
鉄腕アトムは半導体部品で構成され創られています。
鉄腕アトムの賢い電子の目は太陽の光を吸収して
光エネルギーを電気エネルギーに変換します。
鉄腕アトムの賢い電子の目は太陽電池でもあります。
賢い電子の目は半導体で造られます。
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逆バイアス状態のPN接合ダイオードの動作原理
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順バイアス状態のPN接合ダイオードの動作原理
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NPN 接合型 Bipolar Transistor とは？
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https://en.wikipedia.org/wiki/Herbert_Kroemer

もとSonyの江崎玲於奈はP+N+ 接合ダイオードのトンネル現象の理論解析でノーベル賞を授賞した。

https://202011282002569657330.onamaeweb.jp/AIPS_Library/IEEE_Electron_Devices_Society_Newsletter_January_2023_on_Chronology_of_Silicon_based_Image_Sensor_Development_by_Yoshjiaki_Daimon_Hagiwara_PWD_324_254_329_643_890.pdf
https://en.wikipedia.org/wiki/Herbert_Kroemer
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CMOS  Transistor とは？
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CMOS  Transistor とは？
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~250μm

Hetero-junction with Intrinsic Thin-layer Solar Cell
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研究レベル 22.8 %
量産レベル 19.7 %

2009年9月現在 三洋電機
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P+P-N-P-P+ Double Junction Pinned Photodiode Type Solar Cell
defined in JPA2020-131313 (JP6810828) by Yoshiaki Hagiwara
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(a) N+N-P-P+シングル接合型太陽電池の場合、
出力電圧 Vout = 0 の場合、有効な

光電変換（空乏層）領域は最大となるが、
出力パワー Power =(Iout)(Vout)はゼロである。

(b) N+N-P-P+シングル接合型太陽電池の場合、
最大パワー出力時の電圧が Vout ~  - EG/2 の場合有効な
光電変換（空乏層）領域が減少し、順方向電流がN+P接合
表面積と出力電圧に比例し急増し光電変換効率が劣化する。

(c) P+P-N-N-P-P+ダブル接合型太陽電池の場合、
最大出力電圧 Vout ~  - EG/2 の場合でも有効な
光電変換（空乏層）領域は２倍以上である。さらに
受光表面のP＋P濃度勾配によるバリア電界も貢献する。
VB =kT ln(P+/P-)も有効光電変換に寄与、出力端子の
N+P接合面積に比例する順方向電流も非常に小さい。

ダブル接合Pinned Photodiode 型太陽電池

JPA2020-131313 (JP6828108) filed on Aug 1, 2020
by Yoshiaki Daimon Hagiwara, AIPS.

Chronology_of_Silicon_based_Image_Sensor_Development

http://www.aiplab.com/

Japanese Patent Application JPA2020-131313

https://202011282002569657330.onamaeweb.jp/AIPS_Library/IEEE_Electron_Devices_Society_Newsletter_January_2023_on_Chronology_of_Silicon_based_Image_Sensor_Development_by_Yoshjiaki_Daimon_Hagiwara_PWD_324_254_329_643_890.pdf
http://www.aiplab.com/
https://202011282002569657330.onamaeweb.jp/AIPS_Library/JP2020_131313_on_Doubel_Junction_Pinned_Photodiode_Solar_Cell.pdf


従来のN+NPP+接合型太陽電池は、受光表面積に比例した順方向大電流 IF が流れて変換効率の損失を招く。

従来のN+NPP+接合型太陽電池では、受光表のN+層の電位がFLATでFloating状態にあり電界が存在しない。



従来のN+NPP+接合型太陽電池は、広いN+N領域 AN+に比例した順方向大電流 IF が流れて変換効率の損失を招く。

Isc = Iout + IF

Iout = Vout / RLoad

IF = AN+ exp( Vout/kT)

Isc = Asc Jsc

Asc ~ AN+

従来のN+NPP+シングル接合型太陽電池

e-

Isc

IF

Iout

Iout

Isc

N+

P

P+

N+ Isc

N+NPP+シングル接合型Solar Cellの順方向電流 IF

従来のN+NPP+シングル接合型太陽電池も、広い受光表面積Ascに比例して光電流出力 Isc を得るが再結合も大きい。 
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ダブル接合Pinned Photodiode 型太陽電池
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P+PN-PP+ダブル接合Pinned Photodiode型太陽電池も、広い受光表面積 Asc に比例して光大電流出力 Isc を得る。
  一方、出力電流 Iout が流れ出る N+N-PP+領域の表面積 AN+は小さく、それに比例する順方向大電流 IFも小さい。
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(a) Floating-Surface P-I-N Single Junction type Solar Cell

SiO2 N+ I P+ AL

(b) Floating-Surface PN Single Junction type Solar Cell

SiO2

(c) Pinned-Surface P+PNPP+ Double Junction Pinned Photodiode type Solar Cell

P+ P P+ ALNP



●Comventioan NP Single Junction Photodiode type Solar Cell
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●P+PNPP+ Double Junction Pinned Photodiode type Solar Cell
JPA2020-131313  by Yoshiaki Hagiwara
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NP Single Junction type Solar Cell

PNP Double Junction type Solar Cell

defined in JPA1975-131313
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Basic Three Components of Intelligent Image Sensor
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(1) A classical MOS image sensor has  a single junction type Photodiode with the N+ Floating Surface Diffusion.
It has a long floating diffusion output read-out data line as the charge transfer device (CTD). 

History_of_Invention_and_Development_of_Pinned_Photodiode
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(2) Peter Noble proposed in 1968 to use an in-pixel source amplifier circuit for each picture element.

History_of_Invention_and_Development_of_Pinned_Photodiode

005

Yoshiaki Hagiwara



Gilbert F. Amelio, USP3931674, "Self Aligned CCD Elementincluding Two Levels Electrodes..." 

(3) Boyle and Smith in 1970 proposed the concept of charge couple device (CCD).

History_of_Invention_and_Development_of_Pinned_Photodiode
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Hughes Aircraft

History_of_Invention_and_Development_of_Pinned_Photodiode

Gilbert F. Amelio, USP3931674, Jan 13, 1976,
"Self Aligned CCD Elementincluding Two Levels Electrodes..." 

Gilbert F. Amelio, 1976D.M.Erb, 1973
Amelio Process

Sony Process

D. M. Erb, W. Kotcyczka, S. C. Su, C. Wang, and G. Clough, 
“An Overlapped Electrode Buried Channel CCD”  IEDM1973, Dec 3-5 (1973)  

(4) Hughes Aircraft Company reported at IEDM1973  the Overlapped Electrode Structure 
to enhance the charge transfer efficiency of Buried Channel CCD in 1973.

Sony CCD process is very similar to the Overlapped Electrode Structure reported at IEDM1973
Sony process used self-aligned ion implantation before the oxidation of the first electrode. 
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(4a)

James M. Early , “Charge Coupled Device with Overflow Drain Protection”, USP3896485, July 22, 1975. 

(5) James M. Early on July 22 in 1975 proposed the concept of in-pixel vertical overflow drain (VOD).

History_of_Invention_and_Development_of_Pinned_Photodiode
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(5)

, October 23, 1975. 

History_of_Invention_and_Development_of_Pinned_Photodiode

(6) Yoshiaki Hagiwara on October 23 in 1975 proposed the concept of the triple junction type 
Pinned Photodiode with back light illumination mode with the in-pixel CCD/MOS type dynamic 
capacitor buffer memory for Global Shutter Operation needed critically for CMOS image sensors.
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(5)

, October 23, 1975. 

History_of_Invention_and_Development_of_Pinned_Photodiode

(7) Yoshiaki Hagiwara on October 23 in 1975 proposed the concept of the double junction type 
Pinned Photodiode with back light illumination mode with the in-pixel CCD/MOS type dynamic 
capacitor buffer memory for Global Shutter Operation needed critically for CMOS image sensors.
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(8) Yoshiaki Hagiwara on November 10 in 1975 proposed the concept of the double junction type 
Pinned Photodiode with the front-side built-in vertical overflow protection capability 

Yoshiaki Hagiwara, Japanese Patent N. 1215101 ( Japanese Patent Application JPA1975-134985) 

History_of_Invention_and_Development_of_Pinned_Photodiode
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(9) Yoshiaki Hagiwara on November 10 in 1975 proposed the concept of the triple junction type 
Pinned Photodiode with the back-side built-in vertical overflow protection capability.

Yoshiaki Hagiwara, Japanese Patent No. 1215101 ( Japanese Patent Application JPA1975-134985) 

History_of_Invention_and_Development_of_Pinned_Photodiode
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N+

(10) Koike and Takemoto used P+NP Pinned Photodiode for MOS image sensor with 
overflow protection scheme by draining the excess signal charge thru the charge transfer 
gate (CTG) to the output diffusion data lines during the photo signal  integration time.

Koike and Takemoto, Japanese Patent Application JPA1977-837, Jan 10, 1977 
on P+NP Pinned Photodiode with Overflow Protection Scheme.

History_of_Invention_and_Development_of_Pinned_Photodiode
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(5)(11) Yamada at Toshiba proposed in 1988 the NPN double junction type Photodiode with the  
floating surface N diffusion storage region with the vertical overflow protection. 

T. Yamada, Japanese Patent Application JP1978-1971 
on NPN double junction type photodiode 
with overflow protection, filed  on Jan 13, 1978

History_of_Invention_and_Development_of_Pinned_Photodiode
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(5)(12) Sony developed in 1978 the P+NP double junction type Pinned Photodiode with the complete 
charge transfer capability to realize the excellent feature of no image lag for fast action pictures.

History_of_Invention_and_Development_of_Pinned_Photodiode

The pinned surface P+ hole accumulation region was formed by self-aligned ion implantation. 
Total dark current was measured to be less than 5 nA/cm .  And the dark current level was less
than 3 % of the maximum signal level at room temperature of 20 ℃. Very low surface dark 
current was observed since there is no electric field in the Pinned P+ surface region, 

Yoshiaki Hagiwara, Motoaki Abe and Chikara Okada, “A 380H x 488V CCD Imager with Narrow Channel Transfer Gates”. 
Proceeding of the 10th Conference on Solid State Devices, Tokyo 1978; 
Japanese Journal of Applied Physics, Volume 18(1979) Supplement 18-1, pp. 335-340.

2
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(13) Sony developed the CCD/MOS dynamic photo capacitor type photon detecting device and 
the CCD  type Charge Transfer Device (CTD) for an interline CCD image sensor in 1980  
with the complete charge transfer of no image lag feature for fast action pictures.

History_of_Invention_and_Development_of_Pinned_Photodiode
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(5)
(14) Sony used the P+NP double junction type Pinned Photodiode for 380H x 488V in 1978 and

570H x488V one chip color FT CCD Image Sensors in 1980. 

History_of_Invention_and_Development_of_Pinned_Photodiode

I. Kajino, M. Shimada, Y. Nakada, Y. Hirata and Y. Hagiwara,” 
Single Chip Color Camera Using Narrow channel CCD Imager with Over Flow Drain”, 
Technical Report of The Institute of Image Information and Television Engineers, 
vol. 5, no. 29, pp. 32-3S, (1981).        

Yoshiaki Hagiwara, Motoaki Abe and Chikara Okada, “A 380H x 488V CCD Imager with Narrow Channel Transfer Gates”. 
Proceeding of the 10th Conference on Solid State Devices, Tokyo 1978; 
Japanese Journal of Applied Physics, Volume 18(1979) Supplement 18-1, pp. 335-340.

017

Yoshiaki Hagiwara



(15) NEC used Buried Photodiode for the  ILT CCD image sensor for the first time in the world. 
However, the P+NP double junction type Buried Photodiode did not have any adjacent P+ 
channel stops region. The NEC IEDM1982 reported  the details  of the serious  image lag  
problems. This is NOT Pinned Photodiode. The buried N storage region of this Buried 

Photodiode is floating since the surface P+ is not pinned. There is a large RC delay constant 
and the  long P+ surface diffusion stripe would be  floating. 

History_of_Invention_and_Development_of_Pinned_Photodiode

The surface P+ is not pinned.

N. Teranishi, Y. Ishihara and H. Shiraki, Japanese Patent Application JPA1980-138026.
N. Teranishi, A. Kohono, Y. Ishihara, E. Oda, and K. Arai, 
“No image lag photodiode structure in in the interline CCD image sensor”, 
1982 International Electron Devices Meeting (IEDM1982) 
Digest of Technical Papers, pp. 324-327, (1982).
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B. C. Burkey, W. C. Chang, J. Littlehale, T. H. Lee, T. J. Tredwell, J. P. Lavine, E. A. Trbk, 
“The Pinned Photodiode for an Interline-transfer CCD Image Sensor”, 
IEDM1984, Digest of Technical Papers, paper (2.3), (1984).

(16) KODAK developed in 1984 the P+NP double junction type Pinned Photodiode, which has 
the adjacent P+  channel stops under the LOCOS region. Consequently, the buried N storage
region has the pinned empty potential well when the signal charge is completely drained.

History_of_Invention_and_Development_of_Pinned_Photodiode

Yoshiaki Hagiwara invented Pinned Photodiode In 1975.
Sony used Pinned Photodiode for the  FT CCD image sensor for the first time in the world in 1978.
NEC used Buried Photodiode for the  ILT CCD image sensor for the first time in the world in 1982.
Kodak used Pinned Photodiode for the  ILT CCD image sensor for the first time in the world in 1984.
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(5)(17) Sony developed in 1987 the P+NPN triple junction type Pinned Photodiode with the pinned
surface P+ hole accumulation region formed by high energy ion implantation without LOCOS 
with the overflow protection and the electrical shutter function for fast action pictures.

History_of_Invention_and_Development_of_Pinned_Photodiode
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(5)(18) NHK developed in 1987 the active in-pixel current amplifier circuit used in MOS image sensor.

History_of_Invention_and_Development_of_Pinned_Photodiode

Peter Noble,  1968 Ando Team at NHK, 1987The first active pixel 3T1C large scale 

MOS image sensor of Vdd word line type 

was developed in 1987 by Ando team at 

NHK and was called as Amplified MOS

Intelligent Imager  (AMI) while Peter 

Noble proposed the VGG word line type 

Active Pixel MOS image sensor in 1968.
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, October 23, 1975. 

History_of_Invention_and_Development_of_Pinned_Photodiode

(19) Hagiwara proposed Multi-chip 3D  CMOS Image Sensor for Flash Image Acquisitions in 2019
using the original P+PNP double junction Pinned Photodiode invented in 1975 by Hagiwara.
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History_of_Invention_and_Development_of_Pinned_Photodiode

(20) An example of 1C6T type active pixel with the double source follower current amplifier circuits 

with Global Shutter function which is suitable to be used for the multi-chip 3D integration.
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Comparator
1st Chip

Dout[1]

Comparator
2nd Chip 

Comparator
Nth Chip

Dout[2] Dout[N]

N

Counter,
DAC and 

Control chip

, October 23, 1975. 

(21) Sony proposed Multi-chip 3D  CMOS Image Sensor for Flash Image Acquisitions in 2019. 
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(13) Difference of Buried Photodiode and Pinned Photodiode.

Buried Photodiode is not always Pinned Photodiode. 

But Pinned Photodiode is always Buried Photodiode.

photodiodes.

(22) Difference of Buried Photodiode and Pinned Photodiode.

     Buried Photodiode is not always Pinned Photodiode. 
     But Pinned Photodiode is always Buried Photodiode.
     Pinned Photodiode does not have the serioous image lag problem.
     But Buried Photodiode may have the seriour image lag problem.

Buried Photodiode and Pinned Photodiode are the double junction dynamic photodiodes.

History_of_Invention_and_Development_of_Pinned_Photodiode
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(13) Difference of Buried Photodiode and Pinned Photodiode.

Buried Photodiode is not always Pinned Photodiode. 

But Pinned Photodiode is always Buried Photodiode.

photodiodes.

(23) Difference of Buried Photodiode and Pinned Photodiode.

     

History_of_Invention_and_Development_of_Pinned_Photodiode
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(13) Difference of Buried Photodiode and Pinned Photodiode.

Buried Photodiode is not always Pinned Photodiode. 

But Pinned Photodiode is always Buried Photodiode.

photodiodes.

(24) Difference of Buried Photodiode and Pinned Photodiode.

     

History_of_Invention_and_Development_of_Pinned_Photodiode
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(13) Difference of Buried Photodiode and Pinned Photodiode.

Buried Photodiode is not always Pinned Photodiode. 

But Pinned Photodiode is always Buried Photodiode.

photodiodes.

(25) Four Types of Basic Photo Sensor Structures
     

History_of_Invention_and_Development_of_Pinned_Photodiode
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History_of_Invention_and_Development_of_Pinned_Photodiode

Hagiwara studied the quantum 
theory of hydrogen atom, and
the theory of semiconductor

device physics of crystal 
band thery, single junction

PN diode and double junction 
PNP bipolar transitor.

After studying the quantum theory of hydrogen  
atom, Hagiwara learned for the first time the 
physics of semiconductor devices, including
the crystal band thery of the single junction 
type PN diode and the double junction type 
PNP bipolar transistor at the 2nd year in college.
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History_of_Invention_and_Development_of_Pinned_Photodiode

Hagiwara studied the quantum 
theory of hydrogen atom, and
the theory of semiconductor

device physics of crystal 
band thery, single junction

PN diode and double junction 
PNP bipolar transitor.

Yoshiaki Hagiwara, 
Japanese Patent No. 1215101 

( Japanese Patent Application JPA1975-134985) 

Yoshiaki Hagiwara, Motoaki Abe and Chikara Okada, 
“A 380H x 488V CCD Imager with Narrow Channel 
Transfer Gates”. Proceeding of the 10th Conference 
on Solid State Devices (SSDM1978), Tokyo 1978; 
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Yoshiaki Daimon Hagiwara

Born on July 4, 1948 in Kyoto Japan.
Moved to USA for study at Reiverside, California in 1965. 
Studied at Caltech in Pasadena California and graduated

with the degrees of BS1971,MS1972 and PhD1975.
Worked for Sony Tokyo Japan from Feb 1975 till July 2008.

Worked as a prodessor at Sojo University in Kumamoto, 
Japan from 2009 till 2017.

Currently serving as the chair of the educatinal committee
at Society of Semiconductor Industry Specialists (SSIS.or.jp).

History_of_Invention_and_Development_of_Pinned_Photodiode
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EC EC

This  Buried Channel CCD Potential Profile  was reported
in my PhD thesis paper presentation at ISSCC1974.



Buried Channel CCD  Analog Delay Line PG

Pinned 
Buried

Photodiode

TG OG

Psub

NP+ P+N+ N+

Vout

Pinned Potential Level (VP)

always fixed and constant
VP ~ - EG/2  eV

To suppress the surface-trap-state induced 1/f noise,
Sony(Hagiwara) used in 1987 the depletion-type

Buried-Channel type TG, OG and OG MOS Transistors.
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EC EC

VP 



EG
VP

EG =1.1 eV ( VP~EG/2=0.55 eV)

Si+

Light Load

EG

Valence Band for Holes (Si+)

Conduction Band for Electrons (e-)

In 1978  Sony(Hagiwara) measured the light sensitivity of Pinned Photodiode using a FT  CCD image sensor 
as an ideal test element for measurements and reported the result at  the SSDM1978 conference in Tokyo.

e-











SiO2 N+ N P P+ AL

(a) Floating-Surface P-I-N Single Junction type Solar Cell

SiO2 N+ I P+ AL

(b) Floating-Surface PN Single Junction type Solar Cell

SiO2

(c) Pinned-Surface P+PNPP+ Double Junction Pinned Photodiode type Solar Cell

P+ P P+ ALNP



●Comventioan NP Single Junction Photodiode type Solar Cell

SiO2 P P+ ALN
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●P+PNPP+ Double Junction Pinned Photodiode type Solar Cell
JPA2020-131313  by Yoshiaki Hagiwara
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NP Single Junction type Solar Cell

PNP Double Junction type Solar Cell

defined in JPA1975-131313

W

W

WS

WS

W

?

( Xj – Wd ) = ?



NP Single Junction type Solar Cell
●Start with a P type wafer of an impurity atom doping density of Dp while the surface N region of Dn.

ALP+PsubNN+SiO2

Load

- Vout<0
e-

Light

W

Wn Wp

●NP junction Barrier VB = ( DnWn +  DpWp )/( 2  )
2 2

ε  ;Si

Xs

Vout = EG – VB –VBP-VBN ;

VBN= kT ln(DN+/Dn);

EG=1.1 v ; kT=0.0256 v ;

εSi = 648 /(v・μm);
e- Xj

VBP=kT ln(Dp+/Dp);

W = Wn＋Wp ；  DnWn = DpWp ;

Let the NP junction depth to be Xj.  Let the depletion region width in the surface N region side to be Wn. 

while the the depletion region width in the P substrate side to be  Wp. The total depletion width W is give as 

Choose  Dp=10  cm    and Dn = 10  cm  ;
-3 -315 16



NP Single Junction Solar Cell

Choose  Dn so that we have  2 VB ~ EG ; 

Choose  Dp=10  cm    and Dn = 10  cm  ;
-3 -315 16



NP Single Junction Solar Cell

Choose  Dp=1000 μm and Dn = 10000 μm, 
-3 -3

then we have Wn = 0.027 μm and Wp = 0.266 μm ;

The total depletion width W = Wn +Wp = 0.293 μm ;      

Choose  Dp=10  cm    and Dn = 10  cm  ;
-3 -315 16



NP Single Junction Solar Cell

Choose  Dp=1000 μm and Dn = 10000 μm, 
-3 -3

then we have Wn = 0.027 μm and Wp = 0.266 μm ;

The total depletion width W = Wn +Wp = 0.293 μm ;      

Choose  Dp=10  cm    and Dn = 10  cm  ;
-3 -315 16



NP Single Junction Solar Cell

0.3 μm?

Choose  Dp=1000 μm and Dn = 10000 μm, 
-3 -3

then we have Wn = 0.027 μm and Wp = 0.266 μm ;

The total depletion width W = Wn +Wp = 0.293 μm ;      

Choose  Dp=10  cm    and Dn = 10  cm  ;
-3 -315 16



SiO2 N+ N P P+ AL

(a) Floating-Surface P-I-N Single Junction type Solar Cell

SiO2 N+ I P+ AL

(b) Floating-Surface PN Single Junction type Solar Cell

SiO2

(c) Pinned-Surface P+PNPP+ Double Junction Pinned Photodiode type Solar Cell

P+ P P+ ALNP



NP Single Junction type Solar Cell
●Start with a P type wafer of an impurity atom doping density of Dp while the surface N region of Dn.

ALP+PsubNN+SiO2

Load

- Vout<0
e-

Light

W

Wn WpXs
e- Xj

W = Wn＋Wp ；  DnWn = DpWp ;

Let the NP junction depth to be Xj.  Let the depletion region width in the surface N region side to be Wn. 

while the the depletion region width in the P substrate side to be  Wp. The total depletion width W is give as 



VB=DnWn ( 1 + Wp /Wn ) = DnWn ( 1 + Dn/Dp ) ;
2 2 2 2 2 2

Wn =
VB

Dn ( 1 + Dn/Dp )
2 2 ;

2 VB ~ EG
Vout



Vout

VB=DnWn ( 1 + Wp /Wn ) = DnWn ( 1 + Dn/Dp ) ;
2 2 2 2 2 2

Wn =
EG

Dn ( 1 + Dn/Dp )
2 2 ;

2 VB ~ EG



Conventional Single Junction type Solar Cell
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Pinned Photodiode type Solar Cell defined in JPA2020-131313
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SiO2 N+ N P P+ AL

(a) Floating-Surface P-I-N Single Junction type Solar Cell

SiO2 N+ I P+ AL

(b) Floating-Surface PN Single Junction type Solar Cell

SiO2

(c) Pinned-Surface P+PNPP+ Double Junction Pinned Photodiode type Solar Cell

P+ P P+ ALNP



















鉄腕アトムは半導体部品で構成され創られています。
鉄腕アトムの賢い電子の目は太陽の光を吸収して
光エネルギーを電気エネルギーに変換します。
鉄腕アトムの賢い電子の目は太陽電池でもあります。
賢い電子の目は半導体で造られます。

半導体とは？

http://www.aiplab.com

https://locomtec.jp/萩原aips研究所

2024_02_01_半導体とは？萩原良昭.pdf

2024_02_01_半導体とは？萩原良昭.mp4 

Smart_AI_Robot_Vision_Image_Sensor_also_works_as_Solar_Cell.pdf

http://www.aiplab.com/
https://locomtec.jp/萩原aips研究所
https://202011282002569657330.onamaeweb.jp/AIPS_Library/2024_02_01_半導体とは？萩原良昭.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/2024_02_01_半導体とは？萩原良昭.mp4
https://202011282002569657330.onamaeweb.jp/AIPS_Library/2024_02_03_Smart_AI_Robot_Vision_Image_Sensor_also_works_as_Solar_Cell_Yoshiaki_Hagiwara.pdf

	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 29
	スライド 30
	スライド 31
	スライド 32
	スライド 33
	スライド 34
	スライド 35
	スライド 36
	スライド 37
	スライド 38
	スライド 39
	スライド 40
	スライド 41
	スライド 42
	スライド 43
	スライド 44
	スライド 45
	スライド 46
	スライド 47
	スライド 48
	スライド 49
	スライド 50
	スライド 51
	スライド 52
	スライド 53
	スライド 54
	スライド 55
	スライド 56
	スライド 57
	スライド 58
	スライド 59
	スライド 60
	スライド 61
	スライド 62
	スライド 63
	スライド 64
	スライド 65
	スライド 66
	スライド 67
	スライド 68
	スライド 69
	スライド 70
	スライド 71
	スライド 72
	スライド 73
	スライド 74
	スライド 75
	スライド 76
	スライド 77
	スライド 78
	スライド 79
	スライド 80
	スライド 81
	スライド 82
	スライド 83
	スライド 84
	スライド 85
	スライド 86
	スライド 87
	スライド 88
	スライド 89
	スライド 90
	スライド 91
	スライド 92
	スライド 93
	スライド 94
	スライド 95
	スライド 96
	スライド 97
	スライド 98
	スライド 99
	スライド 100
	スライド 101
	スライド 102
	スライド 103
	スライド 104
	スライド 105
	スライド 106
	スライド 107

