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A concentric polygonal metal-oXide-semiconductor ?eld 
effect transistor is designed to avoid overlap betWeen cor 
ners of the central drain diffusion and inner corners of the 
surrounding annular gate electrode. For example, the gate 
electrode may be reduced to separate straight segments by 
eliminating the corner portions. Alternatively, the drain 
diffusion may have a cross shape, and the outer annular 
source diffusion may be reduced to straight segments facing 
the ends of the cross, or the source and drain diffusions and 
gate electrodes may all be reduced to separate straight 
segments. By avoiding electric ?eld concentration in the 
corner regions, these designs provide enhanced protection 
from electrostatic discharge. 
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SEMICONDUCTOR DEVICE WITH IMPROVED 
PROTECTION FROM ELECTROSTATIC 

DISCHARGE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device, and more particularly to a metal-oXide-semiconduc 
tor ?eld-effect transistor With improved protection against 
electrostatic discharge. 

[0003] 2. Description of the Related Art 

[0004] The shrinking dimensions of complementary 
metal-oxide-semiconductor (CMOS) integrated circuits 
require special designs for transistors that conduct large 
amounts of current. Such transistors are found in particular 
in CMOS input and output circuits, Where they are needed 
to drive heavy loads and to provide protection from elec 
trostatic discharge (ESD). 

[0005] One knoWn high-current transistor design is the 
?nger design illustrated in FIG. 1, Which places multiple 
gate electrodes 1 betWeen an alternating series of source 3 
and drain 5 diffusions. If the transistor is an n-channel 
metal-oxide-semiconductor (NMOS) transistor, for 
eXample, the source and drain diffusions 3, 5 are n-type 
diffusions disposed in a p-type Well or substrate 7, and the 
transistor is surrounded by a p+-type diffusion 9 through 
Which a ?xed potential is supplied to the Well or substrate 7. 
Since the p+-type diffusion 9 helps prevent CMOS latch-up, 
it is also knoWn as a guard ring. For an n-channel transistor, 
the source and guard ring diffusions 3, 9 are normally 
coupled to ground. The ?nger design provides ample total 
channel Width to drive a large load, or to shunt ESD current 
safely from the drain diffusions 5 to the source diffusions 3. 

[0006] As shoWn in FIG. 2, hoWever, parasitic diodes 10 
are formed betWeen the ends of the drain diffusions 5 and the 
guard ring diffusion 9. If these diffusions 5, 9 are too close 
together, the parasitic diodes 10 may break doWn under ESD 
stress, leading to thermal damage as discharge current surges 
through the relatively small total diode Width. To avoid such 
damage, enough space to prevent breakdoWn must be pro 
vided betWeen the drain diffusions 5 and guard ring diffusion 
9, but this increases the area of the transistor. 

[0007] US. Pat. No. 5,714,784, issued to Ker et al., 
discloses an alternative design, shoWn in FIG. 3, in Which 
a guard ring diffusion 9, source diffusion 11, and gate 
electrode 13 form concentric square loops converging on a 
central square drain diffusion 15. By separating the drain and 
guard ring diffusions, this design eliminates the parasitic 
diode shoWn in FIG. 2, enabling the transistor dimensions to 
be reduced Without loss of ESD robustness. 

[0008] The transistor in FIG. 3 is vulnerable to damage, 
hoWever, at the overlapping corners 16 of the gate electrode 
13 and drain diffusion 15. This problem is thought to result 
from electric ?eld concentration combined With poor gate 
oXide quality at the corners 16. Although the failure mecha 
nism is not understood in detail, it is knoWn that in general 
the gate-drain breakdoWn voltage of a ?eld-effect transistor 
decreases as the number of corners in its active region 
increases. The result of an oXide breakdoWn under ESD 
stress is often fatal to the device: the ESD current burns a 
hole through the oXide ?lm. 

Sep. 16, 2004 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a 
semiconductor device With improved protection from elec 
trostatic discharge. 

[0010] Another object of the invention is to simplify the 
design of a semiconductor device to provide a speci?ed level 
of protection from electrostatic discharge. 

[0011] The inventive semiconductor device has a semi 
conductor substrate covered by an oXide ?lm. 

[0012] According to a ?rst aspect of the invention, a 
polygonal drain diffusion is disposed in the substrate, an 
annular polygonal source diffusion is disposed in the sub 
strate surrounding the drain diffusion, and a plurality of gate 
electrodes are disposed on the oXide ?lm betWeen mutually 
facing sides of the polygonal source and drain diffusions, 
partially overlapping the facing sides of the source and drain 
diffusions but avoiding corners of the drain diffusion. 

[0013] According to a second aspect of the invention, an 
annular polygonal gate electrode is disposed on the oXide 
?lm, a plurality of source diffusions are disposed in the 
substrate, facing and partially beneath respective eXterior 
sides of the gate electrode, and a polygonal drain diffusion 
With deleted corners is disposed in the substrate, facing and 
partially beneath the interior sides of the gate electrode but 
avoiding the interior corners of the gate electrode. 

[0014] According to a third aspect of the invention, a 
plurality of drain diffusions are disposed in the substrate on 
respective sides of a polygonal area of the substrate, avoid 
ing corners of the polygonal area. A plurality of source 
diffusions are disposed in the substrate exterior to the 
polygonal area and drain diffusions, facing the drain diffu 
sions at a certain distance. Aplurality of gate electrodes are 
disposed on the oXide ?lm betWeen mutually facing sides of 
the source and drain diffusions, partially overlapping the 
facing sides of the source and drain diffusions. 

[0015] In any of these aspects of the invention, the semi 
conductor device may also include an annular guard ring 
diffusion disposed in the substrate surrounding the source 
diffusion or diffusions. The semiconductor substrate and 
guard ring diffusion are preferably of a ?rst conductive type, 
the source and drain diffusions being of a second conductive 
type. 

[0016] The semiconductor device may have a ?rst metal 
interconnection pattern coupling the source diffusion or 
diffusions to a poWer-supply or ground potential, and a 
second metal interconnection pattern coupling the drain 
diffusion or diffusions to an input or output lead of an 
integrated circuit in Which the semiconductor device is a 
circuit element. The ?rst metal interconnection pattern may 
also couple the gate electrode or electrodes to the poWer 
supply or ground potential. 

[0017] The invention provides improved protection from 
electrostatic discharge by avoiding gate-drain overlap in 
corner areas, thereby avoiding electric ?eld concentration in 
areas Where oXide quality is comparatively poor. 

[0018] The second and third aspects of the invention 
simplify the design of the semiconductor device because the 
level of protection from electrostatic discharge depends 
linearly on the polygonal side dimensions of the device. 
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[0019] The third aspect of the invention also simpli?es the 
design of the semiconductor device by providing added 
layout ?exibility. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 
[0021] FIG. 1 is a plan vieW of a conventional ?nger-type 
?eld-effect transistor; 

[0022] FIG. 2 is a sectional vieW through line A2-A2 in 
FIG. 1; 

[0023] FIG. 3 is a plan vieW of another conventional type 
of ?eld-effect transistor; 

[0024] FIG. 4 is a plan vieW of a ?eld-effect transistor 
embodying the ?rst aspect of the invention; 

[0025] FIG. 5 is a sectional vieW through line A5-A5 in 
FIG. 4; 

[0026] 
FIG. 4; 

[0027] FIG. 7 is a plan vieW of a ?eld-effect transistor 
embodying the second aspect of the invention; 

[0028] FIG. 8 is a sectional vieW through line A8-A8 in 
FIG. 7; 

[0029] 
FIG. 7; 

[0030] FIG. 10 is a graph illustrating the dependence of 
ESD breakdown voltage on channel Width in the transistor 
in FIG. 7; and 

[0031] FIG. 11 is a plan vieW of a ?eld-effect transistor 
embodying the third aspect of the invention. 

In the attached draWings: 

FIG. 6 is a sectional vieW through line A6-A6 in 

FIG. 9 is a sectional vieW through line A9-A9 in 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] Embodiments of the invention Will noW be 
described With reference to the attached draWings, in Which 
like elements are indicated by like reference characters. 

[0033] As a ?rst embodiment of the invention, FIGS. 4-6 
shoW a ?eld-effect transistor comprising a guard ring diffu 
sion 9, a source diffusion 11, and a drain diffusion 15 formed 
in a silicon semiconductor substrate 17. As shoWn in FIG. 
4, the drain diffusion 15 is square, the source diffusion 11 is 
a square annulus surrounding the drain diffusion 15, and the 
guard ring diffusion 9 is a square annulus surrounding the 
source diffusion 11. 

[0034] Disposed betWeen the four sides of the drain dif 
fusion 15 and the facing sides of the source diffusion 11, and 
partially overlapping these sides, are four gate electrodes 19, 
each a rectangular body of polycrystalline silicon (polysili 
con) formed on the substrate 17, insulated from the substrate 
17 by an oXide ?lm (not visible). The gate electrodes 19 do 
not overlap the corners 21 of the drain diffusion 15, or the 
corners 23 of the source diffusion 11. The substrate 17, 
diffusions 9, 11, 15, and gate electrode 19 are covered by an 
interlayer dielectric ?lm 25 shoWn in FIGS. 5 and 6. 

[0035] The transistor may be either an n-channel (NMOS) 
transistor or a p-channel (PMOS) transistor. For an n-chan 
nel transistor, the source and drain diffusions 11, 15 are 
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n-type, the substrate 17 is p-type, and the guard ring diffu 
sion 9 is p+-type, as illustrated in the draWings. The source 
and drain diffusions 11, 15 include both a comparatively 
lightly doped n- portion and a comparatively heavily doped 
n+ portion, as shoWn. For a p-channel transistor (not illus 
trated), the source and drain diffusions 11, 15 are p-type 
(With p' and p+ portions), the substrate 17 is n-type, and the 
guard ring diffusion 9 is n+-type. 

[0036] The drain diffusion 15 is electrically coupled by a 
plurality of metal contacts 27 to a metal drain interconnec 
tion pattern 29 disposed above the interlayer dielectric ?lm 
25. Four metal source interconnection patterns 31 are also 
formed on the interlayer dielectric ?lm 25, and are electri 
cally coupled by metal contacts 33, 35 to the source diffu 
sion 11 and the gate electrodes 19. One of the source 
interconnection patterns 31 is also coupled by metal contacts 
37 to the guard ring diffusion 9. The drain interconnection 
pattern 29 is coupled to, for eXample, an input or output 
signal lead (not shoWn) of an integrated circuit in Which the 
transistor in FIGS. 4-6 forms one circuit element. The four 
source interconnection patterns 31 are coupled to ground if 
the transistor is an n-channel device, or to the poWer supply 
if the transistor is a p-channel device. 

[0037] The above interconnections are appropriate if the 
transistor is used for ESD protection, but the ?rst embodi 
ment is not limited to these interconnections. For eXample, 
the guard ring 9 can receive a ?Xed potential different from 
the ground or poWer-supply potential, and the gate elec 
trodes 19 can receive a signal potential instead of the ground 
or poWer-supply potential. 

[0038] The gate electrodes 19 are insulated from the 
substrate 17 by an oXide ?lm 39 including thick ?eld oXide 
portions 41. The ?eld oXide portions 41 surround the guard 
ring 9, separate the guard ring 9 from the source diffusion 11, 
and separate the source diffusion 11 from the drain diffusion 
15. The gate electrodes 19 are disposed above the last of 
these ?eld oXide portions 41, but eXtend beyond the ?eld 
oXide portions onto the thinner parts of the oXide ?lm 39. 

[0039] The transistor in the ?rst embodiment operates in 
much the same Way as the prior-art device shoWn in FIG. 3, 
providing ESD protection by shunting surge current from 
the drain interconnection pattern 29 through the drain dif 
fusion 15, the channel region underlying the gate electrodes 
19, the source diffusion 11, and the source interconnection 
patterns 31 to the poWer supply or ground. During an ESD 
event, a strong electric ?eld is created betWeen the gate 
electrodes 19 and the drain diffusion 15. In FIG. 3, this ?eld 
becomes most intense at the corners 16 of the gate electrode 
13, Which coincide With the corners of the drain diffusion 15. 
It is precisely at these corner areas that the quality of the gate 
oXide ?lm is poorest and the risk of an oXide breakdoWn is 
highest. In the invented transistor in FIGS. 4-6, the gate 
electrodes 19 avoid the corners 21 of the drain diffusion 15, 
so there is no concentrated electric ?eld at the points Where 
the oXide ?lm 39 is most vulnerable to breakdoWn. The ?rst 
embodiment therefore provides a higher degree of ESD 
protection than is attained by the prior art in FIG. 3. 

[0040] As a second embodiment of the invention, FIG. 7 
shoWs a ?eld-effect transistor comprising a guard ring 
diffusion 9, four source diffusions 43, and a drain diffusion 
45 formed in a silicon semiconductor substrate. For an 
n-channel transistor, the source and drain diffusions 43, 45 
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are n-type With n+ and n' regions, the substrate is p-type, and 
the guard ring diffusion 9 is p+-type; for a p-channel 
transistor, the source and drain diffusions 43, 45 are p-type 
With p+ and p' regions, the substrate is n-type, and the guard 
ring diffusion 9 is n+-type. The drain diffusion 45 has the 
shape of a stubby square cross, that is, a square With the four 
corners removed. The source diffusions 43 are rectangles 
facing the four ends of the drain diffusion 45. The guard ring 
diffusion 9 is a square annulus surrounding the source 
diffusions 43. 

[0041] The gate electrode 47 in this transistor has a square 
annular shape covering the four channel regions betWeen the 
source diffusions 43 and the stubby ends of the drain 
diffusion 45, and partly overlapping the source and drain 
diffusions 43, 45. The gate electrode 47 is, for example, a 
polysilicon electrode insulated from the substrate 17 by an 
oxide ?lm 39 having thick ?eld oxide portions 41 as shoWn 
in FIGS. 8 and 9. The gate electrode 47 and substrate 17 are 
covered by an interlayer dielectric ?lm 25. 

[0042] As in the ?rst embodiment, the drain diffusion 45 
is electrically coupled through metal contacts 27 to a metal 
drain interconnection pattern 29, and the source diffusions 
43, gate electrode 47, and guard ring 9 are coupled to a 
source interconnection pattern 31 through metal contacts 33, 
35, 37. The metal source interconnection pattern 31 is 
coupled to ground for an n-channel transistor (the type 
illustrated in FIGS. 8 and 9), or to the poWer supply for a 
p-channel transistor (not illustrated). The metal drain inter 
connection pattern 29 is coupled to, for example, an input or 
output lead of an integrated circuit in Which the transistor in 
FIGS. 7-9 resides. 

[0043] The second embodiment operates in substantially 
the same Way as the ?rst embodiment, providing ESD 
protection by shunting surge current from drain to source, 
thus to the poWer supply or ground. Damage to the oxide 
?lm 39 is avoided because the corners 49 of the gate 
electrode 47 do not coincide With any corners of the drain 
diffusion 45. The electric ?eld created by an electrostatic 
discharge is accordingly not concentrated in the corner 
areas, Where the oxide ?lm 39 is most vulnerable to break 
doWn. 

[0044] The degree of ESD protection provided in the 
second embodiment depends on the dimension W in FIG. 7, 
corresponding to one-fourth of the total channel Width. The 
dependence is substantially linear, as illustrated in FIG. 10; 
this linearity facilitates the design of the transistor to provide 
a given level of ESD protection. The level of ESD protection 
provided by the prior art in FIG. 3, in contrast, does not have 
a simple linear dependence on the transistor dimensions, 
because of the effect of electric ?eld concentration at the 
overlapping corners 16 of the gate and drain electrodes. 

[0045] As a third embodiment of the invention, FIG. 11 
shoWs a ?eld-effect transistor comprising a guard ring 
diffusion 9, four source diffusions 43, and four drain diffu 
sions 51 in a silicon semiconductor substrate. The source 
and drain diffusions 43, 51 are rectangular in shape. For an 
n-channel transistor, the source and drain diffusions 43, 51 
are n-type With n+ and n' regions, the substrate is p-type, and 
the guard ring diffusion 9 is p+-type; for a p-channel 
transistor, the source and drain diffusions 43, 51 are p-type 
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With p+ and p' regions, the substrate is n-type, and the guard 
ring diffusion 9 is n+-type. The four drain diffusions 51 
substantially surround a central square area 52 in Which no 
diffusion is formed, the drain diffusions 51 being longitu 
dinally parallel to the four sides of the square. The four 
source diffusions 43 lie outside and face the four drain 
diffusions 51. The guard ring diffusion 9 is a square annulus 
surrounding the source diffusions 43. 

[0046] Four gate electrodes 53 cover the four channel 
regions betWeen the source diffusions 43 and gate diffusions 
51, partly overlapping the source and drain diffusions 43, 51. 
The gate electrodes 51 are, for example, polysilicon elec 
trodes insulated from the substrate by an oxide ?lm (not 
shoWn) having thick ?eld portions as in the preceding 
embodiments. 

[0047] A metal drain interconnection pattern 29 is electri 
cally coupled to the drain diffusions 53 through metal 
contacts 27. A metal source interconnection pattern 31 is 
electrically coupled to the source diffusions 43, gate elec 
trodes 53, and guard ring 9 through metal contacts 33, 35, 
37. These connections are the same as in the preceding 
embodiments, except that the metal drain interconnection 29 
and metal source interconnection pattern 31 in the third 
embodiment are disposed in separate metal interconnection 
layers. The metal source interconnection pattern 31 is 
coupled to ground for an n-channel transistor, or to the 
poWer supply for a p-channel transistor. The metal drain 
interconnection pattern 29 is coupled to, for example, an 
input or output lead of an integrated circuit in Which the 
transistor in FIG. 11 resides. 

[0048] The third embodiment operates in substantially the 
same Way as the second embodiment, providing a degree of 
ESD protection that depends linearly on the dimension W 
corresponding to one-fourth total channel Width. Compared 
With the prior art in FIG. 3, ESD robustness is improved 
because the four gate electrodes 53 do not form a square 
loop With interior corners at Which the gate-drain electric 
?eld becomes concentrated, so ESD does not stress the gate 
oxide ?lm at the points at Which it is Weakest. The extent of 
the gate electrodes 53 is limited to areas in Which the quality 
of the underlying oxide ?lm is relatively good. 

[0049] Compared With the ?rst and second embodiments, 
the third embodiment provides added design and layout 
?exibility, comprising as it does four ordinary ?eld-effect 
transistors arranged around the sides of a square. 

[0050] In a variation of the third embodiment, the four 
drain electrodes 51 are united into a single drain electrode 
having the stubby cross shape shoWn in the second embodi 
ment. 

[0051] The invention is not limited to transistors having 
the square shapes shoWn in the draWings. Similar effects can 
be obtained in transistors of other polygonal shapes, such as 
rectangular or hexagonal shapes, by avoiding gate-drain 
overlap at the corners of the polygonal shape. 

[0052] The substrate is not limited to silicon, and the gate 
electrodes are not limited to polysilicon. Other Well-knoWn 
materials may be used. 

[0053] Those skilled in the art Will recogniZe that further 
variations are possible Within the scope of the invention, 
Which is de?ned in the appended claims. 
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What is claimed is: 
1. A semiconductor device having a semiconductor sub 

strate covered by an oxide ?lm, the semiconductor device 
comprising: 

a drain diffusion formed in the semiconductor substrate, 
the drain diffusion having a polygonal shape; 

a source diffusion formed in the semiconductor substrate, 
the source diffusion having an annular polygonal shape 
surrounding the drain diffusion at a certain distance 
therefrom; and 

a plurality of gate electrodes formed on the oxide ?lm, 
disposed betWeen mutually facing sides of the drain 
diffusion and the source diffusion, partially overlapping 
the mutually facing sides of the drain diffusion and the 
source diffusion, avoiding corners of the drain diffu 
sion. 

2. The semiconductor device of claim 1, further compris 
ing a guard ring diffusion formed in the semiconductor 
substrate, the guard ring diffusion having an annular shape 
surrounding the source diffusion. 

3. The semiconductor device of claim 2, Wherein the 
semiconductor substrate is a semiconductor of a ?rst con 
ductive type, the source diffusion and drain diffusion are 
diffusions of a second conductive type, and the guard ring 
diffusion is a diffusion of the ?rst conductive type. 

4. The semiconductor device of claim 3, further compris 
ing a ?rst metal interconnection pattern coupling the source 
diffusion to a poWer-supply or ground potential, Whereby the 
semiconductor device provides protection from an electro 
static discharge conducted to the drain diffusion. 

5. The semiconductor device of claim 4, Wherein the ?rst 
metal interconnection pattern also couples the plurality of 
gate electrodes to the poWer-supply or ground. 

6. The semiconductor device of claim 4, further compris 
ing a second metal interconnection pattern coupling the 
drain diffusion to an input or output lead of an integrated 
circuit in Which the semiconductor device is a circuit ele 
ment. 

7. A semiconductor device having a semiconductor sub 
strate covered by an oxide ?lm, the semiconductor device 
comprising: 

a gate electrode formed on the oxide ?lm, having an 
annular polygonal shape With exterior sides, interior 
sides, and interior corners; 

a plurality of source diffusions formed in the semicon 
ductor substrate, disposed facing and extending 
beneath respective exterior sides of the gate electrode; 
and 

a drain diffusion formed in the semiconductor substrate, 
the drain diffusion having a polygonal shape With 
exterior sides and deleted corners, the exterior sides of 
the drain diffusion being disposed facing and extending 
beneath the interior sides of the gate electrode but 
avoiding the interior corners of the gate electrode. 

8. The semiconductor device of claim 7, further compris 
ing a guard ring diffusion formed in the semiconductor 
substrate, the guard ring diffusion having an annular shape 
surrounding the source diffusions. 
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9. The semiconductor device of claim 8, Wherein the 
semiconductor substrate is a semiconductor of a ?rst con 
ductive type, the source diffusions and drain diffusion are 
diffusions of a second conductive type, and the guard ring 
diffusion is a diffusion of the ?rst conductive type. 

10. The semiconductor device of claim 9, further com 
prising a ?rst metal interconnection pattern coupling the 
source diffusions to a poWer-supply or ground potential, 
Whereby the semiconductor device provides protection from 
an electrostatic discharge conducted to the drain diffusion. 

11. The semiconductor device of claim 10, Wherein the 
?rst metal interconnection pattern also couples the gate 
electrode to the poWer-supply or ground. 

12. The semiconductor device of claim 10, further com 
prising a second metal interconnection pattern coupling the 
drain diffusion to an input or output lead of an integrated 
circuit in Which the semiconductor device is a circuit ele 
ment. 

13. A semiconductor device having a semiconductor 
substrate covered by an oxide ?lm, the semiconductor 
device comprising: 

a plurality of drain diffusions formed in the semiconduc 
tor substrate on respective sides of a polygonal area of 
the semiconductor substrate, avoiding corners of the 
polygonal area; 

a plurality of source diffusions formed in the semicon 
ductor substrate exterior to the polygonal area, facing 
respective ones of the drain diffusions at a certain 
distance therefrom; and 

a plurality of gate electrodes formed on the oxide ?lm, 
disposed betWeen mutually facing sides of the plurality 
of drain diffusions and the plurality of source diffu 
sions, partially overlapping the mutually facing sides of 
the drain diffusions and the source diffusions. 

14. The semiconductor device of claim 13, further com 
prising a guard ring diffusion formed in the semiconductor 
substrate, the guard ring diffusion having an annular shape 
surrounding the plurality of source diffusions. 

15. The semiconductor device of claim 14, Wherein the 
semiconductor substrate is a semiconductor of a ?rst con 
ductive type, the source diffusions and the drain diffusions 
are diffusions of a second conductive type, and the guard 
ring diffusion is a diffusion of the ?rst conductive type. 

16. The semiconductor device of claim 15, further com 
prising a ?rst metal interconnection pattern coupling the 
plurality of source diffusions to a poWer-supply or ground 
potential, Whereby the semiconductor device provides pro 
tection from an electrostatic discharge conducted to the 
drain diffusions. 

17. The semiconductor device of claim 16, Wherein the 
?rst metal interconnection pattern also couples the plurality 
of gate electrodes to the poWer-supply or ground. 

18. The semiconductor device of claim 16, further com 
prising a second metal interconnection pattern coupling the 
plurality of drain diffusions to an input or output lead of an 
integrated circuit in Which the semiconductor device is a 
circuit element. 


