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Pinned_Photodiode_Patents_by_Yoshiaki_Hagiwara

The following slides explain the details of 1975_Pinned_Photodiode_Patent. 
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Pinned Photodiode is defined as one special type of  Buried Photodiode.

Pinned Photodiode must have a flat surface potential with no surface electric field in order to 
suppress the undesired surface dark current. Pinned_Photodiode must have a fixed flat surface 
potential pinned by an adjacent channel stops or  directly connected by an adjacent metal contact 
nearby. Otherwise, the surface potential would become floating because of the undesired RC 
delay time.

Pinned Photodiode must always have the majority carrier accumulation surface layer and also 
with the minority carriers surface barrier electric field in order to achieve effectively the electron 
and hole photo pair generation at the majority carrier surface accumulation layer within the depth 
of  less than 0.1 μm, which 
results in an excellent short wave blue light sensitivity.

Pinned Photodiode is by necessity  always Buried Photodiode. 

But Buried Photodiode is not always Pinned Photodiode
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Pinned Photodiode always by necessity must have the pinned empty potential well in the buried 
photo charge collecting and storing region so that when reset the signal photo charge can be 
drained completely and no image lag feature is achieved.

Before 1970 when CCD was invented by Boyle and Smith, the N+P single junction type Photodiode 
was used with the undesired image lag problem. The surface channel type CCD has a serious surface 
charge trapping noise problem with a very poor charge transfer efficiency. However, the buried 
channel type CCD has an excellent charge transfer efficiency of about 99.999%.  The picture size of 
the NTSC
Format is about 800H x 500V. And at most the charge transfer of 800+500 = 1300 is needed in the 
NTSC TV system.  This observation gives the image information loss of 0.001 %  x 13000 = 1.3 %  
which is small enough for human eyes since human eyes cannot recognize the picture noise of less 
than 3 %. CCD became a super star in the 
Image sensor world in the analog TV era from 1980 to 2000. 

The first commercially available two-chip CCD video camera with the CCD/MOS dynamic capacitor 
type photo detecting device (PDD) was introduced by Sony in 1980 and was used in the cock pit of 
ANA Jumbo 747 which gave the excellent and clear action pictures of the completely no image lag  
feature .
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Before 1970 when CCD was invented by Boyle and Smith, the N+P single junction type 
Photodiode was used with the undesired image lag problem. 
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Before 1970 when CCD was invented by Boyle and Smith, the N+P single junction type 
Photodiode was used with the undesired image lag problem. 
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Pinned Photodiode must always have the majority carrier accumulation surface layer 
and also with the minority carriers surface barrier electric field in order to achieve 
effectively the electron and hole photo pair generation at the majority carrier surface 
accumulation layer within the depth of  less than 0.1 μm, which results in an excellent 
short wave blue light sensitivity
.
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Equivalent Circuit Diagram ( Fig. 6 )

of Proposed NPNP Triple Junction type
Photon Detecting Device (PDD)

drawn  in JPA 1975-127646 by Yoshiaki Hagiwara13
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An Example of Device Cross Section ( Fig. 7 )
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Japanese Patent Application   JPA 1975-127646  
applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese

1) 半導体基体(Nsub)の一方の主面側に、

2) 絶縁膜(SiO2)を介して電荷転送装置
(CTD)が被着される１の導電型の転送領
域(P)が形成され、

3) 之(P)に対向して且つ之より上記半導体
基体(Nsub)の他方の主面側に上記転送
領域(P)との間に他の電導型のベース領
域(N)を介して受光領域(P+)が形成され、

4) 上記ベース領域(N)に所定の電圧(A)を印

加することにより上記受光領域に蓄積し
た電荷を上記転送領域に転送し、

5) 上記電荷転送領域用領域(CTG(に所定
のクロック電圧(B)

Patent Claim of JPA 1975-127646
filed by Yoshiaki Hagiwara at Sony in 1975 16
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Japanese Patent Application   JPA 1975-127646  
applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese

1) 1) Along the main surface of a
semiconductor substrate (Nsub),

半導体基体(Nsub)の一方の主面側に、

2) 2)絶縁膜(SiO2)を介して電荷転送装置
(CTD)が被着される１の導電型の転送領
域(P)が形成され、

the charge transfer device (CTD) is 
placed upon the oxide whereby
the type 1 charge transfer region (P) is 
formed. 

3) 3)之(P)に対向して且つ之より上記半導体
基体(Nsub)の他方の主面側に上記転送
領域(P)との間に他の電導型のベース領
域(N)を介して受光領域(P+)が形成され、

On the opposite side of the region (P), 
the light detecting region (P+) is formed 
on the backside substrate (Nsub), with 
the base region (N) of another type as a  
bridge. 

Patent Claim in English Translation

4) 4)上記ベース領域(N)に所定の電圧(A)を印

加することにより上記受光領域に蓄積し
た電荷を上記転送領域に転送し、

By applying a voltage pulse(A) to the base 
region (N),  the charge (h+) stored in the 
charge detecting region (P+) is transferred 
to the charge transfer region (P).

5) 5) By applying a proper clock voltage (B) to 
the charge transfer gate (CTG),  the 
charge (h+) is properly transferred 
further.

上記電荷転送領域用領域(CTG(に所定
のクロック電圧(B)

Photon Detecting Device (PDD)
defined in the Patent Claim of 

JPA 1975-127646 by Yoshiaki Hagiwara 
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1) 1) Along the main surface of a
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半導体基体(Nsub)の一方の主面側に、

2) 2)絶縁膜(SiO2)を介して電荷転送装置
(CTD)が被着される１の導電型の転送領
域(P)が形成され、

the charge transfer device (CTD) is 
placed upon the oxide whereby
the type 1 charge transfer region (P) is 
formed. 
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Patent Claim in English Translation

4) 4)上記ベース領域(N)に所定の電圧(A)を印

加することにより上記受光領域に蓄積し
た電荷を上記転送領域に転送し、

By applying a voltage pulse(A) to the base 
region (N),  the charge (h+) stored in the 
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5) 5) By applying a proper clock voltage (B) to 
the charge transfer gate (CTG),  the 
charge (h+) is properly transferred 
further.

上記電荷転送領域用領域(CTG(に所定
のクロック電圧(B)

Vpin

Light

23



Japanese Patent Application   JPA 1975-127646  
applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese

1) 1) Along the main surface of a
semiconductor substrate (Nsub),

半導体基体(Nsub)の一方の主面側に、

2) 2)絶縁膜(SiO2)を介して電荷転送装置
(CTD)が被着される１の導電型の転送領
域(P)が形成され、

the charge transfer device (CTD) is 
placed upon the oxide whereby
the type 1 charge transfer region (P) is 
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4) 4)上記ベース領域(N)に所定の電圧(A)を印

加することにより上記受光領域に蓄積し
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By applying a voltage pulse(A) to the base 
region (N),  the charge (h+) stored in the 
charge detecting region (P+) is transferred 
to the charge transfer region (P).

5) 5) By applying a proper clock voltage (B) to 
the charge transfer gate (CTG),  the 
charge (h+) is properly transferred 
further.

上記電荷転送領域用領域(CTG(に所定
のクロック電圧(B) Equivalent Circuit Diagram ( Fig. 6 )

of Proposed NPNP Triple Junction type
Photon Detecting Device (PDD)

drawn  in JPA 1975-127646 by Yoshiaki Hagiwara24
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An Example of Device Cross Section ( Fig. 7 )
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Patent Claim of JPA 1975-127647
applied by Yoshiaki Hagiwara at Sony in 1975 

1) 半導体基体(Nsub)の一方の主面側に、

2) 絶縁膜(SiO2)を介して電荷転送用電極
(CTG)が被着配列される１の導電型の転
送領域(N)が形成され、

3) 之(N)より上記半導体基体(Nsub)の他方
の主面側に上記転送領域(N)に接する

他の導電型の領域と該領域に接する１
の導電型の領域(N)とより成る受光領域
(P+)が形成され、

4) 上記転送用電極(CTG)に所要の電圧(A)

を印加することにより、上記受光領域に蓄積
した電荷を上記転送領域に転送し、

5) 上記電荷転送用電極に上記所要の電圧
（A)とは異なるクロック電圧（B)を印加して

上記基体の上記一方の主面に沿って電
荷の転送を行うようにしたことを特徴とす
る個体撮像創装置

Patent Claim in Original Japanese
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（A)とは異なるクロック電圧（B)を印加して

上記基体の上記一方の主面に沿って電
荷の転送を行うようにしたことを特徴とす
る個体撮像創装置

Patent Claim in Original Japanese
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with both the surface charge transfer 
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charge transfer region (N).

5) By applying a another deferent  clock 
voltage (B) to the charge transfer gate 
(CTG),  the charge (h+) is transferred 
further along the main surface of the 
substrate.
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送領域(N)が形成され、

3) 之(N)より上記半導体基体(Nsub)の他方
の主面側に上記転送領域(N)に接する

他の導電型の領域と該領域に接する１
の導電型の領域(N)とより成る受光領域
(P+)が形成され、

4) 上記転送用電極(CTG)に所要の電圧(A)

を印加することにより、上記受光領域に蓄積
した電荷を上記転送領域に転送し、

5) 上記電荷転送用電極に上記所要の電圧
（A)とは異なるクロック電圧（B)を印加して
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1) Along the main surface of a
semiconductor substrate (Nsub),

2) the charge transfer gates (CTG) is placed 
upon the oxide,  under which the type 1 
charge transfer 
region (N) is formed. 

3) The light detecting region (P+) is formed in 
the backside of the substrate which is 
closely placed
with both the surface charge transfer 
region (N) and the back side surface of the 
substrate (Nsub).

4) By applying a voltage pulse(A) to the Charge 
Transfer Gate (CTG) the 
charge (h+) stored in the charge detecting 
region (P+) is transferred to the surface 
charge transfer region (N).

5) By applying a another deferent  clock 
voltage (B) to the charge transfer gate 
(CTG),  the charge (h+) is transferred 
further along the main surface of the 
substrate.

Equivalent Circuit Diagram ( Fig. 6 )

of Proposed NPN Double Junction type
Photon Detecting Device (PDD)

drawn in JPA 1975-127647 by Yoshiaki Hagiwara
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Two Examples of Device Cross Section ( Fig. 4 and Fig. 5 )

of Photon Detecting Device (PDD) 
drawn  in JPA 1975-127647 by Yoshiaki Hagiwara 
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of Photon Detecting Device (PDD) 
drawn  in JPA 1975-134985 by Yoshiaki Hagiwara 

Pair Generation of

Photo Signal Charge

Pinned Empty

Potential Well
of No Image Lag

Potential Well Level

when Signal Charge
is present in the
Buried N Charge 
Storage Region

Vertical Overflow Drain (VOD) Action

Pinned Surface Potential

VOD

Public 1977-058414     on    1977/05/13

File     1975-134985   Filed 1975/11/10

Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

with the Vertical Overflow Drain (VOD) Function

P

N

CTG

SiO2

Je
P

Jc

e- e-

e-   CTD

N

CTD

VOD

Light

e-

45



Japanese Patent Application   JPA 1975-134985  
applied by Yoshiaki Hagiwara at Sony on November 10, 1975

Patent Claim of JPA 1975-134985
applied by Yoshiaki Hagiwara at Sony in 1975 

Public 1977-058414     on    1977/05/13

File     1975-134985   Filed 1975/11/10

Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

with the Vertical Overflow Drain (VOD) Function

P

N

CTG

SiO2

Je
P

Jc

e- e-

e-   CTD

N

CTD

VOD

Light

e-

46



Japanese Patent Application   JPA 1975-134985  
applied by Yoshiaki Hagiwara at Sony on November 10, 1975

1) 半導体基体(N)に、

Patent Claim in Original Japanese

2) 第１導電型の第１半導体領域（P)と、
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

光感知部(NP)と之よりの電荷を転送
する電荷転送部（CTD)とが上記半導
体基体の主面に沿う如く配置されて
成る個体撮像装置に於いて

3)

上記光感知部(NP)の上記第２半導体領
域（N)に整流性接合が形成され、該接合
をエミッタ接合(Je)とし、

4)

5) 上記第１及び第２半導体領域間の接合
をコレクタ接合(Jc)とするトランジ
スタ(PNP)を形成し、

6) 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(N) に蓄積された電荷を上記転送
部に移行させて、その転送を行うよう
にしたことを特徴とする個体撮像装置

7)
Patent Claim of JPA 1975-134985

applied by Yoshiaki Hagiwara at Sony in 1975 47
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Patent Claim in Original Japanese

Public 1977-058414     on    1977/05/13
File     1975-134985   Filed 1975/11/10

Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

with the Vertical Overflow Drain (VOD) Function

2) 第１導電型の第１半導体領域（P)と、
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

P

N

光感知部(NP)と之よりの電荷を転送
する電荷転送部（CTD)とが上記半導
体基体の主面に沿う如く配置されて
成る個体撮像装置に於いて

3)

CTG

SiO2

上記光感知部(NP)の上記第２半導体領
域（N)に整流性接合が形成され、該接合
をエミッタ接合(Je)とし、

4)

Je
P

Jc

5) 上記第１及び第２半導体領域間の接合
をコレクタ接合(Jc)とするトランジ
スタ(PNP)を形成し、

6) 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(N) に蓄積された電荷を上記転送
部に移行させて、その転送を行うよう
にしたことを特徴とする個体撮像装置

7)
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N
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Patent Claim in Original Japanese

Public 1977-058414     on    1977/05/13

File     1975-134985   Filed 1975/11/10

Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

with the Vertical Overflow Drain (VOD) Function

Patent Claim in English Translation

1)

2) 第１導電型の第１半導体領域（P)と、
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

the first region (P) of the first impurity is formed, 
and on which the second region
(N) of the second impurity type is formed.  

2)

P

N

In the semiconductor basic body (N),

光感知部(NP)と之よりの電荷を転送
する電荷転送部（CTD)とが上記半導
体基体の主面に沿う如く配置されて
成る個体撮像装置に於いて

3) The photo sensor (NP) so defined forms
a solid state image sensor with Charge
Transfer Device (CTD) placed along the surface of 
the semiconductor basic body.

3)

CTG

SiO2

上記光感知部(NP)の上記第２半導体領
域（N)に整流性接合が形成され、該接合
をエミッタ接合(Je)とし、

4) A rectifying emitter junction (Je)  is
formed on the second region (N) of
the photo sensor (NP).

4)

Je
P

Jc

5) The junction  between the first region
(P) and the second region (N).being 
as  the collector junction (Jc) of the 
transistor (PNP), 

5)上記第１及び第２半導体領域間の接合
をコレクタ接合(Jc)とするトランジ
スタ(PNP)を形成し、

6) 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

、

the second region (N)becomes the base region of 
the transistor (PNP) which
stores the photo charge according to 
the photo image. 

6)

ここ(N) に蓄積された電荷を上記転送
部に移行させて、その転送を行うよう
にしたことを特徴とする個体撮像装置

7) 7) And the charge stored in this region (N) 
is transferred to the Charge Transfer   Device 
(CTD).

e- e-

e-   CTD
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1)

Patent Claim in Original Japanese
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File     1975-134985   Filed 1975/11/10

Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

with the Vertical Overflow Drain (VOD) Function

Patent Claim in English Translation

1)半導体基体(N)に、 In the semiconductor basic body (N),

N
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1)

Patent Claim in Original Japanese

Public 1977-058414     on    1977/05/13

File     1975-134985   Filed 1975/11/10

Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

with the Vertical Overflow Drain (VOD) Function

Patent Claim in English Translation

1)

2) 第１導電型の第１半導体領域（P)と、
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

the first region (P) of the first impurity is formed, 
and on which the second region
(N) of the second impurity type is formed.  

2)
半導体基体(N)に、 In the semiconductor basic body (N),

P

N

N
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1)
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Public 1977-058414     on    1977/05/13

File     1975-134985   Filed 1975/11/10

Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

with the Vertical Overflow Drain (VOD) Function

Patent Claim in English Translation

1)

2) 第１導電型の第１半導体領域（P)と、
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

the first region (P) of the first impurity is formed, 
and on which the second region
(N) of the second impurity type is formed.  

2)

光感知部(NP)と之よりの電荷を転送
する電荷転送部（CTD)とが上記半導
体基体の主面に沿う如く配置されて
成る個体撮像装置に於いて

3) The photo sensor (NP) so defined forms
a solid state image sensor with Charge
Transfer Device (CTD) placed along the surface of 
the semiconductor basic body.

3)

半導体基体(N)に、 In the semiconductor basic body (N),
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N
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e-   CTD

e-
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1)

Patent Claim in Original Japanese

Public 1977-058414     on    1977/05/13

File     1975-134985   Filed 1975/11/10

Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

with the Vertical Overflow Drain (VOD) Function

Patent Claim in English Translation

1)

2) 第１導電型の第１半導体領域（P)と、
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

the first region (P) of the first impurity is formed, 
and on which the second region
(N) of the second impurity type is formed.  

2)

光感知部(NP)と之よりの電荷を転送
する電荷転送部（CTD)とが上記半導
体基体の主面に沿う如く配置されて
成る個体撮像装置に於いて

3) The photo sensor (NP) so defined forms
a solid state image sensor with Charge
Transfer Device (CTD) placed along the surface of 
the semiconductor basic body.

3)

上記光感知部(NP)の上記第２半導体領
域（N)に整流性接合が形成され、該接合
をエミッタ接合(Je)とし、

4) A rectifying emitter junction (Je)  is
formed on the second region (N) of
the photo sensor (NP).

4)

半導体基体(N)に、 In the semiconductor basic body (N),

P

N

SiO2

Je
P

N

CTD

e-   CTD

e-
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1)
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Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

with the Vertical Overflow Drain (VOD) Function

Patent Claim in English Translation

1)

2) 第１導電型の第１半導体領域（P)と、
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

the first region (P) of the first impurity is formed, 
and on which the second region
(N) of the second impurity type is formed.  

2)

光感知部(NP)と之よりの電荷を転送
する電荷転送部（CTD)とが上記半導
体基体の主面に沿う如く配置されて
成る個体撮像装置に於いて

3) The photo sensor (NP) so defined forms
a solid state image sensor with Charge
Transfer Device (CTD) placed along the surface of 
the semiconductor basic body.

3)

上記光感知部(NP)の上記第２半導体領
域（N)に整流性接合が形成され、該接合
をエミッタ接合(Je)とし、

4) A rectifying emitter junction (Je)  is
formed on the second region (N) of
the photo sensor (NP).

4)

5) The junction  between the first region
(P) and the second region (N).being 
as  the collector junction (Jc) of the 
transistor (PNP), 

5)上記第１及び第２半導体領域間の接合
をコレクタ接合(Jc)とするトランジ
スタ(PNP)を形成し、

半導体基体(N)に、 In the semiconductor basic body (N),
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Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

Patent Claim in English Translation

1)

2) 第１導電型の第１半導体領域（P)と、
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

the first region (P) of the first impurity is formed, 
and on which the second region
(N) of the second impurity type is formed.  

2)

光感知部(NP)と之よりの電荷を転送
する電荷転送部（CTD)とが上記半導
体基体の主面に沿う如く配置されて
成る個体撮像装置に於いて

3) The photo sensor (NP) so defined forms
a solid state image sensor with Charge
Transfer Device (CTD) placed along the surface of 
the semiconductor basic body.

3)

上記光感知部(NP)の上記第２半導体領
域（N)に整流性接合が形成され、該接合
をエミッタ接合(Je)とし、

4) A rectifying emitter junction (Je)  is
formed on the second region (N) of
the photo sensor (NP).

4)

5) The junction  between the first region
(P) and the second region (N).being 
as  the collector junction (Jc) of the 
transistor (PNP), 

5)上記第１及び第２半導体領域間の接合
をコレクタ接合(Jc)とするトランジ
スタ(PNP)を形成し、

6) 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

、

the second region (N)becomes the base region of 
the transistor (PNP) which
stores the photo charge according to 
the photo image. 

6)

半導体基体(N)に、 In the semiconductor basic body (N),

with the Vertical Overflow Drain (VOD) Functionwith the Vertical Overflow Drain (VOD) Function
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Buried Pinned Photodiode Patent
the PNP Double Junction type

Dynamic Photo Transistor  

with the Vertical Overflow Drain (VOD) Function

Patent Claim in English Translation

1)

2) 第１導電型の第１半導体領域（P)と、
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

the first region (P) of the first impurity is formed, 
and on which the second region
(N) of the second impurity type is formed.  

2)

P

N

In the semiconductor basic body (N),

光感知部(NP)と之よりの電荷を転送
する電荷転送部（CTD)とが上記半導
体基体の主面に沿う如く配置されて
成る個体撮像装置に於いて

3) The photo sensor (NP) so defined forms
a solid state image sensor with Charge
Transfer Device (CTD) placed along the surface of 
the semiconductor basic body.

3)

CTG

SiO2

上記光感知部(NP)の上記第２半導体領
域（N)に整流性接合が形成され、該接合
をエミッタ接合(Je)とし、

4) A rectifying emitter junction (Je)  is
formed on the second region (N) of
the photo sensor (NP).

4)

Je
P

Jc

5) The junction  between the first region
(P) and the second region (N).being 
as  the collector junction (Jc) of the 
transistor (PNP), 

5)上記第１及び第２半導体領域間の接合
をコレクタ接合(Jc)とするトランジ
スタ(PNP)を形成し、

6) 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

、

the second region (N)becomes the base region of 
the transistor (PNP) which
stores the photo charge according to 
the photo image. 

6)

ここ(N) に蓄積された電荷を上記転送
部に移行させて、その転送を行うよう
にしたことを特徴とする個体撮像装置

7) 7) And the charge stored in this region (N) 
is transferred to the Charge Transfer   Device 
(CTD).
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Pinned_Photodiode_Patents_by_Yoshiaki_Hagiwara

The following slides explain the details of 1975_Pinned_Photodiode_Patent. 

Thank You Very Much !
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●NPN transistor Current Amplification

3-D  Multi-chips Intelligent 

CMOS Image Sensor System

●Water Gate Model for CMOS Inverter

e-
h+

Action Mode③

●Low Power CMOS inverter

Vin

Vout

Id

●Why CMOS is so strong ?

Image Sensor Story 77
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Resolution
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●Analog  TV
800H x 500 V = 400,000 pixels 

800H 

5
0

0
H

 

Output Circuit

CCD Charge Transfer

MAX 800H +500H 
= 1300 Transfers

0.001 %  x 1300= 1.3% Signal Loss

Human Eyes cannot
recognize  the signal
loss and noise of
less than 3 % .

CCD Charge Transfer Efficiency < 99.999%

Resolution
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Resolution
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Human Eyes cannot
recognize  the signal
loss and noise of
less than 3 % .

●Digital  TV
6000H x 4000 V = 24,000,000 pixels 

6000H 

4
0

0
0

H
 

Output Circuit

CCD Charge Transfer

MAX 6000H +4000H 
= 10000 Transfers

0.001 %  x 10000= 10 % Signal Loss

CCD Charge Transfer Efficiency < 99.999%

Image Sensor Story



Resolution

Image Sensor Story 81

Yoshiaki Hagiwara (AIPS)



Yoshiaki Hagiwara (AIPS)

S/N Ratio
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Frame Rate
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Dynamic Range
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Shutter
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Color Reality



Ids =  K  ( Vs – Vch )
2

As  ( Vs – Vch )  0

Ids   0 

Finite Reset Readout Time 
causes the Image Lag

N+
CTG

e-
e-

Swing
SwingCox

Image Sensor Story 87
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SiO2

N+

Psub

Light CTG

e-

Bad Image Lag

e- e- CTD

(1) N+P junction Photodiode 
in 1960s

The N+ surface is floating.

Oxide Capacitance Coupling also gives
the Serious Image Lag Problem

Cox

floating.



Finite Reset Readout Time 
causes the Image Lag

Image Sensor Story 88
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Poor Blue Light Sensitivity Problem

Single Junction N+P type Solar Cell
also has a very poor short wave 

blue light sensitivity.

More Problem

SiO2

N+

Psub

Light CTG

e-

Bad Image Lag

e- e- CTD

(1) N+P junction Photodiode 
in 1960s

The N+ surface is floating.

Oxide Capacitance Coupling also gives
the Serious Image Lag Problem



CTDCTGMOS/CCD
Photo Capacitor

Empty Potential with Fringing Electric Field

The CCD/MOS Dynamic Photo Capacitor
of the Buried Channel Region

gives Pinned Empty Potential Well 
for the (2) case.

Image Sensor Story 89

Yoshiaki Hagiwara (AIPS)(2) Transparent Electrode CCD/MOS Photo Capacitor (1980)

SiO2

N+

Psub

Light CTG

e-

Bad Image Lag

e- e- CTD

(1) N+P junction Photodiode 
in 1960s

The N+ surface is floating.

Oxide Capacitance Coupling also gives
the Serious Image Lag Problem

SiO2

Light

CTG

e-

No Image Lag

e- e- e- e-

Psub

CTD



Image Sensor Story 90

Yoshiaki Hagiwara (AIPS)

XC-1   １９８０

Two-Chip Color Video 

Camera

all solid state = robustness

●CCD/MOS Dynamic Photo Capacitor 
with no image lag for action pictures

with Electric Shutter Function

on ANA 747 Jumbo Jet

Sony ICX-008 CCD chips (1980)

<ICX008>   

(2) Transparent Electrode CCD/MOS Photo Capacitor (1980)

SiO2

N+

Psub

Light CTG

e-

Bad Image Lag

e- e- CTD

(1) N+P junction Photodiode 
in 1960s

The N+ surface is floating.

Oxide Capacitance Coupling and
Serious Image Lag Problem

SiO2

Light

CTG

e-

No Image Lag

e- e- e- e-

Psub

CTD



CTDCTGMOS/CCD
Photo Capacitor

Empty Potential with Fringing Electric Field

The Pinned Surface P+ potential gives 
the Pinned Empty Potential Well 

of the Buried Photodiode
for (3), (4) and (5) cases.

Image Sensor Story 91

Yoshiaki Hagiwara (AIPS)(3) P+NPNsub Junction
Photodiode

Hole Accumulation Diode (HAD)

JAP 1975-134985VOD

SiO2

P+

Light CTG

e- e- e-

N

Nsub

N+

P

CTD

(3) P+NPNsub Junction
Photodiode

Hole Accumulation Diode (HAD)

Complete Charge Transfer Mode
with No  Image Lag Feature 



CTDCTGMOS/CCD
Photo Capacitor

Empty Potential with Fringing Electric Field
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JAP 1975-134985VOD

SiO2

P+

Light CTG

e- e- e-

N

Nsub

N+

P

CTD

(3) P+NPNsub Junction
Photodiode

Hole Accumulation Diode (HAD)

Complete Charge Transfer Mode
with No  Image Lag Feature 

SiO2

Buffer Memory

P+

N e-

P

P

JAP 1975-127647

e-
CTD

e-

e-

Back Light

(4) P+PNP Junction Photodiode
Global Shutter Buffer MOS 

Memory

(4) P+PNP Junction Photodiode
Global Shutter Buffer MOS 

Memory

The Pinned Surface P+ potential gives 
the Pinned Empty Potential Well 

of the Buried Photodiode
for (3), (4) and (5) cases.



CTDCTGMOS/CCD
Photo Capacitor

Empty Potential with Fringing Electric Field
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JAP 1975-134985VOD

SiO2

P+

Light CTG

e- e- e-

N

Nsub

N+

P

CTD

(3) P+NPNsub Junction
Photodiode

Hole Accumulation Diode (HAD)

Complete Charge Transfer Mode
with No  Image Lag Feature 

SiO2

Buffer Memory

P+

N e-

P

P

JAP 1975-127647

e-
CTD

e-

e-

Back Light

(4) P+PNP Junction Photodiode
Global Shutter Buffer MOS 

Memory

SiO2

N

Back Light

Buffer Memory

e-

P+

N e-
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(5) P+PNPN Junction Photodiode
Global Shutter Buffer MOS 
Memory

(5) P+PNPN Junction Photodiode
Global Shutter Buffer MOS 
Memory

The Pinned Surface P+ potential gives 
the Pinned Empty Potential Well 

of the Buried Photodiode
for (3), (4) and (5) cases.
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Sony ICX-008 CCD chips (1980)

<ICX008>   

(2) Transparent Electrode CCD/MOS Photo Capacitor (1980)
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(1) N+P junction Photodiode 
in 1960s

The N+ surface is floating.

Oxide Capacitance Coupling and
Serious Image Lag Problem
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Sony HAD

by Yamada at Toshiba (1978) 

●NPNsub with VOD function (JAP 1978-1971)

●PNPsub Buried Photodiode (JAP 1980-138026)

●P+NPNsub Pinned Photodiode (JAP 1975-134985)

with VOD function and No Image Lag by Hagiwara (1975) 

by Teranish at Toshiba (1978) 
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Fig 6 of JPA 1975-134985 shows an example of Pinned Photodiode 
with the Jc Junction side used for  the photo pair generation. 

Blue light cannot penetrate silicon crystal more than 0.1 μm.

Hagiwara invented in 1975 the in-pixel vertical overflow drain (VOD)
in the PNP double junction type dynamic photo  transistor ( Pinned Photodiode).  
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Light(Jc) VOD(Je) type



VOD metal contact is optional. If the surface VOD is not needed, the VOD metal contact
can be deleted and the surface P+ can be connected to the adjacent P+ channel stops.

PPD needs  P+ Channel Stops.
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Fig 5 of JPA 1975-134985 shows 
an example of Pinned Photodiode 
with the Je Junction side used for  
the photo pair generation with
the surface VOD metal contact.

Light(Je) VOD(Je) type
Light(Jc) VOD(Je) type



Fig. 5  of the Japanese Patent Application JPA 1975-134985 shows 
the P+NP double  junction type Pinned Photodiode with the VOD function

P+ P+
P+

N

P sub

SiO2

CTG

CTG

CCD

CCD

P+
e- e- e- e- e- e-

+ VOD > 0 

a

a’

PPD needs  P+ Channel Stops.
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VOD metal contact is optional. If the surface VOD is not needed, 
the VOD metal contact can be deleted and the surface P+ can be 
connected to the adjacent P+ channel stops.

Light(Je) VOD(Je) type



P subP+

+VOD > 0 

N

a a’

PPD needs  P+ Channel Stops.
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VOD metal contact is optional. If the surface VOD is not needed, 
the VOD metal contact can be deleted and the surface P+ can be 
connected to the adjacent P+ channel stops.

Fig. 5  of the Japanese Patent Application JPA 1975-134985 shows 
the P+NP double  junction type Pinned Photodiode with the VOD function



P subP+

+VOD > 0 

N

a a’

e- e- e- e- e-

+ VOD > 0 
Pinned 
Buried
Empty 

Potential 
Level 

controlled
by + VOD 

PPD needs  P+ Channel Stops.
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VOD metal contact is optional. If the surface VOD is not needed, 
the VOD metal contact can be deleted and the surface P+ can be 
connected to the adjacent P+ channel stops.

Fig. 5  of the Japanese Patent Application JPA 1975-134985 shows 
the P+NP double  junction type Pinned Photodiode with the VOD function
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+ VOD > 0 

This fixed charge does not 
contribute to the Image Lag.

PPD needs  P+ Channel Stops.
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VOD metal contact is optional. If the surface VOD is not needed, 
the VOD metal contact can be deleted and the surface P+ can be 
connected to the adjacent P+ channel stops.

Fig. 5  of the Japanese Patent Application JPA 1975-134985 shows 
the P+NP double  junction type Pinned Photodiode with the VOD function



P+ P+
P+

P sub

SiO2

CTG

CTG

CCD

CCD

P+

This fixed charge does not 
contribute to the Image Lag.
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PPD needs  P+ Channel Stops.
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VOD metal contact is optional. If the surface VOD is not needed, 
the VOD metal contact can be deleted and the surface P+ can be 
connected to the adjacent P+ channel stops.

Fig. 5  of the Japanese Patent Application JPA 1975-134985 shows 
the P+NP double  junction type Pinned Photodiode with the VOD function
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e- e- e- e- e- e-

This fixed charge does not 
contribute to the Image Lag.
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VOD metal contact is optional. If the surface VOD is not needed, 
the VOD metal contact can be deleted and the surface P+ can be 
connected to the adjacent P+ channel stops.

Fig. 5  of the Japanese Patent Application JPA 1975-134985 shows 
the P+NP double  junction type Pinned Photodiode with the VOD function

PPD needs  P+ Channel Stops.



P subP+

+VOD > 0 

N

a a’

This fixed charge does not 
contribute to the Image Lag.

e- e- e- e- e- e-

Pinned 
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by VOD 
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VOD metal contact is optional. If the surface VOD is not needed, 
the VOD metal contact can be deleted and the surface P+ can be 
connected to the adjacent P+ channel stops.

Fig. 5  of the Japanese Patent Application JPA 1975-134985 shows 
the P+NP double  junction type Pinned Photodiode with the VOD function

PPD needs  P+ Channel Stops.
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This fixed charge does 
not contribute to 

the Image Lag.
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This fixed charge does 
not contribute to 

the Image Lag.

VOD metal contact is optional. If the surface VOD is not needed, 
the VOD metal contact can be deleted and the surface P+ can be 
connected to the adjacent P+ channel stops.

Fig. 5  of the Japanese Patent Application JPA 1975-134985 shows 
the P+NP double  junction type Pinned Photodiode with the VOD function

PPD needs  P+ Channel Stops.



P subP+

+VOD > 0 

N
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CTG
CCD   Storage Gate

CCD   Transfer Gate

P+ N Pinned Photodiode

Charge 
Block
Gate

Charge 
Block
Gate

VOD

e-

VOD metal contact is optional. If the surface VOD is not needed, 
the VOD metal contact can be deleted and the surface P+ can be 
connected to the adjacent P+ channel stops.

Fig. 5  of the Japanese Patent Application JPA 1975-134985 shows 
the P+NP double  junction type Pinned Photodiode with the VOD function

PPD needs  P+ Channel Stops.



P subP+

+VOD > 0 

N

Fig. 5  of the Japanese Patent Application JPA 1975-134985 is a hit to make
a completely heavily doped P+ Channel Stops Less Pinned Photo Detecting Device (PPDD). 
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CTG
CCD   Storage Gate

CCD   Transfer Gate

Pinned Photodiode

Charge 
Block
Gate

VOD

e-

CBG

Charge 
Block
Gate

CBG CBG

VOD metal contact is optional. If the surface VOD is not needed, 
the VOD metal contact can be deleted and the surface P+ can be 
connected to the adjacent P+ channel stops.



P+ Channel Stops

PPD needs  P+ Channel Stops.
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Light(Jc) VOD(Je)

VOD (Je)  type VOD (Jc)  type
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VOD (Je)  type VOD (Jc)  type

Light(Jc) VOD(Je)
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VOD (Je)  type VOD (Jc)  type

Light(Jc) VOD(Je)
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VOD (Je)  type VOD (Jc)  type

Light(Jc) VOD(Je)
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VOD (Je)  type VOD (Jc)  type

Light(Jc) VOD(Je)
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VOD (Je)  type VOD (Jc)  type

Light(Jc) VOD(Je)
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VOD (Je)  type VOD (Jc)  type

Light(Jc) VOD(Je)
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VOD (Je)  type VOD (Jc)  type

Light(Jc) VOD(Je)
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VOD (Jc)  type VOD (Je)  type VOD (Jc)  type

Light(Jc) VOD(Je)
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Fig. 12   Electric Shutter Mode

Complete Charge Transfer
and no image lag

OFD

OFD

CTG

CTG

CCD

CCD

Fig. 3   CCD/MOS Photo Capacitor

OFD CTG CCD

Fig. 8   Gamma Control Mode

Pinned Photodiode with VOD function

Punch-thru

The electric
shutter 

clocking
scheme with

the complete
draining of

signal charge
with the no 

image lag
feature can be

achieved 
by  controlling
the  overflow  

drain (OFD) 
punch-thru

voltage.

OFD      N+
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VOD



123

Yoshiaki Hagiwara (AIPS)



Image Sensor Story 124

Yoshiaki Hagiwara (AIPS)



125

Yoshiaki Hagiwara (AIPS)



126

Yoshiaki Hagiwara (AIPS)



127

Yoshiaki Hagiwara (AIPS)



Image Sensor Story 128

Yoshiaki Hagiwara (AIPS)



Yoshiaki Hagiwara (AIPS)



b

Psub
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CTGLight Light
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JPA 1975-134985 SSDM1978 paper

SSDM1978 paper
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Note that the vertical CCD potential levels of the charge storage gate STG 
and the charge transfer gate TRG are always both deeper than the Pinned
P+NPsub SiO2 exposed light collecting Buried N region.
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Even though the gate voltage V < 0 is set at a strong negative value , the silicon 
surface potential will be in the hole accumulation condition with the Pinned

grounded voltage level. The buried channel CCD potentials (b) and (c) are 
always deeper than  the Pinned Empty Potential (a)  of the Pinned Photodiode.
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Sun Light Spectrum

1.1

For Silicon, EG = 1.10 eV  and  λ =  1.12 μm

The light energy of the wave length more than λ =  1.12 μm
can not be converted to electrical energy in the silicon crystal.
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Pinned Photodiode reported at SSDM 1978
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●NPN transistor Current Amplification

3-D  Multi-chips Intelligent 

CMOS Image Sensor System

e-
h+

Action Mode③

●Low Power CMOS inverter

Vin

Vout

Id
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●Water Gate Model for CMOS Inverter
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https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2001_ESSCIRC2001.pdf
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Invention 1975

Development 1978

Reference

Buried Pinned Hole Accumulation Photodiode
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Invention 1975

Reference

Electric Shutter Clocking Scheme

Development 1987
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Invention 1968

Development 1990

Reference
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● Source Follower Current Amplifier●Low Power CMOS inverter

Vout
Vin

Vdd

Vout

Vg

Vin

Vdd

R
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Invention and Development 1970

Invention and Development 1974
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Reference
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