ELECTROSTATIC DISCHARGE PROTECTION DEVICE WITH
COMPLEMENTARY DUAL DRAIN IMPLANT This is a division of Patent
Application serial number 10/662,673 filing date Sep. 15, 2003 now U.S. Pat.
No. 6,998,685, Electrostatic Discharge Protection Device With
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present invention, which is herein incorporated by reference in its entirety.

BACKGROUND @oiire ENMENYTARNM Duhie'B R IMPBNART The invention

relates to the protection of integrated circuits from electrostatic discharge
(ESD), and more particularly to structures for the to protection from ESD by
~adding P-ESD implants and an additional N-well to the drains of an off-chip

This igrRéli\isien P trARRlestion. sessdaptBReT 1RORE S fHinardate Sep. 15, 2003

protection of integrated circuits from electrostatic discharge (ESD) has
now YegeRald o1& 8P EtRGRidHeRERRac S ronarafTiRieRERNIRU s dhlis &pmplementary

solutions to protect submicron devices without requiring any increase of =~ _
Dual Birisdmplpestagsigned joxhR srIReA6Y852R foR e PREA ke —neistyis herein
) in a P+ substrate 12 an OCD NMOS transistor A with N+ source 14a, drain
incorpeyatadyayaeieienns | Bs giseitiusion 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_ VTLP at point P_is shown discharging into drain 16a
with current ITLP. An%@gﬁﬁﬁﬁlﬁﬁ@@!: THE INVENTION

1. Field of the Invention
The invention relates to the protection of integrated circuits from electrostatic discharge
(ESD), and more particularly to structures for the to protection from ESD by adding P-ESD

implants and an additional N-well to the drains of an off-chip driver (OCD) NMQOS transistor.

2. Description of the Related Art

The protection of integrated circuits from electrostatic discharge (ESD) has received a
lot of attention. Many researchers in this field have proposed solutions to protect submicron
devices without requiring any increase of silicon real estate. FIG. 1a depicts a cross-section
of the related art showing in a P+ substrate 12 an OCD NMOS transistor A with N+ source
144, 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
V1Lp at point P is shown discharging into drain 16a with current It 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 112 (second breakdown current). Unfortunately,
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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 technigue is known to improve the ESD performance of NMOS
transistors by reducing the current density in graded junctions and thus

such EEBRXIBE Hieyaluenaidito(GeerskbrarkdouBranErliddeiovundetielid@istor, thus

a solution does nothing to decrease the avalanche voltage (Vil) of the

makiﬁ@ﬂ?@ﬁfﬁﬁhgﬁ@ﬁum?&iﬁgéﬁ’ﬁﬁﬁm{,t'::lg‘n%rhﬁ%@éé“fﬁclt'ié?‘%"b{ﬁ{éﬁ‘ée%@ Elfent Iryp is

I"b wherethe current ITLP is graphed against the voltage VTLP. In this and
subsequent graphs, supscript 't1' indicates the avalanche point indicated by,
Orap S ACA SIS e AR EEeaeds 1S RBREUPSHALB b0 RGPy B bicates the
and subscript 't2' indicates the second breakdown voltage point indicated b
avalape® BRinhibgieatashbyReinish dsehsspieteshiindicates. the Roinkaj seaghsick indicated
MOSFET transistor N is coupled to the drain D through the RC network (of
by Painp&iior it sbessipiotRNslicatasathpse e feebrastbdevageitagsupriattindicated by
~ the gate G to turn on the channel of the MOSFET transistor N. An ESD pulse
Point\BrLP at Point P is shown discharging into drain D. This approach, 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, It2 is known
to decrease with gate voltage, so the amount of coupling required needs to

béBetirarpiarshinieegds geptedin b¥ratmareeedhaararatgementiransistor

~ FIG.2b deﬂicts the Braph of such an arrangement, _ .
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 G to turn on the channel of the MOSFET
transistor N. An ESD pulse V1.p at Point P is shown discharging into drain D. This approach,

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, It2 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 depicts the graph of such an arrangement,

where the current It_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 B is arranged in a

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



where the current ITLP is graphed against the voltage VTLP. Points A and B
depicts the same points as those of FIG. 1 b. 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 B is arranged in a mirror

middiEnggent® Ke 863t-BBdQIDGIA arkbWitteatsecandPa wpaidiligRans®o increase the

floating in the 2 middle of the N+ sources 14a, 14b. The intent of such a P+

resistaiitiS PR gk iptRASEHRAT FRGSIARCR IS IdigeRare FFOURAIBHHIEAYEIND). This has
reach the ground potential (GND). This has the benefit of lowering the

the betRRask iage EB) SuhpBadro riferidn (0userinatVEhs V@ amEt® in lowering Vi1

voltage). However, lowering the snapback voltage does help in lowering It2

(aval@sche vBRAGE)PIagwealr Dieakr Y his aristiati (evagerlseshenymasivering It2 as the

parasitic transistors Q1, Q2, and P+ substrate bulk resistors Rsub2 and
poweRstiHct Bg ryarions ¢ Jineelalp b Ciiabber R Bt peetrarsttBAsistors Q1, Q2,

avalanche breakdown voltage of the ESD devices without the use of

and Rddiigsiehireuik elssnesis RetibaarrpREYE2.As a result, Vt2 (second
breakdown voltage) of the ESD device is oftentimes lower than Vil, resulting

in the issue of multifinger turn-on. Furthermore, it is known that Vtl is
generally higher than the gate oxide breakdown voltage for submicron

MOhHERsrsiond of frashisiaied deneitsdrrdrsedtiviidsiree gathoxidetmaseeakdown

even during the brief time for the transistor to turn on. Additionally, even if
voltagbeng e GHIE deviebd witaged theviliseaobaditivhedairaaitessieents such as resistors.
As aresult, Vi2 (second breakdown voltage) of the ESD device is oftentimes lower than Vi1,
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.



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.) shgyus/amaRrYeh mvit B4NVEIRMISIQr ESD protection. 3
SUMMARY OF THE INVENTION It is an object of at least one embodiment

of the present invention to provide a method and a device to improve the
ESD protection of off-chip driver (OCD) NMOS transistors. It is another object

ofitRepresRsttiBY anibIo RahH BRIRvaRT R/ pHagmeifveitioNM@rovide a method

transistors. It is yet another object of the present invention to reduce the

and RAsOYNvPiage BidiFES Drpioieidisiiate deHNdHEqRC BM@S trdhisistors.

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

havig ihaspasicdde thefthsyhskain faveieieincal kawegiwasalanche voltage of OCD

NMOS transistors.

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 transistor. 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



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 transistor. The P-ESD implant will be dosed less than the N+
source/drain implants but higher than the N-well dose. In another

dopingnkREIE e PLEBDNYEHHENs Nhusk slenboitat b heSriopEiARItWER underneath
P-ESD 4 doping, where the P-ESD doping is chosen such that it

the NGQdraigrdppes thadpiveg islaslasneaticikeWdy ehiatthB RS IdgpMe i 88NstiNmaintains

such a way that the N-well underneath still maintains electrical connection to

electitaldgiieersh fo NiedidisR vegienThalporsder tdemd konBe@REtACANG Ennected to

substrate. This procedure creates a larger surface under the area where the

the PitBGHeraRseaksle\wreeeie ahekaes Aderased lirdiss oh gervaduaesaf Wittre the junction
junction, and results in an enhanced electric field and a breakdown at lower

breakdidg e geuirga EpDRYeRsethmBilSe dinvianiease rvRIeetioy NahtPesdilts in an

three sides which creates more surface area for breakdown and better

enhaRgsasilisdurolizldrangistersardacariatiowcte teige idnsHgmaes Mevent. The P-ESD
breakdown can be further increased by increasing the perimeter surface of

implatite RrfeSEbvete@nty TRegpandrimaitgStericebiphisansgcitvantages eligce area for
present invention will be readily apparent to one skilled in the art to which the

breakoy@miandoBEREIHHAIBI RSBl dfhsisigithariitarpeBderhdrepwngsmetish area for
the following detailed description of the preferred embodiments. BRIEF

breakdbwl RENT BeNf @ hdHindrEs8UNSySncreasing the perimeter surface of the P-ESD

implant.

These and many other objects and advantages of the present invention will be readily
apparent to one skilled in the art to which the invention pertains from a perusal of the claims,
the appended drawings, and the following detailed description of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1ais a cross-sectional view of an off-chip driver (OCD) of the related art.

FIG. 1bis a graph of V1.p vs. It p of the OCD of FIG. 1a.



FIG. la is a cross-sectional view of an off-chip driver (OCD) of the related art.
FIG. Ib is a graph of VTLP vs. ITLP of the OCD of FIG. 1 a. 5 FIG. 2a depicts
an RC network used in another approach of the related art to reduce Vil.
FIG. 2b is a graph of VTLP vs. ITLP which results from the use of the RC

neeRE Pl dpiets%ah HG N2 iwcrkTOSSERCHABM e Soaielbetap psraed att to

the related art to an OCD. FIG. 4a is a cross-sectional view of FIG. 4b of an
reduc@ &y of a first preferred embodiment of the present invention. FIG. 4b is a
top view of a mask layout of both cross-sectional views FIG. 4a and FIG. 5b.
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

thiepraietied erBRUMENTOlS MAst iR belR8 rRmHR! LS RIESRIRC network of

invention. FIG iSs a cross-sectional view of an OCD of the related art
FIG Egowing the N+ drain and breakdown areas. 6

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

embodiment of the present invention.

FIG. 4b is a top view of a mask layout of both cross-sectional views FIG. 4a and

FIG. 5b.

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.



FIG. 5b is a cross-sectional view of the mask layout of FIG. 4b, showing N+

drains, P-ESD implants, the N-well, and additional breakdown areas. FIG. 5c

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. FIG. 5d is another

CIORS- Srla A viesvselctih B askvipy PO Sk B oSReWMEGNAL AB\WIHGN + drains,

P-ESD implant, and N-well. FIG. 5e is a more detailed view of the

P-ESOspieryon Wenen! BHd Alitioltal DrshraswAPRearofiles through
cross-section 5f-5f of FIG. 5e. FIG. 5g shows doping profiles through

cross-section 5g 59 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

SIFRry e efeBesstiCHabUBNPIH PN MEskHEYBIREDERIRERC and FIG. 4d,
EMBODIMENT 7 Referring now to the accompanying drawings FIG. 4a-d,

showitINE Gir Siprs], tHe Fe- BBD shipraherahedinestis of the invention. FIG. 4ais a

first preferred embodiment of the invention and differs from FIG. la by having
NMOS OCD A and NMOS OCD B arranged in a mirror symmetry around a
vertical line through Point P. Like in FIG. la, an ESD pulse VTLP is applied at

PEIT F5d Reieiies desssizediin aisviave Bliacl oMl oMt if G trrNisioiing N+
by implementing additional P-ESD implants 44a, 44b and N-well implants 46,

draindSadeliarsibemiiant, 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 5f 5f of FIG. 5e.

FIG. 5g shows doping profiles through cross-section 59 5¢g 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



drain regions 16a, 16b of the N+ junction 42. The device can be implemented
in a first and 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

d'ﬁ&?@r%*h@@&%v(l@%ﬂe?a%@@fﬁﬁhhﬁﬁ%%aﬁhﬁd%‘?@ impniH@IRIGhebld, there are

be less than the N+ source/drain conditions, but higher than the N-well 46,

showA&aiRzerentb e RrRCRRRNele PRY. RERNSIRENb PR & dATRHREhE M F¥He invention
>> Doping of N-well >> Doping of P+ substrate (1015 CM-2) (1014 CM-2)

and ditfete eA3FEN-2h Bierrivap RIEDS @ e Adin INFRIS I OPBNE 448nd48 in a mirror

for drain regions 16a, 16b is called a complementary dual drain implant. Still

symniBIRITHI8 (A& 9 viHiBaF R IR it dineRECenae Wl N @81 pulse Vrip is
region 16a, N+ junction 42, and N-well implants 46, 46a. P-ESD implant 44b

applie'%'%tddr?ﬁig? Cet e't\ncé\l aedargr'%re 'rcl)gh:llsfs%v%ﬁtfgﬂ (t)|on r%zth%r\gﬁ\l of ”e transistor by
implants 46, 46a.”In"a second preferred embodiment of thé invention shown

impleﬁ_%ﬁpgsgcﬁt%ﬁreﬁﬁﬁ ‘5i?mn‘§)| nnqsuﬂpag %%%ﬁ%%t@%%ﬁ %ﬂ%ﬁig t6’elow the N+

e a doping’is used in conjunttion Wi oping.
o R B SR RN U B S RO st ana
secorif@tggeg}hﬁgo%rﬂﬁﬁgaﬂﬁ&wIﬂrﬁ'igﬁiﬂs@%r&%?r@éoe%%ammﬂg-%?& élgﬁts 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'°-10"% cm™)
The arrangement of providing P-ESD implants 44a, 44b for drain regions 16a, 16b is called a

complementary dual drain implant.

Still referring to Fig. 4a, P-ESD implant 44a is in direct contact with N+ drain region 163,
N+ junction 42, and N-well implants 46, 46a. P-ESD implant 44b is in direct contact with

N+ drain region 16b, N+ junction 42, and N-well implants 46, 46a.

In a second preferred embodiment of the invention shown in FIG. 5b as a cross-section

and using the same mask layout as FIG. 4b, N-well 46, 46a doping is used in conjunction with
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such doping, the surface under the drains 16a, 16b, where the junction
breakdown occurs, is larger and also the radius of curvature of the junction is
much larger, resulting in an enhanced electric field and breakdown at a lower
voltage during an ESD event. The P-ESD implants 44a, 44b are required to

P-ESEXenRd oub ofdbedl-weH 36 afﬁﬁng%bﬂbﬁﬁyiﬁ@%@ﬁﬁg@dh@awﬂ Btghterdopes the

counterdope 54a, 54b on three sides but exposed to the P+ substrate 12 for

N-weRlaelrigsh caaeiens. theinaraniag@BuOMEEY PeI6ReVEr IRPREIN a4 & HRiIPnaintains
three sides results in more surface area for breakdown and better parasitic

electiBP 8 THBERSELISNES FHIAE HEn aVEIURRRYRIRE Hrngistesase 468th AS a result of
smaller because the avalanche area is folded towards the gates 18a, 18b as

such 8BpRREAHE SuHadcaurids taabiancsas aresionbsakaeimeadnlin dar@asRGcurs, is

by a combination of layouts as illustrated in FIGs. 4b-d. As illustrated in FIG.

large Bnd GBS pA0AIS d MBI RAEISMAER Htthe ayalasBharg e alsumipilpagesnhanced
with additional junction areas 54a, 54b created by the P-ESD implants 44a,

electribandiiedieartcton lat Bl owba witddeedsidey asERB, &&hef theeN*ESD implants

junction 42 participates in the junction breakdown. As FIG. 5b illustrates, in

44a, aadispnrsyiireaide wRlknDZsutaian R Rasticipaiiea aseandtitiss avecdile i8¢ by the N-

area between the bottom of the drains 16a, 16b of N+ junction 42 and the top

type €buRt&@BYEBlRNtS 4d anditbe thsideyvbliddaaiseiva)l therderagash die NHor electrical
junction 42, and the N- well 46 areas underneath the P-ESD implants 44a,

connddibrid G THisis A dap aiesnobF IK-tise \wbergdit parsa se®aenee tabelRles results in
indicate the same elements. By way of example only, six connections from
more psuirtae dodreaNbiunelikadwmrand 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. Asiillustrated in FIG. 5D,
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.
5a only the sidewalls 52a, 52b of the N+ junction 42 participates in the junction breakdown.
As FIG. 5b illustrates, in addition to the sidewalls 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 46a sidewalls 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



9 shown. FIGs. 4b, 4c, and 4d have exactly the same length of drain N+
junction. What is modified is the location of the N-well 46 and P-ESD
implants 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

showh-WalGush becclantiarl 208 reeer, b Miteliéieth Ditarakr NEDUREEERE What is

interposed between the N+ drains and the N-well underneath it while leaving

modifilé@es thSRIBaIRIAGTIReaQRer ie abelwees i shansaand theaéieghsth FIG. 4c
the perimeter surface of the P-ESD area between the N+ drains and the

and 4¥yWath mesione widgireaesims 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.

Intir ke 40 EH3 1 PR SB aREHANS I4dRIBACCAARIR Riifehaide Qilbe Aentral

N-well 46, 46a (in agreement with cross-section FIG. 4a). FIG. 4c shows a

thirckneefewed aobpBENSBEIAEANG oRsRIEdIVRN IR NYNGrEIHRSESD 48 is

surrounded by N-well 46 and N+ junction 42 on all sides, while making

C@)WI@@@@D %ﬁﬁ@iﬁ&ﬁ&@ﬂ%étt@@eﬂlﬁ@ﬂﬁ%&ﬁg%ﬁoﬁm RrgavsuAderneath it
and B of FIG. 4c. FIG. 5c, the cross-section of FIG. 4c, shows the sides and

bottom  @fiilei&&Y g fteiorindrmrieypiarellfeornbetit scawesritherRfederins and the

embodiment of the present invention and based on the third preferred
embodimeieNvhere a plurality of

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. 4c, 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 5d 5d
shows P-ESD 48 projecting beyond N-well 46 into P+ substrate 12 and in contact with drains
16a, 16b above. As inthe 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+
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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 5d-5d shows P-ESD 48 projecting beyond
N-well 46 into P+ substrate 12 and in contact with drains 16a, 16b above. As

diffusidihe2ihesiawies 588 BRmEe HeBRIAE afe wroksHEEutth 3 B Imiosdrof FIG. 4d for
similar or like elements. By way of example only, three connections from

detailBdntitodhgtim id Ardiffreive 42 4ge shown. See FIGs. 5¢ 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 more detailed view of FIG. 4a with cross-sections 5f
and 5g. FIG. 5f shows the doping profile along cross-section 5f-5f, where

Crgessef1s A 4nansl édsleenvion SOPIG AReH Aty Nadlichs BIdiensg. FIG. 5f
16a-b, 42, the P-ESD 44a-b, and N-well 46, 46a, respectively, as a function

show8tHREdRMG Pt GttestlRstpieotd - dd&lidrosT B Haecdonive PaYfilesialaned 53 show the

cross-section 5g 5g, where Curves 5g1 and 5g3 show the doping profiles of

dopiné@fdtiled N ipechnnarkfia dbctid Asd dhwie 426 tHE R-ESPeshvel,, sBN-well 46, 46a,
function of the depth of P+ substrate 12. Block diagram FIG. 6 describes the

respaetifglycdgaeinactiohrpiHeiae Fie bf rotegheiramtn 2come esgestialvsinal doping profile
implants: BLOCK 1 creates an N-well in a P-substrate. BLOCK 2 creates an
along\troaise@ianegnigpviiénge Sumals S¢ahdhatige Bhowatiereaising 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-well in a P-substrate.

BLOCK 2 creates an N+ drain region on top of the N-well, such that the N+ drain region
projects into 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 to counterdope the N-well

underneath the N+ drain region.

11



projects into 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

BLOGKe@grovidugher iastiiealicutaattidnsnasfetHberN=wellrdpibh Q@fdtRe2P-substrate.

implant dosage for the P-ESD implants is chosen to counterdope the N-well

The PUEEMeAPIdAEN BHGOWEDRN. bl BHOL K araddes srirpjasalisaheitiaddplaces the
between the P-ESD region and the P-substrate. The P-ESD implant of

traditBhEES D Wibiaar R p. separate masking layer which replaces the traditional
ESD implant step. While the invention has been particularly shown and
described with reference to the preferred embodiments thereof, it will be
understood by those skilled in the art that various changes in form and

detaileertay inQdnaER Mad Bcrapatitadryna ooy ARicedsssepiRel Witheeference to the
invention. 12 What is claimed is: 1. An ESD protection device with

prefe A RIRTDEORIYISIah SFalT,IMAANG 6 UNQERIREE d\athbswekilpalanthd wrethat various
P-substrate;
changes in form and details may be made without departing from the spirit and scope of the

invention.
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b) an N+ diffusion implanted over said N-well, such that said N+ diffusion
extends into said P-substrate on both sides of said N-well; ¢) 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 €) a
P-ESD implant interposed between said N+ diffusion and said N-well such
thatrait RidraEhimplant 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 ,
1 AR RO ARHE EEIE G IRIPEIRBIAMSM BB IRIRIZN CoBAsio

either end of said P-ESD implant beyond said N-well and said N+ diffusion,
id P-ESD im E5a1ntt s coupling electrically to said P-substrate. 2. The
a) angspell ﬁBF‘é) dlice o'?t’f%ﬁai, 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. 13 3. The ESD protection device of claim

, in said N-well is electricall led t id N+ diffysjon. 4. The ESD .
o o e ARl Rt o o

b d said N-well, th tending int id P-substrate wh [ di
o A B SRR e e vt

segments of said P-ESD implant

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, and where sections of said embedded P-ESD implant
extend at either end of said P-ESD implant beyond said N-well and said N+ diffusion, said

P-ESD implant thus coupling electrically to said P-substrate.

2. The ESD protection device of claim 1, 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.

13



o

projecting beyond said N-well maximize the perimeter surface of said P-ESD
implant. 6. The ESD protection device of claim 4, wherein said segments of
said P-ESD implant projecting beyond said N-well alternate with segments of
said P-ESD which are embedded within said N+ diffusion and said N-well. 7.
The ESD protection device of claim 1, wherein said N-well extends in depth

Thersd fhsthaipnaelicaidfham 1mprieis-shite N P9 eetadryiesiled to said

claim 1, wherein said P-ESD implant is in direct contact with said N+

N{ifigigipand said N-well. 9. An ESD protection device with complementary
dual drain implants comprising: a) an N-well implanted in a P-substrate; b)
an N+ diffusion implanted over said N-well, such that said N+ diffusion

TreXE8ds iritedtich Qenibsbiisaim botivistemhafasnitbhtavellsalhere SBdisiant project

diffusion is shared by the 14 drains of two adjacent NMOS transistors; c) a

bedasha BHMEN easIf uRtidedkiorsiig Nt BigiPnsoeisrens aieriedg @it shhas-section.
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

The-ESD whetesstion Bdvisia omgikint dposagedmaridasegnsuds afvgaydaB-©SD implant
counterdope said N-well , wherein segments of said P-ESD implant, by

prpiegtictonb dyeyrandasdiN Maleth axteize ithie sarthfeter surface of said P-ESD implant.

The ESD protection device of claim 4, wherein said segments of said P-ESD implant

projecting beyond said N-well alternate with segments of said P-ESD which are

embedded within said N+ diffusion and said N-well.

The ESD protection device of claim 1, wherein said N-well extends in depth beyond the

bottom of said P-ESD implant.

The ESD protection device of claim 1, wherein said P-ESD implant is in direct contact

with said N+ diffusion and said N-well.

An ESD protection device with complementary dual drain implants comprising:

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

b) an N+ diffusion implanted over said N-well, such that said N+ diffusion extends into said

P-substrate on both sides of said N-well , where said N+ diffusion is shared by the

14



substrate when viewed in cross-section. 10. 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 over
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

drai SHEWN-uGhca INDI Satd Abiuels 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. 11. The method of claim 10, wherein said

c) a pEPEIFIeg e HRICERS]Fd-SAMd R afiFe éfo S RS RIR SH GaREI A RIgEIOPE

said N-well underneath said N+ diffusion. 15 12. The method of claim 10,
wherein said P-ESD implant makes electrical contact with said P-substrate.
13. The method of providing ESD protection with complementary dual drain

d) a PRSI impRaNicitg See BeRteeh ahdealinirriRibhveibis adnevkatiaiehlthat said P-
creating an N+ drain region over said N-well, where said N+ drain region
ESDiasikiit®s 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 , wherein

segments of said P-ESD implant, by projecting beyond said N-well, extend into said P-

substrate when viewed in cross-section.

10. 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 over 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 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.

11. The method of claim 10, wherein said implant dosage for said P-ESD implants is

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

12. THeEHEA & epdnR 31 WhEIRifchRishiNIHaNE topaer e haked Sz Ritartamgalt with said
chosen such as to counterdope said N-well underneath said N+ diffusion. 15.
P-subdigyfaethod of claim 13, wherein second areas of said P-ESD implant project
beyond said N-well into said P-substrate. 16. The method of claim 15,
wherein said second areas of said P-ESD implant make electrical contact

13. THethetHa P o hstiRiRglBSD 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 over 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

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.

14. The method of claim 13, wherein said implant dosage for said P-ESD implants is

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

15. The method of claim 13, wherein second areas of said P-ESD implant project beyond

said N-well into said P-substrate.

16. The method of claim 15, wherein said second areas of said P-ESD implant make

electrical contact with said P-substrate.
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