Proposal on a New DNA Chip Business towards

a Significant Growth of Japanese Bio-Industries

Masahiro Matsui



1-1
1-2
2-1
2-2 2020
2-3
2-4

2-4-1.

2-4-2. SNP

2-4-3.  DNA SNP
2-5  DNA
2-6

DNA

3-1
3-2. DNA
3-3 S0S

3-3-1  S0S

3-3-2 S0S

3-3-3 S0S

3-3-4. S0S

3-3-4-1.
3-3-4-2.

3-3-4-3.

© ©O© ©O© 0o o o

10

11
13
14

15
15
15
15
15
17
21
23

23
25
28



3-4

3-3-4-4. S0S
SOS-LAPS DNA

3-4-1 LAPS

3-4-2 LAPS S0S

3-4-2-1. St SOS
3-4-2-2.
3-4-2-3.

3-4-3 SOS-LAPS DNA

3-5

3-4-3-1. DNA
3-4-3-2. LAPS DNA
3-4-3-3. DNA

3-4-3-4.
3-4-3-5.

3-5-1 CvD

3-5-2

3-6

4-1
4-2

4-3.

4-4

2020 SOS-DNA
DNA

4-4-1

4-4-2

4-4-3

4-4-4

4-4-5

S0S

29
32
32
35
35

35

38
40
40
43
43

43

46
48
48
50
50

52

54
54
54
57
59
59
62
63
64
65



4-4-6.
4-5

5-1
5-2
5-3
5-4

6-1
6-2

66
67
68

69
69
69
70
71
73

74

74

76

78

80



DNA
DNA

DNA

20
2002 1.9
20

2.9

2020

2020

SO0S Silicon on Sapphire

IT
2010

2020

IT

25
6%

25

24

2010



2020

2020
HCV C HIV
(SNP) 10
100
SNP
SNP
SNP
DNA
DNA
DNA
DNA Affimetrix 2003

63
DNA PCR



DNA

10

DNA DNA

LAPS Light Addressable Potentiometric Sensor

SOS DNA
DNA
SOS
DNA SOS
SOS
1970
2-step Epitaxy
LAPS
pH
LED
pH

Si

10
DNA

5,000

MOSFET

DNA

SOS

S0S

S0S

LD

S0S

LAPS

S0S



DNA

LAPS
S0S LAPS 1 pmol DNA
DNA

DNA
DNA SOS
LAPS DNA S0S

DNA
S0S DNA S0S DNA DNA S0S
DNA
DNA
DNA

DNA DNA



DNA



1-1.

= T TEEA L R R R ] e O - TR
- ES -2
N A A A TFTTRR

Table 1-1
D 20 IT
Table 1-2 6% 2002
1.9 Fig.1-1 IT 1-2)
1-1)
6% 20
2010 25 24
Table 1-3 ® 6% 2010
2_9 1-1)
Table 1-1.
< E 3 18 55 B > = Ef 51T =
< iEAE T AR - W S MR AT Lo R =1 4 AR

RIS T REER. A0 — AR SN EE
=0 A At —
- i = B A

S
—

-
.
. B,

B e —I- XN

et ]

BEey—13

P Iy PTY T

= S in
-E#

-1
ok

R} Ao 1oh L B
= kA .
~kH
- e . - .
-\-\--_

= B - TSR SRR
-V A A EEN

SN E S

- A ALY S




Table 1-2.

B R ( )F : HEERY

o ¥ P00 P00 &E POQ2E
R ki 138, 269 168, 036 190, 812
= (121. B) 113, 8)
= 2 A55, 191 451, 185 452, 822

- 106, 0 (106, 9)
T 28 162, 090 214, 925 2ED, TED
(127.1) (121, 3

Eoo- {E¥ oo B

QM. Fh

QoD 350

SE3, 020

[ 99, =) (10, 40
= ET 1. 714, 320 1. 813, 4595 1,927, 414
11O, =) L1 O, 4)
TE - R LTt
L
. 427
39.0 -
a1.8
9 $7.0 - _ T
4,2 Pl
i ' )7 HillfEE
. 2z i
7 % 7 7 3%
" / / / / / RS
D D D
HB HS H10 H11 H 2 T
Fig. 1-1. 1-2)



Table 1-3.

| P R A RS O S (e 2SR IR EERY 10078 >
HEEE SoEte et Eocie  RUEDELEEESOEh Ot i
(B Zr=l Lo 2772 B (T e 2 B (A Fa o) Jo i3 B )

<HFETHEOLT, S Sl 8. Sh T3 L SR

T

—| EREASSNEY. RAOMY  HEIF - 201059 250 (F2a%piR (—

A ER EFE || -t (PLA ) A AT AT =53
ST TARRI - X 100, ThE AL ANTE S RIS AF
1k | | -=RETE RIS CEMCRRE
M ERERER) (A A TNE=2 T
(B 4= )
U rdootET ‘E_W!ﬁ‘;fl‘"?“—f? _ ]
AT S AA AL TAIT TR -gq:ﬂ;gmﬁiﬂ
3 LA EDIL "RV AR = O o —
= = DERRMITIERT —EAR || e
TR A ‘DHaFETEEN
(R — 2 ) (ST AN
GEMD
5
A
7
e
X
h
15
301
i)
| | |
2000 2010 2020 (9F)
2002
Fig. 1-2.



1-2.

DNA

Fig.1-2

2020

DNA
SOS
S0S

DNA

2020

SOS

25

DNA

LAPS



1-1). 2003 2003

1-2). 15 4
1-3). (JABEX)
1999 7



2-1.

2-2. 2020
2020

Fig.2-1

2002
65

65

2020

2D 1950 2050
14
Fig.2-2 2-3

2-1)-2)

1991 10 1.5

2-%) 2020



AOFAN e

- = | 20005 & 20205 o
Sl ”" 65eEll
==l @A

l_l_ 14kl T
Ll dAO

Fig. 2-1. 1950 2050

CoOEREME b B
150 T I P B R (AR
—l— BRI

1 o

111

1991 1982 1983 19094 1885 1904 1097 1958 1950 2000
R

Fig. 2-2. 2-2)




Iin

FEEMoEIRBUR
EREAR 4 %
(L. EL
FHGEME
OESE
2 ERE 7 2%

EEER 4 2%

Fig. 2-3.

2-3.
2020
HCV C
HIV
(SNP : Single Nucleotide Polymorphism)
10

2-4)

SNP DNA
PCR

2-3)

GOF 2%

2002 100
SNP

2-4)

SNP

2-4)



DNA

2-4.
2-4-1.

2-4-2.

DNA
DNA

2020

SNP 2-9)

2-5)

SNP 25)
1%



2-4-3.
SNP

SNP

SNP

SNP

DNA

SNP

DNA

DNA

20

SNP

30

SNP

SNP

SNP

SNP

DNA

SNP

SNP

1000

SNP

LDL

DNA

SNP

10

300 1000 SNP
SNP
DNA 25 DNA
DNA SNP
SNP
2-5)
DNA
SNP



T T ERMA Y TRI LA FF

. TR RNy TRBET

H# T DN A

r FRfF ) T2 2-FF ¥

IHIHHHTIHHHHI AT

i
t

- 24 ERBA VT2 I LA FF

LR Lt pLLnLl ERRET
TITTTTITTTRTTTITTTTITT * RREAUTRILLTFH

LLOLL o e ™ bt ERBET

Fig. 2-4. 2-6)
2-5. DNA
Table 2-1 DNA 2002
29 DNA DNA DNA 12.9
39.2 55 2003 13.5 47 63
Affimetrix
DNA
Table 2-2 DNA
2-3)
DNA PCR
2-5)

11



Table 2-1. DNA 2002 2=
&B BErt [ o (g L2 T (M)
DA F-TPERER T dn {AU{ L% I 20 9
Bary2rLAaf 2 mns 0o 23.3
i el L a0 13,5
bt Pty B L&0 124
EaF{Trizfi=-hz l40 10.9
T 20 7.0
& K 1280 L1000
DHAF TR F I Frowln {TH{LeT {000 a8 5
A LT 1M 450 1LS
BArUARLA AR 40 102
wman{T aal 14.0
LAIZRRES 210 5.8
Orisa ik 20
i 300 T8
& K 2920 L1000
i - Frimdn {102 T.500 VRN
= - [iln] 0.2
Wan{T aln [{eRe]
SRR 400 T4
BALA7RLA = AL il A
Ralin) i 2 a6
= M S0 mon
Table 2-2.
P, HEh 4.8—-h—% E (3 530
-y 7 AT LI A AVA)
" &yl A
e W oLE& N
BioMeriuedt, Conetics Instinriett, i A (LR
Metabalextt, Amersham Pharmaristt, (oA T I RE]
Molecular Dymamicstt, HewbetPackan#t,
RocheMalecularSystemstt, SR
Euhﬂhﬂhuﬂﬂ.ﬂﬁ;iﬂn—hﬂﬂmmt N
VAT
- e T 5
G A 8 | FE Tik (EH1-3)
R APSE
(Malecular Devicstt ) FEERR L A PSE

P fi

iE) LAPS : Light Addressable Patentiometric Sensor

12



DNA

10

2-6.

DNA

2020

13

DNA

5,000

DNA

3,000



2-1).

2-2).

2-3).
2-4).
2-5).
2-6).
2-7).
2-8).

14 8 30
14 8 30
2002
2003
DNA
DNA
DNA
“DNA D

14

<<

2003

32 (2000) 145.

>> .

2000
2000
2001

2002

p.124.

p-30.



3-1.
DNA

SOS(Silicon on Sapphire)

S0S LAPS
SOS-LAPS DNA
DNA
DNA S0S
3-2. DNA
2-5 5,000 10
DNA
DNA S0S LAPS Light Addressable
Potentiometric Sensor LAPS LAPS DNA
Fig.3-1 DNA
DNA Fig.3-2 S0S
DNA 5mm S0S 5x 5
DNA TR
3-3. SOS
3-3-1. SO0S
S0S Fig.3-3(a) Si
Si
SOI(Silicon on Insulator) Fig.3-3(b) SIMOX SOl
S0S SOl
Si Sio,

15



[ DDNATF = T]
-EiAE - Wk
-, NN (PCR)
-F 75l - FAMR~E+-hM
- Rl il : ¥ HM 11,0000
BN : IEAICBE TS

Fig. 3-1. DNA

miEb A

[RONAF = ]

-EEH A © SOS-LAPSHE

CAUERFE] F3 Ll F)

- Fo7 il - S000FLLF

(LEHED1/10)

- Sl - 1 RMLL T

(L IHEF L)

~ W O] EE — S
U TR B e e |
~EEFT B - B S

DNA

Si (SOS) / 810~ —

DNATO—F —

—— HRYHLL Ei&

Fig. 3-2.

16




SifE
SiE S04
HIrAF S
(a) SO8 (b) SIMOX., 5457801

(=00 Silicon on Insulator)

Fig. 3-3.
SOl
3-1)
1)
(2
©))
4
)
S0S
Si
Si 3-2)
SIMOX
SOl
3-3-2. SOS
(0001) Si(111) 1964 Manasevit
Si

17



Si Si(001)

SiH,
(CVD)
SOl
S0S
1970 1980
S0S
1978 4p m  NMOS 1300
16 S0S
83 16
T-88000 1981
2u m  4KSRAM 5V 18nsec 49
Si SRAM 22nsec Si
S0S
1980

Harris  Hughes S0S 64kSRAM Total Dose
1Mrad Single Event Upset(SEU) 10 *?errors /bit day 3% David Sarnoff

Research Center S0S 9

Si 0.5um

Si
3-6) NMOS  PMOS
10 100 349

1979 HP  S.lLau

18



(SPE:Solid Phase

Epitaxy) * Fig.3-4 TEM SPE S0S

1980 SPE

Double SPE(DSPE) =% DSPE
SPE
(Fig.3-5%9) (Fig.3-6*9)
Reedy 0.5u m Si SPE Si
Si0, Si
100nm Si -9

(h) CVD + SPEE [ LA SOSOBTH TEM{®

Fig. 3-4. (SPE)

19



E ?m I 1 T | ] T I I T ]
m —e— Double SPE, dox=550 A
& 600 -0~ As-grown W/L =50 pum/50 pnr
55(}0- Vol=01V
= s, & Eo
400 0700
> e SN ]
E ""'0-._“_0 N'Chﬂﬂﬂﬁw
s 300 i
s
]
3100} i
£
m ﬂ | 1 | 1 | 1 1 | I L
2 % 3 4 X % 7 % % 10
IVo—Vil(V)
Fig. 3-5. Double SPE 9
10=7 ; T
MN-channel
V=35V
W=350 pum
107% - .
& As-gFrown
& Single SPE
o s Double SPE
=
=
E “}'-IIJ_
3 -
L ]
e T
10~ <
1 1
1 10 1 0x)
Effective Channel Length (pum)
3-8)

Fig. 3-6. Double SPE

20



S0S

S0S Si
S0S MOSFET 1/f
3-3-3. SOS
(€]
Fig.3-7 S0S CVvD
Si (as grown) as grown SOS
SPE SPE (1102)
CVvD 280nm Si
Si 185keV 6.0x 10" cm™ Si
Si
Si
550 900
Si 100nm
BHF(buffered HF)
100nm Si Si
Si CVD(UHV-CVD : ultra high vacuum
CVD) Si
UHV-CVD
Si Si
(b)
Fig.3-8 SPE S0S

21



L#z1 ITH2 L3
SiO, si

.-
-

Si seed layer
|EE|:||:|J1ra-F! |_" ‘ \_" . ‘ \

start SO8 oxidation oxde s:tnp 2nd epitaxy

(t.=280nm)  (100mm)  (100nm) (280mm)
Fig. 3-7.

5‘1-

start SO8  Siimplant Anneal &  H, anneal
(t;=280nm)  (280nm)  (nadation (110nm)

I “ (110nm) ,

Fig. 3-8.

22



280nm  Si

SPE Si
SPE
SOS
SOS
©
SOS
1050 10
3-3-4. SOS
3-3-4-1.
SOS
2% HF
I, (49) + KI (129) + (40 mL) + H,0 (40 mL) + HF (3 mL)
45
SEM
Fig.3-9
as grown SOS  SPE-S0S
SPE-S0S
(TEM)
Fig.3-10 SPE-S0S SPE SOS
TEM Si<110> Fi1g.3-10(b)
SPE-S0S Fig.3-10(a) asgrown
Si 111

23



as grown § A -.
S0S

- "y

7.8 x 10%m-2

conventiona
SPE-S0S

4.3 % 10%cm? ~10fcm-2

Fig. 3-9.

ey £ T
100nm (a) As grown 100nm  (b) SPE 100am (¢) 2 step epi.
{SFE: Salid Phase Epitasey)

Fig. 3-10.

24



S0S (Fig.3-10(c))

Fig.3-11 Si Interstitial Si Si
Si

Si

Thermal Cxddation Process

Fig. 3-11.
3-3-4-2.
sS0S Si(004)
Si(040) (FWHM : full-width at half
maximum)
FWHM

25



Fig.3-12 Si(004) Si1(040) FWHM
SPE S0S (Seed) (2-step
epi.) (D.1.) FWHM
SPE FWHM
Fig.3-13 FWHM
Si
Dr. Cristoloveanu Dr. Hefyene SOS MOS
Si 10 Table 3-1
SOS
® FWHM(004)
ORI 12 FWHM(040)
e i *
L 0. FE : : '
E% : :
é% 0.3 : i .
e’ r : ]
S 0.25) ® - E
= 2 = i
0.15F § i
- 4 ;
U 0.1¢f .
ad : :
P 0.05} ]
D R TN e T Lesapesay ) |’§:>| |QF§| P O 1| R e ;\I-’I T e
s ¥ g
G‘:l'fc’ X% & &EIQEIQ '{)
re& &G (Lfﬂ
e
EP& process
Fig. 3-12.

26



0.300

SPE
— wo-step
Q 0250 |
<)
@ 0.200
. * o
0150 |
= H mAmgA
L 0100 |
=
i
0.050
DI DI+H, anneal
0.000 ‘
1 10 100 1000
Depth (nm)
Fig. 3-13.
Table 3-1. MOS Si/
SOS wafer Electron mobility
As grown No operation
SPE 0.46 ~ 1.1 cm</Vs
2-step epi. 45 ~ 54
Double impla. 9.0 ~ 28

27




3-3-4-3.
S0S (AFM)
Fig.3-14 10y mx 10p m SPE-S0S Rrms (rms :

root mean square) 1.7nm Si 0.1nm

Si

Si
Si Si
Si

SOS

3.0

5.5 e

-
.
.
.
:
-

LY - DN S,

Roughness{Frms )} nm

05F

| i
ﬂﬂ I.I.|.I.|IIJIlJJI.I.'I.I.II]IIJJl.I.aI.I.

& & “ﬁ' o é?@
"‘p ool
Process Q9

Fig. 3-14. Rrms

28



3-3-4-4. SOS

S0S S0S
NMOSFET NMOSFET Table 3-2
0.8p m CMOS S0S 5 6
Si 110nm LOCOS
8nm 12nm
S0S NMOSFET 1/f
Table 3-2. SOS NMOSFET

Conventional CMOS Processes

- Wafer size : 5 inches or 6 inches
= Typical starting silicon thickness : 110 nm
- LOCOS 1solation
Self-aligned edge ion implantation
Gate : Oxide thickness 8~12 nm
n' poly-silicon
Lg 0.8 um
Aluminum metallization (3 layers)
SOG planarization

Fig.3-15 S0S NMOSFET (Input gated-noise
power spectrum) Y
0.3V 1/f S0S
S0S NMOSFET 1/f
SPE-S0S

29



SOS

(Generation-Recombination) 1/f Si GR
1/f S0S MOSFET Si
GR 1/f
S0S 1/f
1/f

== [D.|.+H--anneal

- 2—?1‘&[) epl.
N
L
|
s
H
-I'S i ||I.||||i i I.I.|.II.IIi i . |
b 1 10 100 1000
Frequency (Hz)
Fig. 3-15. S0S NMOSFET
Fig.3-16 25 NMOSFET ov Y
NMOSFET 0.8um
50p m S0S
MOSFET Si

30



" SPE 2-step epi.
16
P&
£1 g
1 B
& 10
3 5
u 1 1 1 1 1
R g ' I
g ﬁ:.ii' e - .?iﬁ' \3?- J &.ﬁ o M‘;‘ Lg‘if;ﬁ_'{:?
0
0
-E"‘ . 13
By E 1o
5 5
0 0
B ¥ xﬁ?ﬂé" g ﬁ@“’? w‘ﬁxwﬁ,ﬁﬁﬁ? &
ek (p ¥ Ieals (pAfum)

Fig. 3-16. SO0S NMOSFET
16F ]
1k ;
12f ;

: E
e 8f .
= - ]
S SPE E
4 C 2 step ept. SO3
2 r ]
C L1 1111l L1 1111l 1 IIIIIIII 1 IIIIIIIi 1 IIIIIII_
8.001 0.m 0.1 1 10 100
Charge(C/cm?)
Fig. 3-17. SOS MOS

31



Fig.3-17 SPE-

10nm
S0S
3-4. SOS-LAPS
3-4-1. LAPS

S0S S0S MOS

MOS 100 m
0.1A/cm?
SOS
MOS
MOSFET

DNA

LAPS (Light Addressable Potentiometric Sensor) Fig-3-18

Si0, Si

Si
MOS

LAPS

Si Si
SPV (Surface Photovoltage)
Si Si
Si

MOS

Si
pH

pH
pH

(LD)

32

pH

SiN



(LED) ON/OFF

LAPS Fig.3-19 AD
CPU
NPL (Numerically Processed Parallel Lock-in
Amplifier) 3-11) 16384
312 | APS Fig.3-20
€Y
(b)

DNA

Pt pH

3-13)-17)

Fa03
: e - phnll 3
Jmamﬁ Y Wﬁ
11k h
!ﬁﬂDE‘ﬂ: 313]] L m: ;]

o TR | Siom

500 -#000 -1S00 4000 S00
RO 1 PZRE Iy

AE O TER"

SPVEL
—RTTO A A— S Burface Photo-\oltaesd
3=
(1G000m=4 5min)

Fig. 3-18. LAPS

(LAPS : Light Addressable Potentiometric Sensor)

33



Reference Signal

Fig. 3-19. LAPS 1D

(a) AA—THEY—

.....:IH 18,0
| T
I- == =I -gg
IEIIIII -ﬂﬂ

: _* pH- A — 2 1cm aa i

b2 A—HE Y —
WEmRCeEE S DR

(b) PL-EvY— @E{me}=m
: DNA

=R | oHET—
FPosl | T 21EY—

Fig. 3-20. LAPS

34



3-4-2. LAPS SOS
3-4-2-1. Si S0S
Fig.3-21 Si SPV
3-18) Al

Fig.3-22 St SOS SPV
SOS Si
Si

Si

SPV LAPS

St SOS

SOS SPV

3-4-2-2.
Fig.3-23 S0S
Si Si SOS 20mm
x 20mm 16mmd

35



Fig. 3-21. SPV

Fig. 3-22.

Bulk Si-LAPS

P

Si SOS

36

3-18)

SOS-LAPS

SPV  LAPS

NN 1uckR

Sapphine

ST 0nm



S0S Fig.3-24
50nm Sio0, 16mmd
100nm
Si0,
Si0, Si
Si 350p m S0S Si

'Eida '-.'1'3"\"'." Eﬁmﬁrﬂ

Fig. 3-23.

Al

50,

a1, / a1, Al

9 5 g %
i BI7AF s

Fig. 3-24. S0S

37

Si

0.3um 1pym

Al al

nl

7L




S0S SPE

Si
1x 10*°/cm?
Fig.-3-25
BV
945nm LED SOS 470nm LED 0.6mmd

10mmol/L HEPES

SEAE TR e 4a

T 8v 3
\ _,;r’ _AWRE
/&aiibz‘z oy

7 o sk
_/;La M TS f“‘“"uw BV VE

S S S S, S A RS Y DV

§§§§§§§;§§§§§§-4%ﬁﬁﬁgﬁ

\\%% %;
\
x{////

R Rknb

J 9L ED
A
Fig. 3-25. LAPS
3-4-2-3.
Fig.3-26  SPE S0S S0S
(b) (a)

38



rreakf EEE ahl -
Sy loa
g

Srdapitayy J
3 LI
ER
18 - . I
8y e /N
: : Ao, -
Eias¥) B (i iy )
Fig. 3-26. SPV (LAPS) S0S
S0S
LAPS
S0S LAPS Si
Si
I
IL=gNt1T p ¢ /1 3-1

39



3-2

Fig.3-27

S0S

3-4-3. SOS-LAPS
3-4-3-1. DNA

DNA

3-20)

1/ (.4 € N) 3-2

3-1
I QN /7 (@ N D 3-3
3-3
S0S Si
Si S0S
SOS Si
470nm
S0S
S0S Si
LAPS
DNA
DNA
Fig.3-28 32
pH
DNA

40

LED



SOS-LAPS

Solulion
AN 1em
S0 Sapghire
AMREOSmmd
oo D
295am A7 Onim

Fig. 3-27. Si S0S

DNARTRFLSF$F HFIEFLAEF
nHELMES

Fig. 3-28. DNA 320

41



Fig.3-29 DNA 200 DNA
DNA

pH

DNA
DNA DNA
DNA

pH

3-20)

XD DN A o TS g
T o~ Fnmene | s
e
Fig. 3-29. DNA 3-20)

42



3-4-3-2. LAPS
DNA
Si

LAPS

3-4-3-3. DNA
DNA

Si

3-4-3-4.
Fig.3-30

DNA

Si

DNA

SOS-LAPS

Si

DNA

DNA

Si

100p m

S0S

LAPS

DNA

3-4-2

43

DNA

SOS

DNA

DNA
LAPS
Si
S0S
3-4-2-2



l AWMN
. i (342
? i ‘ ' \E 10885 B DRATO-7)
~ ’ RN TR B
HEEEE'!‘ # :/E-hlﬂ:...-".l:lfl}
gﬁ'f‘ﬂﬂﬂﬂﬁﬁﬂdﬂﬂﬂﬂﬂﬂanﬁé’ Bllni RS

U= |

m\\\\\\\

LEDS&S | | 85LED

Fig. 3-30. DNA

=143 4 TR

Fig. 3-31. DNA



Fig.3-31

Iy m Si S0S 20mm
Si 1x 10**/cm?
Si 50nm Si0, CvD
50nm
16mmd
100nm Al
Al
DNA DNA
0.2% 3-
48 20
N- -6- 20mg/mL DMSO
35
DNA 1y mol/mL
1 pmol/mL TE 10 mmol/L Tris-HCI 1 mmol/L EDTA pH 8
DNA
25 20 1 mmol/L 2- 25
TE DNA
DNA EB 25nm
Ti 50nm  Au DNA
Au
30 DNA 0.4 mm® 2 mmP
DNA DNA
DNA
TE 5mL DNA LED

45



470 nm

DNA
3-4-3-5.
Fig.3-32
(a)
DNA
DNA
DNA
LAPS
DNA
2 nmol DNA

10" mol 1072 mol
Fig.3-32

Si

DNA

DNA TE DNA 200 pmol/p L 10p L
DNA ()
2 mm® (b)
DNA

200 mV

Fig.3-32 8 nA

DNA
pA
DNA
Si
0.4 mmdp

46

DNA

LAPS



DNA

Fig.3-33 Si
SOS Si DNA
S0S
SNP SNP
m in
SHINA = 0 i Z
A * E b a1 =
- = =1 E 1
WaTo=7 F E X :
S 3 E T:y 3
g 5 g ¥ +ui | 27
< & £ E
; "": Zn =1
ﬂh 4

= :] :E I =l b
m/' sl
DNAT T DB

DNA - 308B2UTRIL2FE (2 nmel) Iﬂ?;m
ESETILSE  REDE-BHE+F1-LEDNA " P o

Fig. 3-32.

a7



T A AR

|~1..|-.,.l-l!_. e M4
—m— 1

Fig. 3-33.
Si S0S

3-5.
3-5-1. CvD
Si (Ta0x)
CVvD
TaOx
Fig.3-34 CVD TaCl;
120
0, 0, 300
Si TaOx

48



Low Pressure Hg Lamp 254nn  ADpW/cd

i '. iIB5ne 6o/ cAl

]
Diaphragm ™ Suprasil :"""FC Purge
e Substrate ﬂiii;im
— |——'l‘—| 0z
J r‘lﬂmﬂuﬂlﬂrv| _E"—CELI'HEF
- N
Therma- | ' C R LTHHmnM:f
COUpRE | : |
M.B.P i L TaCly (6}
l A
O RA Coniraller
Fig. 3-34. TaOx CVD
L T T T I
9L Al/TaOx/n-Si
i 2 O As Depo 6924
E . .e.g; Photo ??gi
U — I . 3 ?
< oF 0 0: Photo 809A
= o
-6} !
ﬁ = L
n
- = Il. -
- W“Si‘b’j
(1 [ j i
0 1 7,

x10
JE (Wiem)”

Fig. 3-35. TaOx

49



Fig.3-35 TaOx

0, 400
4MV/cm
10°8A/cm? N,
Taox
20 TaOx
Si Si0, TaOx
3-21),22) weak
spot SiQ,
3-5-2. EL
SrS
(EL) culns,
EL /1T0/Ta,05/S10,/ZnS/SrS(Ce)/ZnS/Si0,/
Ta,0; /Al /Mo/CulnS,/CdS/1T0(Zn0)
SrS(Ce) Culns, H,S
600
SrS  CulnS,
EL 1990
12,000cd/m?(5kHz) Culns, Hahn Meitner
Institute( )*?® 11.2%
3-6.
DNA
DNA
DNA S0S LAPS

DNA

50



S0S S0S
LAPS St SPE S0S

S0S DNA LAPS

SOS-LAPS DNA

51



3-1). UCS SOl 1998

3-2). SOl 1987  p.135

3-3). K. Maeguchi, M. Ohhashi, J. lwamura, S. Taguchi, E. Sugino, T. Sato, and H. Tango,

“4-p m LSI on SOS Using Coplanar-  Process”, IEEE Transactions on Electron
Devices ED-25 (1978) 945.

3-4). M. Isobe, Y. Uchida, K. Maeguchi, T. Mochizuki, M. Kimura, H. Hatano, Y. Mizutani,
and H. Tango, “An 18ns CMOS/SOS 4K Static RAM”, 1981 IEEE International
Solid-State Circuits Conference (I1SSCC) Digest of Technical Papers (1981) 12.

3-5). L. R. Rothrock, “Silicon-on-Sapphire: A Practical Material”, Proc. 1992 IEEE
International SOl Conference, the IEEE Electron Devices Society, Ponte Vedra
Beach (1992) 2.

3-6). M. R. Splinter, “A 2-py m Silicon-Gate CMOS/SOS Technology”, IEEE Transactions
on Electron Devices ED-25 (1978) 996.

3-7). S.S. Lau, S. Matteson, J. W. Mayer, P. Revesz, J. Gyulai, J. Roth, T. W. Sigmon,
and T. Cass, “Improvement of Crystalline Quality of Epitaxial Si Layers by
lon-Implantation Techniques”, Appl. Phys. Lett. 34 (1979) 76.

3-8). T.Yoshii, S.Taguchi, T.lInoue, and H.Tango, “Improvement of SOS Device Performance
by Solid-Phase Epitaxy”, Jpn. J. Appl. Phys. 21 (1982) Suppl. 21-1, 175.

3-9). R. Reedy, T. Sigmon, and L. Christel, “Suppressing Al Outdiffusion in Implant-
ation Amorphized and Recrystallized Silicon on Sapphire Films”, Appl. Phys. Lett.
42 (1983) 707.

3-10). N. Hefyene, S. Cristoloveanu, G. Ghibaudo, M. Matsui, and A.Yasujima, “Evaluation

and Comparison of Various Silicon-on-Sapphire Materials Using the Pseudo-
MOSFET Technique”, Proc. the 10" Int. Symp. on SOl Technology and Devices, The
Electrochem. Soc. (2001).
3-11). “ LAPS
CPM95-19 (1995) 1.

3-12). H. Uchida, W. Zhang, H. Maekawa, and T. Katsube, “High Resolution Chemical Image

52



3-13)

3-14).

3-15).

3-16).

3-17).

3-18).

3-19).

3-20).
3-21).

3-22)

3-23).

Sensor Using a High-Speed Digital SPV Measurement System”, Sensors and Meterials

9 (1997) 267.

. 0.V. Fedosseeva, H. Uchida, T. Katsube, Y. Ishimaru, and T. lida, “Novel Type

Cholinesterase Sensor Based on SPV Measurement Technique”, Sensors and
Actuators B 65 (2000) 55.

0.V. Fedosseeva, H. Uchida, T. Katsube, Y. Ishimaru, and T. lida,
“Cholinesterase-Based Biosensor Using Surface Photovoltage Technique”,
Electrochemistry 67 (1999) 755.

K. Aoki, H. Uchida, T. Katsube, Y. Ishimaru, and T. lida, “Characterization
of Integrated Surface Photovoltage Sensor for Glucose, Sucrose and Maltose
Using Thermostable Enzymes”, Chemical Sensors 16 (2000) Suppl. A, 91.
Elder Alpes de Vasconcelos
“SPV 7, E 118
(1998) 608.
E. A. Vasconcelos, H. Uchida, W. Zhang, and T. Katsube, “Dynamic Photocurrent
Images of a Gas Sensing Surface”, Jpn. J. Appl. Phys. 38 (1999) 2893.
“S0S
", CHS-00-66 (2000) 23.
20 1993
p.201.
DNA 2000
S. Seki, T. Unagami, and O. Kogure, “Crystallographic Orientation Dependence
of Transition Layer at Magnetron-Sputtered Ta,0s/Si1 Interface”, J. Electrochem.

Soc. 131 (1984) 2457.

. Y. Nishioka, S. Kimura, H. Shinriki, and K. Mukai, “Dielectric Characteristics

of Double Layer Structure of Extremely Thin Ta,0s/Si0, on Si”, J. Electrochem.
Soc. 134 (1987) 410.

K. Siemer, J. Klaer, I. Luck, J. Bruns, R. Klenk, and D. Braunig, “Efficient
CulnS2 Solar Cells from a Rapid Thermal Process (RTP)”, Technical Digest of the
International PVSEC-11, Sapporo, Hokkaido, Japan, 1999, pp.623.

53



4-1.

4-1)

MOT : Management Of Technology

EOT : Entreplenarship Of Technology

Fig.4-1

4-1)

PC
PC

25 SOS-DNA

R&D ROI

4-2. 2020 SOS-DNA
SOS-DNA

D SOS-DNA

54

2020



______

_______
_____

>HARY
.
L
1
!
!
i
I

T Y 4
= = I
ol i
I S EEDRY
E { ERHIREsET B
i T EREE i
(5] : {RFREE, PO, FhA 8
—
WA 2=k D —D
L3
£E 1 [ <—rgq 0K
COLeA ko AUZ F 12T e LA =)
Fig. 4-1. 4-1)
4-1) SOS-DNA
DNA
Table 4-1
DNA 4“2 pNA
2-5

DNA

55



Table 4-1. DNA DNA 42
i i R L E
BRI F a0 Foipdhn {1 12 Emlfh.":?-;.'t{m ' Al'l.’_r,'mzl:l'l:tﬁu
NZRLDM a%7" TO-TT - PSP FHE R
B 1A
il g =t - BRI TWhAT SoliT T
Humsn Cancer CHIP E1630H0D AR E
(erson 300 AER d4.000M
BALAbLs "z 0" A== B RS RS-
Husias Chip werl. LfeeDMas, IR RETEL
T ez Mawigntor cDHA | - SIVERD-CHAYILS0WTE
Juray System + i 207
DHAF YRR Frophn {T0{ 12 (reneChiphfAEE » GemmberyideE. GeneChy
o e ' Atk Frads Station¥® TR
- iEFE 1,000R8
# CrenePog 20008 Micso- ST R E R A
array Scanner O E ot o gk
- EFE 950RFE
Ba#l-#REF GTMAS Scan 0 - {HE E30RM
B L5 TN = T H= - EATEHET -
FL&-3000G = {id& 1.400RM
DNA
4-2) DNA
2003 DNA 47 2003 43
DNA
300 700 HPV
4-2)
DNA
4-2)

56

63



DNA DNA

DNA
SOS-DNA
3,000 42
DNA
5,000 10
SOS-DNA
DNA
4-3. DNA
DNA
SOS-DNA LAPS S0S
LAPS DNA S0S

57



0 Fig.4-2

DNA
DNA
DNA DNA

4-2)-3)

Si
DNA “5  Fig.4-2

(T | = | BLENA | | Tk | o | 3550 | S| Pk | | BEC

it \ [ ] | .
A
opaR | |7 1‘:

¥ =

BYa—F x—_-g9D
:ID; - T L

&% - [HiREEAM (EFE=%

Fig. 4-2.

58



Fig.4-2

Fig.4-3 S0S DNA

S0S DNA DNA S0S DNA

WP ATI-h-
;’ . | Lo AR
@ soskges) s (1i5s + -7 alEE -
+3{tR, L

2T
Mt DNAT7 = | LSt B [0 o
i \ /' Lol s ]

| 7175 Al

; @DNAT 4150534 (DI 5
v : 5 PR
SOSYETT AT .- |
 DNARTEIICES : T

EAETR DNAE - ] >
ﬁ;Ei't Mol A Y
i :
Y
DDNAF LT SOsEE (DNAFT)
+ e (=281

Fig. 4-3. SOS-DNA

4-4.
4-4-1.

4. DNA

59



SOS DNA LAPS

SOS-DNA LAPS 5,000
10
Fig.4-4 SOS-DNA
GaN LED
8" &
6" @
Si S0S Si
Lawrence

Implant Science

1,500 2,000

Fig. 4-4. SOS-DNA

60



DNA
DNA Fig.4-5 DNA
5x 5 S0S
Ammd Al 0.3mmd

DNA 2-4 SNP
SNP
20
DNA

Pl
S5 X5

g

LIh A

Fig. 4-5. SOS-DNA

SOS-DNA
SOS Al 5 S0S
Imm 6” & 490

61

5mm
0.6mm
SNP
DNA
DNA
5x 5




Al S0S

DNA
3-4-3-5.
Si
5mm S0S
1 2,500
4-4-2.
SOS-DNA
LAPS
DNA
DNA
8,000 4-8)
S0S

LAPS

1 100
107*2 mol
1 100

2-3-3.

48 LAPS
DNA Si

DNA

25 DNA

2,600 5,000

LAPS

Fig.4-3
SOS-DNA

Fig.4-3

S0S

62

DNA

SOS-DNA

4-7)

S0S

SOS-DNA

DNA

Si

DNA

LAPS



S0S

4-4-3.

o (a)
o (b)

* (©)

e (d)
* ()
o (f) DNA
e (g) LAPS
e ()
e (i)

@ ()

SOS-DNA

o

SOS
SOS

©

SNP

DNA

SNP

63

SOS-DNA LAPS

SPV

LAPS

DNA



DNA  SNP

@
(d) ()
2005 2006 LAPS
2007 2010 SNP
2008
50 20
4-4-4.
4-3.
Fig.4-3 SOS-DNA
10 S0S
DNA SNP SOS-DNA
LAPS

S0S

64



4-4-5.
2000
8,200
4.2
15
DNA
10
SNP( )
4-2)
SOS-DNA
SOS-DNA LAPS

DNA

65

10

6.5
19

DNA

5,000



4-4-6.

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

100
300
500
700
1,000
2,000
4,000
6,000
8,000

DNA

100

R&D

66

50
150
220
280
360
660

1,200
1,600
1,800
2,000

ROI

2015

10
30
44
56
72
110
220
280
320
360

2017



4-5.

LAPS

S0S

DNA

R&D

DNA

5,000 DNA

DNA

DNA

LAPS SOS-DNA

SOS-DNA

RO1 /

67

10



4-1).

4-2).
4-3).
4-4).
4-5).
4-6).
4-7).

4-8).

2003

“DNA .
DNA
Global Equity Research
2002

MC-

2003

2002

2003
2004

32 (2000) 145.

68

2000

2002

p.127.

UBS Warburg

Marketing Center Co., Ltd.

2003



5-1.

SOS-DNA LAPS DNA

DNA

5-2.
Table 5-1

5-1)

SOS-DNA

Table 5-1.

S A B R RS HER O (s V258 | cepewa 12975

AR TR RSO i RS PR s
(irenlbelaitl (X0~ iR ) (A =~ i Bl

<HETHENLT. M SE. SR S T PREE R

—| R EHSSIRAT. RAOME 1 JEF - 20105 2606 (FeakEiR [
=i ER EE gk R (P -] T e e
=HE T R, * AR 2EER R TIAF o

(PPN P AEs B (AP ) e S
(RER T
A TOTER "iﬁmﬂ-'ﬂ—‘? i -
o A ATA T | W SAX A TAT AT ﬁﬂiﬂﬁn
sl [ FRE = e T A
| PR A i g
CREREI T ) | DNAMRERER bl Pt
st — (O

69

DNA



DNA

DNA
IT
AIDS
SOS-DNA
5-3.
6.7
5-2) 10

10%

2006

70

2000

1.5

Fig.5-1

85 90%

5-3)



5-4.

SOS-DNA

i3

A0 0

I

19050

e i 2 Il 13 1584 e 167 (] mm

Fig. 5-1. 5-2)

SOS-DNA LAPS DNA

DNA IT

71



72



5-1). (JABEX)
1999 7
5-2).
14 8 30
5-3). 2003 2003

73



6-1.
IT
2020

DNA

DNA

LAPS

DNA

DNA

DNA

2020

Si

DNA

S0S

SOS
SPE

SOS-LAPS

74

S0S

DNA
LAPS
SOS
SOS
DNA LAPS
DNA
DNA

DNA



LAPS

DNA

DNA

DNA

S0S DNA

5,000 DNA 10
DNA
LAPS SOS-DNA
SOS-DNA
10
R&D ROI /

75

SNP



SOS-DNA

DNA
6-2.
DNA
SOS-DNA
DNA
LAPS
DNA

LAPS

IT

SOS

S0S

76

DNA

DNA

DNA

25

LAPS



77



1996 2001

SIS

SIS
DNA

78



79



M. Matsui, S. Oka, K. Yamagishi, K. Kuroiwa, and Y. Tarui, “Photo-Process of Tantalum
Oxide Films and Their Characteristics”, Japanese Journal of Applied Physics 27
(1988) 506.

M. Matsui, H. Nagayoshi, G. Muto, S. Tanimoto, K. Kuroiwa, and Y. Tarui, “Amorphous
Silicon Thin-Film Transistors Employing Photoprocessed Tantalum Oxide Films as Gate
Insulators”, Japanese Journal of Applied Physics 29 (1990) 62.

S. Tanimoto, M. Matsui, M. Aoyagi, K. Kamisako, K. Kuroiwa, and Y. Tarui, “Tantalum
Oxide Films Formed by UV Photo-CVD Using Ozone and TaCl;”, Japanese Journal of
Applied Physics 30 (1991) L330.

T. Morishita, A. Ichii, M. Matsui, S. Tonomura, and T. Konishi, “Blue
Electroluminescence in SrS0,:Ce-Based Thin-Film”, Japanese Journal of Applied
Physics 37 (1998) 3992.

T. Morishita, H. Matsuyama, M. Matsui, and M. Wakihara, “Effects of Post-Annealing
in H,S on Photo- and Electroluminescence Properties of SrS:Ce Thin Film”, Japanese
Journal of Applied Physics 38 (1999) 6732.

T. Morishita, H. Matsuyama, M. Matsui, and M. Wakihara, “Characteristics of a SrS:Ce
Thin-Film Electroluminescent Device Prepared by Post-Annealing in H,S”, Japanese
Journal of Applied Physics 39 (2000) 4041.

T. Morishita, H. Matsuyama, M. Matsui, S. Tonomura, and M. Wakihara, “Distribution
of Luminescent Centers 1in Electroluminescent SrS:Ce Films Prepared by
Post-Annealing in H,S”, Applied Surface Science 157 (2000) 61.

T. Morishita, H. Matsuyama, M. Matsui, and M. Wakihara, “Effect of Pb Doping on
Blue Emission in SrS:Ce,Pb TFEL Devices”, Applied Surface Science Submitted.

T. Watanabe, M. Matsui, and K. Mori, “Thin Film Solar Cells Based on CulnS, Films
through a Two-Stage Process of Sputtering and H,S Annealing”, Solar Energy Materials

and Solar Cells 35 (1994) 239.

10. T. Watanabe and M. Matsui, “Solar Cells Based on CulnS, Thin Films through

80



11.

12.

13.

14.

15.

16.

17.

Sulfurization of Precursors Prepared by Reactive Sputtering with H,S Gas”, Japanese
Journal of Applied Physics 35 (1996) 1681.

T. Watanabe, H. Nakazawa, M. Matsui, H. Ohbo, and T. Nakada, “The Influence of Sodium
on the Properties of CulnS, Thin Films and Solar Cells”, Solar Energy Materials
and Solar Cells 49 (1997) 357.

T. Nakada, H. Ohbo, T. Watanabe, H. Nakazawa, M. Matsui, and A. Kunioka, “Improved
Cu(In,Ga)(S,Se), Thin Film Solar Cells by Surface Sulfurization”, Solar Energy
Materials and Solar Cells 49 (1997) 285.

T. Watanabe, H. Nakazawa, and M. Matsui, “Improvement of the Electrical Properties
of Cu-poor CulnS, Thin Films by Sodium Incorporation”, Japanese Journal of Applied
Physics 37 (1998) L1370.

T. Watanabe, H. Nakazawa, and M. Matsui, “Sulfurization in Gas Mixture of H,S and
0, for Growth of CulnS, Thin Films”, Japanese Journal of Applied Physics 38 (1999)
L430.

T. Watanabe and M. Matsui, “Improved Efficiency of CulnS,-based Solar Cells without
Potassium Cyanide Process”, Japanese Journal of Applied Physics 38 (1999) L1379.
R. Scheer, I. Luck, M. Kains, M. Matsui, T. Watanabe, and T. Yamamoto, “Incorporation
of Doping Elements Sn, N and P in CulnS, Thin Films Prepared by Co-Evaporation”,
Proceedings of 12" International Conference Ternary and Multinary Compound,
Accepted for publication in Japanese Journal of Applied Physics Supplement.

N. Hefyene, S. Cristoloveanu, G. Ghibaudo, P. Gentil, Y. Moriyasu, T. Morishita,
M. Matsui, and A. Yasujima, “Adaptation of the Pseudo-MOS Transistor for the
Characterization of Silicon-on-Sapphire Films”, Accepted for publication in

Solid-State Electronics.

The 1992 Electrochemical Society Spring Meeting, St. Louis, Missouri, May 17-22,

1992: “Photo-Enhanced Reaction during Chemically Vapor-Deposition of Tantalum

81



Pentoxide with Low Leakage Current”, S. Tanimoto, M. Matsui, N. Shibata, K.
Kamisako, K. Kuroiwa, and Y. Tarui.

The 7" International Photovoltaic Science and Engineering Conference, Nagoya,
Japan, November 22-26, 1993: “Thin Film Solar Cells Based on CulnS, Films through
a Two-Stage Process of Sputtering and H,S Annealing”, T. Watanabe, M. Matsui, and
K. Mori.

The 9*" International Photovoltaic Science and Engineering Conference, Miyazaki,
Japan, November 11-15, 1996: “CulnS, Thin Film Solar Cells Fabricated by Controlled
Sodium Incorporation”, T. Watanabe, H. Nakazawa, M. Matsui, H. Ohbo, and T. Nakada.
The 9*" International Photovoltaic Science and Engineering Conference, Miyazaki,
Japan, November 11-15, 1996: “Improved Cu(ln,Ga)(S,Se), Thin Film Solar Cells by
Surface Sulfurization”, T. Nakada, H. Ohbo, T. Watanabe, H. Nakazawa, M. Matsui,
and A. Kunioka.

The 12" International Conference on Ternary and Multinary Compounds, Hsin-Chu,
Taiwan, March 14-17, 2000: “Incorporation of the Doping Elements Sn, N and P in
CulnS, Thin Films Prepared by Co-Evaporation”, R. Scheer, I. Luck, M. Kanis, M.
Matsui, T. Watanabe, and T. Yamamoto.

1997 IEEE International SOI Conference, The IEEE Electron Devices Society, Fish
Camp, 1997, “Effect of H2 Annealing on Silicon Quality and 1/f Noise in S0S”, T.
Morishita, Y. Moriyasu, Y. Kawakami, M. Matsui, T. Kobayashi, M. Kimura, and R.
Reedy.

The Ninth International Symposium on Silicon-on-Insulator Technology and Devices,
The Electrochemical Society, Seattle, March, 1999, “Preparation of High Quality
Silicon on Sapphire”, Y. Moriyasu, T. Morishita, M. Matsui, A. Yasujima, and M.
Ishida.

The Fifth International High Temperature Electronics Conference, Albuquerque,
June, 2000, “High Temperature Hybrid Hall Effect Magnetic Sensor ICs”, S. Nagano,
M. Matsui, A. Yasujima, K. Ishibashi, and H. L. Fiedler.

1999 IEEE International Solid-State Circuits Conference (I1SSCC), February, 1999,

“An SOI 0.6mV Offset Tempersture-Compensated Hall Sensor Readout IC for Automotive

82



Applications up to 200 ”, N. Kordas, S. Derksen, H. L. Fiedler, M. Schmidt, A.
Yasujima, M. Matsui, S. Nagano, and K. Ishibashi.

10. The Tenth International Symposium on Silicon-on-Insulator Technology and Devices,
The Electrochemical Society, Washington DC, March 25-29, 2001, “Recent Advances
in SOS Materials and Devices”, T. Morishita, Y. Moriyasu, M. Matsui, and A. Yasujima.
(Invited)

11_The Tenth International Symposium on Silicon-on-Insulator Technology and Devices,

The Electrochemical Society, Washington DC, March 25-29, 2001, *“Evaluation and
comparison of various silicon-on-sapphire materials using the Pseudo-MOSFET

technique”, N. Hefyene, S. Cristoloveanu, G. Ghibaudo, M. Matsui, and A. Yasujima.

1. (1987) 29p-C-14 CVD
(D)
2. (1987)  29p-C-15 CVD
(D)
3. The 19" Conference on Solid State Devices and Materials, Tokyo, August 25-27, 1987,
“Photo-CVD of Tantalum Oxide Films and Their Characteristics”, Y. Tarui, S. Oka,

M. Matsui, K. Yamagishi, and K. Kuroiwa

4. MIS
(1989) 3a-ZD-6 Ta0, TFT

5. (1994)  20p-X-14 CulnsS,

6. (1994)  20p-X-15 CulnS,

7. (1995) 29p-ZM-16 CulnS,

8. (1999) 30a-ZA-5 CulnsS, Na

83



10.

11.

Na

(1999)

(1999)

84

30p-ZA-7 CulnS,

(1996) 5N10 CulnS2

S0S



