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[0004] Accordingly, it is desirable to develop a Zener diode that retains
characteristics of zero TC and long term stability, and that also has reduced substrate
current when forward biased. In addition, it is desirable that the Zener diode not disturb
operation of other components of the circuit with which it is integrated. Furthermore,
other desirable features and characteristics of the present invention will become apparent
from the subsequent detailed description and the appended claims, taken in conjunction

with the accompanying drawings and the foregoing technical field and background.
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DETAILED DESCRIPTION

[0010] The following detailed description is merely illustrative in nature and is not
intended to limit the scope of the claims and uses of the devices herein disclosed.
Furthermore, there is no intention to be bound by any expressed or implied theory
presented in the preceding technical field, background or the following detailed
description.

[0011] As a preliminary matter, the terms "first," "second," "third," "fourth," and the
like in the description and in the claims, if any, are used for distinguishing between
similar elements and not necessarily for describing a particular sequential or
chronological order. It is to be understood that the terms so used are interchangeable
under appropriate circumstances such that the embodiments of the invention described
herein are, for example, capable of operation in sequences other than those illustrated or

otherwise described herein. In addition, a first semiconductor region having a first
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[0015] FIGS. 1 and 2 represent a top view and half of a cross sectional view of an
embodiment of one of the isolated Zener diodes of the present disclosure. FIG. 1 depicts
a symmetrical diode, but symmetry is not necessary according to the present disclosure.
In order to show more detail, oxide regions 270 shown in FIG. 2 are not shown in FIG. 1

since these would overlie and obscure details of other semiconductor regions.
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[0019]e. Tgleocigw@hstﬂmude afenging, from, layere 135G do @n@Oée(tZéﬂdmﬁgdes the
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peripheral arcas of region 180 interface with peripheral areas of region 170 and also
peripheral areas of region 160, underlying the anode 210.

[0020] In FIG. 2 the area underlying the body 230 includes a region 190, for example
a moderately doped p-type well, which is depicted as spaced from region 140 at
peripheral regions. The body 230 is formed in the upper surface of region 190.
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[0026] Referring to FIGS. 2 and 4, where FIG. 4 depicts schematically a method 300
of making an example of an isolated Zener diode, a p-type substrate layer 110 is formed
in block 310. An (optional) epitaxial layer (Pepi-1) 120 is formed over layer 110, in block
320. After layer 120 is formed, layers 130 and 140 may be formed either in sequence, or
simultaneously, in block 330. Layer 130 may be formed by ion implantation followed by
diffusion and annealing, for example. After formation of layer 130 and region 140, region

165 (P-epi) is formed, in block 340. This may be followed by implantation for regions
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1nte$p]jsadl betrwebnl pphe fitve seziovahihd thexthed degiowmdrtubt\t/@em thy esecond region
Hésg @h t forms the base of the tub. [0027] A Zener
BB IS8 nel udes a first sem conductor region

[0h291| ng Tée floligh Iegiaﬂ u[ﬁa}b \{héwdémaﬁ huppBr @%gi@l@ bRpABHEgi £ moderately
first regl on. al so has a second sen conduct or

dqpe@ mdmpmwvhl regda lgwcmglowndmmsmg |ath>¢avvbt torad ealy posiaker region.

n the eco ﬂl also a t
b3 CorbE aEBReREGPE BB Siionany Freehd Ja@Budubinpdi’be in contect
wﬁlegpemﬁle@ﬁsfﬁle@mdfe@pﬁrt fromthe first and second
regions. In addition, there is a fourth _sem conductor

[ é@, onThe diode may further include a sixth region interposed between the first
region and the fifth region, and between the second region and the fifth region. The sixth
region may be a p-type epitaxial region.

[0032] The diode has a substrate injection current of less than about 3.0 % of the total
anode current when no potential is applied to an isolation, and less than about 0.3 % of

total anode current when a 5 volt potential is applied to the isolation relative to the body.



extending vertically, |located outboard of the first

and second sem conductor regions. A suicide block
we@zioenasod rom t he cat hode region to the anode PEmUSNNT/061337

When the diode is forward biased, it is substantially

free of substratge j.njectjon.current, The third regio
OB e ' SheGH G BB RGBS BUPFRE! Pt ke DELERdes four

regioHy.CA Ui HicdRgben rdBidn Qﬁl@em%é&treﬁkw diﬁb@&%-t@pé YRE with an
well. The fourth sem conductor region, which sufrounds

anpHe fdrimedtin gredfirsergivg. Aegranksenreondsctos regin iakluges ohighly doped
i des ,pf .a tuh, shape i.th the third region,as a bas )
o B Rl B 4 Fbo R med it Sfond ol Su0RL SonBoRRERr region
inbRE& Atidghl9 ddiped hity lOP@Gk PRy MPEhE ithitd rdog@@ BMocated below the first
i nt erposed between the first region and the third

andeggcond ragignp endesngcechapaédermd t%égﬁ@h apfgseepid tregipep. A fourth
selr'nef%n(aﬂctoﬁ %%?0% ex-[gh%sfv%ﬁ{ tan rc?t?f)ooarlld 'g?ghe' f':l]r%{ Mg(fsse%{)] FERG Conductor
region conprising a roder it e y doped n-type we 1< >and
regioh@VElie fagihosentiosmtuctir tggian aavwuhds thep@dt And Wpednd regions and
si nker region, [0030] The perineters of the first
supgiantiilyaieams sidsh @ relyb chapgayviffb thepdind regigRtasct basict¢f the tub. A
. ' fi e ; i oge: Apy
SR TBLE ey, L AOAL TS, RO
refions Wheaghonlicaieds tfhvevdrd fulidsed,eigjiio mbstandalbye free ef stbsrate injection
second region and the fifth region. The sixth region
Uit pe a p-type epitaxial region. [0032] The di ode has

[083HUDS bW Rdnrol w8 BidsOl stbdtafiinjRlioh 8SSer RAGULthah Shout 3.0 %
%of the total anode current en no potential is

ofghplatddinpde awrrdng othen icathodaholdyl @xkisolation ascutheOsagedpftential, and

total anode,cqurrent when a 5 volt potential is.applie
bt BPOGT 2ot Pt 4070 Syrderf RenBiy Yobomuph iy P BRHED (o the
isaa@@m[atﬁmﬂém, there is presented a Zener diode

t hat includes four regi ons. A first sem conductor

[003Y)i on Thecdigde snay i ttiwmeinglude geroderety de haghily dapedhpdype fifth

GUAIBIRETPA B 0 TSRO, AChISIB o ppys o ond

regidhl andi thb third atfionleFhimdicrethei diolld enaseimohde raegikthnreghn interposed
third sem conductor region_ includes a highly doped

befwespoBe piHiregon aye the ﬁ%éretgm% an(f g@t.waﬁn the"segong wgiogemg ihe fifth

j reqi AL ed apart fromthe

ro o B R e P BT PREE Y ohduct or

[003G]i on Téx tpeesdst disclbsuralalsp, inolutitroamoethdd dhenakingsan aothted Zener
.second sem conductor regions. The fourth sem conduct or

PTG BN SHGAnHS ARPPHSt SaR Bt oerSgTEREea RN @ firs

sctisnidanbt Aloloh Kd¥B fisdeshdabtidtyt YnSha R ecot tsBmtdd8ductor region
third region as a base of the tub. A suicide block

hagingen skrohd semdusavigy;clonning agf anode i dichiseserageqyi ond @ gathpde in the
se\c/éﬁ:(f. r%igfo%; Pofrmtir{]gea %rh%‘j Semiconductor region, below the first and second regions,
the region spaced apart from the first and second regions; and forming a fourth
semiconductor region extending vertically, the fourth region outboard of the first and
second semiconductor regions so that the fourth region forms walls of a tub and the third
region forms a base of the tub. A silicide block is configured to extend from the vicinity
of the cathode region to the vicinity of the anode region.

[0037] The method may include forming the third semiconductor region to include
an n-type buried layer. Further, the method may include forming the fourth

semiconductor region to include a moderately doped n-type well. In addition, the method



region. Wien the diode is forward biased, it is
substantially free of substrate injection current.

WO 0®349360hen forward biased, substrate injectiPeI/US2007/061337
current may be Iess t han about 3.0 % of the total

. de current e at hode baody and i.sol.ation are at

ingligess 4hfe PO R a‘ﬂ? fogRing dus To¥ah SSBEAANIBCIaT dr@pn 1 Gy delude

mENALLyAYpEE ALt f%‘@f@ll Frmi) ihe Ff@ﬁt@fme'gfgn rh ARk %lrrﬁlﬁg and upper
thelsolatlon relative to he body. The di ode

regwy and fomang indaweniskiode The nppkzregien H@ymegmhyodd@md doped n-type

-t fifth r on Jj nt S etween the f.irst
il ghB ey o e PR L e R B na SR e et cond
[0088)i onTaRdfdlleyiAdi &Antpei i@Nintéidel ey | illbfitutdli fdeadvBMtage of an
i nclude a sixth region interposed between the first

cribgirgent i dha presen flisplopurgianh dogsript batiiide scapget decdipedosure or the
the fifth region. The sixth region nay be a
apggge%glag%gt axi al region. [0036] The present disclosure
al so includes a nethod of ERARIPIGE an i1 sol ated Zener

di ode that includes several process steps. The process

[0P3Y) udeubTterinigetions Pyrsantss Bigfc 6%\9@@6%01@ SgPyh Hafsnsh diodes: a

Coitfol tZeﬁﬁQﬁ&fetA %hd ¥n 15B31'E cPdDEE Q&Qr(flﬁg}oct‘ﬁg Q%Eﬁrdl losure
regi on aving a secon uctivit m ng an ano

[00410]t he Fbi thetcontrgl Zmeamhbbda madmwnentmmfeetakmwhde the cathode and

i formn hi rd sem conduyct.or i.on, bel ow
tnf SEbFlest S o Qb FEUTEALE g FBg DS 2otisdeupary. For the
1sdlﬁ@H‘ZeH§r dlbdes tth@ﬁl@aﬁl%&ﬁélﬁ WaR%oRE By r@rﬁﬁﬁn@ Ql'iéTMHde From 0 to 2 volts
fourth sem conductor region extending vértically, the

wihidaurkehping gpibiar dgltrmO@ls datofgraund {substratandodpcertiode and isolation
seniC uct or 0 that th f our ion.farns, .
te{XBIPF‘@ gﬁleén?a%re BH%SQ‘WYW‘&? 1;139 ot Yo I%EJE as‘é %?0 relating to
tht RBIdtddoZerdr 816 tdelsblaﬁek id iage@nt b guRerhsicad SRg@ﬁfﬂd from
the vicinity of the cathode region to the vicinity of

[004H andée reeds oyie S{I@@@m Fitie 3metgiaph bypnpdre velge (x-axis) versus
per@etnfggggqou@%% dﬁ alﬁj g?t aHCeIn%tEiﬁ &%ﬁ%?eﬁ%gﬁg G[thédﬁn'gﬁnA for the

Cérmarorsingvd ehﬁblaftﬁfarytlhgls gmaﬁaghbﬂsobstfa&gﬂocamod@cumlt Ogdeoltage, while
I n addi tion

tely d ty
thﬁteﬁgﬁd?ﬁ Webisde %%gws%é\gﬁhbwlafe@ﬂ pRteRE (Ving &f?ﬂéldﬁé Gfire B) has a
déﬁgﬂl&%%ﬁn% I'E;gr hpﬁlbgtﬁ té Pﬁtlréiﬁ' e\WthP‘@lgesEta&t%V)é V@Fﬁ? gﬁie reduction is

n-type we mng t ourth region may inc
evbmmm'rmgraamdclaquepproaxguesmerand formng a | ower region.

t d {
[0M| Up%le{ ffe{glezl?sg%n?%ix%]? %{rﬁg &%h%g eg,reénﬁ%%ﬁm the foregoing
debaifcd RR s&igiear itr @eh@nbe 4P&8dted gut faoézdspﬁdrﬁgeledfamaﬁo@ exist. It
intended to illustrate an advantage of an enbodi nent

shofildt flso hreegpprecialid dhajsﬁhue ecxanglad gevogioent jori etmhddemsrd@ escribed

he?elnta?eenéjtl nslt%h oMt the scope applicability, or configuration of the invention

in any way. Rather, the foregoing detailed description will provide those skilled in the art
with a convenient road map for implementing the described embodiment or embodiments.
It should be understood that various changes can be made in the function and arrangement
of elements without departing from the scope of the invention as set forth in the appended

claims and the legal equivalents thereof.



appended cl ai ns. EXAMPLE [ 0039] Substrate injection
currents were conpared for a pair of Zener diodes: a

wa@onwrnedeo¥ener di ode A and an i sol ated Zener dpOOES2007/061337

according to the present disclosure. [0040] For the

control Zener diode, mamts were taken while the

cat hode and the substrat ground whi |l e ranping

the anode fromO to 2 volts (curve A). For the

i sol ated Zener di ode, the nmeasurenent was done by

r Aipit gclaihedasiode from 0 to 2 volts whil e keeping

other termnals at ground (substrate, body, cathode

and isolation termnals). The nmeasured result is shown

i 1. FA@ends di6dd dogngBisifp@r curve C, also relating to the

I sol ated Zener diode, the isolation is biased at 5

vol ts i nst eadflst sgnirgaductdroogIqn Tileng e dirtscanductefwgn anode
in Fl . anode vol tage (x-axis) versus

per cen %r%gdg?ﬁ{seﬁ‘g&r‘r%g&og, injection to total anode

vol t age (y-axk&pnd TReicondvetoA kgiont hevik®nd rsetorshevsduativity, a
relatively high percentage of substrate to anode

cur r entathgge W&P?‘i@’éheﬁﬁﬁopér?%%3 for the isolated Zener

di ode with Lsplatian R@Jc?&tﬂegong V4§D the rfﬂ%[nﬂﬁdse&&w ¥gions, the
B) has a dramatic reduction Fn percent substrate

curr entregiWW tspacwd 8pars &bmathe first end edcbsd rdgivsr eduction i s

even nore dranpatic and approaches zer 0042

. Wi | e
at | east oné pEng fORdREIOR £t gl.g[ ‘ﬁfggf]éh't gﬁkpq{d of the

the foreqahdsdal hROndlREGTERbALANd i t shoul d be
appreci ated that a vast nunbef of variations exist. It

shoul d al soalsdicasgredi axteadingfaemehenedcarpios te aisatlipderegion;

or enbodi ments descri bed herein.are not intended. t

lrt ehe SO apsn BT b B dRiselub dt pofasRally frec of
t he i nygitaRNnjeBtiddur@y . Rather, the foregoing

detail ed description will provide those skilled in the

art with a convenient road map for inplenenting the

dgscyqi b I: t_.or . I s, | ul d-
oo B PR ED R BTRO M NL gE0VL i dor n-ope
f uncihuried lard arrangement of el enents w thout departing
fromthe scope of the invention as set forth in the

appended claims and the |egal equivalents _
thergof dfged d\ts(f?mﬁt 1,] WhGh g%dfduﬁh SemibordGPel ki8N &omprises a
conprising: a first sem conductor region having a
fi r shodwardlyatoped hytypeawelanode fornmed in the first
regi on;
4. The diode of Claim 1, wherein the fourth semiconductor region surrounds the first
and second regions and substantially forms sides of a tub shape, with the third

region as a base of the tub.

5. The diode of Claim 1, further comprising a moderate to highly doped p-type fifth
region interposed between the first region and the third region, and between the
second region and the third region.

6. The diode of Claim 1, wherein the fourth region comprises an upper region
comprising a moderately doped n-type well, and a lower region comprising a

heavily doped n-type sinker region.



a second sem conductor region having a second
conductivity, a cathode fornmed in the second region; a
wao kiordoxesri conduct or regi on, below the first andI/Esmwomnob1337

regi ons, the region spaced apart fromthe first and

secopd r.egions, . a_fourth sem conductor region :
ex't ehti HE0R R TR | Y REGIgERP T of e Heptiedion R sesepghepeion are

sem CRRANGHRE Withdl Qitiet@WE tiRe Stk Rlgilth, bl ock ext ending
froman anode region to a cathode Tegion; wherein,

when the diode is forward biased, it is substantially

free.of .sybstrat.e Lniection current, .2. The.di ode .of
oFai HiLdRYipaF R, hetofifier SPpEliing e chprad P Ea Rpteen the
dopegksn rdoy e akdl the difthadgion, 3nd TeBv&dhO@E @forfd AigMnland the fifth
wherein the fourth sem conductor region conprises a

nodecgodl y doped n-type well. 4. The diode of Caim1l,
wherein the fourth sem conductor regi on surrounds the
first and second regions and substantially forns sides
o). arhicudiodhap@ainB] Whérbid thérbikth tegigh da psyse dpataeiabfegione
tub. 5. The diode of Caim1l, further conprising a
noderate to highly doped p-type fifth region

| NherROHEE: Wi, &Hﬁ‘efn’ the bul; ﬁrgﬂ.ecﬂ?j cBtitsh (!&H\% f ﬁilﬁsg than about 3.0
regi on, and between the second regi'on and the t Prd
r egi Bof the tdtak adbdedarmht Ghan rathpdwhisrdgi andt khelafi@untehat the same

regi on coppri.ses an upper .regi.on conprisin .
roddrATERY Sl (R APRBT G OF il SO T atfiep 5 volt potential
COMDE h§HIRg 8 ah&AMidncMAPER Bidyype sinker region.7. The

di ode of A aimb5, wherein perineters of the first

region and second region are not in contact with a

pqﬁigﬁéer 8f t he f%tth region. 8. The diode of O aim
71 (Y PHSF DO8RETRINAZ 2 sixth region interposed

bet ween t he affiks terhi@ghditaN@gioheconristher @gh&[braté\lgddo_f_)ed n-type
bet ween t he second region and the fifth region. 9. The
di ode #fllmpinadg forptrdreithe fiseregiont h region is a p-type

epLiarll 16O KO AUl DB g o
% of t heatholaformpdilethe yedontdtregibgn cat hode, body and

I solation agethi% Séﬂ?i%OI?(ﬁl%?OI‘ region comprising a highly doped n-type buried
layer, the third region below the first and second regions and spaced apart
from the first and second regions;

a fourth semiconductor region extending vertically outboard of the
first and second semiconductor regions, the fourth semiconductor region
surrounding the first and second regions and substantially forming sides of a
tub shape, with the third region as a base of the tub; and

a silicide block extending from a vicinity of a cathode to a vicinity of
an anode;

wherein, when the diode is forward biased, it is substantially free of substrate

injection current.

12. The diode of Claim 11 wherein, when forward biased the substrate injection

current is less than about 3.0 % of the total anode current when cathode, body and

10



potential, and | ess than about 0.3 % of total anode
current when a 5 volt potential is applied to a

WO s@aeicon rel ative to body. 11. A Zener di odePCT/US2007/061337
conprising: a first sem conductor region conprising a
noder ately doped n-type well, an anode forned in the
firs Sthgeyt il Kesemennicaloh uihtchon gb%@ﬁ&nnﬁ&é fipsRh Giofg current
a highlya 598 doRnfid REa ik to RokALNRARIV-A5 BBEy.i N the
second region; a third sem conductor region ‘conprising
a highly doped n-type buried layer, the third region

below the fir and .secaond regi.ons and ,spaced, apar

¢ Famibhdiode 4O Yo dam GEPEREE SRR, B hERR foped ptype
sem G e OMmtdrBEHc@ DeRvdeR MR Aigkt Y&lidd 8@l the tRid Qa6 a8l between
the first and second sem conductor regions, the fourth

seni thopwpgad sigioregidohe durdisgivai ng the first and second
regions and substantially form ng sides of a tub
shape, with the third region as a base of the tub; and

alguited divdblarcklaiit BN durtferf canprasivg Cuther yeodiprlingah BodR region

to a vicinity of an anode; wherein, when the diode is
f or viicEPasPh Seiaveen thg Srs§ gesiemand Hic §fth reedopand Bs&ygeatthe second
injg%,%ggm& J B reotn: The di ode of C aim 11 wherein,
en Forward biased the substrate injection current is
| ess than about 3.0 % of the total anode current when

c de,. body andi sol ati.on are_ at the sanme potenti al,
e U o S ARG R Sl R A
a 5 volt potential is applied to isolation relative to
body. 13. The diode of Caim1l, further conprising a

mo 6.ed amathadoofimahing anisplatedgzanypef Eliaing b, ¢asgiroimg:

i nt er posed bet n the first regigon and the third.

Fegi o anEmBe g <priendhibr R B e by

regi on. Ighrmibige sdeideschficdadabtor AdionfHak tper sceaiiidnaiatity;
further conprising a sixth region interposed between
the firstforraigigen aande mHbe first ragionegfidoncathndg b droweegndiragion;
second regj ngl . fif I on. [ f -

& ai m 14, Sed i\ Gmiiohli-bERLRR: beBy BUF RHSend rogions.
epi t axilad regieqi pacedldpartArone theditstaindrvasandgegiond;sol at ed

Zener of Clajm 1, conprising: , , ,
orming a fourthngemlcon(‘ci’uctor region extending vertically, the fourth

region outboard of the first and second semiconductor regions so that the

fourth region forms walls of a tub and the third region forms a base of the tub;

and

configuring a silicide block to extend from a vicinity of an anode to a

vicinity of a cathode.

17. The method of Claim 16, wherein the forming the third semiconductor region

comprises forming an n-type buried layer.

18. The method of Claim 16, wherein forming the fourth semiconductor region

comprises forming a moderately doped n-type well.

19. The method of Claim 17, wherein forming the fourth semiconductor region

comprises forming a moderately doped n-type well.

11



formng a first sem conductor region having a first

conductivity; formng a second sem conductor region
whawingeeas second conductivity; form ng an anodeCTi/HS10n&061337

first region and a cathode in the second region;

formng a third sem conductor region, below the first

and second regions, the region spaced apart fromthe

f b0 SthAREthe 8 ©PRAINMES WASein| RE Toin@ of Herblirth semiconductor region

sem conductor region extending vertically, the fourth

regi @mpmstﬂafmmdlgﬁn e frégien awhtbrewedn ébvmrmgtom,dthc tupper region

regi ons so that urt for atu

g PRE B & Hodgrty FEPi SR ofi s ot rehips”coising o

confhighlyiddfedn-S¥fcGinker Rlgask to extend froma vicinity

of an anode to a vicinity of a cathode. 17. The net hod

of Claim1l6, wherein the formng the third

sem conduct or region conprises formng an n-type

buried | ayer. 18. The nethod of Caim 16, wherein

formng the fourth sem conductor region conprises

formng a noderately doped n-type well. 19. The nethod

of Caim17, wherein formng the fourth sem conduct or

region conprises formng a noderately doped n-type

well. 0. The nethod of claim 16 wherein the form ng of

the fourth sem conductor region conprises formng an

upper region and formng a | ower region, the upper

region conprising a noderately doped n-type well, and

the | ower region conprising a highly doped n-type

si nker region.
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