'PROCESSES BACKGROUND OF THE INVENTION 1. Field of the Inven

invention relates generally to diodes formed within integrated circuits.
More particularly, the present invention relates to high current carrying
capacity polysilicon diodes formed wthin integrated circuits. 2.
Description of the Related Art Integrated circuits are formed from

sem conductor substrates within and upon whose surfaces are forned
resistors, transistors, capacitors and other.electrical circuit elenents.
The electrical circuit elenents are connected internally and externally to
the sem conduct or substrate upon which they are forned through patterned
conduct or | ay¥BERTICAD PORYSHICON DIODE COMPATIBLE WHE CMOS/BIilMGS to
formng resistors, transistors and capacitors within integrated circuits,

it is coomon in the art of INFEGRAKEED CIRCUIT PROCESSE®Sn to al so enpl oy .
diodes within integrated circuits. Diodes fornmed within integrated circuits
may serve any of several functions, -2- including but not limted to
current rectification functions and el ectrostatic di scharge protection
functions. Waile the use of diodes within integrated circuits has becone
quite comon in the art of integrated circuit fabrication, the fabrication
of diodes, and in particular junction diodes, within |ntegrated circuits.is
not entirely without problens. In particular, as integrated circuit
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to diodes formed within integrated circuits.
More particularly, the present invention relates to hlgh current carrying capacity polysilicon °

dlodes formed within integrated circuits.
2. Description of the Related Art

Integrated circuits are formed from semiconductor substrates within and upon
whose surfaces are formed resistors, transistors, capacitors and other electrical circuit elements.
The electrical circuit elements are connected intemally and externally to the semiconductor

substrate upon which they are formed through patterned conductor layers which are separated by
dielectric layers.

In addition to forming resistors, transistors and capacitors within integrated
circuits, it is common in the art of integrated circuit fabrication to also employ diodes within

integrated circuits. Diodes formed within integrated circuits may serve any of several functions,



-device densities continue to increase and integrated circuit device

di mensi ons continue to decrease, it has becone increasingly difficult to
form through conventional structures and nethods w thin advanced i ntegrated
circuits junction diodes which neet the needs, and in particular the
current density requirenent needs, of advanced integrated circuits.
Conventionally, junction diodes within conplenentary netal oxide

sem conductor (CMOS) integrated circuits andzbipolar conpl enent ary net al
oxi de sem conductor (Bi CMOS) integrated circuits have been forned within
nmonocrystalline silicon substrates within and upon which are formed those
integrated circuits. Unfortunately, such a conventional junction diode may
of t en noncludisgibyt nes lismitedtoauirent rectifivatien finttions and électrostatic dischatge protection
junction_diode el ectrodes is typically not available for biasing. In

addi t i orfunetigns. a conventional di ode when properly biased may al so often -

I nduce a parasitic effect, such as but not limted to parasitic |atch-up
effect with an adjoining junction transistor formed within the
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m crons) -3- and thus a relafively low current carrying capacity, unless

fabri cat methetis twithin @ivamediimegiitedatresitaiinttRnldictes Whichafed tiRPndelis andiat er
t han about 200 square mcrons) upon the dielectric layer. D odes, in

gener al , paticulmothy sufremtaiensityeluifsieit febds, ofladvared tegraved clbbuits. 1 el atively

. Conventionally, junctién diodes within complementary metal oxide semiconductor
{CMOS) integrated circuits and bipolar complementary metal oxide semiconductor (BiCMOS)
hnegynedckcukshmvebemmﬁxnwdvﬁﬂﬁnnxmmcqmmuﬁneﬂmconsuunnuesvﬁﬂﬁnandupon
which are formed those integrated circuits. Unfortunately, such a conventional junction dipde
may often not easily be operated in a forward bias mode since one of the junction diode electrodes
is typically not available for biasing. In addition, such a conventional diode when properly biased
may also often induce a parasitic effect, such as but not limited to parasitic latch-up effect with an
adjoining junction transistor formed within the monocrystalline silicon substrate within which is
formed the conventional junction diode, thus causing malfunction of the integrated circuit within
which is formed the junction transistor. While the use of a lateral (ie hortizontal) polysilicon
junction diode formed from a single polysilicon layer separated from a monocrystalline sxhcon
substrate by a dielectric layer provides a junction diode construction not susceptible to either a
forward biasing limitation or a parasitic effect, such a lateral polysilicon junction diode in general
typically has a limited cross-sectional juncﬁon area (ie: typically less than about 5 square microns)



~*high current carrying capacity are typically desirable within integrated
circuits which are enployed to control or dissipate relati-vely high |levels
of electrical power. In that regard, polysilicon junction diodes with a
relatively high current carrying capacity w thin advanced integrated
circuits typically desirably have a junction area of greater than about 20
square mcrons (excluding any pertinent nmetal contact areas) through which
is carried a current of about 8 to about 36 milli- anps, in order to
provide a junction diode current density of no greater than about 2.6E4 to
about 3.3E4 anps per square centinmeter. It is thus towards the goal of

formng wthin ipntegrated circuits junction diqgdes wth_ relativegl I gh
cur r ent. 256 HSia FSIALEIN JoW GO PHLCAITIDS GRRAGI DRy fd pathge rsceqds ek oo
Various types, of .diode constructions f use wifhinintegrated ciycuits
nave. bedFRTIed FiESisg a7se 66 dreatsr 140 S00PLIOHBATATIOERI) UpR it SIectHe avthy
exanpl e, Tsuzuki et al., in U S Patent No. 4,760,434 discloses a |lateral
pl anar junction di ode construction forned upon an insulator |ayer within a

control circuit of ' e ' | 1. . | ed..ei | i, has
both the control Cl?:}%@aéf,t'iﬁ %%&ﬁo?ﬁf&cé% W@'ﬁ?‘?gﬁhgﬁn@%&{’%’ @g&g&%ﬁ#&y
circuit. '%h&n{' %‘ﬁh.n Eﬁﬁ@&y 1 dLLin ﬁﬂﬂﬁﬁﬂt U%Ia‘%eﬁ%ir%ﬁ'i : %r@ed?@
sensi nghé errenet?&vmt |¥ e c%%?f%‘fmgi rcul ?enp oye 0 contérlgﬁlctﬁhe po ed
ci reui t tolcbfoloristipate RILEVE Mghevel of di Al Bowér. 'TA Whdt regatd, Jtiysilicen
Takeshita et %I , n_% S. Patentéul;llo. 4? 920, 513" di scl ose ae%agcrl\’ct i'on di ode”
formed Vaddtion diodes WithQl féliively highairfeat CarfiligidaPhdify Witlia Radnced intéprared citbditsi n
and upon the sem conductor substrate. The junction di ode and the capacitor
provi-de tpipallyrdesirably haveca jahetiondrea of grbater than yan20 sqadrd amivrons Gxsludingtny
(DRAM nenory cell of reduced dinension formed within and upon the
seni conchectinent metal tonthet. areas) thtoughwhibke is, caftied astureent of dbout B % altatdGtmilils.
5,355,014 discloses an integrated circuit

amps, in order to provide a junction diode current density of no greater than about 2.6E4 to about

3.3E4 amps per square centimeter. It is thus towards the goal of forming within integrated circuits

jl_mction diodes with relatively high current carrying capacity that the present invention is

generally directed.

Various types of diode constructions for use within integrated circuits have been
disclosed in the art of integrated circuit fabrication. For example, Tsuzuki et al., in U.S. Patent
No. 4,760,434 discloses a lateral planar junction diode construction formed upon an insutfator
layer within a control circuit of an integrated circuit, where the integrated circuit has both the
control circuit and a power circuit surrounding the control circuit. The lateral planar junction
diode construction serves as a heat sensing element within the control circuit employed to control
the power circuit, thus avoiding overheating of the power circuit. In addition, Takeshita et al,in
U.S. Patent No. 4,920,513 disclose a junction diode formed within é semiconductor substrate
adjoining a capacitor formed within and upon the semiconductor substrate. The junction dic;de
and the capacitor provide a pair of active elements within a dynamic random access memory

(DRAM) memory cell of reduced dimension formed within and upon the semiconductor substrate.



~devi ce which conprises an integrated resistor and capacitor formed within a
sem conduct or substrate, along with.a schottky di ode forned within and upon
t he sem conduct or substrate. The integrated circuit device is useful in
filtering electromagnetic. interference (EM) and radi o frequency
interference (RFlI) produced by high speed data lines in digital conputers
and conputer peripherals. Finally, Buerger, Jr., in US. Patent No.
5,471,087 discloses a sem-nonolithic integrated circuit nmenory cel
conprising a capacitor formed over a semiconiictor substrate and two
junction diodes formed within the sem conductor substrate. One of the two
junction diodes is_enployed in thégin? the capacitor, while the other of
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Desirable in the art are additional junction diode constructions which may be
erﬁployed within integrated circuit fabrications. More desirable in the art are additional junction
diode constructions which may be employed within integrated circuit fabrications which require
junction diodes of comparatively high current carrying capacity, while simultaneously providing
junction diode constructions not susceptible to parasitic effects, such as but not limited to
parasitic latch-up effects, with other electrical circuit elements within the integrated circuits within
which are formed the junction diode constructions, thus compromising operation of the integrated
circuits mthm which are formed the junction diode constructions. Particularly desirable in the art
are additional junction diode constructions which fulfill the foregoing criteria, where the junction
diode constructions may readily be fabricated through conventional integrated circuit fabrication
schemes and methods to provide junction diodes which may be b;ased in either a forward ﬁlqde or

a reverse mode, It is towards the foregoing goals that the present invention is more speciﬁcafly
directed. '



~-5- SUMVARY OF THE I NVENTION A first object of the present invention is to
provi de a junction diode construction for use within an integrated circuit,
along with a nethod for form ng the junction diode construction for use
within the integrated circuit. A second object of the present invention is
to provide a junction diode construction and a nmethod for form ng the
junction diode construction in accord with the first object of the present

i nvention, where the junction di ode const[q¥gion has a relatively high
current carrying capacity. A third object of the present invention is to
provide a junction diode construction and a nethod for form ng the junction
di ode construction in accord with the first object of the present invention
and the second object of theSHTMMARYQFIHE Mt he junction diode
formed within the junction diode construction may be biased in either a
forward node or a reverse node. A fourth object of the present invention:s

to provide a juncti,o I.od nstruction and nethod.for. form ng the .
junction diode coné%ﬁ?ﬁﬁ%(’? e%g%ﬂ%%@%@mpy@ga&m@gpd@q@et DSEUCHOD ¢

i nventi o RECAN e PItES & | ' thiyd object
of the p?’éé%%t%l nv%r}“fl n,tgc\g\#{léér&get’ %@&%@%ﬁﬁégﬁgﬁ%g{éﬂﬂéﬁgrﬁ%y readily
be f or megodshriesc for AkE AL ' bdl o i cation schenmes and net hods
conventional to the art tgftxﬁlﬂentﬁiéﬁ atb%g}‘?:?dr: cuit fabrication. In accord with
the objects of the present invention, there is provided by the present

I nvention a junction diode construction, as well as a nmethod for formng -

the junction di ode Aguehd objedtAT thelsreitinbinvetRnlififd FRliRE j@ictoaticdeesent
i nvention, there is first provided a - 6-

construction and a method for forming the junction diode construction in accord with the first

object of the present invention, where the junction diode construction has a relatively high current

carrying capacity.

A third object of the present invention is to provide a junction diode construction
and a method for forming the junction diode construction in accord with the first object of the
present invention and the second object of the present invention, where the junction diode formed

within the junction diode construction may be biased in either a forward mode or a reverse mode.

A fourth object of the present invention is to provide a junction diode construction
and a method for forming the junction diode construction in accord with the first object of the
present invention, the second object of the present invention and the third object of the present
invention, where the junction diode construction may readily be formed through integrated circuit
fabrication schemes and methods conventional to the art of integrated circuit fabrication.

In accord with the objects of the preserit invention, there is provided by the present
invention a junction diode construction, as well as a method for forming the junction diode

construction. To practice the method of the present invention, there is first provided a



~sem conductor substrate. There is then forned over the sem conductor
substrate a dielectric layer. There is then fornmed upon the dielectric

| ayer a first polysilicon |ayer, where the first polysilicon |ayer has a
first dopant polarity and a first dopant concentration. There is then
formed at least in part overlapping and at least in part in contact with
the first polysilicon | ayer a second polysilicon |ayer, where the second
pol ysilicon | ayer has a second dopant polarity and a second dopant
concentration. The second dopant polarity is-opposite to the first dopant
polarity. A first portion of the second polysilicon |ayer which overl aps
and is in gontact within a first portion of the first polysilicon |ayer
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high junction area. In contrast with a lateral (ie: horizontal) junction

di ode cotheffirstpolysilicomlayen¢ansprizes the junctiondiode WThe methddwithe prasent &fvendior he

| ateral junction diode construction is determ ned by the thickness and

wi dt h of contemplates a pusiction diode vonstspetion whichds fopmed through the method afitbe presented
over a sgem conductor substrate, the junction area of the vertical junction
di ode coW¥enti9Bi i on of the present invention is deternmined by an areal
overlap of the second polysilicon |ayer with respect to the first
polysilicon layer. Due to the relatively higher levels of areal overlap
achi evable within q, verg{}i cal ielrj\nct i op djode constructign formed thrqugh the
met hod hrough the present invention there is provided a junction diode construction for

use within an integrated circuit, along with a method for forming the junction diode construction
for use within the integrated circuit, where thg junction diode construction has a refatively high
current carrying capacity. By employing within the junction diode construction of the present
invention a first polysilicon layer having formed thereupon at least in part overlapping and at least
in part in contact a second polysilicon layer, where the second polysilicon layer has a polarity
opposite the first polysilicon layer, there may be formed a junction diode construction having a
comparatively high junction area. In contrast with a lateral (ie: horizontal) junction diode
construction conventional in the art, where a junction area of the lateral junction diode
construction is determined by the thickness and width of a single polysilicon layer formed upon a
dielectric layer formed ovez; a semiconductor substrate, the junction area of the vertical jun::ti_on
diode construction of the present invention is deternnned by an areal overlap of the second l
polysilicon layer with respect to the first polysilicon layer. Due to the relatively higher levels of
areal overlap achievable within a vertical junction diode construction formed through the method



-7- of the present invention in conparison with the [ateral junction diode
construction conventional in the art, the junction diode construction of
the present invention has a conparatively high current carrying capacity. A
junction diode fornmed within the junction di ode construction of the present
i nvention may be biased in either a forward node or in a reverse node.
Since a junction diode formed within a junction diode construction forned

t hrough the nethod of the present invention is forned electrically isolated
by a dielectric layer froma sem conductor substrate upon which is fornmed
the junction diode construction, the junction diode nay be biased in either
a forwar . & L 1 d.ar | ' di
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const r uctcayingtapabiey.pr esent invention may readily be formed through
integrated citcuit Tabrication schenes and nmet hods conventional to the art
of integrated circuit fabrication. Methods and materials through which
there may be formed polysilicon layers in contact within other integrated
circuit layers w t A junctidrediodé fotmed swithin the imetidmdiotde tonstrnetion of thé present .
integrated circuit fabrication. Gven that there are al so known in the art
i nt egr at énventiorcmay bé biaséddiateitber a foreapdavedt ariin & éversetmadet (Simce ayohationrdieds r e
the use of two separate polysilicon |ayers when formng the integrated
circuit $enmedtwithie afungtiop dindecopssiugtion d thrpugli the method ofshe present drvegtionie
constructééylcﬁ t he, present invention may thus be forned through

fabri cat iiermedelsetsicallyisolated by & diclertaiclayerfrom @@emnmowb#w%gm which is

circuit fabrication, with mnimal, if .any, djtional, .in rated circuyit
processi ,ﬂ%r_medt eiuncﬁon diode construction, the Junc\émn%?o emayrbe bias ?r?el?heraforwar mode

or a reverse mode. For similar reasens, the junction diode may be so biased without parasitic
effects with respect to electrical circuit elements formed within and/or upon the semiconductor

substrate upon which is formed the jimction diode construction.

The junction diode construction of the present invention may readily be formed
through integrated circuit fabrication schemes and methods conventional to the art of integrated
circuit fabrication. Methods and materials through which there may be formed polysilicon layers
in contact within other integrated circuit layers within integrated circuits are known in the art of
integrated circuit fabrication. Given that there are also known in the art integrated circuit
fabrication integrated circuit structures which require the use of two separate polysilicon layers
when forming the integrated circuit structures (eg: planar polysilicon capacitors), the junction
diode construction of the present invention may thus be formed through fabrication schemes and

~methods conventional to the art of integrated circuit fabrication, wﬁh minimal, if any, add;tional
integrated circuit processing. B "



- 8- BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ects, -features and advant ages
of the present invention are understood within the context of the * '
Description of the Preferred Enbodi nents, as set forth bel ow. The
Description of the Preferred Enbodi nents i s understood w-thin the context
of the acconpanying drawi ngs, which forma material part of this

di scl osure, wherein: Fig. 1 to Fig. 3 show a series of schematic
cross-sectional diagrams illustrating theBresults of progressive stages in
formng within an integrated circuit a junction diode construction in
accord with a first preferred enbodi nent of the present invention. Fig. 4

to Fig. 6 show a series Wﬁgmwéﬁﬁlwwﬂégr ans illustrating

the results of progressive stages Informng Wwthin an rntegrated circuit a
junction diode construction in accord with a second preferred enbodi ment of
t he present invention. DESCRI PTION OF THE PREFERRED EMBODI MENTS The present

i nvention provi desrid dbidesd, Eafured Siadvamasds $Fihestedent invemioll drébideéfétood
integrated circuit, and a nethod for formng the junction di ode

const r ustithimtbe@ontextofitht Mescriptioniof tikdPrefenrdd EntbodinientsMas k&t fortle belowe tFhen
di ode construction has a relatively high current carrying capacity. The
pr esent Descriptiancof the Prefarsed Ebodiments (s ungerstonid withid therdontextipfthe acchmpanyingi ¢
| ayer formed over a semiconductor substrate a first polysilicon |ayer which
i Nt ur n draveings, which formracuaterial part| of alis disclogure,twhereini appi ng and at | east in
part in contact a second polysilicon layer. The first polysilicon |ayer has
a first dopant polarity and a first dopant concentration, while the

Fig. 1 to Fig. 3 show a series of schematic cross-sectional diagrams illustrating the

results of progressive stages in forming within an integrated circuit a junction diode construction

in accord with a first preferred embodiment of the present invention.

Fig. 4 to Fig. 6 show a series of schematic cross-sectional diagrams illustrating the
results of progressive stages in forming within an integrated circuit a junction diode construction

in accord with a second preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a junction diode construction for use within an
integrated circuit, and a method for forming the junction diode construction for use within the
integrated circuit, where the junction diode construction has a relatively high current carrying
capacity. The present invention achieves the foregoing goal by fomnng upon a dielectric Iéyer
formed over a semiconductor substrate a first polysilicon layer which in turn has formed '
thereupon at least in part overlapping and at least in part in contact a second polysilicon layer.
The first polysilicon layer has a first dopant polarity and a first dopant concentration, while the



--9- second polysilicon | ayer has a second dopant polarity and a second
dopant concentration, where the second dopant polarity is opposite of the
first dopant polarity. Although the preferred enbodi nents of the present

i nvention illustrate the junction diode construction of the present

i nvention formed within an integrated circuit incorporating therein a

bi polar transistor and a field effect transistor (FET), thus form ng an
integrated circuit having forned thereifm & portion of a bipolar

conpl enentary netal oxide sem conductor (Bi CMOS) transistor structure, the
junction diode construction of the present invention may be formed within

I ntegrated circui.ts havi formed.therein,integrated circuit structures

ot her ¢ 11BFOA BOYSIicOR e B eept diesaat PoAtitrand &eeasdiape congsreiptioy, where
transi st S. t.Jypicallwvw a ef erab | t hough not excl usively,
the | unctplé 8%&’&# géﬁ@@ﬁ%@t%ﬂgi@f&?h%ﬁrﬁ{@@@H{g‘ﬁ@@nt ion wll be enployed
within integrated circuits which require diode constructions having
conparatively high current carrying capacity. Such integrated circuits are

typically, alth , | ' ' ' . j o
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accord with a first preferred enmbodi ment of the present invention. Shown in

Fig. 1 i(BiGMOS)dramsistorstrostare; detjunction divdegoasmption bf thepre@neineehtivnmaayi be at

an early stage in its fabrication. Shown in Fig. 1 is a sem conductor

subst r atfermesd withinrintegratedscironits havingfosmed therein integratediciecuit strsctures other than

i sol atiqgn regions 12a, 12b, 12c and 12d which define a series of active

r egi ons bipolar complementary metal oxide semiconductor (BiCMOS) transistor structures. Typically and
preferably, although not exclusively, the junction diode construction of the present invention will
be employed within integrated circuits which require diode constructions having comparatively”
high current carrying capacity. Such integrated circuits are typically, although not exclusively,
integrated circuits through which are processed analog signals or analog signals in conjunction
with digital signals. However, such integrated circuits may also include, but are not limited to,

integrated circuits employed in power control applications.

Referring now to Fig. 1 to Fig. 3, there is shown a series of schematic cross-
sectional diagrams illustrating the results of progressive stages in forming within an integrated
circuit a junction diode construction in accord with a first preferred embodiment of the present
invention. Shown in Fig. 1 is a schematic cross-sectional diagram of the integrated circuit at an

-

carly stage in its fabrication.

Shown in Fig. 1 is a semiconductor substrate 10 having formed within and upon its
surface a series of isolation regions 12a, 12b, 12c and 12d which define 2 series of active regions



-10- of the sem conductor substrate 10. Al though sem conductor substrates
are known in the art with either dopant polarity, various dopant
concentrations and several crystallographic orientations, for the first
preferred enbodi nent of the present invention, the sem conductor substrate
10 is preferably a (100) silicon sem conductor substrate having an N- or P-
doping, typically at a dopant concentration of from about 1E15 to about
S5E15 dopant atons per cubic centineter. S.mbarly, although it is also
known in the art that isolation regions my be formed within and/or upon
sem conduct or substrates through nmethods including but not imted to

I sol ation region thernmal growth nmethods and isol ati on regi ons

deposi t i ofithessemiconidnctonsubistrate, 10f gxlthohgh sémisondwctelr substritesmbokiowmin thé ait lwith
present invention the isolation regions 12a, 12b, 12c and 12d are

pr ef er abeithersiopant polarygrariens depsinticonsentrasiping and severah crygtatiograpitie bhientationsafor
tenperature, of from about 850 to about 1000 degrees centigrade to form

i sol at i othefgt prefereedembpdiment of the presentinvention) the semisendustar substrate k@lisupon

t he senicggdugépr 85£s rate 10. Fornmed within the_sem conductor substrate
10, as i P add sequconductor-WibptEate baving an No gF Bn doniag, typisally al@t or
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regi.on 1la is fornmed to a junction depth within the sem conductor substrate

10 of f r opreferably fofiéDthircughtumusolathMGegion Hsdnmalgrowth Hethod lay a tathpdratird Sfrdh I St
preferred enbodi nent of the present 1nvention, the collector ‘contact region

11b is pabbwlrdsoltp abountiOOwlegteencentigrade to form isolation regions 12a, 12b, 12¢ and 12d of

silicon oxide within and upon the semiconductor substrate 10.

Formed within the semiconductor substrate 10, as illustrated in Fig. 1, is a
collector tub region 11a, a collector contact region 11b and a base region 13. The collector tub
region 11a, the collector contact region 11b and the base region 13 may be formed through
methods as are conventional in the art, which will typically, although not exclusively, include ion
implantation methods as are known in the art. Within the first preferred embodiment of the
present invention, the collector tub region 11a is preferably formed of a dopant polarity opposite
the dopant polarity of the semiconductor substrate 10. Preferably, the collector tub region 11a
has a dopant concentration of from about SE16 to about 1E17 dopant atoms per cubic centimeter.
Preferably, the collector tub region 11a is formed to a junction deptli within the semiconductor
substrate 10 of from about 35000 to about 45000 angstroms. Similarly, within the first preferred
embodiment of the present invention, the qollector contact region 11b is preferably formed with a
dopant polarity equivalent to the dopant polarity of the collector tub region 11a, but with a



“dopant polarity equivalent to the dopant polarity of the collector tub
region 1la, but with a significantly higher dopant concentration of from -
about 1E19 to about 1E20 dopant atons per cubic centineter. Preferably, the
collector contact region 11b is formed to a depth within the collector tub
region 1la of from about 25000 to about 32000 angstrons. Finally, within
the first preferred enbodi nent of the present invention, the base region 13
is formed with a dopant polarity opposite to the dopant polarity of both
the collectortub region 1la and the col leggyar contact region 11b.
Preferably, the base region 13 has a dopant "concentration offrom about 2E17
to about 5E17 dopant atons per cubic centineter. Preferably the base region
13 i s f osignifichstlyshigher @obaiit cOfdtntratibr bf florth ABoGIOIE 19ab AbolitUEX0Sdtipaft 2tdfs ?Er
from about 900 to about 1500 angstroms. In order to formthe Collectof tub
regi on tdbiacedtimetero| Preferably, ciendollettor egritact région dllistfoenddasa depth withihdhe
within the integrated circuit whose schematic cross-sectional diagramis

i |1 ust r acellector tBb gegidn 1taefifeom about 25660 to/abont)32008ckngstrérhs UBinally twithin the first
specifically illustrated within Fig. 1, several nasking process steps, ion
i mpl ant apreferred embadimentfshepresent inventiony therbase sagiont ois formedieith 4 dopand
preferably, although not exclusively, the collector tub region 1la is

for med wiPPRAl eprosiietn thedenant polasinef hath shewligetontubiregipn d ia and theeolleasbrt.i on
regions 12a, 12b, nd, 12d wi thin and upon the sem conductor_substrate
107 i | EoRaer i6gion a6 o Preliabic o bt rsalon 14 ek domant saRGEIHERIHF fomApEt
typicall ef ly, although npt exclusively, formed within th

seni cond L4 o B SEA0 dbpe abetes Betsubie spamiteh theBase region 1558 forened
12d are reed..w thin apd on,t he m conduyct trate 10. There i

al so s'ho&ﬁ ai“fpcf’!\fémﬁ .de!mﬂfvﬂ"}%ﬁ"%&ﬁg?ﬁ?@ irg%?%\? *lao#%ga %E‘i’sf’tfgh ta ag%ttlgﬁﬁedl fS irst
pol ysili t#o?é’s‘?r 1l4a and a patterned first polysilicon |ayer 14b, each of
whi ch has I'rTst dopant

In order to form the collector tub region 11a, the collector contact region 11b and
tl.le base region 13 within the integrated circuit whose schematic cross-sectional diagram is |
illustrated in Fig. 1, there is typically required, although not specifically illustrated within Fig. 1,
several masking process steps, ion implantation process steps and annealing process steps.
Typically and preferably, although not exclusively, the collector tub region 11a is formed within
the semiconductor substrate 10 prior to forming the isolation regions 12a, 12b, 12¢ and 12d
within and upon the semiconductor substrate 10, while the collector contact region 11b and the
base region 13 are typically and preferably, although not exclusively, formed within the
semiconductor substrate 10 after the isolation regions 12a, 12b, 12¢ and 12d are formed within

and upon the semiconductor substrate 10,

There is also shown in Fig. 1 formed upon the isolatiém region 12d a patte;ned first
polysilicon layer 14a and a patterned first polysilicon fayer 14b, each of which has a first dop;mt
polarity and a first dopant concentration. Methods and materials through which patterned
polysilicon layers may be formed within integrated circuits are known in the art of integrated



“pol arity and a first dopant concentration. Methods and nmaterials through
whi ch patterned polysilicon layers may be forned within integrated circuits
are known in the art of integrated circuit fabrication. Patterned
polysilicon |layers are typically, although .not exclusively, formed wthin
integrated circuits through patterning through nethods as are conventi onal
in the art of blanket polysilicon layers formed within integrated circuits.
In turn, blanket polysilicon layers may be fornmed within integrated
circuits through nethods including but -ngg limted to chem cal vapor
deposition (CVD) nethods, plasma enhanced cheni cal vapor deposition ( PECVD)
met hods and, physi cal vapor deposition (PVD) sputtering nethods enpl oying
sui t abl ecitsnit fahwication. gRattensadapalysilicon layers are typicatly; aitbought motieatlnsisely,formed but
not limted to silane and disilane. Wthin the first preferred enbodi nent
of the prithieintegrated wircuits throughpattemingshirough metinsisys are eonventiopet in theiart afid.

14b may bhe forned. enpl oying any of the foregoing_ nethods and materials.

Pr ef erath et pelysiligon; layers, farmed wmathin integratedheirouits. Inturn, blanket nolysilioon layers i s
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14b t hrough nethods as are conventlonal in the art, including but not
limted to ion inplantation nmethods and chem cal vapor deposition (CVD)

co- deposi ti on net "Yhin theFrét préfedbd embotient oF thé m%gﬁ&rw

patterned first polysilicon Iﬂ;yer l4a a pat tdef_r ne | rtst I e ectrltc <'§1iyﬁer?t

16a and palysilizdnigpers 14acandaubandydst foinhéd ediplbyifig kinf OMthe tegoing hefhods and
materials. Preferably, each of the pattemed first polysilicon layers 14a and 14b is formed upon the

isplation region 12d to a thickness of from about 2000 to about 4000 angstroms. Preferably, the

first dopant polarity of each of the patterned first polysilicon layers 14a and 14b is opposite to the
dopant polarity of the collector tub region 11a and the collector contact region 11b. Preferably,

 the first dopant concentration of each of the patterned first polysilicon layers 14a and 14b is from
about 1E17 to about 1E20 dopant atoms per cubic centimeter. The first dopant concentration
may be incorporated into each of the p#ttemed first polysilicon layers 14a and 14b through
methods as are conventional in the art, including but not limited to ion implantation methods and
chemical vapor deposition (CVD) co-deposition methods.

There is also shown in Fig. 1 formed upon the patterned first polysilicon layer 14a
a patterned first dielectric layer 16a and formed upon the patterned ﬁ;st polysilicon layer 14ba
patterned first dielectric layer 16b. Within the first préferred embodiment of the present '
invention, the patterned first dielectric layer 16a and the patterned first dielectric layer 16b are, as
is illustrated in Fig. 1, preferably formed in 'a self-aligned fashion upon exposed portions of either



‘patterned first dielectric layer 16b. Wthin the first preferred enbodi nent
of the present invention, the patterned first dielectric |ayer 16a and the
patterned first dielectric |ayer 16b are, as is illustrated in Fig. 1,
preferably formed in a self-aligned fashi on upon exposed portions of either
-13- the patterned first polysilicon |ayeg,14a or the patterned first
polysilicon layer 14b. To formthe patterned first dielectric |layer 16a and
the patterned first dielectric layer 16b in-such a fashion, the patterned
first dielectric layer 16a and the patterned first dielectric |ayer 16b

wi t hin t hie patterhedfif Fol ﬁlﬁhoﬁ'l%ﬁéﬁ"lﬂ@@fﬂx@?a&&ﬁe&ﬁ&?ﬁ&gsd mﬁfﬂﬁ% r4362% form the

preferably tornmed through a thermal oxidation net y a portion o

each of tpattemmed st sheledtriy By ?e 162 ah8) thepwitfesied Fidst ididledtri @Ry SIAY if ScH @fa@rnoa,%e
and the patterned first polysilicon |layer 14b is consuned in formng the

pat t er ne@aftemnsed figst dliclextric layérdﬁarandﬂae pattdried dirgalidlectie Myéd 16btwithis tiescfifst C

| ayer 16b, thus formng the patterned first dielectric |ayer 16a and the
pat t er nedreferred embediment ofthe present istention atielpreferably forteed thraxghracsthenmal piidation
patterned fjrst dielectric |ayer 16a and the patterned first dielectric

| ayer 166“"}%"‘??{%@’ &P@“&i’c@feﬂiﬂbﬂf the pracursgolayers 4o thetpagemed figstpolysilicon layer

t hi ckness., I n,the alternative, _other nethods and materials nay al so be’
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second capacitor dielectric er , udi ng em cal
vapor depggeridl@may 2Pbe employed in forming thhm the integrated circuit whose schematic cross-

sectional diagram is illustrated in Fig. 1 patterned dielectric layers which serve the function of the
patterned first dielectric layers 16a and 16b.

There is also shown in Fig. 1 formed upon the patterned first dielectric layer 16b a

patterned first capacitor dielectric layer 18 having formed and aligned thereupon a patterned
‘second capacitor dielectric layer 20, Although any of several methods and materials may be
employed in forming the patterned first capacitor dielectric layer 18 and the patterned second
capacitor dielectric layer 20, including but not limited to chemical vapor deposition (CVD)
methods, plasma enhanced chemical vapor deposition (PECVD) methods and physical vapor
deposition (PVD) sputtering methods through which may be formed capacitor dielectric layers of
dielectric materials including but not limited to silicon oxide dielectric materials, silicon nitride

- dielectric materials and silicon oxynitride dielectric materials, the patterned first capacitor
dielectric layer 18 is preferably formed through patte:ming through methods as are conventional in
the art of a blanket first capacitor dielectric layer formed of a silicon nitride capacitor dielectric



“met hods, plasma enhanced chem cal vapor deposition (PECVD) nethods and
physi cal vapor deposition (PVD) sputtering nethods through which may be
formed capacitor dielectric |ayers of dielectric materials including but
not Timted to silicon oxide dielectric materials, silicon nitride
dielectric materials and silicon oxynitride dielectric materials, the
patterned first capacitor dielectric layer 18 is preferably formed through
patterning through nmethods as are conventignal in the art of a bl anket
first capacitor dielectric layer formed of ‘a silicon nitride capacitor
“dielectric - 14 - material fornmed to a thickness of from about 200 to
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I sol ation regions 12a andnlzb; |'anket sacrificia ectric

| ayer 15b fornmed upon collector contact region 11b. Although it is known in
the art that blanket gate dielectric |ayers and bl anket sacrificial '
dielectric |ayers nriigallyetieos issHowminFig.Cl the presegiets(19f Hankiergae dizleotric layer
substrates through nethods including but not l[imted to blanket gate :
di el ect r i Salfosmed uponihe adtive region of the iserhicodvctortsubstrateni@definied byhe igolatiomn

met hods and bl anket gate dielectric |ayer or blanket sacrificial dielectric
deposi t i gagipas 124 andniZbyrand(X) 2 blanket sauéﬁlcﬁal dielecprictayarrlSli femmeidipoarcolledtor he
present invention, the blanket gate dielectric |ayer 15a and the bl anket
sacri fi cicomtagt esgiqn Fibe Althpagh itdpkngwen inthe ant that blanket gate dielectpie davierseng blanket
the active regi.on. of .the sem conductor substrate 10_ defined by the

i sol ati orfa%‘g‘g?}r@elmc Ewers M%&?}OWWH@C% Tegiens Pt seHtoRdpCtoE gHhsHates b
through 61‘.hrough methods including but not limited to blanket gate dielectric layer or blanket sacrificial

di'electﬁc layer thermal growth methods and blanket gate dielectric layer or blanket sacrificial-
dielectric deposition/patterning methods, for the first preferred embodiment of the present
invention, the blanket gate dielectric layer 15a and the blanket sacrificial dielectric layer 15b are
preferably formed, respectively, upon the active region of the semiéonductor substrate 10 defined
by the isolation regions 12a and 12b or upon the collector contact region 11b through a
simultaneous blanket gate dielectric layer and blanket sacrificial dielectric layer thermal growth
method at a temperature of from about 850 to about 1000 degrees centigrade to simultaneously
form the blanket gate dielectric layex_' 15a and the blanket sacrificial dielectric layer 15b of silicon
oxide, each having a thickness of about 100 to about 200 angstroms.

_ Although not specifically illustrated by the schematic cross-sectional diagrax-n of
Fig. 1, the ordering for formation of the various layers and regions formed within the integrated
circuit whose schematic cross-sectional diagram is illustrated in Fig. 1 may be modified to

accommodate various alternative integrated circuit processing sequences.



“si mul t aneous bl anket gate dielectric |ayer and bl anket sacrificial
dielectric layer thermal growh nethod at a tenperature of from about 850
to about 1000 degrees centigrade to sinultaneously formthe bl anket gate
dielectric layer 15a and the bl anket sacrificial dielectric |ayer 15b of
silicon oxide, each having a thickness of about 100 to about 200 angstrons.
Al t hough not specifically illustrated by the schematic cross-sectional
diagramof Fig. 1, the ordering for fornati®on of the various |ayers and
regions formed within the integrated circuit whose schematic
cross-sectional diagramis illustrated in Fig. 1 may be nodified to
accommodate various alternative integrated circuit processing sequences.

- 15 - Referring nRefetringfriow todFig! 2)ahere issshoWavl scheriRREHBIs-foch b Siaghiat | onal
diagramillustrating the results of further processing of the integrated
circuit ilkbsteating cheerestltsooffurtises procesdingolthe titegratedicirsuit Wwhose schémslid dross- 9. 1.
Shown in Fig. 2 is the results of: (1) further patterning of the patterned
first dissréenal diggranyisillustrateddn Figr ha ShewrincFigd2 jsthe eesnltsiof: i sfurtherepattetning of
| ayers 16a' and 16as£|e,rr];,and 2) form ng several patterned second

pol ysi | i @8 Ratterped Srst dislectricdayes 4 62 to fogmithe etghed pattecnaddfirst dielestric layers. 16ahand
patterne t‘i_;ﬁi gi electric layer 16a may be further patterned to formthe
et ched pH eAMLEP)formuing several ptterned sepand palpsilicon Jayersupon the msyliingdntegratedas
are convention in t ar ich wll typically, alihough not exclusively,
i ncl ude HEPBV%W%%@“FMR’B@%SW%{ °é‘§€rﬂwﬂ’o§%&ﬁﬁﬁv@teﬁ}¢éﬁ?§@m@ﬁc h
met hods. diti | .. patterned,seco lysiljcon l.ayers may be fornmed
t hr ough %gl{k? Pﬁ’&?%ﬁ%@ﬁ#ﬂ%@?ﬁé&? égﬁgﬁg’qéﬁfﬁ%ﬁmﬂmﬁaﬁ #recRBveRtion ipthe
bl anket | L4 cC | ayer  forned, e oyi ng_ et hod terials
anal ogouagﬁﬁ}%}ﬁ %hgrﬂin!ﬁ 1%];% 2@%‘5’%"&?’?‘%@’"@%&%& vp mﬁt%baﬁ%ép &ihed
first p hild "3“&5 4 sd: S | |5 t he
addi ti oﬁg?!&[b)gé[ ?lg?%de ' se%g%tgﬂpo ysd% | ?g?)ﬁ&?!g?/nedrl é&%ﬁ%@?& ﬁcil;éﬁgcoaéﬂe&{]rﬁ%
pol ysi | itseformiéd through patterning, through methods as are conventional in the art, of a blanket second

polysilicon layer formed employing methods and materials analogous to the methods and materials
employed in forming the patterned first polysilicon layers 14a and 14b. As is illustrated in Fig. 2,
the additional patterned second polysilicon layers comprise: (1) a patterned polysilicon gate
electrode 22a formed upon the blanket gate dielectric layer 15a; (2) a patterned polysilicon
emitter electrode 22b formed upon the base region 13; (3) a patterned polysilicon diode electrode
22¢ formed at least in part overlapping and at least in part in contact with portions of the
patterned first polysilicon layer 14a exposed through the etched patterned first dielectric layers
16a’ and 16a’; and (4) a patterned polysilicon capacitor plate 22d formed upon the patterned
second capacitor dielectric layer 20. Preferably, the patterned polysilicon gate electrode layer
22a, the patterned polysilicon emitter electrode 22b, the patterned polysilicon diode electrode 22c
and the patterned polysilicon capacitor plate 22d each have a thickness of from about 2000 to
about 4000 angstroms. Within the first preferred embodiment of the method of the presen_t
invention, each of the foregoing patterned second pol&silicon layers is preferably formed with. a
dopant polarity equivalent to the dopant polarity of the collector tub region 11a and the collector
contact region 11b. Preferably, the dopant concentration within each of the foregoing patterned



-electrode 22a forned upon the bl anket gate dielectric layer 15a; (2) a
patterned polysilicon emtter electrode 22b formed upon the base region 13;
(3) a patterned polysilicon diode el ectrode 22c forned at |east in part
overl apping and at least in part in contact with portions of the patterned
first polysilicon |ayer 14a exposed through the etched patterned first
dielectric layers 16a' and 16a"; and (4) a patterned polysilicon capacitor
plate 22d formed upon the patterned secang capacitor dielectric |ayer 20.
Preferably, the patterned polysilicon gate el ectrode | ayer 22a, the
patterned polysilicon emtter el ectrode 22b, the patterned polysilicon

di ode el ectrode 22c and the patterned polysilicon capacitor plate 22d each
have a tsecaidpolysilonfayens iafront atkno 0ELS teedbout 1B20 Gogant) stomsmer cibic kentimdter.
first preferred enbodi nent of the nmethod of the present invention, each of
the foregoing patterned second polysilicon layers is preferably formed with
a dopant polarity equivalent to the dopant .palarity of the collectaqr, tub

region 1la and t hef i undststnoddoin person skilled in therprt, patdinFign? the nattermed fast:
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di ode el ectrode 22c w |l typically and preferabl’y have a substantia
hi gher | diadé electrédecZc villldypically and preferably have a substantially higher junction area, and

therefore higher current carrying capacity, since the junction area of the novel vertical polysilicon
diode construction formed through the first preferred embodiment of the method of the present
ix.lvention is determined by the projected contact area of the patterned first polysilicon layer 14a
with the patterned polysilicon diode electrode 22¢ rather than by the width and thickness of a
single patterned polysilicon layer which would otherwise be employed in forming the conventional
lateral polysilicon diode construction. Within the first preferred embodiment of the present
invention, the projected contact area of the patterned first polysilicon layer 14a with the patterned
polysilicon diode electrode 22¢ is preferably from about 20 to about 30 square microns, which
will typically provide a vertical polysilicon diode of about 10 milli-amps current carrying capacity.
It is, however, understood by a person skilled in the art that vertical polysilicon junction diode
constructions having higher or lower current carrying capacity may be formed through the method
of the present invention by providing first polysilicon layers and polysilicon diode electrodes
having commensurately higher or lower projected cofitact areas, For comparison purposes, a
conventional lateral polysilicon diode formed from a single polysilicon layer of similar areal and
thickness dimensions will typically have a current carrying capacity of about 1.5 milli-amps.



-therefore higher current carrying capacity, since the junction area of the
novel vertical polysilicon diode construction fornmed through the first
preferred enbodi nent of the method of the present invention is determ ned
by the projected contact area of the patterned first polysilicon |layer 1l4a
with the patterned polysilicon diode electrode 22c rather than by the width
and thi ckness of a single patterned pgly;Llicon | ayer which woul d ot herw se
be enployed in form ng the conventional™' ateral polysilicon diode
construction. Wthin the first preferred enbodi mrent of the present

i nvention, the projected contact area of the patterned first polysilicon

| ayer 14a with the patterned polysilicon diode el ectrode 22c is preferably

verti cal pol ysi |1 iy s SR B R T q et i MENE The dacnfpa s ©

vertical polysili | -anps current ‘carryl ng

capaci t Polykilicéﬂay&ol%\,/ fife pattefiiRl Firdt Aitl¥riclap@ 166 the ?gitblﬁéd ikt Casacitbf diefesiric

vertical polysilicon junction diode constructions vi ng hi gher or | ower

current layar 18]ithepstidinéd secon@vapacitdraiéladrié Ay ardie pRitéAEd polysilicondapadivr

i nvention by providing first polysilicon |layers and polysilicon diode

el ect r ogiase 22/ form < plang polissiticon yapacighreidjobing butsepmatydaedm theoverticat polysitioon
For conparison purposes, a conventional |ateral polysilicon diode forned
from a ginctibe diode wonstiuction lalsy dornei uponithesisolatierategimnd 2dhi ckness di mensi ons
will typically have a current carrying capacity of about 1.5 mlli-anps.

- 17 - Simlarly, as is also understood by a person skilled in the art, the
patterned first polysilicon |ayer 14b, the patterned first dielectric |ayer
16b, the patt er nedefewisg n@&ﬁ@cﬁ;g-&, thereissbown @ schematic pgosstsaetionat diagreay
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shown a sﬁa?cgf? [@Qs%%ra?lﬁ 248 ?‘gxlnileﬁ %Jloixgrilgagﬁpaorate edges of the patterned polysilicon gate
electrode 22a; (2) a pair of insulator spacer layers 24¢ and 24d formed adjoining opposite edges
of a depleted patterned polysilicon emitter electrode 22b; (3) an insulator spacer layer 24e formed
a&joixﬁng thé side of the vertical polysilicon diode construction opposite the planar polysilicon
capacitor formed upon the isolation region 12d; (4) an insulator spacer layer 24f formed
separating the vertical polysilicon diode construction formed upon the isolation region 12d from
the planar polysilicon capacitor formed upon the isolation region 12d; and (5) an insulator spacer
layer 24g formed adjoining the side of the planar polysilicon capacitor opposite the vertical
polysilicon diode construction formed upon the isolation region 12d. The foregoing series of
insulator spacers 24a, 24b, 24c¢, 24d, 24e, 24f and 24g may be formed through methods as are
conventional in the art, which will typically employ an anisotropic etching of a blanket layer of
insulator spacer material formed upon the integrated circuit whose schematic cross-sectional
diagram js illustrated in Fig. 2. Typically and preferably, the blanket layer of insulator spa;er
material is formed from an insulator spacer material such as, but not limited to a silicon oxide
insulator spacer material, a silicon nitride insulator spacer material or a silicon oxynitride insulator
spacer material. When forming the insulator spacers 24a and 24b, the blanket gate dielectric layer



«illustrating the results of further processing of the integrated circuit
whose schematic cross- sectional diagramis illustrated in Fig. 2. Shown in
Fig. 3 is the presence of (1) a pair of:insulator spacer |ayers 24a and 24b
formed adj oi ni ng opposite edges of the patterned polysilicon gate el ectrode
22a; (2) a pair of insulator spacer |ayers 24c and 24d forned adj oi ni ng
opposite edges of a depleted patterned polysilicon emtter electrode 22b;
(3) an insulator spacer |ayer 24e formed adjoining the side of the vertical
pol ysilicon di ode constructi on opposite-tHe-planar polysilicon capacitor
formed upon the isolation region 12d; (4) an insul ator spacer |ayer 24f
formed separating the vertical polysilicon diode construction fornmed upon

t he i soll5d isaypicallyiatso sidaltdneounsly pattephedintafomoh pattérhedgate dielectriclaydrdSakds ispon
the isolation region 12d; and (5) an insul ator spacer |ayer 24g forned

adj oi ni algo illustrated én Big. § h Similasyawherofoymirigi the inselaton spacers 2dap24h, 24c,t24d, 24e, .
vertical polysilicon diode construction formed upon the isolation region
12d. Tha4§) andadilg the blapketsacrificial distactricdayes 3 5b isrtypigaily, etched from the sprface offthe 24f
and 24g may be forned, through nethods as are conventional in the art, which
wil | typoliegtancoptest regiant Wni sot ropi c etching of a blanket |ayer of

I nsul at or spacer material formed upon the integrated circuit whose
schematic cross-sectional diagramis illustrated in Fig. 2. Typically and
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a1 1 11 Ghgilh Sheebdetrlod ichplabatish prcteds coRgng: (1) 60 iAo'

t he coll ector contact region
process step employing an ion implantation dose of from about 1.5E13 to about 3.5E13 ions per

square centimeter and an jion implantation energy of from about 50 to about 80 keV employed .
pﬁor to forming the insulator spacers 24a and 24b; followed by (2) a second ion implantation
process step employing an ion implantation dose of from about 3E15 to about 6E15 ions per
square centimeter and an ion implantation energy of from about 60 to about 100 keV employed
after forming the insulator spacers 24a and 24b. The polarity of the dopant ions employed within

. each of the two process steps within the two step ion implantation process is preferably equivalent
to the polarity of the dopant atoms employed in forming the collector tub region 11a and the

collector contact region 11b.

Finally, there is shown in Fig. 3 the presence of a diffused emitter region 22b**
formed within a thinned base region 13 incident to outdiffusion of dépant atoms from the —
depleted patterned polysilicon emitter electrode 22b°.” Such outdiffusion occurs due to the
substantial dopant concentration of the pattgmed polysilicon emitter electrode 22b and dopant

concentration gradient of the patterned polysilicon emitter electrode 22b with respect to the base



“There is also shown in Fig. 3 the presence of a pair of source/drain

regi ons 26a and 26b formed into portions of the active region of the

sem conductor substrate 10 defined by the isolation regions 12a and 12b at
| ocations other than those occupied by the patterned polysilicon gate

el ectrode 22a. Typically and preferably, the source/drain regions 26a and
26b are fornmed through a successive two-step ion inplantation process
conprising: (1) a first ion inplantation pl8cess step enpl oying an ion

i npl antati on dose of from about 1.5E13 to about 3.5E13 ions per square
centinmeter and an ion inplantation energy of from about 50 to about 80 keV
enpl oyed prior to form ng the insulator spacers 24a and 24b; followed by
(2) a setegion 1% conjinotiva withradditivnalstherntab gnrealiigoofl the senticominciorshiseiats i®as
dose of from about 3E15 to about 6EL5 jons per square centinmeter and an ion
i pl ant atliugtsated & Kig. 3typicallyrinsidsnt todorming shesourcetbainetgions26ayand 26bt diypically,
formng the insul ataor sgaqers 24a and 24b. The pol arity of the dopant ions
enpl oyedthsjurstiongepth ofithe diffusedpqlysfisen smiftes segion 22’ hwithia thewthintedbaseoregion

I npl ant ati,on.process_i s preferably equivalent to the polarity of the dopant
at ons en%#d ﬁiﬁq o B§¢ﬂ?ﬁfhPHE8 BEEPWP- t ub region 1la and the coll ector
contact region 1 |Ib. Finally, there is shown in Fig. 3 the presence of a
diffused emtter region 22b" forned within a thinned base region 13
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source/drain regions 26a and 26b. Typi cal
capacitor and a vertical polysilicon diode construction, where the vertical polysilicon diode

construction has a high current carrying capacity. In addition, the vertical polysilicon diode

construction may be biased in either a forward mode or a reverse mode.

In addition to the first preferred embodiment of the present invention and the
vertical polysilicon diode construction formed through the first preferred embodiment of the
present invention, there also exists a second preferred embodiment of the present invention and a

corresponding vertical polysilicon diode construction formed through the second preferred
embodiment of the present invention.

Referring now to Fig. 4 to Fig. 6, there is shown a series of schematic cross-
sectional diagrams illustrating the results of progressive stages in forming within an integrated
<circuit a vertical polysilicon diode construction in accord with the second preferred embociiment
of the present invention. Shown in Fig. 4 is a schematic cross-sectional diagram of the integrated

circuit at an early stage in its fabrication.



+the junction depth of the diffused polysilicon emtter region 22b" within
the thinned base region 13" is fromabout 500 to about 800 angstrons. Upon
form ng the source/drain regions 26a and 26b within the integrated circuit
whose schematic cross-sectional diagramis illustrated in Fig. 3, there is
formed through the first preferred enbodi nent of the present invention a
portion of a bipolar conplenentary netal oxide sem conductor (Bi CMOS)
integrated circuit having further forned2ahkerein a planar polysilicon
capacitor and a vertical polysilicon diode construction, where the vertical
pol ysilicon diode construction has a high current carrying capacity. In
addition, the vertical polysilicon diode construction may be biased in
either a forward r8hdemdn Fig. ddy & schematicl eross-sectionil diaprar of b mtdgrated cirewif er r ed
enbodi mrent of the present inventi.on and the vertical polysilicon diode
const r udargely efuivatent tolthentggrathd cifuitswhgse e¢hematid crosheeitional diggramlisilipsteated t
inventign, there also exists a second preferred enbodi nent of the present

i nvent i #mFignd, but seeran therelisagsinale pattemned Sisstypolysilisen laypn b formed thegeinupen the
formed through the _second preferred enbodinent, Qf the present_ jnvention
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cross-section agram ustrate
to the methods, materials and thickness dimensions employed in forming the patterned first

polysilicon layers 14a and 14b within Fig. 1. Within the second preferred embodiment of the
method of the present invention, the patterned first polysilicon layer 14 simultaneously serves as
bpth: (1) a bottom diode electrode within a vertical polysilicon diode construction; and (2)a
bottom capacitor electrode within a contiguous planar polysilicon capacitor. Thus, the width and
area of the patterned first polysilicon layer 14 upon the isolation region 12d within the second
preferred embodiment of the present invention is preferably approximately equal to the aggregate
of the widths and areas of the pattemed first polysilicon layers 14a and 14b upon the isolation

region 12d within the first preferred embodiment of the present invention.

Referring now to Fig. 5, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the integrated circuit whose schematic cross-
sectional diagram is illustrated in Fig, 4.

Shown in Fig. 5 is the results of forming: (1) a pair of etched patterned first
dielectric layers 16¢ and 16d from the patterned first dielectric layer 16 within the integrated

circuit whose schematic cross-sectional diagram is illustrated in Fig. 4; (2) a patterned polysilicon



“in Fig. 1, but wherein there is a single patterned.first polysilicon |ayer
14 formed therein upon the isolation region 12d rather than the two
patterned first polysilicon |layers 14a and 14b as illustrated in Fig. 1.
Simlarly, the single patterned first polysilicon |ayer 14 has forned self-
al i gned thereupon a single patterned first dielectric layer. 16. Wthin the
second preferred enbodi nent of the nethod of the present invention, the
patterned first polysilicon |ayer 14 i-s2preferably formed through nethods,
materi al s and thi ckness di nensions anal ogous or equivalent to the nethods,
materials and thickness di nensions enployed in formng the patterned first
polysilicon layers 14a and 14b within Fig. 1. Wthin the second preferred
enbodi mgate eéctrade 22amponl therblarket gate distectriclapanilSp(3) atnattemdtpelymbdoﬁ pmitter
ponS|I|con Iaégr 14 sinul taneously serves as both: a bOttOﬁ]dIOde

el ect r ocile b upon:theibase regiomi3; and-(h) agooiignovs mgttem polysiliconylipds elgctrode
bottom capacitor electrode within a contiguous planar ponS| I con

capaci t cd plygilicon papagjter: platg2de ap@taewsﬁosvmaoraam el the etohﬁd mttqsmq/ﬁqsr diglgatric
erbodi maRIer 6 3 @zw' ot et pRlssdionh loves o e DRSS el c8pgeiton dielectip
f2§e?29 as%aréﬁanez fiiedigog qai%ﬁ%%d»eiegﬁrbcﬁaﬁezé t%%cpﬁq"g%e%s‘re@?gi‘red
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soct | ondieRrETFidHc? .H‘ﬁwe %ﬂéfﬁﬁgﬂﬁ'*ﬁ%'ﬁvgﬁ‘mf’ﬁé@ methetfs analogors o
of for maoequ{v%)en@toomb Fﬂ? he el@@{&feﬂnﬂ%&m the@téhbegaﬁérﬁed ﬁbé?ﬂ&le%@ﬁ: and

16d fromthe patterne rlclayer 6 wth the i ntegrated
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embodiment of the present invention. Similarly, the patterned polysilicon gate electrode 22a, the
patterned polysilicon emitter electrode 22b and the contiguous patterned polysilicon diode
e_lectrode and polysilicon capacitor plate 22e within the second preferred embodiment of the
present invention are preferably formed through methods, materials and thickness dimensions
analogous or equivalent to the methods, materials and thickness dimensions employed in forming
the patterned polysilicon gate electrode 22a, the patterned polysilicon emitter electrode 22b; the
patterned polysilicon diode electrode 22¢ and the patterned polysilicon capacitor plate 22d within
the first preferred embodiment of the present invention. Analogously with the patterned first
polysilicon layer 14, the contiguous patterned polysilicon diode electrode and polysilicon
capacitor plate 22e formed within the second preferred embodiment of the present invention is
preferably formed of a width and area approximately equal to the aggregate of the widths and
areas of the patterned polysilicon diode electrode 22¢ and the patterned polysilicon capacitor plate

22d formed within the firs} preferred embodiment of the present invention.

Referring now to Fig. 6, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the integrated circuit whose schematic cross-



gate el ectrode 22a upon the bl anket gate dielectric layer 15; (3) a
patterned polysilicon emtter el ectrode 22b upon the base region 13; and
(4) a contiguous patterned polysilicon diode el ectrode and polysilicon
capacitor plate 22e upon exposed portions of the etched patterned first
dielectric layers 16¢c and 16d, the patterned first polysilicon |ayer 14,
the patterned first capacitor dielectric |ayer 18 and the patterned second
capacitor dielectric layer 20. Wthin the second preferred enbodi nent of
the present invention, the etched patternedzRi+st dielectric |ayers 16¢c and
16d are preferably formed fromthe patterned first dielectric |ayer 16

t hrough et chi ng net hods anal ogous_or_ equi val ent to_ the_ etching nmethods
enpl oyedestipna ig Hustsated @gFlga@t Showa it Fig < s scherpatiq erosssseetional diagragm g
16a" fromthe patterned first dielectric |ayer, 16a within the first

pr ef er r & 2B AHERAIRd HrCi largely pralogons to thedniepigted aifcHitPoss schepatip grasksontignal
polysiligon gate el ectrqde .22a he patterned lLLysilicon emtter t r,ode
ob” and et SR md5E G an Brthgt sirssrvseltg Mo 55 aresidd commitenty with Fig. 4
pol ysilicqn.c itor,.plate 22e within the second .preferred. enbodi of
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cont | JUAHFIHH, HRFERFoRRddY Siilaflp Wit RS R RrA6d ERElft WHGkeREhardtic F6%3-seaiahl t or
pl ate 22e formed within the second preferred enbodi nent of the present

i nvent i aliagramyis #iustrated jn Figr Jvenl integrated diifchit Anving farmed pigsreiniapirédy oftaibipolat 0
t he aggregate of the widths and areas of the patterned polysilicon di ode
el ect r odmngilementaty tohetalpeidessendabngodtos (BICMOS dategratedeirquitstmcizel Inovomtrdst
within the first preferred embodi nent of the present invention. Referring
now t o Fwijh the integrated ¢ircugiwhose acheotatioerdss-sentional-diagram isdlbsteitedyindig. 3,

illustrating the results of further processing of the integrated circuit
whose sdMevaYer, avithin the integrated circuit whose schematic ¢ross-sectional diagram is illustrated by

Fig. 6 there is formed an integrated contiguous planar polysilicon capacitor and vertical
polysilicon diode construction rather than a planar polysilicon capacitor separate and independent

of the vertical polysilicon diode construction as illustrated in Fig. 3.

As is understood by a person skilled in the art, the first preferred embodiment of
the method of the present invention and the vertical polysilicon diode construction formed
through the first preferred embodiment of the method of the present invention, as well as the
second preferred embodiment of the method of the present invention and the contiguous planar
polysilicon capacitor and vertical polysilicon diode construction formed through the second
preferred embodiment of the method of the present invention are illustrative of the presen;
invention rather than limiting of the present invention. Revisions and modifications may be made
to methods, materials, structures and dimeqsions through which is formed the vertical polysilicon

diode construction of the first preferred embodiment of the method of the present invention and



- 22 - sectional diagramis illustrated in Fig. 5. Shown in Fig. 6 is a
schematic cross-sectional diagramof an integrated circuit largely

anal ogous to the integrated circuit whose schematic -cross-sectional diagram
is illustrated in Fig. 3, as further structurally nodified to provide
consistency wwth Fig. 4 and Fig. 5. Due to the structural nodifications to
provi de consistency with Fig. 4 and Fig. 5, there is formed within Fig. 6
an insul ator spacer 24f' in place of the insulator spacer 24f as
illustrated in Fig. 3. Upon form ng througs the second preferred enbodi nent
of the method of the present invention the integrated circuit whose

schematic cross-sectional diagramis illustrated in Fig. 6, there is
formed, stheidtegrated Woitigudis plaBhesHIAiRGn Chpdditbt attf R ficat il di i
Cross-sectiona diagrgﬁfispiIIusgﬁgtedQ?% Fig. 3, an Pn egréﬁ%ﬁd%F?%ﬁﬁllon

havi ng f cofithelsdcond preferteddenitiodirfientfof theXngthibad bf the TRéseintéttion Wik stid fordfing .
sem conductor (Bi CM3XS) integrated circuit structure. In contrast with the
i nt egr at exrig¢al palysilicdmdiede cimstrattions whichsare edthirothe spirit gt swﬁé of thel predensit ed
in Fig. 3, however, within the integrated circuit whose schematic

cr oss- sedhyention, a5 definediby theiappended slaimis.by Fig. 6 there is forned an

i ntegrated contiguous planar polysilicon capacitor and vertical polysilicon
di ode construction rather than a planar polysilicon capacitor separate and
i ndependent of the vertical polysilicon diode construction as illustrated
in Fig. 3. As is understood by a person skilled in the art, the first
preferred enbodi nent of the nethod of the present invention and the
vertical polysilicon diode construction fornmed through the first “preferred
enbodi rent of the nethod of the present invention, as well as the second
preferred enbodi nent of the method of the present invention and the

conti guous planar polysilicon capacitor and vertical polysilicon diode
construction forned through the second preferred enbodi nent of the nethod
of the present invention are illustrative of the present invention rather
than limting of the present invention. Revisions and nodifications may be
made



:to methods, materials, structures and di nmensions through mlmmﬂu"mm””m
the vertical polysilicon diode construction of the first pr A )
enbodi mrent of the nethod of the present invention and - 23 -“the

i ntegrated contiguous planar polysilicon capacitor and vertical polysilicon
di ode construction of the second preferred enbodi nent of the nethod of the

present invention while still formng vertical polysilicon diode
constructions which are within the spirit and scope of the present
i nvention, as defined by the appended cl ai%%s:- - 24 - CLAIMS 1. A nethod

for formng %I}'A-%tion di ode for use within an integrated circuit
conprising: providing a sem conductor substrate; form ng over the

sem conduct pr Ashéthdd firforniflg § pafetioh ioda fethise Withifl Atinttpeiled Biecuil ®nfstisinge

| ayer a first polysilicon layer, the first polysilicon |layer having a first
dopant pol arity posidingd septicshdnoot ssetraent ration; formng at least in part
overl apping and at least in part in contact with the first polysilicon

| ayer a second pfomping oventhe! semivondidier substeatel a didlectdid lagarn | ayer having a
second dopant polarity and a second dopant concentration, the second dopant
pol arity being ofspainigtupondhe dieletiricdayed o fiisst polystlioen layer, thiedirst polysilicon layert i on
of the second.polgsi | icon | ayer overlapping and in contact wthin a first

portion of Ravinga fisst depany polaniyand)adirst- dopapfsiongeniration, _
forming at least in part overlapping and at least in part in contact with the first

polysilicon layer a second polysilicon layer, the second polysilicon layer having a second
dopant polarity and a second dopant coxicentration, the second dopant polarity being

opposite to the first dopant polarity, where a first portion of the second polysilicon layer
overlapping and in contact within a first portion of the first polysilicon layer comprises a

junction diode.

2. The method of claim 1 wherein the thickness of the first polysilicon layer is from about
2000 to about 4000 angstroms.

3. The method of claim 1 wherein the thickness of the second polysilicon layer is from

about 2000 to about 4000 angstroms.

4. The method of claim 1 wherein the first portion of the second polysilicon layer
overlapping and in contact with the first portion of the first polysilicon layer has a surface

area (ie: junction area) of from about 20 to about 30 square microns.

5. The method of claim 1 further comprising forming a second dielectric layer separéting
a second portion of the first polysilicon from a second portion of the second polysilicon

layer, where the second portion of the first polysilicon layer is contiguous with the first



sjunction diode. 2. The nethod of claim1 wherein the thi ckgiﬂllwmmmum]&ﬂn
polysilicon layer is fromabout 2000 to about 4000 angstronsi™3¢

of claim1l wherein the thickness of the second polysilicon layer is from
about 2000 to about 4000 angstrons. 4. The nethod of claim1 wherein the
first portion of the second polysilicon |ayer overl apping and in contact
with the first portion of the first polysilicon |ayer has a surface area
(ie: junction area) of from about 20 to al®dut 30 square mcrons. 5. The

met hod of claim1 further conprising formng a second dielectric |ayer
separating a second portion of the first polysilicon froma second portion
of the second polysilicon |ayer, where the second portion of the first

pol ysi | i con gortye of the fipstipolysifioon layériant ke decond portion of the-seguaidi polysilizbn ldyer
first polysilicon | ayer and the second portion of the second polysilicon

| ayer is coris coptigususvvith thefirst portion pOtheisecondfpolyisiticer fayer thusifgmiihg aon | ayer,
thus formng a polysilicon capacitor.conti%uqus and in parallel with the
junction di qdysilizon sapagitor cantigtouschadfin panstiel with the junctivmdiede.at ed circuit
conprising: a sem conductor substrate; a dielectric |ayer fornmed over the
sem conductor substrate; a first polysilicon |layer formed upon the

di Fl ep% ric Léagx; t,hg fi 2{3 o] y,si.{lipgg)qr%%glqgtyegr, ha,t\;i n a'Jﬁié'rlsF dopiant

pol arity and-agyReio 6‘5{5{& “’E‘@n‘ﬁ’é‘ﬁ ateg cre ilicon |ayer. -
formed at |east in part overl ing and at least in part in contact with
the first polysil% W’ﬁg‘gﬁ","s‘?ﬁg’a?econd pol ysilicon |ayer having a second

dopant a dielectric layer formed over the semiconductor substrate;

a first polysilicon layer formed updn the dielectric layer, the first polysilicdn layer
having a first dopant polarity and a first dopant concentration;

a second polysilicon layer formed at least in part overlapping and at least in part in
contact with the first polysilicon Iayer, the second polysilicon layer having a second dopant
polarity and a second dopant concentration, the second dopant polarity being opposite té
the first dopant polarity, where a first portion of the second polysilicon layer overlapping
and in contact within a first portion of the first polysilicon layer comprises a junction
diode.

7. The junction diode of claim 6 wherein the thickness of the first polysilicon layer is from
about 2000 to about 4000 angstroms.

8. The junction diode of claim 6 wherein the thickness of the second polysilicon layer is
from about 2000 to about 4000 angstroms.

9. The junction diode of claim 6 wherein the first portion of the second polysilicon layer
overlapping and in contact with the first portion of the first polysilicon layer has a surface
area (ie: junction area) of from about 20 to about 30 square microns.



;polarity and a second dopant concentration, the second dop gmﬂﬂmu‘!“ugjl“l
bei ng opposite to the first dopant polarity, where a first ¥ .
second polysilicon |ayer overlapping and in contact within a first portion
of the first polysilicon |ayer conprises a junction diode. 7. The junction
di ode of claim6 wherein the thickness of the first polysilicon |ayer is
from about 2000 to about 4000 angstrons. 8. The junction diode of claim®6
wherein the thickness of the second polygilicon layer is fromabout 2000 to
about 4000 angstrons. 9. The junction diode of claim6 wherein the first
portion of the second polysilicon |ayer overlapping and in contact with the
first portion of the first polysilicon |layer has a surface area (ie:
junction aredp. Ghefjunmtion ldinde of 0laim 6fimther cdfprising a aecundrdielectric layer s@paratifga
The junction diode of claim®6 further conprising a second dielectric |ayer
separating a sewndrporiien of the fiest polyeilicon Sompacesanid portion 6f thesecond polysilicon t i on
of the second polysilicon |ayer, where the second portion, of the first
pol ysilicon Ha¥gerwhese Msﬁwﬂm efthe fiest pplysilicomlayerds contigupus with the first
pol ysilicon | ayer he secqnd porti of the second polysilicop |ayer is
Pon & guous. wiPOHIA e the BER PORPARHIGH o0 EretecomLpastiny OF 16 degpmd ppbysiicop yer
ot 9P o Shlgiof AR T fr poroh bR YSeo pbi oo fyB il somit 4" 11
polysilicon capacitor contiguous with and in parallel with the junction diode.



