; e3eP] XXY4ZX$[\ 6\ TP] YQE A NOVEL DI ODE- LI KE PLASVA | NDUCED DAMAGE PROTECTI ON
STRUCTURE BACKGROUND OF THE I NVENTION ( 1 ) FIELD OF THE | NVE “mmummwmmmwn
The present invention relates generally to a structure and nan

process of a sem conductor device which provides protection from plagis

i nduced ,damage doting integrated circuit device processing and nore

parti C’“"%H’\é%g SR SRBP A RIS ARELGE PG TECTRANSTRUGRIRE

trigger ptimze e protection agai nst plasna i nduced danage
for different_ pr SS._I ir ) DESCRI PTI ON CAF PRI OR . 10 As is
wil knov@r*f%ﬁqlﬁgeﬁﬁ S%Fs@%ﬁc%ﬁmlﬁ devi ces are fabricated on‘iﬁ@"ﬂ"ﬂm‘“ﬂ"m’ﬂmm
sem conduct or substrate that is subjected to nunerous processi

oper at i ofd3 FIEyD &y THE RAAPIE I sem conduct or device is ri-typi cakdogos

subj ected to several plasna etching operations. which are designed to
pattern the va@hd presens itvshtiontralaeyigeh:ravdo matratiuiezadi mmufayeing pandsscefinst r uct
the; desired circuit layout. Although plasma etching has becone the etching

process QmichHaubRr thfee WS 8RVIdeSpRAREiGh BonlNeEnd BdEd.8 dhMagd8urBloGhl:Bdicd

pl asma has had a degrading effect nn thin sensitive gate olides that lie
under gaje. el actades of I d. LGl S| g, i f cal Ly | asma
that i5 %%"r%@r‘%’?%ég?oﬁggﬁ Eh@ﬁgﬁ%ﬁga éé&l%stodg‘\’sl g%gu%lgpglgu Ié]‘r%ha%f'rz‘i‘?@raobei ng
etched with igh concentration of electrons .and positjvely chargedions.
Gt or t unserapate RRser BBR il Gediei o s on ahbes el i iarSaT

i nduce intense currents through the gate oxide which necessarily produce
oxi de ' PEcgudgediédictiyMsraps iii the gate oxide -As feature sizes for device
decrease the thickness of gate oxide |ayers decrease thereby excaerbating
t he adve(3)DESPRIMTION P RCARIIgi ng damage. A conventional approach to

t he plasma chargi ng danage protection conprise the formation of a diode as

typi fiped in Fig ik wall know®HNAE bR dschii dnldBetpOlesey siteahbidiR donl Jd LA dnd¥&6s 1 . €
gate el ectrode, thereby providing a discharge path for electrical charging

during pl ek gk oo 1.t RhEmdediode with
9 PlsasBPhAGE SNk d t%%ﬁ?ﬂ%ﬁdﬁ%?&%ssmgﬁ@?%m.\@ WAGS Jlkamg dj

shal l ow trench 1solation ( as been | eased to the lev where these
device are no longer very effective for pla i ng‘ced damage 5 .(Pl D)
prot ect i 53@“19“8%“&%—%&%?’ t% Elfﬁlg rORe V%goeﬁcg‘?mfﬂg?w 8@1“% B%‘trinbﬁ?' Yheh Bfeakdown
vol tage: of the o diode tends to hehogherthan the gate oxi de breakdown
vol t age. dsignwkld nafermithe varus suishate gexadoanidaactpliicnion dinkrsi and ghpiiuct by dysisgd) t s
for a U ? 0.25 umdevice. As shown in Fig. 7B, typical nornal diode
br eakdowncitcsit &fyourtt AthGugh plaoktasstchid hasdhosae thhewdirgalcdannol dwele. b irtbsegi n
wide. Therefore, it is very useful to have a new t<-po of diode |ike device
with s | aepingd wenior bdiableetdhideGaeimavek had & db&hding effect on thin sensitive gate oxides

that lie under gate ¢lectrodes of a given circuit design. Specifically, the plasma that is generated in

etching chambers is designed to bombard a layer being ctched with a high concentration of

clectrons and positively charged ions. Unfortunately, these electrons and positively charged ions

are known to induce intense currents through the gate oxides, which necessarily produce oxide

20  degrading traps in the gate oxides.
As feature sizes for device decrease, the thickness of gate oxide lavers decreascs, thereby

exacerbaung the adverse impact of plasma charging damage. .\ conventional approach to the

plasma charging damage protection compnses the formation of a diode as tvpdicd in Fig LA,



10 different PID protection requirenent O her structures have been used to
prot ect. agai nst plasma danage As shown in Fig 113. diodes stacked in

paral [el are sonetines used Thus pan haw the effect of reducing the point
where current flows, i.e. effectively reducing breakdown vol tage, hut has
the o probl em of | eakage current fiow during normal device neasurenents and
or operation Fig. 1 Crepresent zener diode device 15 protection which arse

has theé RehfRtddab iy N ey¥tlin:!sEREAUGCUE! SMt aéu&wgmo@b%lmimg,eya@m@s and
or operation. .gain, it is very useful to have a new type of ode like

devi ce Wlé ia} By c@‘\fn@ﬂgh?ﬁ Ud%hh%ﬂf%&%t R ¥Ql tage and inproved | eakage

characteristics Fent |6‘n requirenent T he foll ovm ng
patents descripe ESD tection devices US 6, Q7 6, (Kit.amyr a) sesa
protection ci rﬁﬂﬁ ‘tV%&E&HS’ ?ﬁ‘ﬂ%\yndf’@%s‘)%“@d@ ‘8%73’3&%? g{? b “‘fo(g" ’8f‘ (ﬁf ‘()%s a
protection circuit with Lover diodes US 6, 054, 740éBarret)

6, 028, 324mgrspsed) @ the)levghyhere thasq dpvicayarg ng RogtanE 11W)fogkk§vm+ @ria«t@dhmm
protection circuit SUMVARY OF THE | NVENTMENT A it is the primry

obj ectsd ve(RID) preedtiny enddeprubnerpmuvirdgroaesadu ehis sisbifiec thotecdidowo tvaltege ol
manuf act urabl e method for protecting integrated circuits, in particular
field effgiole thdfif isti0shed @MncRSgaté bat BRERGRVICAkSQ xfs)sml iAFIRT RS QEERSESIde
used during manufacturing. It is a further objective of the invention to

i mprove phasi@WEYsaH G’@%Q@fo(rplfpb QB | ANBYn gD AR mgwbltea dRHALIEESd.ON

vol tage threshold to be varied-icd to nmeet procces anﬁ devi ce design
requi rema%g‘cs.lkd Wh f’iqgul)&tl Phg \ofts '\ %Bo&bl!hg%tl ggc)\ ﬁﬂ' ft r]’\‘/lﬁnt.;[\ll < Lg] Oed! un{'sze
or elimnate's ress PndEf er OXI es cavsed ren °ow I nd d

pl asma processe reb i nt e oxide integrity
anot her oBf&dte tot é‘“f‘ r’i}l?‘:o‘ﬂrl C{R%Pg'%aﬁﬁé‘: SRR 8 Bpé?h’ébh QX" go for

Com ng the P117 protection structure while maintaining the required

oper atiPng difgsartddParpietioagepiiremsatsdevi ce bei ng protected The above
objection are achieved in according with the enbodi nent of the invention
t hat descri bes Ghpromess:sdnd: hanealseStor proteur eainatrplandidadhagd. i seshBPIDin Fig 1B,
protection (DLPP) devices 15 Beginning with a sem conductor substrate

typical ly doctopadhad iVpWaildl ard 3oehtimdle dNTHys CONhARLS 88IPH! ﬁna@um%aﬁ mb{x
and P- contact regions arc fornmed. In the invention, the DLPP has met al

e oLpe el Mt SR AL S8 SRR 5@%@@%&3%&@&\1 AR lyd}m,.qaa@m

el ement abgve the butt] ion There
flow during otmal divics gcasur‘.mcnts and or operation. Fig. 1C represents zener diode device

15 protection. which aiso has the potential problem of leakage current during normal measurements
and or operation. Again, it is very useful to have a new type of diode like device with a low and
controllable trigger voltage and improved leakage charactenistics for different PID protection
requiremenis.

The following patents deseribe ESD protection devices.
20 US 6,075,276 (Kitamura) discloses a protection cireuit using zener diodes.
US 6. 037.578 (Alello et al.) shows a Protcction circuit with zener diodes.
US 6,054,740 (Barret), US 6. 028.324 (Su et al.) and 6. 013, 927 (Bothra ct al.) show

related protection circuits.

P



is a Nwell resistor (R and capacitor (C) formed by the inherit electrical
characteristics of the; N 20 well. connected between the polo Matt and
P-substrate as a RC buffer element The c¢ structure is conpleted with
appropriate netal conductors for the electrical connection system The DLPP
has a function of s controllable gate with Zener-1|iked-trigger, in which

t he dummy antenna picks up s portion of the plasma charge to provide a gate

vol tage gpmpingoaieTek thWeEPHeN There is a N type i nversion |ayer or P

type accurul ation |ayer formed under the poly gate for positive or negative

pl asma char geh}%@%iﬂﬁ%}gﬁtlé i P tnahhgtgﬁugﬂgr?f He98Cnkign {ogﬂgn %LL né\%f, ew&tﬁrcf ace

bwt ween the N rsi on -l ayer substrate substrate

contact region and P-ypc gccumyl gtion |ayer. Changing the shape_.and_the

Si 26 of SRR TARPE R SEhod for oL B g Bl B oM e
subsequently the truer voltage of the DLPP. During normal |1 C . operation,
any accunmahsisteridevigs.ofsomidamags@upis By pjasres praeksies 3o durag magu@aamEng. s

di scharged through the N-well resistor (R), and therefore no channel

i nver i on or dcunfutthin abjectinyef the mvertionl to padrove ghsms ndugd| danfagé @IDThus. no
| eakage problemis found with this structure during testing or nornal

oper at i Opro AN rRFROhEFtedibn Wbkag: MvesHoldR B4SAfcBio Mo pRA:S URS UEAte
with a Pwell, two to associated P- P-will contact region and a \- and P--
substrat e, ref@fison to provide unproved PID protection. For this
enbodi rren(%cggﬁté@cgﬁercgﬁgés\/ol tage source is typically vdd. BRI EF DESCRI PTI ON
CAF THE DRAW Fig 1. A through asp schepatic rcpresentations o £ior
art PID protec ';Hiéht%@t:’it ves Orbéeﬁg\éesétﬁ{llsﬁlg‘"c(@? g(T)B’EmHB‘F?TEYIC %‘é?lr“‘(siﬁ)g‘lg‘:t'g\é‘iféd
di odes, and (1C) a zener .diode 15 Fig. ? is a sinplified schematic .

r epr esent SUThPYHFUTRE PYRHEFHRY Bl PIOCRECPRESCBY BRBEINpheay pYIEE BgriPDLPP)
showi ng the device |ocation between the input bonding pad and th a active
circuilts. Fig. [3Avitsnathed ghic phdicdrgtosigairpde dmapuiacarbisdnstient fop fortimy
invention for a P type substrate showing the main electrical elenment Fig.
3B i s an dgWDaprerttia stowiure ohild heinarindireeaduiSh opsrating dhtgctedAickoPthe 3Gits a
sinplified ,:toss section of another enbodi nent of the invention For a
subst r at epggWdigrddie main el ectrical elenents. Fib. -4A through -1D are
crows section of the invention utilizing a P doped substrate during

vari ous stages 4of 0oC U o To TN o N TEN o1 V) t op:.vi.ew. Qf .. harii zont al

t opogr aphy of t@g a?%‘v‘“e(ﬁ?‘?'gg‘%falﬂgdguigngggenévgrsdég‘é“t‘?‘é@lgf ”Eﬁaq&@rs{s 2}1 i)‘u‘g'mgﬂ‘

Shove L ovel oIent o L0 St SELNIE L RO PR o) b0

15 Beginning with a semiconductor substrate, tvpically P doped. a N-well, two N-well N - contact

regions, and substrate N+ and P~ contact regions are formed. In the invention, the DLPP has a
metal layer disposed as a dummy antenna connected to a polysilicon (poly) gate. The DLPP is
structured as a butting diode with a polysilicon layer gate ¢lement above the butting region. There
is a N-well resistor (R) and capacitor (C) formed by the inherit electrical characteristcs of the N-
20 well connected between the poly gate and P-substrate as a RC buffer element. The structure is
completed sith appropriate metal conductors for the clectrical connection system. The DLPP has a
function of a controllable gate with Zener-liked-trigger, in which the dummy antenna pichs up a

portion of the plasma charge to provide a gate voltage for the gate of the DLPP. There is a N type



Fig. 7.a through 7C shows characteristics of protection devices, Fig. 7. A
shows. typi cal breakdown characteristics for active device gate oxide Fig.
7B shows standard di ode breakdown characteristics and Fig. i C shows the
controllably trigger voltage characteristics of the invention protection
device. to DESCRI PTI ON OF THE PREFERRED EMBODI MENT Fig. ? shows a
representation of the conceptual electrical schematic show ng the general

| ocation.of the diodg-1ike plasma indyced damage protection structure
(DLPP) . InyErsipgayer GG YRs AP URUaRanday s domesd YideTih @R SaitIREPRAG GE posative
characteristics is inserted electrically between the internal active
circuit ipheme chage-arhy jandies of thosneradiedssis fpund. in thepnigepqapeirendbipNti et e bi as

or ground A 15 potential plasma induced damage event will trigger the
prot ect i doveekion lagersihd Pt sabstaiasogencqror N substrate tanthdt ecgiomcmd P-{ypt hageulation
| ocation, typically ground for x P substrate device Fig. i.1 shoves a

si nplifiqgloerOmBioReehd MApLindone si2eBPGk WhimPintddd chihegNiil amolidf ofahltge
substrate device illustrating thu principle electrical elements. Shown is a

h
e, SRRl o R o i

insulator 20A with a typical thickness of between -1U and 1 ~| ~.and

bol ysi 1 gieuBHH B BRhR RO SH Br sOr AP MRS B EeuBrdost s oo A
The gay 2U is connected to a netal. conduction system 28 containing a du

ant enna fEHsEp(Reard hyrderamngeheri ﬁgcrﬂpwﬁacwb)éé@g lypreis deyebingd uptle ‘b‘é?‘gm
antenna conductor 28 is connected to a N+ contact region 24Cin a V-wll

18. The agttenitwssimlpekagn drobicreis detral witln thit steicturé dgeg watihg ageorival eperyfont he
DLPP devi ce The channel |ike charge |layer 21 under the poly gate 2U will be
ei ther a P accumnvuihat éfbodihadigf Heaiinub s s PapidabgatewithPagell, oko pl asma
charge;, or a Ninversion |ayer For a positive gate voltage or plasm

chargeg THRoHZiA@\i LGl UL AhidrS dh@h TR . REP VAN LLAR o AGEUIN | AbbAD.: | ever
21 and the N+ 5 substrate contact elenment 24A for positive gate voltage,

and the DanSBYLPET) URRINON 10 LIRS RELIREL.LNE. MabY BRI BLSLEN Yaver 2 1

and the P+ bstrate contact reglon ositive e voltage.
devi ce degj C h m ovi.des.protection for either negative or
positive E@E@%Wﬁok @% E%\'“g{}@Bnnects the P+ substrate contact 26

and the N - low voltage N well contact 2-1B to either Vss or ground D ode
Dl is formed wifis rh@reghiedue Beicagl¢ Frereenagons o sripmirePEbatoastopdniehd t he
P doped substrate 8 and provi des protection agai nst negative plasma charge
damage by regprafehiing( lcgndicctniodiodd ( IBetreghtiouss. alnd(ly )w Mndraliede. as can be
seen in Fig. 313 negative plasma charge on the input Iine will essentially

bi as tfze di ode i} b isQtsOnABREYSHRA RIPAEAAGT BELE BREQBN Rodelik TEOPR6tection
vol tage source, Typically ground.
structure (DLPP) showing the device location between the input bonding pad and the active
ciruits,
Fig. 3A is a simplified cross section of one embodiment of the invention for a P type
substrate showing the main electrical elements.
20 Fig. 3B is an equivalent circuit of the embodiment shown in Fig. 3.\
Fig. 3C 1s a simplified cross scction of another embodiment of the invention fora N
substrate showing the main electrical elements.

Fig. 4A through 4D are cross sections of the invention utilizing a P doped substrate during



By changing the size and shape of the dummy antenna 28 the trigger voltage
of the DLPP 15 device; is device adjusted to a predeterm nd | evel suitable
to the required application requirenment From actual actual test results
shown in Fib. 7C it van be seen that the trigger voltage of the invention
DLPP devi ce can be preset by design in a range of between about -5 volts to
a low of about -; volts. This is well below the typical gate oxide

br eakdown vafiousistages of@rodessingyol t s shown ul Fig. 7A and therefore provides
excel l ent protection for the gate oxide The \-wall 18 functions as a

resi stive R andFigdjpshoivs b vap \@&vhoaf the hostaami rpography o donented foagd doped ce,
typically Vss or round. During normal circuit operation, any charge that
woul d t endsubgsiradccunul ate on the poly gate ' () would he discharged through
t the X-will resistor R prevention an inversion or accunulation |ayer tram

devel opi ng undegigtd1eta@iet 61F showd MeSdedelyprient of the BgNiAGt Edriafibdthér dnibdiingent of the
teal :ale during testing or normal circuit operation to very lowlimts. Art

el ectrigal; h& anNsaeaLeGd.i N Fig. 3B. Depicted are the electrical
connecti onmg%mgﬁg%lh%ai np(%t‘é pad tg di odes D1, D2 and D3. The gate el enent 2U

with its antenng coOgeLArrmdis SANGREEhA Lol BRANFT CHREE hldie

truer input poi i'naddition to t resi stor capaci t
el ement which in tutu are shown.connected t.o a. segcond vol tage. sQurce
Cyorcal 1y ot et REeE R Sar RRREE T nbfh Bl TB B S Bt g Sheqe

substrate 1 U8 as .depicted in Fig. 3C In this enbodinment, a P-well 118 is
noed T or -t RRERERT B BeettomonsHiec e Wirids SBce yhireiepts bt pston
contact 124C in the P-will 118 as well as to the poly gate ! 120 D? is now
10 fornmed PEAGER dEHie- P- substrata i nput contact region 1 Z-124A and the ~
inversion layer 1? 1 created by a positive gate voltage. Ds is forned

bet weenila PEERIRITG@N FnTHRRRIEFERRED EMPPREVENTSsubstrat e contact 12G The
shorting conductor 132 for the N+ contact 12G and P-- contact 124B is

typi cal | y connedtig@ shows he:presidatidnied theGane:pmabtledimzat skamtnishdwiid b€ cuseal of
this enbodi ment to ensure that the P- substrate contact 12-1.a to \
substrate lobdfoalbOdhe dlddedlike plesrer mdudat As@abel proaioABIrudgdat (BLPRY. Be digicidd. the
operation. The process to devel op one enbodi nent of the invention is

outlined i ndifdike-device $AM aGNLIIRI Beoef EhaskbheBiicS RO rbd J0k t8dall€ bitivBer @E irferfal
substrate in various stages of manufacture. Fig. -1A shows a patterned

sem conduct hive HR‘%;["‘ g?%lm .d?aa%%gﬂgﬁgylsofrcg gﬂjiﬁgv lh%}éﬁkslrgtfc bﬂl@ 39%9&?5\ at ons

per cubic centineter / rate surface is covered
AL R R MR L
layer is t yglilr(r:c%ll,ltX thesgﬁ Vo ta%g 1&9uo6n9?xpi9ﬁ’\5§;53m fog h%)sugvs?ru}crziicgiger.]%?gs. 3:\~shoC\\,5V .P
simplified cross section of one embodiment of the invention for a P substrate device illustrating the
principle electrical elements. Shown s a P doped substrate 8 with o N+ contact region 24.\
connected to the active device input pad, and a polysilicon (poly) gate clement 20 with oxide
20 insulator 20A with a typical thickness of between 40 and 180 A and polysilicon conductor 20B
with a typical thickness of between 2000 to 3000 A. The gate 20 is connected to a metal

conduction system 28 containing a dummy antenna for collecting charge during plasma process

operations. The gate antenna conductor 28 is connected to a N+ contact region 24C in a N-well



| ayer of silicon nitride ( SIN) is placed over the pad oxide as a nmasking
elenment-to a thickness of brtween urn | 1000 to 2000 A This in turn is
covered by a conventional photolithobographic nmasking mat eri al such as
photo resist (PR) 1-1 with a thickness typically between -40UU and 10, 000 A
The structure as shown in Fib. -4A has burn patterned in preparation for
the NwU 18 doping. :\ donor dopent, typically phosphorous (P), is
i mpl ant ed 181 The antérypishgle add siag deteranga tof tribgirwelerge kvl of hetRLINEIGcat Bns  per
square centineter (a/cmi') and with an energy rangy of between 20 to 50
he ' . 5 ThihSni QIliGaS: daydt Yeldde ORIpT GRS Wil wo kitke b \PeRfunhktBn ttRarddthBer for
alcm. Fig. -4B represents the partialjy conpl eted device after the; 1.-wc;
|l mashing, @%Mt%Waé}Qﬁrﬁla%ﬁWHﬁge, ok B SWRSbA ALG hEPRIies BREvolaRdoa fi el d
oxi de 1G has been thermally grown own to a thi ckhess of between 5000 and
11000 A foyr.Jsolati.o 3 es: .. | de e nen F.OwWn
ladn?A ‘bl'?}ég.e?hfpﬂ_ B%Ecbc d{‘“"z{%nﬁgﬁ%ﬁ%&(%&‘gﬁé‘qﬁ“ au?cgf%uﬂﬁén 15{13?3..1 l?tﬁc? the 94

to a thickness ween ayer of po il1con

I1) 20B_has 10 depasi,ted by. CVD D t,hi f_bet 000 t
5000 A fo Rvu SUREPEER SndShaniE it ebngr R asts diaghl KRR 1
2-24A ''-1B, 2~24CC have b i sgtrapically etched typically b
Teans of aCYUAER 16 B SGTERY (HES. ORKG e RIER FHTEBP d8 VS BEL T has

source source follows as shown in Fin, -1B an ion_ inplant of a donor,
el enent t ypplEage| Thindeisgidesign siighpre fiprehy proyigsapyateriopdpr gBEnReEHIVE CRPEHBEL | E
13tolEIl ~a.rm. wth an energy betwjgeen 20 and 40 KeV This 1~ results

in ~ cont asmpelyirgms' windueter YopantctcibnEenulsini opntedt 2pendvde AN albyoltae-)
and 1E21 a/cnB Fig. -4C shaves the partially conpl eted device repatterened
and et ched welirconthg:24B-te citig Nanor grdtmds Disdedohs fovnted vath tacodptio beisd et
typically boron (B) wth a dosage of between about | E12 to 1E13 a-cni. and
an i npl@ant seteg)odfciBtwednhAP dagud 86 ise\8 frRisgibliddd @rdedtiian RhirS OizAGL pRk@a
wi th a dopent concentration of between 1E21 and 1E21 a-cm . There then is
a repat t emoRgret da@E QW dnebiEs QuddittdSUh ahdo@ihv Dhret NEVIHEES Qb bt BRnGRRL. 313
el ement 20 This is followed by repatterning to each open contact holes in

the oxide tR.4iRQpDILARLRGE: & @aTpadithAdB cdufifauands hlQidde mqngQGEdL@@rl shunting

typically using a RIE anisotropic etch process There is a bl anket netal

deposi tion, it YRl EAk! e WS oRhTUB UM, Eau%ir%kdum doped al um num but coul d
by other alloy 5 such as titanium plattmum The main netal lurgy system

coul d al so be used .in conjunction W tfl refactory t “hairier: ' mei at
such as titani usn% bk#laél%'fl %r‘ye’%{# W?&OIPGP %héﬁflﬁm} rff‘%(f"i‘%%gflf“inﬂb?“ K ¢y in"%/)
used net hodg fgr. deyel g i‘ng t he; nmet al | ur gi/. systemon the wafer are vacuum
evapor at ondYEF ARSIV RENSEE forhRiRfermiRdderst girable ionthe Feapirasippigtion g tigemapats.
sources, or_physical vapor deposition (PVD 5 commonly known as sputtering
Conmon sput Fen sguaketnsoaenpiutd rosulsphowpin Figr TQ g cor bimegm Bk b tizgen olipderyy the
Wth any nmethod. the wafer is blanked with the netal, then patterned and
invention DLPP device can be preset by design in a range of between about -3 volts to a low of
about -3 volts. This is well below the rvpical gate oxide breakdown of about -6.75 volts shown n
Fig. 7A and therefore provides excellent protection for the gate oxide.
20 The N-well 18 functions as a resistive R and capacitive C buffer clement to a second
voltage source, typreally Vss or ground. During normal circuit operation, any charge that would

tend to accumulate on the pely gate 20 would be discharged through the N-well resistor R

preventing an inversion or accumulation layer from developing under the gate 20, Thus device

]



unwant ed netal renoved by etching. In addition. the nmetallurgy |ayer can be
either .-first layer, second |ayer or top layer netallurgy As represented in
Fig. -ID, after selective renoval of unwanted netal, a final passivatton 10
covering layer 36 is deposited, typically SiQ2 silicon nitride (SIN), or
bur ophosphorus silicate glass (BPSG. .as depicted in Fig. -4D the gate
conductor 23, which also forns the dummy antenna us connected to the t-well
N- cont act chrdcferisths I5@BaERhE diLing Ustiny orglogfiE Rircd( Jpedomecient lbe lidewi ce to
the active circuit input pad, and another conductor elenment 32 connect the

P~ substratc coflfartuid®séiRmabis\depivel in Hig- 3B QpREd o8: thBeRétHedl bhrRettidnB0 of
second voltage soure typically ground. 1% Fig. -. shows the top view of

the; horizgutgl t??@@%@&?blob"tﬂ@ DALER 88V LiERerk 8 WilhRi @AM RARrIQ)s | S

shown connecte o the P substrate N cdntact 24A The polvsilicon gate

The V- ovol PO ERFoRA TR, ATy PR Fhu oy IR I o0 ROREAGHErgon 20

antenna _?3 is .extendi over th evice an
connect &0 CEPIEE By AeawE NOREIR A 3 Reva et o A et Ml
20 Al so shown is the conducting el ement 32 connecting the PT contact 26
with the N&Nngel | contact 24B. This design | ayout denonstrates an econony
of area inportant to the requirenment of decreasing device size an

i ncreasi ng devi cogenemnbydimepiof therinyemeons wawld P fer ag Mbiﬂ?‘héo%iﬂq‘P’ci“éﬁtF“’
vol une to handl e plasma charge current flow Fig 6 a through | 6D shows
anot her eni3édilmthig eraffodimeng 4 Friveld L Dis ubest for thy RCU beffar aleaentghe mitgpna A3 showns
t he substrate 108 which has been covered with a had oxide 110 with a

t hi ckness afonhatsteen P20@ntaot BEC 1A tanithwall $1 \ad wgllers (it \pekrgakdR0. Rhd 260U : ~
in thickness The surface has been patterned with a patterning el enent,

typi cal loy pleahesdirsten(thRpP— 3@birio irput fintkcnagion a4 hahdvie QNinbersboliter-120QRatcd
10000a to define the P-well area 113. ran anisotrohic etch, typically R E

has been pep @g@éﬂﬁcﬁﬁht\tﬂ%o@@d»%ﬂﬁdﬂiﬁw@ﬂd [’Siubhrﬂull:fudnﬂmy'lﬂlgarilhml—@uﬂislﬂﬁu
P-wel | area 118. This is followed by an acceptor inplant, n typically W

with a Concc%ﬁttfu?-ﬁt@mlgth%j’\%euﬁ&o ’fl)xEthg'\w«.%ﬂgutllE% n@bﬁnﬁn@ﬂq’@@&{'&uﬂ\
| evel between 3U .111C130 KeV, resulting in a P- dopent concentration

of between %(Fﬂ'tubt?&g)l %Ei%i gézg '@fiu 1ngt 'ﬁc 9.11@9@ dﬁ lﬂ%\'}% & p‘ﬁﬂ){hﬁ\lc:}u%o R npu lﬁsﬁg&

structure a gate oxl y processing Wth

the structu terned tor c ant. This
< done typreatirfiepRes i & b&ﬁwg oo ER it B st Bkt
a/cn2, anti an energy-w of about 40 to 80 KeV to pr oduce a contact region
el opi ng‘Pev@P“&‘FO“bet ween | E20 and 1E21 a,cnB As shown in Fig. 6C the
partially conpleted structure ha, been repattetned and etched tier the V N+
1s contact regi odhdPECEs @m‘FlOPtoypi:@mdhvﬁ@@tﬁélwm‘{ﬁnh%lbWimdanﬁabéﬁtlhﬂoé#él
of between 1f 13 and 1C 1 a,'cm, and an energy typically between ?0 and 40
KeV ' Thi s r &sgiHDswhish shotvs tpowtaite fr e ® stidgragop emtous gmgs bff mofiufbatrveldg 4.£20
and 1E21 a/cnB. Fig. 6D depicts the structure after reestablishing field
oxi de 11<,, shepospdrengd pahi etdutog sundate t atithronomahdP dbgig 1AM atelit 1BPS atoms
typically alum num hut could be other netals as previously ?0 descri bed.
and cover i nget hebistenliBbnr @ om’). ITha spiasasic\saittians dayed bl Itherhypi alt yr Hiepabr
silicon nitride (SiN), or borophosphorus silicate bass (BPSG. As depicted
in 1i <g.206D vapér @pbsncaqadumtis: okidi8 Ikl Dhsomcetmet O1U0S ik pad oling arcligRéenna, is
concocted to the NNwell ~-- contact 1?~C. Wiile the invention has bean

parti cul ar | yth&hRnar-a QLo sht lapads Wolchly Rhesan08 td euur dnwﬁrd%gfxsw B kness. A CVD
enbodi nents thereof. it will by understand by those skilled in flit; art

that vari ouqmcr%fmqmganum‘m MoBack a%mclp%m%atwm ‘:chtx%%’lto ﬂﬁm&%i&g

fromthe spirit ant! scope of the invention s claine

Ser conduct b len 158 B ALRCL AR SLAYG HhE M3 SHRSLIALS Qﬁaug,uog& mﬁmve
devi ces from plasma charge in lce di regron
ext endi ng dovvn fromthe surface of sai d subst rate an i nsul ating | ayer for
structure el enent isolation;



5 a plurality of doped second regions within said first doped region; a
doped third region within said substrate and adjacent to said first doped
region; a doped fourth region within said substrate of opposite doping than
said substrate; a thin insulation | ayer covered with a crystalline
conducting |l ayer on said substrate surface over the area between said third
and fourth doped regions to a fast netal conductor el enent one end of which

| s connect g Jih 3@l & ;@{?Yo%%' (BRE 1%%&9%%&1%%& (EAIPL Lo GNARE 288 WITBG X. The

conduci ve t0 process ary accu, ulatiron and which other end is connected to
one said se .do r.egi.0 . §££.0J] I - OF Gl SRR €

cai d four t ROBAREA: REarn e iy s DERAIRL B pr RRRRME P LR dGAREREY0P
metal conductor el.enent connecti.ng.sai oped.third region wth o i,d
doped secogﬁp?@dwﬂﬁﬁgPb@@gwnPﬁhgag&“&Wﬁwgwgg58@“?58?%%93ﬁ8OF%J%P%%ggﬁéo

vol tage source: a top passivation |ayer coveting Said s ruqtugg. ?)_Tge
prot ect i on 17 GOMERST MU ARHRAT iHEE) MASYMANSIESY FmEeoiRsREea 2l Rl beYoped
sem conductor material. *~ 0 3. The protection structure,of claim1 wherein
sai d firsst Hoperadycsyp dnwvelbdopngdensiniffibervier AELS @dFdhectoncent rati on of
between | E1 Gand 1 E1 ~ a.-cm_ and possessing resistive; and

capaci tive char dtg.eiBi rspicsants-the pIHalymontpletad; dywicsatien Sredy-eclh maghing dmenigiwrei n
said insulating layer is field oxide to a thickness bet ween 5000 and
11000 A ~, tilee rgnoteéche aubssdte nphugrsedindd A¢ldotidevb@hsibacrsacmhafly proadnite y  of
second doped regions are N regions wth a dopent concentration of between

1E20 and 1EAkkadse Bt betwésn 006 apd 0L @OLL Gt istative putpescafa gltabillawnen gihas han d
third doped region is a P+ region with a dopent 5 concentration between

| E20 and 1E2dna/, G to a/thiclii8s OF @Skl :80uSINY §8M A CarRll 2 18¢cR by sMIBK Biol) SOB Has
fourth doped region is a iV-~ region with a dopent concentration o

bet ween |4 E2 ch?l.'}féﬁc]s'ﬁ@&b\aé%@ co%'lﬁicf\-x?{smf Bl LehShodlicO8o ‘ﬁ']&) ch,%@hbdlrﬁ gipsirate.

8. The protectioh structure of claim1 wherein said In insulating

ta-layer-er c&gd&gxiﬁrtc% for, Stnle i.\C.—Ogodl %&E d8ad D Whth AL K@cﬁ%%jg?tgén:{\ﬁﬁ\ncl%dand

18U A and sai rystalline conducting |levér consists O Icon wWwth a

thickness b tween goog,and 000 A @Qﬁéﬁﬁﬁnﬁnﬁ 2ql ¢99|§ eh ge‘p‘Petwge ere
said third gﬂﬁ' HOY P SH AR 8RS N GRIEH pf@ﬁ@%iléﬁ @PPﬁdF@F@ ﬁwlélglﬂ%l
wherein sai ?o]?o?&s%s gllxo?vrxrzeg tFng (');Erg% ign J\mptlz};xrr)%is a hgn\f)grdg%?rﬂ rlvg)u/aellr\ arsenic (.As), with a
dosage level betsween about 1E13 to 1E13 a'em’”. with an energy between 20 and 40 KoV, This
15 results in N~ contact regions with 2 dopent concentration of between about 1E20 and 1E21 acm®,
Fig. 4C shows the partally completed device repatterned and etched for the P+ implant.
This is done with an acceptor clement, typically boron (B) with a dosage of between about 1E12
to 1E13 wem®. and an implant energy of between 40 and 80 KeV resulting in a P+ contact area
with a dopent concentration of between 1E21 and 1E21 aiem’.
20 There then is a repatterning to grow field oxide insulation for the sides of the gate clement 20. This
is followed by repatterning to etch open contact holes in the oxide 1o the contact arcas 24.A. 24B.
24C and the P- contact 26, rypically using a RIE anisotropic cteh process. There is a blanket metal

deposition, typically using alumunum or silicon doped aluminum, but could be other alloys such as

8



Wi thin said substrate under said gate region For positive plasm charge and
forms a P type accunul ation |layer wthin said Substrate under said gate
region for a negative plasma charge;. 10 The protection structure of claim
1 wherein the interface between said 1' type accunul ation |ayer under said
gate structure and Said ~- doped fourth region fornms s second di ode el enent
with zener |ike trigger characteristics 11. The pronotion structure; of

claiml wher ﬁm% Eﬁa&dnp sal ‘BQ’%%%%ﬁ feﬂ'l Q;au PAAELS u's% ;grgajganh@ ﬁrulﬁ(')aQtoHnder

Sai d gate st re an region Ir

el enent mnth Zener I| [ 1?2 Th

structure &P %?amrﬁ m%erué‘hgggéng‘mfl Feth rfoﬁk}%lg?] lﬂ‘étmélf?d"gl en’e%bp&mm%m‘
first or secopd | a r to aI | ever, arid. said nmetal cha

Lol at | ORCLTEhEN oatRelope S M LRRe SR BE G d BT PR RgaR:

pl asma charge to provide a voltage for said poly gate. 13. The protection
Structure ofthen Eamsnts yiketran Reaom er @ﬁapb@t plpfg 2syopEen or ghysisalapel d“ﬁ?ﬁ“&ﬁ‘r{ﬁ\' D)
controls the anount of charge coll ected and thereby controls the voltage of
sai d gate asntmenlykpawmas|spettsangfCamerhen spugeringtmahodd avpulsicbe RF spufterinmgips
pritection structure of claim1l wherein said top passivation |ayer covering
sai d st ruct magneaonspwtsny Wil @y novthad. Hieowterns blnmkdedwthbmrmpxhbmhpamed and
silicate Mass with a thickness of between 3U00 and 7000A . | ~

sen conduct aiwHesd B&alpeabeaty@chidgl ICIdditien. QRe acMhd@qoaeLrse:ﬁrb.samdumtsum er,
substrate for active; device protection from plasna i nduced danage

conpri si ng: sde@nd@lafdric? top 198G @RtMhirek. dopi ng ext endi ng down fromthe surface
of said N doped substrate; an insulating | ayer for structure el ement

isolation; a plungkigdeqtd B- FxQQ@ﬁq.ﬁr?xe&QUﬂc &AANSE Whahie R nREA A RaCiRRGFhubA I St
re<rion: a doped Vii- thud region within said substrate and adj acent to

Said fi N t \[regil 199c sl%d Q@Rgﬂ bx@urs Qor{ Q-LB'?:NgtJ}'b'&, %h&ldp?lh "fllﬁdbs

thin OXI elnsuaron cove w th a po S|I|cncon I ng
forrringag strate surface . oye area between Said
N Goped-t APESPhgmab ”%a‘Fd“é’EliR’r 3t oppEls G pinich “F”r‘%‘f“’dé‘t %%*meovﬁﬂw-o‘?
el ement one and of Connect ed. to said SI l.ion con

|l ayer with s“ﬂ%l’ﬁ'éw&é‘\ll)\ﬁétc'} Yefiondﬁﬁf“vte“*[% "p?"B%fé‘éﬁ‘E‘t‘l’é’P@ BU SHSPHRES “' 61“9“’
whi ch ot her "o end 1S connected to one said P- ed second. regi ons:

second net altht SHYTEEOH RALERE EOC HIRTEE LPHy ensigment ’SOB@H“‘FGJWRW égﬁ“ownmh
active device input pad; a third netal conductor elenent concocting said V-
doped third %@%\W@ﬂlﬁ‘ oFfashith md then togojserndsebiasidoyreyitmcady s9ead to said
third region arid to a second vol tage source; a top passivation |ayer
coveringisai d st riigtishews 16 topTview pt dkeotizaomi ﬁtplogmplurd tbf DEPRidmidk. Shevimpnigiad
said first P-doped region forns a P-well within said N dopod substrate with
a dopent confenl3al siwwvnojonhetadae thel IEsubsi@t@Ne cdndet D4, The FEVsIRBA gfe clement 208
possessing resistive and capacitive characteristics. 17. The protection

structure, ofs&lddbRylerthWRE! @hicSH. denﬁubaumx h&yd 26 Fnd Neld e&\aﬂdi 0 a
t hi ckness between 5000 and 11000 A I 8. The protection structure of claiml

~ wherein sapGwBliuhahi-YoRhci9R8dnd f4c5.eﬁ{%%t£1%Qfef?r?aszﬂé\n{%ljmd shape extending over

the overall device and is connected to the poly gate clement 20B and the N+ N-Well contact 24C.
20 Also shown is the conducting element 32 connecting the P~ contact 26 with the N+ N-well contact

24B. This design layout demonstrates an cconomy of arca important to the requircments of

decreasing device size and nereasing device density while at the sume time providing sufficient

volume to handle plasma charge current flow.
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dopent .concentration of between | E20 and 1E21 a/cnB . |10 19. The protection
structure of claim1l G wherein slid Vt doped third region has a dopent
concentration between 1E20 and 1E21 a./cm . 2U. The protection structure of
claim 15 wherein said fourth P- doped region has a dopent concentration of
between | E20 and 1i:21 a,-cnm8 and forns a first diode with said N
substrate 21. The protection structure of claim15 wherein said gate Denent
oxi de insulation lever is 15 between 40 and 13t) A in thickness and said
gate pol vsilicomid @y akoish reiieasan@&Qniadingal ¢fQhAniduibhice inesbsand 1ohiFgh
said gate elenent forns a N type inversion |layer within said substratze
under sai d égathews dgisobstfasx10§ vdodi has\besmploasiyd wath amgd o] Howithsa Hickngsy pi
accunul ation layer withip said _substrate said gala region for_a negative

pl asma charkyeveesd 200 12003 apda S Fver hefhegen Q0G089 o B shichmatseThe susfdce has
interface hetween said,Fourth.P~.regiaqn.and id.N i pversi.on. | r..
under sai d YEYP °th@t‘lﬁhe“ 1?“6‘?‘??&‘%31%“2%638"%‘?68@‘%‘%%‘%@%% ﬁ’ “z[élh'lérP%“I ?ti%ﬁwm
trigger fhaibéﬁ{)ﬁob% &@@o.&ﬁto'defﬂmc PLOLRSL A8 ShhkGhidhe Rl &Eﬁaﬂ- REE nWRELET N
the interface between said LT- doped third region and said type

accumul at i oferfoaMed ofhd Phd Ptiel 1 RirR SINMUQrethvights irttht Rivdl a0ds. Bhiegent
wthl -1 zener like tri~c;r characteristics. 2-1. Tlie protection

st ruct ur C ofollctval tm dn aecepharimpians gipskally As tvithetcahcesionido of batwesntabpunitEléand by a
lir5t or second or,top netal |ayer, and said netal char?c accunul ation

el enent ar ebERc¥emawdan casge el tsBYIca P itng SA s ferdlingdr a £av el dba%ma char ge;
to pro~ride a vaol t.axﬁe for te;s 2~. The protection structure; of

] 3

claim1l ~ wHEFERHP 8fEWé%e§?f§ﬁ§gg¥§gg8fmSai d metal antenna controls the

amount qf char geFﬁ.OJ?‘é 9%%4119 / iﬁlﬁ%ﬁ-ﬁ%teﬁ%ﬂﬁ.{@]-%ﬁuﬂcﬁ SRt AGEH o 3H thPRbf
pr W ce. 2G Th 0

and truer voltage~of sal tection . e prot,,ctfon structure
of claim1l pheneidds.aai fith OR spagei:\Rké hRleihed O @ltd NG pRAIHnEdt MBhMI Bls is
consists of Si &I~. or silicon nitride or borophosphorus silic;at~ ~r ass. to
?7. .a net hddnofvpitalyniided i aalosigedd bttivken groot BoiRicod LHeVacia™. and an éedopd’; d
sem conductor subS5tral ~ to prote;;t activa sem conductor dz~.i~"s from

pl asma char goytrHa e 88 N iR geEehh FIEihEFaonsepng Vel of beteeerdpddnd d £AF pei -on
sai d wm conductor Suhstrate: fornin~ = an insulating |anr on sai ubstrate
for el ement ‘PSOPER Forie ‘?@rﬂf“ﬁ g ﬁf’ﬂ?’léﬂe?}ﬁ@%‘f“ hi‘)‘p"é&‘g Ecé?ﬁtlf’h?i:dr“ééi"ﬁﬂ%‘ﬁw ﬁﬁi%‘

sai d dOple fciaﬁtggjréﬁ&i ?ﬂ)j{uﬂpﬁmpgﬂﬁqﬁl an&,ﬁ\vﬂpR.segirﬁ Qi(h';[ ol G/ Pbé’MVEJ&' 'P]E) z%‘il\ﬁ 1ELS

substrate an | acen 0 sal rst doped Tegion; providing a dope .ourfh
regi on Wit hijipFahgh mubsi affeadf baRRasit SddRing thatuivbst Katen i avhdbag a

thin insulating silicon oxide |ayer covered by a conducting polysilieon
| ayer on saidbpsuthishdimbEbavesn tHM mediFan akeri veen said third and fourth
doped rc; ~gions; _ ‘ X e .
Fig. 6D depicts the structure after reestablishing ficld oxide 116, depositing, patterning and
etching metal 128, 130 and 132. tvpicallv aluminum, but could be other metals as previously
20 described. and covering the structure with a passivation laver 136, tvpically Si0;. or silicon nitride
(SiN). or borophosphorus silicate glass (BPSG). As depicted in Fig. 6D, the gate conductor 128.
which also forms the dummy antenna. is connected to the N-well N+ contact 124C.
While the invention has been particularly shown and described with refercnce to the
preferred embodiments thereof. it will be understood by thosc shilled in the art that various
15 changes in form and details may be made without departing from the spirit and scope of the
invention.

What s claimed 15

lu




form ng an insulating |layer over said substrate surfae;e; '_0 formng a
first métal ~, onductor elenent for gate conductor, charge accunul ation

ant enna and ona second r~~on contact: funnin~,~ a second netal ~onduc;tor
cUmtnt for the; doped fourth rc~~on input vontact; fonning a third nmal
~:onductor ~lcnmunt For one said doped s.;cond al'va, and doped tJiird

area contact to ~ second voltage source; covering the structure with a
passivation |avcr 8Q%£ nmet hod accordlngdtﬁ im27 m@ergg&z ﬁnd dopzd
first region |5§m‘(‘,16‘ﬁé'd PRCPTAGHIR SHYER O ’"&? tBI‘?B“é‘b‘M“r‘gb H°% dopi ng
| evel bettvecn |EIGand |El~ aicm' to forma Nevall 5 region with a
dopent con®BHP? Shargrintised danpeeemeusing 11: 1 aicnd. 29. Tha net hod accordi ng
to claim 27 whereby said insulating |ayer for elenent isolationis Field
oxi de ivet ther AdrityloppdgRmion gstending dovyidiam Hetsiidass of splsubisi@te1uuu. ~ in

t hi ckness. 3U. The nethod aLaordin~g to claun 27 whereby said pluralih~ of
dup~: d S~; cond nngisulagnglayer feri struémgraldmentigolotonar e doped by ion inplant with
a donar dopent of arsenic with a dosage bwe~n to 1E13 and |El~ a.-cm and
wi th ansevery | ayhiralive nfdeped 3¢@nd nggiond vjthin\Adid tfost idopat ideom;c~ons. 31, The

met hod zc;cording to claim ?7 whereby said doped third re~~on is ercatcd

wi th a donor dopedtped thifidGadibrwithif k0 sWisfrile andlOhage: b Clid At daped kddidh: and 1E1

3 a gym and an ~n ~1~~' Iw-l uC betzv~en -tU and 8U IW. 32. The cnet hod
.ording to cl;ﬁddﬁb&’f&dﬂh@g@@wxmmdmﬂmﬁ@ef@;sﬂo% ddﬁﬁ@tﬁ&n@ﬁxd's@%ﬁraks
thmnallv 1 s grown to a thickness of ber<veen . 1TUto 1 ~U 33. The

cl vpositcd by to a t ness o .~ an

phosphor ous _t r.oduc erlveen 1E17 and 1E'1 .~ cn

3-1. The metho caaé%aordg}"%a sﬁgmda%n\ﬁn’%lﬁwhmﬁog eb¥S&i d nx al I ur <, .~V s~~st cm is
deposi ted using blLan e oration ped MA s;l €0

The net Hdd ac, ; of 5ﬁm“Pg ‘@ﬁf?% et G ?@H&“@&ﬁd’?FW?ﬁ“ @é@ e tIm#d
metal .;onduc for clCm-:nts arc forned by patterning and plasma ctctui

to 36. ThEOWurEgdassssdhahimg ot%“%f‘awﬁﬁiwwaww vg%rnga@ghﬂw g hichyger

silicon nitride deposited by
end 1s connected to one sad second doped regions:

ot hod accor ding, gy Glaldih B AOSLEA A AaRg) xo@m{ux }sn b%&mﬁgtrdcésum

a second metal conductor ¢lement connecting said fourth doped region with said active
device input pad:
15 a third metal conductor element connecting said doped third region with one said doped
second region closest to said third doped region and Lo a second voltage source;
a top passivation layer covering said structure.
2. The protection structure of claim 1 wherein said substrate consists of P doped semiconductor
material.
20 3. The protection structure of claiml wheretn said first doped region forms a N-well with a2 dopent
concentration of between 1E16 and 1E18 .L"cm_‘ and posscssing resistive and capacitive
characterisuies.

+. The protection structure of claim 1 wherein said msulating layer is tield oxide to a thickness



LPCV D using a silane and amoni um source or dichlorosilanu source at a
tenperature between ~. UU and 7UU C. 37. The nethod according to claim 27
wher eby sai d passivation layer is SiO _ deposited LPCVD using TECS as a
source at a tenperature bvhveen -~UU and 7Ut? ('. 38. The nethod according
to claim?7 whereby said passivation | aw is boropEtosphorus stL~cate gl ass
deposited by LPCVD using dichlorosilane with nitrous ovde and phosphi nc and

di borane at a te t U r<veen ~UU and 7UU C . 39. ,a nethod of
. . : = )V . . : ! .
fabricati né“é‘”a’.‘ g@@%‘ldtielﬁb(?g‘t ection dwie:~ on a ~i doped sem conduct or

suhstrat~ to._to protect active,sen conductor, d=~rices fromplasnma charge
Tnduced dannges EBIEOGHALEE PEIRRTL SBRR Suf bR RE Py R B E Ry

sem conduct or, substrate; formng an insul a&&gra;o jgr on Said substrate for
el cre; nt i §6€P&‘%5i‘8‘ﬁ‘,“??R‘HW"HQ"“&”E‘P’U?%WPX’FB]“ % %M cond rc?ions within
sai d doped first region: providing a doped V- thud region witltin said
substrat C éndhadraeding sigturapficlpigst whergpsag thisd dapgd sigion iy p0T Freieg vthp dapeycd
Fourth region within said substrate; providing a thin insulating silicon

oi i de | &yerconosngmtieh bypveenidiusd iLRg! geml.' silicon | ayer on said substrate
over the region between said third and Fourth doped regions; reforniing an
i nsul ati ng 7.8 pptestioqatrdctenttod thaa & vdwreinasail, foutr doped ragichiis s N+mediad with a
conductor clenment for gate vondu~l or. charge accunul ati on antwna and one
sai d seconddsRgi @hc&@ALACHE betvarAilEGO and EETINGereiral formywiiswdisdeatittigaiatp f or

t he doped fourth region input contact: forinutg a third natal condwt or

cl ement wnngghkiftsv one said dop.;d second rc<gion and said third doped
region and to connect to a second voltage source; covering the structure
with a passivafi . .l of T : -%q'h o) UL 0; said
doped first Is?gltéc% lgar%tciL@ﬁgsg%é%&vﬁ ft Eﬁgnmgﬁc&é&gb%gf op%t&§ {}g @gggl%%?%ﬁﬁé\f%d“a
dopi ng l.evel .her\een Al Lo L a. P 1, EALOR: .
with a dgpeht"gglo%l{lgg%f Y %ctnlle—.‘f)dr}l1 @e@? \c/{gé h&%réﬁéﬁéﬁg%iémg@é%’%}f i%&L‘*ﬁgpﬁg{ﬂ%gn
according to.claim 39 wherehby .said.i lL.ating | ayer for ehnment isolation. is
field oxide ik m@whsﬁwn%m “P‘gﬁg‘ﬂ’ts‘ﬁi"‘&ih)&g%“ﬁ? RSSO AR S e B
t hi ckness. .12. ;’he met hod according to claim39 whereby said pluraliy
dopCd secondPVELEWRE 18t ourth region are doped by ion inplant with a
donar dopent of boron with a dosa~~e b~Wzen 1 E 1 Z and to 1E13 a<' cml and
with an ~nerdy Thepeicsper figefiroel i L vprrppaig gatg glempnt fopms-a-Y dps igicsipndagopwt
concentration between 1E21) and 1E21 a-cmi. ~3. The nethod ac.;ording to

al ai tn 39 hevigysudiupsdpoeier bad ghte giopdor positiveplaseed shiteh aad Bning 2 Piiach a
dosage benveen 1E13 and 1E13 a.~ cn2 and an en~ra~ | evel of bet<veen 2U and
-t U | ~~Vi& 0 accumulation layer within said substrate under said gate region for a negative plasma charge.

10. The protection structure of claim 1 wherein the interface between said P type accumulation
layer under said gate structure and said N+ doped fourth region forms a second diode clement with
zener like trigeer characteristics.
11. The protection structure of claim 1 wherein the interface betsween said N type inversion layer
20 under said gate structure and said P+ doped third region forms a third diode efement with zener
like trigger characteristics.
12. The protection structure of claum § wherein satd first metal conductor clement can be a first ov

second layer or top metal layver. and said metal charge accumulation element acts as an antenna



produca a ~i ~- doping conc~ntraaon of b~, nwen 1E21 anti 1E22 a,~cni . .1-L.
The net hod according to claim39 whereby said silicon cede insulator |ayer
is themallv gowmn to a thickness of benveen ~U to 18U .~. -13. The nethod
according to claun 39 whc;rehv said poly layer gate elenment is deposited by
C'Dto a thickness of 2UUU to 3UUWU .~ using and is doped wi th phosphorous
to produce a doping densir5~ of between 1E17 and 1E21 a:'cmi . '"'o .1G The

met hod accQudi t i o SB oSN b b e dafsi 1si sts of 5i.
to atltic %llg%tis}% ao@%td\?éggp%aﬁa%° 11? p?JodllJ . ~.&%%r7}.gl 'Igheﬁrr);s hod ac: cordin’
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device protection from plasma induced damage comprising:
{0 a first region of P doping extending down from the surface of said N doped substrate:

an insulating layer for structure ¢lement isolation:

a plurality of P~ doped secand regions within said P doped first region:

a doped N+ third region within said substrate and adjacent to said first P doped region

a P- doped fourth region within said substrate;

15 a thin oxide insulation layer covered with a polysilicon conducting layer forming a gale
element on said substrate surface over the area between said N~ doped third region and said P+
fourth region:

a first metal conductor element one end of which is connected to said gate polvsilicon
conducting laver with shape geometry conducive to process charge accumulation and which other

20 end is connected to one said P+ doped second regions:

a second metal conductor ¢lement connecting said P+ doped fourth region with active

device input pad;

a third metal conductor clement connecting sad N+ doped thurd region with one said P+
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said gate region for a posifive plasma charge and forms a P tvpe accumulation layer within said

substrate under said gate region for a negative plasma charge.

22. The protection structure of claim 15 wherein the interface between said fourth P+ region and

20 said N fype inversion layer under said gate structure forms a second diode element with zener like
trigger characteristics.
23. The protection structure of claim 13 wherein the interface between sad N~ doped third region

and said P tvpe accumulation laver under said gate structure forms a third diode clement with
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said protection device.
26. The protection structure of claim 1 wherein said top passivation layer covering said structure
consists of SiQ; or silicon nitride or borophosphorus silicate glass.
10 27. A method of fabricating a diode like protection device on a P doped semiconductor substrate
to protect active semiconductor devices from plasma charge induced damage comprising:
forming a tirst doped region on said semiconductor substrate:
forming an insulatng layver on said substrate for clement isolation:
forming a plurality of doped second regions within said doped first region:

15 providing a doped third region within said substrate and adjacent to said first doped region:
providing a doped fourth region within said substrate of opposite doping than substrate
providing a thin insulating silicon oxide laver covered by a conducting polysilicon layer on

said substrate over the region between said third and fourth doped regions:
forming an insulating layer over said substrate surface:

20 forming a first metal conductor ¢lement for gate conductor. charge accumulation antenna

and one second region contact:
forming a second metal conductor clement for the doped fourth region input contact;

forming a third metal conductor clement for one said doped second arca, and doped third
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fourth region are doped by ion implant with a donar dopent of arsenic with a dosage between
10 1E13 and 1E15 ascm’ and with an cnergy level between 20 and 40 KeV to form N+ regions.
31. The method according to claim 27 whereby said doped third regron is created with a donor
dopent typically boron with a dosage between 112 and 1E13 aem” and an energy level of
between 40 and 80 KeV.
32. The method according to claim 27 whereby said silicon oxide insulator layer is thermally
1S grown to a thickness of between 40 to 130 A.
33. The method according to claim 27 whereby said poly layer gate clement is deposited by CVD
to a thickness of 2000 to 3000 A and is doped with phosphorous to produce a dopent density of
between 1E17 and 1E21 aem' .
34. The method according to claim 27 whereby said metallurgy svstem is deposited using blanket
20 evaporation and is doped with 1o silicon.
33. The method according to claim 27 whereby said first, sccond and third metal conductor

¢lements arc formed by patterning and plasma ctehung,
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GLO% & () - $\The method according to claim 27 whereby said passivation fayer is borophosphorus silicate

glass deposited by LPCVD using dichlorosilane with nitrous oxide and phosphinc and diborane at
a temperature between 400 and 700 °C.
39. A method of fabricating a diode like protection device on a N doped semiconductor substrate
10 to protect active semiconductor devices from plasma charge induced damage comprising:
forming a first doped P region on said semiconductor substrate;
forming an insulating laver on said substrate for element isolation;
forming a plurality of P+ doped second regions within said doped first region:
providing a doped N- thurd region within said substrate and adjacent to said first P doped
15 region;
providing a P~ doped fourth region within said substrate;
providing a thin insulating silicon oxide layer covered by a conducting polysilicon layer on
said substrate over the region between said third and fourth doped regions;
reforming an insulating laver over said substrate surface;
20 forming a first metal conductor element for gate conductor, charge accumulation antenna
and one said second region contact,
forming a second metal conductor element for the doped fourth region input contact:

forming a third metal conductor clement connecting one said doped second region and said
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$10% & () - 3¥diofaf doped® i VK@nthvith a donar dopent of boron with a dosage between 1E13 and

10 1E13 a/em’ and with an energy level between 20 and 40 KeV (o form N~ regions with a dopent
concentration between 1E20 and 1E21 arem’.
43. The method aceording to claim 39 whereby said doped thurd region is created with arsenic with
a dosage between 1E13 and 1E13 asjem?2 and an energy level of between 20 and 40 KeV to
produce a N+ doping concentranion of between 1E21 and 1E22 wem'.

15 44. The method according to claim 39 whereby said silicon oxide insulator layer is  thermally
grown to a thickness of between 40 to 130 .
45. The method according to claim 39 whereby said poly layer gate element is deposited by CVD
to a thickness of 2000 to 3000 A using and is doped with phosphorous to produce a doping
density of between 1E17 and 1E21 a‘em’.

20 46. The method according to claim 39 whereby said insulating laver consists of S$iO. to a thickness
of between 5000 to 11000 X.
47. The method according to claim 39 whereby said metallurgy system is deposited using blanket

¢vaporation and is doped with 190 silicon.
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50. The method according to claim 39 whereby said passivation layer is SiQ), deposited LPCVD
using TEQOS as a source at a temperature between 400 and 700 °C.

51. The method according to claim 39 whereby said passivation layer is borophosphorus silicate
glass deposited by LPCVD using dichlorosilane with nitrous oxide and phosphine and diborane at

10 atemperature between 400 and 700 °C.



