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CuInS2

Preparation of CuInS2 Thin Films by Spin-coat Method
Shigeyuki Nakamura

This paper describes preparation of CuInS2 thin films as an absorption layer material for thin film

solar cells. The film has been prepared by sulfurization of spin-coated Cu/In metal precursors. Cu/In

ratios in the films were controlled by changing Cu/In ratios in the solution. The stoichiometric films

were obtained at solution ratio of Cu/In=1.7, reputation of 8, sulfurizing temperature and time of

475 and 45 min.

Keywords: CuInS2, solar cell, spin coat, sulfurization

CuInS2

104 cm-1 1.5eV

12

[1,2]

(Cu(CH3COO)2)
(In(CH3COO)3) 99.8%

Cu/In 1.0 2.0
1.75mM/l

(C2H7NO) (C3H8O2)

90%

3S9 S-1 4000rpm
30
(1102 )

450 10

4 8
Cu-In

Ar+H2S (10%) 15-60

jasco V-570 400nm
1500nm

Cu/In
22 8 31
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On the Hilbert schemes of r points for monomial curve singularities

Masahiro Watari

Pfister and Steenbrink studies Hilbert schemes of r points for monomial curve singularities. Our aim in
this present paper is to show that if the Hilbert scheme of r points for given monomial curve singularity is
irreducible, then it is a rational projective variety.

Key words Hilbert schemes of r points, monomial curve singularities

1.

k 0
O

k[[ta1 , . . . , tam ]] (ai ∈ N)

gcd(a1, . . . , am) = 1
O

Γ := {ord(f)| f ∈ O}

O

O := k[[t]]

I(n) :=
{
f ∈ O | ord f ≥ n

}
(n ∈ N)

I(n) := I(n) ∩ O
δ := dimk O/O = �(N \ Γ)

c := min
{
n| I(n) ⊂ O}

Gr
(
δ, O/I(2δ)

)
:=

{O/I(2δ) δ
}

0 ∞
I(n) I(n) O O

δ c O δ-

1 (cf. [3], p. 80, Prposition 7). O δ-
δ c

δ + 1 ≤ c ≤ 2δ

c = 2δ O

22 8 31
∗

O/I(2δ)
2δ

δ Gr
(
δ, O/I(2δ)

)
W ∈ Gr

(
δ, O/I(2δ)

)
(good)

O

O × W � (f, v) 	→ fv ∈ W

W O-
Gr

(
δ, O/I(2δ)

)

M :=
{
W ⊂ Gr

(
δ, O/I(2δ)

) ∣∣ W
}

Mr r O

Mr :=
{

I ⊂
ideal

O
∣∣∣ dimk O/I = r

}

[1]

φr : Mr −→ M

∈ ∈

I 	−→ t−rI
/

I(2δ)

ψ

Gr
(
δ, O/I(2δ)

)
P

N (N =
(
2δ
δ

) − 1)
Plücker Gr

(
δ, O/I(2δ)

)
W ψ

ψ(W ) = (π1,2,...,δ, · · · , πi1,...,iδ
, · · · , πδ+1,...,2δ)

Plücker
{i1, . . . , iδ} Λ

Vr := (ψ ◦ φr)(Mr)

Vr r

Pfister Steenbrink
[1] φr



2 (Pfister, Steenbrink [1]). φr

r ≥ 2δ φr

r Vr

3. r ≥ 2δ Vr = V2δ

Gr
(
δ,O/I(2δ)

)

M

Mr

φr

P
N

ψ

ψ ◦ φr

ψ : Plūcker

N =
(
2δ
δ

) − 1

r ≥ 2δ r ,

V := Vr

V Pfister-

Steenbrink (PS ) [1]
PS V

[4]

A2d : x = t2, y = t2d+1 (d ≥ 1),

E6 : x = t3, y = t4,

E8 : x = t3, y = t5

Vr (1 ≤ r ≤ 2δ)

4. r

Vr (r ≥ 1)

2. 4

4 Plücker
ψ

ψ : M −→ Gr(δ, 2δ) −→ Mδ,2δ(k)/ ∼ −→ P
N

∈ ∈ ∈ ∈

W 	−→ 〈a1, · · · , aδ〉k 	−→ AW 	−→ (πi1···iδ
)

M W W = 〈f1, · · · , fδ〉k fi =∑2δ−1
j=0 aijt

j ∈ O/I(2δ) W k-
k2δ

ai = (ai 0, · · · , ai 2δ−1)

δ × 2δ

AW =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

a1

...
ai

...
aδ

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

=

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

a1,0 · · · a1,j · · · a1,2δ−1

...
...

...
ai,0 · · · ai,j · · · ai,2δ−1

...
...

...
aδ,0 · · · aδ,j · · · aδ,2δ−1

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

δ k- W W

W

( )
2 k- W

∼ AW Plücker
πi1···iδ

AW

i1, . . . , iδ

G

0 M

G- G M

+ : G × M −→ M

∈ ∈

(a, x) 	−→ a + x

G 0

0 + x = x

M x

S M S M

G- {Nλ}λ∈Λ

[S]G :=
⋂
λ∈Λ

Nλ

S G- G-
M M = [S]G S

M G

O I

Γ(I) := {ord(f)| f ∈ I}

I Γ(I) Γ- Γ(I)
Γ {p1, · · · , ps} I

(p1, · · · , ps) (p1, · · · , ps)
J(p1, · · · , ps) 2

I1 I2 Γ(I1) = Γ(I2)

5. O I Mr

�{Γ \ Γ(I)} = r

.



5

6. 5

7. J(p1, · · · , ps) ⊂ Mr , (ψ ◦
φr)(J(p1, · · · , ps))

( ) I ⊂ O (p1, · · · , ps) r

δ k- φr(I)
〈f1, · · · , fδ〉k

fi = xdi +
2δ−1∑

j=di+1

ai,jx
j , (1 ≤ i ≤ 2δ).

Aφr(I)

⎛
⎜⎜⎜⎜⎜⎝

0 · · · 0 1 · · · a1,d2 · · · a1,dδ
· · · a1,2δ−1

1 · · · a2,dδ
· · · a2,2δ−1

0 . . .
...

...
1 · · · aδ,2δ−1

⎞
⎟⎟⎟⎟⎟⎠

f1 fδ

Plücker

πΞ = 1, ( Ξ = {d1 + 1, · · · , dδ + 1})

Λ

(1) πΛ ∈ k[ai,j | 1 ≤ i ≤ δ, d1 ≤ j ≤ dδ]

Aφr(I) ai,j

(1 ≤ i ≤ δ, d1 ≤ j ≤ dδ)

(2) πΛ = (−1)lai,j

l Λ
Λ = {d1 + 1, . . . , di−1 + 1, j + 1, di+1 +

1, . . . , dδ + 1}
πΞ

XΛ =
πΛ

πΞ

(ψ ◦φr)(J(p1, · · · , ps))
J

k[X1,2··· ,δ, · · · ,
∨

XΞ, · · · , Xδ+1,··· ,2δ]/J

(ψ◦
φr)(J(p1, · · · , ps))

8 ([2], p.26, Corollary 4.5). 2
X Y

(1) X Y

(2) X Y U ,V U ∼= V

( 4 ) ψ ◦ φr

J(p1, · · · , ps) (ψ ◦φr)(J(p1, · · · , ps))
(p1, · · · , ps) J(p1, · · · , ps) 7

8
J(p1, · · · , ps)
. �
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 Introduction of PIC microcomputer to the Experiments 
 

in Electronics and Control � 
 

� � � � � � � Mitsunori NAKAO�, Kotaro NISHIKAWA�, Hideaki TOYA��  
 
The Experiments in Electronics and Control ���� was changed. After that , three years have passed.   

The following contents are scheduled, it to be improved in 2011.  
1) Improvement of experiment theme 
2) Improvement of experiment text�
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: PIC microcomputer, experiment  
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