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4

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 foreseeable trends in the semiconductor industry are adversely
17  impacting the effectiveness of known ESD circuits.
18 Designing ‘E-SD 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  in RF area. Most involve some form of diode protection as diodes are very robust in
1



21 in RF area. Mst involve sonme formof diode protection as diodes are
very robust in 1 1 carrying ESD current in forward bias. The di ode sol ution
wor ks 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 mA/urn-square. 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
meakenfd by the_thermal heating in the diode 7 during ESD current

conduct i ofArymg ESDietiieniimfpoesd blae Therdiede sodieivmi works fins exeepi foetheGenayer
reached in polysilicon bounded di ode. Sinple salicide-blocked polysilicon
di ode 2 s registioetvhivh resudtd il 061t48E dEPRANRROIRFRIdYBNBNt oh #odeS Bisfiditnhi 9N

st andby | eakage t hrough 10 polysilicon grain boundaries. Al'so poly pre-dope

has t &3 beclatedbabity b ERafli BiF&IMER ; P%N* Lgncti on.
12 The nore rel evat%t patents are 1%% ligggﬁsﬁﬁﬁﬁlﬁepk%? eir{Eaﬂf. SR 2 13
SCR deyi ce e el | structure SD,, 14 US 6,.617,650b 1 (Chen et
al ) s homsy%ikzg@dgg%@?d;‘éa\{%st " 4 Buiey Oiu f@@FF@Nui’SSW%;%IYﬂQ@r nith) show
an ESQx ciycuit with.a string of diodes. 16 US 6,621, 133B1(Chen et al.)
Shows S E fiog® e Fasattmun Giemhbelor dssirpetivg brenkgows Rmizel s
6,555R§7882ﬁ80ng et al_) shows a UMOS-like gate controlled
the local breakdown of gate oxide which is weakened by the thermal heating in the diode
7 during ESD current conduction. Thus, maximum possible current density is sometimes
8  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 6,537,868b1(Yu) shows a | eakage current
cascaded Diode structure. 2 1 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 SUVWARY OF THE INVENTION 4 It is an object of
an enbodi nent of the invention to provide a ESD 5 device and nethod for
fabricating the ESD device that uses a deep well as an elenment ina 6
parasitic bipolar Transistor. 7 8 is characterized: 9 An enbodi nent of

t he present invention provides an ESD device which a n-doped region and a
p-doped region in a p-UBI65635 7ABSESHiA0RAUT HRws EONMOSESD ®vick heansslamed
region and a p-doped region are spaced;

However, there is a need for an improved ESD devices and methods,



11 a n-well and a deep n-well surrounding the p-well on the sides and 12
bottom 13 a first I/O pad connected to the n-doped region; 14 a trigger
circuit connected the first 1/0 pad and the p-doped region; 15 a second
110 pad connected to the n-well; 16 a parasitic bipolar transistor is
conprised of the n-doped region 17 functioning as a collector termnal, the
P-wel |l functioni-ng as a base termnal, and the deep 18 N-well functioning
as the emtter termnal; whereby under an ESD condition, the p-well is 19
charged positive using the trigger circuit and the parasitic bipolar

transi stor can be turned 20 on. 21 41 2 3 The above and bel ow advant ages
and features are of representative 4 enbodinents only, and are not
exhaustive and/or exclusive. They are presented only to 5 assist in

under syandi ng the invention- It should be understood that they are not 6
representative of all the inventions defined by the clains, to be
consid?red limtations on ggthe invention as defined by the clainms, or

linmitations on equival ents PHMMARY QK THEEYVENIHOMNnce, sone of these

advantgges may be nmutually contradictory, in that they cannot be
It is an object of an embodiment of the invention to provide a ESD

5  device and method for fabricating the ESD device that uses a deep well 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;

13 a first /O pad connected to the n-doped region;

14 a trigger circuit connected the first I/O pad and the p-doped region;
15 a second I/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



9 simultaneously present in a single enbodinent. Simlarly, sone advantages
are applicable 10 to one aspect of the invention, and inapplicable to
others. Furthernore, certain aspects of 11 the clained invention have not
been di scussed herein. However, no inference should be 12 drawn regarding
t hose di scussed herein relative to those not discussed herein other than
for 13 purposes of space and reducing repetition. Thus, this sumary of
features and advantages 14 should not be considered dispositive in
determ ni ng equi val ence. Additional features and 15 advantages of the
invention wll become apparent in the follow ng description, fromthe 16
drawi ngs, and fromthe clains. 5 1 2 BRI EF DESCRI PTI ON OF THE DRAW NGS 3
The features and advantages of a sem conductor 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
nor e céearly understoog fronlth& 6 foll ow ng description taken in

conj unttion with the atRofheyapndgclaradvaracssmndideatres aeef represepiatience
nuneral s designate simlar or corresponding el enents, regions and portions
and 8%i n ctbrémments el and srangt exhahstivBaral/er axchsives By e plesatit@lenlpto a ESD
devi ce according 10 to an enbodi nent of the invention. 11 Figure 1 Cis a
top dobn wssswimindestasiieg thedhvention Tt steul EPbOEHRAIA 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  simultaneously 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.



12 Figure 1D is top down view of an aspect of an enbodi nent where two 13
parasitic transistors are used. 14 Figure 2 is a cross sectional view a ESD
device where the trigger 15 circuit is conprised of a chain of diodes
(DC1) 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 capacitance) 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 furt | ncl Q g‘rin region (N2) laterally
surrounding the p- 6 dgﬁéﬂbfiﬁﬁ%ﬁﬁ{éfﬁ§ﬁ(§ﬁ Iﬂiaﬁyﬁﬁgﬁﬁﬁb can be reversed
bi ased to increase resistance. Figure 7 shows an exanple of a triple well
structdire according t olherfeatyres ang adyamagesof DRSCRIRINCOKIOHCTMEORIREFBRIRED

EMBODI MENTS
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 atop 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 circuit is 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).



3 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 si gnal / anal og
11 process, nore options have becone avail able to ESD devi ce designers as
deep N-wel|l has 12 becone available to use for ESD device. 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 independently 15
controlled. This property enables design of new kind of ESD devices. 16 17

The sttucture in whiclrigne SWed crb@Ge@ibraPvidRld ESWHevicO whbe (BxBgpl € in 18
figure 1A) and the substrate 10 (e.g., p-doped substrate) are thus isol ated

from eachplhibn divict SuRdahdNiesaneL é?i_%ﬂ’ idh'd h 'tfe p-TN€
formati onpof thlé tricpl e welqﬁ1 strsucl\t?ﬁiég %%%Htﬂlq\%bgast les%{o;u%{?#ngéﬁep

i sol atéondgfftdvpen geﬁ substrate region of the nMOS transistor and the 8 1
substrate CITREn Strate 10 is preferably connected to a ground |ine VSS

(0 V) i hrough a ) . i . .
Figure 6 is a cross sectional view a ESD device where the ESD

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  prior art.

9



2 diffusion region (p+ layer) into which p-type inpurities are inplanted. 3
4 Enbodi nents of the invention are designed to get around sone of the 5
probl ens t hat di ode-based ESD desi gns present. An enbodi nent under non-ESD
6 conditions, has two "back to back"” diodes. For exanple, the enbodi nent
shown in figure 7 |IA and 1B, use a deep N-well (DNWL) and P-well (PW) as
two termnals of a first 8 diode; and a N+doped region (Ni) and the
floating P-well (PW) as two termnals of the 9 second diode. Figure | A
is a cross sectional view of a first enbodinment. Figure | Bis a 10 cross
sectional view of the enmbodinment in figure 1 Awth the parasitic
transistor PB1 | | drawn in. Due to back to back nature of the first and
second di odes, |eakage current is 12 nuch snmaller when the device is not

rno9csed (P vk s Bashe it AP BRR bl BN, 2020

condition, P-well is charged positive using a trigger circuit 15 and
parasitic bipolar (PB 1) conprised of N+tregion (Ni), P-well (PW1) and deep
N-well 16 (DNW) can be turned on. 17 18 An enbodi nent of the ESD device
is conprised of a N+ jEnieuumeses of rpore tRagg illuseming Beduteption.dbedistussiohlis N+
junction is connected to the first 110 pad and deep N 20 well is connected
to a secostduchured pembrdify eheFollewing teadingu Nteghriicudarlimmatival shopd ba htardeilio
maki ng back-to-back di ode inpossible to turn on and offer good | eakage

behavi &r . any heading or classification.

7

8

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 riple well structure

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



9 | 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 IA and 1B, a first exanple enbodi nent of ESD 11
protection device is shown. Figure 1 B shows a representation of the a

parasiti cgipkipaban. {@grp I ped
regi on (NSI) a p- V\g;elzs‘j(blgﬁé\}\?%@liﬁlﬁefepﬁl coer;eﬁggtﬁgme }o%n&'ﬁHWs% (b V)Stﬁm %%gom te

CO“dugée:jVa 315}{9 {_P& Yér nﬁ?%h%)%lﬁ @p(r:rglﬁp%%ées%ges%lgp raje structure 10 is

pr ovi e se ruct sed of silicon (Si).
The to_);) surface of the substrate structure 10 is preferabl y a p 16 m nus
doped Silicon layer, such as the top portion of a p type silicon wafer. 17
18 A n-doped region (N 1) and a E doped region (P 1) are in a p-well (PW1)
19 in % seni conduct or Esnbadéments ofi the ifteation despledignedyioget ¢duipd somoe aof the doped
region (P 1) are
5 - problems that diode-based ESD designs present. An embodiment 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 ESDD condition, P-well is charged positive using a trigger circuit
15  and parasitic bipolar (PB1) comprised of N-+region (N1), P-well (PW1) and deep N-well
16  (DNW1I) 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 I/O pad and deep N-

20  well is connected to a second I/O pad. The P-well is grounded under normal operation

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



20 preferably spaced apart. 10 1 The n-doped region (Ni) and a p-doped
region (Pl) are preferably 2 spaced by the p-well (PW). 3 The n-doped
region (Ni) and a p-doped region (P 1) could be spaced by 4 isolation
region (e.g., STI) between the n-doped region and- p-doped region, but this
may 5 not be optimal. 6 The N doped regi on and p-doped region can be
formed in the sanme steps 7 and the source and drain regions of NMOS and
PMOS devi ces sinultaneously forned on 8 the chip. 9 An-well (NW1 NA2)
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 (N NW2)dea ESDACRHNONL P&yvelllid cﬁérE@c?pc%ﬁtl\Feh&r% a"%ﬁtglg,er(-::ll:%\(nrlgI ) -

The n-wel| can be conprised of one or more n-wells. For exanpl e
) "Ts %ﬁﬁ%’ﬁd DR e TP BN Pt BB Ny S5 BERR by Polyelo pi
(fir St S usec? %Jo ;?reven? %CH fog'matlo 'tIO ?mgr%gg ggxgrgnctl d‘l;s?nl;utlonrgiurmg ESD to lmprove

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.

00 ~]

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 (DNW1). 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 a semiconductor structure 10. The n-doped region (N1) and a p-doped region (P1) are

20 preferably spaced apart.

10



19 doped region (N 1). The I/O pad is connected to the trigger circuit
(TC1). 20 11 I A second 1/0 pad (1102) is connected to the n-well (NW2).
The second 2 110 pad is preferably connected to the gates (G, & G&3). 3
Contacts to the regions, e.g., n-doped and said p-doped regions, are 4
preferably conprised of a silicide. A trigger circuit (TCl) is connected
the 1/O pad (IN1) and the p-doped 9 The trigger device has two termnals in
which the one termnal is 10 connected to the p-doped region (P 1) via
wiring and in which the other terminal is 11 connected to a reference
voltage termnal (such as the 1/0 pad), for allowing electric 12 current to

fl ow when a vol tage hlﬁ{%j{_iéﬁ?ﬁfgoggﬁﬁﬁﬁhrgp deE%i‘dﬁ @gﬁ@@l&&g{ﬂget ween

the 13 two termnals. appropri 0 note that the

ESD ci4cujt s,the 1 i.gger circuit to trigger a parasitic bipolar
transiésto?pa(cgggﬁhet?@(&s(hmﬁs excess energy. The 16 use of a trigger
current |lowers the point at which the parasitic bipolar transistor begins
to 17°shunt energy. THE mdepedregion N bisandiap-Bopsgi ragion (Bhisoylddre sppgadibyat es
the need for a true bipolar 18 device. A true bipolar transistor is one
who' s ¢onisobkior kepior (B, $H) bepaeathe f-depadirbgod 9and pridopehabgizinpbutshils sayat e
and, hence, is directly controllable. Typically, the inclusion of a 20
bi pol af deytteepsingMi ficantly increases the manufacturing costs of the
integrated circuit. The

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.

g A n-well (NW1 NW2) 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 NW2) can be one n-well or two n-wells, The deep n-well

16  (DNWI) is under the p-well (PW1) and n-well NW1 NW2).

17

18 A first I/O pad (first input—output pad) (I/01) is connected to the n-

19 doped region (N1). The 1/0 pad is connected to the trigger circuit (TC1).
20

11



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
vol tage potential 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 A and 1B). The first gate (Gl) is not shown as Pl conpletely
surround N in 7 this exanple layout. Also, the trigger circuit is not
shown. 8 Operation of the ESD device - parasitic bipolar transistor (PBl)

9 Referring to figure | B, a (vertical) parasitic bipolar transistor (PB 1)

is 10; conprised of Hlesé&aﬂweﬂpardqmms(d&nﬁéctém%é ARIIINAT 2R TEEkéRaH OF

term naI the P-well 11 (PW) functioning as a base termnal, and the deep

N- el l f?aad#%r%tgr&%/ Pgnr%%tehqg thgégétegzggt &5 é m nal . 1.3 14 N.Or mel

condi t| ons rou nor oper ati on maki ng
back-tp-back 16 diode,difficu 0 I nposs ) to.tur and of fer good
| eakage behavior. 17 ESBHREGHAI ‘? 1018 Uhrd &7 %ﬁgﬁba&%ﬁﬂn‘)ﬁ’ﬁgﬁg"oﬁ“ﬁ’ea‘ﬁ wel | (P
W1) is charged positive using the

4  preferably comprised of a Sthlde

5
6 A trigger circuit (TC1) is connected the 1/0 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 noté that the ESD circuit uses the
15 trigger circuit to trigger a parasitic bipolar transistor (PB1) that shunts excess energy. The
16  use 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



19 trigger circuit (TC 1) and the parasitic bipolar transistor (PBl) can be

turned on. An ESD 20 condition can be a positive voltage to the I/0O pad.
21 131 2 Normally, the deep well is coupled to the | esser of two voltage
supplies, 3 such the Vvdd or ground (i.e., ESD device operates in one
direction). The trigger point is 4 easily programmbl 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 bipolar device that
6 shunts the majority of the excess energy, not the diode string.
Consequently, the individual 7 diodes may be nmade very small to mnimze

current | biplskageramsisiorn 10FIBr GlertomndskiEsthe8 pPRAIAICHRRE &y \btidafilly &ded vIA SO,
the ESD device uses the deep well as a emtter elenent in the 10 parasitic
transist opr subk@stef ore, ESD device may be incorporated triple well designs
of 11 integrated circuits. One skilled in the art will readily appreciate
the sujtability of ESD 12 circuit to current and future integrated circuit

process flows. 13 The parasjtic hipolar Tx operates as foll ows. en the
base (PW1) is 14 shortdduiasts et‘ﬁ’PB‘ﬂ:&rgl‘P}Siaéeg%rP&&?ﬁXGPWP“ﬁgs cﬁ&\éﬂl"@rﬁtter
vol tage exists and bi polar doesn't 15 turn on. Under ESD conditions,
trigge? circuit biasedigye Ibashewgadon down wiewhofraasispent of the fgstemitiodiment DNWL)
and the parasitic bipolar Tx trues on and shunt ESD current.

6  (Seefigures 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-vs-iell
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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17 The device can be conprised of nore than one parasitic bipolar. For 18
exanpl e, as shown in top down viewin figure 1D, multiple 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 t6 the I1/O pad. 4 Gate options 5 Referring to figures I A and 1B
the ESD device can conprise a first 6 gate (Gl) over the p-well between
the n-well and the n-doped region (NI); a second gate 7 (&) over the
p-wel | between the n-doped region (N) and the p-doped region; and 8 a
third pate (G3) over the p-well between the p-doped region (Pl1) and the
n-well " (NW). 9 Gates (e.g., G & G&3) can be used to prevent STI
formatjon. In a 10 standard process the STl is forned before the gates. The

gates 6 1 & G3 ensur \HRlytthe deap welhis coypled to thedesserpfitaoagliage S¥PRlGum
gate length and not be STI. Thus current can flow 12 laterally instead of
ar ound3 t heu@tthe Vdg oo geound §i.cTHESIp devicg aparates brorsalingsieh)t Thé mgeovmintis r ent
distribution during ESD 14 and to bias P-substrate to i nprove ESD device
turn-od duisilp@regakblabRvgdhandifg tHeSHgger circuit, such as by increasing or decreasing
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 curreﬁt 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 twn 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  Txis used.

2]
14



15-device wll 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 conprised of Back-to-back di odes 19
Referring to figure 2, an enbodinent is shown where the trigger circuit 20
is conprised of a chain of diodes (DCl). 151 A chain of diodes (DCl)
termnated by a series resistance (Rl) can be 2 used as trigger circuit.
Resistor (RI) grounds the P-well under normal operating condition 3 but

bi ases the P-well (PS W1) positive and turns on the parasitic bipolar
(PBI)(N+/P 4 well/Deep N-well) during an ESD event. 5 RC trigger circuit 6
Referring to figure 3, an enbodi nent is shown where the trigger circuit 7
is conprised of a RC (resistance capacitance) network (C Rl). The RC

network is 8 preferably.c L of di DC connect tQ.a reasistor
and thié p- doped regqi onﬂyhegglfr%lt)pﬁggﬁtecaf‘g’g inécf%gﬁed((tﬂlpjr&%%t a@%‘ﬁlﬁtec‘:{%gﬁostﬂévetar? power
supply, (vVdd OR ND). . 10 An RC network can be used for a trigger circuit.
Resi stor Pﬁga%%ﬁgtaﬁ?s&’fh@\g{ﬂpa(dPW) grounded. During an ESD event Cl acts as
an AC short and couples the ESD 12 voltage to Resistance R and bi ases the
P-well (PW) positive and turns on the bipolar 13 device (PB 1) formed by
Nt+/ pwed | / [68@4¢ opti@ms$ . The RC tine constant should be set to

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., GI G2 G3) can be used to prevent STI formation. Ina
10 standard process the STI is formed before the gates. The gates G1 G2 G3 ensure that the
11 nl and pl are separated by minimum gate length and not be STL 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



14 about 10 tinmes (about 1.5 to 2 mcro seconds ) the duration of Human
body nodel (HBM 15 ESD waveform (100 to 200 nano-seconds). 16 17 The
enbodiment's RC trigger circuit in conbination with the vertical 18
parasitic BJT (PBl) is nore conplex to design than a di ode chain, but

provi des better 19 |eakage at high tenperatures. 16 1 G ounded-gate NMOS
(GGNMOS) trigger circuit. 2 Referring to figure 4, an enbodi nent is shown
where the trigger circuit 3 is conprised of a grounded -gate nMOS

transi stor (GGNMOS). Also, a resistor (Rl) is 4 connected to the grounded
-gate nMOS transistor and to the power supply (vdd). 5 Resistor (Rl) keeps

The P-yell (PW) groun and
bi asesy\?he P-well (P Sﬁﬂ?é’ﬁaﬁﬁgﬁ]@bﬁ Q(%Fgﬁsg&%&@g@ékﬁi%%éggce( PB
1) for Pwel | / De t urns on can, be | ocat ed
Tt he S aHEPR T P SRR T %mﬁ Gg'ﬁ\'rrrfcgﬁlé e Bingieondiogic .

di odes vmth N+ region 10 surrounding P+ region 11 As shown in figure 5, an
emodlhnbuﬁ@a@ﬁﬁwﬁ’ el (BSYWHe mositive ang pusneen the parbeificdepdlanPBIN udes a
N-doped ring region (N2) laterally surrounding the p- 13 doped region (P
1) . Wrer ebyliiDeep N-defpdutiigwmm EgQicoentand t he deep n-wel | (DNW 1)

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 (DC1) 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 C1 acts as an AC short and couples the ESD
12 wvoltage 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 BJT (PB1) is more complex to design than a diode chain, but provides better

19 leakage at high temperatures.

16
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14 increase the resistance of the parasitic bipolar transistor (PB 1)
thereby increasing the pinch 15 off during an ESD event. 16 17 Additi onal
i nprovenent is possible by taking advantage of the limted 18 depth of the
P-well region (PW). In this aspect, it is proposed to add N+ rings (N2) 19
surrounding the P-region (P 1) in the P-well to be able to pinch off the
area around P+ 20 region (P 1). 17 1 As shown in figure 6, the extension
of depletion region (DR) by reverse- 2 biased N+ region during ESD event

i ncreases the effective resistance (RPO) (RPQ2) 3 seen by the injected
current in the P+ region (P1) by the trigger circuit into P-well region. 4

Thus ppt enSidiindéadte NMO MosK&Fi i ases nore quickly turning on
the bipolar Tx 5 ?PB 1) f‘g:(nde(%qby I%iﬁ-g'\ﬁﬁrl ﬁ‘gﬁ N-wel | and device. The N+

regi on, make the PW rrggﬁef 6 resistive by pinch-off raising base potenti al
more qui ckly. 7 As shdWHeigere fgpe 4 an embodimept isshew svhers the tiggeEsipuifevi ce
can be the 8 sane steps to form NMOS devices in NMOS areas on the chip and
PMOS devi sesomprigdpiesganedsd efate heQfhirgnsiskor GENMPISS., AR, a 1€histanR Nas f orm a
NMOS TX with a channel 10 between the n-regions (NI N2 ). 11 Opposite type
ESD de#i ceodiecittieo thiepesirided tyae nvibY devdisier 4o B fowerBepdly (V&yer sing the

5 Resistor (R1) keeps 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 (P1).

17



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
wel I s and doped | ayers may be opposite to those 16 enployed in the above
enbodi nents. In this case, the connections to the input/output pad 17 I/0O
and the ground .t.term nal may be exchanged. 18 1 Method to form an ESD device
2 An enbodi nent of a nmethod of form ng an ESD protection device 3
conprising the followng (See figures IA and 113). 4 W form a n-doped
region (N1) and a p-doped region (P1) inap-well 5 (PWM) in a

sem copduct or structur wnhi E(%lﬂs on 6
(P1) are spaced. 7 W or m a ]H%\%ﬁj@%{t%@no ?etlglggeé%tpgt\gﬁpo%ﬁkﬁ%
surro d| and hotto
ol ectr] capyedNt i Hisesta e Berbaset s FEebasn TeuegRi) CORnEst
el ect;%cally a trigger circuit (TCl) the first 1/O pad (1/01) 12 and the
p- dop themygetedionmpat mdhe Beregirn il by dhe ngaerscé@@ﬁdntp/ pltegian. 0 2)
t he n-wel I 14 A (vertical) parasitic bipolar transistor (PB 1) is
pr ef erébl Ihwmcﬂtkiéakouﬁd thHeP+ tegion-(Rdpidrensgingore dicklyf tuming omihedimdaralx
collector termnal, the P-well (PW) functioning

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, GI 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 /O and the ground terminal may be exchanged.

18



16 as a base termnal, and the deep N-well (DNW1) 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

bi pol ar transistor (PB 1) can be turned on. 19 In another enbodinent, we
forma first gate over the p-well between 20 the n-doped region and the
p- doped region; and forma second gate over the p-well 19 | between the
p-doped region and the n-well. W electrically connect the first gate, the
2 second gate and second /O pad. 3 4 Non-limting enbodinments 5 In the
above description numerous specific details are set forth in order 6 to
provi a 0 ing of the present invention. It will be
obvi 0312 ﬁ%m‘%@ri oggl#eﬁgkl Iv?g]% in the art that the present invention
may be practiced without these 8 details. In other instances, well known
process have not been Afeerabadiment of adeethdd of formingem RSB profetiondewcessar | | y
obscure the present invention. 10 Gven the variety of enbodi nents of the

preseri i enmeprisignthi fisliowlihg edigubadl A kitb1BHove descri ption and
illustrations show not be taken as linmting the scope 12 of the present

i nvent4 on defined by the fshfd ARopddre |(ﬁn§&§1ég g&dfé@d}ﬁm 8 p-well
particularly shown and descri bed W t 14 refer tothe preferred
embodigre anGWim es%Imcon’iiur\fi"ml :ltru%ﬁlréj 'i'ﬁlefh B 080pe%¥eé191? ﬁ@l)saﬁlldl al pe—(AOpeQi region

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/01) 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 I/O pad (/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



15 the art that various. changes in formand details may be nade w thout
departing fromthe 16 spirit and scope of the invention. It is intended to
cover various nodifications and simlar 17 arrangenments 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 19 arrangenents and procedures. 20 1 2 Wiat is clained is: 3 45
1. A ESD protection device conprising: 6 a) a n-doped region and a p-doped
region in a p-well in a sem conductor structure; 7 said n-doped region and
sai d p-doped region are spaced; 8 b) a n-well and a deep n-well surroundi ng

sai d piwebttwasn thtepHogebreaitth MAithOMwelld We eleckiidally chirfdcPaf fEAMARCHRD to
sai d n-doped region; go (%a; a trigger eci rcuit Ccor?nggt ed csai d ?{Erasf I/ O pad

and sapd Qec@g@?gteraﬁgis nd B @ second /0 pad connected to said n-well;
12 f) a parasific bipolar transistor is conprised of the n-doped region
functig)ni ng as a 13 collector termnal, the P-well functioning as a base
termnal, and the deep N-well 14 functioning as the emtter term nal;

wher eby under an ESD condition, the p-well is

4 Non-limiting embodiments

5 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 of the 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
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 so as to encompass all such modiﬁcaﬁons and similar

19  arrangements and procedures,

20



15 charged positive using the trigger circuit and said parasitic bipolar
transistor can be 16 turned on. 17 2. The ESD protection device of claiml
whi ch further conprises: 18 a first gate over said p-well between said
n- doped region and said p- 19 doped region; and 20 a second gate over said
p-wel | between said p-doped region and said n- 21 well. 21 1 3. The ESD
protection device of claiml which further conprises: 2 a first gate over
said p-well between said n-doped region and said p- 3 doped region; and 4 a
second gate over said p-well between said p-doped region and said n- 5
well; 6 said second I/O pad connected to said first gate and said second
gate. 7 4. The ESD protection device of claim1l which further conprises
sai d 2 dop@aeht ie@rigRdand 8 said p-doped region are separated by an
i sol at3on region. 9 5. The ESD protection device of claim1l wherein said
trigger circuit conprises a chain of 10 diodes. 11 6. The ESD protection
devicegof claim1l wherein said trigger circuit conprises a RC 12 network
conpri sed of a diode connected to a resistor and said p-doped region; said
resi r
©s Stﬁo 1. A ESD protection device comprising:

6 a) an-doped region and a p-doped region in a p-well in a semiconductor structure;

77 said n-doped region and said p-doped region are spaced;

8 b) an-well and a deep n-well surrounding said p-well on the sides and bottom;

9 c) a first I/O pad connected to said n-doped region;
10 d) a trigger circuit connected said first /O pad and said p-doped region;
11 e) a second I/O pad connected to said n-well;
12 f) a parasitic bipolar transistor is comprised of the n-doped region functioning as a
13 collector terminal, the P-well functioning as a base terminal, and the deep N-well
14 functioning as the emitter terminal; whereby under an ESD condition, the p-well is
15 charged positive using the trigger circuit and said parasitic bipolar transistor can be
16 turned on.

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

18 a first gate over said p-well between said n-doped region and said p-
19  doped region; and
20 a second gate over said p-well between said p-doped region and said n-

21 well.
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13 connected to said second I/O pad. 14 7. The ESD protection device of
claim1 wherein said trigger circuit conprises a RC 15 network conprised of
a diode connected to a resistor and said p-doped region; said resistor 16
connected to said second 1/0 pad; said RC network has a RC tinme constant
about 10 17 tines the duration of human body nodel ESD waveform 18 8. The
ESD protection device of claiml wherein said trigger circuit conprises a
RC 19 network conprised of a diode connected to a resistor and said p-doped
region; said resistor 22 1 connected to said second I/0O pad; said RC
network has a RC tine constant between 2 about 1-5 and 2 mcro seconds. 3
9. Thel ESB Predf$ia pratectivedetiee of clelmil whiciniuethet dong@ises:t ri gger circuit
conprises a 4 grounded-gate nMOS transistor and a resistor connected to the
grounded-gate nMOS 5 transistor and to said second 110 pad. 6 10. The ESD
protection device of @ fphgate orer shidinivelh betwieerr baidi asdepeiregipednd sadyps egi on 7
| ateral | y surroundi ng said p=doped regi on whereby said N-doped ring region
and sal d demed redom-andl | i ncrease the resistance of the parasitic bipolar
transi stor thereby increasing the pinch 9 off during an ESD event. 10 11.
The ESD protection dew g€orfdf oatd &4 : i | d:sem cUct ur e
is 11 conprised of silicon. g12 %&%ﬁﬁ%ﬁb%%%i gjr?(gjee\g?%%&g?nﬁay% 1
whereiq cggfiacts to said n-doped and said p

6 said second I/O pad connected to said first gate and said second gate.
7 4. The ESD protection device of claim 1 which further comprises said n-doped region and

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

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

10  diodes,

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

13 connecied to said second /O pad.

14 7. The ESD protection device of claim 1 wherein said trigger circuit comprises a RC
15 network comprised of a diode connected fo a resistor and said p-doped region; said resistor
16  connected to said second I/O pad; said RC network has 2 RC time constant about 10

17  times the duration of human body model ESD waveform.

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

19 network comprised of a diode connected to a resistor and said p-doped region; said resistor

22



13 doped regions are conprised of a silicide. 14 13. The ESD protection
device of claim1l wherein said ESD protection device is further 15
conprised of a second parasitic bipolar transistor. 16 17 18 19 14. A

met hod of formng an ESD protection device conprising: 23 | a) formng a

n- doped region and a p-doped region in a p-well in a sem conductor 2
structure; said n-doped region and said p-doped region.are spaced; 3 b)
formng a n-well and a deep n-well that surround said p-well on the sides
and 4 bottom 5 c¢) connecting electrically a first 1/0O pad to said n-doped
region; 6 d) connecting electrically a trigger circuit said first 1/0 pad

and said posiepRd 16 §38 S¢tond T/0EYads OSBRI Mew8Hak bl ReltinYe dorSRGORGwbO pad to
said n-well; whereby a parasitic bipolar 8 transistor is conprised of the

n- dopesl rﬁ@élﬁ@ﬁﬂ@%ﬁf&&@&oﬁ&.a collector termnal, the P- 9 well

functioning as a base termnal, and the deep N-well functioning as the
emtter 10 term nal; whereby under an ESD condition, the p-well is charged

posi tiye YSTRIESHGrotddridndediRlof ¢laifii Whedbid shidQriparagbhit Colpfikar transistor
can be turned on. 12 15. The method of claim 14 which further conprises;
4  grounded—gate nMOS transistor and a resistor connected to the grounded--gate nMOS

5  transistor and to said second IO pad.

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

9  off during an ESD event.

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

11 comprised of silicon.

12 12. The ESD protection device of claim 1 wherein contacts to said n-doped and said p-

13 doped regions are comprised of a silicide.

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

15 comprised of a second parasitic bipolar transistor.

16
17
18

19 14. A method of forming an ESD protection device comprising:
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13 formng a first gate over said p-well between said n-doped regi on and

14 said p-doped region; and 15 formng a second gate over said p-well

bet ween said p-doped region 16 and said n-well; 17 electrically connecting
said first gate, said second gate and second I/O 18 pad. 19 16. The net hod
of claim 14 which further conprises: 24 1 formng a first gate over said
p-wel | between said n-doped region and 2 said p-doped region; and 3
form ng a second gate over said p-well between said p-doped region 4 and
said n-well, 5 17. The nethod of claim 14 which further includes formng

i sol ation regions separating 6 said n-doped region and p-doped region. 7

15 T L O 4 SO LR o PR e
i ncl f ] i,d ' . Ci i.t b 0 f ' RC k i sed
BN AT e TR L R A L

Whi ch 3 ar  he PBINGIC i eeRPavel Rgsrraind sulp el oofmsips and |

4 bottom;
5 ¢) connecting electrically a first /O pad to said n-doped region;
6 d) connecting electrically a trigger circuit said first /O pad and said p-doped region;
7 e) connecting electrically a second I/0 pad to said n-well; whereby a parasitic bipolar
8 transistor is comprised of the n-doped region functioning as a collector terminal, the P- |
9 well functioning as a base terminal, and the deep N-well functioning as the emitter

10 terminal; whereby under an ESD condition, the p-well is charged positive using the

1t trigger circuit and the parasitic bipolar transistor can be turned on.

12 15. The method of claim 14 which further comprises;

13 forming a first gate over said p-well between said n-doped region and
14 said p-doped region; and
15 forming a second gate over said p-well between said p-doped region

16  and said n-well;

17 electrically connecting said first gate, said second gate and second 1/O

18  pad.

19 16. The method of claim 14 which further comprises:
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13 a RC network conprised of a diode connected to a resistor and said
p-doped region-, said 14 resistor connected to said second 1/0 pad; said
RC network has a RC time constant about 15 10 tines the duration of Human
body nodel (HBM) ESD waveform 16 2 1. The nethod of claim 14 which further
includes formng said trigger circuit by formng 17 a RC network conpri sed
of a diode connected to a resistor and said p-doped region; said 18

resi stor connected to said second 1/0 pad; said RC network has a RC tine
constant 19 between about 1.5 and 2 micro seconds. 25 1 22. The nethod of
claim 14 which further includes formng said trigger circuit by 2 formng a

grounded- gate nMOS t r&Bﬁﬁi&%@rﬁrﬁfgiteaoxfeeﬁéi&b%elpwﬂ@é‘dﬁ‘i’d tnoddpee réieuiaded- gat e
3 nMXS transistor and to the second I/O pad. 4 23. The method of claim 14

whi ch i“?&ﬂ@g-dog&ll}%%; mng a N-doped ring region 5 laterally _
surroundi ng Sal d p-doped regi on whereby said N-doped ring region and said

deep wel | increase the resistance of the pargsjtic bipplar transistor
theregjy i ncreasing th Oﬂ?lﬂgﬁS%Oﬁfgaﬁﬂ‘feﬁémﬁﬁ'vé‘%@%WE?ﬂ%a?‘g pz(iﬂpeq’ﬁ%gl‘?fbt hod of
claim 14 wherein said sem conductor structures conprised of silicon. 9 25.
The met hotRGFILPESH 14 which further includes form ng contacts conprised of
a 10 suicide to the n-doped regions and said p-doped regions. 11 12 26. A
met hod® f ot 7.uBiengethod &Rteipr bt wbichdnrtbkenindedss domiing i ingatidreregioap sepafating

6 said n-doped region and p-doped region.

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

8  diodes.

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

11 region; said resistor connected to said second I/O pad.

12 20. The method of claim 14 which further includes forming said trigger circuit by forming
I3 aRC network comprised of a diode connected to a resistor and said p-doped region; said
14 resistor connected to said second I/O pad; said RC network has a RC time constant about

15 10times the duration of Human body model (HBM) ESD waveform.

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

19  between about 1.5 and 2 micro seconds.
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13 (1) providing: 14 a) a n-doped region and a p-doped region in a p-well
in a sem conductor structure; 15 said n-doped region and said p-doped
region are spaced; 16 b) a n-well and a deep n-well surrounding said p-well
on the sides and bottom 17 c) a first 1/0O pad connected to said n-doped
region; 18 d) a trigger circuit connected said first 1/0 pad and said
p-doped region; 19 e) a second |I/O pad connected to said n-well; 26 1 f) a
parasitic bipolar transistor is conprised of the n-doped region functioning
as a 2 collector termnal, the P-well functioning as a base term nal, and
the deep N-well 3 functioning as the emtter termnal; 4 (2) charging said

p- wel 11 uspnaThdgiethol Moy b tﬁﬂgf\eg.e [y J4r,ning on 5
said parasitic biegiglﬂg)?%{a}lgrllgﬁ’s"{utglrl. W?ﬁ@?@%ﬁ%%{%ﬁp%@ﬁn@% whi ch
furth C i ; foormn irst gate over said p-well between said
n-dop?d rfebg?%ﬂrgs %%fgu desdég%}e Bgﬁg%éﬁnﬁl% -2 551308 eomnseiad frythy gé%@éﬁ‘%’&ﬁ@t e over
sai d p; wel tween said p-doped region 11 and said n-well. 12 28. The

met hod® of m@@t%?PéFPglﬁﬁ?%ﬂI&ﬁ?ﬂ-ises;

4  23. The method of claim 14 which further includes forming a N-doped ring region
5 laterally surrounding said p-doped region whereby said N-doped ring region and said deep
6  n-well increase the resistance of the parasitic bipolar transistor thereby increasing the pinch

7  off during an ESD event.

8  24. The method of claim 14 wherein said semiconductor structures comprised of silicon.

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

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

11

12 26. A method for using an ESD protection device comprising the steps of:

13 (1) providing:

14 a) an-doped region and a p-doped region in a p-well in a semiconductor structure;
I said n-doped region and said p-doped region are spaced;

16 b) an-well and a deep n-well surrounding said p-well on the sides and bottom;

17 ¢) a first I/O pad connected to said n-doped region;

18 d) a trigger circuit connected said first I/O pad and said p-doped region;

19 e) a second I/O pad connected to said n-well;
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13 forming a first gate over said p-well between said n-doped region and 14
said p-doped region; and 15 16 and said n-well; 17 formng a second gate
over said p-well between said p-doped region connecting said second 110 pad
to said first gate and said second gate. 18 29. The nethod of claim 26
wherein said trigger circuit is conprised of a chain of diodes. 27 1 30.
The nmethod of claim 26 wherein said trigger circuit conprises a RC network
2 conprised of a diode connected to a resistor and said p-doped region;
said resistor 3 connected to said second YO pad. 4 3 L The nmethod of claim
26 wherein said trigger circuit conprises a grounded-gate nMOS 5
transilstor ahd mrasitid Epoler ganipeatiedohprided ®f gieonddpett galon folMddonimgassi st or

and to said 6 second 1/0 pad. 7 32. The method of claim26 which further

i ncludes T Qollkatgr @Rriind0BRYP- Weﬂ%ﬁo%ﬁh&%a@a'b%&e%ﬁiuh&l SHAtR L MwrAl d p- doped

regi on whereby said N—dope ~ring region and said déep 9 n-well increase
t he re_§| st & %'En tag%heog eln%l tf)ﬁ pol ar transistor thereby increasing the
pinch ™ 10 o SVent 1 |

4 (2) charging said p-well using the trigger circuit under an ESD condition and turning on
5 said parasitic bipolar transistor.

6

7 | 27. The method of claim 26 which further comprises:

8 forming a first gate over said p-well between said n-doped region and
9  said p-doped region; and
10 forming a second gate over said p-well between said p-doped region
11 and said n-well.

12 28. The method of claim 26 which further comprises;

13 forming a first gate over said p-well between said n-doped region and
14  said p-doped region; and
15 forming a second gate over said p-well between said p-doped region

16  and said n-well;

17 connecting said second I/O pad to said first gate and said second gate.

18  29. The method of claim 26 wherein said trigger circuit is comprised of a chain of diodes.
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12 33. A nethod of using a ESD protection device conprising the steps of

13 (1) providing: 14 a) a n-doped region and a p-doped region in a p-well

in a Sem conductor structure; 15 said n-doped region and said p-doped
region are spaced; 16 b) a n-well and a deep n-well surrounding said p-well
on the sides and bottom 17 c) a first 1/0 pad connected to said n-doped
region; 18 d) a trigger circuit connected said first 1/0 pad and said
p-doped region; 19 e) a second 1/0 pad connected to said n-well; 28 1 f)
a parasitic bipolar transistor is conprised of the n-doped region

functi nlng as a 2 collector termnal, the P-well functioning as a base
term nal , 38n&he methgd of climab | wierbinrsatd mggﬁgm&&tfcbﬁi A58stalFeC nbfdk nal ;

wher eby under an ESD condition, the p-well is ﬁarged positive using the
trigge? cicompiitedoufd da'@dwhomﬁécﬁéd {ol Lrebisdehad sdid g%gé& ol aQalg?ems?o tamed on; 6
g) a N-doped ring region laterally surroundin 5 region mhereby

said N3 7cogerdnid Eﬁd%@&h&@/@@éﬁ said deep n-well increase the resistance of
the parasitic bipolar 8 tranSistor thereby increasing the pinch off during

an ESD event; 9 (2) reverse-biasing said N-doped ring region during an ESD
event 40 BhcTieanethber hineti WikroihQaidask st RAEH E&ﬁﬂn@é t,ffP&qd b &t SIMBYT " ent

in the P-doped region by said trigger circuit into
5  transistor and a resistor connected to the grounded—gate nMOS transistor and to said

6  second I/O pad.

7 32. The method of claim 26 which further includes forming a N-doped ring region
8  laterally surrounding said p-doped region whereby said N-doped ring region and said deep
9 n-well increase the resistance of the parasitic bipolar transistor thereby increasing the pinch
10 off during an ESD event.
11

12 33. A method of using a ESD protection device comprising the steps of :

13 (1) providing:

14 a) an-doped region and a p-doped region in a p-well in a semiconductor structure;
15 said n-doped region and said p-doped region are spaced;

16 b) an-well and a deep n-well surrounding said p-well on the sides and bottom;

17 ¢) a first I/O pad connected to said n-doped region;

18 d) a trigger circuit connected said first /O pad and said p-doped region;

19 ¢) a second I/O pad connected to said n-well:
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12 29

10

11

12

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 circuitand 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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