ELECTROSTATI C DI SCHARGE PROTECTI ON DEVI CE W TH

' COVPLEMENTARY DUAL DRAI N | MPLANT BACKGROUND OF THE
INVENTION 1. Field of the Invention The invention
relates to the protection of integrated circuits from
el ectrostatic discharge (ESD), and nore particularly
to structures for the to protection from ESD by addi ng -
P-ESD inplants 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
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has received | ot of attention. Many researchers in
this field d}?ﬁ?’L@ﬁ\ﬁ’@ﬁ? E'{YSBML' ﬁﬁilﬁ?mb'i.%?ﬁt
subm cron evi ces Wt out qurring any I ncrease of

silicon real estate. FIG 1 a depl cts a cross-section
of the related art showing in a P+ substrate 12 an OCD

NMOS transistor A with Nt rain 16a, a
gate 18a, and BAGKCRANG AT SHEMVERRNANE Source Taa,
the gate 18a, and P+ substrate 12 (via P+ type

di ffusion 20a) are shown tied to ground (G\ND). An ESD
pul se VTLP at point P is shown discharging into drain
116Gaeldidf thelnvestien | TLP. An N-ESD i nplant 17, typically
a bl anket inplant covering the entire active area

The dwentiod 4sla@ado theaprotebian obihteghated tirauisi fatroelectrsstatic discharge
applied to make the junction nore graded. Such a

(ESD), érﬁeraygmcafak@%V@,trh@turémf@w@td pet&Sionpesh @ Imbgeadeing P-ESD
MOS transistors by reducing the current density in

xmpIantsgérz?d]'ﬁﬁI 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
fot 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

Vy.p 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 it2 (second breakdown current). Unfortunately,



junctions and thus inproving the value of It2 (second
breakdown current). Unfortunately, 1 such a solution
does nothing to decrease the aval anche voltage (Vtl)
of the transistor, thus making nultifinger turn-on
very difficult, as illustrated in FIG |b where the
current | TLP is graphed agai nst the voltage VTILP. In
this and subsequent graphs, subscript'tl' indicates
the aval anche point indicated by Point A
subscript'sp' indicates the point of snapback )
such a sbiudipe does nobyingPtit decrepse Hredawldrahe ysitage' (Vi @f 8w eansistor, thus
t he second breakdown voltage point indicated by Point
making Bultfil@éhgirm PPFcfitsiethd Bustembdtie iGN 1blvherdahe atent Iy p is
the gate G of MOSFET transistor N is coupled to the
orapne J5B: B R RUR L el o R BB, bR Gof I mccates e
coupled to the gate Gto turn on the channel of the
avalanchvQehETindicatenshsiPoint AL sulriscESDspuhdieateFiire poinPol siiappatkindicated
shown di scharging into drain D. This approach,
by Pointaf harup buteddripe 2 nihdicateseitia ciengntl Ibeeakdbwaf valtage point indicated by
transistor N, requires additional chip area for the
Point B.resi stor R because it is typically very |arge.
Furthernore, It2 is known to decrease with gate
vol tage, so the anobunt of coupling required needs to
be accurately known to get good ESD performance of
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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 Vi1 of the transistor N, requires additional chip area for the
resistor R because it is typically very farge. 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 Vr 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 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 1la but with a
second NMOS OCD B conprising 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 mddle of the
N+ sources 14a, 14b. The intent of such a P+ diffusion
is to increase the resistance the discharge current
must travel to reach the ground potential (GND). This
has the benefit of |owering the snapback vol tage
middle ¢ivbp)Nbsourres Ha, efbect he inteohet sureh wtA+ difupidnasciadncrease the
vol tage). However, |owering the snapback vol tage does
resistanbe the dischaxgerdungznt tishbavdido remmhghegrodut potanhtial (GND). This has
breakdown is generally lower. Al so shown are parasitic
the benkfibsilswersg e Rdpbadndofdgs  Uspy due hisl ko refieick fronswering Vi1
Rsub2 and Rsub2. The inventions of the related art .
(ava!an&é\ﬁﬂ’tabﬁf eHERe R [odRFih g BSesidiDask bt B heRkHA WWering It2 as the

vol tagé of the ESD devices without the use of
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nger turn-on. urthernDre it 1s known
that Vtl is generally hi gher than the gate oxide
br eakdown voltage for subm cron MOSFETSs and if
nothing is _done to, reduc cause gate o
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to turn on. Additionally, even if the gate oxide is .
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degradation, resulting in poor drive of the OCD as
As a restitmét2geesomshbreThedown wpibage] of thednBD devics 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 ef al.) discloses a p-type base region in an N-weil parily
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 protection. U S. Patent 6,365,932 (Kouno et al.)
di scl oses a p-type base region in an Nwell partly
overl apping a deep N+ region. U S. Patent 5,543,650
(Au et al.) shows an n-well with P+ inplants for ESD
protection. 3 SUMVARY OF THE INVENTION It is an
obj ect of at |east one enbodi nent of the present
invention to provide a nethod and a device to inprove
the ESD pr ot ect BHMNARIFPE diifp INYEMEIONOCD) NMOS
transistors. It is another object of the present
invention to | ower the aval anche voltage of OCD NMOS
transistors. It is yet another object of the present
Itiigse bbjeahoftat l¢zd voe ettbedimertad thepreskbhigeerdfontth@rovide a method
drai n/ substrate junction during an ESD event. It is
and a d&litd to ARbRe theoREBGroRictibh ©f BIFRBgNErivar\(BWD)AMIDS transistors.
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 inplant extend out
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substrate for electrical connections.
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 fo 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




These and nmany 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 |less than the N+
source/drain inplants but higher than the N-well dose.
I n anot her enbodi nent of the invention, N-well doping
is used in conjunction with the P-ESD 4 dopi ng, where
the P-ESD doping is chosen such that it counterdopes
the N-well underneath the N+ drain. P-ESD dgp
doping, whRee the FSESK doriag is shasensuciiialil caymiiARees ﬁ\e %ﬁ“ undemeath
mai ntains electrical connection to N+ drains over it. =
the N+ draie. P-ESD daninois dosiedh socle pavyrthabiheN-welinadempatipstill maintains
the P+ substrate. This procedure creates a | arger
electricas vofimadion o &+ dramsarveaitwibe £-ERE feginetis also dieddtaliyaonnected to
occurs and an increased radius of curvature of the
the P+ gubBeate0 Thismd ce@siel dreatesd adargee shdncednddrebd araa Wherdedhe junction
and a breakdown at | ower voltage during an ESD event.
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_ foll ow ng detail ed description of the preferred
implantenbodi ment s.

These and many other objects and advantages of the present invention will be readily
apparent to one skilied in the art to which the invention pertains from a perusal of the claims,
the appended drawings, and the foliowing 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.




BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 a is a
cross-sectional view of an off-chip driver (OCD) of
the related art. FIG 1 b 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 Mtl. FIG 2b is a graph of VTILP VS. |TLP which
results fromthe use of the RC network of FIG 2a.
FIG 3 is a cross-sectional view of anot her approach
of the related art to an OCD. FIG 4a is
FIG A Oepists: BHAE RAN@kofSoel angkIesAPRFPAstrs! dhe ielpledat to reduce
preferred enbodi nent of the present invention. FIG

V1. 4b is a top view of a nask |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.

b%gad@@ Aoy Q8. | Rh rastif fremphefigersfdhe RC network of

FeFd;n‘Szc@)dl gf a\ﬁﬁ%k Z'S/Fg‘m] of an OCD of the present
invention. FIG 5a is a cross-sectional view of an OCD

FIG.238.0f the related art showi ng the N+ drain and

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

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.




breakdown areas. 6 FIG 5b is a cross-sectional view
of the mask | ayout of FIG 4b, show ng N+ drains, P-
ESD i npl ants, the N-well, and additional breakdown
areas. FIG 5c is a cross-sectional view of the mask
| ayouts of FIG 4c and FIG 4d, showing N+ drains,
the P-ESD i nplant, and NNwell. FIG 5d is another
cross-sectional view of the mask |ayout of FIG 4d,
showi ng 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
t hrough cross-section 5f-5f of FIG 5e. FIG 5g shows
Fi®binig gerofs-sestidrial viagtofthosmsk éntoudaf Bigp. By, siovBh@GN+ drains, P-
5e. FIG 6 is a block diagram of the nethod of the
ESD implaN@nNtieoN-wals anafaddhienapipieakebwn ansgs. nuber i n
different figures indicates simlar or |like elenents. -
DESCRI PTI ON OF THE PREFERRED EMBCODI MENT 7 Referring
now to the acconpanying drawings FIG 4a-d, and FIG
-t ; ' i te i
FE’.FC?C i G6Es @%@horﬁaﬁ]ﬁ?ﬁé@ cﬁ@@ﬂﬁ%‘%‘é@&é of Ihl%f. 4?%121@ F1@04d, showing

als afirst preferre odinent o

N+ dfai“k?ﬁ%bﬁgi@%ngi%foeﬁ%&fOm FIG 1a by having NMOS OCD

rrangéd in a mrror

FiIG. 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. 5e.
FIG. 5g shows doping profiles through cross-section 59759 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 like elements.

DESCRIPTION OF THE PREFERRED EMBODIMENT




symretry around a vertical line through Point P. Like
in FIG la, an ESD pulse VILP is applied at point P
The device described in this invention lowers the Vt1l
of the transistor by inplenenting additional P-ESD
i mpl ants 44a, 44b and N-wel |l inplants 46, 46a bel ow
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 ment, P-ESD inplants 44a, 44b are used
Refedéngn eawhtodihai aesorgenyrabdravargse EG véayl, andiIG. 5b-d, there are
arrangenent will reduce the breakdown voltage of the
shown ethbadmentb sf thetievdritioa( £2G. 4:6is/alf2 st prefartacdembdtimept &30e invention
i npl ant dose should be | ess than the N+ source/drain

and diffe¢©Mahi FrBSia byhalinghemOshacn Beardd WD S 48C D45 arrdnged in a mirror
for the process Note that: Doping of N+ SID >> Dopi ng

symmetr?fl%ﬁg g@m%ﬂplgl?egth%u% W?H(S =2 !nnigl@f1d° nsﬂéﬁ)t hALE Vo p is

12 1 3 cm 2
arrangenent of. provi nts 44a 44
applied RGIT . 16 HEViSB SCSaaAT S (Eismuetan 10w RS Lnid 9?91%%(‘8*% by

drain inplant. In a second preferred enbodi nent of

implementive Adgdiganalfo S D imatais 498, 440 and Nows!l seplanisif6. 4Ra below the N+
usi ng the sane nask |l ayout as FIG 4b, N-well 46, 46a

drain regiwpi tip, i16bwd §u Nh jwstiporet | Tre devite cam msipplamenterbin a first and a
dopi ng. P-ESD doping is chosen in such a way so that

second prefamddrebddipestt hethelﬁwﬂqirbf%@,d difhodinetet, Fe-&SD infpdaNs 44a, 44b
drains 16a, 16b. However,: Nwell 46 still maintains

are use@'tﬁ@elfmé%ﬁh dramzecta onets Ord‘dpedi’\w!yls e, ardilgehtwrugh reduce the
he middl e section 46a. As a result of .

breakdown voltage of the drain/substrate (16a/12, 16b/12) junctxon. The P-ESD implant dose

should be less than the N+ source/drain conditions, but higher than the N-weli 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™) (102%-10" em™)

The arrangement of providing P-ESD implants 44a, 44b for drain regions 16a, 16bis 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 FIG. 4b, N-weil 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 result of




8 such doping, the surface under the drains 16a, 16b,
where the junction breakdown occurs, is |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 voltage during an ESD event. The
P-ESD i npl ants 44a, 44b are required to extend out of
the NNwell 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. .
such doinpsthasuage Heaer the draing pa ciihvhiee fie jsnetiongygakgpwn occurs, is
three sides results in nore surface area for
larger atit @lak tewadiusdflsetaturepd thesiun tléorbis paciylarger, resulting in an enhanced
characteristics, since the average parasitic
electric fisld ngidsirenkdmee atvd thven witagaldueng racabBeveht abalFanShamplants
area is folded towards the gates 18a, 18b as opposed *

44a, 441 BreHleQuirdd & eXiBAd bat af the Wil aB Reesd bat thiegake ovreredy the N-
be increased by a conbination of Iayouts as

type codﬂtéﬁﬂ%bé@%%d 548 ohltfee 48edbuSxddsklsb tiad 4 dubstrhfe 1Dfbr electrical

he junction area which participates in the aval anche

connectgffgak@ﬂ%”%n'aﬁg% gggﬁf Whtgﬁﬁ%%ggférg 545 UBES bANY eeé es results in

cre ants’ 44a, 44
more S%Faec(e{:%% or rg?{(%%wrﬂl%ngal?%tteqnfﬁ ta‘s’?t% ﬁb?ﬁ%%%?ac%‘?sﬁcézgmce the

I'cipatés™in unct
eakdown. |IIust ates, in ddt on, to
averagespHERAR GnsAIoT BT Wl BRI RCPHE A6 FLEh ey s T folded
i nclude the area between the bottom of the drains %
towards e gatesiBauhel poAPRZSEAHA Fe 2 o phefotaliurasnarka gjﬁp down can
44a, 44b, the N-well 46 sidewalls underneath the N+
be increpeed by 8 sormpinaiien of lryoNts agdllistemred indalGsufibrsr Mediustiatad in FIG. 5b,
P-ESD i npl ants 44a, 44b.
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
iinclude 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 cannections 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




FIG 4b is a top view of FIG 4a, where the sane
reference synbols indicate the sane elenents. By way
of exanple only, six connections frompoint P to the
Nt junction 42 are shown. FIGs. 4b, 4c, and 4d have
exactly the sane length of drain N+ junction. Wat is
9 nodified is the location of the NNwell 46 and P-ESD
i npl ants 44a, 44b (labeled 48 in FIG 4c and 4d) wth
the followng restraints: 1) the P-ESD nust nmaintain
electrical contact wwth the P substrate. 2) the
modifiedNs tied locatien obibedN-aetldbcaid B-ESihimegapis 44a, tik (IRbeled 48 in FIG. 4c

drains. 3) the P-ESD nust be interposed between the N+

and 4d) _Gl.ﬁtaitﬁé f@mimgﬂeaswami;;l underneath it while |eaving
intact in sonme places a connection between the N+

1l PE S ehdddh tnaiftaeéibetriddl ddiaviinn®ber sobitfase of
the P-ESD area between the N+ drains and the N-well
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chieve this. Thus, the N+ area is exactly

o 2250 s et 4845 e s BefFapmeans
aay whiReyoodRab i A e P OB R AR E N s and the
the present invention, where P-ESD 48 is surrounded by

N-welMNrWwalb and N+ junction 42 on all sides, while

maki ng connections to P+ substrate 12 at the top and
4hthe paiimgtpssurigee 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-weli 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. 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 5d5d
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




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 enbodi nent of the present invention and
based on the third preferred enbodi nent, where a
plurality of projections of P-ESD 48 increase the
surface area for inproved aval anche breakdown. Note
that cross-section 5¢c 5¢c shows P-ESD 48 enbedded in
N-wel | 46, while cross-section 5d-5d shows P-E

diffusmnp%?(ﬁr@cﬂhpwg Sepdnisneaend Sdstherprespesedinnsticade 513‘25%%“6 4d for
in contact with drains 16a, 16b above. As in the
details obtheerarfatignriethe mlbéiesca‘n@.nuner als/arrows in FIG 4c and
4d indicate simlar or like elenments. By way of
exanpl e only, three connections frompoint Pto the N+
10 diffusion 42 are shown. See FIGs. 5c and 5d, the

FRS O%S isS8 GhbreNGetBfie D Oiewbsr Bits. ofa itk crdsk-badtiondedfaiss@f FIG. 5f
the variation in the profile of 48. FIG 5e is a nore
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ws the doping profile al ong

doping FERfRS of i NN #Eect%ﬁ%aq?”ﬁ%hﬁf gs%j‘ 242309 nafNBwell 46, 464,

dopi n es o raln sections

espectf 3T e éﬁ%g@ef’ i PR i B0 oo o
bstrate 12. F| G h h l .
along crersectioncsd G yae% g oﬁﬁo%ﬁégg%g%aﬁ %ﬂ%&&f%sh%f the N+
dop Ileg profiles of the N drain_sections 1l6a-b,
drain segfipns\iGaeb| 42 gnd dbwell 485 f6at fapprgtivels as 4 Wlpg@fé&fe gggth of P+

depth of P+ substrate 12.
substrate 12.

Biock 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.

BLLOCK 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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Bl ock 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+ 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 inplant is
created between the N+ drain region and the N-well,
such that the Newell still rmaintains el ectri cal
contact with the N+ drain re |deE§ %
BLOCK ﬁrpfgp\gﬁ@s mseé%rl(qurcopp@t peings t@a,%ﬁlépeg@lq substrate.
npl ant dosage of the drains but higher than the
The P- E«Sﬂﬁair@mﬁntj@fs%g@%a witheequifged [separtprEsking laKer whichreplaces the
dosage for the P-ESD i nplants is chosen,to counterdope
traditionaHeS™-inwpldnt stapder neat h the N+ drain regi on. 11 BLOCK 6
provi des 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 masking | ayer which

WiR! A€ sveniien Hakadeh paradulmRDshovh and debebedith eefehshce to the
i nvention has been particularly shown and descri bed

preferre?i"{eh%c{c{?rh@h%’tﬁ@réo‘? it B8 bPLRGSEIR IRpedl RRINGS it hRY &“Pihat various

be "under st ood by t hose skllled in the art that

change%ﬂ[fh%?n%%%@lg?ﬁ g)t 2 om ﬁlﬂ%tﬁ%[%?éa AL %}?Hﬁ]ﬂd scope of the

epartln e spiri

mvention.

What is claimed is:
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invention. What is clained is: 12 1. An ESD protection
device with conpl enentary 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+ diffusion extends into said
P-substrate on both sides of said Nwell; c) where
said N+ diffusion is shared by the drains of two
adj acent NMOS transistors; d) a pad coupl ed
conductively to said N+ diffusion between said drains;
1. AAES® prateBideSiviceith icomptlenpoizeyl d baltdvenimgdard deémprising:
di ffusion and said N-well such that said N well is
electrically coupled to said N+ diffusion, where said
P-ESD i npl ant | owers the aval anche voltage of a

a) an N"géﬁﬂﬁff%h%d iy pedueira@: t he breakdown vol tage of the

rain su stratejunctlon 2. The ESD protection .
device of claim1, wherein the inplant dosage for said
P-ESD inplant is less than the i n’pl ant dosage for

0 A 914 B0 A B
D d d
B CRR N AL

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 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.

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-substirate by extending into said P-substrate.
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13 4. The ESD protection device of claim1, wherein
said drains of said two NMOS transistors are at
opposite ends of said NNwell. 5. The ESD protection
device of claiml, wherein said NNwell extends in
depth beyond the bottomof said P-ESD inplant. 6. An
ESD protection device with conplenentary dual drain

i mpl ant conprising: a) an Newell inplanted in a
P-substrate; + b) an N diffusion inplanted on top of
said N -well, such that said N+ diffusion extends into

Thai ESP- srobsitioat éevice lwhtdiaist deswvidrepabaid\dmad of ggid two NMOS
where said N+ diffusion is shared by the drains of two
tragsiseenara\NMEp Hosreehas of said NDwvek. pad coupl ed

conductively to said N+ diffusion between said drains;

and e) a P-ESD inplant interposed between said N+

di ffusion and said N-well such that said P- ESD

Th@ﬁeﬁéroit t%ﬂ%@@%%rg\é‘lggﬁﬂnmﬁ@@n &b‘ o Jv&wéheﬁd@mche;pﬂn Qeyond the

ere sal i mpl ant OV\EYS the aval

o2 SaBtP P IERR . Vpsirate function 14 7. The

ESD protection device of claim®6, wherein sections of
sai d enbedded P-ESD

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-weli;

¢) 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 voitage of the drain/P-

substrate junction.
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10.

11.

12.

13.

I mpl ant extend at either end of said P-ESD inpl ant
beyond said N-well and said N+ diffusion, said P-ESD
i mpl ant thus coupling electrically to said
P-substrate. 8. The ESD protection device of claim®6,
wherein the inplant dosage for said P-ESD inplant is
| ess than the inplant dosage for the N+ diffusion but
hi gher than the inplant dosage for said Nwell. 9.
The ESD protection device of claim®6, wherein said N+

well is electrically coupled to . said N+ diffusion.
The ESEeretesiq 8ewee ioh ! v@,c\@h%ﬁ%ﬁ%@tmné,oqmﬁ gmpedded P-ESD
segnents of said P-ESD inplant project beyond said _
imyplawd ¢xtend aeitharand ¢frﬁadﬁnE’aE%Dm1§é?d§1bﬁaﬂ@d wAEN-yyedhang said N+
in cross-section. 11. The ESD protection device of
difusiom 44id ReiSDeimmplarti tius eguplimgseledtrisallydtorsaleSb-dubptrate:
proj ecting beyond said N-well maxim ze the perineter
surface of said P-ESD inplant. 12. The ESD protection
device of claim 10, wherein said segnents of said

TRe ESD ippdtkbatidn devie: o€ kit demesndinstiednave dosabt donsdig P-ESD
with segnents of said P-ESD which are enbedded within

mg@éﬁt i%s@&ﬁ%‘r‘ﬁﬂe@:@upﬁ?@&é@é& O We! 1+ aiisiohnsut ﬁ%‘ﬂelr Ithan the implant

otection device aim6, wherein said N-we
I leptth beyond the bottom of said P-ESD
d %%2%?55@5@%1 An ESD protection device with
conpl enentary dual drain inplant conprising:

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

said N+ diffusion.

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.

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.

The ESD protection device of claim 10, 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 6, wherein said N-well extends in depth beyond the

bottom of said P-ESD implant.
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a) an N-well inplanted in a P-substrate; b) an N+
diffusion inplanted on top of said Nwell, such that
said N+ diffusion extends into said P-substrate on
both sides of said NNwell; c) where said N+ diffusion
I's shared by the drains of two adjacent NMOS
transistors; d) a pad coupled conductively to said N+
di ffusi on between said drains; and e) a P-ESD i npl ant
i nterposed between said N+ diffusion and said N-well
such that said P- ESD inplant is enbedded within said
N+ di ffusion and said Nwell, where the P-ESD i npl ant
dosage is chosen in such a way as to counterdope said
14,  ANBSD brotdStionTdsideSkitip compiimenmtadetusielrah isliinncdhprising:
wher el n sai d counterdopi ng creates additiona
junction areas between said N+ diffusion and said
P-ESD i npl ant, where said additional junction areas -
| Gl [ | anche breakdown. 16 16. The ESD
a)anhbﬁ?%bé@%ﬁ%ﬁqgéO?%Esgﬁmgfain114, wherei n where said
P-ESD i npl ant | owers the aval anche voltage of a
transi stor by reducing the breakdown vol tage of the

drain- P- substrate junction. . 17. The, K ES tectio .
b) an N-f:Sign e PR A5 bt St e cisty €8, 51 1P Bl Bhtends into
] inmplant, by projectin beP(ond said NNwell, extend
said P-sybgtepte andoatd sidestaf spig '&A’ﬂé‘ﬂsvi ewed in cross- section.

¢) 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.

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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16.

17.

18.

19.

20.

21.

18. The ESD protection device of claim 14, wherein
sai d counterdoping creates additional junction areas
on those faces of said P-ESD inplant which are in
contact with said NN well, where said additiona
junction areas participate in the aval anche breakdown.
19. The ESD protection device of claim 14, wherein
el ectrical connections between said P- ESD i nplant and
said P-substrate are provided in surfaces where said
P-ESD inplant is in contact wwth said P-substrate.
TROHE Shherotssoprletieetof oindd4¢| wbemin whaiesaid P-mberimplant lowers the
said P-ESD inplant is interposed between said N+
avliidddrel wtagB bf sarshastveby reslueingt thatbrealidbwi vatagei of the drain- P-
electrically coupled to said Nt diffusion. 21. The
S%ﬁ%%ggh@&ﬁ&ﬁOViding ESD protection wth conpl enentary
ual drain inplants, conprising the steps of: 17 a) -
creating an Nwell in a P-substrate; b) creating an N+
drain region on top of said N-well, where said N+
raidy regqi PO} ec [ Ot g P-.substt Oh_ei
760 et p TRy i Py Riin SoBHREl B g B-ESD olant by
bet ween sai d Nt aipn and sai.d N-wel | h t.sald.
prRRD g sapa e ersnd BE i BarunsTHiLupBEigged in cross-
said N+ drain region; and e) providing an inplant
sefd®Rge for said P-ESD i npl ants | ess than the inpl ant
dosage of said

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.

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.

The ESD protection device of claim 14, wherein said P-ESD implant is interposed
petween said N+ diffusion and said N-well such that said N-well is electrically coupled

to said N+ diffusion.

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

comprising the steps of:
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Nt drain region but higher than the inplant dosage for
said N-well. 22. The nethod of claim 21, wherein said
i mpl ant dosage for said P-ESD inplants is chosen such
as to counterdope said N-well underneath said Nt

di ffusion. 23. The nmethod of claim 21, wherein said
P-ESD i npl ant makes el ectrical contact with said
P-substrate. 24. The method of providing ESD
protection with conplenmentary dual drain inplants,

conprising the steps of: a) creating an NNwell in a
a) creatirigr sublsivelhinea Peyulxstrada;i ng an N+ drain region on top of
said Nwell, where said N+ drain region projects into

b) creatrr@aardN?-cBahhség@hemanpeﬁ thidrN-siellewbéressdid N-dielnl regiop projects into
creating a P-ESD regi on between said N+ drain and said

st Peddbstratichn Lhaér dits of saiiedsetf sai d P-ESD region
are surrounded by said N+ drain and N-well; and 18 e) *

c) creatit]%r é)]f’i-@%lﬁge Bn'b’éﬂk@éﬁ 551 9p0€raliPan$ 84 I\Pm@ﬁ@ddﬂiﬁhéﬁaﬁd N-well still

he 1 npl ant dosage of said N+ drai n regi on

o3l B8 e et
P- ESD
B R e o e
NSt oS s O et il PSSR ©

29 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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said N-well into said P-substrate. 27. The met hod of
claim 26, wherein said second areas of said P-ESD

i mpl ant make electrical contact with said
P-substrate. 19

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.

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 contact with said P-substrate.
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