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Water Barrier, Water Gate and Water Dam Analogy

(3)P+PNPP+ Junction type Solar Cell
(1) N+P-P+ Junction type Solar Cell
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= 1.The absorption depth is given by the inverse of
e the absorption coefficient, and describes how
deeply light penetrates into a semiconductor
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v 4 2 Higher energy light is of a shorter wavelength
and has a shorter absorption depth than lower
energy light, which is not as readily absorbed,
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For Silicon and a-Silicon
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absorption depth (cm)
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1.The absorption depth is given by the inverse of
the absorption coefficient, and describes how
deeply light penetrates into a semiconductor
before being absorbed.

2.Higher energy light is of a shorter wavelength
and has a shorter absorption depth than lower
energy light, which is not as readily absorbed,
and has a greater absorption depth.
3.Absorption depth affects aspects of solar cell
design, such as the thickness of the
semiconductor material.
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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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P+P-N-P-P+ Double Junction Pinned Photodiode Type Solar Cell
defined in JPA2020-131313 (JP6810828) by Yoshiaki Hagiwara
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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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JPA2020-131313 (JP6828108) filed on Aug 1, 2020 =
by Yoshiaki Daimon Hagiwara, AIPS.

Japanese Patent Application JPA2020-131313
(@) N+N-P-P+> v I LVESBKBGERDIHE.
HAOEE Vout=0DFE. Bk
ELH (BZE) EElEsKE R 3H,
HHh/x7— Power =(lout) Voubt) iz ATH 3, =

(b) N+N-P-P+< v ZIViEAR KBTS HDIES. L
BT —HABOEEHD Vout ~ - EG/2 DIESE A
KEBLTE (ESE) EEHFES L. [EFAEREANPES
REEE HHBEEICLH L& LB TRDRIDLT 2 (D)

(c) P+P-N-N-P-P+& 7 iEE R KEEHBDIFA.
BRRAKHEAEE Vout~ -EG/2 DEBEATHLEDL
KEZH (EZRE) EFE2EULETHDE, S HIC
ZHREDP+PEEARICEBI NN TPERLEMT 5,
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Chronology of Silicon based Image Sensor Development
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Numerical Analysis of Double Junction Pinned Photodiode type Solar Cell
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double Dsub=1000,NV=100000000;
double DNNS=6000, XNN=0.3,RNN=0.3; NP Single Junction Solar Cell
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double Dsub=1000,NV=100000000;
double DPPS=30000,XPP=0.0,RPP=0.1;

double DNNS=6000, XNN=0.3,RNN=0.3; .
PNP Double Junction Solar Cell

XM=X[218]=0.437723 DM=D[218]=3859.855281 VM=YY[218]=0.454669

I1=18 1IM=218 I2=629 XN1=0.1l45573 XM=0.437723 XN2=1.261063
D1=-24226.918413 DM=3859.855281 D2=-999.734498

V1=0.897200 VM=0.454669 V2=0.815311
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double Dsub=1000,NVv=100000000;
N I S A s oM IS PNP Double Junction Solar Cell

XM=X[218]=0.437723 DM=D[218]=3859.855281 VM=YY[218]=0.454669

I1l=18 1IM=218 I2=629 XN1=0.145573 XM=0.437723 XN2=1.261063
D1=-24226.918413 DM=3859.855281 D2=-999.7384498

V1=0.897200 VM=0.454669 V2=0.815311
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JPA2020-131313 (JP6828108) filed on Aug 1, 2020
by Yoshiaki Daimon Hagiwara, AIPS.

Japanese Patent Application JPA2020-131313
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(c)

Chronology of Silicon based Image Sensor Development



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

V1,V2,V3,V4, V5 V6, VIDIEFH TR TEIKE(Floating) i V) BEAMEAI ST B FUHEHNEIELT S,

Vout<V1<V2< V3<V4< V5<V6< V7<0
Multi Junction
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See JPA2020-131313 (JP6818208)
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(a) Floating-Surface P-I-N Single Junction type Solar Cell

(c) Pinned- Surface P+PNPP+ Double Junctlon Pinned Photodlode 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 NP Single JliII‘ICStiOI‘I Solar Cell TR rT=———

5 - 16 _
~Vosb Choose Dp=10 cm and Dn =10 cm 3;

VBN= kT In(DN+/Dn);

- Vout<0 i W
S| N et e - VBP=kT In(Dp+/Dp);
q T ! EG=1.1v; kT=0.0256 v ;

€5 =648 /(v um);

@NPiE& /YT BE VB = (DnWA + DpWp)/(2&si ) ;

W=Wn+Wp ; DnWn=DpWp ;

'out< 0

PNP Double Junction type Solar Cell
defined in JPA1975-131313 y

~Vosrk

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

/
Wn _ 8Si EG [
Dn(1+DA/Dp) 7

Choose Dp=1000 ,um-3 and Dn = 10000 ,um:3
then we have Wn = 0.027 um and Wp = 0.266 um ;
" TVBN The total depletion width W = Wn +Wp = 0.293 um;
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art Al Robot Vision Image Sensor also works as Solar Cell.pdf
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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
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