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7) ABSTRACT

The present invention relates to an SCR (Silicon Controlled
Rectifier) for the ESD (electrostatic discharge) protection
comprising two terminal electrodes of a first electrode and a
second electrode, a PMOS, an NMOS and an SCR structure.
By utilizing an embedded SCR, a whole-chip ESD protec-
tion circuit design can be obtained. The present invention is
suitable for IC products, and for applications by IC design
industries and IC foundry industries.

Vo

L ===

FLIRY (IRD])

{VED
66—

Lo ] o

VDD
= [
o]

VSS
T Mh
N+

ne | | e |

g

T LR

1

» .
T YY1

Nawell  SORpath  payg)

*

VSsS

Psub




Patent Application Publication Dec. 8, 2005 Sheet 1 of 36 US 2005/0270710 A1l

PMOS

VDD |

~t_ 3

SCR Structure | ——5

NMOS

VSS

FIG.1



Patent Application Publication Dec. 8, 2005 Sheet 2 of 36 US 2005/0270710 A1l

vo

L o

6\"'\ P+
9v/;k‘N~e||

8—Hpal

T/“*

VsS

i D

Low [ e

L]
» »
T P L

FI1G.2



Patent Application Publication Dec. 8, 2005 Sheet 3 of 36 US 2005/0270710 A1l

o
VDD
,.{ VDD vob () 11 vss VsS
o I N o S e g B
9\_§/Nwells=|L“P+ pe | Lpe | ﬂmlelu irn
8— frwi)i = T
7 TN N-well SCR{path P-well
' \lISS P-sub

FI1G.3



Patent Application Publication Dec. 8, 2005 Sheet 4 of 36 US 2005/0270710 A1l

Vo
VDo I
] { vm_l_ — — -~
‘ . Mp
9 L TILIITW_,LE
\/':k : —_— Nt || P+ Pt. . N o T
. 8JE~: o N R
7 AT Nuell  SCRPth Pl
P ....\:,SS -~

FI1G.4



Patent Application Publication Dec. 8, 2005 Sheet 5 of 36 US 2005/0270710 A1l

110 |
VDD VSS VS$§S
Mp T T Mn
ﬁiﬁ_‘lﬂdlml 1N+||P+|
N-well SCR|path P-well
P-sub

FIG.5



Patent Application Publication Dec. 8, 2005 Sheet 6 of 36 US 2005/0270710 A1l

voo 10 1 wvss vss
w 4 \ It Mn T
| ) =
Lne [ e [ lellgrﬂmﬂ’mllml“ Ne | [ e ]

.
(T YL

Nwel  SCRpath Pl

P-sub

FIG.6



Patent Application Publication Dec. 8, 2005 Sheet 7 of 36 US 2005/0270710 A1l

o
VDD " voo 101 11 vss " vss
mJLHl{J!“ILmILTHmHmlele
N-well scn path1 P-well
P-sub

FIG.7



Patent Application Publication Dec. 8, 2005

Sheet 8 of 36

US 2005/0270710 Al

VDD VsS
Lo fLs ' }ud" [ne [ Tpe ]
N-well  SCRjpath  P.well

P-sub

FIG.38



Patent Application Publication Dec. 8, 2005 Sheet 9 of 36 US 2005/0270710 A1l

FIG.9



Patent Application Publication Dec. 8, 2005 Sheet 10 of 36 US 2005/0270710 A1l

I[0]
VDD P-trigvsswh VSS
T | Tm !
Gellal o] 2] [t ][]

FIG.10



Patent Application Publication Dec. 8, 2005 Sheet 11 of 36

Vss

US 2005/0270710 A1
[}
T
VDD VDD ‘ vss
Mp N-trig Mn T
i\
Lne Jlpe ' ee ]| [ne ] [ s
N-well SCRipath P-well
P-sub

FIG.11



Patent Application Publication Dec. 8, 2005 Sheet 12 of 36 US 2005/0270710 A1l

/[0]
)|
Mp g A WM
, 1 m
Lo | | pe e | Lpe [ pe ] Ve [T e ' el [t ]
o....." "...1
Nowell SCRpath P-well

P-sub

FIG.12



Patent Application Publication Dec. 8, 2005 Sheet 13 of 36 US 2005/0270710 A1l

o

It
. VDD wo 10 11 s Vss
: T Mp §- N-rig A mn
: 0 D &Y

(e [Tee I e J0pe ] Do U | [ e N | Lpe |
"."--. .--"1
N-well SCR|path P-well
P-sub

FIG.13



Patent Application Publication Dec. 8, 2005 Sheet 14 of 36 US 2005/0270710 A1l

VSsS
[ ne | [s |
N-well SCR/path P-well
VSsS . P-sub

FIG.14



Patent Application Publication Dec. 8, 2005 Sheet 15 of 36 US 2005/0270710 A1l

14 |vo| 14
\

FIG.15



Patent Application Publication Dec. 8, 2005 Sheet 16 of 36 US 2005/0270710 A1l

VDD

Embedded
SCR

Embedded
SCR

--------
Sussnanse - .
. - N . .

P+ feal o
: : : INwell] :
< |Nwelll = i : :
i [Pwe]: | VP W I“_tf:m,al : [Pwell i | O/P Interal
! N+ : circuits . SN+ | circuits

VSS

FIG.16



Patent Application Publication Dec. 8, 2005 Sheet 17 of 36 US 2005/0270710 A1l

VDD
Embedded . Embedded
: SCR Mp_in SCR Mp_out
:ll.llllll: :IIIIIIIIIE
Ik ik i
i [Fwen : ‘ : [well H
P pwen|: | WP W\ Internal i [Pwet| i |OP Intemal
: cireuits AT E circuits
N+ . H
lllll L ] asmrn L] I—
Mn_in
| Mn_out [
L
VSS

FIG.17



Patent Application Publication Dec. 8, 2005 Sheet 18 of 36 US 2005/0270710 A1l

VDD

Embedded Embedded
SCR SCR
é P+ EJ 1] P+ § Lj})-
£ [Rwel : [Nl § .
f [Pwel]: | P W Intemal : [Pwel] : | OIP Internal
: : clrcunts ‘ : cireunts
N+ | = . N+ | »
IIIII IE '
-

VSS



Patent Application Publication Dec. 8, 2005 Sheet 19 of 36 US 2005/0270710 A1l

VDD
-—— -
Embedded Embedded
SCR SCR Mp_out
FINTY CRTNTY FLILL (TR Y
] L . :
| oes : ESD i) P F_
ESD H . H :
detection | = Nwell E I l detection :’ Nwell . )
cireuts % P W tnemal | eireuits |5l | ogp Internal
: ' CIrcuits : : P
E N+ E : N+ | = circuits
a H H .
: llllllll : :llll Illl: F
Mn_in Mn_out
_ ]
VSS

FIG.19



Patent Application Publication Dec. 8, 2005 Sheet 20 of 36 US 2005/0270710 A1l

VDD

Embedded Embedded
SCR SCR Mp_out
aetnun lllle eneqeese :
ESD | :]| P+ ESD | 3| P+ : Io-
detection| 2 INwelll = de‘leclfon E wael E
Circuits  jegm E wa | Intermnal circuits |€% : Internal
i [Pwe| i | P || R : [Pwell : | O/P tern
. H circutts H - circuits
H N+ : N+ H
T =l
Mn_out

VSS

FI1G.20



Patent Application Publication Dec. 8, 2005 Sheet 21 of 36

VDD

US 2005/0270710 Al

Embedded
SCR

Embedded

SCR

P In.tem.al oP In’tern.al
CIrcuits clrcuts
ESD BT
detection detection I—
circuits o circuits
VSS

F1G.21



Patent Application Publication Dec. 8, 2005 Sheet 22 of 36 US 2005/0270710 A1l

vDD
_
Embedded Embedded
SCR SCR
LR ) FITLYL (IR LY F_

oI In.tem.al
l circuits

ESD l_
detection

circuits

M/I_ Internal

circuits

ESD
detection
circuits

I I l I
VSS

FI1G.22



Patent Application Publication Dec. 8, 2005 Sheet 23 of 36 US 2005/0270710 A1l

vDD
_ﬂ ]
Embedded
SCR Mp_out
.... :ll llllllt
S RHIE PP lo-
Hetection] ¢ [Nwell i [Nwell :
- its FP ¢ — :
cireuits P11 2 | yjp (o Teema! [ Pwel; | OP Internal
: : circuits o . circuits
N+ {3 i N+ |3
1 : H
| faees ": : ----- nusal I—
! [
1 n_in . Mn_out
U USRI MU Dy g R I
VSS

FIG.23



Patent Application Publication Dec. 8, 2005 Sheet 24 of 36 US 2005/0270710 A1l

VDD
_
Embedded . Embedded
SCR Mp_in SCR Mp_out
.lllllllllt :lllllll.llg: F-
AINE P[P
ESD | % : : [Nwerl §
detection] = . Emi] :
oo . H H
circuits { = i UP vl"vA In_tem_al b s IPwell 2 | OIP In_temal
circuits ! : circuits
. ¥ N+
i
--------- 1 | aessspunans I__
i
n_in : Mn_out
______ RS DU | |
VSS

FIG.24



Patent Application Publication Dec. 8, 2005 Sheet 25 of 36 US 2005/0270710 A1l

PMOS

"y

VDD I £

Pl

\/3

AT

18
)MOS
2

VSS . ;

|

~__4

PAD

FI1G.25



Patent Application Publication Dec. 8, 2005 Sheet 26 of 36 US 2005/0270710 A1l

VDD
. _d
Embedded Embedded
S it _ Y )
: : Mp_in [~ :[ps]: Mp_out
ESD |i[ P*]: ESD | :
de.tection_i; Nwell de'tcctfon__;,, well .:. r"
circuits | & kg oyl 3 circuits : [Pwell ¢
AT E A LK Internal
: ;| P I Ae- ;‘ ..... ;o -
LT oY circuits circuits
P+ P+
well well l—
[Pwen n_in Pwell Mn_ou
N+ N+
T l 1 I
VSS

FIG.26



Patent Application Publication Dec. 8, 2005 Sheet 27 of 36 US 2005/0270710 A1l
VDD
Embedded Embedded
seeeqeeueaSCR Mp_in ;’""""ESCRM t
gsp | i [P ] - ESD | i ]| P p-ou
detection| ('.- well | £ N detection| ¢ | ell |°'
circuits | § [wen | § circuits | 3 [Bwel | 3
[ . M Internal LA OIF Internal
seaspeeed circuits Verecpees circuits
P+ Pe
. well —‘h B well l.—
A Pwell n_in Pwell Mn_out
N+ N+
1 | ] |
V§S

FIG.27



Patent Application Publication Dec. 8, 2005 Sheet 28 of 36

weeaderes embadded

P+ |
L]

SCR

VDD

US 2005/0270710 Al

| mete 1 "" % Embedded

SCR

P In}erngl OIP Iqterqal
circuits I circuits
ESD ESD I_
& detection detection
Pwell circuits Pwell circuits
N+ N+
VSS

FIG.28



Patent Application Publication Dec. 8, 2005 Sheet 29 of 36 US 2005/0270710 A1l

vDD

deer S Empedded | | 000 | gertgett % Embedded

E P+ E SCR : SCR
¢ [Nwell] 3 : E.j l:r-
2 | pwen]
. N+ | = s Internal E Internal
illll}ll I,P vy . ' .5' OIP 3 3
I circuits I circuits
P+
- ESI? m ESD
> detection 3| detection
Pwell circuits Pwell circuits
N+ N+
I | T [
VSS

FIG.29



Patent Application Publication Dec. 8, 2005 Sheet 30 of 36 US 2005/0270710 A1l

vDD
- R ——
Embedde Embedded
:"-- ""ESCR :---- "'"'.'SCR
e Mp_in i[pr]i Mp_out
ESD | { ESD |1 :
detection| & el § detection| 2 (Nwelf ;
circuits : circuits "‘:"’ H
E Pwel : : Pwel :
s [ N+t + ] N+
s et AL Internal Ml O/P| Internal
NSanashaned circuits LYY 4 C]rCu]tS
n_in
]
VSS

FIG.30



Patent Application Publication Dec. 8, 2005 Sheet 31 of 36 US 2005/0270710 A1l

vDD
Embedded ' Embedded
:Illlllll."scR Mp in :llln..lntSCR
H : ~ . . «  Mp_out
ESD [:[P*]: ESD [ P+ ]E
detection] 2 [Nwelll : detection| = Hwell : I""
circuits : Pwen é circuits ; Pwell §
P L | yp W Intermal P Internal
“anashaasd ClI'CUltS asoshans CiI’CUitS
n_in
VSS

FIG.31



Patent Application Publication Dec. 8, 2005 Sheet 32 of 36 US 2005/0270710 A1l

VDD
#*=4e 223 Embedded sorediians B dded
i pe]: scr : R
¢ [Nwell] : 'o-
E Pwell
| oNe
: [ Internal
S o P ntermal orP tem
I cIrcunts l clrcults
ESD ESD l_
detection detection
circuits circuits

VSs

FIG.32



Patent Application Publication Dec. 8, 2005 Sheet 33 of 36 US 2005/0270710 A1l

vDD

“**1"""*% Embedded I

H “***'% Embedded -
i pe]i SCR HRERE

: [Nwelf : EJ E Nwell : I lr,_

£ [Puwel E ¢ |Pwel E

i ] N+l ] N+ G

] " a] . .

LA ; P yW- Intern vl O/P Internal

| circuits circuits
|

ESD §Z ESD

detection detection

circuits S Z circuits

VSS

FI1G.33



Patent Application Publication Dec. 8, 2005 Sheet 34 of 36

VDD

/P

Mn_in

Internal

circuits
(

O/P

Mn_out

-

Internal
circuits

US 2005/0270710 Al

Power-Rail
ESD clamp
Circuit

S I I N B st

VSS

FI1G.34



Patent Application Publication Dec. 8, 2005 Sheet 35 of 36 US 2005/0270710 A1l
110
:
vDD VSS
Mp Mn
I P+ P+ | N+ P+ | N+ N+ |
N-well P-well
P-sub

FIG.35 (a)



Patent Application Publication Dec. 8, 2005 Sheet 36 of 36 US 2005/0270710 A1l

[[e)
4
VDD VSS VDD VSS
Mp A  Mn
L]
P+ P+ | N+ P+ N+ P+ | N+ N+
N-well P-well {N-well P-well
P-sub

FIG.35 (b)



US 2005/0270710 Al

SILICON CONTROLLED RECTIFIER FOR THE
ELECTROSTATIC DISCHARGE PROTECTION

FIELD OF THE INVENTION

[0001] The present invention relates to a silicon controlled
rectifier (SCR) for the electrostatic discharge (ESD) protec-
tion. More particularly, the present invention relates to a
device which utilizes embedded SCR as ESD protection
device in order to achieve whole-chip ESD protection circuit
design.

DESCRIPTION OF THE RELATED ART

[0002] With references to FIG. 34, FIG. 35(a) and FIG.
35(b) which are views showing related conventional tech-
niques. FIG. 34 is a view showing an ESD protection design
for Complementary Metal Oxide Semiconductor (CMOS)
integrated circuit (IC) of a conventional art. FIG. 35(a) is a
view showing an ESD protection device of a conventional
art having a single guard ring structure inserted between the
PMOS and NMOS of I/O buffers while FIG. 35(b) is a view
showing an ESD protection device of a conventional art
having double guard ring structures inserted between the
PMOS and NMOS of 1/0 buffers.

[0003] In the above on-chip ESD protection, the ESD
protection devices are formed by PMOS and NMOS devices
connected to the VDD and VSS power lines, respectively. To
avoid unexpected ESD damage in the internal circuits of
CMOS ICs, the power-rail ESD clamp circuit was added
between VDD and VSS power lines. Whole-chip ESD
protection design of a CMOS IC can be achieved by the ESD
protection devices at the I/O pads cooperating with the
power-rail ESD clamp circuit. However, the ESD robustness
of the whole chip is strongly dependent on the space
between the I/0O pad and power-rail ESD clamp circuit. In
addition, extra layout area is needed to implement the
power-rail ESD clamp circuit.

[0004] In CMOS technology, the SCR device has been
commonly used for on-chip ESD protection. Comparing the
SCR device to the other ESD protection devices such as
diode, MOS, BIT, or field-oxide device which are used in the
CMOS integrated circuit, the SCR device in the on-chip
ESD protection circuit can sustain much higher ESD voltage
within a smaller layout area due to the low holding voltage
(~=1V) of the SCR device. On the other hand, while the IC
is in a normal operating condition, the SCR device is
susceptible to latch-up issue because the SCR device may be
accidentally triggered on by the external noise pulses due to
the holding voltage of the SCR device with smaller voltage
than that of the power supply. Thereby, the latch-up phe-
nomenon often leads to IC function failure or even destruc-
tion. In order to safely apply the SCR device to the on-chip
ESD protection, several methods are proposed to solve the
latch-up issue.

[0005] Therefore, several articles of conventional tech-
niques which are to solve the latch-up issue caused by
applying SCR device to the on-chip ESD protection are
proposed, as the followings are two examples.

[0006] In “Electrostatic discharge protection circuits with
latch-up prevention function”, U.S. Pat. No. 6,410,963, June
2002, by C. S. Lai et al,, an ESD protection is disclosed
which comprises an SCR device comprising at least a first

Dec. 8, 2005

bipolar junction transistor and a second bipolar junction
transistor; a first MOS between an interface terminal and the
second bipolar junction transistor; and a second MOS
between the emitter and the ground of the second bipolar
junction transistor. The above device is presented for an
ESD protection and the elimination of the latch-up issue.

[0007] In“Cascode LVTSCR and ESD protection circuit”,
U.S. Pat. No. 5,959,820, September 1999, by Ming-Dou Ker
et al., an ESD protection is disclosed by using two or more
SCRs, each comprising an anode, a control gate, and a
cathode. By the device stated above, an efficient ESD
protection and the elimination of the latch-up issue can be
attained.

[0008] According to the above conventional techniques,
however, with the scaled-down device dimension, the VDD
supply voltage is also scaled down to meet the circuit
performance requirement. The VDD supply voltage is only
1.2V with 0.13-um CMOS technology. When the holding
voltage of SCR device is higher than the VDD supply
voltage, latch-up issue will not occur. Therefore, the extra
design on SCR device for latch-up issue is not necessary.

[0009] Subsequently, in “A new design for complete on-
chip ESD protection” by A. Z. Wang et al., on pp. 87-90 of
Proc. of Custom Integrated Circuits Conf., 2000, the pro-
duction process is modified by adding an N* buried layer
(NBL), and a much higher trigger voltage is required to turn
on the SCR device for achieving an efficient ESD protection.

[0010] In the present invention, the embedded SCR struc-
ture formed between PMOS and NMOS of I/O buffers is to
serve as a power-rail ESD clamp circuit. Therefore, a
whole-chip ESD protection design can be achieved by each
individual 1/0 cell without an extra power-rail ESD clamp
circuit.

[0011] The present invention is fully compatible with
general CMOS process without adding extra fabrication or
mask. According to the present invention, the ESD robust-
ness of the whole chip can be efficiently improved with a
much smaller layout area.

SUMMARY OF THE INVENTION

[0012] The main purpose of the invention is to provide a
whole-chip ESD protection design with SCR which can be
implemented on a single I[/O cell in CMOS IC.

[0013] Another purpose of the present invention is to
provide ESD robustness for the whole chip which is effi-
ciently improved within a much smaller layout area.

[0014] The third purpose of the present invention is to
provide an SCR for the ESD protection that can be applied
to a sub 0.13-um CMOS IC product.

[0015] For the above purposes, the present invention
relates to a circuit and a method which utilizes an embedded
SCR to provide a whole-chip ESD protection design. The
present invention relates to an SCR for the ESD protection
which is comprised of a first electrode having high-potential
power supply voltage such as VDD and a second electrode
having low-potential power supply voltage such as VSS; a
PMOS; an NMOS; and an SCR structure. According to the
present invention, a whole-chip ESD protection design can
be implemented on a single 1/0 cell without extra power-rail
ESD clamp circuit. In addition, the ESD robustness of the
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whole chip can be efficiently improved with a much smaller
layout area. Therefore, the present invention is suitable for
application for integrated circuit products.

BRIEF DESCRIPTION OF THE INVENTION

[0016] The present invention will be better understood
from the following detailed description of preferred embodi-
ments of the invention, taken in conjunction with the accom-
panying drawings, in which:

[0017] FIG.1 is a view showing the structure according to
the present invention;

[0018] FIG. 2 is a view showing a first embodiment
according to the present invention,

[0019] FIG. 3 is a view showing a second embodiment
according to the present invention,

[0020] FIG. 4 is a view showing a third embodiment
according to the present invention,

[0021] FIG. 5 is a view showing a fourth embodiment
according to the present invention,

[0022] FIG. 6 is a view showing a fifth embodiment
according to the present invention;

[0023] FIG. 7 is a view showing a sixth embodiment
according to the present invention,

[0024] FIG. 8 is a view showing a seventh embodiment
according to the present invention;

[0025] FIG. 9 is a view showing an eighth embodiment
according to the present invention,

[0026] FIG. 10 is a view showing a ninth embodiment
according to the present invention,

[0027] FIG. 11 is a view showing a tenth embodiment
according to the present invention,

[0028] FIG. 12 is a view showing an eleventh embodi-
ment according to the present invention,

[0029] FIG. 13 is a view showing a twelfth embodiment
according to the present invention;

[0030] FIG. 14 is a view showing a thirteenth embodi-
ment according to the present invention,

[0031] FIG. 15 is a view showing a fourteenth embodi-
ment according to the present invention;

[0032] FIG. 16 is a view showing a first embodiment of
circuit according to the present invention;

[0033] FIG. 17 is a view showing a second embodiment
of circuit according to the present inventior,

[0034] FIG. 18 is a view showing a third embodiment of
circuit according to the present invention;

[0035] FIG.19is a view showing a fourth embodiment of
circuit according to the present invention;

[0036] FIG. 20 is a view showing a fifth embodiment of
circuit according to the present invention;

[0037] FIG. 21 is a view showing a sixth embodiment of
circuit according to the present invention;

[0038] FIG. 22 is a view showing a seventh embodiment
of circuit according to the present invention,
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[0039] FIG. 23 is a view showing an eighth embodiment
of circuit according to the present invention,

[0040] FIG. 24 is a view showing a ninth embodiment of
circuit according to the present invention;

[0041] FIG. 25 is a view showing the structure of another
embodiment according to the present invention;

[0042] FIG. 26 is a view showing a tenth embodiment of
circuit according to the present invention;

[0043] FIG. 27 is a view showing an eleventh embodi-
ment of circuit according to the present invention,

[0044] FIG. 28 is a view showing a twelfth embodiment
of circuit according to the present invention,

[0045] FIG. 29 is a view showing a thirteenth embodi-
ment of circuit according to the present invention,

[0046] FIG. 30 is a view showing a fourteenth embodi-
ment of circuit according to the present invention,

[0047] FIG. 31 is a view showing a fifteenth embodiment
of circuit according to the present invention,

[0048] FIG. 32 is a view showing a sixteenth embodiment
of circuit according to the present invention,

[0049] FIG. 33 is a view showing a seventeenth embodi-
ment of circuit according to the present invention,

[0050] FIG. 34 is a view showing an ESD protection
design for CMOS integrated circuit (IC) of a conventional
art;

[0051] FIG. 35(a) is a view showing an ESD protection
device having a single guard ring structure inserted between
the PMOS and NMOS of 1/0 buffers of a conventional art;
and

[0052] FIG. 35(b) is a view showing an ESD protection
device having double guard ring structures inserted between
the PMOS and NMOS of /O buffers of a conventional art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0053] The following descriptions of the preferred
embodiments are provided to understand the features and the
structures of the present invention.

[0054] Please refer to FIG. 1. FIG. 1 is a view showing
the structure according to the present invention. As shown in
the FIG. 1, the present invention relates to an SCR (Silicon-
Controlled Rectifier) for ESD (Electrostatic Discharge) pro-
tection which comprises two terminal electrodes of a first
electrode 1 having high-potential power supply voltage such
as VDD and a second electrode 2 having low-potential
power supply voltage such as VSS, a PMOS 3, an NMOS 4
and an SCR structure 5. Therein, the PMOS 3 is connected
to the first electrode 1 and the NMOS 4 is connected the
second electrode 2, while the SCR structure 5 is placed
between PMOS 3 and NMOS 4 for forming an ESD pro-
tection. Concerning the structure of the SCR for the ESD
protection according to the present invention, the SCR
structure 5 can be changed depending on different respective
embodiments of the present invention, yet the remaining
structures are still depending on the structure of the present
invention which is stated above.
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[0055] The present invention relates to an SCR for the
ESD protection. More particularly, the present invention
relates to a circuit and a method which utilizes an embedded
SCR in order to provide whole-chip ESD protection design
for achieving the effectiveness of ESD protection circuit.

[0056] Pleasc refer to FIG. 2 through FIG. 15. FIG. 2 is
a view showing a first embodiment according to the present
invention. FIG. 3 is a view showing a second embodiment
according to the present invention. FIG. 4 is a view showing
a third embodiment according to the present invention. FIG.
5 is a view showing a fourth embodiment according to the
present invention. FIG. 6 is a view showing a fifth embodi-
ment according to the present invention. FIG. 7 is a view
showing a sixth embodiment according to the present inven-
tion. FIG. 8 is a view showing a seventh embodiment
according to the present invention. FIG. 9 is a view showing
an eighth embodiment according to the present invention.
FIG. 10 is a view showing a ninth embodiment according to
the present invention. FIG. 11 is a view showing a tenth
embodiment according to the present invention. FIG. 12 is
a view showing an eleventh embodiment according to the
present invention. FIG. 13 is a view showing a twelfth
embodiment according to the present invention. FIG. 14 is
a view showing a thirteenth embodiment according to the
present invention. FIG. 15 is a view showing a fourteenth
embodiment according to the present invention. Therein, the
SCR structure of the present invention is formed respec-
tively as illustrated in FIG. 2 through FIG. 15, while the
differences among the SCR structures are described respec-
tively as below:

[0057] Please refer to FIG. 2. The SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N*) 7, a
P-well 8 and an N-well 9. Additionally, the SCR structure 5
can be collocated with FIG. 16 to protect internal circuit,
wherein FIG. 16 is a view showing a first embodiment of
circuit according to the present invention.

[0058] Pleasc refer to FIG. 3. The SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N*) 7, a
P-well 8 and an N-well 9, and is further comprised of a
second P-typed high-doped region (P*) 10 as an anode and
a second N-typed high-doped region (N*) 11 as a cathode.
Additionally, the SCR structure 5 can be collocated with
FIG. 16 to protect internal circuit, wherein FIG. 16 is a view
showing a first embodiment of circuit according to the
present invention.

[0059] Pleasc refer to FIG. 4. The SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N*) 7, a
P-well 8, an N-well 9 and a third P-typed high-doped region
(P*) 12. Additionally, the SCR structure 5 can be collocated
with FIG. 17 to protect internal circuit, wherein FIG. 17 is
a view showing a second embodiment of circuit according to
the present invention.

[0060] Pleasec refer to FIG. 5. The SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N*) 7, a
P-well 8, an N-well 9 and a third N-typed high-doped region
(N™) 13. Additionally, the SCR structure 5 can be collocated
with FIG. 18 to protect internal circuit, wherein FIG. 18 is
a view showing a third embodiment of circuit according to
the present invention.
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[0061] Please refer to FIG. 6, the SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N¥) 7, a
P-well 8, an N-well 9, a second P-typed high-doped region
(P*) 10 as an anode, a second N-typed high-doped region
(N*) 11 as a cathode and a third P-typed high-doped
region(P*) 12. Additionally, the SCR structure 5 can be
collocated with FIG. 17 to protect internal circuit, wherein
FIG. 17 is a view showing a second embodiment of circuit
according to the present invention.

[0062] Please refer to FIG. 7, the SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N*) 7, a
P-well 8, an N-well 9, a second P-typed high-doped region
(P*) 10 as an anode, a second N-typed high-doped region
(N*) 11 as a cathode and a third N-typed high-doped region
(N™) 13. Additionally, the SCR structure 5 can be collocated
with FIG. 18 to protect internal circuit, wherein FIG. 18 is
a view showing a third embodiment of circuit according to
the present invention.

[0063] Please refer to FIG. 8, the SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N*) 7, a
P-well 8, an N-well 9, at least one dummy gate 14 and a third
P-typed high-doped region (P*) 12. Additionally, the SCR
structure 5 can be collocated with FIG. 17 to protect internal
circuit, wherein FIG. 17 is a view showing a second
embodiment of circuit according to the present invention.

[0064] Please refer to FIG. 9, the SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N¥) 7, a
P-well 8, an N-well 9, at least one dummy gate 14 and a third
N-typed high-doped region (N*) 13. Additionally, the SCR
structure 5 can be collocated with FIG. 18 to protect internal
circuit, wherein FIG. 18 is a view showing a third embodi-
ment of circuit according to the present invention.

[0065] Please refer to FIG. 10, the SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N*) 7, a
P-well 8, an N-well 9 and a fourth P-typed high-doped
region (P*) 15 as a trigger node. Additionally, the SCR
structure 5 can be collocated with FIG. 19, FIG. 21 and
FIG. 23 to protect internal circuit, wherein FIG. 19, FIG. 21
and FIG. 23 are views showing a fourth, a sixth and an
eighth embodiments of circuit according to the present
invention.

[0066] Please refer to FIG. 11, the SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N*) 7, a
P-well 8, an N-well 9 and a fourth N-typed high-doped
region (N*) 16 as a trigger node. Additionally, the SCR
structure 5 can be collocated with FIG. 20, FIG. 22 and
FIG. 24 to protect internal circuit, wherein FIG. 20, FIG. 22
and FIG. 24 are views showing a fifth, a seventh and a ninth
embodiments of circuit according to the present invention.

[0067] Please refer to FIG. 12, the SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N*) 7, a
P-well 8, an N-well 9, a second P-typed high-doped region
(P*) 10 as an anode, a second N-typed high-doped region
(N*) 11 as a cathode and a fourth P-typed high-doped region
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(P*) 15 as a trigger node. Additionally, the SCR structure 5
can be collocated with FIG. 19, FIG. 21 and FIG. 23 to
protect internal circuit, wherein FIG. 19, FIG. 21 and FIG.
23 are views showing a fourth, a sixth and an eighth
embodiments of circuit according to the present invention.

[0068] Please refer to FIG. 13, the SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N¥) 7, a
P-well 8, an N-well 9, a second P-typed high-doped region
(P*) 10 as an anode, a second N-typed high-doped region
(N*) 11 as a cathode and a fourth N-typed high-doped region
(N™) 16 as a trigger node. Additionally, the SCR structure §
can be collocated with FIG. 20, FIG. 22 and FIG. 24 to
protect internal circuit, wherein FIG. 20, FIG. 22 and FIG.
24 are views showing a fifth, a seventh and a ninth embodi-
ments of circuit according to the present invention.

[0069] Please refer to FIG. 14, the SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N*) 7, a
P-well 8, an N-well 9, at least one dummy gate 14 and a
fourth P-typed high-doped region (P*) 15 as a trigger node.
Additionally, the SCR structure 5 can be collocated with
FIG. 19, FIG. 21 and FIG. 23 to protect internal circuit,
wherein FIG. 19, FIG. 21 and FIG. 23 are views showing
a fourth, a sixth and an eighth embodiments of circuit
according to the present invention.

[0070] Please refer to FIG. 15, the SCR structure 5 of the
present invention is comprised of a first P-typed high-doped
region (P*) 6, a first N-typed high-doped region (N¥) 7, a
P-well 8, an N-well 9, at least one dummy gate 14 and a
fourth N-typed high-doped region (N¥) 16 as a trigger node.
Additionally, the SCR structure 5 can be collocated with
FIG. 20, FIG. 22 and FIG. 24 to protect internal circuit,
wherein FIG. 20, FIG. 22 and FIG. 24 are views showing
a fifth, a seventh and a ninth embodiments of circuit accord-
ing to the present invention.

[0071] In addition, please refer to FIG. 16 through FIG.
24. Therein, FIG. 16 is a view showing a first embodiment
of circuit according to the present invention. FIG. 17 is a
view showing a second embodiment of circuit according to
the present invention. FIG, 18 is a view showing a third
embodiment of circuit according to the present invention.
FIG. 19 is a view showing a fourth embodiment of circuit
according to the present invention. FIG. 20 is a view
showing a fifth embodiment of circuit according to the
present invention. FIG. 21 is a view showing a sixth
embodiment of circuit according to the present invention.
FIG. 22 is a view showing a seventh embodiment of circuit
according to the present invention. FIG. 23 is a view
showing an eighth embodiment of circuit according to the
present invention. FIG. 24 is a view showing a ninth
embodiment of circuit according to the present invention.

[0072] Please refer to FIG. 25. FIG. 25 is a view showing
the structure of another embodiment according to the present
invention. The another embodiment is comprised of two
terminal electrodes of a first electrode 1 having high-
potential power supply voltage such as VDD and a second
electrode 2 having low-potential power supply voltage such
as VSS, a PMOS 3, an NMOS 4, an SCR structure 17 and
another protection structure 18. Therein, the SCR structure
17 is connected from first electrode 1 to another protection
structure 18, while another protection structure is connected
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from the SCR structure 17 to second electrode 2. The PMOS
3 is connected to the first electrode 1 and the NMOS 4 is
connected to the second electrode 2, while SCR structure 17
and another protection structure 18 are placed between
PMOS 3 and NMOS 4, to form a circuit protection. Fur-
thermore, the protection structure 18 at least comprises a
diode structure or an SCR structure. Additionally, with
references to FIG. 26 to FIG. 33, they are views showing
embodiments of the circuit for related applications accord-
ing to the present invention. FIG. 26 is a view showing a
tenth embodiment of circuit according to the present inven-
tion. FIG. 27 is a view showing an eleventh embodiment of
circuit according to the present invention. FIG. 28 is a view
showing a twelfth embodiment of circuit according to the
present invention. FIG. 29 is a view showing a thirteenth
embodiment of circuit according to the present invention.
FIG. 30 is a view showing a fourteenth embodiment of
circuit according to the present invention. FIG. 31 is a view
showing a fifteenth embodiment of circuit according to the
present invention, FIG. 32 is a view showing a sixteenth
embodiment of circuit according to the present invention.
FIG. 33 is a view showing a seventeenth embodiment of
circuit according to the present invention.

[0073] In addition, in the structures of another embodi-
ment of the present invention, the SCR structure 17 and the
protection structure 18 are comprised of the structures which
are shown in FIG. 10 through FIG. 15 respectively and are
comprised of circuits which are shown in FIG. 26 through
FIG. 29. Furthermore, the protection structure 18 can be
comprised of diode which is shown in FIG. 30 through FIG.
a3

[0074] According to the above structures, the present
invention relates to an SCR for the ESD protection. More
particularly, the present invention relates to a device which
utilizes embedded SCR in order to provide ESD protection.
As a result, a whole-chip ESD protection design can be
achieved by each individual I/O cell in CMOS (Comple-
mentary Metal Oxide Semiconductor) IC (Integrated Cir-
cuit) with no extra power-rail ESD clamp circuit needed.

[0075] The path of the embedded SCR for the ESD
protection is formed between a first electrode 1 having
high-potential power supply voltage such as VDD and a
second electrode 2 having low-potential power supply volt-
age such as VSS. The turn-on speed of the embedded SCR
can be improved by adding triggers in SCR path.

[0076] When ESD happens, the embedded SCR is quickly
triggered on by ESD detection circuit. By the design accord-
ing to the present invention, the ESD robustness of the
whole chip can be efficiently improved with a much smaller
layout area. Moreover, the present invention is suitable for
applications of IC design and foundry industry. In addition,
the present invention is also suitable for effective ESD
protection in sub micrometer CMOS IC products.

[0077] The preferred embodiments herein disclosed are
not intended to unnecessarily limit the scope of the inven-
tion. Therefore, simple modifications or variations belong-
ing to the equivalent of the scope of the claims and the
instructions disclosed herein for a patent are all within the
scope of the present invention.
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What is claimed is:
1. An SCR (Silicon Controlled Rectifier) for the ESD
(Electrostatic Discharge) protection comprising:

two terminal electrodes of a first electrode and a second
electrode;

a PMOS;
an NMOS; and
an SCR structure,

wherein said PMOS is connected to said first electrode
and said NMOS is connected to second electrode, while
said SCR structure is placed between said PMOS and
said NMOS, to form a circuit protection.

2. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N*),
a P-well and an N-well.

3. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N*),
a P-well, an N-well, a second P-typed high-doped region
(P*) as an anode and a second N-typed high-doped region
(N*) as a cathode.

4. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N*),
a P-well, an N-well and a third P-typed high-doped
region(P*).

5. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N*),
a P-well, an N-well and a third N-typed high-doped region
(N™).

6. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P¥), a first N-typed high-doped region (N*),
a P-well, an: N-well, a third P-typed high-doped region (P*),
a second P-typed high-doped region (P*) as an anode and a
second N-typed high-doped region (N*) as a cathode.

7. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P¥), a first N-typed high-doped region (N*),
a P-well, an N-well, a third N-typed high-doped region (N*),
a second P-typed high-doped region (P*) as an anode and a
second N-typed high-doped region (N*) as a cathode.

8. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N*),
a P-well, an N-well, at least one dummy gate and a third
P-typed high-doped region (P*).

9. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N*),
a P-well, an N-well, at least one dummy gate and a third
N-typed high-doped region (N*).

10. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N*),
a P-well, an N-well and a fourth P-typed high-doped region
(P*) as a trigger.

11. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
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doped region (P*), a first N-typed high-doped region (N™),
a P-well, an N-well and a fourth N-typed high-doped region
(N™) as a trigger.

12. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N*),
a P-well, an N-well, a fourth P-typed high-doped region (P*)
as a trigger, a second P-typed high-doped region (P*) as an
anode and a second N-typed high-doped region (N*) as a
cathode.

13. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N*),
a P-well, an N-well, a fourth N-typed high-doped region
(N*) as a trigger, a second P-typed high-doped region (P*)
as an anode and a second N-typed high-doped region (N*)
as a cathode.

14. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N™),
a P-well, an N-well, at least one dummy gate and a fourth
P-typed high-doped region (P*) as a trigger.

15. The SCR for the ESD protection according to claim 1,
wherein said SCR structure comprises a first P-typed high-
doped region (P*), a first N-typed high-doped region (N*),
a P-well, an N-well, at least one dummy gate and a fourth
N-typed high-doped region (N¥) as a trigger.

16. An SCR for the ESD protection comprising:

a first electrode and a second electrode as two terminal
electrodes;

a PMOS;

an NMOS;

an SCR structure; and
another protection structure,

wherein said SCR structure is connected from said first
electrode to said another protection structure, while
said another protection structure is connected from said
SCR structure to said second electrode, said PMOS is
connected to said first electrode and said NMOS is
connected to said second electrode, while said SCR
structure and said another protection structure are
placed between said PMOS and said NMOS, to form a
circuit protection.

17. The SCR for the ESD protection according to claim
16, wherein said another protection structure at least com-
prises a diode structure or an SCR structure.

18. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N*), a P-well and an N-well.

19. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N™), a P-well, an N-well, a second P-typed high-doped
region (P*) as an anode and a second N-typed high-doped
region (N*) as a cathode.

20. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N*), a P-well, an N-well and a third P-typed high-doped
region(P*).
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21. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N*), a P-well, an N-well and a third N-typed high-doped
region (N¥).

22. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N™), a P-well, an N-well, a third P-typed high-doped region
(P*), a second P-typed high-doped region (P*) as an anode
and a second N-typed high-doped region (N*) as a cathode.

23. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N*), a P-well, an N-well, a third N-typed high-doped region
(N*), a second P-typed high-doped region (P*) as an anode
and a second N-typed high-doped region. (N*) as a cathode.

24. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N™), a P-well, an N-well, at least one dummy gate and a
third P-typed high-doped region (P*).

25. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N™), a P-well, an N-well, at least one dummy gate and a
third N-typed high-doped region (N™).

26. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N*), a P-well, an N-well and a fourth P-typed high-doped
region (P*) as a trigger.
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27. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N*), a P-well, an N-well and a fourth N-typed high-doped
region (N*) as a trigger.

28. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N™), a P-well, an N-well, a fourth P-typed high-doped
region (P*) as a trigger, a second P-typed high-doped region
(P*) as an anode and a second N-typed high-doped region
(N*) as a cathode.

29. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N™), a P-well, an N-well, a fourth N-typed high-doped
region (N*) as a trigger, a second P-typed high-doped region
(P*) as an anode and a second N-typed high-doped region
(N™) as a cathode.

30. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N*), a P-well, an N-well, at least one dummy gate and a
fourth P-typed high-doped region (P*) as a trigger.

31. The SCR for the ESD protection according to claim
16, wherein said SCR structure comprises a first P-typed
high-doped region (P*), a first N-typed high-doped region
(N*), a P-well, an N-well, at least one dummy gate and a
fourth N-typed high-doped region (N¥) as a trigger.
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