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 um, 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.



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

in 1960s
The N+ surface is floating.

e-

Bad Image Lag | Ppsyb No Image Lag

Oxide Capacitance Coupling and
Serious Image Lag Problem

® CCD/MOS Dynamic Photo Capacitor
with no image lag for action pictures
with Electric Shutter Function

<ICX008>

XC-1 1980
Two-Chip Color Video
Camera

on ANA 747 Jumbo Jet

all solid state = robustness

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTH-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schema by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage

ai ovidenced in JPA 1977-136885
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[Comparison of Various Light Detecting Photo Sensor Structures J

Hagiwara invented Pinned Photodiode (PPD).
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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.

(1) N+P junction Photodiode
in 1960s
The N+ surface is fi

Oxide Capacitance Coupling also gives
the Serious Image Lag Problem
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Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schema by controlling punch-thry
action of the 1n-pixel overflow deain (OFD) voltage

ai ovidenced in JPA 1977-136885



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.

More Problem
Poor Blue Light Sensitivity Problem

Single Junction N+P t;pe“Solar Cell
also has a very poor short wave
blue light sensitivity.

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTH-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t s also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

ai ovidenced in JPA 1977-156885,



The N+PNP junction type Dynamic Photo Transistor Structure
Pinned Photodiode and Sony Hole Accumulation Diode (HAD)
with the vertical overflow drain (VOD) function
invented by Hagiwara at Sony in 1975
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Hagiwara’s Lab Note at Sony in February 1975 -

In 1975 at Sony, Yoshiaki Hagiwara filed three Japanese patents JPA1975-127646, JPA1975-127647 and JPA1975-134985

on the Pinned Surface Photodiode with the VOD function which is later called as Sony Hole Accumulation Diede (HAD).
Hagiwara did not file a patent on the SiO2 device isolation but this lab note shows that Hagiwara had an idea of

forming the Shallow Trench Isolation by the Local Oxidation Method, which was hinted by the LOCOS isolation in 1970s,

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTS- 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schomao by controlling punch-thry
action of the 1n-pixel overflow deain (OFD) voltage
ad ovidenced in JPA 1977- 136885,



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 um, which results in an excellent
short wave blue light sensitivity

Light Penetration Depth in Silicon

I-LPD(W Drift Field Transistor
10
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Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schema by controlling punch-thry
action of the 1n-pixel overflow deain (OFD) voltage

ai ovidenced in JPA 1977-136885



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 um, which results in an excellent
short wave blue light sensitivity

Figure 7 of JAP 1975-127647 . Figure 6 of JAP 1975-134985
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Hagiwara invented PNP junction type PPD in 1975 with
(1) blue light 100% QE, (2) No Surface Dark Current and
(3) No Image Lag, Complete Charge Transfer features.

Image Sensor Story

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPAI975-127646,
JPAIDTE-127647 and JPA 1975-154985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schomao by controlling punch-thry
action of the 1n-pixel overflow deain (OFD) voltage
ai ovidenced in JPA 1977-136885,
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Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

File 1975-127646 Filed 1975/10/23
Public 1977-051815 on 1977/04/26

Buried Pinned Photodiode Patent

the NPNP Triple Junction type
Dynamic Photo Thyristor
with P-type Charge Carrier (h+) Buried Channel
CCD/MOS Dynamic Capacitor type Buffer Memory
used for Instant Photo Charge (h+) Storage
to achieve Global Shutter Function

CTG
SiO2
P h+ > - CTD
P- Punch Thru for VOD and
N+ Electric Shutter Function
and Global Shutter Function
P+ h+ p h+
N I
Vpin - h+ NS
&= N+ ﬂBIue Light Less than 0.1 um
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Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

File 1975-127646 Filed 1975/10/23
Public 1977-051815 on 1977/04/26

Buried Pinned Photodiode Patent

the NPNP Triple Junction type
Dynamic Photo Thyristor
with P-type Charge Carrier (h+) Buried Channel
CCD/MOS Dynamic Capacitor type Buffer Memory
used for Instant Photo Charge (h+) Storage
to achieve Global Shutter Function

CTG
SiO2
P h+ > - CTD
P- Punch Thru for VOD and
N+ Electric Shutter Function
and Global Shutter Function
P+ h+ p h+
N I
Vpin - h+ NS
&= N+ ﬂBIue Light Less than 0.1 um
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Patent Claim of JPA 1975-127646
applied by Yoshiaki Hagiwara at Sony in 1975
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Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

File 1975-127646 Filed 1975/10/23
Public 1977-051815 on 1977/04/26

Buried Pinned Photodiode Patent

the NPNP Triple Junction type
Dynamic Photo Thyristor
with P-type Charge Carrier (h+) Buried Channel
CCD/MOS Dynamic Capacitor type Buffer Memory
used for Instant Photo Charge (h+) Storage
to achieve Global Shutter Function

CTG
SiO2
P h+ > - CTD
P- Punch Thru for VOD and
N+ Electric Shutter Function
and Global Shutter Function
P+ h+ p h+
N I
Vpin - h+ NS
&= N+ ﬂBIue Light Less than 0.1 um

u t

Jf 6 14

iidih ™)

S N o

Equivalent Circuit Diagram ( Fig. 6 )
of Proposed NPNP Triple Junction type
Photon Detecting Device (PDD)
drawn in JPA 1975-127646 by Yoshiaki Hagiwara'>



Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

File 1975-127646 Filed 1975/10/23
Public 1977-051815 on 1977/04/26

Buried Pinned Photodiode Patent

the NPNP Triple Junction type
Dynamic Photo Thyristor
with P-type Charge Carrier (h+) Buried Channel
CCD/MOS Dynamic Capacitor type Buffer Memory
used for Instant Photo Charge (h+) Storage
to achieve Global Shutter Function

CTG
SiO2
P h+ > - CTD
P- Punch Thru for VOD and
N+ Electric Shutter Function
and Global Shutter Function
P+ h+ p h+
N I
Vpin - h+ NS
&= N+ ﬂmue Light Less than 0.1 um
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An Example of Device Cross Section ( Fig. 7 )
of Photon Detecting Device (PDD)
drawn in JPA 1975-127646 by Yoshiaki Hagiwara
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Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

File 1975-127646 Filed 1975/10/23
Public 1977-051815 on 1977/04/26

Buried Pinned Photodiode Patent

the NPNP Triple Junction type
Dynamic Photo Thyristor
with P-type Charge Carrier (h+) Buried Channel
CCD/MOS Dynamic Capacitor type Buffer Memory
used for Instant Photo Charge (h+) Storage
to achieve Global Shutter Function

CTG
SiO2
P h+ > - CTD
P- Punch Thru for VOD and
N+ Electric Shutter Function
and Global Shutter Function
P+ h+ p h+
N I
Vpin - h+ NS
&= N+ ﬂBIue Light Less than 0.1 um
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Patent Claim of JPA 1975-127646
filed by Yoshiaki Hagiwara at Sony in 1975
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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) FB/EEMAE(Nsub)D—AFDEEAIZ,

2) #EBEGSI0)ZENLTERGEERE
(CTO)AEESND1DEBR DIREE
B(P)A RS,

3) Z2(P)IzxmMLTAEDZz&Y LidEk
K (Nsub)D 5 ) X H Al LR ERE
SEE(P)EDREICHD BRRE DAR—RTE
15 (N)Z T L TR RIS (P+) S R S,

4) LEAN—XMRBE(N)ICETEDEE(A)ZH
my 5k LR mEsIcEREL
-EfRZ i EECimEL .

5) LECEFERA R AMEE(CTG(IZFIE
Doy ayHEIE(B)

= - »
EHOEKR @ OEMmEEE
wENRORD
EMESEO-SOoEMMIL, BEREHF LT
RACEBRENRAENEN 1 OSALBOE
EAMEBEEN, ZREMLADZ LD ¥
AHBERCRBIOZTTACLEESESR Lt OME
BOMREBO A -~ 2 RWMEALTRERNRMNB®
Fh, EE“—28RCAAEZENEcsadamybdCt
LD IRBEXARCERLARNN C LRES N
RCEEL, LERAFRESANBRKFEO 2 8
SFAETERLITENROEESTT > 9K LA L
e WRETEEEMBEE.

Patent Claim of JPA 1975-127646
filed by Yoshiaki Hagiwara at Sony in 1975



Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese

1) FB/EEMAE(Nsub)D—AFDEEAIZ,

2) #EBEGSI0)ZENLTERGEERE
(CTO)AEESND1DEBR DIREE
B(P)A RS,

3) z(P)IzMULTAED2&Y ERRE Bk
K (Nsub)D 5 ) X H Al LR ERE
P EDFEICthDERE DAR—XEE
B (N)E AU TR EE (P+) RS,

4) LEAN—XMRBE(N)ICETEDEE(A)ZH
my 5k LR mEsIcEREL
-EfRZ i EECimEL .

5) LECEFERA R AMEE(CTG(IZFIE
Doy ayHEIE(B)

CTG
Si02
h+ 2> > CTD
P
N
P+ h+ h+
Vpin
Nsub 4N —e
u Light

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127646 by Yoshiaki Hagiwara



Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese Patent Claim in English Translation

1) FB/EEMAE(Nsub)D—AFDEEAIZ, 1)

2) #EBEGSI0)ZENLTERGEERE 2)
(CTO)AEESND1DEBR DIREE
B(P)A RS,

3) Z(P)IzMLTE 2 kY itk || 3)
(R (Nsub)Dfth 5 D X m < _E iR Exx
P EDFEICthDERE DAR—XEE
(N EN L TR EE (PRSI,

4) LEA—REHEN)IZFEDBEMRZED | 4)
g 5i&lzkY ER2AMERICERL
T-Bfi% LRk IRk .

5) LEREHERXEEAEE(CTG(IZFTE 5)
DorOyYEIE(B)

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

the charge transfer device (CTD) is
placed upon the oxide whereby

the type 1 charge transfer region (P) is
formed.

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.

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).

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

CTG

Si02

h+ 2> > CTD
P
N
P+ h+ h+

Vpin

Nsub 4} —®

u Light

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127646 by Yoshiaki Hagiwara



Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese Patent Claim in English Translation

1) FHEEAENsub)D—FDEEAI. 1)  Along the main surface of a

semiconductor substrate (Nsub),

Nsub

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127646 by Yoshiaki Hagiwara



Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese Patent Claim in English Translation
1) FHEEAENsub)D—FDEEAI. 1)  Along the main surface of a
semiconductor substrate (Nsub), CTG
2) #EBEGSI0)ZENLTERGEERE 2) the charge transfer device (CTD) is i
(CTD) A ESND1DEER DIREME placed upon the oxide whereby Si02
E(P) RS, the type 1 charge transfer region (P) is
formed. h+ =
P
Nsub

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127646 by Yoshiaki Hagiwara



Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese Patent Claim in English Translation

1) FHEEAENsub)D—FDEEAI. 1)  Along the main surface of a
semiconductor substrate (Nsub), CTG
2) #EBEGSI0)ZENLTERGEERE 2) the charge transfer device (CTD) is ]
(CTO)NBESND1DEBR DERESE placed upon the oxide whereby Si02
E(P) RS, the type 1 charge transfer region (P) is
formed. h+ =
3) Z(P)=HAMLTEDZ&Y Liadt®ik | 3) Onthe opposite side of the region (P), P
FAK(Nsub)Dfth 5 D E E A=k 5RER% the light detecting region (P+) is formed
$EIE (P) LD It D BHEE DR—X$E on the backside substrate (Nsub), with N
1 (N)Z N L T2 (P+) e e . ::-?dZ:?e region (N) of another type as a P+ h+ h+
Nsub

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127646 by Yoshiaki Hagiwara



Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese Patent Claim in English Translation
1) FHEEAENsub)D—FDEEAI. 1)  Along the main surface of a
semiconductor substrate (Nsub), CTG
2) #HEESo)ZENLTCERNEEEE 2) the charge transfer device (CTD) is i
(CTD) A ESND1DEER DIREME placed upon the oxide whereby Si02
E(P) RS, the type 1 charge transfer region (P) is
formed. h+ 2
3) Z(P)=HAMLTEDZ&Y Liadt®ik | 3) Onthe opposite side of the region (P), P
E 4K (Nsub) D5 D mE A= L §RiER% the light detecting region (P+) is formed
$EI(P)EDRIthD BEEERDAR—R4E on the backside substrate (Nsub), with N
B (N)E AU TR EE (P+) RS, the base region (N) of another type as a p
bridge. + h+ h+
4) EFREAR—RMEIE(N)ICFIEDEE(A)ZH 4) By applying a voltage pulse(A) to the base
mdAceizkY LRSS saEIcBEL region (N), the charge (h+) stored in the Nsub

T-Bfi%x Lt a8 nE L . charge detecting region (P+) is transferred

to the charge transfer region (P).

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127646 by Yoshiaki Hagiwara



Japanese Patent Application JPA 1975-127646

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese Patent Claim in English Translation

1) FB/EEMAE(Nsub)D—AFDEEAIZ, 1)

2) #EBEGSI0)ZENLTERGEERE 2)
(CTO)AEESND1DEBR DIREE
B(P)A RS,

3) Z(P)IzMLTE 2 kY itk || 3)
(R (Nsub)Dfth 5 D X m < _E iR Exx
P EDFEICthDERE DAR—XEE
(N EN L TR EE (PRSI,

4) LEA—REHEN)IZFEDBEMRZED | 4)
g 5i&lzkY ER2AMERICERL
T-Bfi% LRk IRk .

5) LEREHERXEEAEE(CTG(IZFTE 5)
DorOyYEIE(B)

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

the charge transfer device (CTD) is
placed upon the oxide whereby

the type 1 charge transfer region (P) is
formed.

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.

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).

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

CTG

Si02

h+ 2> > CTD
P
N
P+ h+ h+
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Nsub 4} —®

u Light

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127646 by Yoshiaki Hagiwara
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Patent Claim in Original Japanese
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Patent Claim in English Translation

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

the charge transfer device (CTD) is
placed upon the oxide whereby

the type 1 charge transfer region (P) is
formed.

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.

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).

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

Equivalent Circuit Diagram ( Fig. 6 )
of Proposed NPNP Triple Junction type
Photon Detecting Device (PDD)
drawn in JPA 1975-127646 by Yoshiaki Hagiwara
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1) FB/EEMAE(Nsub)D—AFDEEAIZ, 1)

2)

3)

4)

5)
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Patent Claim in English Translation

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

the charge transfer device (CTD) is
placed upon the oxide whereby

the type 1 charge transfer region (P) is
formed.

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.

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).

By applying a proper clock voltage (B) to
the charge transfer gate (CTG), the
charge (h+) is properly transferred
further.
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An Example of Device Cross Section ( Fig. 7 )
of Photon Detecting Device (PDD)
drawn in JPA 1975-127646 by Yoshiaki Hagiwara
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File

Patent Claim in Original Japanese

1) FB/EEMAE(Nsub)D—AFDEEAIZ,

2) #EBEGSI0)ZENLTERGEERE
(CTO)AEESND1DEBR DIREE
H(P)AI RS,

3) Z2(P)IzxmMLTAEDZz&Y LidEk
K (Nsub)D 5 ) X H Al LR ERE
SEE(P)EDREICHD BRRE DAR—RTE
15 (N)Z T L TR RIS (P+) S R S,

4) LEAN—XMRBE(N)ICETEDEE(A)ZH
my 5k LR mEsIcEREL
-EfRZ i EECimEL .

5) LECEFERA R AMEE(CTG(IZFIE
Doy ayHEIE(B)

Patent Claim in English Translation

1)

2)

3)

4)

5)

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

the charge transfer device (CTD) is
placed upon the oxide whereby

the type 1 charge transfer region (P) is
formed.

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.

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).

By applying a proper clock voltage (B) to
the charge transfer gate (CTG), the
charge (h+) is properly transferred
further.
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the NPN Double Junction type
Dynamic Photo Transistor
with P-type Charge Carrier (h+) Surface Channel
CCD/MOS Dynamic Capacitor type Buffer Memory
used for Instant Photo Charge (h+) Storage
to achieve Global Shutter function
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the NPN Double Junction type
Dynamic Photo Transistor
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of Proposed NPN Double Junction type
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Buried Pinned Photodiode Patent

the NPN Double Junction type
Dynamic Photo Transistor

with P-type Charge Carrier (h+) Surface Channel
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used for Instant Photo Charge (h+) Storage
to achieve Global Shutter function
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1) FFJAEEE(Nsub)D—FDEmEAIIZ,

2)
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defined in the Patent Claim of
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Patent Claim in Original Japanese

1) FFJAEEE(Nsub)D—FDEmEAIIZ,

Patent Claim in English Translation

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

CTG
Si02
(B)
h+ 2> P> CTD
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Nsub 4N —e
u Light

Photon Detecting Device (PDD)

defined in the Patent Claim of

JPA 1975-127647 by Yoshiaki Hagiwara
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Patent Claim in Original Japanese Patent Claim in English Translation

1) FBEEAE(Nsub)D—FDEEEIZ, 1) Along the main surface of a

semiconductor substrate (Nsub),

2) HBIE(SiI02)ZNML TR AERS 2) the charge transfer gates (CTG) is placed
(CTG) M EEIZIND1OEEBR DI upon the oxide, under which the type 1
EFEEB(NDSEEEN., charge transfer

region (N) is formed.

Nsub

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127647 by Yoshiaki Hagiwara



Japanese Patent Application JPA 1975-127647

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese Patent Claim in English Translation

1) FBEEAE(Nsub)D—FDEEEIZ, 1) Along the main surface of a

semiconductor substrate (Nsub), CTG
2) HBIE(SiI02)ZNML TR AERS 2) the charge transfer gates (CTG) is placed ]
(CTG) R EEFIEShB 1 DEER DI upon the oxide, under which the type 1 5102
EFEEB(NDSEEEN., charge transfer
region (N) is formed. h+
3) Z(N)&Y LEBFEEXREAE(Nsub)Dth s 3) The light detecting region (P+) is formed in N
D EmEIc L ERERXEIE (N)ICHET S the backside of the substrate which is
) BB E 4 BRI T B closely placed
DEEBRDMHEE(N)EKY RS 2R with both the surface charge transfer
(P+)DSeRLEh . region (N) and the back side surface of the
substrate (Nsub).
Nsub

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127647 by Yoshiaki Hagiwara
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Patent Claim in Original Japanese

1) FFJAEEE(Nsub)D—FDEmEAIIZ,

2) #gIE(sio2)% L CEfEnX A RS
(CTG) M FEFIEN D1 DBER D
EEE(ND RS,

3) Z(N)&Y LRI BEEEM(Nsub)D 175
O EE R EERIERERE(N)CET S
th D EEER DRI ERBEHIZIETH 1
DEBHORB(N)ELY K D2 S FHE
(PH)ASRE RS,

4) LRCIRZEREE(CTG)ICFFEDEE(A)

EMFBH&2KY, L2 EEICER

Li-Bfiz L X s imEL.

Patent Claim in English Translation

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).

CTG
SiO2
h+
N
P+ h+ h+
Nsub

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127647 by Yoshiaki Hagiwara



Japanese Patent Application JPA 1975-127647

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese
1) FFJAEEE(Nsub)D—FDEmEAIIZ,

2) #gIE(sio2)% L CEfEnX A RS
(CTG) M FEFIEN D1 DBER D
EEE(ND RS,

3) Z(N)&Y LRI BEEEM(Nsub)D 175
O EE R EERIERERE(N)CET S
th D EEER DRI ERBEHIZIETH 1
DEBHORB(N)ELY K D2 S FHE
(PH)ASRE RS,

4) LRCIRZEREE(CTG)ICFFEDEE(A)

EMFBH&2KY, L2 EEICER

Li-Bfiz L X s imEL.

5) LR EREXHAEBICLREMENERE
(AEIFEREZ 7Y BE (B)ZEIMLT
LtEREADLERE—FADODEHIZHH-TE
FDEEEETOIESICLI-C LMY
SEAXEGRIZEE

Patent Claim in English Translation

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.

CTG
Si02
h+
(A)
P+ h+ h+

Nsub

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127647 by Yoshiaki Hagiwara
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Patent Claim in Original Japanese
1) FFJAEEE(Nsub)D—FDEmEAIIZ,

2) #gIE(sio2)% L CEfEnX A RS
(CTG) M FEFIEN D1 DBER D
EEE(ND RS,

3) Z(N)&Y LRI BEEEM(Nsub)D 175
O EE R EERIERERE(N)CET S
th D EEER DRI ERBEHIZIETH 1
DEBHORB(N)ELY K D2 S FHE
(PH)ASRE RS,

4) LRCIRZEREE(CTG)ICFFEDEE(A)

EMFBH&2KY, L2 EEICER

Li-Bfiz L X s imEL.

5) LR EREXHAEBICLREMENERE
(AEIFEREZ 7Y BE (B)ZEIMLT
LtEREADLERE—FADODEHIZHH-TE
FDEEEETOIESICLI-C LMY
SEAXEGRIZEE

Patent Claim in English Translation

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.

CTG
Si02
(B)
h+ > P CTD
(A)
P+ h+ h+
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u Light

Photon Detecting Device (PDD)
defined in the Patent Claim of
JPA 1975-127647 by Yoshiaki Hagiwara



Japanese Patent Application JPA 1975-127647

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese
1) FFJAEEE(Nsub)D—FDEmEAIIZ,

2) #gIE(sio2)% L CEfEnX A RS
(CTG) M FEFIEN D1 DBER D
EEE(ND RS,

3) Z(N)&Y LRI BEEEM(Nsub)D 175
O EE R EERIERERE(N)CET S
th D EEER DRI ERBEHIZIETH 1
DEBHORB(N)ELY K D2 S FHE
(PH)ASRE RS,

4) LARCEREFEE(CTG)CFrENEE(A)
FEMMT H2&ITkY, LRESZIEBEICER
L-EfiZx L ickriXfEs (TomEL .

5) LR EREXHAEBICLREMENERE
(AEIFEREZ 7Y BE (B)ZEIMLT
LtEREADLERE—FADODEHIZHH-TE
FDEEEETOIESICLI-C LMY
SEAXEGRIZEE

Patent Claim in English Translation

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.
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Equivalent Circuit Diagram ( Fig. 6)
of Proposed NPN Double Junction type
Photon Detecting Device (PDD)
drawn in JPA 1975-127647 by Yoshiaki Hagiwara



Japanese Patent Application JPA 1975-127647

applied by Yoshiaki Hagiwara at Sony on October 23, 1975

Patent Claim in Original Japanese

1) FFJAEEE(Nsub)D—FDEmEAIIZ,

2) #gIE(sio2)% L CEfEnX A RS
(CTG) M FEFIEN D1 DBER D
EEE(ND RS,

3) Z(N)&Y LRI BEEEM(Nsub)D 175
O EE R EERIERERE(N)CET S
th D EEER DRI ERBEHIZIETH 1
DEBHORB(N)ELY K D2 S FHE
(PH)ASRE RS,

4) LRCIRZEREE(CTG)ICFFEDEE(A)

EMFBH&2KY, L2 EEICER

Li-Bfiz L X s imEL.

5) LR EREXHAEBICLREMENERE
(AEIFEREZ 7Y BE (B)ZEIMLT
LtEREADLERE—FADODEHIZHH-TE
FDEEEETOIESICLI-C LMY
SEAXEGRIZEE

Patent Claim in English Translation

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.
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An Example of Device Cross Section ( Fig. 7))

of Photon Detecting Device (PDD)

drawn in JPA 1975-127647 by Yoshiaki Hagiwara
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1) FFJAEEE(Nsub)D—FDEmEAIIZ,

2) #gIE(sio2)% L CEfEnX A RS
(CTG) M FEFIEN D1 DBER D
EPEIE (N AR RS,

3) Z(N)&Y LRI BEEEM(Nsub)D 175
O EE R EERIERERE(N)CET S
th D EEER DRI ERBEHIZIETH 1
DEBHORB(N)ELY K D2 S FHE
(PH)ASRE RS,

4) LARCEREFEE(CTG)CFrENEE(A)
FEMMT H2&ITkY, LRESZIEBEICER
L-EfiZx L ickriXfEs (TomEL .

5) LR EREXHAEBICLREMENERE
(AEIFEREZ 7Y BE (B)ZEIMLT
LtEREADLERE—FADODEHIZHH-TE
FDEEEETOIESICLI-C LMY
SEHEZEREE

File 1975-127647 Filed 1975/10/23
Public 1977-051816 on 1977/04/26

Buried Pinned Photodiode Patent

the NPN Double Junction type
Dynamic Photo Transistor

Patent Claim in English Translation

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.

with P-type Charge Carrier (h=+) Surface Channel
CCD/MOS Dynamic Capacitor type Buffer Memory
used for Instant Photo Charge (h+) Storage
3) The light detecting region (P+) is formed in to achieve Global Shutter function
the backside of the substrate which is

closely placed

. CTG
with both the surface charge transfer
region (N) and the back side surface of the Si02
substrate (Nsub). I
4) By applying a voltage pulse(A) to the Charge |
Transfer Gate (CTG) the h+ > P CTD

charge (h+) stored in the charge detecting N
region (P+) is transferred to the surface
charge transfer region (N).

Punch Thru for VOD and
Electric Shutter Function

5) By applying a another deferent clock P+ h+ , h+
voltage (B) to the charge transfer gate 1
(CTG), the charge (h+) is transferred . N- h+
further along the main surface of the Vpin
substrate. N+ ﬂ Blue Light

u

and Global Shutter Function

Less than 0.1 pum
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Public 1977-058414 on 1977/05/13

Buried Pinned Photodiode Patent
the PNP Double Junction type
Dynamic Photo Transistor

with 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
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Dynamic Photo Transistor
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An example of Metal/Semiconductor Junction type
Photon Detector device (PDD)
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Another Example of PNP Double Junction type -

Photon Detector device (PDD)

with the Pinned Surface by Metal Contact with VOD function
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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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Buried N Charge of No Image Lag
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An Example of Device Cross Section ( Fig. 6)
of Photon Detecting Device (PDD)
drawn in JPA 1975-134985 by Yoshiaki Hagiwara it
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Japanese Patent Application JPA 1975-134985

applied by Yoshiaki Hagiwara at Sony on November 10, 1975

Patent Claim in Original Japanese

1) HBJEEMEN)IZ,

2) B1HEROE1FBEFMEE (P)L.
ZDEIZHEFEESN-FE2R8BRD
F2LBREE (N ENTBRENT

3) FSREAE(NP)EZ &Y DERZERE
I AHEREEES(CTD)EA LR E
FREAOE@EITHSMEESINT
BAHEFRGEBICRINT

4) EERERAIER(NP)O) LIRS 2 k4E
8 (N)ICEREESAESI, ZiES
ZIIvAER(e)EL.,

5) LRE 1 RUE2F BAEEHEMOES
#IALIAES()ETBSUD
AB(PNP)ZEFREL .

6) ZFTUTRA(PNP)DAR—R LD L ED
B2 BRFEE(N) K ERIZHLE-E
FEERL

7) CS(N) ICERSIh-EBRZ L&k
HI-BITSET, TOEEETILS
[CLE=-CERHET SERmEBER
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ek EEic, FT1HRBEHOE I KW R L,
2okl IhaeaFsz a8l omz ¥k
LR AN T RGEBLEZ L hORB e R T B
BEEEH LN LRESEEEOETHICH 9 tn ¢
ERINTHRIBEGBRERCPL VT, EREEM®
B0 FER 2 ENUEARCEREBE RS
n.BEEEtivIESLL, tEEIRUS
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» YA AFRBEL. BEFFr IR EODA -2 LR
A EER 2 ENEERCELBEEBLART £ F
ML, CoREBRIA BT LERABICE T
T, TOERETILIK LA EEHML
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File 1975-134985 Filed 1975/11/10

Patent Claim in Original Japanese
Public 1977-058414 on 1977/05/13

1) $JEEMEN)I,

2) F1/EBEROFE1FEFEEE(P)E, Buried Pinned Photodiode Patent
ZDLIZHBSNE=-FE28EBED the PNP Double Junction type
F23 BHhMEE (NELEEEINT Dynamic Photo Transistor

with the Vertical Overflow Drain (VOD) Function

3) LBAINP)EZ LY DBREITSE
I AERIEELE(CTD)EA LR E
GEEOTEITRSMEEBEEINT VOD
BRAEERGERICHRNT &— N e-

4) EERERAIER(NP)O) LIRS 2 k4E
B (N ICEREEESNEEIN., ZES
ZIIvAER(e)EL., P :

5) LRE1 RUE2LBHERMOES Je — :
EIALYBEAUNETEINSUD ;‘
AA(PNP)ERREL . N e- e ° =

6) ZrSU P RA(PNP)DR—R 13D EFD :
E2 BARMEE(N) A REBRICIEC-E P :
frEEEL - e- > PCTD
7) CS(N) ICERSIh-EBRZ L&k
BIZBITSET, TOEEETILD
[CLI=C¢Z2BHET2AKRGBER
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applied by Yoshiaki Hagiwara at Sony on November 10, 1975

Patent Claim in Original Japanese

1) HBJEEMEN)IZ,

2) B1HEROE1FBEFMEE (P)L.
ZDEIZHEFEESN-FE2R8BRD
F2LBREE (N ENTBRENT

3) FSREAE(NP)EZ &Y DERZERE
I AHEREEES(CTD)EA LR E
FREAOE@EITHSMEESINT
BAHEFRGEBICRINT

4) EERERAIER(NP)O) LIRS 2 k4E
8 (N)ICEREESAESI, ZiES
ZIIvAER(e)EL.,

5) LRE 1 RUE2F BAEEHEMOES
#IALIAES()ETBSUD
AB(PNP)ZEFREL .

6) ZFTUTRA(PNP)DAR—R LD L ED
B2 BRFEE(N) K ERIZHLE-E
FEERL

7) CS(N) ICERSIh-EBRZ L&k
HI-BITSET, TOEEETILS
[CLE=-CERHET SERmEBER

Patent Claim in English Translation

1) In the semiconductor basic body (N),

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

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.

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

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

transistor (PNP),
6) the second region (N)becomes the base region of

the transistor (PNP) which
stores the photo charge according to
the photo image.
7) And the charge stored in this region (N)
is transferred to the Charge Transfer Device
(CTD).

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

Buried Pinned Photodiode Patent
the PNP Double Junction type
Dynamic Photo Transistor

with the Vertical Overflow Drain (VOD) Function
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applied by Yoshiaki Hagiwara at Sony on November 10, 1975

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

Public 1977-058414 on 1977/05/13
1) FEERERN)IZ, 1) In the semiconductor basic body (N),

Buried Pinned Photodiode Patent
the PNP Double Junction type
Dynamic Photo Transistor

with the Vertical Overflow Drain (VOD) Function
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applied by Yoshiaki Hagiwara at Sony on November 10, 1975

Patent Claim in Original Japanese Patent Claim in English Translation File 1975-134985 Filed 1975/11/10
Public 1977-058414 on 1977/05/13
1) pBEEMAE(N)IZ, 1) In the semiconductor basic body (N),
2) F1/EBEROFE1FEFEEE(P)E, 2) the first region (P) of the first impurity is formed, Buried Pinned Photodiode Patent
ZDEICHEINT-F28ERE D and on which the second region the PNP Double Junction type
F2XFHREE (N ENEREINT (N) of the second impurity type is formed. Dynamic Photo Transistor

with the Vertical Overflow Drain (VOD) Function
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applied by Yoshiaki Hagiwara at Sony on November 10, 1975

Patent Claim in Original Japanese Patent Claim in English Translation File 1975-134985 Filed 1975/11/10
Public 1977-058414 on 1977/05/13
1) pBEEMAE(N)IZ, 1) In the semiconductor basic body (N),
2) F1/EBEROFE1FEFEEE(P)E, 2) the first region (P) of the first impurity is formed, Buried Pinned Photodiode Patent
ZDEICHEINT-F28ERE D and on which the second region the PNP Double Junction type
F2XFHREE (N ENEREINT (N) of the second impurity type is formed. Dynamic Photo Transistor

3) The photo sensor (NP) so defined forms with the Vertical Overflow Drain (VOD) Function

3) KREEEINP)EZ LY DERZERE

I AHERIEEEP(CTD)EA LR E a solid state image sensor with Charge :
AEAEOTHEIZHSOUMEBEINT Transfer Device (CTD) placed along the surface of
BAEFREEBEICTIRINT the semiconductor basic body. N

N & ! CTD

P

e- > PCTD
SiO2
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Patent Claim in Original Japanese

1) HBJEEMEN)IZ,

2) B1HEROE1FBEFMEE (P)L.
ZDEIZHEFEESN-FE2R8BRD
F2LBREE (N ENTBRENT

3) JSRERHMEB(NP)EZ &Y DB ZEIRE
TAHERIEEL(CTD)EMN LERFE
HREGOE@ETRSMEBESNAT
B A EERGEEICHINT

4) EERBAEP(NP)D LERE 2 BEKE
B (N)ICBREEa IR ESI, ZiES
ZISvaES(e)&l.,

File 1975-134985 Filed 1975/11/10

Patent Claim in English Translation
Public 1977-058414 on 1977/05/13

1) In the semiconductor basic body (N),

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

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. N

Buried Pinned Photodiode Patent
the PNP Double Junction type
Dynamic Photo Transistor

with the Vertical Overflow Drain (VOD) Function

4) A rectifying emitter junction (Je) is

formed on the second region (N) of P
the photo sensor (NP).
p (NP) Jo —>
N € CTD
P

e- > > CTD

Si02
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Patent Claim in Original Japanese

1) HBJEEMEN)IZ,

2) B1HEROE1FBEFMEE (P)L.
ZDEIZHEFEESN-FE2R8BRD
F2LBREE (N ENTBRENT

3) FSREAE(NP)EZ &Y DERZERE
I AHEREEES(CTD)EA LR E
FREAOE@EITHSMEESINT
BAHEFRGEBICRINT

4) EERERAIER(NP)O) LIRS 2 k4E
8 (N)ICEREESAESI, ZiES
ZIIvAER(e)EL.,

5) LRE 1 RUE2F BAEEHEMOES
#IALIAES()ETBSUD
AB(PNP)ZEFREL .

Patent Claim in English Translation

1) In the semiconductor basic body (N),

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

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.

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

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

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

Buried Pinned Photodiode Patent
the PNP Double Junction type
Dynamic Photo Transistor

with the Vertical Overflow Drain (VOD) Function
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Patent Claim in Original Japanese

1) HBJEEMEN)IZ,

2) B1HEROE1FBEFMEE (P)L.
ZDEIZHEFEESN-FE2R8BRD
F2LBREE (N ENTBRENT

3) FSREAE(NP)EZ &Y DERZERE
I AHEREEES(CTD)EA LR E
FREAOE@EITHSMEESINT
BAHEFRGEBICRINT

4) EERERAIER(NP)O) LIRS 2 k4E
8 (N)ICEREESAESI, ZiES
ZIIvAER(e)EL.,

5) LRE 1 RUE2F BAEEHEMOES
#IALIAES()ETBSUD
AB(PNP)ZEFREL .

6) ZFTUTRA(PNP)DAR—R LD L ED
B2 BRFEE(N) K ERIZHLE-E
FEERL

Patent Claim in English Translation

1) In the semiconductor basic body (N),

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

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.

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

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

transistor (PNP),
6) the second region (N)becomes the base region of

the transistor (PNP) which
stores the photo charge according to
the photo image.

File 1975-134985 Filed 1975/11/10
Public 1977-058414 on 1977/05/13
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1) HBJEEMEN)IZ,

2) B1HEROE1FBEFMEE (P)L.
ZDEIZHEFEESN-FE2R8BRD
F2LBREE (N ENTBRENT

3) FSREAE(NP)EZ &Y DERZERE
I AHEREEES(CTD)EA LR E
FREAOE@EITHSMEESINT
BAHEFRGEBICRINT

4) EERERAIER(NP)O) LIRS 2 k4E
8 (N)ICEREESAESI, ZiES
ZIIvAER(e)EL.,

5) LRE 1 RUE2F BAEEHEMOES
#IALIAES()ETBSUD
AB(PNP)ZEFREL .

6) ZFTUTRA(PNP)DAR—R LD L ED
B2 BRFEE(N) K ERIZHLE-E
FEERL

7) CS(N) ICERSIh-EBRZ L&k
HI-BITSET, TOEEETILS
[CLE=-CERHET SERmEBER

Patent Claim in English Translation

1) In the semiconductor basic body (N),

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

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.

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

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

transistor (PNP),
6) the second region (N)becomes the base region of

the transistor (PNP) which
stores the photo charge according to
the photo image.
7) And the charge stored in this region (N)
is transferred to the Charge Transfer Device
(CTD).
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Public 1977-058414 on 1977/05/13
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[ﬁ SONY HAD (~P;nned PhotoJuode) Publications at the International Solid State Device
Conference in 1978 and the Tokyo & New York SONY Press Conference in 1980

The original Pinned Photodiode (PPD) structure was invented by Hagiwara at Sony in 1975.
The first one-chip color video camera with a FT CCD image sensor with P+NP junction type
Pinned Photodiode (PPD) was reported by Sony in 1980 at Tokyo Press Conference by Iwama
Kazuo of Sony president, and at New York Press conference by Morita Akio of Sony chairman.

' Sony original 570H x 498 V one-chip FT CCD Image Sensor with Pinned Photodiode, July 1980 J

P+NP Junction Pinned Photodiode
P+ Channel St.op§ .

o ' | N'o'wlll_]
NV
i td

PPD needs P+ Channel Stops.
On July 1980, Iwama Kazuo at Sony Tokyo Press Conference and Morita Akio at New York
Press Conference announced the one chip CCD video camera with the 8 mm VTR in one box.

See the Original 1978 Publication of the Pinned Photodiode Sensor
Y. Daimon-Hagiwara, M. Abe, and C. Okada, "A 380Hx488V CCD imager with narrow channel
transfer gates,” Proceedings of the 10th Conference on Solid State Devices, Tokyo, 1978;
Japanese Journal of Appllied Physics , vol. 18, supplement 18-1, pp. 335-340, 1979

A Al

i High quality picture of SONY CMOS Imager is also based on SONY HAD ( Pinned Photodiode).

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTH-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schema by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage

ai ovidenced in JPA 1977-136885

57



The most important idea of the P+NP Double Junction Buried Pinned Photodiode proposed by Hagiwara in the
1975-134985 Japanese Patent Application is the virtual complete charge transfer operation with no image lag
which does not need the conventional double polysilicon overlappmg CCD process with very poor p:oductmty

g% “ﬁm

/',"_Ji T :J l‘?)‘j:a~ J%ézn.r "’T‘—_\

)

(1) Hagiwara 1975 P+NP PPD (2) Hagiwara 1978 P+NP PPD (3) Henecek 1979 P+NP PPD
JPA 1975-134985 SSDM1978 paper This may have a problem ?2?

The reason is explained below.

vV
-L— P+ N Psub . v"lf' N-| N | Psub "l"' N Psub o

.. Pinned

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.

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schema by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage

ai ovidenced in JPA 1977-136885
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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
PPD needs P+ Channel Stops.

+VOD >0

Pinned
Buried
Empty
Potential
Level
controlled
. by +VOD

+VOD > 0

sdrannnnnn sEsssssEnunn

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.
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ﬁ 5i02
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L This fixed charge does
not contribute to

the Image Lag.

This fixed charge does
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the Imaae Laa.
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Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTH-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975127647, 1t 45 also
ovident that Hagiwara et al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow deain (OFD) voltage

as ovidenced 1n JPA 19771356885
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Image Sensor Story

¥ High Blue Light QE wa

Drift Field Transistor

Flgure 6 of JAP 1975-134985
Pinned

rounded
..

-

Empty Potential Well
with No Image Lag

+  Empty Potential Well
i1 i - with NoImage Lag

e No Surface Dark Current

e
l[High Blue Light QE
No Image Lag
Hagiwara invented PNP junction type PPD in 1975 with

(1) blue light 100% QE, (2) No Surface Dark Current and
(3) No Image Lag, Complete Charge Transfer features.

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTH127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invonted Buried Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mvented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow drain (OFD) voltage

ai ovidenced in JPA 1977-156885,
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P+PNPP+ Junction Buried Pinned Photodiode
for Back Light (JAP 1975-127647)

Back Light lllumination
Sony CMOS Image Sensor (2020)
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Image Sensor Story

Hagiwara invented Pinned Photodiode (PPD).
Japanose Patent Applications, JPA1975-127646,
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1875, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow deain (OFD) voltage

ai ovidenced in JPA 1977-156885
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Fossum insulted in his 2014 paper Sony and Hagiwara 1975 PPD invention.

Indeed, Hagiwara invented PPD with VOD
and the virtual charie transfer in 1975 !!

TR MCENAL OF THE FLICTRON DEVIERS MOORTY WON, 1 N0 1 MY

Sony HAD (PPD+VOD) does not use LOCOS !!l may be floating and

A Review of the Pinned Photodiode for
CCD and CMOS Image Sensors

Enc R Fossum, Feltow, IEEE, aod Donald B. Hondongwa, Snadess Messbet IEEE -‘
«

Many people now said this is a fake paper !

. Ooiwer Comtridutions 20 she PPD lovention

The PPD simsctuse, while tovonted foe low Lag IUT CCD -
phcation, shascs ¥ stroeg soxemblance % the Hysooek vinwal,
phase CCD strocture. with the exception of the VOD. The fww
Envention werc sobvig different problems with coenglly e
wine device inchee and opcrating prinaples

In 1975, Ragivata 2t Sony Slod 2 potest spplicatics os
ipolar stwctwes for CCDs in which o prp vertcal stcture
wan dischoned, amcng sevenal structeres {24) The top p keyer
wat connected by metal 10 3 biss osed %0 cootred fll-well
capacity asd e atype hase layer was proposed for camiee
socage. |n 2o uoawaal paper. Hagruara, in 1996, rovisied e
1975 mvention aad clamed % was esertilly the aneetion of
Boch e vinual phase CCD and the NEC Jow-bg sructares,
as well o the dases of the Soey so<alied "Hole Accumelition

Dhode.” ce HAD structane |25}, However, the 1975 spoiicang

False propertis found @ the NEC lowlag device, md does ot

scem 1o comtasn e bost-an potentaal sicp and charge trander
device aspects of the vimual phase (CD
claims m 3 30N paper | 26] and sbows 3 VOD strscture

that s oot foend i te 1975 pusest sppiicaon. Souy dd
oot seem 00 punoe the HAD strocmre ool well aher e
NEC paper was poblnhed. However, the “memowgaze™ (CD
with an open paype surface rogion o mproned QE alwo
daciosed (n G 1975 application was seporied in more detal)
by Hagiwara ot ol & Scay 1 1978 27), A semilar wormcruse
s wsed cviensively by Philgs [28)

The PPD, 2 # 15 modt commoaly ased today, beary e
stengest resemblance 1 e Terzaidt of 3l 1LY OCD device
Thas, Sese days Teramedn o cosnadeood an the / Ve
sor of the modern PPD [ 5]

NOT
connected

\

The surface P+ layer
is NOT connected to
the LOCOS P+ layer.
The surface P+ layer

this photodiode may
have serious image lag.

Serious Image Lag ?

Fg 4 Euaple of & pendd photicode mplemented @ 3 OMOS image

e dhowmng dogung concontraiom. (Dimessonal sty

/

Hagiwara in 1975 invented PPD with VOD and the virtual charge transfer.

Study the Japanese Patents 1975-127646, 1975-127647 and 1975-134985.

Image Sensor Story

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDTS- 127647 and JPA 1975134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schomao by controlling punch-thry
action of the 1n-pixel overflow dran (OFD) voltage
a# ovidenced in JPA 1977- 136885,
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Difference of Pinned Photodiode and Buried Photodiode
Pinned Photodiode must have the P+ heavy doped channel stops nearby.
Pinned Photodiode must be a buried photodiode.
Pinned Photodiode must not have the edge barrier to the Charge Transfer Gate
Pinned Buried Photodiode Buried Photodiode Bucket Bridgade Device (BBD)
does not have the edge barrier with the edge barrier with Serious Image Lag

cro e vi v2
- ° P i 1 P
CE & | ;
Pinned Empty Potential Lag ::":.'/' - - "::. -
=] = =
(1) Pinned Photodiode ( 2 Buried Photodiode (3) Bucket Brigade Device
with No Image Lag with BBD Barrier (BBD)

The surface P+ region may not be pinnod |,
being solated from the LOCOS £+ channel
mop region by the buried N storage region.

P+

This photodiode is not Pinned Photodiode
since the N storage region is not completely buried.

Image Sensor Story

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTH127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invonted Buried Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mvented
slobal Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow dran (OFD) voltage
as ovidenced in JPA 1977-136885.
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Albert J.P. Theuwissen, Jan T.). Bosiers, Edwin Roks, “ The Hole Role “,
an invited paper at IEDM2005, Washington DC, Techn. Dig. , 2005.

] Butin the,

sase that_parts of the depleted n-tpe CCD channgls arcnol
gl ther surface potential 15 undefined !

Such a structure wall suffer from charge transport issues during
operation, because charge can be trapped m local potential
pockets. The effect can be solved by defining the potential in
the open arcas through an extension of the p- channel stopper
A simple self-aligned implant of 2x10"" /em® boron ions is
suflicient to extend the channel stop arcas to the gate edge and
consequently fix the potential in the open areas [2]. The result
after this self-aligned implant 1s shown m Figure 3. The
presence of enough holes plays a crucial role in fixing the
potential for the regions “beyond control™ of the gates. (Is this

structure the mother of the m ed-wmdc or buried Tiode.
or accumulation ’)

[2] Y. Daimon-Hagiwara et.al., Proc. 10" Conf on Solid-State Devices, Tokyo, 1978, pp.335-340,

C poy Sigam
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o8t LI,
ssamm W
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53 0l subsrate

Figure J. Cross section of @ buned chonne! CCD o0 0-51 tubstrate including
loghs wondows and ¢ i the moncovered (D choanels
fohe crons section 1y wcwlar 0 the CCD channel)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPAI975-127646,
JPAIDTE-127647 and JPA 1975-154985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schomao by controlling punch-thry
action of the 1n-pixel overflow deain (OFD) voltage
ai ovidenced in JPA 1977-136885,
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@ ELECTRICALENGINEERING

Difference between Buried Photodiode and Pinned Photodiode

What is the difference between Buried Photodiode and Pinned Photodiode? | understand that the P+/N/P

structure where the P+ and P layers have the same potential is the Pinned Photodiode. So what is the

buned Photodiode?
https/felectronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode

In 1975 the first PPD
was invented by
Hagiwara at Sony
and used in ILT CCD
PDs by Hamazaki
at Sony in 1987.

PPD must have

the P+ channel
stops nearby to pin
the surface P+ layer.

This is a commonly misunderstood misused set of tlerminoiogles.

First off these are not PIN Photodiodes - which stands for P - Intrinsic- N. These have large depletion
regions for higher intermal QE (Quantum Efficiency) and faster response. You can't make an amray with this
design though

Pinning, refers to fermievel pinning of pinning 10 a cerain voltage level Or also the forcing or prevention
of the fermi-level/voltage from moving in energy space

You can get surface state pinning from the dangling SUSIO2 bonds providing trapping cenlers. A buried PD
(Photodiode) has a shallow impilant that forces the charge camers away from these surface traps. The
SUSi02 surface contributes to increased leakage (dark current) and neise (particularly 1/1 noise from
trapping/de-trapping) So confusingly a buried PD avoids pinning of the fermi-level at the surface

A pinned PD is by necessity a buned PD, but not all buried PD's are pinned The first Pinned PD was
invented by Hagiwara at and is used in ILT CCD PD's, these same PD's and the principles behind
this complete transfer of charge are used in most CMOS imagers built today.

A pinned PD is designed to have fhe collection region deplete out when reset AS the PD depletes it
becomes disconnected from the readout circutt and if designed properly will drain all charge out of the
collection region (accomplishing complete charge transfer). An inleresting side effect is that the
capacitance of the PD drops to effectively zero and therefore the KTC noise ¢, — sgrt( KT'C) aiso goes
to zero. When you design the depletion of the PD to deplefe at a cerfain voltage you are pinning that PD to
that voltage. That is where the term comes from

I've edited this Answer to ackn

Hagmwara-san's contribution It has long been incomectly attributed
1o Yeranishi and to Fossum (in

image sensors)

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTS- 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schomao by controlling punch-thry
action of the 1n-pixel overflow deain (OFD) voltage
ad ovidenced in JPA 1977- 136885,
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Semiconductor History Museum of Japan
https:// www.shmij.or.jp/english/pdf/dis/exhibi 10051,

In 1875, Sony proposed using a PNP transistor as the photodetector [3]. By providing a P + layer
(emitter) for the light incident section, the sensor electrode that covers the entire light receiving surface
of the photodiode can be eliminated, greatly improving the light sensitivity, This P + layer was also a
proposal to reduce the dark current and image lag which became the basis of the pinned photodiode.
In 1978, Sony presented a 93,000-pixel FT (Frame Transfer) -CCD image
sensor compliant with the Analog TV Broadcasting Standard (SDTV) for the first time in the world [5],
using the photodiode with the same structure as above. Sony succeeded in 1981 iIn trial production of
& VTR-Ontegrated color movie camera using & 2 / 3-4nch 280,000-pixel FT-CCD image sensor by further
improvement of this technology [6)
The Pinned Photodiode is a photodiode in which the entire N layer is covered with a P layer. The part
of the P layer on the light incident surface is heavily doped P+ (Fig-1). Kodak named this structure
Pinned Photodiode in 1984 because the P + surface of the light incident surface was pinned to the
substrate potential, This device has features such as high light sensitivity, wide dynamic range, image
lag free, much smaller dark current due to reduced influence of GR center on the light receiving surface,
and no white scars.
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Pinned Photodiode reported at SSDM 1978 Se—
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and Tolevison Engineers. vol. 12, no. 12, pp. 31.36, (1988)

(3] Y_Hagiwara, Japansse Patent JP 1075134000
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Image Sensor Story

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Scheme of the three level elocking
with MOS Capacitor Buffer Memary, cloarly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t s also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schome by controlling punch-thry
action of the 1n-pixel overflow deain (OFD) voltage
ai ovidenced in JPA 1977- 156885,
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Sony's Representative Inventions Supporting Stacked Multi-Functional CMOS

Image Sensors

Yy ey nauct O
-
-
https://www.sony.net/Sonylnfo/News/notice/20200626/
Pinned Photodiode Adopted for Back-Tlluminated CMOS Image Sensors
The ! r ¥'S inver f image sen pes Dack to the CCD era. Above &, Pinned Photos € 15 3 el )y that contnbaut I !
pert e of Dock-ihu sted OM T =eors, and the | vy of ns and product o« oDt ) )
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I apd € potent apphication number 1975-127646, 1575-127647 Yoshiaki Hagiwara ), In the same year, inspired by such structure, Sony
nted 8 PNP Junction type PPD with D (vertical overfiow orain) function (Japanese Patent No. 1215101 Yoshaaki Hagiwars ), Alter that, Sony
coeeded naking a phe ¢ Ry y frame transiey Mae Sensor that adopted the PNP junction type PPD technology, having a higt
mpurity Woe 20onN ¥4+ Channes SToP reguon formed o a L receving section by 100 implantation technodogy for the first time in the worlkd, and
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Roteronces
(1M Hamasaki, T Suzuk, Y. Kagaws, K. shikawa. K. Miyatas and M. Kambe, “"An 1T.CCD imager
with elecironically vartiable shutter speed” | Technioal Report of The instiiute of Image Information
and Tolevision Enginoors. vol. 12, no. 12, pp. 31-30, (1088)
(3] Y_Hagwara Japanese Patont JP 1076 134005
(5] Y. Hagiwara, M. Abe, and C. Okada, “A 380H x 488V CCD imager with narrow channel transfor
gates”. Proc. The 10th Conferance on Sold State Devicos, Tokyo, (1978 Japanase Journal of
Apptiod Phywsics, vol 18, Suppleaments 18-1, pp. 335340, (1079)
(6] 1. Kapno, M. Shimads. ¥. Nakada, Y. Hirats and Y. Hagiwam, “Single Chup Caolor Camers Using
Narrow channet CCD timages with Over Flow Drain” . Technical Report of The Inatiute of image
information and Tolevision Enginoers. vol 4 no. 20, o
Image Sensor Story

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshwk: Hagiwara at Sony n 1975, show that
Hagiwara invonted Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975127647, 1t s also
ovident that Hagiwara et al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow deain (OFD) voltage

as ovidenced 1n JPA 19771356885
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Finally the Sony-Fairchild Patent Wat(1991-2000) ended over the Sony HAD Sensor  Hagiwara invented Pinned Photodiode (PPD).
which is identical to the P+NPNsub junction type Pinned Photodiode

with Vertical Overflow Drain, originally invented by Hagiwara at Sony in 1975.

Andfinally Hagiwara received for his Japanose Patent Applications, JPA1975-127646,
SONY 1975-134985 Japanese Patent officially , JPAIDTE127647 and JPA 1975-154985, filed by
200098 the First Patent Award from Mr. Ando, Yoshiaki Hagiwara at Sony in 1975, show that
gm#;”!. SRV PreUOREHL AP XL GRS Hag d Buried Photodiode (BPD) with

26 years of struggles since his invention. NEWASE LUV CAING, § DA00n e 13 W
o o Dynamic Photo Transistor Operation the Pinned Surface Hole Accumulation, Pinned

P sed by Hagiwara at Sony in 1975 .
18 ropc? s ¥ Photodiode (PPD) and Hole Accumulation Diode
“ ‘. ] (HAD). It 15 also evadent that Hagiwara mnvented
b i Al

Eaeens Global Shutter Scheme of the three lovel clocking

AR OMLANRES L URRNE with MOS Capacitor Buffer Memory, cloarly shown

SRLMLBEGARYRAY 2 LEDT

in JPA 1975-127646 and JPA 1975-127647, 1t is also

- ight :
RACERE:S0 Vi - Sub can be . g } )
TLLERIMUCSHARRLETY Sub Kbty Comvk.!qe ovident that Hagiwara ot al invented the Electrical
L L ET) Varo B atabianoy c:‘l e Shutter Clocking Schema by controlling punch-thry
i o Shreuing g £l | overflow drain (OFD) volta
" U from the action of the in-pixel overflow drain voltage
.’: ~ARen e » ‘ cTD base(N) region ‘
é é .z ;k. Fross Ut e ———— is possible. as ovidenced in JPA 1977136885
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The Pinned Photodiode (Sony Original HAD sensor) Structure

Electric Shutter Basic Patent Award
from Sony President Idei to Yoshiaki Hagiwara
for Japanese Patent 1977-126885 by Hagiwara
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Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646
JPAIDTS 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evident that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1975- 127646 and JPA 1975-127647. 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schomo by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

as ovidenced 1n JPA 1977136885
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The N+PNP junction type Dynamic Photo Transistor Structure
Pinned Photodiode and Sony Hole Accumulation Diode (HAD)
with the vertical overflow drain (VOD) function
invented by Hagiwara at Sony in 1975

Si02

1

Hagiwara’s Lab Note at Sony in February 1975 e

In 1975 at Sony, Yoshiaki Hagiwara filed three Japanese patents JPA1975-127646, JPA1975-127647 and JPA1975-134985

on the Pinned Surface Photodiode with the VOD function which is later called as Sony Hole Accumulation Dicde (HAD).
Hagiwara did not file a patent on the Si02 device isolation but this lab note shows that Hagiwara had an idea of

forming the Shallow Trench Isolation by the Local Oxidation Method, which was hinted by the LOCOS isolation in 1970s.

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTS- 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schomao by controlling punch-thry
action of the 1n-pixel overflow deain (OFD) voltage
ad ovidenced in JPA 1977- 136885,
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Pinned _Photodiode Patents by Yoshiaki_Hagiwara

The following slides explain the details of 1975 Pinned_Photodiode_ Patent.

Artificial Intelligent Partner System(AIPS) Home Page Top
hagiwara-yoshiaki@aiplab.com
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Yoshiaki Hagiwara
AIPS

Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanese Patent Applications, JPA1975-1276486,
JPA19T5-127647 and JPA 1975-134985, filed by
Yoshiaki Hagiwara at Sony in 1975, show that
Hagiwara invented Buried Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode

(HAD). It is also evident that Hagiwara invented

/14

GGlobal Shutter Scheme of the three level clocking
with MOS Capacitor Buffer Memorv, clearly shown
in JPA 1975-127646 and JPA 1975-127647. It is also
evident that Hagiwara et al invented the Electrical
Shutter Clocking Scheme by controlling punch-thru
action of the in-pixel overflow drain (OFD) voltage

as evidenced in JPA 1977-136885.



Yoshiaki Hagiwara (AIPS)
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Yoshiaki Hagiwara
AIPS

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,

JPAIDTS127647 and JPA 1975-134985, filed by

Light Light (2) Light Light Light

0 n® 0@ 05 yohiaki Hagiwara at Sony in 1975, show that

Sie02e Si02 Si02 Si02

e-¢€- e- + . :

N+ - = T Hagiwara invented Buned Photodiode (BPD) with
- e. -

e-Ue

Puel]  the Pinned Surface Hole Accumulation, Pinned

TESLER

Vaa  Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, clearly shown

in JPA 1976-127646 and JPA 1975-127647. It is also
Front-illuminated CIS

ovident that Hagiwara ot al invented the Electrical

Sénsltivity x2

Shutter Clocking Schome by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885




Yoshiaki Hagiwara (AIPS)

Electric € Hagiwara invented Pinned Photodiode (PPD).
Signal

= Japanoso Patent Applications, JPA1975-127646,

JPAIDTS- 127647 and JPA 1975-134985, filed by

Light Light M (2) Light Light Light
iy n® 0@ 106 yoshiaks Hagiwara at Sony in 1975, show that
Sie02e Si02 Si02 Si02
N e~ = Hagiwara invented Buned Photodiode (BPD) with
e

- e- e-be

e.
Py P, Putl  the Pinned Surface Hole Accumulation, Pinned
sub
TESLER _’ | _I Vaa  Photodiode (PPD) and Hole Accumulation Diode

(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown

in JPA 1975-127646 and JPA 1975- 127647, 1t ix also

Front-illuminated CIS
‘Sensitivity x2

ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885

Back-illuminated CIS




Yoshiaki Hagiwara (AIPS)

(1) Photon to/l,EIectric Charge Converter (PECD)

(3) Processor ’ T
Human Brain Hagiwara invented Pinned Photodiode (PPD).

IMemoryI | CPU I P E

i)

L

Japanoso Patent Applications, JPA1975-127646,

2 JPAIDTH-127647 and JPA 1975-134985, filed by
Light ~ Light ] Light Light Light

5(1) 3(3) 1@ 1o Yoshik: Hagiwara at Sony n 1975, show that
Si02 Si02 Si02 Si02

N E— I ;‘e I Hagiwara invonted Buned Photodiode (BPD) with
- e- - e. - -

Puet] the Pinned Surface Hole Accumulation, Pinned

TESLER

Vaa  Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown

in JPA 1975-127646 and JPA 1975- 127647, 1t ix also

Front-illuminated CIS
‘Sensitivity x2

ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885

Back-illuminated CIS




Yoshiaki Hagiwara (AIPS)

(1) Photon t()/lf,lectric Charge Converter (PECD)

_~Retina Cell (Photodiode)  (3) Processor iy - %
(2) Charge Transfer Device Human Brain w'm invented Pinned Photodiode M)o
I Memoryl | CPU I FE
E : Japanoso Patent Applications, JPA1975-127646,
2) JPAIDTH- 127647 and JPA 1975-134985, filed by
) Light Light [] Light Light Light
(1] Photon to Electric Charge Converter (PECD) 41(” 3(3) 1 06 Yoshiaki Hagiwara at Sony n 1975, show that
@N:P single junction @P+NP double junction @P+NPN triple junction 302 sio2] [sio2] |sio2
N+ 4 I ;‘ in E* Hagiwara invented Buned Photodiode (BPD) with
.MUSty .CCDI}' [2).CAC|131:SE;TE"|5 (fl:f gﬂ"-’:;(mﬂ Amp+ CDS+ AW)CMDS Psub Paub P Pl  the Pinned Surface Hole Accumulation, Pinned
e FIXel | In Fixel Lurrent Am sub
e P P —i— _’ 7 _l *Vaa  Photodiode (PPD) and Hole Accumulation Diode

(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, clearly shown

in JPA 1976-127646 and JPA 1975- 127647, 1t is also
Front-illuminated CIS

ovident that Hagiwara ot al invented the Electrical

SEnsltivity x2

Shuttor Clocking Schemeo by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885




@NPN transistor Current Amplification

Collector (N)

Base(P) |\ \ ¥
Lixtgy,

—

Emitter (N)

3-D Multi-chips Intelligent
CMOS Image Sensor System

. vd 1 & e
Cache SRAM Chips (1) I 1 (1) Out{1)
s
Analog Data Comparator Chip ™'

Bottom Image Sensor Chip
GSM  CTG1 Vg

@ Why CMOS is so strong ?

@ Low Power CMOS inverter

Inverter |
Vin Vout d
=Vin 0 Vdd
Vout = Vin > Vin

@ Water Gate Model for CMOS Inverte
Vin
Action Mode ® '

Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDTH-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evadent that Hagiwara mnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t ix also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schome by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced in JPA 1977-1356885
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony in 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evadent that Hagiwara mnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t ix also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977-136885



CCD Charge Transfer Efficiency < 99.999%

-

< S500H—>

CCD Charge Transfer

MAX 800H +500H
= 1300 Transfers

0.001 % x 1300= 1.3% Signal Loss

—

Image Sensor Story

# Resolution
4 4

@Analog TV
800H x 500 V = 400,000 pixel:

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

m) Output Circuit

Yoshiaki Hagiwara (AIPS)
Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTE127647 and JPA 1975-134085, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evident that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1975-127646 and JPA 1975-127647, 1t s also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977- 136885



Yoshiaki Hagiwara (AIPS)

@~ Resolution it
@ ‘ Digital TV Japanoso Patent Applications, JPA1975-127646

JPAIDTH- 127647 and JPA 1975134985, filed by
6000H x 4000 V = 24,000,000 pixel Yoshuk: Hagiwara at Sony n 1975, show that

Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pined

CCD Charge Transfer Efficiency < 99.999% Human Eyes cannot
recognize the signal

O loss and noise of P ,
CCD Charge Transfer Iess than 3 % Global Shutter Scheme of the three lovel clocking

with MOS Capacitor Buffer Memory, cloarly shown

Photodiode (PPD) and Hole Accumulation Diode

(HAD). It 15 also evident that Hagiwara invented

MAX 6000H +4000H
= 10000 Transfers

in JPA 1976-127646 and JPA 1975-127647. 1t 1s also
ovident that Hagiwara ot al invented the Electrical
0.001 % x 10000= 10 % Signal Loss Shutter Clocking Schemo by controlling punch-thry

"""""""""""""""""""""" > - Output Circuit action of the m‘p!Ml overflow deamn (OFD) voltage

as ovidenced 1n JPA 1977136885

<« 4000H—
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Yoshiaki Hagiwara (AIPS)

Resolution e

Japanose Patent Applications, JPA1975-127646
JPAIDTH-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Scheme by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885
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Yoshiaki Hagiwara (AIPS)

S/N Ratio ]

Japanose Patent Applications, JPA1975-127646
JPAIDTH-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Scheme by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885



Yoshiaki Hagiwara (AIPS)

rame Rate Fags vt e P 9]

Japanose Patent Applications, JPA1975-127646
JPAIDTH-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Scheme by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885
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Yoshiaki Hagiwara (AIPS)

Dynamic Range e

Japanosg Patent Applications, JPA1975-127646
JPAIDTH- 127647 and JPA 1975134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Schome by controlling punch-thry
":.v-':. v-v:' N e 2 . ' _'*; y L f)"?‘ :‘._,;‘ -\'
vyndinic range SHULCTH Lolor Reaity

action of the 1n-pixel overflow dean (OFD) voltage
as ovidenced in JPA 1977- 136885
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Yoshiaki Hagiwara (AIPS)

Shutter SRR e—

Japanose Patent Applications, JPA1975-127646,
JPAI975-127647 and JPA 1975-134085, filed by
Yoshiak: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Schome by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885
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Yoshiaki Hagiwara (AIPS)

olor Reality i

Japanosg Patent Applications, JPA1975-127646
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Schome by controlling punch-thry

."")" ?c‘ . :{,—'_'{:i‘| !

WWIVE NNanLy

action of the in-pixel overflow deain (OFD) voltage
ai ovidenced in JPA 1977-136885
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(1) N+P junction Photodiode
in 1960s
The N+ surface is floating.
Light
7 Si02 X Cox
N+ e- e-e- —=»CTD

[ Bad Image Lag] Psub

Oxide Capacitance Coupling also gives
the Serious Image Lag Problem

floating. CTG

Cox

Swmg
Swmg

lds- K (Vs —Vch )’

As (Vs-=Vch)=>0
Ids 2> 0

Image Sensor Story

causes the Image Lag

» time

87

QSig_ Finite Reset Readout Time

Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTS 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1976127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 19771356885



(1) N+P junction Photodiode Yoshiaki Hagiwara (AIPS)
in 1960s

The N+ surface is floating. ¢ Ve : .
Light I Hagiwara invented Pinned Photodiode (PPD).
Light ;i ->
L

7 Si02
N+ e- e-e- == CTD

Japanosg Patent Applications, JPA1975-127646

[ Bad Image Lag] Psub Vs éW‘ JPAIDTS-127647 and JPA 1975134985, filed by
sig
Oxide capacitance Coupling also gives th """"""" Ve \Vd Yoshuk: Hagiwara at Sony n 1975, show that

the Serious Image Lag Problem Hagiwara invented Buried Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned
More Problem

Poor Blue Light Sensitivity Problem

Photodiode (PPD) and Hole Accumulation Diode

. l Small and 5|0\il Current Flow (HAD). It 15 also evadent that Hagiwara invented
2 Light VS . —— Ids - - )
r—ﬂ P+ |pi|N | N+  sioz | N e Global Shutter Scheme of the three lovel clocking
il : Metal o ChT Qsig Vd
- e- g wm : i ? with MOS Capacitor Buffer Memaory, clearly shown
Sea of Electrons /- : ~:\\‘e+ssea of/EIectrons Sea of Electrons

i H.— o ) TRNITRALR ¢ > NE LOMp " s ale
Qsig Finite Reset Readout Time in JPA 1975-127646 and JPA 1975- 127647, 1t s also
: causes the Image Lag ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Scheme by controlling punch-thry

> ti g .
Hme action of the in-pixel overflow dean (OFD) voltage

e+ e+ o)
Single Junction N+P type Solar Cell _T
also has a very poor short wave : : : as ovidenced in JPA 1977-136885

mblue.light sensitivity. 88



(1) N+P junction Photodiode
in 1960s
The N+ surface is floating. Light
Light | B
7 Si02
N+ e-

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

N/ SiO2
e- €- €- =p e- e- = CTD

[ No Image Lag] Psub

e-e- =—=»CTD

[ Bad Image Lag] Psub

Oxide Capacitance Coupling also gives
the Serious Image Lag Problem
The CCD/MOS Dynamic Photo Capacitor
of the Buried Channel Region
lf gives Pinned Empty Potential Well
for the (2) case.

Empty Potential with Fringing Electric Field
MOS/CCD
Photo Capacitor
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTS 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1976127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 19771356885



(1) N+P junction Photodiode (2) Transparent Electrode CCD/MOS Photo Capacitor (1980) Yoshiaki Hagiwara (AIPS)

in 1960s

The N+ surface is floating. ih

Light T e Sony ICX-008 CCD chips (1980) Hagiwara invented Pinned Photodiode (PPD).
7 Si02 | po
SN 7 i
N+ e- e-e- =—=»CTD €- €- €- =p e- e- = CTD m Japanoso Patent Applications, JPA1975-127646,
[ Bad Image Lag] Psub [ No Image Lag] Psub " JPAIOTE127647 and JPA 1975-134985, filed by
Oxide Capacitance Coupling and <|CX008> Yoshiak: Hagiwara at Sony in 1075, show that
Serious Image Lag Problem Hagiwara invonted Buried Photodiode (BPD) with
XC-1 1980

Two-Chip Color Video the Pinned Surface Hole Accumulation, Pinned
Camera Photodiode (PPD) and Hole Accumulation Diode
on ANA 747 Jumbo Jet (HAD). It 15 also evadent that Hagiwara invented

Global Shutter Scheme of the three lovel clocking

with MOS Capacitor Buffer Memory, cloarly shown

in JPA 1975-127646 and JPA 1975127647, It s also

ovident that Hagiwara et al invented the Electrical

®CCD/MOS Dynamic Photo Capacitor

with no image lag for action pictures

with Electric Shutter Function all solid state = robustness as ovidenced in JPA 1077-136885

Shutter Clocking Schome by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage
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(3) P+NPNsub Junction
>hotodiode
Hole Accumulation Diode (HAD)

The Pinned Surface P+ potential gives

the Pinned Empty Potential Well
If of the Buried Photodiode
for (3), (4) and (5) cases.

Complete Charge Transfer Mode
with No Image Lag Feature

Empty Potential with Fringing Electric Field
MOS/CCD
Photo Capacitor

(3) P+NPNsub Junction
hotodiode
Hole Accumulation Diode (HAD)

4_\ Light
7 $i02

CTD
P+ e-=-p>e-e- —p>
- N
P
Nsub

— N+ ]

VoD JAP 1975-134985
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTS 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1976127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 19771356885



(4) P+PNP Junction Photodiode _ o Yoshiaki Hagiwara (AIPS)
Global Shutter Buffer MOS The Pinned Surface P+ potential gives

the Pinned Empty Potential Well
J of the Buried Photodiode  Hagiwara invented Pinned Photodiode (PPD).

for (3), (4) and (5) cases.

emory

Complete Charge Transfer Mode
with No Image Lag Feature

Japanosg Patent Applications, JPA1975-127646

Empty Potential with Fringing Electric Field
MOS/CCD

JPAIDTH- 127647 and JPA 1975134985, filed by

_ CTG CTD £, 2 ] i

Photo Capacitor r Yoshuak: Hagiwara at Sony n 1075, show that

Hagiwara invented Buned Photodiode (BPD) with

(3) P+NPNsub Junction (4) P+PNP Junction Photodiode the Pinned Surface Hole Accumulation, Pinned
, .

hol'tlc(;‘ljelc:jcecumulation Diode (HADA Global Shutter Buffer MOS Photodiode (PPD) and Hole Accumulation Diode

emory

Lich (HAD). It 15 also evident that Hagiwara invented

ght Buffer Memory Global Shuttor S ; 3

7 _Si02 slobal Shutter Schemo of the three level clocking

CTD Si02
P+ e-=p>e-e- —p> with MOS Capacitor Buffer Memory, cloarly shown

)
_E- f CTD
- N N e- in JPA 1976-127646 and JPA 1975-127647. 1t 1s also

o-
P ) 7N ovident that Hagiwara ot al invented the Electrical
I—NSUb g ] Shuttor Clocking Schemo by controlling punch-thr
N+ = Back Light - action of the inpixel overflow drain (OFD) voltage

VOD  JAP 1975-134985 JAP 1975-127647

as ovidenced 1n JPA 1977136885
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(5) P+PNPN Junction Photodiode , o Yoshiaki Hagiwara (AIPS)
Global Shutter Buffer MOS The Pinned Surface P+ potential gives

Memory the Pinned Empty Potential Well
J of the Buried Photodiode  Hagiwara invented Pinned Photodiode (PPD).
for (3), (4) and (5) cases.

Complete Charge Transfer Mode
with No Image Lag Feature

Japanosg Patent Applications, JPA1975-127646

Empty Potential with Fringing Electric Field
MOS/CCD

JPAIDTE-127647 and JPA 1975-134085, filed by

_ CTG CTD £, 2 _ i
Photo Capacitor ”77/— Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
(3) P+NPNsub Junction (4) P+PNP Junction Photodiode (5) P+PNPN Junction Photodi the Pinned Surface Hole Accumulation, Pinned
, .
hotodiode . . Global Shutter Buffer MOS Global Shutter Buffer MOS Photodiode (PPD) and Hole Accumulation Diode
Hole Accumulation Diode (HAPdemory Memory
nght Bure i Buffer Memory (HAD). It 15 also evident that Hagiwara invented
: Urer vemory 2102 Global Shutter Schemo of the three lovel clocking
£.5i02 CTD L__sio2 N e-e- _»CTD
P+ e--p>e-e- —p> P e- - =t=p CTB ? with MOS Capacitor Buffer Memory, cloarly shown
f_ CTD @o— P
- N N e-le- N e-le- in JPA 1975-127646 and JPA 1975-127647. 1t is also
P P AN Psub 2\ ovident that Hagiwara ot al invented the Electrical
Nsub -E' P+ P+ — Shutter Clocking Schemo by controlling punch-thry
.——I + I — . - i
N Back Light — Back Light L action of the in-pixel overflow dean (OFD) voltage
VOD JAP 1975-134985 JAP 1975-127647 JAP 1975-127646

as ovidenced 1n JPA 1977136885
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(1) N+P junction Photodiode (2) Transparent Electrode CCD/MOS Photo Capacitor (1980) Yoshiaki Hagiwara (AIPS)

in 1960s
The N+ surface is floating. Lich
Light I ight Sony ICX-008 CCD chips (1980) Hagiwara invented Pinned Photodiode (PPD).
/502 |
N/ SiO2 »
N+ e- e-e- —p»>CTD e- - €- =p - - == CTD m:‘ Ly Japanose Patent Applications, JPAT975-127646
Bad Image Lag| psub [ No Image Lag] Psub : 2 lu.‘ﬂ’““ JPAIDT5-127647 and JPA 1975-134985, filed by
Oxide Capacitance Coupling and <|CX008> Yoshiak: Hagiwara at Sony n 1975, show that
Serious Image Lag Problem Hagiwara invented Buried Photodiode (BPD) with
(3) P+NPNsub Junction (4) P+PNP Junction Photodiode (5) P+PNPN Junction Photodi the Pinned Surface Hole Accumulation, Pinned
, .
hotodiode . . Global Shutter Buffer MOS Global Shutter Buffer MOS Photodiode (PPD) and Hole Accumulation Diode
Hole Accumulation Diode (HAPdemory Memory
Lich Buffer Memory (HAD). It 15 also evadent that Hagiwara invented
ight Buffer Memory , ‘ . ; ;
02 : Si02 Global Shutter Schemo of the three level clocking
- CTD Si02 N e-e- _*CTD Sy ‘ -
P+ e-=->»e€-e- =—p> P e- e- =—4=p CTB ? with MOS Capacitor Buffer Memaory, clearly shown
f -1 CTD ®— P
- N N e-le- N ele- in JPA 1976- 127646 and JPA 1975- 127647, 1t is also
P P ZN Psub < ovident that Hagiwara ot al invented the Electrical
Nsub -E' P+ P+ e Shutter Clocking Scheme by controlling punch-thry
.——I + | — . = i .
N Back Light - Back Light L action of the in-pixel overflow dean (OFD) voltage
VOD JAP 1975-134985 JAP 1975-127647 JAP 1975-127646

as ovidenced 1n JPA 1977136885
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Yoshiaki Hagiwara (AIPS)

@P+NPNsub Pinned Photodiode (JAP 1975-134985) — P+| N TI Pweul New V2"
|

e Hagiwara invented Pinned Photodiode (PPD).

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

@NPNsub with VOD function (JAP 1978-1971) CNTDT P N Vsu Japaneso Patent Applications, JPA1975-127646,
. sub
by Yamada at Toshiba (1978) L'g".‘—l—> T € IPAIOTI 127647 and JPA 1975134085, fled by
. . CTD Yoshiak: Hagiwara at Sony n 1975, show that
@ PNPsub Buried Photodiode (JAP 1980-138026) 4 gy o :
] ] P N I Psub Hagiwara invented Burned Photodiode (BPD) with
by Teranish at Toshiba (1978) Ligh'r|—|'> & _.'.
= the Pinned Surface Hole Accumulation, Pinned
Comparison of Various Light Detecting Photo Sensor Structures Photodiode (PPD) and Hole Accumulation Diode

(HAD). It 15 also evadent that Hagiwara invented

Global Shutter Scheme of the three lovel clocking

Blue Light Sensitivity A X O O /@) with MOS Capacitor Buffer Memory, cloarly shown
Low Image Lag X O O X @) @) in JPA 1976127646 and JPA 1975- 127647, 1t is also
Ty y P R O X X X O O ovident that Hagiwara ot al invented the Electeical
Surface Trap Nokse O X '®) X '®) ®) Shuttor Clocking Schemeo by controlling punch-thry
Vertical OFD (VOD) X X X ®) X ®) action of the in-pixel overflow dean (OFD) voltage
Electrical Shutter X X X X X O as ovidenced in JPA 1977- 156885

Image Sensor Story 95



Yoshiaki Hagiwara (AIPS)

The actual 1978 Sony HAD sensor has the P+PN+Psub (0) Original N+P junction type Photo Sensor ;
Junction type Pinned Photodiode (PPD) sensor structure = With very poor short wave blue light sensitivity Hagiwara invented Pinned Photodiode (PPD).

for the excellent short wave blue light sensitivity. : ! ;
Light | sio2| N+ | Psub
0 [ ‘)‘ | Japanosg Patent Applications, JPA1975-127646
I Y I
_ ! ; JPAIDTE127647 and JPA 1975-134085, filed by
wil: with excellent short wave blue light sensitivity Hagiwira invented Buried Photodiode (BPD) with
g . IN4! : the Pinned Surface Hole Accumulation, Pinned
‘ | Light SIO{ p+| P :N‘i': | Psub ¢ Pinn ace Hole Accumulatio &
G / R [ » E i i _-l- Photodiode (PPD) and Hole Accumulation Diode
50nm Pl : B A Lo i
/\ A ' bip p-n-p-sub m e P : (HAD). It is also evadent that Hagiwara invented
0.2[- / ’IST?nm 2 =—=—=mos S5onmpoly | - -
W 3 mos 150nmpoly (2,3) MOS Capacitor type Photo Sensor Global Shutter Scheme of the three lovel clocking
400 - : 5CL>0 n;n 6(1')0 R 700 with fairly good short wave blue light sensitivity with MOS Capacitor Buffer Memory, clearly shown
y | )
: ol ' io in JPA 1975-127646 and JPA 1975- 127647, 1t is also
Fig. 7. Relative spectrum response. The relative response of the bipolar-type Light PolySi| Si02 i DePI_Etlo:n Psub |
Si02-P2-N1-P1-SUB structure is compared with poly-SiO2-N2-P(SUB) :»- - Reglon; ovident that Hagiwara ot al invented the Electrical
structures of the polysilicon thickness of 50 and 150 nm. / | |

- Shutter Clocking Schome by controlling punch-thry
Yoshiaki Hagiwara,"High Density and High Quality Frame Transfer CCD Imager with Very Low Smear, Low Dark

Current and Very High Blue Sensitivity", IEEE Transaction on Electron Devices, Vol 43, no. 12, December 1996 action of the inpixel overflow drain (OFD) voltage
http://www.aiplab.com/P1996_Pinned_Photodidoe_used_in_Sony_1980_FT_CCD_Image_Sensor.pdf as ovidencod in JPA 1977-136885
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The N+PNP junction type Dynamic Photo Transistor Structure
Pinned Photodiode and Sony Hole Accumulation Diode (HAD)
with the vertical overflow drain (VOD) function
invented by Hagiwara at Sony in 1975

Light

| $i02
Si02 N+ $i02

P (BaAsE)

V. 2 J

=l

"P

[ ]

I

I

L

|

Hagiwara’s Lab Note at Sony in February 1975 =
In 1975 at Sony, Yoshiaki Hagiwara filed three Japanese patents JPA1975-127646, JPA1975-127647 and JPA1975-134985
on the Pinned Surface Photodiode with the VOD function which is later called as Sony Hole Accumulation Diode (HAD).

Hagiwara did not file a patent on the SiO2 device isolation but this lab note shows that Hagiwara had an idea of
forming the Shallow Trench Isolation by the Local Oxidation Method, which was hinted by the LOCOS isolation in 1970s.
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPAI975-127646,
JPAIDTE-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Bunied Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schome by controlling punch-thry
action of the 1n-pixel overflow drain (OFD) voltage
a# ovidenced in JPA 1977-136885.



. . . Yoshiaki Hagiwara (AIPS)
Fig 6 of JPA 1975-134985 shows an example of Pinned Photodiode

with the Jc Junction side used for the photo pair generation. Hagiwara invented Pinned Photodiods (PPD).
Blue light cannot penetrate silicon crystal more than 0.1 um.

Light(JC) VOD(JE) type Japanosg Patent Applications, JPA1975-127646
j.p.ngs. Patent 1975-134985 JPAIDTH- 127647 and JPA 1975-134985, filed by

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

- Both sides of the PNP junction are pinned.
Fig. 6 o 3

m ‘ ﬂ Pinned the Pinned Surface Hole Accumulation, Pinned
Pinned % ‘ e

A oo | . Light

Yoshik: Hagiwara at Sony n 1975, show that

Hagiwara invented Buned Photodiode (BPD) with

Photodiode (PPD) and Hole Accumulation Dode

(HAD). It 15 also evadent that Hagiwara invented

- Q— Global Shutter Scheme of the three lovel clocking
vODO ‘ _.‘\ <_ ] Light
' \ Ic H A D with MOS Capacitor Buffer Memory, clearly shown

in JPA 1975-127646 and JPA 1975- 127647, 1t 15 also

Empty Potential We1

with no Image Lag ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Scheme by controlling punch-thry

. . . . . . . y (’ A “Lixe 0 3 u,')l ollagy
Hagiwara invented in 1975 the in-pixel vertical overflow drain (VOD) pact i o adon. Sl SURIY W

in the PNP double junction type dynamic photo transistor ( Pinned Photodiode). as ovidenced in JPA 1977-136885
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Yoshiaki Hagiwara (AIPS)
Fig 6 of JPA 1975-134985 shows an example

of Pinned Photodiode with Je Junction VOD Light(Je) VOD(Je) type

Light(Jc) VOD(Je) type Hagiwara invented Pinned Photodiode (PPD).

Japanese Patent 1975-134985 . Fig 5 of JPA 1975-134985 shows

Both wdet of the PNP junction are pinmed. N N

F‘g- 6 o ¢ 1 an example Of Plnned PhOtOdIOde Japanose Patent Applications, JPA1975-127646,
| with the Je Junction side used for  jpyiums 105007 wed JpA 1975199085, fled by
the photo pair generation with Yoshiaki Hagiwara at Sony in 1975, show that
the suU rface VOD mEtaI contact. Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Schemo of the three level clocking

with MOS Capacitor Buffer Memory, clearly shown

in JPA 1976-127646 and JPA 1975-127647. 1t 15 also

ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Schome by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage

VOD metal contact is optional. If the surface VOD is not needed, the VOD metal ** *Vdenced in JEA 1977156855
can be deleted and the surface P+ can be connected to the adjacent P+ channel stops.



PPD needs P+ Channel Stops. Yoshiaki Hagiwara (AIPS)
Fig. 5 of the Japanese Patent Application JPA 1975-134985 shows

the P+NP double junction type Pinned Photodiode with the VOD function Hagiwara invented Pinned Photodiode (PPD).
+VOD>0 C16 ccb

Japanoso Patent Applications, JPA1975-127646
JPAIDTS-127647 and JPA 1975-134985, filed by
P+ Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with

P sub the Pinned Surface Hole Accumulation, Pinned

Photodiode (PPD) and Hole Accumulation Dode

Light(Je) VOD(Je) type

(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown

in JPA 1975-127646 and JPA 1975- 127647, 1t 15 also

ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Scheme by controlling punch-thry

“ action of the in-pixel overflow dean (OFD) voltage
VOD metal contact is optional. If the surface VOD is not needed,

the VOD metal contact can be deleted and the surface Pl;)l-ocan be
connected to the adjacent P+ channel stops.

as ovidenced in JPA 1977- 136885



PPD needs P+ Channel Stops. Yoshiaki Hagiwara (AIPS)
Fig. 5 of the Japanese Patent Application JPA 1975-134985 shows

the P+NP double junction type Pinned Photodiode with the VOD function Hagiwara invented Pinned Photodiode (PPD).
+VOD >0

CTG CCD " " -p D5 2 1
4........................._._.» VoD >0 E E Japanosg Patent Applications, JPA1975-127646
ﬁ Si02 JPAIDTH- 127647 and JPA 1975134985, filed by
P+ a. P+
P+ I e-e-e-e-e-e-iJ N P+ E y 1 ‘ ~e
: Yoshiak:s Hagiwara at Sony n 1875, show that
ali
— P sub Hagiwara invented Buned Photodiode (BPD) with
-

the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evident that Hagiwara invented
Global Shutter Scheme of the three level «'lml\n:g
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1976-127646 and JPA 1975-127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schemo by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage
VOD metal contact is optional. If the surface VOD is not needed,
the VOD metal contact can be deleted and the surface Plg-l can be

connected to the adjacent P+ channel stops.

as ovidenced 1n JPA 1977136885



PPD needs P+ Channel Stops. Yoshiaki Hagiwara (AIPS)
Fig. 5 of the Japanese Patent Application JPA 1975-134985 shows
the P+NP double junction type Pinned Photodiode with the VOD function Hagiwara invented Pinned Photodiode (PPD).

+VOD >0
a a

‘-IIIlIIIIIIIIIIIIIIII.IIIIIII’

Japanosg Patent Applications, JPA1975-127646

JPAIDTE-127647 and JPA 1975-134085, filed by

Yoshik: Hagiwara at Sony in 1975, show that

E E — Hagiwara invented Buned Photodiode (BPD) with
E E the Pinned Surface Hole Accumulation, Pinned
llllllll?llllllllllllllllll:‘lllllllll Ph“(“‘h“‘l.' |[)l)“' ‘lnli },l"l‘\ '\“-.‘”nu].”.‘“n lh”d.,
E E . (HAD). It 15 also evident that Hagiwara invented
. . Pinned
+VOD>0 . Buried Global Shutter Scheme of the three lovel clocking
"!"""""""""i Empty with MOS Capacitor Buffer Memary, clearly shown
/ Potential in JPA 1976-127646 and JPA 1975-127647. It is also
Level

controlled ovident that Hagiwara ot al invented the Eloctrical
by + VOD Shutter Clocking Schome by controlling punch-thry
"""""‘j action of the in-pixel overflow dean (OFD) voltage

VOD metal contact is optional. If the surface VOD is not needed, g 3\ 1077- 19684

HE R \ldl e l'd in o“ .\ 197 [ 1 56885

the VOD metal contact can be deleted and the surface Plg-z can be
connected to the adjacent P+ channel stops.



PPD needs 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

CTG CCD
+VOD>0 % E

Pinned
Buried
Potential
Level
controlled
by VOD

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.

Yoshiaki Hagiwara (AIPS)
Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTH 127647 and JPA 1975- 134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Dode
(HAD). It 15 also evident that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t 15 also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow dram (OFD) voltage

ai ovidenced 1n JPA 1977136885



PPD needs 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

CTG CCD
+VOD>0 % E

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

P sub

Pinned
Buried

controlled
by VOD

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.

Yoshiaki Hagiwara (AIPS)
Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646
JPAIDTS 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t 15 also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow dram (OFD) voltage

ai ovidenced 1n JPA 1977136885



_ PPD needs P+ Channel Stops. Yoshiaki Hagiwara (AIPS)
Fig. 5 of the Japanese Patent Application JPA 1975-134985 shows

. . . . . D .
the P+NP double junction type Pinned Photodiode with the VOD functiol vara inveated P ode (PPD).
+VOD >0

, CTG cco
a a VOD > 0
bl ﬁﬁ Japanose Patent Applications, JPA1975-127646
Si02 :
| P+ as | ~ E+ JPAIDTH- 127647 and JPA 1975-134985, filed by
: P+
P+ e-e-e-e-e-e-; N
2 Yoshuk: Hagiwara at Sony in 1975, show that
— P sub

Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pimned
Photodiode (PPD) and Hole Accumulation Dode

(HAD). It 15 also evsdent that Hagiwara invented

Global Shutter Schemo of the three level clocking
Pinned

Buried with MOS Capacitor Buffer Memaory, clearly shown
Potential TR RSSO

Level in JPA 1976-127646 and JPA 1975-127647. 1t is also
controlled ovident that Hagiwara ot al invented the Electrical
by VOD

This fixed charge does not
contribute to the Image Lag.

Shutter Clocking Scheme by controlling punch-thry

— action of the in-pixel overflow dean (OFD) voltage

VOD metal contact is optional. If the surface VOD is not needed,
the VOD metal contact can be deleted and the surface Plg-5 can be
connected to the adjacent P+ channel stops.

as ovidenced 1n JPA 1977- 136885



i PPD needs 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 functiol

Yoshiaki Hagiwara (AIPS)

+VOD >0

I CTG CCD
VOD >0
‘-................-...........»
Si02
I P+ a,J E+
P+ e-e-e-e-e-e-: N P+
a’
— P sub
.

Pinned
Buried
Potential
Level
controlled
by VOD

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 Plg-6can be
connected to the adjacent P+ channel stops.

Hagiwara invented Pinned Photodiode (PPD).

m Japanosg Patent Applications, JPA1975-127646

JPAIDTH-127647 and JPA 1975- 134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evident that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1976-127646 and JPA 1975-127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schemo by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

as ovidenced 1n JPA 1977136885



Fig. 5 of the Japanese Patent Application PA 1975-134985 shows

PPD needs P+ Channel Stops

the P+NP double junction type Pinned Photodiode with the VOD functio

+VOD >0

‘lIIIlIIIIIIIIIIIIIIIIIIIIIIII>

IIIIIIII-’IIIIIIIIII

+VOD >0

I{IIIIIIIIIIIIIIIII.

i EEEEEEEEESR

Pinned
Buried
Empty
Potential
Level
controlled
by + VOD

CTG
VOD>0

CCD

G -

P+

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

"

L This fixed charge does
not contribute to

the Image Lag.

Si02
I P+ a QJ
e-e-e-e-e-e-: N
a’t
P sub

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 Plg-7 can be
connected to the adjacent P+ channel stops.

Yoshiaki Hagiwara (AIPS)
Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646

JPAIDTS 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned

Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1975- 127646 and JPA 1975- 127647, 1t ix also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schemo by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

as ovidenced 1n JPA 1977- 136885



PPD needs 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 functio
ccD

o -

+VOD >0 VOD > 0 Qe

Si02

I P+ agJ
P+ e-e-e-e-e-e-: N
a’t

P sub

VOD -

P+] N Pinned Photodiode

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+

[P+

Yoshiaki Hagiwara (AIPS)
Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646
JPAIDTH 127647 and JPA 1975- 134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diodi
(HAD). It s also evadent that Hagiwara invented
Global Shutter Scheme of the three level clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t 15 also
ovident that Hagiwara ot al invented the Electrical
shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow dram (OFD) voltag

ai ovidenced 1n JPA 1977- 1356885



Yoshiaki Hagiwara (AIPS
Fig. 5 of the Japanese Patent Application JPA 1975-134985 is a hit to make iaki Hagiwara (AIPS)

a completely heavily doped P+ Channel Stops Less Pinned Photo Detecting Device (PPDD).

+VOD >0 CBG CTG ccb

VOD >0
Si02 o
| P+ a. | .
P+ e- e- e- e- e-e- | N
. at

P sub
CBG

VOD

4

CCD Transfer Gate

CCD Storage Gate
Pinned Photodiode

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.

CB(

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTH- 127647 and JPA 1975134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evident that Hagiwara invented
Global Shutter Scheme of the three level «'lml\n:g
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1976-127646 and JPA 1975-127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schemo by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

as ovidenced 1n JPA 1977136885



SONY HAD ( Pinned Photodiode ) Publications at the International Solid State Device ’
Conference in 1978 and the Tokyo & New York SONY Press Conference in 1980

The original Pinned Photodiode (PPD) structure was invented by Hagiwara at Sony in 1975.
The first one-chip color video camera with a FT CCD image sensor with P+NP junction type
Pinned Photodiode (PPD) was reported by Sony in 1980 at Tokyo Press Conference by Iwama
Kazuo of Sony president, and at New York Press conference by Morita Akio of Sony chairman.

l Sony original 570H x 498 V one-chip FT CCD Image Sensor with Pinned Photodiode, July 1980 |

No Image LaL]

P+NP Junction Pinned Photodiode
P+ Channel;Stqpg, No Image Lag_]

fl ! !
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On July 1980, Iwama Kazuo at Sony Tokyo Press Conferencepgr? ori a%k%hgtnng\lu%g >
Press Conference announced the one chip CCD video camera with the 8 mm VTR in one box.

See the Original 1978 Publication of the Pinned Photodiode Sensor
Y. Daimon-Hagiwara, M. Abe, and C. Okada, “A 380Hx488V CCD imager with narrow channel

transfer gates,” Proceedings of the 10th Conference on Solid State Devices, Tokyo, 1978;
Japanese Journal of Appllied Physics , vol. 18, supplement 18-1, pp. 335-340, 1979

o ———— e —— ——— e

\'_l-_ii_gh quality pi&um of SONY CMOS Imager is also based on SONY HAD( Pinned Photodiode); J

110

Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDTH-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evadent that Hagiwara mnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975127647, It s also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schome by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977-136885



P+NP/Sub junction type Pinned Photo Diode

invented by Hagiwara at Sony in Japanese Patent 1975-134985.

file 1975134085  Filed 1975/11/10 Light(Jc) VOD(Je)
Public 1975058414  Public 1977/05/13 Japanese Patent 1975-134985
Grant 1 933/ 10/19 Hole Accumulation Diode (HAD) = Pinned mﬁzogiﬁgmmoz ::.::::23
Patent Claim in English Translation Fig. 6 Y. 9 :

Pinned %

first region( Pwell ) of the first impurity type is A wvoo | -
formed, (2) on which, the second region (N )

of the second impurity type is formed. (3) The
charge (e-) from the light collecting part (N/Pwell
Junction ) is transferred to the adjacent charge
transfer device (CTD). (4) Both are placed along
the main surface of the semiconductor substrate.
(5) In the solid stare image sensor so defined,

a rectifying Emitter junction ( Je ) is formed on

[1) Tn the semiconductor substrate [Nsub), the LM e b, ’j{‘:d
o

J  Light

Empty Potential Well
with no Image Lag

VOD (Je) type
Main Surface

VOD (Jc) type

the second region (N) of the light collecting part P CTD Nsub
L < Je /

(N/Pwell) , (6) forming a PNP Junction type . N e

transistor structure with the N/Pwell junction as JC -»i Pwell VoD
Collector junction ( Jc ). (7) The charge, stored ‘ ‘ P

in the Base region (N) according to the illuminated VOD Je N e- |
light intensity, is transferred to the adjacent CTD. Jc ==l
The solid state image sensor so defined is in the Nsub Pwell | ¢
scope of this patent claim. Main Surf:
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT5-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976127646 and JPA 1975- 127647, 1t 1s also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885



P+NP/Sub junction type Pinned Photo Diode Yoshiaki Hagiwara (AIPS)

invented by Hagiwara at Sony in Japanese Patent 1975-134985.

file 1975134085 Filed  1975/11/10 Light(Jc) VOD(Je) Hagiwara invented Pinned Photodiode (PPD).
Public 1975058414 | Public 1977/05/13 7 Japanese Patent 1975-134985
Gl'lﬂ( lml 10/19 ‘ Hole Accumulation Diode (HAD) = Pined Photodiode with VOD functon
Patent Claim in English Translation - Fig. 6 e T

n semiconductor substrate (Nsub), s . A Ne D ’j{i:\:d Japanoso Patent Applications, JPA1975-127646,
=
A

Pinned %
JPAIDTS- 127647 and JPA 1975-134985, filed by

voo Light

voD A— 8 CZIUQM Yoshiak: Hagiwara at Sony in 1975, show that
8 HAD

Hagiwara invented Burned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned

Photodiode (PPD) and Hole Accumulation Diode

VOD (Je) type VOD (Jc) type (HAD). It is also evadent that Hagiwara mnvented

Global Shutter Schemo of the three level clocking

Nsub with MOS Capacitor Buffer Memory, cloarly shown

in JPA 1976-127646 and JPA 1975- 127647, 1t is also

ovident that Hagiwara ot al invented the Electrical

Shuttor Clocking Schemeo by controlling punch-thry

Nsub action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced in JPA 1977-1356885
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Yoshiaki Hagiwara (AIPS)

P+NP/Sub junction type Pinned Photo Diode

invented by Hagiwara at Sony in Japanese Patent 1975-134985.

~=~ Light(Jc) VOD{Je) Hagiwara invented Pinned Photodiode (PPD).

File  1975-13498S 1975/11/10 Japanese Patent 1975-134985

Public 1975058414 Public 1977/05/13 Hole Accumulation Diode (HAD) = Pinned Photodiode with VOD function
GM ‘m/ 10/19 Fig 6 p Bo?sides ofth;PNPjuncﬁon are pinned.
Patent Claim in English Translation TS H q Ne e > | $ Pinned Japanoso Patent Applications, JPA1975-127646,
(1) Tn the semic onductor substrate leuE’, the A . ol Gy "<__'_,31"

= | - T Light A 1078197047 - | 2 4OR] '
fil'st l’egion( M'l ) Of the f-'st impuri‘ty type is ' 9 JP.\].)I:‘! l.o‘)‘( nnd JP(\ 1915 l.“&mﬁ, ﬁ‘t‘d ‘)_\
formed, VoD A== R {— Light Yoshik: Hagiwara at Sony n 1975, show that

8 HAD
Hagiwara invented Burned Photodiode (BPD) with

with no Image Lag
the Pinned Surface Hole Accumulation, Pimned
Photodiode (PPD) and Hole Accumulation Diode
VOD (Je) type VOD (Jc) type (HAD). It is also evadent that Hagiwara mnvented
Global Shutter Scheme of the three lovel clocking
Nsub with MOS Capacitor Buffer Memary, cloarly shown
JPA 1976-127646 JPALYT5- 127647, It ix s

Pwell in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electricnl
Shuttor Clocking Schemeo by controlling punch-thry
Nsub Pwell action of the in-pixel overflow dean (OFD) voltage

ai ovidenced in JPA 1977-136885
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P+NP/Sub junction type Pinned Photo Diode

invented by Hagiwara at Sony in Japanese Patent 1975-134985.

file 1975134985  Filed 1975/11/10 Light(Jc) VOD(Je)
Public 1975058414  Public 1977/05/13 Japanese Patent 1975-134985
Grant 1983/10/19 Hole Accumulation Diode (HAD) = Pinned Photodiode with VOD function
Patent Claim in English Translation 6 @9 3
II] In the semiconductor substrate leuB’, the s lgnw A “J; ‘ugr ,.f.i’.:"
first region( Pwell ) of the first impurity type is A wvoo | L T L

formed, (2) on which, the second region (N )
of the second impurity type is formed.

B
VOD (Je) type VOD (Jc) type
Nsub
N
Pwell
N

Nsub Pwell
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshiak: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electeical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885



P+NP/Sub junction type Pinned Photo Diode

invented by Hagiwara at Sony in Japanese Patent 1975-134985.

Light(Jc) VOD(Je)
Japanese Patent 1975-134985

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

File 1975134985 Filed 1975/11/10
Public 1975058414 Public 1977/05/13
Grant 1983/10/19

Patent Claim in English Translation

) Tn the semiconductor substrate [Nsub), the
first region( Pwell ) 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-) from the light collecting part (N/Pwell
Junction ) is transferred to the adjacent charge
transfer device (CTD).

- Both sides of the PNP junction are pinned.
Fig. 6 o ¢ $
e R e e § Pinned
Pinned % ~inN | P | l e
voo | - ::1 Light

VOD (Je) type

CTD
N e/
Pwell
Nsub
118

Empty Potential Well
with no Image Lag

VOD (Jc) type

Nsub

N e-

Pwell
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT5-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976127646 and JPA 1975- 127647, 1t 1s also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885



P+NP/Sub junction type Pinned Photo Diode

invented by Hagiwara at Sony in Japanese Patent 1975-134985.

Light(Jc) VOD(Je)
Japanese Patent 1975-134985

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

File 1975-134985 2 Filed 1975/11/10
Public 1975058414 Public 1977/05/13
Grant 1983/10/19

Patent Claim in English Translation

1) Tn the semiconductor substrate [Nsub), the
first region( Pwell ) 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-) from the light collecting part (N/Pwell
Junction ) is transferred to the adjacent charge
transfer device (CTD). (4) Both are placed along

the main surface of the semiconductor substrate.

- Both sides of the PNP junction are pinned.
Fig. 6 o ¢ 3
TN Ne Pe ,_)c_i’i““e"
Pinned % ~inN | P | e
|  —

VOD (Je) type
Main Surface

CTD
N e/
Pwell
Nsub
116

Empty Potential Well
with no Image Lag

J  Light

VOD (Jc) type

Nsub

N e-

Pwell Cl

Main Surfac
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT5-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976127646 and JPA 1975- 127647, 1t 1s also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885



P+NP/Sub junction type Pinned Photo Diode Yoshiaki Hagiwara (AIPS)

invented by Hagiwara at Sony in Japanese Patent 1975-134985.

fle 1975134085 Filed  1975/11/10 Light(Jc) VOD(Je) Hagiwara invented Pinned Photodiode (PPD).
Public 1975058414  Public 1977/05/13 Japanese Patent 1975-134985
Granmt 1983/10/19 Hole Accumulation Diode (HAD) = Pinned Photodiode with VOD function
Patent Claim in English Translation Fig.6 o ¢" °""§i"”“"°"°" o
Wmm xS qﬁnms a \Jz ‘Q‘Qr ;{i::d Japanoso Patent Applications, JPA1975-127646,
first region( Pwell ) of the first impurity type is A wee } —— JPAIOTE-127647 and JPA 1975-134985, filed by
formed, (2) on which, the second region (N ) '

Yoshik: Hagiwara at Sony n 1975, show that

of the second impurity type is formed. (3) The o
charge (e-) from the light collecting part (N/Pwell
Junction ) is transferred to the adjacent charge
transfer device (CTD). (4) Both are placed along
dh sl siirfoce of the seailobdacion iibaits: Photodiode (PPD) and Hole Accumulation Diode

Hagiwara invented Buned Photodiode (BPD) with

Empty Potential Well
with no Image Lag

the Pinned Surface Hole Accumulation, Pinned

(5) In the solid stare image sensor so defined, vob UISI) .tyge ; VOD (Jc) type (HAD). It is also evadent that Hagiwara invented
e - . 2 - aln surrace

a rectifying Em.rtter Jnckion (.Je )is form.ed i CTD Global Shutter Schemo of the three level elocking

the second region (N) of the light collecting part ] P Nsub
(N/Pwell) |e N e/ with MOS Capacitor Buffer Memory, clearly shown
Pwell in JPA 1976-127646 and JPA 1975-127647. 1t i also
Je P ovident that Hagiwara ot al invented the Electrical
N € Shuttor Clocking Schemeo by controlling punch-thry

Nsub Pwell
action of the 1n-pixel overflow dean (OFD) voltage

Main Surf
s ovidenced in JPA 1977- 136885
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P+NP/Sub junction type Pinned Photo Diode

invented by Hagiwara at Sony in Japanese Patent 1975-134985.

File 1975134985 Filed 1975/11/10
Public 1975058414 Public 1977/05/13
Grant 1983/10/19

Patent Claim in English Translation

] Tn the semiconductor substrate [Nsub), the
first region( Pwell ) 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-) from the light collecting part (N/Pwell
Junction ) is transferred to the adjacent charge
transfer device (CTD). (4) Both are placed along
the main surface of the semiconductor substrate.
(5) In the solid stare image sensor so defined,
a rectifying Emitter junction ( Je ) is formed on
the second region (N) of the light collecting part
(N/Pwell) , (6) forming a PNP Junction type
transistor structure with the N/Pwell junction as
Collector junction ( Jc ).

Je

J'c

|

Light(Jc) VOD(Je)
Japanese Patent 1975-134985

Hole Accumulation Diode (HAD) = Pinned Photodiode with VOD function
Both sides of the PNP junction are pinned.

Fig. 6 -

P

sem Ll e Bl
inned %
voo | - J  Light
o4
vOD & {— Light
B JC HAD

Empty Potential Well
with no Image Lag

VOD (Je) type VOD (Jc) type

Main Surface

P CTD
" e/ Nsub
Pwell
Je £
Jc == N e
Nsub Pwell |,
Main Surf
11
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT5-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976127646 and JPA 1975- 127647, 1t 1s also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885



P+NP/Sub junction type Pinned Photo Diode

invented by Hagiwara at Sony in Japanese Patent 1975-134985.

Light(Jc) VOD(Je)
File 1975134985  Filed 1975/11/10 Japanese Patent 1975-134985
Public 1975058414 Public 1977/05/13 Hol‘e’:cumulation Diode (HAD) = Pinned Photodiode with VOD function
Grant ) | “3, 10/19 F ig. 6 o Bo;sides of th;PNP junction are pinned.
Patent Claim in English Translation S

] Tn the semiconductor substrate [Nsub), the
first region( Pwell ) of the first impurity type is
formed, (2) on which, the second region (N )
of the second impurity type is formed. (3) The B
charge (e-) from the light collecting part (N/Pwell
Junction ) is transferred to the adjacent charge
transfer device (CTD). (4) Both are placed along
the main surface of the semiconductor substrate.
(5) In the solid stare image sensor so defined,
a rectifying Emitter junction ( Je ) is formed on

TN e [uc ,_)c_i’i““e"
Pinned % ~inN | P | =
A |  —

— J  Light

Empty Potential Well
with no Image Lag

VOD (Je) type VOD (Jc) type

Main Surface

the second region (N) of the light collecting part Je P }- D Nsub
(N/Pwell) , (6) forming a PNP Junction type . N €

transistor structure with the N/Pwell junction as Ic *i Pwell VoD

Collector junction ( Jc ). (7) The charge, stored ‘ ‘ P

in the Base region (N) according to the illuminated VOD Je N e- |
light intensity, is transferred to the adjacent CTD. Jc ==

The solid state image sensor so defined is in the Nsub Pwell | ¢
scope of this patent claim. Main Surfa
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT5-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976127646 and JPA 1975- 127647, 1t 1s also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885



Yoshiaki Hagiwara (AIPS)

P+NP/Sub junction type Pinned Photo Diode

invented by Hagiwara at Sony in Japanese Patfntt‘t](.?{%c]).gﬁQ?S.
| c e
VOD (Je) type g Hagiwara invented Pinned Photodiode (PPD).

Japanese Patent 1975-134985

Hole Accumulation Diode (HAD) = Pinned Photodiode with VOD function
Both sides of the PNP junction are pinned.

Fig. 6 -

-

S e P L S pinnea Japanoso Patent Applications, JPA1975-127646,
Pinned % A ~i N | ’31‘.
— S JPAIDTS- 127647 and JPA 1975-134985, filed by
voD A Yoshik: Hagiwara at Sony n 1975, show that
B JC HAD
———— Hagiwara invented Burned Photodiode (BPD) with
2 RIWi onte ‘ Olod
Light(Je) Je side is used for light illumination the Pinned Surface Hole Accumulation, Pinned
VOD(Jc) Jcside is used for VOD action Photodiode (PPD) and Hole Accumulation Diode
- VoD (JC) type VoD (JE) type VoD (JC) type (HAD). It 15 also evsdent that Hagiwara imnvented
Japanese Patent 1975-134985 Light [ Main Surface
Hole Accumulation Diode (HAD) = Pinned Photodiode with VOD function Global Shutter Scheme of the three level clocking
Fig. 6 ' Both sides of the PNP junction are pinned. P CTD Nsub
tagit - Je =P e / with MOS Capacitor Buffer Memory, cloarly shown
TN Je »-J{i""ed - N VOD
A P'"’;”::) il o Jc 1} Pwell in JPA 1976127646 and JPA 1975- 127647, 1t 1s also
Light ) s - y y Bloe
ig -: — VOD Je : ‘ P | ovident that Hagiwara ot al invented the Electrical
Bvoo ‘Je HAD Nsub Jc =p N e- Shuttor Clocking Schemeo by controlling punch-thry
Empty Potential We"] { Pwell CTL action of the in-pixel overflow deam (OFD) voltage
with no Image Lag o 1
Light Main Surface s ovidenced in JPA 1977- 136885
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Finally the Sony-Fairchild Patent Wat(1991-2000) ended over the Sony HAD Sensor
which is identical to the P+NPNsub junction type Pinned Photodiode
with Vertical Overflow Drain, originally invented by Hagiwara at Sony in 1975.

SONY
20007 X
RAERRXBEN
b

whm21s0 e
R A bt

ARVIUEM L ZMEN L LURANC LY
SHUMLBNCARYA R LEDT
RKVEERT RO
SILEEREMUCAERLETY

00184000

Jo-AReH

R

And finally Hagiwara received for his
1975-134985 Japanese Patent officially ,
the First Patent Award from Mr. Ando,
Sony president in April, 2001 after more

26 years of struggles since his invention.

Dynamic Photo Transistor Operation
Proposed by Hagiwara at Sony in 1975

Emitter Back

4‘/ Lght .o
. 48

0 B ——

Base
Front

Collector Light
Back Light
Vs I Sub can be Imege Lag Free
Sub Complete
Nsub or Psub majority
Carrier
€CD or CMOS
> P type charge charge
Je— tronsfer device Extraction
i e From the
S 17 CTD base(N) region
1 is possible.
Front Light Wafer Front Side
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony n 1075, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evadent that Hagiwara mnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced in JPA 1977-1356885



Yoshiaki Hagiwara (AIPS)
Japanese Patent JPA 1977-126885 on Electrical Shutter Clocking Scheme

invented by Y. Hagiwara, S. Ochi and T. Hashimoto in 1977.

Fig. 3 CCD/MOS Photo Capacitor Pinned Photodiode with VOD fu  LAgiwara invented Pinned Photodiode (PFD)
CCD type
F RS N T
, "':_"'-"-;."", ._'-"_" ;_,,_.‘i‘h‘m‘“' ‘::“ T Japanosg Patent Applications, JPA1975-127646
e electric = | N JPAIOTS127647 and JPA 1975-134985, filed by
P+
shutter N | P
clocking VOD Yoshink: Hagiwara at Sony in 1975, show that
. OFD N+ e
scheme with Hagiwara invented Bured Photodiode (BPI) with
1 s
: : the complete | \ e ! the Pinned Surface Hole Accumulation, Pinned
o ¥ draining of == % j
\ — .E signal charge 5 , G Scansil Photodiode (PPD) and Hole Accumulation Diode
T OFL ' cco
E CCD : with the no - A FIR- 7 (HAD). It 15 also evadent that Hagiwara invented
:OFD: : m 9 lm image lag . o< { Global Shutter Scheme of the three lovel clocking
:OFD: feature canbe = | > ' . :
Flg 8 Gamma ControI:Mode achieved No |ma’8° I.ag\,. ‘v... '{ ' with MOS Capacitor Buffer Memory, clearly shown
Punch-thru CTG by controlling OFD Fig.8 co in JPA 1976-127646 and JPA 1975-127647. 1t ix also
R i \f @ 12 pa , ?
— - g the overflow \ o _j"\ ] ovident that Hagiwara ot al invented the Electrical
. e i R
CCD drain (OFD) i) \ Fig. 12\ C?l; : Shutter Clocking Schome by controlling punch-thry
Fig. 12 Electric Shutter Mode |  punch-thru | - i s il o e
: , unch-thru e achion of the in*pixel overtlow dran voitage
- 43 12 4 voltage. ‘wa. for Electric Shutter Operatic s
qFD Complete Charge Transfer 1 OFD as ovidenced in JPA 1977-136885
mage Sensor Story 122

and no image lag



The Pinned Photodiode (Sony Original HAD sensor) Structure

HADE ¥ Electric Shutter Basic Patent Award
oy from Sony President Idei to Yoshiaki Hagiwara

”-‘“'“ :’:’;lf;"'_'"(,’;“!::k’:fd“' for Japanese Patent 1977-126885 by Hagiwara

SR AUR HAD Sensor O ML AT 1975-134985 ) §XJ0
VT vo2-ORKH 1977-126885 Tl ok - 14
o 12 I

Pur;ch Thru
1977-126885 Fig, 12
Electric Shutter Mode
SONY
Iy R

LB R ¥ 103 F 2
| RS R

« % Color Fliter ~

1975-134985 Sony HAD =VOD + PPD

LR LT R IERTTT AL
Hamasunm
.

ATTOIERmARORNC LY
ARTARFPFLL@OLEETOT
SICARERIIARRLAY

15t P-Well
n-substrate

JE-RAan
nramene

72wz

S R v —

” Y
Vertical Readout Pnhoto Diode Channel

CCD Gate

(HAD sonsor) Stop

( from SONY Product Catalog )
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646
JPAIDTS- 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1976-127646 and JPA 1975-127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schemo by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

as ovidenced 1n JPA 1977136885



Yoshiaki Hagiwara (AIPS)

P+P Doping Slope Barrier Potential Vs
Hagiwara invented Pinned Photodiode (PPD).

e~ 1 ‘Hh
- i :_ i g : .: § Japanoso Patent Applications, JPA1975-127646,
; ; i\i&:}" s 3 JPAIDTE127647 and JPA 1975-134985, filed by
P § t § : § : § Yoshik: Hagiwara at Sony n 1975, show that
V(x) : Ve i We—s: :
- - - — . Hagiwara invented Buned Photodiode (BPD) with
e-e- : : ..i .E..............i..
e+ et+red - : : the Pinned Surface Hole Accumulation, Pinned
. e
s : e+ : etrete+
. . . . . Photodiode (PPD) and Hole Accumulation Diode
§ : § :3 : : = (HAD). It 15 also evsdent that Hagiwara imnvented
: i hole - : s S
hole(x): S : : 3 e TV
: 'j : : : hole 4 3 2 Global Shutter Scheme of the three lovel clocking
R j = O¢ — ::I’ l i - with MOS Capacitor Buffer Memory, cloarly shown
- . : = E -
: PP : ' : t s & n JPA 1976-127646 and JPA 1975-127647. It is also
D(x) ——+ 1 : S
: § - § : § X ovident that Hagiwara ot al invented the Electrical

El Shutter Clocking Schome by controlling punch-thry
p()() p(x) — D(x) + h0|e(x) action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885

;
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LPD (um)
Light Penetration Depth in Silicon
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Figure 6 of JAP 1975-134985
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renan
’
-

-— Light
“"'"‘ No Surface Dark Current

N

urface i ™ = ‘ ..... == Light
: Dark Current Empty Potential ell || High Blue Light QE
i 4 with No Image Lag No Image Lag

Hagiwara invented PNP junction type PPD in 1975 with
(1) blue light 100% QE, (2) No Surface Dark Current and
(3) No Image Lag, Complete Charge Transfer features.

: 1/ Empty Potential Well
i1 1 with No Image Lag
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDTS- 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evadent that Hagiwara mnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977136885



Japanese Patent 1975-127646

N+NP+NP junction type Buried Pinned Photodiode
with Built-in MOS Capacitor Buffer Memory Global Shutter Function
and the surface N+N doping slope Barrier Electric Field Photo Pair Generation

The First Japanese PPD Patent Application JPA 1975-127646 was applied
for the back light illumination type Pinned Photodiode (PPD) image sensors
with the CCD/MOS capacitor type buffer memory for Global Shutter Function
which is a very important function needed for Modern CMOS Image Sensors.

Global Shutter MOS vG td) ol ad _ILG'
Capacitor Buffer Memory\ * 'r 3

T~ .
sio A 1 @ ia}— ¥e=¢> Pinned
F lp2 :._Qj_g'ro ‘?7 ’: =% e v,,r o< N+ surface
6 e— N /> e = Blue Light
e P+ ot "
AN B o "
N+N Pinned Vpin N D U -1 P Blue L!ght
Surface N+ ][\ veo. Pinned
. @ N+ surface
- D™ N+N Pinned Surface
C : g
g0 6 19 t‘ybc"ﬁ' v CCD Charge’ N % Barrier Electric Field
; : - ge “‘% Buried : ;
Fig. 6 A T \\ o for Pair Separation
MOS Buffer Memory Storage >
» .
4 ot o % 1 @
3 I ""° Global Shutter Fig. 7
Lc Mocre -

Double Junction Dynamic Photo Transistor (PPD)  Triple Junction Dynamic Photo Thyristor (HAD)
invented in 1975 by Hagiwara at Sony. invented in 1975 by Hagiwara at Sony.

See Japanese Patent Application JPA 1975-127646, 1975-127647 and 1975-134985
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshiak: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electeical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885



Yoshiaki Hagiwara (AIPS)

Globa’!ASohdq:ter Japanese Patent 1975-127647 Eiigion Chasyn

N+NP+N junction type Buried Pinned Photodiode No Image Lag
with Built-in MOS Capacitor Buffer Memory Global Shutter Function wmmwm»’

and the surface N+N doping slope Barrier Electric Field Photo Pair Generation

This Japanese PPD Patent Application JPA 1975-127647 was also applied

Japanos nt / ' ., JPALI9T5-127646
for the back light illumination type Pinned Photodiode (PPD) image sensors pamay’ Pabiot::Appinauns; AEAITEIIIAR

with the CCD/MOS capacitor type buffer memory for Global Shutter Function JPAIDTE127647 and JPA 1975-154985, filed by
which is a very important function needed for Modern CMOS Image Sensors. Yoshiaki Hagiwara at Sony in 1976, show that
Global Shutter MOS w5 137 s Blue Light
ChpRCRIE Bafter Meman). . ve B ' ch '_632,, Pinned Hagiwara invented Buried Photodiode (BPD) with
@ -
Buried P+ |~ f"f" —— e ‘ = N+ surface the Pinned Surface Hole Accumulation, Pinned
region e crerevor : : : " : ; e ;: Gas(+) P' d
Pi d 1 - ‘ - - inne y | s A HEL )
Vein | 5;2 ??\.. S:::'?:ce i E i o ¢ o e Photodiode (PPD) and Hole Accumulation Diods
} % i _Electron Hole (HAD). It 15 also evadent that Hagiwara mvented
35 6 TUBIUC LGt e nmater g | Bpried POiT SCngRtOn ’
Fig. 6 4. 4:-3' AitonWnde. .~ | Storage . i «» Blue Light Global Shutter Scheme of the three level clocking
I . CcTD P i 16
= " > i N+N Pinned Surface with MOS Capacitor Buffer Memory, cloarly shown
e+ o T MOS Buffer v lete Charee Barrier Electric Field
ds Z MmO Global Sh ranstor Modefor Pair S ti 5-127646 5197647
/ . 4 Obel Shutter i Transfer Mode  TOF Fair Separation in JPA 1975- 127646 and JPA 1975- 127647, 1t s also
o a- oy A No Image Lag ? ‘ﬂ
Pinned N 1 <
Surface b ) . L.c . i & 3 A @ Fig_; ovident that Hagiwara ot al invented the Electrical
Double Junction Dynamic Photo Transistor (PPD)  Triple Junction Dynamic Photo Thyristor (HAD) Sutior Clocking Schame by controlting pusich-thry
invented in 1975 by Hagiwara at Sony. invented in 1975 by Hagiwara at Sony. action of the in-pixel overflow dran (OFD) voltage

See Japanese Patent Application JPA 1975-127646, 1975-127647 and 1975-134985 s ein
ai ovidenced in JPA 1977-1356885
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Yoshiaki Hagiwara (AIPS)
Japanese Patent 1975-134985

Pinned Photodiode and Sony Hole Accumulation Diode (HAD)

Pinned Surface Double Junction P+NP Dynamic Photo Transistor in the silicon substrate (Nsub) )
Pinned Photodiode with the vertical overflow drain (VOD) function in the silicon substrate (Nsub)

PNPN junction Transistor type Pinned Photodiode =~ Most CCD Image sensors and CMOS Image sensors Japanose Patont Applications, JPAI975-127646
Visit Mtps://www.j'plntpat.inpit.go.jp/ and put the patent number 1975-134985 today are applied with the combination of the ‘ ) o .
Mo Inues M iiis) | lapanese Patent 1975134985 ) ‘ertical overflow drain (VIOD) and Pinned Photodiode. JPAIOTE127647 and JPA 1975-134985, filed by

Grant 1983/10/19 | °
. g g F'g. 6 0 v: Pinned % Mcro Lonz / 4
(1) :;.:.b:m.;.m in mu::manm o | wem S s 7 o _ — S Yoshuak: Hagiwara at Sony in 1975, show that
semicond . ’ PN [ e
first region{ P1) of the first impurity type is voo ,g: e Y= -
formed, (2) on which, the second region (N ) .',‘.....m...-—.o....‘.".’.‘“,., —Lﬂ_J‘ l = : ;“"** Hagiwara invented Burned Photodiode (BPD) with
of the second impurity type is formed. (3) The Moo 11wk
:l:.mtr)fm:xli:{nedwu p:: .\(:2' is . e the Pinned Surface Hole Accumulation, Pinned
s transferred a mm =
device (CTD). (4) Both are placed along the main | —— rosmascuro-| Y Photo Drodo - Yy e : :
surface of the semiconductor substrate. (5) Inthe - " In 1975 Yoshiaki Hagiwara at Sony proposed using Photodiode (PPD) and Hole Accumulation Diode
solid stare image sensor so defined, a rectifying $i02 : a PNP transistor as the photodetector which is the
Emitter junction ( Je ) is formed on the second Vsub o combiraiics of - tha VOD and Bnciad Phctodiode. (HAD). It s also evident that Hagiwara invented
region (N) of the light collecting part (N) . And & Nsub : S = : :
: y providing a P + layer (emitter) for the light : . AL 1
(€ Collk«ori lmmt:’;::::;%s.w - vo.o_ P2 : Pwell incident section, the sensor electrode that covers Global Shutter Scheme of the three lovel clocking
a transistor structure ( P2NP1) (7) Photo;lumls - R :;CTD the entire light receiving surface of the photodiode y . ‘ '
stored in the Base region (N) according to the Je fn = "*‘I'.-N* can be eliminated, greatly improving the light with MOS ( apacitor Buffer .“('m(ll‘_\. tlonrl_\' shown
illuminated light intensity, and transferred to I i sensitivity. This P + layer was also a proposal
- & 4 ( ~e .)ﬂ . . ‘ » ,)- ¥ L.
the adjacent CTD. The solid state image sensor so “T to reduce the dark current and image lag which in JPA 19756-127646 and JPA 1975- 127647, It is also
defined is in the scope of this patent claim, V0D miy be grounded. - yjghy 2 became the basis of the pinned photodiode it B8 | cod the Bloctrieal
YT X wident that Hagiwara ot al inven y Eloctricn
Yoshiaki Hagiwara, Japanese Patent JP 1975-134985 https://www.shmj.or.jp/english/pdf/dis/exhibi1005E.pdf ol gidon: sinminly T
Double Junction Dynamic Photo Transistor (PPD)  Triple Junction Dynamic Photo Thyristor (HAD) Shutter Clocking Schome by controlling punch-thry
invented in 1975 by Hagiwara at Sony. invented in 1975 by Hagiwara at Sony. ' P the tninal oveelion draln (OFD) yoltas
See Japanese Patent Application JPA 1975-127646, 1975-127647 and 1975-134985 R I A . i o

as ovidenced in JPA 1977-136885
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Yoshiaki Hagiwara (AIPS)

1) Bucket Brigate Devi BBD
(1) Bucket Brigate Device (BBD) Narrow Charge Transfer Gate (CTG)
V1 V2 V3 Vi V2

: : : : i and Pinned Photodiode (PPD) Hagiwara invented Pinned Photodiode (PPD).

with the adjacent P+ channel stops

[N+] [N+ [N+ ] LN+] LN+ [N+] a
P
(2) Surface Channel CCD P+ Channel Stops Japanose Patent Applications, JPA1975-127646
V1 V2 V3 V1 V2 PPD1 PPD1 JPAIOTE-127647 and JPA 1975-134085, filed by
_ﬁ“ﬁ— b CIG1l STG1l | CTG1 STG1 b’ Yoshuk: Hagiwara at Sony n 1975, show that
N+ e-e- N+
P , PPD1 PPD1 > Hagiwara invented Buned Photodiode (BPD) with
(3) Buried Channel CCD P+ _Channel Stops the Pinned Surface Hole Accumulation, Pinned
Vi ve o v V2 a’"
i ‘ ‘ ‘ ; . . . Photodiode (PPD) and Hole Accumulation Diode
The first Pinned Photodiode(PPD)

N+ e-e- N N+ developed in 1978 by Hagiwara (HAD). It 15 also evadent that Hagiwara invented
P and reported at SSDM1978 in Tokyo.  Globa! Shutter Scheme of the three lovel clocking

(3) Pinned Photodiode reported at SSDM 1978 Light CTG Light _ e : .
i | ) P~ with MOS Capacitor Buffer Memory, cloarly shown

a Y | | 8i0y a’
ST1 ST2 ST1 sT2 ST1 £ ; ' w in JPA 1975-127646 and JPA 1975- 127647, 1t i also
T
_ﬁ_‘_‘__i_ﬁ_— | ovident that Hagiwara ot al invented the Electeical
N+ L L N L= —— N+ Shutter Clocking Scheme by controlling punch-thry
P
action of the in-pixel overflow dean (OFD) voltage
b > b’

ai ovidenced 1n JPA 1977- 136885



The most important idea of the P+NP Double Junction Buried Pinned Photodiode proposed by Hagiwara in the
1975-134985 Japanese Patent Application is the virtual complete charge transfer operation with no image lag
which does not need the conventional double polysilicon overlapping CCD process with very poor pm-ducmn:'lr

m@"” ‘ B\ %‘ .ﬁ >
WA [\—57 ?'QE?-{“\D%

/)

pus f

(1) Hagiwara 1975 P+NP PPD (2) Hagiwara 1978 P+NP PPD (3) Henecek 1979 P+NP PPD
JPA 1975-134985 SSDM1978 paper

See the Original 1978 Publication of the Pinned Photodiode Sensor
Y. Daimon-Hagiwara, M. Abe, and C. Okada, “A 380Hx488V CCD imager with narrow channel
transfer gates,” Proceedings of the 10th Conference on Solid State Devices, Tokyo, 1978;

Japanese Journal of Appllied Physics, vol. 18, supplement 18-1, pp. 335-340, 1979
Light CTG Light

f P+ N Psub _-L
e_
= = Pinned
& TRG1
\ -
STG1 TRG2 € e- STG1

1 SSDM1978 paper

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.

Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony n 1875, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara mvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t ix also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schome by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage
as ovidenced in JPA 1977-136885
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Yoshiaki Hagiwara (AIPS)

The most important idea of the P+NP Double Junction Buried Pinned Photodiode proposed by Hagiwara in the
1975-134985 Japanese Patent Application is the virtual complete charge transfer operation with no image lag

which does not need the conventional double polysilicon overlapping CCD process with very poor productivity. Hagiwara invented Pinned Photodiode (PPD).
Vorrsamris) R T /5 o TS ?
e W) W g BB = japanose Patont Applications, JPAISTH-127646
) o\ = @ o n > i, I WA Japanose Patent Applications, JPA1975-127646,
/ .- : ) | Fu { | P " JPAIDTS- 127647 and JPA 1975-134085, filed by
(1) Hagiwara 1975 P+NP PPD (2) Hagiwara 1978 P+NP PPD (3) Henecek 1979 P+NP PPD Yoshiak: Hagiwara at Sony in 1975, show that
JPA 1975-134985 SSDM1978 paper  This may have a problem ??
The reason is explained below. Hagiwara invented Buned Photodiode (BPD) with
V V the Pinned Surface Hole Accumulation, Pinned
w2 N=| N | Psub 2l N Psub
| P N Psub _"l_- .-I 1 1 Photodiode (PPD) and Hole Accumulation Diode

(HAD). It 15 also evsdent that Hagiwara imnvented

. Pinned

l .............. . . T Y afun Cannnnnns TLLLLELY

= Pinned-:-::

Global Shutter Scheme of the three lovel clocking

L with MOS Capacitor Buffer Memory, clearly shown

in JPA 1975-127646 and JPA 1975- 127647, 1t ix also

ovident that Hagiwara ot al invented the Electrical
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. as ovidenced in JPA 1977-136885

Shutter Clocking Schome by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage
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Hagiwara_invented_PPD and_Virtual_Charge Transfer in_1975 Yoshiaki Hagiwara (AIPS)

Hagiwara in 1975 proposed the PPD Charge Transfer which is later called as Virtual Phase Charge Transfer. ;
Hagiwara in 1975 proposed also the NEC Buried Photodiode, the KODAK PPD and the Sony HAD. Hagiwara invented Pinned Photodiode (PPD).

Study Japanese Patent 1975-127646, 1975-127647 and 1975-134985 for the details.
\2 Vpin Vi \V2 Vpin Vi1 V2 Vpin Vi Japanoso Patent Applications, JPA1975-127646

JPAIDTS-127647 and JPA 1975-134985, filed by

Yoshuk: Hagiwara at Sony n 1975, show that

Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned

Photodiode (PPD) and Hole Accumulation Dode

(HAD). It 15 also evadent that Hagiwara invented

e-

e Ulobal Shutter Scheme of the three level clocking

with MOS Capacitor Buffer Memory, clearly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schome by controlling punch-thry
Pinned Empty Potential Well Level

action of the in-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977-136885
Image Sensor Story 132



Hagiwara_invented_PPD and_Virtual_Charge Transfer in_1975 Yoshiaki Hagiwara (AIPS)

Hagiwara in 1975 proposed the PPD Charge Transfer which is later called as Virtual Phase Charge Transfer. : ;
Hagiwara in 1975 proposed also the NEC Buried Photodiode, the KODAK PPD and the Sony HAD. Hagiwara invented Pinned Photodiode (PPD).

Study Japanese Patent 1975-127646, 1975-127647 and 1975-134985 for the details.

v2 Vpin Vi v2 Vpin Vi V2 Vpin Vi

Japanosg Patent Applications, JPA1975-127646

JPAIDTS-127647 and JPA 1975-134985, filed by

Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned

Photodiode (PPD) and Hole Accumulation Dode

(HAD). It 15 also evadent that Hagiwara invented

. Global Shutter Scheme of the three lovel clocking

with MOS Capacitor Buffer Memory, clearly shown

in JPA 1975-127646 and JPA 1975127647, 1t 45 also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

Pinned Empty Potential Well Level
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Hagiwara_invented_PPD and_Virtual_Charge Transfer in_1975 Yoshiaki Hagiwara (AIPS)

Hagiwara in 1975 proposed the PPD Charge Transfer which is later called as Virtual Phase Charge Transfer. ;
Hagiwara in 1975 proposed also the NEC Buried Photodiode, the KODAK PPD and the Sony HAD. Hagiwara invented Pinned Photodiode (PPD).

Study Japanese Patent 1975-127646, 1975-127647 and 1975-134985 for the details.

\2 Vpin Vi1 \V2 Vpin V1 V2 Vpin V1 Japanose Patent Applications, JPA1975-127646

JPAIDTS-127647 and JPA 1975-134985, filed by

Yoshuk: Hagiwara at Sony n 1975, show that

Hagiwara invented Buned Photodiode (BPD) with

— the Pinned Surface Hole Accumulation, Pinned

Photodiode (PPD) and Hole Accumulation Dode

(HAD). It 15 also evadent that Hagiwara invented

e Global Shutter Scheme of the three lovel clocking

with MOS Capacitor Buffer Memory, clearly shown

in JPA 1975-127646 and JPA 1975- 127647, 1t 15 also

ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

Pinned Empty Potential Well Level
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Hagiwara_invented_PPD and_Virtual_Charge Transfer in_1975 Yoshiaki Hagiwara (AIPS)

Hagiwara in 1975 proposed the PPD Charge Transfer which is later called as Virtual Phase Charge Transfer. ;
Hagiwara in 1975 proposed also the NEC Buried Photodiode, the KODAK PPD and the Sony HAD. Hagiwara invented Pinned Photodiode (PPD).

Study Japanese Patent 1975-127646, 1975-127647 and 1975-134985 for the details.

\2 Vpin Vi1 \V2 Vpin V1 V2 Vpin V1 Japanose Patent Applications, JPA1975-127646

JPAIDTS-127647 and JPA 1975-134985, filed by

“ Yoshuk: Hagiwara at Sony n 1975, show that

Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented

Global Shutter Scheme of the three lovel clocking

e- e-e-
I

with MOS Capacitor Buffer Memory, clearly shown

in JPA 1975-127646 and JPA 1975- 127647, 1t 15 also

ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Scheme by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

Pinned Empty Potential Well Level
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Hagiwara_invented_PPD and_Virtual_Charge Transfer in_1975 Yoshiaki Hagiwara (AIPS)

Hagiwara in 1975 proposed the PPD Charge Transfer which is later called as Virtual Phase Charge Transfer. : ;
Hagiwara in 1975 proposed also the NEC Buried Photodiode, the KODAK PPD and the Sony HAD. Hagiwara invented Pinned Photodiode (PPD).

Study Japanese Patent 1975-127646, 1975-127647 and 1975-134985 for the details.

V2 Vpln Vi V2 Vpln Vi V2 Vpln Vi Japanose Patent Applications, JPA1975-127646

JPAIDTH- 127647 and JPA 1975134985, filed by

Yoshik: Hagiwara at Sony n 1975, show that

Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It i also evsdent that Hagiwara invented
Global Shutter Scheme of the three lovel clocking

¥ _§F 8 BN _ B _ B B B ! ¥ _§F 8 BN _ B _ B B B ! -—-_-_--—-“-_-_---
| | | with MOS Capacitor Buffer Memory, clearly shown

—_— in JPA 1976127646 and JPA 1975- 127647, 1t is also

e- e- e- e

ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Scheme by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

Pinned Empty Potential Well Level
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Hagiwara_invented PPD_and_Virtual_Charge_Transfer in_1975 Yoshiaki Hagiwara (AIPS)

Hagiwara in 1975 proposed the PPD Charge Transfer which is later called as Virtual Phase Charge Transfer.

Hagiwara in 1975 proposed also the NEC Buried Photodiode, the KODAK PPD and the Sony HAD. Hagiwara invented Pinned Photodiode (PPD).
Study Japanese Patent 1975-127646, 1975-127647 and 1975-134985 for the details.
V2 Vpln Vi V2 Vpln Vi V2 Vpln Vi Japanose Patent Applications, JPA1975-127646

JPAIDTH- 127647 and JPA 1975134985, filed by

Yoshik: Hagiwara at Sony n 1975, show that

Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned
I

Photodiode (PPD) and Hole Accumulation Diode

(HAD). It 15 also evadent that Hagiwara invented

o Global Shutter Scheme of the three level clocking

T ettt eatainks S P S——

with MOS Capacitor Buffer Memaory, clearly shown

in JPA 1976-127646 and JPA 1975-127647. 1t 15 also

ovident that Hagiwara ot al invented the Electrical
- b |. Shutter Clocking Scheme by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

Pinned Empty Potential Well Level
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Hagiwara_invented_PPD and_Virtual_Charge Transfer in_1975 Yoshiaki Hagiwara (AIPS)

Hagiwara in 1975 proposed the PPD Charge Transfer which is later called as Virtual Phase Charge Transfer. : ;
Hagiwara in 1975 proposed also the NEC Buried Photodiode, the KODAK PPD and the Sony HAD. Hagiwara invented Pinned Photodiode (PPD).

Study Japanese Patent 1975-127646, 1975-127647 and 1975-134985 for the details.

v2 Vpin Vi v2 Vpin Vi V2 Vpin Vi Japanoso Patont Applications, JPA1975-127646

JPAIDTS-127647 and JPA 1975-134985, filed by

Yoshik: Hagiwara at Sony n 1975, show that

Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned

Photodiode (PPD) and Hole Accumulation Dode

(HAD). It 15 also evadent that Hagiwara invented

__________l e —— e e i ——— L e e ma  Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975-127647, 1t is also
ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Scheme by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

Pinned Empty Potential Well Level

Image Sensor Story 138
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Hagiwara_invented PPD_and_Virtual_Charge_Transfer in_1975 Yoshiaki Hagiwara (AIPS)

Hagiwara in 1975 proposed the PPD Charge Transfer which is later called as Virtual Phase Charge Transfer.

Hagiwara in 1975 proposed also the NEC Buried Photodiode, the KODAK PPD and the Sony HAD. Hagiwara invented Pinned Photodiode (PPD).
Study Japanese Patent 1975-127646, 1975-127647 and 1975-134985 for the details.
V2 Vpln Vi V2 Vpln Vi V2 Vpln Vi Japanose Patent Applications, JPA1975-127646

JPAIDTH- 127647 and JPA 1975134985, filed by

Yoshik: Hagiwara at Sony n 1975, show that

Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned
I . ]

Photodiode (PPD) and Hole Accumulation Diode

| e e" (HAD). It 15 also evadent that Hagiwara invented

\ __::-_________ e Ulobal Shutter Scheme of the three level clocking

with MOS Capacitor Buffer Memaory, clearly shown

in JPA 1975-127646 and JPA 1975-127647. 1t ix also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

Pinned Empty Potential Well Level
Image Sensor Story 139

ai ovidenced 1n JPA 19771356885



Hagiwara_invented_PPD and_Virtual_Charge Transfer in_1975 Yoshiaki Hagiwara (AIPS)

Hagiwara in 1975 proposed the PPD Charge Transfer which is later called as Virtual Phase Charge Transfer. : ;
Hagiwara in 1975 proposed also the NEC Buried Photodiode, the KODAK PPD and the Sony HAD. Hagiwara invented Pinned Photodiode (PPD).

Study Japanese Patent 1975-127646, 1975-127647 and 1975-134985 for the details.

V2 Vpln Vi V2 Vpln Vi V2 Vpln Vi Japanose Patent Applications, JPA1975-127646

JPAIDTH- 127647 and JPA 1975134985, filed by

Yoshik: Hagiwara at Sony n 1975, show that

Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned

Photodiode (PPD) and Hole Accumulation Diode

(HAD). It i also evsdent that Hagiwara invented

Global Shutter Schemo of the three level clocking

N RV A

with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

Pinned Empty Potential Well Level
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as ovidenced 1n JPA 1977- 136885



Back Light lllumination
Sony CMOS Image Sensor (2020)

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

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony n 1075, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evadent that Hagiwara mnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced in JPA 1977-1356885



Sun Light Spectrum
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The light energy of the wave length more than A = 1.12 um
can not be converted to electrical energy in the silicon crystal.

For Silicon, E=1.10eV and A= 1.12 um
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTH- 127647 and JPA 1975134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885



Conventional N+P Single junction Type Solar Cell

Reflected

g Light
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| Pd I
Ti

Single Junction N+P type Solar Cell
also has a very poor short wave
blue light sensitivity.

PNP Double Junction Type Solar Cell
proposed by Hagiwara in 2020
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTH- 127647 and JPA 1975134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Bured Photodiode (BPI) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schome by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885



The P+PNPP+ Junction Type Pinned Photodiode Solar Cell
with Very High Blue Light Sensitivity

Pinned P+P Surface

Barrier Potentual VB 7
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-

Reference JPA 2020-131313 by Yoshiaki Hagiwara

The yellow region has the barrier electric field
for photo electron and hole pairs separation,

contributing to the solar cell quantum efficiency.
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Motal

in 1975 by Hagiwara
in JPA 1975-134985.

The surface P+P Pinned Surface Solar Cell with the surface P+P Gaussian doping slope is very important
to create the surface barrier electric field for separating the photo electron and hole pairs generated by
the short wave length blue light which cannot penetrate into the silicon crystal more than 0.2 um in depth.
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).
Japanosg Patent Applications, JPA1975-127646
JPAIDTH- 127647 and JPA 1975134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885



Yoshiaki Hagiwara (AIPS)

Difference of Buried Photodiode and Pinned Photodiode

Figure 5 does not have the P+ channel stop nearby.
Buried Photodiode

Hagiwara invented Pinned Photodiode (PPD).
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s ¢ s
: )(e 6 3 Yoshiak: Hagiwara at Sony in 1975, show that
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i } channel potential in the P*NP" struCture
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NEC IEDM1982 Paper reported Image Lag attion of the in-pixal overflow deain (OFD) voltags

Figure 6 shows that there is still image lag at the CTG gate voltage of > 10 volt. 4 svidenced in JPA 1077-136885
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Difference of Buried Photodiode and Pinned Photodiode
Pinned Photodiode Buried Photodiode
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No P+ Channel Stops and Serious Image Lag

Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony n 1875, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mnvented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schomo by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage

ai ovidenced in JPA 1977-136885,



Difference of Pinned Photodiode and Buried Photodiode

Pinned Photodiode must have the P+ heavy doped channel stops nearby.
Pinned Photodiode must be a buried photodiode.
Pinned Photodiode must not have the edge barrier to the Charge Transfer Gate
Pinned Buried Photodiode Buried Photodiode Bucket Bridgade Device (BBD)
does not have the edge barrier with the edge barrier with Serious Image Lag

? ‘m . ‘CTG vi v2
. J——— lﬂ T
3 P 3

-
-
-

:

\ ‘ - cssvpmeed
- t ﬁ r t
Image Iimage

Pinned Empty Potential Lag :::.( . Lag

Bucket Brigade Device
(BBD)

( 1) Pinned Photodiode (2)

Buried Photodiode
with No Image Lag (3)

with BBD Barrier

The surface P+ region may not be pinned ,
being isolated from the LOCOS P+ channel p+

stop region by the buried N storage region.

This photodiode is not Pinned Photodiode

since the N storage region is not completely buried.
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPAI975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony n 1875, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow drain (OFD) voltage

ai ovidenced in JPA 1977-136885,



Albert J.P. Theuwissen, Jan T.J. Bosiers, Edwin Roks, “ The Hole Role *,
an invited paper at IEDM2005, Washington DC, Techn. Dig. , 2005.

But in the
cover L al. their surface potential 1s undefined !
Such a structure will suffer from charge transport 1ssues during
operation, because charge can be trapped in local potential
pockets. The effect can be solved by defining the potential in
the open arcas through an extension of the p channel stopper.
A _simple self-aligned implant of 2x10" /em® boron ions is
sufficient to extend the channel stop areas to the gate edge and
consequently fix the potential in the open areas [2). The result
after this self-aligned implant is shown m Figure 3. The
presence of enough holes plays a crucial role in fixing the
potential for the regions “beyond control” of the gates. (Is this

structure the mother of the gnncd-ﬂotodiodc or buried diode
or hole-accumulation ce’)

2] Y. Daimon-Hagiwara et.al., Proc. 10" Conf. on Solid-State Devices, Tokyo, 1978, pp.335-340,
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Figure 3. Cross section of a buned-channel (CCD on nSi substrate mcluding
leght windows and ace potential in the noncovered (CD channels
(the cross section I made pespendicular o the CCD chamnel),
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony n 1875, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mnvented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schomo by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage
s ovidenced in JPA 1977- 136885,



Fossum insulted in his 2014 paper Sony and Hagiwara 1975 PPD invention.

Indeed, Hagiwara invented PPD with VOD
and the virtual charge transfer in 1975 !!

JEER JOURNAL OF THE ELECTRON DEVICES SOCIETY, VOL. L NO. 1 MAY M4

Sony HAD (PPD+VOD) does not use LOCOS !!! yay pe floating and

A Review of the Pinned Photodiode for

CCD and CMOS Image Sensors

False

Eric R. Fossum, Fellow, IEEE, and Donald B. Hondongwa, Student Member, IEEE
Many people now sa|d this is a fake paper ! ﬂ

C. Other Contributions to the PPD Invention

False

phase CCD structure, with the exception of the VOD. The two
inventions were solving different problems with essentially the
same device structure and operating principles.

In 1975, Hagiwara at Sony filed a patent application on
bipolar structures for CCDs in which a pap vertical structure
was disclosed, among several structures [24]. The top p layer
was connected by metal 1o a bias used to control full-well
capacity and the n-type base layer was proposed for camer
storage. In an unusual paper, Hagiwara, in 1996, revisited the
1975 invention and claimed it was essentially the invention of
both the virtual phase CCD and the NEC low-lag structures,
as well as the basis of the Sony so-called “Hole Accumulation

Diode;” or HAD structure (25). However, the 1975 aplication.

Hagiwara in 1975 invented PPD with VOD and the virtual charge transfer.

mfwndmﬁw\'ﬁ(‘lml:gdc\m d b

The PPD structure, while invented for low lag ILT CCD ap-\  sem to contain the built-in potential step and charge transfer
plication, shares a strong resemblance to the Hynecek virtual- device aspects of the virtual-phase CCD. Hagiwara repeats

claims in a 2001 paper [26] and shows 2 VOD structure
that is not found in the 1975 patent application. Sony did
not seem to pursue the HAD structure until well after the

NEC paper was published. However, the “narrow-gate™ CCD
with an open p-type surface region for improved QE also
disclosed in the 1975 application was reported in more detail
by Hagiwara et al. at Sony in 1978 [27). A similar structure
was used extensively by Philips [28).

The PPD, as it is most commonly used today, bears the
strongest resemblance to the Teranishi et al. ILT CCD device.

Thus, these days Teranishi is considered as the primary inven-
tor of the modem PPD [29].

The surface P+ layer
is NOT connected to
the LOCOS P+ layer.
»  The surface P+ layer

this photodiode may
have serious image lag.

Serious Image Lag ?

NOT
connected

Fig. 4. Example of a pinned photodiode implemented in a CMOS image
sensor showing doping concentrations. (Dimensional units are microns),

J

Study the Japanese Patents 1975-127646, 1975-127647 and 1975-134985.
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony n 1875, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mnvented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schomo by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage
s ovidenced in JPA 1977- 136885,



@ ELECTRICALENGINEERING

Difference between Buried Photodiode and Pinned Photodiode

What is the difference between Buried Photodiode and Pinned Photodiode? | understand that the P+/N/P
structure where the P+ and P layers have the same potential is the Pinned Photodiode. So what is the
buried Photodiode?

https://electronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode

PIN diode
P

N

In 1975 the first PPD
was invented by
Hagiwara at Sony
and used in ILT CCD
PDs by Hamazaki
at Sony in 1987.

PPD must have

the P+ channel
stops nearby to pin
the surface P+ layer.

-

This is a commonly misunderstood misused set of terminologies.

First off these are not PIN Photodiodes - which stands for P - Intrinsic- N. These have large depletion
regions for higher internal QE (Quantum Efficiency) and faster response. You can't make an array with this
design though.

Pinning, refers to fermi-level pinning or pinning to a certain voltage level. Or also the forcing or prevention
of the fermi-level/voltage from moving in energy space.

You can get surface state pinning from the dangling Si/SiO2 bonds providing trapping centers. A buried PD
(Photodiode) has a shallow implant that forces the charge carriers away from these surface traps. The
SUSIO2 surface contributes to increased leakage (dark current) and noise (particularly 1/ noise from
trapping/de-trapping). So confusingly a buried PD avoids pinning of the fermi-level at the surface.

A pinned PD is by necessity a buried PD, but not all buried PD's are pinned. The first Pinned PD was
invented by Hagiwara at Sony and is used in ILT CCD PD's, these same PD’s and the principles behind
this complete transfer of charge are used in most CMOS imagers built today.

A pinned PD is designed to have the collection region deplete out when reset. AS the PD depletes it
becomes disconnected from the readout circuit and if designed properly will drain all charge out of the
collection region (accomplishing complete charge transfer). An interesting side effect is that the
capacitance of the PD drops to effectively zero and therefore the KTC noise ¢, — sqrt(K TC) also goes
to zero. When you design the depletion of the PD to deplete at a certain voltage you are pinning that PD to
that voltage. That is where the term comes from.

I've edited this Answer to acknowledge Hagiwara-san's contribution. It has long been incorrectly attributed
To Teranishi and to Fossum (in CMOS image sensors)
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony n 1875, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mnvented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schomo by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage

ai ovidenced in JPA 1977-136885,



Pinned Photodiode reported at SSDM 1978

Semiconductor History Museum of Japan
https://www.shmj.or.jp/english/pdf/dis/exhibi 1005 . pdf

In 1975, Sony proposed using a PNP transistor as the photodetector[3]. By providing a P + layer
(emitter) for the light incident section, the sensor electrode that covers the entire light receiving surface
of the photodiode can be eliminated, greatly improving the light sensitivity. This P + layer was also a
proposal to reduce the dark current and image lag which became the basis of the pinned photodiode.

In 1978, Sony presented a 93,000-pixel FT (Frame Transfer) -CCD image
sensor compliant with the Analog TV Broadcasting Standard (SDTV) for the first time in the world [5],
using the photodiode with the same structure as above. Sony succeeded in 1981 in trial production of
a VTR-integrated color movie camera using a 2 / 3-inch 280.000-pixel FT-CCD image sensor by further
improvement of this technology [6].

The Pinned Photodiode is a photodiode in which the entire N layer is covered with a P layer. The part
of the P layer on the light incident surface is heavily doped P+ (Fig-1). Kodak named this structure
Pinned Photodiode in 1984 because the P + surface of the light incident surface was pinned to the
substrate potential. This device has features such as high light sensitivity, wide dynamic range, image
lag free, much smaller dark current due to reduced influence of GR center on the light receiving surface,
and no white scars.

Light CTG Light 7 Japanese Patent 1975-134985
I

Pole Acximmmidstion Drode (MAD)

el = A 1:*;.'.‘"““

A wo | 17| <p2,

UP ([ Front Side ) e Down [ Back Side )
—

vOoD A= = Ugn

B et \J i~ HAD
e Taoen Purrnad mpty

A Potential Wes ) " Pnonn Diodeé

References:

[1) M. Hamasaki, T. Suzuki, Y. Kagawa, K. Ishikawa, K. Miyata and H. Kambe, “An IT-CCD imager
with electronically variable shutter speed” , Technical Report of The Institute of Image Information
and Television Engineers. vol. 12, no. 12, pp. 31-36, (1988)

[3) Y_Hagiwara, Japanese Patent JP10765-134086

[5) Y. Hagiwara, M. Abe, and C. Okada, “A 380H x 488V CCD imager with narrow channel transfer
gates”, Proc. The 10th Conference on Solid State Devices, Tokyo, (1978): Japanese Journal of
Applied Physics, vol. 18, Supplements 18-1, pp. 335-340, (1979)

[6] I. Kajino, M. Shimada, Y. Nakada, Y. Hirata and Y. Hagiwara, "Single Chip Color Camera Using
Narrow channel CCD Imager with Over Flow Drain™, Technical Report of The ln-ig.ur of Image
Information and Television Engineers, vol. 5, no. 29, pp.

Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Buried Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schomo by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage
a# ovidenced in JPA 1977136885,



Image Sensor Story

Japanese | English

Sony's Representative Inventions Supporting Stacked Multi-Functional CMOS
Image Sensors

Sony Corporation

Sony Semiconductor Solutions Corporation

https://www.sony.net/Sonyinfo/News/notice/20200626/

Pinned Photodiode Adopted for Back-Illuminated CMOS Image Sensors

The history of Sony's inventions of image sensors goes back to the CCD era. Above all, Pinned Photodiode is a technology that contributes to improving
the performance of back-illuminated CMOS image sensors, and the history of inventions and product development are as below.

In 1975, Sony invented a CCD image sensor that adopted a back-illuminated N+NP+N junction type and an N+NP+NP junction type Pinned Photodiode
(PPD) (Japanese patent application number 1975-127646, 1975-127647 Yoshiaki Hagiwara). In the same year, inspired by such structure, Sony
invented a PNP junction type PPD with VOD (vertical overflow drain) function (Japanese Patent No. 1215101 Yoshiaki Hagiwara). After that, Sony
succeeded in making a principle prototype of a frame transfer CCD image sensor that adopted the PNP junction type PPD technology, having a high-
impurity-concentration P+ channel stop region formed near a light receiving section by ion implantation technology for the first time in the world, and
its technical paper was presented at the academic conference, SSDM 1978 (Y. Hagiwara, M. Abe, and C. Okada, "A 380H x 488V CCD imager with
narrow channel transfer gates”, Proc. The 10th Conference on Solid State Devices, Tokyo, (1978)). In 1980, Sony succeeded in making a camera
integrated VTR which incorporated a one-chip frame transfer CCD image sensor that adopted the PNP junction type PPD. President Iwama in Tokyo,
Chairperson Morita in New York, at the time held a press conference respectively on the same day, which surprised the world. In 1987, Sony
succeeded in developing a 8 mm video camcorder that adopted, for the first time in the world, the interline transfer CCD image sensor, which
incorporated “PPD having a high-impurity-concentration P+ channel stop region formed near the light receiving section by ion implantation technology”
with VOD function, and became the pioneer of the video camera market. The PPD technology that has been nurtured through such a long history is still
used in back-illuminated CMOS image sensors.

References:

[1) M. Hamasaki, T. Suzuki, Y. Kagawa, K. Ishikawa, K. Miyata and H. Kambe, “An IT-CCD imager
with electronically variable shutter speed” , Technical Report of The Institute of Image Information
and Television Engineers. vol, 12, no. 12, pp. 31-36, (1988)

[3) Y_Hagiwara, Japanese Patont JP1076-134086

[5]) Y. Hagiwara, M. Abe, and C. Okada, “A 380H x 488V CCD imager with narrow channel transfer

gates”, Proc. The 10th Conference on Solid State Devices, Tokyo, (1978): Japanese Journal of
Applied Physics, vol. 18, Supplements 18-1, pp. 335-340, (1979)

[6] 1. Kajino, M. Shimada, Y. Nakada, Y. Hirata and Y. Hagiwara, "Single Chip Color Camera Using
Narrow channel CCD Imager with Over Flow Drain™, chhrjfglz Report of The Institute of Image
Information and Television Engineers, vol. 5, no. 29, pp

Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDTH 127647 and JPA 1975- 134985, filed by
Yoshuak: Hagiwara at Sony in 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evadent that Hagiwara mnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced in JPA 1977-1356885
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Japanosg Patent Applications, JPA1975-127646

JPAIDTS 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1976127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 19771356885

Image Sensor Story



Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTH- 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evident that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memaory, clearly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t 15 also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry

action of the in-pixel overflow dram (OFD) voltage

ai ovidenced 1n JPA 1977136885



Yoshiaki Higihara: The p-n-p-n
Diode in Future Linear Motor Cars
and in Modern Imagers

John Louis Moll (1921-2011) was
studying a p-n-p-n diode switch in
his Ph.D. dissertation work when
the first ISSCC was held in 1954. Ina
normal operation mode, this device
works as a thynistor, which can
drive a large current and is the key
device structure of an IGBT applied
for a linear motor car of the future
(see Figure 9). In a dynamic opera-
tion mode, this device may work as a
simple p-n-p-n dynamic capacitance
that can detect and store one single
electron, which is a key device struc-
ture of the modern image sensor
(see Figure 10).

I recall, when | was taking his
physics course at Caltech, that Feyn-
man once said that an electron is
always free, moving around rapidly
in free space, even in solid, and it
never stops. It is very hard to catch
an electron because we do not know
exactly where it is. Our civilization
today is based on a technology that
controls electrons, down to a single
one.

Image Sensor Story
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GURE 9 The p-n-p-n switch diode for @ moder Enear motor car.
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646,
JPAIDTS- 127647 and JPA 1975-134085, filed by
Yoshuak: Hagiwara at Sony n 1875, show that
Hagiwara invented Buried Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schome by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage
a# ovidenced in JPA 1977-136885.



Imagine a photon incident to a
bipolar transistor base region. The
photon energy creates an electron-
hole pair. And the photo-electron
can be stored in the base region as
one single majority carrier. That is,
a bipolar transistor can also func-
tion as a photon detector and/or a
storage container. | thought that a
room in a hotel must be empty and
clean before the first hotel guest
arrives. So must be this transistor
base region empty and clean with
no guest electrons at the begin
ning. This transistor in a dynamic
p-n-p capacitor mode is useful since
it can capture, confine, and con-
trol one single electron. But as a
student, | did not know yet how to
student, | did not Know yet how fo
move that single photoelectron sit-
ting in the base region to the out-
side world so that we can make use
of it as a signal. | had no way yet to
know whether the hotel guest has
arrived and is resting in the hotel
room or not. We had no way yet to
ask the hotel guest to come up to
the hotel lobby to meet me. | had
to wait a few more years (until 1970

Image Sensor Story

FIOURT 10/ From CCD to the dynamic p-n-p-n diode capacitors.

in my senior year in college) to find
the answer. We all know now it is
the CCD structure that can store
and transfer one single electron.
With a precharge reset set gate and

With a precharge reset set gate and
a source-follower circuit, a scheme
invented by Walter Kosonocky. We
could finally meet our hotel guest at
the hotel lobby.
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Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPAI975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony n 1875, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow drain (OFD) voltage

ai ovidenced in JPA 1977-136885,



History of dynamic Solid State image sensing structure
from BCCD type MOS capacitor to the P+NPN junction Pinned Photodiode capacitor

Bad 3
Blue
Light
Sensitivity )

No

Dark
Current

Bad
Dark
Current

(2) N+P type  (3) P+NP type (4) P+NPN type

(1) CCD type
invented by
Bell Lab in 1968

The classical photodiode
with serious image lag

(3) and (4) are the P+NP junction type Pinned
Photodiode invented by Yoshiaki Hagiwara, 1975

" In Japanese patent 1975-134985, Hagiwara at Sony invented the Pinned photodiode with |

very low dark current, which is also the completely depleted Buried Photodiode with image

ﬁvg | ffreg__picture qualit& and also with the built-in vertical over_'ﬂow drain'( VOD ) function. |

Reference: IEEE Solid-STATE CIRCUITS MAGAZINE, SUMMER 2013 issue pp. 6 ~
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Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT5-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976127646 and JPA 1975- 127647, 1t 1s also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schome by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885
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Difference of the static and dynamic photo transistors are illustrated in these figures.

Sony Hole Accumulation Diode (HAD) is the P+NPNsub junction dynamic photo transistor Hagiwara invented Pinned Photodiode (PPD).
with the surface P+ hole collecting and accumulation region is pinned and grounded, which
is now widely called as Pinned Photodiode with the vertical overflow drain (VOD) function.

. Only Pinned Photodiode with the VOD function can realize the electrical shutter function.

Japanoso Patent Applications, JPA1975-127646,

JPAIDTS- 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evadent that Hagiwara mnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977136885
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Difference of the static and dynamic photo transistors are illustrated in these figures. i

Sony Hole Accumulation Diode (HAD) is the P+NPNsub junction dynamic photo transistor Hagiwara invented Pinned Photodiode (PPD).
with the surface P+ hole collecting and accumulation region is pinned and grounded, which
is now widely called as Pinned Photodiode with the vertical overflow drain (VOD) function.

. Only Pinned Photodiode with the VOD function can realize the electrical shutter function.

SONY HAD Sensor 1975 was hinted by SONY PNP Bipolar Transistor Process Technology
Conventional Static Phototransistor Yoshuak: Hagiwara at Sony n 1875, show that

( by John Northrup Shive, 1950)
No memory function is involved.

Japanoso Patent Applications, JPA1975-127646,

JPAIDTS-127647 and JPA 1975-134985, filed by

Hagiwara invonted Buned Photodiode (BPD) with

® Photo Transistor the Pinned Surface Hole Accumulation, Pinned
Collector Symbol
J’ 9 Photodiode (PPD) and Hole Accumulation Diode
— co’,,':::,’,;,“::,’:,:,‘,;@ (HAD). It is also evident that Hagiwara invented
in the static mode
Global Shutter Schemo of the three level clocking
According to the light intensity,

Emitter ¢ ;1.e collector current is modified with MOS Capacitor Buffer Memory, cloarly shown

in the conventional phototransietar
in JPA 1975-127646 and JPA 1975-127647. 1t is also

ﬂ ﬂ ﬂ ovident that Hagiwara ot al invented the Electrical
< ! 8

Shutter Clocking Scheme by controlling punch-thry
Base Region P

Emitter

action of the in-pixel overflow dean (OFD) voltage

Collector Region N ai ovidenced in JPA 1977-156885
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Difference of the static and dynamic photo transistors are illustrated in these figures.

Sony Hole Accumulation Diode (HAD) is the P+NPNsub junction dynamic photo transistor Hagiwara invented Pinned Photodiode (PPD).
with the surface P+ hole collecting and accumulation region is pinned and grounded, which
is now widely called as Pinned Photodiode with the vertical overflow drain (VOD) function.

. Only Pinned Photodiode with the VOD function can realize the electrical shutter function.

SONY HAD Sensor 1975 was hinted by SONY PNP Bipolar Transistor Process Technology

Japanoso Patent Applications, JPA1975-127646,

JPAIDTS-127647 and JPA 1975-134985, filed by

Conventional Static Phototransistor b D"y’"'t’"_ick’,’ I:{oto.tr ansisttog Oper. “{09’; . Yoshiak: Hagiwara at Sony in 1075, show that
osniakl fHagiwara at sony in
(by John Northrup Shive, 1950) — - — Hagiwara invented Buried Photadiode (BPD) with
No memory function is involved. Dynamic Memory function is involved. B
The charge transfer ! o
Collactor » Photo Transistor Collector device (CTD) can be the Pinned Surface Hole Accumulation, Pinned
Symbol CCD or CMOS type. ) A \
CL S o N Photodiode (PPD) and Hole Accumulation Diode
Lighe main surface can
Q col::::;uc:m:;; @ O O == cTD be either front or back. (HAD). It s also evadent that Hagnwum invented
Base in the static mode e ) : ;
% The photo electrons stored in Global Shutter Schemo of the three level L‘lﬁ(klnﬂ
According to the light intensity, : the b is extracted letel
Emitter ¢ the collector current is modified Emitter " S tgsﬂe'n;safijacent C%mp —— with MOS Capacitor Buffer Memory, cloarly shown
in the conventional phototransietar :
in JPA 1975-127646 and JPA 1975- 127647, 1t ix also
Emitter

ﬂ ﬂ ﬂ ovident that Hagiwara ot al invented the Electrical

Shutter Clocking Schome by controlling punch-thry
Base Roglon P

action of the 1n-pixel overflow dean (OFD) voltage

Collector Region N as ovidenced in JPA 1977-136885
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Difference of the static and dynamic photo transistors are illustrated in these figures.

Sony Hole Accumulation Diode (HAD) is the P+NPNsub junction dynamic photo transistor Hagiwara invented Pinned Photodiode (PPD).
with the surface P+ hole collecting and accumulation region is pinned and grounded, which
is now widely called as Pinned Photodiode with the vertical overflow drain (VOD) function.

. Only Pinned Photodiode with the VOD function can realize the electrical shutter function.

SONY HAD Sensor 1975 was hinted by SONY PNP Bipolar Transistor Process Technology

Japanoso Patent Applications, JPA1975-127646,

JPAIDTS- 127647 and JPA 1975-134985, filed by

Conventional Static Phototransistor Dynamic Phototransistor Operation Yoshiaks Hagiwara at Sony in 1075, show that
( by John Northrup Shive, 1950) by Yoshlakl Hagiwara a.t So-ny. in 1975 | . .
No memory Linction s nvelved Dynan'“c Memory function is involved. HﬂRl\\'uﬂl invented Burned Photodiode (BPD) with
Photo Transistor Collector e L the Pinned Surface Holo Accumulation, Pinned
device (CTD) can be '
Comector Symbol CCD or CMOS type.

Photodiode (PPD) and Hole Accumulation Diode

CTD main surface can
e SR CTD| peecitherfrontorback.  (HAD). It is aléo evident that Hagiwara invented

:9 constantly running

.
- CJllocfor Current is\®

Base in the static mode

%““ The photo electrons stored in Global Shutter Scheme of the three lovel L‘lﬂtklnk
According to the light intensity, . nt the base is extracted completel
Emitter ¢ the collector current is modified Emitter - to the adjacent CTD P with MOS Capacitor Buffer Memory, cloarly shown
in the conventional phototransistor . :
, Dack Light in JPA 1975-127646 and JPA 1975127647, It is also
Emitter P— Complefe Charge
Nsub or Psub Extraction from ovident that Hagiwara ot al invented the Electrical
the N base region
for low image lag Shutter Clocking Schome by controlling punch-thry
Base Roglon P cTD 1 and high speed
e S high quality action of the 1n-pixel overflow dean (OFD) voltage
c'co«cnos action pictures PR
Collector Region N l ype Charge a# ovidenced in JPA 1977-136885
= . o Transfer Devise
IIIIGEC GCTToOUT JLU'Y L

~ Front Light Standard PPD with the front CTD main surface
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Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with

the Pinned Surface Hole Accumulation, Pinned

Photodiode (PPD) and Hole Accumulation Diode

N+P Floating CCD/MOS Buried Pinned Hole ‘ |
Photodiode  Photo Capacitor Photodiode Photodiode Accumulation (HAD?. It 10 alao ovidont: that Hegiwars invented
(FPD) (CCD) (BPD) (PPD) Diode (HAD) Global Shutter Scheme of the three lovel clocking

before 1970 invented in 1970 invented in 1975 invented in 1975 invented in 1975

with MOS Capacitor Buffer Memory, clearly shown
(1) Photon to/EIectric Charge Converter (PECD) in JPA 1975-127646 and JPA 1975- 127647, 1t is also

o Retina Cell (Photodiode ) (3) Processor ovident that Hagiwara ot al invented the Electrical

“11(2) Charge Transfer Device Human Brain

IMemoryI | CPU |

Shutter Clocking Schome by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDTH-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony in 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evadent that Hagiwara mnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975- 127647, 1t ix also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schome by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced in JPA 1977-1356885



Yoshiaki Hagiwara (AIPS)

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

Hagiwara invented Pinned Photodiode (PPD).
Conventional Single Sampling Hold ] _ .
&/H pulse MOS Transistor Switch 0N/0 FF Actlan

T Vdd 5 fo A Japanoso Patent Applications, JPA1975-127646,
Vg B V'hOId | V=0 vﬁTuc JPAIDTS-127647 and JPA 1975-154985, filed by
Vout A Ll on  pA— % Yoshik: Hagiwara at Sony n 1975, show that

Csh == Vo=V R c
S/H pulse 1 Source follower \ NMOS-SWITCH Vﬁ - Vd / H;‘Rl“’“rﬂ ln\'uml'd Hun"d Phll‘ln‘lﬂdo ‘BPI” “llh
V. i Rs Current AV the Pinned Surface Hole Accumulation, Pinned

(]

Correlated Double Sampling Hold (CDS)

Photodiode (PPD) and Hole Accumulation Diode

v, Analog (HAD). It 15 also evsdent that Hagiwara imnvented

SH pulse ( SUbtraTo" Global Shutter Scheme of the three level clocking

VL j;n LV S;i?:li:tz;s:;; T_g - with MOS Capacitor Buffer Memory, clearly shown
4 | time interval. t Vo ! in JPA 1976127646 and JPA 1975- 127647, 1t 1s also

ovident that Hagiwara ot al invented the Electrical

Vhold

bamn 9 < A ]—[ ------ l_ H I_I_ Shutter Clocking Schome by controlling punch-thry
SH2

Image Sensor Signals are buried in the clock noises.

> action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885



@NPN transistor Current Amplification Yoshiaki Hagiwara (AIPS)

@®Low Power CMOS inverter
Vout(t) Hagiwara invented Pinned Photodiode (PPD).
. , Vad Vid @ »
il Koos '
- l Vout Vie- Japanoso Patent Applications, JPA1975-127646,
Edibadtll) ] “(’) B eipiahi ° JPAIOTS127647 and JPA 1975-134985, filed by
BaselP
\{\ %,? Ti ¥ PaO% Yoshiak: Hagiwara at Sony in 1975, show that
: Vi Inverter Hagiwara invented Burned Photodiode (BPD) with
Vin Vout the Pinned Surface Hole Accumulation, Pinned
2= Photodiode (PPD) and Hole Accumulation Diode
Vout = Vin

(HAD). It is also evsdent that Hagiwara mnvented

Global Shutter Schemo of the three level clocking

Analog Data Comparator Chip ™ Vin with MOS Capacitor Buffer Memory, cloarly shown
Bottom Image Sensor Chip Action Mode ® 4 in JPA 1975-127646 and JPA 1975-127647. It ix also
= il )| B s{ij) e d
h+ vad  ovident that Hagiwara ot al invented the Electrical
D P mem— [ GND - ! o S i
—_— ‘. C Shutter Clocking Scheme by controlling punch-thry
—J o Vol Vs B action of the 1n-pixel overflow dran (OFD) voltage

:
H

ai ovidenced in JPA 1977-156885
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPAI975-127646,
JPAIDTE127647 and JPA 1975134085, filed by
Yoshik: Hagiwara at Sony in 1875, show that
Hagiwara invonted Bured Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evident that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975- 127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow drain (OFD) voltage
a# ovidenced in JPA 1977- 136885,
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Buried Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schomo by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage

ai ovidenced in JPA 1977-136885,
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patont Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony in 1875, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evident that Hagiwara invented
slobal Shuttor Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schomeo by controlling punch-thry
action of the in-pixel overflow drain (OFD) voltage
ai ovidenced in JPA 1977- 156885,
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Simulation and Device Characterization of the P+PN+P Junction Type
Pinned Photodiode and Schottky Barrier Photodiode
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patont Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony in 1875, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evident that Hagiwara invented
slobal Shuttor Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schomeo by controlling punch-thry
action of the in-pixel overflow drain (OFD) voltage
ai ovidenced in JPA 1977- 156885,
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPAI975-127646,
JPAIDTS-127647 and JPA 1975- 134985, filed by
Yoshuk: Hagiwara at Sony in 1975, show that
Hagiwara invonted Bured Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evident that Hagiwara invented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memary, cloarly shown
in JPA 1975-127646 and JPA 1975- 127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schemo by controlling punch-thry
action of the in-pixel overflow drain (OFD) voltage
ai ovidenced in JPA 1977136885,
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPAI975-127646,
JPAIDTS- 127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony in 1075, show that
Hagiwara invented Bunied Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow drain (OFD) voltage

as ovidenced in JPA 1977-136885,
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Az shoen @ Fig S, not that Sor thic doublc n anp betation
procem, the space charge palanzation ( + sad - ) eccan not
caly # PN jscscn dephknon odgor bat abo 3t lecations of
atrong P+ 1 barmer diectnic Sicdd foe photo par sparsion

Fig. 6 dhown varoms costridutom (1-9) 0 de qeanen
11 of e wilas chabng e backude neflection maal

4. Cenchivan

Whike the convestioral smgle N+F janction rype bas the
bow qrantus cfficency of ) %, the P+ FNIP dosbic junction
type Phosodinde (110} solar ol cxpecicd at kst 12 doublz
the quassus cffickncy, 30d more by e Fenad Suwhce PP
Hobe Accomulstion Diede (HAD) s sanwe sersctare

T war face I+ I boroer clsctnic field comnbratas moee e the
quantm clficiancy, bossting up w 60 %4 or mare for die sbort
wave bloe bt cacrgy pecouam, and mer deatically = the
samc soe, by proenuag e bole cecron racombaatos

complatcly 12 the crapey parncd potansal well = the N regica.
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPAI975-127646,
JPAIDTS- 127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony in 1875, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evident that Hagiwara invented
Global Shutter Schemeo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
inJPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schomeo by controlling punch-thry
action of the 1n-pixel overflow drain (OFD) voltage
ai ovidenced in JPA 1977- 156885,



Yoshiaki Hagiwara (AIPS)
https://202011282002569657330.0namaeweb.jp/AIPS_Library/P2001_ESSCIRC2001.pdf

Microelectronics for Home Entertainment Hagiwara invented Pinned Photodiods (PPD).

Yoshiaki Hagiwara Japanoso Patont Applications, JPA1975-127646,

) JPAIDTS-127647 and JPA 1975-134985, filed by
Sony Corpoartion, Tokyo Japan } i :
Yﬂﬁhiﬂki.hﬂEiWﬂm@ip.ﬂﬂﬂf.cﬂm Yoshaak: Hamwura at Sony n 1875, show that

Hagiwara invonted Buned Photodiode (BPD) with

FRataEmER kot (s chatinac the Pinned Surface Holo Accumulation, Pinned

products is 0.5 um LS| chips for 8 mm camcorders SONY AIBO 2nd Generation, ERS-210

in 1995. Th had 0.35 um LS| chips for MD

l‘:‘roducts wite:lowx v(a)nage o:;nratlon of'géozro't‘ Now Future ; y Sony original HAD F:::;e Pb"‘d“’d“ ‘PPD) N\d H"lo I\Cl'ummﬂllm l)“dv
0.25 um PlayStation 2 Graphics Synthesizer has it el comera

eDRAM with 48 GB/sec bandwidth. Fig.19 shows p——

e [T (HAD). It 15 also evadent that Hagiwara invented
the EmDRAM History.

Parsllel Peort For devel pment

Global Shutter Schemo of the three level clocking

HQM'P_G’W.S‘)WM
o= ::f:m " 690 P s with MOS Capacitor Buffer Memory, cloarly shown
1=t EmDRAM Product ™" 196 \P Start
T e0e P st i in JPA 1975-127646 and JPA 1975127647, 1t ix also
| = Hagiwara
= , . Diode insid : ,
! |* | - ovident that Hagiwara ot al invented the Electrical
} ~ Graphics swmeu'u«#sz» L
MO LI A s T Shutter Clocking Scheme by controlling punch-thry
&mm Camcoder LSt 2Mbit DRAM + 20060 DRAM Bandwidth 4808/8
512kbit DRAM+S0KG 2.0V Low Valtage Operation -
S . action of the in-pixel overflow dran (OFD) voltage
Embedded DRAM History "’ Logical Hardware Block Diagram

ai ovidenced in JPA 1977- 136885,
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SOI Design in Cell Processor and Beyond Yoshiaki Hagiwara (AIPS)

Yoshiaki Daimon Hagthara Hagiwara invented Pinned Photodiode (PPD).
Chairman and CEQ , AIPS/AINS Consortium

( Ex-Sony Fellow, Semiconductor Strategic Planning )

Hagihara-Yoshiaki@aiplab.com Japanosg Patent Applications, JPA1975-127646,

JPAIDTS-127647 and JPA 1975-134985, filed by

45nm Cell/B.E. Die Photo e srosusans crgne =porecrerem
Cell/B.E. DNA '\ P - -
L SPE SPE SPE SPE Yoshuak: Hagiwara at Sony n 1875, show that
high performance o
3 Hagiwara invonted Buned Photodiode (BPD) with
: 1:‘;'3 7:.::1::1. DEC = DEC ENC = ENC \
4 3 =Low power the Pinned Surface Hole Accumulation, Pinned
e = :’; PPE X10 PCI Express
22 2 £ 0-Processo ‘
3 B 2 xi0 tons g $ Hclm Photodiode (PPD) and Hole Accumulation Diode
=1~ S g
3 B iade. © | ﬁ aigel  SOI BULK (HAD). It 15 also evadent that Hagiwara invented
& | ] SN, v
x| ) Sreresspd : e . Masuo Saito at ICD-ARC Panel May 13, 2008
Gl 8 O CITE Lol i L L p——— i slobal Shutter Schemo of the three lovel clocking
e ' oame P Cell/B.E. and Toshiba SpursEngine ' Sact ¥
- ‘ . : ‘ : with MOS Capacitor Buffer Memory, cloarly shown
To address the latency issue, the emotion engine was
ISSCC000 i i ; i ' ' e OTRAR = 107047
Csamu Takchiashi developed in 1998. This groundbreaking graphics chip needed in JPA 1975-127646 and JPA 1975127647, 1t ix also
By 1994, the games were just starting to move to 0.5-micron the latest Tﬂﬂgﬂﬂ";ﬁj'ﬁ_ to EEJ'IE'E‘-'E 'TseF'Eﬂ;?'T_"lﬂ':FE and 13‘-’31;1::
processes, while the leading process was 035 micron ~ negration. By reducing the number of pipeline siages and o yiony that Hagiwara ot al invented the Eloetrical
Eventually over time, the game chips migrated to smaller creasing mtegra : .
4 : 2 died bit dual vector processor — the Playstation pushed all of the ? e
processes to increase lntegratlon and reduce costs. exjsﬁng limits of the 250-nanometer process. Shuuﬂl‘ (nl“klﬂ“ bCh"m" b) Mwum“ pum:h'l.hru

action of the in-pixel overflow dran (OFD) voltage
https://202011282002569657330.0namaeweb.jp/AIPS_Library/P2001_ESSCIRC2001.pdf
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ai ovidenced in JPA 1977-136885,



Reference

Buried Pinned Hole Accumulation Photodiode

Invention 1975

R R e R e S e R e R R e e e

Japanese Patent Applications 1975-127646, 1975-127647,
and 1975-134985 invented by Y.Hagiwara

R R e R e S e R e R R e e e

Development 1978

R e R e S e R e R R e e e e

Y. Hagiwara., M. Abe, and C. Okada,
“A 380H x 488V CCD imager with narrow channel transfer gates”,

Proc. The 10th Conference on Solid State Devices, Tokyo, (1978):
Japanese Journal of Applied Physics, vol. 18, Supplements 18-1,
pp- 335-340, (1979)

S T o o S T S S o o o o
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646
JPAIDTS127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885



Reference

Electric Shutter Clocking Scheme

Invention 1975

B e e e e e e S e e et S S P S

Japanese Patent Application 1977-126885

invented by Y. Hagiwara, S. Ochi and T. Hashimoto.

R TR L T o Tl R T R R e R e R e R R

Development 1987

B e e e e e e S e e et S S P S

Masaharu Hamazaki, Tomoyvuki Suzuki, Noriaki Kagawa,

Kikue Ishikawa, Katsurou Mivata, Hideo Kanbe,

"ILT CCD Image Sensor with Electrical Shutter Fuction Control”,
Journal of Japanese TV Society, vol.12, no.12, pp.31-36, (1988)

B e e e e e e S e e et S S P S
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646
JPAIDTS 127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It i also evsdent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced 1n JPA 1977- 136885



Invention 1975 Electric Shutter Clocking Scheme Yoshiaki Hagiwara (AIPS)

e 2 o T e

Japanese Patent Application 1977-126885

invented by Y. Hagiwara, S. Ochi and T. Hashimoto.

e e 2 e e

Japanese Patent JPA 1977-126885 on Electrical Shutter Clocking Scheme
invented by Y. Hagiwara, S. Ochi and T. Hashimoto in 1977.

o4\ BAAS AN IR (0 BES451318 Type(A) . Type(B)

e B 67352126885 16 CCgrtgpe
@t W #352(1977)9 298
B0 BisE(1979)4 A28 I PN
2R B # RERN
RR B #F BERZ ;
] WERE F ' .
Type(C) i -,.‘\ e {
type 4 i
GND s Coned
1| —— cco
P
P+ N
N P ; z! it *\ Y i
3 E ‘ s .
N+ N+ Fg.8 | | Nolmagelagi _ j
OFD ccD
: gFD n . OFD & 12 ma
The electric shutter clocking scheme with the complete signal \ e . ]
charge draining of no image lag can be achieved by the OFD % \sm -
punch-thru voltage control for any photodiodes, including  Fig- 12 ' e
not only the type (A) of the conventional CCD/MOS photo ! Punch-thru Mode

‘wa. for Electric Shutter Operation

capacitor but also (B), (C) and (D) type Pinned Photodiodes. o
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Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshiak: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evadent that Hagiwara mnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schemeo by controlling punch-thry
action of the in-pixel overflow dean (OFD) voltage

ai ovidenced in JPA 1977-136885



Reference

c R R EEEEEEE R R

Active in-Pixel MOS Image Sensor
T S S S S S S S R

Invention 1968

T S O e S S e o T o T S o S o X S

Peter J. W. Noble.
IEEE Transaction of Electron Devices, 15-4, pp.202-209, (1968)

T o o o o T o o o o o T o o o T o S o o e e o e e e S

Development 1990

o o o o S o o o e e o S e S

Fumihiko Andoh, Kazuhisa Taketoshi, Junichi Yamazaki,
Masayuki Sugawara, Yoshi hiro Fujita, Kohji Mitani,
Yukio Matuzawa, Kenji Miyata, Shuichi Araki,

"A 25 0,000-Pixel Image Sensor with FET Amplification
at Each Pixel for High-Speed Television Cameras”,

ISSCC Digest of Technical Papers, pp. 212-213.298, February 1990.

R R e R Lot L

Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanose Patent Applications, JPA1975-127646
JPAIDTS127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, clearly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Scheme by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977- 136885



@ Low Power CMOS inverter @ Source Follower Current Amplifier Yoshiaki Hagiwara (AIPS)

vdd vdd
Vin"l Vin‘_l Hagiwara invented Pinned Photodiode (PPD).
_ Vout Vout
Vin
A Japanoso Patent Applications, JPA1975-127646,
R Vg ._I
JPAIDTH-127647 and JPA 1975-134985, filed by
- 4 vout — Yoshik: Hagiwara at Sony n 1975, show that
Inverter W
Hagiwara invented Buned Photodiode (BPD) with
Vin Vout Follower
Vin Vout the Pinned Surface Hole Accumulation, Pinned
Vout = Vin V Photodiode (PPD) and Hole Accumulation Diode
n Vout = Vin >Vin
(HAD). It 15 also evsdent that Hagiwara imnvented
History of DRAM Cell (Source Follower ) Global Shutter Scheme of the three Jovel clocking
e
¥ WL vdd WL/VOG - Wi vdd with MOS Capacitor Buffer Memory, clearly shown
vOG

== B <8 in JPA 1976127646 and JPA 1975- 127647, 1t is also
+-’——‘»r'| ¢ T — +———o—|[ VoS

T }_,ﬁ_* l | T e ovident that Hagiwara ot al invented the Electrical

VGG 0-' l ouUT ouT l Shuttor Clocking Schemeo by controlling punch-thry

j OUT  r.H.Dennard (1BM 1966) action of the in-pixel overflow dean (OFD) voltage
Conventional DRAM Cell B Nagitz (4 y " 1969) ai ovidencod in JPA 1977- 136885
before 1966 Intel 1101 @ISSCC1970, Philadelphia. hiddconuiins doud b ai e f o




Yoshiaki Hagi AIPS
History of Photo Diode Cell ( Source Follower) oshiaki Hagiwara (AIPS)

pg Light Vdd PGEVOG pg Light Vad

| (PPD).
Vdd vVOG Vdd
il B

-
Ti=y || T

Japanosg Patent Applications, JPA1975-127646,

VGGO-{ l ouT o l JPAIDTA-127647 and JPA 1975134985, filed by
ouT Yoshuak: Hagiwara at Sony n 1875, show that
Conventional Active Pixel Circuit Hagiwara invented Buried Photodiode (BPD) with

after Peter Nobel 1966~1968

the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
History of DRAM Cell ( Source Follower ) (HAD). It is also ovident that Hagiwara invented
Global Shutter Scheme of the three lovel clocking

N o vdd = WL/VOG " WA vdd
l T VO l . N l T with MOS Capacitor Buffer Memory, cloarly shown
B— vOG
— =. 5 = T r‘l n in JPA 1976-127646 and JPA 1975127647, It ix also
l I ovident that Hagiwara et al invented the Electrical
vGG o |
o

Photo Diode in 1966

ouT ouT l
UT  R.H.Dennard (1IBM 1966)

Conventional DRAM Cell Bill Regitz (Honeywell 1969)
before 1966 Intel 1101 @ISSCC1970, Philadelphia.

Shutter Clocking Scheme by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage

ai ovidenced in JPA 1977- 136885,
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. . N . Yoshiaki Hagiwara (AIPS)
Peter Noble invented the in-Pixel Amp MOS Image Sensor in 1968.

See IEEE Transaction Electron devices 15-4 (1968) pp.202-209.

Hagiwara invented Pinned Photodiode (PPD).
Reset Pulse (1) Word Line Pulse
(:3‘“': 3 Cg'"'..‘ Japanoso Patent Applications, JPA1975-127646,

+VDD >0 v JPAIDTS- 127647 and JPA 1975-134985, filed by

. Reset Gat Bit Line Output Ov
‘ N"": JUght p.|3|os 1.7: pM'(‘); Tr Spu Yoshuak: Hagiwara at Sony n 1875, show that
‘ junction - . — T OUEPUE Hagi d Buried Photodioda (BPD) with
AgIWAra inmvented bune otodiode wit
| Photodiode 1Am W YO COmemON "
- 4
! ..-0- I %y %:%:::t ouTh the Pinned Surface Hole Accumulation, Pinned
' Reset Gate e+ Source 4 Photodiode (PPD) and Hole Accumulation Diode
PMOSTr2 4 Fellinannr
; | Ny “C‘:;:m (HAD). It 15 also evadent that Hagiwara mvented
f PMOS Tr 3 Reset Pulse (2) Global Shutter Schemo of the three lovel clocking
LN L
‘ ':,',’;';f ,’-:: with MOS Capacitor Buffer Memory, cloarly shown
' l 1‘},':,';"“:'“' in JPA 1976-127646 and JPA 1975127647, It ix also
Current GND =0v
' S— :"#—.—“' ovident that Hagiwara ot al invented the Electrical
' Shutter Clocking Schome by controlling punch-thry

Active Pixel Sensor (APS) with a photodiode and buffer amplifier

as proposed by Peter Noble in 1968 action of the 1n-pixel overflow dean (OFD) voltage

as ovidenced in JPA 1977-136885
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Yoshiaki Hagiwara (AIPS)

Reference

s 3% 3k 3 %k 3 3k ok ok ok ok ok ok 3k 3k 3k sk sk ok ok ok ok 3k 3k 3k 3k sk ok ok ok % Hagiwara invented Pinned Photodiode (PPD).

@CCD Image Sensor
= T S S S S S S S S S S S S S S

Invention and Development 1970

B o T T o o o o o o o b T o o o o R e

W.S.Bovle and G.E. Smith, Yoshuk: Hagiwara at Sony n 1975, show that

Japanosg Patent Applications, JPA1975-127646

JPAIDTH- 127647 and JPA 1975134985, filed by

Bell S}'Htl‘:!ﬂl Technical Journal, 49, DFSSF_EQE(IQT{” Hagiwara invented Buned Photodiode (BPD) with

++++++++++++++ bR R R R+ . & .
the Pinned Surface Hole Accumulation, Pinned

R OR R A R K R A K R AR R R AR R R AR R KKK Photodiode (PPD) and Hole Accumulation Diode

Correlated Double Sampling (CDS) Hold Circuit REED Y S B
- - - AP T e '

Global Shutter Schemo of the three level clocking

I nve ntiO n an d Deve I o) p me nt 1974 with MOS Capacitor Buffer Memaory, clearly shown

in JPA 1976-127646 and JPA 1975-127647. 1t 15 also
R A A A A A Ay

M.H.White, D.R.Lanpe, I.C.Blaha and I.A.MAck, ovident that Hagiwara ot al invented the Eloctrical

"Characterization of Surface Channel CCD Image Arrays at Low Light Leve Shutter Clocking Schome by controlling punch-thry

action of the in-pixel overflow dean (OFD) voltage

IEEE Journal of Solid State Circuits, SC-9, pp.1-13 (1974)

+4+++++ttbt bbb bbbt bbb bbb bbb bbb bbb bbb bbb+ aiovidenced in JPA 1977136885
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Yoshiaki Hagiwara (AIPS)
Correlated Double Sampling Hold by Prof. M. White, 1972

Conventional Single Sampling Hold Hagiwara invented Pinned Photodiode (PPD).
S/ pulse v MOS Transistor Switch ON/OFF Action

i « /A —\ B off A ﬂ i B\‘ Japanosg Patent Applications, JPA1975-127646,

V{'gl - \/.htﬂd | T JPAIDTH- 127647 and JPA 1975-134985, filed by

Ve = . -0
Vuui

c i A On A Yoshik: Hagiwara at Sony n 1975, show that
SH == VezVe ¢
Source follower \ 1 Nmos-switcH Vg = Vd Hagiwara invented Buned Photodiode (BPD) with

S/H pulse =
7 B Current AMP
Vin v Rs Correlated Double Sampling Hold (CDS) the Pinned Surface Hole Accumulation, Pinned
o— §/H |——o Vou
S/H pulse 1 fSr‘H pulse 2 Photodiode (PPD) and Hole Accumulation Diode

E

i : .
1{’_ sm—}—i‘—%m +V, (HAD). It 15 also evadent that Hagiwara invented
SMH pulse v Global Shutter Schemo of the three level clocking
{ Signal appears ¥ o o
vln
4

om Vot only during - with MOS Capacitor Buffer Memory, clearly shown
4 ~ | this short time

in JPA 1975-127646 and JPA 1975- 127647, 1t ix also

Vhold ovident that Hagiwara ot al invented the Electrical
i
1) |—| . ‘,rl;ll_l', _ | - e S Shutter Clocking Scheme by controlling punch-thry
s — > ¢t sh2 [] [ [ » ¢ acton of the in-pixel overflow deain (OFD) voltage
Image Sensor Signals are buried in the clock noises. as ovidenced in JPA 1977136885
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Yoshiaki Hagiwara (AIPS)

ISSCC 2006 [ SESSION 27 / IMAGE SENSORS / 27.5

27.5 High-Speed Digital Double Sampling with Analog Hagiwara invented Pinned Photodiode (PPD).
CDS on Column Parallel ADG Architeciure for -
Low-Maoise Aclive Pixel Sensor Japanoso Patent Applications, JPA1975-127646,

JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony n 1875, show that
Hagiwara invented Buried Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three level clocking

with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975127647, 1t ix also

ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schomo by controlling punch-thry

action of the in-pixel overflow dran (OFD) voltage

Figere 27.5.2. Column-indine deal COS archilechers. - ai ovidenced in JPA 1977- 136885,



ISSCC 2006 / SESSION 27 / IMAGE SENSORS / 27.5

ISSCC 2006 / SESSION 27 / IMAGE SENSORS /275 Modern CMOS Image Sensors have (1) HAD (2) APS and (3) CDS.
(1) HAD ( PPD ) was invented by Y. Hagiwara in 1975.

(2) APS was invented by Peter Noble in 1968.
(3) CDS was invented by M. White in 1972.

27.5  High-Speed Digital Double Sampling with Analog
CDS on Column Parallel ADC Architecture for
Low-Noise Aclive Pixel Sensor

Yoshikazu "'"a. Yoshinori Muwma‘su. Kiyotaka Amano. (4) SOny engin“rs perfected thosa techno'ogies in 20“.

Takayuki Toyama, JunYamamoto, Koji Mishina, Atsushi Suzuki
Tadayuki Taura, Akihiko Kato, Masaru Kikuchi, Yukihiro Yasul,
Hideo Nomura, Noriyuki Fukushima Sany. Ateupi, Japan

Traditionally, the advantages of compact image sensors (CISs)
over CCDs have been low power consumption and the capability
for system integration. Additionally, the image quality of CISs
has recently begun to rival and even surpass that of CCDs in the
area of high-speed imaging (1], Compared to high-speed CCDg,
CISs utilize the advantage of a column-parallel pixel readout.

The pixels are conventional 4T active pixel sensor (APS) pixels
that use hole accumulation diodes (HADs). HADz enable image
sensors such as CCDs and CISs to realize ideal properties of low
dark current, no kTC noise, and no image lag (2]

Digital double-sampling architecture is proposed to remove
device variation and circuit offset that cause vertical FPN [3).
Our column-inline dual-CDS architecture (Fig. 27.5.2) imple-
ments digital double-sampling (digital CDS) and analog CDS in
parallel columns, A high-speed 29TMHz clock ig utilized to reduce
the double digital sampling period. Additionally, an analog CDS
i# used to reduce the ADC period for the reset signal Ve by elim-
inating the analog offset of the pixel and the comparator output.

5 z
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Figare 27.5 2. Column-indine geal COS archilectarn.
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPAI975-127646,
JPAIDTE-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Bunied Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shuttor Clocking Schome by controlling punch-thry
action of the 1n-pixel overflow drain (OFD) voltage
a# ovidenced in JPA 1977-136885.



{ Why is SONY so strong in Semiconductor Business from the beginning to now ? ]

(0) Sony could purchase the Bipolar Transistor Patent Right
with a very low price of $ 500 (?) from Bell Lab USA in 1954,
(1) Kawana, Yoshiyuki at Sony invented the low
collector On-Resistance N+PN junction type Bipolar
transistor by thinning the back side of silicon wafer,

a technique now used for the backside illumination
CMOS image sensors widely to improve sensitivity.
(2) Kato, Toshio at Sony invented the silicon surface
light etching and new SiO2 Passivation technique

for the N+PN junction type Bipolar transistor with
the MESA like isolation, which is now known as the
shallow trench isolation with the excellent side
wall SiO2 formation to reduce the leakage current.

(3) Hagiwara, Yoshiaki at Sony invented the P+NPNsub
junction ( thyristor ) type Pinned Photodiode, which is
identical to SONY Hole Accumulation Diode ( HAD ),
with the built-in vertical overflow drain (VOD) function,
the image lag free electric shutter function and good
light sensitivity to realize fast action video cameras.

See Japanese Patent 1975-134985
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invented SONY HAD which is identical to the Pinned
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which is also the Depletion Photodiode and the Buried Photodiode.
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshuk: Hagiwara at Sony in 1075, show that
Hagiwara invented Buried Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
slobal Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schomo by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage
a# ovidenced in JPA 1977136885,



Yoshiaki Hagiwara (AIPS)

e Hagiwara inveated Pinned Photodiode (PPD).

L4 ; 3 A4 ¢ Japanoso Patent Applications, JPA1975-127646,
R JPAI9T5-127647 and JPA 1975-134085, filed by
0 i
: y Yoshiak: Hagiwara at Sony in 1975, show that
Bipolar Transistor

Hagiwara invented Burned Photodiode (BPD) with
" Physics and

Technology of the Pinned Surface Hole Accumulation, Pinned

Semiconductor
Dt Photodiode (PPD) and Hole Accumulation Diode

Oy A Shees (HAD). It is also evadent that Hagiwara mnvented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975-127647. 1t is also

ovident that Hagiwara et al invented the Electrical

Shuttor Clocking Schemeo by controlling punch-thry

1969-1970

action of the in-pixel overflow dean (OFD) voltage

with Prof. Tom McGill @Caltech Campus as ovidencod in JPA 1977-136885
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Hagiwara had five important ideas in 1975 for the pinned photodiode sensor structures.
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My first publication was
a PhD thesis paper
published at the I1SSCC1974

My PhD thesis paper
on buried channel CCD
at ISSCC1974 in Philadelphia, USA

CalTech/JPL NASA (I1BM)
computers were used to
perform three dimensional
(x,yandt) BCCD device
simulations for polysilicon
and aluminum overlapping
gate buried channel CCD
structure with the two
dimensional Poisson s
equation and time domain
continuity equation.

Prof. C. A. Mead

See Japanese Patent 1975-134985 ( filed on November 10, 1975 )

{/ Sony Original 1

which defines a P+NP/Sub junction type Pinned
L HAD Sensor

Photodiode with Vertical Overflow Drain (VOD)

HAD = Hole Accumulation Diode
And see also Japanese Patent 1975-127647 ( filed on October 23, 1975)
which defines an NPN/Sub junction type Pinned Photodiode
with a built-in Global Shutter Function and Back Light lllumination Scheme
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in Philadelphia in Feb 1974.

Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT5-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976127646 and JPA 1975- 127647, 1t 1s also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schome by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885



Yoshiaki Hagiwara (AIPS)

128-Bit Multicomparator Chip designed by Caltech Students and fabricated by Intel.
Ref: IEEE Journal of Solid State Circuits, VOL.SC11, No.4, October 1976 wwmw M).

Prof. C. A. Mead and Yoshiaki Daimon Hagiwara
W NUUND OAOUID ST CHNCOTER. VI A0S0 00 K GSTONK 199 working on the silicon chip design at Caltech in 1972
128-Bit Multicomparator

CARVER A NEAD, RICHARD D. PASHLEY, mtwsea, rzez, LEE D. SRITTON, YOSHIAKS T. DAINON,
AND STEWART F. SANDO, JR., wimsen, ez

Japanose Patent Applications, JPA1975-127646,
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" :f»“‘h&- Yoshik: Hagiwara at Sony 1n 1975, show that
sugi Tech Centerinearly: :
- v ) Hagiwara invonted Buned Photodiode (BPD) with
\ o
, the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode

(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Schemo of the three level clocking

with MOS Capacitor Buffer Memory, clearly shown

in JPA 1976127646 and JPA 1975- 127647, 1t 1s also
ovident that Hagiwara ot al invented the Eloctrical
Shuttor Clocking Schemeo by controlling punch-thry

action of the 1n-pixel overflow dean (OFD) voltage

’ : as ovidenced in JPA 1977-136885
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Yoshiaki Hagiwara (AIPS)

[Comparison of Various Light Detecting Photo Sensor Structures J

Hagiwara invented Pinned Photodiode (PPD).

Classical Surface | Buried

N+Psub | Channel | Channel

rentosrmie o (AL B2 Japanose Patont Applications, JPA1975-127646
u . CHLUMIS, b I i "
Blue Light Sensitivity PAN X X @) (@) O - v
Low Image Lag X @) ®) X @) @) JPAIDTS-127647 and JPA 1975-134985, filed by
Surface Dark Current O X X X (@) O Yoshuk: Hagiwara at Sony n 1975, show that
SOrROR e Mol O X O X O O Hagiwara invented Buried Photodiode (BPD) with
Vertical OFD (VOD
' X X X O X O the Pinned Surface Hole Accumulation, Pinned
Electrical Shutter X X X X X O
Photodiode (PPD) and Hole Accumulation Diode
1) N+P junction Photodiode in 1960s 3) JPA 1975-134985 by Hagiwara
() : s ) | e (HAD). It 15 also evadent that Hagiwara mnvented
Poor Blue Light Sensitivity Problem The N+ surtace is floating. ) = v
oo = [P+ N T Puer | Now | Vg Global Shutter Scheme of the three lovel elocking
Light |—|—I—> o--—vog
N¢ e Jwe-e- —poCT with MOS Capacitor Buffer Memory, cloarly shown
[Bad Image Lag] (4) JPA 1978-1971 by Yamada
(otiompe ) puue cTo in JPA 1976-127646 and JPA 1975-127647. It is also
(2) Transparent Electrode CCD/MOS P N l Dok
Photo Capacitor (1380) . WA Moe
e Lign e T—T * __l. ovident that Hagiwara ot al invented the Electrical
") (5) JPA 1980-%%8026 by Teranishi Shutter Clocking Scheme by controlling punch-thry
e- - & —p g- e- =—1»CTD 4 v
Nolmage Lag ]  Psub - N | P Neot _\iszb action of the in-pixel overflow drain (OFD) voltage
Sony ICX008, 1980 "1 as ovidenced in JPA 1977-136885.




Yoshiaki Daimon Hagiwara BIO in 1976

Yoshiaki Hagiwara was born in Kyoto, Japan,
on July 4, 1948. He received the BS.,, MS,,
and Ph.D. degrees from the California Institute
of Technology, Pasadena, in 1971, 1972, and
1975, respectively.

Since 1967, he has served several research
> 85 @ groups in the Institute. He worked as a Data
g Processor in hydraulics from 1967 to 1969, en-
\b ‘ gaging in the amalysis of the pressure distribu-
tion of solitary waves, the influence of the
geological features of a harbor upon the in-
duced standing-wave amplitude in the harbor, and the diffusion mecha-
nism of polluted objects in moving fuids. From 1969 10 1971, he
worked as an Experimentalist in the Material Science Department and
studied the switching and other electronic properties of newly developed
amorphous alloys from the low temperature of 4 K 10 room tempera-
ture. From 1971 to 1975 he was a Rescarch and Teaching Assistant
both in the Electrical Engineering and Physics Departmenis at the Cal-
ifornia Institute of Technology. In the summer of 1971 and 1973, he
visited Sony Corporation, Tokyo, Japan, as a Product-Appraisal Engi-
neer at the Atsui plant and engaged in developments and applications
of bipolar technologies in video and power integrated clrcuits. He is
presently with the Sony Corporation, Tokyo, Japan. His interests Lie
in the areas of digital and linear integrated circuit designs, the physics
of microelectronics, and artificial intelligence.
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Yoshiaki Hagiwara (AIPS)

Hagiwara invented Pinned Photodiode (PPD).

Japanoso Patent Applications, JPA1975-127646,
JPAIDT-127647 and JPA 1975-134985, filed by
Yoshiak: Hagiwara at Sony n 1975, show that
Hagiwara invented Burned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evadent that Hagiwara invented
Global Shutter Schemo of the three level clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976-127646 and JPA 1975- 127647, 1t is also
ovident that Hagiwara ot al invented the Electeical
Shuttor Clocking Schemeo by controlling punch-thry
action of the 1n-pixel overflow dean (OFD) voltage

ai ovidenced 1n JPA 1977136885



Yoshiaki Hagiwara (AIPS)
Prof. Yoshiala Hagiwara at Soj0 Universuy was on TV .

The AIPS Self Driving Cars are on the way in near future. B Mmook st Elliody (T
Japanoso Patent Applications, JPA1975-127646
JPAIDTS-127647 and JPA 1975-134985, filed by
Yoshik: Hagiwara at Sony n 1975, show that
Hagiwara invented Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It 15 also evsdent that Hagiwara imnvented
Global Shutter Scheme of the three lovel clocking
with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1976127646 and JPA 1975- 127647, 1t 1s also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schome by controlling punch-thry

action of the in-pixel overflow deain (OFD) voltage

as ovidenced in JPA 1977- 136885
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Yoshiaki Hagiwara (AIPS)

Artificial Intelligent Partner System(AIPS) Home Page Top
hagiwara-yoshiaki@aiplab.com Hagiwara invented Pinned Photodiode (PPD).

Japanosg Patent Applications, JPA1975-127646,

JPAIDT-127647 and JPA 1975-134985, filed by
Yoshuak: Hagiwara at Sony n 1875, show that
Hagiwara invonted Buned Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode
(HAD). It is also evsdent that Hagiwara mnvented
slobal Shutter Scheme of the three lovel clocking

with MOS Capacitor Buffer Memory, cloarly shown
in JPA 1975-127646 and JPA 1975-127647, It is also
ovident that Hagiwara ot al invented the Electrical
Shutter Clocking Schomo by controlling punch-thry
action of the in-pixel overflow dran (OFD) voltage
s ovidenced in JPA 1977- 136885,
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Yoshiaki Hagiwara (AIPS)

Thank you !

Hagiwara invented Pinned Photodiode (PPD).

Japanese Patent Applications, JPA1975-1276486,
JPA19T5-127647 and JPA 1975-134985, filed by
Yoshiaki Hagiwara at Sony in 1975, show that
Hagiwara invented Buried Photodiode (BPD) with
the Pinned Surface Hole Accumulation, Pinned
Photodiode (PPD) and Hole Accumulation Diode

(HAD). It is also evident that Hagiwara invented
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GGlobal Shutter Scheme of the three level clocking
with MOS Capacitor Buffer Memorv, clearly shown
in JPA 1975-127646 and JPA 1975-127647. It is also
evident that Hagiwara et al invented the Electrical
Shutter Clocking Scheme by controlling punch-thru
action of the in-pixel overflow drain (OFD) voltage

as evidenced in JPA 1977-136885.



