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pm (picometer) = 10     meter ;
2

˹˂˹ 2.4263 x 10      mˀ

-12

Joule˹ (Kg)(m/sec)   ;

-12

Atoms are between 62 and 520 pm in diameter. 
  A helium atom has about 62 pm in diameter.
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Sony Bipolar Transistor type Double Junction Solar Cell

          for Future AI Robot Vision Chip Applications
Yoshiaki Daimon Hagiwara

    Sojo University, Kumamoto - city Japana

ñSonyBipolar  Transistor type Double Junction Solar Cell

                  for Future AI Robot Vision Chip Applicationsò                                             

Yoshiaki Daimon Hagiwara, 
Sojo University, Kumamoto-city, Japan

ABSTRACT

Key steps of development of silicon - based image sensors are reviews and

explained chronologically. And different aspects of the image sensor

chip design are discussed. Historical Sony Bipolar Transistor and

Image Sensor Technology and Chip Design Efforts are explained in details,

that gave a strong hint and motivation for the author's new challenge

on the Sony P+PNPP+ Double Junction type Photodiode for Solar Cells.
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σε ΰπVout = 0.5 volt 
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χ  Vout ˻ 0.5volt

N PN+ P+

Vout
VBN

VB

VBP

EGEG

{ VB= EG-VBN-VBP-Vout > 0 ; }  gives  { ( EG-VBN-VBP ) > Vout  ; }

Vout = 0 ;

EG=VB+VBN+VBP;
( EG-VBN-VBP ) ̇ 0.5 volt ; 

EG = 1.11 volt ;  VBN= (kT) ln (DNN/DN);  VBP=(kT) ln( DPP/DP); 
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This is the first original PNP Pinned Photodiode developed
     in 1978  with the excellent short-wave blue light sensitivity.

Hagiwara at Sony  invented and formed the adjacent P+ channel 
     stops to pin the P+ surface, using high-energy ion-implantation.

This PNP double junction Pinned Photodiode structure can
  be used for a solar cell with a very high quantum efficiency.
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“ ꜠χם▄

˹ ˀ
͠

ͩ

ͭ

ͮ

͍ ͍

͐ ͎

(Aij )(Yj ) =  (Xi) ;
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˹ ˀ
͠

ͩ

ͭ

ͮ

͍ ͍

͐ ͎
˹ ˀ

ͭ

ͮ

-͍ 1/2

2 -1/2

͠

ͩ

(Bij )(Xj ) =  (Yi) ;(Aij )(Yj ) =  (Xi) ;
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= (Aij) ;  

= (Bij) ;

= (1ij) ; (Aij) (Bij) =
  

=

1.01    νϥΤϛ▄ϬᵔΨϬ◦Πϥṁ ᶘ

K_rfck_rgaq]_lb]Nfwqgaq]md]Qckgamlbsarmp]Bctgacq]`w]Wmqfg_ig]F_egu_p_]?GNQ,nbd

χ › ˢBOXx Ϝ ρΰοӌΞάρΥπΦϥʻ

https://202011282002569657330.onamaeweb.jp/AIPS_Library/Mathematics_and_Physics_of_Semiconductor_Devices_by_Yoshiaki_Hagiwara_AIPS.pdf


aX+ bY˹ e
cX+ dY˹ f

(Aij ) = a b
c d

(Xi) = 
e
f

(Yi) = 
X
Y

D =  det a
c d

b =  a x d ς b x c  ;                    

(Bij) =  
d/D

-c/D a/D

-b/D
(Aij) (Bij) =                                          = (1ij)a b

c d

;;;

(1ij) = ;

; ;

(Bij) (Aij) = (Aij) (Bij) = (1ij) ;

;
;

(Aij )(Yj ) =  (Xi) ;
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aX+ bY˹ e
cX+ dY˹ f

(Aij ) = a b
c d

(Xi) = 
e
f

(Yi) = 
X
Y

D =  det a
c d

b =  a x d ς b x c  ;                    

(Bij) =  
d/D

-c/D a/D

-b/D
(Bij) (Aij) =                                          = (1ij)

;;;

(1ij) = ;

; ;

(Bij) (Aij) = (Aij) (Bij) = (1ij) ;

;
;

(Aij )(Yj ) =  (Xi) ;

a b
c d
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aX+ bY˹ e
cX+ dY˹ f

(Aij ) = a b
c d

(Xi) = 
e
f

(Yi) = 
X
Y

D =  det a
c d

b =  a x d ς b x c  ;                    

;;;

(1ij) = ;

(Bij) (Aij) = (Aij) (Bij) = (1ij) ;

;
;

(Aij )(Yj ) =  (Xi) ;

(Bij) =  
d/D

-c/D a/D

-b/D
;
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D =  det a
c d

b =  a x d ς b x c  ;                    (1ij) = ;

(Bij) (Aij) = (Aij) (Bij) = (1ij) ;(Aij )(Yj ) =  (Xi) ;

(Bij) =  
d/D

-c/D a/D

-b/D
;

(Uij) (Uij) = (1ij) ; (Uij) = or or or ;
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˄

(Uij) = (1ij)= or (Uij) = - (1ij)= ;

(Uij) = (1ij)= or ;(Uij) = - (1ij)=˄

(Bij) (Aij) = (Aij) (Bij) = (1ij) ;(Aij )(Yj ) =  (Xi) ;

(Uij) (Uij) = (1ij) ;
(Uij) = or or or ;
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(Bij) (Aij) = (Aij) (Bij) = (1ij) ;(Aij )(Yj ) =  (Xi) ;

(Uij) (Uij) = (1ij) ;

a b

c d

a b

c d
=

aa+bc ab+bd

cb+ddca+dc

1 0

0 1
= ;(Uij) (Uij) = = (1ij)

If b =  0,  a = 1 or -1 ;

If c =  0,  d = 1 or -1 ;

(a+d) b = 0 ;

(a+d) c = 0 ;

aa+bc = 1 ;

cb+dd = 1 ;

If (a+d) =  0,   d= ς a and  aa+bc=dd+bc=1 ;
If  b  is not 0, c = ( 1 ς aa )/b ; 

(Uij) =
a b

( 1 ς aa )/b ς a
;

(Uij) = or or or ;

det (Uij) = 1;

Ϭ◦Πϥṁ ᶘ

K_rfck_rgaq]_lb]Nfwqgaq]md]Qckgamlbsarmp]Bctgacq]`w]Wmqfg_ig]F_egu_p_]?GNQ,nbd

χ › ˢBOXx Ϝ ρΰοӌΞάρΥπΦϥʻ

1.02    Vector ρMatrix“ χם▄

https://202011282002569657330.onamaeweb.jp/AIPS_Library/Mathematics_and_Physics_of_Semiconductor_Devices_by_Yoshiaki_Hagiwara_AIPS.pdf


(Wij) (Wij) = ς (1ij) ;

a b

c d

a b

c d
=

aa+bc ab+bd

cb+ddca+dc

ς 1 0

0 ς 1
= ;(Wij) (Wij) = = ς (1ij)

If b =  0,  aa = ς 1 ;

If c =  0,  dd = ς 1 ;

(a+d) b = 0 ;

(a+d) c = 0 ;

aa+bc = ς 1 ;

cb+dd = ς 1 ;

d= ς a and  aa+bc=dd+bc= ς 1 ;
            If  b  is not 0, c = ς ( 1 + aa )/b ; 

(Wij) =
a b

ς ( 1 + aa )/b ς a
;

(Wij) = ;

det (Wij) = ς 1;

a ρ d ψם ˂

Hence  a +d = 0 ;

If  a=d=0, cb= ς 1;
  And if b is not 0,
        c = ς 1/b ;

0

0

b

ς 1/b

ầ (i)  ψ 

τ ᴂβϥʻ
0

0
͍

ς 1
i =

(a + b i)  ψ 
a

a
b

ς b τ ᴂβϥʻ i  = ς 1 ;
2
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X=͎ σϣ X = ͐ ˀ
2
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1.03    X = ͎ χ ( ᾢ )ϬẐϛοϙϢΞ˂2

X=͍ σϣ X = ͍ ˀ2

X=͎ σϣ X = ͐ ˀ
2

X=1.5σϣ X = 2.25ˀ
2

X=1.4  σϣ X = 1.96ˀ2
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1.03    X = ͎ χ ( ᾢ )ϬẐϛοϙϢΞ˂2

X=͍ σϣ X = ͍ ˀ2

X=͎ σϣ X = ͐ ˀ
2

X=1.5σϣ X = 2.25ˀ
2

X=1.4  σϣ X = 1.96ˀ2

X=1.41  σϣ X = 1.9881ˀ
X=1.42  σϣ X = 2.0164ˀ

2

2
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1.03    X = ͎ χ ( ᾢ )ϬẐϛοϙϢΞ˂2

X=͍ σϣ X = ͍ ˀ2

X=͎ σϣ X = ͐ ˀ
2

X=1.5σϣ X = 2.25ˀ
2

X=1.4  σϣ X = 1.96ˀ2

X=1.41  σϣ X = 1.9881ˀ
X=1.42  σϣ X = 2.0164ˀ

2

2

X   = 1.41421356  σϣ
        X = 1.999999993287874 ˀ

2
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1.03    X = ͎ χ ( ᾢ )ϬẐϛοϙϢΞ˂2

X=͍ σϣ X = ͍ ˀ2

X=͎ σϣ X = ͐ ˀ
2

X=1.5σϣ X = 2.25ˀ
2

X=1.4  σϣ X = 1.96ˀ2

X=1.41  σϣ X = 1.9881ˀ
X=1.42  σϣ X = 2.0164ˀ

2

2

X   = 1.41421356  σϣ
        X = 1.999999993287874 ˀ

2
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̔ X ˹Y ˹ 2χⱲʺX χ Ϭˮи˔Е͎˯ρᾦόϘβʻX=        ρ ΦϘβʻ
2
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1.04    χ ΰοϙϢΞ˂2

x ·Ω
O

B
͗ήϭΥᾋϥ℅ Ὁ ( x )

{ t = 0 ; x  = 0 ; }

℅ Ὁ(x)χᾖ ταμρ
Ḣ╔ּי(B)ήϭΥΜϘβʻ
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1.04    χ ΰοϙϢΞ˂2

·Ω
O

A
B

͗ήϭΥᾋϥ℅ Ὁ ( x )

{ t = 0 ; x  = 0 ; }
x

v

℅ Ὁ(x)χᾖ τΜϥ
Ḣ╔ּי(B)ήϭΤϣᾋϥρʺ

(A)ψ x ꞊ χФжІχ
ΰτקίΤμοᾋΠϥʻ
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1.04    χ ΰοϙϢΞ˂2

x
{ t = 0 ; x  = 0 ; }O

v
A

B
͗ήϭΥᾋϥ℅ Ὁ ( x ) AήϭΥᾋϥ℅ Ὁ (ȄΩ ύ

ȄΩ
v

ϑ ǘΩ Ґ л Τ ȄΩ  Ґ л Τ ϒ

℅ Ὁ(x)χᾖ τΜϥ
Ḣ╔ּי(B)ήϭΤϣᾋϥρʺ

(A)ψ x ꞊ χФжІχ
ΰτקίΤμοᾋΠϥʻ

℅ ὉόȄΩύχᾖ τΜϥ
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1.04    χ ΰοϙϢΞ˂2

x
{ t = 0 ; x  = 0 ; }O

v
A

B
͗ήϭΥᾋϥ℅ Ὁ ( x ) AήϭΥᾋϥ℅ Ὁ (ȄΩ ύ

ȄΩ
v

ϑ ǘΩ Ґ л Τ ȄΩ  Ґ л Τ ϒ
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