ao NAY 2006 Low Tri ggering N MOS Transi stor For ESD Protection Wrking
Under Fully Silicided Process Wthout Silicide Blocks Background of

Invention 1) Field of the Invention This invention relates generally to
fabri.cation and structures of sem conductor devices and nore paraﬁi@i'a@p@

to ‘t he fabriygat{ tro Stati i scharge (ESD) device and nore
particul arl yﬁfg%]h%%é%%l? @rlgt'a gﬁic rénsﬂit%rcﬁ)élf&@q(@@ﬂ)“"gwwlﬁ'& %stliqfi@uﬂy Silikided de
process. The invention rel at e%rto device for on-chip ESD protection. 2)
Description of the Prior Art TREH tYRRUMASAeRIotks st or has been widely
enpl oyed as the pri-mary conponent for an ESD protection circuit in

sem conductor I C devices. It is well known that silicidation of the drain
and LDD junctions reduce ESD performance significantly. Mst salicided
process have a renoval option which allows unsalicided areas (e.qg.,

resistors) to be fornmed and usg, B Qoi r‘rﬁlﬁnt t o make junction deeper and to
overdose the lightly doped region o ou I8 ¢%r better ESD per f or mance.

NMOS trans'g)sygrcpofqﬂ@ﬁlggrﬁmhn a cascade configuration provide robust ESD
protection for mxed voltage I/Oin both silicided and silicide-bl ocked

t echnol ogi es. However histhestids -G 9% grg i ce.has. hi snapback vol t age.
_ S 1 nENY S%ab i
Also. the high snapback volTage 019 ehe o fabu %xona structures of semiconductor
devices and more particularly to the fabrication of an Electro Static Discharge (ESD) device and
‘more particularly an Electro Static Discharge (ESD) device using a silicide process. The

invention related to a device for on-chip ESD protection.
2) Description of the Prior Art

The 'n-type MOS transistor has. been widely employed as the primary
compoﬁeht for an ESD protectioﬁ circuit in semiconductor IC devices. Tt is well known that
silicidation of the drain and LDD jungtioﬁs reduce ESD performance signiﬁcantly. Most
saltcided process have a removal cption which éilows unsalicided areas (é.g., resistors) to be

formed and use ESD implant to make Junction deeper and to overdose the lightly doped region of

‘the LDD for better ESD performance.

NMOS transistors stacked in a cascade configuration provide robust ESD
Protection for mixed voltage I/O in both silicided and siiicide—blocked technologies, Howevef,
this kind of device has high snapbabk ‘voltage. Also, the high snapback voltage of the stac.:ked
NMOS degrades its IT2 (IT2 is the second breakdown trigger current)) since the power

dissipation is great. The IT2 is the current at or before the MOS gets into secondary breakﬁown
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| eqr a | | i i nt)) since
des its 1T2 (1T2 is the second breakdown trigger curre
ngspgag;a dissipation(is great. The 1T2 is the current at or before the
MOS gets into secondary breakdown 1 0O PRAE Z?OSh(tEﬁégagnéprgaEﬁ%h%v'?ﬂ%
i e

damages) The higher the It2 , the nore robus > and the moner

: he process technol ogy where the silicide :
EgPujc)th- r ,eﬁ 2@%?‘3?,‘5 ”é’%“se“ BES) o1 Ehes (i oabr goregolisbe NYQSetdeichighasthe

' ' i i ; t he need for
ssar niformtriggering of all fingers: So,
o vol 1 age” tor o anf op st diosy Hismuihe shond @Spnpatonm st st G 5

. . . . ESD
i N MOS device that is used in the prior art .as an
328:,\@ eé ?hgg[]s‘? ?Feﬂ%% %"F"éaba‘“'nﬁb‘éﬂ%&)“f’b‘ﬁ?{k WABRIGESFATY 1A apuse wefoom irtygetipelfelv.  The

i i i h in cross section and Iayoup in Fig. 5A
ISZII ggl géng%l\k%sé%Béj%\%ﬁoer\l}%gg\X? ltal(é\f/’\%ier%‘tﬂ Ok ssrolrrempNcatas S peatettismap back

[ [ k holding voltage. FIG 5D
curve for the ESD device. Vsp is the snapback
shows the electrical schenatic of the device in FIG 5A. Wen a

- i ns). . cons current pulse is applied to the
drain with the source Nad QA8 tenEl Pol TN ettt weg subs ke cgrounded)

i i rV characteristic shown in Fig. 5C. At normal
E)Bgrg'? Ygﬁ%ﬁgwé%v?%\éﬁémgf '#d %@Jg%aﬁ BeyPRRsTY Atedlescabeshbslona Sbe singtreprly Ne dr ai n

i flow as a result of
d t i r d,,current starts to ;
PTact o oiiRaeis inn L SABN SR b T oA At Bushoms 1 penriceIIol (|

and vol t agsC Solvs thetM@uIE NG Haklg&?{?sfog s E?é Hg‘ﬁ%ag% is égg%a@tt)a{ckgglg{ngﬁ;[ r S Rte
Iti and voltage is related to the channe
trigger voltage, FIG 5D shows the electrical schematic of the device in FIG SA. When a short-duration
(100 to 110 ns) constant current pulse is applied to the drain with the source and gate tied to the
substrate (substrate grounded), the de\)ice should have the I-V characteristic shown in Fig. 5C.
At normal operation, the device i‘s off because the gate is grounded. When the drain breakdown
'voItage, BVdss is reached, current sta&s to flow as a result of impact ionization of die reverse-
biased drain junction. At current Itl, and voltage V11, the device triggers into snapback. The
-trigger current It] and voltage is related to the channel length and BVdss. Note that the trigger
voltage point (Vt1, It1,} is riot the same as BVdss, BVdss, usually is defined as the drain
junction avalanche breakdown voltage at a specified drain current density. The trigger point is
“the point that has tﬁe highest voltage just before snapback. The snapback region of the I- V
curve is roughif linear and, therefore, may be represented by a snapback voltage Vsb and a
differential resisl;ance Rsb. The snaﬁback voltage Vsb is defined as the linear éxtrapolation of

the snapback region back to zero current. Care must be taken to avoid defining Vb and Rb by

'extrapolating from low current values near the point where the I-V curve changes slope from 7
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voltage point (Vtl, Itl,) is riot the sane as BVdss. BVdss, usually is
defined as the drain junction aval anche breakdown voltage at a specified
drain current density. The trigger point is the point that has%ﬁW%@éﬁest
vol tage just before snapback. The snapback region of the I- V

roughly i gggve de .t.t he_[,efgr e, mai; be represented by a snapback voltage Vsb
and a  di fTErentt Al astEredpiedheshies qfiiésb sndRiarde solibagemnabsismeel i ned as
the |inear g&gtag%gﬁ)(lme}ttei an . f_the snapback region back to zero. current. Care
must be taken to°oavolas dah iR N oRe Rshipchaique. abehiat itrdighramed:ow cur r ent
val ues neay. i.n e the |-V curve changes slope from2 S 0 MAY 2006
negati ve ?Voa l%ggrie? é?%/véﬁt téiﬂ‘ﬁgl?SYeSFse‘f’e Pe5e Q4P thels retherVie threriow Rsienvediess olbai ned

from measufg > at -hi cyrrents with the transm ssion-line pulse
t echni que. %%@2%@3; *’{I’E*’gg% GHO %EPeSN“h YHIcisady bglecurshtdRafiowing inERDnepak s, we

need to usggLh ther than the, |ow current val ues when designing for
protection galgé?ﬁr?sc{e@lég%.ggﬁitn{%’ ssupd F@F@ﬁf"f‘ywﬁid@@‘ewﬁmﬁtrigge&b,oini (ailey i n the

snapback  d&8i:854; 2vice triggers into second breakdown. W define a
second tri (fjjgerP pétllgtnt? %tegﬁgfeﬁ?gt% m%iﬂ?@’é?&bﬁ&?“ﬁ@@@%e Seqondjbreziidogn fsitiem

snapback i0, S8R wn. Second breakdown is the termused for
power bi pol ar devi gesé?!tb %@#&ﬁ&"lvgg 8 "dfrate thegrgtme of thermet madway unhwargntand

current- iiRgdpalility. The follow ng patents show rel ated ESD devices: US
5, 898, 205(Lee), 'US 5,519, 242(Avery), US 5,969, 923(Avery) , US
5,559.,352( Hsue et al.), US 5,043, 782(Avery) and

The following patents show related ESD devices: US 5,898,205(Lee), US -

5,519,242( Avery), US 57969,923(Ave:y), US 5,559,352(Hsue et al.), US 5,043,782(Avery) and
US 5,689,113(Li et al).

There is a challenge to device a new ESD device for silicide process that

- improve the ESD performance by lowering the Vt1 and lower leakage.



9, 11 i i i ESD devi ce
89,113 (Li et al.). There is a challenge to device a new |
;J(?r 5§?I i cide E)rocess that inprove the ESD performance by |owering th E/tl
and |l ower | eakage. 3 90 MAY 2006 Summary of the Invention It is an objec

of the present invention to provide a nethod for fabricating a%%ﬁiﬂéﬁw ce
with a l'ower trigger voltage and | ower |eakage. It is an obj ec e
present invention to provide a structure of an Electro Static scharg

(ESD) device that provides bet ter rgrot Eélteir}on w t hout process changes and

addi tional costs. 1t is an object of ‘t**hE&PPEIEAE i nvention to provide an IC

i i : Electro Static Discharge (ESD) device to
o used 11 1 ahi p. i aerCr Sh R ROS TS Hett G R uegr b obj eot

. ) <D
asandevi i nethdan_dasjtr_ucfture of _anE _
gfev;[ Eg FLat O%eg:cggﬁgfg I?%éh%gg{ov%é %gcglsgggri 153?(8%13-\,\5 th silicided drains. It is

) ) : _ f
- i esent, i to,provide a thod and a structure o
:2 Egll:)egfav?];etpgrp; S?Fkiagiog\eé %E%hggéeggm rﬁ‘ér{“oﬁg’e%m‘ﬁ a SEYEUIR R Aleqte process

4 i [ tion to provide a nethod
steps or oaglc DidcharbS(ERM) 80 @Ghat BJovfdQsebeRtgr%§§Qcttiorll Withont process char?ges and
for fabricating a _

' additional costs.

It is an object of the presént invention to provide an IC design having a
structure of an Electro Static Discharge (ESD) deviée to be used in IC chip manufactured with a
silicided process. |

Itis én object of the present inv;ention to provide a method and a structure of
an ESD device that overcomes thé problems associated with silicided drains.

It ié an object of the present invention to provide a method and a structure of

- an ESD device for a silicided process that does not add any extra process steps or cost.
It is an object of the present invention to provide a method for fabricating a

ESD device with siiicide contacts with a lower trigger voltage and lower leakage using pseudo '

parasitic bipolar transistors.

To accomplish the above objectives, the present invention provides an ESD

device and method of fabricating such device using parasitic NPN transistors. The invention has

four preferred embodiments.



ESD device with silicide cont acts with al ower trigger vol tag?a_ aRdt Ihce)wer

| eakage using pseudo parasitic bipolar transistors. To acconplis i
above objectives, the present inventi on provi des an _ESD devi ﬁe gnmﬁ?oﬁ

of fabricating such device using parasitic NPN transistors. The inve

nbodi ment is a
four preferred eqf MAY. 2006 The first e
Bgfam '? |uc BI pol ar Juncti on%g%?fagtt%? pa&fﬁ‘ﬁ%]@@d Tyetiorn, hrapgistgr sorhpriskhet

d the second N well. The
regi ons. Thenendtelealoss f 9F 9f the Nt region an .
pa?a5| tic basgﬁ?ns forned by The p: E@s@?%ﬁg ggiomeng the ygsandy] walle fToe i s

fit of the first
d of i on. The bene
Iar?ir:)(r)rgl rrentﬁarh?tlf Egesggsrf}{)\g%egrb %}gl tEanagtrﬁt%Orl“g\l/% het‘f@ S510gis feymed of tpditst wall et ween

- the junction between P-
n- welthe fei+tk@p). and P- substrate (base) and
;Bgstrate (Togse) and the n-well have | ower cross over concentrations. The

| ower the cross over «pwgg&gﬁmggte,{l%g#gy\@[hetthe trc'g%ger vol age vil, It

T 18
1). The invention's cross over concentratl ons i ¥ tl‘ﬁ%ﬁﬁ i onal

tion's
#l h1e t ave the |nven
LTt and second pen e vl ot B RSB F e dR it eesn e 11 rot

t ate is
mbodi mentsubsirate aadmlb hwn h@fe lohdterdsd &t co%é‘é ?at er th
Sreferabl yuconné?:alggd to the fi rest n+rreg| on and f%%er\%giaver eross over

concentration, the lower the trigger voltage (Vt1, It1). The invention's cross over concentrations
are lower than conventional NPN devices that use the N+, P junctions and do not have the

invention's first and second n- wells.

The secoﬁd embodiment is similar to the first embodiment with the addition of

the first gate. The first gﬁte is preferably connectéd to the first n+ region and the Vpad |
* (connected to Vdd).

The third embodiment contains the same elements as the second embodiment
‘with the addition of a third n+ region. The third n+region is preferably shorted (or connected)
to the first p+ region and the second n+ region. The third embodiment forms a second NPN
parasitic bipolar using the third N+ region as an emitter,

The forth embodiment contains the same ele'ments as the third embodiment
with the addition of a second gate over the first isolation region. The second gate is preferably
connected to the third n+ region to the first p+ region and the second n+ region. The gate

changes the electrical characteristics of the ﬁrst parasitic bipolar transistor.



(connected to Vdd). The third enbodi nent contains the sane el enents as the
second enmbodinent .with the addition of a third n+ region. The third n+
region is preferably shorted (or connected) to the first p+ re |¢)9 \?%bb‘t he
second n+ region. The third enbodi nent fornms a second NPN para8i £

bi pol ar 'using the thiggldili\g%{%?ei[con ‘?S an emtter. The forth enbodi nent
contains the sane el enBnt & as T Ha" #ivetasshpighs inerition wilkte seifertiniddhet i on of a
ion. The second gate is preferably

second gat irst.isolatjion re eC
connect ed at%f)&}ﬂﬁ%n t%ﬂ??ﬂé%ffmrl gd:ia{)tﬁ”‘ft‘ e?br\’é’%f frpwthedlescrigtiono pr mavchetitnenegbgond n+

regi on. The,@ad & theRANGES .electrical characteristics of the first
parasiti chﬁ? pol ar Y a%'st%?.gbjgct%’ma RV SHEEATYPRtIO8 Mgy bp kst sndand

advant agesb@fnell Bemk 1 i, . set.forth in the  description that
follows, and in %ar{hg\?\nﬂwtmglgmg lt\;/“,:l“;(t%lﬁdsco ibbn ’?‘ﬁ@ar&'&g?ﬁrg’i Rointrput i@ thepapende

| ear ned byiaipg actice of the invention. The objects and advant agesof the
invention may be realized and obtained by nmeans of instrunmentalities and
conbi nations particularly pointed out in the append clains. 6 3 0 MAY 2006
Brief Description of the Draw ngs



The features and advantages of a sem conductor device according to the
present.invention and further details of a process of fabricating such a
sem conductor device in accordance with the present invention will be nore
clearly understood fromthe follow ng description taken in cogjnu,g&timg

w th the acconmpanying draw ngs in which |ike reference nunerals designate
simlar or corresponding elenents, regions and portions and in which:

Figure | is cross sectional i.efyy?for. illustrating a first enbodi nent an ESD
devi ce according to the pr eséﬁ‘f Goanitang theddrgwings 2 i s cross sectional view
for illustrating a s ient an.ESD. device according to the
present invention. Fiegl%?gdt%&?aéqgérvgrs“ggegé’g?FGBHCQPEW%W‘F?S’@C‘M“F‘E%HM@i ng a

third enbogisbri AR LGe gccording.to the present invention. Figure
4is cr osg sect i gnalngr\%}g% \gér}tglﬁﬁ?ﬁgforc %SPE@E’I&;&?W{?}W ERGaTuTER devigs IESD

devi ce acg@dofiah@ Wil thd§eRh L] ntion, FIG 5A shows a single poly N-MOS
device that is used |ér:ﬁ? h(atq%,r%l%)orn ‘g&?ﬂt%eéngreacr%eag’éﬁlcg@{ﬂoagf.oml’—dil@o%%“&hows a top

pl an vi ewdederipth® 18l SRR ice.shown in F|G 5A according to the
prior art. FF% 5C shows 't ﬁjgxrll %t’éﬁﬁf\?gc%‘é{%n YRR BAERD U OFY kg isferensfe ESD devi ce

accor di ng nhierhid Bestink@ kindfy

for corresponding elements, regions and portions and in which:

Figure 1 is cross sectional view for illustrating a first embodiment an ESD

device according to the present invention.

Figure 2 is cross sectional view for illustrating a second embodiment an ESD

device according to the present invention.

Figure 3 is cross sectional view for illustrating a third embodiment an ESD

device according to the present invention.

- Figure 4 is cross sectional view for itlustrating a fourth embodiment an ESD

device according to the present invention.

FIG 5A shows a single ploly N-MOS device that is used in the prior art as an
ESD device.

FIG 5B shows a top plan view of the single poly N-MOS device shown in FIG

5A according to the prior arij.

" FIG 5C shows the IV curve and snap back curve for the ESD device

according to the prior art.



9 0 MAY 2006 FI G 5D shows the electrical schematic of the device in FIG 5A
according to the prior art. 8 8 0 MAY 2006 Detail ed Description of the
PreTerred Enbodi ments A 1st enbodinent FIG 1 shows the first odlg@%t of
the invention that uses a NNMOS structure in a fully silicid

The first enbodi nent 3?5%? parasjtic Bipolar Junction Transistor conprlsed
of n+/n-"/p-/n-/n+ (4 s dlieslee t“cq*ﬁéh@m@féhedes:cmrﬁr@dmccdrmegN+
regi on 36 ﬁﬂg ?f second N well 16. The parasitic base is formed by the p-
substrate or we The col lector is fornmed of the first well 20 and the
first n+ region 40. Also, it isinportant to note that all n+ and p+

regi ons have silicide (or salicide) overlying. The benefit of the first
enbodi nent is the trigger voltage (Vtl , Itl on FIG5A) is |ower because
(1) the junction between the n- well 16 (emitter) and P- substrate 10
(base) and (2) the junction between P- substrate 10 (base) and the n-well -
20 have | ower cross over concentrations. The | ower the cross over
concentration the lower the trigger voltage (M1, I'tl). The invention's
cross over concentrations are |lower than conventional ESD devices that use
the N+, P-junctions and do not have the |nvent|on S (N— P- junction) flrst
and second n- wells 16



and 20. Detailed description of the first enbodiment 9 S D MAY Zg?g rgé
first embodinent is described in nore detail below As shown |nth ,
the el ectro-static discharge‘(ESE? PrOteCtl?Eed?xbgﬁtfggp{higfveseforning
| owi ng el ements. The nethod of form ng _
Iﬁgsemgfgnents. A first n+ region 4Q-ang4a_secondbgsrgfglig 3?&@“@L8@ e
ated by a first isolation region in a su . . .

igp?;ag? do%ed. Afirst n--well 20 overlaps-onlyfatﬁorE!?gtoL+t?gg{BLszo R
i i i i tion o e fi .
i solation region 24 and overlapping a por > egi on

[ ' [ [ j.acent to, but does not contact the seco _
region 36, A Second n- DTS <DL He Erfirimbruimie {17St pt regi on 32

: i d n+ region abutting a fi

and all of a second n+ region 36. The secon _ tng a first
i i i - Il 16 overlaps a portion of the

i solation region 24. The second n- well s T et or region 53
i ion region 24. The second n- well is between e

5ﬁ3'?hé secogdAn+-rﬁﬁﬁmmmdm%enIhe first P+ region 32, and theSZecond N+
region 36 are connected (e.g., 34) in parallel to a source

FIG 1 shows the first embodiment of the invention that uses a N-MOS
structure in a fully silicided process. ;fhe first embodiment is a parasitic' Bipolar Junction
Transistor comprised of n+n- /p~/n-/n+ (40/20/10/36/32) . The emitter is formed of the N+

- region 36 and the second N- well 16. The parasitic base is formed by the p- substrate or well 10.
- The collector is formed of the first well 20 and the first n+ region 40. Also, it is important to

note that all n+ and p+ regions have silicide (or salicide) overlying,

The bepeﬁt of the first embodiment is the trigger voltage (Vtl, It1 on FIG 5A)
is lower because (1) the junction between the n- well 16 (emitter) and P- substrate 10 (base) and
: (2) thejunctioh betweeﬁ P- substrate 10 (base) and the n-well 20 rhave lower cross over
concentrations. The lower the cross over concentratign the lower the trigger voitage Vi1, Itl).
The invention's cross over concentrations are lower than conventional ESD devices that use the

N+, P- junctions and do not have the invention's (N- P- Junction) first and second n- wells 16

and 20.

Detailed description of the first embodiment
' 9



i Ci i i d N+ regions 36 40
i ions 32A 36A 40A are over the first and secon (
ghglfhgef{sgt p+ region 32 Method for first enbodiment W forma r|r$t n+
region 40 and a second n+ region 36ba{e fepiga}gdpbydgpealrsé }gﬁﬂﬁé}?@ﬁst

[ in a substrate 10. The substrate : p- ped. _
L?g;grlzgolgverlaps only a portion of the first isolation region 24fand
over | appi ng a porti on''§firyY Febddiment isrtescribgi iomodé)detaﬂ%fi%w? AItMQ{Yh O%ggg%%/\?%m m a
i ' i i i nt to, but does not contact e _
e on” 36 WAL BRI i - pac kgt e 15 e

i - + region 36. The second n+ region
gggi??ngzgégﬁﬁgf&%gﬁé%§P§ﬁ§g§§P§H@ @gnmhémkgémnmd.n4 wel | EF pverLgfaegn

i i i i ion 24. The second n- well is \

Phe' TSt s gt on. do P31 ERE KEBRR=ow eom oo msinmaute o on 3

] 36_ar onnected (e.g., 34) in parallel to a
223r226523932Q32%0¥%?%ggwﬁgmgé n ‘?%ﬂaﬁépﬁ@*g@ﬁﬁuctlve lines. W form

ilicic i e first and second N+ regions 36
silicide r €9 ons 32A A@% 'éQV%B 36 g"e(?l\"/igsrmsyha portion of the first isolation region 24 and
40 and the first p+ region

overlapping a portion of the first n+ region 40.

A first p+ region 32 is adjacent to, but does not contact the second n+ region

36.

A second n- well 16 overlaps a portion of the first p+ region 32 and all of a
second nt region 36. The second n+ region 36 abutting a first isolation region 24. The second
n- well 16 overlaps a portion of the first isolation region 24. The second n-

well is between the

first p+ region 32 and the second n+ region 36,

The first P+ region 32, and the second N+ region 36 are connected (e.g., 34

in parallel to a source 54.

Silicide regions 32A 36A 40A are over the first and second N+ regions 36 40

and the first p+ region 32

Method for first embodiment

We form a first n+ region 40 and a second n+ region 36 are separated by a

first isclation region 24 in a substrate 10, The substrate 10 is p- doped.

We form a first n- well 20 overlaps only a portion of the first isolation region

24 and overlapping a portion of the first n+ region 40.

10



steps can be performed in any order used in sem conductor

lgﬁﬁfagfhbﬁﬂg. BP Second egbodinent The second enbodi nent is s;nllar to }gﬁ
first enmbodinment with the addition of the first gate 50 ove][_ ﬁwﬁiqp@tion
region 24. The first gate 50 is preferably connected to the _|rf \ t%e
40 and the Vpad 58. I&e nmet hod of the second enbodiment is simlar o50
first enbodi ment with elfcﬁg"aafgétipﬁf%ﬁﬁ%ﬂs‘ﬁ ébafcéfftf%?bulrmgl:%lr?:] gr?:atitﬁige]?(igﬂf e

i ion region 24. Also, we preferably _
g\ée[otrﬁeIr $§%’n+ region 40 and the Vpad 58. It is theorized Fhﬁg thg ?ate
50, when: charged by avaad voltﬁge, Wil create an E!ectrlp_flf unos N
the first isolation region 254G BekL ridre p aartion efiihd frotar-stgim 12amer

atdonlayer, This |ayer could |ower the VtI (trigger
\%l ? age;vA :f? g?ﬁgcﬁgﬁg%’ﬁjﬁbﬁ&%ac?“déﬁrfeg‘ %ﬁ%@tﬁmmﬁeﬁ IRy (@@624C Ththi r d

> i i i ontains the sane
enbodi menkechad @h&\ﬂﬂ@o%rﬁb& g’orti(gnhé‘:f tﬁemrgtqsoﬁiﬂgg :%IgirorE 9}, 'lghe second n- well is
el enents as the

between the first p+ region 32 and the second nt region 36.
The first P+ region 32 and the second N+ region 36 are connected (e.g., 34)

in parallel to a source 54. We can form this connection using conductive lines.

We form silicide regions 32A 36A 40A are over the first and second N+

regions 36 40 and the first p+ region 32

These method steps can be performed in any order used in semiconductor

manufacturing.

B. -Second embodiment

The second embodiment is similar to the first etﬁbodiment with the addition of
the first gate 50 over the isolation region 24. The first gate 50 is preferably connected to the
ﬁ_rst nt region 40 and the Vpad 58. | |

The method of the second embodiment is similar to the first embodiment with
the additional step of forming the first gate 50 over the isolation region 24. rAlso, we preferably

connect the first gate 50 to the first n+ region 40 and the Vpad 58.

It is theorized that the gate 50, when charged by a Vpad voltage, will create an

electric field under the first isolation region 24 and possibly create an inversion layer or a

I1



second enbodinent with the addition of a third n+ region 28, As shown in
FIG 3, a second NPN bipolar (T2) is forned : collector (e.g., N+ 36, N .
wel | 16), base (p+ 32 and P- substrate 10) and emtter (N+28).23Fhyntatdiod
of the third enbodinent is simlar to the second enbodinent wth the

addi ti onal s), of formn e athird nt region 28. The third n+ region
28 is prefag%zg@%/'ggsﬁ 't Jb et 9?3%‘2%‘?&8&%6\/31@%% volREeT 46t peRasti bipgloBSI32 and
the secong.fjt region 36. Also, all the n+ and P+ regions have silicide
regions overlying (e.g., 28A silicide). Circuit analysis for the 3rd
enbodi ment The device can go into snap back node because of the third n+
region 28. The 3d enbodinent's ESD device forns two parasitic bipolar
transistors- The f | u-st Tx (Tl) is the same as in the first and second
enbodi ment. The second parasitic bipolar Tx (T2) is nmade up of the:
emtter third n+ region (28), Parasitic base = the p- substrate 10 and the
p+ region 32 Collector ~the n- well 16 and the second n+ region 3 6 13 D
Fourth enbodi nent 8 0 MAY 2006 ' :
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As shown in FIG 4A the forth enbodi nent contains the sane el enents as the
third enbodinment with the addition of a second gate 46. The nethod of the
fourth enbodinent is simlar to the third enbodinent with the additional
step(s) of formng the a second gate 46. The second gate 46 is preferably
connected to the third n+ region 28 to the first p+ region 32 @r}s\}g@
second n+ region 36 (by a connection neans 47). Crcuit anal ys? %r F\e
4t h enbodi nent The fourth enbodi nent of the invention in theory operates
simlar to thed hirghienbagdbdmnt,;W th the addition of the second gate 46.
The second gate, when charged, can create _an electric field with can turn
on or turn off the se arasitic hipolar (T2) at a | ower or higher
trigger voltage and p%\(g%hg}ygtlﬂ@%Jo%fhl‘fdr‘?"&@@@ew{“a‘@"e?heW@f@éﬂﬂ@btsys the second

gate i s CGBREASLAEHGEL . 54, the third n+ region 28, the first p+
region 32 and the se%%%&ﬁ ﬂl%agdgg?noogaé%g FHEB QRO Nt Yare iR Sopesed a e-fiel d

t hat can pghagk trhhe ; i f . the. T rasitic bipolar Tx to increase
t he ESD perfor%anrc(e% I%g%ﬁi\fg%c%rr (e-'g"p Jregésge 2841 Mobase e sidngb- sbstriate

necessary.lomﬁ@h,li@rgﬁﬁtgpe 4t h enbodi ment The fourth enbodi nent is described
is nore detail below A first n+ region 40 and a second n+ region 36 are

separated by a first i i0 4 in a substrate 10. The substrate
10pi s p- do);;ed. Tﬂe%%ltl‘ﬁ)ld oPlhe 74 em%odoiment 1s similar 1o the second embodiment

with the additional step(s) of forming the a third n+ region 28,

The third o+ region 28 is preferably shorted (or connected 34) to the first p+
region 32 and the second n+ region 36. Also, all the n+ and P+ regions have silicide regions
overlying (e.g., 28A silicide). |

Circuit analysis for the 3™ embodiment

The device can go into snap back mode because of the third n+ region 28.

d . ' B -
The 3™ embodiment's ESD device forms two parasitic bipolar transistors. The

ﬁrst Tx (T1) is the same as ip the first and second embodiment. The second parasitic bipolar Tx

(T2) is made up of the:
emitter = third o'+ region (28),
Parasitic base = the p- substrate 10 and the pt region 32

CoEIector_= the n- well 16 and the second n+ region 36

13



14 8 0 MAY 2006 A first n- well 20 overlaps only a portion of the first

isolation region 24 and overlaps only a portion of the first n+ region 40.

A first p+ region 32 is adjacent to, but does not contacting the second n+

region 36. A second n- well 16 overlaps a portion of the firs pon 32
oiny b

and all of a co n+ reqgi on 36, The second n+ region 36 ab st
i sol ation regi%ﬁ 22%"*%%958%'H59ﬂﬁ well 16 overlaps a portion of the first

i solation region 24. The second n- well between the first p+ region 32 and
the second n+ region 36showninFKedMqihe ghemb@mins caenannl @il LAl St p+
regi on 32 ?éia channel region 29 (under the gate 46) in the substrate 10.
A first gat'® BYodmepiyatiythe additios of asccon saegivon 24. A second gate 46 over

t he channel region 29, The second gate 46 is insulated fromthe substrate
by a gate dielectric I%yRathodpheicfgirthgmhadimeni ionma8, o theehifd dnBbdiREn@gi on 32,
and the secaond Nt regi.on.36. are connected in parallel to a source 54.
Silicide ?%ﬁ@%ﬁg] ?ﬁgﬁéﬁﬁﬁﬁﬂgfﬁﬂﬁﬁﬁéd6#éﬂﬁthe first, second and third N+
regions 36 40 28 and the first p+ region 32. Preferably, the second gate is
connected 47 to the Vss 54, the third n+ region

The second gate 46 is preferably connected to the third n+ region 28 to the
first p+ region 32 and the second n+ region 36 (by a connection means 47).
Circuit analysis for the 4th embodiment

The fourth embodiment of the invention in theory operates similar to the third
‘en.abodiment with the addition of the second gate 46. The second gate, when charged, can create
an electric field with can turn on qr turn off the second parasitic bipolar (12) at a lower or higher
trigger voltage and preferably lower trigger voltage.

Preferably the second gate is connected 47 to the Vss 54, the third n+ reg?on
28, the first p+ region 32 and the second n+ regioﬁ 36. The second gate can create a e-field that

can change the operation of the T2 parasitic bipolar Tx to increase the ESD performance. Q.-

Inventor - please add more description if necessary.

Details of the 4™ embodiment
The fourth embodiment is described is more detail below.

A first n+ region 40 and a second nt+ region 36 are separated 'by a first

isolation region 24 in a substrate 10. The substrate 10 is p- doped.

14



28, the first p+ region 32 and the second n+ region 36. Vss neans negative
supply. VDD neans positive supply. 15 3 0 MAY 2006 The nethod steps for

al | enbodi nents can be performed in any order used in sem condgﬁhﬂy : '
manuf act.uri ng. A major advantage of all four enbodinment is that a?qn%i de

bl ock i s needed or ug@g h thi nventi on has been descri bed
relative to speC| fici nsu@l‘%ﬁq%% W&P%PP Ia§°”@69%€fnswlme¢glﬁlﬁ aand

appar at useserfa tching these materials, it is not limted
to the speC|f| C rateria ":dggngr%@% jeré?"—"’élot”u es but only to their specific
characteristics, such gg;go nd non-confornmal, and capabilities,

such as depositing and etlghﬁ%%lgn g?ﬁ&%gﬁeﬁbtf’ b”ﬁﬁ‘teéﬁ‘i’*épﬁa@n@thapq@ancaxﬁms can be
substi t ut egicassi s wel | understood by those skilled in the mcroelectronics
arts after appreciating the present invention Wiile the invention has been

particularly shown andsed@aGt Beds Wb ref ren to the preferred
enbodi ments thereof, it will be un e?pgt gloﬁy‘?{:%ﬁggsbm fepipp dtandsliche art t hat

vari ous aﬂqmgéseg:mm)n‘m@agldqletr ISis Wi t hout departing fromthe
spirit and scope of the |nvent|€grl1 %&Qﬁﬁpa%%oﬁr‘f%o%v@e%?q

modi f i cat Wehss @rdasiapbhian ofthé ARCEHE Tn? ocedures, and the scope of
t he appended clains therefore shoulg) eg‘%‘&llccoréeésci’c?"ﬁél Bt Acwesn the first

p* region 32 and the second n+ region 36.

A third n+ region 28 is separated from a first p+ region 32 by a channel
region 29 (under the gate 46) in the substrate 10, A first gate 50 on the first isolation region 24,
A second gate 46 over the channel region 29. The second gate 46 is insulated from the substrate

by a gate dielectric layer

The third n+ region 28, the first P+ region 32, and the second N+ region 36

are connected in parallel to a source 54,

Silicide regions 32A 36A 40A 28A are over the first, second and third N+

regions 36 40 28 and the first ptregion 32.

Preferably, the second gate is connected 47 to the Vss 54; the third n+ region

28, the first p+ region 32 and the second n+ region 36,

Vs means negative supply. Vpp means positive supply.
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| i ifications and simlar
[ tion so as to enconpass all such nodi _
Qpﬁzﬁgéﬁéﬁts and procedures. 16 3 0 MAY 2006 CLAIMS A nephoq fg; ;S;gzﬂg_:n
el ectro-static discharge (ESD) protection device conprising: IR
first n+ region and a second n+ region separated by a first is

[ [ ; bstrate is p- doped; b) formng a first n-
well over| :p;:ﬂ;;t ;afc)grrhte ?nge%hg’g)?tg afPIba%ﬁ"}bgihmigSté)Ffaftﬁeffﬂrfm@gd mnanfiig:;] tﬁgﬁﬁrﬂ;ggm ng
[ i e I +region; c) formng a first p+ reg ¢
?opOLL;Oggf%ggﬁ%g%?%ﬁgﬁgaTn‘second n+ region; d) formng a second n- well

[ [ ' ' [ d all of a second n+
I ing a portio S first p+ region an of _ _
?;S{oﬁPpsa?d sgcond 2&8%89?%%H%%85?I§8*3389F§W1?@&%%#%%ﬁq@@kmnwm&ald

i i i irst isolation region; said
| overlapping a portion of said first n;
233823 n?ouﬁﬁ+ betmeeﬁpsaid first p+ region and said second n+ region; e)

' [ [ j : id secon region connected in
paral e 10 " a Ves andd 1ot aR el PR REREE  LhbRGoavercimana st and

second N+muegilQasndadtie gl ErﬁntapBé'f*atu{eg%r%onsiting and etching these materials, it is

not limited to the specific materials or apparatuses but only to their specific characteristics, such

as conformal and non-conformal, and capabilities, such as depositing and etching, and other
materials and apparatus can be substituted as is well understood by those skilled in the

microelectronics arts after appreciating the present invention

While fhe invention has been parﬁcularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in tﬁg art that various
changes in form and details may be made without departing from the spirit and scope of the
invention. Itis intended to cover various modifications and similar arrangements ang
procedures, and the scope of the appended claims therefore should be accorded the broadest

interpretation so as to encompass all such modifications and similar arrangements and

-procedures.
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17 3 0 MAY 2006 A nethod for formng an electro-static discharge (ESD)
protection device conprising: a) formng a first n+ region and a second
n-f- region separated by a first isolation region in a substrgtae' \?%{
substrate is p- doped; b) formng a first n- well overlapping p@? o
said firstCk&HM3ation region and overlapping a portion of said first n+
‘region; c) formn@gwg gifrst p+ ([;egi on_adj acent to, but not contacting said
second n+ region; )“f%rfmr‘ﬂgr‘?ﬁe CEseigirdlissbarge(ESDd protettappierige @rpekihg-on Of
said first p+ ?[egifgnhgndf al |+ of a second n+ region; said second n+ region
abutting a firgt i8I Ut ¥ &g Uand dapcandescrsaign spparaned Hy aditeidoipi Ng @

of

portion of said frEJ"Snti 'sqjl ation region; said second n- well between said
first p+ region and sardSEEGAYdAubSHEyisendopsy; forming a first gate on said
first isolati r%;[i on; i said first P+ region, and said second N+

formn
regi on connected i nmbnéaaﬁrl)’té‘r wel Oﬁga%h&ad@ﬂioawﬂﬁ@ fifsioatitiog repidniag de r egi ons
(2)\6823 the fi rst_'gggergg&gggpoutfonrc&%éig%rsstI?Qgg;tdg;e first p+ region. 18 3 0 MAY

¢} _formmg a first p+ region adjacent to, but not contacting said second n+ region;

d)  forming a second n- well overlapping a portion of said first p+region and all of a

second n+ region; said second n+ region abutting a first isolation region; said second
n- well overlapping a portion of said first isolation region; said second n-

well

betw§en said first p+ region and said second n+ region;

e)  forming said first P+ region, and said second N+ region connected in parallel toia

Vss; and

f)  forming silicide regions over the first and second N+ regions and the first pt

region.

17



A nmethod for formng an electro- static discharge (ESD) protection device
conprising: a) formng a first n+ region and a second n+ regi on separated
by a first isolation region in a substrate; said substrate is p- doped; b)

formng a first n- well overlapping a portion of said first isﬁ)@&t,ni?
region and overlapping a portion of said first n+ region; c) Wg a
first p+ region adjacent to, but not contacting said second n+ region; d)

formng a,sec - | overl apping a portion of said first p+ regi on and
all of ga 2'sec% etﬂgrd %r/(\’gg%r%lr’?,g agﬁlie‘g‘poé%aglﬁﬁtﬁgmger@@@motacbiuntiq':vm:g CarnﬂE))riiSilfgtg '
i sol ati on regi,Qn; id ond .n- well overlapping a portion of said first
i sol ati on regiagn; f"zfgi“& a?%&‘ﬁ&fgw-ﬂ et Femflﬁfét*\/(;é%'gﬂpgﬂ@g@teﬂigy g firspisolntirgi on and

said second n+ r iogi?ﬁasel%vst]:'a {m_Qg‘Ra third n+ region separated froma first
p+ region by a poftion of sard SiHETaredorsd forming a first gate on said

first isolatigp regiaon, formng a connection to said third n+ region,
said first P+ ?eg%?’ggrﬁi Ea‘ﬁ%@“&‘g@ﬁtﬁlg aertop gf 9id: firgt frelatiommegiot ksn is in

parallel to a SOYL&En: farm silicide regions over the first,
second and third @%Pé%hgjﬁglogﬁgsﬁﬁg?‘?*‘rr§$‘°'b+ region. 19 3 0 MAY 2006

¢)  forming a first p+ region adjacent to, but not contacting said second n+ region;

d) forminga secogd n- well overlapping a portion of said first pt region and ail of a
second n+ region; said second n+ region abutting a first isolation region; said second
n- well overlapping a portion of said first isolation region; said second n- well
between said first p+ region and said second n+ region,

e) forming a first gate on said first isolat.ion region;

f)  forming said first P+ region, and éaid second N+ region connected in parallel to a

source; and

g) forming silicide regions over the first and second N+ regions and the first p+

region,

18



A nmethod for formng an electro- static discharge (ESD) protection device
conprising: a) formng a first n+ region and a second.n+ regi on separated
by a first isolation region in a substrate; said substrate is gﬁ(v)ﬁﬂ b)
formng a first n- well overlapping a portion of said first is p ATo P06
region and overlapping a portion of said first n+ region; c) formng a

first p+ gegi o RELAES . QUL _Not_contacting said second n+ region; d)
forming a second n- %eﬁrm%gét? F%Cptf)ol'%ﬁ‘céps ]?ff&ei(gﬁgbﬁm%%ﬁod dévigegomprsitgegi on and
all of a secaopd REnfRYiRY; id second n+ region abutting a first

i sol ation regi gn; sai se%gﬁ "N-2T0BPTCOUVET PRI SeRgTated B r firdolefiorsai d i r st

i sol ation regi onyeciAlifly SBS 5 |l . between said first p+ region and
said second n+ regg‘?%r;; ae) ?‘gér?rsnﬂ%g@u\%gmtt%liwaé%ﬁregi on separated froma first

p+region by auw§happgly.heaiqn, aid substrage; f) forming a first gate on
said first isolation "rgég?gég?wgg‘i"e'ﬁ%”ﬂﬂgﬁ OHIo8 aLBHdirY avcktipyeeiosandd channel

region; h).form pggadid 10y +. jon, said first P+ region, and said
second N+ region éogﬂﬁ%ctgey Qﬂnor?f)aéér érlq{’grlfeglfin’a source; i) formng silicide

regions over the fihsbarsecepd:- and third N+ regions and the first p+
regi on The nethod of %Falfsﬁﬁ4%%}ﬁgrae'flﬁn!st8' t%‘ﬁ&?ﬂ%ﬁ“%@@ seernd onmaimed to t he

Vss, the thirad n+f‘qrming a second n- well averlapping a portion of said first p+ region and all ofa

second i+ region; said second n+ region abutting a first isolation region; said second
n- well overlapping a portion of said first isolation region; said second n- well

between said first p+ region and said second nt region;
€)  forming a third nt region separated from a first p* region by a portion of said
- substrate;
f)  forming a first gate on said first isolation region;

g) - forming a connection to said third n+ region, said first P+ region, and said second
N+ region; the connection is in paraliel to a source; and
h) forming silicide regions over the first, second and third N+ regidns and the first p+

region.
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regioh the first p+ region and the second n-3'" region. 20

5.

-

30 MAY 2006

A method for forming an electro-static discharge (ESD) protection device comprising;

a)  forming a first n+ region and a second n+ region separated by a first isolation
region in a substrate; said substrate is p- doped;

b)  forming a first n- wgli overlapping a portion of said first isolation region and
overlapping a portion of said first n+ region,;

c)  forming a first p+ region adjacent td, but not contacting said second n+ region;

d)  forming a second n- well overlapping a portion of said first p+ region and all of a
second n+ region; said second n+ region abutting a first isolation region; said second
n- well overlapping a portion of said frst isolation region; said second n- well

- between said first p+ region and said second n+ region;

¢)  forming a third nt region separated from a first p+region by a channel region in
said substratf;; -

f) . forming a first gate on said first isolation region;

g) forming a second gate over said channel region;

h)  forming said third n+ region, said first P+ region, and said second N+ regon

| connected in parallel to a source; -

1)  forming silicide regions over the first, second and third N+ regions and the first p+

region

The method of claim 4 wherein said second gate is connected to the Vss, the third o+

region, the first p+ region and the second n+ i'egion.
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