US 20050250300A1

(19) United States
(12) Patent Application Publication (10) Pub. No.: US 2005/0250300 A1
Fon
(54)

43 P b Date‘
u

LOW OHMIC LAYOUT TECHNIQUE FOR

(52)

0

Nov 10, 2005

O

I

US. Cl. ............................................................ .. 438/597

MOS TRANSISTORS

(75) Inventor: Victor Fong, San Jose, CA (US)

(57)

ABSTRACT

Correspondence Address
'

The disclosure relates to a transistor driver circuit With a
plurality of transistors, each having source and drain regions
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connect the drain regions to the other of the ?rst or second
interconnect layers. The ?rst and second interconnect layers
cover a region above the substrate area in Which the plurality
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of transistors reside so as to achieve a 10W ohmic result. The
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second interconnect layer has openings therein for one of the

Publication Classi?cation

respective ?rst or second plurality of contacts to pass
therethrough and couple to the at least one ?rst interconnect
layer. Either the ?rst or second interconnect layers can
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function as an input or output for the circuit.
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LOW OHMIC LAYOUT TECHNIQUE FOR MOS
TRANSISTORS

openings therein for one of the respective ?rst or second
plurality of contacts to pass therethrough and couple to the

BACKGROUND OF THE INVENTION

at least one ?rst interconnect layer. Either the ?rst or second
interconnect layers can function as an input or output for the

[0001]

1. Field of the Invention

[0002]

The invention relates to semiconductor integrated

circuit devices, and more particularly to large area transis
tors.

[0003]

2. Related Art

[0004] A die (also called chip) is a small piece of silicon
Wafer, bounded by adjacent scribe lines in the horiZontal and
vertical directions, that contains the complete device being
manufactured. An integrated circuit (also called an IC)
comprises many interconnected circuit elements on a single

die. Such interconnected circuit elements typically include
semiconductor devices, such as transistors or diodes, and

other devices, such as capacitors, resistors, and the like.
Interconnects (also called Wiring) are highly conductive

material, usually aluminum, polycrystalline silicon (poly
silicon), copper, or the like, that carry electrical signals to
different parts of a die.

[0005] Signals generated on chip must be sent off chip in

circuit.

[0010]

The plurality of transistors can comprise metal

oXide semiconductors (MOS) transistors, complementary
metal oXide semiconductors (CMOS) transistors, or the like.
[0011]

The ?rst and second interconnect layers can com

prise metal, metal alloy, polysilicon, or the like, and may
have slots formed therein to permit out-gasing and the like.
[0012] In another embodiment of the present invention,
the ?rst and second interconnect layers can each comprise
more than one metal, metal alloy or polysilicon layer.
[0013] In still a further embodiment, the ?rst and/or sec
ond interconnect layers can cover a substantial portion of the

transistor region.

[0014] Further embodiments, features, and advantages of
the present inventions, as Well as the structure and operation
of the various embodiments of the present invention, are
described in detail beloW With reference to the accompany

ing draWings.

order to be coupled to other IC’s or components. Acommon
type of transistor used in IC’s is a metal-oXide-silicon

BRIEF DESCRIPTION OF THE

(MOS) ?eld effect transistor
Complementary metal
oXide-silicon (CMOS) transistor technology includes both
p-type and n-type conductivity MOS transistors. Because

[0015] The accompanying draWings, Which are incorpo

today’s IC’s comprise millions of transistors, any one tran

rated herein and form a part of the speci?cation, illustrate the

sistor is too small to output suf?cient current to “drive” an

present invention and, together With the description, further

off-chip (i.e., some other off-chip IC or component) or

serve to eXplain the principles of the invention and to enable

on-chip load.
[0006] So called “large driver” transistors comprise many

invention.

DRAWINGS/FIGURES

a person skilled in the pertinent art to make and use the

drivers usually carry large current. Of course, larger current

[0016] FIG. 1 shoWs a top vieW of a conventional tech
nique for interconnecting sources and drains of MOS tran
sistors.

(I) means a larger voltage (V) drop (i.e., V=I*R; Where
R=resistance), and more poWer (P) dissipation (i.e., P=I2*R)

[0017] FIG. 2 shoWs a cross section of a circuit according
to an embodiment of the present invention.

MOS transistors connected together to provide suf?cient
output current to drive an off-chip or on-chip load. These

across devices and/or interconnects. Larger voltage drop
means smaller voltage sWing available at the output. More
poWer dissipation means loWer efficiency as more poWer is

lost due to heat, etc. Accordingly, larger voltage drop and/or

[0018] FIG. 3 shoWs a three-dimensional rendering of
circuit in connection With the embodiment of FIG. 2.

more poWer dissipation lead to poor circuit performance.

[0019]
204.

FIG. 4 is a top vieW of the ?rst interconnect layer

[0007] Thus, What is desired is a transistor layout design

[0020]

FIG. 5 is a top vieW of the second interconnect

With loW ohmic characteristics.
BRIEF SUMMARY OF THE INVENTION

[0008] The present invention is directed to a transistor
driver circuit having a loW ohmic layout structure and a
method of making the same.

layer 208.
[0021] FIG. 6 is a cross-sectional vieW of another embodi
ment according to the present invention.

[0022]

The present invention Will noW be described With

reference to the accompanying draWings. In the draWings,
like reference numbers may indicate identical or function

[0009] In an embodiment of the present invention, the
circuit comprises a plurality of transistors, each With source
and drain regions formed in a substrate. At least ?rst and
second interconnect layers are formed on top of the sub
strate. A?rst plurality of contacts connect the source regions
to one of the ?rst or second interconnect layers. A second
plurality of contacts connect the drain regions to the other of
the ?rst or second interconnect layers. The ?rst and second
interconnect layers cover a region above the substrate area
in Which the plurality of transistors reside so as to achieve

the loW ohmic result. The second interconnect layer has

ally similar elements. Additionally, the left-most digit(s) of
a reference number may identify the draWing in Which the
reference number ?rst appears.
DETAILED DESCRIPTION OF THE
INVENTION

[0023] While speci?c con?gurations and arrangements are
discussed, it should be understood that this is done for
illustrative purposes only. A person skilled in the pertinent
art Will recogniZe that other con?gurations and arrangements
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can be used Without departing from the spirit and scope of
the present invention. It Will be apparent to a person skilled
in the pertinent art that this invention can also be employed
in a variety of other applications.

layers are stacked above the substrate, the loWer at least one

interconnect layer has openings therein for the plurality of
contacts of the upper at least one interconnect layer to

contact the respective regions in the substrate.

A contact is an opening that alloWs electrical

[0030] Typically, the ?rst interconnect layer connecting

connection betWeen metal and silicon layers. Avia is an area
that provides an electrical pathWay from one metal layer to
the metal layer above or beloW. For example, a via can be an
opening in a dielectric layer through Which a riser passes, or
in Which the Walls are made conductive. For the purposes of
the present invention, the terms contact and via Will be used

the source regions functions as an input for the transistor,

interchangeably.

to the present invention. Substrate 200 comprises transistors
102 having source regions 104 and drain regions 106. The
circuit comprises a plurality of interconnect layers 202.

[0024]

[0025]

The interconnects described beloW comprise a

highly conductive material, such as metal, metal alloy (e.g.,
aluminum and aluminum alloys), doped or undoped poly
crystalline silicon (polysilicon), or the like, as Would
become apparent to a person having ordinary skill in the art.
[0026] FIG. 1 shoWs a top vieW of a conventional tech
nique for interconnecting sources and drains of MOS tran
sistors. Speci?cally, FIG. 1 shoWs a driver transistor 100
comprising a plurality of individual MOS transistors 102.
Each transistor 102 comprises a source region 104 and a
drain region 106. The gate electrodes of transistors 102 are
not shoWn. The source regions of transistors 102 are inter

connected by a metal interconnect 108. Similarly, drain
regions 106 of transistors 102 are interconnected by a metal
interconnect 110. Even in a multi-interconnect layer struc
ture, the source interconnect 108 and drain interconnect 110

and the interconnect layer connecting the drain regions
functions as an output for the driver circuit. Of course, these
functions can be reversed, as Would be apparent to a person

having ordinary skill in the art.
[0031]

FIG. 2 shoWs a cross section of a circuit according

Interconnect layers 202 can comprise tWo or more intercon

nect layers. In one embodiment, a ?rst interconnect layer
204 is used to interconnect the source regions 104 using a
?rst plurality of contacts (also referred to as “vias”) 206. A
second interconnect layer 208 is used to interconnect the
drain regions 106 using a second plurality of contacts 210.
In this manner the interconnect layers cover more substrate

area than conventional interconnects and provide the loW
ohmic advantages as described above.

[0032] FIG. 3 shoWs a three-dimensional rendering of a
circuit in connection With the embodiment of FIG. 2.

[0033] FIG. 4 is a top vieW of the ?rst interconnect layer
204. Interconnect layer 204 includes openings or holes 402
for permitting the second plurality of contacts 210 to pass

are typically formed using the same interconnect (e.g.,

therethrough. The shape and siZe of openings 402 Will be

metal) layer. Metal interconnects 108 and 110 (also called

implementation dependent, as Would become apparent to a
person having ordinary skill in the art based on the present
disclosure.

“strips”) are usually at most one half of the Width (W) of the
transistor 102. A transistor circuit having the structure of the
driver transistor of FIG. 1 suffers from poor performance

because of a large voltage drop and/or increased poWer
dissipation as described above.

[0027] According to the present invention, a layout tech

nique is provided that minimiZes parasitic and/or layout
resistance of MOS transistors. This results in less voltage
drop and less poWer dissipation across the device and/or
interconnects. Moreover, this technique results in better
circuit performance due to loWer poWer dissipation thus

providing better efficiency.
[0028] Speci?cally, more metal is used for the source and
drain interconnects, Which enables them to carry more
current. With more metal to carry the current, the resistance

[0034]

FIG. 5 is a top vieW of the second interconnect

layer 208. The second interconnect layer 208 can comprise
a large area conductor. In comparison to the conductive

strips (source interconnect 108 and drain interconnect 110)
of FIG. 1, the various interconnect layers in connection With
the present invention cover a much larger surface area.
While the eXact amount of surface area covered by the

interconnect layers may be implementation speci?c, inter
connect layers according to the present invention approxi
mately cover the surface area of the substrate associated

With their corresponding transistor regions. Interconnects, or
the like, to electrically connect the interconnect layers of the
present invention to other integrated circuit components
on-chip or to provide connectivity off-chip are not shoWn,

is reduced, Which in turn reduces the voltage drop and poWer
dissipation of the circuit.

but their structure and functionality are Well knoWn, and thus

[0029] According to an embodiment of the present inven
tion, the circuit comprises a plurality of transistors. Each

[0035] FIG. 6 is a cross-sectional vieW of another embodi
ment of the present invention. In this embodiment, the

transistor has a source and drain region formed in a sub

strate. A plurality of interconnect layers are formed above
the substrate. A ?rst plurality of contacts are used to inter
connect the source regions to at least one of the interconnect

layers. A second plurality of contacts are used to intercon
nect the drain regions and connect them to at least one of the

other interconnect layers. The interconnect layer used to
contact the source regions covers a larger area above the

substrate than the conventional interconnect strips 108/110
shoWn in FIG. 1. Similarly, the second interconnect layer
connected to the drain regions also covers a large region of
the substrate above the transistors. Since these interconnect

are not described herein.

plurality of interconnect layers comprises more than tWo
layers. In this embodiment, the source interconnect layer and
the drain interconnect layer each comprise tWo interconnect

layers. In an integrated circuit manufacturing technique
comprising a chip having ?ve metal layers, for eXample, the
source interconnect layers may comprise metal layers tWo

and three (M2 and M3), While the drain interconnect layer
comprises M4 and M5. Using a plurality of interconnect
layers for each of the source and drain structures further

minimiZes parasitic/layout resistance.
[0036] Out-gassing and stress caused by the mechanical
deformation, etc., of interconnects can cause “buckling” or
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layer separation. In order to solve the problem of stress and
trapped gases, chip designers use softWare tools to create
slots or open slits in interconnects on a circuit chip during

layout time, as Would become apparent to a person having
ordinary skill in the art. These problems and solutions are

foundry and process dependant. Such slotting techniques
can be employed in connection With the present invention,
but are not necessary to practice the invention.

[0037] Manufacturing
[0038] A exemplary method for making the above-de
scribed circuit according to the present invention Will noW
be described.

[0039] The method comprises forming a plurality of tran
sistors having source and drain regions in a substrate. After

further and/or optional subsequent processing of the sub
strate, the interconnect (e.g., metal) layers and contact vias
are formed according to knoWn semiconductor processing

techniques, such as lithography, etching, metalliZation, and
the like.

[0040] HoWever, in connection With the present invention,
lithography techniques, etc., are used to form the intercon
nect layers above the substrate in a manner Wherein the
interconnect layers cover a region above the substrate area

in Which the plurality of transistors reside, rather than in
conventional strips as described in connection With FIG. 1.

[0041] Moreover, all but the top interconnect layer can be
formed With openings therein for contacts to pass there

through, Which permit further interconnect layers formed
thereon to contact their respective transistor regions in the
substrate.

[0042] Intermediate processing of the interconnect layers
can include the step(s) of forming slots therein to avoid
deformation, as described above.
CONCLUSION

[0043] While various embodiments of the present inven
tion have been described above, it should be understood that

they have been presented by Way of eXample only, and not

(e) a second plurality of contacts connecting said drain
regions to the other of said ?rst or second interconnect

layers;
Wherein said ?rst interconnect layer occupies a region
above said substrate area in Which the plurality of

transistors reside, and
Wherein said second interconnect layer is located above
said plurality of transistors and has openings therein for
one of said respective ?rst or second plurality of
contacts to pass therethrough and couple to said at least
one ?rst interconnect layer.
2. The circuit of claim 1, further comprising slots in said

?rst interconnect layer.
3. The circuit of claim 1, further comprising slots in said

second interconnect layer.
4. The circuit of claim 1, further comprising an input
coupled to said ?rst interconnect layer and an output coupled
to said second interconnect layer.
5. The circuit of claim 1, further comprising an input
coupled to said second interconnect layer and an output
coupled to said ?rst interconnect layer.
6. The circuit of claim 1, Wherein said plurality of
transistors comprise metal oXide semiconductors transistors.
7. The circuit of claim 1, Wherein said plurality of
transistors comprise complementary metal oXide semicon
ductors transistors.
8. The circuit of claim 1, Wherein said ?rst and second
interconnect layers comprise at least one of metal, metal

alloy and polycrystalline silicon.
9. The circuit of claim 1, Wherein said ?rst interconnect
layer is connected to at least one further metal, metal alloy

or polysilicon layer.
10. The circuit of claim 1, Wherein said second intercon
nect layer is connected to at least one further metal, metal

alloy or polysilicon layer.
11. The circuit of claim 1, Wherein said ?rst interconnect
layer covers a substantial portion of said regions.
12. The circuit of claim 1, Wherein said second intercon
nect layer covers a substantial portion of said regions.
13. A method for making a circuit, comprising:

limitation. It Will be apparent to persons skilled in the
relevant art that various changes in form and detail can be

(a) forming a plurality of transistors, each transistor

made therein Without departing from the spirit and scope of
the invention. Thus, the breadth and scope of the present
invention should not be limited by any of the above
described eXemplary embodiments, but should be de?ned
only in accordance With the folloWing claims and their

strate;
(b) forming a ?rst interconnect layer above the substrate;

equivalents.

having a source and a drain region formed in a sub

(c) forming a second interconnect layer above the sub
strate;
(d) forming a ?rst plurality of contacts to connect the
source regions to one of the ?rst or second interconnect

What is claimed is:

1. A circuit, comprising:
(a) a plurality of transistors, each With source and drain
regions formed in a substrate;
(b) a ?rst interconnect layer formed on top of said

substrate;
(c) a second interconnect layer formed on top of said

substrate;
(d) a ?rst plurality of contacts connecting said source

layers; and
(e) forming a second plurality of contacts to connect the
drain regions to the other of the ?rst or second inter

connect layers;
Wherein the ?rst interconnect layer occupies a region
above the substrate area in Which the plurality of

transistors reside, and
Wherein the second interconnect layer is located above
said plurality of transistors and has openings therein for

regions to one of said ?rst or second interconnect

one of the respective ?rst or second plurality of con
tacts to pass therethrough and couple to the at least one

layers; and

?rst interconnect layer.
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14. The method of claim 13, further comprising forming
slots in said ?rst interconnect layer.
15. The method of claim 13, further comprising forming
slots in said second interconnect layer.
16. The method of claim 13, further comprising coupling
an input to said ?rst interconnect layer and coupling an
output to said second interconnect layer.
17. The method of claim 13, further comprising coupling

21. The method of claim 13, Wherein said ?rst intercon
nect layer is connected to at least one further metal, metal

an input to said second interconnect layer and an output

metal alloy or polysilicon layer.

coupled to said ?rst interconnect layer.
18. The method of claim 13, Wherein said ?rst step
comprises forming metal oXide semiconductors transistors.
19. The method of claim 13, Wherein said ?rst step

23. The method of claim 13, Wherein said ?rst intercon
nect layer covers a substantial portion of said region.
24. The method of claim 13, Wherein said second inter
connect layer covers a substantial portion of said region.

20. The method of claim 13, Wherein said ?rst and second
interconnect layers comprise at least one of metal, metal

alloy and polycrystalline silicon.
alloy or polysilicon layer.
22. The method of claim 13, Wherein said second inter
connect layer is connected to at least one further metal,

comprises forming complementary metal oXide semicon
ductors transistors.
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