10

15

20

25

‘WO 2013/047631 62 PCT/JP2012/074816

CLAIMS

1. A semiconductor device comprising:
an insulating film;
an oxide semiconductor film over and in contact with the insulating’

a source electrode and a drain electrode electrically connec to the oxide

insulating film, and

wherein a concentration of silicon in the firregion is lower than or equal to

1.0 at.%.

2. The semiconductor device accor(}i gtoclaim 1, wherein the gate electrode

. . oy . . . S
is located below the oxide semiconductor film with the insulating film interposed
Vd
therebetween. /

/
3. The semiconductor device according to claim 2, further comprising a
'

. . 1
channel protective film over the gate electrode.
/

4. The semlg:fca”nductor device according to.claim 2, further comprising a
protective insulatin /film which includes silicon and oxygen, wherein the protective
insulating film covers the oxide semiconductor film, the source electrode and the drain

electrode. /

/

4 . .
/. The semiconductor device according to claim 1,
// wherein a thickness of the first region is 5 nm, and

wherein a concentration of silicon included in a region other than the first

30 //;ZgiOn of the oxide semiconductor film is lower than the concentration of silicon

included in the first region.
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of silicon included in the first region is lower than or equal to 0.1 at.%.

7. The semiconductor device according to claim 1,
5 wherein the insulating film includes carbon, and
wherein a concentration of carbon in the first region is lower, han or equal to
1.0 x 10°° atoms/cm’.
8. The semiconductor device according to cla1 r 1, wherein the oxide

10 sem1c0nductor film has crystallinity.

9. The semiconductor device claim 1, wherein the oxide
semiconductor film has an amorphous structure.
15 10. The semiconductor device 3 écording to claim 9, wherein the oxide
semiconductor film includes a crystal poy fon.
11. A semiconductor comprising:
a first insulating film;

20 an oxide semiconducfor film over and in contact with the first insulating film;
a source electrode and a drain electrode electrically connected to the oxide

/

semiconductor film; /

a gate elecffode adjacent to the oxide semiconductor film; and

insulating film over and in contact with the oxide semiconductor film,
25 wheréin the first insulating film includes silicon and oxygen,

é}v/ﬁerein the oxide semiconductor film includes a first region in contact with the

first ingdlating film,

wherein a thickness of the first region is 5 nm,
wherein a concentration of silicon in the first region is lower than or equal to
/1.0 at.%,

wherein the second insulating film includes silicon and oxygen,
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wherein the oxide semiconductor film includes a second region in contact witly/
the second insulating film, "
" wherein a thickness of the second region is 5 nm,

wherein a concentration of silicon in the second region is higher tha at.%,

and
wherein a concentration of silicon included in a region othg / than the first
region and the second region of the oxide semiconductor film lower than the
concentration of silicon included in the first region. "
12. The semiconductor device according to cl; fm 11, wherein the gate
electrode is located below the oxide semiconductor filmy with the first insulating film
interposed therebetween.
13. The semiconductor device - to claim 12, wherein the second

insulating film is a channel protective film. /

14. The semiconductor v according to claim 12, wherein the second

insulating film is a protective insul; ng film that covers the oxide semiconductor film,

Fa

the source electrode and the drailectrode.

15. The semicond fetor device according to claim 11, wherein the concentration
of silicon included in yirst region is lower than or equal to 0.1 at.%.
16. Th:jé/liiconductor device according to claim 11,
wh;;'n the first insulating film includes carbon, and
\;}; rein a concentration of carbon in the first region is lower than or equal to

1.0 x atoms/cm”.

17. The semiconductor device according to claim 11, wherein the oxide

/semiconductor film has crystallinity.
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18. The semiconductor device according to claim 11, wherein the oxig/lp/
semiconductor film has an amorphous structure. /
19. The semiconductor device according to claim 18, wherein ;ﬁfe oxide

5  semiconductor film includes a crystal portion.
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CLAIMS

1. A semiconductor device comprising:

a first insulating layer;

an oxide semiconductor layer over and in contact with the first insulating layer;

a source electrode and a drain electrode electrically connected to the oxide
semiconductor layer;

a gate electrode adjacent to the oxide semiconductor layer; and

a second insulating layer over and in contact with the oxide semiconductor layer,

wherein the first insulating layer includes silicon and oxygen,

wherein the oxide semiconductor layer includes a first region in contact with the
first insulating layer,

wherein a thickness of the first region is 5 nm,

wherein a concentration of silicon in the first region is lower than or equal to
1.0 at. %,

wherein the second insulating layer includes silicon and oxygen,

wherein the oxide semiconductor layer includes a second region in contact with
the second insulating layer,

wherein a thickness of the second region is 5 nm,

wherein a concentration of silicon in the second region is higher than 1.0 at. %,

wherein the oxide semiconductor layer includes a third region between the first
region and the second region, and

wherein a concentration of silicon in the third region is lower than the

concentration of silicon in the first region.

2. The semiconductor device according to claim 1, wherein the gate electrode is
located below the oxide semiconductor layer with the first insulating layer interposed

therebetween.

3. The semiconductor device according to claim 2, wherein the second insulating

layer is a channel protective layer.
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4. The semiconductor device according to claim 2, wherein the second insulating
layer is a protective insulating layer that covers the oxide semiconductor layer, the

source electrode and the drain electrode.

5. The semiconductor device according to claim 1, wherein the concentration of

silicon included in the first region is lower than or equal to 0.1 at. %.

6. The semiconductor device according to claim 1,
wherein the first insulating layer includes carbon, and
wherein a concentration of carbon in the first region is lower than or equal to

1.0x10% atoms/cm”.

7. The semiconductor device according to claim 1, wherein the oxide

semiconductor layer has crystallinity.

8. The semiconductor device according to claim 1, wherein the oxide

semiconductor layer has an amorphous structure.

9. The semiconductor device according to claim 8, wherein the oxide

semiconductor layer includes a crystal portion.

10. A semiconductor device comprising;

a first insulating layer;

an oxide semiconductor layer over and in contact with the first insulating layer;

a source electrode and a drain electrode electrically connected to the oxide
semiconductor layer;

a gate electrode adjacent to the oxide semiconductor layer; and

a second insulating layer over and in contact with the oxide semiconductor layer,

wherein the first insulating layer includes silicon,

wherein the oxide semiconductor layer includes a first region,
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wherein a concentration of silicon in the first region is lower than or equal to
1.0 at. %,

wherein the second insulating layer includes silicon,

wherein the oxide semiconductor layer includes a second region,

wherein the concentration of silicon in the first region is lower than a
concentration of silicon in the second region,

wherein the oxide semiconductor layer includes a third region between the first
region and the second region, and

wherein a concentration of silicon in the third region is lower than the

concentration of silicon in the first region.

11.  The semiconductor device according to claim 10, wherein the gate electrode is
located below the oxide semiconductor layer with the first insulating layer interposed

therebetween.

12. The semiconductor device according to claim 11, wherein the second insulating

layer is a channel protective layer.

13.  The semiconductor device according to claim 11, wherein the second insulating
layer is a protective insulating layer that covers the oxide semiconductor layer, the

source electrode and the drain electrode.

14. The semiconductor device according to claim 10, wherein the concentration of

silicon included in the first region is lower than or equal to 0.1 at. %.

15. The semiconductor device according to claim 10,
wherein the first insulating layer includes carbon, and
wherein a concentration of carbon in the first region is lower than or equal to

1.0x10%° atoms/cm”.

16. The semiconductor device according to claim 10, wherein the oxide

semiconductor layer has crystallinity.
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17. The semiconductor device according to claim 10, wherein the oxide

semiconductor layer has an amorphous structure.

18.  The semiconductor device according to claim 17, wherein the oxide

semiconductor layer includes a crystal portion.



