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Abstract

This article presents a summary of "research for enhancing the competitiveness of the Stealth
dicing (SD) business", conducted by the author while working at company Z. SD technology
is a technology for manufacturing semiconductor devices, specifically, a new dicing
technology for dicing a single wafer into as many as tens of thousands of separate device chips
by means of laser irradiation.

Department X1 at company Z, where the author works, is experiencing a problem that sales
in the SD business are not substantially increasing. The causes of this problem include the
impending expiration of basic patents, loss of customers due to the emergence of similar
products, and saturation of the target market. Thus, there is a need to enhance the
competitiveness of the SD business.

Accordingly, three research objectives were set in order to identify solutions based on
technological means. Specifically, the first research objective was to explore customer needs
in the SD business. Concerning this objective, in the present research, the author surveyed
the needs at a manufacturing site by participant observation in close association with that
manufacturing site, where SD machines were in actual used as production equipment for
semiconductor devices. The results demonstrated that the mission at the manufacturing site
was to keep to production schedules under a high-mix, low-volume production system. The
results also revealed that time was being spent on the work of "cross-sectional observation”
conducted after the dicing step, which constituted a potential problem. On the basis of these
findings, the author saw the customer's need for measuring the depth of a laser processing
layer called an SD layer before the separation step. Furthermore, the author demonstrated
that a high measurement rate not lower than 200 kHz was necessary for the purpose of real-
time measurement of laser processing, which is considered to be most effective, and set a high
measurement rate as a technological target.

The second research objective was to develop a low-coherence interferometry technology
utilizing time-stretch technology, which allows real-time measurement of SD processing
depth. This technology is an optical measurement technology necessary to meet the needs
clarified by participants observation. Concerning this objective, the author developed a low-
coherence interferometry technology utilizing time-stretch technology by improving existing
femtosecond laser light source technology and time-stretch technology. The measurement
system that was developed enabled measurement at a repetition rate of 15 MHz, at a
resolution of 6.97 y m for the depth position in a silicon substrate, and with an optical path
length in the range of 0-18 mm. Furthermore, with a design specialized for measurement of
SD processing, the author succeeded in detecting the depths of SD layers formed at depths of

iX



440 p m with a precision of 1% or less. In addition, the author found academic novelty in a
wavelength dispersion correction method necessary for improving optical path length
characteristics obtained with the present measurement technology.

The third research objective was to elicit the factors for successful technological development
on the basis of dynamic capabilities theory. This will serve to apply suggestions derived from
these factors for success to future technological development, thereby continuously improving
the efficiency of technological development. Concerning this objective, three actions were
taken. First, the author carefully reviewed the technological development activities that he
conducted, and as a result, recognized a turning point that affected those activities. Second,
in order to discover the background and reasons for reaching this turning point, the author
interviewed his supervisor who influenced the author's activities, and also conducted
qualitative and quantitative analysis. The qualitative analysis revealed that the author was sent
to a university because the supervisor then had perceived an impasse in the SD business and
also had harbored expectations for something new in laser applications. Meanwhile, the
qualitative analysis, conducted through text mining, clarified the factors that the supervisor
had considered to be essential in the past business operation into three phrases, namely,
"business domain", "customer", and "knowledge". Third, the author examined the factors for
his successful technological development on the basis of dynamic capabilities theory. As a
result, three factors for success were elicited: namely, 'the organizational culture of
encouraging challenges to uncertainties, which was prevalent in the manufacturing
department’, 'the supervisor's exercise of the ability to "sensing" dynamic capabilities, as well
as an "orchestration", and 'the author's exercise of the ability to "sensing" dynamic capabilities
as well as the ability to "transformation™.

Lastly, while being necessary for the empowerment of existing businesses, the low-coherence
interferometry technology utilizing time-stretch technology, developed in the present
doctoral research, will also be useful in entering new markets, such as medical applications, as
well as the automobile and aircraft industries, in which laser processing is employed,
contributing to the expansion of industry domains involving optics applications other than the

semiconductor industry.



1-2 SD e 3
1-3 SD e 4
14 5
1-5 SD e 6
1-6 e 8
17 e 9
1-8 e 10
1-9 SD 11
1- 10 10 e 12
1-11 SD e 12
1-12 SD e 13
1-13 e 14
1-14 15
1-15 e 17
1-1 SD e 7
1= 2 16
2-1 e 21
2 2 e 24
2-3 e 25
2-4 e 27
2-5 e 28
2-6 e 30
2- T 31
2-8 e 32
2-9 SD e 33
2-1 2 23
2 2 e 24
2-3 25
2-4 e 26
2-5 BD SD e 28
2-6 SD e 30

Xi



2-7

4-10
4-11
4-12
4-13
4-1

Yl 34

LCl 45

LCl 46

LGl 47

LGl 51

TS-LCL e 58

TS-LCL 58

AL e 63

Xii



5-5

5-6 TS-LCI
5-7 SD
5-8 TS-LCI
5-9

5-10 SD

5-11 TS-CLI

5-1
5-2 SD
5-3

6- 2
6-3
6- 4
6-5
6- 6
6-7
6-8
6-9
6- 10
6- 11
6- 12

6-1 OC DC

6-2 DC
6-3
6- 4
6-5
6- 6
6-7
6-8
6-9
6- 10
6- 11
6- 12



B-13 e 131

6-14 OC DC Z e 135
T-1 e 147
7-2 TS-LCl e 149

Xiv



1.1.

T Stealth dicing, SD
SD
SD 2004
2016
SD
GPI
GPI
st

SD

e

1.2.

1.2.1.
SD




NAND MEMS
LED 1-1

[1]

[2]

SUISOI-N  EREBAORH | H4SS5 @IDML) Nytr—22
I :> | :>
RITAE ®IfE
1-1
[1]
122
sD SD SD



12.2.1.
SD
SD

[3]

SD

SD
1-2(a)
SD

SD

SD

T — 7HLIRAT

SD

@

Tape Wafer

(a) L —¥mIIie

1-2 sD

SD

1-2

90 °




12.2.2.

SD 1-3 1 SD
SD
1-
3
SD 1-3
SD
1,000 2,000 mm/sec
SD
[3] SD
N
‘—‘\ » "W » V sb
’ o> I 2> VA o>
* | I | I |
2000mm/secE:>
1-3 SD
1.2.2.3.
1-4
1-4 SD 1
(-(e)
4] @ (b)(c)
(d) 1 e
@ (©
[5]



@)

Void
(@) Void
©

)

Void

©)

©)

(

, Void)

©

[4]



1.2.3.

SD
SD
Blade dicing, BD
BD
SD 1-5 1-5
(2)BD (b) (c)sb
(a) 7 L— R4 4+ 4(BD) bB)T7FTL—avE&Lovd () RAFIAZ A 7(SD)

AT

BD SD BD
1-5(a) BD
2
SD
SD
SD
1-
5(b)
SD
SD
SD
SD
SD 1-1 [6]



1-1 SD

SD

BD 80 um SD
sD 14.4 %

BD

BD

SD

BD SD
BD
g m
12
10 pm
BD
SD
1-6(a)
SD
[8-10]

SD

1 mm?
BD
[7] SD

SD



HIWLA

(@7 L— k&AL

1-6
100 mm/sec
SD

[11]

WPH

WPH
2,000 mm/sec  SD
SD

10pm 10um

(b)) AT IWAZA 20

BD
SD
2,000 mm/sec
Wafers per hour
12 2 mm
100 mm/sec BD WPH 1.31
WPH 19.3 15
1.3.1.
3



124,
SD

1-7 [12]
SD

@ (d

©
®

(@) (b) ()

¢ 0 6 0

(d) (e) )
1-7

SD SD
1-8 100 p m
SD
SD



SD

< BROLE
£100 4 m

TN
g B TP
“

13.

1.3.1.
SD 1990 2001 9
2002 8
[13] 2003 SD
MEMS(Micro Electro

Mechanical System)

MEMS BD
SD [14] SD
SD
1-9 2004 9

2018 9 Semiconductor Equipment and
Materials International SEMI (Worldwide
semiconductor equipment market statistics, WWSEMS) [15]
WWSEMS 2011

LED

10



2013 LED
2015 2018 4 WWSEMS

mE LT —HRLEREETEHRIHE WWSEMS

700

600

500

400

300

200

100

WWSEMS [{EF L]

g o
1.0
ﬂ' 0.8
e
HJ[:;I‘ 0.6
04
* atll
o mli l
2004 2005 2006 ZOOT 2002 2009 2000 2001 2012 2013 2014 2S5 2006 20017 2008
1-9 SD
[15]
1-10 10
[6]
SiC
LED
2013 2016

11



LiTaOa

LiNOa

2018

1-10
1.3.2.
SD
SD
SD
1-11  SD

SD

o ﬁ

SDxzrry

10
SD SD
SD

FEE

BIEEE

Ml

12

[6]

R
FINA A
A=A




SD 1-12  SD [6]
SD
SD

SD
SD

SD

@ spxea=ak

LDEZ 23—
1-12 SD
(61
1.3.3.
SD SD
SD
SD
SD
2020 1-13
U 2004 2007 W 2011
W
2017 9 U

13



2020 9 3 2
Z
20045 20074 2011%& 20184 20204
Uit
Vit
Wit
1- 13
1.3.4.
SD SD
1-9
SD 1-14
[16] 2010 2017
[17]
[18]
SD SD

14

SD



(Ms$/EM)

800 e 637

600
400
200

0

O 7 OTERE (2014F LT TH)

O #rte vs) EHaxds @)

634 14 635 613 639

i gs i 92

SR oo [T

i o5

o ]

20106 20114

1.4.

SD

SD

SD

20124 20134 20144 20164 20174

1-14

[16]

SD
SD

SD

SD

15

SD

SD



SD

1-2
2 3
SD
(TS-LCI)
SD
SD
SD
SD
TS-LCI
15 MHz
6.9 um
TS-LCI DC
SD
DC
1.5.
1-15
SD SD
SD

16



SD

2019 Optical Metrology
Optics Review
SD
SD

1-15

17




1

[1] web , ", https://www.hitachi-
hightech.com/jp/products/device/semiconductor/metrology-inspection.html,
,2021 7 7
[2] - . Electronic journal, 2015 1
[3] " (SD)

, V0l.110, No. 1068(2007) .

[4] H. Kiyota, K. Hara, M. Jankowski, M. M. Fejer, “Numerical simulation and validation of
subsurface modification and crack formation induced by nanosecond-pulsed laser
processing in monocrystalline silicon”, Journal of applied physics, 127, 085106 (2020) .

[5] E. Ohmura, M. Kumagai, M. Nakano, K. Kuno, K. Fukumitsu, H. Morita, “Analysis of
processing mechanism in Stealth Dicing of ultra thin silicon wafer”, Journal of
Advanced Mechanical System Design, Systems, and Manufacturing, VVol.2 Issue4,
540(2008).

[6] L —

- ,Vol.26, N0.2(2019) .

[7]1 N. Suzuki, X. Shigin, K. Atsumi, N. Uchiyama, T. Ohba, "Laser dicing for higher chip
productivity", 2016 11th International Microsystems, Packaging, Assembly and Circuits
Technology Conference (IMPACT)(2016) .

[8] , ) : , e
2017 ,J2210202(2017) .
[°1 , , ) , e
2019 , J22306(2019) .

[10] Disco corporation, “Dicing technologies for SiC”, Disco technical review, TR16-

04(2016) .
[11] web, “

https://www.disco.co.jp/jp/products/laser/dfl7341.html, , 2020 7 7
[12] -

130 304 (2017) .
[13] 2001 8 5
[14] « MEMS
, (2008) .
[15] SEMI web, “ ", https://www.semi.org/jp/node/jp-84791,
2021 7 7

18


https://www.hitachi-
https://www.disco.co.jp/jp/products/laser/dfl7341.html,
https://www.semi.org/jp/node/jp-84791,

[16] ¢ 16
(2014) .

[17] J. B. Barney , Y

[18] M. E. Porter ,
(1995) .

. Semiconductor Equipment Databook 2014

19

(2003) .



20



2.1.

2.2.

2.2.1.

SD
SD
[1-3]
2-1 [4]
AEESR
® FHEHTHERR

DHRIZAY G

(B 5HRE (b)Z58%%

2-1
[4]

21



)

2.2.2.

1018

[5116]

) (3
)
z 1
z
Y1
SD
Y
2-1 Y
2-1

22

349

4)

3270

SD



2-1 Y
SSD
X
Si
Si
IC
Si YAG
— MPPC
2
1
LED
LED
2.2.3.
2-2 2016 8
29 8 10 16 40

23




2-2

8 29 8 30 8 31 1 9 2
A A
B
Cc

2.3.

2.3.1.

2-3

Y2 Yn
Y1l

Y1

BD

Y2 Yn

SD

24

Y1

Y1

Y2 Yn

(Y2 Yn)




Y2 Yn

Yn

Y3

Y1

Y2

A\ 4

\4

Yn

\4

Y3

Y2

2-3

Y1l

Y1l

2-3

SD

SD

BD

BD

SD

BD

SD

Y1

2-3

SD

BD

SD
SD

BD

SD

25



2.3.2.

Y1 Y1
D Y1
2-4
2-4
Y
1 Y Y1
2-3
Y1
Y 2-1 Y1
2-4
1/4
2-4

26



BD

PDCA

2-4

2.3.3.

BD SD

BD SD

2-5
BD

SD

BD SD

SD

BD

BD

BD

BD

Y1

SD

SD

27



(BD)

(sD)
2-5
BD, SD
2.34.
2-5 X
X
BD
SD
BD SD
2-5 BD SD
BD SD
x
x
x
x
x
[7]

28



30 y m(P-V )

CoO(Cost of Ownership)

(8]

24.

2.4.1.

SD

SD

SD

SD BD
SD

10 y m(P-V )

SD

CoO

CoO =(

BD

2-6

29

SD
SD
SD
BD
SD
SD
)



2-6 SD

BD SD
BD SD
24.2.
SD
BD SD
SD BD BD
1 SD 10 SD
2-6
SD
2.
7 BD SD

SD

30



@

(O]

2.4.3.

SD

SD

2-7
(2)BD, (b)SD

SD BD

Y1

Y1 E F I

SD 2-3

31

BD

BD
Y2-Yn



SD

PDCA
SD BD
SD BD
BD 30
SD 2
SD
0K
NG
@
0K
NG
PDCA
(®
2-8
(2)BD, (b)SD
2.4.4.
SD
SD SD
SD
SD
100
SD

32



2-9 SD

SD

Y1

L)BREHREFDOY =/ \BE
I ——

(a) EEBEO™ T/ \¥E

33



2.5.

2-7 Y1
SD
2-7 Y1
SD
SD
SD
SD
2-10 (@) 2
(b)
(@) SD
SD
SD
10
(b) SD
PDCA
1 2 30

34




SD

e
o
aN
SD
.OOOOOOOOOOOOOVO‘
] =>
€))
2-10
€)) , (b)
100 % SD
2-9(b)
10 um
2,000 mm/sec
2,000 mm/sec
200 kHz

35

<
P
| =>
(b)
2.4.4.
SD
SD
SD
gm
[9]
10 um



2.6.

36

200 kHz

SD



[1] -
[2] , ) ,
7, (2010) .
[3] ,
(2006) .
[41 . :
-"(2016) .
[5] Uwe Flick (), : : : «c )-
(2002) .
[6] : , , 3
(2020) .
[71 web, “
https://www.disco.co.jp/jp/solution/library/laser/sapphire.html (
7 1 ).
[8] SCREEN web, “
", https://www.screen.co.jp/sustainability/special-report/sp-1 (
1 ).
[9] e DFL7362
12 6

37

(2010) .

,2021 7

7, 2017


https://www.disco.co.jp/jp/solution/library/laser/sapphire.html
https://www.screen.co.jp/sustainability/special-report/sp-1

38



3.1.

(SD) SD
SD
SD 200kHz
SD 200 kHz
Low coherence interferometry, LCI
[1] SD
SD
3.2. LClI LCI
3.3.

3.4.

39



3.2.

3.2.1.
LCI
3-1
[2]
L;
L, E; E; E;
E>
E; = Ajexpli(wt — ¢,)] , @1 = 2mkL, , (€N
E, = Ayexpli(wt — @,)] | ¢, = 2nkL, , 3.2)
1
k= I (3.3)
A A w k A P11 @2
/
I =|E; + E,|?
= E? + EZ + 2E,E, cos(2mkAL) , (3.4)
AL = L1 - LZ 1 2
1
AL k

40



il

3-1
[3] le
_ 45 A5
l.= 0 a s 0.88 2 (3.5)
[2] Ao AL
le le
3.2.2.
LCI
3-1 AL
3-2(a) [4]
1/2
1
(a)
3-2(c)

41



3-2 (b)

3-2 (b)
A
B
C
3-2(c)
f=] t [/ R
i | ( f f\
Hl(\lll ll\lll ||I |f |“|I||||'||{ I|( |\|J|| }\ ﬁl “/ Il (‘\\ u }|||h||fll|| |
© [] FibsthoHE
3-2
@ (b) ©
[3]
LCI
3-1
-~ 3-3 [2] 3-3(a)
5mm
> mm 15 mm 13
30 mm 15 3-3(b)
800 nm 50 nm

42



3-3(h)
A
B C 3
4
B 245mm
1.0 13
5 mm L, 245 =
5x1+L,%x13 L, =15 mm
LCI
3-3(b)
Rres
Ries =1c/2 [2]
FEE E1/2KE5EE H2E/ERTm
:).64l / T T / T T
0.62r /
(0.6 -
T i ot A ~ 0.58
Bmm n=10 =1@ "é 0.56
2054
15mm n=13| #28 2 052
—F— g o5
= 05
n=15| ma= 0.48
30mm 3k 0.46 -
! 0.44] e c
n=10 =S4 0'420 lll'J ?.IU 3:(] fII{) S.It) (1'{] ?‘Iﬂ 80
Reference mirror displacement in air (um)
(@FEETNL b1 vr—2x05 L4
3-3

[2]

43



3.2.3.

LCI
LCI 3-4
LCI X CT [5]
LCI
[6]
LCI g m
mm
1000p M [-------=-----mmmmmmoo-o - X CT----
100y m f-=-====--mmmmmm-atmmmmmeemoeeees
10U M po--mmmmmmm g oo
N
Iym p--oommy -
N ‘ 1 ;
Imm 10mm 100mm
3-4
[5]
LCI
A-Scan 3-5
3-5(a) A-Scan 1
1 A-Scan
1
3-5(b) B-Scan
A-Scan 3-5(b)
3-5(c) C-Scan  Volume-Scan B-Scan
C-Scan A-Scan A-Scan

B-Scan C-Scan

44



(a) A-Scan, = |5 %R (b) B-Scan, BrE & iR (c) C-Scan, IT{FIEER

P4
Sample P ’
] e 5
= Y
v x
g .
: X
:% z(de;th} / ?’J//
3-5 LCI
(a)A-Scan (b)B-Scan (c)C-Scan
[7]
LCI (Optical low coherence reflectometry, OLCR
(Optical coherence tomography, OCT LCI
OLCR OCT
OLCR
[8] OCT [9] [10]
LClI
[11,12] OLCR OCT
(8]
OCT LCI

45



3.24.

LCI LCI(Time-domain LCI,
TD-LCI) LCI(Fourier-domain LClI, FD-LCI)
FD-LCI LCI(Spectrum-domain LCI, SD-LCI)
LCI(Swept-source LCI, SS-LCI) LCI(Time-stretch LCI,
TS-LCI) 3-6

=

AT, A I 1
7 (77— [F#A—]

O—=0 O——1
2
PD . ﬁ PD PD
(a) TD-LCI (b) SD-LCI (c) SS-LCI (d) TS-LCI
3-6 LCI
3-1
TD-LClI SD-LCI
SS-LCI TS-LCI
(sC )
TD-LCI SS-LCI TS-LCI (Photo-diode, PD) SD-LCI
PD TD-LCI SD-LCI SS-LCI
TS-LCI TD-
LCI
TS-LCI MHz
SD TS-
LCI

46



3-1 LCI

TD-LCI SD-LCI SS-LCI TS-LCI
SLD SLD
PD PD PD PD
A-Scan kHz kHz MHz
A-Scan
SLD: Super luminescent diodes
3.3.
3.3.1.
1994
Bennett
(Analogue digital converter, ADC) [13, 14, 15] 2007
[16,17]

(Group velocity dispersion,

[17]

3-7

PD

PD

PD

GVD)

(b)

47

PD

€Y

PD



(F-uzksme
\k#ey i 23R 93)

(a) EEFIEﬁﬁ% -J\.J—TLE];E@:
AHHKINILR HAx/ LA

(b) BRSHY (R4 LR ML Y F4HHR)

3-7
@ , (b)
[18]
3-8
PD
m km
—> —> —> O/E —» ] —>|
fsec nsec

3-8

48



[19]

[20]
B =Bo+ P+ 300 + (36)
N=w-w Bo B
B2
E(z,t)
E(z,t) = [ E (0, w)expli(wt — fz)ldw, (3.7)
EOw) z=0
(B22)1) E 4)
[17]1[19]
E(z,t) = %exp[i(wot — Boz)]lexp [i 2;;] E (O,é), (3.8)
wo T=t—-pz )
1/B,z
Time stretch-dispersive Fourie transform TS-DFT)
[11][12]
3.3.2.

MHz

49



Goda
encoded amplified microscopy)
3-9(a)
3-9(a) 5 nsec
1582-1597 nm 6.1 MHz
3-9(b)
-3.3 ns/nm
DCF)
440 psec 30 nsec
nsec

PD

Abtation
pulse

—
Probe | 4 sl
pulses i

A ..
Si0., 2.0 pm
Si

(a) L=HT 7 L= = VEtEIDHEE

3-9

[21, 22]
3-9(b) STEAM

ik }U’LJLAK

STEAM(Serial time-

2D spatial disperser
Obiject

3-9(b)

5mJ

Probe pulse

Dispersive fiber
(Dispersion compensating fiber,

DCF
6.1 MHz 163
6.1 MHz
f\.lﬂlr'l disparsive Fuunm;;“m
ﬁmﬁ%ﬁ Qﬁiﬁe

EDFA
WD WDM

W Faman pumps Y

(b) E=EHER

[21][22]

50



3.3.3.

TS-LCI 3-2 TS-LCI LCI
LCI
A-Scan TD-LCI
SD-LCI A-Scan
kHz 250
kHz SD-OCT [23] SS-LCI
kHz SS-
LCI A-Scan kHz SS-LCI
6.7 MHz
[24] TS-LCI MHz TS-LCI
TS-LCI
TD-LCI SD-LCI g m
TS-LCI g m TS-
LCI TD-LCI FD-LCI
TS-LCI
(Balanced detector) TS-LCI PD PD
TS-LCI
TS-LCI LCI
3-2 LCI
A-Scan
nm nm g m mm
TD-LCI 1700 190 100 Hz 4.6 BD [7]
SD-LCI | 1700 | 300 ATKHz | 3.6 1 [7]
A/D+FPG
SS-LCl 1080 47 6.7 MHz 16 2.6 A [24]
1040 106 100 KHz 7 5.6 BD [25]
815 14 | 90.9 MHz 28 PD [21]
TS-LCI 1630 120 | 7.14 MHz 15 15 PD [22]
1375 | 350 5 MHz 8 0.6 PD [26]

51



3.4.

3.2.
LCI
LCI
Scan
3.3. 3.2
PD
TS-LCI
TS-LCI

SD

TD-LCI

A-Scan

52

TS-LCI

TS-LCI

200 kHz

LClI

LCI

SS-LCI

TS-LCI

SD-LCI

SD

MHz

TS-LCI

A-



3
[1] , 7 , 6
, 2 (2017).

[2] P. H. Tomlins, R. K. Wang, “Theory, developments and applications of optical
coherence tomography”, Journal of physics D: Applied physics 38, pp.2519-2535
(2005).

[3] o (2016).

[4] o (2013).

[5] S. Chang, Y. Mao, C. Flueraru, S. Sherif, “Optical coherence tomography: technology
and applications”, Proceedings of SPIE715606-1 (2008)..

[6] N. V. Iftimia, D. X. Hammer, C. E. Bigelow, D. I. Rosen, T.Ustun, A. A. Ferrante, D.
Vu, and R. D. Ferguson, “Toward noninvasive measurement of blood hematocrit using
spectral domain low coherence interferometry and retinal tracking” Optics express, 14,
3377-3388(2006)

[7] , 17 pm OCT

12061  (2017).

[8] F. Dorsch, W. Dubitzky, J.P. Hermani, A. Hromadka, T. Hesse, T. Notheis, M. Stambke,
“Controlling laser processing via optical coherence tomography”, Proceedings of SPIE
109110G (2019).

[9] J. Fujimoto, E. Swanson, “The development, commercialization, and impact of optical
coherence tomography”, /nvestigative ophthalmology and visual science, Vol. 57, No.9,
special issue (2016).

[10] 7 SS-OCT

, 2017S, C-3(2017).

[11] K. Goda, K. K. Tsia, B. Jalali, “Dispersive Fourier transformation for fast continuous
single-shot measurements”, Nature photonics, VVol.7 (2013).

[12] K. Goda, K. K. Tsia, B. Jalali,” Amplified dispersive Fourier-transform imaging for
ultrafast displacement sensing and barcode reading”, App/. Phys. Lett. 93, 131109
(2008).

[13] C. V. Bennett, R. P. Scott, B. H. Colner, "Temporal magnification and reversal of 100
Gb/s optical data with an up-conversion time microscope", Applied Physics Letters
65,2513-2515(1994).

[14] A. S. Bhushan, F. Coppinger, B. Jalali, “Time-stretched analogue-to digital
conversion”, Efectronics Letters, 34, 839(1998).

53



[15] F. Coppinger, A. S. Bhushan, B. Jalali, “Photonic time stretch and its application to
analogue-to digital conversion”, /EEE Transactions on Microwave and Techniques, 47,
1309(1999).

[16] J. Chou, O. Boyraz, D. Solli and B. Jalali, “Femtosecond real-time single-shot
digitizer”, Applied Physics Letters, 91, 161105(2007).

[17] D. R. Solli, J. Chou, B. Jalali, ”Amplified wavelength—time transformation for real-time
spectroscopy”, Nature Photonics , 2, 48-51(2008).

[18] o (2019).

[19] T.Jannson, “Real-time Fourier transformation in dispersive optical fibers”, Optics
letters, VVol.8, No. 4. pp.232-234(1983).

[20] : “ (

23 ).

[21] K. Goda, A. Fard, O. Malik, G. Fu, A. Quach, B. Jalali, "High-throughput optical
coherence tomography at 800 nm", Optics express, 20, pp.19612-19617(2012).

[22] J. Xu, X. Wei, L. Yu, C. Zhang, J. Xu, K. K. Y. Wong, K. K. Tsia, “Performance of
megahertz amplified optical time-stretch optical coherence tomography (AOT-OCT)”,
Optics express, 22, 22498-22512(2014).

[23] B. Tan, Z. Hosseinaee, L. Han, O. Kralj, L. Sorbara, and K. Bizheva, “250 kHz, 1.5 pm
resolution SD-OCT for in-vivo cellular imaging of the human cornea”, Biomedical
Optics ExpressVol. 9, Issue 12, pp. 6569-6583 (2018).

[24] T. Klein, W. Wieser, L. RezniceK, A. Neubauer, A. Kampik and R. Huber, “Multi-MHz
retinal OCT”, Biomedical Optics Express 1894, Vol. 4, No. 10(2013).

[25] S.Marschall, A.Gawish, Y.Feng, L.Sorbara, P. Fieguth, ”In-vivo imaging of keratoconic
corneas using high-speed highresolution swept-source OCT”, Proceedings of SPIE,
8802(2013).

[26] S. Moon, D. Y. Kim, “Ultra-high-speed optical coherence tomography with a stretched
pulse supercontinuum source”, Optics Express 11575, vol.14, No. 24(2006).

54



4.1.

SD SD
SD SD
200 kHz
SD
(TS-LCI)
SD
(TS-LCI)
TS-LCI
SD
1550 nm
4.2. TS-LCI
TS-LCI 4.4.
4.5.
4.6.

55

[1]

4.3.



4.2,

TS-LCI TS-LCI
(3.4) T
(4.1
E T
Ez,t) = = exp [i(woT + %)] E (o,é) , (4.1)
wg Bo[ps/nm/km]
z[km]
~ T _
E( ,E) z=0
[2]
(4.1)
E.(t) Es(t)

E.(t) = E,gexp [i (onr + %)] E (O&) : (4.2)

Eq(t) = Eqpexp [i (w,T, + %)] E(055) . (4.3)

TT TS Tr Ts
T, =T, —AL/c AL c E.

Eso
E, E,
1(t)  Ex(), Es(t)
1(t) = [E,(t) + E;(OIIE,(¢) + E; (O] (4.4)

[3] Ty

56



1(¢) = [E,(t) + Es(D]LE, (t) + Es(O)]
=E,(t) - E;(6) + E.(0) - E5(¢) + E5(¢) - E7 (¢) + Es(t) - E5(¢)

2

_ T,
= E% |E(0,=2)
70 ﬁZZ

AL? AL
* ErorEso- E(O ) E © —)exp[ (cﬁ ZTr T 202B,z + “’0_)]

AL? AL
By B EO2) F O yerp I, - 2 )

+ EZ

= (B2 + E2)S(T,) + 2EyoEsoS(TRe {exp [1 (S5 T - o=+ w00 F)]} (45)

2Z

S(T}) = |15”*(0%)|2 =~ |E‘(oﬁ) ’

B2z Bz
4.5)
AL/B,z AL
B2z
4.3.
4.3.1.
TS-LCI 4-1 4-2
(Single mode optical fiber, SMF)
AL  TS-LCI 50:50
Lref 5050

57



Lsig AL =Lrr Ly

(National
Institute of Information and Communications Technology)
SD
18 H &P
A LRAFLYF 2 (U Zd LdyraRAa—7)

4-1 TS-LCI
HEULA L —HEE RALAFL Yy F v TEatEk
DCF
| BBEET—L
_ -
LASER :
= — —O=i~[]
CPL <« oL

2R

0sc EH— - 3
« = &I
—

>
EEXE7—L ST
4-2 TS-LCI
LASER , DCF , CPL 50:50 ,
CL , OL , RM , SM )
ST , PD , OSC

58



4.3.2.

4-3
(Mode-lock laser diodes, MLLD)
1550 nm 10 GHz (Erbium doped
fiber amplifier, EDFA) (Dispersion flatted
fiber, DFF)
LiNbO;
10 GHz 10 MHz

(Variable optical attenuator, VOA) 2 mW

(Super continuum, SC)

EDFA 2lily EDFA pC EDFA P
MLLD BPF —D—(m— LN —D— LN }— voA }—e
10GHz / 1OMHz
4-3
MLLD , EDFA
DFF , BPF ,PC
LN LiNbOs , VOA
SC YOKOGAWA, AQ6370C
1557 nm 20 nm
4.33.
4-1
8.5 km DCF
4-4

59



GVD= —600[ps/nm]

Ae = 1557 [nm]

L At=13[ns] L AA=20[nm]
El (b) El (d)
S, =,
At < 1 [ps]
- |-
“ ( m
-10 -5 0 5 10 15 20 1575 1565 1555 1545 1535
[ns] [nm]
4-4
@) » (b)(d)
PD( Agilent 834408, DC-6
GHz)
4-4(a) (b) @) (0)
GVD -600 ps/nm (a)
(Full width at half maximum, FWHM) 1ps
PD 1
ps (b)
FWHM 13ns
1ps 13 ns 13 ns
-600 ps/nm FWHM 20 nm
12 ns
[4]
4-4(c)
(d) ©) (d)
PD (b)
©
4.1

60



43A4.

50:50
50:50
SMF
SMF 50:50
SMF
SMF 50:50
4.35.
50:50
PD
PD
PD Agilent
834408, DC-6 GHz
(Tektronix DSA71604, 16 GHz, 50 G Sample/s)

61



4.4,

44.1.
4-5 2mm
[nsec] (a)
2000 nsec 4-5(a) 20
100 ns
4-5(a) 4-5(b)
10 MHz
4-5(b)
@) (b)
0.14 0.14
0.12 100 (ns) 0.12
= 0.10 ~ 010
i‘; 0.08 e; 0.08
G 0.06 2 006
£ 004 é 0.04
0.02 = 002
0.00 Y lllli ll,i lll l[li 1 | A 0.00 P anboy WAy L
0 500 1000 1500 2000 1700 1720 1740 1760 1780 1800
Time (nsec) Time (nsec)
4-5
(@ . (b)
4-6
1mm 4 mm
-300 ps/nm

62



:-300 ps/nm

AWWWWWWWWWWWWWWWWMM_ AL = 4 mm

3 MWMNWV\WWV\MAM -

S,
AWML, e =2mm
./\/VV\/\/V\/\/\. AL =1 mm

’ > 10 15 "

[ns]
4-6 AL
4.4.2.
4-7

4-6

4-5(b)

63



Fig 1 s TR T2 +\ U M
|

RS
FIg 2 A T—k
L MRARRE [T
| o]
FE3 —{z‘\ A E:é;: :n A’ w
l “ -, \ l\

& | ST
g 4 )+ |/ - ::Bz%{
FIE5 77— T ),\

FIE6 E'— 7 EES 1]
T
' (c)

@ , (b) (©)

64



[s]

1
71s] K[1/m] 3
T

T k -600 ps/nm

1567 nm

T k (b)
k

(zero padding)
4.7 T k
MathWorks®

MATLAB resampling

4-7(c) [m]

65



4.4.3.

[a.u.]

4-8
2 mm 16 mm
8
2

60

—0.002 —0.004 —0.006 0.008
50 -—0.010 =-—0.012 =-—0.014 -—0.016
40
30
20
0 A S 2 = = = Hlerr o rancinint® et g
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018

66

[m]



4.5,

45.1.
TS-LCI
TS-LCI
4-7
k=a0+a1T+a2T2+“' y (47)
k(= %) T a01 al’aZ
[1/m] 1 [1/ns/m] 2 [1/ns?/m] T [ns]
4.7 7TIns] k[1/m]
4.7
[51[61
4-1
4-1
1
2
[51[6]
452
4-1
4-7 T k 4.7

67



@7

2 4.7
k=a,+a,T+a,T? (4.73)
(4.78)
45.2.1.
Moon[7]
4
4-9 (ADVANTST AQ7770) DCF
1530 nm-1570 nm
45.2.2.

[1]

68



LCI 3 (34)

I = exp{i(2mkAL + @,)} |
@ = 2nkAL + @, ,

TS-LCI

AL?

= (AL _ AL
—exp [l (cﬁ'zz Ty 2¢c2B,z *

= expli(aALT, +c.c.)] ,

I = exp{i[(a;AL — by)T + (a,AL — b,)T?]}
(p = (alAL - bl)T + (azAL - bz)T'2 = BlT + BzT'2

a;, a

AL
(b) ©
©

(4.8)
(4.9)
(4.5)
w0
(4.10)
(4.5) (4.10)
(4.10)
(4.11)
(4.12)
by, b, 4
(8l
4-10
4-10 (a)
21
AL
(4.12)
1 AL B,, B,



(b) BElFiRIE

i |
(a) Tz S 7-UIZig ks i
EED R E L o .'
n.?5~ ﬁj_ IJ Ig*ﬁ W; J‘J L
3 D.ZI Il: ) ’ ' m-l:lnl ) ’ -w"ﬂ
095 (C) BRIEAE
0‘ £ # time [s] 4 ! o 2000 //
T 150 —
-Emm ‘
0-4 ! 2 tim:[i] ! :
4- 10
@ » (b) , (©)
Bl1 Bz AL 4'11 (a),(b)
B;[1/ns], By[1/ns?] AL[m]
AL
B,
@) (b)
35 307.0 0.06 0.5866
30 2} 0.05 2
e 0.04 e

25
/ @/J
20 o 0.03

15 2 0.02 2

10 > 0.01 f’fgv

5 - 0.00 M
o & 001

B, [1/ns?]

0.000 0.005 0.010 0.015 0.020 0.000 0.005 0.010 0.015 0.020
AL [m] AL [m]
4-11
€Y By, (b) B,
Bl = alAL - bl ) (411)
Bz = azAL - bz ) (412)
4-11(a) 4-11(b) a; a,

a, a, a, = 307.0[1/ns/m] a,=0.5866 [1/ns?/m]

70



1567 nm k = 638,162[1/m]
T=0 (4.7a)
ay=638,162[1/m]
1) (4.12)
B, B, AL AL
B, B, AL B,
a, a, a, a, a, (4.73)
45.2.3.
4-12
T fH
a, az
a
656,000
k= (2% + a1T + a2T2
652,000
£
=, 648,000
x
644,000
640,000
636,000
-10 0 10 20 30 40 50
7 [ns]
ag 638162 638162 1/m
a, 308.8 307.0 1/ns/m
a, 0.6527 0.5866 1/ns?/m
4-12

71



4.5.3.

©)

T k 4-7
4-13 4-8
@)
60
—0.002 —0.004 —0.006 0.008
50 —0.010 —0.012 ——0.014 ——0.016
E 40
30
20
10
0 N
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018
[m]
(b)
60
——0.002 ——0.004 ——0.006 0.008
50 -—0.010 -—0.012 =—0.014 —0.016
E 40
30
20
10
0 , -
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018
[m]
4-13
@ , (b)
4-8 4-13 4-13(a)
4-8
4.7) 2
4-13 0.016m

72



4-13(a) 0.016m
4-13(b) (@ (b) 2

4-13
309 ym

454,

J. Kang [9]
0.002 m

C. M. Eigenwilling
[10]
100 nm LCI

45.2.1.

73



4.6.

TS-LCI
10 MHz
16 mm
4.2, TS-LCI
4.3. TS-LCI
4.4,
45,

74

309 pm



4

[1] M. Hoshikawa, K. Ishii, T. Makino, T. Hashimoto, H. Furukawa, N. Wada “Low-
coherence interferometer with 10 MHz repetition rate and compensation of nonlinear
chromatic dispersion”, Optical review, No.7, pp246-251(2020).

[2] -

, 49 |, 4 (2021).

[3] C. Dorrer, N. Belabas, J. P. Likforman, M. Joffre, “Spectral resolution and sampling
issues in Fourier-transform spectral interferometry”, Journal of Optical Society of
America B, Vol.17, No.10 (2000).

[4] ’ “ -
.49 , 4 (2021).
[5] ; - ( 23
).
[6] ,“JIS C 6827 » (2005).

[71S. Moon and D. Y. Kim, “Ultra-high-speed optical coherence tomography with a stretched
pulse supercontinuum source”, Optics Express 11575, vol.14, No. 24(2006).

[8] M. Wojtkowski, V. J. Srinivasan, T. H. Ko, J. Fujimoto, A. Kowalczyk, J. S. Ducker,
“Ultrahigh-resolution, high-speed, Fourier domain optical coherence tomography and
methods for dispersion compensation”, Optics express, Vol.12, No.11, 2404-2422(2004).

[9] J. Kang, P. Feng, X. Wei, E. Y. Lam, K. K. Tsia, and K. K. Y. Wong, “102-nm, 44.5 MHz
inertial-free swept source by mode-locked fiber laser and time stretch technique for
optical coherence tomography”, Optics ExpressVol. 26, Issue 4, pp. 4370-4381(2018).

[10] C. M. Eigenwilling, B. R. Biedermann, G. Palte, R. Huber, “K-space linear Fourier
domain mode locked laser and applications for optical coherence tomography”, Optics
express, Vol.16, No. 12, 8916-8937(2008).

75



76



5.1.

SD
SD SD
SD SD
200 kHz
SD
(TS-LCI)
TS-LCI
TS-LCI SD
TS-LCI
SD
TS-LCI

SD

TS-LCI 4
TS-LCI SD
SD
SD TS-LCI
SD
5.2.
5.2.1.
5-1
5-2 1800x 900 mm 5-2
Single mode optical fiber, SMF
Polarization maintain optical fiber, PMF
SD

77



TR HBIE/ LR L —HER RALZXbLYFv F5aHE

R AL —HE 2L LA LY Fr FobsH
E " é: AH—Fal—%F Lo . !
A Mb EEMME v Fazi SBWE D ER kT4 :
| wiEE e vqnx 77448 llavbka-s  #73 o I) G D :
5 H T=10% :
el Q6 oo z
: ~Z 0 % :
i i i T=00% i
R . | T— 90:10 :
NN .. T — : C D E[I B:I ‘.

MEL X SR

: INT A 1 o]
1 Wi !

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

5.2.2.

5-1

102 A
200 fs 14.87 MHz 2 mw
Optical spectrum analyzer, OSA,

78



YOKOGAWA AQ63752

1558 nm 4.8nm
15 MHz
1480 nm (Laser diode,
1200 mA
OSA
1562 nm-1586 nm(3 dB )
5 6

1%

Band pass filter,
, WLTF-BM-P-S-1560-SM-0.9/1.0FC
5-3(c)

1600 nm

1600 nm

5-3
€)) , (b) , (c)BPF 1600 nm

79

5-3(a)

14.87 MHz

LD) WDM
LD

28.9 mwW
5-3(b)
21.9 nm

BPF WL Photonics
1600 nm

RIERIH



5.2.3.

ofs
ps/nm -900 ps/nm DCF
ps
DCF
PD Thorlabs DETO08CFC/M
LeCroy , Wave Master 813Zi-A,
5-4
100 ps DCF
4(b)
< 100ps e e
‘ ‘ L L L L 12
= g
(a)
5-4
€Y , (b)
5.2.4.
5-2
10% 90 %

80

DCF

1 nm

PD

13 GHz,

35ns

10%

-300
300 ps 900
DCF

INGaAs-

40 GS/s

DCF
5-



Thorlabs 6015-3-APC

Thorlabs F280APC-1550 f=18.75mm (Edmund
f=30 mm) Thorlabs
30 mm
Olympus LCPLN50XIR(NAO.65)
[1] 0.1l ym
SD 3 90:10
SD
SD SD 3
Thorlabs , BOA1004
SD
5.2.5.
2
Finisar BPD2120R 64 GHz
SMA

81



5.3.

5.3.1.

5-5
(a)100 nsec (b)10 nsec [s]
) 5-5 (a) 67 nsec
14.87 MHz

(a) (b)

5-5
(a) 100 nsec/div, (b) 10 nsec/div
4-7 (b)
(4.73) T (ns) a, a; ag 2
a, = 2.8368 (1/ns?/m) a, = 608.505 (1/ns/m) a, = 625000 (1/m)
BPF
BPF 1600 nm
a, = 625000 (4.78)
T k
4-7 5-6
16384 (14bit )
0-18 mm
(FWHM)
Imm 18 mm
192 pm
18 mm

82



48 pm

80
FWHM
70 1192um
60
3 50

5-6 TS-LCI
5-1
14.87 MHz
192 ym 0 18 mm
Roll-
off 18 mm
5-1
14.87 MHz
192 ym
(in Air) 48 y m
18 mm
5.3.2.
SD 5-7
5-7 ()
SD
5-7(b) 775 pm SD

83



SD SD

1099 nm 80 kHz 700 nsec 800 mm/sec
440 p m
15 mm 12 mm 5-
7(c)
SD 10 pm
LCI
mITAELL—

-

Iv M(c)oEgHm y T / 153 P75 um

00000000000 QB.G&

U= ¢
SDE
, (b) A
O smpta
(a)
5-7 SD
@) (b) ©)
SD
440 p m
5.3.3.
Ts-LCI D
5-8 5-
9

84



SD

S- ClI

440y m

n=3.5
SD

775y m

5-8 TS-LCI SD

Wil 2 SpANT H

T E—F aUA—hLwZ HEAATHIT—
7oA
5-9
5-10 3 5-10(a)
(b)
5-10(a SD 5-10(b)
SD 5-10(c)
5-10(c)
)
5-10(a A-E 5



mm

= S 5RAT (dB)

=

1' =

A-E A B
C E
C E
5-10(a) (b) (@ Sb
D SD
— (a)SDITTLE F — (h)SDhoT & L

100

a0

80

70

60

50

40

30

20 (c)

10

0

0 5 10
HEEE (mm)
5-10 SD
(a)Si SD , (b)Si SD
5-2
@
C D SD
0.440 mm
6.86 y Mm(48 y m+ 2+ 3.5)
4 um

86

5-10(c)

5-10(b)
C

15

, (©)

3.5
SD
15%

SD

10 um

SD
E

20
0.434
6.86 um
SD



5-2 SD

C
Q) (1)+ 2+ 35
(mm) (mm) (mm)
A 3.05
B 8.10
C 9.69 0 0
D 12.73 3.04 0.434 SD
E 15.24 5.55 0.792
5.4.
54.1.
TS-LCI
SD
Y1 2-7
SD
-7 Y1
(¢H)
&)
SD
TS-LCI SD 15 MHz
6.86 ym
D
SD | 5-3

87



5-3

2020 10 22
Y Y1 SD
D
SD |
TS-LCI
TS-LCI SD
SD
|
Y1
Y1
Ts-
LCI 1
Y1
5.4.2.
SD TS-LCI
Y1
TS-LCI 1 SD
5-9
5-11
1 (@) SD
(b) SD
1 SD

88



SD
TS-LCI
7
1
AN
SD
ooouuuuoooyol'
7 =>
@
(a)
5.5.
LCI
MHz 2mw
SD
TS-LCI
SD
434 ym

89

TS-LCI
o
L)
’\j/
| =>
(b)
5-11 TS-CLI
, (b)
SD TS-
SC 14.87
BPF
90:10
3 SD
SD S/N
6.86 um
440 pym SD
TS-LCI
1



[1] web, “ ”, https://www.olympus-
lifescience.com/ja/support/learn/03/047/, ( ,20210 7 1 ).

90


https://www.olympus-

6.1.

6.1.1.

TS-LCI

(SD)

SD SD
SD
200 kHz
SD
(TS-LCI)

SD

91

SD

TS-LCI



6.1.2.

6.2.

6.3.

6.4.

6.5.

92

6.6.



6.2.

6.2.1.

6-1 UF]

[1]
2019

60 %

[1]

100 (%)
80

B0 [ursmmuzicsima
N3

40 [aCNETEDIZ KSR

TEHBAENS

20 aCNETEERBOE
{LZFHAD

aZEELEW

2017FY | 2018FY | 2019FY
(n=4.368) | (n=4.494) | (n=3.205)

6-1
[1]

93



2001
2020

[1]

intelligence , Al

[2]

2008

(Augmented reality,

94

AR)

[3]

Artificial



6.2.2.

2020
D. J. Teece
[4] 6-1
(Ordinary capability, (0]0))]
(Dynamic capability, DC) ocC
DC [5] OC DC 6-1
ocC
DC
6-1 OC DC
[11[5]
DC
[31061[71 3
Teece

95



[5]

6-2 DC
[3]
VRIN
6- 2
[4]
6-2 [4]
DC VRIN
OoC DC OoC DC
ocC DC
6-2 VRIN VRIN
Value Rarity
Inimitability( ) Non-substitutability
VRIN
VRIN
[3]

96



6.2.3.

DC

DC

6.2.3.1.

2010

1970

1988

2000

Al

2019 6-3 [8]

97

[1] 2000

1/10



20195FE5E LS

23k3,151/6M

BANVARTTFERITUTFNAYYVa—3y»
mEFa A by Ya—-33y
MAA—DVG YY) a—5y
6-3
[8]

98



6.2.3.2.

[°]
N, 80
100
1941
2016 5
729 63
1960
100
1991
3
1993
N N
100
VRIN
1991 6-4
6-4
1981
(1974 ) (1977
) 1974
1977 1995
2001
20 1974
1977

99



ocC DC

6-4 1981
1981
DC
2012 NPQIOW6F Rt
2010 ABFHAE |
2009 ERIRFINERE T
2008 NPHKlm?ﬁl'éiitl
» 2006 RMSIEA  2007)L= /—ICAGT
W44 7% TR 2005 F >/ MANBHIRAT) |
U3 ery -8 2001 KWERBIZITL | | wl
0 2. &k 2000 #E hRIL MHILIE2 TR | B
B 1. SRR R 1998 JU= /—) SAGERI
1996 AT -/ L} _

1995 AWHRA - {AEFHT ] o
1934 J:iﬁ*ﬂzi&i{], = L

i s 1890 -‘%-F_}*'I’Jbbﬁ.lb&ﬁul |
Bt e GRS N amﬁmm -l
1978 Wong's Nemotof# L =l

1977 F 21— w R ¢
ga—ssEE=E

£3B465°66 67 °68°69° 7071 7273 T4 T5 76 77 78 79°80 81 B2 83 84 6565 67 88 '8 %001 '%2'%3 "4 '%5'% 97989900 01 02 08 04 050607 080910 11 12131415

6- 4
[4]

100



6.3.

6.3.1.

6- 3

[10]

6-3

101

[10]




6.3.2.

[11] 500
6-5

(a) mUEB (L{5D)

AP . ERIOMAHMARE,. RELD
Ealir—iar

HR. GHETOF— =V OTE
ATREROREDNS

AXFOL—XHRIATIM:

HazaanE

0.0% 20.0% 40.0%

(b) &mB®E (L8152)
| AARTHT+S |

T=IFATTCDF— 1=V N TE,
Rizma8nT e

ARTR. AP WR(FOCA) N F+H
AP . EREONMBUM, D23 r—1a

UHER
ERMONLUMRELTF+H
0.0% 5.0% 10.0% 15.0%
6-5
(@ , (b)

[11]

102



6- 4

6-4

[12]

39

21

103

[12]



ERLELEXMOERS

=
o o o 0
oo W w =
# W H o0 4 U
VIR O VA S VI
f v @ N g W
y o@no oy 4
R >R o O
4 S w» W oy ®
" & ® I N ®
§© © © o o
¢ S ®» © w o 2 @
- ™ o~ ] - - ws =
E L A l
3
-+
Mm w o W o
LL]

W
Fm .-m
42 ™Y
T O
= I
v %

ENMRKkY WNEE S «KE

GEMREIEER GO M
DEOENCRL RN AR
Caw ‘WL

FERSHLNUY0
TENL
OER O N
NNEY "Wl e
NK+-@ACORN
SEESSEEE
mERE R

OREEFaKR D

| HBELUEFo NS

BENVUEWE

CNBLEN> (NEL ‘N
QwmEUOoVISBLE )

6-6

[12]

6-5

6-5

I N M < W0

[10][12]

104



6.3.3.

6-7

6-6

GPI

X1

a

6-7

GPI

X2

6-6

6-7

LCI

105



6- 6

a 2015 /11 GPI
b 2016 /4 SD GPI
o 2016 /8 b Vi b
d Y1
e 2016 /11 xd (s)
; fs \Y
fs
g 2016 /12 (LCD)
h 2017 /2 fs
i 2018 /10 GPI
j 2019 /7 GIID_ICI
K fs LCI
m 2019 /10
n 2020 /12
6-7 6-6
2015 11
2020 12
X1 SD
SD
GPI 6-7 6-6
a b GPI X1
Y1
c d X1
femto second, fs
e f h X2
X2 Vv
fs

106



LCI
g
LCI
LCI
fs
6-7
SD
n
2020 7 22

SD

i GPI U
U
g fs LCI
g
] g
j GPI T
T
LClI
6-6 k m
2020 12
6-7 6-6
GPI
2021 1 12
6-7 b
X1 GPI e X2

107



6.3.

4,

6-7 6-7
6-7
GPI
GPI
GPI
LCI
6-7
GPI
fs LCI
2016 12
GPI

108




m

GPI
SD
GPI GPI

109

6-7




6.4.

6.4.1.

6.3.3.

110

6-7

6-6




6.4.2.

[13]
MathWorks® MATLAB®(Ver. R2020b) Text Analytics
Toolbox™
6- 8
[13]
2020 9 24 13:30-17:30
Z'T
A
X1 J B (B B )
K
J B 1 30
12

111



6.4.3.

6-9
(GPI)

12
6-9

J B GPI
2015 11 69

X1

X1

SD 57

71

X1

X1

GPI

X1

1 2017

GPI
GPI

X3 X2

fs
2016 11 70

X3 X2

X1

10

X2

11

12

X1

112




6.4.4.

X1

X1

B
A K
2015
IR
SD
SD

113

MEMS



A)

SD

SD

30

114



SD

57

115

71

MEMS



SD

LED

SD

SD

NAND

15

SD

LED
SD
SD
63 64 65
66 67
L
63 64 LED
NAND
4
X1
100
73
73

116

10

MEMS

DRAM

SD

C

72

SD



69

X1

X1

117

Low-k

73



(A)
(B)
(A)
(B)

X3

X3

X3

118

GPI



X3 X1

GPI

GPI

SD
GPI

GPI

119



\Y
B
B
B
A SD
B
9

20

SD

X3

SD

X2 X1

X1

120



10

X3

X2

X2

121

X1

X2



11

X1

122

GPI

X2



X1

12

SD

21

X2

X2

X1

X1

123



21

124



6.4.5.

R2020b)

521

(interviewee)

J B

(interviewer)

5,019
1,028

817

8,873 1,338

8,738

6-9(b)
36 %

6-9(a)

J

Text Analytics Toolbox™

B
B

MathWorks®

125

18,571

MATLAB®(Ver.

[14]

417 3,854
24,515 611
43,086



J B
43086 18571 24515
1028 417 611
8873 3854 5019
1338 521 817
( )| 3229 1330 1899
2018 892 1126
975 439 536
661 297 364
710 263 447
493 262 231
255 117 138
105 71 34
() 114 64 50
() 188 49 139 (:::::::]
100 57 43 B
25 13 12 m m
( )+ )+ )| 3531 (:::::::::ﬁ
(a) (b)
6-9
@ (b)
() 7 7 3,631
3
3 39.8 %
6-10
6-10 50
" ” 5 v om
50

126

8873

23%

c) - )

11S Dn



50

100 L S S B B

90 -

80

R EBE(E]

Y N O R O A A G T s s
10.9

-108

=]
=1}

AR G 4190 B ) 5 ) 2 B DO o
HEE” KApHRERIEHY |TRKES
H ™

u

%) I
T VR
E— S—
|[=———
E
=== )
I=———i=a|
B
E—
[——
=
¥
I
==
.
I
—
=
=
EBEe==
=
[=——+
|
——

i

HEEe I
A I
—
o o o

L

[ 138 [

6- 10

6-10

6.5

6- 10

127




6.4.6.

6-7 6-6
6-11
(b) SD
GPI GPI
GPI
©)
X2
SD
6- 11
(b) SD .
GPI
© o
SD
12
SD
10

128




6.4.7.

SD
TS-LCI
6-12
X1
SD X1
SD
S1
GPI
X1
SD
SD SD
SD
SD SD
SD X1
TS-LCI
TS-LCI
X1
OCT
TS-LCI SD
X1
X1

129

R

SD

SD

X1

X1

SD

X1



6-12

SD

LCI

X1

SD

TS-

6-12

SD

GPI

GPI

130




6.5.

6.5.1.
DC
6.3.3.
6.3.4.
DC
DC
DC
DC
6.5.2.
DC
6-10 DC
6-13 DC
DC
6- 13
P Q DC
DC
6-11 DC
ocC DC DC

131



6-11

OC

6-11

X1

X1

132

OC

X1

X1

OoC DC
X1
DC

OC



(b)

SD

[
¥ ()
SD
() )—lm
| I
— Jdb /——
! 4
(
¥
>
6-11 DC

133

)

)



6.5.3.

DC

[5]

6-12 [15]

134



{27 RBEER

HHpFRAFREETERL. XREEAVTLVEAREMEL.

HR—DEDENEERT LT . CEHEER LEUILEL I HEEHORBIZEFTELTEVWNET,

R GEEEEASREEME 5o TED. S A5 3 AT PR RBOREEL.
BEELOLBICIE, KEHOE H% SBILHYT O~/ ULERBTRO SNTVET,
LALEN S, XOEHEIZAO—BLARBAZNATVER A,
WEERERAENTOAVESERRL, 20 SEENHLOARICEE SV BROTERES LI,
FLLBREDRLREEEAT 32 L S REMOB L FERLTRNET.

— 5T RENAEERRETSILOICLREN ISR LL L RENEREERISQBIBDET,
UHTIN—TRAEEOEACESRROELICERIOAR(CHIGT 3128,
SRRENEES VoLt EECA - REN AR RCPRRERETS LT,
S T

F1o K12 A- B ARSES OBELELTEDET,
HE-ADENDHYB4OASEBCTHAL. BHICLOTERVW EERBDIHH L.
K AN BOERERE (B (S TOHM, =X MPHOB S EHOMREFTIE b1,
[miommost|acomnornn osant aaTes
SRRLOBEHEETHIE LS BROEE.
RBEBRICLEMEFROMBEEBEELTENET.

6- 12
[15]

OC DC OoC ©DC
z 6-14

6-14 OC DC Z

[11[5]
135




ocC DC

6 1 OC
ocC Z
6-14
DC DC
OC
DC
6-14
DC
[5]
ocC DC
6-11 X1 6-11 3 X1
X1 X1
4 J
2015 6-11
J SD
6-11 1
6-14
OC
DC
Z
OoC DC X1 OoC DC

136



6.54. 2

6-11
SD

SD

SD
SD

DC
DC

6-2

SD

6.2.3.2.

6-11

137

6-11



Q)

Q)

GPI

A 3
(B)
(A)
(B)

(B)
X3

X3

X1

138



6-11 ocC

6-11 ocC DC
DC Katila
[16]
DC
6.5.5. 3
DC
6-7 6-6
d g 6-11 d
Y1l
fs LCI
f fs
6-7 6-6 k
6-11 k
fs LCI
TS-LCI

139



6.6.

6.2.

6.3.

2016
11

6.4.

6.5.

DC

X1

DC

6.1.

140

GPI

DC

DC

2016



6

[1] - 72020
pp.65, pp.91 (2020).
[2] C. M. Christensen, M. Raynor, R. McDonald, o

, (2016).
[3] o (2018).
[4] D. J. Teeth( ), , , ( ), “A dynamic capabilities-based
entrepreneurial theory
(2019).

[5] -
, pp-34 (2019).
[6] o (2018).
[7] D. J. Teeth, “The Foundations of enterprise performance: Dynamic and ordinary
capabilities in an (economic) theory of firms” The Academy of Management
Perspectives, Vol. 28, No. 4, 328-352 (2014).

[8] web, ”
https://ir fujifilm.com/ja/investors/value/portfolio.html ( 2020 2 4
).
[°1 ) : , ¢
( 29 )
[10] , Y (2015).
[11] *
(2009).
[12] *
(2010).
[13] K.N. ,Y.S. , , , -«
(2006).
[14] MathWorks®  web, "Text Analytics Toolbox
https://jp.mathworks.com/products/text-analytics.html, ( 2021 7 1 ).

[15] (2020)

[16] R. Katila and G. Ahuja, “Something old, something new: A longitudinal study of search
behavior and new product introduction”, Academy of Management Journal,\Vol.45, No.6,
1183-1194 (2002).

141


https://ir.fujifilm.com/ja/investors/value/portfolio.html
https://jp.mathworks.com/products/text-analytics.html,

142



7.1.

SD SD
SD

SD

(LCI)

6.9 um

SD

SD
SD
SD
LClI
SD
15 MHz
SD

SD

143

200 kHz



TS-LCI

7.2.
1-2
-2
1 2
SD
(TS-LCI)
SD
SD
SD
SD
TS-LCI
15 MHz
6.9 um
TS-LCI DC
SD
DC
SD
SD
SD

144




SD

SD

(TS-LCD SD
TS-LCI

15 MHz 6.9 um
TS-LCI

(DC)
SD

SD

200 kHz

SD
SD

X1

145

SD

TS-LCI

SD

SD

SD

SD



TS-LCI
SD

DC

DC

SD

TS-LCI
SD

146

SD

DC



7.3.

SD

SD
7-1 7-1 6
X1 SD

(@ sD (b)
@

FEOEY

(a)SDEXOHE TS-LCl
EL ik Hrilfo®EL

Fo 2 b

- A

(BIEEBS o 72 g o

SR RE

: - AT
P L Py :
: L —# AT i,
: i ifpdled '
§ % (LR !

7-1
(a)SD , (b)

(a) SD TS-
LCI
2024 2 2022
SD
SD
SD
AD

147



2024 TS-LCI

SD SD TS-
LCI SD
SD
2026 2
SD
[1]
SD
(a)sSD X1
TS-
LCI Y1 SD
(b) TS-LCI SD
TS-LCI
[21[31[4]
[5]
kHz LClI
MHz TS-LCI TS-LCI OCT (Optical
coherence tomography ) OCM(Optical coherence microscopy
) 3D
MHz LCI
TS-LCI [6]
7-2 TS-LCI (@)
(b)
@) (b) 2 [71 TS-LCI

X1

148



[ A RER |

re FiLVESRAORRM

BREES 2 A0MIE- R

AT RO

[7]
7.2 TS-LCI

149



7

[1] - , 2017 SPR.(2017).

[2] F. Dorsch, W. Dubitzky, J.P. Hermani, A. Hromadka, T. Hesse, T. Notheis, M. Stambke,
“Controlling laser processing via optical coherence tomography”, Proceedings of SPIE
109110G (2019).

[3] N. D. Dupriez, C. Truckenbrodt, “OCT for efficient high quality laser welding”, Laser
Tecknik Journal, pp37-41(2016).

[4] , ) , "

, 49 , 4 (2021).

[5] G. Lamouche, S. Roy, B. Gauthier, “SS-OCT for automated composite manufacturing
quality control”, Conference on SPIE. Optical Metrology, Nondestructive testing and
fault detection, Session16 (2019).

[6] J. P. Kolb, W. Draxinger, J. Klee, T. Pfeiffer, M. Eibl, T. Klein, W. Wieser, R. Huber
“Live video rate volumetric OCT imaging of the retina with multi-MHz A-scan rates”,
Plant Phenomics and Precision Agriculture (2019).

[71 (2020)

150



Low-coherence interferometer with 10MHz repetition rate and compensation of
nonlinear chromatic dispersion

M. Hoshikawa, K. Ishii, T. Makino, T. Hashimoto, H. Furukawa, N. Wada

Optical Review (2020) 27, p.246-251

2020 2 14

2018 12 5

Highly-repetitive low-coherence interferometry suitable for use in smart
factories
OPIC2019 I0T-SNAP
2019 4 24

Highly repetitive low-coherence interferometry with time-stretch technique

’ 3 ) ) 3

SPIE Optical Metrology
2019 6 17






2021 CovVID-19








