the LOCOS
is formed by first thermally oxidizing the silicon substrate
10 to form a stress—release‘pad oxide 12. The thickness of
the pad oxide is typically between about 100 and 600 |
Angstroms. A silicon nitride (SizN4) layer 14 is deposited

to serve as a barrier to oxidation. For example, layer 14



canibe deposited by chenical vapor deposition (CVD) to a thickness of
bet ween about 1000 and 2000 Angstrons. Silicon nitride layer 14 is then
patterned to forman oxidation barrier mask 14, for exanple having a
silicon nitride wwdth Werr], and the spacings of the openings between the
patterned nitride having a wwdth Werr] -~ fthe substrate 10 is then thermally

oxi di zed | oad QdNddibdlikeldng Eiénidal Faptiouepblskitn feydfite goncurrent|y

| at eral oxidation tornms a punchthrough oxi de " under ‘the nitride nask 14.

During t hethiwideds @f Bativedn absut hicdonesd 2060r knghtibs pureitiddi ough
oxide 16' at the center of the mask depends on the width Werr] of the

nitride nasitdile TagyetepdndsntkemfpaifermedMoi foshoan quidatidrvely in the
graph in Fig. 3 (T[err] vs. Werr]), while the thickness T[err] of the
| ocal fi elbprxsdaie MaE®XL4defondexaympiendhapigghsd widicpn(niétsideawididout 0.4

um) of the spacings of the openings in the patterned nitride |ayer 14, as
shown in t%mer gﬁ"’&’p%‘-l’%% sPF&?-nHS(‘rfe‘%H QrenIAgS, &’F)t?"e‘FHeEBetWEW@{%s are

o dat | on REVEAR S LBl BP0 SR e ey 1 ARt eveP T8 BRSR) S hhere the
Pess t han Sheis i gUig1geazebleod O i CI0°BAT0E, 18, hE o A 10 ng”
of the |oceigFQX iwhililee conedrpestly Fdteradl wxdanesdantoenstde spacing
Werr], when Werr] is less than err] of about 0.4 um as depicted in
Fig. 4. |npirehtidaughaiokkideh26éW dtdenftienaidirideomaskt Léde Dasind 4 i s
rralntalned‘the thermal oxidation, the thickness Tpt of the punch-

through oxide 16' at the center of the mask depends on the

width W, of the nitride mask 14. The dependence of Tpt on

W, is shown qualitatively in the graph in Fig. 3 (Tpt vS.

Wyn), while the thickness Tgoy Of the local field oxide (FOX)

depends on the widths Wg (less than about 0.4 um) of the

spacings of the openings in the patterned nitride layer 14,

as shown in the graph in Fig. 4 (Tgyx VS. Wg). These

thicknesses are also dependent on the pad oxide thickness,

the nitride tﬁickness, and other oxidation parameters.

Usually the critical width W., (Fig. 3), where the

punchthrough oxide thickness is strongly dependent on Wy, is

at values less than about 0.35 to 0.45 micrometers. On the

other hand, the thinning of the local FOX in the openings is

strongly dependent on the spacing Ws, when Wg is less than

Wg. of about 0.4 um, as depicted in Fig. 4. In the prior

art, the width of the silicon pitride mask 14 is-maintained



- 1% - above the critical width Wr to prevent the punchthrough oxide from &
formng, and the wwdth Werr] is maintained above the critical wwdth Werr] -
of the spacing to prevent thinning of the FOX. Referring nowto Fig. 5, by
a first enbodinent, a schematic top viewis shown of a single-stripe
silicon nitride mask 14 of varying width on an active device region on a

Plerr] silic :ﬁlé'p rate. r m 13 Zsuh ' nsi st or.
The width of Oirh r }gml rggé’%gi%i)ov{'/er ﬁg:rc&%l ggkgggg%ﬁ%&?%@ﬁ%{g%bl pol ar
transi stor i o 'drop¢otRih§s Sadd'dthd KA athi Wicak Mhfhba W& I'dbovRS the

determ ned fromthe graph shown in Fig. 3. Al 80 as shown in Fig. 3, after

LOCOS t he punofitficalgidthdegf hof kites sphietingr tosprevent htivimeiygy BEb theder
the mask having width Werr]. Likew se, the width of |ayer 14 over the base
region B is \WaX. where Wm is w der than Wb, and after LOCCS the
puncht hr ough oxide grows to-a thickness T[err] which is thinner than Tpb.
The width of |ayer 14 over the emtter region Eis Werr] > Werr], and

t heref ore the puncht hrQugh oxi de .does t farmconplLetely ynder the nmask
and the pad oxi de havi %&gsrf’rﬁ*%m?%%oégr] g?&?e?a%ﬁ’éﬁ? %fé’ irn8d from

APk, L e L R LY S

silicon oxi deyjitHilaNma@RSKel OF daBFirkAWiathSURNhAr 88RI#E AP Riregion
on a P~ silicon substrate 10 for making a submicrometer
bipolar transistor. The width of nitride layer 14 over the
collector region C for the bipolar transistor is Wyp and is
less than the critical width W,,., as determined from the
graph shown in Fig. 3. Also as shown-in Fig. 3, after LOCOS
the punchthrough oxide thickness Tpy grows to a thickness
pr under the mask having width Wp;. Likewise, the width of
layer 14 over the base region B is Wy,, where Wna is wider
than Wp;,, and after LOCOS the punchthrough oxide grows to a
thickness Tp, which is thinner than Tpp. The width of layer
14 over the emitter region E is Wy > W, and therefore the
punchthrough oxide does not form completely under the mask
and the pad oxide having a thickness T, is retained, as
determined from the graph shown in Fig. 3. This bipolar
mask structure after thermal oxidation (LOCOS) results in an
excellent self-aligned multiple thickness silicon oxide
implant mask for fabricating submicrometer bipolar

transistors, and is explained later in more detail.



transistors, and is explained later in nore detail. - 16 - Referring now
to Fig. 6, the Si3Nd mask 14 is also patterned to forma single stripe over
the active device regions for the P-channel FET. The Si 3N4 nmask is
patterned to have a nitride width Wra over the gate/drain region GD for
the FET, which, after thermal oxidation (LOCOS), fornms a punchthrough oxide
having a thickness T[err], as determ ngdgf Lomthe graph in Fig. 3. And the
width of the silicon nitride mask Wn over the source region S for the FET

is wider than the critprefbr¥isld hdllieo Figreby es_&asﬁgﬁlg hdk 1y B Padsexi de
12 having a thickness T[err] over the source region,“alfso determ ned from

t he graph i npeitterdedThe fduim Ppairmliecdestoipe dher sthe cact e @evdldeows for
an FET source shield inplant, while the thicker punchthrough oxide protects
the G D fromregionst for ohhe B-channede F&Fe cThearSigigrmash ixinadbternedar at e
field oxide thicknesses T[err] for the bipolar and the FET, the nitride
mask can be havRed RIECidR WiHA BnaaR¥ernEhecrate/drain resdion G/Bn be

. & R SmaaRye
bt ternedl §oR g PREFEFT Crbiahy (b ok FReHBa BT AR 698 (R deodgiBee 1o
forma thi ckefmlci¥nt8hgh "Sx AP USRS 2nliBLABES TOX TR ddirnfthea -

pa’s
from the graph in Fig. 3. And the width of the silicon

nitride mask W, over the source region S for the FET is
wider than the critical width W.,., thereby retaining the
thin pad oxide 12 having a thickness Tpo over the source
region, also determined from the graph in Fig. 3. The thin
pad oxide over the source region allows for an FET source
shield implant, while the thicker punchthrough oxide
protects the G/D from implantation, as will become clear

later.

To achieve separate field oxide thicknesses Tgqoy -
for the bipolar and the FET, the nitride mask can be
patterned for the bipolar and the FOX for'the bipolar can be
partiallf grown, and then the silicon nitride layer 14 can
be further patterned for the FET field oxide, and the .
thermal oxidation completed to form a thicker FOX for the

bipolar and a thinner FOX for the FET.




- 17 - Réferring nowto Figs. 7A-9A and Figs. 7B-9B, the resultant
cross-sectional views of the LOCOS self-aligned inplant nask are shown
after renoving the silicon nitride mask, and one sequence of process steps
for formng the bipolar and FET is described. Referring to Fig. 7A;- a
schematic cross-sectional viewis shown forithe region through 7A-7A" of
Fig 5 for the bipol ar tRefiersing nomgitonFigst e7Ag¢9Rvand Fiws .0XBH9BHY theCOS
and after renoving the silicon nitride mask 14, while Fig. 7Bis a
schematic cro§§§§g$PP6n§F°%$t§?¢Fi°mPHeVFEWSr@@it#ﬁtkﬁQQEﬂSQmiﬁﬂEighndFig. 6,

al so after the_oxide is grown L and after renoving the nitride mask
14. The sili cg‘ﬁ'pﬁliaf‘fe'i h@sﬂaw 1@%%%&%’5??@%@%%%@% nﬂ'-léiifﬁléea hot

h hor i ' t I Ui ] in Fig. 7A, the t I
D ot on_( LORAER "¢ B PR | Mllhot e BRoB0GI Lol ey Harmaa WS T
respectively,bggbgggeéﬁdeififg'ﬁég@%gbng[err].> T[err] for the field oxide

(FOX) 16, collector contact region fhe base region 20, and the enitter

region 22. By way of exanple only; when the field oxide 16 is growmn to a
t hi ckness Tfld of between about 8000 and 10000 Angstrons, the correspondi ng
LOCOS oxi dati on par anetRefemrimgs doeFligd 78, 0 ascliematd ¢l doggl-aabtiBaK1 over

the collector contact region 18 to a thickness T[err] of between about 3800
view is shown for the region through 7A-7A' of Fig 5 for the
bipolaf transistor region, after growing the oxide by LOCOS
and after removing the silicon nitride mask 14, while Fig.
7B is a schematic cross-sectional view for the FET region
through 7B-7B' in Fig. 6, also after the oxide is grown by
LOCOS and after removing tﬁe nitride mask 14. The silicon
nitride mask 14 can be selectively removed by using a hot
phosphoric acid etch. Continuing, and as shown in Fig. 74,
the thermal oxidation (LOCOS) results in a novel self-
aligned implant mask having, respectivéiy, thickness Te1g >
“mb > Tpa > Tpo for the field oxide (FOX) 16, collector
contact region 18, the base region 20, and the emitter
region 22. By way of example only, when the field oxide 16
is grown to a thickness Tg1q Of between about 8000 and 10000
Angstroms, the corresponding LOCOS oxidation parameters are
selected to grow an oxide implant mask over the collector
contact region 18 to a thickness Ty, of between about 3800
and 4500 Angstroms, and an oxide implant mask over the base

region 20 to a thickness Tpna ©f between about 1800 and 2200



and 4500 Angstrons, and an oxide inplant mask over the base region 20 to a
t hi ckness Tna of between about 1800 and 2200 - 18 - Angstrons, and
retaining a pad oxide thickness T[err] over the emtter region 22 of

bet ween about 150 and 300 Angstrons. Referring nowto Fig. 7B, the oxide
mask profile for the FET device area is_sfwwn for the cross section 7B- 7B
in Fig. 6, af th | | QN palOSDRe 28l E ke dt (T | dvehal . The
t her mal oxi dé%rﬂfosﬁﬁl Hfié%%%q{idn%apgel f-ali gEed %s(?de iﬂr?pl ant mask

havi ng, respagiitt@yy rebibak22 nes TrtwelenTpbobuk :53[ and]300 Hmystrdms. t he
field oxide (FOX) 16, gate/drain region 24 (G D), and the source region (S)
26, respectively. By way of exanple only, when the field oxide 16 is grown
to a thickness T[err] of between about 3500 _and 4000 Angstrons, the
correspondi ng LOCOS gr 8edesninxintw itepFig- FBsktBe oxide mask profilent = |
bl ock-out nmask) to a thickness T[err] of between_about 1500 and 28&9 .
Angst rons ovefoxn Hdhey XED deEige r%@%r?'széhP@‘D\),ty,‘e’raﬁ e, BT SeHEPud Z5xi de 23

h £qi 2 ] GLLhi TlL.er b , 50 d
200 Angat r omTB RAeiFdng noRFEe At LHRRIRE, chabbrEen ERORE) T el O
s described f e {flf PellgybS DRRE! GerrizA" HxTlaak 1300 (Hot0s i fosihs W la® 2

first photoresist mask
self-aligned oxide implant mask having, respectively, thick- '

nesses of Tg1q > Tpg > Tpo for the field oxide (FOX) 16,
gate/drain region 24 (G/D), and the source region (S) 26,

respectively.

By way of example only, when the field oxide 16 is
grown to a thiékness Tg1q of between about 3500 and 4000
Angstroms, the corresponding LOCOS grows an oxide_implant
mask 30 (used as an implant block-~out mask) to a thickness
Tpa ©f between about 1500 and 2000 Angstroms over the
gate/drain region 24 (G/D), and retains the pad oxide 23
over the source region 26 with a thickness Tpo of between

about 150 and 200 Angstroms.

Referring now to Figs. 8AR and 8B, the ion implant
sequence is described for forming the bipolar transistor
shown in Fig. 8A, while a first photoresist mask 28 is
formed over and protects the FET device area (Fig. 8B) from

the bipolar implant. . «



formed ever and protects the FET device area (Fig. 8B) fromthe bipolar

I mpl ant . - 19 - However, it should be understood that by providing the
desired mask set for nmaking only bipolar or only FET devices, one can mnake
ei ther bipolar or FETs separately on the substrate 10. In this case, the
phot oresi st ion inplant block-out masks are not necessary, and the FOX can
be grown to different thicknesses, as giyen-in the exanpl es above.

Referring now to Fig. giveddte q@l kR6LDE be BEGErFrodndHNY biyehrEvadengon
implanted (1/1) through the self- aligned oxide mask w thout the need for

separ at e phothecdesiredhask setskfer fdkingomlyphipulad ar oalyn&ETat ed by
the vertical arrows |abeled I/1.) This ion inplantation w thout additional
maski ng redudevisegpi éne ararl makiee eathdrr bépolami @F FRYS peporsdedy oneps,
and provides a self-aligned subm croneter bigolar transi stor, for Bi FET ULSI
appl i ca- tiofthe Bubstreteipdhi I8 Ahist RaSeol FRR(DRotoRASRt 1on)iBPLREE| y at
an ion energy.to_provide a projected r e i I n he condition
Tlerr] > R e¥r1PC§‘?[“Er’PT§k§ fﬁAeWR-‘f 8?5?%8&55%0%%0% @’%eﬁﬁ% néeag(r':'%ﬁlect or
contact area,]8.. @kl f ' Rur bgdg¢Pbh e£h CEnE HMIRI1 dshanbree B and
emtter E ha§%n81£¥9ﬁ%ﬁ%E$H{E§#$§%$a§k (T?err] and Tl[err]), asggepicted in
Fig. 8A Likew se, the base inplant energy is selected to

Referring now to Fig. 8A, the collector C, base B,
and emitter E are ion implanted (I/I) through the self-
aligned oxide mask without the need for separate photoresist
implant masks. (The ion implantation is indicated by the
vertical arrows labeled I/I.) This ion implantation without
additional masking reduces significantly the number of
additional processing steps, and provides a self—alighed
submicrometer bipolar transistor for BiFET ULSI applica-
tions. For the npn bipolar, the collector implant is
preferably at an ion energy to provide a projected range Rp-
satisfying the condition Tfid > Rp > Tppe thereby forming a
collector c'having a collector contact area 18',-while
forming a buried collector C under the base B and emitter E
having a thinner oxide mask (Tpy and Tpg), as depicted in
Fig. BA. Likewise, the base implant energy is selected to
have a projected range Ry satisfying the condition that |
Tmb > Rp > Tpa- This results in a base B contact area 20'

under the base mask region 20 and a buried base B under the



have a projected range Rl err] satisfying the condition that T[err] > Rerr]
> T[err]. This results in a base B contact area 20' under the base mask
region 20 and a buried base B under the - 20 - emtter E region 22.
Finally, the emitter E 22" is inplanted under the pad oxi de 23 having
Rlerr], where T[err] > Rerr] > T[err]. _way of exanple only, for the

range of Irmleﬁm;tgp ﬂer Sdn 138 CkFaesAdy(l thd ahpveer thepr afser r ed

col | ector

ant woul e a phosphorus (P[err]) inplant with an ion

i mpl ant energmpqhnbeameﬂmbfﬂmhﬁ £ oxide6R0 HaviagdRan whendearMy,,dosB,0b
between 1.0 E 13 and 1.0 E 14 ions/cnferr]. The base inplant is preferably
bor on (B[errpb l.ons having an ion inplant energy of 60 to 120 Kev and an

i npl ant dose of between 3.0 E 12 and 7.0 E 12 ions/cnferr].

The em tter

inplant is preferably arsenic (As[err]) ions mnth an ion inplant energy of

50 to 150 KeV and a dose of be meen %58 E 15 0 E15 10
conpl et es the bipol ar BYafidY R%r EPEVOn °§ EQ%ﬁraQﬂﬁ

s/cgﬂ EThIS

I d - b I
BAETERE SO e VR i e r#ezr%%bﬁ%%tsx
9B, the fi rsgr%lg_%_}%u?g asﬁgbé%é:ﬁﬁofy@slﬂpn)l §m§15hgg§\&h i J_Q,nsecond

phot or esi st used over the conpleted

implant energy of between about 320 and 600 KeV and an

implant dose of betwéen 1.0 E 13 and 1.0 E 14 ions/cmz. The

base implant is preferably boron (Bll) ions having an ion

implant energy of 60 to 120 Kev and an implant dose of

between 3.0 E 12 and 7.0 E 12 ions/cm?. The emitter implant

is preferably arsenic (As75) ions with an ion implant energy

of 50 to 150 KeV and a dose of between 3.0 E 15 and 7.0 E 15

ions/cmz. This cdmpletes the bipeolar transistor.

In

addition, a deep, buried N doped implanted region 18'' can

be used to reduce collector-to-substrate capacitancé and to

reduce collector resistance.

Referring to Figs. 9A and 9B, the first photo-

resist block-out mask 28 is stripped, and a second

photoresist block-out mask 30 is used over the completed

bipolar device area, as shown in Fig. 9A, while the FFT is

formed as shown in Fig. 9B. Now, as shown in Fig. 9B, a

boron (811) ion implant having a Ry sétisfying the condition

Tma > Rp > Tpo is used to implant a shield region 25 in the



bi pol ar *devi ce area, as shown in Fig. 9A while the FET is forned as shown
in Fig. 9B. Now, as shown in Fig. 9B, a boron (B[err]) ion inplant having a
Rlerr] satisfying the condition T[err] > Rerr] > T[err] is used to inplant
a shield region 25 in the - 21 - source S region 26. The pad oxide 23
and the oxide mask 31 over the gate/drain region 24 (shown in Fig. 8B) are
renoved by etching in a buffered oxide‘éﬁch (BOE), or by using a high
selectivity 8RpPEeStDH-z89ianoR6p| aThe BRENC*I AR raKhhheyoxidecmagk 31

trifl th CHF3 LA T nd _phot I st k 3

0 o B L o AL ohek ) s o AP 95 TEREREN
bout 60 dynab ' t ' ' . f th

shout 00 anu7 e AR ATy reALEANcRTaL G L AR, Byl 89 BRsEA 81 7

deposi ting, HoghNge1dNd Dkt ¥x1aa0t8-891 Yoh | PRsA A cHAW Ag athﬂéﬁ%ness
of between about 2000 and 3000 Angstrons, and a phosphorus inplant dose of

bet ween abougad. Such l&s aid fAudrbméthaheeCRP] Frand iasxrdenedaq .f orARt he
lightly doped source/ drain areas 37(Nerr]), for exanple, using phosphorus
(P[err]). Sidecohd phelmaresidd maskf 30ntBigexdAbyigleyindippedy andoaf gatal

I nsulating | ayer, such as Si2, which is aniso- tropically plasma etched
back to provP¥Eide|Rndaving@ethinkneag of hetiveass ahouted® apdu50. 1 and

0.2 mcroneters (um. Arsenic (As[err i on e i | anted in the
source/draingngsgrggs' is grown(on[tge]&ate/Srégn region 24 of the FET.

The gate electrode 34 for the N-éhannel FET is then formed
by depositing, doping, and patterning a polysilicon layer
having a thickness of between about 2000 and 3000 Angstroms,
and a phosphorus implant dose of between about 1.0 E I5 and
5.0 E 15 atoms/cm3 is used to form fhe lightly doped source/
drain areas 37(N"), for example, using phosphorus (P31).

. Sidewall spacers 36 are formed next by depositing a
conformal insulating layer, such as S§iO;, which is aniso-
tropically plasma etched back to provide sidewall spacers
having a width of between about.o.l and 0.2 micrometers
(um). Arsenic (As75) ions are implanted in the source/drain
areas 38 to a dose of between about 3.0 E 15 and 7.0 E 15
ions/cm2 to completé the FET. Further processing is used to
interconnect the bipolar and field effect_transistors to

form BiFET circuits.

Referring now to Figs. 10 through 14, by the

method of a second émbodiment,_an array of silicon nitride



areas 38 to a dose of between about 3.0 E 15 and 7.0 E 15 ions/cn® to
conplete the FET. Further processing is used to interconnect the bipolar
and field effect transistors to formBi FET circuits. Referring now to Figs.
10 through 14, by the nethod of a second enbodi nent, an array of silicon
nitride - 22 - stripes are used to nmake | arger bipolar transistors and

| arger FETs of varying sizes, such as bt@3lar power transistors and the
like. It shoulstzilpes renused tbamakehdsergerahipelar steamserdry @A
concurrently on the same substrate and at the sane tinme as the transistors
forned from a kAGgeTe FETSr pdevarying: sizese, sugbeps bipolde mbvidrer ent | ayout
design of the silicon nitride stripes, the process is identical to the

process for tHEFWSIFOrSt ARPetiP ahiiest ofd, SARRLENRES dbe natedirtbesss

mmsk having arhgst rishedBEREE St re sbrnd EoRCHEr oYLV o G some: hose

| t [ idd -ALtL] tLi . ' I'l, defined
wdins W and pstrald SRECKE Obnd st Rifle B CEnd| LrRE R SolRed ng |

FETs, which cafrcn @0sh8qiigchitidd ffekipl! CUALSo, ReESLLL NEL Tor &

specifically to Figs. 18 t hrough 12 for naking the Eﬁ%olafpgﬁghsistor

t hree diffgrent layout design of the silicon nitride stripes, the
process is identical to the process for the single-stripe
transistors, and therefore the process details are not

further described. Only the design layout for the Si3N4

mask having an array of stripes is described in detail.

To achieve these larger transistors, an array of
silicon nitride stripes having well definéd widths W, and
spacings Wy are formed for self-aligned bipolars and FETs,

which can also be used in BiFET circuits.

Referring now more specifically to Figs. 10
through 12 for making the bipolar transistor, three
different arrays of silicon nitride stripes 14 are shown.
In each of the three arrays the width W, of the nitride
stripe over the collector region C is Wy, and the spacing
is Wgp. The width Wy, of the stripes and the spacing Wg,
are selected for the punchthrough thickness Tpot vS. Wy

(Fig. 3) and the field oxide thickness Tg,, vs. Wg (Fig. 4)
so that the thickness Tpp and a local field oxide having a



different"arrays of silicon nitride stripes 14 are shown. In each of the
three arrays the width Wnof the nitride stripe over the collector region C
is Werr], and the spacing is Wb. The width Werr] of the stripes and the:
spaci ng Wb are selected for the punchthrough thickness T[err] vs. Werr]
(Fig. 3) and the field oxide thickness T[err] vs. Werr] (Fig. 4) so that
the thickness Tpb and a local field oxide having a -23- thickness T[err]
bet ween the Si3N4 stripes are about- the s&%e-thickness (T[err] = T[err])
after the r pal | | | B3GR ked; . L gt endl gamk Of the
stripes antlfq't e %%%c?%ﬁsg\ék\%‘g@%r\i/gh% %é%gﬁsgegjéggina%@gi?ﬁl ected to

provi de, . r'agiRGdnesa! “{}eﬁ punghs hefiegh tasi docobi theessl afxiBatiandis t hi nner
field oxide T[err] betWeen the Si3N4 stripes that are about the sane

t hi ckness (cHrarired sutl.er The, widtlo Wigt efnthedstripes handrthehspacinggs. 3 and
4. The width Wnof the Si3N4 stripe over the em tter region E is nade :
greater thdfyg lovesr thechasei dedian B BFer SLAPRLEACtPRFI%dRy T[err], as

determned fromthe graph in Fig. 3. These silicon nitrjide masks, after .
LOCOS, pro’efpeatiyed¥nt PaPF‘}C}é%?E‘I“&h Wﬁ&kﬁg%ggﬁﬁﬁﬁl‘ﬂ#}rhagﬁn@%e i npl ant
mask of different thicknesses gver, t.he co Chory b I r, -
t her eby f or imRer gg‘@ﬁ-ﬁaf’?‘bﬁﬁdﬂmﬁ%ﬁee&r‘ag kng %rgﬂzﬁeg?gif%e?%h%g %%-8
transi storsudt W3 LaHkORR1 BRAYEET 1L DIDQh 3 288y &€ternined from -

the graphs in Figs. 3 and 4. The width W, of the Si3N4

stripe ovér the emitter region E is made greater than the
critical width W . to retain the pad oxide Tpo' as
determined from the graph in Fig. 3. These silicon nitride
masks, after LOCOS, provide an essentially constant
thickness punchthrough oxide implant mask of different
thicknesses over the collector, base, and emitter, thereby
forming a self-aligned implant mask for the large bipolar
transistors. In the regions between the bipolar device
areaé formed by the array of nitride stripes, a spacing
§reater_than the critical spacing Wg. is provided to
ﬁaintain a field oxide with a méximum thickness Tg14, @S <
determined frém thé graph in Fig. 4. The cross sections
through region 7B-7B' of Fig. 10, through region 7C-7C' of
Fig. 11, and through region 7D-7D' of Fig. 12 are similar to
the cross section shown in Fig. 7A for the oxide implant

mask formed using a single silicon nitride stripe.



areas forhed by the array of nitride stripes, a spacing greater than the =

critical spacing Wsc is provided to maintain a field oxide with a maxi muin’

t hi ckness T[err], as determined fromthe graph in Fig. 4. The cross

sections through region 7B-7B of Fig. 10, through region 7C7C of Fig.

11, and through region 7D-7D of Fig. 12 griﬁgjnilar to the cross section
|

e stripe . FEESRRS BR8] RIBE I SHE 18 FleRnatiR Rt ¢ o

nitride stripe. rrng now 1o

views are shoyews Oirdedtidie fairOfak tnhg NB&Rsdr Flhdliidil FEHG g'%ﬁégr arrays

of silicon nitride stripes 14. The SI3N4 mask 14 1s patterne er the

device areasdiffefdier |arrss DETsiDowomonvdslide S guad 13paciRgss b
respectively, over the gate/drain region during the LOCOS to provt a
punch- througasibxl4leid lnatiternedTpuennthe déwak avalns tfaicnkhaglefgdt err]

that are about equal in thickness, as determ ned fromthe graphs in Figs. 3
and 4. The FET$ hhawing wigdithisc¥panand i #eackngs W pvaespeetivelye owggron i s

greater than_Wr to retain the pag oxide T[err Fig. 3). The nitride
stripes can Bléef%?‘l"f’e;di‘?a&ln Fﬁg"f’gr ‘é’?”'ﬁ'l“'sh%tl'qclrﬂes( donProvide: ARURER- nitri de

S ot e RS, SHBRRE L Y A ol DRI OTE, T o
base, and Tgq that are about equal in thickness, as determined from

the graphs in Figs. 3 and 4. The width of the silicon

nitride mask W, over the source region is greater than Wer

to retain the pad oxide Tp, (Fig. 3). The nitride stripes

can be formed for the larger FETs at the same time that the

nitride layer 14 is patterned for the bipolar transistors.

This novel LOCOS method reduces the number of
photoresist masking steps for forming the emitter, base, and
collector for the bipolar transistors. The method is also
compatible with the conventional technology, and pértic-
ularly with a CMOS process. BiCMOS devices can now be
manufactured in which all active regions of the bipolar and
MOS devices are forﬁed simultaneously without thermal budget

© increase. Further, the emitter, base, and collector for the
bipolar are self-aligned. The collector implant energy can
be adjusted so that the implanted collector contact is at
the silicon substrate surface.to minimiie the collector

resistance at the collector contact. Since the punchthrough



col Fectof for the bipolar transistors. The nethod is al so conpatible with
t he conventional technol ogy, and partic- ularly with a CMOS process. BM*CMXS
devi ces can now be manufactured in which all active regions of the bipolar
and MOS devices are forned sinultaneously w thout thernmal budget increase,
Further, the emtter, base, and collecto for the bipolar are self-aligned.

The col | ect or bﬁﬁhﬁnErSHﬁagghéxﬂhf%%eQd gg §Qué?@% %%? [Iys o TR TSV =IO IR Rto

coll ector contact 1s at e silicon su rate mnimze

col I ector resi £hang@patrib® Kplvigahmer oQOﬂhaCtheﬁhapeoﬁmﬂlaaphttlmeouage -
25 - oxide around the emtter region is partially recessed into the
substrate by viaurwenaf isheedimssdynlandX itiat base thansmset ciagit (gaingdoged,
and the base transport factor (gain) of the bipolar transistor is inproved.
Wi | e the inverthieobipadapetmansirstiorulisr Lppsaved. and described with
reference to the preferred enbodi ments thereof, it will be understood by
those skilled in the art that various changes in _formand details my be

nmade w thout departing fromthe spirit and scope of the jnyention,
CLAI VB P g While she %nvent%on asgbeen 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

Ay

departing from the spirit and scope of the invention.



1. A nethod for concurrently fabricating bipolar triﬂIIIMMl‘E“‘IEMIUMd
effect transistors (FETs) on a silicon substrate co of: .
forming a silicon oxide layer on a principal surface df Said gili‘con
substrate thereby form ng a pad oxide |ayer; depositing a silicon nitride

| ayer on said pad oxide | ayer thereby provig'ng an oxidation barrier |ayer;
patterni ng said, st on_nitride Iaéer ; an siJicgg@nitride stripes

L
over bipolar transi®t®et 8 grﬁgﬁgﬁﬁ AGIRg P3PPLALI ng wi dt hs
for emtter, ba

d | I . ' f | d. hi pol | St : d’
patterning sai dég?‘i’?ag%‘f\gﬁoﬁ Fa?nﬁjgl gégkgg{g@? %é%':%%égrgs er}g;% Eéiﬁﬂgr gi I ?(r:]on
nitride stripesspl;dopraaniiiaey oitdri Qg Sthd Colegl gg.de stripe for

ormng a source area, and a narrower silTcon nitride stripe for formng a

gate el ectrode/dr af@rrﬂix?l d yilgaeh ekigai layés!sh &f frGindipanskatease
thermally oxidizing said silicon substrate and formng a tield oxide

i sol ati on ar oundf ssaid deyl o sabstipate ntherebly stdrminy @ paddexsdei pes; and
concurrently by the sanme oxidation, laterally oxidizing said substrate )
under said silitawenjtride stripes over said bipolar transistor device
areas to fprn1a puncht hr ough oxi de havingr? t hi ckness that:varies_inversely
as a function of t@epositing a silicon nitride layer on said pad oxide
layér thereby providing an oxidation barriei layer;
patterning said silicon nitride layer and forming
silicon nitride stripes over bipolar transistor device
areas having respective decreasing widths for emitter,
base, and collector regions of said bipolar
transistors, and patterning said silicon nitride layerl
over FET device areas having silicon nitride stripes of
decreasing widths, one silicon nitride stripe for
forming a source area, and a narrower silicon nitride
stripe for forming a gate electrode/drain area for each
of said field effect transistors;
thermally oxidizing said silicon substrate and
forming a field oxide isolation around said device.
areas having .said silicon nitride stripes; and
concurrently by the same oxidation,
laterally oxidizing said substrate under said
silicon nitride stripes over said bipolar transistor

device areas to form a punchthrough oxide having a

thickness that varies inversely as a function of the



AR R 15
© 2 "F"Wdth of said silicon nitride stripes and prgmmulﬂlmlculuﬂmgned
oxi de i“mprafit” mask for said bipolar transistors, an (B
i mpl ant mask over said collector is thinner than éaid’ffelé oxi de
i solation, said oxide inplant mask over said base is thinner than said
oxi de inplant mask over said collector,_apnd_said pad oxide over said
emtter is thinnefy! Banggaids PXi & iftrdlle FREHpEYCLGALHDARS dihere the
width of said silTicon nitride stripe for said emtter region Is
sufficiently wigda ft-a1pgABANGx S@é inpleitt maskgfooxsdedf bopofaF mi ng, thereby |
retaining said pad oxide over said emtter region; and concurrently, ol
| ateral | y oxi ditzamgistodssubsd reberairsddd oxidesimptantnnaskdevett ri pes over
said FET device areas to forma puncht hrough oxi de over said gate
el ectrode/ draisaigr caldiecterr &s atminners &hanpsaidxfdeldveridei d source area,
sai d puncht hrough oxi de self-aligned tq said pad oxide, wet etching and
renovi ng sai d diSdlegdonit BRrEE PRIAR iMpdARt Fagks pver BRLEFRIE S i npl ant
bl ock-out mask qQver said FET device ar.eas. ion igplantingégonsecutively

r

sai d col | ect or PHIDET IRfefift e?x*iﬁ & 37051 Pardr °VFanSFEtors through said
puncht hrough oxi 4§ JR\-2NLnRBS.: §dd' Gxided 038k  5aia emitter is

thinner than said oxide implant mask over said base,

where the width of said silicon nitride stripe for said
emitter region is sufficiently wide to prevent said
punchthrough oxide from forming, thereby retaining said
pad oxide over said emitter region; and concurrently,

laterally oxidizing said substrate under said
silicon nitride stripes over said FET device areas to
form a punchthrough oxide over said gate electrode/ -
drain area while retaihing said pad oxide over said
source area, said punchthrough oxide.self—aligned ;o
said pad oxide:l

wet etching and removing said silicon nitride layer;

forming a first photoresist implant block-out mask
over said FET device areaé;

ion implanting consecutively said collector, base,
and emitter for said bipolar transistors through said
punchtﬁrough oxide implant mask having said self-
aligned variable thicknesses, wherein the ion enexgy

for said implanting of sajid collector is sufficient to



al i gned variabl e thi cknesses, wherein the ion energy forummullmllﬁ |“jm of
said collector is sufficient to - 28 - pass through s ALl I

*

mask over said collector regions into said silicon substrate and forns a
buried collector under said base and said emtter regions in said
substrate, and the ion energy for said pgpl anting of said base is

sufficient to passs UG SAlid 6xide inplad MBAK e saziad base region
and to forma buried base under said emtter region, and further said

emtter is inplésipsetdy Qegfionsi dnpadsaid deilidon sAaibGtraltecandsfoshsat e
over said buried base; stripping said first photoresist inplant block-out
mask; form ng aaskeoiat pudtlecgorsunden|said Rank-and saddk emistesai d bi pol ar
transi stor device areas; and renpving said pad oxide on said FET device
areas; inpl ant i Fegiorppahisadl SPBSEERFInARG, the doreengegycEos, 8addusi ng
sai d puncht hrough oxide i ant, sk on sai d. FET devi ce _areas_and, said
field oxide as %?Rﬁ%ﬂﬁlqg 5@%ggﬁ?sﬁn§i;s%£%ﬁﬁﬁﬁf a§ijﬁﬁﬁcﬁﬁﬁPﬁgﬁh oxi de

i mpl ant mask of £ sai g ffel {4pMishe RLSRSover said base region and to

form a buried base under said emitter region, and
further said emitter is implanted through said pad
oxide into said silicon substrate over said buried
base; |

stripping said first photoresist implant block-out
mask;

forming a second photoresist implant block-out
mask over said bipolar transistor device areas; and

removing said pad oxide on said FET device areas;

implanting P-dopant shield regions in said FET
device areas using said punchthrough oxide implant mask
on said FET device areas and said field oxide as an
implant block-out mask;

etching said punchthrough oxide implant mask off
said FET device areas;

stripping said second photoresist mask; and

forming an FET gate oxide on said FET device areas;

depositing and patterning an N* doped polysilicon
layer, thereby fqrming FET gate electrodes on said gate

oxide; . *



stripping*said second photoresist mask; and form ng an FET iml
said FET device areas; depositing and patterning an N errj] Imﬂmm" "Ill"l“l
pol ysilicon | ayer, thereby form ng FET gate el ectrodes on sal d‘gate 8xitle;*

- 29 - ion inplanting lightly doped source/drain areas; depositing and
ani sotropically plasma etching back an insulating |ayer thereby formng
sidewal | spacers on sai ate, el ect rod®s; i nplanti ng N+ doped

.d FET {
source/ drai n regi or’rgna&f“agﬁm'g?% Lightly doped) sopree/drain sarenssET gate
el ectrodes, and thegr .conpl eting said bi.polar transistors and said field
effect transi storsﬁf‘ég%%%lggr%k%ﬁ%rﬁﬁf ﬁhl ¥pp cetehing back The .
nmet hod of cl ai myl, 3 ' a4 ' _ . LS _forned by thermal
oxidation to a ta#é ngggkg?ébjé%mﬁ(}%ggs ?g%ﬁ%ﬁé %bge‘)&?‘l tSRARETS3I OnThe

met hod of cl ai mshiawkeregat&aéredtiddaedy nitride layer is deposited by
chem cal vapor deposition to a thickness of between about 1000 and 2000

Angstronms. 4. The dmphaftihg Nhidopkd wbareepdsaid fé&ié’n%@cﬂ%&e% i on is
formed by thermal oxidation and grown to a thickness™ of between about 3500
and 15000 Angst ®8#8. sidewall spacers on said FET gate electrodes, and
thereby completing said bipolar transistors and said
field effect transistors (FETs) for making BiFET é.nd

BiCMOS circuits.

2. The method of claim 1, wherein said pad oxide layer
is formed by thermal oxidation to a thickness of

between about 150 and 600 Angstroms.

3. The method of claim 1, wherein said silicon nitride
layer is deposited by chemical vapor deposition to a

thickness of between about 1000 and 2000 Angstroms.

4. The method of claim 1, wherein said field oxide
isolation is formed by thermal oxidation and grown to a

thickness of between about 3500 and 15000 Angstroms.

5. The method of claim 1, wherein said silicon nitride
' stripe over said collector region is between about
0.3 and 0.5 microméters (um) wide, and during formation

of said field oxide isolation, said punchthrough oxide



5. The méthod of claim1, wherein said silicon nitri de”nﬂl Hlﬂﬂ_’“ﬂmmﬁﬂm
collector region is between about 0.3 and 0.5 m cronet | d
during formation of said field oxide isolationsaid pundhtﬁrodgh"ox?d€ -
30 - over said collector region is grown to a thickness of between about
3500 and 4500 um 6. The nethod of claim 39 3vherein said silicon nitride
stripe over sai @vexssaidgtoblectdretnmponisugrows 88ds Oty dhadgymeisers (un
wi de, and during formation of said field oxide isolation said punchthrough
oxi de over saidgﬁﬁwﬁenegbgﬁti%SQﬁ(ﬂnﬂ1ﬁ§09 umi-ckness of between about 1500
and 2500 Angstrons. 7. The nethod of claim11, wherein said silicon nitride
stripe over said emtter region is at |east greater than about 0.5

roroneters (urls vt ol BeRaX Tk Rl BUGRLALSUOD, 06l 08 o comp) et ol

phosphor us | on SCPLEF; PY8E; FAfl ISk BRaeBh' Sk beruShliehatlt hRueRd ok 13

and 500 Kev. o, The oy ety Al ielady, 308, SRELY PR ISFasgth °20
field oxide isolation said punchthrough oxide over said
base region is grown to a thickness of between about

1500 and 2500 Angstroms.

7. The method of claim 1, wherein said silicon nitride
stripe over said emitter region is at least greater
than about 0.5 micrometers (um) wide to prevent said
punchthrough oxide from completely forming and thereby .

retaining said pad oxide on said emitter region.

8. The method of claim 1, wherein said collector is
formed by implanting phosphorus ions (P31) at an ion
implant dose of between about 1.0 E 13 and 1.0 E 14
atoms/cm? and at an ion implant energy of between about

320 and 600 KeV.

9. The method of claim 1, wherein said base is formed
by implanting boron ions (Bll) at an ion implant dose
of between about 3.0 E 12 and 7.0 E 12 atoms/cm? and at

an ion implant energy of betwgen about 60 and 120 KeV.
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about 60 and 120 KeV. - 31 - 10. The nethod of clai m*l, *whéretn %ai'd
emtter is formed by inplanting arsenic ions (As[err]) at an ion inplant
dose of between about 3.0 E 15 and 7.0 E 15 .atons/cn2 and at an ion inplant
energy of between about 50 and 150 KeV.- 31.-The nethod of claim1l, wherein
said P-dopant shield regions are forned by inplanting boron ions (B[err])

at an ion inplanp,dogRe Che AV caBaut 1]. Ohérddn agdlid .dhifetk? akons/cnjerr]
and at an ion inplant energy of between about 80 and 200 KeV. 12. The

met hod of clainférmuﬂehgirmp&antﬂﬂﬁTagaeaioxidnsiGAgﬂQmmat(anaibhickness of
bet ween about 60 and 250 Angstronms. 13. The nmethod of claim1l, wherein said
N err] doped poligplantofosayaf bHedween abPEY FafcEcl@nddod Esl8oped with
phosphorus, and is depogited to a Lhrckneis of between about 2500 and 5000
Angstrons. 14. REEMFAEROPRA 2 AmifR WAR!MBRR RPEIE Rfr Retwesrnabedtons of

said FET are fo%gegngylggwkéypjanting

11. The method of claim 1, wherein said P-dopant
shield regions are formed by implanting boron ions
(Bll) at an ion implant dose of between about 1.0 E 12
and 1.0 E 13 atoms/cm2 and at an ion implant energy of

between about 80 and 200 KeV.

12. The method of claim 1, wherein said FET gate oxide

is grown to a thickness of between about 60 and 250

Angstroms.

13. The method of claim 1, wherein said N* doped
polysilicon layer for said FET gate electrodes is doped
with phosphorus, and is deposited to a thickness of

between about 2500 and 5000 Angstroms.

14. The method of claim 1, wherein said source/drain

regions of said FET are formed by ion implanting



-32+ arsenic (As75) at an ion inplant dose of between abgm“mﬂmﬁl“mm
7.0 E 15 atons/cnferr] and at an ion inplant energy of b d
100 KeV. 15. A nmethod for concurrently fabricating a bipolar % rdnsi"st &r and
a field effect transistor (FET) on a silicon substrate conprising the steps
of: formng a silicon oxide |layer on a-pzncipal surface of said silicon i
substrate ther eayséniai (As’? )pat eri ilen| gplanteboss tof Metwdlehi abouli tride |
| ayer on said pad oxide | ayer thereby providing an oxidation barrier |ayer;
patterning sai d3s®|Eckth and (7-@eE| 3Hertans/ emt mnd) ath aw dap dmpdehkcon
nitride stripes having predeterm ped mngths and s aC|ngs over bi pol ar -

transi stor devi BREEIRRL fRetween,aRopEq# RAR L0 W-ector regi on, and
further having a silicon nitride stripe for an emtter region traversing
said array of silicon nitride stripes over said base region for formng

sai d bi pol ar trggm Si Qhet iy Rt [:gﬁgﬁ? ‘gﬁfi adp% %I Li ;gg nitride

| ayer over FET devi ce areas having si
predet er m ned Weghhs; Sk RRCaNESePYCELESLE %éjﬁ/ﬂ %*sqe)s 505 formng a

source area and a gate electrode/drain area for said flel effec
transi stor; silicon substrate comprising the steps of:
forming a silicon oxide layer on a principal surface
of said.silicon substratelthereby forming a pad oxide
layer;
depositing a silicon nitride layer on said pad oxide
layer thereby providing an oxidation barrier layer;
patterning said silicon nitride layer and forming an
array of silicon nitride stripes having predetermined
widths and spacings over bipolar transistor device
areas for a base region and a collector region, and
further having a silicon nitride stripe for an emitter
region traversing said array of silicon nitride stripes
over said base region for forming said bipolar .
transistor; and
patterning concurrently said silicon nitride layer
over FET device areas having silicon nitride stripes
with predetermined.widths and spacings over said FET
device areas for forming a source area and a gate

electrode/drain area for said field effect transistor;

A



-33- thermally oxidizing said silicon substrate and f I ﬂu

I sol ati on around said device areas having said sili coﬂ“ll“ﬂ“ﬂ! Hﬁl‘ﬂ;“ and
concurrently by the same oxidation, laterally OX|d|z|ng*sdidLsuBst ate
under said array of silicon nitride stripes to forma puncht hrough oxi de
that provides a self-aligned oxide inplant nmask for said bipolar .
transi stor, said oxide inplant mask haVitig a constant but thinner oxide

thi ckness over saktberdrlliyt@Fidiadingnspadnsihiaonispkstsatie andnd an oxide

| ant k d_bas t hj th d oxid | ant
Sk overcai § SEGPABEL Br T béocﬂ‘ & 4B hpERGR TREE ARDHAT 51 11 con

nitride stripe_faor sgéglﬁgp 5 Jf¥¥d%ﬁ Egkggdg % é%ﬂ'ahaN de to prevent

sai d punchthrourﬁaSX| orn1n |ng sal d pad oxi de over

said emtter r%ﬁhﬁﬂrré§g1§abﬂ Egéﬁgaﬁ@rgkgggtybgths and spacings of said
|

array of silicon nitride Stripes resulting in a uniformthickness of said

oxi de inpl ant nmaskaguealepchxidifidigl sakdi substlité cukdele Wi tartagxi di zi ng
under said silicon nitride stripes for said field effect transistor to

provi de a puncb&hs@mgbonxntmrznﬁeﬁtnlppbano floshk amemchthmqngh silicon

nitride oxide that provides a self-alxgned oxide implant mask
for said bipolar transistor, said oxide implant mask
'having a constaﬁt but thinner oxide thickness over said
collector region than said field oxide, and an oxide
implant mask over said base region that is thinner than
said oxide implant mask over said collector region, and
further the width of said silicon nitride stripe for
said emitter regiom being sufficiently wide to prevent
said punchthrough oxide from forming, thereby
retaining said pad oxide over said emitter region, and
said predetermined widths and spacings.of said array of
silicon nitride stripes resulting in a uniform
thickness of said oxide implant mask over each of said
fegions; while concurrently

oxidizing under said silicon nitride stripes for

said field effect transistor to provide a punchthrough
oxide as an implant.mask while a wider silicon nitride
stripe over said source region prevents formation of a

punchthrough oxide while retaining said pad oxide;



stritpe oVer said source region prevents formation of a pu '
while retaining said pad oxide; - 34 - wet etching to Wﬂ“ﬂ”“"mmﬂwﬂll
of said silicon nitride layer; formng a first photoresi'st #nglant » s *
bl ock-out mask over said FET device areas; ion inplanting consecutively a
collector, a base, and an em tter for sas4d-bi polar transistor through said
sel f-al i gned oxi dweknptahingretsk removeciremaindeonofnestyy didricom d i npl anting -
of said collector is sufficient to pass through said oxide inplant mask o
“over said col | 8ét&ideed®B®rinto said silicon substrate and forms a buried

col l ector under said base apd said emtter regions in said substrate, and
the ion energy fo °§§Fﬂgi?¢#] % Rpodrrest§tpitrlpat higskiauh magkpass

t hrough said Qébﬂ% EQP&afﬁngﬁ?%éQ/ Ee%ng base region to forma buried base ;

under said em {ter regron, urther Said emtter is inplanted through :

said pad oxide i”Eensﬁﬂlﬂ{ir@%&z‘%ﬁb@lwgcéf‘i&'g@&(}f,::é?_ age; stripping ©

said first photoresist 1nplant” bl ock-out maSk over ™ sal evice areas;
form ng a secoaddphat @eagetéd fomlsaid bipekagutraRsksyertdugnbispelar

transi stor device areas, _ -

self-aligned oxide implant mask, wherein the ion energy
for said implanting of said collector is sufficient to
pass through said oxide implant mask over said
collector region into said silicon substrate and forms
a buried collector under said base and said emitter
regions in said substrate, and the ion energy for said
implanting of said base is sufficient to pass through
said oxide ihplanf mask over said base region to form a
buried base under éaid emitter region, and further
said emitter is implanted through said pad oxide into
said silicon substrate over said buried base;

stripping said first photoresist implant block-out
mask over said FET device areas;

forming a second photoresist implant block-out
mask over said bipolar transistor device areas;

removing selectively said pad oxide on said FET
device areas;

implanting a ﬁ-dopant shield region in said FET

device areas using said oxide implant mask on said FET



renovi ng 5el ectively said pad oxi de on said FET device ar
P-dopant shield region in said FET device areas using saliﬂ'ul

mask on said FET

-35- device areas and said field oxide*as¢anti npl anht *

bl ock- out mask; renoving by etching said puncht hrough oxide inplant mask

fromsaid FET device areas; stripping sai dssecond photoresist nask; formng

9{& FEIddsxmefféf@SoxP@&%% tannqmgaqneabgsem ng an
I Con

an FET gate oxiglg,
N err] doped pol ysi

gate oxi de for &t Gndgkk;

ayer, thereby formng a gate €l ectrode on said

an insulating |ayer thereby form ng sidewall spacers on said gate

el ect rode; i npl antzespvingr by etpking osabd/phrchthmyighhoxddpadmpland sai d
gate el ectrode, and thereby conpleting said field effect transistor and
sai d bi pol ar treash sizom saidnEETndeBieEREREBI CMOS circuits. 16. The
met hod of claim 15, wherein said pad oxide |ayer is forned by t her mal

oxi dation having SYHIRMAGs Sadd BGF%‘érP%‘b‘ERﬁeSPCﬁF #;EKI00 Angstroms.

AR

depositing and anisotropically plasma etching back

forming an FET gate oxide on said FET device areas;

depositing and patterning an N* doped polysilicon
layer, thereby forming a gate electrode on.said-gate
oxide for said FET;

depositing and anisotropically plasma etching back
an insulating layer thereby forming sidewall spacers on
said gate electrode;

implanting N* doped source/drain regions adjacent to
said gate electrode, and thereby completing said field
effect transistor and said bipolar transistor for

making BiFET and BiCMOS circuits.

16. The method of claim 15, wherein said pad oxide
layer is formed by thermal oxidation having a thickness

of between about 130 and 200 Angstroms.

17. The method of claim 15, wherein said silicon
nitride layer is deposited by chemical vapor deposition
to a thickness of between about 1000 and 2000

Angstroms.

!

|

!



17.: The nmet hod of claim 15, wherein said silicon n:l\'ummml‘mmunﬂ“mpom t ed
by chem cal vapor deposition to a thickness of bet d 2000

Angstrons. -

36 -

18. The nethod of claim 15, whereifh sai d fi*el d oxi de

isolation is fornmed by thernal OX|dat|on and grown to a thickness of

bet ween about 3500 and 5000 Angstrons.

each stripe of

The nethod of claim 15, wherein

0 Angs! |
Cegion i s bet wekl' a @iﬁ%@oﬁé*‘ SSQ#LJF%;E i g8 wf&'%‘%%%de“‘”
spaci ngs betwee éﬂﬁ do%rﬁé Bet ¥RE AP ; C?g‘;ﬁ naaﬂao 30w Mo &)

results in a un OFM T hi ckness o sai d puncht

oxi de of betmeen about

1800 and 2200 Aﬂﬂﬁél&% o&Qhe‘éheeﬁeab@dtoiscdaiﬂa Fooowpagstpom@ch stripe of
said array of silicon nitride stripes over said base region is between

about 0.30 and 0.35 mcroneters (un) w de,

and sai d spacings between said

stripes are between about 0.20 and 0.25 um and results in a uniform

t hi ckness of sal®. pUfhshinethogh ofx Fdainfletwhaneish each1 658iBAE500
Angstroms. 21. The_nethod of claim 15,

rein
over said en1tt%¢1¢eiﬁ¥ﬁY|9? St I"€8§t”"'t¥'\{I e stripes over said

collector region is between about 0.2 and 0.3
micrometers (um) wide, and said spacings between said
stripes are between about 0.25 and 0.30 um, and
results in a uniform thickness of said punchthrough'

oxide of between about 1800 and 2200 Angstroms.

20. The method of claim 15, wherein each stripe of
said array of silicon nitride stripes over said base
region is between about 0.30 and 0.35 micrometers
(um) wide, and said spacings between said stripes are
between about 0.20 and 0.25 um, and results in a
uniform thickness of said punchthrough oxide of

between about 1000 and 1500 Angstroms.

21. The method of claim 15, wherein said silicon
nitride stripe over said emitter region is at least
greater thah about 0.45 microﬁeters (um) wide to
prevent said punchthrough oxide from forming and

thereby retaining said pad oxide on said emitter

region. . *

n said silicon_nitride stripe



grea‘t er than about 0.45 microneters (um) wide to p hr ough
oxide fromformng and thereby retaining said pad 4mmnm1lm“mumtter
regi on. - 37 - 22. The nmethod of claim 15, wherein cel | &ctor is

formed by inplanting phosphorus ions (P[err]) at an ion inplant dose of

bet ween about 1.0 E 13 and 1.0 E 14 atons/cnR2 and at an ion inplant energy
of between about 180 and 250 KeV. 23. The nrethod of claim 15, wherein said
base is formed by inplanting boron ions (B[err]) at an ion inplant dose of

bet ween about 3.0 E a err]._and i on .inpl ant
ene(rjgy oItbet weg% abégltegﬁgt %‘g{)]‘%%&?g‘? % Phﬁﬁ;‘éfc%qﬁWS 15\/\,he|re|tn
said enmitter is fom@ERdpbY ikPDARELd Iﬁgs%@,@rgl &N inplan
dose of between about 3. OlEﬁ€5 andd]gJ 15 at g%éfcﬁg %mgéat an |on i mpl ant
ener gy of betwedmpahatt ddSeadfl Bdfwderl abdut 1he Rethogh@®f1 o) & Mel5, wherein

said P-dopant shield regi on is formed by inplanting boron ions (B[err]) at
an ion inplant eteasgtmbeandeat sboutonl idpEah? endrdy Oof Hetwdenmabonker r]

and at an ion i Iant ener of
np 0 and zsog%e

23. The method of claim 15, wherein said base is
formed by implanting boron'-ions (Bll) at an ion implant
dose of between about 3.0 E 12 and 7.0 E 12 atoms/cm?
and at an idn implant energy of between about 40 and 60

KeV.

24. The method of claim 15, wherein said emitter is
formed by implanting arsenic ions (As75) at an ion
implant dose of between about 3.0 E 15 and 7.0 E 15
at:oms/cm2 and at an ion implant energy of between about

40 and 100 KeV.

25. The method of claim 15, wherein said P-dopant
shield region is formed by implanting boron ions (Bn)
at an ion implant dose of between about 1.0 E 12 and
1.0 E 13 a’(:oms/cm2 and at an ion implant energy of

between about 40 and 60 KeV.



bet ween about- 40 and 60 KeV. - 38 - 26.'The met h erein
said FET gate oxide is grown to a thickness of bet wiﬂl‘mmu“munﬂl\“mw
Angstrons. 27. The method of claim 15, wherein said Nefr]tdoped *

polysilicon layer for said gate electrode is doped with phosphorus, and is
deposited to a thickness of between about3g2Q00 and 5000 Angstrons. 28. The

method of clai g5, MiehRidhodlod e08iACIS] Aktlere W OFEMIGdLEET are
formed by ion inplanting arsenic (As75) at an 1on inplant dose of between

about 3.0 E 15 gpfad & Erbwndtens/ eicknésfiofirbétwednRibduit goer gy of
bet ween about 40 and 100 KeV. 29. The nethod of claim15, wherein a

mul titude of boatds28a Migsdramsand fiel d effect transistors can be forned
havi ng vari ous sizes on said substrate as determ ned by the nunber of said
stripes in said array of silicon nitride stripes. 30. A self-aligned

bi pol ar transistor on a silicon_substra conprised of : g patterned thernal
oxi de | ayer of 4#7ffcFhmethodkREss §"‘8ni§ai ?’r’bcﬁ?%%t%&?@& orned by

| ocal polysilicon layer for said gate electrode is doped
with phosphorus, and is deposited to a thickness of

between about 2000 and 5000 Angstroms.

28. The method of claim 15, wherein said source/drain
regions of said FET are formed by ion implanting
arsenic (As75) at an ion implant dose of between about
3.0 E 15 and 7.0 E 15 atoms/cm? and at an ion implant

energy of between about 40 and 100 KeV.

29. The method of claim 15, wherein a multitude of
both said bipolar and field effect transistors can be
formed having various sizes on said substrate as
determined by the number of Said stripes in said array

of silicon nitride stripes.

30. A self-aligned bipolar transistor on a silicon
substrate comprised of:

a patterned thermal oxide layer of different
thicknesses on said silicon substrate formed by local



- 39" - oxidation of silicon (LOCOS) using a patter ' silicon
nitride mask as an oxidation mask; said patterned t “ﬁ“‘lﬂ“lﬂmlmmlar of
decreasi ng thicknesses over a field oxide region, cotlectar Megbon® base
region, and emtter region, respectively, of said bipolar transistor; a

doped emitter in said silicon substrate alspgned to said emtter region
formed by ion i gRiastadh b &5 daseed (lp,@@gsf)pﬁggggbg #%téfﬁgd?‘?a? ion in said
I ng dnde

silicon substrate aligned to said base regi on and exten r and
aligned to sai dosidétand sdioged ridiridet maskoasesn byxiddtidh lmadkat i on in
said silicon substrate aligned to and in said collector region and

ext endi ng under ansaidlipatterned diherpadcoxndeal aperxofnibarpasiogr and
aligned to said emtter. 31. The bipalar transistor of claim 30, wherein
sai d patterned théFkRessss Ve figdd, oxddg regianox¢efeleatfizon i s bet ween
about 4000 and 15000 Angstrons,, over _said. collector is between about 2000
and 4500 Angstr BRELIO%N PR TGP /H208 PRLEERTCERIEGRLIFSRRRFLAVE LY 500

Angstroms. 32. °¥h§%9395%§§}45E¥¥§ﬂ§5§E89t claim 30, wherein said collector
i pho

is doped N err] "W orus; sai ase is P
a doped emitter in said silicon substrate aligned to

said emitter region formed by ion implantation;

a doped base formed by ion implantation in said
silicon substrate aligned to said base region and
extending under and aligned to said emitter;

a doped collector formed by ion implantation in said
silicon substrate aligned to and in said collector
region and extending under and aligned to said base and

also extending under and aligned to said emitter.

.31. The bipolar transistor of claim 30, wherein said
patterned thermal oxide layer over said field oxide
region is between about 4000 and 15000 Angstroms, over
said collector is between about 2000 and 4500
Angstroms, and over said base is between about 1000 and

2500 Angstroms.

32. The bipolar transistor of claim 30, wherein said"

collector is doped N* with phosphorus, said base is P

A



- 40 - doped, and said emtter is N err] doped to f r
transistor.. 33. The bipolar transistor of claim 30ﬂlmﬁ|m|:lmumm tterned
thermal oxide layer is formed by oxidation using saitl silitcoft nftride mask
patterned having a single silicon nitride stripe of varying widths. 34. The

bi pol ar transistor of claim.z30, whereit Sgid, patterned thermal oxide |ayer
is formed by ox‘?%‘f‘?or‘?’tiisr?d' z?f“&tgFFi t‘:ﬁnﬁti?&i’%‘%% 5@ PRBd havi ng an
array of silicon,niiride str. of varying w dths and spacings. 35. A

met hod for fab?$b%ﬁ£7ﬁf%f%ﬂ%%ﬁﬁ§i‘transistor havi ng sel f-aligned enitter,
base, and collector on a sem conductor substrate using a single inplant
mask conprising the steps of: formng a silicon oxide |ayer on a principal

surface of & sijjcofheé Wigdirire traaseByot 06Hi 6latm (BY, MHeleinageaid
depositing a silicon nitride | ayer on said pad oxide |ayer thereby
provi di ng an oxpsattermedashermall axdde paverr bsnfomwed byt loxddatapnri de | ayer
and formng silicon nitride stripes over a device area having

using said silicon nitride mask patterned having a

single silicon nitride stripe of varying widths.

34. The bipolar transistor of claim 30, wherein said
patterned thermal oxide layer is formed by oxidation
using said silicon nitride mask patterned having an
array of silicon nitride stripes of varying widths and

spacings.

35. A method for fabricating a bipolar transistor
having self-aligned emitter, base, and collector on a
semiconductor substrate using a single implant mask"
comprising the steps of:

forming a silicon oxide layer on a principal surface
of a silicon substrate thereby forming a pad oxide
layer;

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

patterning said silicon nitride layer and forming

silicon nitride stripes over a device area having



- 41 - respective decreasing widths for emtter, HI _ ﬁ“or
regions for said bipolar transistor; thermally ox nﬂlmlmﬂlu Icon
substrate and forming a field oxide isolation aroufid Sai'd devi‘ce*area
having said silicon nitride stripes; and concurrently by the sane

oxi dation, laterally oxidizing said substrate under said silicon nitride
stripes to forma puncht hrough oxi de haxigg-a thickness that varies

i nversely as a function of the width of said silicon nitride stripes and
provi des a sel f - zespactivxidicrieasingt widths f for pittgmobasetr andi st or, and
where sai d oxide inplant mask over said collector is thinner than said
field oxide isolspggﬁ?tgéj%PQ%GQ§efPﬁpFﬁh@ BéRAl IR iranGigtegse i s thi nner
t han sai d oxide inpl ant sk over. said co ad .oxi de over

l ecior,  an aid p
said enitter is thi AREFhah V% Z3RAE3 P ?qﬁi GRS aPﬂdbase, wher e
e Pf o2 Foppihd 0 Fdid Y3t 16 LOLod AUthill 143l 2000 | S

sufficiently wid Sai d puncC rough oxi romrormng, thereby

retaining said pad Qx%ggiﬁafgafﬁﬂéiyathtﬁitffag(gﬁrﬂﬁag;egghing and renoving
said silicon nitride layer; 1on inplanting consecutively said collector,

base, and em ttegchehrsan€lPilppltiie samesoidatid ough said puncht hrough
oxi de i npl ant mask having self- aligned

laterally oxidizing said sgbstrate under said
silicon nitride stripes to form a punchthrough oxide
having a thickness that varies inversely as a function
of the width of said silicon nitride stripes and
provides a self-aligned oxide implant mask for said
bipolar transistor, and where said oxide implant mask
over said collector is thinner than said field oxide
isolation, said oxide implant mask over said base is
thinner than said oxide implant mask over said
collector, and said pad oxide over said emitter is
thinner than said oxide implant mask over said base,
where the width of said silicon nitride stripe for said
emitter region is sufficiently wide to prevent said
punchthrough oxide from forming, thereby retaining said
pad oxide ovef said emftter region; ‘

wet etching and removing said silicon nitride layer;

ion implanting consecutively said collector, base,
and emitter for said bipolar transistor through said
punchthrough oxide implant mask having self- aligned

variable thicknesses, wherein.the ion energy for said



variabl e: t hi cknesses, wherein the ion energy fo uuuuﬂu “ﬂt“ﬂu npl anti ng
of said collector is sufficient to pass through nt mask
over said collector region into said silicon substrat e and concurrently to
forma buried collector under said base and said emtter regions in said
substrate, and the ion energy for said |nplant|ng of said base is

sufficient to pass through said oxide inplant nask over said base reglon
and to forma buried base under, sai region,, and further said

emitter is inpléﬁ?%@ﬂ?#ﬁQnﬁﬁl%ﬁ%ddcﬁgaeﬁi?ﬁel$rﬁ?ﬁ@&ﬁRFQ£ itOcBASSubst rat e
id buri b t her eby, d_bi pol t t 36. Th
mothod of of ai nEBBoOEh et g, BdE TRRTBhE Jndfk aver Baia el TBCRbRL: al
oxidation to a Eggf&q'eﬁ?t@fsﬁﬁ %‘i‘i’icéﬁogﬁbgp @é‘dﬁxﬁ? LAEEy 84 The
stlircon nitride layer 1s

met hod of claim wher el n sai p03|ted by

chem cal vapor ggpasitiheridd cdbllleictbreandet $&idanisalaid sk8@0 and 2000
Angstrons. 38. The nethod of claim 35, wherein said field oxide isolation

is formed by themfatenxrepioren imndagdosnbsbrate hi akhehe dionbeneggyn about
4000 and 15000 Angstrons.
_ for said implanting of said base is sufficient to pass
through said oxide implant mask over said base region
and to form a buried base under said emitter region,
and further said emitter is implanted through said pad
oxide into said silicon substrate over said buried

base, thereby completing said bipolar transistor.

36. The method of claim 35, wherein said pad oxide
layer is formed by thermal oxidation to a thickness of

between about 150 and 600 Angstroms.

37. The methad of claim 35, wherein said silicon
nitride layer is deposited by chemical vapor deposition
to a thickness of between about 1000 and 2000

Angstroms.

38. The method of claim 35, wherein said field oxide
isolation is formed by thermal oxidation and grown to a

thickness of between about 4000 and 15000 Angstroms.



- 48 - 39. The nethod of claim 35, wherein sai dumlmﬂﬁmwﬂgi“jmstri pe over
said collector region is between about 0.3 and n9i um) w de,
and during formation of said field oxide isolatibn %ai'd 6unch- t hr ough

oxi de over said collector regionis grown to a thickness of between about
3500 and 4500 um 40. The nethod of claim 35, wherein said silicon nitride
stripe over said base region is between gbaut 0.2 and 0.4 mcroneters (um

wi de, and duri nggf orgﬁgiﬂ&ﬁ;dsﬁé%\}Eiﬁllogggi(hﬂgﬁgfgl g%#&nssﬂ&nouncht hr ough

oxi de over said base region is _ Ckness™of~ bet'ween about 1500
and 2500 Angstr gi%ridd. sfPLpdBdhad safiaClkal Tedbor WhES £ £2IKLSIddnCON

nitride stripe over said emtter region is at |east greater than about 0.5
m croneters (unabouzde0!d andVE/8 mardmetecst an)oRidx) dend raupieenpl etel y
form ng and thereby retaining said pad oxide on said emtter region. 42. A
met hod for fabrifozmahjohi ef dsaid dtiteldr anddet bseléEids)said pwwh-conduct or
substrate conprising the steps of: formng a silicon oxide |ayer on a
princi pal surfa&brough oxide over said collector region is grown to a

thickness of between about 3500 and 4500 um.

40. The method of claim 35, wherein said siliéon
nitride stripe over said base region is between about
0.2 and 0.4 micrometers (um) wide, and during formation
of said field oxide isolation said punchthrough oxide
over said base region is grown to a thickness of

- between about 1500 and 2500 Angstroms.

41. The method of claim 35, wherein said silicon
nitride stripe over said emitter region is at least
greater than about 0.5 micrometers (um) wide to prevent
said punchthrough oxide from completely forming and
thereby retaining said pad oxide on said emitter

region.

42. A method for fabricating field effect transistors
(FETs) on a semiconductor substrate comprising the

steps of:

forming a silicon oxide layer on a principal surface



-44. of a silicon substrate thereby forning a pad lMﬂ“ j r“l ﬂmFSiti ng a
silicon nitride layer on said pad oxide |ayer therldfit ]

oxidation barrier layer; patterning said silicon nitride |ayer |eaving
silicon nitride stripes of decreasing w dths over device areas, one of said
silicon nitride stripes for form ng source %:as, and a narrower one of

oa

said silicon nié i%k%ffiéoB?§uB9?ﬁ£9£n%§§# 3¥ﬁ§EhL§?§ég?F§i&eareas for

said field effec ransi stors; er ma 1 ZI ng I'con substrate
and formng a figghoxide isolation around said device areas having said
silicon nitride stripes; and concurrently by the same oxidation, laterally
oxi di zi ng sai d sub¥gaditimgdar staidosihitoidei Xaye«ie onf Bafdspad dvide a
puncht hr ough oxi de over said gate el ectrodes/drain areas while retaining
sai d pad oxi de bayer ssherebyuproviding, ar Pxidatidn barrdeghlayede -
self-aligned to said pad oxide; wet_etching and renoving said silicon
nitride layer; rerRAttRFNIAaISAAE SilicoRrEbrifeidaver 3ra¥ing| npl anting a

P-dopant shield region in said deyice area using. said ncht hr ough oxi de on
sai d device ar e3SLEFRP iR FE-oRPACEE %%F%ﬁé%ﬂ?i“ﬁﬂﬁgﬁt°ver -

device areas, one of said silicon nitride stripes for
forming source areas, and a narrower one of said
silicon nitride stripes for forming gate electrode/
drain areas for said field effect transistors;

thermally oxidizing said silicon substrate and
forming a field oxide isolation around said device
areas having said silicon nitride stripes; and
concurrently by the same oxidation,

‘laterally oxidizing said substrate under said
silicon nitride stripes to form a punchthrough oxide
over said gate electrodes/drain areas while retaining
said pad oxide over said source areas, said punch-
through oxide self-aligned to said pad oxide;

wet etching and removing said silicon nitride
layer;

reﬁoving said pad oxide on said device areas;

implanting ‘a P-dopant shield region in said
device area using said punchthrough oxide on said
device areas and said field oxide serve as an implant

block-out mask; ] «



bl ock- out mask; - 45 - etching said punchthr(n“l“mu“mug“ M“d devi ce
areas; formng a gate oxide on said device area;llh patterning

an N err] doped polysilicon |ayer, thereby formrg ﬁETLga?e el ectrodes on
sai d gate oxide; depositing and anisotropically plasm etching back an
I nsul ating | ayer thereby form ng sidewall iﬁ:cers on said FET gate

el ectrodes; inplantj N+ dape i i adj.a o said FET
gate el ectrodes, a?‘l’ﬁcr}%ﬁtgr esri} cg’nu%?ié{%ﬁ%é‘gégl ;fpc?egIog&ZTSPé& a??%ﬁél stors. 43.
The net hod of Cé@ég%AZ, wherein said pad oxide layer is forned by therm
oxi dati on having a thickness of between about 150 and 600 Angstrons. 44.

The nethod of cl ai faAring\ierRite saidesbhi §80dnddvide dragr is deposited by
chem cal vapor deposition to a thickness of between about 1000 and 2000

Angstrons. 45. Thedesiditimf andapat#@rnivheran NSalapdd golysildeonsol ation
Is formed by thermal oxidation and grown to a thickness of between about
3500 and 5000 Ahgwerorshereby forming FET gate electrodes on said gate
oxide;
depositing and anisotropically plasma etching back
an insulating layer thereby forming sidewall spacers on
said FET gate electrodes;
implanting N* doped source/drain regions adjacent to

said FET gate electrodes, and thereby completing said

field effect transistors.

43. The method of claim 42, wherein said pad oxide
layer is formed by thermal oxidation having a thickness

of between about 150 and 600 Angstroms.

44. The method of claim 42, wherein said silicon
nitride layer is deposited by chemical vapor deposition

to a thickness of between about 1000 and 2000

Angstroms.

45. The method of claim 42, wherein said field oxide
isolation is formed by thermal oxidation and grown to a

thickness of between about 3500 and 5000 Angstroms.

1



- 46 - 46. The nethod of claim 42, wherein sai “‘NM‘W&M d reg| onis
formed by inplanting boron ions (B[err]) at a I e of between
about 1.0 E 12 and 1.0 E 13 atoms/cnferr] and & &n ton" |nplant ener gy of

bet ween about 80 and 200 KeV. 47. The nmethod of claim42, wherein said
gate oxide for said FET is grown to a Z I ckness of between about 60 and 250

A t . 48. The hod of cl 47 o[ id

pglgflsirf)inf:on Iayég foiri‘ggﬁ“ﬁoﬁ‘g %{Qélaé.pe (l’a(r)g grégndﬁ%%grémd[ sphorus,
di d it . t t )

200 Tnelenost tedniid LRLSkRCPS Al WReIngRoNL 12300000 SARD dROSLTOTS .

are formed by iqn i;gPkaA iﬂglah.sqaéé %sbewhénaabaatlprbImzaenadose of
bet ween about 3.0 E 15 and E 15 atons/cnferr] and at an ion inplant

ener gy of betweanoalgous éﬂomﬁlcrﬂg)(hd@it afl. idnneinpdant céndBdy icmting a
sem conductor device on a sem conductor substrate conprising the steps of:
form ng a pad otietweandabost|8&@Endi200i eVl.ayer on said a silicon
"substrate;

47. The method of claim 42, wherein said gate oxide

for said FET is grown to a thickness of between about

60 and 250 Angstroms.

48. The method of claim 42, wherein said N* doped
polysilicon layer for said FET gate electrodes is doped
with phosphorus, and is deposited to a thickness of

between about 2500 and 5000 Angstroms.

49. The method of claim 42, wherein said source/drain
regions of said FET are formed by ion implanting

arsenic (As75) at an ion implant dose of between about
3.0 E 15 and 7.0 E 15 atoms/cm2 and at an ion implant

energy of between about 40 and 100 KeV.

50. A method for fabricating a semiconductor device
on a semiconductor substrate comprising the steps of:
forming a pad oxide and a silicon nitride layer on

said a silicon substrate;



- 47 - patterning said silicon nitride |ayer anjml‘ml'rmﬂldl!mw nitride
stripes of various w dths over device areas; th I -sai d
silicon substrate and forning a field oxide isolatidn iround sai d device
areas, and concurrently laterally oxidizing said substrate under said
silicon nitride stripes of various wdths to forma self-aligned
puncht hr ough oxi de i npl ant mask of different-thickness, said punchthrough

oxi de inplant mask varying inversely as a function of said silicon nitride
stripe wwdth and the thickness of a |ocal field oxide between said stripes
varying directly as gaﬁtunﬁﬂngnsaﬁdthsl5¢mnﬂnn;ﬂﬂaémmagegaggdsfafﬁfﬁgrﬂ tride
stripes; wet etching and renoving said silicon nitride layer; formng

mul tiple ion inplsilicarhmidghideastiripes -oflvagrietispwidithlsr ough desritse i npl ant
mask having different thicknesses and thereby form ng self-aligned said
sem conduct or dev®%83&87 51. The net hod of claim50, wherein said pad oxide

Is fornmed by thermal oxidation hayipg a thjckness of between about 150 and
600 Angstroms. 52. 1#R?§ﬁ§iﬁ36°6?gﬁ¥%#%h?ﬁﬁd\ﬂi%ﬁQQQ sybgtsatecand nitri de

layer is deposi t%min%‘%mﬁahd‘%&?ée df?&%ttiio%n around said device
areas, and concurrently laterally oxidizing said
substrate under said silicon nitride stripes of various
widths to form a self-aligned punchthrough oxide
implant mask of different thickness, said punchthrough
oxide implant mask varying inversely as a function of
said silicon nitride stripe width and the thickness of
a locallfield oxide between said stripes varying
direcfly as a function of the spacing between said
silicon nitride stripes; |
| wet etching and removing said silicon nitride layer;
forming multiple ion implants through said.self-
aligned punchthrough oxide implant mask having
different thicknesses and thereby forming self-aligned

said semiconductor devices.

51. The method of claim 50, wherein said pad oxide
is formed by thermal oxidation having a thickness

of between about 150 and 600 Angstroms.

52. The method of claim 50, wherein said silicon

nitride layer is deposited by chemical vapor deposition



- 48 - to a thickness of between about 100 ns. 53. The
met hod of claim50, wherein said sem condugitlmﬂum(]mmlﬂ ﬂ“ | pol ar
transistor. 54. The nethod of claim50, whereint sdi d®sefi cbnduct or devi ce
is a field effect transistor (FET). 55. The nethod of claim50, wherein

sai d semni conductor device is a bi pol ar _angl field effect transistor (Bi FET). .

56. The nethod of claim 50, whe |n sai d en1 ctor Lce is a bipolar
transi stor and %P3kt gf‘eﬁﬁd° %%?ﬁféla % gﬁéhm stor (Bi CMDS).

Angstroms.

53. The method of claim 50, wherein said semiconductor

device is a bipolar transistor.

54. The method of éléim 50, wherein said semiconductor

device is a field effect transistor (FET).

55. The method of claim 50, wherein said semiconductor
device is a bipolar and field effect transistor

(BLiFET).

56. The method of claim 50, wherein said semiconductor
device is a bipolar transistor and a P-channel and N-.

channel field effect transistor (BiCMOS).



