


The P+NP double junction type Pinned Photodiode with the surface P+ hole 
accumulation  layer  ( the  Jc side in this example ) that has a fixed or Pinned 
surface potential by the external  metal Ohmic contact or adjacent P+ channel 
stops by option. This is also Buried Photodiode with the buried  N type base  
charge storage region to be completely depleted of the signal charge being 
transferred to the adjacent charge transfer device (CTD) by CCD-like complete
charge transfer operation mode resulting in  no image lag feature.

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)

Visit  https://www.j-platpat.inpit.go.jp/ and put the patent number  1975-134985

1/31

The 1975 Original Patent on the P+NP Double Junction Dynamic Photo Transistor 
with Empty Potential Well of  Complete Charge Transfer and No Image Lag
and also with the built-in in-Pixel Vertical Overflow Drain (VOD) function   

Light illuminated on 
the  Jc junction sideVOD

VOD Blue Light

Pinned 
P+ Surface

Blue Light cannot penetrate more than 
0.2 micro meter into the silicon crystal. 
Jc must be near the light incident side.  



Visit  https://www.j-platpat.inpit.go.jp/ and put the patent number  1975-134985

Nsub

N

SiO2

SiO2

CTD

Light

Jc

CTG

e-
Je

Vsub

VOD

e-
N+

e-

e+ e-

VOD may be grounded.

Pwell

Patent Claim in English Translation

(1)  In the semiconductor substrate (Nsub), the
first region( P-well ) of the first impurity type is 
formed, (2) on which, the second region ( N ) 
of the second impurity type is formed. (3) The 
charge (e-) stored in the light collecting region (N) 
is to be transferred to the adjacent charge transfer 
device (CTD). Both are placed along the main 
surface of the semiconductor substrate. (4) In the 
solid stare image sensor so defined, a rectifying 
Emitter Junction ( Je ) is formed on the second 
region (N) of the photo charge collecting region
(N) . (5) And Collector Junction ( Jc ) is formed 
by the second region (N) and the first region 
(P-well), forming a ( PNP ) transistor structure.
Signal Photo charge is stored in the Base Region
(N) according to the illuminated light intensity, 
and  transferred to the adjacent CTD.
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Patent Claim in Original Japanese
Hagiwara 1975 invention on November 10, 1975

(1)半導体基体 ( Nsub ) に、第１電導型の第１半導体
領域 ( P-well ) と、(2) 之の上に形成された第２導電型
の第２半導体領域 (N)  とが形成されて、(3)光感知部
(N) と之よりの電荷を転送する電荷転送部 ( CTD ) 
とが上記半導体基体 ( Nsub )  の主面に沿う如く
配置されて成る固体撮像装置に於いて、 (4)上記
光感知部の上記第２半導体領域 (N)に、整流性
接合(Je)が形成され、該接合をエミッタ接合(Je)とし、
(5)上記第１ ( P-well )及び 第２半導体領域 (N) 間
の接合をコレクタ接合(Jc)とするトランジスタ (PNP) 
を形成し、該トランジスタ(PNP) のベースとなる
上記第２半導体領域(N)に光学像に応じた電荷を
蓄積しここに蓄積された電荷を上記転送部(CTD)に
移行させてその転送を行うようにしたことを特徴
とする固体撮像装置。

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
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(1)半導体基体 ( Nsub ) に、

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
5/31



Visit  https://www.j-platpat.inpit.go.jp/ and put the patent number  1975-134985

Nsub

SiO2
Vsub

Patent Claim in English Translation

(1)  In the semiconductor substrate (Nsub), the
first region( P-well ) of the first impurity type is 
formed

Pwell

P

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
6/31



Visit  https://www.j-platpat.inpit.go.jp/ and put the patent number  1975-134985

Nsub

SiO2
Vsub

Pwell

P

Patent Claim in Original Japanese
Hagiwara 1975 invention on November 10, 1975

(1)半導体基体 ( Nsub ) に、第１電導型の第１半導体
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Patent Claim in English Translation

(1)  In the semiconductor substrate (Nsub), the
first region( P-well ) of the first impurity type is 
formed, (2) on which, the second region ( N ) 
of the second impurity type is formed.
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(1)半導体基体 ( Nsub ) に、第１電導型の第１半導体
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Patent Claim in English Translation

(1)  In the semiconductor substrate (Nsub), the
first region( P-well ) of the first impurity type is 
formed, (2) on which, the second region ( N ) 
of the second impurity type is formed. (3) The 
charge (e-) stored in the light collecting region (N) 
is to be transferred to the adjacent charge transfer 
device (CTD). Both are placed along the main 
surface of the semiconductor substrate. 
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(1)半導体基体 ( Nsub ) に、第１電導型の第１半導体
領域 ( P-well ) と、(2) 之の上に形成された第２導電型
の第２半導体領域 (N)  とが形成されて、(3)光感知部
(N) と之よりの電荷を転送する電荷転送部 ( CTD ) 
とが上記半導体基体 ( Nsub )  の主面に沿う如く
配置されて成る固体撮像装置に於いて
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Patent Claim in English Translation

(1)  In the semiconductor substrate (Nsub), the
first region( P-well ) of the first impurity type is 
formed, (2) on which, the second region ( N ) 
of the second impurity type is formed. (3) The 
charge (e-) stored in the light collecting region (N) 
is to be transferred to the adjacent charge transfer 
device (CTD). Both are placed along the main 
surface of the semiconductor substrate. (4) In the 
solid stare image sensor so defined, a rectifying 
Emitter Junction ( Je ) is formed on the second 
region (N) of the photo charge collecting region
(N) .  
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(1)半導体基体 ( Nsub ) に、第１電導型の第１半導体
領域 ( P-well ) と、(2) 之の上に形成された第２導電型
の第２半導体領域 (N)  とが形成されて、(3)光感知部
(N) と之よりの電荷を転送する電荷転送部 ( CTD ) 
とが上記半導体基体 ( Nsub )  の主面に沿う如く
配置されて成る(4)固体撮像装置に於いて、上記
光感知部の上記第２半導体領域 (N)に、整流性
接合(Je)が形成され、該接合をエミッタ接合(Je)とし、
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(1)  In the semiconductor substrate (Nsub), the
first region( P-well ) of the first impurity type is 
formed, (2) on which, the second region ( N ) 
of the second impurity type is formed. (3) The 
charge (e-) stored in the light collecting region (N) 
is to be transferred to the adjacent charge transfer 
device (CTD). Both are placed along the main 
surface of the semiconductor substrate. (4) In the 
solid stare image sensor so defined, a rectifying 
Emitter Junction ( Je ) is formed on the second 
region (N) of the photo charge collecting region
(N) . (5) And Collector Junction ( Jc ) is formed 
by the second region (N) and the first region 
(P-well), forming a ( PNP ) transistor structure.
Signal Photo charge is stored in the Base Region
(N) according to the illuminated light intensity, 
and  transferred to the adjacent CTD.
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Patent Claim in Original Japanese
Hagiwara 1975 invention on November 10, 1975

(1)半導体基体 ( Nsub ) に、第１電導型の第１半導体
領域 ( P-well ) と、(2) 之の上に形成された第２導電型
の第２半導体領域 (N)  とが形成されて、(3)光感知部
(N) と之よりの電荷を転送する電荷転送部 ( CTD ) 
とが上記半導体基体 ( Nsub )  の主面に沿う如く
配置されて成る固体撮像装置に於いて、 (4)上記
光感知部の上記第２半導体領域 (N)に、整流性
接合(Je)が形成され、該接合をエミッタ接合(Je)とし、
(5)上記第１ ( P-well )及び 第２半導体領域 (N) 間
の接合をコレクタ接合(Jc)とするトランジスタ (PNP) 
を形成し、該トランジスタ(PNP) のベースとなる
上記第２半導体領域(N)に光学像に応じた電荷を
蓄積しここに蓄積された電荷を上記転送部(CTD)に
移行させてその転送を行うようにしたことを特徴
とする固体撮像装置。
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Japanese Patent  1975-134985 defines
this P+NP junction Pinned Photodiode 

on the substrate  (Nsub).

Definition of Sony HAD（PPD+VOD)

Hole Accumulation Diode (HAD)

Light

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
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Patent Claims Built-in Vertical Overflow Drain (VOD) Function
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Hole Accumulation Diode (HAD)See Patent  1975-134985  ( November 10, 1975 ) 
Patent Claims Built-in Vertical Overflow Drain (VOD) Function

(1)  In the semiconductor substrate (Nsub),

Japanese Patent of SONY HAD sensor by Yoshiaki Hagiwara at Sony
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(1)  In the semiconductor substrate (Nsub), the
first region( P-well ) of the first impurity type is 
formed,
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(2) on which, the second region ( N ) 
of the second impurity type is formed.
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(3) The charge (e-) stored in the light collecting region (N) is to be 
transferred to the adjacent charge transfer device (CTD).

Both are placed along the main surface of the semiconductor substrate. 
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(4) In the solid stare image sensor so defined, 
a rectifying Emitter Junction ( Je ) is formed

on the second region (N) 
of the photo charge collecting region (N) . 
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(5) And Collector Junction ( Jc ) is formed 
by the second region (N) and the first region (P-well), 
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(5) And Collector Junction ( Jc ) is formed 
by the second region (N) and the first region P-well), 

forming a ( PNP ) transistor structure. Signal Photo charge is stored 
in the Base Region (N) according to the illuminated light intensity, 

and  transferred to the adjacent CTD.
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Fig.1  Top View of Conventional Interline Transfer CCD Image Sensor
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Fig.2  Top View of Conventional Interline Transfer CCD Image Sensor Picture Element  Cell 

Fig.3 Conventional Buried Channel CCD type MOS Capacitor Photodiode Structure 
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Fig.5  Pinned Surface type Photodiode

Fig.4  Schottky Barrier type Photodiode

Metal Contact is optional.
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The P+Psub double junction type dynamic photo transistor ( Pinned Photodiode )  
developed in 1978 by Hagiwara at Sony  and  reported in the SSDM1978 conference
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