ELECTROSTATI C DI SCHARGE PROTECTI ON DEVI CE WTH COVPLEMENTARY DUAL DRAI N

| MPLANT BACKGROUND OF THE I NVENTION 1. Field of the Invention The
invention relates to the protection of integrated circuits from 5 MAR 7347
“el ectrostatic discharge (ESD), and nore particularly to structurés J} r
the to protection fromESD by adding P-ESD inplants and an additi onal
Nwell to the drains of an off-chip driver (OCD) NMOS transistor. 2.
Description of the Related Art The protection of integrated circuits from
el ectrostatic discharge (ESD) has received a |ot of attention. Many
researchers in this field have proposed solutions to protect subm cron

devi ces w t hOUEEURCTROSTATIO\DISCHARSE RROJECTION DERICEWEAHe. FIG 1 a
depicts a cross-section of the related art showing in a P+ substrate 12 an

OCD NMCS transi stor Acwiniiy BMENHHRE DUARDRKIN IMAIGaNTa 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 (G\ND). An ESD pul se VTLP
at point P is shown discharging into drain 16a with current |ITLP. An N ESD

inmplant 17, typically ' ' he entire active area
(source 14a and drain 12%’$b3@%8“ﬁ)¢§2'§ﬁ”§?§‘?é“?go§ppl ied to nake 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 el 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) NMOS 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
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
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 technigue is known to
improve the ESD performance of NMOS transistors by reducing the current density in graded

junctions and thus improving the value of [t2 (second breakdown current). Unfortunately,




1 'l I such a solution does nothing to decrease the aval anche voltage (Vtl)

of the transistor, thus naking nultifinger turn-on very difficult, as_ .-

illustrated in FIG |b where the current ITLP is graphed agai nst! Bherd &

“voltage VTLP. In this and subsequent graphs, subscript '"t1' indicates the
aval anche point indicated by Point A subscript'sp' indicates the point of
_snapback indicated by Point SP, and subscript 't2' indicates the second
br eakdown vol tage point indicated by Point B. Another approach used is
depicted in FIG 2a. Here the gate G of MOSFET transistor N is coupled to
the drain D through the RC network (of capacitor C and resistor R) such

t hat syvhrd safitivrhdo&SEomolg tagiecrasasedhplavdlanche heltage €/t ofdhe dransishon thats
channel of the MOSFET transistor N. An ESD pul se VILP at Point P is shown

di SChﬁ%gihggnhmh@gé’rrta}rnoﬁlve@Hﬁﬁcﬁmp%@amtra_t@d thpughtelvhicrd e ciimerteducisng
the Vtl of the transistor N, requires additional chip area for the

resistor R because it is typically very large., Furthernore, lt2. 1S known to
decr egigehas paaigat tbe voliagaye.r- é%th'gén‘gﬁ%@ﬁﬁq‘%ﬁt gERosi $HpsFaRuTy M‘%%% € o be
accurately known to get good ESD performance of such an arrangenment. FIG
2b depiatascHeh®igtringibatet! byRdintak sabsangésre ntdicated thegdiftef snapieatk indic#teds
graphed agai nst the voltage VTLP. Points A and B depicts the sane points
as theseopt I8 Gndldubscript t2' indicates the second breakdown voitage point indicated by

Point B.

Another approach used is depicted in FIG. 2a. Here the gate G of MOSFET transistor
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 Vy_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 I p is graphed against the voltage Vyp. 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 arranged in a

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




FIG 3 shows the sane NMOS OCD A as FIG 1 a but with a second NMOS OCD B
conprising source 14b, drain 16b, and gate 18b. The second NMOS OCD. (Ij}Ji 20407
arranged ina mrror inage to the first NMOS OCD A and with a seco?} FMiR
"type diffusion 32 floating in the 2 15 MAR 2001 mddle of the N+ sources
14a, 14b. The intent of such a P+ diffusion is to increase the resistance
the di scharge current nust travel to reach the ground potential (GND). This
has the benefit of |owering the snapback voltage (Vsp) but has no effect
inlowering Vtl (avalanche voltage). However, |owering the snapback
voltage does help in lowering It2 as the power product at breakdown is
generraiddie bbiker N+Algoceshttm te Jaedsient of suamsi Bt aliffusadn s, inceraseRhe
substrate bul k resistors Rsub2 and Rsub2. The inventions of the related art

Ci t edebigtancdahddiscHagccafrnt Rfustvalainoheadtr gakgtouwnd putntiaDE D). t Tieis BSD
devi ces without the use of additional circuit elenents such as resistors.

AS a theShefit \()tfzio(v%ﬁﬁ?rtﬂebér%%lﬁg@l%‘n/o‘ﬁgbé aga)) @‘ut the FSRffRYiisowering ant i mes

| ower than Vtl, resulfting in the issue of nultifinger turn-on.

Furt ﬂg@ggﬁgh &ta'g% kﬂB%géﬁ%%eYh%&%ﬁ%iﬂ% ngbk'e%géﬂc@éq{e d:; Rawd iy I‘@éeﬁh@x' de

br eakdown vo or subni cr on nothind is done to reduce

: E aﬁ“sr:fo:&%%‘*és tﬁfﬁfﬁhgﬁi\ﬂ%é?f?e%%@'ﬁwEésﬁ%“PWﬁ Al bAts TR SR Birge
of 1 EDSHEs e T ws%@%raﬁ%gg@’??ﬁigﬁilgﬂ GSeutine i poor drive

The inventions of the related art cited here do not decrease the avalanche breakdown
voltage of the ESD devices without the use of additional circuit elements such as resistors.
As a result, V12 (second breakdown voltage) of the ESD device is oftentimes lower than Vt1,
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.




therefore a very desirable inprovenent 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 { % &AR 2l
protection. U.S. Patent 6,365,932 (Kouno et al.) discloses a p-type base
region in an Nwell partly overlapping a deep N+ region. U S. Patent
5,543,650 (Au et al.) shows an n-well with P+ inplants for ESD protection.

3 ¢J13u J AR SUMVARY OF THE INVENTION It is an object of at |east one

enbodi ment of the present invention to provide a nethod and a device to

i nprove the ESD protection of off-chip driver (OCD) NMOS transistors. It is
anot her object of the present invention to | ower the aval anche vol tage of

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

reduce the breakdown vol t sgiemefARVEF T INMEENBIONt e junction during an ESD
event. 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 inpl ant. extend

out of 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 of the present invention to lower the avalanche 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

4




the NNwell area to have it exposed to the P+ substrate for electrical
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+ draw 70087
“region of the OCD NMOS transistor. The P-ESD inplant will be dosed S%AR
than the N+ source/drain inplants but higher than the N-well dose. In

anot her enbodi nent of the invention, N-well doping is used in conjunction
with the P-ESD 4 1J AR 2007 doping, where the P-ESD doping is chosen such
that it counterdopes the N-well underneath the N+ drain. P-ESD doping is
done in such a way that the N-well underneath still maintains electrical
conneddpioy) viterdlthealP &1 313 dopieg i$ thosEres RhEBEL it egrirdardopeaithnNeveltunderapatn
connected to the P+ substrate. This procedure creates a |larger surface
underthbngr @fagn MESTRdbpiagjisitieid inrsuchreeabg than tlecluwesl amdbrasathrstitt essetdinsadi us
of curvature of the junction, and results in an enhanced electric field

and g lBEReXIdRWRedbon PWEF dimhd @S itd UeB-EBD Rfibieikeido eltbricRiESIhndod ant s
are covered by N-type on three sides which creates nore surface area for

br eakgawn angyhel tm? g?&c%%thé GreRidd I%"rgérrs%%bé UABCCINBIASS Rhichd iHeSundit®

total junction area breakdown can be further increased by increasing
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and a ages pr esen |nven Ion w e rea apparent to one
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cl ai

implants are covered by N-type on three sides which creates more surface area for
breakdown and better parasitic bipolar transistor characteristics. The total junction area for
breakdown can be further increased by increasing 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. 1a is a cross-sectional view of an off-chip driver (OCD) of the related art.

FIG. 1b is a graph of V1 p vs. Iy p of the OCD of FIG. 1a.




t he appended draw ngs, and the follow ng detail ed description of the
preferred enbodi nents. BRI EF DESCRI PTION OF THE DRAWNGS FIG la is a-
cross-sectional view of an off-chip driver (OCD) of the related afff Ha’;\‘FI &t
‘Ib is a graph of VILP vs. ITP of the OCD of FIG 1la. 5 1 5 MAR 20U7 FI'G
2a depicts an RC network used in another approach of the related art to
reduce Vtl. FIG 2b is a graph of VILP vs. |ITLP which results fromthe use
of the RC network of 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

i nvent i on.FIEl 2a dépidts aa R petwaskvueed in ancthel agaachpf thetrglatedad 1@ gdycenal
views FIG 4a and FIG 5b. FIG 4c depicts a top view of a second

pr ef eyined enbodi nent of a mask | ayout of an OCD of the present invention.
FIG 4d depicts a top view of a third preferred enbodi nent of a mask | ayout
of an OCD of the present invention. '

FIG. 2b is a graph of V. p vs. ly_p Which results from the use of the RC network of

FIG. 2a.
FIG. 3 is a cross-sectional view of another approach of the related art to an OCD.

FIG. 4ais 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

QOCD 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 5a is a cross-sectional view of an OCD of the related art show ng the
N+ drain and breakdown areas. 6 1 ?9Rt Z507 FIG 5b is a cross-sectional
view of the mask | ayout of FIG 4b, showi ng N+ drains, P ESD inpl, ‘t?g tzkagz

IR &

-N-wel |, and additional breakdown areas. FIG 5c is a cross-secti
of the mask |layouts of FIG 4c and FIG 4d, showng N+ drains, the P-ESD
inplant, and NNwell. FIG 5d is another cross-sectional view of the mask

“layout of FIG 4d, showing N+ drains, the P-ESD inplant, and N-well. FIG
5e is a nore 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 5g 5g of FIG 5e. FIG 6 is a
bl ock di agram of the nmethod of the invention. Use of the same reference

nunber i n [dif b8hieatrddsteicasnaintive af e reask Ibpout@f FIG kab, ehewirnt N+ drains, P-
DESCRI PTI ON'OF THE PREFERRED EMBODI MENT 7 1 MAR 2007 Referring now to the

acconpanYinpthik akk NOwelr! 4ad ddudifonal Bredidewrdeds. there are

4

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.

FIG. 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 6f of FIG. Se.
FIG. 5g shows doping profiles through cross-section 5g75¢g of FIG. Se.

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

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

DESCRIPTION OF THE PREFERRED EMBODIMENT




shown enbodi nents of the invention. FIG 4a is a first preferred enbodi nent
of the invention and differs fromFIG |a by having NMOS OCD A and NMOS
OCD B arranged in a mirror symmetry around a vertical |ine thrduy iK1 2087
"P. Like in FIG 1a, an ESD pulse VILP is applied at point P. The device
described in this invention lowers the Vil of the transistor by
inplenmenting additional P-ESD i nplants 44a, 44b and N-wel |l inplants 46, 46a
below the N+ drain regions 16a, 16b of the N+ junction 42. The device can
be inplenented in a first and a second preferred enbodinent. In the first
preferred enbodi nent, P-ESD inplants 44a, 44b are used _underneath drains
16a, 16b, Refepser now ity tha@esonprRyine fEAVIngs| G daade@thEICprieak dRlF /6! t age
of the drain/substrate (16a/12, 16b/1 2) junction. The P-ESD inpl ant dose
shoul shoven ¢rebeditreats ofitbe ivestion.clelGidaiina dissigrefeaad embhodinperfieéthetinggntione
N-wel | 46, 46a dose for the process. Note that: Doping of N+ S/ D >> Dopi ng
of P-drfDdifferdoinnig Cofl aNbyweduing NMDEiAGDok aPd NVDS O&IEB gridpsdomaonirtadr014
cm2) (1012-1013 cm 2) The arrangenent of providing P-ESD inplants 44a, 44b

for dimefrPr@iits &62tidMnk Inalgherbiat PCONRE eENGany, SndSOinide Vg rnt .
In a second preferred enbodi nent of the invention showm in FIG 5b as a

O 05 BB R R TR RE3HEn Bt B M BB E°,
he NRRATEPRETCLGIIAEH P BOdpBIontE 41BN HEPIAG 4G, 20 below the Rie2 1
drain regions 16a, 16b of the N+ junction 42. The device can be implemented in afirstand 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 implantdose
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"® em™) (10" cm™) (10%-10"% cm™)

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

compiementary 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 FIG. 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 middle section 46a. As a resuit of




el ectrical connection to N+ drains 16a, 16b through the m ddl e section 46a.
As a result of 8 1 5 MAR 2007 such doping, the surface under the drains
16a, 16b, where the junction breakdown occurs, is larger and alb& g 2007
"radius of curvature of the junction is much larger, resulting in an
enhanced electric field and breakdown at a | ower voltage during an ESD
event. The P-ESD i nplants 44a, 44b are required to extend out of the N-well
46 area, so that they are covered by the N- type counterdope 54a, 54b on
three sides but exposed to the P+ substrate 12 for electrical connections.

This arrangenent of N-type counterd 4a, 54b on tf ' | ts i
Tor & S PR PSS GRS Ed CBed Sipisdr 44 Kt spknonn ocsurs, &

characteristics, since the average parasitic transistor base width is

smal |laigebandalse thﬁ@@%@@ﬁmuw@gm BinchprisanughlpsgelsresHiing it aenfmncedgy as
opposed to FIG 1 a. The total junction area for breakdown can be

i ncr edseide figidearmbtsiakdowo rat afloweary veitageaduringl ars EBat @enitn The G5 ESibinplants
illustrated in FIG 5b, the junction area which participates in'the

aval apcha4breakstpivedits eikanderut of the Rdebit460avab, s¢ that theyraraceusreflidy, the4b
created by the P-ESD i nplants 44a, 44b and the N-well 46. In FIG 5a only

the sigevwslihter 582 B4pforf iheed\sidesmut ERpostd thahé iFei palseatd N2 fdresigctricali on
breakdown. As FIG 5b illustrates, in addition to the sidewalls 52a, 52b,

t he %n‘hlg%ﬁ&%“mﬂifsaér%?’ﬁgefrr\grﬁfb@rN—tijp@Céd{ﬁﬁerbbﬁe%M@?Shﬁtdhetﬂféé bigebost@m inf the

drains 1 16b of N+ J“unction 42 and the top of P-ESD inplants 44a, 44b,

the Newel L, 48.8.0eval] 5and6hReaid bbhEr MardsHRChiBRAr tar@idridth8, Bince 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 corﬁbination of layouts as illustrated in FIGs. 4b-d. Asillustrated 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. InFIG.
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
Jinclude 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 sidewalls underneath the N+ junction 42, and the N-

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

FIG. 4bis 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, 4¢, and 4d have exactly the same length of drain N+ junction. What is




wel | 46 areas underneath the P-ESD i npl ants 44a, 44b. FIG 4b is a top view
of FIG 4a, where the sane reference synbols indicate the sane el enents.

By way of exanple only, six connections frompoint P to the N+ jl,l é{ nlzﬁqﬁ
are shown. FIGs. 4b, 4c, and 4d have exactly the sanme | ength of % ﬁgﬁ

junction. What is 9 1 5 MAR 2007 nodified is the location of the N-well
46 and P-ESD i nplants 44a, 44b (labeled 48 in FIG 4c and 4d) with the
following restraints: 1) the P-ESD nust maintain electrical contact with
the P substrate. 2) the N-well nust be electrically connected to the N+
drains. 3) the P-ESD nust be interposed between the N+ drains and_the

N- welthodifide isidatibedtion okt B-welb46 agd PrEabtimplanis Ada dréabeied 8 iHektG o
between the N+ drains and the Nwell. 4) the perinmeter surface of the

P- ESRirat 4d) Wigh theciollbwimgMestdziatsns and the N-well nust be nmaxim zed as nuch
as possible. FIGs. 4b, 4c, and 4d all achieve this. Thus, the N+ area is

exact |y thg teameESD hiliSlsmaihain 4actri@ndodtct With BiéP siibstrBteESD has secti ons
44a and 44b to either side of the central N-well 46, 46a (in agreenent

Wi th crossysgeiN-@BI Ut bddectiitdly dhnsbRWSoand N+ dtapisef erred enbodi ment  of
the present invention, where P- E§D 48 is surrounded by N-well 46 and N+
junction 4200k FSD must be interposed between the N+ drains and the N-well underneath 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,
463 (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. 5¢, 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 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 same numerals/arrows in FIG. 4¢ and 4d indicate

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

10




all sides, while making connections to P+ substrate 12 at the top and

bott om 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 Mm@l’*é‘hﬁﬁ
"FIG 4d is a fourth preferred enbodi nent of the present inventli eniig

based on the third preferred enbodi nrent, where a plurality of projections
of P-ESD 48 increase the surface area for inproved aval anche breakdown.
Note that cross-section 5c 5¢c shows P-ESD 48 enbedded in N-well 46, while
cross-section 5d-5d shows P-ESD 48 projecting beyond NNwell 46 into P+
substrate 12 and in contact with drains 16a, 16b above. As in the other

fi gurdiysibind? saeshowneBab §1Gs rmwand Hd hecrors-saetions 5S¢ g 8ddsl ofdilqi fdforor

li ke el ements. By way of exanple only, three connections frompoint Pto

t he Nietailloflthé 9BABMIN indhéfousfilenf 48. are shown. See FIGs. 5c and 5d, the
cross-sections 5¢ 5c, 5d-5d of FIG 4d for details of the variation in the
profile of 48. FIG 5e is a nore detailed viewof FIG 4a wth
cross-sections 5f and 59. FIG 5f shows the doping profile along

cross- sectd@an 5af iz 5f mo ettt Wies FTHG. abwitihetbsaZaetions BhandBypi APS. 5f
profiles of the N+ drain sections 16a-b, 42, the P-ESD 44a-b, and N wel |

46, 4 i vely, ek &
12 e SRR AR ok Satiansehs Wha genhburl s it |

and 5¢3 .show t he [ rofil he ak8nSELLE O ORal ugs4sand

N- wel FORIRd PiRfles Pg@%e'gtgiﬁ%‘f‘yﬁecﬁé"%q?énrbct"“ilﬂgﬁhécjnp TR ﬁ%:)%’h&?ﬂ Nl 467402
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 5g3 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 FI1G. 6 describes the preferred method of providing ESD protection with

complementary dual drain impiants:

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.
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substrate 12. Block diagram FIG 6 describes the preferred nethod of

provi ding ESD protection with conplenentary dual drain inplants: BLOCK 1
creates an N-well in a P-substrate. BLOCK 2 creates an N+ drahn;rg&%o&a?n
“top of the N-well, such that the N+ drain region projects i nt'o” t’hat
P-substrate. In BLOCK 3 a P-ESD inplant is created between the N+ drain
region and the N-well, such that the Nwell still maintains electrical
contact with the N+ drain region. BLOCK 4 provides an inplant 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 ig?la@ttﬁgga e for

t he MBLEEIKitnpioaides foreleptdsalcontari bstwrat Hsga-RHR regioR AN IRGHSUDSHER t he N+
drain region. 11 5 MAR 2007 BLOCK 6 provides for electrical contact

bet wadre PHESIPESRNt efBLOCHS wiHaemlistbsepatale Masking Bger wWhihaieplasessheck 3
will require a separate nmasking | ayer which replaces the traditional ESD

i mpl apiditrep ESBhimpeartttetep.nvent i on has been particul arly shown and descri bed
with reference to the preferred enbodinents thereof, it will be"understood
by those skilled in the art that various

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 details may be made without departing from the spirit and scope of the

invention.

What is claimed is:
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changes in formand details my be nmade w thout departing fromthe spirit
and scope of the invention. Wiat is clained is: 12 1 6 MAR 2007 1. An ESD

protection device with conplenentary dual drain inplant corrpr'zji n&‘b 7 an
N-wel | inplanted in a P-substrate; b) an N+ diffusion inplant 8t 6

said N-well, 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 pad, c g |.ed conductively to
sai d N+ diffusi o BeDwetediandiayies with c%rﬁale@jergaryq:t_:g% F%Fr%'?”f nt er posed
between said N+ diffusion and said N-well such that said Nwell is

el ect r¢@maptisingoupl ed to said N+ diffusion, where said P-ESD i nplant |owers
the aval anche voltage of a transistor by reducing the breakdown voltage of
the drain/P- substrate junction, and where the inplant dosage for said
P-ESD inplant is less than the inplant dosage for said N+ diffusion but

hi ghera}Qam“\w@@.m;mph@ntm@mgssﬁam said NNwell. 2. The ESD protection
device of claiml1l, wherein said P-ESD is electrically coupled to said

P-substrate by extending into said 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;
¢) 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
N-well is electrically coupled to said N+ diffusion, 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 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.

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

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

3. The ESD protection device of claim 1, wherein said drains of said two NMOS

transistors are at opposite ends of said N-well.
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3. The ESD protection device of claim1, wherein said drains of said two
NMOS transistors are at opposite ends of said Nwell. 13 2007 tMAR, 4.
The ESD protection device of claim1, wherein said N-well extends,smgdepth
beyond the bottom of said P-ESD inplant. 5. An ESD protection“dévice wth
conpl enmentary dual drain inplant conprising: a) an Nwell inplanted in a
P-substrate; b) an N+ diffusion inplanted on top of said N-well, such that
said N+ di ffusion extends into said P-substrate on both sides of said
N-wel 14 c) wheg ESDap@teetionideviss filaim Liasginsald Rewal sxiegdain fRfhfeyape e
NMOS transistors; d) a pad coupl ed conductively to said N+ diffusion

bet weebottah df gaigh HESRIIPlent.a P- ESD i npl ant i nt er posed between sai d N+

di ffusion and said N-well such that said P- ESD inplant is enbedded within
said N+ diffusion and said N-well, where the P-ESD inplant dosage is
chosen in such a way as to counterdope said Nwell, where said

count®r dopAmg Sty gategioactifivideonith complimernagrdias dreh waplans avrdphibingi f f usi on
and said P-ESD | nplant, and where said additional junction areas
participate in the aval anche breakdown. 14

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;

¢) 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 the P-ESD
implant dosage is chosen in such a way as to counterdope said N-well, where said

counterdoping creates additional junction areas between said N+ diffusion and said P-ESD

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

14




MAR 2007 6. The ESD protection device of claim5, wherein where said P-ESD
inplant lowers the aval anche voltage of a transistor by reducing the
breakdown voltage of the drain- P substrate junction. 7. The ESD:,prr@ @Igzon
device of claimb5, wherein said counterdoping creates additional C
areas on those faces of said P-ESD i npl ant which are in contact W|th said N

wel |, where said additional junction areas participate in the aval anche
breakdown. 8. The ESD protection device of claimb5, wherein electrical
connections _between said P- ESD inplant and said P-substrate are provided

i n suff acesThmESS rgtestipn Eiswcp@&c&ﬂm $.vhareiomperetsald PriESRimpan lpyears Hie.

9. The ESD protection device of claim?7, wherein said P-ESD inplant is
i nt er pealanchebenliagernf salrahsistodhy fagkicing thacbreakdpwe valtagexidhe drein- Rai d N-wel |
is electrically coupled to said N+ diffusion. 15

substrate junction.

7. The ESD protection device of claim 5, 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.

8. The ESD protection device of claim 5, 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.
C_I . The ESD protection device of claim 7, wherein said P-ESD implant is interposed

between said N+ diffusion and said N-well such that said N-well is electrically coupled

to said N+ diffusion.
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