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SEM CONDUCTOR DI CDES HAVI NG LOW FORWARD CONDUCTI ON VOLTAGE DROP
AND LOW REVERSE CURRENT LEAKAGE
BACKGROUNWYbs/382t8 | NVENT! ON 1. Field of the |Inventi opcT/US98/00843 The .
present invention relates to the field of sem conduct or devi ces and
net hods of fabricating the sane. 2. Prior Art
Sem conduct or devi ces of various kinds are wel I’ known in the prior art.
The present invention rel ates to net hods of fabricating sem conductor
di odes and the al so
directly applicableq#%ﬂﬁﬁgﬁﬁgéﬁegaﬁﬁ%ﬁggﬁ q&ﬁﬁ@ﬁét@? EQH&HEQSI Because
of the enphasis on diodes herein, only the prior art relatlng thereto
wi I'l be discussed. CONDUCTIONS&QMCW% A¥Ps LPW RBHEMERSEsed in
el ectronic circuits for various purposes. The primary purpose of
such sem conductor diodes is to rORRERTCONBAKNGE Of current in a’
forward direction in response to a forward vol tage bias, and to bl ock
conduction of current in the reverse direction in response to a
reverse vol tage bias. This rectifying function is widely used in such
circuits as power supplies of various kinds as well as in many
other electronic circuits. BACKGRO oF I N

1. i of the I nti

The present invention relates to the field of
semiconductor devices and methods of fabricating the

same.
2. Prior Art

Semiconductor devices of various kinds are well
known in the prior art. The present invention relates
to methods of fabricating semiconductor diodes and the
diodes so fabricated, though the methods are also
directly applicable to the fabrication of transistors as
well. Because of the emphasis on diodes herein, only
the prior art relating thereto will be discussed.

Semiconductor 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 limitedrto leakage current values



In typi cal sem conductor diodes, conduction in the forward direction
iIs limted to | eakage current val ues WO 98/ 33218
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vol tage bias reaches a characteristic Vvalue for the particular type of
sem conduct or devi ce. By way of exanple, silicon pn junction diodes
don't conduct significantly until the forward bias voltage is at
| east approxinmately 0.7 volts. Many silicon Schottky di odes, because of
the characteristics of the Schottky barrier, can begin to conduct at
| ower vol t agesintddcvhgs forwagdavobtage wiasanashesn 3 GRAFAGREHI SRS have a
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In some applications es are u ed n hel recti Zlng
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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 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 aﬁd disconnect the primaY¥y of the transformer



typically used wherein a sem conductor swtch controlled by an

appropriate controller is used to periodically connect and di sconnect
the primary of the transforner WO 98/ 33218 ‘
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source. The secondary voltage is connected to a converte pu

ei ther through a diode for its rectlﬁylng characteristics, or through .
anot her sem conduct or switch. The controller varies either the duty
cycle or the frequency of the primary connection to t he power source as
required to maintain the desired out put voltage. If a sem conductor
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sem conduct or devi ce can substantially reduce the efficiency of the
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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 diocde on the secondary circuit. This has
at least two very substantial disadvantages. First, the
forward conduction voltage drop of the semiconductor
device can substantially reduce the efficiency of the
converter. For instance, the newer integrated circuits
commonly used in computer systems are going to lower and
lower operating voltages, such as currently 3.3 volts, 3
volts and as low as 2.7 volts. In 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 ip the ,



converter to 81% even before other circuit | osses are consi der ed.

Second, the efficiency |oss described above represents a power |oss in
t he di ode, ioNg in the WO 98/ 33218
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This limts the power conversion capa%lllty of an integrated circuit
converter, and in many applications would require the use of a discreet
di ode of adequate size, -increasing the overall circuit si ze and cost.
Anot her commonly used circuit for ACto DC conversion is the full wave

bri dge rectifi aeatisnal tiereof coflied 1inithetlve qgmvdar \wonviedisignof a
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t hr ough- Iarge diggret devi ces, heat dissipating structures etc.
dependi ng on t f&% ‘0 be provided. Therefore, it would be
hi ghly advantageous to have a sem conductor di ode having a | ow forward
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formas part of a nuc integrated circult., Further, while
reverse currenPUtPUtPé%%%@&glﬁP%HQ&fF§ nBeEFigplar bn dnRAiRaie8Rthust be nade
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efficiency, reV%BEgagyéﬁegf éﬁ¥ﬂ8¥¥%uit 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 discreet 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. PFurther, 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.



can have other and nore substantial deleterious affects on some
circuits. Accordingly it would al so be desirable for such a

sem conductor diode to further have a low reverse bias | eakage current..
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Semi conduct or di odes having a | ow f orwar d3vol t age conduction drop, a

| ow reverse | eakage current and a hi gh vol ttage capability suitable for
use in integrated circuits as well as for discrete devices are

di scl osed. The sem conductor diodes are fabricated as field effect

devi ces having a common gate aQ%g*%ggigggﬂ%%gggggggggua process which
provi des very short channels, shallow rain regions and longitudinally
graded junctions. Conti.nuation, of the gate/dcai n.contact layer over
special |y |ocated, CEPEFERIRGHRF f‘?’e‘?‘%e%g}ad’g'%ﬁ ﬁr?‘fegorwar he” breakdown
vol t age of thecdadhcetonﬁﬁsmp{eiéhmmxteversgapeakagéouurzgﬁnnanﬁaauiI i zes
four masking shegh vahtag £FBsRah eCRbe TSk Sh1 GV Hated

requirements. _rlouseec odl nent’s are di scl osed. )

BRI EF DESCRI PTFERCRREtHES pyedjRees for discreterdgyices ake £A15543792di agram

for a well knowheASemiconfiGecb¥y chivded airdl Sabgicatel| avafteld iaffeatectifier

in whi ch the.present.ipventi MBya e e . . Fi 2a and

2b i1l ustrate GRUAECRoRALREL (1o at¥ it lrain connectidn WY ¥
process which provides very short channels, shallow

drain regions and longitudinally graded junctions.
Continuation of the gate/drain contact layer overxr
specially located, tapered edge field oxide maximizes
the breakdown voltage of the devices. The preferred
fabrication technique utilizes four masking steps, all
without any critical mask alignment requirements.
Various embodiments are disclosed.

BRIEF DESCRIPTION OF THE FIGURES

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 and 2b illustrate diode connected field
effect devices, shown schematically in as n-channel and
p-channel diode connected field effect devices, in
accordance with the present invention.

Figures 3a through 3v illustrate steps in an
exemplary process for fabricating a preferred
embodiment of the present invention.

Figures 3w and 3x illustrate steps in an alternate

process for fabricating the present invention.
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ef fect devices, shown schematically in as n-channel and p- channel

di ode connected field effect devices, in accordance with the present..

i nvention Figures 3a through 3v illustrate ste ' .
exenpl ar y“ﬁ?%%’sesgés for fabricating a preferred enbodi m&%{l‘/ﬁob]pﬁ?%&ets
present invention. Figures 3Wand 3x illustrate steps in an
alternate process for fabricating the present invention. WO
98/ 33218 PCT/ US98/ 00843
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| NVENTI ON First referring to Figure 1, a circuit diagramfor
a wel | known APPYSSDC converter using a full wave bridge rectifier in
whi ch the present invention may be used na be seen. In such circuits,

a transfornmer 20 isFigeres da throwghybdeibDOisteata ilofupEh@Een the prinary

and secondary exmﬁfftﬁ@eﬁiyief meeHeat by £cida &BrAchyol tage step-up
or step-down to the full wave bridge, conprised of di odes D1, D2, D3

and D4. When tRESSEROAHAYFHERM 22 is

DETAILED DESCRIPTT OF

First referring to Figure 1, a circuit diagram for
a well known AC to DC converter usingla full wave bridge
rectifier in which the present invention may be used may
be seen. In such circuits, a transformer 20 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 22 is
sufficiently positive with respect to secondary lead 24,
diode D2 will conduct through resister 26 to charge or
further charge capacitor 28 and to provide current to
load 30, which current returns to lead 24 of the
transformer through diode D3. Similarly, during the
other half cycle of the AC input voltage, when the
voltage on secondary lead 24 is sufficiently positive
with respect to secondary lead 22, diode D4 will conduct
to provide current through resistor 26 to charge
capacitor 28 and to provide current to load 30, with the
capacitor and load currents being returned to the
secondary lead 22 through diode D1. Thus it may be seen
that each time current is delivered from the full wave

idge of giodes D1 through D4 to the output og.the

bridge, two diode voltage drops are imposed in series



sufficiently positive with respect to secondary |ead 24, di ode D2 w ||
conduct "t hrough resister 26 to charge or further charge capacitor 28
and to provide current to | oad 30, which current returns to | ead 24 of

the tweyyalzgsgger through diode D3. Similarly, during th r .
hal f cycle of the AC input voltage, when_gbhe vol t age o}g&%@g&? | ead

24 is sufficiently positive W th respect to secondary | ead 22, diode
D4 will conduct to provide current through resistor 26 to charge
capacitor 28 and to provide current to load 30, with the capaci tor and

| oad currents beipg returned to the secondary |l ead 22 through diode
Di. Thus it mavlﬁg Eé@ﬁ outpug hatg]%?rt'i FelCEr PBRLPRET f2 iéje‘?‘g%e’gf romthe
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positive or neﬁggj{ye peak. The circuit of Figure 1 is nerely
e

exenplary of t type of circuit in which the present invention is

I ntended to be used,,These circuits. may he . characterized as_.cjfcuits
wherei n the di ode vm'TPF Bérc‘_‘u{s%%j%ﬁ‘é%e 'E'D lﬁot“ﬁrﬁgé’i Freeer ?BYV\%Fd h?amd
negative ( cxper o8) ciir¢vil ein iviiicloithwgeresenssinvertion i$ ode

connections andntBRgbdNesdi 98 wied he WHade disclics mh§fChefying function to
provide a DC or _rectified current utput. This égoég be_ di sti ngui shed

.0 .
from appl i cat i GR8ractefizedFF tHF YT ctersie: £6R d¥bte $& to provide
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{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 diocde 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 drop characteristic of the diode when conducting curreht,
whet her or not the diode will be subjected to negative differential -.
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and negative differential voltages across the diode connections and the
function of the diode or diodes is a power ‘rectifying function to
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the diodes. Theiqdeasenhdtheentinodissredte efded dmo itegratedealitreait on of
di odes and/or gigfe fingiliang10aYhagebOUs 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 6f 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.



di ode forward conduction voltage drops, |ow reverse current | eakage,

and hi gh voltage capabilities for use primarily in such circuits and
other circuits wherein the diodes are in fact subjected to forward and
reverse wodgidsgi N use. This is achieved in the present i p¢gfidesitosds

t hrough the use of diode connected fiel dgeffect devices, shown
schematically in Figures 2a and 2b as n-channel and p-channel di ode
connected field effect devices, respectively. In accordance with the
preferred enbodi mrent of the invention, such devices are fabricated

t hrough the use of _.commbn gaje and drain_connections p| C II a
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obvi ously nunmuslesaoﬂ;lchnp‘saﬁﬂﬂe- fagriiscsedd dnown in &Rfgle silicon wafer,

as is well knqyp b%@ mteﬁ@%&g&yﬁd Rrbbaimeaci fbsceitedl ey
descri bed, the Stra

te is an n- ubst Thefrst te |sto
grow a thi ck §qhs§6ﬁt&xﬁaea{‘a9e?y%“h S&@%‘ﬁ&ﬁ &gfegﬁf"é Steo% SSrhedral
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phot oresi st 4Q,is pyt. doyn B sho ‘gﬁl S| \ga s gdehinedxi 86T £i ﬁe,yvijgli n which

t he uItlmaecwcwt or me hen using avvet etc (Figure
3d), both the ishideossd ted cﬂnéx?d%alf%‘@|%§%tl°lresmtbé etEHRYS 99YE ¢ hi n
oxi de region, dHaVey&findeei A Gefinedeflpatdied wiegianwhikhl tikéch much nore
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(Figure 34d), both the thln and thlck ox1de regions will
be etched. The thin oxide region, however, being a
deposited region, will etch much more rapidly than the
thick oxide region, allowing the etchant to undercut the
photoresist 40 to form an opening 42 through the thick
oxide having tapered sidewalls 44 thereon. Preferably,
the tapered sidewalls have an aspect ratio on the order
of 1 in 5 to 1 in 10. Thereafter, as shown in Figure
3e, the photoresist is removed and, if desired, the thin
oxide layer may also be removed. This defines a chip
region (Figure 3f) having an opening or window 42
through the thick oxide 34 to define the circuit area,
the chip area shown in Figure 3f of course being
replicated many times on the silicon wafer.

In Figure 3g, a thin oxide layer 48 is grown over
the substrate region defined by the window in the thick
oxide. This layer becomes the gate oxide, and
preferably has a thickness of approximately 250
Angstroms. Then as shown in Figure 3h, a thin n-type
layer 46 such as, by way of example, an arsenic layer,
is implanted through the gate oxide layer 48 throughout



oxi de having tapered sidewalls 44 thereon. Preferably, t he t apered

sidewal I s have an aspect ratio on the order of 1in5to 1 in 10. -
Thereafte wn in Figure 3e, the photoresist isr oeld, I f
desired, ﬁ}o 2P oxi de | ayer nmay algg-be renoved. This de @ges a chip
region (Figure 3f) having an opening or w ndow 42 t hrough the thick
oxide 34 to define the circuit area, the chip area shown in Figure 3f
of course being replicated many tines on the silicon wafer.

In Figure 3g, a thin oxide | ayer 4 ver t.he _subsirate region
def i ngd by tg heth@ nﬂ&%qrr?tteh§e)éﬁPE‘kgefmg‘%§P3ﬂet%ermlé‘qoéi’yép Bg‘soﬁéﬁc he ggte
oxi de, and oxpdef ermidfierahd yathhsckapgss of caﬂm@gplmmh@t%g) 200

fngstr oM. ThefngSe i hddh ThOULE Sbefrdfl N did ¥ifiminaeckdURsadlnsuCh a5,

by way of exa an arse ante roug e gate ’
oxi de | ayer 48thgrgmggﬁnﬁth1n) edggmpggrgg2q§pered thick ox1de because

PCT/ US98/ 0083 of the shielding effect thereof - 10phis may be tNleosubahrate

regi on defined,by_the wi d0W|n the t Pref I his | ayer
is only approxifeft9yFe takeR, g% ?anx%%%eq ns?%’ Thst r 1¥8%d

term nates adj boeRigure 3ghe IThgar, Ashshdwedye Bigule 3tlapéir éemem ek oxi de

because OIuEPfdé @l g qfa&;%s»t okhsawéniéf& SIR% haralgemseen
in Figure 3t, en on an expand scale in rﬁ[‘&g“ son t.o Figure 3g.)

Then, as showntPe¥eP¥eFe Fhe Ritzjde dpver 50 the fPyed 4Py er of
pol ysilicon 521a9e?u52d@m§l patterfnh:dr e6V£6mTélephnfa[1:th1 Icsfygecre@taas,t he

pol ysilicon pd.ur ;h{f% . pedestals,
general Iy indi E’SPSEX%Y %’é ncﬁantl%ga%?’ gﬁ Lﬁ%ien %4 147 es pedest al s
nmay be any con¥bssenpedestrls S@éfnb@sanlﬁyconvenmt othap@mAuEh &sncBVar

hexagonal , reclapodkagxtple, ci@dze, hBxhfshal cUPéckardulldie carbodi ment
bei ng descri bed, the tﬂ'ﬁdeSt als are a\gﬁr oxl maéelé/nl m.cron square
and arranged | A%¥%FRo dffe %rﬁﬁga&dr‘aﬁ %kﬁl"ﬁ’gcal circuit may

have on the ordescoibéd? tihe¢ |[pesiestals guehapgdegpaaaselmrﬂ. Aienarat e

enmbodi nent,, ho@ﬁﬁﬁ&e BBy arranged in a two dimensional array, whereby
a typical circuit may have on the order of 1.2 million
such pedestals. An alternate embodiment, however, may
use rectangular pedestals of say approximately 1 micron
wide, but having a length of many microns, so that the:
number of pedestals across one dimension of the circuit
are far fewer (as few as one) than the number of
pedestals across a second dimension of the circuit. In
any event, the pedestals are formed by putting down a
layer of photoresist, patterning the same, and then
plasma etching, so that the pedestals will have
substantially straight (vertical) sidewalls, as opposed
to somewhat tapered sidewalls typically provided by wet
etching.

Alternatively, the pedestals may be fabricated of
other materials, such as by way of example, depositing a
nitride, oxide, nitride sandwich of layers rather than
the polysilicon layer. The pedestals may be entirely
nonconductive, or alternatively, if they have a
conductive layer, should be insulated from the substrate



use rectangul ar pedestals of say approximately 1 m cron wi de, but
having a | ength of many m crons, so that the nunber of pedestals
across one dinmension of the circuit are far fewer (as few as one) than
the nunbeky@bgsszig Pedestal s across a second di nension of tpergkésidesds | N
any event, the pedestals are forned by Qﬁt_i ng down a | ayer of

phot oresi st, patterning the sanme, and thén pl asma etching, so that the
pedestals will have substantially straight (vertical) sidewalls, as
opposed to somewhat tapered sidewalls typically provided by wet

et chi ng. Alternatively, the pedestals may be fabricated of

ot her nateri alshexawiders byfbusgy tbe shanprsidedren vpges the njtride,

oxi de, nitride;spaeiich o thakeesvbaiieht tHAP be cordi@epelyphktcon | ayer.
The pedestal s may be_enti rel¥1 nonconducti ve dfor al ternati ﬁly, i f they
have a c ORI RTIRS HadyPe FRERSIVESh e SPRETA LS AR ARRT hgrgﬂbg Fate '
WO 98/ 33218 thin oxide of the same layer extending REErUsbe/ gegien

-11- tSL A 6aaettidd st Ne Foli BnQkLALe | aPlegiiida1 chiie pedestal s
of this enbodiment ma e considered part_ of . tfg%xfgedes al s thensel ves,
separate and apEFECHRANMEYe Pe fabrigasefqly of 1% NGay8f ext endi ng over

the region pE@EYELTE N8 etiraling ofle bRShane elayr= i thieent structure
may be fabricated by first, f.orm.ng.the. i LA e or nore
| ayers on the S&s%%%%?’r aafte,l%aatrytl %5’3 %tl i ?g?g(tﬁ%%‘?q{ \%k#)éhfdﬁ'gmgggrg ectric
(el ectric i nsulateryriccinssiaderdxispshonsaani exide oxdd nitridgenastchi ng

the layer or | gyekhSe@Sh e AHdAGER o2 Thyerstde SddEtidRid &lol ¥ovarti cal
wal | ed pedestal s, exposin

. t he substra et wee edestal s.._Then a thin
oxi de | ayeFRR ot %aen%r% MPAHE e&?‘gﬁeae‘?%%e%%esde%%.m
Then, as shownthe #igstratdk betwdem dedpstads . Themtaeritdn ®%idgch
polysilicon or;ap.px.881d Sod @R &%h the region between pedestals.

‘Then, as shown in Figure 3k, a thin layer of
material 55 such polysilicon or an oxide is deposited,
preferably approximately 1000 Angstroms thick. Because
ﬁhis is a deposited layer, the layer will have
approximately the same build-up on all surfaces, whether
horizontal or vertical. 1In a subsequent plasma etch,
however, the layer will be removed substantially
equally, but only in the vertical direction. Thus, a
subsequent plasma etch of 1000 Angstroms will remove the
layer from the horizontal surfaces but leave regions 55
on the sides of the pedestals, each approximately 1000
Angstroms thick, as may be seén in Figure 3n.

The next step, shown in Figure 31, is to implant p*
regions 56 -through the thin oxide 48 and deep enough in
the silicon substrate 32 to not convert the n region 46
of Figure 3g to a p region, but to place a p* region
immediately there below. Typically this p* region will
be on the order of 2000 Angstroms thick, in the
preferred embodiment formed by the implantation of
boron. Because of this thickness (reflected in the
energy of the ion implant), part of the quion under the



preferably approxi mately 1000 Angstrons thick. Because this is a

deposited | ayer, the layer wll have approxi mately the sane buil d-up .on
all-surfa her hori zontal or vertical. In a sub sm .
et ch, g\%/se%%r?% the layer will be renpyed substantially%@g&ﬁﬁasy, but
only in the vertical direction. Thus, a subsequent plasma etch of 1000
Angstrons wi |l renove the | ayer fromthe horizontal surfaces but |eave
regi ons 55 on the sides of the pedestals, each approxi mately 1000
Angstrons thick, as may be seen in Figure 3n. The next step,

shown in Fi gur tapared sthisk gpige: rpgion (seediignsesdti nvdbly ISR Bhin oxi de

48 and deep enﬁu,?ilaxa&d, formieigShl 1 6AG: SediRidiake g8adka fehcedavert the n
regi on 46 0

Fi gure 3q t.0 region, but .t | ace. .a p+ region
i medi atel y t hBPEWERH o pilE’RiF‘gt?‘ﬁ%Eegfﬁpnr @@dogh% ?Ttype_" be on the order
of 2000 Angstresubstiatdk, iThishgraded pundeioredscirbedratarited ey By t he

| npl antation o ‘P%pf 52413801 £ {1 Sod NulReeR Ek6hl egéed in the
energy of the %gﬁt}%p ant ,o part of st e Jr;%e}? orrilil under the 98/ 33218

PCT/ US98/ 00843already shallow junction to the subgfrate surfa?gbgﬁ%g%t|ﬂ ck

oxi de regi on (gne Chgered ANicoM ldxidlesedberypicd Iyt ant ete bpder nof a

| ongitudinally _graded.junctjo tween the p+ inplanted region and the
oflpabR e L i hsy trBsE

n-type sub jdancfion is characterized by a gentle
curve of the resulting pn junction fromthe, al rea%é shal |l ow junction to
the substrate surfadétgrdehe implapt.t &per ERLiR HFRILWSG RXe TEPP¥SEIy on

the order of py esénimgl vy Byrd hecbimedate the removaAf bér thbe i nplant,

the thin regions 55 arg_renpved by etching. To 0 t he
renoval of thiﬁeglonFeg?bnﬁtEﬁf ﬁﬂPWEQXSBEVQ%iéﬁﬁ (éﬁﬁggrgggiggggg%%l
mat eri al f dorr egudass 555 tthan wes used for the nradessedssseothabiaa

sel ective etchgBY-PevESEEM Gnd B @15l tbl 2&RsSvdfallh@racest BENtREYIi ONs 55

wi t hout effecting the pedesfals, .
thgn regEons §§1w1thout effecting the pedestals.

Then, as shown in Figuré'Bm, a layer of polysilicon
58 is deposited, this time preferably approximately 0.5
microns thick. Again, because this is a deposited
layer, the polysilicon will have approximately the same
build-up on all surfaces, whether horizontal or
vertical. In a subsequent plasma etch, however, the
polysilicon will be removed substantially equally, but
only in the vertical direction. Thus, a subsequent
plasma etch of 0.5 microns will remove the polysilicon
from the horizontal surfaces but leave polysilicon
regions 58 on the sides of the pedestals, as may be seen

in Figure 3n.

Again, alternatively other materials may be used,
such as, by way of example, by putting down a layer of
silicide approximately 250 Angstroms thick followed by a
oxide approximately 250 Angstroms thick, instead of the
polysilicon (silicides are usually thinner and normally
would require a suitable spacer material such as
polysilicon or--oxide to achieve the desiged thickness).



Then, as shown in Figure 3m a layer of polysilicon 58 i s deposited,

this time preferably approximately 0.5 m crons thick. Again, because
this is a deposited | ayer, the polysilicon will have approximately the
sane wolokgsyp on all surfaces, whether horizontal or cToBkbdsas! - 1N,
a subsequent plasma etch, however, the -13- polysilicon wi | FREPETRd
substantially equally, but only in the vertical direction. Thus, a
subsequent pl asma etch of 0.5 microns will-renmove the polysilicon
fromthe horizontal surfaces but |eave polysilicon regions 58 on the

sides of the pedestals,, as be . dn Figure.3n. . Agai n,
alternatively ot hergha‘t:%ﬁ a%t?é'%%yotz?ag:ér&&amon, 'szﬁshcéjs'?ub@ ?%?/e%’fs exanpl e,
by putting dowgenerajky af shown din itdiedschgproicnaeptgsasavirmstabns thick

fol'lowed by a piqur@xi8e aPIMPHUEY flofore) ARIEhEQMBxeMhTdry i NSt ead of the
polysilicon (sil]jcides are usual gedt hi nr]%r and_nor mal woul d require

a suitabl e spafBPORHIGRT al SBRHE estals,pre; ppipg B?Z‘Bx?‘aemﬁf' achi eve ‘t he
desired thi cknesshin the windifiyr 37 33&] &apered thick oxide (see Figure

PCT/U898/008433e%.there is 3 two dimensional ariéﬁ'of ? multi udelgfthis
stage of fabrication, the circuit appears enherally as shown i1 n the

schematic repr E4RAEARFHHLEY squang gadestalsas gﬁa?éﬁvb@‘ﬁ%hé, in this

exeLrpl arK _ sgahaﬂ?w«gt,asmﬁ:w h_ qﬁtnaies;dp@a%sl&auagmaﬁeﬂaﬁ@ agh;:lt _
Wthin the w ndow e, taper fhic I de (see, Flgure . e) there Is a
two di mensi onafsu%?ﬁﬂéb?l afl "ﬁ?tltfﬁéxb% %menf 5L ﬁgf’gﬁf’l‘?}lyqu% es%h@ést al s.
As previously in thenctheedlingnsiorat edng ebprpydsstaly huyideor in
substantial |epgbhshl1 P88 (bEASHON diAQHHI oWl linDenaNBlbsenc1y,n the ot her

di mensi on, bein ggggégéh%%géﬁnel mcron in the smaller (or both)

di nensions in P f erred enbodi nents.

The next step in the fabrication, shown in Figure
3p, is to etch away the thin oxide everywhere except as
masked by the pedestals. As part of this etch, or as a
separate etch, the thick oxide 34 is given a controlled
etch to shift the end of the tapered region 44 (Figure
3t) back approximateiy half way to the pn junction at
the surface of the silicon substrate (Figure 3u). 2also,
using a photo-resist mask, boron is implanted in a small
percentage of the total area of the circuit to convert
the corresponding part of the n-type region 46 to a p*
region 56 to allow electrical contact to the P* region
thereunder as shown in Figure 3g. The purpose of
electrically connecting to the p* region 56 in limited
areas is to provide an opportunity to determine the
voltage thereof, as otherwise the p* region would be a
floating region. Since the pn junction between the p*
region and the surrounding n regions will always be back
biased, the p* region 56 is not a current carrying
region, and accordingly the area of such contacts can be
purposely kept small in comparison to the area of
contact to be made to the n region 46 thereover over
most of the circuit. In that regard., note also that

« while, the Figures such as Figure 3p show the p* regions



The next step in the fabrication, shown in Figure 3p, is to etch away
the thin oxide everywhere except as masked by the pedestals. As part of
thi s et ch,war separate etch, .the thick oxide 34 isggi

controll ecfvgwa?tlgh to shift the end of the tapered region ﬁgi‘@é@?g

3t) back approximately half way to the |5|]|4J‘unction at t he surface of
the silicon substrate (Figure 3u). Also, usi ng a photo-resi st nask,
boron is inplanted in a small percentage of the total area of the
circuit to convert the corresponding part of the n-type region 46 to a
p+ regi on 56 separdted cirent ciachl othetasy tie tﬁmiel%[w‘.lfs] thei ph

t her eunder ctyically

cornecti ng to ?%gy\%&é PaelFé gﬂ{%é%%m‘l-gg%eg é@?xﬁger? edest%lt% as rovide an
opportunity tosm@ﬁ% ¥ Hilgure 3@l.t gethabreed Pageginar wbsésthe p+

regi on woul d bgiggle ré ;E&I'ﬂé?cfrdiﬁ't@ﬁ wdtRCEn tHer AN dfURGdnabglet yren the p+

region and the_surraoun (ﬂ?qs regions will always be back bi ased, the p+
region 56 is ndF SRCArPERTHrrying regi on, and accordingly the area of
such contacts can be pur posely kept snall in conparison to the area of

contact to be nmade Fénahiyn org)jiwh mde Aoteyeenneverlayersnéd agke t he

circuit. In thgtpbggeed, ovddt &1 2@t in tﬂ@'drfnécﬂ@ 42 PH fhesuch as
Figure 3p show t

re
PCT/ USoa) 00843substhate e 36y, ad3T1 %88 i‘ﬁer the tapgredoparated from
each ot her by régipedéétms;he hehirk oxldeegseesf'sgmre rnar.commeest ed bet ween

pedestal s as %&‘88&&%@@ P‘#@ Kl s3 Ofégrwé‘i é&‘?té?:*t rmﬁ@ho?; s a

56
single region perforate an arra open n%p@, each
pedest al . region £6r@yey mefte ofr ér?ﬁt efc e%ltm%r@lwr&r e

deposi ted overztheagar ¢nia mmhq:éud&l@wQéZOQntﬁaecncuﬁJl&teraat eakbkgur e
3f), as well as gggr.th e thick g?de(see

d t
Figure 3v). Thﬁl: rlfﬁfe?%rg?ﬁ%b Wlltﬁ‘yé'?’%r’rﬁke %ﬁg%? A ESnC3ct with n
regi on 46 over (Fbguref3she e igftexiconpectulayéFimay doe a sgmglend in a

smal | percent aggyet bbeaChlerdli ¥ &% 13§ELe such as polysilicon, a
silicide and/or metal layers. The interconnect layer
forms the anode of the resulting diode, interconnecting
the polysilicon gate region 58 (and nitride regions 50
and polysilicon regions 42) with drain regions 46
(Figure 3r) and p* regions 56 (Figure 3s). The source
connection is made from the back of the substrate
through metallized laver 62 (Figures 3r and 3s).
Between drain regions 46 and source regions 64 are very
short chamnnel regions 66, defined primarily by the
'approximately 0.5 micron wide polysilicon region 58
during fabrication of the device.

By appropriate selection of dopants and their
concentrations, and other materials and dimensions of
the device, the channel regions may be made to be just
conducting at a zero forward bias. In such a case,
simulations have shown that forward biasing of the
device by applying a positive voltage to contact layer
60 with respect to contact layer 62 of something less
than two tenths of a volt will provide a Morward current



el ectrical contact wth the p+ diffused regi ons 56 (Figure 3s). The

I nterconnect |ayer may be a single | ayer or a plurality of |ayers such
as polysilicon, a silicide and/or netal |ayers. The interconnect | ayer
forns thevamogiss2ed the resulting diode, interconnecting pdTresemogssi | i con
gate region 58 (and nitride regions 50 _,._and polysilicon regions 42) with
drain regions 46 (Figure 3r) and p+ Tegions 56 (Figure 3s). The source
connection is nade fromthe back of the substrate t hrough netallized

| ayer 62 (Figures 3r and 3s). Bet ween drain regions 46 and source
regions 64 are very short channel regions 66, defined primarily by the
appr oxi mat el y &f Rtnileest Ewdeopdeysiof émm@gud@ngssater tloan nghe abri cati on
of the device.reyerse bias B¥aRRE éo@tﬁx‘::?érﬁt 59"1@1@ %Qﬂu@étﬂ@ﬁém&ﬁs@%évhel r
corcentrations, and of her ge%’erl al s I’ISI ong{ t he_device, the
channel regi o 52Be°Fu e & c G TBEPRGEEPERS 22F * f or war d
bias. I n such \a::l(xa;grov:.des s8i fiokedtdnocuirente sﬂ‘lmwnoifhat: leasmrthbeasi ng of

t he devi Ge- e AR &aaaleuaesg%éa@ee/qlhﬁaag%feorgqeyeet phayer 60
with respect to contact |ayer sonet | ess n twp tenths of
avolt wll pr%ﬁﬁ&ﬁgéiqqﬁ5ﬁ§Fd cBpyEntin true raﬁ51§gﬁ§92§8p ications

PCT/ US98/ 00843uch as in power supplies and the Bike, the prefeat |east two

orders of magnj tud qreat.qn ?%Qrﬁg resu %_\{,lerr%ea lg:le sgggggage current. The

simul ations al¥dt’ srh tha rwar ias on 1 er of three tenths
of a  volt meoal ﬁ@d\/\hﬁétéugrmtth¢@@Qﬁlfmlnge§§vlf=ﬁ$eeand orders
of magnitude greadely td%@é}atllieefezeaéﬁcplaﬁ the ﬂé&%ﬂ%ﬁﬁﬁcéﬁ.fréﬁits-f hus, in
true rectifying appllcatlons such as in pomer supplies and the liKke,
the present nt.ion wl early result Jn redug
consunpti on and hea“§+% ’fehspﬂ?e ?gct%ﬁﬁyrﬁﬁeﬁ%% Rigs % %O%Wr%ggfg‘? Coveral |
ef ficiency of ¢ehethestgsilitgng ddodes. the reverse blas voltage appears
between p* region 56 and the n-type substrate 32 (see

Figure 3v). The shallow curvature of the p* region 56
adjacent the edges thereof, resulting from the
longitudinally graded junction fabrication technique
herein before described, avoids concentration of the
field lines in that area. Similarly, the extension of
the upper interconnect layer 60 over the tapered region
44 of the thick oxide 34 in effect tends to continue the
lines of equipotential, without concentration, out of
the substrate into the silicon oxide. This is
illustrated in Figure 4, which is a reproduction of a
computer simulation of the field lines on both sides of
the pn junction and in the oxide when the device is
subjected to a reverse bias of 80 volts. While the
field lines tend to concentrate once in the silicon
oxide, the silicon oxide is characterized by a higher
breakdown voltage than the silicon substrate. In the
substrate, however, there is very little concentration
of the field lines, giving the device a reverse bias
breakdown voltage closely approaching the inherent
reverse bias breakdown voltage of the silicon substrate
itself. This effect is maximized by bringing the end of
the taper of the thick oxide 44 back approximately half



Wth respect to the reverse bias breakdown vol tage of the resulting

di ode, the reverse bias voltage appears bet ween p+ region 56 and the ..
n-t'ype suklsd 68381832 (see Figure 3v). The shal | ow curvatpdgusdschdid P+
regi on 56 adj acent the edges thereof, resulting fromthe

| ongi tudi nal |y graded junction fabricatiof™ t echni que herei n before
descri bed, avoids concentration of the field lines in that area.
Simlarly, the extension of t he upper interconnect |ayer 60 over the
tapered region 44 of the thick oxide 34 in effect tends to continue the

| i nes of equi pwaentdathe \wn Hamctdonc §nrmadi batween wf regiorhé6sabdtrat e
into the silicepeoXiePpe THirsstate wthEUEBéaéﬁdgﬁﬂbdqdﬂ“ﬁ%é%s‘U&bCh is a

reproduction of a cgm&yter sinmulation of the field |lines on both sides
of the pn FHRERFBACENDPS P HIRFTGtRde HRBAVERARARFEAREAFSOUS sypj ected to
a reverse bi asefife80 aamtstllmnbeaadmaeved ﬁiehdthergxadeﬁubdnmuinnceﬁtrate

once in the si 0, S ractarj. by a
hi gher br egkg h VO age t rb%t %g s&??ggﬁés %tsrtg &frﬁt\}ﬂ%da
substrate, hoWévéFrOHa%ﬁi eetch v%fr yehs tthlékceﬁé@ﬁt3%1t¢%rﬁhlft dthe @adij el d

l'ines, ﬁi vi nghbbetﬂevtﬁﬁeﬁed v iSh ll|4§_5(F1gBrQr§g}<C§9éMk v@v&aaﬂfftqieﬁw |
approaching the in reverse bhi.as, br eakdown 0 e_silicon
substrate ngF%onT%? Qﬁf%ﬁé¥é§? ﬁﬁxﬁﬁana§b§°%r?$Eﬁﬁé¥ﬁ &

the taper of tBe)thi ThisxsthlUsymtanaipldyi medetys hetd concentﬂﬂ@1©&/33218

PCT/ US98/ 00843,¢ field lines in the subs&rate ov%? other knoWY 10 the pn
junction formed betyween p+ reglon e n-type, substrate where

the pn juncti oheRBBLEUERe POt hgpauses of thRebetbe¥ rkengitpdidddr an
advant ageous gradaf:ieﬁtoﬁathétjdﬂcﬁi@mchnaveﬂev\téﬂaeféw spparshady jamcti on of

the present inygali ghofiXerLs td i die 380 8Lo0! ¥00ciborea AN Ol ed eton

of the thick ox reglon 44
(Figure 3t) ba€Kifieward the pn junction at the surface of the silicon
substrate (Figure 3u). This still substantially reduces the
concentration ah Ehelﬂabfﬂeatidntdﬁat&kbabﬁate et QeHerikedWin

techni ques, bOanQ§8§“§8qumA£§%*§¥ seNIhddERRL: s to pattern

the photoresist 40 (Figure 3c), which in effect defines
the location of the substrate window surrounded@ by the
tapered thick oxide. This alignment is of course not
critical. The second mask is the pedestal mask, which
defines the positions of the pedestals within the
window. Because of the spacing provided between the
outer pedestals and the tapered thick oxide, and the
absence of any other specific alignment requirements,
alignment of the pedestal mask with respect to the first
mask is also not critical. The third mask is a mask
defining the small percentage of the circuit area over
which the arsenic implant region will implanted with
boron to make electrical contact with the boron
implanted p* region thereunder. Since it doesn't matter
where on the circuit this occurs, the positioning of
this mask with respect to either of the prior two masks
is also not critical. Finally, the mask which defines
the sheet serving as the interconnect layer also
simultaneously defines the integral field plate layer



gradation of the junction, and the tapered spaci ng of what anounts to

a field plate over the tapered thick oxi de. - In the
fabrication of the device just described, in general four masks are -.
used. Thewop®s321s to pattern t he photoresist 40 (Fi guser/gsgscosddi ch in
ef fect defines the location of the-ggbstrate wi ndow surrounded by the
tapered thick oxide. This alignnment is of course not critical. The
second nmask is the pedestal mask, which defines the positions of the
pedestals within the wi ndow. Because of the spacing provided between

t he out er ! aper. hi.ck -oxide, and the_ __. absence
of any ot her s%’gtg?lﬁlé%ﬁpgn%qn’g%%#gq&ng%%@{.ét?le °X1§“’rgn%8%? 7% the
pedestal mask Whih akigrumant ¢st Bdspi not critigakkvitdh zespeastterthecal . The
third mask is Bod@Ekon of £ IoF Riel RBradBb)i PEERA0e ABkoAEngIyCUI t area
over which the arsenic i,nplant re IOEiWIH I nplanted with bor on

to make el ect r FREFS T T SHH Pfe "BSFoRL iomment Hegiiremsnts With

t hereunder. Sinespedt doediied famiirtication tebemibqusn Hdreia bedbtket hi s occurs,
the positionin ; tdy hr%%s it b p i 0 hg,prior two
masks S (g és)%mh%?d'crglut iq_:ca . l%g}ﬂ'#gﬁ;%;f% ﬁ%ﬁ%éa&ﬁv%ﬁ%&tdé‘? ?ngg t he
sheet serving BSeq hi | FRREHRTEC £ Fpak” gererally zgauirednéstisFyedefi nes

the integral fpebcepsiie dby@nventional\V\@e08¢as3218
PCT/ US98/ 00843 -17- extendi ng up over

the tapered thick oxjd A, bk g al | >, t
critical with re.speﬁ1 ﬁ’)erﬁaﬁgﬁ%’%gﬁﬁcgﬁbgkgghy&%_?%ers]rl(%é%%r iﬁgr masks.
Accordingly, (Figwueee3h) &g igpilentad alsRY afheitm oxdge Aewert 48with
respect to thewhabgiewhi omnd eehrilgeenieiob) bRé d-aype idpichtbpdy Be that

rel atively crude_alignmen b sed_in comparis Q _t hat neral |y
required for tHB™€ * %F%%%sagﬁa%& %‘ecgﬁ@Sﬁg?%ﬁa?r%e%% . (F3otizd' 397! In the
f or egoi ng descEnpthbs,case rpefigre |theeimpbant the pedestal regions

would appear as shown in Figure 3w, and after the

implant the pedestal regions would appear as shown in
Figure 3x. Obviously the Figures following Figure j
would be correspondingly changed also.

A further alternate method of fabrication for the
present invention may be seen in Figures 5a through 5c.
In Figure S5a, after the structure of Figure 3p has been
formed, a layer of titanium nitride (TiN) is depocsited
and plasma etched to leave TiN side regicns 70,
electrically connecting the side regions 58 forming the
gate regions to the substrate region 46. Then a further
boron implant is made to extend the p+ regions to the
surface of the substrate, as shown in Figure S5b.
Finally, a further conductive layer or layers are
deposited, such as Tin layer 72 and tungsten silicide
layer 74 shown in Figure 5c. In this process, the TiN
sidewall regions 70 provide good electrical connection
of the gate regions 58 and the substrate, allowing the
use of the rest of the substrate area between pedestals
to be converted to P+. This eliminates one masking
step, namely that used to convert a small percentage of

e



(Figure 3h) was inplanted after the thin oxide |ayer 48 was grown. As

an alternative, the n-type inplant may be done instead after the .
pedest al s wag ggrisafgred (Figure 3j). In this case, beforechhmosmaagsnt the
pedestal regions woul d appear as shi@mm in Figure 3w, and after the

i npl ant the pedestal regions would appear as shown in Fi gure 3x.
Qobviously the Figures follow ng Figure | woul d be correspondi ngly
changed al so. A further alternate nmethod of fabrication for the

D Cor the st e Panbr B8 Bhel LIl CRead ba18 KR ge sp) B B B 2 0L

nitride (TiN) rdegigmsodFigure 3qgnd V&iégrﬁhéﬁcmaki@gi%%ﬁm iF RO%i de regions

ogi ons 10 the Suhstatn ELLaRleR I S AR oROLs O ] e el ant 5

made to ext endf? %icﬁééPBnggt‘bh? i‘%mcesssurf&céhﬁf THRESUbSYT &t e, as shown

Hoposited, Such g Thn L ovet a2, and Lol e 7 shown in
P ’ tA¥e' ldtea XrﬁEh%%t %@%ﬁﬂ@?&eﬁgﬂa%ﬂg, as

Figure 5c. In Thi's process, t ] reglions 70 “provi de good
el ectrical coniandRtion gp the prdestadgisdfewsdlaner t FPS stdhare,
allow ng the condézfactiet.he rest of the substrate area between pedestals
to be converted to P+. This elimnates one nasking step, nanely that
used to convert a I ce . 3321 —
PCT/ US98/ 00843 Sﬂ‘a deRELH %gggngfgs in the WyR80iHg descuintion. o oen
bet ween pedesteguraim @lterppretatepials andegieshodervete esfy)forthhi | e that
mslsk: _nfg_ sttep 'ft][EEt to bechbft:le&ailmivté'\{]é%,' Q{Hai:n&t,he' ti?eﬁ!:iﬂic?ﬁ&i;cﬁ{l dfs a
sinplification of the process..ln that regard,, note at, as an

exanpl e, the b%i?%ﬁ%élﬁfpl%ﬁatilge&%?e‘f’r‘?@% andeﬁ’FPngﬁ?%al%rf%toﬁio maski ng
the pedestal s,imferarghat stidpl ehhetivatarniale spddpstakssesielwl thage tops is
of no CONSEAUSHLE steps in thbMpfEELA e NRREREibA sheid HiRIOI Ng

descri ption,

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.



certain alternate materials and nethods were set forth. It is to be

not ed however, that the identification of specific alternative
materials and processes is not to infer that still other materials and
pr ocesses wWops/sizes e or other steps in the process of falpoTasosomsspr in -
t he resulting di ode devices are excl-uded fromuse in the pr esent

I nvention:~ TO'the conttary, steps and materials ot her than those set
out he ous to those skilled in the art. Thus while the
presen |ﬂ|m/mu Lljﬂ as been discl osed and described with respect to
certai n« nbodinents, It g%%épge understood to those

skilled in the art that the present in n di odes and nmet hods of
fabricating the same nay be varied wthout departing fromthe spirit
and scope of the invention. CLAI M5
What is clainmed is: 1. A pn junction having a high reverse
vol t age br eakdema: i telgaimedis:Si ng: a first region of a first
conductivity type having a first surface; a second region of a second

conductivity type formed in the first region so that a pn junction is
formed between the first and second regi ons, an edge of the pn junction

havi ng a Iongitudinally raded junctign; an oxi de | ayer osed over
the first region adface QWKQ?%E&%Qﬁ Qﬂﬂéﬁ&ﬁj Biehi BRVEFR i%ﬁggayer

bei ng tapered boeskdodun ol ddyec keapxrisdpngeent t he edge of the pn junction
at the first surfacg;ffggk region of a first conductivity type having
a first surface;

a second regicn of a second conductivity type
formed in the first region so that a pn junction is
formed between the first and second regions, an edge of
the pn junction having a longitudinally graded junction;

an oxide layer disposed over the first region
adjacent the edge of the pn junction, the oxide layer
being tapered to a minimum thickness adjacent the edge
of the pn junction at the first surface; and,

a conductive layer over the second region and

extending over the tapered oxide layer.

2. The pn junction of claim 1 wherein the second
region is an ion implanted region formed by the
implantation of ions in a window_in a thick oxide, the
window having tapered edges defining the second region,
the implanﬁation through the tapered edges of the oxide
forming the longitudinally graded junction.

3. The pn junction of claim 2 wherein the
conductive layer over the second region and extending
over the tapered oxide layer is a conductive layer over
the window in Ehe thick oxide apd over the tapered edges

e
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a conductive |layer ov lji on and extendi ng over the tapered
oxi de | ayer. g Hlllllrﬁmﬁmmmn[Jt ilon of claiml \?\herei n the sgcond -
region i s wo%sssBnpl ait etl r'egi®on*fofmed by the inpl antati opcofusvsnesss N a
w ndow in a thick oxide, the w ndow having.tapered edges defining the
second region, the inplantation through the tapered edges of the oxide

formng the longitudinally graded junction. ' 3. The pn junction
of claim2 wherein the conductive | ayer over the second region and

extendi ng over _the tapered oxide | ayer is a conductive |ayer over the

wi ndow in the Fhfgﬁg xWééganép?nﬁﬁp aLARB, ¥ES § torming the

- 20- t hr oudonghitofinadly ngtadedatjumectias. made form ng the

| ongi tudi nal |y graded juncti on. 4. The pn junction of claim 2
wherei n the conductive |ayer over the second region and extendi ng over the

tapered oxide layer is a conductive |ayer over the windowin the thick "

oxi de and over tapered edges_of .the pxide |ayer after the tapered edges
t hr ough which the i |an&§ﬁ BR JRECTIGR HaroAiBed WRERE bRk 5.

The pn juncti oconfluckaven Ravererarer tdhe second region and extending
over the tapered oxide layer is a conductive layer over
the window in the thick oxide and over tapered edges of
the oxide layer after the tapered edges through which
the implantation was made have been etched back.

5. The pn junction of claim 2 wherein the
conductive layer over the second region and extending
over the tapered oxide layer is a conductive layer over
the window in the thick 6xide and over tapered edges of
the oxide layer after the tapered edges through which
the implantation was made have been etched back
approximately one half way to the position of the pn
junction at the first surface of the first region.

6. A method of forming a pn junction having a
high reverse voltage breakdown voltage comprising the
steps of:

forming an oxide on a surface of a first region of
a first conductivity type;

opening a window in the oxide to expose a part of
the surface of the first region, the oxide having edges
tapered to a minimum thickness adjacent the window;

implanting ions in the window and through the
tapered edges of the oxide to form a second region of a
second conductivity type with a longitudinally graded pn
junction separating the first and second regions; and

e
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conductive | ayer owv I on and extendi ng over the tapered

oxi de l'ayer is a C4Wﬂmamﬁﬂu4!1“ger the window in the thick oxide and
over tapered edges of theroxirdes| ayer after the tapered edges through which
t he i npl amoedsiazzuswas made have been etched back approxi mat @(ﬁu@%ﬁlmf way

to the position of the pn junction at t%i%jirst surface of the tirst

regi on. 6. A di ode having fi and second di ode contacts
conpri si ng: a sem conductor substrate of a first conductivity
type-having first and second surfaces and formng the first diode contact;
a plurality of pedestals on the first surface of the substrate; a

first oxide |ayer 6§PpPRétingsa reanduntiimeedayeteovealrsat least tpmrtpenest al s
having side rege0BscbhEr £65idh tdhe é&%&_@hﬁ@%ﬁ%h@ﬁéﬁ&&)%i%e bel ow
on the

thé first oxide |layer under the side regions an irst surface of

t he substrate; -21- the substrate having a buried | ayer
of a second conductivity type under and between the side regions;
and, a conductive layer form ng the second di ode cont act and
electrically conne@bingThﬁemgFé@dr@ﬁiQ#ﬁimmﬁ ffigther cpmpeisihg el t he

substrate betweep bRer&h@RiA®H Wrt of the oxide td movd'ecrl Gl fes! aim 6
wherei n the chagnnel r%ghgn has different e ectrlgal characteristics
t han t he e 8§tP£tEbe oxide back approximately half way to the

location of the pn junction at the first surface of the

first region before depositing the conductive layer.

8. The method of claim 6 wherein the tapered
oxide tapers to a maximum thickness adecquate to prevent
implantation of the ions through the maximum thickness.

9. The method of claim 6 wherein the tapered
oxide tapers to a maximum thickness adegquate to prevent
implantation of the ions through more than approximateiy
one half of the maximum thickness.

10. The method of claim 6 wherein the tapered
oxide tapers with an aspect ratio of at least
approximately 5 to 1. '

11. The method of claim 6 wherein the tapered
oxide tapers with an aspect ratio in the range of
approximately 5 to 1 to 10 to 1. o

12. A diode having first and second diode contacts

*
comprising:
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8. The diode of cl almmﬂ!mmlmrﬂliwmll sing a second oxi de | ayer on
oxide s+

[
the substrate, the secon ayer surroeunding the area of the
first surthares3sis he substrate having the-plurality ofpgEusssioess -
t her eon and being tapered to a m nigpm thickness at an edge thereof
facing the plurality of pedestals, the conductive |ayer formng the
second di ode contact extending over the t apered edge of the second
oxi de layer, the buried |ayer extending to the first surface and
termnating in the reqgion.of th aper ed_oxi de, ....--9. The
di ode of ciaim8 wrEfis L§3ﬁ5ﬂ5?ﬁ§grgte ?gy%réaﬁFﬁ FOBCREEHVERY cont act
with the buri edvpeayaving firstekodt sdcongi smsfazesend fodwingl the
10. The di ode ' wWhgligicr .t he buried |ayer is a layer inplanted
t hrough t he ta%%?%éfé%&%ha . d%gﬁéracterized by a longitudinally %raded
junction. - 23-plurality of) pedegtads o gr EFecf%égﬁstﬁﬁiqﬁ Rt he taper
of the secondciexigighdiete;nas been noved back after the inplant toward

the junction betweep fhe buried hayer and.fhe. SUPSLI&t%eveen

pedestals;

the pedestals having side regions thereon with a
channel region in the substrate below the first oxide
layer under the side regions and on the first surface of
the substrate;

the substrate having a buried layer of a second
conductivity type.under and between the side regions:
and,

a conductive layer forming the second diode contact
and electrically connecting the side regions on the
pedestals and the substrate between the side regions.

13. The diode of claim 12 wherein the channel
region has different electrical characteristics than the
substrate.

14. The diocde of claim 12 further comprising a
second oxide layer on the substrate, the second oxide
layer surrounding the area of the first surface of the
substrate having the plurality of pedestals thereon and
being tapered to a minimum thickness at an edge thereof
facing the plurality of pedestals, the conductive layer
forming the second diode contact extending over the
tapered edge of the second oxide layer, the buried layer
extending to the first surface and terminating in the
region of the tapered oxide.
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12. A diode having fir gode contacts conpri sing: a
sem conduct or subst rat|muﬂr" "IW]HI} H 'Buct ivity type having first and
nen e :

second surfaces and forrmng thet first di ode contact; a plurality of
pedest al swmos/kp218 i r st surface of the substrate; a fi rgdrrodsiesdsayer
on the substrate between pedestals; _x3the pedestal s having side regions
thereon with a channel region in the subs%rate below the first oxide |ayer
under the side regions and on the first surface of the substrate; t he
substrate having a buried |layer of a second conductivity type under and

bet ween the side regions; a conductive layer form ng the second di ode
contact and electrically connecting the side regions on the pedestals and

t he substrate between the side regions; a second oxide |layer on the

substrate, the secohfl. oxThie dinds clurrledmdlagwhéeein atheofconldectivet surface
of the substra Vi NGk .alht IS, I ej.ng
tapered to a n%[%{grr%négt]%%%(rafee?st%téggnxggé%"p?ﬁ'g%gfa’fea%%ggtahg%g?%rjérPi ty of
pedest al s, theSetrrkrd inRgicRAFePetyrrRngedattak®ond di ode contact extending
over the tapered edge of the oxide, the buried | ayer extending to the first
surface and termnating in the region of the tapered oxide; - 23-

the conductive |layer being in electrical contact with the buried

| ayer in selected r @ionfhémﬁl of laiﬁgggsaﬁééein the buried la %§' The
di ode of claim12 erein the uriedciayer 'S al}ayer |np}ax ed
t hrough the taperadlaygxiemplanted through the tapered oxide

characterized by a longitudinally graded junction.

17. The diode of claim 15 wherein the taper of the
second oxide layer has been moved back after the implant
toward the junction between the buried layer and the
substrate.

18. A diode having first and second diode contacts
comprising: '

a semiconductor substrate of a first conductivity
type having first and second surfaces and forming the
first diode contact;

a plurality of pedestals on the first surface of
the substrate;

a first oxide layer on the substrate between
pedestals; - _

the pedestals having side regions thereon with a
channel region in the substrate below the first oxide
layer under the side regions and on the first surface of
the substrate;

the substrate having a buried layer of a second
conductivity type under and between the side regions;

’»
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characterized by a Io“ﬂm mnm' ed junction. 14. The
di ode of claim 13 whe l uﬁ, t he second oxide layer has -.
been novewdssseaf ter the irdpl dnts  « to toward the juncpipmshgiogeen the.

buried | ayer and the substrat e. 15. The di ode of claim
12 wherein the channel regi on has%ﬁ'fferent el ectrica

characteristics than the - substrate. : 16. A rectifying
circuit having first and second di ode connections conpri sing:

a circuit wherein a diode is subjected to positive and negative

differential voltagesopduatavet hayveér risirming the sesendrifiefieodwntagtect i ons
to provide a Qﬁﬁi'éﬂé@%x@HEPY§ connectlng thEh§1§é0§@biBH@'Bi K@y ce, gate and

drai n regions, dral n and gate regions g electrically
|nterconnectexPQQF%§%5§nﬁBﬁ EBﬁdﬁ%?ﬁFR?qeaFEgWPSFn¥%§ $¥de regiongiirst dj ode
connecti on; a sec@nﬂeakidédu@yéﬁ<ﬁubﬁkiahbsﬁfaaeflﬁhé seiehidct | vi t'y
type having first c ng_forme.n . he -di ode
cgﬁnect i ong ditae '1%%% gﬂgréﬁﬂéﬂ?aésﬁh% glregygk thggsf ssu&’r? cte 5 i rst
surface of thehsissksszate haVl%Hfﬁh%tplémaééthfa%rpﬁﬁ?ﬁ%@%t%@trﬁape bet ween
pedest al s; and being tapered to a minimum thickness at an edge

thereof facing the plurality of pedestals, the
conductive layer forming the second diode contact
extending over the tapered edge of the oxide, the buried
layer extending to the first surface and terminating in
the region of the tapered oxide;

the conductive layer being in electrical contact
with the buried layer in selected regions between
pedestals.

19. The diode of claim 18 wherein the buried layer
is a layer implanted through the tapered oxide
characterized by a longitudinally graded junction.

20. The diode of claim 19 wherein the taper of the
second oxide layer has been moved back after the implant
to toward the junctiocn between the buried layer and the
substrate.

21. The diode of claim 18 wherein the channel
region has different electrical characteristics than the
substrate.
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the pedestals havi nHlHI Iltﬂﬂuuﬂsumereon with a channel region in the
substrate bel ow t he i deNlia¥%r under the side regions and on the
first surface of the substrate; the substrate having a buried | ayer of
a second WO 8vity type under and between the side regi ORET/USIBPO843 a -
conductive layer formng the other diod@seonnection and electrically
connecting the side regions on the pedestals and the substrate between the
si de regions. 17. The rectifying circuit of claim 16 wherein the
substrate forns the second di ode connecti on. 18. The rectifying

circuit of claim whey e} G [ ereln_jhe.dipde s | ected to
positive and nega&?%é d%?#%&%iﬁ?éﬂdf§%r%gggsng?ﬁéeglgﬁg %?és?égﬁé second

di ode connect@¥fde iSONRGTIOHSt COFPFASsERde a power-level rectified output.

1_9]; f The reclt i fyinga lcd:iﬁ&lit Qihe&*&hmalaﬁwher %’snsﬁbﬁreébéam@é P& OR,as
cli:EPLirCEBtENEIE' eg llncéagatcl{]\?er %Citf%relrsétnltgglt ngtgggs Sﬁé’é&éé‘rﬁ etihe firsj_t? a§|§3 2001

second diode connections to provide a rectified output;

the diode having source, gate and drain regions,
the drain and gate regions being electrically
interconnected by a common conductive layer forming the
first diode connection.

23. The rectifying circuit of claim 22 wherein the
substrate forms the second diode connection.

24. The rectifying circuit of claim 22 wherein the
circuit wherein the diode is subjected to positive and
negative differential wvoltages between the first and
second diode connections is a circuit to'provide a
power-level rectified output. '

25. The rectifying circuit of claim 22 wherein the
diode comprises: .

a semiconductor substrate of a first conductivity
type having first and second surfaces and forming one of
the diode connections;

a plurality of pedestals on the first surface of
the substrate;

a first oxide layer on the substrate between
pedestals;

the pedestals having side regions thereon with a
channel region in the substrate below the first oxide
layer under the s%de regions and on the first surface of
the substrate; .
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20. The rectifying i"ﬂﬂn’u ' 6 further conprising a second oxide
| ayer on the substr u, ﬂml xi de | ayer surrounding the area of the
first suMss3drs thé sGbstrate mawing the plurality of pegeaisessesiher eon.
and being tapered to a m ni num thlckneg%sat an edge thereof facing the
plurality of pedestals, the conductive |ayer extending over the tapered
edge of the second oxide |ayer, the buried |ayer extending to the first
surface and termnating in the region of the tapered oxide. 21.
The rectifying cir%ait ?%ﬁgla|n120 wherein the conductive layer_is in

el ectrical contact W% FURETRERI BAViRG & Hurisd) daven PEM FRCEWE ween

pedest al s. conductd®it¥heypecindes rapnd betwebnothel eide Hegihtsisgi n t he
buried | ayer i | ayer inplanted through the tapered oxide characterized
by a longitudinal’ly graded junction. 23. The rectifying circuit of
cl ai m 22 wherei n t Ife easEctavet haver ciomning ¢bel apber hdsodsen noved back

after the i nplapindceibavand éi‘@cﬂ:ﬂ@éﬂl@n c%h\é‘éemn&h@h@%icféj (f?j&%sand the

substrate. cti circuit havinhg first and second di ode
connect i ons cc?rﬁ)rtlhﬁ ﬁ’&des‘:afsaa‘é%{r% SURTErELR PﬁEwﬁ‘F%o"é’? Sidfj ected to
positive and megdones differential voltages between the first and second
di ode connections to provide a rectified output;

26. The rectifying circuit of claim 25 wherein the
channel region has different electrical characteristics
than the substrate.

27. The rectifying circuit of claim 25 further
comprising a second oxide layer on the substrate, the
second oxide layer surrounding the area of the first
surface of the substrate having the plurality of
pedestals thereon and being tapered to a minimum
thickness at an edge thereof facing the plurality of
pedestals, the conductive layer extending over the
tapered edge of the second oxide layer, the buried layer
extending to the first surface and terminating in the
region of the tapered oxide.

28. The rectifying circuit of claim 27 wherein the
conductive layer is in electrical contact with the
buried layer in selected regions between pedestals.

29. The rectifying circuit of claim 27 wherein the
buried layer is a layer implanted through the tapered
oxide charactkrized by a longitudinally graded junction.
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- 26- X t he d| gate and drain regions, the drain
and gate regi ons be| n II ﬂim n”mjbterconnect ed by a common conductive

| ayer form ng € £OMNEG t he di ode havi ng: .
a semi conm!tﬂeﬂ&l:@ubstrate of a first conduct i vi tpc1rysys/obsigi ng ]
first and second surfaces ané2form ng one of the diode

connecti ons; a plurality of pedestals on the first

surface of the substrate; a first oxide |ayer on the
substrate bet ween pedest al s; t he pedestal s
havi ng si de regions thereon with a channel region in the
substrate bel ow the first oxide |ayer under the side regions

and on the first surface_ of the substrate; t he substrate

having a buried | apdr offbg rectifying eirenid afhededm R8ywhepeinntie and
between the taper of thedeeced afiside layer has been doveddbdik ve | ayer

formng the ot r on_an i cal | y,. connecti hg
the side regi ons egntpﬁelm%%anga ésjetaﬁ“gaﬁr%gt e Jmcglonegﬁ{)‘ﬁ??%t%h%et ween t he
si de regi ons; buried 1ayer and thesudatostiede | ayer on the substrate,

t he second oxide |ayer surrounding the area of the first surface
of the substrate having the plurality of pedestals thereon and
bei ng tapered to a m ninumthickness at an edge

t hereof facing theqplur e onduc ve | ayer
ext endi ng over_the ?a %'EEXCQEYEES éié% :%a 55 2PheBEPH éd | ayer

ext endi ng diode C°P§eﬁhé°$$r@ﬁmEﬁ#$¥n§B and tern1nat|ng in the
region of the tapezedi®¥ude; wherein the diode is subjected to

positive and negative differential voltages between the
first and second diode connections to provide a
rectified output;

the diode having source, gate and drain regions,
the drain and gate regions being electrically -
interconnected by a common conductive layer forming the
first diode conmnection;

the diode having:

a semiconductor substrate of a first
conductivity type having first and second
surfaces and forming one of the diode
connections; |

a plurality of pedestals on the first
surface of the substrate;

a first oxide layer on the substrate
between pedestals;

the pedestals having side regions thereon
with a channel region in the substrate below
the first oxide layer under the side regions
and on the first surface of the substrate;

the substrate having a buried layer of a
second conductivity type under and between the
side regions;

a conductive layer forming the other
diode connection and electiically connecting
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t he  conductive |ayer being in electrical contact with the buried
| ayer in selected regi ons between pedestals. 25. The ..
rectifyi ndV@9#¥I& of claim24 wherein the buried layer is pct/ayssiosss

i mplant ed_through the tapered oxide charggterized by a Iongitudinally
graded juncti on. 26. The rectifying circuit of claim25 wherein

the ond oxi de | ayer has been noved back after the inplant
mmmlﬂu m&m‘on bet ween the buried | ayer and the substrate.
27 Thetrektityi® ng ci rcqh; cg &;e% m. 24 Whr?rﬁfan %‘g??%ﬁ n%ncir%%eon has

different electrical char act erl st |eg§°Pﬁaﬁ
substrate between the side regions;

a second oxide layer on the substrate,
the second oxide layer surrounding the area of
the first surface of the substrate having the
plurality of pedestals thereon and being
tapered to a minimum thickness at an edge
therecof facing the plurality of pedestals, the
conductive layer extending over the tapered
edge of the oxide, the buried layer extending
to the first surface and terminating in the
region of the tapered oxide;

the conductive layer being in electrical
contact with the buried layer in selected
regions between pedestals.

32. The rectifying circuit of claim 31 wherein the
buried layer is a layer implanted through the tapered
oxide characterized by a longitudinally graded junction.

33. The rectifying circuit of claim 32 wherein the
taper of the second oxide layer has been moved back
after the implant to toward the junction between the
buried layer and the substrate.

34. The rectifying circuit of claim 31 wherein the
channel region has different electrical characteristics
than the substrate.
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