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section wll ge sem conduct or di odes. Sem conductor di odes are w dely used
i n el ect FANEC DIMENEUDONS”f diledr byuBipbepdsés. Méhelpri mar Pcpobpasé2ef such

sem conductor di.odes is to provide conduction of reent in, f.orward
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of variofis$leldi hifsRashasdl AasMeh zagiry oot HePrapsyt A8ni é0€0rcuits. 1 WO
02/ 49116 PCT/ US01/ 51208 1In typical sem conductor diodes, conduction in the
forward direction is limted to | eakage current val ues until

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to semiconductor
devices and fabrication of the same. The present invention
more particularly relates to semiconductor diodes and their

methodé of fabrication.

2. Background Information

Semiconductor devices of various kinds are well known in
the prior art. Because the present invention relates to
semiconductor diodes and how they are fabricated, the focus

of this section will be semiconductor diodes.

Semiconductor diodes are widely used in electronic
circuitsvfor various purposes. The primary purpose of such
semiconductor diodes is to provide conduction of current in a
forward direction in response to a forward voltage bias, and
to block conduction of current in the reverse direction in
response to a reverse voltage bias. This rectifying function
is widely used in such circuits as power supplies of various

kinds as well as in many other electronic circuits.



the forward vol tage bias reaches a characteristic value for the particul ar
type of sem conductor device. By way of exanple, silicon pn junction

di odes dowmov2/eameluct significantly until the forward bi aBCVORZY08 S at

| east approximately 0.7 volts. Many silicon Schottky di odes, because of
the characteristics, of .the Schottk barrlﬁ can ﬁggln tQ conduct at | ower

vol t ages, suchlas Y8143y o FERI CORGRARAE U BACFunEPPOHCEL 88 d ThERE a f or war d

conduct i eBr-y¥eht ageedt9Bnof sapRnekLABLE! YeBKdghoblisrahtr ¢amukempekatur e.
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are usedeRainpfier, EhehbonrgﬁtUﬁnbﬂgoﬁhdiadéerdShFCScohdUctather to be al ways
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vol t age ﬂﬂaﬁlfFSFnFﬁ¥t&ﬁEél Fhei hpeypratediasi vedtege dfodbs 6758 ode

connect eg %&a&%a&gn% 8o vaneguenfagyl uggﬁlEBnpéeﬁb@%kg« H@B\ﬁ@%d conducti on
vol t age ? p substantially equal ¥ base-emtter voltage of another

transistbecansehefctheupharmhtb51senca|nfenbedsnhntskyfbahglepnegent
inventiog na§ ind uge %n %i cuits oﬁ this general %dv ngh use is not a
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drop of the diode |s usual Iy a substantial disadvantage. By way of
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because of their incompatibility with silicon integrated

circuit fabrication, but also even as a discrete device
because of temperature sensitivity and other undesirable

characteristics thereof.

In some applications, diodes are used not for their
rectifying characteristics, but rather to be always forward
biased so as to provide their characteristic forward
conduction voltage drop. For instance, in integrated
circuits, diodes or diode connected transistors are
frequently used to provide a forward conduction voltage drop
substantially equal to the base-emitter voltage of another
transistor in the circuit. While certain embodiments of the
present invention may find use in circuits of this general

kind, such use is not a primary objective thereof.

In éircuits which utilize the true rectifying
characteristics of semiconductor diodes, the forward
conduction voltage drop of the diode is usually a substantial
disadvantage. By way of specific example, in a DC to DC
step-down converter, a transformer is typically used wherein

a semiconductor switch controlled by an appropriate



controller is used to periodically connect and di sconnect the prinmary of
the transformer wwth a DC power source. The secondary voltage is connected
to a conwed bEw910wt put, either through a diode for its rerPCTAURIINTG208
characteristics, or through another sem conductor switch. The controller

varies either Lhe dutx cycle or th ,freguency of the primary connection
to the poRRFTSbtFEetss ?%éuF?eﬁe¥bo Fat ¥ ncPReechedrfedisGeBOECY O REge. | f

a sem copgughey S ERE ESaHSEArhOr $PPREStpENELRecoRdaLY.t 0 kg output, the
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of a senfeoPEdRIVrvehiragh io couptetedietgegondargrter thepuut patthas the
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di ode f oF1EMiE e pddeY ha¥ctdechdviant BEeTeencE| Phi BAei R§iABY need for
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forward conduction voltage drop o e sem conduct or e on
secondargestied wwetpThi sohzgat | BAsd sewivengusubstawitah idi sadganbages.
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3 voltage drop, though has the disadvantage of requiring
careful control throughout the operating temperature range of
the converter to maintain the efficiency of the energy
transfer from primary to secondary. The use of a
semiconductor diode for this purpose has the advantage of
eliminating the need for control of a secondary switch, but
has the disadvantage of imposing the forward conduction
voltage drop of the semiconductor diode on the secondary
circuit. This has at least two very substantial
disadvantages. First, the forward conduction voltage drop of
the semiconductor diode device can substantially reduce the
efficiency of the converter. For instance, newer integrated
circuits commonly used in computer systems are designed to
operate using lower power supply voltages, such as 3.3 volts,
3 volts and 2.7 volts. 1In the case of a 3 volt power supply,
the imposition of a 0.7 volt series voltage drop means that
the converter is in effect operating into a 3.7 volt load,
thereby limiting the efficiency of the converter to 81%, even

before other circuit losses are considered.



WO 02/ 49116 PCT/ US01/ 51208 Second, the efficiency |oss described above
represents a power loss in the diode, resulting in the heating thereof.
This |i mwa@orkmipower conversion capability of an integrareduseriiees t
converter, and in many applications requires the use of a discrete diode

of adequate size, increasing the overall _circujt size and cost. Another
comonl y usedsépP@éitth@reﬁ%ﬂ?éeEEYc%ﬁ§§r@PSﬁrﬂgedtﬁQOVGIFeﬁé§§eBF?dSe
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i nefficient using conventional. di odes, and. .increasing the he bﬁgeneration
of the cPREGRLCr BRUVFFRET: dFSS: pat MORYL APBAGRFAPGE ATSUPEES HOST 8BS, heal
di ssi patbag, gtkUebdLes:o8kCordgnendbne gnzkheiRerbawehgt ehbeopeewided.
Therefore, it would be highly advantageous to have a sem conductor diode
havi ng aclowufbor aaed avddgesien voltage drop for use as a rectifying
elenment in circuits wherein the diode will be subjected to both forward

and rever e bhAgs: ol 88RRCKIGMILLERC Aokl fecohLe8UBR Bodlade iRy Ll nd

many applications i'n discre orm | be furt esirable ftor

such a dthdeftudlbeacenpatidbgkeracthfintregsabédycicoopiledf &br icbat i on

techni ques so that the same_could be_realized in integrated circuit form
as part GPCANFAEN FAPGLPS Afedr SEEHSTEEREE RoVEHP KOF BRAMPeYr GUErset

current jheakageplscgbWays polBdesbuabbe and BOERBI kY oSt oheagaderepsby
additional forward conduction current, thereby decreasing circuit
ef fici eneye fiwpessd owr kbst phelkRfecuanubay@asinegr thad cascaitsubst ant i al

del eterious, affects on_s GLrcuits, r.di b i 3;uld also be

desirablgaFBchggﬁig }?8%?%8% Hgtg%iﬁﬁo é%?ggkﬁg ﬁérhﬁavesé ?om1reverse

bi as increasing the heat generation of the circuit requiring
dissipation through large discrete devices, heat dissipating

structures, etc. depending on the DC power to be provided.

Therefore, it would be highly advantageous to have a
semiconductor diode having a low forward conduction voltage
drop for use as a rectifying element in circuits wherein the
diode will be subjected to both forward and reverse bias
voltages from time to time. While such a diode may find many
applications in discrete form, it would be further desirable
for such a diode to be compatible with integrated circuit
fabrication techniques so that the same could be realized in
integrated circuit form as part of a much larger integrated
circuit. Further, while reverse current leakage is always
undesirable and normally must be made up by additional
forward conduction current, thereby decreasing circuit
efficiency, reverse current leakage can have other and more
substantial deleterious affects on some circuits.
Accordingly it would also be desirable for such a
semiconductor diode to further have a low reverse bias

leakage current.



| eakage current. 4 WO 02/49116 PCT/USO1/51208 In many applications it is
required that the diode be put across a coil such as a transforner. In
these i nsv@oweni6it is possible for a reverse voltage to bpeTapplilies to t he
di ode which will force it into reverse breakdown, specifically into a

junction aval anche condition, .This.,is, particul rk Er i .Dg to DC
converters whirBh™G8¥ &PPaprary P Ehafighfig™favefs n1¥8 dggﬁegfp ﬁs$8rner
coil's whigh a8keose0ANeetiedsachoss di edanbrbeges. | Mnt hasgecappktaatieans a

speci fication requirement for "Aval anche Energy" capability is_a paraneter
nor mal | yikndbugedsiihlendogaparsiesss. vPhsagdgvabakeharerergy teaplility of a

di ode i 5.3 8L0nLLEANL 1 BELAL O ;8 deSLODeL 0L SURRGhI CUI LS. The
aval anche™ener gy "capabi |l iTy defermnes how muc esign fmargin a designer
has whespdesifgpangyaises eojduetabndaod@annhe aondictibh. ThHRisl dsger the

nunber of aval anche energy ca abilité the nore de %gg flexibilit
n

? a
Circuit BBSEGRBLOKAY. CTHE 4baPantRePEnsPEYCELREE: FALOR 1SS RokeRiBly¥r the

di ode’ s eaaag&hgtwa%@fegaoeg khevenergnskremethecg okl whwher ereenergy E =
(1/2)*12*L, wthout destroying the diode. These requirenents are typically

on the ocdenectetieasrobs nilbbej butidgesA kéy theser applikatdbibi By of a

di ode t ] t tively.dissi t Ri s _the, of ] ti
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act ual | yigondgetsndueirngoawaliapchaclbbigh iaveéhaneheaeabegyscapability of a
sem conductor diode inproves _Its utilization. At the sanme tinme, it is
desi r abl avedansher epREIY0SEP3BE 1 1§¥nPEoRIGEPER dFoBeSiBRifddaEENg t heir

si ze andfgﬁtggp%8¥iQgde%@%h%rngkh%g%hoEiE@gﬁE%@ti?ﬂe avalanche energy

capability determines how much design margin a designer has
when designing a semiconductor diode into a circuit. The
larger the number of avalanche energy capability the more

design flexibility a circuit designer has.

The avalanche energy capability is a measure of the

diode’s capability to absorb the energy from the coil, where

energy E = (1/2) *I**L, without destroying the diode. These
requirements are typically on the order of tens of
millijoules. A key factor in the ability of a diode to
nondestructively dissipate this energy is the amount of
junction area which dissipates.the energy i.e., the area of
the junction which actually conducts during avalanche. High
avalanche energy capability of a semiconductor diode improves

its utilization.

At the same time, it is desirable to lower the costs of
semiconductor diodes by reducing their size and by improving

their methods of fabrication.



5 WD 02/49116 PCT/ US01/51208 BRI EF SUMVARY OF THE | NVENTI ON The present

i nvention includes nethods and apparatus as described in the clains.
Briefly, wvent/eamcuct or di odes having a | ow forward condurCT/@RONIIRGSAgeE
drop, a low reverse |eakage current, a high voltage capability and

aval anche energy capability, suitable for use in integrated circuits as
wel | as for discrete deBRESE a3@INMARY |8 PHE THVENBHN¥ onduct or di odes are
di ode configured vertical «cylindrical junction field effect devices having
one di ode tern nal h o j n e e
source/drain ?et%ﬁegg?%iggfgcy ?%d$ﬁ§g§a%§2%??%%&§i%%§ a%?%g%?ﬂ%eé?ces.
The net hgdsefipaduiacthei abaihe. veBtriefly, cyémnndondattpundipdasfiel d ef f ect
devices is disclosed. varigus devi ce terniﬁ%tiogs can_be e Ioged to

conpl et eh@¥End g obleW dE9F ¥asd CarTuasetbbar ieAts E?B'd?singgaY ot her

aspect s g@gkéggtgﬁffeﬁé,tth@%ﬁseaitAQMGBAPQBim&ty aheceyBlanpaeent to
those ordinartly skilled in the art upon review of the follown
descri pt enargf speebilttenbedihehle fof wvhe iﬁvéﬁ??@ﬁaFﬁdc6hFGHégﬁoﬁSmﬁth

t he acco ying.cl ai,ome _and f.igures. BRI PTI OF THE FI GURES The
featuresagﬁg ﬁﬁvgﬂfagéécﬁ?g?hgeg%ggén?r?n%gﬁ%Fggé%ﬁﬁI?h%econe apparent from
the foll guihngodetatbedddeaski pteodioat tbafpyesedt venténtilon in which:

Figure 1 is a circuit diagramfor a well known AC conv n%@g using a

) s o DC
full mav@Y%inééécﬁécﬁPﬂFE#OPnf&ﬁ?@heﬁﬁ§0tp@§¥éﬁFsi%98ﬁ?909nﬁa 16E%used. 6

Vo 02/49%%%ﬁ§g%iU§Q1£ﬁé29§mm55955ﬁﬁegéig§ BeewsehepBti gadiaghanehef

n- channe ' . . '
source/drain of the vertical cylindrical junction field

effect devices. The method of manufacturing the vertical
cylindrical junction field effect devices is disclosed.
Various device terminations can be employed to complete the

diode devices. Various embodiments are disclosed.

Other aspects and features of the present invention will
become apparent to those ordinarily skilled in the art upon
review of the following description of specific embodiments
of the invention in conjunction with the accompanying claims

and figures.

BRIEF DESCRIPTION OF THE FIGURES

The features and advantages of the present invention
will become apparent from the following detailed description

of the present invention in which:

Figure 1 is a circuit diagram for a well known AC to DC
converter using a full wave bridge rectifier in which the

present invention may be used.



channel junction field effect devices which are diode connected in
accordance with the present invention. Figure 2Cis a schematic diagram of
t he equi wabernysicé rcuit of the di ode connected junction fiprCOUSéFHRI8 devi ces
of Figures 2A and 2B. Figures 3A-3F are cross-sectional views illustrating
steps in an exenplary process for fabricating the diode connected vertical
junction fiel Bightest 28e@Bcaref schemapies8hrIrATENPoR Chrglcds 288 2 are

cross- seahlpnah Y1608 bkl USLAA! LBGe B! BRY: LAANALRRT JexeEmlpey process for

fabricating connected vertical junction field effect device of
t he presenhetbednihoaccbrganhes Witk ahmagnetead dnosstsect.i onal vi ew
illustrating four vertical JFED diode structures of the present invention.

Fi gures 6A-6C_ are tOB views of alternate structur for .the vertical JFED
di ode of the BLESERt SFnvénti SRECRPGIFeS RAF R PFI hOFT SRUILENERE i ¢

equi val ept »gi;i eUbESt hEOHiBdEWRcEnERASHORAhcRRER! rak1an d¥rehanael ivekt i cal
JFED diode. Figure 7Cillustrates the schematic equivalent circuit for a
t hree di ménEiignaksnddepngf 2Bhe N-channel vertical JFED diode. Figures
8A-8B illustrate schematic equivalent circuits for a two di nensional node

of an-P-channgl ]‘4%9 ﬁi‘-ﬁfﬁ?e @E%@g-séc\é\!Po%ﬁ‘*%flé@sP@’i/l‘d%C&y %&%%B. Fi gure

8C illustrates the SchematiC equivalent circuit for a threeﬂgine si onal

nodel of sthepsPiahannekeweibiryal piPEBssdifode fabricating the diode
connected vertical junction field effect device of the

present invention.

Figures 4A-4I are cross-sectional views illustrating
steps in another exemplary process for fabricating the diode
connected vertical junction field effect device of the

present invention.

Figures 5 is a magnified cross-sectional view
illustrating four vertical JFED diode structures of the

present invention.

Figures 6A-6C are top views of alternate structures for

the vertical JFED diode of the present invention.

Figures 7A-7B illustrate schematic equivalent circuits
for a two dimensional model of an N-channel vertical JFED

diode.

Figure 7C illustrates the schematic equivalent circuit
for a three dimensional model of the N-channel vertical JFED

diode.

Figures 8A-8B illustrate schematic equivalent circuits
for a two dimensional model of an P-channel vertical JFED

diode.



Figure 9 illustrates active diode areas on a wafer enploying a plurality
of vertical JFED diodes. Figure 10 is a schematic diagramof the electrical
equi val emoo0f/4ame active di ode area. Like reference nunbePeT/aRal/51208
designations in the drawings indicate |ike elenents providing simlar
functionality. DETAILED DESCRI PTI ON OF THE PRESENT | NVENTI ON Fir st
referring to Eigure 8C alénpeupted hhrafrberahicwelliKAdGRAEACITEUDE

convert ekolSLNfeebubimiANE ol 098ae T e6E! Lhe! pl Bnuhiheh bhecptasentmp
invention may be used nay be seen. In such circuits, a transformer 110 is
used to giodede DC isolation between the primary and secondary circuits
and frequently to provide an AC voltage step-up or step-down to the ful
wave bridge, conprised, diodes D1, D2 nd_D4. \Wen the secondary
'oad 112 Vs SEfPREF Rt iy HOSPEEoE BFERTE, B2BAR: SFE Eettndald FEad 114

di ode Dzemiihbyﬁﬁgducblhﬂé@b!ﬁb otegkstetallbrtp @hagee.or further charge
capacitor 118 and to provide current to load 119, which current returns to
| ead 114 of the transfornmer throu%h diode D3. Sinmilarly, during the other
hal f cycl e of FEEBTACLPnpEt 2vErhagetighdhcehem 06| tagecoRCs&d6Rdary | ead 114
is suffigper Skl Lth. ope econdary lead 112, diode D4 wll
conduct %gﬁggé%sﬁgeb%u%?gn?hﬁﬁygugﬁggés%gséf 116 to charge capacitor 118
and to provide current to load 119, with the capacitor and |oad currents
bei ng returneliike rhéexenordanybersdatd2deshgpaghodeode Phe Fmawihgsmay be
seen that Sach tiﬂekcurgent i S deILéfred trog1tE§ fukL mage bri dge of

di odes DIREhFahGht8<R0°05"F8 T P 6PRCT 80/ §12082 DAV S “EREZSAESut of t he

bri dge, two diode voltage drops are inposed in series with that output.
Further, since any pair of diodes conduct only when the voltage across the
secondary DETAILED DESCRIPTION OF THE PRESENT INVENTION

First referring to Figure 1, a circuit diagram for a
well known AC to DC converter using a full wave bridge
rectifier in which the present invention may be used may be
gseen. In such circuits, a transformer 110 is used to provide
DC isolation between the primary and secondary circuits and
frequently to provide an AC voltage step-up or step-down to
the full wave bridge, comprised of diodes D1, D2, D3 and D4.
When the secondary lead 112 is sufficiently positive with
respect to secondary lead 114, diode D2 will conduct through
resister 116 to charge or further charge capacitor 118 and to
provide current to load 119, which current returns to lead
114 of the transformer through diode D3. Similarly, during
the other half cycle of the AC input voltage, when the
voltage on secondary lead 114 is sufficiently positive with
respect to secondary lead 112, diode D4 will conduct to
provide current through resistor 116 to charge capacitor 118
and to provide current to load 119, with the capacitor and
load currents being returned to the secondary lead 112
through diode D1. Thus it may be seen that each time current

is delivered from the full wave bridge of diodes D1 through

8



of the transfornmer 110 exceeds the voltage across capacitor 118 by two

di ode voltage drops, it is clear that current is delivered to the output
of the bwagr4améy during a fraction of the tine, nanmel yPeh®R0131208
transforner secondary voltage is at or near a positive or negative peak.
The circuit of Figure 1 is nerelﬁ exenpl ary of the t{g of circuit in

whi ch thQ4pF@séh? PHYBHEI BF L85 RréAded FYCbElodsedO1tRESe EPPEUPES may be

char act e5ing6deas: 6l Eebia waher ehic! Becghode wblybe subbect edytoboth

positive or war negatlve rever erential voltagés across

the two dfodeodeaneonduns andyt weehuhbei vnlobkgthecdbedeths aecoadar&ylng
function % g DC or .rectifie ﬁkrent output. This is

di sti nguP5hkg® gﬁFW@ﬁtﬂ& s SXGREFEI HEhECHERPPedCFORE | SRaSFtSrdlode i's

to DFOVId@sabyVQWbaaﬁoaéfQb@ﬁﬁger65595$lye 8 ktheakorwardccerduet kan
vol tage drop characteristic of the di ode when conducting current, whether

or not tBeldvededwepP| the subpubted the hegdgpvendyf furangi al tvartages al so
when in g%ethihﬁigeéC%%ﬁghgéwggéjec§659§882§%ﬁ8%eég58ﬂd§§ b%i%bg% uherein

the diode or dio oSFtIVe an tive
di f f er enttabrvakbagaspaeiasset be degdeicenpeekions and the functlon of the
di ode or diodes is a power rectifying function to provide a DC or

rectified current out sufficient powe eve ower one_or nore
Crcuite: ConfBbt GaTEREEeRS, FHHIGS! S 00 DRVEIL: FRGUPLREd ProRtcabiPeear  ons
wherei n phecdesi:iedifupaticantat phesdhedeni,snt@onpiavidecadehgral pkevel
current output which is used or processed in a subsequent circuit not

pover ed Byethe Dlesp cisevitiedarubrefhabacparisfdt e gisguedtso WO 02/ 49116
PCT/ USOL{31208, LATRO%E LGYht BeOkublE L¥ReENBYDL! BELOYLE 1. a linear

(forward) and negative. (reverse) differential voltages across
the two diode connections and the function of the diode is a
rectifying function to provide a DC or rectified current
output. This is to be distinguished from appiications
wherein the desired function of a diode is to provide a
voltage reference responsive to the forward conduction
voltage drop characteristic of the diode when conducting
current, whether or not the diode will be subjected to
negative differential voltages also when in use. These
circuits may also be characterized as circuits wherein the
diode or diodes will be subjected to both positive and
negative differential voltages across the diode connections
and the function of the diode or diodes is a power rectifying
function to provide a DC or rectified current output of
sufficient power level to power one or more circuits
connected thereto. This is to be distinguished from
applications wherein the desired function of the diode is to
provide a signal-level current output which is used or
processed in a subsequent circuit not powered by the DC or

rectified current output of the diodes.



vol tage regulator may be used in the output in addition to snoothing
capacitor 118. Further, resistor 116, which serves as a current |imting
resi st or woay4des el i m nated as a separate circuit conponepat/user/fiaesor of
the secondary resistance of the transforner, as the transforner, in

substantially_all applications %f interest, wll be_an actual ﬂLscrete
conmponent of $Bf PREVeRETSHESt B dFESi p¥PE PREYPower F1PHEE tlhefei il Cef

particul g51{9ger 286828t REyPHESEREG kAVEALT 8itpheverergqakechhedi odes D1
t hrough D4 thensel ves, as tKe power | oss in these diodes in general serves

no desisedothingi tapanpitponllBut Farhberperebystrzalds .  umiantiegeryerer
di ssi patign_and heat, -requi.ring the _use of |arger. di , ther in
disereteaFo?nFBFrFH%e %Qﬁgangi?eSlFtngnPaYaﬁg £l mgh%ggﬁ a%h%

cui acfua I'nCreases the size

of the tgapstateaeeireqikcr edmpbaeftovhd€atbirsogxtha pewendeutput, e.g., the
power required by the |oad plus the power dissipated by the diodes. The
present FAVeRERBASI 9fdLhectEanEEOrRETy edFi £REI 6R2BELCENEdes 18nd/ or di ode

functi ons,BavLAg; how,dhedeabgiuahd;oaanfuc Lea, uakl age 19" ges anl QWriEYES Se
current [eakage, an igh tage capabilities tor use primarily in such
ci rcui t sdiandebthepmpbnenkt sfwheféinithe diedesoadesenphiet tsebjpevked to

forward and reverse bias_in use. This,is achieved in,the_present invention
t hr ough HESUEEeSF%HPonfCBﬁﬁgéFBEaFiém Org?P&EtQSeGPEeQFefﬁS%n

schemati ¢albyriBnFi guese2A apd 2Beadiobeghannehrangnhppehamneelsediveds
connected field effect devices, respectively. In accordance with the

pref err edseibedpPA¥AL dPSst he FheERt FoRJSSUER devrEad &FEVESbIPcat ed t hrough
the use gloig0ARY,8gLE 20A018L7 FABNRGELARS LR CAILY ROt g
conducti ng ﬁayer on € Substraté, and nore preferably through one or nore
speci al pabeicatkenphedbni guéshehtchregnhanag the ekecorfi dalrgelrar acteristic
of the resulting _device. Figure 2C illustrates the equival ent di ode of the

diodes, whether in discrete form or integrated circuit rorm,

and actually increases the size of the transformer required

to provide this extra power output, e.g., the power required

by the load plus the power dissipated by the diodes.

The present invention is directed to the realization of
diodes and/or diode functions having low diode forward
conduction voltage drops, low reverse current leakage, and
high voltage capabilities for use primarily in such circuits
and other circuits wherein the diodes are in fact subjected
to forward and reverse bias in use. This is achieved in the
present invention through the use of diode connected field
effect devices, shown schematically in Figures 2A and 2B as
n-channel and p-channel diode connected field effect devices,
respectively. In accordance with the preferred embodiment of
the invention, such devices are fabricated through the use of
common gate and drain connections, typically a common
conducting layer on the substrate, and more preferably
through one or more special fabrication techniques which
enhance the electrical characteristic of the resulting

device. Figure 2C illustrates the equivalent diode of the
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10 WO 02/ 49116 PCT/ USO1/ 51208 di ode connected field effect devices of
Figures 2A and 2B wth the respective anode "A" and cathode "C' term nal s.
The presavo otmaenti on i npl ements a sem conductor di ode bpCT/oR0M/I1g8a
vertical and cylindrical shaped junction field effect transistor (JFET)

havi ng a di ode connect ed 'configuration.,a vertical and cylindrical shaped
j uncti ondipge| goeneetedt farsAseEECCYFETY1RETI A HigPEge 8§nﬁ8ét8§

configuratign,j 0 diypdg gopt| dwper tiLeak nahenction field
ef f ect d@%?get%éFE§$§E%EgV§iggédgon%igﬁﬁgdeg$ggpgcaF JEE%%ﬁng%des a hi gher
channel density and can be formed using a sinpler manufacturing process.

The hi gher ciihanpkedensi iyvahtows ampéaimeohduet semdicodducsole dfiodged in
an area of silicon approxinmately . one.third of that aqf .prior. _sem caonductor
di odes hQViE@rgFﬁglQreﬁéFFSFEaﬁég.C¥ﬂé“ﬁ?éﬁ8ﬁ SEﬁBﬁﬁeﬂgﬁgﬁéPPy 6Fg§ides a
consi der gabkgc€08t 28B4 spELT QUIFRTGEhaddnanhageoden copAlaeuri ng the di ode
configured vertical JFED, the masking and manufacturing techniques

descri bedohfiignietdonst at ¥sTPacant apPpFYEAnPSACRS. Sboredo JUPLtdrpi t| ed

"METHOD AND, AP US_ECR. E F ; ; A Ri chard A.
Met zl er ?%e%gtSgégégz§r3g§6§£§?cﬁykgﬁ?n%%Fﬁg%ggsgagg§eF%h%%@tgéference can
al so be usadiporaedvneisheefestredf toaski ngdande poovidertdneeritiiced in the

present invention_than m_ght t herw se avai | abl e., process for
fabripatDHBCEﬁBBdﬁﬁﬁﬁﬁseg efﬁegﬁVégénﬁJFgﬁ@entih ea%é°§@e§€ﬁ%é@“ﬁ89ein in
rel ationyLort Rg1CHREs peeclikerab views othEhaunes 38135 and Cagunes 4A-4l.
The process forns the diode configlred vertical junction field effect
devi ce (JPEDRd Thendi edeivpikirgmpadivetuirdéab pyecesen {Ihel diegieact devi ce

can be e%ﬁ%ﬂ%gﬁlhgngg %gg&l%&sa% Qemiconductor diode to be formed in
an area of silicon approximately one third of that of prior
semiconductor diodes having similar performance. The higher
channel density provides a considerable cost and performance

advantage.

In manufacturing the diode configured vertical JFED, the
masking and manufacturing techniques described in United
States Patent Application No. 09/689,074 entitled “METHOD AND
APPARATUS FOR PATTERNING FINE DIMENSIONS” filed by Richard A.
Metzler on October 12, 2000 which is incorporated herein by
reference can also be used to reduce the cost of masking and
provide finer lines in the present invention than might

otherwige be available.

A process for fabricating embodiments of the present
invention are presented herein in relation to the cross-
sectional views of Figures 3A-3F and Figures 4A-4I. The
process forms the diode configured vertical junction field
effect device (JFED). The diode configured vertical junction
field effect device can be essentially thought of as a
cylindrical and vertical junction field effect transistor

being diode connected with common gate and drain connections.
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cylindrical and vertical junction field effect transistor being diode
connected with common gate and drain connections. 11 WD 02/49116

PCT/ USO1MO BD®116The di ode configured vertical junction fiptOuUsétiaeds devi ce
of the present invention may also be referred to as a vertical JFED

di ode. However, the present .invention i,s not a _traditional j.unction_field
cf fect | RiReRtPdr CIPETF BEEaTSEE ER opUPAEASRafEFOreRErs chndoPs SFoPfed by
a different pracess. iReEEERbRAIMAYWal BoFbaULEEe3f=dFtoChass- seetienal views
of steps to an exenplary process for fabricating the diode connected

verti cal JFERctiiodet i eHoweleact thevpeesentt haveprasandsi APENEi on are
illustrated...The_diode _connected-qr iLode fLgured ical IS

f or med u%Fﬁ&lgﬁppﬁ rpggF%188d§§?éﬁs?ng§grEgggi}%goghé&?gﬁpyggcéggg on of a
wafer. |ttt bpergrupdaisteednthgt agintikafopmnededyi Agdis fpeehor pedcaes0ss

| arger portions or an entire sem conductor wafer form ng nore diode

configured vertical JFEDs than_illustrated, Figure 3A shows_a starti%g
substrate 300R6ECETHELePOV FReFiGHSEFare 360 EARSEeSEFFiogRl views o

gal |'i um argeni de 6GaASLMp198% BRI ssl FbeoR,6ak BhdenGSkEk gabgeat her known
sem conduct or substrate. I n one enbodi nent, the substrate 300 is a silicon

subst r at echaeichgdaveirticed dpncasical figydr effretedrviTheodi theon epit axi al
| ayer is_provided in order tao .form. an.increased .. rs i r eakdown
e Rt s A e SR s

vol t age P rrent, the sl icon eprtaxial |ayer

has a rasbgkt cwhEY gofre@ppeexidatlebyeb. 1isoisraadangdiagt kiytkness cafl
approximately 3umin order to achieve a reverse bias breakdown voltage of
about foPefepitaésyol F4IUESSt Ri-8F shalePslKadi RETERETSPLi GoM2EFit axital

| ayer capghg pu&a@%g%@ @Sthaka%&hpgagaggebagsia far med rasRar hehgdkhe
processi ng of the i ode using we nown standard epitaxi al gromﬁﬁ
t echni quésrger portions or an entire semiconductor wafer forming more

diode configured vertical JFEDs than illustrated.

Figure 3A shows a starting substrate 300 of a wafer.
The substrateIBOO can be gilicon, gallium-arsenide (GaAs),
germanium, silicon-carbide (SiC), or other known
semiconductor substrate. In one embodiment, the substrate
300 is a silicon substrate having a silicon epitaxial layer
therein. The silicon epitaxial layer is provided in order to
form an increased reverse bias breakdown voltage for diode
devices. In one embodiment, the silicon epitaxial layer has
a resisitivity of approximately 1.1 ohm-cm and a thickness of
approximately 3um in order to achieve a reverse bias
breakdown voltage of about forty-five volts. Epitaxial
wafers having the silicon epitaxial layer can be purchased as
starting material, or formed as part of the processing of the

diode using well known standard epitaxial growth techniques.

In the case of an N-type gilicon substrate, the lower or
backside surface of the substrate 300 forms the cathode while
a portion of the top surface of the substrate 300 is formed

to be the anode. 1In the case of a P-type gilicon substrate,
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In the case of an N-type silicon substrate, the |ower or backside surface
of the substrate 300 forns the cathode while a portion of the top surface
of the swhavr/aties 300 is forned to be the anode. In the cREBRUSI/A2MB-type

silicon substrate, 12 WD 02/49116 PCT/US01/51208 the diode termnals are

reversed and the | ower jor _backside surface_.of,the substrate 300 forns the
anode whfPg QlﬁgFtFSﬁmlﬁﬁlﬁh@rﬁoﬁegﬁfﬁﬁéeaBﬁ LHE gﬁngrQFe §ﬁgsﬁgeforned to

be the apedgceAckhiReOxlB8r382el S00r e¥WRmaNLthBeasHlEAGR10E BhBorsUbstFate
300 in order to random ze sheet inplants which are to follow. The thin

oxi de 302fj theypprpakbyfene hindhedstbetyatangsfr ofs forsen) tinbehitékness.
Bot h of thedsheet inplants that follow require no masking by a nmask but
rather afe€°ons that are i npl anted over the entire wafer. The first sheet
inplant is to provide a good ohmc contact for the Anode region of the
vertical JFEDAdcade. oXhde Bbopstissheetni opl aht EsrdacAr sénickei npl ant at

about 3x1015 atons per cn? with an ener of . 25 KeV. _.The second sheet
i npl ant  F¥PEEBREEPABF 0LE Pﬁﬁ?&nFOaFaEBBUgéQ.6h§6501§p§FBﬁ§ Hchgcﬁﬁe

i mpl ant ed wiebh18f  eraEgy¥neh 82iKeV3odhessegpRdasnoebnel BRhARLSSELS LN
"threshol d" or pinch off voltage of the wvertical JFED diode simlar to

that of AngEETomRef(@ébPAhginowhtickRegare BBthcofipkbei sheet ampilpsts masking

of - an fepor olice h .
of ol ystTREoh o SOHBP A “6n PoBaai TRV Al RoGK: HACa83 HE0ee ot RE el of -

The pol yshbicamel ayplansedt Bedrpahkeenedrusivages.mask and areas are etched
away to form cylindrical shaped construction pedestals 304 on top of the
thin oxide 302, The cylindrical shaeed construction pedestals 304 are
approxinatelyTéelfﬁFézoﬁQeFanmﬁﬂaﬁ i ASoh& Provide a good ohmic

contact for the Anode region of the vertical JFED diode. The
first sheet implant is an Arsenic implant at about 3x10%°
atoms per cm® with an energy of 25 KeV. The second sheet
implant is a Phosphorous implant at about 2.0 x 10™® atoms per
cm® implanted with an energy of 85 Kev. The second sheet
implant sets the “threshold” or pinch off voltage of the
vertical JFED diode similar to that of a JFET.

Referring now to Figure 3B, completion of a first
masking step is illustrated. Prior to the first masking step
and etching, a layer of polysilicon is applied on top of the
thin oxide 302 across the wafer. The polysilicon layer is
then patterned using a mask and areas are etched away to form
cylindrical shaped construction pedestals 304 on top of the
thin oxide 302. The cylindrical shaped construction
pedestals 304 are approximately 0.1 microns (um) high in one
embodiment. The shape of the pedestals 304 can be any
cylindrical shape, including but not limited to, circular,
hexagonal, square, rectangular, as well as other sold shapes
such as serpentine, etc. For ease of description herein, the
cylindrical shape will be presumptively rectangular forming

rectangular cylindrical pedestals or bars formed out of the
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enbodi ment. The shape of the pedestals 304 can be any cylindrical shape,
including but not limted to, circular, hexagonal, square, rectangular, as
wel | as ov@er4wwé d shapes such as serpentine, etc. For er€BUSHI/IRESCri ption
herein, the cylindrical shape wl]l be presunptively rectangular forning

rectangular cylrndrri al gedestals or ﬁi formed out of the g 49116
PCT/ US01P817881 1681y sRrYPEon Fagere ?Pgﬁ USBrRFFEsPr SFESSaSEF %?nsg tion of

four of aoplupal atfma&areegfaegukaetaﬁ Lndyi eahlae@%taal pedlédtatiBagoare
formed across the silicon wafer. i mensi ons of he rectangul ar

cyIrndrrthhtcenstfgcmednapedestahs SQMICﬁnoWéfeenbo@hﬁedﬂmﬁﬁélapﬁr@irnately
0. 15 Lo t at ¢
nlc%ggﬁﬁégFangugar cggaﬁé%??a go%aérﬁ‘%& tﬁ;? ?ﬁég% Bgﬁ"&ﬁ gn@' ¢

of appr ons. i's~an I'merisi ons can
be al t er efibbaikent dhpat pprokihagayyad). ust mebironknihheidepl,antation | evels
in order to provide simlar device physics for a diode configured vertical

JFED. ReBPBACB1DabElYsPLLcBACharer ipshetghbdedifht 8 BL§GFPe®3C in order to
further gﬁggkhmggglg g?ﬁsﬁthgﬁéoungteﬁﬁouﬂﬁeEQ%oBBUEﬁb%tEh%%e pedestal s

304. Referring now t i gure the exploded view of region 310 of Figure
3B is il Busenateds Fhe becaangmbdr1nybpnddnoat1ouowsthuemwondpe@em@ak 304
is formed on, the sgrfac hi n_oxi subst.rat e .300.

h
Fi gures 3B 8B® {fP §PF§ éophiegﬁﬁFhéP 8?%855 |n§g8yl?ﬁeS&F%&3rcgﬁWF§&red

vertical ﬁ EDcwi £Brr 8speelet Bohi€ghieetaRgutataty lFrdr. i cakegieanstibuett on
pedest al 4 of Frgure 3C. It is understood that simlar processing occurs
ar ound eaehlepntWé pruial prplogedeyntAdFigErec8RsEPUBKEESH HOdESTalST304.

Referrlng Qg%@tehg' Eggegggagh %ﬂ?ﬁegébﬁeo%ogh%rgﬁﬂ9alﬁg§'%%deStal 304 and

a portion o he pe esta
pedestals 304.

Referring now to Figure 3C, the exploded view of region
310 of Figure 3B is illustrated. The rectangular cylindrical
construction pedestal 304 is formed on the surface of the
thin oxide 302 on the substrate 300. Figures 3D-3F
illustrate the further procegsing of the diode configured
vertical JFED with respect to the rectangular cylindrical
construction pedestal 304 of Figure 3C. It is understood
that similar processing occurs around each of the plurality

of cylindrical construction pedestals 304.

Referring now to Figure 3D, the thin oxide 302 around
the pedestal 304 and a portion of the pedestal 304 and the
substrate 300 have been etched away forming silicon trenches
308 and substrate pedestals 309. The silicon trenches 308
are around the cylindrical construction pedestals 304, the
substrate pedestals 309, and oxide disks 302’. The oxide
disks 302’ are cylindrical disk shaped portions of oxide
material of the thin oxide 302 which is sandwiched between
the cylindrical construction pedestals 304 and the substrate

pedestals 309. The substrate pedestals 309 are cylindrically
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substrate 300 have been etched away form ng silicon trenches 308 and
substrate pedestals 309. The silicon trenches 308 are around the
cylindri oabopensdé ructi on pedestals 304, the substrate pePepU&dIS13BO, and
oxi de disks 302'. The oxide disks 302" are cylindrical disk shaped

portions of oxide  material_ of the thin, oxide 302 ich is sandw ched
bet ween SFhEeéyFFWHFPEaFOCBH§tFBE?FSHCEéBESP§ﬁ§S§6 aﬁa4tEBtsHE§trate

pedest al 5530133 &g é@b%héagﬁbesgsﬁéahatéggaar@o@ygbnebps@ébyté4 WD 02/ 49116
PCT/ US01/ 51208 shaped simlar to the construction pedestals 304 but are

f or med opblvélﬁheosumsteauelnat@heabY3®OdasC@ép§§bétﬁétep@ﬁ¢§stﬁé§n
mat eri al lindrical, substrate desta S a | Ladrical top
PPRAFrEE “or b BRrardds CHoBoRd g UpBA LRBLY SAE: Shr Par®

and a cy pendlng upon eir rica shape.

This etcheptfBih§ apoReaskhvech0AnBiehal RsEarpeonmunk y esed sRepl Hiscan
processing to formtrench netal -oxide-sem conductor (MXS) transistors and
capaC|toRsaCWhﬁedéQPhEoﬁhthBI@ﬁcﬁomﬁPﬁlyhéS§Gbsﬂr&ﬂélcgﬁoprﬂﬁ?§ﬁlP§ not

Cri LT cal ol BARPLOXLIR! RLY -0 LIhET 034 BraRReopMoELy>BlanLbcden h of the

etch |nto Cthe substr ormn epth of the silicon trenches 308,
pr ef er abbyd capaespomds tmhehdepeptbfothehetshleutedthaesgbsotathe
Phosphorous shg i npl ant steE ﬁV|ousI descri eg } g th of. the etch
provi des>48eqlBLERt APeBRGI GXaFL EF ¢h*5f FPPESATFEI-“of th HFS &%Eonfy gur ed
vertical oJEERmpBafigehtng mow HepkhguretBE techl usbr ahe Bheshextestep in
the process, a boron inplantation 310 is perfornmed at the base of the

substratéOp@mé§t§h§ Q@gthhpéhtbéné@ﬂapés weschre 3881 esrisypSlvat e 300.
The boron i Iant i fu al Ly n p stal s 309,
due to sCRT ?Pﬁgd%n% r§§%d g%nak EpgcgggfkgggRgg%gégi%gc?g%at|on and
forms a Pﬁbbbusmousrsngear@m@daatcenéprpkbneooélyhdesedebeals 304 and
depth of the etch provides adequate threshold or pinch off

control of the diode configured vertical JFED.

Referring now to Figure 3E to illustrate the next step
in the process, a boron implantation 310 is performed at the
base of the substrate pedestals 309 which penetrates into the
gsilicon substrate 300. The boron implant diffuses laterally
under the substrate pedestals 309, due to scattering and
rapid thermal processing (RTP) for activation, and forms a
diffusion ring around a center line of the pedestals 304 and
309 referred to as a gate 312. The diffusion ring of the
gate 312 has a hollow cylindrical shape which encloses a
vertical channel portion 318 of the substrate 300. The
vertical channel portion of the substrate 300 is
cylindrically shaped around the center line of the pedestals
309 and may also be referred to as a cylindrical substrate
channel. This boron implant 310 (i) provides adequate
surface concentration to assure an ohmic contact to
metalization; (ii) provides a P-Type surface concentration to
support a breakdown voltage depletion region; and (iii)

laterally diffuses to provide a JFET equivalent gate to pinch
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309 referred to as a gate 312. The diffusion ring of the gate 312 has a
hol | ow cyl indrical shape which encloses a vertical channel portion 318 of
t he substw@om4800. The vertical channel portion of the spOBMUS@rE2@00 is
cylindrically shaped around the center |ine of the pedestals 309 and may

Iso be referred t i nd t ch Thi | ant
310 (1) BRovFREs HIBATAT &1 CEA At BocBREBCR Al FBASB.ACEhME n BRm o cont act

to metahhzaki @Rop( ki) iPHAYideSatePoFyPBeSHERBEEC0RERRERAE HORIEQ 3SUPpOTt
a breakdown vol tage depletion region; and (iii) laterally diffuses to

provi de andFEmeeQath@dénﬁSgé@60pow9ﬁﬁ§hb§5 wibde2/ 49T1BIPCPEDSHir81268  of f
t he current, flggaa %gﬁ ﬁgE%dcgEr%Eggﬂenggpmeen the Anode (Top silicon
8deS rg. 3.

surface of - Phe P ormed I'n and the Cathode (Silicon wafer
backsi de) during operation of each diode configured vertical JFED.
Ref erring nowrefeFirgnpendt, toheibumal 38t ephei fihhe spepesess oheform ng the

di ode configured vertical 20 are illustrated where _the remaining
porti onsPEPCERE B§d£§F§F§935E gﬁBthEOBF§ﬁu§ﬁgp¥8r56Fﬁﬁo EEGr 3¢RedtRin

oxi de 302;apechappMednand anaetahhiathgnpbayebndléraddedpefasexidesech is
used to renove the oxide formng the oxide disks 302' and wundercut the

pedestalsngonhﬁndmﬁﬂeshﬁﬁeﬂlﬁaﬁtéan|Pﬁ ohe ahyn exidrePP2r @skdual
ponS|I|con naterl prl I (o] duct,j.v e 4,
ﬁgtgF ﬁglﬁga%ﬁE% i§§%k 414 a9§88 hLVE, Eﬁé Ledhtis

preferabe ]y eposit e across fer contact to

t he exposggddt ep &am&a@esheobxhae Subﬁf&mgt ehd00xidbedésrdugbar 3h4 nakes
contact to the diffusigon ring of the P-type gate 312 and a cyllndrlcal top
surf ace B%Qeﬁﬁataté?lPﬁé?ﬁ@éﬂssﬁaé éﬁrPﬁé@roFoséﬁPaEe§roﬂlgﬁeo SuB8trate

pedesta'agggﬁﬁllhﬁ gxbhaqrEeggsaﬁﬁcaﬂrkaeer§;§ @BgorCXB'HgEb§§5a§hgﬁ

surfaces e Su strate stal s )
A conductive layer 314, preferably a metal, is then deposited

across the wafer making contact to the exposed top surfaces
of the substrate 300. The conductor 314 makes contact to the
diffusion ring of the P-type gate 312 and a cylindrical top
surface 316 and a cylindrical side surface or surfaces of the
substrate pedestals 309. The cylindrical top surface 316 and
cylindrical side surfaces of the substrate pedestals 309, but
for the P-type diffusion ring of the gate, function similar
to a drain or source region of a JFET. The bottom surface of
the substrate 300 functions similar to a source or drain
region respectively of a JFET. Note that the definition of
source and drain swaps based on voltage biasing across the
diode terminals. The conductor 314 contacting the diffusion
ring of the gate 312 and the top surface 316 and the side
surfaces of the substrate pedestals 309 provides a connection
there-between to provide the diode configuration of the diode
configured vertical JFED. In the case of the substrate 300
being an N-type of silicon and the gate 312 being P-type
diffusion, the top surface 316 contact forms the anode of the
diode. Alternatively if the substrate 300 is P-type silicon
and the gate 312 being N-type diffusion, the top surface
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for the P-type diffusion ring of the gate, function simlar to a drain or
source region of a JFET. The bottom surface of the substrate 300 functions
simlar twOa2/$awsce or drain region respectively of a JFETT/UBWmiYa268hat t he
definition of source and drain swaps based on voltage biasing across the

di ode term nals. _The_conduct or 314 onta ting the diffusion ring of the
gate 31208ﬂHa?Ee3§6pf§EWFaE €3¥8°5Rg%t he §iﬁg ganacégnéﬂgPﬁ sgbstrate

pedest al $-309-R1 O¥ABS Bnheeanest iopc1thenerbat Wweeswt erpmovhdestpe di ode
configuration of the diode configured vertical JFED. In the case of the

subst r at eudfa9cebpepfigthn Bubgprabe Eﬁﬂﬁ@bﬁlanaoﬁhéogéhétSEQlﬁepﬁgtﬁcﬁype
di ffusion, the t face 3

f h
AIternat?ggﬁylFf?gﬁ%est 8tra unggngﬁéaP-?égg ; eﬁggog% 9% E%rrgb%d312

bei ng N-type difthsbagh the toep surfaee 366V\@f02hé9éihﬁsl?§£:{:bl801/51208
contact 316 forns the cathode. In_the diqde configured vertical JFED,
there i sPPAeeFRLEURP@nYhenofrFIBKRft héasrHe EGPRatBS 5PPt RETEABS: Pafe

pedest al §h§08H§9ehbammgstﬁeeaaﬁt £hér @énl:ér' %gehxamoeyﬁeﬂaﬁeaal A
majority of the current flow i3S through top surfacé 316 of th

substratehapedésﬂaBsOBOQawhedlbdemaDdfbgaSed VérbmtaheJFSP §Qﬂfa@ea316,
the curr

nt flows {hrou e center yertical lind annel 318 of
each dio BEEBWfpﬁﬁﬁéan gpﬁl 8Wa5 ED@3§8£%ﬁm SuB%?FSn?%%rPFo Snd towards a
bott om syphaeea8d9306.t ha meuhst nal,er3fly Apoebahlhgype apylepti edal |y be
applied to the bottom surface 319 of the substrate 300 or the bottom

surface 8o haytemhernfseendké eénthet subshrabrdaeli ¢& ther PaEECFor formi ng
ccorecheett, S15 dhadBtQLaval MILEncpRULEn TRy oLhat Toe o ode
(equi val enkrfaoe SubsfbamﬁnQOQ)cmnhbbnlan piit ehratiéddei chubughulbsticat e and a
current may flow. The diode configured vertical JFEDs 320
can also be formed in a tub of silicon (equivalent to
substrate 300) within an integrated circuit substrate and a
top side surface contact can be made to the tub so that the
current in the bottom portion of the tub is drawn from the
bottom of the channel to the top side surface contacts.

Forming the vertical JFEDs in this manner allows integration

with other circuitry into an integrated circuit device.

Referring now to Figures 4A-4I, cross-sectional views of
steps to another exemplary process for fabricating the diode
connected vertical junction field effect device of the
present invention are illustrated. The steps of forming the
diode configured vertical JFED 320 illustrated in Figures 4A-
4T is similar to that of the steps illustrated in Figures 3A-
3F but that steps from the masking and manufacturing
techniques described in United States Patent Application No.
09/689,074 entitled “METHOD AND APPARATUS FOR PATTERNING FINE
DIMENSIONS” filed by Richard A. Metzler on October 12, 2000
are included. Particularly referring now to Figure 4C,

initial construction pedestals 404 are formed on top of the
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top side surface contact can be nade to the tub so that the «current in the
bottom portion of the tub is drawn fromthe bottom of the channel to the
top si de want/gmaes contacts. Formng the vertical JFEDs i nP€hiUSOmaRoser
allows integration wth other circuitry into an integrated circuit device.

Referring, now t o _Figures 4A-4l, .cross-sectional vie of _.steps to another
exenplargth08§§§ef szabFﬁéaﬁpﬁglﬁieCBPS Eucgéﬁﬁe3£§&85§#§ié§ﬁ et i on

field ef teehedeykcg Rhrbhealpbesent tha\fegbh%ia&eohl s bhatied ustiae t3f eps of
formng the diode configured vertical JFED 320 illustrated in Figures 4A-

41 is sifprarthe shapndf pedessedgs illustrated in Figures 3A- 3F but that
steps fromthe maski ng and manufacturing techniques described in United

e LT R 0, SR LB VR A s

2000 areetbabudedesPaiti, culrar Fprmefieatrbngdnoivet dnkicgalle cdGst ruaittiioal
constructign Eegestals 40 are,L%rned on toB of the 11,MD Q2/ 49116

PCT/ US01P592682 1 EhitH402Fd8e8651P¢Re 1PnPt Pal FRSREEr APPILIN35eGBs MR s 404 are
fornmed ofoaspBtgrikal other that polysilicon which is used to formthe
second pedestals. Referring nowto Figure 4D the pedestals 304', the

second pedestals, are fornmed around the initial construction pedestals 404
as described Rafersinpanent tApprovaei 6F, Nohe 094689107 ensREVSIEAORg now t o

Figure 4E, -the_init}al n LN _p st.al n ortions. .of e thin
oxi de 3o§é9 g?%iﬁn%g? aége%é%gﬁéagaﬁgy%gg %ﬂkﬁséggpgdgo%hgkfggigﬁdf%g IS
magni fi edrei stohEdgaway4bsaslilukustcatied. TRef eenting ROW tie Haguri€i4d the

next step in the process is_to etch away exposed portions of the substrate
300 to fo&PRP Figure 4F as illustrated.
Referring now to Figure 4G, the next step in the process
is to etch away exposed portions of the substrate 300 to form
the silicon trenches 308’ and the substrate pedestals 309’
around the pedestals 304’. The process steps illustrated by
Figures 4H-4I are the same as those described previously with
reference to Figures 3E-3F but with the shape of the silicon
trenches 308’ and the substrate pedestals 309’ around the
pedestals 304’ in order to form the diode configured vertical

JFED 320.

Referring now to Figure 5, a cross-sgsection of a series
of four diode configured vertical JFEDs 320A-D are
illustrated. The metal 314 can connect a plurality of diode
configured vertical JFEDs together to provide a desired

current carrying capacity.

Referring now to Figures 6A-6C, top views of exemplary
arrays of diode configured vertical JFEDs are illustrated.
In Figure 6A, the diode configured vertical JFEDs 320 are
formed using circular cylindrical pedestals. In Figure 6B,

the diode configured vertical JFEDs 320 are formed using
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the silicon trenches 308 and the substrate pedestals 309' around the
pedestal s 304'. The process steps illustrated by Figures 4H 4l are the
sanme as tWosz4descri bed previously with reference to Fi gpeBISBE131 but
with the shape of the silicon trenches 308 and the substrate pedestals

309" around the edestal s 304' | rder for e d'od .confiqured
verticalre§FEE9§%g ﬁgfﬁgPFHS ﬁX&FFarFFaargegesggiFOS Ee?ﬁ?&ﬁ ogHa series
of four dhedg;egef LeHreduyent yealk idEEDSFBBRAPoakee Eblthstr akedg The net al
314 can connect a plurality of diode configured vertical JFEDs together to

provi de hedespnea cglindnicedr pglrgtedpaci PyheRefElinAginew £83PRFur es
or T L EpubEiiel BXETELA" ¥aaBLEAYE 304 LRACS68N LHAVLEAY L] BRI DS

are illu§ ure e configured vertical 320 are
f or med uaﬁﬂge@eneubaapeylbﬁdtheaHipédesbafigutedFvgmtécaB,JFEDe diode
configured vertical JFEDs 320 are fornmed using 18 V[)02/49116

PCT/ US01/ 51208 rectan%ular of square cgllndrlcal aeggg |s. In Figure 6C,

the di ode confP§uPEACGERF: FESPS)EEDE1996CSr 51 of ned féXagonal

Cy|'”dr'Ségcﬁﬁgéatégsth&Qe&hQYHh@@ﬁb§éh §ma§e§f ean gat@sgdzfqg bhe
pedestals 304 and 304" in order to form different shapes of the diode

conflgurEdpeeduﬁéasloﬁEB@d3§ObStﬁétpré@@ssssﬁép§ Fﬁpﬁlgﬁr§§b§Ar3Feand 4A- 4
are described as _where.the diffu 0 h type
. . Enag l§u8§??at§l§ﬁﬁe HR ikB?tEé@% Lh% ggg?bgléﬁﬁ t ICUlt %E

diffusio i sTan ypeé of i'S case,
Fi gure 7Ankl Lust pamesstbaagquirvakepeceibaubt ehe Bhedeweodifdgnsiednal cross

section of the diode configured vertical JFED,320. The cross-section is
repr esenVedthyalt VERDi 3£8rs 7D SRASPOSSCEACH iEpFEBEREERGSGnEYverti cal

transi st Qponand8L8 Hoshanael odfELabhanepskabstWhbN ohBeviitikal

transistor, and are n channel JFET transistors with the first
terminal, T1l, being the anode and the second terminal, T2,
being the cathode. Figure 7B illustrates the diode
equivalent of the two dimensional circuit of Figure 7A where
two diodes 701’ and 702’ are connected in parallel together.
Figure 7C illustrates the electrical equivalent, a single
diode 720, of the three dimensional diode configured vertical

JFED 320.

While the process steps in Figures 3A-3F and 4A-41 are
described as where the diffusion ring of the gate 312 is P+
type diffusion and substrate 300 is an N type of substrate,
they may be altered by using different starting materials and
different implant or dopant materials. In this case the
diffusion types are reversed from n to p and from p to n in
the process steps previously described. Figure 8A
illustrates the equivalent circuit of the two dimensional
cross section of the diode configured vertical JFED 320
illustrated in Figure 3F with reversed type of silicon
diffusion and materials. In this case, the diffusion ring of

the gate 312 is N+ type diffusion and substrate 300 is a P
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termnal, Ti, being the anode and the second termnal, T2, being the

cathode. Figure 7B illustrates the diode equivalent of the two di nensional
circuit ofoBr/gune 7A where two diodes 701' and 702" are POTVUSCHHAS n
parall el together. Figure 7Cillustrates the electrical equivalent, a

single diode 720, of the three_di nensional diode confi ureg vertical JFED
320. Wi F¥PEhETpPUREEEasFeps IPnFEPYGReEABALEE EﬁanﬁﬁgﬁP §r 8919888 i bed as

wher e th@og'fEH%hOBeRFEQeEElhBeoHét@e§%2ch§ PrankyBeodi f fusi pncaBdne1
substrate 300 is an type of “substrate they may be altered b usi ng

di f f er endF8Fartrengisttesi and she f@rﬁteﬁéﬁmlﬂﬁbbaﬁﬂ:oﬂsd§b§n?a Péeials. In
this case

t.h diff 9
he. pr ocBU8 EPEpEGray: BEeIYTabaci Phole FlourBoRR. i FidetPafs the |

equi val emulgst@utésothéhalbu@ dguensienal ofcehestwectiimanetiohhe di ode
configured vertical JFED 320 illustrated in Flgure 3FE with reversed type
of siliceArcHiLEf asi BAJHKE fht URPEPstWPndiAfssScale, PRE 8PPfudFBn ring of

the gate y S sub 0 2/ 49116
pr Uso1rerass Ry e’ BRrElnets SPact TR it €06, SPha Trasersiars #o1 and

802, eachleepréseit enqgivadevert acaiinglandistior 82areop thannhreeJFET

Lor m nal S1refSoneR o ahiatse RPN AE oT 80T AF B0 PR APGHE 8hui val ont of

the two nggaghgnaypegerU|t of Figure 8A where two di odes 801" and 802
are connected in parallel together. Figure 8Cillustrates the electrical
equi val ent, a single diode 820, of the three dinensional diode configured
vertical JFEDRGEERTAPgered tRaféBnar PypasPlREPAEVNGEnewCEs BFEIVE 9. a

plural'tgrggsdbedgrgcgéﬁsrated by scribe channels 91 between the
diode active areas 90 on the wafer. In each diode active
area 90 are a plurality of diode configured vertical JFEDs
320. Edge termination of the diode active areas in the
scribe channels 91 can be provided through several
semiconductor device terminations including the tapered
termination of U.S. Patent No. 5,825,079 entitled
“Semiconductor diodes having low forward conduction voltage
drop and low reverse current leakage” filed by Richard A.
Metzler and Vladimir Rodov on January 23, 1997 or the mesa
termination described in U.S. Patent Application No.
09/395,722 entitled “Method and Apparatus for Termination of
Semiconductor Devices” filed by Richard Metzler on September
14, 1999. Additionally, single or multiple normal ring
terminations which are well known can be used; or, voltage
permitting, a simple guard ring integral with the device

active diffusions can be used.

Referring now to Figure 10, the schematic equivalent of
the diode active area 90 having multiple diodes 720, each
representing a diode configured vertical JFED 320, connected

in parallel together. Adding the current capability of each
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areas 90 are separated by scribe channels 91 between the diode active
areas 90 on the wafer. In each diode active area 90 are a plurality of

di ode comMogusmds vertical JFEDs 320. Edge term nation of P€hEsaizedes acti ve
areas in the scribe channels 91 can be provided through several

sem conduct Qr device termnations including the tapered termnation of

U S, Pat®n(-ho. LS eI BRI M - S LRI GO othS TRRITI Tow
forward jepRgductiien voldager drofiand 10w reweis eervdentcd eakage” filed by
Richard A = Metzler angél Vi ardi mr Rodov on January 23, 1997 orﬁfg%e nesa

t er m natdegelddsidny bed b iU Sidanatand Agpit dhiswsh N s999305 IneXdeed it ed
"Met hod and, Appar.atus for_ Term.nation Q 1 C ct or vices" filed by
Ri chard qdzﬁ e catolhvG‘See’lﬁiee‘—’lr’ﬁ)e9(rad St %J’Adﬁﬁrpll oo%érﬂryé,o%lf ng‘?ier?%rsrrlmvf%i pl e

nor mal rifgricherdrinat igsh Widihyate weldoden ot oen de=disedl;cat, vol tage
permtting, a sinple guard ring_integral_wth the device actjve diffusions
can be WEH-aiReftdiIGusRIHOWE o FHglirBIat, d9te IR RVt et of the
di ode acJtE;'c]fjfgs afa 90 having multiple diodes 720, each representing a diode
configured vertical JFED 320, connected in parallel together. Adding the
current capability of each 20 WD 02/49116 PCT/ US01/ 51208 of the di ode
confi gured vétitilc atesiRl dovides Q20rasvhmanaellity paf diheldiedret hdre
results in a large current carryi,ng . c ility., 1t i nder st ood t hat
there ar Orswea&ffe@fla%ﬁﬁﬁm:r ed i Ctaf%?rll vogfpgtr fas 9u°on Oafs\/\% Oe% with only four
bei ng Sh@WMFidurdd gréize: ha FAHEDNG M detall cldiznte eaip Ml aledpHaTrAL contain
t housands of 1 ndividual diode configured vertical JFEDs 320. Wth respect
to the dgs&ieapability of the diode, the forward current is a function
of the nunber of diode

With respect to the threshold voltage, by appropriately

selecting the dopants, their concentrations, and other
materials and dimensions for fabrication of the diode
configured vertical JFED, the channel regions may be made to
just conduct at substantially zero forward bias across the
anode and cathode. Thus, in true rectifying applications
such as in power supplies and the like, the present invention
results in reduced power consumption and heating in the
rectifying devices, and greater overall efficiency of the

resulting circuits.

With respect to the reverse bias breakdown voltage of
the diode configured vertical JFED 320, a reverse bias
voltage appears between the gate 312 and the substrate 300
causing the channel 318 to be pinched off and a depletion
region to form in-the substrate 300. The electric field
lines of the reverse bias voltage are substantially planar
around the diode configured vertical JFED due to the
longitudinal shape of the diffusion for the gate 312 and the
very small dimensions of the pedestals. This planar field
effect increases the reverse breakdown voltage capability.

To increase the reverse bias breakdown voltage further, it is
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configured vertical JFEDs 320 which are coupled in parallel together. Wth
respect to the threshold voltage, by appropriately selecting the dopants,
t hei r corwent/a|té ons, and other materials and di nensi onsP€DUSézIRISCat | ON
of the diode <configured vertical JFED, the channel regions nay be nade to

just conduct at_ substanti all ero forwar ias across the anpde and
cat hode.de.ﬁ?dgé}b%% % J@?Eécﬁkf%/ﬁa@ctdﬁpcf :A%a?d%cg : N&R, CHEERLFIE p%‘?/\gr suppl i es
and the ke, d1he, Anesente 1 Ve @ hg ras Ubd S5 hilt RIS ch PONBFi £QNSUNDL i on

and heating in the rectifying devices, and greater overall efficiency of
the resulttimal cineuilt f Wuivatspredaean ehrchrierkieebi dsenioakidbsm vol t age

of the di.ode, configured vertical, J 0 i V. e appears
bet ween & lendcgsatseu?i%%n% t%%v%%%s%?lg@%‘%oon gré%ag%lﬁ%ﬁ h%é]gﬁ%%nngﬁ%%S to be

pi nched oof f and a depletion region to formin-the substrate 300. The

electric field lines of the reverse bias voltage are substantially planar
around the diode confjgured vertical JFED due to th | ongi t udi nal shape of
the diffusi ont® Gl fatReBABCEH IR Hehe VR eI g YHof t he

pedest al o3 Pl A0 add Ghdk e Sfd BE ladDGREATESs LS & BYEF SEobFIRakdpyn
vol tage capability. To increase the reverse bias breakdown voltage further,

it is 2isWo 0¥ 4918l POVaIg8/ 508 thesidemt ef toatkeap ohesedetti¢c field

| i nes straight .and rall with little crowdin t pn junctions and
havi ng aaﬁﬁ%ﬁ%ﬁvea%%?“b‘%Séual’r\llcl;a]t%lf%cerlsé%?s eJ}A%C?% (?C? ierd t e?ljrlr?tnati on

poi nt's st Jasotte Havd er 167 41 L1ed | o dedde d hBos Ctlidige | dnesthdd. stapsertain
instances in the foregoing description, certain alternate materials and
met hods Merdis@raeepss of tfabrication or in the resulting diode

devices are excluded from use in the present invention. To
the contrary, steps and materials other than those set out
herein will be obvious to those skilled in the art. Thus
while the present invention has been disclosed and described
with respect to certain preferred embodiments, it will be
understood to those skilled in the art that the present
invention diodes and methods of fabricating the same may be
varied without departing from the spirit and scope of the

invention.

22



is to be noted however, that the identification of specific alternative
materials and processes is not to infer that still other materials and
processewdor4dino®se or other steps in the process of fabpCTaséeesr in the
resulting diode devices are excluded fromuse in the present invention. To
the contrary, steps and materials other than those set out herein wll be
obvious to those skilled in the art. Thus while the present invention has
been di scl osed and described wth r to certain preferred

enbodi nents, it will be wunderstood se skilled in the art that the
present invention diodes and nethods of fabricating the same nmay be

varied w thout departing fromthe spirit and scope of the invention. 22 WO
02/ 49116wRet/ US0&1 512688 i€:AIMS What is clainmed is: 1. A diode conprising:
a cylindrical vertical junction field effect device (JFED) in a diode
configuration including, a substrate of a first conductivity type having a
bottom surfa&e ang a.tgg surface.including a cylindrical pedestal having
a cylindrical “si de™aftd°d=cyPI"RUrFFeaF *t op surface, a ring shaped diffusion

region of a sgcepdisardueli vekyichypguatttibe BasedokrEbetcykindei cal
pedestal around a center line of the cylindrical pedestal, and a first
conduct i V8FERyeinop Ehedeoporfiigugatapnt hBClEgingdri cal pedestal coupling

oot 1, e 5y BpAPAAEY . fustap Ceguan.af, e, hadsienl LoBcsifsce
t he bottenrfauef and &orop aucd@bbedenofiutihegdeodgliaddical pedestal
having a cylindrical side and a cylindrical top surface,
a ring shaped diffusion region of a second conductivity
type at the base of the cylindrical pedestal around a center
line of the cylindrical pedestal, and
a first conductive layer on the top surface of the

cylindrical pedestal coupling together the ring shaped

diffusion region and the cylindrical top surface.

2. The diode of claim 1, wherein,

the substrate is an n-type silicon and the bottom
surface formg a cathode of the diode, and

the ring shaped diffusion region is a p-type diffusion

and the first conductive layer is an anode of the diode.

3. The dicde of claim 1, wherein,

the substrate is a p-type silicon and the bottom surface
forms an anode of the diode, and

the ring shaped diffusion region is an n-type diffusion

and the first conductive layer is a cathode of the diode.
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the ring shaped diffusion region is a p-type diffusion and the first
conductive |l ayer is an anode of the diode. 3. The diode of claiml,
wherei n, whezsubstrate is a p-type silicon and the bottonPeDUB@cH208f or N5 an
anode of the diode, and the ring shaped diffusion region is an n-type
diffusion and the first conductive layer is a cathode of the diode. 23 WO
02/ 49116 PCT/ #4801/ Bheogiode Fheclpbtelof WePEFHRL, wherein, the ring shaped

di ffusion regj e ek _in.the S . The
i ode of ol a Y, Fonar efafapraf el LN koble 2oaR LR b e e
channel . chénndheidi ode setibstaate5, wherein, the cylindrical top surface is
a source/drain of the cylindrical vertical junction field effect device,
and the cylindrical gate is coupled to the source/drain to provide the

di ode configu atior%]h 7...The d%odﬁ of Iaig1% .wWherein, the first
conducti ve Ia%er i SPfedhPIS 8T FHhaLli 66eVBF e R m 1, wherein, the first

conductive | aype §gtasia bi e§tiharitaal gatet AeoutiogreasHahhelcylindri cal
vertical junction field effect device JFED) further includes, a second

conductive |layer coupled to the bottom surface of the substrate, the
second conductive layer tqQ forma ,second term nal of the diode. 9. A diode
devi ce provi dfng. aTBRedd@geePECELPER SvalPerShBt wveen an anode terminal and

a cathode terpjpaly) tR8rdh9decofexlic@a68MPEI 81 BSurce/drain of the
cylindrical vertical junction field effect device, and
the cylindrical gate is coupled to the source/drain to

provide the diode configuration.

7. The diode of claim 1, wherein,

the first conductive layer is metal.

8. The diode of claim 1, wherein,

the first conductive layer forms a first terminal of the
diode and

the cylindrical vertical junction field effect device
(JFED) further includes,

a second conductive layer coupled to the bottom surface
of the substrate, the second conductive layer to form a

second terminal of the diode.

9. A diode device providing a one way electrical valve
between an anode terminal and a cathode terminal, the diode
device comprising:

one or more diode active regiong having anodes
coupled in parallel together for the anode terminal and
cathodes coupled in parallel together for the cathode

terminal, each diode active region including,
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one or nore diode active regions having anodes coupled in parallel
together for the anode term nal and cathodes coupled in parallel together
for the owdbwdaie term nal, each di ode active region incl uBCTgS01242080

02/ 49116 PCT/ US01/ 51208 a plurality of diode connected vertical cylindrical

junction field effect_devices, each including a_substrate haying a
surface and a bot t BrPEHFRPALEY’ RgtﬁladEyFPHHFgEﬁﬁ B@HE%F&ﬁ &t é ﬁ

the top %HﬁEéE@n f@e@HfE§§b96 Be09ckR, t Bacaubsthakenat a base of the
cylindrical pedestal formng a cylindrical substrate channel between the
top surface amdstthetbeteohevinbaeetop shnrzfasgbsndapeboandm gusdadecti ve

| ayer cou | i.ndric destal a t be di Si get her;
and, g%bcg Eln |o% Fgﬁﬁgagac ke a%ﬁg gﬁgﬁogkﬁokgg gh%%e active
regi ons to teamimafas@aﬁhrdhgdenachbveubegrane 30. aThesdi odetttevi ce of

claim9, wherein, the substrate is an n- ti pe silicon and the bottom
surface FyrihBdaicathBAESEEMLNECHTGBE BeGYeendangalh8UlPtrasforPIRGLi s a

p-type dbggwééﬂntﬁ?thg.su%?geécﬁh&eth@yBBtt%maQu§@9@% gk the diode. 1L

The di ode device of claim wherein, the substrate is a p-type silicon and
t he bott enbstirbaee ahduns an anode of the diode device, and the diffusion
ring is an n- tyE g u5|o and the 1condggtlve l.ayer. ﬁ a ath%ﬁe o%_the
di ode. 12. A fefRB4" lﬁﬁn PHEEUFPHELATHI GBE HEViRETAEH ng LS Prs A

term nal capdgarsgeond tenm RaberhBe;nethod conprising: providing a

substrate and formng a plurality of
and,

rom

a device termination around each of the one or more

diode active regions to terminate each diode active region.

10. The diode device of claim 9, wherein,

the substrate is an n-type silicon and the bottom
surface forms a cathode of the diode device, and

the diffusion ring is a p-type diffusion and the

conductive layer is an anode of the diode.

11. The diode device of claim 9, wherein,

the substrate is a p-type silicon and the bottom surface
forms an anode of the diode device, and

the diffusion ring is an n-type diffusion and the

conductive layer is a cathode of the diode.

12. A method of manufacturing a diode device having a
first terminal and a second terminal, the method comprising:

providing a substrate and forming a plurality of
cylindrical substrate pedestals out of a top surface of the
substrate;

forming rings of diffusion around a centerline and at a

base of the cylindrical substrate pedestals; and
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cylindrical substrate pedestals out of a top surface of the substrate,;
formng rings of diffusion around a centerline and at a base of the
cylindri oadozuhse rat e pedestals; and 25 WO 02/ 49116 PCT/ UBOWAS@MZA308 f or m ng
a netal |ayer on the top surface of the substrate to connect the

cylindrical substrate pedes&als and th rings of dlffuil%ﬂ_together. 13
The nethod of tRERUNEcRuPPhElal8Y5He Bel'Eet8P EHAFARFE1S &rein, the

forning QﬁbEBEaEEUEé|bBﬁn@Etcihbn€9&§ﬁ&r§HQ§tééb@trﬁ%éeébab%tamg ahgt he top
surface of the substrate includes “etching a plurality of trenches into the

subst r at ehar oindsacpl didfueyjoof tegethdri cal construction pedestals. 14. The
nmet hod of manufacturing a diode device of claim 13, wherein, the plurality
of cylindrical construction pedestals are fornmed on a thin oxi de on the

Lop surface of;lnergUbRLEALE BY mgﬁﬁegtttggﬁg Lauebaal gaolvs! Lecan ,3pd

etching away portions romleavin Iura Ity of cylindrica
constructiponwhpedeatal s i ntact. 15. The nethod of nanufacturlng a di ode
device of claim 12, wherein, the_rin n.su | indrica

S
Cobstrate CchbiReforminonerabherptiralordt nl CyITnar:car SUBSEFLES

pedestal §e3dBraTBecBt BEd Lok EEﬁUEQQEHEéntatHEOQQbQE!h%% QEth@b%‘ 12,
wherein,"the rings of diffusion are forned by inplanting dopants into the

top surface oetthengubspiarelatyt hé basacbest hatocyhengibsiirasgbst r at e

pedeStalsround a plurality of cylindrical construction pedestals.

14. The method of manufacturing a diode device of claim
13, wherein,

the plurality of cylindrical construction pedestals are
formed on a thin oxide on the top surface of the substrate by
depositing a layer of polysilicon and etching away portions
there-from leaving the plurality of cylindrical construction

pedestals intact.

15. The method of manufacturing a diode device of claim
12, wherein,

the rings of diffusion surround cylindrical substrate
channels in the centerline of the cylindrical substrate

pedestals.

16. The method of manufacturing a diode device of claim
12, wherein,

the rings of diffusion are formed by implanting dopants
into the top surface of the substrate at the base of the

cylindrical substrate pedestals.
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26 WO 02/ 49116 PCT/USOLl/ 51208 17. The method of manufacturing a diode
device of claim 16, wherein, the rings of diffusion diffuse |aterally due
to scattveoorgpiand rapid thermal processing for activati oPrCT/U801/5ik@ et hod
of manufacturing a diode device of claim 12, wherein, the rings of
diffusion are fornmed by diffusing dogants .into the tog surfac% o£ t he
substrate at tRe baBe BetPAE CEyPPRUFPEENTLDBsEr dte9Pede¥taPsOl1612F e
met hod of naﬂﬂggggﬁring a di ode device of claim 12, wherein, the top
surface of "the subsfrate are sources/drains, the rings of diffusion are
gates, and t hehboringesaffdtéfogioheditlibser hoecupdlurditastsources of a

plurality of, diode _cqnfigured vertical cylindrical Lunction field effect
devices.gﬁ@%t?ﬁénﬁe?ﬁgdrgglﬁagﬂ?ﬁg?%r ﬁacas o e% gv%églgﬁggP%fn1 12,
wherein, the substrate is n-type silicon and the dopants are p- type
dopants formng p-type rings of diffusion. 21. The method of manufacturing
a di ode devi cesof tThai metROd whemehufatherbott andsadéadevaotet b€ siibhimon
substrate is a cathode and the netal |ayer is an anode of the diode

devi ce. 2% \W103F48116 PCT/ USO1/51208 22. The method of manufacturing a

di ode device eﬁe0£§h§b 42, qveergiBn Lhe sybstaabe BerPukyRg &bbhees and the
dopants are n- type dopants formng n-type rings of diffusion.
into the top surface of the substrate at the base of the

cylindrical substrate pedestals.

19. The method of manufacturing a diode device of claim
12, wherein,

the top surface of the substrate are sources/drains, the
rings of diffusion are gates, and the bottom surface of the
substrate are drains/sources of a plurality of diode
configured vertical cylindrical junction field effect

devices.

20. The method of manufacturing a diode device of claim
12, wherein,
the substrate is n-type silicon and the dopants are p-

type dopants forming p-type rings of diffusion.

21. The method of manufacturing a diode device of claim
20, wherein,
the bottom surface of the silicon substrate is a cathode

and the metal layer is an anode of the diode device.
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23. The nethod of manufacturing a diode device of claim 22, wherein, the
bottom surface of the substrate is an anode and the netal layer is a
cat hode oWovhe1dé ode device. 24. A nmethod of nanufact uri nBCHUVIGI208devi ce
having a first terminal and a second termnal in an integrated circuit,
t he nmet hod co r|5|ng Iinform atub_into u f the |nte rat ed

u

n bs
circuit; fornf THE umgrheg gf @9?FEG?FEﬁFnSeGeéFS € B6V16F 9f £4B 8Burface

of the ty@ %gégbpg rings of diffusion around a centerline and at a base
of the cylindrical pedestals; and formng a first metal connection to
connect the C9E|ﬁdbsbaatpedespatzpandllheonlﬁgé bheddbpasienaregether as

he fi d_of f ing.a di ode device of clai
24, 1 ur t REPSCORBRTSPndo PORH g & S cbbRAnBE ol EbRAEEE on to connect 0 &

bottom portion of the tub on the top surface as the second termnal. 26.
The net hod of manufacturing a diode device of claim 24, wherein, the
form ng of the3plurati hytbhbdcygfimdnucattpedagt al dioddat defritbeofoplatitif ace
of the tub |ncludes 28 WO 02/ 49116 PCT/ US01/51208 etching a plurality of
trenches?fnt ¥2fR8 Pub around a plurality of cylindrical construction

pedestal s. 27¢nIhgopebRodupt-mBNYEachur EiBsBrdt8desdgni 88088 ghal Fhe?4,
wherein, the plurality of cylindrical construction pedestals are forned on

a thin oxeételohayae ispasgathedeopft bbetdbolg device.

24. A method of manufacturing a diode device having a
first terminal and a second terminal in an integrated
circuit, the method comprising:

forming a tub into a substrate of the integrated
circuit;

forming a plurality of cylindrical pedestals out of a
top surface of the tub;

forming rings of diffusion around a centerline and at a
base of the cylindrical pedestals; and

forming a first metal connection to connect the
cylindrical pedestals and the rings of diffusion together as

the first terminal.

25. The method of manufacturing a diode device of claim
24, further comprising:
forming a second metal connection to connect to a bottom

portion of the tub on the top surface as the second terminal.

26. The method of manufacturing a diode device of claim
24, wherein,
the forming of the plurality of cylindrical pedestals

out of the top surface of the tub includes
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depositing a layer of polysilicon and etching away portions there-from

| eaving the plurality of cylindrical construction pedestals intact. 28.
The net hodo of/49meuf act uri ng a di ode device of claim 24, mwUsivgi2ashe ri ngs
of diffusion surround cylindrical channels in the centerline of the

cylindrical pedestals. 29. The nmethod of panufacturjng a di ode device of
claim 24, whekehingtAcP+PRYSIBY aff FLSReResr aRF6r FBE bYPi APPHREI Ag dopant s

i nto theﬁ%gﬁ%gy%$aﬁgng§1aﬂﬁr&egla&ohgereéﬁﬁpﬁfpea@staxgtndrical pedestal s.

30. The acturing a diode device of claim 29, wherein, the
rings of diffusion diffuse laterally due to scattering and rapid thermnal
processing for activation. 31. The nethod of manufacturing a di ode device
of claim 24,2Wher8ha, mehbodi afsmenudpfiusisg ardipdendavbgedPEs GrAH
dopant s 2£ntoh%£§.top surface of the tub at the base of the cylindrical
pedestals.’Z@ 02149116 PCT/ US01/51208 32. A diode in an i nt egrated
circuit substthéepleoapitgi 66: caliybichdailcabnyerticeabnj padeconlki alvd ef f ect
devi ce %JFED) in a diode configuration including, a tub of a first
conduct i ¥P¥YedypR Pabihp axboet 8t ther EPBnSHRE2ESt 8p EBRf 5B P¥cl uding a

Cy|indri8éon§9§ﬁ%a£ 1Qg¥£n8f?p8¥§EﬂQiEgﬁlaﬁEd@téHQné sybingdhi-eabnkop
surface, a ring shaped diffusion region of a second conductivity type at
t he basetbéréehéroyl Lagvingl thededtablarpund avééndeical construction

pedestals intact.

28. The method of manufacturing a diode device of claim
24, wherein,
the rings of diffusion surround cylindrical channels in

the centerline of the cylindrical pedestals.

29. The method of manufacturing a diode device of claim
24, wherein,

the rings of diffusion are formed by implanting dopants
into the top surface of the tub at the base of the

cylindrical pedestals.

30. The method of manufacturing a diode device of claim
29, wherein,
the rings of diffusion diffuse laterally due to

scattering and rapid thermal processing for activation.

31. The method of manufacturing a diode device of claim
24, wherein,

the rings of diffusion are formed by diffusing dopants
into the top surface of the tub at the base of the

cylindrical pedestals.
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| ine of the cylindrical pedestal, and a first connection on the top surface
of the cylindrical pedestal coupling together the ring shaped diffusion
region awvaoriaieylindrical top surface. 33. The di ode of pcT/ason32(8
wherein, the cylindrical vertical junction field effect device (JFED)

further includes a second connection to cquple to the bottom portion of
the tub in it%ztopAsg??gﬁe?n3ﬁ? ?ﬂ568¥6ﬁﬁgoglﬁ?ﬁ?ﬁ1%%?Sﬁﬁﬁngn, the tub is

an n-typgoghligpfigand the second connection is a cathode of the diode, and
the ring shaped diffusion region is a p-type diffusion and the first
connection isaasyhindeictlterticdé. j@actIne fHieldd eofferhi Aegdcewnerein,

the tub i -type sili.con and the second connection is an anode of the
di ode, aﬁgFg%g }¥n% éh%%%dcaP?%%gF%El %g%%ﬁngl% "n-type diffusion and the

first connectiopubsof gathede ebnshetdiroge. t3pe VR 02A494160PEFHMUSO1/ 51208
36. The diode of claim 32, wherein, the ring shaped diffusion region forns
a gate aPeURECA 2BRaANEPP| AUrhaceubnciydinged drBHeneriepai RPS6StRber ei n,
the gatepls:ascyli Lgal tg,8L04Rg Lhe, ehagpel.q herdigde of claim
37, mher%%ﬁ?ﬁ?h% %3??%%?#83? %égésgrga%egyg gasou?ce?g?a%n og t he
cylindrical vertival shapetli dnffuelidnefégitondeli geseanddt hendybindityal gate

s coupl ed Lo he, sout cel dralp g, provide, the,gipde gonfiguratign. 39, The

line of the cylindrical pedestal, and
a first connection on the top surface of the cylindrical
pedestal coupling together the ring shaped diffusion region

and the cylindrical top surface.

33. The diode of claim 32, wherein,

the cylindrical vertical junction field effect device
(JFED) further includes

a second connection to couple to the bottom portion of

the tub in its top surface.

34, The diode of claim 33, wherein,

the tub is an n-type silicon and the second connection
is a cathode of the diode, and

the ring shaped diffusion region is a p-type diffusion

and the first connection is an anode of the diode.

35. The diode of c¢laim 33, wherein,

the tub is a p-type silicon and the second connection is
an anode of the diode, and

the ring shaped diffusion region is an n-type diffusion

and the first connection is a cathode of the diode.
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the first connection is netal. 31

WO 02/49116 PCT/US01/51208

36. The diode of claim 32, wherein,
the ring shaped diffusion region forms a gate around a

channel in the tub.

37. The diode of claim 36, wherein,

the gate is a cylindrical gate around the channel.

38. The diode of claim 37, wherein,

the cylindrical top surface is a source/drain of the
cylindrical vertical junction field effect device, and

the cylindrical gate is coupled to the source/drain to

provide the diode configuration.

39. The diode of claim 32, wherein,

the first connection is metal.
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