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component. The ESD clamp device is coupled to a pad and
a substrate having a first conductivity type. Under normal

(30) Foreign Application Priority Data power operation, the ESD clamp device is closed. The
May 29, 2001 (TW) wooovvoververronsonsonsosssns 90112804 A functional component is formed on the substrate and
’ , coupled to the pad. The functional component has a first well
(51) Int. CL7 ... HO2H 3/22, HO2H 9/00 having the first Conductivity type and an isolating region
(52) US.ClL oot 361/56; 361/111 having a second conductivity type for isolating the first well
(58) Field of Search ...........c........... 361/56, 111, 91.1, from the substrate. Under normal power operation, the
361/91.7; 257/357 functional component transmits signals between the IC and
an external linkage. During an CDM ESD event, the CDM
(56) References Cited charges accumulated in the substrate are discharged via the
US. PATENT DOCUMENTS ESD clamp circuit. Hence, the functional component is
protected.
4,782,250 A * 11/1988 Adams et al. .............. 327/108
5287241 A * 2/1994 Puar .....ccceeeeveevvennnn.. 361/56 22 Claims, 15 Drawing Sheets
Mn7 Mné
Vg Ve
D S VSS VDD VSS S D VDD
90 |
B -] “1 =g 1
N+ N+ P+ N+ P+ N+ N+ N+
86 86
80 N- 84 N-
P-Well — Well P-Well — Well

Deep N-Well 88

P-substrate 82




US 6,885,529 B2

Sheet 1 of 15

Apr. 26, 2005

U.S. Patent

( LIV I0OTdd ) 1 'OI14

SSA =~
-r— - - - 7 1
Stmini—— T +
vi " | asg
I
“ /ﬁﬁa\ﬂ 91 _ “
O e |
_—— — ” _ I w 1NOII) UOTY3)01g AO
] o || __1|_T m asd Awong | | s
| | | - “ _ | " asd
LY [ S R | | |
I U N a | |
= ] TRy A A pp— 1| pedmdor ———— |
l_ _ L —_—— - ————— — asg
1
LT _ Ek 81
_




( 1MV I0ndd ) ¢ O1d

US 6,885,529 B2

—]

0¢
clelelelelelelelelelels
e e lelelelelele
YEISIGCCICISICISISICIOR
elelolsIsISICISICIeIo]e) O/1 SSA
DODOOROROOOD
PDODOOORORODO—I!
L EEEERERE
POPOODODOOO@T—II 1
\ — JINOII)) UOT}ON0I ]

+d | +N _ +Z__ B . u _I Sy Areurirg
S 7227 — / 9z TUA o1 \

fewdlu] SSA O

LL

77

00

Sheet 2 of 15

Apr. 26, 2005

w

—-]

[4

w

o e
\J

Q
|72
jSa)
|
o~
|
t_l_—_.T“'

N~ ped indujg

81

U.S. Patent



US 6,885,529 B2

Sheet 3 of 15

Apr. 26, 2005

U.S. Patent

( LYV 90ordd) € 'o1d

2L

wroos

0¢
eJolelelolololelolelele)
o]olelejelolololelolelo)
YeJololololololololelelon
COOOOOOOOOO0O
eJelelolololololololele)
©oJelelelolololololcololoN mmnl

77

—

wung

ot — —

0000000000
00000OROROOE I

+d | +N N

q—
o

S 77 _ —\// 0z
[euLIu] SSA D T_Qmm:
{
1

O/1 SSA

_Ii JINOITY) UOTO0I]
— _l asy Arewid

ped jnduy

L‘_—_:-_—II'

81



US 6,885,529 B2

Sheet 4 of 15

Apr. 26, 2005

U.S. Patent

( 1YV IORId) ¥ 'O1d
[eWSIU] SSA _ﬁl O/ SSA J_
| _
| _
_ | |
T 1IN2I1)) UO01}I9101J
_SUN " _lm*_ _I asd Areurig "
TN
sod1ey)) QW v ~0¢ _ES 2\ |
Wao /=~ _UZ | |
- / ] d 1
(43 - ] W\ T ¢
—_— _ ———
i DmmH meH
- _ol . &
n ;
cdIN
ewelu] QdA

ped nduj

81




(LYV A0rdd ) S 'OId

US 6,885,529 B2

[T SSA ml O/ SSA J_
—_———— ! T
| asa @ ! _ _
| - | |
_ S
. “ n | J mn o |
= - JINOII)) UON0)0IJ
-M | | m j qQIuN “ L _.' Dmm %HNECAH "
3 TUN -
2 Tow | I | 91— | =
I_ I _ |“_i
! | S | _
2 +—— A ———————— +——— ped nduy
= asay | asa
MIO.. lll_ TI asa H _' asHa M w ﬁ
g _Il_ efdgn @0 - - - - — M_
- o1
SAN —
eIl QdA

U.S. Patent



US 6,885,529 B2

Sheet 6 of 15

Apr. 26, 2005

U.S. Patent

( 14V J0dd ) 9 ‘OI4

[emuy SSA Lﬁ O/l SSA 1_
"ﬂ ....... B | |
! “ | _
]
=  cuny || m ﬂ _l N 1IN0 UOHOSI0I] “
T ua MN“ Wips asH Arewng |
i
sofreqs) || | | T o1 |
NAD f——= — ! " _ |
. I ! [ k.| _
z — = — W\
e e |
Qw@.H QmmH
—| L

AN

(eIl QdA

ped mduy

i

31



US 6,885,529 B2

L "DIA
e aensqns-J

= seig
z ead
7 L _. 75 Pm-Nd»ea |_

(' A HoM = oMm-d oM
[Tg)
= - —_
S a o€ o¢
=)
[g\]
B +N +N +N +d +N
< / L - S L N\ \ \

3c—" | ov—"1 | _/S Sopy | Sgs
adaA a S seiy QA
OA IPM-d

U.S. Patent




US 6,885,529 B2

Sheet 8 of 15

Apr. 26, 2005

U.S. Patent

F———F

oo
wmim o,

mm\»

|
|
|
|
|
|
o
|
m
| -
| _ALT
|
L

8 "OId
[ewonay SSA N O/ SSA
| 7|
TAr T e il s R
i I | | aza eza@ | |
| I | |
1 o 1 o | _lut o fomanig ||
| L | g a
Eal _ e |
.............. N | | . |
— ..‘4. m m.l —AN\N 1
ol TR
[ e
9dN ___ﬁ |
AR | I
| lﬁ%
reweln] ddA

ped ynduj

0¢




US 6,885,529 B2

Sheet 9 of 15

Apr. 26, 2005

U.S. Patent

6 OIA4
1 O/ SSA
+ _
_ _ T
| LA | | |
_ | | _
_ 4, o, We &r: _
_ l I | | oupy _/I._ |
_ | _ |
ped mdnQ | +— “
| | | |
09 | | _ _
s | NN N
i - Lo - |
| LAN _ | odiN #
_ | R R
_ | ] ﬂ 9$
V ———— 4 ogaaa
8¢S

Jopynqg-a1d




US 6,885,529 B2

Sheet 10 of 15

Apr. 26, 2005

U.S. Patent

01 ‘DIA
78 arensqns-d
_. 3g  IPM-N g
PM —_— M- IEA — M-
N e IPM-d ‘N 08 [PM-d
98 98
+N +N +N +d +N +d +N +N
1 _ | | | | o5
AdA a S SSA ddAa SSA S d
DA 9A
QU LUN




U.S. Patent Apr. 26, 2005 Sheet 11 of 15 US 6,885,529 B2

OPNOFNO)
A — ®868® g
2= 23] | 80598 1
e e 010 G)@(D@@
A + @@ ool ®@®®®m
2l ® ol ®®®®®°°
] vl@G ) ®®O®®
S TO9IE | QoReRE
E TR0 0 F| 02680+
mm ZoL@@ a G@G)@@cu
s 0JO
i1 OO =
) OO 9
ot Z| 8l 22 -
8@
s = 00
> OO0,
P 8¢
S
T g0 0
00
t| 3 A 2E@@
\ S 00




US 6,885,529 B2

Sheet 12 of 15

Apr. 26, 2005

U.S. Patent

¢l DId
e N O SSA
O A g U I
Fm=—=——F——- NN At i =t ——— 4 -
asd asgy NN asd //ﬁ/l '~ |
g 1 I \ ] I v A ~ “
98eYD\ - — —| — — - |- — ) Wd Td _/ N oﬁ/
Nao - A _ _ /l.— ~ _ 7 7/ moIl _
| " . | \ Jrot)
oy s L Jonsmeia |
| : \ LUN asd aND
. | rl | |l \ _ T p,.,_ \ Arewr g | =
» oun] {1 | | __ \ | |
$INOIID R 1 _ | | _ 4 | _
L Ly = g pp——— g WA———— —~ ped andoy -]
oL —_— _ “asae |
asd asa ass
I I I 0S I

[eweiu] ddA



US 6,885,529 B2

Sheet 13 of 15

Apr. 26, 2005

U.S. Patent

!
~
_
_
|
|
_
|
|
)
s

¢l DA
O/l SSA
ass ” rf---t-z---- :
I_rllfl asd N
- __ o sodreq) r B
ol | |
=Ny — )
| ﬁ o | g9 | Nl
IR | QU
{
ped nding ——— +— _ “
" “asay | ] _ |
| LCN | |
QT [N L
oL i
| | | 99N
I I L
8¢ V
O/1 AAA

19JNq-21g




US 6,885,529 B2

Sheet 14 of 15

Apr. 26, 2005

U.S. Patent

Teudig induy

AO
—=>

AS

fewiou] SSA

as9y SHMOIIO
AA— jeulsiul
oL

BN |um|_.m> ot adA

O/ SSA N
A N ) I K1 _u_ [ewiau] SSA
I GV TR N [ .
B 1] : QQUIA |
L S | i ) 5 |
T SN e i _
\ 1 ' 1 1
O s [ N | 2ouN |
T | S S 18 Mo [
" ada! ! m rl m _\ _ SHINDIL)
L e SR . RGN IPAU-014
On | |
<L 1MoL | #I:Y |
paserg-J1os| | _
9dIN
L 22 \
1L
ﬁ Ly,



US 6,885,529 B2

Sheet 15 of 15

Apr. 26, 2005

U.S. Patent

aND

¢1 'OId

9JBLSqNS UOUIUIO))
|||||||||| sadrey) .
“l —-— WNdo I
| asd y ﬂ
_ "
[3 e asd _ \ i
I 68
| X
|
SImInLS / armonns \
[1om-N dosp jnoqim om-N dosp grim
sao1aa(] dure[D gSH $301A9(] [eUOnOUN]
i LL SL

ped

DWMH

€8



US 6,885,529 B2

1

CDM ESD PROTECTION DESIGN USING
DEEP N-WELL STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates in general to a charged-
device-model (CDM) electrostatic discharge (ESD) protec-
tion device, and especially to a CDM ESD protection device
using deep N-well structure.

2. Description of the Related Art

ESD protection circuits are generally known to protect
integrated circuits (IC) from machine model (MM) or
human body model (HBM) electrostatic discharge events. In
an HBM or MM mode electrostatic discharge event, elec-
trostatic charges enter the IC through some of the IC pins
and exit through others. To protect IC from such ESD
events, an ESD protection circuit is often disposed adjacent
to the output or input pad of the IC circuit to discharge the
ESD stress. As the conventional ESD protection circuit
shows in FIG. 1, the components of the input buffer 12 are
protected against ESD events. The two-stage ESD protec-
tion circuit 10 has a secondary ESD protection circuit 14, a
primary ESD protection circuit 16 and a resistor R. The
secondary ESD protection circuit 14 clamps the electrostatic
stress across the input buffer 12; and the primary ESD
protection circuit 16 discharges the electrostatic stress. Via
proper design, the input buffer 12 is effectively protected
from the HMB and MM ESD events.

Apart from the HMB and MM ESD events described,
another ESD type referred to is charged-device model
(CDM). In a CDM ESD event, electrostatic charges are
stored in a floating IC substrate and are discharged via the
momentarily grounded pins. Unlike HBD or MM ESD
events, the ESD charges of a CMD ESD event are stored in
the IC substrate, not relying on an external source. For
instance, electrostatic charges accumulate in the IC via
friction generated during IC conveyance. When one or more
pins of the IC are momentarily grounded to a grounded
platform, the electrostatic charges are discharged through
the grounded pins.

The schematic diagrams of IC with the positive and the
negative charges in a floating substrate are respectively
shown in FIGS. 2 and 3. Because the IC is in a floating state,
the accumulated electrostatic charges (as the positive
charges 11 in FIG. 2 and the negative charges 13 in FIG. 3),
due to the repelling characteristics of equal polarity, distrib-
ute evenly on the IC or IC substrate 20. The components of
IC are usually only several micrometers thick on the wafer
surface. For example, in a 0.35 micrometer CMOS process,
the N-type or P-type well 22 is only about 2 micrometers
thick, the N+ diffusion 26 and the P+ diffusion 24 is about
0.2 micrometer thick only. The substrate 20 has a much
greater thickness, about 500~600 micrometers, depending
on the overall wafer thickness. Therefore, the majority of the
electrostatic charges are accumulated in the substrate 20 of
the IC, as shown in FIGS. 2 and 3.

CDM ESD stress often breaks through the gate oxide
layers of input buffers. The substrate is filled with a sub-
stantial amount of electrostatic charges which transiently
cause overstress and breakdown of the gate oxide of the
input buffers. I, in FIGS. 2 and 3 represents the schematic
CDM ESD current path. The schematic equivalent circuit
diagram of the discharge operation is shown in FIG. 4.
Although an ESD protection circuit 10 is added beside the
input pad 18 connected to the input buffer, the gate oxide 30
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of the input buffer is still easily broken down in a CDM ESD
event. Because the CDM charges 32 are initially stored in
the IC substrate, the ESD protection circuit 10 beside the
input pad 18 cannot discharge the CDM charges as quickly
as in a HMB or MM event wherein the electrostatic charges
are provided externally. Conventional ESD protection cir-
cuits endure high HMB or MM ESD stress, but cannot cope
with this CDM ESD stress.

A conventional method solves the problems caused by
CDM ESD events by adding a small gate-grounded NMOS
bedside the gate of the input buffer. The ground line VSS
connected to the small gate-grounded NMOS is also the
ground line of the input buffer as shown in FIG. 5, the
schematic CDM ESD protection circuit diagram, wherein
Mnlb and Mpla are small gate-grounded MOS for clamp-
ing the CDM ESD stress across the gate of the input buffer.
The other CDM ESD protection design is shown in FIG. 6,
wherein two small diodes (Dp and Dn) are used to clamp the
CDM ESD stress across the gate of the input buffer. In both
cases, the added components Mpla, Mnlb or Dp, Dn have
to be formed inside the IC along with the input buffer to
effectively protect the IC from CDM ESD stress. Such a
design, on the other hand, produces IC more susceptible to
the latch-up effect.

The other conventional method to solve the CDM ESD
problem is to dispose the input buffer beside the pad so that
the gate oxide of input buffer is protected by the HMB/MM
ESD protection circuit near the pad. However, this will
increase the layout complexity of the circuit around the pad.

In U.S. Pat. No. 5,901,022, an inductor is added between
the input pad and the HBM/MM ESD protection circuit to
clamp the CDM ESD stress across the gate oxide of the input
buffer.

In U.S. Pat. No. 5,729,419, a CDM ESD protection circuit
is proposed for the output buffer to clamp the voltage across
the gate oxide of the output buffer.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a charged-
device model (CDM) electrostatic discharge (ESD) protec-
tion circuit for an integrated circuit (IC). The ESD protection
circuit comprises an ESD clamp device and a functional
component. The ESD clamp device is coupled to a pad and
a substrate having a first conductivity type. Under normal
power operation, the ESD clamp device is closed. The
functional component is formed on the substrate and
coupled to the pad. The functional component has a first well
having the first conductivity type and an isolating region
having a second conductivity type; the second conductivity
type is the reversed polarity of the first conductivity type;
and the isolating region has isolated the first well from the
substrate. Under normal power operation, the functional
component transmits signals between the IC and an external
linkage.

The first and the second conductivity types can be either
N type or P type.

The ESD clamp device can be a two-stage HBM ESD
protection circuit. The functional component can be an MOS
component of either an input buffer or a output driver. The
isolating region having the second conductivity type com-
prises a second well surrounding the first well and a deep
well under the first well.

The first well and the substrate are isolated by the deep
well of the reversed conductivity type.

The electrostatic charges accumulated in the first well are
much lower than those accumulated in the substrate. During
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an ESD event, the substantial amount of electrostatic
charges isolated by the isolating well are discharged through
the ESD clamp circuit to the pad, not through the functional
component. The electrostatic charges in the first well are too
few to damage the functional component. Therefore, the
functional component is less susceptible to damages caused
by CDM ESD.

The present invention provides another CDM ESD pro-
tection circuit for an input buffer of an IC. The ESD
protection circuit comprises: an ESD clamp device and an
MOS component.

The ESD clamp device is coupled to a pad and a substrate
having the first conductivity type. Under normal power
operation, the ESD clamp device is closed. The MOS
component is a second conductivity type, formed in a first
well on the substrate and having a gate coupled to the pad.
An isolating region having the second conductivity type is
formed between the first well and the substrate to separate
the two; and the second conductivity type is the reversed
polarity of the first conductive type. Under normal power
operation, the MOS component transmits a signal from the
pad into the IC.

The present invention further provides a CDM ESD
protection circuit for an output port of an IC. The ESD
protection circuit comprises: an ESD clamp device and an
MOS component. The ESD clamp device is coupled to a pad
and a substrate having the first conductivity type. Under
normal power operation, the ESD clamp device is closed.
The MOS component is a second conductivity type, and is
formed in a first well on the substrate and coupled to the pad.
An isolating region having the second conductivity type is
formed between the first well and the substrate to separate
the first well and the substrate; the second conductivity type
is the reversed polarity of the first conductive type; under
normal power operation, the MOS component transmits a
signal from the IC to the pad.

The present invention yet provides a CDM ESD protec-
tion circuit, suitable for an I/O port of a mixed-voltage IC.
The CDM ESD protection circuit comprises: an ESD clamp
device, first NMOS (N-type metal-on-semiconductor)
component, and an output driver. The ESD clamp device is
coupled between a pad and a p-type substrate. Under normal
power operation, the ESD clamp device is closed. The first
NMOS component is formed on a first isolated well. An
isolating region is formed to separate the first isolated well
and the substrate; the first NMOS component has a gate
coupled to a high power line, a first source/drain coupled the
pad, and a second source/drain coupled to an input buffer.
The output driver comprises a second and a third NMOS
components respectively formed in a second isolated well on
the P-type substrate and connected in series. An N-type first
isolating region is formed between the second isolated well
and the P-type substrate; a gate of the second NMOS
component is coupled to the high power line, a drain of the
second NMOS component is coupled to the pad, a source of
the second NMOS component is coupled to a drain of the
third NMOS component; a source of the third NMOS
component is coupled to an I/O low power line, and a gate
of the third NMOS component is coupled to a pre-output
driver.

The advantage of the present invention is that by using an
isolating region, most of the significant electrostatic charges
stored in the substrate are discharged through the ESD clamp
circuit, rather than through the functioning component, to
the pad. Additionally, the electrostatic charges in the first
well is too few to damage the gate oxide of the functioning
component.
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As technology of deep sub-micron CMOS advances, IC
products often have high-integration circuit blocks, such as
embedded dynamic random-access-memory (DRAM)or
mixed-mode circuits (analog circuit blocks). In order to
maintain the circuit performance of the embedded DRAM or
mixed-mode (analogue) circuits, or to reduce noise coupling
through common p-type substrate, a deep N-well structure is
often added into the CMOS processes to meet the required
circuit specifications. Especially, the memory cells of the
embedded DRAM are placed in a stand-alone p-well region
which is isolated from the common p-type substrate by a
deep N-well structure. The common p-type substrate is
generally biased at 0V (ground) for most of the applications.
With the addition of the deep N-well structure, the stand-
alone p-well region can be biased with a negative voltage
level to reduce the leakage current of the switch MOS in the
memory cell. In the mixed-mode circuit, the high-resolution
circuit performance of the analog circuits is easily disturbed
by noises generated from the digital logic blocks. With the
additional deep N-well structure in the CMOS technology,
the NMOS devices of analog circuits are placed at the
isolated p-well region, which is isolated from the noisy
common p-substrate. Therefore, the deep N-well structure
has been generally included into the sub-micron CMOS
process to support the IC design for high-integration appli-
cations.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description in conjunction
with the examples and references made to the accompanying
drawings, wherein:

FIG. 1 is a diagram of a conventional ESD protection
circuit;

FIG. 2 shows a schematic IC diagram with positive
charges accumulating in the floating substrate;

FIG. 3 shows a schematic IC diagram with negative
charges accumulating in the floating substrate;

FIG. 4 shows a schematic equivalent circuit diagram of
the discharge phenomenon in FIGS. 2 and 3;

FIG. 5 is a perspective diagram of another conventional
CDM ESD protection circuit;

FIG. 6 is a perspective diagram of yet another conven-
tional CDM ESD protection circuit;

FIG. 7 is a sectional view of an NMOS component with
a deep N-well structure of the present invention and the
denoted symbol thereof;

FIG. 8 is a schematic diagram of a CDM ESD protection
circuit designed for an input port;

FIG. 9 is a schematic diagram of a CDM ESD protection
circuit designed for an output pad;

FIG. 10 is a cross-section of the NMOS Mn6 and Mn7 in
FIGS. 8 and 9;

FIG. 11 shows the schematic electrostatic discharge path
of the CDM charges in FIG. 10;

FIG. 12 shows the ESD protection function of the input
port in FIG. 8;

FIG. 13 shows the ESD protection function of the output
port in FIG. 9;

FIG. 14 shows an ESD protection design for a 3V/5V-
tolerant I/O circuit of the present invention; and

FIG. 15 shows the schematic diagram of the basic design
concept of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

With the additional deep N-well structure as described in
the prior art, an ESD protection design for overcoming the
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CDM ESD events is proposed in this invention. An ESD
protection design using a deep N-well for overcoming CDM
ESD events is proposed in the present invention. A cross-
section of the NMOS component placed in an isolated
p-well region with the deep N-well structure and the symbol
thereof is shown in FIG. 7. The symbol shown in the
right-hand side of the FIG. 7 will be used in the following
section to show the ESD protection design against CDM
ESD events. In FIG. 7, the stand-alone p-well 30 is isolated
from the common substrate 34. The p-well 30 is coupled to
VSS. The whole p-well region 30 is surrounded by a normal
N-well 36 at the edge and a deep N-well 42 at the bottom.
The N-well 36 the deep N-well 42 are biased at VDD via a
N+ diffusion region 38. The stand-along p-well 30 is biased
at a fixed voltage level, which, depending on the circuit
design, is often a clear ground in the analogue circuits or a
negative voltage level in the DRAM memory cells.

With the deep N-well design in FIG. 7, the CDM ESD
protection design of this invention for the input pad is shown
in FIG. 8. The CDM ESD protection design of this invention
for the output pad is shown in FIG. 9.

In FIG. 8, the input buffer 52 is comprised of a PMOS
Mp6 and an NMOS Mn6. The gate of both Mp6 and Mn6 are
coupled to an input pad 50. The ESD clamp device 54 of the
input buffer 52 comprises an NMOS Mn7 and a PMOS Mp7.
The NMOS (Mn6) of input buffer 52 has the deep N-well
structure, but Mn7 in the CDM ESD clamp device 54 does
not. Therefore, the P-well of Mn6 is isolated from the
common P-substrate, but the P-well of Mn7 is connected to
the common P-substrate. There are a plurality of diodes
added between the VSS__1/0 and VSS__internal power lines
to provide the ESD current path for CDM events. As
explained, CDM ESD failures are often located at the gate
oxide of NMOS of input buffer 52. In FIG. 8, the NMOS
Mn6 of input buffer 52 is placed in the stand-along P-well
which is isolated from the common P-substrate. Therefore,
the CDM charges originally stored in the P-substrate are
difficult to discharge through the gate oxide of Mn6
component, because the P-N junction between the deep
N-well and the P-substrate or between the deep N-well and
the stand-alone P-well often have a much higher breakdown
voltage level. Mn7 in FIG. 8 has a P-well directly connected
to the P-substrate, without the obstruction of the deep N-well
structure. In comparison, Mn7 has a lower breakdown
voltage (from the P-substrate to its drain N+ diffusion) so
that the CDM charges stored in the P-substrate body are
discharged through Mn7 to the pad 50. The gate oxide of
input buffer 52 is thus protected from overstress damage.

Similarly, in the output circuit in FIG. 9, the NMOS Mné6
of the output driver 56 has the deep N-well structure, but
Mn7 of the ESD clamp device 58 has no deep N-well
structure. With the deep N-well structure, Mn6 in FIG. 9 has
a much higher breakdown voltage from the substrate to its
drain region (connected to the output pad 60) than that of the
ESD clamp component Mn7. So, the CDM charges stored in
the P-substrate is discharged through the drain of Mn7 to the
output pad 60. The output ESD clamp component Mn7 is
often designed with a larger device dimension (typically has
a channel width of 200 ¢m~300 um) to sustain the desired
ESD-stress level. By using the design of the deep N-well
structure, the functional output device component Mn6 can
be fully protected by the output ESD clamp component Mn7
against the CDM ESD events.

Cross-sections of Mn6é and Mn7 are shown in FIG. 10.
Mn7 is formed in a P-well 80 connected to the common
P-substrate 82. Mn6 is placed in a stand-along P-well 84
surrounded by a normal N-well 86 at the side and a deep
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N-well 88 at the bottom to be isolated from the common
P-substrate 82. If the CDM charges stored in the P-substrate
82 are discharged via Mn6 component, the discharge path is:
the P-substrate 82, the deep N-well 88, the stand-along
P-well 84 and Mn6 component. The P-N junction between
the P-substrate 82 and the deep N-well 88 or between the
deep N-well and the stand-along P-well 84 has a great
breakdown voltage of 20~40V in the general deep sub-
micron CMOS technologies. If the CDM charges stored in
the P-substrate 82 are discharged from Mn7, the discharge
path is: the P-substrate 82, the p-well 80 and Mn7 compo-
nent. The breakdown voltage of the P-N junction between
the P-well 80 and the N+ diffusion drain 90 is only about
8~15V in the general deep sub-micron CMOS technologies.
Therefore, the CDM charges stored in the P-substrate 82 are
discharged from the ESD clamp component Mn7 rather than
the functional component Mn6. The CDM charges and the
discharge path thereof (by bold line) are shown in FIG. 11.
Although the stand-along P-well 84 has some CDM charges
62, the amount of the CDM charges 62 in the stand-along
P-well 84 of Mn6 is much smaller than those stored in the
common P-substrate 82. The stand-along P-well 84 has a
junction depth of about ~2 um, but the P-substrate 82 has a
thickness of 500~600 um. The stand-along P-well 84 has a
much smaller silicon area compared to the whole P-substrate
82 of the chip. Therefore, the CDM charges in the
P-substrate 82 have a much greater amount than those in the
stand-along P-well 84. By using the deep N-well structure,
the CDM charges are mostly stored in the P-substrate 82,
which is discharged through the ESD clamp component
Mn7 to the pad 64 as shown in FIG. 11.

The CDM ESD discharge current path of the input ESD
protection device in FIG. 8 is shown in FIG. 12. The CDM
charges 66 are discharged through Mn7 in the ESD clamp
device 54 or through the HBM/MM ESD protection circuit
51 to the input pad 50 to protect Mn6 in the input buffer 52.
As the dotted lines shown in FIG. 12, part of the CDM
charges are conducted through the diodes (D1, D2a and
D2b) from VSS__internal to the VSS_I/O power lines, and
through the HBM/MM ESD protection circuit 51 to the
grounded input pad 50. The diodes (D1, D2a and D2b)
between VSS__internal to the VSS__I/O power lines help to
conduct the current away from the internal circuits. Thus, the
diode circuit (D1, D2a¢ and D2b) increases the ESD-
sustained level of the input circuits in a chip. The number of
the diodes connected between the VSS internal and the
VSS__I/O power lines is not limited to that shown in the
present invention, and the diodes are arranged to be con-
nected in series as shown in FIG. 12.

In FIG. 13, the output ESD protection design of the
present invention, the functional component Mn6 of the
output driver 56 has the deep N-well structure, but the ESD
clamp component Mn7 does not have the deep N-well
structure. The CDM charges 66 in the P-substrate are thus
discharged to the grounded output pad 60 through Mn7 in
the ESD clamp device 58, as the dashed line shown in FIG.
13. By utilizing the present invention, Mné component of
the output driver 56 is effectively protected against the CDM
ESD events.

The proposed CDM ESD protection design with deep
N-well structure can also be applied to a mixed-voltage
circuit. A typical 3V/5V-tolirant I/O circuit is shown in FIG.
14 with the proposed CDM ESD protection design of the
deep N-well structure. The PMOS Mp6 of the output driver
70 is formed in a self-based N-well (not shown in FIG. 14)
not directly biased at VDD of 3.3V. To avoid voltage
overstress across NMOS gate oxide of the output driver 70,
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the NMOS Mné6a and Mn6b of the output driver 70 are
configured in a stack. As shown in FIG. 14, the gate of Mn6a
is coupled to VDD of 3.3V, and the gate of Mné6b is
controlled by the pre-driver circuits 71 to avoid the gate
oxide overstress problem. The source of Mné6b is coupled to
the VSS__I/O power line. To meet the sustained voltage level
and to avoid the direct gate-oxide overstress problem, the
components Mn7a and Mn7b of the ESD clamp device for
the 3V/5V-tolerant I/O circuit are also formed in stack as
shown in FIG. 14. Additionally, in order to avoid the
gate-oxide overstress of the input buffer 76, an NMOS Mn§
is coupled between the I/O pad 72 and the input buffer 76.
The gate of Mn8 is connected to VDD of 3.3V to clamp the
voltage sent to the input buffer 76. When the input signal has
a voltage level 5V, the voltage received by the input buffer
76 will remain at VDD (3.3V), hence preventing the over-
stress problem.

To improve the CDM ESD level in a more complex
design, such as the mixed-voltage I/O circuit, the deep
N-well structures are added to the functional components to
block their P-well regions away from the common
P-substrate. The application of this invention on the 3V/5V-
tolerant 1I/O circuit is shown in FIG. 14, wherein the P-well
regions of Mn6a and Mn6b are surrounded by the deep
N-well structure at the bottom and by the normal N-well at
the side. The P-well of the transmission-gate Mn8 is also
surrounded by a deep N-well structure at the bottom side and
by a normal N-well at the edge side. The deep N-well
structures of Mn6a, Mn6b and Mn8 are biased at VDD of
3.3V to block the leakage current of the P-well of the three
from the common P-substrate. With the deep N-well struc-
ture in FIG. 14, the CDM charges stored in the common
P-substrate are discharged through the desired ESD clamp
devices Mn7a and Mn7b to the grounded I/O pad 72 in the
CDM ESD events. Therefore, the functional components
Mné6a, Mn6b and Mn8 can be effectively protected by the
desired ESD clamp devices.

The proposed CDM ESD protection method is illustrated
in FIG. 15 to show the general design concept. In FIG. 15,
the deep N-well structure is used to surround the functional
devices 75 such as the input buffer or the output driver which
transmits signals during normal operation. There is no deep
N-well structure in the ESD clamp devices 77. The
breakdown-voltage difference between the two discharge
paths allows the CDM charges 85 stored in the common
substrate to discharge through the desired ESD clamp
devices 77 to the grounded pad 83, not through the func-
tional devices 75. Hence, the functional devices 75 are
protected from CDM ESD events. At the same time, the IC
is also protected from HBM/MM ESD events through the
ESD clamp devices 77.

Finally, while the invention has been described by way of
example and in terms of the preferred embodiment, it is to
be understood that the invention is not limited to the
disclosed embodiments. On the contrary, it is intended to
cover various modifications and similar arrangements as
would be apparent to those skilled in the art. Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. A charged-device model (CDM) electrostatic discharge
(ESD) protection circuit for an integrated circuit (IC), the
ESD protection circuit comprising:

an ESD clamp device, coupled to a pad and a substrate

having a first conductivity type, the ESD clamp device
being closed under normal power operation; and
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a functional component, formed on the substrate and
coupled to the pad, the functional component compris-
ing a first well of the first conductivity type, an active
element disposed in the first well and an isolating
region of a second conductivity type, the second con-
ductivity type being the reversed polarity of the first
conductivity type, and the isolating region isolating the
first well from the substrate; the functional component
transmitting signals between the IC and an external
linkage under normal power operation.

2. The CDM ESD protection circuit in claim 1, wherein
the isolating region comprises a second well surrounding the
first well and a deep well under the first well.

3. The CDM ESD protection circuit in claim 1, wherein
the isolating region is coupled to a first power supply and the
first well is coupled to a second power supply.

4. The CDM ESD protection circuit in claim 1, wherein
the functional component comprises a metal-oxide semicon-
ductor (MOS) having the second conductivity type in the
first well.

5. The CDM ESD protection circuit in claim 1, wherein
the ESD clamp device comprises an MOS diode having two
ends respectively coupled to the pad and the substrate.

6. The CDM ESD protection circuit in claim 1, wherein
the ESD clamp device is a two-stage ESD protection circuit,
having a primary ESD protection circuit coupled between
the pad and the substrate, a secondary ESD protection circuit
coupled between the functional component and the
substrate, and a resistor coupled between the functional
component and the pad.

7. The CDM ESD protection circuit in claim 1, wherein
the first conductivity type is an N type, and the second
conductivity type is p type.

8. The CDM ESD protection circuit in claim 1, wherein
the first conductivity type is a p type, and the second
conductivity type is N type.

9. A charged-device model (CDM) electrostatic discharge
(ESD) protection circuit for an input port of an integrated
circuit (IC), the ESD protection circuit comprising:

an ESD clamp device, coupled to a pad and a substrate
having a first conductivity type, under normal power
operation, the ESD clamp device being closed; and

an MOS component having a second conductivity type,
formed in a first well on the substrate and coupled to the
pad; an isolating region having the second conductivity
type being formed between the first well and the
substrate to separate the first well and the substrate, the
second conductivity type being the reversed polarity of
the first conductive type, and under normal power
operation, the MOS component transmitting signals
from the pad into the IC.

10. The CDM ESD protection circuit in claim 9, wherein

a gate of the MOS component is coupled to the pad.

11. The CDM ESD protection circuit in claim 9, wherein
the source of the MOS component is coupled to an internal
power line.

12. The CDM ESD protection circuit in claim 11, wherein
the CDM ESD protection circuit further comprises an ESD
protection circuit coupled between the gate of the MOS
component and the internal power line.

13. The CDM ESD protection circuit in claim 12, wherein
the ESD protection circuit at the input port is an gate-
grounded MOS component.

14. The CDM ESD protection circuit in claim 11, wherein
the first well is coupled to the internal power line.

15. A charged-device model (CDM) electrostatic dis-
charge (ESD) protection circuit for an output port of an
integrated circuit (IC), the ESD protection circuit compris-
ing:
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an ESD clamp device, coupled to a pad and a substrate
having the first conductivity type, under normal power
operation, the ESD clamp device being closed; and

an MOS component having a second conductivity type,
formed in a first well on the substrate and coupled to the
pad; an isolating region having the second conductivity
type being formed between the first well and the
substrate to separate the first well and the substrate, the
second conductivity type being the reversed polarity of
the first conductive type, and under normal power
operation, the MOS component transmitting signals
from the IC to the pad.
16. The CDM ESD protection circuit in claim 15, wherein
a drain of the MOS component is coupled to the pad, a
source of the MOS component and the first well are coupled
to an I/O power line.
17. The CDM ESD protection circuit in claim 15, wherein
a plurality of diodes are disposed between the I/O power line
and an internal power line.
18. A CDM ESD protection circuit, suitable for an I/O
port of a high voltage IC, the COM ESD protection circuit
comprises:

an ESD clamp device, coupled between a pad and a p-type
substrate, the ESD clamp device being closed under
normal power operation; and

a first NMOS (N-type metal-on-semiconductor) compo-
nent formed on a P-type first isolated well on the
substrate, an N-type isolating region being formed to
separate the P-type first isolated well and the substrate;
the NMOS component having a gate coupled to a high
power line, a first source/drain coupled to the pad, and
a second source/drain coupled to an input buffer; and
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an output driver comprising a second and a third NMOS
component respectively formed in a P-type second
isolated well on the substrate and connected in series;
an N-type second isolating region formed between the
P-type second isolated well and the substrate, a gate of
the second NMOS component, coupled to the high
Power line, a drain of the second NMOS component
coupled to the pad, a source of the second NMOS
component coupled to a drain of the third NMOS
component, a source of the third NMOS component
coupled to an I/O low power line, and a gate of the third
NMOS component being to a pre-output driver.

19. The CDM ESD protection circuit in claim 18, wherein
the first isolated well is coupled to an internal low power
line, the second isolated well is coupled to the I/O low power
line.

20. The CDM ESD protection circuit in claim 19, wherein
a plurality of diodes are disposed between the internal low
power line and the I/O low power line.

21. The CDM ESD protection circuit in claim 18, wherein
the ESD clamp device comprises a forth NMOS component
and a fifth NMOS component, connected in series between
the pad and I/O low power line, a gate of the forth NMOS
component is coupled to the high power line, and a gate of
the fifth NMOS component is coupled to the I/O low power
line.

22. The CDM ESD protection circuit in claim 18, wherein
an ESD protection resistor is formed between the first
NMOS component and the pad.

#* #* #* #* #*



