; vwe3eC\ CY4. 60TBI * ELECTROSTATI C DI SCHARGE PROTECTI ON DEVI CE W TH
COVPLEMENTARY DUAL DRAI N | MPLANT BACKGROUND OF THE | NVENTION 1. Field of
the Invention The invention relates to the protection of integrated
circuits fromelectrostatic discharge (ESD), and nore particularly to
structures for the to protection fromESD by adding P-ESD i npl ants and an
additional N-well to the drains of an off-chip driver (OCD) NMOS
transistor. 2. Description of the Related Art The protection of integrated
circuits fromelectrostatic discharge (ESD) has received a | ot of
attention. Many researchers in this field have proposed solutions to
protect submcro i L LLi LOGr f sjlicon real
Cstate. PG 1 amhen iaSTATICBISCHARGE PO TRETINEEIRE WiEHow ng i n a P+
substrate 12 an OCD NMOS transistor A with N+ source 14a, drain 16a, a gate
18a, and a P+ type di f f&QNH-EMBENTARY BHUMcBRAIN IMPLANGt e 18a, and P+
substrate 12 (via P+ type diffusion 20a) are shown tied to ground (G\ND). An
ESD pul se VI~P at point P is shown discharging into drain 16a with current
| T~P. An N-ESD inplant 17, typically a blanket inplant covering the entire
active area (source l4a arBACKGROWSB)OBMHENNVENTEINtor, is applied to
make the junction nore graded. Such a technique is known to inprove the ESD
performance of NMOS transistors by reducing the current density in graded
junctions and thus inproving the value of It2 (second breakdown current).
Unf or t unat elyy, Fidid of$H&E hvangigh ut i on does nothing to decrease the aval anche
voltage (Vtl) of the transistor, thus nmaking rmultifinger turn-on very
difficult, il j ; r. ~P_ 1S, gL

TPl iriefEiofyhiefe e fiotcetfin i Grkieh of e bibelodnddeaide

agai nst the voltage uent

i ndi cat h I e ' indi cat ed Point A sub ipt sp

i oot GO HTE PaRRLR IR SUEhaRS BB o5 B eram Eep Bl e 590

i ndi cat.es, the second hreakdown vq]tage pojnt [ndicated Poi B. Anot her
oot oadiAiRERANS Sasina! Nvel tthe BinBRLAR alt s SN (LTI Starsiet o
N is coupled to the drain D through the RC network (of capacitor C and
resistor R) such that part of the ESD voltage is coupled to the gate Gto
turn on the channel of the MOSFET transistor N. An ESD pul se VI~P at Poi nt
P is shown & sleesariptiag of theoReletgchADd. This approach, although efficient in
reducing the Vtl of the transistor N, requires additional chip area for the
resi stor R Déwguetection nfintegrated|dnguitseirgmlededmstdiicrdisohangs (ESDthHasirecdineda t o
decrease with gate voltage, so the anount of coupling required needs to be
accur atlef of dtteation.t MaggtregeechdrSh ey fisld ane erafosed ¢bluaibng td pRESITENbmidrbfe.

2b depicts the graph of such an arrangenent, where the current IT~P is

gr aphedyedatisathoub ReqUiiriPay iNdreBse BOLNESH RaRBSaR. A8l abUchies 8 @MBs-section
of the related art showing in a P+ substrate 12 an OCD NMOS transistor A with N+ source
14a, drain 16a, a gate 18a, and a P+ type diffusion 20a. The source 14a, the gate 18a, and
P+ substrate 12 (via P+ type diffusion 20a) are shown tied to ground (GND). An ESD pulse

Vr.p at point P is shown discharging into drain 16a with current I+ p. An N-ESD implant 17,

typically a blanket implant covering the entire active area (source 14a and drain 16a) of the
transistor, is applied to make the junction more graded. Such a technique is known to
improve the ESD performance of NMOS transistors by reducing the current density in graded

junctions and thus improving the value of If2 (second breakdown current). Unfortunately,



points as those of FIG 1 b. FIG 3 shows the same NMOS OCD A as FIG 1la
but with a second NMOS OCD B conpri sing source 14b, drain 16b, and gate
18b. The second NMOS OCD B is arranged in a mrror inmage to the first NMOS
OCD A and with a second P+ type diffusion 32 floating in the 2 m ddl e of
the N+ sources 14a, 14b. The intent of such a P+ diffusion is to increase
the resistance the discharge current nmust travel to reach the ground
potential (GND). This has the benefit of |owering the snapback voltage
(Vsp) but has no effect in lowering Vt1 (aval anche voltage). However,

| oweri ng the snapback voltage does help in | owering It2 as the power
product a kdo ner ras

transi 4§ é‘ Ut'%z‘ym %mggaﬁgp @tB%PKaAilPBQh%YQJP&e &H a%éfﬂﬁjtf%%t?r thig
inventions of the related art cited here do not decrease the aval anche

br eak doneking Insetifingsir tuimeorEgSEryddifficotsasillustrated: ind=1(s ¢ bofvherddinei amegnt & posi t
el ements such as resistors. As a result, Vt2 (second breakdown vol tage) of

t he ES ' Lo i f

mur 1 g ef Eaastihé Eadthy o 1Pl Sl ifickaub fRitablp Sub Ry BdkSeR e .,
t han th?{agaate oxi de breakdown val tagg for subm cron MOSFETSs and |f not hi ng
i s donavelpncagpeintindicgied by §oUY Ay subsEipt §8’ @QW&&NQ@QHWEGFWEPWE'W?%?
time for the transistor to turn on. Additionally, even if the gate oxide is
not darlgReint EPwiaht siaerptsiyinidicatemthensgcangrbreakdewyvaliead peint indinaited by i n
poor drive of the OCD as tine goes on. The proposed invention is therefore
a very FRmsiBabl e i nprovenent in the field of ESD protection. U S. Patents
relating to the subject of the present invention are: U S. Patent 6,521, 946
(Mosher) describes a doped region under a drain for ESD protection. U.S.

Pat ent 6, 365,932 (Kouno et al.) discloses a p-type base region in an N-well

partly over |A&¥b@hé1€bp%r@&9ﬂ1é&d i§ @6piefed iNFGC. Fatkale tﬁeéé% GPMISFET trahsistor
shows an n-well with P+ inplants for ESD protection. SUMVARY OF THE

I NVENTHON Ldydiéd g@lairﬁﬁtD ﬁ‘f @% h 1HRaR¢E n%ﬂﬁorﬁ%%%ﬁ&r @fanﬁbgs@lro‘?fﬁ%ch that

i nvention to provi a device to 1nprove the ESD protection of

off Chl r i,st S t ent
Pvent 1ARE PR ED et bl éf@gﬁ%§at4E%bde%?%béﬁétc?‘%hﬁ%' oidhe! MySEETED
anot her Obj ect of the Br esent invention to reduce the breakdown.vol tage of

the  dr draNsisioEhl s Ap &SRS SiLefei ToiGt 7 F Sbanalssfiaraing into drain D. 1his approac

although efficient in reducing the Vt1 of the transistor N, requires additional chip area for the
resistor R because it is typically very large. Furthermore, {2 is known to decrease with gate
voltage, so the amount of coupling required needs to be accurately known to get good ESD
performance of such an arrangement. FIG. 2b depicis the graph of such an arrangement,

where the current I1 p is graphed against the voltage V1 p. Points A and B depicts the same

points as those of FIG. 1b.

FIG. 3 shows the same NMOS OCD A as FIG. 1a but with a second NMOS OCD B
comprising source 14b, drain 16b, and gate 18b. The second NMOS OCD Bis arrangedin a

mirror image to the first NMOS OCD A and with a second P+ type diffusion 32 floating in the



It is still another object of the present invention to increase the
junction area which participates in the aval anche breakdown. It is a
further object of the present invention to have the P-ESD i npl ant extend
out of the NNwell area to have it exposed to the P+ substrate for

el ectrical connections. These and many ot her objects have been achi eved by
an additional P-ESD inplant between the N-well inplant and the N+ drain
region of the OCD NMOS transistor. The P-ESD inplant will be dosed |ess
than the N+ source/drain inplants but higher than the N-well dose. In

anot her enbodi mrent of the invention, N—mell doping is used in conjunction
with the P-ESD 4 dopi ng,  where the P- ESD dopi ng is chosen such that it
count erBisHEsok the N vRourcegn i nith: hTF‘ﬁé“tﬂm af aveh 2P EgiBusi isgoiigcrgase the
such a way that the N-well underneath still nmaintains electrical connection
to N+ deébieasce ke discharggeuprepSmustjpvel to seaghsibedrewnd petgntigl (EHe cthisihag
the P+ substrate. This procedure creates a |larger surface under the area
wher e tthe hanedit ioblowerak doewrsnapbacis vaftagan(Vepc bahdead madifiest af lowenrgs Mte of
the junction, and results in an enhanced electric field and a breakdown at

| ower Valilagehehotiagg). atolSizreloarting ThesipbSbk vollgerdces el in uasried 1t2yasthéy pe
on three sides which creates nore surface area for breakdown and better

par asi tddwdtipped it at braBRIGKRTs géa@rrafytlswerstmgéshJ\bﬁa?@ﬁé&lasjtuumhs@fbramad@r
breakdown can be further increased by increasing the perineter surface of

t he P‘@BP%MS&FetaWP@@s%@sWﬁzo‘}H&eﬁsm ects and advantages of the

present 1nvention wll be readily apparent to one skilled in the art to
which the invention pertains froma perusal of the clains, the appended
drawi ngs, and the follow ng detail ed description of the pref erred

enbodi ment s..., BRI EF _DESCR], P HE N G 1 s a

cr o9s. sect | FHAERIRTS A e GRCEAT g Mowoq eRigrethastife rlarene bretdere 5

bis a | T~P of  the 2a depicts

an RC d&"ﬁg? @?H?;%SBJ%’ H%'Fh%HPG‘oH%@?Cg?‘?@'H‘é”ﬁé%"&%"é&'eé'?ei”t? Surieas Eesigiphs.

FIG 2b is a graph O VILP uS. IT~P which results fromthe use of the RC

net wor kA3 result, Vi2 (second breakdown voltage) of the ESD device is oftentimes lower than V{1,
resulting in the issue of multifinger turn-on. Furthermore, it is known that Vi1 is generally
higher than the gate oxide breakdown voltage for submicron MOSFETSs and if nothing is
done to reduce it will cause gate oxide damage even during the brief time for the transistor to
turn on. Additionally, even if the gate oxide is not damaged it will cause significant hot carrier

degradation, resulting in poor drive of the OCD as time goes on. The proposed invention is

therefore a very desirable improvement in the field of ESD protection.

U.S. Patents relating to the subject of the present invention are:
U.S. Patent 6,521,946 (Mosher) describes a doped region under a drain for ESD protection.
U.S. Patent 6,365,932 (Kouno et al.) discloses a p-type base region in an N-well partly
overlapping a deep N+ region.

U.S. Patent 5,543,650 (Au et al.) shows an n-well with P+ implants for ESD protection.



- FIG 2a. FIG 3 is a cross-sectional view of another approach of the
related art to an OCD. FIG 4a is a cross-sectional view of FIG 4b of an
OCD of a first preferred enbodi nent of the present invention. FIG 4b is a
top view of a mask | ayout of both cross-sectional views FIG 4a and FIG
5b. FIG 4c depicts a top view of a second preferred enbodi nent of a mask
| ayout of an OCD of the present invention. FIG 4d depicts a top view of a
third preferred enbodi mrent of a nask |ayout of an OCD of the present
invention. FIG 5a is a cross-sectional view of an OCD of the related art
showi ng the N+ drain and breakdown areas. 6 FIG 5b is a cross-sectional
view of the mask | ayout of FIG 4b, showing N+ drains, P ESD inplants, the
N-wel |, and additional breakdown areas. FIG 5c is a cross-sectional view
of the mask | ayouts of FIG 4c and FIG 4d, showi ng N+ drains, the P-ESD
inplant, and N-well. FIG S58UMMARYt RErTHE NYERdE®Nonal view of the mask
| ayout of FIG 4d, showing N+ drains, the P-ESD inplant, and Nwell. FIG
5e is a nore detailed view of the cross-sectional view of FIG 4a.

It is an object of at least one embodiment of the present invention to provide a method

and a device fo improve the ESD protection of off-chip driver (OCD) NMQOS fransistors.

It is another object of the present invention to lower the avalanche voltage of OCD

NMOS transistiors.

it is yet another object of the present invention to reduce the breakdown voltage of the

drain/substrate junction during an ESD event.

It is still another object of the present invention to increase the junction area which

participates in the avalanche breakdown.

It is a further object of the present invention to have the P-ESD implant extend out of

the N-well area to have it exposed to the P+ substrate for electrical connections.

These and many other objects have been achieved by an additional P-ESD implant
between the N-well implant and the N+ drain region of the OCD NMOS fransistor. The P-ESD
implant will be dosed less than the N+ source/drain implants but higher than the N-well dose.

in another embodiment of the invention, N-well doping is used in conjunction with the P-ESD



FI G 5f shows doping profiles through cross-section 5f 5f of FIG 5e. FIG
59 shows doping profiles through cross-section 5g 5g of FIG 5e. FIG 6 is
a bl ock diagram of the nethod of the invention. Use of the sane reference
nunber in different figures indicates simlar or |ike elenments. DESCRI PTI ON
OF THE PREFERRED EMBCDI MENT 7 Referring now to the acconpanyi ng draw ngs
FIG 4a-d, and FIG 5b-d, there are shown enbodi mrents of the invention.

FIG 4a is a first preferred enbodi nent of the invention and differs from
FIG 1a by having NMOS OCD A and NMOS OCD B arranged in a mrror symetry
around a vertical |ine through Point P. Like in FIG 1a, an ESD pul se VT~p
IS appljed at point P._ The device descri i.n this invention | owers the
Ve1"oF o, piaes hedt 5P HoRne fRalidsy SHIRTERt dreaTIeTeepss i itel Wag el
and N-well inplants 46, 46a bel ow the N+ drain regions 16a, 16b_of the

N+ uncttheN+adrainTiR-E§Edening isrdane in sprla Avvavdhat heN-well eindareath sidbpatmtains
preferred enbodinent. In the first preferred enbodi nent, P-ESD i nplants
44a, Asdledcirieal gorutediindde Madrindravens. 16a,P-E6P), regenpe atsowaddstricatlyiconnected to
arrangenment will reduce the breakdown voltage of the drain/substrate

(16a/ 12he Peluubairajeurttiis procedine dre&iEPal lagenntrfacsenddrdued drdzewhersghé fumetibhe
N+ source/drain conditions, but higher than the N-well 46, 46a dose for the

pr oces reMaicRvrt badurs 3P 419 inefedvbdShBiussmiutdatafe BF feDunbg, edoteshits vl &n
Dopi ng of P+ substrate (~10~5 cm 2) (1014 cm2) (10'z-10'3 cmz) The

ar r angeimahced elércfﬂe il dné’ a%’?&kdﬁ%rﬁéﬂléwéﬂ@o!taﬁébﬂrﬁb S BSP Jvedl. Ofke RGa5D 16b

i's caIIed a conp enentary dual drain inplant. "In a Second preferred

embodi e i 'ﬂl cAVRK&S tﬂlg_(?% @ngmht&eﬁ Qggé%@éh asrgét%ésnﬁ?& téu?f‘acé "teStor9

t he sane nas ayout as opirng 1I's used

conj un t nwth P:-ESD 44 n n h n

vay 5o Brard dud et aene ottty A ABEY  SheOf ol
16a, 1 ver 46 still maintains electric copnection

drai ns rea*té)orﬁb Cehot fiithardheasrd Baptiags s ie Refisf iacs ot BksP
dopi ng, the surface under the drains 16a, 16b, where the junction breakdown
occurs "ﬂﬂ@ﬂ-arger and al so the radius of curvature of the junction is much
| arger, resulting in an enhanced electric field and breakdown at a | ower
vol tage during an ESD event. The P-ESD i npl ants 44a, 44b are required to
extend out of the N-well 46 area, so that they are covered by the Ntype
count er dope Bvse andbnamy ¢theeebjecdendmidvaatapes ef tHegpresentivesdibs twilibe reeRlilfy or
el ectrical connections. This arrangenent of N-type counterdope 54a, 54b on
three sipgpeserias ohéskillad ithe Htiofvitieh tesifvémtiontyertitkofromanskerisditof thepelaings, t i ¢
bi pol ar characteristics, since the average parasitic transi stor base width
I's smalhghp Péﬁ@é@@ram@gsa\éaawﬁaﬂo@rngwétﬂefdcdééeﬁpﬁwﬁrtﬁépﬁéa@rr@fémsoé&fentswb
as opposed a. The total junction area for breakdown can

i ncreased by a conbination of layouts as illustrated in FIGS. 4b-d. As
illustrated in FIG 5b, the junction area which participates in the

aval anche breakdown is I~ i '?ﬁﬁh ] } reas 54a, 54b
created by the P-ESD i nplﬂﬁﬁsp%éé‘ﬁ[@ﬂgmapd h% %‘@Z‘I‘@gﬁ In FIG 5a only
the sidewal | s 52a, 52b of the N+junction 42 participates in the junction
breakdown. As FIG 5b illustrates, in addition to the sidewalls 52a, 52b,

t he part|C|pat|ng areas further |nclude the area between the pottom of the
drai ns 16a, 6 181 RTeafcsectionabviaw ®f apeoftehp griver €XpD) ahihgfelatemart. 44p,
the NNwell 46 sidewalls underneath the N+junction 42, and the Nwell 46
areas underneath the P-ESD i npl ants 44a, 44b. FI G 4bis a top view of FIG
4a, where the sane reference synbols indicate the sane el enents. By way of
exanpl e onl YFIGsiiy is amirasi oPUs £ vsom pof tiie BCDPot AIG. N4, j unction 42 are shown.
FI Gs. 4b, 4c, and 4d have exactly the sane |length of drain N+ junction.
What is 9



nodified is the location of the Nwell 46 and P-ESD i nplants 44a, 44b
(labeled 48 in FIG 4c and 4d) with the following restraints: 1) the P-ESD
must maintain electrical contact with the P substrate. 2) the N-well nust
be electrically connected to the N+ drains. 3) the P-ESD nmust be interposed
between the N+ drains and the N-well underneath it while leaving intact in
sone places a connection between the N+drains and the N-well. 4) the
perimeter surface of the P-ESD area between the N+ drains and the N well
must be maxi m zed as much as possible. FIGs. 4b, 4c, and 4d all achieve
this. Thus, the N+ area is exactly the sane in FIGs. 4b, 4c, and 4d. In
FIG 4b, P- as _sectio 44a gnd 44b to either sid f the ceptral

Nvel | a6, 505 28 HeRGRan B nelPR L8 At alprein o fe rered St Aduge .
third mf erred enbodi nent of the present invention, where P-ESD 48 is
surrou d by Nwell 46 and N+junction 42 on all sides, while making
connections to P+ substrate 12 at the top and bottom edges, see arrows A
and B of FIG 4c. FIG b5c, the cross-section of FIG 4c, shows the sides
and bottom of P-ESD 48 surrounded by N-well 46.. FIG 4d is a fourth
preferred e@dRbeiata gfaphhsf \bf g venk ¢ awiht resoliafidmbtheaseast th@RC histvebrk of
preferred enbodi nent, where a plurality of projections of P-ESD 48 i ncrease
the surgjace area for inproved aval anche breakdown. Note that cross-section
5¢c 5¢ shows P-ESD 48 enbedded in N-well 46, while cross-section 5d-5d shows
P- ESD 48 projecting beyond N-well 46 into P+ substrate 12 and in contact
with drains 16a, 16b above. As in the other figures, the sane

nuner al s/ arr in FIG 4c.,and 4d indicate simlar or like elenents.. By way
o oxanpl o i3 RIOESEARIBER! Ve of ROAMEL ARPIOBCh o T raiEied G ot DT on a2
are shown. See FIGS. 5c and 5d, the cross-sections 5c 5c, 5d-5d of FIG 4d
for details of the variation in the profile of 48. FIG 5e is a nore
detailed view of FIG 4a with cross-sections 5f and 5g. FIG 5f shows the
dopi ng pr of iAlG. 42 srclosssectioml view GG 4b ahan @@aﬁ@grsspm,fetm@embﬁdinﬁrﬂ
show t he doping profiles of the N+ drain sections 16a-b, 42, the P-ESD
44a- b, dfrible Present idénticdktba, respectively, as a function of the depth of P+
substrate 12. FIG 5g shows the doping profile along cross-section 5g 5g,
where Curves 5gl and 593 show the doping profiles of the N+ drain sections
16a-b, 42 and N-wel|l 46, 46a, respectively, as a function of the depth of
P+ substrat 1824b B ¢p GeRfambSiGayButieitoth R sIdRtORA MWsSH Greiahad PG,
provi ding ESD protection with conpl énentary dual drain inplants: BLOCK 1
creates\?lﬁn N-well in a P-substrate. BLOCK 2 creates an N+ drain region on
top of e Nwell, such that the N+ drain region

FIG. 4c depicts a top view of a second preferred embodiment of a mask layout of an

OCD of the present invention.

FIG. 4d depicts a top view of a third preferred embodiment of a mask layout of an OCD

of the present invention.

FIG. 5a is a cross-sectional view of an OCD of the related art showing the N+ drain and

breakdown areas.



projects into the P-substrate. In BLOCK 3 a P-ESD inplant is created
between the N+ drain region and the N-well, such that the N-well stil

mai ntai ns el ectrical contact with the N+ drain region. BLOCK 4 provi des an
i npl ant dosage for the P-ESD region | ess than the inplant dosage of the
drains but higher than the inplant dosage for the NNwell. In BLOCK 5 an

i npl ant dosage for the P-ESD inplants is chosen to counterdope the N-well
underneath the N+ drain region. 11 BLOCK 6 provides for electrical
contact between the P-ESD region and the P-substrate. The P-ESD i npl ant of
BLOCK 3 will require a separate nmasking | ayer which replaces the
traditional ESD inplant step. Wiile the invention has been particularly
shown and described with reference to the preferred enbodi nents thereof it
wi || be understood by those skilled in the rt th@ﬁ |ous ch S.in form
and det ai | s Faydbis aereeswreiRiA vigeiRirthe H@Sk et R 15HP; hawvng 8N Pt he
invention. What is clainmed is: 12 1. An ESD protection device with

conpl el impladisatheiNavell, iang| aslitionehbiciakfiayn areas.

FIG. 5¢ is a cross-sectional view of the mask layouts of FIG. 4c and FIG. 4d, showing

N+ drains, the P-ESD implant, and N-well.

FI1G. 5d is another cross-sectional view of the mask layout of FIG. 4d, showing N+

drains, the P-ESD implant, and N-well.
FIG. 5e is a more detailed view of the cross-sectional view of FIG. 4a.
FIG. 5f shows doping profiles through cross-section 5 5f of FiG. Se.
FIG. 5g shows doping profiles through cross-section 5g75g of FIG. 5e.

FIG. 6 is a block diagram of the method of the invention.

Use of the same reference number in different figures indicates similar or like elements.

DESCRIPTION OF THE PREFERRED EMBODIMENT



a) an N-well inplanted in a P-substrate; b) an N+ diffusion inplanted on
top of said NNwell, such that said N+ diffusion extends into said
P-substrate on both sides of said NNwell; c) where said N+ diffusion is
shared by the drains of two adjacent NMOS transistors; d) a pad coupl ed
conductively to said N+ diffusion between said drains; and e) a P-ESD

I npl ant i nterposed between said N+ diffusion and said NNwell such that said
N well is electrically coupled to said N+ diffusion, where said P-ESD

i npl ant | owers the aval anche vol tage of a transistor by reducing the
breakdown voltage of the drain/P substrate junction. 2. The ESD protection

device of claim1l, wherein the i ant dosage r sajd P- ' lant is
ess than ¢ REHBBAIRY a%é%@cwgg s mawa?&fé@o S B, St Rafhers are

I npl ant dosage for said N we he protection device of claim.]1,
wher ei Bhosinembediments @tfé%ﬂvee%m yF I@o&BI'%%If'ES(BPEeiﬁﬂe@%\?Bgm%(‘ttéfﬁﬂ?[’&&nﬁﬁﬂl ng
into said P-substrate. 13 4. The ESchr otection device of claim1,

wher ei ranskditfergrfsom$16f 18 diydhaving NMESS QGRS snd NM@BOaD B gipesged i adsirer
said NNwell. 5. The ESD protection device of claim1, wherein said N-well

ext endssyimimé@p afoielyanertida like threughPeint B. R-iksSkh 'FKB.I &t an ESDAPUBSD/ T p is
protection device with conplenentary dual drain inplant conprising:

applied at point P. The device described in this invention lowers the Vt1 of the transistor by
implementing additi_onal P-ESD implants 44a, 44b and N-well implants 46, 46a below the N+
drain regions 16a, 16b of the N+ junction 42. The device can be implemenied in a firstand a
second preferred embodiment. In the first preferred embodiment, P-ESD implants 44a, 44b
are used underneath drains 16a, 16b, respectively. This arrangement will reduce the
breakdown voltage of the drain/substrate (16a/12, 16b/12) junction. The P-ESD implant dose
should be less than the N+ source/drain conditions, but higher than the N-well 46, 46a dose
for the process. Note that:

Doping of N+ S/D >> Doping of P-ESD >> Doping of N-well >> Doping of P+ substrate
(~10"° cm™) (10™ cm™) (10"2-10" cm™)

The arrangement of providing P-ESD implants 44a, 44b for drain regions 16a, 16b is called a

complementary dual drain implant.

In a second preferred embodiment of the invention shown in FIG. 5b as a cross-section
and using the same mask layout as FI1G. 4b, N-well 46, 46a doping is used in conjunction with
P-ESD 44a, 44b doping. P-ESD doping is chosen in such a way so that it counterdopes the
N-well 46, 46a underneath the N+ drains 16a, 16b. However, N-well 46 still maintains

electrical connection to N+ drains 16a, 16b through the middile section 46a. As a result of



a) an N-well inplanted in a P-substrate; b) an N+ diffusion inplanted on
top of said NNwell, such that said N+ diffusion extends into said
P-substrate on both sides of said NNwell; c) where said N+ diffusion is
shared by the drains of two adjacent NMOS transistors; d) a pad coupl ed
conductively to said N+ diffusion between said drains; and e) a P-ESD

I npl ant i nterposed between said N+ diffusion and said NNwell such that said
P ESD inplant is enbedded within said N+ diffusion and said N-well, where
said P-ESD inpl ant | owers the aval anche voltage of a transistor by reducing
t he breakdown voltage of the drain/P substrate junction. 14 7. The ESD
protection device of claim®6, wherein sections of said enbedded P-ESD .

i npl antSYSRdORINCathesuriase UBART (he diaing 1PaEkry. whsra e iyeginidereakeown aegyrs.did
said N+ diffusion, said P-ESD i npl ant thus coupling electrically to said

P- substlamgesangalsvie Eaipicua@tusof deejupetiar isenughmiegerwissulina inanenhapcadt
dosage for said P-ESD inplant is less than the inplant dosage for the N+

di f f usiedectbafield ajitcbrebkdown e ailopéavdlitageshgagfaor ESBI elelt. wehé P-BSDTivm &80
protection device of claim6, wherein said N+ well is electrically coupled
t 0 sai 44t 4dbfatelfdcquired 16 exiEng dubbr thed(-e&llliiarardaVvicitadtheylate doGeredihg ties N-

segnents of said P-ESD inplant project beyond said Nwell, thus extend into

sai d P-tgpbsbitbRIOMRSU I5AWRA thied §iBES bBEEkPE¥R to the P+ substrate 12 for electrical
connections. This arrangement of N-type counterdope 54a, 54b on three sides resulis in
more surface area for breakdown and better parasitic bipolar characteristics, since the
average parasitic transistor base width is smaller because the avalanche area is folded
towards the gates 18a, 18b as opposed to FIG. 1a. The total junction area for breakdown can
be increased by a combination of layouts as illustrated in FIGs. 4b-d. As illustrated in FIG. 5b,
the junction area which participates in the avalanche breakdown is larger with additional
junction areas 54a, 54b created by the P-ESD implants 44a, 44b and the N-well 46. In FIG.
Ba only the sidewalls 52a, 52b of the N+ junction 42 participates in the junction breakdown.
As FIG. 5b illustrates, in addition to the sidewalis 52a, 52b, the participating areas further
.include the area between the bottom of the drains 16a, 16b of N+ junction 42 and the top of

P-ESD implants 44a, 44b, the N-well 46 sidewalis underneath the N+ junction 42, and the N-

well 46 areas underneath the P-ESD implants 44a, 44b.

FIG. 4b is a top view of FIG. 4a, where the same reference symbols indicate the same
elements. By way of example only, six connections from point P to the N+ junction 42 are

shown. FIGs. 4b, 4c¢, and 4d have exactly the same length of drain N+ junction. What is



11. The ESD protection device of claim10, wherein said segnents of said
P-ESD i npl ant projecting beyond said N-well maxim ze the perinmeter surface
of said P-ESD inplant. 12. The ESD protection device of claim 10, wherein
said segnents of said P-ESD i npl ant projecting beyond said Nwell alternate
wi th segnments of said P-ESD which are enbedded within said N+ diffusion and
said NPwell. 13. The ESD protection device of claim®6, wherein said N well
extends in depth beyond the bottom of said P-ESD i nplant. 15 14. An ESD
protection device with conplenentary dual drain inplant conprising: a) an
N-well inplanted in a P-substrate; b) an N+ diffusion inplanted on top of
said NNwell, such that said N+ diffusion extends into said P-substrate on

bot h simaedified isthe dpaatipr of thed)-walldeanchP =S iraplenisst4sm 4b (akgleddtaip Rledc

drains of two adjacent NMOS transistors; d) a pad coupled conductively to
sai d Nargi 4d)wtroihetfelowiog restraintdr ai ns; and e) a P-ESD i npl ant i nterposed

bet ween said N+ diffusion and said Nwell such that said P ESD inplant is
enbedded wi tihitme Bat 8D Miustinhdinkiiroaleatritabeordadtwiti the MMsebstratbe P- ESD i npl ant
dosage is chosen in such a way as to counterdope said NNwell. 15. The ESD

protection dgtheR-wéll flust be bfbactidadly ebnsdbd te e eigesingng creates
additional junction areas between said N+ diffusion and said P-ESD i npl ant,

ﬁ’?i;ﬁdmd Y hd PEBD usPBE iRBrRsBaDeRMdr heMdt 8rairts dNPtraMN ¢h8erneath it
while leaving intact in some places a connection between the N+ drains and the
N-well.

4) the perimeter surface of the P-ESD area between the N+ drains and the N-well

must be maximized as much as possible.
FIGs. 4b, 4c, and 4d all achieve this. Thus, the N+ area is exactly the same in FIGs. 4b, 4c,
and 4d. In FIG. 4b, P-ESD has sections 44a and 44b to either side of the central N-well 46,
46a (in agreement with cross-section FIG. 4a). FIG. 4c shows a third preferred embodiment
of the present invention, where P-ESD 48 is surrounded by N-well 46 and N+ junction 42 on
all sides, while making connections to P+ substrate 12 at the top and bottom edges, see
arrows A and B of FIG. 4c. FIG. 5c, the cross-section of FIG. 4¢, shows the sides and bottom
of P-ESD 48 surrounded by N-well 46.. FIG. 4d is a fourth preferred embodiment of the
present invention and based on the third preferred embodiment, where a plurality of
projections of P-ESD 48 increase the surface area for improved avalanche breakdown. Note
that cross-section 5¢5¢ shows P-ESD 48 embedded in N-well 46, while cross-section 5d75d
shows P-ESD 48 projecting beyond N-well 46 into P+ substrate 12 and in contact with drains

16a, 16b above. Asin the other figures, the same numerals/arrows in FIG. 4c and 4d indicate

similar or like elements. By way of example only, three connections from point P to the N+

10



16 ' 16. The ESD protection device of claim14, wherein where said P-ESD
I npl ant | owers the aval anche voltage of a transistor by reducing the
breakdown voltage of the drain- P substrate junction. 17. The ESD
protection device of claim 14, wherein segnents of said P-ESD inplant, by
projecting beyond said NNwell, extend into said P-substrate when viewed in
cross section. 18. The ESD protection device of claim14, wherein said
counterdopi ng creates additional junction areas on those faces of said
P-ESD i npl ant which are in contact with said N well, where said additional
junction areas participate in the aval anche breakdown. 19. The ESD

protectj.gn . device of claim 14 er ej ectrical .conpections b e ai d
B RS 1 JHEHSIRN 246 a0t POStb LGS ALAH o JhS GiasseEHOR AT 26c BN Bl S dleor
P-ESD inplant is in contact with said P-substrate. 20. The ESD protection
devi ce dsitaily ¢fithe varialigieindha psefile oP48SD i npl ant is interposed between said
N+ di ffusion and said N-well such that said NNwell is electrically coupled
to said N+ diffusion. 21. The nethod of providing ESD protection with
conpl ementary dual drain inplants, conprising the steps of: 17
FIG. 5e is a more detailed view of FIG. 4a with cross-sections 5f and 5g. FIG. 5f
shows the doping profile along cross-section 5f 5f, where Curves 5f1, 512, and 5f3 show the
doping profiles of the N+ drain sections 16a-b, 42, the P-ESD 44a-b, and N-well 46, 48a,
respectively, as a function of the depth of P+ substrate 12. FIG. 5g shows the doping profile
along cross-section 5g75g, where Curves 5g1 and 593 show the doping profiles of the N+
drain sections 16a-b, 42 and N-well 46, 46a, respectively, as a function of the depth of P+

substrate 12.

Block diagram FIG. 6 describes the preferred method of providing ESD protection with

complementary dual drain implants:

BLOCK 1 creates an N-welt in a P-substrate.

BLLOCK 2 creates an N+ drain region on top of the N-well, such that the N+ drain region
projects info the P-substrate.

In BLOCK 3 a P-ESD implant is created between the N+ drain region and the N-well, such
that the N-well still maintains electrical contact with the N+ drain region.

BLOCK 4 provides an implant dosage for the P-ESD region less than the implant dosage of
the drains but higher than the implant dosage for the N-well.

in BLOCK 5 an implant dosage for the P-ESD implants is chosen fo counterdope the N-well

underneath the N+ drain region.

11



a) creating an N-well in a P-substrate; b) creating an N+ drain region on
top of said NNwell, where said N+ drain region projects into said
P-substrate on either side of said NNwell; c) creating a P-ESD region
between said N+ drain and said N-well, such that said N-well stil

mai ntains an electrical connection to said N+ drain region; and e)
providing an inplant dosage for said P-ESD i nplants | ess than the inpl ant
dosage of said N+ drain region but higher than the inplant dosage for said
N-well. 22. The nethod of claim 21, wherein said inplant dosage for said
P-ESD i npl ants is chosen such as to counterdope said N-wel|l underneath said
N+ di ffusjon. 23.. The method of claim 21, gpﬁg j n.said ng D bg@éa t makes
ol ect rIRHCR Spravides ot Fieglrigaosias belieen g P-Rab FRalopan fhe;Pioairalg- Esp
protection wth conplenentary dual drain inplants, conprising the steps of:
a) credtheng-&$D implant of BLQQ&/ Sumil trealies apeparate makinghlayer whishreplagesihen

top of said NNwell, where said N+ drain region projects into said

P- substtragttonahESDx inplatistep.of said NNwell; c¢) creating a P-ESD region
between said N+ drain and said N-well, such that first areas of said P-ESD
region are surrounded by said N+ drain and N-well; and 18 e) providing an

i npl ant dosage for said P-ESD inplants |ess than the inplant dosage of said
N+ drain regipiie thét intéietioer hddisser particiiHaBhowe sadidsefibédivith Neféfdnce t83he The

met hod of claim 24, wherein said inplant dosage for said P-ESD inplants is
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the

invention.

What is claimed is:

12



chosen such as to counterdope said N-well underneath said N+ diffusion. 26.
The nmet hod of claim 24, wherein second areas of said P-ESD i npl ant project
beyond said N-well into said P-substrate. 27. The method of claim 26,
wherein said second areas of said P-ESD i npl ant nake el ectrical contact
with said P-substrate. 19 .A . A.A.AA.A.AAA . A.A.A.A.A.A.A. AA
A LA

1. An ESD protection device with complementary dual drain implant comprising:
a) an N-well implanted in a P-substrate;

b) an N+ diffusion implanted on top of said N-well, such that said N+ diffusion extends into

said P-substraie on both sides of said N-well;
c) where said N+ diffusion is shared by the drains of two adjacent NMOS transistors;
d) a pad coupled conductively fo said N+ diffusion between said drains; and

e) a P-ESD implant interposed beiween said N+ diffusion and said N-well such that said N-
well is electrically coupled to said N+ diffusion, where said P-ESD implant lowers the
- avalanche voltage of a fransistor by reducing the breakdown voltage of the drain/P-

substrate junction.

2. The ESD protection device of claim 1, wherein the implant dosage for said P-ESD
implant is less than the implant dosage for said N+ diffusion but higher than the

implant dosage for said N-well.

3. The ESD protection device of claim 1, wherein said P-ESD is electrically coupled to

said P-substrate by extending into said P-substrate.

13
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a) an N-well implanted in a P-substrate,

b) an N+ diffusion implanted on top of said N-well, such that said N+ diffusion extends into

said P-substrate on both sides of said N-well;

c) where said N+ diffusion is shared by the drains of two adjacent NMOS transistors;

d) a pad coupled conductively to said N+ diffusion between said drains; and

e) a P-ESD implant interposed between said N+ diffusion and said N-well such that said P-
ESD implant is embedded within said N+ diffusion and said N-well, where said P-ESD implant

lowers the avalanche voltage of a transistor by reducing the breakdown voltage of the drain/P-

substrate junction.
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diffusion, said P-ESD implant thus coupling electrically to said P-substrate.

8. The ESD protection device of claim 6, wherein the implant dosage for said P-ESD
implant is less than the implant dosage for the N+ diffusion but higher than the implant

dosage for said N-well.

Q. The ESD protection device of claim 6, wherein said N+ well is electrically coupled to

said N+ diffusion.

10. The ESD protection device of claim 6, wherein segments of said P-ESD implant project

beyond said N-well, thus extend into said P-substrate when viewed in cross-section.

11.  The ESD protection device of claim 10, wherein said segments of said P-ESD implant

projecting beyond said N-well maximize the perimeter surface of said P-ESD implant.

12.  The ESD protection device of claim 10, wherein said segments of said P-ESD implant
projecting beyond said N-well aiternate with segments of said P-ESD which are
embedded within said N+ diffusion and said N-weil.

13.  The ESD protection device of ¢claim 6, wherein said N-well extends in depth beyond the

bottom of said P-ESD implant.
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14.  An ESD protection device with complementary dual drain implant comprising:
a) an N-well implanted in a P-substrate;

b) an N+ diffusion implanted on top of said N-well, such that said N+ diffusion extends into

said P-substrate on both sides of said N-well;

c¢) where said N+ diffusion is shared by the drains of two adiacent NMOS transistors;

d) a pad coupled conductively to said N+ diffusion between said drains; and

e) a P-ESD implant interposed between said N+ diffusion and said N-well such that said P-
ESD implant is embedded within said N+ diffusion and said N-well, where the P-ESD implant
dosage is chosen in such a way as to counterdope said N-well.

15.  The ESD protection device of claim 14, wherein said counterdoping creates additional

junction areas between said N+ diffusion and said P-ESD implant, where said

additional junction areas participate in the avalanche breakdown.
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17. The ESD protection device of claim 14, wherein segments of said P-ESD implant, by
projecting beyond said N-well, extend into said P-substrate when viewed in cross-

section.

18. The ESD protection device of claim 14, wherein said counterdoping creates additional
junction areas on those faces of said P-ESD implant which are in contact with said N-

well, where said additional junction areas participate in the avalanche breakdown.

19.  The ESD protection device of claim 14, wherein electrical connections between said P-
ESD implant and said P-substrate are provided in surfaces where said P-ESD implant

is in contact with said P-substrate.

20. The ESD protection device of claim 14, wherein said P-ESD implant is interposed
between said N+ diffusion and said N-well such that said N-well is electricaily coupled

{o said N+ diffusion.

21. The method of providing ESD protection with complementary dual drain implants,

comprising the steps of:

17



- U

10} 10}:10% & ()-6D10% & ()-4%$10% & () -p210% & () - MMF NYNNNTOAEnbC
10" #$10% & ()-10% & ()-s3"10% & ()-1V10% & ()-C$10% & ()-10% & () - TOOCEPPPP
PPdE: / 10
10°910% & ()-p| 0S10% & ()-SY."10% & ()-S, $10% & () - (m0% & ()-&$10% & () - PP
2QQQRCRLRXY: / 10 SI &10% & () -S&"10% & ()-$10% & ()-SP10% & ()-6"10% & () -
$10% & ()- 10 LRRRNSSS TdE:/ 10" Sp(
104 & ()-p% 10%4 & ()-#$10%9 & ()-S'10%4 & ()-Sy"10% & ()- s$10% & ()-
Tt TTTSUNUQURUSUdE: / 10}
10}:10% & () -p610% & ()-4%$10% & ()-p| 010%9 & ()-pY. 11099 & ()-6, $10% & () - SUT
U UWVi WI WY7/ 10} ! 7C$10%VE! (zr- 3S
P109% & ))creatmgan Mywallin@p Supbplraienos & ()- MLO% & () - 10} I WA XKXXXaB7/
10} 7) ($10%9 A& () --!F) ($10%7& () --pPl0% & ()-!$10% & ()-pl0% & ()-C$10% &
() - 3X>Yo) wheEting zimNiEd 10k regigo pn fop of said N-well, where said N+ drain region projects into
10}):10% & ()-p410% & ()-2%$10% & ()-p0s10% & ()-v.$10% & ()-ZZ[L[[[\aBYNC
10} ! 7$10% &'s@)d Pistibabatesdn( gitticd 5odsd &F gaid pl-wélo & () -

c) creating a P-ESD region between said N+ drain and said N-well, such that said N-well still

maintains an electrical connection to said N+ drain region; and
e) providing an implant dosage for said P-ESD implants less than the implant dosage of said

N+ drain region but higher than the implant dosage for said N-well.

22. The method of claim 21, wherein said implant dosage for said P-ESD implants is

chosen such as to counterdope said N-well underneath said N+ diffusion.

23. The method of claim 21, wherein said P-ESD implant makes electrical contact with

said P-substrate.

24.  The method of providing ESD protection with complementary dual drain implants,
comprising the steps of:

a) creating an N-well in a P-substrate;

b) creating an N+ drain region on top of said N-well, where said N+ drain region projects into
said P-substrate on either side of said N-well;

c) creating a P-ESD region between said N+ drain and said N-well, such that first areas of

said P-ESD region are surrounded by said N+ drain and N-well; and
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e) providing an implant dosage for said P-ESD implantsless than the implant dosage of said

N+ drain region but higher than the implant dosage for said N-well.

25.  The method of claim 24, wherein said implant dosage for said P-ESD implants is

chosen such as to counterdope said N-well underneath said N+ diffusion.

26. The method of claim 24, wherein second areas of said P-ESD implant project beyond

said N-well into said P-substrate.

27. The method of claim 26, wherein said second areas of said P-ESD implant make

electrical confact with said P-substrate.
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