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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 Mode ③

●Low Power CMOS inverter

Vin

Vout

Id

●Why CMOS is so strong ?
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●Analog  TV
800H x 500 V = 400,000 pixels 

800H 

50
0H

 

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

6000H 

40
00

H 

Output Circuit

CCD Charge Transfer

MAX 6000H +4000H 
= 10000 Transfers

0.001 %  x 10000= 10 % 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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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
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SiO2

N+

Psub

Light CTG

e-

Bad Image Lag

e- e- CTD

(1) N+P junction Photodiode 
in 1960s

Ids =  K  ( Vs – Vch ) 2

As  ( Vs – Vch )  0
Ids   0 

Finite Reset Readout Time 
causes the Image Lag

N+ CTGe-
e-

Parasitic Oxide Capacitor

Swing Swing

Cpox

Cpox
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電荷転送電極の実行抵抗が
大きくなり S/D間の電流が少なく
残留信号電荷により残像がある。

Poor Blue Light Sensitivity Problem

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

blue light sensitivity.

SiO2

N+

Psub

Light CTG

e-

Bad Image Lag

e- e- CTD

(1) N+P junction Photodiode 
in 1960s

FiFinite Reset Readout Time 
causes the Image Lag

More Problem
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SiO2

N+

Psub

Light CTG

e-

Bad Image Lag

SiO2

Light

CTG

e-
No Image Lag

e- e- e- e-e- e- CTD

(1) N+P junction Photodiode 
in 1960s

Psub
CTD

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

CTDCTGMOS/CCD
Photo Capacitor

Empty Potential with Fringing Electric Field

The CCD/MOS capacitor gives 
the Pinned Empty Potential Well 

of the Buried Channel Region
for the (2) case.
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SiO2

N+

Psub

Light CTG

e-

Bad Image Lag

SiO2

Light

CTG

e-
No Image Lag

e- e- e- e-e- e- CTD

(1) N+P junction Photodiode 
in 1960s

Psub
CTD

Sony ICX-008 CCD chips (1980)

1978
<ICX008>   

XC-1   １９８０

Two-Chip Color Video 
Camera

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

(2) Transparent Electrode CCD/MOS Photo Capacitor (1980)
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SiO2

N

Back Light

Buffer Memory

e-

P+

N e-

CTD
P

Psub

e-
CTB

e-

JAP 1975-134985VOD

SiO2

P+

Light CTG

e- e- e-
N

Nsub
N+

P

CTD

(3) P+NPNsub 接合型 Photodiode
Hole Accumulation Diode (HAD)

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

SiO2
Buffer Memory

P+

N e-
P

P

JAP 1975-127647

e-
CTD

e-

e-

Back Light

(4) P+PNP 接合型 Photodiode
Global Shutter Buffer MOS Memory

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.

JAP 1975-127646
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No Image Lag

e- e- e- e-e- e- CTD

(1) N+P junction Photodiode 
in 1960s

Psub
CTD

Sony ICX-008 CCD chips (1980)

1978
<ICX008>   

(2) Transparent Electrode CCD/MOS Photo Capacitor (1980)
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(3) P+NPNsub 接合型 Photodiode
Hole Accumulation Diode (HAD)

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

SiO2
Buffer Memory

P+

N e-
P

P

JAP 1975-127647

e-
CTD

e-

e-

Back Light

(4) P+PNP 接合型 Photodiode
Global Shutter Buffer MOS Memory

JAP 1975-127646
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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)

P+ 表面はピン留めされている。

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

by Teranish at Toshiba (1978) 
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50nm

150nm

Depletion
Region
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Hole Accumulation Diode (HAD)  = Pinned Photodiode with VOD function

Empty Potential Well
with no Image Lag

Jc
e-

e+

e-

Both sides of the PNP junction are pinned.

Light

Light

Je Jc

(1) Light (Jc) VOD (Je)  type Pinned Photodiode

Pinned
Pinned

Je

Hagiwara invented in 1975 the in-pixel vertical overflow drain (VOD) in PNP Pinned Photodiode.  
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Hole Accumulation Diode (HAD)  = Pinned Photodiode with VOD function

Empty Potential Well
with no Image Lag

Je
e-

e+
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Both sides of the PNP junction are pinned.

Jc Je

(2) Light (Je) VOD (Jc)  type Pinned Photodiode

Pinned
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Hole Accumulation Diode (HAD)  = Pinned Photodiode with VOD function

Empty Potential Well
with no Image Lag

Je
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Jc Je
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Hole Accumulation Diode (HAD)  = Pinned Photodiode with VOD function

Empty Potential Well
with no Image Lag

Jc
e-

e+

e-

Both sides of the PNP junction are pinned.

Light

Light

Je Jc

(4) Light (Je) VOD (Je)  type Pinned Photodiode

Pinned
Pinned

Je

Hagiwara invented in 1975 the in-pixel vertical overflow drain (VOD) in PNP Pinned Photodiode.  
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Light(Je)  type Pinned Photodiode

Je side is used for light illumination

VOD(Je) type Pinned Photodiode

Je side is used for VOD action

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 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’

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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P subP+

+VOD > 0 

N

a a’

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

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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P subP+

+VOD > 0 

N

a a’

e- e- e- e- e-

+ VOD > 0 
Pinned 
Buried
Empty 

Potential 
Level 

controlled
by + VOD 

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

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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P+ P+
P+

N

P sub

SiO2

CTG

CTG

CCD

CCD

P+

Pinned 
Buried 

Potential 
Level 

controlled
by VOD 

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

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

+ VOD > 0 

This fixed charge does not 
contribute to the Image Lag.

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

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

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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P subP+

+VOD > 0 
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a a’
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This fixed charge does not 
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Fig. 5  of the Japanese Patent Application JPA 1975-134985 shows 
the P+NP double  junction type Pinned Photodiode with the VOD function

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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P subP+

+VOD > 0 

N

a a’

This fixed charge does not 
contribute to the Image Lag.

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

Pinned 
Buried 

Potential 
Level 

controlled
by VOD 

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

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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P subP+

+VOD > 0 

N

a a’

e- e- e- e- e-

+ VOD > 0 
Pinned 
Buried
Empty 

Potential 
Level 

controlled
by + VOD 

This fixed charge does 
not contribute to 

the Image Lag.

This fixed charge does 
not contribute to 

the Image Lag.

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

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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P+ Channel Stops

PPD needs  P+ Channel Stops.
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(4) Light(Je)VOD(Jc) (1) Light(Jc) VOD(Je)
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(4) Light(Je)VOD(Jc) (1) Light(Jc) VOD(Je)
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Nsub

Nsub

(4) Light(Je)VOD(Jc)
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Pwell
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N

e-

e-

CTD

CTD
Main Surface

Main Surface

Je

Je
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P

P
VOD

VOD

Light(Je) Je side is used for light illumination
VOD(Jc)   Jc side is used for VOD action

(4) Light (Je) / VOD (Je)  type

(1) Light(Jc) VOD(Je)

Light

Light
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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

Fig. 7   

Punch-thru Fig. 8   

Fig.12

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+
VOD
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(1) Bucket Brigate Device (BBD)

The first Pinned Photodiode(PPD)
developed  in 1978 by Hagiwara

and reported at SSDM1978 in Tokyo.

b
b b’

a’a

Psub
nP+ P+

CTG

(2) Surface Channel CCD

(3) Buried Channel CCD

(3) Pinned Photodiode reported at SSDM 1978 Light Light

STG1CTG1

PPD1

PPD1

STG1CTG1

PPD1

PPD1
P+  Channel Stops

P+  Channel Stops

a

a’

b’

Narrow Charge Transfer Gate (CTG)
and Pinned Photodiode (PPD)

with the adjacent P+ channel stops

ST1 ST2 ST1 ST2 ST1

b

b’b
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ST1 ST2 ST1 ST2 ST1

b
Psub
nP+ P+

CTGLight Light
Pinned Photodiode reported at SSDM 1978
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Clock 2/6
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Clock 6/6
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Pinned

Image Sensor Story 65



Back Light Illumination 
Sony  CMOS Image Sensor (2020)

Multi-chips three dimensional LSI chip

P+PNPP+ Junction Buried Pinned Photodiode 
for Back Light (JAP 1975-127647)

図７

Fig. 7
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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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Conventional N+P  Single junction Type Solar Cell PNP Double Junction Type Solar Cell
proposed by Hagiwara in 2020

Poor Blue Light Sensitivity Problem

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

blue light sensitivity.

Completely depleted Buried N region
In the PNP Double Junction Type Solar Cell

proposed by Hagiwara in 2020
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Pinned Photodiode reported at SSDM 1978
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(5)

N+P Floating
Photodiode

(FPD)
before 1970

CCD/MOS
Photo Capacitor

(CCD)
invented in 1970

Buried
Photodiode

(BPD)
invented in 1975

Pinned 
Photodiode

(PPD)
invented in 1975

Hole 
Accumulation
Diode (HAD)

invented in 1975

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

e-
sub

sub

sub sub
sub

well

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

CTD
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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 Mode ③

●Low Power CMOS inverter

Vin

Vout
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Correlated Double Sampling Hold by Prof. M. White, 1972 

Correlated Double Sampling Hold  (CDS)

Conventional  Single Sampling Hold

Image Sensor Signals are buried in the clock noises.

off

on

MOS Transistor Switch ON/OFF Action

Source follower
Current AMP

Vdd

Rs

CSH

Analog 
Subtraction
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https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2001_ESSCIRC2001.pdf
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https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2008_ESSCIRC2008Hagiwara.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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Correlated Double Sampling Hold by Prof. M. White, 1972 

Correlated Double Sampling Hold  (CDS)

Conventional  Single Sampling Hold

Image Sensor Signals are buried in the clock noises.

off

on

MOS Transistor Switch ON/OFF Action

Source follower
Current AMP

Vdd

Rs

CSH

Analog 
Subtraction

Signal appears
only during

this short time
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