; €3eOHODL( 6 THr ~CA NOVEL DI ODE- LI KE PLASMA | NDUCED DAMAGE PROTECTI ON
STRUCTURE BACKGROUND OF THE | NVENTION (1) FIELD OF THE | NVENTI ON The -
present invention relates generally to a structure and nmanufacturing
process of a 5 sem conductor device which provides protection from plasm
i nduced damage during integrated circuit device processing and nore

particularly to a sem conductor diode |ike device MAngﬁﬁcqﬁﬁ%gt |l e
tri ggeA NOMEAJRIGRE JNEREAS Ve IRPHIEL DevMAGE FRYTHE 3 ‘ anage
for different process requirenents. (2) DESCRI PTION OF PRIOR ART 10 As is
‘wel | kBaWKGROUNED @R THESR\GONTU2Nor devices are fabricated on a
sem -conduct or substrate that is subjected to nunerous processing

operatkg 1 ByoraymoiNgERNIROE;, a senmiconductor device is typically
subj ect to several plasma etching operations, which are designed to

paLt ern the Mar QUR SUNBLE Pifes LR, BWRLAL LAk B aISe S00 £ONS 1 uCt

t he desired ci'rcul ut. pl asma etchi ng has becone the etching

process of choice, the, intense 15 energies used.t0. c . / W

D1 o SHRSORGEE dret AR BT R o et UGS Pl GG Withighil) |
under gate electrodes of a given circuit design. Specifjcally, the plasnma
that i sirgeihdedtcapiorsssiog anl mErcaipery tpd SE‘&CP%}‘I‘@H”FEP%%QTW}{&W’#}& er being
etched with a high concentration of electrons and positively charged ions.
Unf or t waatrellable trheseobigedt potsizanl: posiction adanseplesnaddice damage Jop 3«&%

i nduce intense currents through the gate oxides. which necessarily produce
oxi de .groeRgragi-ageds.aps in the gate cedes. As feature sizes for device
decrease, the thickness of gate oxide |ayers decreases, thereby -

exacerbﬁ%kﬂgxﬁﬂ@T@gNQ5§@ngpgggTof pl asma chargi ng danage. A conventiona
approach“to the plasnma chargi ng danage protection conprises the formation

of di ode as typified. i: j | ‘L - st al dl
e R e e

el ectrical chg&gin dgraqg pl asma [gqegsiqg. Thﬁ avql@qgﬁg pgeakdomm

vol t ageSrirae i #sUhicEiEd ARRFPERYE PERERE OB AHPHNCY 871 PYRMI e | ner eased
to the | evel where these devices are no |longer very effective for plasm

i nduced seaivebicBr (PHE) is @mﬂéﬁﬁﬁ‘@%tﬁ%focﬁé‘é‘frsﬂlqﬁﬁw&#ﬂ%g&%ﬁ“ﬁ?%é‘é@%\“"‘F n this
situation, the breakdown voltage of the diode tends to be hitter than the
gat e oxidggotudiealsemam heolaHagesubstbte, sedit and nkdtglizidon hvers gad eorsxiidehdbdaaidiown
is about -6.7 volts for a 0.25 um device. As shown in Fig. 7B, typical

nor mal Qirf?ﬁﬁa@&ﬁ%ﬁl%& ot @R Qtthiro s PedtRhd e cMBL brRBAVS chéiee hEemkdawn
| evel of the gate oxide. Therefore, it is very uSeful to have a new type Qf

Grode | SaIRVEE ML Be LA BN Rl 2BLSuditd GRRT o Bld SRR O8ud Brides
that lie under gate electrodes of a given circuit design. Specifically, the plasma that is gcnerafed mn
| etching chambers 1s designed to bombard a layer being _ctched with a high conccnl_ration of
electrons and positively charged ions. Unfortunately, these electrons and positively charged ions
z_lre.known to induce intense currents through the gate oxides, which necessarily produce oxidc
20 degradmg traps in the gate oxides.
As feature sizes for device de.creuse, .tl}e thickness of gate oxide layers decreascs, thereby
exacerbating the adverse impact of plasma charging damage. A conventional approach to the

plasma charging damage protection comprises the formation of a diode as typificd in Fig LA,

arge path for



Ot her structures have been used to protect against plasma danage. as shown
in Fig 1B, diodes stacked in parallel are sonetinmes used. This can have the
ef feet of reducing the point where current flows, i.e. effectively
reduci ng breakdown vol tage, but has the problem of |eakage current flow
during normal device neasurenents and/or operation. Fig. 1C represents
zener diode device 15 protection, which also has the pot e(g{légl isPJa?QJ em of
| eaka%ﬂg&fﬁé&etﬂl@w&mmmﬁferﬂconmU f.emante slosierico MOFBE RTINS T RSEITE it i
very useful to have a new type of diode |like device with a | ow and
control |.apl e, tr].00¢ diage ghaipigyessierd | eakage characteristics for
di ffer%’ﬁtﬂ %ICBcér"g]tg“Z‘cr on real??d?errent-s. The fol | owi ng patents@&g}s&i@e ESD
protection devices.. US §,1)7, { & 1 &Pa Rih ool asach wolptiaot ¢ } %6ET cui t
usi ng zener 1By 6@@;&%@%@%‘&%? g7 & (Aiello et al.) shows a protection
circuit with zener diodes, US 6, 0el 74 LifectiiSrdt iR aIRc¢bdaretgeal . )
and 6, ifRi@sedop hy Bw RgTedhesg) Ao eEt ) “Pg?‘%’t@g%&gr otecti or?q%i rcuits.
- SUMVARY OF THE | NVENTION Accordingly, it Ls the. prj Vi &RIE Gy € oPihct he

i nvent i(PID ot inldetaa—mwfér',fm@f’ﬂé’&?‘ie%}%w&lﬂl‘h‘rog’ I{'Ellg'r{gwlrrﬂnuf act urabl e met hod
for protecting integrated circuits, in particular field effect,trangaior
devi cesyioddeiasdanagRheatisethe ppteptsadsriyeglowa yoec 3o B it ? lﬁgﬁr‘rté%hf’act uring.
51t is a further objective of the invention to imr}prove pl.agma iﬂguo gd
damage o PLILAGOLREE LoNvés fepablisngn tidcqpriotshewi igol R 45X APERHSI G t 0 be
varied 10 neet process and device design requirenents. In %gdigltiﬁfg’ ilittési S
an objective of. this. iywentd Qe ko th Blearioom level of tha et orices SMTAOfat
oxi des B élvnblﬁa%oﬁl?rie# ?fsbw i nduced by pl asma processes thereb>(/)t .
nmai ntai ni ng gat e oxide integrtye. 10 4bdicd Kiy §lovaial hRtrolidhlecioofvotthge lor
i nventi @m'%%ﬁlrfaﬁa&’eﬂaﬁ‘ﬁ&ﬁ’ﬁ%ﬁﬁééfé%ré‘ et hod for formi ng the PID protection
structure while maintaining the required operating characteristics of the
deviices difbirery AP GreRttion reFRENBGve obj ectives are achi eved in accordance

with the enbodi ments of the invention that describe r QC8S&n i diocmayel
structure forOteditmdmsdsiikes PeD U5t %ﬂiﬁmﬁed\slap@%g %gb Begi nning wi t h

a sem conductor substrate, typically P doped, a Nwell, two N-well . s
contact gk Qnskedan dasii ety sinetiktes asal. Phisconhastthy é@%ﬁgﬂgﬁﬂ% ﬁf‘rPé’Hmihr‘i“‘t he'
invention, the DLLP has a metal |ayer disposed as a dumTz ant enna connect ed
to a pol ysil | GO0; (ROl At Rucitl brodkfui Solsbe bat s o ek ledlvige e B

wth ap ]

con 'l ayer gate el énent above the butting region. There is a

21;1\;\?!3113'[ ;Elgxig?i}ugég g-l?i)rrpﬂ agﬁz%argga%{nte%engs%dfogroﬁﬁ‘g_tim FigheCi rphtesents Rhectiodeodeivice

1 age current dur ' zasurements
{5 protection, which also has the potential problem of leakage current during normal measure

'aﬁd"'or operation. Again, it is very useful to have a new type of diodc like device with a low and
;:ontroﬂable trigger voltage and improved leakage characteristics for different PID proteption
| requirements.
"The following patents describe ESD protection dewvices.
20 US 6,073,276 (I\iitamura.) discl_os;s a protection circuit using zener diodes.
US 6, 057,578 (Ajello et al.) shows a Protection circuit with zener diodes.

US 6,054,740 (Barret), US 6, 028,324 (Suetal) and 6, 013, 927 (Bothra et al.) show |

- related protection circuits.
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20 wel |, connected between the poly gate and P-substrate as a RC buffer
el ement. The structure is conpleted with appropriate netal conductors for
the el ectrical connection system The DLPP has a function of a controll able
.Jare with Zener-liked-trigger, in which the dummy antenna picks up a
portion of the plasma charge to provide a gate voltage for the gate of the
DLPP. There is a N type i nversion |ayer or P type accumul ation | ayer
f or med SIAIBEAR WeOPATIE GAYENTEPNposi ti ve or negative plasma charge. The
junction of the zener diode is found in the interface between the N-type
inversion | ay@brdmdy, Rts Hehfiniaay ebjeoiikatthe @rerion supstidabaccadnéffctive egi on
and P-type accunul ation |ayer. Changing the shape and the size of the dummy
ant enn f%g.ﬁ, TR i | i aigHAdekhe truer
vol taggsu-g&a e &%@f Dur i %Sgﬁho@nmgf%&é%?‘ﬁ%ﬂd L%E%’gggﬁﬁul ated charge
with the pol ate and associate n i.S..di. schar 1 Jhe N-well
" resi st o‘F““E‘F%S"?'/ dgﬂffst ﬁglpeﬁgpge o ¢ %ﬁﬁéﬁ%? Wé“?sé’%o%d(;?urg%gﬂ#u#%%ﬁ' | ayer is
devel oped under the paly gate. Thus; no .| eaka robJemis fo with this
strdcture dulfismpiurBss pRigptxs 0&5‘? ﬁ%{en@?ibﬁoéﬂpﬁﬂ‘fe%i?ﬁg‘t’ MC@%@%}Z@&M t he
invention uses a N doped substrate with a P well, two 10 associ ated P+
P- wel | moRttet by egibbns thampeotection valiazephreshild to b wrigd a megt preggbomdtdsvise ovi de
i mproved PID protection. For this enbodi ment the second voltage source is
t ypi cal dasigrddeuidinicnts. DESCRI PTI ON OF THE DRAW NGS Fig: 1A, through 1C are
schematic representations of prior art PID protection devices representing
(1A) a nornal, HRde, itls HRbj&kios keidhagasn temchihikEhr AirkOMe kiréhs @figate 39ddi 9.
2is asinplified schematiC representation of the invention diode-like PID
"~ protecti g ' cat-l-on et ween Lhe i nput
bondi ng"%%%?%%g‘g %%g%gﬁgg&%???%@g p}‘%ﬁfﬁggg‘k&% h%ﬁg;}mn]ggfﬁ. E’Sﬁé rﬁl 655 Sect i on
of one enbodiment of .the.inventi.on for a P type subpstrate show.ng the main
ol edfri cal - eltonragomer et gf BsgtYholidh <Caripryh Pam B PEGIS mafos R JalBB ment
shown in Fig. 3:a. Fig. 3C is a sinplified cross section of anather -
enmbodi m?ﬁ} profestipmtBisiyre hilp paiptaping Bsregiied SRemfingchaps terigtivy of fscdevicesal
el ements. Fig. 4A through 4D are cross sections of the invention utilizing

*a P dopésingpbsitstad.e during a

" The above objectives are achieved i accordance with the embodiments of the invention
that describes a process and novel structure for a diede-like PID protection (DLPP) device.

15 Beginning with a semiconductor substrate, typically P doped, a N-well, two N-well N+ contact
regions, and. substralte N_+ and P+ contact regipns are formed. In the invention, the DLPP hasa
m‘etal layer disposed as a dummy antenna connected to a polysiticon (poly) gate, The DLPP is
sn‘ucfured as a.butﬁng diodé with a polysilicon layer gate elcrﬁcnt_ above the buiting region. There
is a N-well resistor (R} and capacitor {C) formed by the inherit electrical characteristics of the N-

20 well, connected bem'cen the poly gate and P-substrate as a RC buffer element. The structure is

- completed with appropriate metal conductp‘rs for the clectrical connection system. The DLPP has a
function of a controllable gate with Zener-liked-trigger, in which the dummy antenna picks up a

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




vari ous stages of processing. Fig. 5 shows a top view of the horizontal

t opography of the invention for a P doped substrate. Fig. 6A through 6D
shows the devel opnment of the structure for: another enbodi nent of the 5

i nvention using a N doped substrate. Fig. 7.4 through 7C shows
characteristics of protection devices, Fig. 7A shows typical breakdown
characteristics for active device gate oxide, Fig. 7B shows standard di ode

- br eakd&‘o@xﬁm% FbED il B Sum@ntbnfilr ffmSdatnavsht pely gartfoopdsityk er hegaiyer

vol tage characteristics of the invention protection device. 1o DESCRI PTI ON
OF THE PREFERRED ENVBODI. H Q it AR iRRAN AT vftn Oic Nhgpe
concep?f gp&g‘%e?‘rﬁéé@?gﬁggm iiggesrhdgovxca&ggmtﬁlﬁe gener al ‘ocation of ihe

di ode-1i ke plasma induced damage protection str o 2P, Rerbet ed,
the di deersandaydend £& sRPITR ORI (o &ﬁ PR rot “ﬁ‘%c‘ﬁe“&ﬁggﬁkg “u&g"i nserted

~electrically between the internal active circuit &%gp _pad qg%,ﬁq%gcond
vol t agdaysoliosging yis shapd gnd: the sigepEthe guamy ucm chpgsh e MRUTC S0MERL i al

pl asma i nduced danmage event will trigger the protection device shunting
charsge: scq@ifeds Windetbseqiandy e tsiegmvdltags| df syeDILBE abiong narypgl KapRe2t@Potid for a
P substrate deuce. Fig. 3A shows a sinplified cross section of one

~enbodi r‘%@&nﬁfﬂtc@lﬁaﬂg@%@ﬂﬁtﬁ@ﬁbﬂf okite anPasutistd ahgnatel idisehardddubtougl thegi-tvel
principle electrical elements. Shown is a P doped substrate 8 with a N+

contact . }'%i} %ﬁ%th\ere%)l@ @H%c&h%et AviEBn 36 hidBnlfioh GBct BRAel@Rd undardhapoly
‘poly) g C

pol ysi | 70 ate clement 20 with oxide .o insulator 20.Awith a

~typical thigck f bet . d. 180 . AQL VS .G QF 2 20B
W Th'a Bypi R Shimee o B i HEn i e B R P g SRR Plonc

- connected to a netal conduction tem 28 containing a | antenna for
col l ecting cHapter anbv%e%%E@mmtsﬁg@egé*éeSobér@PF%ﬂ@?‘g%&%oﬂmW%“Sﬁna

conductor 28 is connected to a N+ contact region 21Cin a Nwell. 5 13.
The 1ant essociash RpeP-swell contacs repensramil #a+ hd Prsibgale BlFHGEON RRICVEF t he DLPP
devi ce. The channel |ike charge |layer 21 under the poly gate 2U wi |l be

ei ther amfroRee BRI baAlkcton dhanige cinbydimehiohe acoved avitage sgateisvalisdye’ ddr pl asm
charge, or a Ninversion |ayer for a positive gate voltage or plasma

char ge. ge R deriregohtoetion Dreafaneged between the P accumul ation |ayer
- 21 and the N+ 5 substrate contact elenent 24.i for positive gate voltage,

and the D3 d?éi%f f%%lﬁglg%l'n]@aﬂe %cﬂe?x{a%gg% }é\f::‘lﬁgnst &Ppl%'r b PED ipFB&&fti%h Qovitayer 21

and the P+ s act ‘region positive gate voltage. This

- ~device design structure thereby provides. protectian for eifther negative or
" posi ti vercpreaag ¢hir yeomal @Bﬁﬂékgbﬁa%ﬁgélﬂ%ﬁ%dlpg d@é‘ Eﬂers‘ﬁﬁ‘z‘t‘rat e contact 26
and the N- |l ow voltage Nwell contact 24B to either Vss or round. D ode D1

is formed w tHigt b canbifitd sbisimmjic repreatation b Bstinvensoncdpdable BIDDTAEHRT t he

P doped substrate 8 and provi des protection agai nst negative plasma charge _

- damage bynRAFDIDNEP LMok thedewfe bhation dgatden ehcinpurgendiog Yad awl thagelegn be -

seen in Fig. 3B
circuits.

Fig. 34 is a simplified cross section of one cmbod_ime'nt of the invention for a P type
substrate showing thé main cléctﬁc:ﬂ elements.
20 Fig. 3B is an equivalent circuit of the embodiment showa in Fig. 3A.
Fig. 3C is a simplified cross scction of another embodiment of the ini'cntion foraN
substrate showing the main electrical elements.

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




negative plasma charge on the input line wll essentially bias the diode D1
into conduction shunting the charge to the second voltage source, typically
ground. By changing the size and shape of the dummy antenna 2S, the trigger
vol tage of the DLPP 15 device is readily adjusted to a predeterm ned | evel
suitable to the required application requirenents. From actual experimental
test .results shown in Fig. 7Cit can be seen that the trigger voltage, of
the i NYRHRUSSHEPLBPTORSHRS can be preset by design in a range of between
about -5 volts to low of about -3 volts. This is well below the typica

gate oxi de g dkdtiown atdp v wf thechorgontal togogrphwrefithe irvagiion oradidenvdr ef or e
provi des excel lent protection for the gate oxide. The N-well 18 functions
as a reghsihieve R and capacitive C buffer elenent to a second vol tage
source, typically Vss or found. During normal circuit operation; any charge

that would tf Ck:f ﬁu&ﬁzﬁtamm& R0 dERBPARNY o BB Sndurad o Mer HhSRALARE the

t hrough the r esi st or preventlng an inversion or accunul ation | ayer
. from devel te ?(1. This device characteristic limts

| IeaE;gémﬁﬁg % %%?F&ﬁmgﬁu%%?%hl circuit operation to very low linits. Art
el ectrical schenatlc IS i cted 3B. Depi,cted e electrica
connect i on 30%of fEeughy Foﬁ‘ésd'?’f‘fi“‘ﬁflﬁ)‘&ggf ﬂ",t‘:‘ﬂ?‘?aﬁ‘ﬁ“eb&'ag%hlellﬁ’é‘[‘”é}féﬁ'“énent 20
with its antenna conductor 28 is connected to the D2 and D3 zener |ike
truer ibrpakdopoicharabiarisigel fariashve devicsearionide] Fice 3B shayys sindargl diedydupakgewpuf f er
~element which in turn are shown connected to a second vol tage source,

t ypi cal ¢hargropiutiad, arfnfib WAL sheovizotle emtolloble tripzer mitpd ¢clomewoisiad o ehefiovengom
substrate 108 as depicted in Fig. 3C. In this enbodinent, a P-well 118 is
used foprotdBodfediitf fer el enent. The antenna |28 is connected to a P+

o contact 124Cin the P-well 118 as well as to the poly gate 120.- D2 is now

0] t region 12-LA and the N
i Iayer%l creatﬁﬁéﬁﬁﬁﬁﬁgw KBNS

-|nver3|on a positive gate voltage D3 is forned

bet P | at dt t 6. The
Shorting confetanod bt fﬁ%@«?‘é@?ﬁ%&%@ R SRR syl

typically connected to the Vdd bus. Care nust, be taken with the use of this
embodi miveiaRplehs iode Lisplue mencedt disrEs PRt dr st urs SAL PR, K skipistiatie 108

‘diode D1 is reverse biased in normal circuit 15 operation. The process to
devel opdwde lissrbodicreitit zatr itvariggerehtigenstiss »unskrtebelcdtmally erwdsn thieimcghl

active circuit input pad and a second voltage source, typically the substrate bias or g ound A
15 potential plasma ind'uced damage event will trigger the protec_tidn device shunling charge. or
éu_.rrcnt, to the second voltage location, typically ground for a P substrate device. Fig. 3A shows a
: sirﬁpliﬁed cross section of one embodiment of the invention for a P substrate'dcvi'{:c illustrating the
- principle electrical elements. Shown is a PP doped substrate 8 with a N+ contact region 24.A
connected to the active device input pad and a polysilicon (poly) gate clement 20 With oxide
.20 insulator 204 with a typu:al thickness of between 40 and 180 & and pol\ sxlan conduclor 20B
w1th a typical thickness of between 2000 to 3000 A. The gate 20 is connected to a metal
conduction sysiem 28 containing a dummy antenna for collecling charge during plasma process

operations. The gate/antenna conductor 28 15 connected to a N+ contact region 24C in a N-well




" as showni

Fig. -1D which shows the structure for a P substrate in various stages of
manuf acture. Fig. 4. A shows a patterned sem conductor substrate 8 with a
nom rial P doping | evel of about 1E1 atons per cubic centineter (a/cnB). The
substrate surface is covered by a thermally grown or chem cal .0 vapor
deposition (CVD) first oxide layer 10 sonetinmes called the pad oxi de, which
provides thermal stress relief. This layer is typically between 200 to 600
angst r dSrETHeAntinma shipeland sige detcDvB:y thy eiggof valiais b of oD deivg) The pl aced
over the pad oxide as a masking element to a thickness of between 1000 to
2000 AcHnst il chikB liver Towelee thelpohagtody et boeidler pRataindliingrehplz tymabki ng
mat eri al such as photo resist (PR) 1.1 with a thickness typically between
4000 a %Qn- ?Q HiBe idiNafdr Gor Apdslies cheedipabterned in
pr epar g?ﬁe n S%E?ﬁlet;%%@%ﬁﬁgﬁggﬁiaﬁéﬁh%\wgf)h}ldgpa}dopenatél# typfcal | y phosphor ous
(P), is.inplanted.with.a.typical .desa r e 40f el WA 4:0..] tons
per sq@gﬂsﬁgé‘g%ﬁg&%ﬁ?g& 1‘&%’1’8‘5’“@%5 \?ﬁrfrﬁgﬁgﬁévé‘%ggrth g'yp “rr&'gnge g?r}gétév'\k}garﬁl d%é%\lg 50
KeV. 5 This produces a N-well doping density of en.1E16 to. 1E18. a/ cnB.
i 05 AubaKCRRLIemE A foR PPyt il it dad tedS R ER IBTRIORI B faki ng
el ements have been renoved, the substrate repatterned, and a field oxide 16.
has bedwtwévarthaN typgingemsion diver 2hindthe £ substiés «nEMt BGOO 288 aoSH0 SACT or

i sol ation purposes. A gate oxide |ayer 20 A has then been grown to a

t hi ckneghagf. Théxt dweea dadigiktrucife therch8 Grovides pnaleaioh dyesithaf nggelvesiriposioye ( pol y)
20B has t0 been deposited by CVD to a thickness of between 2000 to 3000 . A
to ser ?as‘%& Rarde. & cdnPEetG3d 2 FRABHY Hel NGsuBLeIT® Bntacl 16 ahiF the QD RAL vaAhgaN- 24A,
24B, 24C have been anisotropically etched typically by nmeans of a reactive

~ion et C\L}elf %r@ué lﬁ%gg gi?iheg RIsObL Qt%gfr?{g ]%I:E)H‘gﬂé Q?f&ﬁ%f@«itﬂ% SEHYIE Bei i;ﬂﬂg:rqu ol I ows

ion I npl onor el enent, typicalfy arsenic

As ith a d I | bet bout ,1E13 to, | El /cn2,. wWith.an .ene
et Wberebirin Qo5 Srevina i £ dpaed wlurite s moBish Pt PR g b nEgEL O
4C shows. the

concentration of between about 1E20Q0 and 1E21 a/cn8. Fig.
parti al Fipreodmagedy caakling sondyshes ahiy nspive CRHEH!r YO hts B Wepiaftie P s
is done with an acceptor elenent, typically boron (B) with a dosage of _
 bet weennedative plELR chayesl @1 Be aywit Fng wihasatialibnphsathe dede B yiniogongiedine shindiog and
- 80 KeV resulting in a P+ contact area with a dopent concentration of

- bet weentkEhhreand tikEs2domi@iBee 2ArcEheprallhgound a repatterning to grow field
oxide insulation for the sides of the gate elenent 20. This is followed by

repattenng tg &fag_an%%@ize%a Atdpe BPLRSIRINY BRle el 1€ ifeQrid 18 vOIRIRL BE theaDERS
24. A, 24B, 24C and"the P+ contact 26, typically using a R E ani sotropic

SR =R SRR A
- From actual experimental test results shown in Fig. 7C it can be seen that the trigeer voltage of the
invention DLPP device can be preset by design in a rallge ol’ between ﬁbout -5 volts to a low of
about -3 volts. Thm 18 wﬁll below .the fypical gate oxide brcakd_o\vn. of about -6.75 volis show_n_iﬁ
Fig. 7A aﬁd therefore provides excellent protection for the gate oxide. _
20 The N-well 18 functions as a resistive R an(i capacitive C buffer clement to a second

‘voltage source, typically Vss or gf_ound. During normal circuit operation, 5n_v charge that would
tend to accumulate on the poly gate 20 would be discharged lhrough the Newcll resistor R

preventing an inversion or accumulation layer from developing under the gate 20. This device -
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titanium platinum The main netallurgy systemcould al so be used in
conjunction with refractory type "barrier' metals such as titani umtungsten
(TiW or titaniumnitride (TiN). Mdst conmonly used nethods for devel opi ng
the netal lurgy systemon the wafer are vacuum evaporation using either
filanments , electron beamor flash hot plate as sources, or physical vapor
deposition (PVD) 5, commonly known as sputtering. Common sputtering nethods
woul d bRarRFerdd titréts laagagerduning mstingor myromkit @rcuitgperviiarioany loetinwg; t he waf er
is blanketed with the netal, then patterned and unwanted netal renoved by
etching. In ﬁﬂ@lk&d&@mscrkﬁﬁﬁmmrﬁ;uﬁgﬂﬂgaysrDepamebereethe bletridal cadneliuned|) of
second | ayer on top layer netallurgy. As represented in Fig. 4D, after

sel ectiqye b Gl ofte folene PRSAD Y@ hhi@halcofd&@nery ing | ayer
3Gis é%%%@?@??“’?%&%’%ﬁ?%%ﬁ%@ The ghelddith AR (SN or bor ophosphor Us

silicate gl as PS0) . depigt .d ;n.Fi . 4D, th t.e conduct.o « which
21 01 GORREETEro iy aa o 1 e B i By RO G Rles 8, O
separate conductor element 30 connects the device to the active circuyit

i nput  papaciignBuiferolevesnt adirdue (ER A8 SrBRconpectin dstond Yaltge seyhe Y IrRY
~contact 2Gto the NNFvell N contact 24B and then to a second vol t age
source.groymd.cal |y ground. 15 Fig. 5 shows the top view of the horizonta

t opography of the DLPP device. The input pad netal 30 is shown connected to
" the P substr ahethbersuiraeit o244 inkngop eloyki bd foon Nysubsrad E0femtdepRBden Fends

bet ween the N+ contact 24: A and the P+ contact region 26: The N-well| 18

ext ends3BeiWeR RnibB8indh GANGRE T 53 24Bc@Rs (RARC blifRer fBhak:, TN anmal8giis a

digitated shape extending over the overall device and is connected to the

I | 0 : . I ] 4 LAk A h
po éug?%:?e{gl%c : crinleons F;:‘{ nﬁ&dlfalﬁem gc l%\-l;»]%élﬂg}% a§ Ak ?t?C {oztéc *%IDIF %Qtteﬁlé.§.m§ %_% : s the

- con el enen connectin contac

contact .24B. This design . |ayout denonstrates, an econony of. area iJjjportant
CoMRe! remei e Sior RSt S0 et T i R R i LA TRNL
while at the sane; time providing sufficient volume to handl e pl asnma charge
cur r ent by Rasitive gatFiejtaga Phisdoghrbisterraist asrormbiion kysul Hetitd the Newbstrate
invention for a N substrate 108. Fig. 6A shows the substrate 108 whi ch has
been covemted 86t Mhashmathgooondectdrd bAot theaVt hogkuié86 and Pheomedd 22806 tpicdd0 A
and a SiN layer between 1000 and 2000 A in thickness. The surface has been
- pat t er nednictdd 1@ At @ biN. TUrehasRtakeh YRihaad by ot emesdiskndiBRBhsut2hat the a

t hi ckness of between 5 about 4000 to 10000A to define the P-well|l area 118.

- An ani sei.r opj A 1 ¥ RLE, : : el g ad;oxi de 110
and" 5t N LI EE LTt B SN T 1A o0P DT IBEHC GRS a0 B BRCEy e
acceptor inportant, typically As with a concentration of between about |E15
and PE1PPHAURD and an energy | evel between 30 and 80 KeV, resulting in a
P-wel |. dopent concentration of between 1E16 and 1E18 a/cn8. 10 Fig. 6B
shows the parTheaproyess sngsivelop@ns embediment eff the mventisnds estlinpd in Tar 4@&8@*)@% de,
130: 1 and poly processing, with the structure patterned and etched for the
accept orFigotId adiichi shiptva dic. suhibiug: fos o Posmbsttaypincabibys stgehoBnmufhcraredbigags of
bet ween about 1E12 and 1E13 a/cnR, and an energy of about 40 to 80 KeV to
produce goGRAtAREmEEHnRloriBion SublseNe!s with Pabmeane UsRRs RAE of BRIuta ke 5Rionfs
shown in Fig: 6C. the partially conpleted structure |lugs been repatterned .
and et ched {0 ok J\t%'r lenPPAERGLLAGE R d 20 cb\r/méﬂfrstﬂ a th‘i:%lgzllﬁ@nl)&n doarmptdh As

wi th a dopent |eve f  between 1E 13 and 1Cl a,/cn2, and anm energy

abpeht aonar EYRERoR Lo SR A SR st et B Dy SO RihafRud’ e
otchi ng. eta st gt s Ry b Al RS Ha bt e e
netal s as previously

layer of silicon nitride {SiN) is placed over the pad oxide as a masking element to a thickness of

betwveen 1000 to 2000 A. This in turn is covered by a conventional photolithographic masking



- source;

?0 described, and coveting the structure with a passivation |ayer 13G
typically SiQ2 or silicon nitride (SiN), or borophosphorus silicate class
(BPSG . As depicted in Fig. (6D, the gate conductor 128. which also forns
the dummy antenna, is connected to the N-well N+ contact 12C. while the

i nvention has been particularly shown and described wth reference to the
preferred enbodi nents thereof, it wll be understood by those skilled in

t he ar tmathdl sudr BsqQotREsistRR ds with £ Bicdkmess tpastiabdtyeerad00oandd 00N X.Hdwt
departing fromthe spirit and scope of the invention. Wat is clainmed is lu
1. . A seayucrindncdhorvnde Fiec @ At beat parnit in plegitianioa iruibsidlaelopmg paaloact
active devices From plasma charge i nduced danmage conprising: a first doped

regi on &3ANGRag 914\5&@51% (s ?faﬁfé@ il 3 Sal Y0 EHcR o Bl BPUL B f0n0

| ayer f structure e errent |so ation; s ap ura ity of doped second

- regions h|n f|r hird-regi NGy sai d
subst ra}}gl 8“158 ‘rlirte "te ard ag d;‘,’gb[@@qr ecgr%yo ey O%S‘g‘a““f ourtbhq? envgl on

within i d substr posi t e dopi ng an said subpstrate; a thin

i nsut at i PF%P@?S‘%: \P@?‘ﬁ‘&’@\%‘? E&ﬁ‘f’ Ilh'ﬂé R dR&¥EET NG | ayer on said

substrate surface over the area between said third and fourth doped

regi ons; 10 Higt #Pgepraents) the pardiatbt empditehdecealier dndN-vrl wiaslone vlemewn haest ed
to said cn~stalline conducting |layer vvith shape geonetry conducive to
pr-ocess bednaregeval; cunubsttdto repandned)iacth a dichiorsidenics has beantheetadig gtovione sai d
second doped regions; a second netal conductor el enent connecting said

fourth gegedss @WeaReMsnO0 sad d1EeL K ifer iS@MionSuiRY. APads odide ByvdriPondietal
conduct or el enent connectingsai d doped third regi on with one said doped

second Ibgé,lH %}gu&ltﬁ’ﬁ?ﬁ&tﬁ% St L by Rpt%quJe#g'agP 23, Bf;pﬁ)zsﬁﬁg.ﬁ@%i%?t%?g‘gon

passivation | ayer coveting sai ructur

t t f cl t f P do
e §oﬁ%§%;i’aw%aﬁad“% arBg & ﬁmo%v%fb%?*@ﬂ SaPER e Borst e %thm ei n
said first doped region forms a NNWell with a dopent concentration of '
bet ween PR IBS glepent. The &y copfgt pEasdhyi2HE, 2ds ﬂlé‘t’q Resn apigoteapiradly eticks

characteristics. -L. The protection structure of claim1 wherein said
i nsul at itygedilsiynmgags pF eradciieden tioh dRIMiusing hedbrine or fluorine based gas source. There

follows as shown in Fig. 4B an ion implant of a donor element, typically arsenic (As), with a
dosage level berwveen about 1E13 to 1E15 a/em’, with an energy between 20 and 40 KeV. This
15 results in N+ contact regions with a dopent concentration of between about 1E20 and 1E21 a/em’
Fig. 4C shows the partially completed device repaﬁérﬁéd and etched for the P+ implant.
This is done with an acceptor element, typically boron (B) with a dosage of between about 1E12
to 1E13 a/em’, and an implant energy of betw.ecn 40 and 80 KeV resulting in a P+ contact arca
with a dopent concentration of betwcren 1E21 and 1E21 a/cm’.
10 | There then is a repatterning to grow field oxide insulation for the sides of the gate element 20. This
- is followed By repatterning to etch opch contact ?iolcs in the oxide to the contact arcas 244, 24B,
24C and the P+ contact 26, typically using a RIE anisotropic ctch process. There is a blanket metal

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

(sl



bet ween ~UUU and 110U0 .~. 5; The protection structure of claiml| wherein
said plurality of second doped regions are N+ regions wth a dopent
concentration of between 1E20 and 1E21 a~cmi . 6. The protection structure
of claim1l1l wherein said third doped re~~on is a P+ region Evith a dopent 5
concentration between | E2U and 1E21 a.-cm. 7. The protection structure of
claim1l wherein said fourth doped region is a N+ region wth a dopent
concentitainia plaahube The main m2bihagy syskEdd cauld aiso Badsetidn nenjenctipn sith déforeorwi t h
said P substrate. 8. The protection structure of claim1 wherein said thin
i nsul atﬁsfﬁtgﬂaﬁy&f e @Sush §s Sbnisil-BSROMEW) b ieMiuntnigideRITRRORES befhvgen 4U
and 18U . ~ and said crystalline conducting |ayer consists of polysilicon

W th a fhj ﬁ%ﬁﬁ]ﬁ? ;f g\gﬁgﬁgg%%gg%er%oggtemﬁﬁﬂxg Wk Rre V2B R cBBbA1S} BFRN

bet weensa urth regions. 9. 1he protection structure of

| ai . [ [ I f i IRY I .. W AR id
Cust r ateCHaEEeS oelpe B BeaPb B or PR chrE o PN rar g D, D

t>~pe | s accunul ation layer Evithin said substrate under said gate region
for % neqrampulys kppws fasriiariee Commorypputisring methpenwagld fe R @UBFIg oz m 1
wherein the interface betvween said P ty-p~ accunul ation | ayer under said
gat e st maghammoa spoitkrmgi WithHang agalebd, therwifer ie laoketédbwits the mealoidn ghitaeedaindnent
with zener like trigger characteristics. 11. The protection structure of

cl ai m 1ydhated et Rnidite bl aeaind AlnRIaios athd mérlingyy N t&i Beilhay Bkt thgerunder
said gate structure and said P+ doped third region forns a third di ode

el ement ¢ th%ﬁ,gp&rm M&@r%[:édﬁﬁmghar acteristics. 12. The protection struct ure

of claun érein sard first freal conductor clwnt van by a lirst or

second | ayer Or BRI Rld hac A8 el ok DR 9P B THLALL B et

yts as an an ecting a portiron of sal asna 0
provide a voltage_ for said poly gate 13. The protection stryucture of claun
1 wHér ecAvEHg 18fkE4@ lbaﬁ?aosgﬁééeﬁ’awgﬁl@wé{»av nERPI) OB RPTOBNSPARIYS sitetinglas
- charge collected and thereby controls the voltage of said gate and trigger
. vol t age (BPS&ai 8s gerottetinifog davhe gate sorductoTRB, ‘phioh alee fayms sher digpmy antgnagisaj m
-1 wherein said top passivation layer covering said structure
connected to the N-well N+ contact 24C. A separate conductor element 30 connects the deviee to
the active circuit input pad, and another conductor element 32 connects the P+ substrate contact
26 to the N-well N+ contact 24B and then to a second voltage source, typically ground.
15 Fig. 5 shows the top view of the horizontal topography of the DLPP device. The input pad
metal 30 is showst connected to the P substrate N+ contact 24A. The polysilicon gate element 20B
“extends between the N+ contact 24A and the P+ contact region 26. The N-well 18 extends
between the N+ contacts 248 and 24C. The metal antenna 28 is a digitated 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 ccon(_)my of arca important to the requirements of

decreasing device size and increasing device density while at the same time providing sufficicnt

volume to handie plasma charge current flow.



consists of SiO_or silicon nitride or borophosphorus silicate glass with a
t hi ckness of between 3UU0 and 7UUU X . 1~ A sem conductor device protection
structure on a N doped sem conductor substrate for active device protection
from pl asma i nduced damage conprising: 10 a first region of P doping
extendi ng down fromthe surface of said N doped substrate; an insulating

| ayer. for structure elenent isolation; a plurality of P= doped second
regions within said P, doped first region: a doped Nt third region within
sai d subst r a8 Sandrongh SEethovsgnghiryerbedimen of Jdaventen By adN pubsalsdd8sHar t h
region wthin said substrate, 15.a thin ulide insulatjaon |ayer covered with
ol ysoh et B8 st B TR e oo atiee iEehd LBl Biadisetar e
surface, ¢ 4 a b aY! ire'ld-qn and, said P+ fourth
Fegi on: DA 20oR0BN 5L MSATLE8! berlicor RABRL M CN AP TpE Rt By ¢

sai d gabenRpkyskl iw‘&ﬁ'?;l 1ﬁa&ﬂﬂﬁgé1<gﬂemrg,?agﬁe%nty 1|8t0§é§§pﬁ’éﬁq(?.@ltoraythﬁﬁxg%98f Y&whéh

process charge accunul-ation an er 30 end’i's connect to one said
P+ dopeghsueaontlto’ BO00ATH daffe®e Pdwabhsh 1 e NdHARofik SRBNE pRARNREL hAdhesal d
f+ doped fourth region 4vith active deuce input pad; a third netal

conduc. paf@hedentthe paheddd hp aal SINNH depeding kidth negi Pavel\airdall 1snNThisai d P+ 1;
doped second region closest to said third region and to a second vol tage
sour ce; fdiovep byassiscptiramplaal ¢ypiedy evsiwith sainderstatior ofllretwcchGiboThEE Igratlect i on
- structure of claim1l ~ wherein said first P-doped region forns a P-well

~wi thin d81daiqrdgpean sumey lexgldetwach 38 8 FEAte\c aersbing ims Povelifoppet t veen 1E16

~and 1E18 a' cm . %3% 5 poss in i sti;ve and capacitive characteristics.
17. The “PRGPRE] @P?%Etlgjg B 1E‘E§F‘ﬁf“l ~ wherein said insulating |ayer is
fiel i de t thi ck ween, U and 1LULY = ~. The pr ¢ }
st oreof 1 SPte S Ak BB T AR i g paige AT SRR a3 38T
A S B o M L T
dopent  GIRAE RMdaRY w% EPRAS Y ABthak B ARG dal 1R1E M 13321@- /¢ F?aﬁ({ at G&lhOLY

structure of claim1l ~ wherein said fourth P- doped region has a ddpent

- concent radbuton fsokesweeproli anfthcl Egoradcpiy taRbof & na Fhnhal 18bodemM th
said N subsu-~at e.

As shown in Fig. 6C, the partially completed structure has been repatterned and etched for the N+

—
ih

contact region 126 implant, typically done with As with a dopent level of between 1EL3 and 1E15
a‘em’, and an energy typically between 20 and 40 KeV. This results in a N+ contact arca 126
dopent density of between 1E20 and 1E21 a/em’.

Fig. 6D depicts the structure after reestablishing field oxide 116, depositing, patterning and
etching metal 128, 130 and 132, typically aluminum, but could be other metals as previously |
20 described, and covering the structure with a passivation layer 136, tvpically SiO;, 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 reference to the

preferred embodiments thereof, it will be understood by those skilled in the art that various

"2
n

changes in form and details may be made without departing from the spirit and scope of the
ivention.

What 1s claimed is

1y



21, The protection structure of claun 1 ~ wherein said gate el ement oxide
insul ation layer is 15 beriveen 4U'and 18U :$ in thickness and said gate
pol ysiliconlayer is beUveen Z000 and 30U0 .~ in thiclness and which said
gate elenent forns a N h~pe inversion layer within said substrate under
said gate rejon for a positive plasma charge and fornms a P tye accunul ation
| ayer within said substrate under said gate region for a negative plasnma
charge; 22.mifBSdRIRIRGLE phtstion sthithec 0h aGLBiMC3 prten attivetdericenfrenf ace
beriveen said fourth P+ region and o said N ype inversion |ayer under said
gate structure for ] k element witli zener |ike trigger

char aC_Pf(:éif‘IP%fL‘l}iméE‘; 85@%@%‘?%@% structure of daitn 1~ 4vhcrein the
interface beQueen said. N+ dope L ~% Al alcype accumul ati on

| ayer ti - don RS g f"@“’é‘t"ﬁ‘%&‘?‘&géig{‘]’grﬁ%s‘ﬁ g“‘t“’ﬁﬁ‘r‘%qgisg‘ esgt(’:bﬁéﬂ%nt with I~

zener |like truer Qharacteristics._24..%Qekptotection structure of claim1l ~
wher ei n sai @nfipsulpinglayan FoF SRMIRIE SEMENESEMIC™an be a first or second or top
metal |ayer, and said nmetal charge accunul ation el enent area acts as an

ant enna col laegitdality of doped seopndotegions Within saRAITHHIQPHEIEShr o~r i de a vol t age

for said poly gate. 2~. The protection structure of claim1l~ wherein the
shape and sizgoefl dsal fgivatwithimsidnbsraomd oljacctihio saiddusttdoped wEWRge

coll ected and thereby controls the voltage of said gate and tri~er voltage

- of “sai d protegtiana@ytehn vithin SHesid@ite 6f besbshd detfdihen efid sutalranl wher ei n
'said top passivation |ayer covering said structwe consists of SiO_or
silicon nitride or .bor S. IEErIN N . o & Qv lon saidls Modufte

- fabricating %gﬂ[il 8‘8%1“??‘131@%&“@?%%@6@ aa}eﬁ?ﬁégu%hﬁﬁﬁgnﬂ%%‘%donssgﬁbﬁﬁlduct or

substrate to protect actjye ,seni.conductor devices from plasma charge

i nducedOYFaiyEE BIRYFFLE t\f‘“fic?ﬁ‘%ﬁ"rgl ‘%PF‘gf"%ed rer~on on said

sem conductor substrate. formng an insulating |ayer on said substrate for

el enent i sol atﬁrssmeral@pmmg)raiememamqqrgd'odemﬁblﬁéWé%ﬁ‘aW‘ggﬁﬁ’btﬁ Wi thin said

doped first region; 15 providing a doped third region within said substrate

and adj acghictit@lagaiviilf itapt gehopegt coedicnr; o pravisdibarge acelpadionags pFideiian

wi thin said substrate of opposite doping than substrate providing a thin

i nsul at i;g isSdohh&9sH @Xindeaiiay®nd copel egioky a conducting pol ysilicon layer on .

sai d substrate over the region between said third and fourth doped regions;

formng an i qzsslé!:&fcf A8 BYRLIVEEMER L GnRUBRE Jaff RubH dbAGEegdA Wilrsadnwia first

e

nmet al conductor enent for gate conductor. charge accunul ati on antenna and
one secopd. regi on cont act :
: ci?mceuﬂ)utpacﬁ _

-1 a third metal conductor element connecting said doped third region with one said @pcd |

in

second région closest to said third doped region and to 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 s.emiubnduct_or.
material.
20 3. The protection structure of oldﬁnl_ wherein said first doped region forms a N-well with a dopent
o concentratioh of bemfeén 1E16 and 1E18 w"cn}"‘ and possessing resistive and capaciiive
characteristics.

4. The protection structure of claim 1 wherein said insulating layer is ficld oxide to a thickness



form n<_ a second netal conductor elenent for the doped fourth re~~on input
contact; formng a third netal conductor element for one said doped second
area, and doped tltird t5 area contact to a second vol tage source;
covering the structure with a passivation |ayer. 28. The nmethod accordi ng
to claim27 whereby said doped first region is doped with a donar dopent
such as phosphorous with a doping | evel bettveen 1E16 and 1E18 a,'cnl to
form I [ ith a dopent concentration between 1E16 and 11:18

_ ; 8 dhE8ILGR W _dop _ =el !

a:' cm%“l%g&l iﬂ%é ‘et hod accor di ng to claim 27 whereby said insulating | ayer
for elenent isalation,.i i Q8 ereieliid AEanRIdf ¥e@ho dopddaegondire Rites s

bet mee?r’r%?dﬁoffh%‘mlsf%ﬂwe}g%ﬂgﬁll ckness. 3% The nethod according to ol aun 27

whereby said plurality of doped.sec ' 2n@ysai d fourth region are
doped tﬁglqnéﬁ“‘i%ﬁp‘io&’ﬁ’ﬁt %/ﬁ“i’?{‘tr&g‘g‘bﬂ%?&dg%gln - o# (ag?:ggnié with a dosage bWW\een

to 1E13 and IEl ~ a,-cm and with an.cnery.l.evel , bet ,@(g,d,. Y tO
fornl K+Thegiogegon gruciugp ef ﬁ]é%éﬂ"}ﬁﬁ%?ab‘? ﬁ’érdtdgp% lé’f%‘r% 5?%%2% nglgiggb%oped
third re~<ion is created with a donor, dopent typically boron with a dosage
bet weeRroddebRativithetirdd E2mnddkd 1 &Fmaner gt' | evel of beriveen =10 and 80
KeV. 32. The nethod according to claim27 whereby said silicon oxide

o nsul'atﬁ_r-rml:%y&écdoﬁ stri@tFmRificnirhd giowein aid fourth doped segiasris ASYVIFEOR W & 0 180

- .4. 33, The 'nethod according to claim27 whereby said poly I‘.{%r _3%te
~vlicrent is deposi ) 4odi 15N esEn’0fnd2080s & Brs80iI00: with andPi s doped
with pHEPERGY h%ml{agg%rg%%ﬁgéa%opent density of beriveen 1E17 and 1E21
a,'cm. . 34. The nethod according to claun 27 whereby said netallm'v
'system%“?s%f)osi ted using bl anket 20 evaporation and is doped with lo

silicon. 35. The nethod a(F:Pg‘ rdi gg@&o daVH;t&%@g}ﬁ;g@@l?&(reP@Jngis&iofﬁeanstﬁ%”d and

t kw d n@tBie profegien SRCBIefpHpE T8k ¥t pat terni ng and plasma
etching. to 36. The nmethod according to claim 27 whereby Iy SipMat i on
| ayes | sitia thchmesnbetriceet@abbit < dlnﬂyalﬁr@@\%ﬁhl&%i‘- @J‘%}A‘%eﬁa‘é"ﬁéoﬁ%ésd %fﬁ ﬁs}%ﬁmﬁ

source or dichlorosilane source at a tenperature bettveen 40U an€ 7l(fQ ¢
37. The Bt efkass demicay 200 oiddoR02Y and Ermby poki erlipderasny et paiy tyrdiag

Si O deposited LPCVD 5 using TECS as a source at a tenperature between 4UU
and 700 (£, 138.nciNEeifRt hod according to claim 27 whereby said passivation.

| ayer i $ bor op%osp‘hor us silicate glass deposited by LPCVD using

di chl or gsil ane w LLILQUS PxhdewRiEn RRG $aRIcRencanthrats bOT Bpe imbrs@n layer
terrpera'gblsJ el?é?%‘et%)%s%ﬁ{h&;bzd' 7UU C. 39. A nethod of fabricating a diode
like protectiaon device agn a..N done 1 SAREUGLAE Bithsiddaband #Plgepr Ot ect
active s‘@t‘h‘@é‘ﬁetﬁ&*’gfmd’é'a‘éreséudf?agemggl%gsﬁfa%%ﬁlar ge I|9néluc§d damage conpri si ng:
formng a first doped P region on said sem conductor substrate. §a6aing an
i nsulsat | nguinaleon ersEtEn S8 S HSLRE G béﬁeﬂ?ﬁ%&e%"%g ot ‘?‘6??‘ "f‘g%’ﬁd”ﬁ‘d 3
plurality of P+ doped second regions within said dopeditéaﬁst ‘_re‘q)idolﬂ:l. .
provi di nm_amkgﬁeﬂcﬂi&m dnfuictugk: efsgaionl whenkindhe itaiase beitveer @ihn PRdE RN o
said first f doped 15 region; ) .

_ . fayer under said gate structure and said N+ doped fourth region forms a second diode clement w;th

zener like trigger characteristics.

" 11. The protection structure of claim 1 wherein the interface between said N type inversion layer
 ap  under said eate structure and said P+ doped third region forms a third diode element with zener
Fi - 5 . . .

like trigger characteristics. ]
12. The protection structure of claim 1 wherein said (rst metal conductor clement can by a first o

second laver or top metal layer, and said metal charge accumulation ¢lement acts as an antenna -



provi ding a P+ doped fourth region within said substrate; providing a thin
insul ating silicon ovde |ayer covered by a conducting polysilicon |ayer on
sai d substrate over the region beriveen said third and fourth doped
regions; refomvng an insulating |layer over said substrate surface; formng
a first netal conductor elenent for date conductor, charge accunul ation
antenna and one said second region contact; fomung a second netal conductor
el ementqife@ling dgordopetisaldpltdni ¢iagdeon providi a edtgatir saif elyigats. a third netal
conductor elenment connecting one said doped second region and said third

doped. ﬁg_gfﬁéj}gr%EEQﬁérpstﬁﬂﬂl?@Sﬁ cilifh BwhsRante YRlpkage sisouf LRl menMaidinng codtenls
structure wth a passivation |ayer. 40. The nethod according to claim39

wher eb id doped fi . ' L8, '
“bor on g Ao gf Phaee bkt S el ERRRIL M IR o R Bl B SRR

region 5 with a dopent concentration between 1E16 and 1E18 a~cmi. 41. The
nethodsaédﬁ?@?ﬁﬁcF “&l ai m 39 whereby said insulating | ayer For el ement
isolation is field oxide wet thermally ~ocvn tqQ a tgicknegs b%&L een ~UUU
and 511060 Thi pratestion sedcsure #5 claypd WRSEHB 1% EQPRBTTIFOR 6V VIS %fr“é V° said
plurality doped second regions and fourth region are doped by ion inplant
Avith aofsisrof Siipemntsiliobn higidsrorderathospheosadisat sy witha tpakaesif brbvaer| ~
alcm and with an energy |evel between 2U and .IUlieV to form1 i+ regions
wth a gigpemnd ©oogentration beriveen | E2U and 1E21 a:'cmi. 3. The net hod
according to claim39 whereby said doped third region is created with

ar seni CM%JQgﬁcéﬁ{_a?%&fdcegf\%fE%ﬁ&ﬁ%ﬁ%ﬁuaﬁﬁ ShELNdoped fode madciansubBedta forlaetred  of

bet ween™.2 to produce a N+ doping concentration of bWveen
- 1E21 and 1E22 a%m. 15.4-1. 5g%$ iccording to claim39 whereby said
sili cong‘é‘f“redémfehg% fé?%rplﬁsrélﬁér}d-qegd ?ﬁér oﬁ@ﬁg%ﬁh to a thickness of between
4U to 18U .~. 4> The nethad according to claim39 tvhe ﬁb sai.d poly |ayer
gat é%el enent aifgsta@%%ﬁlgaomg E\VB“{'% ﬁgflhﬁewg‘é §urg|f.e E{ﬁb& o%:?fﬁéuq’.b&&ﬁ’si ng
‘and is doped with phosphorous to produce a doping densit)~ of beriveen 1E17
“and 1E21 aacnh insulagngiByerthestristiie dicasaiobdatifg: t o cl ai m 39 wher eby said
insulating |ayer consists of SiO_.to a thickness of between 00U to 11U00
.~ 17. The ngpilhakyafPerdpedsdcond regioms 3Gthiwhaiddbyomdifdstregiet:| ura~ systemis
deposited using bl anl:~t evaporation and is doped with 1o silicon.
a doped N+ third region within said substrate and adjacent to said first P doped regton
a P+~ doped fourth region within said substrate;
1.‘5 a thin oxide msulation layer covered with a polysilicon conducting layer forming a gate
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 polysilicon
conducting layer 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 element connecting said P+ doped fourth region with active
device mput pad,

a third metal conductor element connecting said N+ doped third region with one said P+



I's 48. The net hod according to claim 39 whereby said first, second and
ttw-d netal conductor elenments are forned by patterning and plasma etching.
49. The nethod according to claim39 whereby said passivation |ayer is
silicon nitride deposited by LPCVD using a silane and amoni um source or

di chl orosi |l ane source at a tenperature between 5 400 and 7U0 C.. ~0. The

nmet hod according to claim39 whereby said passivation |ayer is Si Oz
deposi&o?dd LROND rbsdmgosERUG said tlardsrupaandto astcenpreolages®irbet ween 4b0 and 700
C. 51. The method according to claim 39 whereby said passivation |layer is
bor ophospho kdi s sepapidieeir®y LPC VD using dichlorosilane with
nitrous ov e@r@gg&agg%%ygﬂe%ﬁi borane at 1o a tenperature bettveen 40Q

and 70 o L o A ~ i it e - idNBHEER PR Ithin -
PROTEC*I‘%‘C’&%e g&l%?\’l/-fe strulg{l%e grlﬂr%@di&)dggg%lne P>D protection
(DLPP) device structure_.an rocess_.are _d j _ i3 ree
associ e Noned subsiat 1t ﬂag?p-%nF ‘éod}“B‘Hraélr%ré Of g‘?ﬂr{#@%?g%mgr@ lsl\ﬁﬁd\g?%“r’%ﬁé".a The DLPP
is structured as a butting diode with a polysilicon gate above the butting
r egh onposhsingaewstive apbrPasiiEchaPCE™iESal  ant enna el ement and to the zener
li ke trigjer elenent of the deuce. The N-well functions as.a resjstor and
capaci 10r Thupfoertitresmeane bheaipol § wharein witkinstiatiag iy ch dicld R ‘Bs"t‘i“a‘" 'S The
antenna picks up a portion of the plasna charge to prodide a gate: voltage.
Ther e iysrddnisou@hsd orudoader or accunul ation |ayer for positive or negative
pl asma charge fornmed under the poly gate. The junction of the effective
zener 'q'89‘f‘ﬁﬁb§ot@%HggEr\'}\étﬁreto@%1ahﬂtlgrvsf}_éi;&l bt bMEmE dftpbit PPecdond esgimmatay er
and P-

and P+, or ~pe accunul ation |layer. Changing the shape and the

~ size of_ the antenna changes_ t t | tage, and subsequently the truer
vol tagéiO(BF“tt"ﬁ’Q"‘fﬂ_“I@E‘?“ Eﬁ?‘%‘faenn ‘el dlelgﬁ'gp?’e“r%gte'i on, any charge on the poly

gate or associated antenna has been disch gﬁeg tl &?%Jq%h i h%. N- 0Icl ; resi stor
~ andia hek:flde@refecionaiHepesrfs{am Jod er?%éﬂlg yaopst TEad Al ‘I"l\ée%ﬁy deuce
| eakage. Axt alternative enbodi ment uses a N doped substrate with
appr opriaicedtyatido peavonr LE2@ aetl EBHt alem.regions. FIGURE 5 .0 . A NO
. Al B. AB. AH . A/ . A. AO . AKB. A% AKB. A<. AN3B. AB. A| N%6 AB. AB. A. A&% A . AQ% : "E45 C
(@@ GORR%@HEHR GRS @Bn@D whe@ah Gl @uE0P Gid@EdregionAey 1 $NFT n &L v

0%$[ } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cglfealeHndrvateal ¢ 6 ald af TR/ @ d Ydrmsla first diode with said N substrate.

B} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca

~lca] ca] 9_?] fl‘?@ Is:r%]ce%e‘clr? qht kS 8t A3k 83 Wherein said gate clement oxide insulation layer is

15 between 40 and 180 A in thickness and said gate polysilicon layer is between 2000 and 3000 A
thickness and which said gate element forms a N type inversion layer mthm said substrate under
said gate region for a positive plasma charge and forms a P type accumulatiqn layer within said
sub.strate 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 type inversion layer under said gate structure forms a sccond diode element with zener like
frigger characteristics. .

23. The protection structure of claim 15 wherein the interface between said N+ doped third region

and said P type accumulation laver under said gate structurc forms a third diode element with
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pl }xsnid_Z]]]] cg?c;\fca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

aj ca] Ca]‘)%%’ﬁ(ﬁr%ge]lcgg;i %gicﬁﬂﬂ]: eftieRd Pﬂh@ﬁhﬁhﬁ—?ﬁp\{ssﬂaﬁon layer covering said struciure

| pl }xsni d cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c]ca
] ca] ca] ca] cha al cal. U & ()-0! 10% & () -
s SR L U

0- 108 &) Aolas o R meosotd o dob 1S SRR [ IO -

- C (10% (& ()-8&% ' 10%& ()- ""10% & ()- .Q n . iy
b @$1 00416 pOSkstLEYe-serivpueten deviges ey, pSrp.chitge indyped damage comprising:

- 10(s63"10% & ()-i343"10% & ()- &L v OxY7b@)'' 10%H& ()-310% & () -

| 94.0% { & () - ! fiiwiag h1RUBRPS&rdeion dn RiDgmigndpcoRIYFaLe;

& () - 03[ wUeb@.: 10% & ()-v!/ 10%,& ()-!8-10%, & ()-=!,10%, & ()- !y )
109% 1 & () - =forRng anlil¥etlink &ivé) orrsdidinjtsirinCEG10M0ispRtiont 090x& () - 10,

forming a plurality of doped second regions within said doped first reglomn;

15 providing a doped third region within said substrate and adjacent to said first doped region;
providing .:1 doped fourth reglon withi_n said substrate of opposite doping than substraic
providing a thin insulating silicon oxide layer covered by a conducting poiyéi]icon layer on

said substrate over the regiqn between said third and fourth doped ﬁ:gions;
forming an insulating layer over said substrate surface;

20 forming a first metal conductor element 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 element for one said doped second arca, and doped third
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32. The method according to. clairﬁ 27 whereby said silicon oxide insulator layer is thermally
15 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 aiem’
34. The method according to claim 27 whereby said metallurgy system is deposited using blanket
20 evaporation and is doped with 1% silicon.

35. The method according to claim 27 whereby said first, second and third metal conductor

elements are formed by patterning and plasma ctching,

lo
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39. A method of fabricating a diode like protection device on a N doped sermiconductor substratc
10 to protect active semiconductor de\dcés from plasma charge induced damage comprising:
forming a first doped P regi_on on said semiconductor substrate;
forming an insulating laver on said substrate for element isolation;
forming a pluralits/ of P+ doped second regions within said doped first region;
providing a doped N+ i:hu'd region within said substrate and adjacent to said first P doped
15  regon;
| 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 clement for gate conductor, charge accumulation antenna
and one said second region contact;
forming a second metal éonduétor ¢lement 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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oxide wet thermally grown to a thickness between 5000 and 110004 in thickness.
42. The method according to claim 39 whereby said plurality doped second regions and fourth
~ region are doped by ion implant with a donar dopent of boron with a dosage between 1E13 and
10 1E15 a/cm’ and with an energy level between 20 and 40 KeV to form N+ regions with a dopent
* concentration between 1E20 and 1E21 a/er’
43, The method according to claim 39 whereby said doped third region 1s created with arsenic with
a dosage between 1E13 and 1E135 a/cm2 and an energy level of between 20 and 40 KeV to
produce a N+ doping concentration of between 1E21 and 1E22 a/em’,
15 44, The method ﬁccording to claim 39 whereby said silicon oxide insulator layer is thermatlly
grown to a thickness of between 40 to 180 A.
45. The method according to claim 39 .whereby said poly layer gate element 1s deposited bw 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 layer consists of 510, to a thickness

of between 5000 to 11000 A.

47. The methed according to claim 39 whereby said metallurgy system is deposited using blanket

‘evaporation and is doped with 1% silicon.
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111 ) <OB1PRE fcthbd Acot@¥E 1 d dainD39 whereby said passivation layer is silicon nitride deposited by
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LPCVD using a silane and ammonium scurce or dichlorosilane source at a temperature between
5 400 and 700 °C.
50. The method acéording to claim 39 whereby said passivation layer ié SiQ, deposited iPCV D
using TEOS as a source at a temperature between 400 #nd 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 a temperature between 400 and 700 °C.
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region. The gate is connected to a metal antenna clement and to the zener like trigger clement of
the device. The N-well functions as 3 resistor and capacitor buffer between the poly gate and
antenna and the substrate. The antenna picks up a portion of the plasma charge to provide a gate
\foltage. There is an inversion layer or accumulation layer for positive or negative plasma charge
formed under the poly gate. The junction of th.c gffective zener diodc'is found in the interface
between the N-fypa inversion layer and P+, or N+ and P-type accurnulation layer. Changing the
shape and the size of the antenna changes the gate voltage, and subsequently the trigger voltage of
the DLPP. During normal IC operation, any charge on the poly gate or associated antenna has
been discharged through the N-well resistor and therefore no channel exists under the poly gate
minimizing any device leakage. An alternative embodiment uses a N doped substrate with

appropriately doped well and contact regions.
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