Asymmetrical Layout Structure for ESD Protection

TECHNICAL FIELD

[6001] = This invention relates generally to electrostatic discharge devices, and more

specifically to obtaining uniformity of current flow in a grounded gate nMOS.

BACKGROUND

[0002} Electrostatic discharge (ESD) is-a phenomenon where electrostatic charges migrate
from a non-conductive surface via a conductive material. Since an electros;taﬁo voltage 15 usually
quite high, the ESD can ezsily damage the substrate and other components of an Integrated
cireuit. For example, an electrostatic voltage from hundreds to thousands of volts can be created
on é‘ human body walking on a carpet under a higher relative humaidity, while more than 10,000
volts can be created under z lower relative humidity. Also, an electrostatic voltage from bundreds
to thousands of volts can be created in machines for packaging or testing integrated circuits.
Therefore, when a human body or a machine carrying electrostatic charges contacts a chip, a
large transient ESD current is generated, damaging or destroying the -integrated circuits on the
chip.

J0003] To protect the inteérai_cd -éircuits from béing damaged by ESD, ESD devices capable

of conducting an ESD current to ground are incorporated into the integrated circuits, Grounded

- gate NMOS (GGNMOS) devices are commoniy used in protecting circuits.

{00064] A typical GGNMOS ESD protection cireuit is ifiustrated in Figure 1. The ESD
protection circuit includes a GGNMOS § for protecting the circuit 6. The gate 14 and source 12
of the GGNMOS § are coupled to the power line Vgg 4, where Vgg 1s typically grounded. Under

normal operation, GGNMOS 8 is turned off so that it does not affect circuit 6. When an ESD



transient occurs to the circuit 6, the GGNMOS § is turmed on, and the ESD current is conducted
to Vss 4. In order to conduct a high ESD current, the GGNMOS 8 typically has a great device
dimension, such as W/L=500/0.5 1n a typical 0.35 CMOS technology. With such a device
dimension, the GGNMOS 8 typically has a multiple-finger poly gate. It has been found that a
GGNMOS with a large layout area and a great device dimcnsiog may only sustain é low ESD
current because all portions of the GGNMOS cannot be uniformly turned-on during the ESD
stress. Only a portion of the large-dimension GGNMOS is turned on to bypass the ESD current,

but most of the portions stay off during the ESID stress.

[0005) Figure 2 illustrates a top view of a conventional GGNMOS. Only one finger is

, shown with a gate electrode 18, a drain region 14 and a source region 16..Contact plags 26
through 267 connect to the drain region 14. A metal line 28 connécts drain side contast. plugs 26,
thro;lgh 264 to the-circuit being protected. Contact plugs 22; through 227 connect to the source
region 16. A metal line 24 couples contact plugs_ 22, through 225 to the p-well pick-up regions 20
and 21 that are located at the ends of the gate electrode 18. P-well pick-up regions 20 and 21 are

typically grounded.

[00046] Multipie contact plugs divide the source region 14 and drain region 16 into sub
regions. For simplicity p@oses, each sub drain region and sub source region is referred to as the
contact plﬁg number next to 1it. The GGNMOS can be treated as sub nMOS transistors 32,
tﬁrough 32 connected in paraliel. Each sub nMQOS transistor 32; through 327 is formed of a drain
' 261 through 267, a gate electrode 18 and a source 22, through 22;, respectively. When an ESD
-current occeurs, it first flows from m;tal line 28 to coﬁtact plugs 26, through 26, then fo the sub
transistors 32, through 32, that are tarned on. The ESD current then goes through contact plugs

2-21 through 227, then to metal 24, and finally to p-well pick-up regions 20 and 21. It is to be -



noted that besides the current flowing from the drain to the source of each transistor, there is also
a substrate current flowing at a direction from sub transistor 324 to transistors 325, 32 and 32,
and a substrate current flowing at a direction from sub transistor 324 to transistors 321, 32, and

32;.

[0007] Figure 3 illustrates a transmission-iine model for the GGNMOS shown in Figure 2.
Each of the sub transistors 32 through 32 dllustrated in Figure 2 is modeled by an equivalent
circuit 40, through 40;. Circuits 40; through 40 are coupled in parallel. The equivalent circuit of
the GGNMOS has an n-p-n structure, which is formed of drain(n}-substrate(p}-source(n). The
resistors Gp through G are the substrate resistance of vertical path (from the top channel
between the source 14 and drain 16 to the desp substrate, i.e., direction from gate to substrate or
direction which penetrates into paper). Resistors Ry through Ry are the lateral substrate
 resistance from the deep substrate to the p-well pick-up regions. When an ESD current Ipgp
occurs, it is distributed to circuits 40, through 40, and sunk to ground at node 4. As discussed in
Figure 2, the ESD current Igsp also goes through substrate reststors R, Reusz and Reu; to
ground at node 4. It {5 appreciated that sub transistor 324 has the highest substrate resistance
since 1f is furthest“fmm the ESD sink point 4. The substrate resistances induce a voltage drop on
the substrate 2. Therefore, the sub transistor 324 is' likely to be turned on earlier than any other
transistor. Similar analysis reveals that transistors in the center are ﬁmre likely to be turned on

earlier than tranststors at the ends.

{6008} Turning on sub transistors at different times causes current crowding. At a lower
ESD current, only sub transistors in the center, such as transistors 324, 32, and 325 are tumed on.
When current increases, from the center to the end, more and more sub transistors are turned on

-until at a certain time all sub transistors are turned on. It is noted that even when alf the sub



fransistors are on, the center transistors carry more ESD current than the transistors at the ends so

that they are more prone to damage.

[0009] In order to improve the ESD level of such a large dirnension GGNMOS, the multiple
fingers of the large dimension GGNMOS have to be uniformiy triggered on to share ESD current.
If all the fingers and the sub transistors of the large dimension GGNMOS can be uniformiy
turned on dnri;ig the ESD stress condition, the GGNMOS can sustain a much higher ESD level.
Therefore, there is the need to achieve uniformity among the multiple sub transistors of the large-

dimension GGNMOS.



SUMMARY OF THE INVENTION

[6010] The preferred embodiment of the present invention presents a seprconductor

structure for electrostatic discharge protection.

10¢11] In accordance with one aspect of the present invention, the semiconductor struchire
comprises a grounded gate tMOS (GGNMOS) having a substrate, a gate electrode, a source
region and a drain region. A piurality of contact plugs 1s formed on the soﬁrce and drain side. A
| plurality of first level vias is electrically coupled to the GGNMOS and has a substantially
asymmetrical iayout in the source and drain fegions. A second level via(s) re-routes the ESD

cwrrent to the desired first level vias.

fo612] The present invention providesa novel structure and method to improve the

A uniformitjf of a GGNMOS. By making the sub transistors turn on more uniformly, the preferred
embodiment of the present invention makes the ESD. protection circuit mo?e efficient. This in
turn improves the breakdown current and voltages, and the GGNMOS ‘can be made smaller,

therefore saving layout space without sacrificing protection ability,



BRIEF DESCRIPTION OF THE DRAWINGS

{G613] Fora more complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawings, in which:

[0014] Figure | illustrates a typical electrostatic discharge protection circuit using a

_grounded gate nMOS (GGNMOS);
[6015] Figure 2 illustrates a top view of one finger of a conventional GGNMOS:
{Gﬁiﬁ] Figure 3 illustrates 2 transmission-iine model for a conventional GGNMOS ;
0017} Figures 4 illustrates a top view of a preferred embodiment of the present invention;

{0018} Figure 5 illustrates a cross-sectional view of the preferred embodiment along line A-

A'in Figure 4;

[0019] Figure 6 illustrates a cross-sectional view of the preferred embodiment along line B-

- B'in Figure 4;
[0620] Figure 7 illustrates a variation of the preferred embodiment having via groups; -
[6021] 'Figureﬂa illustrates a prior art GGNMOS having one p-well pick-up region;

[0622] Figure 8b illustrates an embodiment of the present invention having one p-well pick-

up region; and

[6623] Figure 9 shows the current in-a GGNMOS as a function of the voltage applied.



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0024] The making and using of the presently preferred embodiments are discussed in detail
below. It should be appreciated, ho,wc{fcr_:, that the present invention provides many applicable
inventive concepts that can be embodied in & wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invéntioa,

and do not limit the scope of the invention.

[0025] The preferred embodiments are illustrated m Figures 4 through 9 wherein like
reference numbers are used to designate like elements throughout the vaﬂéus_ views and
llustrative embodiments of the present invention. Figures 4, S and 6 dustrate different views of
the preferred embodiment. Fiéure 4 illustrates a top view. A gaie dielectric is formed on a

| sﬁbstrate. A ‘gaie electrode 18 is formed on the gate dielectric with a preferred length of about
0.06pm to 0.4um and a preferred width of about 1pm to about 90um. More preferably, the gate
length is between 0.1 um to-0.3um and the gate width is between about 10wm to about 60um. The
gate electrode 18 15 préferably coupled to at least one of the pick-up regions 20 and 21 located at
two ends of the gate electrode 18. More preferably, the gate electrode 18 is coupled to both pick-
up regions 20&[1& 21 for a better grounding. The piclg—up rcgioné 20 and 21 are preferably doped_-
vs‘fell pick-up regibns. Preferably, the pick-up regions 20 and 21 are grounded and cach comprises
at jeast 3 connection points sucil as vias gonnecting ground potentiadls. In Figure 4, there are 6 |
connection points conneciing gréaﬁd potentials on each of the pick-up r-egionﬁ- 20.and 21. In the
preferred embodimmt, the pick-up regions 207 and 21 _a?e p-well pickup regions and they will be
referred to as p-well pick-up regions 20 and 21. In other ¢mbodiments, they are n-well.pick—up
regions. The details of forming the gate electrode 18, drain region 14, source region 16, and

doped pick-up regions 20 and 21 are well known in the art so that they are not repeated herein.



[0026] The present invention is related to an asymmetrical layout of openings on drain and
source sides of a GGNMOS device for improving ESD performance. The asymmetrical 1ayout of
openings may be contact plugs, via openings or trench openings, where in each case, the |
openings are filled with conductive materials. A preferred embodiment is described in Figures 4,
5 and 6. As shown in Figure 4, contact plugs 26; through 267 are coupled fo the drain region 14.
First level vias 52; and 52 are coupled to the drain side contact plugs 26; through 267 by a first
level metal 56 (not shown). A second level via 50 couples the device being protected to two first
level vias 52 and 52 through a second level metal 58 (not shown). Source contact plugs 22,
through 227 are coupled to & via 54 located élose 1o the middle of the gate. Via 54 1s coupled to
the p-well pick-up regions 20 and 21. The dimension of th*_e vias is typically related to the
technology. For example, in 0.13pm technology, a first level or a second level via preferably has
a length and & width of about 0.05pm to about 0.5um. In the preferred embodiment, the vias 50,
524, 522 ;md 54 are formed by a well-known damascene process. In other embodiments, vias .c';an

be formed using a plug process.

[6627] Int order to explain the structure of the pre%erred embodiment in detail, cross-
sectional ﬁews of Figure 4 are iliustrated in Figures 5 and 6. Figure 5 illustrates a cross-sectional
view of the éreferred embodiment along line A-A'in Figure 4. For simiplicity purposes, the
contact plugs- 26, through 267, and the vias 52,, 52, and 50 are shown as in one plan. One skilled
“in the art will recognize that they can be in different plans as shown in Figure 4. Mﬁlﬁpl& drain
side contact plugs 26, through 26; couple the drain 14 of the GGNMOS 1o a first level metal 56.
The width of tﬁe first level-metal 56 is preferabiy about 0.4pm to 3pm. Typically the contact
plugs 26; through 267 are distributed evenly; Twe first level vias 52 and 52, located at the ends

of the drain region 14 connect the first level metal 56 to a second level metal 5&. The second



level metal 58 is then connected to a second level via 50 that is coupled to the circuit being
protected. Due to the large current that the GGINMOS may have to sink, it is desired that each of
the vias 50, Si[ and 52, comprise a group of vias. It is preferred that both the first level vias 52
comprise at ieast 2 vias on the drain side. Preferably, the number of first level vias 52 is higher
than the number of secénd level vias 50. In.one embodiment, the first leve] vias comprise two
vias located on each end of the drain side and the second level vias comprise one via on the
middie of the drain side, as shown in Figure 5. More preferabiy, for ESD performance, the 1%
and 2" level vias may each comprise at Ié:ast three vias on the drain side. The embodiment
referred to in Figure 4 comprises two first level vias and one second level via, but ESD

‘ Aperformance can be improved if more vias, for example, more than three, are put on the drain

| side for the firstand second Icveis.

[0028] Figure 6 ﬂlustraies 2 cross sectional view of fhe preferred embpdin:ient along line B-
B'in Figure 4, which is on the source side. Multiple drain contact piugs 22; through 227 couple
the source 14 of the GGNMOS to a metal line 66. Metal line 66 is preferably a first level metal
although it can be formed at the same time as other levels on the drain side, such as the first level
metal 56. There are also first levél vias 54 coupled io the first level metal 66, a second level |
metal (hot shown) coupled to the first level vias 54 and second Ieﬁel vias (not shown) coupled to
the second level metal. The metal line 66 is coupled to p-well pick-up regions 20 and 21. It is
preferred that the first level vias comprise at least one via on the source side. In one embodiment,
the first level vias comprise évia on the middie of the soﬁrce sidé. More preferably, to improve
ESD performance, the first level vias comprises at least two vias on the source side. In the
preferred embodiment of the present invention, to improve ESD performance, the number of vias

comprised by the first level vias are asymmeirical on drain and source sides. The asymmetrical



layout of vias on the source and drain sides are also preferred for the second level vias. Alse, the
- number of vias on the drain side are preferably more than the number of vias on the source side

at the same level.

{0029] Compared to the prior art in Figure 2, the ESD current path is Te-arranged by roufing
 the ESD current to two vias 52y and 52, at two ends of the drain. The ESD current flows in metal
- 36 from vias 52y and 32 to sub transistors 32, through 32. Since the fesistance of é metal iine is

-proportional to the.length of the metal line, the resistance in metal line 56 for tIanswtom 32; and

32; are the lowest since they are closest to vias. 527 and 52;. The me_t'a_l 56 reststance increases for
" fransistors 32;, 32 and 324 due to the metal line resistance between contact .plu.gs 22y and 27,

and 225 and 224. From transistor 32 to transistor 324, metal 56 resistances ai.sb increase. Lower
_metal 56 rf:sistan;:e causes the sub mmtom 32 angi_32;; to mdrc likely bé.tumcd on first

because current flow has high possibility to flow through 2 lower resistzmc‘e path. This
Counteracts the effect discussed in the prior art where the center resistors are turned on first.

Therefore, the preferred cmbbdime:nt of the present invention has a more uniform tumn-on voltase.

_ {003;0] | - Also, there is.another effect that possii-ﬁy' contributes to the uniformity of the turn on
voltages, although it has less effect than the one discussed in the previous paragraph. In Figure 4,
the sub transistor 32 | has a relatively low drain substrate resistance because its drain is clase to

~thevia52;. Ithasa relziﬁvgiy. high source subst:;-ate‘ r_e.si_slznce because the contact plug iEi is far

-A away from the via 54. Coﬁve:sely, the transistor 324 has a relatively iﬁgh drain substrate

 resistance becatse ifs drain 26, is far away from the via: 52;; while it bas a refatively low source

substmrs r‘esi’sta_nce because the contact plug 224 isrciose to-the via 54. The transistors 32, and
32; have moderate drain substrate resistance and source substrate resistance. The combination éf

- drain substrate resistance and source substrate resistance for transistors 32;; 32y, 32; and 32are.
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close, thus the voltage drops induced are close. Similar conclusions can be drawn for sub
- transistors 325, 32¢, 327 Therefore, re-arranging the discharging current going into the drain of

the GGNMOS has reduced the non-uniformity caused by the subsirate resistance.

[0031] Figure 7 illustrates a variation of the preferred embodiment. [f the potential ESD
current is lgh, or the via numbers in one finger is great, then vias 50, 52;, 52, and 54 can be via
groups having multiple vias. The number of vias depends on how much current each via can

- safely conduet.

[0632] Figure 8a illustrates another prior art. If there is only one p-well pick-up region 21
coupled io the source side cénta.ct plugs 22, through 227 through a metal line 57, the su.b
transistor 32; has the highest substrate rresistance since it is furthest from the ground 4, and it will
be turned on first. The ESD current crowding effect causes the transistor 32 to be more prone to
failure. To counteract this effect, a drain side via 52 is placed nearest the contact ping 26, and is
connected to contact plugs 26; through 26, through a metal 56, as shown in Figure 8b. A source
side via 54 1s placed nearest contact plug 22;. The source side contact plugs 22, through 22; are

. coupled to via 54 through a m.etal,‘then 1o the p—weli pick-up region 21. The sub transistor 32,
has the lowest metal 56 resistance causing it to be turned on first. This counteracts the substrate

resistance effect, therefore the transistors 32, through 32, are tarned on more uniformiy.

[0033]  Inatypical layout of the GGNMOS using the present invention, the GGNMOS has

. multiple fingers. For a layout using 0.13pm technology, in order to sink an ESD current of about
'o_‘ne to two amps at human body mode (HIMB), a GGNMOS preferably has a fotal length of about
720pm and a width of a little gréater than about 30pum. Each gate has a preferred length of about

(G2umand a pfeférred width of about. 30um. The source and drain regions on each gate are

- ‘within an active region in the substrate. The active region has a preferred length of about Ipm o .
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about 10pum, and more preferably about 1pm 10 about 3pm. The active region has a preferred

width of about 10pm te about 100pm, and more preferably about 10pm to about 30pm.

[6034] Since the ESD current s distribufed to multiple fingers, the more fingers the
GGNMOS bas, the less ESD current each finger needs to carry, hence less first level vias 52 are
needed. For example, if a GGNMOS has 15 fingers, for each finger, two first level vias 52 are
typically enough. Also since the ESD current 1s distributed to the vias, the more vias a
GGNMOS has, the less. ESD current one via needs to carry. Typically, for 0.13pum technology,

32 vias on each of the source and drain sides are enough for discharging the ESD current.

[0035] The mmprovement of the preferred embodiment of the present invention is illustrated
in Figure 9. Figure 9 shows the current in a GGNMOS as a function of the voltage applied. Line
61 1s the test result of a conventional GGNMOS and line 62 is the test result of the preferred
embodiment. Both fests are conducted on the GGNMOSs made with 0.13pm technology. The
conventional GGNMOS has a break down voltage at point 64, or 2.654A, while the preferred
embodiment of the éresent invention has a break down voltage at point 66, or 2.90A. The results

are shown mn table 1.

TABLE 1
112 +HBM MM
Prior At 2.65A 25KV 100V

Present Invention ~ 2.9A 40KV 225V

It is noted that besides the IT2 breakdown voltage improvement, the highest voltage sustained is

also improved significantly. In human body mode (HBM), the highest voltage is increased to

12



4.0kV for the present invention from 2.5kV for the conventional GGNMOS. In machine mode
(MM}, the highest voltage 1s increased to 225V for the present invention from 100V for the

conventional GGNMOS.

{0036] The present invention provides a novel structure and method to improve the
uniformity of a GGNMOS. By making the sub tranststors turn on more uniformtly, the ESD
protection circuit is made more efficient. This in turn improves the breakdown current and

" voltages, and the GGNMOS can be made smaller therefore saving layout space without

sacrificing protection ability.

{0837} Although the present invention and its advantages have been described In detail, 1t
should be understood that various changes, substitutions and alierations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be iimited to the particular
embodiments of the process, machine, manufacture, and composition of matier, means, methods
and steps described in the speciﬁcation. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
emﬁodim&:nts described herein may be utilized according to the present inveﬁtion. Accordingly,
the appended clanuns are mtended to include within their scope such processes, machines,

manufacture, compositions of matier, means, methods, or steps.
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CLAIMS

L. A semiconductor structure for electrostatic discharge protection comprising:

a substrate;

a gate electrode;

a first source/drain region and a second source/drain region adjacent respective
sides of the gate electrode;

contact plugs electrically coupled to the first source/drain region and the second
source/drain region;

metal Lines electrically coupled to the contact plugs, wherein the metal lines are in
a first metallization layer over the contact plugs and are located in a plane that is
substantially parallel to a major surface of the substrate;

a plurality of first level openings over and electrically coupled to the metal lines,
at least one first level opening electrically coupled to the first source/drain region and at
least one first level opening coupled to the second source/drain region;

wherein the at least one first level opening electrically coupled to the first
source/drain region is offset from lines running parallel to the major surface of the
substrate and extending from each first level opening electrically coupled to the second
source/drain region and substantially parallel to the flow of current between the first
source/drain region and the second source/drain region; and

wherein the first level openings are filled with conductive materials.

2. The semiconductor structure of claim | wherein the plurality of first level

openings comprises at least two first level openings on the first source/drain region.

3. The semiconductor structure of claim 1 wherein the plurality of first level

openings has a width between about (.05 um to about 0.5 um.

4. The semiconductor structure of claim 1 further comprising a p-well pick-up

region coupled between the gate electrode and a ground potential.

5. The semiconductor structure of claim 1 further comprising an n-well pick-up

region coupled between the gate electrode and a ground potential.

6. The semiconductor structure of claim 1 wherein the gate electrode is coupled to

ground potentials through pick-up regions at two ends.
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7. The semiconductor structure of claim 1 wherein the gate electrode has a gate

length of about 0.06 pm to about 0.4 pm.

8. The semiconductor structure of claim [ wherein the gate electrode has a gate

width of about 1 pm to about 90 um.

9. The semiconductor structure of claim 8 wherein the gate electrode has a gate

width of about 10 pm to about 60 um.

10. The semiconductor structure of claim 1 further comprising a plurality of second
level openings electrically coupled to the plurality of first level openings electrically
coupled to the second source/drain region through a common conductor wherein the
plurality of first level openings electrically coupled to the second source/drain region and
the plurality of second level openings electrically coupled to the second source/drain
region have a substantially asymmetrical layout, and wherein the second level openings

are via openings filled with conductive materials.

11. The semiconductor structure of claim 10 wherein the second level openings have

a width of between about 0.05 pm and about 0.5 pm.

12. The semiconductor structure of claim 10 wherein the second level openings
comprise at least three second level openings electrically coupled to the second

source/drain region.

13. The semiconductor structure of claim I wherein the first level openings have a
substantially different pattern and spacing in the first source/drain region from the first

level openings in the second source/drain region.

14, The semiconductor structure of claim 1 wherein the first source/drain region and

second source/drain region are within an active region in the substrate.

15. The semiconductor structure of claim 14 wherein the active region has a length of

about | pm to 10 um.

16. The semiconductor structure of claim 15 wherein the active region has a length of

about I pum to 3 pm.
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17. The semiconductor structure of claim 14 wherein the active region has a width of

about 10 pm to 100 pum.

18. The semiconductor structure of claim 17 wherein the active region has a width of

about 10 pm to 30 pum,

19. A semiconductor structure for electrostatic discharge protection comprising;

a substrate;

a gate electrode;

a first source/drain region and a second source/drain region adjacent respective
sides of the gate electrode;

a channel region between the first source/drain region and the second source/drain
region, the channel region having a channel length measured from the first source/drain
region to the second source/drain region;

contact plugs electrically coupled to the first source/drain region and the second
source/drain region;

metal lines electrically coupled to the contact plugs, wherein the metal lines are in
a first metallization layer over the contact plugs and wherein at least a portion of each
metal iiné 1s located the same distance from the substrate;

a plurality of first level openings over and electrically coupled to the metal lines,
wherein a line running parallel with a major surface of the substrate, extending from a
first opening connected to the first source/drain region and substantially paraliel to the
chamnel length does not intersect openings connected to the second source/drain region;

wherein the plurality of first level openings are via openings comprising at least
three first level openings electrically coupled to the second source/drain region; and

wherein the first ievel openings are filled with conductive materials.

20. The semiconductor structure of claim 19 wherein the plurality of first level
openings comprises at least two first level openings connected to the first source/drain

region.

21. The semiconductor structure of claim 19 wherein the plurality of first level

openings have a width of between about 0.05 pum and about 0.5 pm.

22. The semiconductor structure of claim 19 wherein the gate electrode is electrically

coupled to ground potentials through pick-up regions.
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23. The semiconductor structure of claim 19 wherein the gate electrode is coupled to

ground potentials through pick-up regions at two ends.

24, The semiconductor structure of claim 19 further comprising a plurality of second .
level openings electrically coupled to the first level openings through a common metal
line electrically connected to the second source/drain region wherein the second level
openings are via openings filled with conductive materials, and wherein the first level
openings and the second level openings connected to the second source/drain region have

a substantially asymmetrical layout.

25. The semiconductor structure of claim 24 wherein the plurality of second level

openings have a width of between about 0.05 um and about 0.5 um.

26. The semiconductor structure of claim 24 wherein the plurality of second level
openings comprises at least three second level openings connected to the second

source/drain region.

27. The semiconductor structure of claim 24 wherein the first level openings have a
substantially different pattern and spacing from the second level openings in the second

source/drain region.

28. A semiconductor structure for electrostatic discharge protection comprising:

a substrate;

a dielectric on the substrate;

a gate electrode on the dielectric;

a first source/drain region and a second source/drain region adjacent respective
sides of the gate electrode wherein the first source/drain region and the second
source/drain region each have a first end and a second end;

a first plurality of contact plugs coupled to the second source/drain region;

a second plurality of contact plugs coupled to the first source/drain region;

a first level metal coupled to the first plurality of contact plugs, the first level
metal being in a first metallization layer over the first plurality of contact plugs;

a first group of first level vias electrically coupled to the second source/drain
region coupled to the first level metal wherein the first group of first level vias comprises

one or more vias and is over the first level metal;
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a second metal over and coupled to the second plurality of contact plugs and to a
ground potential, the second metal being in the first metallization layer and separated
from the first level metal in a direction parallel to a major surface of the substrate; and

a second group of first level vias electrically coupled to the first source/drain
region and over and coupled to the second metal wherein the second group of first level
vias comprises one or more vias and wherein at least one of the second group of first level
vias is offset from lines extending from vias of the first group of first level vias, crossing
the gate electrode at substantially a right angle and running parallel with the major surface

of the substrate.

29, The semiconductor structure of claim 28 wherein the first group of first level vias
is at the first end of the second source/drain region and the second group of first level vias

is at the second end of the first source/drain region.

30. The semiconductor structure of claim 28 further comprising a third group of first
level vias wherein the first group of first level vias is at the first end of the second
source/drain region, and the third group of first level vias is at the second end of the
second source/drain region and substantially no via is at the middle of the second
source/drain region, and wherein the second group of first level vias is at the middle of
the first source/drain region and substantially no vias are at the ends of the first

source/drain region.

31 The semiconductor structure of claim 30 further comprising:

a third level metal coupled to the first group of first level vias and the third group
of the first level vias; and

a group of second level vias coupled to the second level metal wherein the group

of second level vias comprises one or more vias.
32. The semiconductor structure of claim 28 wherein the second group of first level
vias 1s coupled to a doped-well region wherein the doped-well region is selected from a

group consisting of a p-well pick-up region and an n-well pick-up region.

33. The semiconductor structure of claim 32 wherein the doped-well region is

grounded.
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