Asymmetrical Layout Structure for ESD Protection TECHNICAL FIELD
100011 This invention relates generally to electrostatic discharge devices,
and more specifically to obtaining uniformity of current flow in a grounded
gate nMOS. BACKGROUND [00021 Electrostatic discharge (ESD) is a
phenomenon where electrostatic charges migrate from a non-conductive
surface via a conductive material. Since an electrostatic voltage is usually
quite high, the ESD can easily damage the substrate and other

componenieqhah KO AR PRt GATBIeERTARENRRIRNG voltage

from hundreds to thousands of volts can be created on a uman%ody

¢ ing ﬁlrpet under a higher relative humidity, while more than
TEC : o
) VoItS'can be created under a lower relative humidity. Also, an

electrostatic voltage from hundreds to thousands of volts can be created
{00073 machiwelTeripaciedggorteBling dhicstet dischitse Théreforsd when

a human body or a machine carrying electrostatic charges contacts a chip,
specificplby o phkdning Esrevr efciigahlestde 2dsenadidgoe dbEd¥ying the

integrated circuits on the chip. [00031 To protect the integrated circuits

8 2ing, damaged by ESD, ESD devices capable of conducting an
BAC; PP : : : U
current to ground are incorporated into the integrated circuits.

Grounded gate NMOS (GGNMOS) devices are commonly used in
(000 ote chitfgteortstisdipbone K§pidur GENMCS ESBprdteatisnttiduitgs migrate
& illustrated in Figure 1. The ESD protection circuit includes a GGNMOS 8

Om @ PRt thERTRetiV S mave sty e malsH A obirse 1nzlofwraBONIMESsSisually
.. are.co to the power line Vss 4, where Vss is typically grounded-
qmtc%i e}gg Eﬂ) can eagi y d%mage the substirate and other c)c/)?npon?:/n?s of an integrated
circuit. For example, an electrostatic voltage from hundreds to thousands of volts can be created
on & human body walking on a carpet under a higher relative humidity, while more than 10,000
volts can be created under a lower relative humidity. Also, an electrostatic voltage from hundreds
to thousands of volts can be created in machines for packaging or testing integrated circuits,
Therefore, when a2 human body or a machine carrying electrostatic charges contacts a chip, a
large transient ESD current is generated, damaging or destroying the inte grated circuits on the

chip.
J6003] To protect the integrated cireuits from being damaged by ESD, ESD devices capable

of conducting an ESD current to ground are incorporated into the integrated circuits. Grounded
- gate NMOS (GGNMOS) devices are commonly used in protecting circuits.
[0004] A typical GGNMOS ESD protection‘circuit is illustrated in Figure 1. The ESD
protection circuit includes a GGNMOS 8 for protecting the circuit 6. The gate 14 and source 12

of the GGNMOS 8 are coupled to the power line Vgg 4, where Vg is typically grounded. Under

normal operation, GGNMOS 8 is turned off so that it does not affect circuit 6. When an ESD



normal operation, GGNMOS 8 is tamed off so that it does not affect circuit
6. When an ESD | transient occurs to the circuit 6, the GGNMOS 8 is
turned on, and the ESD current is conducted to Vss 4. In order to conduct
a high ESD current, the GGNMOS 8 typically has a great device
dimension, such as W/1, 500/P.5 in a typical 0.351L CMOS technology.
With such a device dimension, the GGNMOS 8 typically has a
multiple-finger poly gate. It has been found that a GGNMOS with a large

rad@YALE R ANMba Yraatdsviee-simension MAav.eRly sustalinaiPw ESD: conducted

current because all portions of the GGNMOS cannot be uniformly

to Mae%%@_%&&he@% BIESES R AROHONATYS @m@m@&t device
GGNMOS is turned on to %ypass the ESD current, but most of the

dinRAEIH S &RYON A0 tEi E SR 5 953 {00 Figuraddivstratesiant@Revice
view of a conventional GGNMOS. Only one finger is shown with a gate

dineledtidie XBHIM@IN S egieal i and mboplkcEngeipall Gat€ oriachg@itl§aind that a
261 through 267 connect to the drain region 14. A metal line 28 connects
GGirhif Siva!ce htaet Ipjugs 261 athrogght 267Vite tmaissuitiveinglprotestes low ESD
Contact plugs 221 through 227 connect to the so‘urce’ region 16. A metal
curfipnd brana plesataractphadsEM thrcaghr2 b7 woithriy watliqdick-dpring the ESD
~regions 20 and 21 that are located at the ends of the gate electrode 18.
strepsyfANHROTHP Perdfi Bl eatiepoasione GPRERY o foboBEMitiHIe current,
contact%ngs divide the source region 14 and drain region 16 into sub
butrnaisRk tedioshinpiitity ptidulus hedeH St fain region and sub source
region is referred to as the contact plug number next to it. The GGNMOS
[008ah be fremted dsusubtriM @S tienwsiStorsB2ptthneLGHERE S 0imdcted imger is
parallel. Each sub nMOS transistor 32, through 327 is formed of a drain
~shown with a gate elecirode 18, a drain region 14 and a source region 16..Contact plugs 26,
through 26, connect to the drain region 14. A metal line 28 conneéts drain side contact plugs 26,
through 267 to the circuit being protected. Contact plugs 22 through 22, connect to the source
region 16. A metal line 24 couples contact plugs 22, through 227 to the p-well pick-up regions 20
and 21 that are located at the ends of the gate electrode 18. P-well pick-up regions 20 and 21 are |

typically grounded.

[6006] Multiple contact plugs divide the source region 14 and drain region 16 into sub
regions. For simplicity pﬁrposes, each sub drain region and sub source region is referred to as the
contact piﬁg number next to it. The GGNMOS can be treated as sub nMOS ftransistors 32;
tﬁrough 327 connected in parallel. Each sub nMOS .transistor 32; through 327 is férmed of a drain
' 261 through 207 a gate electrode 18 and a source 22, through 224, respectively. When an ESD
‘current occurs, i first flows from mgtal line 28 to caﬁtact plugs 26, through 264, then to the sub |
transistors 32; through 327 that are turned on. The ESD current then goes through contact plugs

22 through 227, then to metal 24, and finally to p-well-pick-up regions 20 and 21. It is to be



261 through 267, a gate electrode 18 and a source 221 through 227,
respectively. When an ESD current occurs, it first flows from metal line 28
to contact plugs 261 through 267, then to the sub transistors 32, through
327 that are turned on. The ESD current then goes through contact plugs
221 through 227, then to metal 24, and finally to p-well pick-up regions 20
and 21. Itis to be 2 noted that besides the current flowing from the drain
to the source of each transistor, there is also a substrate current flowing

notBl ANRGHRR femuSUR YRR H R hiUANSISII SRR 328 AN B or A is also

a substrate current flowing at a direction from sub transistor 324 to

a sitRnsisters 2 Bodddpand 3244 a0 Figurendilssirgtesmnsistors 325, 32, and 325,
transmission-line model for the GGNMOS shown in Figure 2. Each of the

andstbussinsistors32lcthionghs 32rédtustfatedib Figeiec? I modaiedity an, 32, and
equivalent circuit 401 through 407. Circuits 401 through 407 are coupled

32jin parallel. The equivalent circuit of the GGNMOS has an n-p-n structure,
which is formed of drain(n)-substrate(p)-source(n). The resistors Gl

[oodrpugh G rre inesubstate Lasistanee ohvadicsl BRI CFRATONSIRM in Figure 2.

channel between the source 14 and drain 16 to the deep substrate, i.e.,

Eadlirettiendrargatetasybstaie 97, dieetien whichRenplaiesdote, Rargivalent
Resistors R"b1 through RSUb7 are the lateral substrate resistance from

cirthie dhepreulisti@te iocthe poyvilquigk40p segionsieiMhearalleE $h egitetnt circuit of
IESO occurs, it is distributed to circuits 401 through 407 and sunk to

thedroiid Qb hedendi-pis dissiissednciEiglnen2dd thiel B EorbembtHEd Boatse(n). The
goes through substrate resistors Rsb3, RS02 and Rsnbl to ground at

resiiide G fiieuah Sreviatid thaibrevsisistorBrdtisakib fiighabt seubdirate!
resistance since it is furthest from the ESD sink point 4. The substrate

betygaihs sewnsddcad %ﬂab@tﬁf@ﬁ di§p substrate, i.e., direction from gate to substrate or

direction. which penetrates into paper). Resistors Rgypy through Ry are the lateral substrate

| resistance from the desp substrate to the p-well pick-up regions. When an ESD current Isp
oceurs, it is distributed to circuits 40; through 40; and sunk to ground at node 4. As discussed in
Figure 2, the ESD current Ipsp also goes through substrate resistors Rgus, Reuyz and R to
ground at node 4. It is appreciated ﬁhat sub transistor 324 has l‘h‘é highest substrate resistance
since it is furthest-from the ESD sink point 4. The substrate resistances induce a voltage drop on
the substrate 2. Thergfore, the sub transistor 324 is- likely to be turried on earlier than any other
transistor. Similar analysis reveals that transistors in the center are niore likely to be turned on

earlier than transistors at the ends.

{6008] Tuzrning on sub transistors at different times causes current crowding, At a lower
ESD current, only sub transistors in the center, such as transistors 324, 321 and 325 are tumed on.
When current increases, from the center to the end, more and more sub transistors are turned on

‘until at a certain time all sub transistors are turned on. It is noted that even when all the sub



the substrate 2. Therefore, the sub transistor 324 is likely to be turned on
earlier than any other transistor. Similar analysis reveals that transistors
in the center are more likely to be turned on earlier than transistors at the
" ends. [0008] Turning on sub transistors at different times causes current
crowding. At a lower ESD current, only sub transistors in the center, such
as transistors 324, 323 and 325 are turned on. When current increases,
from the center to the end, more and more sub transistors are turned on
until at a certain time all sub transistors aégéu_rned op. Itis noted that eyen, .
trangtlons Ui e EE6°S HAREIE ot(r)§S acraé%ﬁr,l the Genter transistors c%l%%/s r%rgrae 1e ends 50
that %Dagggl%pé than igggrrr%n%[stors at the ends so that they are more prone
0 gamage. [816)85 In‘Order to improve the ESD level of such a large

: dimension GGNMOS, the multiple for%%rs of the large dimension _ .
[0 NMD Srhgve e Griltelinh) tedeteucs? torandie s erGiriipOf diF multple .

_the fingers and the sub transistors of the large dimension GGNMOS can
finess QhGTRKY OO NN OESE 5 L CBIR B CTFL B SN LoD curent
n sustain a much higher ESD level. Therefore, t is.the need to
1 1 T o A TR R S ARt KT Fpgoe oy
dimension GG . 4 SUMMARY. NV ON -The
mmgcllm el;c?éréng%ﬁg(#nf%% 38 fct nMMm F%he %'C:H;}_Mgé can%ll\ll%n a Q@c%%%lger E{SD level.

re e preéent Invention presents a semicohaductor

TheRUHEHE 0% e CHOSIFUCRISENRMAGRIGIEGHAD 0L ARFRIdaRCR Wit targe-

one aspect of the present invention, the semiconductor structure
dimension GGNMOS.



comprises a grounded gate nMOS (GGNMOS) having a substrate, a gate
electrode, a source region and a drain region. A plurality of contact plugs
is formed on the source and drain side. A plurality of first level vias is
electrically coupled to the GGNMOS and has a.substantially
asymmetrical layout in. the source and drain regions. A second level via(s)
re-routes the ESD current to the desired first level vias. [00121 The
present invention provides a novel structure and method to improve the
uniformity of a GGNMOS. By making the sub transistors turn on more
SUNRH oty thErgrdheYied Témbodiment of the present invention makes the
‘ ESD protection circuit more efficient. This in turn improves the breakdown
[oogbrent andpoitagasnandithenGENMOPScambamadesmaletertherriose:
~ saving layout space without sacrificing protection. ability. 5 BRIEF

strlfoRCR I BIHNQE TP ERRANWHNGS [00131 For a more complete
understanding of the present invention, and the advantages thereof,

o5 e é&%?&@a%&h%&@%k%‘l?@ﬂ%ﬂ?ﬁ% IPHQNS fAKGRe!D. COMMARUGP structure

with the accompanying drawings, in which: [00141 Figure I illustrates a

co&ﬁ%ﬂ&%l aeé‘?&.‘lﬁ&% g Aisgharas ,P%ﬁﬂg%ﬁ@g&&a SFAHOREARRIS source
nMOS (GGNMOS); [0015] Figure 2 illustrates a top view of one finger of a

- regRAMENMIoRal CENMOS BB Fige B lustatasial aRsmisalondiBin side. A
model for a conventional GGNMOS; [00171 Figures 4 illustrates a top :

pluvigyy 6f arpreieiredsaheditegnt efifledaese bR rid0A3 Sldbigurealy
illustrates a cross-sectional view of the preferred embodiment along line
asyAwmetrical layout in the source and drain regions. A second level via(s) re-routes the ESD

current to the desired first level vias.

{0012} -The present invention provides-a novel structure and method to improve the
A unifonnitjf of a GGNMOS. By making the sub transistors turn on more uﬁifofmly, the preferred
embodiment of the present invention makes the ESD protection circuit mox.:e efficient. This in
turn improves the breakdown current andrvoltages, and the GGNMOS can be made smaller, |

therefore saving layout space without sacrificing protection ability.



A'in Figure 4; [00191 Figure 6 illustrates a cross-sectional view of the

preferred embodiment along line B- B' in Figure 4; [00201 Figure 7

illustrates a variation of the preferred embodiment having via groups;

[0021] Figure 8a illustrates a prior art GGNMOS having one p-well pick-up

region; [00221 Figure 8b illustrates an embodiment of the present

invention having one p-well pick- tip region; and [00231 Figure 9 shows

the current in a GGNMOS as a function of the voltage applied. 6

"~ DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS [0024].

BRERE WW%%WW@%@%N& embodiments are

discussed in detail below. It should be appreciated, however, that the

[BEsent Horentiore pravittesunduytapftigablcipreaiviawaneapisdiial £8Antages
be embodied in a wide variety of specific contexts. The specific

thegenb oclienantsidisousseld aréenlblyvillysteativeiofspeifit wayadeiniakeh the
and use the invention, and do not limit the scope of the invention. [00251

acCPHY Prefes igvengsodinikials are illustrated in Figures 4 through 9 wherein
like reference numbers are used to designate like elements throughout

[oahe variquguviens @ndllisiiative-pmpadinentepl the RISt INERtoR, -
Figures 4, 5 and 6 illustrate different views of the preferred embodimenF.

grofaigleceadtiinsiCRes;andpodew. A gate dielectric is formed on a substrate.
A gate electrode 18 is formed on the gate dielectric with a preferred length

[oRspbouEQ,06m:10, Q.4 and, 3 RISTHIGd MIFHD F abouL Tim 19 abaut 2am.

More preferably, the gate
[0016} Figure 3 illustrates a transmission-line model for a conventional GGNMOS;
{6017} Figures 4 illustrates a top view of a preferred embodiment of the present invention;
[0018] Figure 5 illustrates a cross-sectional view of the preferred embodiment along line A-
A in Figure 4; |

[0019] Figure 6 illustrates a cross-sectional view of the preferred embodiment along line B-

- B'in Figure 4;
{0020] Figure 7 illustrates a variation of the preferred embodiment having -via groups; -
6021} '_Figurc_Sa illustrates a prior art GGNMOS having one p-well pick-up region;

[6022] Figure 8b illus‘grates an embodiment of the present invention haﬁing one p-well pick-

up region; and

- {6623} Figure 9 shows the current in-a GGNMOS as a function of the voltage applied.



length is between0.1gm to 0.3m and the gate width is between about 10m
to about 60gm. The gate electrode 18 is preferably coupled to at least
one of the pick-up regions 20 and 21 located at two ends of the gate
electrode 18. More preferably, the gate electrode 18 is coupled to both
pick- up regions 20 and 21 for a better grounding. The pick-up regions 20
and 21 are preferably doped- well pick-up regions. Preferably, the pick-up
regions 20 and 21 are grounded and each comprises at least 3
connectlongomts such as vias connecting ground potentials. In Figure 4,
DET%@% @&Rﬁé@%ﬁ%&ﬁg%ﬁgy ?":rgE Hittals on each of the
pick-up regions 20. and 21. In the preferred embodiment, the pick-up
{0024k gionth20ralth drdrespravel Hpigkupendgipricard thidpdinlebs areférmedstd in detail
as p-well pick-up regions 20 and 21. In other embodiments, they are
below-Iweliquickbappregiors. Ttrecdetallsdhfopresanf thecgite plectiotaas, agrdienble
region 14, source region 16, and doped pick-up regions 20 and 21 are
invenfijet sqroRitsi M earbserthadinde) areidey rEpRREePrRifisiROTqgeZbE: Thrsific
' present invention is related to.an asymmetrical layout of openlngs on drain
vemboéﬁae%%dﬂ‘é@é?a%é“&ﬁ%?@% N AR 0icseiimprdvin e s B eI tsdRretion,
The etrical layout of openings may be contact plugs, via openings
and d8rB[?E (%%%Fﬁﬂ@%o BIRVITE¥Eh case, the openings are filled with
conductive materials. A preferred embodiment is described in Figures 4,
{6028 and BhagrsfeowhamiEidiorents, aonlact plge Zéduttr d b8 arkecoupled -
to the drain region 14. First level vias 521 and 522 are coupled to the
refergiesimaieleecontatep|ingdeggnath idughcre b iechahove s widans S8 Hond
shown). A second level via 50 couples the device being protected to two
lustgydye stpbogiaeent pHhg BosethiBrRiarsEisyes é«éﬁ%ﬁé?a{) fusrais ipswinyews of

urce contact plugs 221 through 227 are coupled t a via 54 located
the p‘Eﬁ%gé e %()m{a%%gg & ’éStf%tg%% ?§ Hml g&ije ielectric is formed on a

| sﬁbsira.te. A gate elec_trode 18 is formed on the gate dielectric with a preferred length of about
0.06 pim t0 0.4pm and a preferred width of about 1pm to about 90pum. More preferably, the gate
length is between 0.1pm to 0.3pm and the gate width is between about 10pm to about 60pum. The
gate electrode 18_ 1s préferabiy coupled to at Jeast one of the pick-up regions 20 and 21 located at
two ends of the gate elecf:rode 18. More preferably, the gate electrode 18 is coupled to both pick-
up regions 20 an& 21 for a better grounding. The 'pi.cl_c—up regi-on$ 20 and 21 are preferably ’doped—
?i;*ell pick-up re giﬁns. Preferably, the pick-up regions 20 and 21 are grounded and eaéh cempﬁs‘es
at least 3 connection points sucﬁ as vias connecting ground potentials. In Figure 4, there arec 6 |
connection points connecting grduﬁd potentials on each .o-f' the pick-up regioné 20.and 21. In the
preferred embodim_ent, the pick-up regions 20‘ and 21 are p-well pickup regions and they will be
referred to as p~weﬂ pick-up repions 20 and 21. In other elmbo-diments, they are p-well pick-up
regions. The details of forming the gate electrode 18, drain region 14, source region 16, and

doped pick-up regions 20 and 21 are well known in the art so that they are not repeated herein.



the p-well pick-up regions 20 and 21. The dimension of the vias is typically
related to the technology. For example, in 0.13m technology, a first level
or a second level via preferably has a length and a width of about 0.05m
to about 0.5m. In the preferred embodiment, the vias 50, 521, 522 and 54
are formed by a well-known damascene process. In other embodiments,
vias can be formed using a plug process. 100271 In order to explain the
structure of the preferred embodiment in detail, cross- sectional views of

[OOZEjgure %h?:‘re '”%ﬁ%&%&#&h@%{ﬁ%ﬁ@g}d iU IYSHIES Rnings on drain and
C

oss-sectional view of the preferred. embodiment along line A-A"in

sour%%'il({gs 4 ol SIRRNGIY RUENES RS pthGnE AN BCH Hap5a26d, thiougha6iFiantiyout of

e vias 521, 522 and 50 axe shown as in one plan. One skilled in the art
opeﬁﬂ‘ﬂ g_mz_e%ga@{ ey can Hrdmgiftereaidplapsnas: shotere i Eeigm.msé, the
Multiple drain side contact plugs 261 through 267 couple the drain 14 of
opeilBCENNQS i aditsidavehmethllSes Tiervidtmbbdieditss vetibed el Bures 4,
is preferably about 0.4m to 3m. Typically the contact plugs 261 through
5 and67 areidistiburegheveniynvwolinst 16y Birviah 39, andBRkidedhsd mittesion 14.
~ends of the drain region 14 connect the first level metal 56 to a second
Firstdwetimiatab 5ouilia seeontpBibivahmdin 5 psonistr tongette tievaisatdns first
level via 50 that is coupled to the circuit being protected. Due to the

! . large .
levepmrped h E1th GON M eSOl AV Srvp it b adEirss thge 5% 6?368&”0 first

vias 50, 521 and 522 comprise a group of vial. It is preferred that both the
evhGpiebl V182 ORISR ESE IR e SRS FrRara e

number of first level vias §§ is higher than,the number,of secopdlevel 1.4+
throggls B aff e EmhBduTiH ,%%glrgtof’eevtg%?a%@éggﬁsg ﬁ/i\i/%' vias located
the SERISENS LA LIP30 SRR RV GRS SRERYIAAARAY e
technology. For example, in 0.13pm technology, a first level or a second level via preferably has
a length and a width of about 0.05um to about 0.5pm. In the preferred embodiment, the vias 50,

521, 52, and 54 are formed by a well-known damascene process. In other embodiments, vias p’an

be formed using a plug process.

[6027] In order to explain the structure of the pre;‘erred embodiment in detail, cross-
é.ectional ﬁews of Figure 4 are illustrated in Figures 5 and 6. Figure 5 illustrates a cross«se;tidnal
view of the éreferred. embodiment along line A-A' in Figure 4. For simiplicity purpoges, the
contact plugé 26, through 267, and the vias 52, 52; and 50 are shown as in one:.plan.' One skilled
-in the art will recognize that they can be in different plans as shown in: Figure 4. Mﬁltiple drain
side contact plugs 26, through 267 coﬁple the drain 14} of the GGNMOS to a first level metal 56.
The width of tﬁe first level metal 56 i preferably about 0.4pm to 3pm. Typically the contact
phags 26, throth 26-} are distributed evenly.- Two firét level vias 52y and 525 located at the ends

of the drain region 14 connect the first level metal 56 to a second level metal 58. The second



middle of the drain side, as shown in Figure 5. More preferably, for ESD
performance, the | and 2nd level vias may each comprise at least three
“vias on the drain side. The embodiment referred to in Figure 4 comprises
two first level vias and one second level via, but ESD performance can be
improved if more vias, for example, more than three, are put on the drain
side for the first and second levels. [0028] Figure 6 illustrates a cross
sectional view of the preferred embodiment along line B- B' in Figure 4,

level WRIGD 98 RS SOMECR-Side: Multiple iain senfactligs A3 M ovdh 820,

couple the source 14 of the GGNMOS to a metal line 66. Metal line 66 Is
proteBiferaly.ari silevealfestalAlthasginiios farmedAlhe SAMRIME cach of

as other levels on the drain side, such as the first level metal 56. There
the vakesa|si fisstleyetonasibdacauplos @i e fr sickevetmpiab &6 (& $RGAPEE] vias 52
- level metal (not shown) coupled to the first level vias 54 and second level
comprias {rietsiiovim) @otipléditosithe Redontl fetlel meisdr dhermietal kag §biishigher
coupled to p-well pick-up regions 20 and 21. Itis preferred that the first
than thy/apvibercdimsnné lsvtdastsdie wiamsretie Souree hiobrsiicerlerias comprise two
. embodiment, the first level vias comprise a via on the middle of the
vias lggpiicbosigachvisreop thtekabiyide mibtnascmgDepel forhranueisthodingt vk
.. vias comprises at least two vias on the source side. In the preferred
middje of, it St asesEhiFiBHE SN MeTipr Sreblrsior fatfopmitonmenehehe 1
mprised by the first level vias are asymmetrical on drain

ber of vi
w0 2o P OGS e SR AP B B AA BN e S06 cBlepent

drain sides are also preferred.for.the second level vias. Also, th mber
fi : _ : .
roferH LD PG A SIS S8 FPETAram RGPS T PERat (YR dFoPYAS B

-perfom?aggeurggg t?é%?&%‘& Pall% l@l\a/glfor example, more than three, are put on the drain

side for the first and second leveié.

[0028] Figure 6 ijiustrates a cross sectional view of &1@ preferred emquiment along line B-
B'in Figure 4, which is on the source side. Multiple drain contact plugs 22, through 22, couple
the source 14 of the GGNMOS to a metal line 66. Metal line 66 is preferably a first level metal
although it can be formed at the same time as other levels on the drain side, such as the first level
metal 56. There are also first Ievél vias 54 coupled to the first level metal 66, a second level .
rmctal {not shown) coupled to the first level vias 54 and second -le{fel vias (not shown) coupled to
the second level metal. The metal line 66 is coupled to p-well pick-up regions 20 and 21. It is
preferred that the first level vias comprise at least one via on the source side. In one embodiment,
the first level vias comprise z.;via on the middle of the soﬁrca sid;e. More preferably, to impro;fe
ESD performance, the first level vias comprises at ieaét two vias on the éource side. In the
preferred embodiment of the present invention, fo improve ESD performance, the number of vias

-comprised by the first level vias are asymmetrical on drain and source sides. The asymmeétrical



[00291 Compared to the prior art in Figure 2, the ESD current path is
re-arranged by routing the ESD current to two vias 521 and 522 at two
ends of the drain. The ESD current flows in metal 56 from vias 521 and
522 to sub transistors 321 through 327. Since the fesistance of a metal
line is proportional to the. length of the metal line, the resistance in metal
line 56 for transistors 321 and 327 are the lowest since they are closest to
vial 521 and 522. The metal 56 resistance increases for transistors 322,

a 01l31%3favr.1d 324 due to t_%%éni‘etal Iir%e% resisﬁance E;%Weer] contact plugs 221

Yoind' 295 CAnd 2 e S R AR 8IS S (PalstseRs ke rlatap Also, the
_ resistances also.ingrease. Lawer, metal 56 resistance causes the sub .
numt%%ﬁé?s%arssoélz%eanﬂﬁ to'm ?ee?ﬁfééw %lgrf’urr?ﬁaéld%écn iSP hatais& L irantree side
at iy has high possibility to flow through a lower resistance path. This

“counteracts the effect discussed in the prior art where the center resistors
re turned on first. Therefore, the preferred embodiment of the present

[““%Le ntiGrPRRETE LD e BRI A R0 Itag ES TR SoAR: {hesemsnged by routing
L ther. effect that sib| ntributes to the unjformity of the turnon

the B O RS AT P nenin o BH i et CHE B Aptida el

: . igu sistor 32 a relatively low drain L
S B e I T B R st tne s

proptaliveis O SoHISERU BRI EeHis AREERec AU e PR coNIRS! @J;%gi 2139 and

is far away from the via 54. Conversely, the transistor 324 has a relatively

32, dnghelain-auhstentey 8% HIBRGLIBSEAUSE HedaIM2R4SIPEGWRYIRM i cases for

via 521, while it has a relatively low source substrate resistance because
 trandseroitacOplugi 224 daclosie: dhe 1ia Rdisthcetransisiorsn2? Ansk 323and 22,
have moderate drain substrate resistance and source substrate
and 7@sigdAce. he tombitatidn oftransmos S stratet SSistaRoa@REISOLKEB1se. Lower
. substrate resistance for transistors 321, 322,-323 and 324 are 10
. metal_ 56 resistance causes the sub transistors 321 and 325 to more likely be turned on first
because current flow has high possibility to flow through a lower resistance path. This
Counteracts the effect discussed in the prior art where the center resistors are turned on first.

Therefore, the preferred embodiment of the present invention has a more uniform ttﬁn—on-irdltage.

{0036] | - Also, there is another effect that possif)ly' contributes to the uniformity of the furn on
voltages, altbough it has less effect than the one discussed in the previous paragraph. In Figure 4, |

the sub transistor 32 has a refatively low drain substrate resistanpe because its drain IS clase to

. the via 52;. It has a mlziﬁve_:l'y. high source subsu*aﬁe‘-resistance becaﬁse the contact plug 2?1 ;'s-far

1‘ away from the via 54. éoﬁvérsely,- the transistor 32, has a relatively high drain substrafe =
iésistance becaﬁ'se its drain 264 is far away ﬁfom the via 52y while it has a relatively low source -

A substrate resistance because the contact plug 272, is close to-the via 54. The tmnsxs!gm 325 and |

523 have moderate drain substrgte resistance and so;prce’ substrate tesistance;.l?ixe combination <;f

- drain Subsﬁgte resistance and SOMQe"sub;sﬁ"ét_'e resistaiice for transistors 32y; 325, 32, and 32 are-
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close, thus the voltage drops induced. are close. Similar conclusions can
be drawn for sub transistors 325, 326, 327. Therefore, re-arranging the
discharging current going into the drain of the GGNMOS has reduced. the
non-uniformity caused by the substrate resistance. [00311 Figure 7
illustrates a variation of the preferred embodiment. If the potential ESD
current is high, or the via numbers in one finger is great, then vias 50, 521,
522 and 54 can be via groups having multiple vias. The number of vias
closdethentls onlliondnepehndussdmre sblsvidicalar safelportirnt bOD32h Kigurk
8a illustrates another prior art. If there is only one p-well pick-up region 21
trangigigpfett toothe33oUreardide. contapnig s P s iheaaTirgoug Aniprivetdgain of
tine 57, the sub transistor 321 has the highest substrate resistance since
the §¢ RS HYRS GrRM A aHR Y Wil Tk Rt e AUORRE CeTRgnEsD
current crowding effect causes the transistor 321 to be more prone to
{00Fajlure. igweolntesacithis effectreod thinpsifenia abisiptace dmbapestdiie ESD
contact plug 267 and is connected to contact plugs 261 through 267
curttiptosigiela mahal 66 pam sirowoi: FingrelBlycAl sbancdaside Va 5% isnplatteth be via
nearest contact plug 221. The source side contact plugs 221 through 227
groygehedog lealtevidisy TheoughbsmBiats frosrdstn wamplcripotagibriia can
21. The sub transistor 327 has the lowest metal 56 resistance causing it
-safefy gp0fR%ed on first. This counteracts the substrate resistance effect, '
therefore the transistors 321 through 327 are turned on more uniformly.
[0030D331 Fipartyfachlitayautaabthe GishNMOS hisinds ihe ypoesenkdivenkion Haen 21
GGNMOS has multiple fingers. For a layout using 0.13m technology, in-
coupldietotirsiokan B Dontrreplugh 3B otirougk 28 tvocaghpsratthliman b deysub
mode (HIvIB), a GGNMOS preferably has a total length of about 720m
trangigtpaividen Bleditieshrebaeritmp digsIomn EaEr G atelivas theprsiarnicd and it will
length of about ' ,
be turned on first. The ESD current crowding effect causes the transistor 32, to be more prone to

fatlure. To counteract this effect, a drain side via 52 is placed nearest the contact plug 264 and 1s
connected to contact plags 26, through 267 through a metal 56, as shown in Figure 8b. A source
side via 54 1s placed nearest contact plug 22;. The source side cénta;t plugs 22, through_EZ—,v are
‘. coupled to via 54-through a nietal,then 1o the p«-welf pick-up region 21. The sub transistor 327
has the lowest metal 56 resistance causing it to be turned on first. This counteracts the substrate

resistance effect, therefore the transistors 32; through 32; are turned on more uniformly.

[0633] Ina typical layout of the GGNMOS using th;: present nvention, the GGNMOS_has
. | multiple fingers. For a layout using 0.13pm technology, in order to sink an ESD current of about
o_ﬁe to two amps at human body mode CHl\/[B),,'& GGINMOS preferably has a total length of about
‘720ym and a width of a little gré_afer than about 30pun. Each gate has a preferred length of about
02umand a pfcférred width of about 30pm. The source and drain regions on each gate are

- ‘within an active region in the substrate. The active region has a preferred length of about 1pm to

11



0.2m and a preferred width of about 30m. The source and drain regions

on each gate are within an active region in the substrate. The active

region has a preferred length of about 1m to 11 about 10m, and more

preferably about | pm to about 3m. The active region has a preferred

width of about | Om to about 100m, and more preferably about 10m to

about 30m. [0034] Since the ESD current is distributed to multiple fingers,

the more fingers the GGNMOS has, the less ESD current each finger
aboundlas, tacary; peficeblgsddirsi jeved ulasSarcl neededdendxamplepifed

a GGNMOS has 15 fingers, for each finger, two first level vias 52 are
widthnpSiglaly dfondhalneol Sthee sl BSD pefreaitlisalistiibimdtotite as:-the

more vias a GGNMOS has, the less ESD current one via needs to carry.
[po34fypicalycfardetBniinehniolggyibdkviamon prahedhthe salsegiandsdrain

sides are enough for discharging the ESD current. [0035] The
GGNiifoventantest BiDprefentedcie izedimehtiofctne freseitinfiention]igias 52 are

illustrated in Figure 9. Figure 9 shows the current in a GGNMOS as a.
needgiirfcaiorraneie Yolfaghldplibes Lidesss.foremebsingssuiivofizsclsndenitiofiaire

GGNMOS and line 62 is the test result of the preferred embodiment. Both
typicgiyrengrelt gt B Bis IRPSERmGSSEedinte %@%ﬁ%&%rﬁw The

ti OSh b k It t 64 2.65A,
SE R e AR os U e e e A
12 wgs vancavcoﬂts‘% at Roint 66,01 2.90A, E%g@s‘gﬁ%%%@%@g“ﬂélB'mm

ABLEI IT2 +HBM +MM Prior Art

[0035] The improvement of the preferred embodiment of the present invention is illustrated
in Figure 9. Figure 9 shows the current in a GGNMOS as a function of the voltage applied. Line
61 is the test result of .a conventional GGNMOS and line 62 is the test result of the preferred
embodiment. Both tests are conducted on the GGNMOSs made with 0.13pm technology. The
conventional GGNMOS has a break down. voltage at point 64, or 2.65A, while the preferred
embodiment of the present invention has a break down voltage at point 66, or 2.90A. The results

are shown'in table 1.

TABLE 1
12 +HBM  +MM
Prior Ari - 2.65A 2.5kV 100V
Present Inxrentionr 294 4.0kV - 225V

It is noted that besides the IT2 breékdown voltage improvement, the highest voliage sustained is

. also improved significantly. In human body mode (HBM), the highest voltage is increased to
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Present Invention 2.9A 4.0kV 225V It is noted that besides the IT2
breakdown voltage improvement, the highest voltage sustained is also
improved significantly. In human body mode (HBM), the highest voltage is
increased to 12 4.0kV for the present invention from 2.5kV for the
conventional GGNMOS. In machine mode (MM), the highest voltage is
increased to 225V for the present invention from 100V for the
conventional GGNMOS. 100361 The present invention provides a novel
4.05t¥VustUte: aredametivetim ifmoncy/ ek douthiformitnibmIGIGNMOS. Bynachine mode
making the sub transistors turn on more uniformly, the ESD protection
(MR dhei b phasler hare e fmcrented g A Yuin thegroved theeiealkiowH elrferibe
and voltages, and the GGNMOS can be made smaller therefore saving
COTXCRRE dut sacrificing protection ability. [00371 Although the
present invention and its advantages have been described in detall, it
[003¢buld bdheinderstoodthon variods enangesristbstintionthaht alterations
can be made herein without departing from the spirit and scope of the
unifrEnia asHees By tmelappiidell EamsiorMsreoyeortie Heoply.dheisD
present application is not intended to be limited to the particular

P B RS SRR PrBcEiLs TR bR & HaHErRmTFR heitralinpaswarbrad
. tt d d ibed in the ification. A
o e B S O L L B the

Saog{ggtg_gbygy&ﬂggQbﬁﬁgpesses, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be

that perform substantially the same function or achieve

developgg_ ! ! ve .. .
0% Thstantidiiy tRE 'Ba RESFRLHIY S HReEh FreubttiRg have been described in detail, it

should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the ijarticulér
embodiments of the process, machine, manufacture, and composition of matter, means, methods
and steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present invehtion. Accofdingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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embodiments described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture, compositions
of matter, means, methods, or steps. 13 CLAIMS I. A semiconductor
strggturgfQr electrostatic discharge protection comprising: a substrate; a
gate electrode; a source region and a drain region overlying the substrate;
a plurality of first level openings electrically coupled to the source and

dra n regions; wherein the e is cou Ied to otentials
thr ué‘hs%w ut%&ﬁc?ﬁé‘%?’?m%) BhGE! rﬁ% wsg &8 op nglglcﬁsl?ﬁl §1e ource
regign,akggsymmetrical to the first level openings in the drain region, and
the first level openings are filled with conductive materials. 2. The
senﬂ@ﬂhﬂ@kﬁércgt@uoture of claim | wherein the plurality of first level

openln%]ﬁré:om%nses % ast tWO first | e{ EI op&nlngg Pn the source side. 3.
el

The $EMTESAGEER 18 GEYAIM T Wherem Urality of first level

openings:hias Mg l@%‘i"@ﬁéhﬁp@@i@cgﬁiﬂﬁ? @h@lﬂé@@ffhe‘lﬁoﬂﬂ& and drain

semiconductor structure of claim | further comprising a p-well pick-up
regi@gion coupled between the gate electrode and a ground potential.

wherein the gate electrode is coupled to ground potentials through pick-up
regions at two ends, the first level openings in the source region are asymmetrical to
the first leve] openings in the drain region, and the first level openings are filled with

conductive materials,

2. The semiconductor structure of claim 1 wherein the plurality of first level

openings comprises at least two first level openings on the source side.

3. The semiconductor structure of claim 1 wherein the plurality of first level

openings has a width between about 0.05pm to about 0.5um.

4, The semiconductor structure of claim 1 further comprising a p-well pick-up

region coupled between the gate electrode and a ground potential.

5. The semiconductor structure of claim 1 further comprising an n-well pick-up

region coupled between the gate electrode and a ground potential.

6. The semiconductor structure of claim 1 wherein the gate electrode has a gate

léngth of about 0.06pm to about ¢.4pm.



5. The semiconductor structure of claim 1 further comprising an n-well
pick-up region coupled between the gate electrode and a ground
potential. 6. The semiconductor structure of claim 1 wherein the gate
electrode has a gate length of about 0.06m to about 0.4m. 14 7. The

semicANAUCIOL SIEIF SRl GIRI #c‘%ﬁ&%@%ﬂ%?eﬂ?{ﬁeeé%@i’&;}ﬁ@@ Ra0aEate

width of about 1ltm to about 90m. 8. The semiconductor structure of claim
widtiwhiereimithergateablect?Ode has a gate width of about 10m to about

60m. 9. The semiconductor structure of claim 1 further comprising a

plurality of second level openings electrically coupled to the plurality of

firsgleygl opaRIngs.of: R AR fidewherein.ibe Rlurality 9EfirshleNs! o gate

openings and the plurality of second level openings have a substantially
widibyon tetvic B ay ou loouthiédrain side, and wherein the second level

openings are filled with conductive materials. 10. The semiconductor

structure of claim 9 wherein the second level openings have a width of

betyeen ANGHIRQRRM AN ABRKE QP atkl - THG SRMICHANUGIO! SUMEHIRObT

claim 9 wherein the second level openings comprise at least three
seecbivd de vpkopeningstonalhe drapfedide 1 plireisemicondietor spagngeon

of claim | wherein the first level openings are via openings. 13..The
AR CLoh SERIGRPLLER Elaty L HEAEN T ORRC4nACE AGRUFEGHY of second
level openings have a substantially asymmetrical layout on the drain side, and

wherein the second level openings are filled with conductive materials.

10. The semiconductor structure of claim 9 wherein the second level openings

have a width of between about 0.05um and about 0.5pm.

11. The semiconductor structure of claim 9 wherein the second level openings

comprise at least three second level openings on the drain side.

12. The semiconductor structure of claim 1 wherein the first level openings are

via openings.

13. The semiconductor structure of claim 1 whereln the source and drain

regions are within an active region in the substrate.

14. The semiconductor structure of claim 13 wherein the active region has a

length of about 1um to 10um.



- regions are within an active region in the substrate. 14. The
semiconductor structure of claim 13 wherein the active region has a
length of about 1m to 10m. 15 15. The semiconductor structure of claim
14 wherein the active region has a length of about 1 mto 3 m. 16. The

SemicoRRUCLOL SIMAILYS QLSlalm: 1 WhSrP NG RN G KEGIAN, PAS Ao lVigHD -

of about 10m to 100m. 17. The semiconductor structure of claim 1
iengther€abolne lastive Bggion has a width of about 10m to 30m. 18. A

semiconductor structure for electrostatic discharge protection comprising:

a substrate; a gate electrode; a source region and a drain region overlying

the gubsiaR ARk Ak fishifvet epaRings eirelically Gorpled 1, Gas

source and drain regions; wherein the first level openings electrically
widtupletaa tHawsourdehegion are asymmetrical to the first level openings

electrically coupled to the drain region; wherein the plurality of first level

openings comprises at least three first level openings on the drain side;

andy whereinie fratlayelansnidsrariil e WIkLAQRAUE S RAEEBIS has a

width of about 10um to 30um.

18. A semiconductor structure for electrostatic discharge protection comprising:

a substrate;

a gate electrode;

a source region and a drain region overlying the substrate;

a plurality of first level openings electrically coupled to the source and drain
regions;

wherein the first fevel openings electrically coupled to the source region are
asymmetrical to the first level openings electrically coupled to the drain region;

wherein the plurality of first ieve!l openings comprises at least three first levei
openings on the drain side; and

wherein the first level openings are filled with conductive materials.

19. The semiconductor structure of claim 18 wherein the plurality of first level

openings comprises at least two first level openings on the source side.

20. The semiconductor structure of claim 18 wherein the plurality of first level

openings have a width of between about 0.05um and about 0.5um.

16



19. The semiconductor structure of claim 18 wherein the plurality of first
level openings comprises at least two first level openings on the source
side. 20. The semiconductor structure of claim 18 wherein the plurality of
first level openings have a width of between about 0.05m and about

0.5 1§ 2L TS SAMUCANIHEIRE SIHCIMR-OT Y alM & VG e e @i de is

electrode is electrically coupled to ground potentials through pick-up
eleregieis.c2BpElesgrmicenahictorbtthciupd pfdlaimréBaviserein the gate

electrode is coupled to ground potentials through pick-up regions at two

ends. 23. The semiconductor structure of claim 18 wherein the plurality of

firsblevel OpsRIRgS AR PREMPGS fllgd itk condugtiveemalerialseashe is

The semiconductor structure of claim 18 further comprising a plurality of
cogdednd teveldperings electidalckoupled o thetfirstelalsel openings on

the drain side wherein the second level openings are filled with

conductive materials, and wherein the first level openings and the second

levekopepingsinays.a:sH bsiantally asymmetcalaveutan e diain Side|
25. The semiconductor structure of claim 24 wherein the plurality of
opswogn drdeve bppenigg S haleithwidtttof betmeenadbout 0.05m and about
0.5m. 26. The semiconductor structure of claim 24 wherein the plurality of
second level openings comprises at least three second level openings on.

the gy aif, Sidgy 2hnASEIPICONIHRIFSIMAIUTR TRk SIECHRSIRGHISChRIGR Y of
protection comprising:
second level openings electrically coupled to the first level openings on the drain side
wherein the second level openings are filled with conductive materials, and wherein

the first level openings and the second level openings have a substantially

asymmetrical layout on the drain side.

25. The semiconductor structure of claim 24 wherein the plurality of second

ievel openings have a width of between about 0.05um and about 0.5um.

26. The semiconductor structure of claim 24 wherein the plurality of second

level openings comprises at least three second level openings on the drain side.

27. A semiconductor structure for electrostatic discharge protection comprising:

a substrate;

a gate electrode coupled to ground potentials through at least one pick-up
region;a source region and a drain region overiying the substrate;

a plurality of first level openings electrically coupled to the source and drain
regions;

wherein the number of first level openings on the drain side is more than the
number of first level openings on the source side and the first level openings are filled

with conductive materials.
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a substrate; a gate electrode coupled to ground potentials through at least
one pick-up region;a source region and a drain region overlying the
substrate; a plurality of first level openings electrically coupled to the
source and drain regions; wherein the number of first level openings on

the-graji side iz Mmare han e, AUWRRES Af Sstieyel RENINGS. 01 WGrality of

source side and the first level openings are filled with conductive
secmatdefads o idh2Bs e semdigorepdtdristiucture bivelaimeRingurthehe drain side
comprising a plurality of second level openings electrically coupled to the

wheremdeSpating Lo rcle i RaE Gy nEER halydaddRINERIEIdp the
Iay?ﬁ?gm% QuLthe drain sideis.asummetiggl tsthenleyRULLE eI SEG nings

evel openings on the drain side and the second level openings are filled
arawithedonductivéonmate riadsr2%. The semiconductor structure of claim 28

wherein the plurality of second level vias has a width of between about

0.05m and about 0.5m. 30. The semiconductor structure of claim 28

whexein e plialiny i second,[eve! ORGRINGS CRERNSER Fhieash it cond

second level openings on the drain side. 31. The semiconductor Structure
ievet slaimh£2 % widttedt Heefirst el OpEningmdrebaiabpemings. 32. The
semiconductor structure of claim 27 wherein the pick-up region is at

30. The semiconductor structure of claim 28 wherein the plurality of second

level openings comprises at least three second level openings on the drain side.

31. The semiconductor structure of claim 27 wherein the first level openings are

via openings.

32. The semiconductor structure of claim 27 wherein the pick-up region is at

one end of the gate.

33. The semiconductor structure of claim 27 wherein the pick-up region 1s an

n-well pick-up region.

34. The semiconductor structure of claim 27 wherein the pick-up region is a

p-well pick-up region.
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one end of the gate. 33. The semiconductor structure of claim 27 wherein
the pick-up region is an n-well pick-up region. 34. The semiconductor
structure of claim 27 wherein the pick-up region is a p-well pick-up region.
18 35. A semiconductor structure for electrostatic discharge protection

comprising: asybsiAle. B JigIRRiGONe SHRGITALE; A JE,SISCIod& Oton

the dielectric; a source region and a drain region overlying the Substrate
comeseig: the source and drain regions have a first end and a second end;

a plurality of drain side contact plugs coupled. to the drain region; a

pluﬁa?ﬂy%ﬁ%urce side contact plugs coupled to the source region; a first

level J{&%gﬁﬁo&p{ﬁg g_gbtp[pa%r;ain side contact plugs; a first group of first

level vias on the drain side coupled to the first level metal wherein the first
group:oé fitstttedeloriakechiripeises one or more vial; a source side metal
coupled to the source side contact plugs and to a ground potential; and a

grotip BEpirelPRiand, i diad preiPt W st BSIbTHate s iR g o urce

an@EHR regions have a first end and a second end:
a plurality of drain side contact plugs coupled to the drain region;
a plurality of source side contact plugs coupled to the source region;
a first level metal coupled to the drain side contact plugs;
a first group of first level vias on the drain side coupled to the first level metal
wherein the first group of first level vias comprises one or more vias;
a source side metal coupled to the source side contact plugs and to a ground
potential; and
a group of source side vias coupled to the source side metal wherein the group
of source side vias comprises one or more vias and wherein the layout of the first

group of first level vias is asymmetrical to the layout of the group of source side vias.

36. The semiconductor structure of claim 35 wherein the first group of first
level vias is at the first end of the drain region and the group of source side vias is at

the second end of the source region.

37. The semiconductor structure of claim 35 further comprising a second group
of first level vias wherein the first group of first level vias is at the first end of the
drain region, and the second group of first level vias is at the second end of the drain

region and the group of source side vias is at the middle of the source region.



of source side vias comprises one or more vial and wherein the layout of
the first group of first level vias is asymmetrical to the layout of the group
of source side vial. 36. The semiconductor structure of claim 35 wherein
the first group of first level vias is at the first end. of the drain region and
the gropp.of seuee Side yias et rheiseaand.and ofisispuice region.
37. The semiconductor structure of claim 35 further comprising a second
groupscabfidsiclevehyialscnlneedintiie fiist group «f fiirst il wiasusl aidhecond
first end of the drain region, and the second group of first level vias is at
2reHR LEXSRALISHOM RS 8fdin region and the group of source side vias is at
the mige,fiNesaurea Leaipn. il The reTicanERIor SIUSUERRin the
claim.35 further comprising: a second level metal coupled to the first
ergrpup etingtlloveviasandribe seeandngroujaof second level vias; and a
group of second level vias coupled to the second level metal wherein the
group of second level vias comprises one or more vias. 39. The
semigoRgLCtoL SeluEs: QAR 37 WlRfe hAQLaNm ol SOHECe G ViR
is coupled to a doped-well region wherein the doped-wellregion is
visealectegifrbm adgpedprcdhsistingvdicacpwiedl gipkdupaié gigivans afeosaditom
pick-up region. 40. The semjconductor structure of claim 39 wherein the

a gﬁgb;éag\%ﬁt}xggﬂ.fﬁ igv&qg%%ap spgion and an n-well pick-up region.

46. The semiconductor structure of claim 39 wherein the doped-well region is

grounded.



