Japanese Patent Application JPA 1975-134985
applied on November 10, 1975 by Yoshiaki Hagiwara at Sony
on the P+NPNsub triple junction Pinned Buried Photodiode

with the in-pixel vertical overflow drain (VOD).
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English Translation of Patent Claims of JPA1975-134985

“In the semiconductor substrate (Nsub), the first region (P1) of the

first impurity type is formed, on which the second region (N) of the
second impurity type is formed. The photo charge is stored in the
second region (N) and is transferred to the adjacent charge transfer
device (CTD). Both are placed along the main surface of the
semiconductor substrate. A rectifying (P2/N) emitter junction (Je) is
formed on the second region (N) while the (N/P1) collector junction
(Jc) is formed by the first region (P1) and the second region (N),
forming a photo transistor structure (P2/N/P1) in the substrate (Nsub).”
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Japanese Patent 1975-134985
Hole Accumulation Diode (HAD)

P+NPNsub junction Dynamic Photo Thyristor type Pinned Photodiode
with the built-in vertical overflow drain (VOD) function

PNPN junction Transistor type Pinned Photodiode

Visit https://www.j-platpat.inpit.go.jp/ and put the patent number 1975-134985
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(1) In the semiconductor substrate (Nsub), the AN ’31&-
first region( P well ) of the first impurity type is A VOO L i
formed, (2) on which, the second region (N ) UP [ Fromt Side | =t Down | Back Side )
of the second impurity type is formed. (3) The Casell i
charge (e-) from the light collecting part (N) is Substrat(e 1,00 VoD 2y M:::: B
is transferred to the adjacent charge transfer type e Junction
device (CTD). (4) Both are placed along the main [ Sumction Pinmed Empty
surface of the semiconductor substrate. (5) In the N e —
solid stare image sensor so defined, a rectifying *
Emitter junction (Je ) is formed on the second Si02 :
region (N) of the light collecting part (N). And +Vsub F=Fem
(6) Collector junction (Jc ) is formed by the - VOD 4
second region (N) and the first region (P well), VoD - +
forming a ( PNP ) transistor structure, (7) Photo &1 P well : CTD
charge is stored in the Base (N) according to y N e-
illuminated light intensity and transferred to Je _'4
the adjacent CTD. The solid state image sensor Pwell - T |
so defined is in the scope of this patent claim. .r S102 ‘ :

Light -

Fig.6 shows that this is also the invention of
the in pixel VOD ( vertical overflow drain).




PNPN junction Transistor type Pinned Photodiode

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

' File  1975.134985 Filed 197%/11/10 | & Japanese Patent 1975-134985
Public 1975.058414 Public 1977/05/13 \
. Grant  1983/10/19
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Fig.3 Conventional Buried Channel CCD type
MOS Capacitor type Photodiode Structure
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Fig.4 Surface VOD type Schottky Barrier type Photodiode
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Psut Fig.5 Surface VOD type Pinned Photodiode
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Definition of Pinned Photodiode

urface Potential must be directly Pinned by the adjacent channel stop P+ region.
Otherwise the surface P+ region becomes floating by the RC delay time.
Though the surface P+ region can be connected by remote P+ channel stops,
however, it will still have the RC delay time and will be floating and NOT pinned.
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.
Hole Accumulation Diode (HAD) / japanese Patent 1975-134985
MHole Accumuiation Dicde (MAD)
Definition of Sony HAD (PPD+VOD) Fig. 6 g e
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' | ::::::‘ Anned Empty
:m Pd Potential Wel /
' : Japanese Patent 1975-134985 defines
] "‘ the P+NP junction type dynamic photo
2 transistor on the substrate (Nsub).

Pinned Photodlode must have the adjacent P+ channel Stops.

Japanese Patent 1975-134985 by Hagiwara at Sony on Oct 23, 1975.
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§635201977) 5 A3 Ewcm Chargc Case of Fig. 6

@R W 8 HN AW - G Light illumination
Case of Fig. 5 Light b *LUQ direction is the
Light illumination  Excess Charge ¥58 ¢} Light same asthe excess
charge flow.

direction i it
irection is opposite ahv 24a 3 7 VOD is formed

of the excess charge
1 l‘ “‘
flow. VOD is formed <SSy 22 2h| P sothatthe

a
"""""""" TR “-‘“‘-‘ et ewm Excess Charge
so that the excess o ) ot A
charge is drained to = il .'. lsT raine bt:;t e
the Silicon Surface. Je { \ ]Li Silicon Substrate.

In case of Fig.5, the P+NP junction type Pinned Photodiode with the surface P+ hole
accumulation layer that has a fixed or Pinned surface potential by the external metal
Ohmic contact. The Excess charge flow is toward the silicon surface in this case.

Light illumination direction is the opposite as the excess charge flow in case of Fig. 5.

In case of Fig. 6, Light illumination direction is the same as the excess charge flow.
The VOD is formed so that the excess charge is drained to the silicon substrate.

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



Japanese Patent Application JPA 1975-134985
applied on November 10, 1975 by Yoshiaki Hagiwara at Sony
on the P+NPNsub triple junction Pinned Buried Photodiode
with the in-pixel vertical overflow drain (VOD).
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Japanese Patent Application JPA 1975-134985
applied on November 10, 1975 by Yoshiaki Hagiwara at Sony
on the P+NPNsub triple junction Pinned Buried Photodiode
with the in-pixel vertical overflow drain (VOD).
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Japanese Patent Application JPA 1975-134985
applied on November 10, 1975 by Yoshiaki Hagiwara at Sony
on the P+NPNsub triple junction Pinned Buried Photodiode
with the in-pixel vertical overflow drain (VOD).
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Japanese Patent Application JPA 1975-134985
applied on November 10, 1975 by Yoshiaki Hagiwara at Sony
on the P+NPNsub triple junction Pinned Buried Photodiode
with the in-pixel vertical overflow drain (VOD).
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the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)

' File 1975-134985  Filed 1975/11/10
' Public 1975-058414 Public 1977/05/13
L Grant 1983/10/19

This is an English translation of the Japanese Patent Claims

applied in 1975 by Hagiwara at Sony on the PNP double junction type
dynamic photo transistor on the substrate with the P+ Pinned Surface
Hole Accumulation Layer with the Vertical Overflow Drain (VOD) function.

In November 1975 Hagiwara proposed the double junction dynamic photo transistor
which was later called as Pinned Photodiode by Kodak in 1984 and later also as
Sony original Hole Accumulation Diode (HAD).

The main purpose of Hagiwara 1975 invention was the advantagious and exccellent

features of the short wave blue light sensitivity and the in-pixel built-in vertical
overflow drain (VOD) function with no image lag feature.

In the figure 6 of this Japanese Patent Application JPA 1975-134985, Hagiwara drew
fo the first time in the world the empty potential well, which shows the complete charge
transfer capability, the evidence of no image lag feature for fast action pictures.

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

the P+NP double Junctlon type Pinned Photodiode on Slhcon substrate (Nsub)

File 1975-134985  Filed 1975/11/10
Public 1975-058414  Public 1977/05/13
L Grant 1983/10/19 |

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

bk W @B50—134985 45 6 P i Pinned
@& & 8501975114108 A AN . o * P+ surface
&z B RE52—S8414 A d | [P [
26a5201977) 5 A130 vodo |TIN]| P toe i
. ¢—— Blue Light

SR "W ® 8 AN Saane
( Blue nght cannot penetrate more than)

0.2 micro meter into the silicon crystal. B \/% N %nght illuminated on
| Jc must be near the light incident side. ) ,. the Jc junction side
The P+NP double junction type Pinned Photodiode with the surface P+ hole
accumulation layer ( the Jc side in this example ) that has a fixed or Pinned
surface potential by the external metal Ohmic contact or adjacent P+ channel

stops by option. This is also Buried Photodiode with the buried N type base
charge storage region to be completely depleted of the signal charge being
transferred to the adjacent charge transfer device (CTD) by CCD-like complete

charge transfer operation mode resulting in no image lag feature.
Visit https://www.j-platpat.inpit.go.jp/ and put the patent number 1975-134985 1



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

JPA 1975-134985 filed on Nov 10, 1975 5i02
Filed 1975/11/10 Vsub Neuh
Public ~ 1977/05/13 1 ™" B=cr
Grant 1983/10/19 :
HEES $%MEMs0-134985 1975-134985

AMES %MEs2-058414 1977-058414
AHEES ¥4ARHSs-046905 1983-046905
BRES WN¥i1215101

Fig. 6 of JPA 1975-134985 below shows
the PNP double junction dynamic photo transistor

1975/11/10 ¥¥M with the Empty Potential Well of No Image Lag
Grounded
1982/11/10
/11/10 HREENRE 5 G o . s w Dinned
1983/08/02 HEAEORE 3 ";;E ¢ o~ P+ Surface

. for

1984/01/20 B E&EL vob ¢~ Blue Light
1984/02/28 BHHEE B *";:‘"‘ In case of the light

:BD . ™= illumination on
1984/03/28 BIREMLT . the Jc junction side 2

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
Visit https://www.j-platpat.inpit.go.jp/ and put the patent number 1975-134985

File 1975-134985 Filed 1975/11/10 CESE[A]
Public 1977/05/13 Si02
Public 1975058414  Public e Veub :
@®— Nsub :
Patent Claim in English Translation :> CTD

(1) Inthe semiconductor substrate (Nsub), (2) the Ve | :
first region | P-well ) of the first impurity type is J:_')' ﬁ:’-well
formed, (3) on which, the second region (N ) of N e-

the second impurity type is formed (4) The charge Jc-:}_ P :oe-
(e-) stored in the light collecting region (N) is to be Vic Sio2 :
transferred to the adjacent charge transfer device Light I

(CTD). Both are placed along the main surface of

the semiconductor substrate. (5) In the solid starecasel Bzight

image sensor so defined, a rectifying Emitter Junction
( Je ) is formed on the second region (N) of the photo Ve

charge collecting region (N) . (6) And the Collector Je P e N+
Junction ( Jc ) is formed by the second region (N) kD> N_e- ! s
and the first region (P-well), forming a (PNP) junction o P P-well

transistor structure. Signal photo charge is stored Vc

in the Base Region (N) according to the illuminated vsubl  Nsub :> CTD
light intensity, and transferred to the adjacent CTD. g— :

I 5i02 |3




the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
Visit https://www.j-platpat.inpit.go.jp/ and put the patent number 1975-134985

File 1975-134985  Filed 1975/11/10
Public 1975-058414 Public 1977/05/13 Case (A}
Grant 1983/10/19 Vsub

Sio2

Nsub :> CTD

Hagiwara 1975 invention on November 10, 1975 *—
Patent Claim in Original Japanese Ve
(1) kB (Nsub ) 12 (2) B1RBEBOE 1N J:—-}- P P-well
R (Pwell) & 3) ZOEISREh W20 | N
HOW2LBEMER (N) ENBRENT ) %8B ‘o= P
SN & 2&YORTERSTIREREER v I
(cTD ) &At LR ERM (Nsub ) DEMITRD Light

AKEESATROBHERRER IRUVT, e(B)

(5) EREBABOLRB2HEWHERTR (V)1 . tight
ERiERaNBEEh, BRESEISYIEE (o) |

&L (6) LREET (P-well ) BRU W23 MWEHER Ve Si02 :

(N) MOESEIALIFES (o) ETINSDRE ] P e- Ne
(PNP) ZIBREL . Bk F5 PR (PNP) D R—2R > N_e- I"‘_

a5 LR M2 W RIR(N) [ PRICECT- o— P : P-well
RAGEBRMLCCIEMESA L LRGSR ;
nsub = CTD

(CTD)ISRITEECTEDRBEEITILIILECEE
sz la

R LTIAERREER. o—
the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)

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

File  1975-134985  Filed 1975/11/10 | =
; Public 1977/05/13 ase(A) Si02
PR B0 e 1983/10,/19 Vsub
Patent Claim in English Translation ®— Nsub
(1) In the semiconductor substrate (Nsub)
si02 |
Case(B)
Si02
Vsubl  Nsub
o>

I 5i02 |5




the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
Visit https://www.j-platpat.inpit.go.jp/ and put the patent number 1975-134985

File 1975-134985 Filed 1975/11/10 | c A
Public  1977/05/13 ase(A) Sio2
(Public 175053 Grant  1983/10/19  Vsub
Patent Claim in English Translation ®— Nsub

{1} In the semiconductor substrate (Nsub), (2) the
first region [ P-well ) of the first impurity type is

formed
P-well
Sio2
Case(B)
5i02
P-well
Vsubl Nsub
>—
sio2 ﬁ

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
Visit https://www.j-platpat.inpit.go.jp/ and put the patent number 1975-134985

File  1975-134985  Filed 1975/11/10 | C A
Public  1977/05/13 ase(A) Sio2
Public 1975053 Grant  19083/10719 )  Vsub
Patent Claim in English Translation ®— Nsub

(1) Inthe semiconductor substrate (Nsub), (2) the

first region ([ P-well ) of the first impurity type is N P-well
formed , (3) on which, the second region ( N ) of
the second impurity type is formed
Si02
Case(B)
5i02
N I
P-well
Vsubl  Nsub
>—

I 5i02 |7
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Grant 1983710719 | Vsub

Patent Claim in English Translation ®— Nsub l:> CTD

(1) Inthe semiconductor substrate (Nsub), (2) the
first region ( P-well ) of the first impurity type is i P
formed , (3) on which, the second region ( N ) of N e=J
the second impurity type is formed (4) The charge :
(e-) stored in the light collecting region (N) is to be Si02

transferred to the adjacent charge transfer device
(CTD). Both are placed along the main surface of

the semiconductor substrate. CESE[ B) i

Si02
N e i-""e""' ~a N+
P-well
Vsubl  Nsub '::> CTD
o— :

| sio2 |3
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Public 1977/05/13 ase(A) §i02
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Patent Claim in English Translation ®— Nsub l:> CTD

(1) Inthe semiconductor substrate (Nsub), (2) the
first region ( P-well ) of the first impurity type is Jo f—t—1 P-well

N e-
formed , (3) on which, the second region ( N ) of ~_-? j I

the second impurity type is formed (4) The charge i e-

(e-) stored in the light collecting region (N) is to be Si02 :

transferred to the adjacent charge transfer device @

(CTD). Both are placed along the main surface of c [B}

the semiconductor substrate. (5) In the solid stare ase

image sensor so defined, a rectifying Emitter Junction

( Je ) is formed on the second region (N) of the photo 5i02

charge collecting region (N). Je S :I - JRCN L N+

: P-well
Vsub] Nsub '::> CTD
*— .
sio2 9
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File 1975-134985  Filed 1975/11/10 |
Publi 1977705713 . Case(A) sio2
i e 1933‘}1&5 19 Vsub .
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Patent Claim in English Translation l:> CTD

(1) Inthe semiconductor substrate (Nsub), (2) the ve :
first region [ P-well ) of the first impurity type is le D> P P-well
formed , (3) on which, the second region ( N ) of [HEN
the second impurity type is formed (4) The charge
(e-) stored in the light collecting region (N) is to be Ve

transferred to the adjacent charge transfer device Light
(CTD). Both are placed along the main surface of

the semiconductor substrate. (5) In the solid starecase{ BE_ ht
image sensor so defined, a rectifying Emitter Junction '8
( Je ) is formed on the second region (N) of the photo Ve

charge collecting region (N). (6) And the Collector Je P e N+
Junction ( Jc ) is formed by the second region (N) kD> N_ e s
and the first region (P-well), forming a (PNP) junction o P P-well

transistor structure. Signal photo charge is stored Vi

in the Base Region (N) according to the illuminated vsubl  Nsub => CTD
light intensity, and transferred to the adjacent CTD. g— :

10 I 5i02 : I

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

Surface Potential must be directly Pinned by the adjacent channel stop P+ region.
Otherwise the surface P+ region becomes floating by the RC delay time.
Though the surface P+ region can be connected by remote P+ channel stops,
however, it will still have the RC delay time and will be floating and NOT pinned.

Hole Accumulation Diode (HAD) Japanese Patent 1975-134985
Hole Accumulation Diede [HAD)
Definition of Sony HAD (PPD+VOD) Fig. 6 _—

Surface
Patential

Light WORE %

‘-_'- E
pr— A oo
—‘—‘ —E\—: UP { Front Sida ) «——— Down [ Back side )

i 1%

N vop £ = e
p

j u Hale Collactor
B TEIE:'" ﬂj Juniction HAD
mitter

Em Flﬂ e :::n'b:::iflmusl:?l

! Japanese Patent 1975-134985 defines
"N sub — this P+NP junction Pinned Photodiode
I on the substrate (Nsub).
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the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
Japanese Patent of SONY HAD sensor by Yoshiaki Hagiwara at Sony

See Patent 1975-134985 ( November 10,1975)  Hole Accumulation Diode (HAD)

Patent Claims Built-in Vertical Overflow Drain (VOD) Function

(1) Inthe semiconductor substrate (Nsub),

Substrate Surface

Main Substrate

" surface
Case(1) Front Light lllumination Case(2) Back Light lllumination
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12

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
Japanese Patent of SONY HAD sensor by Yoshiaki Hagiwara at Sony

See Patent 1975-134985 ( November 10,1975)  Hole Accumulation Diode (HAD)

Patent Claims Built-in Vertical Overflow Drain (VOD) Function

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

Substrate

Pwell

Pwell Main Substrate

-

Surface
Case(1) Front uEht lllumination Case(2) Back Light lllumination
Visit https://www.j-platpat.inpit.go.jp/ and type Japanese Patent Number 1975-134985
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the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
Japanese Patent of SONY HAD sensor by Yoshiaki Hagiwara at Sony

See Patent 1975-134985 ( November 10,1975)  Hole Accumulation Diode (HAD)

Patent Claims Built-in Vertical Overflow Drain (VOD) Function
(3) on which, the second region (N )
of the second impurity type is formed.
) ..Main
Substrate Surface
l N e e e-
Pwell
N e e e-
Pwell T _ Main Substrate
Light | " Surface Light |
Case(1) Front Light lllumination Case(2) Back Light lllumination
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the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
Japanese Patent of SONY HAD sensor by Yoshiaki Hagiwara at Sony

See Patent 1975-134985 ( November 10,1975)  Hole Accumulation Diode (HAD)

Patent Claims Built-in Vertical Overflow Drain (VOD) Function

(4) The charge (e-) stored in the light collecting region (N) is to be
transferred to the adjacent charge transfer device (CTD).
Both are placed along the main surface of the semiconductor substrate.

..Main
Substrate CTD Surface
N e e e-
Pwell
N e e e
IW CTD - Main Substrate
Light |_| Surface Light |
Case(1) Front Light lllumination Case(2) Back Light lllumination
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the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
Japanese Patent of SONY HAD sensor by Yoshiaki Hagiwara at Sony

See Patent 1975-134985 ( November 10, 1975 ) Hole Accumulation Diode (HAD)
Patent Claims Built-in Vertical Overflow Drain (VOD) Function

(5) In the solid stare image sensor so defined,
a rectifying Emitter Junction ( Je ) is formed
on the second region (N)
of the photo charge collecting region (N} .

e Main
Substrate . P CTD Surface
N e e e- >

AN

Je".h P Fwell 1

N e e e-

Ii[ ' I D Main Substrate ]

Light || Surface Light |
Case(1) Front Light lllumination Case(2) Back Light lllumination
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the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)

Japanese Patent of SONY HAD sensor by Yoshiaki Hagiwara at Sony

See Patent 1975-134985 ( November 10,1975)  Hole Accumulation Diode (HAD)

Patent Claims Built-in Vertical Overflow Drain (VOD) Function

(6) And Collector Junction ( Jc ) is formed
by the second region (N) and the first region ( P-well),
forming a ( PNP ) transistor structure. Signal Photo charge is stored
in the Base Region (N) according to the illuminated light intensity,
and transferred to the adjacent CTD.
vOD ... Main
Substrate I P t CTD Surface
VOD N & e & ==
Jeaaep e
P
= @ B- e—
Jcaup N ‘e °
P | CTD Main Substrate
Light || " Surface Light -
Case(1) Front UEht lllumination Case(2) Back Light lllumination
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Japanese Patent Application JPA 1975-134985
applied on November 10, 1975 by Yoshiaki Hagiwara at Sony
on the P+NPNsub triple junction Pinned Buried Photodiode
with the in-pixel vertical overflow drain (VOD).

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
with in-Pixel Built-in Vertical Overflow Drain (VOD) Function
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Japanese Patent Application JPA 1975-134985
applied on November 10, 1975 by Yoshiaki Hagiwara at Sony
on the P+NPNsub triple junction Pinned Buried Photodiode
with the in-pixel vertical overflow drain (VOD).

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
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Japanese Patent Application JPA 1975-134985
applied on November 10, 1975 by Yoshiaki Hagiwara at Sony
on the P+NPNsub triple junction Pinned Buried Photodiode
with the in-pixel vertical overflow drain (VOD).

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
Japanese Patent Application Number 1975-134985 on Pinned Photodiode 22
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Fig.2 Top View of Conventional Interline Transfer CCD Image Sensor Picture Element Cell
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Fig.3 Conventional Buried Channel CCD type MOS Capacitor Photodiode Structure
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Japanese Patent Application JPA 1975-134985
applied on November 10, 1975 by Yoshiaki Hagiwara at Sony
on the P+NPNsub triple junction Pinned Buried Photodiode
with the in-pixel vertical overflow drain (VOD).

the P+NP double junction type Pinned Photodiode on Silicon substrate (Nsub)
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Fig.4 Schottky Barrier type Pinned Photodiode
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Hole Accumulation Diode (HAD) % i
F' 6 VOD % ’?-.A ¢= nght
'g' 4 € _ ‘\’ :m;‘cd ﬂ J Hole Collector HAD
2 s P asslawen B Electron | o~ 2
e by e Ne oY Potential Junction
% - 9 ol n p s Emitter -~
o Junction | Pinned Empty
A oo Light Potential Well

UP ( Front Side ) e=————s Eown(aoek Side )
The P+Psub double junction type dynamic photo transistor ( Pinned Photodiode )

developed in 1978 by Hagiwara at Sony and reported in the SSDM1978 conference
Sony original S70H x 498 V one-chip FT CCD Image Sensor with Pinned Photodiode, July 1980 | | These figures shews (1) Excellnt s ight ety (2) Low Suface Daek Carert
3 3] NO Image Lag Features ofthe P jusction type Paned Photodiede.

L o T 7 R AR
Figore 2 Cross Section of the CCO charpe

CCOD Complete Charge Tranafer
#0d No'Wmage Lag observed

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 natrow chanmel
transfer wes,' 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

Fgere 13 Spectral Responaa of the

High quality picture of SONY CMOS Imagr i also based on SONY HAD ( Pinned Photodiode).| " v ey "":_'m',“"'“'. Pro) x‘m‘;&“&m



Japanese Patent Application JPA 1975-134985
applied on November 10, 1975 by Yoshiaki Hagiwara at Sony
on the P+NPNsub triple junction Pinned Buried Photodiode

with the in-pixel vertical overflow drain (VOD).
Fig. 6 of JPA1975-134985
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Patent Claims of JPA1975-134985

Vertical Overflow
Drain (VOD)

Draining of Excess Overflowing
Photo Electron Charge

Invention of PNP Dynamic Photo Transistor
by Yoshiaki Hagiwara at Sony in 1975
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English Translation of Patent Claims of JPA1975-134985

“In the semiconductor substrate (Nsub), the first region (P1) of the

first impurity type is formed, on which the second region (N) of the
second impurity type is formed. The photo charge is stored in the
second region (N) and is transferred to the adjacent charge transfer
device (CTD). Both are placed along the main surface of the
semiconductor substrate. A rectifying (P2/N) emitter junction (Je) is
formed on the second region (N) while the (N/P1) collector junction
(Jc) is formed by the first region (P1) and the second region (N),
forming a photo transistor structure (P2/N/P1) in the substrate (Nsub).”
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