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Protecti op Working Under Fully Silicided Process Wthout 1§ cﬁEBeZJBl ocks
Background of Invention 1) Field of the Invention This jnvention rel ates
generally to fabrication and structures of sem conductor devices and nore

R R S e S T
silicide process. The inventionp {]@Lsgﬁ?ﬂﬁmﬂxi)&ﬂmgﬁﬁio%s for on-chip ESD’ C

protection. 2) Description of t rior Art n-type MOS transistor has
been wi dely enpl oyed-as the primary - conmponent for an ESD protection )
circuit in semconductor IC devices. It is well known that silicidation of
the drain and LDD junctions reduce ESD performance significantly. Mst
sal i ci ded process have a renoval option:-which allows unsalicided areas

(e.g., resistors) to be forned agg %?hwmﬁ gt to neke junction deeper
and to overdose the lightly doped re Ig?on 0 e LDD for better ESD

per f or mance. s stacked in a cascade configuration provide
per f or mance. ;)N driai ik ik | _

This invention relates generally to fabrication and structures of semiconductor
devices and more particularly to the fabrication of an Electro Static Discharge (ESD) device and
more particularly an Electro Static Dlscharge (ESD) device using a silicide process. The

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

The .n-type MOS transistor has; been widely employed as the primary
compoﬁeht for an ESD protectio.n circuit in semiconductor IC devices. It is well known that
silicidation of the drain and LDD junctiotis reduce ESD performance significantly. Most
salicided process have a removal option which allows unsalicided areas (e.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 transi.stors stacked in a cascade configuration provide robust ESD
protection for mixed voltage /O in both silicided and silic-ide—blocked technologies. Howevef,
t.his kind of device has high snapback .voltage. Also, the high snapback voltage of the stacked
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 breakdom
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protection for m xed voltage I/Oin both silicided and silicide-blocked

t echnol ogi es. However, this kind of device has high snapback voltage.

Al so, the high snapback voltage of the stacked NMOS degrades its IT2 (I1T2
is the second breakdown trigger current)) since the power dissipation is

reat. The | T2 is the current bef Qre .t he 0 .secondar
ot oakdown. | Spemalpemenept o) dhef ﬁ%é@ﬁﬁﬁ#@ nwreﬁﬁgtﬁhﬁﬂﬂ 2d e inher the
robust the NV nd, .t her t al For .t he process
t echnol ogy \%%A ﬁeihﬁlg E?’ItF% ‘ées%tF%’E‘Rl°%?hﬁ eé‘b ‘°‘P€H8“tk138?1 DIPRL FOCHONSERS ar e not
avai l abl e, a biasin wWas ne essa o ensure .uni form,triggering of
AT finger dEEd R TFE. regE ReeHTky ety o S oo P hesiaaealy
conpl i cates ectl n...El G 5A si ngl e deV|ce that is
compl 1 cat es BTG S i o e Gl PO Vel P b BHE Back
mechani sm are descrlbed bel ow. The single-poly. N MOS device is shown in
cross section and layout in Fig. 5A. FIG SB shows a top plan view FIG 5C

h h d Kk f h
anapback hol ding. - volt aféﬁf%%%%%bﬁé‘é%ee@y ﬁ%@?gva%musé@n ' So%sa?he
device in FII% %‘V{cw)l%n st ﬁxrlle%ntd ékﬁgechan(: are 1éles lb]ég bag%/ rs])%‘%t g%lr rent

pul se is app drar i e Lyt e SR gare

i lﬁg f ;(r: ?te? i g ?‘,*?g tsdﬁ\ﬂéeqs ﬂlroglg ﬂ{j&f}% E?c&ai%nq % o&t in §@0§',Lq:1 %ﬁ %h&{kﬁi t&%%lan view. F IG

-op era 'S of f
because the SS |s
reached, curgg%‘?wgtﬁ‘g??gﬁ?%ﬁgsm:ﬁ%&&p&esu ESI?EI rrpac ?%‘%?Azag 0%01@{
reverse-

voltage. HG 5D shows the electrical schematic of the device in FIG SA. When a short-duration
(100 to 110 ns) constant current pulse is applied"td the drain with the source "and gate tied to the
substrate (substrate grounded), the dev-ice should l;avé 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
voltage, BVdss is reached, éurrent star;s to flow as a result of impact ionization of die reverse-
biased drain junction. At current It1, and voltage Vtl, the device triggers into snépbadk. The
-trigger current It1 and voltage is related to thé channel length and BVdés. 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 the highest voltage just before snapback. The snapback region of the I- V
curve is roughb; linear and, therefore, may be represented by a snapback voltage Vsb and a
differential resisiance Rsb. The snabback voltage Vsb is defined as the linear éxtrapolation'of
the snapback region back to zero eurrent. Care must be taken to avoid deﬁhing Vb aﬁd Rb by

extrapolating from low current values near the point where the I-V curve changes slope from .

2



bi ased drain junction. At current Itl, and voltage Vtl, the device triggers
into snapback. The trigger current Itl and voltage is related to the
channel length and BVdss. Note that the trigger 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 poifeeative to pasiEive ol tisrefqrp dhe valngs ofiMsb pnchiRebavers elrtaingg drom raeasysements
snapback. The snapback region of the I- V _curve is_roughly:|linear and,
theref ore, Wels ablish eyreats 2t dhe tipsmissignding gulge Wma@&%ﬁe%@ -cugeitf er ent i al
resi st ance b. Thﬁ snagg ﬁk voltage Vsb is, defined as the |inear

ext r apol at i YPe§ e releyantdpy %‘ £ugats, wg nesd 1 use thepgather thpn the lpwrcprrentglues her  pe
taken to avQid defining.Vb and Rb hy extrapolating fromlow current val ues
near the po&"ﬁ_’cg“%ﬁé‘?'é’“’tt‘??@m}a ngtFrSPe Vﬁﬂaw? ally Bigh cureaiits flpeigg in g snappack
positive. Therefore, the values of Vsp and Rsb _were obtained from

nmeasur enent Eegmﬁdg"e&éﬁce Higgers sie ?eé‘?ﬁdsbr%?qwnt F¥e defingasepend;tgeer point (Yig) 12

techni que. Because. t he high-current  values arge rel evant tqESD events, we .
need t o wise CRTFRHAE fabe t RERInE REm B T8 Moo oG SRR 1
protection ai nst. ESD. Wth sufficiently high rrent 1t2, flowing in the
snapback r Sﬁ,% forpowseRip ﬁdFY‘?e@é%‘f@c?tﬁ%S r@&%‘o‘ﬁvﬁkeﬂ? IABR P RTRE | ne a
second tri g?ne{ab.@?i nt (Vt2, It2) corresponding to the triggering from
snapback in 5 28%¢end breakdown. Second breakdown is the termused for
power bi polar devices to indicate the reginme of thermal runaway and
current- instability. :

The following patents show related 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

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 Vi1 and lower léakagé.



The follow ng patents show rel ated ESD devi ces: 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 US 5,689,113(Li et. al.). There is a challenge to
device a new ESD device for suicide process that inprove the ESD
performance by lowering the Vtl and | ower | eakage. 3 Summary of the
Invention It is an object of the present invention to provide a nethod for
fabricating an ESD device with | ower trig er. vol tage and | ower | eakage. .
It is an object of the present i|nWramrySlthel %?@WFde a structure of an

Electro Static Discharge (ESD vi ce .that provi des bett ot ection

wi t hout process cha.ngeétqﬁﬁho%-‘e&iﬁfgﬁ? RSPt Iv5aten o providea mef 8‘%{%%&’“ g #b
present inv i;on ta.provide an I.C desian ving a structure of an Electro
Static Di scﬁgﬁ’é‘s"‘f"éﬁtbﬁjﬂa‘@?fﬁ‘&&’{%°“B%e"(9§1§’3".°fp?a ‘chip manufactured with a
silicided process. It is an ob| é} resent Jinvent] rovide a

i f th '
method and a structure Typ an %bﬁe ¢ %&ﬁe%té’?‘feﬁfé?%{?@?’@%ﬁﬁ@ uﬁegoftm? gE’Fté?rs .
?gsgrc'osit Sg gla};gp%@'z#rg%' ﬁf‘lg) %@@%@?Wé\%qﬁs Betfal oL wittbut st e lang NV ENT 1 ON

U

additional costs.

It is an object of the pres-eny invention to provide an IC design having a
structure of an Electro Static Discharge (ESD) device to be used in IC chip manufactured with a
silicided pfocess. |

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

Itis 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 of cost,

It is an object of the present invention to provide a method for fabriéating a
ESD device with silicide contacts with a lower trigger voltage and lower leakage usi-ng 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.



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 nethod
f:or fabricating a ESD device with silicide contacts with a | ower trigger
vol tage and | ower | eakage using pseudo parasitic bipolar transistors. To

lish th b | ' , . the. t_I ti Vi d ESD
ARG el O ML E I
t i st .. The | t.i f f nbodi ts. Th | rst
oo S el O L SRR G B 0

/[ p-/n-/n+ regians, The em.tter is, forned of .the N+ regio d.the.second N-
wol | The | FRPREE base Riartid L P g S PI O The CRlgier FaTEon Pt R vefhrnd
col | ector i the first well and the first n+ region. The benefit
of the firsﬁméﬁgggﬁﬁéﬁf is the trigger voltage is | ower because the

| Uncti on bet veen P -subiosres BEE Bttt s BRREeL LGk PRI B E%ver
conCent  al | Ofiof ek YRy LA (GRST R LhADBRRY "l hnck i UIEE. L

trigger voltage he Thvention s tross OVEr concentrations are

| over than CQB%&EQ(%&%M Mgw-vge‘ﬁgjageeﬁng{}%s_s byer ﬁgxlsaglt&ﬁons.%ﬂelf&w& 11Q%%s 8, do- not

have the inventio I rst and secon

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 connecte.d 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 connécted) '
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 eléments as the third embodiment
with the addition of a second gate over the ﬁrsf isolation region. The second gate is preferably
coﬂnected to the third n+ region 1o the first p+ region and the second n+ region. The gate

changes the electrical characteristics of the first parasitic bipolar transistor.



The second enbodinent is simlar to the first. enbodinment wwth the addition
of ‘the first gate. The first gate is preferably connected to the first n+
region and the Vpad (connected to Vdd). The third enbodi nent contains the
sane el enents as the second enbodinent wth the addition of a third n+
region. The third n+ region i's preferably shorted (qr connected) to the
first p+ region and the’gg‘jétt‘,‘lilf"l'oo !F-FtsP%@dﬁwtag%%ﬂt*%‘weﬂ“%@cheﬁﬁﬁ? Figthes a
second NPN araslth tﬂ? ol ar . usi ng i)he third regi on as an emtt% The
forth -enbodi 1 271t 0L it e Pyt o therdescrROT LAY FRERE OY i ¢

t he addition of, cond ate over t e first ol.ati on region he second
gate is pr ef%‘?@ﬁ? ec‘BYFﬁH@’t eﬁ‘ef’B‘e‘tth@ tahYaPﬁg?fPfﬁ‘ég‘ivﬁ?f’W(Y‘aﬁ’ 8re|a]‘7re§ta"$+ regi on

and the seco The anges .t he ri cal, char cterl st| CsS
o the 1 rtoHpitH LY AT A orard Rtk S pe ] G Pbap

advant ages ofl the invention will be set forth in the description that

fol | ows, dcln part will be obvious fromthe description, or nay be

| ear ned by practice of the invention. The obj ects and advant ages' oft he
invention may be realized and obtained by neans of instrunentalities.and
conbi nations particularly pointed out in the append clains. 6



Brief Description of the Drawi ngs The features and advantages of a

sem conduct or 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 from
the follow ng description taken in conjunction with the acconpanying
drawings in which like reference nunerals.designate simlar or

correspondi ng el enents, regiogs. and pocti nd.in which: Figure 1 s

cross sectional view for ill ugf'FQ'??Sﬁ'SP‘&'"rﬂ??'i‘tﬁé%ﬁai nment an ESD device
according to the prese { tOR. Fi -1 .sectional view for
illustrating a second 'gﬁﬁb%%‘}/rn%aﬁfi ggkf?n%%%%g(sae\%/?lézozld%?:og??‘ﬂl&naéé%r%}n oéhepr esent

enpodi mon; BbStifeichnd BRS BER! &AM celt of Hohilfind ubh'? bftdoBi gl

enbodi nent "an vice according-to Inventron. Figure 4 is

c1 055 SOt | Q3 G 0 brld H5E81 WG QUL PRIl 8RBl dovi oo

according to the present 1 nvention. Ws a sing MOS devi ce

that is usegh.lf: rd QL= Al i : J op plan
view of t heﬁgérﬁaf”gﬁlf)%l 1}3\/ %%nﬁgﬁgeeacs@@%ﬁ?{%&gyaﬂ igﬁ ;E(k:\ 2‘5)1? |err1é;]}m% o the
prior art. pumerals designate similar or 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 bresent invention.

Figure 3 is croés sectional vieW for illustrating a third embodiment an ESD
device according to the present invention.

. Figure 4 is cross _sectional view for illu;j_tr’ating a fourth embodiment an ESD

device according to th-e. present invention. .

FIG 5A shows a singlé pbly 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 art. - |

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

according to the prior art.



FI G SC shows the IV curve and snap back curve for the ESD device according
to the prior art. 7 FIG 5D shows the electrical schematic of the device in
FI G 5A according to the prior art. 8 Detail ed Description of the Preferred
Enbodi nrents A. 1St enbodinent FIG 1 shows the first enbodi nrent of the
invention that uses a NINE@DS%&,“%t g’re,i nafully silicided process. The
first embodiment is a parasiti ¢ Brpofdrcahschematisie they deviesiin FIG SA aoeprdingesl Of
n+/n-./p-/n-thBpriérd@/ 20/ 10/ 36/ 32). The emtter is formed of the N+ region.
36 and the second N--well 16. The parasitic base is forned by the p- -
substrate or well 10. The collector is forned of the first well 20 and the
first .n+ region 40. Also, .it is inportant to note that .all n+ and p+

regi ons have suicide (or salicide) overlying. The benefit of the first
enbodi nent is the trigger voltage (Vtl, Itl on FIG5A) is |lower because
(1) the junction between the n- well 16 (emtter) 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, Iti).



The invention's cross over concentrations are | ower 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. Detail ed description of
the first enmbodinment 9 The first enbodiment is described in nore detail

bel ow. As-shown in FIG1 A, the electro-static discharge. (ESD) protection
devi ce conprises the followi ng el enents. The nethod of formng the
invention involves formng these elenents. A:first n+ region 40 and a
second n+ region 36 are separated by a first isolation region 24 in a
substrate 10. The substrate 10 is p- doped. A first n- well 20 overl aps
only a portion of the f|P§‘l“"‘Pds'6‘Ps&'t'P'€ﬂ‘F‘1fé'gﬁ]Efﬁ'fe2'&d§ﬁ‘fﬂ’° BRE8#S appi ng 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 n+ region 36. The
second n+ regi ong36 apmgnt,b&g F]I rst isolation region 24. The second n-
wel | 16 overlaps a portion o e first isolation region 24 The second n-

well i's between the fl}":latl £ows t?lghrsp en%od?n{]eglt (Ethl'nee 1rslvee%t(|)oql ha uses a% 19[?)836

structure in a fully silic_:ided process. The 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 benefit of the first embodiment is the tri.gger voltage (Vtl, It1 on FIG 54)
is lowel; because (1) the junction between the n- well 16 (emitter) and P- substrate 10 (base) and
(2) thejunctidn between P- substrate 10 (base) and the n-well 20 have lower c;ross over
concentrations. The lower the cross over concentratiqn the lower the trigger voltage (Vtl, itl).
The invention's cross over conceptfations are lower than cénventiénal 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.

Detail;d description of the first embodiment
9



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 enbodinment We. forma first n+ region 40 and a second n+ region 36
are separated by a first isolation region 24 in a substrate 10. The
substrate 10 is p- dop&it firpemperimentfs desoribed inynord degadl belpwr |Agshovorih FIGi1dor ti on
of the first isolation region 24 and overlapping a portion of the first n+
regi on 40. 1o shgrrgnindigchergedESlorptagiiop device cowprisss the Elowing elepgtis.dides not
contact the s'ecor}? n+ re,gi on 36. W forma_second n- well. 16 overl aps a
portion of T§iRedqf farming the ifyention igvolves, forming|thesg elemenitsc ond n+ regi on 36. The

second n+ region 36 abytiing a.first, isolation. region 24. The _second n-
wel | 16 overlaps a por ?‘if%?‘i “%Fegfc’ﬂe‘mia?q%iec?@d‘f"éﬁ‘%ﬁ%raé"gﬁe%atﬂpy i@ second n-

~well is between the first p+ region 32 and the second n+ region 36. The
first P+ re’&%ﬁ“éﬁg‘% ip b éa(':%ﬁ)g T%grs@ét&t%ﬂ) 138 d&’P. ‘connected (e.g., 34) in
P?Lg's' el to a source 5%p Y€ CaMHd Nellis by o« $OR0SSEhOhHSnAla SQRTUG LY ©

overlapping a portion of the first n+ region 40.

A first p+ region 32 is adjacent -to, but does ndt 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 n+ region 36. The second n+ region 36 abutting a first isolation region 24. Thé 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 ﬁ+ 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 formla first n+ region 40 and a second n+ region 36 are separated by a
first isolatiop region 24 in a substrate 10. The substrate 10 is p- doped.

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

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

10



We formsilicide regions 32A 36A 40A are over the first and second N+
regifons 36 40 and the first p+ region 32 These nethod steps can be
performed in any order used in senm conductor nmanufacturing. B. Second
enbodi nent The second enbodinment is simlar to the first enbodi ment with
the addition of the first gate 50 over the isolation region 24. The first
gate 50 is preferably Werfomcd ot porepibe3? is adjacenttobapdeennet Gomantithe bezotvmid 58.
‘The met hod of the second enbodinent is simlar to the first enbodinent with
the additi oreglondé.ep of formng the first gate 50 over the isolation region
'24. Also, we preferably connect the first gate 50 to the first n+ region.
40 and the Vpad 58. |t Wesfotnmasacpudar weHd6 ovdnldpsgantoetio®f thafficstpticaionddansly a
Vpad voltage, will create an electric field under the first isolation
regi on 24 aplbofiasseang py regios 36.c Thgnsepand ar s¢eing 36 abhustingoy firgt isplatige cegihon R4t Tl

| ayer. This layer could |ower the Vtl (trigger yoltagr%) of the Parasitic
bi pol ar Espsecad 4~ well 14 overdaps amertion of s Sigst iselgiion 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 (eg,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 embodiment with the addition of
"the ﬁrsf gate 50 over the isolation reéion 24. The first gate 50 is preferably coﬁnected to the
ﬁrst n+ 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. .Also, 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

11



As shown in FIG 3, the third enbodi nent contains the sane el enents as the
second enbodi nent 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). The net hod

of the third enpqdi nment S|n1 r to t secon ment.. W th e
addi ti onal a%‘f’@ﬁn{‘?‘g?“ Igyer. fr%‘fs ﬁbc‘l“mmﬁertﬂi‘ﬁ (rsesr (‘-ngaﬁgb“gg‘ © PG [?‘\Poﬁad E‘#@ regi on
28 is preferably shorted (or connected 34) .to.the first p+ region 32 and
the second 9% egi on 36. Also, all the n+ and. P+ regions have silicide
regions overlying (e.g., 28A silicide). Crcuit analysis for the 3''d
enbodi nent The device can go into snap back node because of the third n+
regi on 28. The 3w' enbodinent's ESD device forns two parasitic bipolar
transistors. The first Tx (T1l) is the sane as in the first and second
enbodi nent. The second parasitic bipolar Tx (T2) is nmade up of the:
emtter =third n+t region (28), Parasitic base = the p- substrate 10 and
the p+ region 32 Collector = the n- well 16 and the second n+ region 36
13 :

12



D. Fourth enbodi ment As shown in FIG 4A, the forth enbodi ment contains the
sane elenents as the third enbodinent wwth the addition of a second gate
4b. The nmet hod of the fourth enbodinent is simlar to the third enbodi nent
with the additional step(s) of form ng the a second gate 46. 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 neans 47). Crcuit
anal ysis for the 4th enbodi nrent The fourth enbodi nent of the invention in -
theory operates @i M krgirgt embBAiMeHer d enbodi ment with the addition of the
second gate 46. The second-gate, when charged, can create an electric
field wth can turn on Qi furpeRd s @kﬁiﬁ?&u%'ag?e%{o%&-mrs'ﬂfe RhOQL Aol e 3L 2
| ower or higher triggér voltage and preferably T'ower trigger voatage.

Preferably gggﬁndsegfbgm\e&%& théadﬁfﬁgg gg%] tgﬁicg ﬁ% rfont RRE AYSowidn Ffr?bg éxtsgl?h n+

region 28, the first p+ region econd n+ reglo e second -
gate can cr R@ibigbis i) & Hrmle2bollebBl (e SIRAYE, iNGuiORS el N3 Phn P okt
parasitic biﬁgol g’?’ T§ t)o f?rn(??eaosg&t g%Eg% p’erfoer mazggste(%p {nnventbor e pl ease
add nore desgyin@bmfier (Nt2fiecessary. Details of the 4t' " enbodi ment The
fourth enbodi'ment is described is nore detail bel ow

The_ method of the third embodiment is similar to the second embodiment

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

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

- Circuit analysis for the 3“ embodiment

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

The j'd embodiment's ESD device forms two parasitic bipolar transistors. The
ﬁrst Tx (T1) is the same as '1['1 éhe first and seéond embodimerit. .The second parasitic bipolar Tx
(T2) is made up of the:

emitter = 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 36

13



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

isolation-region 24 in a substrate 10. The substrate 10 is p- doped. 14 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 tacting the second n+ region 36. A
second n- well fg ovefsﬁ"gﬁ %‘%ﬂeﬁgn of the fi rst p+ region 32 and all of a
second n+ region 36. The second n+ region 36 abuts a first isolation regi-on

24. The second n- wel | Ash BW%P“I%§§Aathﬁé‘?rfhleﬁ?‘?"@?"e‘ﬁﬁéﬂt?‘i‘%@? samgslesepts s e gi on

24. The secqnd n- en.the firs + region 32 and the second n+
regi on 36, I&’rfiﬁF’P%d"i‘igrmP”ét@lﬂ??r?d‘i‘E‘”}%fas*é‘ﬁ’ﬁ‘]%&"ctgﬁpfrom a first p+ region 32 by a

channel region 29 (un e _46) in the substira te 50
on the fi rs? i sol ati(ondﬁ‘g&e dgﬁ‘ef%\“%‘é‘ﬂllﬂqﬂ“e@bfse‘“ﬁ% E?fjﬁffﬁgfﬁkcﬁfgﬂ egi on

29. The sec nd ns.ul ted m. t substrate by a gate : _
dielectric 8&? “?hsfe%ept(% d nie §§|35°|9" e{kﬁe first P+ region 32, and the

second N+ regl on 36 are connected in paral lel to a source 54. Si‘licide
regi ons 32A 36A 40A 28A are over the first, second and third N+

The second gate 46 is preferably connected to the third n+ region 28 to the
first §+ 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
‘embodiment with 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 second parasitic bipolar (T2) at a lower or higher
trigger voltage and preferably ldwér trigger voltage.
Preferably the second gate is connected 47 to the Vss 54, the third o+ region
28, the first p+ region 32 and the sec_ona n+ regioh 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 n+ region 36 are separated by a first

isolation region 24 in a substrate 10. The substrate 10 is p- doped.
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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 28, the first p+ region 32
and the second n+ region 36. V. neans negative supply. VDD neans positive
supply. 15 The nethod steps for all enbodi nents can be perforned in any
order used in sem condugctor nuf acturing. A, maj.qQr adyantage .of_all four
enbodi nent is that no éél-lcr?tefﬂgl?%ﬂ‘Ei’@ﬂaﬂsso"llf'eae??étﬂ?“‘%a’e&%&ff’a%?“trﬁ%i?fb%‘“tnﬂi s

i nvention has been describ elative to specific insulating materials,
conduct i ve PEtlaRsionly& pafign g g%&%i%%@@°?69 deposi ting and etching these

materials, it is not limted to the ecific terial s or, apparatuses but
only to their specifi c@#ﬁf@ié‘f&é‘?’i@t‘f%@,wgﬁ% ut §“I%Fﬁ"8’r%ﬁ‘h“a#%§°"d"+

non- confor mal o Eld capabilities, such as depositing and etching, and ot her
mat erial s a8 °8pparatus can be substituted as is. well understood by those

nventi on Whi Te tne  ntorran RaL bRt hPbrBR PLEF LA pGAbLS B SRE

invention While the inven een escri1 bed

W Lh refer M nd dﬁ@reﬁi 3é?‘rﬁ{ &{:@%%ﬁ’%?&%%ﬂ& ﬁﬁsbﬁ&a%r?ggén n%ﬁ‘éghe %g r}é{ der st ood

by those ski in“the ar at vatious changes 1 n ils may

be made wi t Qajhe g@e?l%stai ﬂ%ﬁioia Pk hg? isélgtkorni r&gighrﬂ. 51?19 &,@orﬁfm Waff between the first

pt 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 tlﬁrd 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

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

Vs means negative supply. Vpp means positive supply.
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invention. It is intended to cover various nodifications and siml ar
arrangenents and procedures, and the scope of the appended cl ai ns
-therefore should be accorded the broadest. interpretation so as to
enconpass all such nodifications and simlar arrangenents and procedures.
16 CLAIM5 A nethod for formng an el ectro-static di scharge (ESD)
protection device conpht Bethed stepsforfall erpboriments qap e pasformpedgp afy afries useddecond n+
region separated by a first isolation region in a substrate; said substrate
is p- dopetPmifep dyctr Mapgfaduiigr st n- wel | overlapping a portion of said first
i sol ation region and overl appi ng ortign of said first, n+ region; c)
forming a first p+ redh BHOWAS "%(E'@ﬁt"f'1‘1Ef°u‘kﬁ5"tb°ﬁ‘81°“tdb'il?ﬁté’(9tsﬁlf?§je§’§1ch‘ssf‘é‘?,dﬁﬁd n+
regi on; d) form ng a second n- well overlapping a portion of said first p+
regi on and®&¥¥dof a second n+ region; said second n+ regi on abutting a

first isolation region;, said second wel | porti.on of said
first isolation regi or1AL hg'éﬁhdh%@'t‘,’ﬁrﬁ’d’nhas ‘Fes""gé‘f(ﬁg@ﬁé) "(Tﬁ"lcll?s’s‘ g, regi on
and said second n+ first. P+ re sai.d second

N+ regi on Hlﬂfﬁﬁ'élévt"@&;‘ﬁcﬂ"eﬂ%%{!afsé‘f‘g ?q?a_rétq.vsvz"gr; deg&mmg and etchin tgesé materqals itis

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 rhe invention has been par.ticularly shown and described with reference
to tlre preferred embodiments thereof] it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the
invention. It is intended to cover various modifications and similar arrangements and
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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f) formng silicide regions over the first and second N+ regions and the
first p+ region. 17 I11t111 112\211 \ 1112 [1I1lI~Il L Ms 2. A nethod for
-forming an electro-static discharge (ESD) protection device conprising: a)
forming a first nt region and a second n+ region separated by a first
isolation rggifdg i n a substrate; said substrate is p- doped; b) formng a
first n- welT Overl apping a portion of said first isolation region and
over | appi nd-a pd&method forrforsungpnielecise-static dissharga(ESP) poisetiandgviee sompssing+ r egi on
~adj acent to, but not contacting said second n+ region; d) formng a second
n- wel | overl appi ngfomip# fiisort regionanda spond pt pegiop esgpasaieddiych fiptlisolption,  second
n+ region; said second n+ region abutting afirst isolation region; said
second n- wel | ovisgirps Mbstatepwidshbatratefis psapeedf i rst i sol ation region; said
second n- well between said first p+ region and said second n+ region; e)
formng a first bhatferming & fistn-fwelloveriappingia pertion dguid Arst isplationrpgioandai d fir st
P+ region, and said second N+ re?i on connected in parallel to a source;
and overlapping a portion of said first n+ region;

c) forming a first p+ region adjacent to, but not mntaaing 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 regibn; said second
'n- well overlapping a portion of said first isolation region; said second n- well
Betwgen said first p+ region and said second n+ region;
e) forming said first P+ region, and said second N+ re.gion connected in parallel tola
Vss; and

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

region.

17 -
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g) formng silicide regions over the first and second N+ regions and the
first p+ .region. LLILELELEIIIG T 2112121/11112 S 111 18 3. A nethod for
formng an electro-static discharge (ESD) protection device conprising: a)
forming a first nt region and a second n+ region 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 isolation region and
overlapping a portiop.of said first n+ region; ¢) formng.a first p+ region
adj acent tg', b&mﬁ'b?£@5mwgﬁﬁ§‘e§‘§i‘%9t§ éﬁﬂ}‘iﬁezﬁsméﬁ?t%‘?“ Q%Y)“FB‘PPHSH@ a second
n- well overlapping a porjion of said first p+ region and_al] of a second
n+ region; sai selSRISArstagiregienand e seorry fﬁ‘ffgl?lgfegﬁfgt?figy PRt PRlgi%n:  said
second n- well overl appi a partion of said first isolation region; said
second n- well : f??éwggﬁ‘%g’é?’-aS?IPF%*’P‘%%'SP@&P% and sai d second n+ region;

e) formng a third n+.region se aralted froma |rdsf1;lrspl;)hrﬁgg| on bXda portion

of said substr3te ;formmg a first n- well overlapping a portion of sai t egion a

overlapping a portion of said first n+ region;

c) forming a first p+ region adjacent to, but not contacting said secon_d 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
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+ .r'egion, and said second N+ region connected in parallel to a
source; and

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

region.

—_—
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f) formng a first gate on said first isolation region; g) formng a
connection to said third n'+ region, said first P+ region, and said second
‘N+ region; the connection is in parallel to a source; and h) form ng
silicide regions over the first, second and third N+ regions and the first
p region. pill I rt 19 4. A nethod for form ng an electro-static
di scharge (E SD) ' V] [ LSl Ng- - 1) I rst n+
“region and 3al'E se(“;l orﬁ%%nd%&trégg@'ﬁ&s%%g? g@g%& 5@‘5@9@3}@ %)m:ct%%% ac{é?ig‘%cgr‘ﬁ@él?%ﬁi n a
substrate; said,subgtr: LS. P- Fﬁﬁi f Qr i ng ‘ < 8 lon
overl apping a p(%ft i %Ir‘\'ﬁ'g% gg{a?l?%l l%egl{rafs? I ssnga?td ino,rrl%%g?egar{ygé\g”a%]r\s}té%%ggi ng a
portion of said fi Fe?on?}f’a!uﬁﬁia néaiacs)ubgt{%{erEB 0gdf.i rst p+ regi on adjacent to,
al ’ gl on; %B ¥

but not contacting second’ n+ re orm ng a second n- wel

overl appi ng. a pQs i 8l 5k 1 b Sbetdbfink SHbRn BBl 18fich cosGERRD N+
b B rRging P it

regi on; said second n+ Fegi on abu Irst 1solation reg sai d

second n- well ov i : J: id first isolation region; said
Bl AR Whoi A A b BrsOl b

second n- well betwe Irst p+ region’and said second n+ region; e)

formng a third 4" BB 56 B RIoR Lo ledMoouk bt Wonthting HH Ubnd ¥+ Regfiannel

region in

d) forming a'second n- well overlapping a portiox;n of said ﬁrsé 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 regibn; said second n- well
between said first p+ region and said second n+ region;

e) forming a third nt region separated from a first p+ .region by a portion pf 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 sz;id second
N+ region; thé connection is in parallel to a source; and

h) forming silicide regions over the first, second and third N+ regions and the first pt+

region.

Lt

19



said substrate; f) formng a first gate on said first isolation region; @)
form ng a second gate over said channel region; h) formng said third n+
region, said first P+ region, and said second N+ region connected in
parallel to a source; i) formng silicide regions over the first, second

and third ‘Nt regions d the first p+ .region The  nmef hod of claim4
wherei n sai & sec érfﬂe‘b‘gtr}%’ f%"'é“‘% ?Pf’%‘dta?‘b‘%?"h%rgﬁl@sg%) PIPLECH ‘{"H“"’rﬁgmﬂr‘é‘@gzon; t he
first p+ region and the second n+ re ion.%%q_llll LIty hldph/ UL ff 4]
6. An el ectro-stti domiglstge regiagynd g sereatty oy stharated by At SPlom 4y a

first n+ region and a second n+ region 'separated by a first isolation
region in a subst rréff‘%’,"“§é\‘l2f“§‘ﬁ?b5§‘ldg&‘is§atf”§PD-&RTB’ped; b) a first n- well

O LDl g 2 DO O S Ll Sher S b b F RS SR "9 2

overlapping a pbnion of said first n+ region;

c) forming 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 oyerlapping a portion of said first isolation region; said second n- well
between said first p+ region and said second n+ region;

e) forminga third n+ region separated from a first p+region by a channel regionin
said substrate'; |

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+ region

| connected in parallel to a source; -

i}  forming silicide regions over the first, second and third N+ regions and the first p;F'

region

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

region, the first p+ region and the second n-+ region.

20
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c) a fitst p+ region adjacent to, but not contacting said second n+ region;
d) 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 between said first p+ region and said second
n+ region; e) said first P+ region, and said second N+ region connected in
parallel to a Vss; and f) silicide regions over the first and second N+
regi ons an8 t heAs §lpcto-sitic dischargp (ESD) protection deyips gaimprising1 11111 1 1111 * C L
MS 21 7. An electro-static discharge (ESD) protection device conprising:
a) a first n+ r8gi GArhatregiossebniscond ot degion Sepapted By efirshiyolationiregian ipao| at i on
region'in a substrate; said substrate is p- - doped; b) a first n- well :
over | appi ng a por tSPsHatsrsal spRstrate isr doredy at i on regi on and overl apping a
portion of said first n+ regiqgn; _ c) a first_ p+ region. adjacent to, but not
cont acting sai dse@di¥inwell Srigaping@pogioa sEH ‘TPF-‘S"%@P'F regipp AR BYFIARPIE dror t i on
of said first p+ region_and_ all of a second n+ region; said second n+
region abutting a ROFto8©f jadfirghtdpgietegi on; said second n- wel |l :

¢) afirst p+ region adjacent to, but not contacting said second n+ region;
d) asecond n- well overlapping a portion of said first p+ regiog and all of a second n+
- region; said second n+ region abutting a first isolation region; said second n- weil
overlapping a portion of said first isolation region; said second n- well between said
first p+ region and said second n+ region;
e) said first P+‘ region, and said second N+ region connected in parallel to a Vss; and '

f)  silicide regions over the first and second N+ regions and the first p+ region .

‘//_d———__
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overl apping a portion of said first isolation region; said second n- well
between said. first p+ region and said second n+ region; e) a first gate on
- said first isolation region; f) said first P+ region, and said second N+
region connected in parallel to a source; and g) silicide regions over the
first and second N+ regions and the first p+ region. ILILillilll111 22 *
C111111111211121111 8. An electro-static discharge (ESD) protection device
conprising: a) a first n+ region and a second n+ region separated by a
first isolatiorArvaRsirentatiqdischarge GiSD) arotectiendegice eamprisiage is p- doped; b) a
‘first n- well overlapping a portion of said first_ isolation region and
overl appi ng a #or tfishrbregionpef # epand n regingsepprated by yfimy ipalgtiop segioBdn »n
adj acent to, but not contacting said second n+ region; d) a second n- well’
over | appi ng a por tsihsiateifsaid subgtrgte ispt dgpedir egi on and al | of a-second n+
region;, said second n+ region abutting a first isolation region,;.said
second n- wel | bovefirsppweipvarigppingia partion ofgiddirstiisolption regipr andopverlanping®  sai d
second n- well between said first p+ region and said second n+ region;
portion of said first n+ region,

¢) afirst p+ region adjacent to, but not conta.cting said second.n+ region;

d) asecond n- well overlapping a portion of said first p+ region and all of 2 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) afirst gate c;n said first isolation region;

f)  said first P+ region, a;nd said second N+ region connected in parallel to a source;
and

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

0 o Iﬂl
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e)-a third n+ region separated froma first p+ region by a portion of said
substrate; f) a.first gate on said first isolation- region; g) said third
"n+ region, said first P+ region, and said second N+ region connected in
parallel to a source; and h) .silicide regions over the first, second and
third Nt regions and the first p+ region. 23 11~'|~~C 111 L 14 S 9. An

el ectro-static di schar .ESD ection device comprising: a) a first n+
regi on andga sdt ?fgﬂ?gﬁ%‘éifcgﬁ%%%g)bBfogeatmdvggc‘? YYHSPE 0| at | gn r)egi onin a

: bstrate; sai t j - doped: b) a fir n-, |, overl ing a
Sores oatei 32y BB PL Bl S008 % s kRl P BRI,

first n+ region; ir. + regi on adjacent to, but not contacting sai d
second n+ region; %%Bs{’%iét ’s‘%‘cﬁité?l traﬁgls%e??pe%verl apping a portion of said first

p+ region and | qf, S nd.n+. reqi.on; id. second n+ region abutting a

Pt so ati or ediiefn™ Skl s BRkSlan R oy BERARHEn Wb RMERs 02 G

first isolation r}%ﬁ%ﬂbf&?difgjt%gcond n- well between said first p+ region
e

and sai d second n+ Tregion; ar?gr'ﬁnfd n+ regi on separated froma first p+
region by a Ch%nela ﬁr&%#?&i&n%djﬁ&lnpto, but not contacting said second n+ region;

d) asecond n- well overlapping a portion of said first p+ regi(;n 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 between said
first p+ region and said seconﬂ n+ region; |

e) athird n+region separated from a first p+ region b}i a portion of saia substrate;

f)  afirst gate on said first isolation region;

g)  said third n+ region, said first P+ region, and said second N+ region connected in
parallel to a source; and

h)  silicide regions over the first, second and third N+ regions and the first p+ region.
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substrate; f) a first gate on said first isolation region; g) a second
gate over said channel region; h) said third n region, said first P+
Tegion, and said second N+ region connected in parallel to a source; and
i) silicide regions over the first, second and third N+ regions and the

first p+ region. 10. The electro static discharge (ESD) protection device
of clai m9 wher e eestrorsElicdisrhrrgeESD) pOtecsWeePMPysffe Vss, the third n+

region, the first_p+ region and the second ., n+ region. 24 W oil. INT |1l
g _ a) P a first' n+ region and a second n+ region separgceé) by af%rst isolation regionin a

substrate; said substrate is p- doped;

b)  afirst n- well overlapping a portion of said first isolation region and overlapping a
portion of said first n+ regidn;

¢) afirst pt region adjacent to, but not contacting said second n+ region;

d)  asecond n- well overlapping a portion of said first p+ region and all of a second nt+ -
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) athird nt region separated from a first p;I- region by a channel region in said

substrate;
f) a first gate on said first isolation region;

g) asecond gate over said channel region;

h)  said third n+ region, said first P+ region, and said second N+ region connected in

parallel to a source; and

i)  silicide regions over the first, second and third N+ regions and the first p+ region:

10.  The electro static dischargé (ESD) protection device of claim 9 wherein said second gate
is connected t0 the Vss, the third n+ region, the first p+ region and the second n+ region.
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