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CLAIMS

Claim 1

A semiconductor device comprising:

a first planar semiconductor layer;

a first columnar semiconductor layer formed on the first planar semiconductor

layer;

a first highly doped semiconductor layer formed in a lower region of the first

columnar semiconductor layer and in the first planar semiconductor layer;

a second highly doped semiconductor layer formed in an upper region of the first

columnar semiconductor layer and having a conductivity type the same as a conductivity

type of the first highly doped semiconductor layer;

a first gate insulating film formed to surround the first columnar semiconductor

layer on a sidewall of the first columnar semiconductor layer between the first highly

doped semiconductor layer and the second highly doped semiconductor layer;

a first gate electrode formed to surround the first gate insulating film on the first

gate insulating film;

a first insulating film formed between the first gate electrode and the first planar

semiconductor layer;

a first insulating film sidewall formed to contact a top surface of the first gate

electrode and an upper sidewall of the first columnar semiconductor layer, and to surround

the upper region of the first columnar semiconductor layer;

a second metal-semiconductor compound layer formed in the same layer as the first

planar semiconductor layer to contact the first highly doped semiconductor layer; and

a first contact formed on the second highly doped semiconductor layer,

wherein the first contact and the second highly doped semiconductor layer are

connected directly,

the first gate electrode includes a first metal-semiconductor compound layer, and

the second metal-semiconductor compound layer is formed on the entire first

planar semiconductor layer excluding a region where the first planar semiconductor layer

overlaps with the first gate electrode.
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Claim 2

The semiconductor device according to claim 1, further comprising a fifth metal-

semiconductor compound layer formed between the first contact and the second highly

doped semiconductor layer,

wherein the metal of the fifth metal-semiconductor compound layer is types of

metal that are different from the metal of the first metal-semiconductor compound layer

and the metal of the second metal-semiconductor compound layer.

Claim 3

The semiconductor device according to claim 1 or 2, wherein the first gate

electrode further includes a first metal film formed between the first gate insulating film

and the first metal-semiconductor compound layer,

wherein the first metal film contacts with the first metal-semiconductor compound

layer.

Claim 4

A semiconductor device comprising: a first transistor and a second transistor,

wherein the first transistor includes:

a first planar semiconductor layer;

a first columnar semiconductor layer formed on the first planar semiconductor

layer;

a first highly doped semiconductor layer of a second-conductivity type formed in a

lower region of the first columnar semiconductor layer and the first planar semiconductor

layer;

a second highly doped semiconductor layer of the second-conductivity type formed

in an upper region of the first columnar semiconductor layer;

a first gate insulating film formed to surround the first columnar semiconductor

layer on a sidewall of the first columnar semiconductor layer between the first highly

doped semiconductor layer and the second highly doped semiconductor layer;
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a first gate electrode formed to surround the first gate insulating film on the first

gate insulating film;

a first insulating film formed between the first gate electrode and the first planar

semiconductor layer;

a first insulating film sidewall formed to contact a top surface of the first gate

electrode and an upper sidewall of the first columnar semiconductor layer and to surround

the upper region of the first columnar semiconductor layer;

a second metal-semiconductor compound layer formed in the same layer as the first

planar semiconductor layer to contact the first highly doped semiconductor layer; and

a first contact formed on the second highly doped semiconductor layer, and

the second metal-semiconductor compound layer is formed on the entire first

planar semiconductor layer excluding a region where the first planar semiconductor layer

overlaps with the first gate electrode,

wherein the second transistor includes:

a second planar semiconductor layer;

a second columnar semiconductor layer formed on the second planar

semiconductor layer;

a third highly doped semiconductor layer of a first conductivity type formed in a

lower region of the second columnar semiconductor layer and the second planar

semiconductor layer;

a fourth highly doped semiconductor layer of the first conductivity type formed in

an upper region of the second columnar semiconductor layer;

a second gate insulating film formed to surround the second columnar

semiconductor layer on a sidewall of the second columnar semiconductor layer between

the third highly doped semiconductor layer and the fourth highly doped semiconductor

layer;

a second gate electrode formed to surround the second gate insulating film on the

second gate insulating film;

a second insulating film formed between the second gate electrode and the second

planar semiconductor layer;
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a second insulating film sidewall formed to contact a top surface of the second gate

electrode and an upper sidewall of the second columnar semiconductor layer, and to

surround the upper region of the second columnar semiconductor layer;

a fourth metal-semiconductor compound layer formed in the same layer as the

second planar semiconductor layer to contact the third highly doped semiconductor layer;

and

a second contact formed on the fourth highly doped semiconductor layer, and

the fourth metal-semiconductor compound layer is formed on the entire second

planar semiconductor layer excluding a region where the second planar semiconductor

layer overlaps with the second gate electrode, and

wherein the first contact and the second highly doped semiconductor layer are

connected directly,

the second contact and the fourth highly doped semiconductor layer are connected

directly,

the first gate electrode includes a first metal-semiconductor compound layer, and

the second gate electrode includes a third metal-semiconductor compound layer.

Claim 5

The semiconductor device according to claim 4, further comprising:

a fifth metal-semiconductor compound layer formed between the first contact and

the second highly doped semiconductor layer; and

a sixth metal-semiconductor compound layer formed between the second contact

and the fourth highly doped semiconductor layer,

wherein the metal of the fifth metal-semiconductor compound layer is types of

metal that are different from the metal of the first metal-semiconductor compound layer

and the metal of the second metal-semiconductor compound layer, and

the metal of the sixth metal-semiconductor compound layer is types of metal that

are different from the metal of the third metal-semiconductor compound layer and the

metal of the fourth metal-semiconductor compound layer.
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Claim 6

The semiconductor device according to claim 4 or 5, wherein the first gate

electrode further includes a first metal film formed between the first gate insulating film

and the first metal-semiconductor compound layer; and

the second gate electrode further includes a second metal film formed between the

second gate insulating film and the third metal-semiconductor compound layer.

Claim 7

The semiconductor device according to claim 6, wherein the first gate insulating

film and the first metal film are formed from materials for configuring the first transistor

to be an enhancement type, and

the second gate insulating film and the second metal film are formed from

materials for configuring the second transistor to be an enhancement type.

Claim 8

A fabrication method for a semiconductor device for fabricating the semiconductor

device according to claim 3, the fabrication method of the semiconductor device

comprising:

a step of preparing a structure including: the first planar semiconductor layer; the

first columnar semiconductor layer formed on the first planar semiconductor layer and

having a hard mask formed in a top surface thereof; the first highly doped semiconductor

layer formed in a lower region of the first planar semiconductor layer and in the first

columnar semiconductor layer; and a third insulating film formed on the hard mask and on

the first planar semiconductor layer;

a step of forming a fourth insulating film, a third metal film, and a first

semiconductor film in this order on the structure;

a step of etching the first semiconductor film to make the first semiconductor film

remain in a shape of a sidewall on the sidewall of the first columnar semiconductor layer;

a step of etching the third metal film to remain on the sidewall of the first columnar

semiconductor layer in a shape of the sidewall;
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a fourth insulating film etching step of etching the fourth insulating film to

remained on the sidewall of the first columnar semiconductor layer in a shape of the

sidewall;

a second semiconductor film forming step of forming a second semiconductor film

on results of the fourth insulating film etching step;

a step of forming a third semiconductor film to embed results of the second

semiconductor film forming;

a step of planarizing the second semiconductor film, the third semiconductor film

and the first semiconductor film;

a step of etching back the planarized second semiconductor film, third

semiconductor film and first semiconductor film so that an upper region of the third metal

film is exposed;

a step of etching the third metal film made remaining in the shape of the sidewall

and the fourth insulating film made remaining in the shape of the sidewall to expose the

upper sidewall of the first columnar semiconductor layer, to form the first metal film and

the first gate insulating film;

a second highly doped semiconductor layer forming step of forming a second

highly doped semiconductor layer having a conductivity type the same as the first highly

doped semiconductor layer in the upper region of the first columnar semiconductor layer;

a step of forming an oxide film and a nitride film sequentially on results of the

second highly doped semiconductor layer forming step;

a step of etching the oxide film and the nitride film so that the oxide film and the

nitride film remain in a shape of the sidewall on the upper sidewall of the first columnar

semiconductor layer and on a sidewall of the hard mask, to form the first insulating film

sidewall;

a semiconductor film etching step of etching the first semiconductor film, the

second semiconductor film and the third semiconductor film to make at least a part of the

first semiconductor film and the second semiconductor film remain to surround the first

metal film on a first metal film sidewall;

a first planar semiconductor layer exposure step of etching the third insulating film
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on the first planar semiconductor layer, exposed in the semiconductor film etching step, to

be removed and exposing the first planar semiconductor layer;

a metal and semiconductor reaction step of depositing and then annealing a metal

on results of the first planar semiconductor layer exposure step, to make the deposited

metal react with a semiconductor included in the first planar semiconductor layer, and

make the deposited metal react with a semiconductor included in the first semiconductor

film and the second semiconductor film made to remain on the first metal film; and

a step of removing unreacted metal in the metal and semiconductor reaction step, to

form the second metal-semiconductor compound layer in the first planar semiconductor

layer, and form the first metal-semiconductor compound layer in the first gate electrode.

Claim 9

The fabrication method of the semiconductor device according to claim 8, further

comprising:

a step of removing the third insulating film on the hard mask; and

a step of directly forming the first contact on the second highly doped

semiconductor layer formed in the upper part of the first columnar semiconductor layer.




