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SEM CONDUCTOR DI ODES BACKGROUND OF THE | NVENTI ON 1. El@yﬁ06ﬁ phe~Ivent i on
The present invention generally relates to sem conductor devices and
fabricati Mookdye sane. The present invention nore par PCTUBeYIH§8r el at es
to sem conductor diodes and their nethods of fabrication. 2. Background

I nformati on Sem conductor devices of various kinds areéﬁgg% known in the
prior art. Because VERTISAJsdTALNPEADECRILEFRN JSIRLP EF nduct or di odes
and how they are fabricated, e Hopgsection will be

sem conduct or di odes. Senicon%%%%%r dléresIgre iidely used in electronic

circuits for various purpEReKGROWDDOFNEHR BIVENEEOMf such seni conduct or
di odes is to provide conduction of current in a forward direction in

response to a forwar | t age 9L§8n and to block conduction of current in
the reverke diEi&i§Z§$lg$9—3§¥§eﬁse—to a reverse voltage bias. This
rectifying function is widely used in such circuits as power supplies of
various ki ndsti@s ﬁ&ééeﬁtsibwemnmpnogheer@lkrtEQﬁﬁﬁgﬁﬂﬁQ:@ﬁF§P°PﬁuF§ﬁFcal
sem conduct or di odes, _conduction i.n_the r | feehiton kehted to

| eakage cﬁﬁvéﬂ?sv%ﬂ%é§ﬁﬁﬁﬁq tophgtt b ﬁa?%&gbrﬁgg% :{as Fégﬁﬁggkgéh
character&g;écpgggi@hjéylytﬁyiatagttoubamit@mdumﬁonndﬁqdﬁﬂﬁﬁﬁﬂoﬁhééVice. By
way of exanple, silicon pn junction diodes don't conduct significantly
until themebhodsdobi BBPRIGAAAGEis at | east approximately 0.7 volts. Many
silicon Schottky di odes, because of the characteristics of the Schottky

barrier, gan Begkgréend Mitherinaatidnoner vol tages, such as 0.4 volts. 1
i i /1 NW |

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.

gemiconductor diodes are widely used in electronic
circuits for 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.

In typical semiconductor diodes, conduction in the
forward direction is limited to leakage current values until
the forward voltage bias reaches a characteristic value for
the particular type of semiconductor device. By way of
example, silicon pn junction diodes don't conduct
significantly until the forward bias voltage is at least
approximately 0.7 volts. Many gilicon Schottky diodes,
because of the characteristics of the Schottky barrier, can

begin to conduct at lower voltages, such as 0.4 volts.
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*ACTI ONF * 166166* WD 02/ 095835 PCT/ US02/ 14848 Germani um pn junction di odes
have a forward conduction voltage drop of approximately 0.3 volts at room
tenperature. However, the same are currently only rarely used, not only
because ofyd joksss nconpatibility with silicon integratedPCTURENIN4848
fabrication, but also even as a discrete device because of tenperature
sensitivity and ot her .undesirable [f}c?.l’ act erf' stic the[igg iohn sone

c
appl i cat iGFENAREHES AMBCELRR AHAeDARRid TOFRRE P VPRG chaPact eri sti cs,

but rat hef, 10, Re AloppY¥E hpp¥exinatBser. St st atprovindectberature.
characteristi¢c forward conduction voltage drop. _For instan

e, Ln
i nt egr at dibwevenuithe, SamgdaLEe oFUEFRtel ¥ SiHaC tedetYalst oP?EaPBiyf requent|y

used to FEé)é’%xfé‘e & UhaLd; GOBHYEE 119M M) hadth GHOBconUbstascheklly equal to
the base-emtter voltage of another transistor in the circuit. Wile
certain enbocliiterfiaprifcathon, ppetents¢ rRkaT iadh anhiscrgdeuseVithCcircuits of
this general kin such LS s 2 D | | I . In

cirout't s BEFRIEL (SUCARECRF b e P g SREEF, MiResizeset |
sem condush£racierdiag ictshehtpewird conduction voltage drop of the diode is
usual |y a substantiial disadvantage. By way of specific exanple, in a DCto

DC step-down converter, .a transfor | I cald S N a
sem conduct or S TIF @85’%?’8#%811%5/ ﬁé%%%r%%e?iu%%g ¥1€§n?g’g}l\1%§r%§i&s used to
peri odi catdyt LHANERSE ichardcdestohhest e raphemty b elvaysaforyper with a

o ther  URORGh % (Fode POPVELE VREH MPHp ot aRtey a2 or - through’

ei t her fying aracteristics, or through
anot her seshaeRMoLEH Glol¥egkcrophe Eont imddacejariresnteigraded: he duty cycl e
or the frequency of the primary connectiﬁw to the power _source as required

to maint GhrewiLs dekiaded 8kt FiPA oFPRRCt Y AN ESRFuAES switch is used

to 2 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 circuits 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 disconnect the
primary of the transformer with a DC power source. The
secondary voltage is connected to a converter output, either
through a diode for its rectifying characteristics, or
through another semiconductor switch. The controller varies
either the duty éycle or the frequency of the primary
connection to the power source as required to maintain the

desired output voltage. If a semiconductor switch is used to *



WO 02/ 095835 PCT/ US02/ 14848 connect the secondary to the output, the
operation of this second switch is also controlled by the controller. Use
of a sem conductor switch to couple the secondary to the output has the
advant agewaf 02m935y | ow forward conduction voltage dropPCTRSMHS8as t he
di sadvant age of requiring careful control throughout the operating
tenperature range of the converter to maintain the effi %i ejn_cgh% t he
energy coanecsr theoReserAary £8 e iHEYF e SREYEFE™ C6m eoRduct or

di ode for L% RUARA%E 1898 kBCCaRARIRGe 1O tifd idBmtatdlngzthe need f or
control &FE Secon ary swtch, but has the di sadvantage of inposing the
forward conduction voltage drop of the sem conductor  di ode 05 theto
secondary ci Us¢ of Wi%%&@néﬂcF%SQW%W\)ﬁ?f%iéﬁ i §FCCHF8advant ages.

First, thefeiard saadvell aavuatigecsiaprly 1d membranduntioct donde

device can s y reduce the efficiency of the cqnverter. For
i nst ance voltwsere idroegr dhedghchpsuthe @bPAHARLAER P FeOEEREr systenms are

designed to erate _usi | o] 5%;@&; i Y |ﬁ.éﬁ%’§¢, rsrehrasgd. 8fvol ts,
3 volts é:r‘?dfef‘o \?&r’t%g.oal %gltr gl\égégg %\ﬁéa vo‘ﬁ %ower suappl y, the
i Nposi t i hedicomvrterolto serinésinothagef Biopemearaf thhe enefgYconverter is

in effect operati into,a 3.7 volt lo t : Ita tjng the efficiency
of the coiPaREST &gog\l%rlg@g tBe?S?%néﬁ%'r 2@?‘%%4 I%Es;ales are considered.
Second, tdgnieidridiceyy diese descehbedpabpose rieps esentasiventparect] oss in the
di ode, resulting in the heat] t her eof his limts : r nversi on
capabi | i t8l igFingating ddisatsed E%FCEPPtEﬂ\v%gt%rs,e ?ﬂfga}ﬂ; %nl%%\g%pfaﬁgat i ons
requires ghe yse gifa fritsgeclos dinpdeing eileqficiwansd zmnduntrieasi ng t he

overall circuit size and cost. Another conponly used circuit for ACto DC
conver si ofolitage frarlaf dfe S9MiggBAREERY f FLPAf TR} cﬁﬁﬁﬂn&?@'o t he

secondary, W nding ofy, B HANSHONTREL NB¥bNEetPea@bstt@itidiner eof 3

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 lowexr 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.

Second, the efficiency loss described above represents a
power loss in the diode, resulting in the heating thereof.
This limits the power conversion capability of an integrated
circuit converter, and in many applications requires the use
of a discrete diode of adequate size, increasing the overall

circuit size and cost.

Another commonly used circuit for AC to DC conversion is
the full wave bridge rectifier usually coupled to the

secondary winding of a transformer having the primary thereof
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WO 02/ 095835 PCT/ US02/ 14848 driven by the AC power source. Here two diode
vol tage drops are inposed on the peak DC output, naking the circuit
particularly inefficient using conventional diodes, and increasing the

heat geneéﬁéhg&ﬁgﬁ the circuit requiring dissipation thpopgbodiasge

di screte I'ceésS, heat dissipating structures, etc. depending on the DC
power to be provided. Therefore, it would be highly advantageous to have a
senm condugt predligge W gowelrowohincwar demmdnet iddodeovpdgade ddeRPs or use

as a rectifying element in circuits wherein the ode.wi | l,be subjected to
both forware bmepsad ansdhs peaky, BFt QYERUY ¢ mlﬁnﬁeqth% t‘e"fL\érrﬁgLH%\hi le such a

di ode mypg#ggcm%yai ArgatiicaRs ubingi SekRire Al dibdesyl énde furt her
desirabl e Tor such a diode to be conpatible with Lntegrated circuit
fabri cati dnctessimaiude Sieathgereratighect dihel Peed F2a8H AT nt egr at ed

circuit fqrmas_par r Lot U &b CiHetlti HisEipabesig while
reverse ca%?%ﬁ?a$‘§i£§%“$‘ aﬁ%ﬁ S agﬁagsirable aﬁh nornalﬁyﬂgggé be made up
r

by additi gaghctinssaret contiperidimgc anr the D Howay thedeeBTP cui t
efficiency, reverse current | eakage can have other and nore substanti al

del et er i ous af {ecl e G, SUE (hiGH kS gALF UdiAisldoddusied) havbsa be

desirable for a  Sem conductor diode to further_have a Iim/reverse
bi as | eakageconduensr divdmmavimgl Bcleyobervard Conditiof ¥RaF2¥fe di ode

be put across_a coil such as .a Ar.anst :ﬂﬁﬁﬁ | Rags the 1S
possi bl e fiSPPaf?’év‘é?%eaﬁlcﬁtléegcetltfta’lg‘g Sg%ﬂ?‘éﬁ %Ig Jf; e idg)ggév\ni ch will force
it into rgyenpsewbl Eaksonbiecrtitld bakhyforvard jndotaversey ¥lafche

condition. This is_ partjcularly true_in DC to DC conyver RWYEY se a
rapidly €RAE8ERE HMEYRfYTR tP d%i"i?e tﬁéﬁ%?o??r%" aco‘iflr(;syev\h#a%%éyg ﬁ:lggnnect ed

across di %ﬁgﬁ%éﬁl%ﬁs {# dheseerprdrest ensoald speciditien cesisgbleenent

for Aval?‘.or 2ugﬂe;ggioggpggygétggﬁ;atible with integrated circuit
fabrication teéhniques 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 alsc be desirable for such a
semiconductor diode to further have a low reverse bias

leakage current.

In many applications it is required that the diode be

' put.across a coil such as a transformer. In these instances
it is possible for a reverse voltage to be applied to the
diode which will force it into reversé breakdown,
specifically into a junction avalanche condition. This is
particularly true in DC to DC converters which use a rapidly
changing waveform to drive transformer coils which are
connected across diode bridges. In these applications a

specification requirement for “Avalanche Energy” capability



WO 02/ 095835 PCT/ US02/ 14848 is a paraneter normally included in the data
sheets. The aval anche energy capability of a diode is a significant
factor for a designer of such circuits. The aval anche energy capability
det er m negoBMwdEsLch design margin a designer has when deGI/yS2(1¢848&

. sem conductor diode into a circuit The | ar ger the nunber of aval anche
energy capability the nore |b|| esi r has. The
avalanchéseﬁepgyaﬂﬁbﬁﬁl??t@a% s:%%e é% %apa ity to

absorb the gneRex £he %Millayﬂ@ﬁa aaeagylE = éi@ﬁ)fi@am; wi t hout
dest royi ng the di ode. ese requirenents are tyghcall on { he ﬁg£5§ of
t

tens of faidtioy Sakes, desiayer RF TuGH REVAES! | t J6f 2%LFRERS T

nondest ruct i yel |50 RRIHY deBibRema uﬁtaoaestgﬁeflmarea
whi ch di $85 éﬁ%étghéé%§g$§§é$.e., t he arealrgofm t junction m@bch actual ly

conduct s wihiasti msagahagchesem@nm}%ﬂmﬁéﬁéeeheF@yac‘a’ibéﬁPiLFt y

sem condyct or [ov piherSapBethdBe It IS
desi r abl e&*§9% o gB ?f 7¢é§§§§%éni§ ?gncaﬁ%des bg reducing their size
and by i raérsq\gmgletd:teunmptdaodm@im awdigmeirohasBRl EF SUMVARY OF THE

| NVENTI ON The present invention includes nethods and apparatus as

described i n Ue claiimeBristlyy SAILAONUSLer adenycharl gaea | ow

forward conducti®oftVé OW I eV | eakage current, a high

vol t age GaRAN‘ld tcapandlaval a@cmaomeﬂw ecwrali firoy, thei cablle Vherase in
integrated circuits as well as for discrete deV|ces re.disc osed The
seni conduteargyliBoded 1422 * 8 Yae WidHAUFuABELYRY +RS aF e @ PoRiri cHISFRRt al oxi de

sem CO“dUCt xfem%ln@s %ﬁ:@%y@?&f%ﬁ oG eRe dirodenkenti nal as the conmon
connectldh StWeeT e gates and drains of the vertical %yllndrlcal met al

oxide 5 VKiIMNjhﬁE%&5 PETkeg0gaay®asin the ability of a dio
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

itg utilization.

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

their methods of fabrication.
BRIEF SUMMARY OF THE INVENTION

The present invention includes methods and apparatus as
described in the claims. Briefly, semiconductor diodes
having a low forward conduction voltage drop, a low reverse
leakage current, a high voltage capability and avalanche
energy capability, suitable for use in integrated circuits as
well as for discrete devices are disclosed. The
semiconductor diodes are diode configured vertical
cylindrical metal oxide gsemiconductor field effect devices
having one diode terminal as the common connection between

the gates and drains of the vertical cylindrical metal oxide



sem conductor field effect devices, and one diode termnal as the conmon
connection with the sources of the vertical cylindrical netal oxide

sem conductor field effect devices. The nethod of manufacturing the
vertical wglobmeksscal netal oxide sem conductor field ef PEEUS@EYSBes i s
di scl osed. Various device term nations can be enployed to conplete the

di ode devices. Various enbodi ments are disclosed. %he% a'is)é)ectgaf%ds

f eat ur essemicprdpeeBnfield Ptieit WaLCFacRE IPPalLRtet "1 HOEE Stdi narily
skilled {hotpgaAbh UhRect St A dee doplrcawi Be énscvéptical of specific
enbodi mehts “of the 1 AventTon In conjunction with the acconpanyi ng cl ains
and fi guegsinBRi &l DESCR. R¥ e GrrmiqRIRARPNCEishe pEEeGE o Sdvant ages
of the present jnyentign i f ; : |40 det ail ed
descri pt &gﬂ mSFh?‘ﬁeO%rlg %Lrll#\é%én%%n ﬁ?%\?ﬁ?gﬁl E?ghfrlgﬁié?jé lrge\!\&ci rcuit

di agr am gide wehickneuntdE fieDT efifmntedesricesi Ag 8isalese@ve bridge
rectifier in whigh {he resent. inventi sed. ~El s 2B are
schenmat i ¥281 GYF afiEVoFe ntgﬁﬁ‘ah%aet‘rloeﬂ‘?d %nc%%n%@g? gl ngfgaglggééﬁléc%uct or
field ef jeshedauicesswhi vhricus ehitamd neonzeered dimcioseddance with the
present invention. Figure 2C is a schematic di agram of the equival ent

circuit of the diode connecjt?eggl 'E_%at al%egsxi?%e&%%gi canduct orofi gbd #f{ect

devi ces of Fi ghPe¥ 25ReGHY € cross-sectronal Vviews

i Il ustraphbhgmeShEparbAt atoexkRoP asdniancidss skdil ledbdncahengrt hepelt ode
connected vertical netal oxide sem conductor field.effect ev] of the
present KAVEAW 6f. thewbirddPrisBg BeHERISE fA%f@eﬁilgﬁFegnﬁﬁgﬁ‘ﬁfg%?%
cross-segki pRal s ki;8We ibh! ¥t 68k Mt SeRAL U thiRoblebmpaayphgr ylptosess for
fabricating the diode connected vertical netal oxide sem conductor field
effect and figures.

BRIEF DESCRIPTION OF THE DRAWINGS

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.

Figures 2A-2B are schematic diagrams of n-channel and p-
channel metal oxide semiconductor field effect deviqes which

are diode connected in accordance with the present invention.

Figure 2C is a schematic diagram of the equivalent
circuit of the diode connected metal oxide semiconductor

field effect devices of Figures 2A and 2B.

Figures 3A-3N are cross-sectional views illustrating
steps in an exemplary process for fabricating the diode
connected vertical metal oxide semiconductor field effect

devices of the present invention.



devices of the present invention. Figures 5A-5C are top views of exenplary
alternate structures for the vertical MOSFED di ode of the present
invention. Figure 6 illustrates active diode areas on a wafer on which a
pluralitywadoy®sessscal MOSFED di odes are fornmed. Figure 7PCEU028d88nmatic

di agram of the electrical equivalent of one active diode area. Like
reference nunbers and designations in the dr mﬁngs %ﬁgicgt |1 ke el enents
provi di ng si nifiguresnéfi-8NapreyCrosEaq RO BESERFRT| ﬁéﬁ% ESENT

| NVENTI ON Fi r st refetiing i G- Spdocel L iforUifhbeiagt anyf ohie adiodd | known
AC to DC ¥ekiEr ne%%(ég?lﬁg Skgﬁlﬁl i:lv\g\?;()a bridge rectifier in \Aﬁ)’tch t he present
i nvent i oncomeded vettiaplbeetsbeaxide saniconductrrsIigle, 8hefor ner 110 is
used to provjde Lsolation,b . the primary and secondary circuits
and fredt®mtS° togc &PagsgﬁtA%g%gﬁﬁa%rg step-up or step-down to the full
wave bridge, conprised of diodes D1, D2, D3 and D4. Wen the secondary
lead 112 is sufidqudeantsity5gosirei zepwiiews rafs pxemplgryeddhBAT§ Read 114,
diode D2 will conduct through . tesis T L 980prbHehber charge
capacitorsﬁﬁ%cﬁwstgtorprt iggrgt%??%n@%%é?lg% 19, whiecErcurrent returns to
| ead 1144 @ehtord.ransfornmer through diode D3. Simlarly, during the other
hal f cycle of the AC i nput voltage, when the voltage on secondary |lead 114
is sufficiently, positive-with_.res &5 % baad Vaferdbede D4 will
conduct to pr cd.lrﬁelﬁtstttr rtgggﬁs}g%g%g%or 116 to charge capacitor 118 7
WO 02/ 095835 IR/ 310214484 dfandrtdcpl oNOSEER Wirsles el §a3medo, with the
capacitor and load currents being returned to the secondary lead 112
through diode Di. Thus it may,be seen.that j LeRLy is delivered
fromthe ful |l Fa@¥%ri dge 2o oge géLcD?l?ﬁrr%rﬁgcﬁcp %fn%&%;éﬁe output of the
bridge, tug,d otenty e agRe HAveadeode area.

Like reference numbers and designations in the drawings
indicate like elements providing similar functionality.
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
geen. 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



I nposed in series with that output. Further, since any pair of diodes
conduct only when the voltage across the secondary of the transforner 110
exceeds the voltage across capacitor 118 by two diode voltage drops, it is
cl ear thajygeoossdt is delivered to the output of the brpdhes@rikgdsduri ng a
fraction of the tine, namely when the transformer secondary voltage is at
or near a positive or negative peak. The circujt of Figure lis Ctinarely

i s

exenpl ar prof tocheroypde SRreeRte i 49pdwiilon PRERpFRSeREPPRVENTI
| nt ended 1o pe iagds THERE £ALGHdS dBEnRe sBbBhARLrigsd Bs2ci rouits
e Wil be Subj

wherein the dio ected to both positive (forward) and
_negat i ve threxeyhs diodef Per enfhes itolnaagds seepsthatheachot #PedeUEsHect i ons

and the functi.an _of .the di L S -a cti fiwing Euget,i i a DC or
rectified% tereguEﬁag. &%eﬂ 1tslﬁlls %E{)‘)%btgr&%llgl:@i ﬁgu?g%gggf?gmﬁ)}gﬁ%ﬁlﬁat i ons
wher ei n tae e Yheedutpoet bdntied ritgede tiwo ddopeovodbage duvdbpagare ef erence

responsive to the forward cpndugtion . voltage d chag erjstic.of the
di ode whéfRFRG AR ﬁ&rlEEr%Yr-}? flémet%&?’u - nGETERSE i %é@&%m %‘ﬁb%glsﬁbj ect ed

to negatdy ggitiddeicontinat ¥el{ agam aliso wlléagenavsessThbe seccondasyin which
the present invention is particul arI% ui teq for use may al so.ge
% eo cl1to

char act e e enFr@nsEQrMET whi? e Y&5P98i 8GE]SRi FFPBE"5Thj ected to

bot h posijtig/gando Begaki ¥818idd aldd alitvalst agearaenassctibpedtoile
connections and the function of the diode or di odg’ﬁrgggagp?v\er rectifying
u

funct i on ded iprerEdi&catbe entPeetF itEe QFiCes OB FREFERT power

level to or CLR&Y! (G ad  BeEshBaryhirs1tsgboibe
di sti nguiog)l\é%{% %rol%‘eS 6{%9‘8%’0‘3%%’%5‘5%@ uso2/ 14828 appl i 2at}i ons V\Aqlerei n the

desired famacir oreaxf a pesdtdve ¢v negatpivwsyingeka signal -1 evel current out put
which is used or processed in a subsequent circuit not powered by the DC

or re(?t Iied THe rc%.qlcqu Bt F?&uf‘@el dﬂé)%ely exemplary of the type
of circuit in which the present invention is intended to be
used. These circuits may be characterized as circuits
wherein the diode will be subjected to both positive
(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 applications
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. The
circuits in which the present invention is particularly
suited for use 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 réctifying
function to provide a DC or rectified current output of
sufficient power level to power one or more clrcuits

connected thereto. This is to be distinguished from



In many circuits of the type shown in Figure 1, a linear voltage regul ator
may be used in the output in addition to snoothing capacitor 118. Further,
resistor 116, which serves as a current limting resistor, my be

el i m nat ego@snssssseparate circuit conmponent in favor of pPOBUSEUdEary

resi stance of the transfornmer, as the transfornmer, in substantially al

applications of interest, will be an actual P dls%reﬁe ongonent of
sufflC|eﬂPp$lQ@t¥©n§|§B¢§%¥% e defddred IFoRetingr efnthey Tithl e

| ”po”anég -Er:?%éhghgi 28011 ?vé‘i’eéllfﬂht RRWSHRS whake &Beuse@deﬁ DI through D4

t hensel v e power Toss 1n these diodes in general_ serves no
desired proeasseﬂumntaoaubﬁmQU¢ntrﬂwrQﬁyﬁﬂQPu:D@&F§§duhMaHF§chﬁﬁﬁer

di ssi pation a eat re uiri fodedy ger diodes, whether in

di scret er?SFHQb?Ql ReEprd e%utcé "é:c cnf &1 Oiand actual ly increases the size
of the transfornmer required to prOV|de thls extra power output, e.g., the
power requiretn fynyheitrocaitplaf uhaaqxnmushmwysnyaﬁéauﬁy LheadiHARAT The

present inyention is.directed e t f digr di ode
funct|on¥°¥599ﬁgrﬁgﬂ}a#85em?%r %ggdégﬁ f%ﬁgvgltagéeggglgﬂ f§m1reverse
current bﬁa&aﬂﬁngaadpabngbrvniaageFuthﬂrI|nes¥sﬂdm’1a§e Whnﬁhrﬁeyv¢ﬁ such

circuits and other circuyits wherei,n the di des

f act
subj ect e@St 8 FBFHRERSH éﬁHlFéV%rEQ?%ﬁEﬁf|rmﬁK; 'ﬁ%l na%eﬁr ?égehnlnafhe

present EQ&SQEt@”cEBEQHEhcbﬁﬁowéﬁtOinchauﬁr dﬂanmecmedohdaky ef fect devi ces,
shown schemati cal in ures_2A and ZBJ§$ n- cha and ,p-channel di ode
connecteuesiséﬁﬂcéfpéthGe reraformRhe &% V1§ tY EEEFEan& with the

preferre of 1§ Ngph VeI 1 Ok ossiclhutst&\éstes‘ma Be\\en026085835
PCT/USOZ?Egggggth a%éd t ?ough the use of commpn gate angd drain

connect|dmsgreyplcampynancoﬁﬁnﬁuﬁiﬁﬁﬂﬁﬂﬁrﬂ}#%nRQ'Qi?sﬂﬁétesﬁ &t PR¥E* and
nor e pre&gg%bkﬁeEgﬁﬂqgho@”ﬁaPE15%&5&*ﬁ¥¥%fﬂance to the present

invention, however, are the diodes D1 through D4 themselves,
as the power loss in these diodes in general serves no
desired circuit function, but rather merely creates unwanted
power dissipation and heat, requiring the use of larger
diodes, whether in discrete form or integrated circuit form,
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 functiong having low diode forward
"conduction voltége drops, low reverse current leakage, and
high voltage capabilities for use primarily in such circuits
and other circuits wherein the diodes may be or 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



fabrication techni qgues which enhance the electrical characteristic of the
resulting device. Figure 2C illustrates the equival ent di ode of the diode
connected field effect devices of Figures 2A and 2B with the respective
anode "Awgivhssashode "C' term nals. The present invent PORUB(IpH&EENtS a
sem conductor diode by formng one or nore vertical and cylindrical shaped
netal oxide sem conductor field effect transistor gl\/ffi)SFET) having a diode
connect edadurifdag@cathaRuIbn Eher Laeref LA PateofREctE8 Yerti cal and

cylindricgl shaped reial,oxide aSesrididictiing dagbkesh thansistors
( MOSFET) having a dio connected configuration are referred to as a di ode
confi gur eshibesmaiteg| amet aorexpyeferapldidiaugh Pne @rePEet SP¥ERAAce or

devi ces (MOSFED).. Ln IEAUSGLUT | 0ok eyt e csangutedeuer (i cal NOSFED,

t he maski ri-ng t echni ques cribed in United States Patent
Appl i cat | eia Mt HYA8S OF4 thet rebelt IngE OB END FABRARAZCOS FOR PATTERNI NG

FI NE DI MENSI ONS" filed by Ri,chard A.. t L. Om. 0 a0 ichis
i ncor por at¥dPsteras® by F@Pé?’@ﬁﬁgt HHOST soéé %‘él eusr&elga t%ogrgé'aéége%hgp%%&;t of
nmaski Ng ageked¥ Qe ledd /e Figoeesi 2A tael PR sdnth itheemebpact fve aede

ot herwi se be available. Processes for fabricating enbodi nents of the
present TAvédad cﬁ?weprgseﬁﬁmlﬂ%fii ninrelation to the cross- sectional

views of Figures 3A-3N and Figures 4A-4N. These exenplary processes form
the diode configuradaerd iiegtlentebal impkémmtzeni cendeonductor| died¢ ect

devi ces ( MOSFED) of the resent inyention, An . ndiVvidu i figured
verti cal (bmﬁcemzl'@a d@%&’ﬁpé’@ﬁ&ugFﬁFl‘F? |§f1%fqyg€1"%?}”é\?ﬁgegi§8ﬁe§g‘%ﬁ€% ?

021095835 £ad &gy @3Senkial byrédoughindstdy AMOBFETIrhavingnd
verti cal a oxl de sem conductor field effect transi Eﬁgg connected with
S

a comondipde-chrmiertashreostfigirationt haine JartPre HALF es
connected vertical and cylindrical shaped metal oxide
semiconductor field effect transistors (MOSFET) having a
diode connected configuration are referred to as a diode

configured vertical metal oxide semiconductor field effect

device or devices (MOSFED).

In manufacturing the diode configured vertical MOSFED,
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

otherwise be available.

Processes for fabricating embodiments of the present
invention are presented herein in relation to the cross-
sectional views of Figures 3A-3N and Figures 4A-4N. These
exemplary processes form the diode configured vertical metal
oxide semiconductor field effect devices (MOSFED) of the
present invention. An individual diode configured vertical

metal oxide semiconductor field effect device can be
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of specificity herein, the source and drain are identified in the nornmal
forward conduction sense, it being recognized that the source and drain
reverse in the case of a reverse biased device.) The di ode configured
vertical wmwbedosessde sem conductor field effect devi cesPET/USRé4PABesent
invention nmay also be referred to as vertical MOSFED di odes. However, the

present invention_.is not a traditional nmetal qgxid sem. cond field

ef fect trapasrticl lyveSereRtne aﬁ§eai?yl’6';ﬁitérr1§ta 5@ %W&F?%Fgg %{.:’é\]%gjl:s f or med
by a di ffgrem dUmeRtRiuchsysiakldber saths equentilsy oxeepnnentadt ypticak
application a large plurality of tightly packed MOSEED_devi ces are fornmed

on a si ngtenmabgat&-cragn CRERPREIA co teX§97A: EOMNBREPBR®ANd a
common S°§£C&&&ﬁl%&#f@lergi%e%@néwrce MaSFERaas wyediBeneipisayinefer to
a single device o | tiple commonly connected devices on a S|ngle

subst r at et hiRefemiaInf arewrdo cBnducbioB sage c rids Pedag: rereonredsthat

Il lustratj st eps of exenpl ar r far. . f I-CaL.l t LQde
connect edt{;%r?‘? e r‘?é}qglrar %ngeggir%%o%guc or Siee?)? ae?%é’%’?‘sgegifgggeof t he
present i gueidd On amne idilodet cahédguiféd veditddm lc metredt etxide di ode configured

vertical MOSFEDs _are fqrned I n lindricgal _.pe t . 2El 3A- 3L
show onl yse'al‘ﬁﬁﬂqq%?roffl&ﬁaFg eF]gI g%YJr%EiE} r?;ffjltthee %%r%r?% ?oﬁﬁggﬂggé?ngl e
MOSFED deyh§ea1 e Het dd farr@dc Romabt irgtiel ctdy IMOSFED eicgiesul t @oweusky f or med
by replicating clusters of |arge nunbers of .comonl onnected devi ces
across | aFgerPRiantoiveRtian gﬁt rPE %e‘?ﬁac%ﬂ?&a&r “%%T’ér CX&PSo typically
each cl ushen; ofndiildd:P! ey iegeschi thansiiaor MOs FETTE beormmsef itedge
termnation as 1s well known in the Erl or_art to provide the breakdown

vol t age asperetksl dififemenyiynand3ss 2V o A4 GEEFENE PROSRBRs a
starting sili S %ﬂl% 19f sBenVVafLr hﬁ)ﬁ iRt I1ldag&Qneni t axi al

| ayers th‘g‘ e%k?]ﬂ‘hTh%eg)fél‘{%e S%Q;i ?{)rs] ggftaxiaal Ialyer \?,%fi directly aon top of
t he subst Latge plurality of tightly packed MOSFED devices are formed

on a single substrate, all having a common gate-drain

connection and a common source connection. Consequently,
MOSFED as used herein may refer to a single device of

multiple commonly connected devices on a single substrate.

Referring now to Figures 3A-3N, cross-sectional views
illustrating steps of an exemplary process for fabricating
the diode connected vertical metal oxide seﬁiconductor field
effect devices of the present invention are illustrated. The
diode connected or diode configured vertical MOSFEDs are
formed using cylindrical pedestals. Figures 3A-3L show only
a portion of a wafer illustrating the formation of a single
MOSFED device. Typically, such multiple devices are
simultaneously formed by replicating clusters of large
numbers of commonly connected devices across larger portions
or an entire semiconductor wafer. Also typically each
cluster of multiple devices with incorporate some form of
edge termination as is well known in the prior art to provide

the breakdown voltage as needed.
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300, is of the sanme conductivity type as the substrate, and is provided in
order to forman increased reverse bias breakdown voltage for diode

devi ces. The second epitaxial layer 302, directly on top of the first

| ayer, andyd @iovssd® the surface of the wafer, is of the ORERIEI0R@4848
conductivity type. In one embodinent with an N-type substrate, the first

silicon epitaxial |ayer Ba%gﬁa:?:n% s%:l\a/llg'; 88%%5{@5@&3’30@ O’Lf ghm cm and

a thickness ofF¥HHDx C8chreve a reverse bias
br eakdown, yplt agg, @iy akeits fidrdosr fep\ieaxdallt saydhe 'shem@ln P- TR Eipiattaxi al

| ayer has a resistivity of 0.25 _ohm 0 um t k ed to
det er m neslthbcmat’ﬁraé's NAYEE éﬂ%'a%miﬁc\‘igEVePE |?1§h{:ﬁ %%%)aﬁ:cet

epi taxial ;hayers ganhe é%liﬁechﬁﬁrﬁﬂlc&iviﬂ: rtyps aBt eheabubetratt@rrmdias part
of the proceéS| ng of the diode using known .st andar d gg%éam al growth

techni quess Fhevidednin cem%)&oqurayép &Qﬁrﬁésﬁgprﬁggﬁsﬁy position or
| mpl ant f:?c hg@%?svéﬁ]éeé’é/‘eﬁ?:pydﬁdg Idesritbher, ebyhbosatagdt bplsmimbl
¥ in sur

conductiv ace of e first epitaxial aﬁ i n the case
of an I\I—tyayeswmzpndmhat@ tare qfO\Eélle §irsbadR¥Ede 8BPF ARE™HRS t he
Substrate

ReObohRActopisyr f ace of
t he substh?e %ﬁ%a‘i’% ottf}?n%g‘g%é"&ge t%éaﬁg%elgg?hbg & Case gf a:L P%d type
silicon sypstrate, ohbecdbodtiondmts Witdl snaie typee SbE tEAESY hENP okt 'g '

backsi de suyrface of .the.s tr r; gng whihkh e portion
of the toﬁ"%ﬁf’?’ac%pb?a’fh%fbf %gl};so%og@élsq' i dto ggr?he ca‘taﬁ}c’)de A
t hi n oxi dg _haygh-38@3ahd grt)lm:lc]mnesmeoﬁmﬁ;mmcwfatteae’ 3gmbéfr 8FEeB0BCas shown

in Figure 3B to randonize the sheet WO _02/,.0958 P S 8 npl ant
Whi chi s 6PAEYF o, TIRELER RLRR | WE P S o L “ERYSe Rondr oo

Angst r onms .(,308A) THet Beekn@sSE-tybe eftieeixialmileyrr thla@t af alelrd@sivaEYi res no

maski ng b%faonggkohgggm, 0.6 um thick which is selected to determine

the MOSFED threshold. Epitaxial wafers having the silicon .
epitaxial layers'can be purchased as starting material, or
formed as part of the processing cf the diode using well
known standérd epitaxial growth techniques. The second
epitaxial layer can be replaced by deposition or implant
techniques followed by a drive thereby forming the second
coﬁductivity type in the surface of the first epitaxial

layer.

Tn the case of an N-type silicon substrate, the lower or
backside surface of the substrate 300 may form the cathode
while a portion cf the tob surface of the substrate 300 is
formed to be the anode. In the case of a P-type gsilicon
substrate, the diode terminals are reversed and the lower or
backside surface of tlie substrate 300 may form the anode
while a portion of the top surface of the substrate 300 is

formed to be the cathode.

Althin oxide layer 303 is grown on the surface of the

gubstrate 300 as shown in Figure 3B to randomize the sheet
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rather is conposed of ions that are inplanted over the entire wafer. The
sheet inplant is to provide a good ohm c contact for the P-type back gate
region of the vertical MOSFED diode. The inplant is a Boron inplant at
about 4x1G#Hombeasss per cn?2 with an energy of 15 KeV. RefPETUSAYI4Hain to
Figure 3B, conpletion of a first masking step is illustrated. Prior to the
first masking step and etchi

_ | ng, a |ayer af. oxide, | pRIJ of the
thin oxiteebos adrisds %é%\éPgFPWTth?(i%bmr e ?o?’hg'r? %ﬁ??%&n d using
a mask anﬁaﬁgﬁﬁiﬁdﬂﬂé‘%@r@\ﬁ@yﬂb@} udh Nghidgkatdss .of Thee shieiett oxi de 303 to
formcylindrical s [

aped “construction pedestals 304 on tsg(p 8’f t__t he thin
oxi de 303imfhent cyHatndialdawss reeudresnke iR g1 gé’d@st“ﬁ '36% ar e
approximately 1.0 m i ' ngr&MRdismd ok thleapatofet he
pedest al sr%ﬁlieﬁalns be f(r%%%g/lrgi)fn F%%altﬂaslﬁaﬁg? including but not linited to,
circul ar, wiesAgoNte stpiesr empleatt arghb aprovkdavd |9agsd GWEC SOREECEhapes
such as serpentine, etc¢. For eas . desgerinti i geyhkkendri cal
shape wi | FoBetP? RUNRS &é"ﬁ}{ rgggtea%gegﬁgﬁ ?grﬁnﬁlﬁ%gagngﬁés}@cyl i ndri cal
pedest al sTfp ?xﬁ;?faﬁ@ri@da Hirf itdeanexiteabayersxfil§uneoBB petuent ates a
cross-section of four of a plurality of rectangular cylindrical pedestals
304 that wath &@rwgiéﬁfss}{ﬁ@vsi licon wafer. The di nensions of the
rectangul ar cylindrical construction pedestals 304 in one enbodinment are
approxi nmately Podd-Fikd Migai) td Hilureappy oxdmplet yorl X rd ddamsti n hei ght,
wth a pitch of approximately 0.4 mcrons. It is u derétoaosqiigjgatstgﬁese
di mensi onmagkhngesteR ek d } NEgH Ghat FoLOR th BT %ﬂﬁ%str?ren i it he
i mpl ant at | i t ldesShvbl BEd dayi gihywdiecthfiar a di ode
configure @e%ﬁxgg gi\/&lng%.%rRedg}} g{nxq\??fo 13 % 02/ 0958%’;9 PCT/ US02/ 14848 of
si licon wekédtei 302xaptooRl the ovaiayur e THE PH1GE dk?Y®H 19 Urifer detail the

proceSSingaggggggdegg{héﬁat&E%ﬁ”éH&”ér%&sogre etched away, including
parts of the thin oxide 303 to form cylindrical shaped
construction pedestals 304 on top of the thin oxide 303. The
cylindrical shaped construction pedestals 304 are
approximately 1.0 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 solid 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
oxide layer. Figure 3B illustrates a crogs-gection of four
of a plurality of rectangular cylindrical pedestals 304 that
are formed across the silicon wafer. The dimensions of the
rectangular cylindrical construction pedestals 304 in one
embodiment are approximately 0.15 microns in width,
approximately 1.0 micron in height, with a pitch of
approkimately 0.4 microns. It is understood that these
dimensions can be altered in coordination with any adjustment
in the implantation levels in order to provide similar device

physics for a diode configured vertical MOSFED. Region 310
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pedestals 304. Referring now to Figure 3C, the expl oded view of region 310

of Figure 3B is illustrated. The rectangul ar cylindrical construction
pedestal 304 is formed on the surface of the thin oxide 303 on the
substrat e WO020F8HuUres 3D-3L illustrate the further pro®&IJ4iSAY14§#8 t he

di ode configured vertical MOSFED with respect to the rectangul ar

cylindrical construction pedestal 304 of FEigure .. .Re ] now t o
Fi gure 3Doft pélimpn Wadefe %%y%ﬁﬂéﬁ?daﬁﬂgoagbgyf?o%giﬁntéégéébs rate 300

bet ween p%@%ﬁ LS33P4iDavse hestesighedravay éach oEptie af Lty @FA,
form ng sha I%% s??#%on trenches 308 and substrate pedestals 309. This
etch stepedestiaReagftve lon Etch (RIE, a directional etch) comonly used

in silicon processing to formtrench netal - oxi de-sem conductor (MXS)

transistors anie%??@ﬂn Ohsw 49 Nqundemnede eeplesédi vpbanse i megimn
perfornmed, typically i ith

rsenic, with a dose of 3E15 and ene&gg.q§ 1§§2V.
This prosidestr §ggons 38 2isrbuhirunaceder | BRer jeerarIth2peTestAi T *9hat wil |
becone t he anode regqio i N) it agh Phe Lhprdeyise.cireferring
now t o FiéﬁF@g§EF£égai ?é%é?égi??%6ﬁ§g¥§ﬁ%ﬁg ﬁhasebeenégerformsd to a depth

of 0.6um tHiirs okédeesoancancke sulssfixate3B20at FhEurep #he silicon
pedestal structure. This_.is followe A h L, Cnf 14, with a
of JomraRTarsKEqe FUTFITh RhE e Chr CPROED TRe s

dose The result of a
third sil et iebahMbeFERNRLtierr&ffedt it theesentadgihari gut éndricah s
removes the major portion of t€$ ng d inp%@nt in the bottom of the
trench, | GeAstFUghiopsBrdeetalo %é"%%ﬁgﬁF 4 in contact with the N-type
14 WO 02/ 095835 PCT/ US02/ 14848 epitaxial layer if used, or to the N-type

substrate if ake¥eriVpg 8pWt 8 PigheyaD, sheothisedxidhi dagerod@Bigidant is

not neceif%;%%i%gqo%ntﬁgtgaggﬁgéggﬁggg'gayﬂe%%iLgaeggglgegbgehave
been etched away to a depth of about 500A, forming shallow
silicon trenches 308 and substrate pedestals 309. This etch
step is a Reactive Ion Etch (RIE, a directional etch)
commonly used in silicon processing to form trench metal-
oxide-semiconductor (MOS) transistors and capacitors. An N-
type anode contact implant is now performed, typically
Arsenic, with a dose of 3E15 and energy of 15KeV. This
provides regions 312 around the periphery of each pedestal
that will become the anode region (drain) at the surface of

the device.

Referring now to Figure 3E, additional silicon etching
has been performed to a depth of 0.6um. This leaves an anode
region 312 at the top of the silicon pedestal structure.

This is followed by another Arsenic implant 314, with a dose

of 3el4 at 15KeV, to form the source of the FED.

The result of a third silicon etch for another 500 A is
presented in Figure 3F. This removes the major portion of
the second implant in the bottom of the trench, leaving an

isolated source implant 314 in contact with the N-type
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wi thout this second inplant and third silicon etch. This second inplant
may be useful however to |lower the on resistance of the devices. As
presented in Figure 3G the remaining part of the oxide pedestal is
stripped wsyro0o868 a | ayer of gate oxide 316, 100A t hi clRCTANV ¥ 8hyer of
heavily doped poly silicon 318 are conformally deposited on the device in

the first stage of the gate formation. The next prqc j s it RIjE et ching
(a di r ectemrtaxietlc Apyest 1EnBSpEr yOF;| FPcBhef%y e & ps%%ﬁagﬂ%#¢%g oxi de

layer, tq form.a si. Lenbe01888 . 31Bn S averénd Finplrant3He TEs s
f ol | owed eaeg&%g%lgﬁpﬁgk{?rgﬁat nf orms a_P-type rﬁg(iion 320, t.0 bl ock the

pot ent i alnddewBahe okt am of tekaafat eMoRAHEeNY RY PSS FiF W (of f). A
further poly silican RLE etch i r ; {TOVWonh et d gurthidl. This
nmoves thé""t%t?‘%ff tﬁ‘&eg ﬁc?lcfnéia{lren?ig%g %g&nﬁg{é%féaiél ow access to the drain

el enent s. s A DWingg drfti salys ben usefiudehewener ote ehewer e 2t e oxi de as
shown in Figure 3J. _This epar.es the surfaces for the application of a
metal  di ¥eRF RIS é"rhefs% 4G as TiSi or TiW Figure 3K shows the
finished device with a barrier netal |ayer 322, and a top neta}]&ﬁ]l ayer 324
applied over the (ddiditece. irFirgauee3BGpr thenremairing pasL st of four

pedestals wth the final tal applied. h ONEYV, L Sostde source
contact feFidaPRARATR %%@P&E‘pﬁw@é{fi %ﬁé % ﬁ%pego%\fcgé%%nt act is made
by deposi 5%@9 Bodetlidizatdr d ayger 330heavt by Bapkd apotviestiz?t at e 300
opposite the vertical MOXSFED devices 332, ,as Eggg@ %‘.H LQUEE-aM In ot her
15 WD 02/ BYS a5 FromAssma s Aerasiitieda tio il fREVarti ca FED devi ces

332 are fg£g§g of @he"&ide Rmaibrd.he source contact is nade by depositing
a netallrzation |ayer” 330 on the well surface adjacent or

The next process is the RIE etching (a directional etch)
of the poly silicon layer, stopping on the oxide layer, to
form a side wall gate regions 318 shown in Figure 3H. This
ig followed by a Boron implant that forms a P-type region 320
to block the potential from the bottom of the gate oxide

during reverse bias (off) .

A further poly silicon RIE etch is performed as shown in
Figure 3I. This moves the top of the poly gates 318 down to
allow access to the drain elements. Following this is an
oxide etch to remove the gate oxide as shown in Figure 3J.
This prepares the surfaces for the application of a metal
diffusion barrier 322 such as TiSi or TiW. Figure 3K shows
the finished devicé with a barrier metal layer 322, and a top

metal layer 324 applied over the structure.

Figure 3L presents a finished section of four pedestals
with the final metal applied. Not shown however is the
source contact for the device. In some applications, the
source contact is made by depositing a metallization layer
330 on the back of the substrate 300 opposite the vertical
MOSFED devices 332, as shown in Figure 3M. In other
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surroundi ng-the vertical MOSFED devices, as shown in Figure 3N. Now
referring to Figures 4A through 4M an alternate process for formng the
MOSFEDs of the present invention nay be seen. In this process, the initial
steps arewdey®ass as for that described with respect tSCEUSHY LSS

specifically Figures 3A through 3D. Accordingly, Figures 4A through 4D -

are identical,to Figur 3A thr h def-d 8 BARRe FdFRkdCaAh a
i dentifi céPP%h%?tW%f'o%%ﬁg Vtehel%-g ygg%%%g%- contact_inplant form ng

regi ons 34210f 3%k guied 4he awurcedeonkager 18 smake dd (AEPOFIF e et ched back
using a directional, etch to | eave side L oNs QasSkewn in Figure
4E. Therwgtedtizatbion (peid® CIQPO%L‘% 2’?#‘:% és ep 1s ap rfornmed (Figure 4F),
f ol | oned §r§ {J#ag e is tod¥e: i WP MOSFED destoes, as rgilcam HbFHINESn- t ype
regi ons 402. Rfurther directional etch step is then perfornmed, |eaving
source regNens 402 as shown in Figure 4G Thereafter, the oxide sidewall

regions 400 are stripped away, as shown in Figure 4H, providing greater

physi cal acces&og,orﬁggf 3 Hiktairdsn shhehpoeyh otld, anbodiewate The
remai ning part of t

e oxide pedestals is _also stripped. : Rext step
is to put ptowess anefoml%t@%MQ:?é“EPMOfaﬁgeapﬁf%?/%& olfr%ﬁ%tvﬁ;g%@f)ed

pol ysilicon 406, as hﬁq{gi | Qur e n3l ipAtdhl estépaadret e tdeme renoVes

t he pol ysi i@gﬁh'fr(I)irﬁ'n e h%]??éz:éoéngtjal surl%laces, of the oxidge ]aaYﬁétA'oA"

| eaving Sicdewnabl pestiibped 0Ehsresnamt tO FiguFe 24 SBRTHHETEdf recti onal
etching reduces t i.ght, ofth '53]:%’9@4911 I e95QRss 488, trpeasi i4mal |y to
remove t h& {FHEFSi B?‘cgﬁr&?%krln él?ég%‘)ér% 408. ¥heregfte?, renovi ng the gate

oxi de | ayeyrd HaRNtEcHD 03/ PR5ERSs FRAT/HbISOo4 8R8aRAe U8R pbRB P f aces

exposes regions 312, .affer.which i f-fuSis ri.e 0 a top netal
| ayer 412qgmgqiaaasF§§8£1£1catlon§{ did1heei08 PRET hetydd Canbde

contact implant forming regions 312 of Figure 4D, an oxide
layer is deposited and then etched back using a directional
etch to leave sidewall regions 400 as shown in Figure 4E.
Thereafter, a further directional etch step is performed
(Figure 4F), followed by a further n-type, typically arsenic,
implant forming n-type regions 402. A further directional
etch step is then performed, leaving source regions 402 as
shown in Figure 4G. Thereafter, the oxide sidewall regions
400 are stripped away, as shown in Figure 4H, providing
.greater physical access to regions 312 than in the previous

embodiment. The remaining part of the oxide pedestals is

also stripped away.

The next step is to put down a layer of gate oxide 404
and a layer of heavily doped polysilicon 406, as shown in
Figure 3I. A directional etch then removes the polysilicon
from the horizontal surfaces of the oxide layer 404, leaving
sidewall portions 406 as shown in Figure 4J. Further
directional etching reduces the height of the sidewall
regions 406, specifically to remove the polysilicon fxom

regions 408. Thereafter, removing the gate oxide layer from
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to formthe final structure of Figure 4Mfor a single cylindrical device,

or of Figure 4N for nultiple devices. As before, the source contact may be
made by a nmetallization |ayer on the opposite-side of the substrate, such
as et al |wopatiosssss ayer 330 of Figure 3M or alternativelRET/Y§P2/3d848

nmetal lization |layer contacting a well in which the -cyI I ndri cal devi ces

are formed as in Figure 3M Referring nowto ure vi ews of
exenpl arythar ﬁ@@séfg W%%W&&F@d%ﬁ??ﬁaﬂ%ﬁ% are g Iust rated. In

Figure 5A4 %ﬁdgafpfgf Qe o £0p! mbEBFERy @M 0L card clapmab isichg
circul ar cy mﬁrrca edestals. In Figure 5B, di ode, c nfrgured

vertical MBSEEDs 846 éxmalf (ﬂmt&léfen@ Féﬁtl’éﬁg’tm O%td FHIFE cyl i ndri cal
pedestal s. Ln_FEi i gidr Vightt M&SHH®s 34Quaar e
O

formed us rical estals. O her cyl | ndrical shapes
can be usegfrbee, tbﬁepsdmsd:alcsontmcard@w be maden by 12 arelRl L EFRIHERR of the

di ode confi gured ve tical FE f PP 0OW @l gire 6, a
pl ural i tyl6Fedi 88etatt PRROSH a'EQS %grg' ge%g{jgte by scribe channels 91

bet ween t hatadigdarashi Veyear e3s0 HFE Griguire @M epr ahtexpat Hyols KX i%e area

90 are a plurality of djode confi red vert a 40. Edge
termi nat i etel liFatdPBde %Ry | SRAGH ‘CL E%F@eﬁéﬁaﬁnel s 91 can be

provi ded { éérﬂyml%sreaa{ucégra@memr a@e\inCElgﬂr‘m mations including the
tapered termnation of U S. Patent No. 5,825,079 entitled "Sem conductor

di odes having |low forward conduction voltage  dro r W current
| eakage" fil ed Referréndr BOW, tO NEIGHESS a?r?d%%l alPRi %’%o%)/eoniﬁ}{aﬁ%ar

1997 or t fzger ofl B BaBatbRf slessd iaad icalUMBsFRRLeate Apmusaramdr\ro
09/ 395, 722 ént'i t

Ied "Met hod and Apparatus for Ter f
02/ 095835 RCHigsa?/ 53g48hscdiedmdirtiGioused veLs 1?5? @6%€B'P§ d%tzl er on
Septenber ¢ 14 4929ns dGEELPAR! &y i WBHcHNQPebestATEE OInnEhQUpéGSBDrnHJ

the diode configured vertical MOSFEDs 340 are formed using
rectangular of square cylindrical pedestals. In Figure 5C,
the diode configured vertical MOSFEDs 340 are formed using
hexagonal cylindrical pedestals. Other cylindrical shapes
can be used for the pedestals in order to form different

shapes of the diode configured vertical MOSFEDs 340.

Referfing now to Figure 6, a plurality of diode active
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 diode configured vertical MOSFEDs
340. Edge termination of the diode active areas in the
scribe channels 91 can be provided through several
gemiconductor device terminations including the tapered
termination of U.S. Patent No. 5,825,079 entitled
wgemiconductor 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
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ring termnations can be used or, voltage permtting, a sinple guard ring
integral with the device active diffusions can be used. Referring now to
Figure 7, the schematic equivalent of the diode active area having

mul tipl e gigoehanss340 connected in parallel, each represe®ATS148ibde
configured vertical MOSFED. Adding the current capability of each of the

di ode  connected vertical MOSFED devices 340 r lts | I rent
car ryi ng Sesgseinguaror Pel"éCﬁﬁdeE%gﬁédgi’h%{'c?%]ﬁy%@e%e&lses\a;erramq(;euwndred or
mor e MOSRED da)j£e agiditeoangay, Seld krowh singlerownme igiler nomnel only
four being 'shown in Figure .9. Each individual diode active area 90 can
contai n g daEmisi neft iiongi ¢REuBE BPEEeOFonYPHRITY RETTH A MOSFEDs  340.

Wth respect ;to the cuntent h| i ¥noEnkhge i edleactfire d:0f faichrar r ent
is a fun(ﬁli“%meofgli%éic?&%gﬁng%gg?%dgw}clon?%gu?ed vertical MOSFEDs 340 which
are coupledh ibe paderll el together. Wth respect to the threshold voltage,

by appropriately selecting the dopants, their concentrations, and other

mat eri al s and dimensi ons for f ,eat honeQf Lbg-diode AR chverti cal
MOSFED, the c rlrné’gin(?&"s tr?aéqgg(f%agé to jgus%a conduec at substantially
zero for el dicde attdse thea davdogamdltipheddiodemis349 reenrRCYeE i yvi ng

applications _such as_.in power. supplies. i t nt invention
resul ts iﬂ??aédtﬁl,ﬁe'd %Fet?gﬁsg&ﬁ%tl |R§n aaﬁégﬁga%?ﬁgiéﬁf?%e‘;@?tgﬁfﬁ ing
devi ces, phskm cataidinerdld dirfretiterapabliilihe of esathipf the cdiede 18 WO

02/ 095835 PCT/ US02/ 14848 There has .been di ose ej i 0 exenplary
met hods ctonRgftehtVeRf ididdd MOSEHD &9?’&&‘3995%(;5?9‘1{%&;52,&:% gl | as the

MOSFEDs %ﬂufggki éérf?ﬂﬂgtﬁéﬁaﬂﬂidtyhatIknibh&nderstood that there may
be several hundred or more MOSFED device active areas 90 in
each cluster on a wafer, with only four being shown in Figure
9. Each individual diode active area 90 can contain

thousands of individual diode configured vertical MOSFEDs

340.

With respect to the current capability of the diode, the
forward current is a function of the number of diode

configured vertical MOSFEDs 340 which are coupled in parallel

together.

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 MOSFED, the channel regions may be made
to just conduct at substantially zero forward bias across the
anode ahd 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 cilrcuits.
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exenpl ary processes there is a single masking step having only a trivial
alignnment requirenent with respect to the sem conductor substrate on which
the MOSFEDs are to be forned. Thereafter, each additional step is
sel f-al i gni ng with respect to the prior step, thereby el PEI/HSR21M8 ul ti pl e
masks, andV® P9S8 ar | y the critical alignnment requirenent between

i ndi vi dual masks of mask sets typically used for i i on of

sem conduct or Tiestedms Heen ﬁlﬁﬁﬁpﬁﬁésﬁeﬁ?b’&eg%’f%égmien%:r aségié i el ds and
reduces wafer to wafer _.devi. biaat bens idueed ovelit {eak MRIFERE misk

al i gnmentmetRER e iﬁ‘l?rr?sctag:r}gl s\&?n the forggoi n degc(éi%é‘gnin GeLtain
aIternatew%fieééa&ﬁefﬂmEFEﬂduubsmn@ﬁe sdt Wakinbejpote e noted however,

that the 1dentification of specifi | .o LRAkLI MesRBAG! sBés bardipg ocesses i s
not to i négemphary B’E???S%%gﬁleﬁe{ gLI‘SI glts? a%% processes for e or other

th
steps in tgﬁ] O pgessapf af Al im@ﬁlreim:ntthé’iFESEFFPﬁﬁtdFSdgﬁ devi ces are

excl uded PP use In the present invention, Te~skRgsCapkr 86ybest eps and
mat eri al ssemheonthahor hedRsTAt e ™ lég %hﬁ ﬁP E i

inthe art. HT‘?ﬁS Wik Eber présentaddiveintriadn shep Beeredfset 498y and

descri bed reSpect to certain preferred L OBRLS 4 ngt mwlkipbe
under st oogith treepectkitbl tleiPrifie F?pttﬁheﬁﬁﬁgb%géggnt 1F?vention di odes

and net hods of fabric%%kgguigfl§a@ﬁér@mﬁ&&taluﬂmﬂgmmﬂn¢h6@9u66ﬁQFPFng from
e

the spiri Mgk s@5FeP invention. 19 WO Q2/095 P £4848
CLAI VB Whgfethees! andieriidsal 1maskaeefofeef ?%?%%]fag'ﬁg'dél%dlrﬂp%i ng: a)

providing a sem conductor .bo | feticeonduriisy igimpglyifd efavi ng a | ayer
of a secorfd@hERIA Ay ng&(}%{lg@ﬁ:rst surface thereof; b) fqrming a
plurality of, Gdding, Galcresisde yedédeapndopeduces waler

1 A} 1] nt.
device variations due to differences in mask alignme

Tn certain instances in the foregoing description,

. It
certain alternate materials and methods were set forth

that the identification of specific
er that

is to be noted however,

alternative materials and processes is not to inf

still other materials and processes for those or other steps

in the process of fabrication or in the regulting diode

i i ion. To
devices are excluded from use in the present invention

the contrary, steps and materials other than those set out

obvious to those gkilled in the art. Thus
cribed

herein will be
while the present invention has been disclosed and des

h respect to certain preferred embodiments, it will be

hat the present

wit
understood to those gkilled in the art t
‘invention diodes and methods of fabricating the same may be

varied without departing from the spirit and scope of the

invention.

1%
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the | ayer of a second conductivity type; c) directionally etching to form
trenches in the layer of second conductivity type between pedestals; d)
formng regions of the first conductivity type in the |layer of second
conduct i viwg 02/895835bet ween pedestal s and extendi ng sonmewR&T/USAHESS he
pedestals; e) directionally etching to form deeper trenches extending

t hrough the | ayer of second conductigﬁéﬁMgvype bet ween pedestals and to
renove the regions of the first co ity type-in the |ayer of second
conductivity type between pedestals and not the part of the |ayer of

second nducit i Vit ext endi ng sonewhat under the pedestals; f)
deposi ti ﬁ%’ag:' gl eélo%lin{(fé?q(j)' depositing a. heavily doped pol ysem conduct or
| ayer; h) directionally etching the polysem conductor |ayer to renove the

pol ysem conducf or fyr gat eoexids Deivesn &@Q@%ﬁa s; i) inplanting to
convert the rggionékgg%&ggh pe 8staﬁ§ fron1tﬁ% irst ?6nductivity type to
the second corugraritding ppeemipondverey drrdy pletcHiF§tt o further reduce

t he height of the pol Lconduyct o Lenexdevepyt he side
wal | s of cf%c{lbcetd’@’sjtto & %@3%% go%#ﬁ%eéfe?rglaisth errﬂﬁf the Tayef of d)
above; k)tymaon ng fihestexposedegaherexfde; 20 WO 02/ 095835 PCT/ US02/ 14848

1) oePos1 1,9 CREl VO h NG99 B LiFlnBlANY idlae RRBERSLILOOHTE
as a secofkb el Afd¥F igfla eRtoadt cobadtbeidiogerype; The method of claim 1
wherein the sem conductor _body ig,a sggﬁ §¥$h§¥éﬂéh%%b§%r%kg ﬁgdeghe second
el ectrical c) directionally etching y

| of second conductivity type between pedestals;

d) forming regions of the first conductivity type in the
layer of second conductivity type between pedestals and
extending somewhat under the pedestals;

e) directionally etching to form deeper trenches
extending through the layer of second conductivity type
between pedestals and to remove the-regions.of the first
conductivity type in the layer of second conductivity type
between pedestals and not the part of the layer of second
conductivity type extending somewhat under the pedestals;

f) depositing a gate oxide;

g) depositing a heavily doped polysemiconductor layer;

h) directionally etching the polysemiconductor layer to
remove the polysemiconductor from the gate oxide between
pedestals;

i) implanting to convert the regions between pedestals
from the first conductivity type to the second conductivity
type;

§) directionally etching to further reduce the height of
the polysemiconductor layer on the gate oxide on the side
walls of the pedestals to a level of the remainder of the
layer of d) above;

k) removing the exposed gate oxide;
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contact is provided by providing a netallization |layer on a second surface
of the substrate. 3. The nethod of claim 1l wherein the sem conductor body

is awell in a sem conductor substrate of the second conductivity type and
t he seconqv(?hﬁ@g§3gcal contact is provided by providi ng BRT/EP@AH#$Bcal
contact to e well. 4. The nethod of claim 1l wherein the sem conductor is

a silicon sem conductaor., 5. The t.h fela.m 4 wherei 81 sderseai conduct or
body is an I\l-tly)péietﬂﬂ?&t*i&flﬁv?tflo%%??tc{éﬁe gea i éﬁﬁ uctor body. 6. A nethod of

form ng a diode GUMRIHeSIdi8ded)ah@r nng a plurality of cylindrical

sem conductor pedestals on a first, surface of seq.c ; of a
first conductimi tgra%isking pE BeAEETHT h':’:alt?ﬂq:ﬁ—’lﬁt-‘a%loogveﬁ%3 rggg?g%ﬁagfg@gyfi r st

conductivi%g t% €, ed &l RYebtpMthhecoara@ondueher dibddy, an upper region
of a secof onductivity type formng a pn junction between the upper and

| ower regions of the pedestals, and a region of a first conductivity type
in and extendjng apqungtiRe BEPElaiggi ovharfiaceie skaigenfuftPFon; b)

form ng a gate oxide and conductive gate ext in f rom § region
to the regody bé a SemitonEHNTEOE ﬁvbﬁgra’i?/paemf rrqu%%e X %ﬁ??ét%??ﬁnd t he

upper region. %é %/% e&%\g By PETLVEa2Ad 484k 3l Iirzariidinnd ayerordust i ve
g

| ayer conFaﬁF‘? conductive gate and the region of a first
conduct i vistyohgpeurfacamt dheentbR§TaFBund t he upper region; and, d)
provi ding a conductive contact to the sem conductor body. 7. The method of

claim6 wherein the sem conductor _ body is a sem,conductor ate and
t he conductive3contZbe mqfdedﬁé’fsé’%ﬁéBnguﬂ]P%:FeHbg%}‘q éeﬁﬁﬁnﬁﬁg’tf provi di ng

a metall %ﬁﬁz' on Layeiq o, 8, SRefARdnauEt8eeshbst et s Wistuts @econd
conductivity type and the second electrical contact is

provided by providing an electrical contact to the well.

4, The method of claim 1 wherein the semiconductor is

a silicon semiconductor.

5. The method of claim 4 wherein the semiconductor

body is an N-type conductivity silicon semiconductor body.

6. A method of forming a diode comprising:

a) forming a plurality of cylindrical semiconductor
pedestals on a first surface of a semiconductor body of a
first conductivity type, the pedestals having a lower region
of a first conductivity type extending from the semiconductor
body, an upper region of a second conductivity type forming a
pn junction between the upper and lower regions of the
pedestals, and a region of a first conductivity type in and
extending around the upper region adjacent the pn junction;

b) forming a gate oxide and conductive gate extending
from the lower region to the region of a first conductivity

‘type in and extending around the upper region;

21



8. The nmethod of claim®6 wherein the sem conductor body is a well in a
sem conductor substrate of the second conductivity type and the conductive
contact to the sem conductor body is provided by providing an el ectri cal

contact tQubheedeeds! - 9. The nmethod of claim 6 wherein thePGBHRAHctor is
a silicon 'sem conductor. 10. The nethod of claim9 wherein the

sem conductor body is an N-type conductivity siJijgapseHLonduct or body.
11. A di ode canpproviging 3efPi Hﬁ‘iﬁ:‘{%?f%%@ C()Cfsl‘h!(}f‘[c’fqzlqrsg[S conductivity type;

a plurality of cylindricahapedestagsonnon 4| £ ststs et g tyh &YPe

sem cond Do y, “each having a | ower region of ti?g first conductivity
type and i aipexregiing @#‘OBlngeEBﬁduPE%’ﬁdﬂ?ﬁi'%tya Vpe forn‘idgf a pn
junction therehetween,..the de| g¥BE 2 €t ONshalefemi gandi@fal | s of
each pedestal; a%lgﬁ%%f % Egﬂgl{l?gtm conductivity type around the upper
regi on ofy h pedestal adjacent the pn junction; a gate oxide on the
sidewal | s of" each pedestal extending fromthe |ower region to the region

of the first conductivity 22 PCT/US02/ 14848 WD 02/ 095835 the type
around the uppgr rephomethosac gdadst &l Y’hfeéﬁi]-ﬁngé? ?%‘81?(?1?% c%%]%ducti Vity

type around_the upper region R Redeshal tnet cobriugt towecetdst t he
gate oxi deedy % u%?‘f‘*/%%cé:o%{/ésﬁl%%her gate oxide; a l(yer of the second

conduct i Vi { V¥ PEehetaRRct pedestalis; pacvededcPYvBFPEYSI "3vBr the plurality

of cylindrical pedestals and naki |£6lkissak eentast subkbrate. conductive
gate and wakatbirahioRr +RHEEH icf'rg?a c%%gglgte%& fy type around the upper region

of each pedestal; and, _
8 The method of claim 6 wherein the semiconductor

body is a well in a semiconductor substrate of the second
conductivity type and the conductive contact to the

semiconductor body is provided by providing an electrical

contact to the well.

9 The method of claim 6 wherein the semiconductor is

a silicon semiconductor.

10. The method of claim 9 wherein the semiconductor

body is an N-type conductivity silicon semiconductor body.

11. A diode comprising:
a gemiconductor body of a first conductivity type;

a plurality of cylindrical pedestals on a first surface
of the semiconductor body, each having a lower region of the
first conductivity type and an upper region of a second
conductivity type forming a pn junction therebetween, the

upper and lower regions defining sidewalls of each pedestal;
a region of the first conductivity type around the upper
region of each pedestal adjacent the pn junction; |
a gate oxide on the sidewalls of each pedestal extending

from the lower region to the region of the first conductivity
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a conductive layer making electrical contact to the sem conductor body.
12. The diode of claim 1l wherein the sem conductor body is a

sem conductor substrate and the conductive |ayer making electrical contact
to the sem conductor body is a netallization |ayer on a B6EYRP/YE ace of
the substr Q2B The djode of claim 1l wherein the sem conduct or body is
a well in a sem conductor substrate of the second . cond LVLE Vi pe and

t he condu%ti e layen waki agpet ecegiam|of ééﬁﬁa@ﬁgﬁét?ﬁe é%%#é%%&ﬂ%%pr body

is an ele Ical contact to the 1]....14. dicose @hechipperi regh@t ei n
_ . : ty?Ea . .
t he sen carddoronfi S‘-h%féffFFcSﬂn@@% Bhductdr. 15. The dio g of claim14

wherei n the semni.con il B@dweiﬁgamwtgcb@}ém&ﬁtw?i PFLEFT i con
sem conducﬂfor‘a""tﬁ%ﬂd9/;’.'3%.1‘!3 : %A éli ode cor‘rPri Si %téa Ayl ity of cylindrical
sem conduct or pedestdaictioe gatei P¥E sth¥ of a sem conductor body of a

first conductivity type the-aedasgt absdievivity HymeePet¥§edn of a first 23
WO 02/ 095835 P@/Wf%éfggcosnducti vity type extending fromthe

sem conduct Qiedoftys; an upper region of a second conductivity type and
form ng ac%n ej unction bet ea&etxhgvggpeheapnumlz\ew r@i@ﬁs‘-ré%;ltcﬁﬁ
[

pedestal s, and & ?%@‘ihb?lt%‘fe a st conductivity, t i R& Ng
ar ound the,Ugpet o1 §OkAA sk aTPral L6 GREERO, YEER (The Ebndliane

conductive gate extending from Quelt! eghalct ovite ryme aromd e st
conduct i vi ggteyprdi 1513‘-ea‘ﬂ’%9b‘3’<1?e‘?{gdihcﬁlilg(]4 around t he upper region of each

pedestal ; a %ggdggigﬁgﬁ bayesck qrédestalg @€ conductive gate and the region
n

of a first "BBRAUCEFVI ty type_.in and .ext i i abouREnt set uppethe egi on;
and, a conduct i wecoodugsiVeola¥er J¥ lcntﬂi%ﬁ'(?{a%rrlbody. 17. The di ode of claim

16 wherein Ste%csé %@'u%%g(}ugbag,_

12 The diode of claim 11 wherein the gemiconductor

emiconductor substrate apd the conductive layer

s erec r body is a

electricai contact to the gsemiconducto

B f the substrate.

metallization layer on a gsecond surface O

13 The diode of claim 11 wherein the semiconductor

iconductor substrate of the second

i in a sem ‘
body is a well 1 .

e and the conductive layer making electr

ivi t
conductivity typ 1 contact to

i ica
contact to the semiconductor body 1is an electric

the well.

14 The diode of claim 11 wherein the semiconductor 18

a silicon semiconductor.

15 The diode of claim 14 wherein the semiconductor

onductor body.

body is an N-type conductivity silicon semic

16. A diode comprising:
rical semiconductor pedestals on a

lurality of cylind "
" f a first conductivity

first surface of a semiconductor body ©

i first
type, the pedestals having a lower region of a
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body is a sem conductor substrate and the conductive contact to the

sem conduct or body is provided by providing a netallization |ayer on a
second surface of the substrate. 18. The diode of claim 16 wherein the
sem conduayQb2dagady is a well in a sem conductor substraPETARIYH848second
conductivity type and the conductive contact to the sem conductor body is

provi ded by providing,an el ectrical ontact to. The, di ode of -
c!a|n116‘%9ﬂ§a99+w §§P908ﬁ ¥ {ﬁgi%?6%1€§% Fg%ﬁkggﬁﬁggéﬁu%§% ! %%. The
di ode of gl Ay heicE B bbeosentaehutictiharty hyty BadafioRniypea cpmductivity
silicon sem conduct or bod)é. 24 )
junction between the upper and lower regions of the
pedestals, and a region of a first conductivity type in and
extending around the upper region adjacent the pn junction;
a gate oxide and conductive gate extending from the
lower region to the region of a first conductivity type in
and extending around the upper region of each pedestal;
a conductive layer contacting the conductive gate and
the region of a first conductivity type in and extending
around the upper region; and,

a conductive contact to the semiconductor body.

17. The diode of claim 16 wherein the semiconductor
body is a semiconductor substrate and the conductive contact
to the semiconductor body is provided by providing a

metallization layer on a second surface of the substrate.

18. The diode of claim 16 wherein the semiconductoxr
body is a well in a semiconductor substrate of the second
conductivity type and the conductive contact to the
semiconductor body is provided by providing an electrical

contact to the well.

19. The diode of claim 16 wherein the semiconductor is

a silicon semiconductor.

20. The diode of claim 19 wherein the semiconductor

body is an N-type conductivity silicon gemiconductor body.
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