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CMOS PROCESS 4 5 BACKGROUND OF INVENTION 6 1) FIELD OF THE | NVENTI ON 7
“This invention relates generally to Electro Static Di scharge (ESD) 8

devi ces and net hods thereof and nore particularly to an electrostatic

~di scharge nethod 9 and device conprising a parasitic bipolar transistor
‘and a deep well. 10 11 2) DESCRIPTION OF THE PRIOR ART 12 13 In the

sem conductor industry, the use of electrostatic discharge 14 protection
(ESD) devices is known. ESD circuits ensure that integrated sem conductor
15 dévices are not destroyed by static electricity during routine

post - manuf act ure processes. 16 However, current and foreseeable trends in

the gsem PRAGEFRARDBASK YORBRCKI RO FOR ESDasiOTECITIONIN qatipygness of
known ESD circuits. 18 Designing ESD protection structures for high-speed

of i Aput i pedance and area. RG0S TRIRE R es "have been i nvent ed for
extegding the traditional ESD protection device
5 BACKGROUND OF INVENTION
6 1) FIELD OF THE INVENTION
7 This invention relates generally to Electro Static Discharge (ESD)
8  devices and methods thereof and more particularly to an electrostatic discharge method
9 and device comprising a parasitic bipolar transistor and a deep well.
10
11 2) DESCRIPTION OF THE PRIOR ART
12
13 In the semiconductor industry, the use of electrostatic discharge
14 protection (ESD) devices is known. ESD circuits ensure that integrated semiconductor
15 devices are not destroyed by static electricity during routine post-manufacture processes.
16 However, current and forcseeable trends in the semiconductor industry are adversely
17 impacting the effectiveness of known ESD circuits.
18 Designing ESD protection structures for high-speed analog and RF
19 application is a challenge due to stringent requirement of input impedance and area.
20 Various techniques have been invented for extending the traditional ESD protection device

21 inR¥ area. Most involve some form of diode protection as diodes are very robust in
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21 in RF area. Most involve sone formof diode protection as diodes are
very robust in 1 | carrying ESD current in forward bias. The di ode sol ution
‘works fine except for the series 2 resistance which results in voltage
drop in the forward conduction node. In addition, 3 current density of
forward biased diode is limted by the current crowding of the junction. 4
Typically reported values are in the range of 10-30 md/ umsquare. |If a

pol ysilicon 5 bounded di ode is used the nmaxi mum current before destructive
breakdown is limted by 6 the |ocal breakdown of gate oxide which is

weakened ciyyiinBESThE PR irhﬁ%ﬁrﬂ%g{snTﬂ@@iogé 9cqgtion7wg§<rs g e:'?%{g)% folr#%lgee tﬁﬁ%v or

conducti on. S, nmaxl mum pPossSI e current ensi IS SO

Thu
reached i..: ih): 1:C ounded dj ode. ,Si.npl e sal.icide-bl ocked polysilicon
di odedi s " ﬁ@&@ﬁ*ﬁ‘e‘%g‘élgs n P gfiageirpiaty BF §P8EEd endyeion He q'i‘é@fghﬁ?%mhi gh
standgy | eakage Lhro%gh 1Q polysilicon grain boundaries. Al so poly pre-dope
has td b&UBFYAERY; of Toruardbrged dipdaistignifrg byithe sirent crowdingrefithe Nmciiamct i on.
12 The nore rel evant patents are US 2002/ 0122280A1(Ker et al.) shows a 13
SCR dévi depigatinrapepd malwed dre &1 thactngee !t 6+30EER/um-4qide. 6f £371y 68661 (Chen et
al.) shows a ESD device with a buried n-well. 15 US 5,903, 419(Sm th) show

an ESPB ciboborded diddelis asell the RBxRAurfl Q988 befbe H@tﬁc%r&éﬁ%%ﬁ&itﬁ% b%ls )

shows a ESD device conprised of a chain 17 of parasitic BJTs.

6, 555687 8RS80 We Ko Rh of gét@ ¥Rie %«h%%’\xtéa{égneg%tyefhec %gltn'rxﬁ lhlea%gng in the diode

7 during ESD current conduction. Thus, maximum possible current density is sometimes
&  never reached in polysilicon bounded diode. Simple salicide-blocked polysilicon diode is
9  sometime used for RF ESD protection but the issue is high standby leakage through
10 polysilicon grain boundaries. Also poly pre-dope has to be blocked in the diode area to be
11 able to form P+/N+ junction.
12 The more relevant patents are US 2002/0122280A1(Ker et al.)} shows a

13 SCR device with deep-n-well structure for ESD.

14 US 6,617,650b1(Chen et al.) shows a ESD device with a buried n-well.
15 US 5,903,419(Smith) show an ESD circuit with a string of diodes.
16 US 6,621,133B1(Chen et al.) shows a ESD device comprised of a chain

17 of parasitic BJTs.

18 US 6,555,878B2(Song et al.) shows a UMOS-like gate controlled

19 Thyristor structure for ESD.

20 ‘ US 6,611,028B2(Cheng et al.) shows a substrate coupled ESD device.

21 US 6,537,868b1(Yu) shows a leakage current cascaded Diode structure.
2




19 Thyristor structure for ESD. 20 US 6, 611, 028B2(Cheng et al.) shows a
substrate coupled ESD device. 21 US 6,537,868bl (Yu) shows a | eakage
‘current cascaded Di ode structure. 2 US 6,563,175B2(Shiau et al.) shows a
NMOS ESD device with silicide. 2 However, there is a need for an inproved
ESD devices and nethods. 3 1 2 3 SUWARY OF THE INVENTION 4 It is an

obj ect of an enbodi nent of the invention to provide a ESD 5 devi ce and

nmet hod for fabricating the ESD device that uses a deep well as an el enent
ina 6 parasitic bipolar Transistor. 7 An enbodi nent of the present

i nventji on provi des an } ich i s ch ri.zed. 9 a n-doped

r egi or% and a p- doped @S&gﬁfm@(ggﬁéﬂ alSﬁh%W%%m%%bt%’”cel‘@“ Hlgige-ur e:
t he n-,doped region anglae§é€oped,region are spaced; 11 a n-well and a deep
n-wel I“ surroundi ng t he' 95Xt fheghisprieed fgas impepved BSBoteving andmathoils.st |/ O
pad connected to the n-doped region;




14 a trigger circuit connected the first 1/0O pad and the p-doped region

15 a second I/0O pad connected to the n-well; 16 a parasitic bi.polar
‘transistor is conprised of the n-doped region 17 functioning as a coll ector
termnal, the P-well functioning as a base termnal, and the deep 18
N-wel | functioning as the emtter term nal; whereby under an ESD condition,
the p-well is 19 charged positive using the trigger circuit and the
parasitic bipolar transistor can be turned 20 on. 21 4 1 2 3 The above
and bel ow advantages and features are of representative 4 enbodi nents only,
and are not exhaustive and/or exclusive. They are presented only to 5
assi st in understandi ng the invention. It should be understood that they
are not 6 representative of all the inventions defined by the clains, to be
considered limtations on 7 the invention as defined by the claims, or
limtations on equivalents to the clains. For 8 instance, sone of these

advanBages may be mutual | y SUMMARYOPTHE INVENtIgNEY cannot be 9
simul taneously present in a single enbodinent. Simlarly, sonme advantages

ot herer Further more,  Raf Tarneacpefrrtfinidl SF i) PADRELIED Lve nor
heen gi Scd"éxsziscggn zet{eﬁioﬂ'fom\éﬁgzﬁ{n’g tﬂg EiSde%{fgg (t:}?at ige%lél d%elg) (vavel} as an element in a

6  parasitic bipolar Transistor.

7 An embodiment of the present invention provides an ESD device which

8  ischaracterized:

9 a n-doped region and a p-doped region in a p-well in a semiconductor

10 structure; the n-doped region and a p-doped region are spaced;

11 an-well and a deep n-well surrounding the p-well on the sides and
12 bottom;

i3 a first I/0 pad connected to the n-doped region;

14 a trigger circuit connected the first /O pad and the p-doped region,;
15 a second 1/O pad connected to the n-well;

16 a parasitic bipolar transistor is comprised of the n-doped region

17 functioning as a collector terminal, the P-well functioning as a base terminal, and the deep
18 N-well functioning as the emitter terminal; whereby under an ESD condition, the p-well is

19 charged positive using the trigger circuit and the parasitic bipolar transistor can be turned
20 on,

21




12 drawn regardi ng those discussed herein relative to those not discussed
herein other than for 13 purposes of space and reducing repetition. Thus,
this sutmmary of features and advantages 14 shoul d not be considered

di spositive in determ ni ng equi val ence. Additional features and 15

advant ages of the invention will becone apparent in the follow ng
description, fromthe 16 drawings, and fromthe clains. 51 2 BRIEF
DESCRI PTI ON OF THE DRAW NGS 3 The features and advant ages of a

sem conduct or device according to the 4 present invention and further
details of a process of fabricating such a sem conductor 5 device in
accordance with the present invention will be nore clearly understood from
the 6 follow ng description taken in conjunction with the acconpanyi ng
drawi gs in which like 7 reference nunerals designate sinilar or
correspondi ng el enents, regions and portions and 8 in which: 9 Figures |A

and | B are cross sect ippabow Sihcffw advandpslesidcRataies afddMprekBitd Qe an
enbodi ment of the invention. 11 Figure 1 is a top down view of an aspect

of the fi 5&%&%&95%@%\? @ nbl ragst' ahob ?}pchgs?\yg' Tﬁ%gcyé\‘g%ﬁ'ef%ﬂg?gﬁg%) of an

enbodi nment ere two parasiti ransi stors are ure 2 is a
cross ,sectiopnal vie ESD devi ce r he tri r
5 CCaRN undersygnging%’% xnvent?on. 1 sﬁmﬁd Hve un: erst%g§ that they are not

6  representative of all the inventions defined by the claims, to be considered limitations on

7 the invention as defined by the claims, or limitations on equivalents to the claims. For

8  instance, some of these advantages may be mutually contradictory, in that they cannot be

9 simuitaneously present in a single embodiment. Similarly, some advantages are applicable
10 to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
11 the claimed invention have not been discussed herein. However, no inference should be
12 drawn regarding those discussed herein relative to those not discussed herein other than for
13 purposes of space and reducing repetition. Thus, this summary of features and advantages
14 should not be considered dispositive in determining equivalence. Additional features and
15 advantages of the invention will become apparent in the following description, from the

16  drawings, and from the claims.




15 circuit is conprised of a chain of diodes (DC 1) according to an
enbodi nent of the 16 invention. 17 Figure 3 is a cross sectional view a
ESD device where the trigger 18 circuit is conprised of a RC (resistance
capaci tance) network. 19 Figure 4 is a cross sectional view a ESD device
where the trigger 20 circuit is conprised of a grounded-gate nMOS
transistor (GGNMOS). 6 | Figure 5 is a cross sectional view a ESD device
where the ESD 2 protection device further includes a N-doped ring region
(N2) laterally surrounding the p- [ 3 doped region (Pl). 4 Figure 6 is a
cross sectional view a ESD device where the ESD 5 protection device further
i ncl udes a N-doped ring region (N2) laterally surrounding the p- 6 doped
region (P 1). The n-doped ring can be reversed biased to increase

resi sance. 7 Figure 7BHIOFKDESCRIRTION OFf FHEDmPAWINGLY structure
according to the 8 prior art. 9 7 1 2 DETAILED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTSTh3features and advantages of a semiconductor device according to the
4 present invention and further details of a process of fabricating such a semiconductor
5 device in accordance with the present invention will be more clearly understood from the
6  following description taken in conjunction with the accompanying drawings in which like
7  reference numerals designate similar or corresponding elements, regions and portions and
8  in which:
9 Figures 1A and 1B are cross sectional views of a ESD device according
10 to an embodiment of the invention.
11 Figure 1C is a top down view of an aspect of the first embodiment.
12 Figure 1D is top down view of an aspect of an embodiment where two
13 parasitic transistors are used.
14 Figure 2 is a cross sectional view a ESD device where the trigger
15 circuitis comprised of a chain of diodes (DC1) according to an embodiment of the
16  invention.
17 Figure 3 is a cross sectional view a ESD device where the trigger
18  circuitis comprised of a RC (resistance capacitance) network.

19 Figure 4 is a cross sectional view a ESD device where the trigger

20 circuitis comprised of a grounded-gate nMOS transistor (GGNMOS).




4 For purposes of nore clearly illustrating the invention, the discussion
is 5 structured according the foll ow ng headings. No particular limtation
shoul d be accorded to 6 any heading or classification. 7 8 9
Introduction 10 Wth availability of triple well option in advanced m xed
signal /anal og 11 process, nore options have becone avail able to ESD device
desi gners as deep N-well has 12 becone avail able to use for ESD devi ce.
Figure 7 shows an exanple of a triple well 13 structure according to the
prior art. 14 Potential in the P-well enclosed by deep N-well can be

i ndependently 15 controlled. This property e | es, design. o ew ki nd of
ESD davi ces. 16 17 Thh%uéfi d&?ﬁ?oéswtlm?m%%%%vm cHhibe Wl | PW1, in
the exanple in 18 figure ]ﬁ? and the substrate 10 (e.g., p-doped

subst Kat eyrotgetéon dayécei Suthar mgluteoaNedophd oitngmgioaG\IZ)slata@ﬁalsmyomiﬁmthe& to as
triple well structure. The formation of the triple well structure 20

faci | i3t atped Regi@l @dy.ric isol ati on between the substrate region of the nMOS
transistor and the 8 1 substrate 10. The substrate 10 is preferably

connegt ed to aground ki : i f US| PN +
Iayerg'into mh?ch p-t5%5%%ﬁggﬁﬁgFg%mggéﬂﬁﬁﬁTgﬁﬁgﬁghﬁﬁQﬁkﬁﬂmE%gﬁp (p

5  protection device further includes a N-doped ring region (N2) laterally surrounding the p-
6  doped region (P1). The n-doped ring can be reversed biased to increase resistance.

7 Figure 7 shows an example of a triple well structure according to the

8  priorart.




3 4 Enbodi nents of the invention are designed to get around sone of the 5
probl ens that diode-based ESD designs present, An enbodi nent under non- ESD
6 conditions, has two "back to back" diodes. For exanple, the enbodi nent
shown in figure 7 1A and 113, use a deep N-well (DNW) and P-well (PW) as
two termnals of a first 8 diode; and a N+doped region (N1) and the
floating P-well (PW) as two termnals of the 9 second diode. Figure IAis
a cross sectional view of a first enbodinent. Figure IBis a 10 cross
sectional view of the enmbodinment in figure |l Awth the parasitic
transistor PB 1 11 drawn in. Due to back to back nature of the first and
second di odes, | eakage current is 12 nmuch snmaller when the device is not
triggered (P-well is grounded) but can be easily 13 turned on by dunping
chargé into t REPATEED RIBSICRIPBION Gi¢ TIHHH PRAFERRED EMBAIMENTOhder ESD
condition, P-well is charged positive using a trigger circuit 15 and
parasitic bipolar (PBl) conprised of N+region (Ni), P-well (PW1) and deep
N-well 16 (DNW 1) can be turned on. 17 18 An enbodi nent of the ESD device
is co risedofaM'H@&% j - - .. N+
junctimc:n i S connect edPt t %@? {)f;&gtg)relf%%r%ﬁlclhsat%ﬁﬁ%g%g lgg’tagﬁfgc%%géénnect ed
to a secaond .|/ ad... T -wel.l 1s grounded .under normal operatio 1
mki ng. ke pisdsRerinedie o b 4% Bntda Tt e acretade
behavior. 9 ) .

6  any heading or classification.

9 Introduction

10 With availability of triple well option in advanced mixed signal/analog
11 process, more options have become available to ESD device designers as deep N-well has
12 become available to use for ESD device. Figure 7 shows an example of a triple well

13 structure according to the prior art.

14 Potential in the P-well enclosed by deep N-well can be independently

15 controlled. This property enables design of new kind of ESD devices.

16
17 The structure in which one well region (p well PW1, in the example in

18 figure 1A) and the substrate 10 (e.g., p-doped substrate ) are thus isolated from each other
19 is usually referred to as triple well structure. The formation of the triple well structure

20 facilitates the electric isolation between the substrate region of the nMOS transistor and the




1 Under ESD condition, P-well is charged positive using a trigger circuit

2 and parasitic bipolar consisting of N+, P-well and deep N-well can be
turned on. Poly gate 3 is used to prevent STI formation, to inprove
current distribution during ESD to i nprove 4 ESD device turn-on during as
ESD event. The device will work w thout poly gates but 5 performance
(current carrying capacity in an ESD event) may be inferior to the option
with 6 poly gate. 7 8 9 First exanple enbodi nent of ESD protection
device 10 Referring to figures 1A and 1B, a first exanple enbodi nent of ESD
11 protectjon dev%\e i.S sho%p. Figure | B shows a representation of the a
par asi t i Substgtn Hr The substratsdiOas greffrppy ppnneptrd tezgrennd sl @ Y) theugNadoped
region (NI), a p-well (PW) and 13 deep n-well (DNW1). But, the opposite
conduét i \ﬁiiéﬂssiqryq@eiogt(ph r)énwavhiple pityppeetpuriids ke suplsttedt e structure 10 is
provi ded. The sem conductor structure can he 15 conprised of silicon (Si).
The t@p surface of the substrate structure 10 is preferably a p 16 m nus
doped silicon |ayer, such as the top portion of a p type silicon wafer. 17

18 A g-doped region (PNph,&Rdaa &}g@ﬁ? tfo%ghir@@esgé%%a t@%ﬁﬁ a%%n%s@fg%‘?k gie( PWL)

19 in a sem conductor structure e n-doped regi p- doped
regiog ( I?)rg‘t}lerﬁg fhat éi%dg-rbgge% rE@ﬂ des? n%%?gsegtp %{1;[ émbodiment under non-ESD

6  conditions, has two “back to back” diodes. For example, the embodiment shown in figure
7 1A and 1B, use a deep N-well (DNW1) and P-well (PW1) as two terminals of a first
8 diode; and a N+doped region (N1) and the floating P-well (PW1) as two terminals of the
9 second diode. Figure 1A is a cross sectional view of a first embodiment. Figure 1B is a
10 cross sectional view of the embodiment in figure 1A with the parasitic transistor PB1
11 drawn in. Due to back to back nature of the first and second diodes, leakage current is
12 much smaller when the device is not triggered (P-well is grounded) but can be easily
13 turned on by dumping charge into the P-well and bipolar action can be initiated.
14 Under ESD condition, P-well is charged positive using a trigger circnit
15 and parasitic bipolar (PB1) comprised of N+region (N1), P-well (PW1) and deep N-well
16 (DNW1) can be turned on.
17
18 An embodiment of the ESD device is comprised of a N+ junction in P~
19 well enclosed by a deep N-well. N+ junction is connected to the first /O pad and deep N-
20 well is connected to a second 1/0 pad. The P-well is grounded under normal operation

21 making back-to-back diode impossible to tumn on and offer good leakage behavior.
9




10 1 The n-doped region (Ni) and a p-doped region (Pl) are preferably 2
spaced by the p-well (PW1l). 3 The n-doped region (N I) and a p-doped
region (P 1) could be spaced by 4 isolation region (e.g., STl) between the
n- doped regi on and p-doped region, but this nmay 5 not be optimal. 6 The N
doped regi on and p-doped region can be formed in the same steps 7 and the
source and drain regions of NMOS and PMOS devi ces simultaneously forned on
8 the chip. 9 An-well (NW NW) surrounds the p-well (PW) on the sides. A
deep 10 n-well (DNW 1) surrounds the p-well (PW) bottom 11 12 13 As

shown .in figures A a 1 he p-well (NWL NW2) are arqund fhe 14 sides

of thé p-well (PW1). %ﬂ@%ﬁ%@ﬁ&% ll’b\@elwﬁbaﬁggéaow‘f%%n&ﬁ UiggEECifel | s.

For 15 exanple the n-well (NWI NW2) can be one n-well or two n-wells. The
deep R- welnd papsiticbiplgr dossisitngee! N-hd -pelvend d¢epWwedlnudn e wrhed GNBDINGRY . 17
18 Afirst I/Opad (first input-output pad) (1/0 1) is connected to the n-
(19 d;)raed is agddan ptdNiept STIHerrhdtOnpRANipsoeeRRest Beribetidd@uring KIRfo iGipieds t

TCl).

4 ESD device turn-on during as ESD event. The device will work without poly gates but
5 performance (current carrying capacity in an ESD event) may be inferior to the option with

6  poly gate.

oo

9  First example embodiment of ESD protection device

10 Referring to figures 1A and 1B, a first example embodiment of ESD

11 protection device is shown. Figure 1B shows a representation of the a parasitic bipolar

12 transistor (PB1). The example shows a first N doped region (N1), a p-well (PW1) and

13 deep n-well (DN'W1). But, the opposite conductivity type structure can be formed.

14 A substrate structure 10 is provided. The semiconductor structure can be
15 comprised of silicon (Si}. The top surface of the substrate structure 10 is preferably a p

16 minus doped silicon layer, such as the top portion of a p type silicon wafer.

17

18 A n-doped region (N1) and a p~doped region (P1) are in a p-well (PW1)
19 in asemiconductor structure 10. The n-doped region (N1) and a p-doped region (P1) are

20 preferably spaced apart.

10




20 11 1 A second I/O pad (1/02) is connected to the n-well (NW2). The
second 2 I/Opad is preferably connected to the gates (G, & G3). 3
Contacts to the regions, e.g., n-doped and said p-doped regions, are 4
preferably conprised of a silicide. 5 6 Atrigger circuit (TCl) is
connected the 1/Opad (IN 1) and the p-doped 7 region (P 1). 8 9 The
trigger device has two termnals in which the one terminal is 10 connected
to the p-doped region (P1) via wiring and in which the other termnal is |
1 connected to a reference voltage term nal (such as the I/0O pad), for
allowing electric 12 current to flow when a voltage higher than a

predetler ni ned val ue i $happopedrasin(dlhanhep-dpped wEiandPh Hapeterablyar this
point, it is appropriate to note that the ESD circuit uses the 15 trigger
ci rcui2t tspatedibyghe pawpld(RWil).i ¢ bi pol ar transistor (PBl) that shunts excess
energy. The 16 use of a trigger current |lowers the point at which the

parasigti c bipol ar trampé §idehedRGIFHNIG and d pIdpPBd re@REN(@Y) colibaisR bR
r

parasitic bipolar transistor elimnates the need for a true bipolar " 18

SEX,L? gfi e‘}?%tﬁrnk]ﬁxt 1%%189 (@E., STRGRES thé §-BP& WBRnSmEP e r&hGELLAHR they
5 not be optimal.
6 The N doped region and p-doped region can be formed in the same steps
7  and the source and drain regions of NMOS and PMOS devices simultaneously formed on
8  the chip.
9 A n-well (NW1 N'W2) surrounds the p-well (PW1) on the sides. A deep
10 n-well (DNW1) surrounds the p~well (PW1) bottom.
11
12
13 As shown in figures 1A and 1C, the n-well (NW1 NW2) are around the
14 sides of the p-well (PW1). The n-well can be comprised of one or more n-wells. For
15 example the n-well NW1 NW?2) can be one n-well or two n-wells. The deep n-well
16 (DNW1) is under the p-well (PW1) and n-well (NW1 NW2).
17

18 A first VO pad (first input-output pad) (I/O1) is connected to the n-

19 doped region (N1). The 1/O pad is connected to the trigger circuit (TC1).
20

11




19 sem conductor substrate and, hence, is directly controllable. Typically,
the inclusion of a 20 bipolar device significantly increases the

manuf acturing costs of the integrated circuit. The 21 direct application
of the trigger current to the control electrode (e.g., P 1) of the
parasitic 12 1 bipolar transistor locally overcones the voltage potenti al
caused by a heavily doped well 2 or substrate. 3 4 The contacts to the
doped regions are preferably conprised of a silicide. 5 Figure 1 C shows a
top down view of an aspect of the first enbodinent 6 (See figures IA and
1B). The first gate (@) is not shown .as Pl conpl etel ound NI in 7
this éxanpl e | ayout. AIssepnddieped {Ifdaris E‘?W’@El‘?@tqg‘er’i’o‘f’gllsm} et i on of
the ESD device - parasitic bipolar transistor (PBl) 9 Referring to figure
1B, a2(véfd pahis)prefenablyi donoeddedoiol the gatesalfsli, 2063 PBI) is 10 conprised of the
n-doped region (N 1) functioning as a collector termnal, the P-well 11
(PW) 3functioning as @ohasetd gemtdials, eanh-tiheddeapaitipwddded (EINS) are
functioning as the 12 emtter termnal. 13 14 Normal conditions 15 The

P-wel Iy i ader operation maki ng back-to-back 16 di ode
difficul ?;%%HM@%w%ﬁe%f%%ﬁ1me.

I"npos to turn on and offer good | eakage behavi or.
5

6 A trigger circuit (TC1) is connected the /O pad (IN1) and the p-doped

7  region (P1).

9 The trigger device has two terminals in which the one terminal is
10 connected to the p-doped region (P1) via wiring and in which the other terminal is
11 connected to a reference voltage terminal (such as the /O pad), for allowing electric
12 current to flow when a voltage higher than a predetermined value is applied between the
13 two terminals.
14 At this point, it is appropriate to note that the ESD circuit uses the
15  trigger circuit to trigger a parasitic bipolar transistor (PB1) that shunts excess energy. The
16  usc of a trigger current lowers the point at which the parasitic bipolar transistor begins to
17 shunt energy. The use of a parasitic bipolar transistor eliminates the need for a true bipolar
18  device. A true bipolar transistor is one who's control electrode is separate from the
19 semiconductor substrate and, hence, is directly controllable. Typically, the inclusion of a
20  bipolar device significantly increases the manufacturing costs of the integrated circuit. The

21 direct application of the trigger current to the control electrode (e.g., P1) of the parasitic
12




17 ESD condition 18 Under an ESD condition, the p-well (PW1) is charged
positive using the 19 trigger circuit (TC.) and the parasitic bipolar
transi stor (PBl) can be turned on. An ESD 20 condition can be a positive
voltage to the /O pad. 21 13 1 2 Normally, the deep well is coupled to
the | esser of two voltage supplies, 3 such the Vvdd or ground (i.e., ESD
devi ce operates in one direction). The trigger point is 4 easily
programuabl e by changing the trigger circuit, such as by increasing or
decreasing 5 the nunber of diodes in a diode string. However, it is the

parasitic¢.bipal ar. device that 6 shunts the majority of the.excess ergy,
hot the diRRiE tapristas locally uditiumies Ve VoNagei Mty pfipred b theilE drei wll e
very small to mnimze current |eakage and tenperature induced 8

per f ofmarfé 8ubsHaicat i ons. 9 Al so, the ESD device uses the deep well as a

emtter element in the 10 parasitic transistor. Therefore, ESD device may
be ingorporated triple well designs of 11 integrated circuits. One skilled

inthe art wll readi The appicerioah©ddped rsplbhdbk bidiotabll cbplprisdPofG diledidd. t O
current and future integrated circuit process tlows. 13 The parasitic

bi pol ar Tx operates ag; I %HQJ' to NW2
t hr ough trigger cir cu?ltgfufgnio@gg}swesy%% tdiogﬂrIal v\?%??%én?éé%tg;f?lea% i I pgltlrg?mdoes n't
6  (See figures 1A and 1B). The first gate (G1) is not shown as P1 completely surround N1 in

7  this example layout. Also, the trigger circuit is not shown.

8  Operation of the ESD device « parasitic bipolar transistor (PB1}

9 Referring to figure 1B, a (vertical) parasitic bipolar transistor (PB1) is
10 comprised of the n-doped region (N1) functioning as a collector terminal, the P-well
11 (PW1) functioning as a base terminal, and the deep N-well (DNW1) functioning as the
12 emitter terminal.
13
14 Normal conditions
15 The P-well is grounded under normal operation making back-to-back
16  diode difficult (to impossible) to turn on and offer good leakage behavior.
17 ESD condition
18 Under an ESD condition, the p-well (PW1) is charged positive using the
19 trigger circuit (TC1) and the parasitic bipolar transistor (PB1) can be turned on. An ESD

20 condition can be a positive voltage to the I/O pad.

21
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15 turn on. Under ESD conditions, trigger circuit biases the base positive
Wth respect to 16 emtter (DN W1) and the parasitic bipolar Tx trues on
and shunt ESD current. 17 The device can be conprised of nore than one
parasitic bipolar. For 18 exanple, as shown in top down view in figure 1D,
mul tiple parasitic bipolar are used. 19 Figure 1 Dis top down view of an
aspect of an enbodi nent where nore than one parasitic 20 Tx is used. 21 14
1 2 The circuit protect can be nodified to protect against both positive
and 3 negative voltages to the /O pad. 4 Gate options 5 Referring to
figures A and I B, the ESD device can conprise a first 6 gate (01) over
the pdwell between the n-well and the n-doped region (Ni); a second gate 7
(&) over the p-well between the n-doped region (Ni) and the p-doped

region; and 8 a thi rngahﬁM (ﬁ%)de@y%ut;b@o@iembltheh@@ep@nmhag@%ﬁesr egi on

(P 1) and the n- mell (NW I tes (e.g., GL & G3) can be used to

pr event I S r T ef ore

t he ggt es% -Iu-khl'&l% ga e ?ﬁddgﬁgéggniegﬁg%% %a% ?rlflgée (?&é%aoﬁ% %&pﬁfgg{ llg'ggﬁltsgpar at ed
by m nimum.gate | en q}not be STI. Thus CU£reg can fl ow | ateral |y
i nst edd df:[a31 QRGN ag&n&ﬁ e trigger circuit, such as y increasing or decreasmg

5  the number of diodes in a diode string. However, it is the parasitic bipolar device that
6  shunts the majority of the excess energy, not the diode string. Consequently, the individual
7  diodes may be made very small to minimize current leakage and temperature induced
8  performance variations.
9 Also, the ESD device uses the deep well as a emitter element in the
10 parasitic transistor. Therefore, ESD device may be incorporated triple well designs of
11 integrated circuits. One skilled in the art will readily appreciate the suitability of ESD
12 circuit to current and future integrated circuit process flows.
13 The parasitic bipolar Tx operates as follows. When the base (PW1) is
14 shorted to NW2 through trigger circuit, no base-emitter voltage exists and bipolar doesn't
15 turn on. Under ESD conditions, trigger circuit biases the base positive with respect to
16 emitter (DNW1) and the parasitic bipolar Tx trues on and shunt ESD current.
17 The device can be comprised of more than one parasitic bipolar. For
18  example, as shown in top down view in figure 1D, multiple parasitic bipolar are used.
19 Figure 1D is top down view of an aspect of an embodiment where more than one parasitic
20 Txisused.

21
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13 The poly gates can be used to inprove current distribution during ESD
14 and to bias P-substrate to i nprove ESD device tumon during as ESD |
event. The ESD 15 device will work wi thout poly gate but perfornance ?
(current carrying capacity in an ESD 16 event) may be inferior to the
option with the poly gates. 17 18 Triggered circuit conprised of

Back-t o-back diodes 19 Referring to figure 2, an enbodi nent i s shown where
the trigger circuit 20 is conprised of a chain of diodes (DC1). 15 1 A
chain of diodes (DCl) terminated by a series resistance (RI) can be 2 used
as trigger circuit. Resistor (RI) grounds the P-well under nornmal operating
condition 3 but biases the P-well (PSW) positive and turns on the
parasitic bipolar (PB1)(N+/P 4 well/Deep N-well) during an ESD event. 5 RC
trigger circuit 6 Ref dheicirguit preftequaeb8modified tbpaiareagainsg bethganitmhend t he
trigger circuit 7 is conprised of a RC (resistance capacitance) network
(A RB). nbhetifRGoMbaas khd BOGapr ef erably conprised of a diode (DC I)
connected to a resistor and the p-doped region 9 (P 1). The resistor (Rl)
is connected to the power supply (Vdd OR GROUND). 10 An RC network can be
used f0r HitbidRInCircuit. Resistor Rl keeps P- 11 well (PWI) grounded.
During an ESD event O acts as an AC short and coupl es the ESD

5 Referring to figures 1A and 1B, the ESD device can comprise a first
6  gate (G1) over the p-well between the n-well and the n-doped region (N1); a second gate
7 (G2) over the p-well between the n-doped region (N1) and the p-doped region; and
8  athird gate (G3) over the p-well between the p-doped region (P1) and the n-well (NW1).
9 Gates (e.g., G1 G2 G3) can be used to prevent ST1 formation. In a
10 standard process the STT is formed before the gates. The gates G1 G2 G3 ensure that the
1T nl and pl are separated by minimum gate length and not be STIL Thus current can flow
12 laterally instead of around the STI regions.
13 The poly gates can be used to improve current distribution during ESD
14 and to bias P-substrate to improve ESD device turn-on during as ESD event. The ESD
15 device will work without poly gate but performance (current carrying capacity in an ESD

16 event) may be inferior to the option with the poly gates.

17

18  Triggered circuit comprised of Back-to-back diodes

19 Referring to figure 2, an embodiment is shown where the trigger circuit

|
20 is comprised of a chain of diodes (DC1). ‘
15 ‘



12 voltage to Resistance R and biases the P-well (PWI) positive and turns
on the bipolar 13 device (PB 1) forned by N+/pwell/Deep NNwell. The RC tine
constant should be set to 14 about 10 tinmes (about 1.5 to 2 micro seconds )
the duration of Human body nodel (HBM) 15 ESD waveform (100 to 200
nano-seconds). 16 17 The enbodinment's RC trigger circuit in conbination
with the vertical 18 parasitic BJT (PBlI) is nore conplex to design than a
di ode chain, but provides better 19 |eakage at high tenperatures. 16 |

G ounded-gate NMOS (GGNMOS) trigger circuit. 2 Referring to figure 4, an

enmbodi,ment is shown where. the.tri circuj 3 is conprise f a,grounded
_gat e 'nMOS transi st orA@QV\@?QC{eﬁgﬁ) Tﬁ”P’é‘%‘ieéIbBra S@ﬁ?ﬁrefﬁgtan‘if’ @cﬁﬁ@&bgd to

t he grounded -gate nMOS transistor and to the Ipower supply (Vvdd). 5

Resi sor YR ¥s kKigepsirths Begisior (R Pvanpugdsdba Bewk! mdern@n@ngommlmﬂmoa t he
GGNMOS turns on and biases the P-well (PW) through the resistor (R) and
bi pol @r bt dewésakd PBvell) (PE&Y e godiyrveNdid Pwek bh DegirdyitwethipolbtifPe Y@i/P-The GGNMOS
Tx can be 8 located in the same P-well tub. 9 Enbodi nent conprised of

triggar edygggger;lq:\p@glguﬂhgg@ggg &fapf\t region 10 surrounding P+ region Il
As shown in figure 5, an enbodinent is shown where the ESD

5  RC trigger circuit

6 Referring to figure 3, an embodiment is shown where the trigger circuit

7 is comprised of a RC (resistance capacitance) network (C1 R1). The RC network is

8  preferably comprised of a diode (IDC1) connected to a resistor and the p-doped region

9  (P1). The resistor (R1) is connected to the power supply (Vdd OR GROUND).
10 An RC network can be used for a trigger circuit. Resistor R1 keeps P-
11 well (PW1) grounded. During an ESD event CI acts as an AC short and couples the ESD
12 voltage to Resistance R and biases the P-well (PW1) positive and turns on the bipolar
13 device (PB1) formed by N+/pwell/Deep N-well. The RC time constant should be set to
14 about 10 times (about 1.5 to 2 micro seconds ) the duration of Human body model (HBM)
15 ESD waveform (100 to 200 nano-seconds).
16
17 The embodiment's RC trigger circuit in combination with the vertical
18  parasitic BIT (PB1) is more complex to design than a diode chain, but provides better

19 leakage at high temperatures.
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12 protection device further includes a N-doped ring region (N2) laterally
surroundi ng the p- 13 doped region (Pl). Wereby the N-doped ring region
and the deep n-well (DNW) 14 increase the resistance of the parasitic

bi pol ar transistor (PB 1) thereby increasing the pinch 15 off during an
ESD event. 16 17 Additional inprovenent is possible by taking advantage of
the limted 18 depth of the P-well region (PW1). In this aspect, it is
proposed to add N+ rings (N2) 19 surrounding the P-region (P1) in the
P-well to be able to pinch off the area around P+ 20 region (P 1). 17 1 As

shown jin fiqure 6, t | f..depletion region (DR) by reverse- 2
bi ased N+ &i”b’ﬁd@ﬂﬁ'{éﬁgfﬁ@g@%@ﬂwﬁﬁ2’#&5%@"?% ef fective resistance (RPOL)
(RPO2) 3 seen by the injected current in the P+ region (P 1) by the trigger

circui into P-well r8gfeonng toAigired, aodmshidiatntas shoneh Whee B triggireftediP 1)
i ncreases nore quickly turning on the bipolar Tx 5 (PB 1) forned by

b
Nt/ Pwel | /iDe@pn @bt aafdugRui 68t nMIBSNEnLSSE @m&a%&gﬁgfg\?esi}?ﬁRéﬁis

resistive by pinch-off raising base potential nore own in
figure 6, e form.t ESD devi ce can be the me steps to
for m rvoe e Lt B TR0 R R P ReR P Y 3RS Pt
areas ,of the chip. For. example, N, GL and N2 forma NMOXS TX with a channel
10 between the n-r egi g{ﬁgst() R]sze}tps The P-well (PW1) grounded. During an ESD event

6  the GGNMOS turns on and biases the P-well (PW1) through the resistor (R1) and bipolar

7 device(PB1) formed by N+/Pwell/Deep N-well turns on. The GGNMOS Tx can be

8 located in the same P-well tub.

9  Embodiment comprised of triggered Back-to-back diodes with N+ region

10 surrounding P+ region

11 As shown in figure 5, an embodiment is shown where the ESD

12 protection device further includes a N-doped ring region (N2) laterally surrounding the p-
13 doped region (P1). Whereby the N-doped ring region and the deep n-well (DNW1)

14 increase the resistance of the parasitic bipolar transistor (PB1) thereby increasing the pinch
15 off during an ESD event.

16

17 Additional improvement is possible by taking advantage of the limited
18  depth of the P-well region (PW1). In this aspect, it is proposed to add N+ rings (N2)

19 surrounding the P-region (P1) in the P-well to be able to pinch off the area around P+

20 region (PI).
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11 Opposite type ESD device 12 The opposite type ESD device can be forned
by reversing the 13 conductivity type, but this may not be too practical.
The ESD device can be made in the 14 opposite conductivity type regions
(e.g., all N regions changed to P and all p regions 15 changed to N). The
conductivity types of wells and doped | ayers may be opposite to those 16
enpl oyed in the above enbodinents. In this case, the connections to the

i nput/output pad 17 I/0O and the ground term nal nay be exchanged. 18
Method to forman ESD device 2 An enbodi nent of a method of form ng an ESD
protection device 3 conprising the following (See figures |A and 1B). 4 W
form & n-doped regi onA§ quawd?@rﬁﬁdégéﬁemw riepletipn region IRV revegsg-pw 1)
in a sem conductor structure 10. The n-doped region (NI) and a p-doped

regi od 6 b{dRed Narregispdueung E¥DWyehinoneasen theedffeciPiksibRe &P 1a ( @PE€R)n- wel |
(DNWL) surrounding 8 the p-well (PW1) on the sides and bottom 9 W

connegt eb&chy the Mjbdtedfrtens in the @+Pagioh 1 O bhihd RidoBeciftuftaR@d-Helk&¥on. 10
(N1). 11 We connect electrically a trigger circurt (TC) the first I/0O pad
(1701 jﬁmgﬂgteﬁtlﬂﬁ R fgRede s 'Fe%ié)rp(mﬂl)creases more quickly turning on the bipolar Tx

5 (PBI) formed by N+/Pwell/Deep N-well and device, The N+ region make the PW1 more

6  resistive by pinch-off raising base potential more quickly.

7 As shown in figure 6, the step used to form the ESD device can be the

8  same steps to form NMOS devices in NMOS areas on the chip and PMOS devices on

9 PMOS areas of the chip. For example, N1, G1 and N2 form a NMOS TX with a channel

10 between the n-regions (N1 N2).

11 Opposite type ESD device

12 The opposite type ESD device can be formed by reversing the

13 conductivity type, but this may not be too practical. The ESD device can be made in the
14 opposite conductivity type regions (e.g., all N regions changed to P and all p regions

15 changed to N). The conductivity types of wells and doped layers may be opposite to those
16 employed in the above embodiments. In this case, the connections to the input/output pad

17 I/O and the ground terminal may be exchanged.

18




13 We connect electrically a second I1/Opad (1/02) the n-well. 14 A
(vertical) parasitic bipolar transistor (PB 1) is preferably conprised of
15 the n-doped region (N 1) functioning as a collector termnal, the P-well
(PW1) functioning 16 as a base terminal, and the deep N-well (DNW)
functioning as the emtter termnal. 17 Whereby under an ESD condition, the
p-well (PW) is charged positive using the trigger 18 circuit (TC 1) and
the parasitic bipolar transistor (PB 1) can be turned on. 19 In another
enbodi mrent, we forma first gate over the p-well between 20 the n-doped
region ang.the p- ed regi o and forma second gate over the p-well 19 1
bet vvegn tﬂ@tlﬁoeésge g%%aevme n-well. W electrically connect the
first gate, the 2 second gate and second I/Opad. 3 4 Non-limting

enbodizments 5 In the abeweodas&ltioph ndhJAWTERMEs SR BSDf fr6teb@dpddvicear € set
forth in order 6 to provide a nore thorough understanding of the present

i nventi orhon{ptﬂs lthe REICORYS QWS A Zreﬁ%ﬁ@agﬁfml)t o one skilled in the art that
the present "I nv ntlon may” be practice hout these 8 details. In other

i nstances, well known cess have nat escri bed i.n ai l |n rder 9
to no{er unnecessarily 8@%@&}1@1} P Fg@gﬁﬁsﬁﬁ’gﬁtﬂ 89?6% %1@&% ) ﬁé"(‘f iety of
enbodlnents of the present invention just 1 | described, the above

descr ipt | G Rrit aisepisenduntoraiacuioll. dbe nilopedregiondaN 1) iand £ Priippen eegstope

6  (P1)are spaced.
7 We form a n-well (NW1 NW2) and a deep n-well (DNW1) surrounding

8  the p-well (PW1) on the sides and bottom.

9 We connect electrically a first I/O pad (I/O1) to the n-doped region
10 (ND.
11 We connect electrically a trigger circuit (TC1) the first /O pad (I/01)

12 and the p-doped region (P1).

13 We connect electrically a second /0O pad (1/0 2) the n-well.

14 A (vertical) parasitic bipolar transistor (PB1) is preferably comprised of
15 the n-doped region (N1) functioning as a collector terminal, the P-well (PW1) functioning
16 asabase terminal, and the deep N-well (DNW1) functioning as the emitter terminal.

17 Whereby under an ESD condition, the p-well (PW1) is charged positive using the trigger
18  circuit (TC1) and the parasitic bipolar transistor (PB1) can be turned on.

19 In another embodiment, we form a first gate over the p-well between

20 the n-doped region and the p-doped region; and form a second gate over the p-well

19




12 of the present invention defined by the clains. 13 Wile the invention
has been particularly shown and described with 14 reference to the
preferred enbodi nents thereof, it will be understood by those skilled in

15 the art that various changes in formand details may be nade wi thout
departing fromthe 16 spirit and scope of the invention. It is intended to
cover various nodifications and simlar 17 arrangenents and procedures,
and the scope of the appended clains therefore should be 18 accorded the
broadest interpretation so as to enconpass all such nodifications and

simlar r e cedur.es.,,20 VWat is claimed js: 1. A ESD
pr ot e?ti o%%gge\rﬁtgg%é%??%%qﬁlg?&g@egﬂﬁ?lgoB%%QIF‘@BF%W C&Hﬂecitfﬁ-tg‘ég%a&eﬁé"gi onin a
p-well, in a sem conducto trycture; said n-doped region and said p-doped
regio %T%ﬁ%ﬁﬁﬂafﬁc -and a deep n-well surrounding said p-well on
the sides and bottom «c¢) a first 1/0O pad connected to said n-doped region
d) a trigger circuit connected to said first 1/0 pad and sai d p-doped
region; e) a second |I/O pad connected to said n-well; f) a parasitic

bi pol ar transistor is conprised of the n-doped region functioning as a

col | ect or Neer-lintitihg eniodirnehts functioning as a base termnal, and the deep
N-well functioning as the emtter term nal; whereby under an ESD

condi td on, the p-well i _ . . .
q P In the above description numerous specific details are set forth in order

6  to provide a more thorough understanding of the present invention. It will be obvious,
7 however, to one skilled in the art that the present invention may be practiced without these
8  details. In other instances, well known process have not been described in detail in order

9 to not unnecessarily obscure the present invention.

10 Given the variety of embodiments of the present invention just

11 described, the above description and illustrations show not be taken as limiting the scope
12 ofthe present invention defined by the claims.

13 While the invention has been particularly shown and described with
14 reference to the preferred embodiments thereof, it will be understood by those skilled in i
15 the art that various changes in form and details may be made without departing from the

16  spirit and scope of the invention. It is intended to cover various modifications and similar

17 arrangements and procedures, and the scope of the appended claims therefore should be

18  accorded the broadest interpretation 5o as to encompass all such modifications and similar

19 arrangements and procedures.

20



charged positive using the trigger circuit and said parasitic bipolar
transistor can be turned on. 2. The ESD protection device of claim1l which
further conprises: a first gate over said p-well between said n-doped
region and said p- doped region; and a second gate over said p-well between
sai d p-doped region and said n- well. 21 3. The ESD protection device of
claiml which further conprises: a first gate over said p-well between said
n- doped regi on and said p- doped region; and a second gate over said p-well
bet ween said p-doped region and said n- well; said second I/O pad connected
to said first gate and said second gate. 4. The ESD protection device of
claim1 winhahs B &els: conpri ses said n-doped region and said p-doped
region are separated by an isolation region. 5. The ESD protection device
of cl ai mi1AMSE picteqRirdddvitg@enpsingui t conprises a chain of diodes. 6
The ESD protection device of claim1 wherein said trigger circuit conprises
a RC nethwnkdamdpegsedciof a g-dijedecgiomiect pavdbona seagicerdectandrsding; p- doped
region; said resistor _ )
said n-doped region and said p-doped region are spaced;
b} a n-well and a deep n-well surrounding said p-well on the sides and bottom;
c) a first I/ O pad connected to said n-doped region;
d) a trigger circuit connected to said first I/O pad and said p-doped region;
e) a second 1/O pad connected to said n-well;
f) a parasitic bipolar transistor is comprised of the n-doped region functioning as a
collector terminal, the P-well functioning as a base terminal, and the deep N-well
functioning as the emitter terminal; whereby under an ESD condition, the p-well is
charged positive using the trigger circuit and said parasitic bipolar transistor can be

turned on.

2. The ESD protection device of claim 1 which further comprises:

a first gate over said p-well between said n-doped region and said p-
doped region; and

a second gate over said p-well between said p-doped region and said n-

well.
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connected to said second I/O pad. 7. The ESD protection device of claim1l
wherein said trigger circuit conprises a RC network conprised of a diode
connected to a resistor and said p-doped region; said resistor connected
to said second I/0O pad; said RC network has a RC time constant about 10
times the duration of human body nodel ESD waveform 8. The ESD protection
device of claim1l wherein said trigger circuit conprises a RC network
conprised of a diode connected to a resistor and said p-doped region; said
resistor 22 connected to said second I/O pad; said RC network has a RC
time constant between about 1.5 and 2 micro seconds. 9. The ESD protection

devi ce of, Thal®Dbrvhefieh desiri df tihirggarhichiarhtr conpriéses a grounded- gate
NMOS transi stor and a resistor connected to the grounded-gate nMOS

transi stor andfirge gaat dvaeaahp-wéllb@aden 50id FHdepaSBgirotedtshioipdevi ce of
claiml which further includes a N-doped ring region laterally surrounding
sai d p- ddpped regporensher eby said N-doped ring region and said deep n-well

i ncrease the resistance of the parasitic bipolar transistor thereby

i ncr easi ng t he spionelgatepreiraid pgvahbegseaveit p-dpped TRgiorgndsaist Bet i on
device of claim1l wherein said sem conductor structure is conprised of
silicon. WE2; The ESD protection device of claim1 which further includes
contacts to said n-doped

said second 1/0O pad connected to said first gate and said second gate.

4. The ESD protection device of claim T which further comprises said n-doped region and

said p-doped region are separated by an isolation region.

5. The ESD protection device of claim 1 wherein said trigger circuit comprises a chain of

diodes.

6. The ESD protection device of claim 1 wherein said trigger circuit comprises a RC
network comprised of a diode connected to a resistor and said p-doped region; said resistor

connected to said second I/O pad.

7. The ESD protection device of claim 1 wherein said trigger circuit comprises a RC
network comprised of a diode connected to a resistor and said p-doped region; said resistor
connected to said second I/0O pad; said RC network has a RC time constant about 10

times the duration of human body model ESD waveform.

8. The ESD protection device of claim 1 wherein said trigger circuit comprises a RC

network comprised of a diode connected to a resistor and said p-doped region; said resistor
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and sai d p-doped regions; said contacts are conprised of a silicide. 13.
The ESD protection device of claim1l wherein said ESD protection device is
further conprised of a second parasitic bipolar transistor. 14. A nethod
of form ng an ESD protection device conprising: 23 a) form ng a n-doped
region and a p-doped region in a p-well in a sem conductor structure; said
n- doped regi on and said p-doped region are spaced; b) formng a n-well and
a deep n-well that surround said p-well on the sides and bottom c)
connect i noneicest 1o @il bgeoadfly Ospad; SOJIHA nebverki hsra- Ro ek ea@gtad betlyeen
connecting electrically a trigger circuit to said first |/O pad and said

p- doped ebeittoh’ and ¥} reisAneasenAy el ectrically a second 1/0 pad to said
n-wel | ; whereby a parasitic bipolar transistor is conprised of the n-doped
region functioning as a collector termnal, the P- well functioning as a

base terpinal ..and the deep N-well functioni the egitter. termnal;
wher eby  tntier S Feeis EoRaFTicoR! Sete oY e 14T s G BOSPRIRIEGEi ng ¢ he

tri ' | t d t It ' : i St 15.
The_met hatt GE BTt T iy e PGy HBRRF T AR IERNOS,

sai d p'“%bhggﬁﬁg%@Qo%Qkﬂﬁﬁéﬂ@Pﬂg »8gion and said p-doped region; and

formng a second gate over sald p-well between said p-doped region

10. The ESD protection device of claim 1 which further includes a N-doped ring region
laterally surrounding said p-doped region whereby said N-doped ring region and said deep
n-well increase the resistance of the parasitic bipolar transistor thereby increasing the pinch

off during an ESD event.

11. The ESD protection device of claim 1 wherein said semiconductor structure is

comprised of silicon.

12. The ESD protection device of claim 1 which further includes contacts to said n-doped

and said p-doped regions; said contacts are comprised of a silicide.

13. The ESD protection device of claim 1 wherein said ESD protection device is further

comprised of a second parasitic bipolar transistor.

14. A method of forming an ESD protection device comprising:
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and said n-well; electrically connecting said first gate, said second gate
and second |I/O pad. 16. The nethod of claim 14 which further conprises:

24 formng a first gate over said p-well between said n-doped region and
sai d p-doped region; and form ng a second gate over said p-well between
said p-doped region and said n-well. 17. The nethod of claim 14 which
further includes formng isolation regions separating said n-doped region
and p-doped region. 18. The nmethod of claim 14 wherein said trigger circuit
i s forned) byniing Aimgoped egion and agi-delessd repdon Mheprveetlhivde efmisbadusten whi ch
further includes formng said trigger circuit by formng a RC network
conprised of &HFiEEE sashsOPed regio8 apdsnit Brlopad regiPy ape 8iséd: region: said
resistor nnected to.said second | ad. 20, The nethod. of . ¢l ai m 14 which
Furt hor | EHOMHIGS oM AIG Ca e F g R b e By rsIe g 1 Sk Bt k
conpri sed of g &iode connected to a resistor and said p-doped region; said
resi stor connéCted’to said second I/0 pad; said RC network has a RC tine

const ant aPaHl. A0 ofd ARSI} NG AHE RS b8 (OLaiHTBLRAY,idRdel  ESD wavef or m

d) connecting electrically a trigger circuit to said first I/O pad and said p-doped region;

e) connecting electrically a second 1/0O pad to said n-well; whereby a parasitic bipolar
transistor is comprised of the n-doped region functioning as a collector terminal, the P-
well functioning as a base terminal, and the deep N-well functioning as the emitter
terminal; whereby under an ESD condition, the p-well is charged positive using the

trigger circuit and the parasitic bipolar transistor can be turned on.

15. The method of claim 14 which further comprises;
forming a first gate over said p-well between said n-doped region and
said p-doped region; and

forming a second gate over said p-well between said p-doped region
and said n-well;

electrically connecting said first gate, said second gate and second 1/0

pad.

16. The method of claim 14 which further comprises:
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21. The nethod of claim 14 which further includes formng said trigger
circuit by formng a RC network conprised of a diode connected to a

resi stor and said p-doped region; said resistor connected to said second
|/ O pad; said RC network has a RC tinme constant between about 1.5 and 2

m cro seconds. 25 22. The nethod of claim 14 which further includes formng
said trigger circuit by form ng a grounded-gate nMOS transi stor and a

resi stor connected to the grounded-gate nMOS transistor and to the second
| / O pad. f@Binghdiraegdiodvofsad aiwell betnrieatsaidintdepediragibudast formng a
N-doped ring re |on Iaterally surroundi ng said p-doped regi on whereby said
N- doped ring g ‘%&Fﬂaﬂéep n-well increase the resistance of the

parasiti oIar t nsi stor thereby.increasi é% pinch off during an
ESD even(nnﬁﬁga?ﬁgnﬁg$ﬂﬁﬁv8¥“ﬁ &WF Eeﬁﬁ%?EWH?g (&wééﬁgEﬂnductor structures
conprised of S|% g . 25. The method of claim 14 which further includes
form ng cont attE ¥6AbF*sed of a silicide to the n-doped regions and said

p- doped regions. 26. A nethod for using an ESD protection device conprising
the steps of: (1) providing: a) a n-doped region and a p-doped region in a

p-wel | i 7 aRenbGRadyifm 1Mh%tmqﬁer ARt fgﬁﬁﬁ% 589 OR réNenSaisdraidoped
region are spaced; b) a n-wel a deep n-well surrounding said p-well on

the sidegiaRdddedd RFion and p—doped region

18. The method of claim 14 wherein said trigger circuit is formed by forming a chain of

diodes.

19. The method of claim 14 which further includes forming said trigger circuit by
forming a RC network comprised of a diode connected to a resistor and said p-doped

region; said resistor connected to said second 1/0 pad.

20. The method of claim 14 which further includes forming said trigger circuit by forming
a RC network comprised of a diode connected to a resistor and said p-doped region; said
resistor connected to said second 1/0 pad; said RC network has a RC time constant about

10 times the duration of Human body model ESD waveform.

21. The method of claim 14 which further includes forming said trigger circuit by forming
a RC network comprised of a diode connected to a resistor and said p-doped region; said
resistor connected to said second /O pad; said RC network has a RC time constant

between about 1.5 and 2 micro seconds.
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c) afirst 1/0O pad connected to said n-doped region; d) a trigger circuit
connected to said first 1/0O pad and said p-doped region; e) a second I/O

pad connected to said n-well; 26 f) a parasitic bipolar transistor is
conprised of the n-doped region functioning as a collector termnal, the
P-wel | functioning as a base termnal, and the deep N-well functioning as

the emtter termnal; (2) charging said p-well using the trigger circuit
under an ESD condition and turning on said parasitic bipolar transistor.
27. The getTHedmefhod idaia6lwvihddh furtiteh éncledepiorsess sdidtnggay crchiitbst gat e
over said p-well between said n-doped region and said p-doped region; and
forni ng éorssogrdsrgandedvimte sXI@S praneistor petlweerskaicanpedep sutheggpondedrggte
said n-well. 28. The method of claim 26 which further conprises; formng a
first gandQyasangiatar apcvelthe praoRedi (spad n- doped region and said p-doped
region; and formng a second gate over said p-well between said p-doped
region and said n-well; connecting said second I/O pad to said first gate

and sai d 2§.eﬁ~?enr%eg1ac}deéf claim 14 which further includes forming a N-doped ring region
laterally surrounding said p-doped region whereby said N-doped ring region and said deep
n-well increase the resistance of the parasitic bipolar transistor thereby increasing the pinch

off during an ESD event.
24. The method of claim 14 wherein said semiconductor structures comprised of silicon.

25. The method of claim 14 which further includes forming contacts comprised of a

silicide to the n-doped regions and said p-doped regions.

26. A method for using an ESD protection device comprising the steps of:
(1) providing:
a) a n-doped region and a p-doped region in a p-well in a semiconductor
structure; said n-doped region and said p-doped region are spaced;
b) a n-well and a deep n-well surrounding said p-well on the sides and bottomy;
¢} a first I/O pad connected to said n-doped region;
d) a trigger circuit connected to said first 1/0O pad and said p-doped region;

e} a second I/0 pad connected to said n-well;
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29. The nethod of claim 26 wherein said trigger circuit is conprised of a
chain of diodes. 27 30. The nethod of claim 26 wherein said trigger
circuit conprises a RC network conprised of a diode connected to a

resi stor and said p-doped region; said resistor connected to said second
|/ O pad. 31. The nethod of claim 26 wherein said trigger circuit conprises
a grounded-gate nMOS transistor and a resistor connected to the
grounded-gate nMOS transistor and to said second |I/O pad. 32. The net hod
of claim 26 which further includes formng a N-doped ring region laterally
surroundi ng said p-doped region whereby said N-doped ring region and said
deep n- Viph paiasticddpelar hansissirss eproerietd phidicparlaped region pordaoningast st or

t hereby increasing the pinch _off during an ESD event. 33. A nethod of
using a ESD pretleder ispmaali e FeosPirastginges a baprstespunal, ang hedgpdimell a)

a n-doped region and a g-do ed regian in a p-well in a sem conductor
structure; sArRCHFOHAH! 05T S8V 84 d p- doped region are spaced; b) a n

-wel | d swel | i id.p-well Q@ the.sid .bot
SEPTHET R R e b S i I L S T
connect ed;f 0. 52k fibbik 14 Q:rad and said p-doped region;

27. The methed of claim 26 which further comprises:

forming a first gate over said p-well between said n-doped region and
said p-doped region; and

forming a second gate over said p-well between said p-doped region

and said n-well.

28. The method of claim 26 which further comprises;

forming a first gate over said p-well between said n-doped region and
said p-doped region; and

forming a second gate over said p-well between said p-doped region
and said n-well;

connecting said second 1/0 pad to said first gate and said second gate.

29. The method of claim 26 wherein said trigger circuit is comprised of a chain of diodes.
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e) a second I/O pad connected to said n-well; 28 f) a parasitic bipolar
transistor is conprised of the n-doped region functioning as a collector
termnal, the P-well functioning as a base term nal, and the deep N-well
functioning as the emtter termnal; whereby under an ESD condition, the
p-well is charged positive using the trigger circuit and said parasitic
bi pol ar transistor can be turned on; g) a Ndoped ring region laterally
surroundi ng said p-doped regi on whereby said N doped ring region and said
deep n-well increase the resistance of the parasitic bipolar transistor
t hereby increasing the pinch off during an ESD event; (2) reverse-biasing
sai d N- dapdtherrhatpodedichamdifrwhereansESDrigyantircug dongreas e Rthsetfdréct i ve
resi stance seen by the injected current in the P-doped region by said
trigger compriped pha digsle amahpcteddo a resistor and said p-doped region; said resistor

connected to said second I/O pad.

31. The method of claim 26 wherein said trigger circuit comprises a grounded-gate nMOS
transistor and a resistor connected to the grounded-gate nMOS transistor and to said

second 1/0 pad.

32. The method of claim 26 which further includes forming a N-doped ring region
laterally surrounding said p-doped region whereby said N-doped ring region and said deep
n-well increase the resistance of the parasitic bipolar transistor thereby increasing the pinch

off during an ESD event.

33. A method of using a ESD protection device comprising the steps of :
(1) providing:
a) a n-doped region and a p-doped region in a p-well in a semiconductor structure;
said n-doped region and said p-doped region are spaced,;
b) a n-well and a deep n-well surrounding said p-well on the sides and bottom;
c) a first I/ O pad connected to said n-doped region;
d) a trigger circuit connected to said first I/O pad and said p-doped
region;

e) a second I/0 pad connected to said n-well;
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f) a parasitic bipolar transistor is comprised of the n-doped region functioning as a

collector terminal, the P-well functioning as a base terminal, and the deep N-well

functioning as the emitter terminal; whereby under an ESD condition, the p-well is

charged positive using the trigger circuit and said parasitic bipolar transistor can be
turned on;

g) a N-doped ring region laterally surrounding said p-doped region whereby said N-
doped ring region and said deep n-well increase the resistance of the parasitic bipolar
transistor thereby increasing the pinch off during an ESD event;

(2} reverse-biasing said N-doped ring region during an ESD event to increase the effective
resistance seen by the injected current in the P-doped region by said trigger circuit into p-

well.
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