Yoshiaki Hagiwara @SONY invented the Pinned Photo Diode in 1975.

For the original document, visit and search the Japanese Official Patent Web -
https//wwwd. jplatpat.inpit.go.jp/eng/tokujitsuw/tkbs_en/TKBS EN_GM101_Top.action
Document No. (1975-134985) on the P+NPNsub junction type PPD and
Document No. (1975-127647) on the NPNN+ junction type PPD,
Both filed by Yoshiaki Hagiwara in 1975 at Sony.
SONY original HAD and Pinned Photo Diode are the same thing.
Both were invented and defined in these two Japanese Patents by Hagiwara at SONY in 1976.



'NPNN+ Junction type Pinned Photo Diode! | P+N-Psub Junction type Pinned Photo Diode
. See Japanese Patent ( 1975-127647) = | See Japanese Patent ( 1975-134985 )
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N Scope of Patent Right
These two Haglwara 1975 Patents showed

Empty Potential Wells of
Completely-Majority-Carrier-Depleted
Signal Charge Storage Areas implying
Complete Charge Transfer Operations.

is extended over all kind:

of Operations and Usage

of the Structure defined

in the Patent Claims.



A Pinned Photo Diode of the NPNN+ junction type

with vertical charge transfer function.

See Japanese Patent Document Number ( 1975-127647 )
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A Pinned Photo Diode defined in the Patent Claim z
The Scope of Patent Right is extended over all kinds of o ! -
Operations and Usage of the structure. 7 -
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SONY HAD and PPD are the same thing ! PPD in Complete Charge Transfer Mode



A Pinned Photo Diode of the P+N-PNsub junction ( thyristor ) type

with vertical overflow drain function invented by Hagiwara 1975

See Japanese Patent Document Number ( 1975-134985 )

One Schottky Barrier Image Sensor Application

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

A Pinned Photo Diode defined in the Patent Claims

The Scope of Patent Right is extended over all kinds of

0 ti dU f the structure.
perations and Tsage ot the s $ ure One Pinned Photo Diode Image Sensor Application
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A Pinned Photo Diode of the N+NPNN+ junction type
See Japanese Patent Document Number ( 1975-127647) ¢ 2 { ¢
A 2 =

with Vertical Complete Charge Transfer Function.
File 1975-127647 Filed 1975/10/23
Public 1975-051816 Public 1977/04/26
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Operations and Usage of the structure.

SONY HAD and PPD are the same thing ! PPD in Complete Charge Transfer Mode



A Pinned Photo Diode of the N+NPNN+ junction type

See Japanese Patent ( 1975-127647 )

with Vertical Complete Charge Transfer Function.

File 1975-127647 Fijled
Public 1975-051816 Public

1975/10/23
1977/04/26

A Pinned Photo Diode defined
in the Patent Claims

Patent Claims

(1)On the front side surface of the
semiconductor substrate die, ( which can
be either Nsub, Psub or an intrinsic one.
But here Nsub is chosen as a simple example.
(2)the charge transfer gate (CTG) is formed with
the oxide insulator ( SiO2 ) layer in between.
(3)The first region N of the first doping type is

Front {«—Photo Diode— == CTDCQ
Side o

Front Light §
1

Charee Transfer Gate formed to transfer signal charges under the CTG.

Pinnet

Nonp Si02 : : Si02 ( The first region can be an N-well in a Psub case,
Junctio \ N+ o ) e+@+e+ e+ e+ e+ but in this simple example, the Nsub is chosen
Completely} Ny N i et f vetial 10 CTD so that the first region N can be the Nsub itself.)

[I’f'::f;:d . os 130 Rrebon (4)Besides that, along the backside surface of
Buried 'I> P ete :e+ | Transfer the semiconductor substrate Nsub,

B:Ei'de /i N - N (5) another region P of doping type is formed in
Thinned | : H : : the substrate die, which is placed adjacent

Die / _N+ ii : I}” to the charge transfer region under the CTG.
Pinned / 5102 i 5102 (6)This second region P in the substrate die makes
Ju:'::::n Back Light H = CTD Back Side an NPNsub junction structure,

(7) which forms the photo sensing diode and

photo signal charge carrier storage region,

( which is an NPNsubN+ type Pinned Photo
Diode in the final device fabrication stage ).

The Scope of Patent Right is extended over all kinds of
Operations and Usage of the structure.

SONY HAD and PPD are the same thing !



A Pinned Photo Diode of the N+NPNN+ junction type

See Japanese Patent ( 1975-127647 )

with Vertical Complete Charge Transfer Function.
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The Scope of Patent Right is extended over all kinds of
Operations and Usage of the structure.

SONY HAD and PPD are the same thing !

Patent Claims

(8) By applying a proper voltage of
one-shot pulse to the CTG electrode,

(9) the photo signal charge carriers stored in
the photo storage region, ( thatis, in the NPN
type Pinned Photo Diode ),

(10) are transferred to the adjacent charge
storage region under the oxide layer of the CTG.

(11) Then, by applying on the CTG electrode

different clock voltage, which is not the one-
shot pulse applied before, the signal charge
carriers under the CTG are transferred further
along to the nearby charge transfer device
(CTD) which can be either a CCD type

or a CMOS type charge transfer device (CTD).

(12) Along the front side surface of the

semiconductor substrate (Nsub),

(13) the signal charge carriers are to be

transferred in a proper manner.

(14) The combined solid state image sensor

structure, with these features, including all its

usage and operations of the Photo Diode and

Charge Transfer Device defined above is in the

scope of the patent claims defined above.



A Pinned Photo Diode of the P+N-PNsub junction ( thyristor ) type

with vertical overflow drain function invented by Hagiwara 1975

See Japanese Patent Document Number ( 1975-134985 )

One Schottky Barrier Image Sensor Application
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Public 1975-058414  Public 1977/05/13
Grant 1983/10/19

A Pinned Photo Diode defined in the Patent Claims
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A Pinned Photo Diode of the P+N-PNsubN+ junction ( thyristor ) type
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with vertical overflow drain function
invented by Hagiwara 1975 A %
See Japanese Patent Document Number ( 1975-134985 ) KEn
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The Scope of Patent Right is extended over all kinds of
Operations and Usage of the structure.

SONY HAD and PPD are the same thing !

Charge Transfer

Empty Potential Well with completely majority-carrier

depleted base signal charge storage area.
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A Pinned Photo Diode of the P+N-PNsubN+ junction ( thyristor ) type

with vertical overflow drain function invented by Hagiwara 1975
See Japanese Patent Document Number ( 1975-134985 )

File 1975-134985  Filed 1975/11/10
Public 1975-058414  Public 1977/05/13
Grant 1983/10/19
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The Scope of Patent Right is extended over all kinds of
Operations and Usage of the structure.

SONY HAD and PPD are the same thing !

Patent Claims

(1) In a semiconductor substrate die (Nsub),

(2) the first type semiconductor region P
is formed. A region P can be a P-well.
(3) And the second region N of the second
type is formed on the first region P ..
(4) The N and P regions togetherform a photo
sensing structure of an NP junction.
(5) A charge transfer structure (CTD), receiving
the photo charge from the NP junction,
(6) is formed along the front surface of the
semiconductor substrate die (Nsub).
(7) In so-defined solid state image sensor,

(8) on the second region N of the photo

sensing element structure NP,
(9) another rectifying junction P+N is formed.

(10) This junction P+N can be called as an
emitter junction of the P+NP junction.



A Pinned Photo Diode of the P+N-PNsubN+ junction ( thyristor ) type

with vertical overflow drain function invented by Hagiwara 1975
See Japanese Patent Document Number ( 1975-134985 )

. Patent Claims
: Filed 1975/11/10
II;IIf)I' :3;55:-{:::843‘.?3 Public 1977§05::13 (11) And the junction composed of the first
ublic i Grant 1983/10/19 region P and the second region N
] ] . (12) can be called as a collector junction of the
A Pinned Photo Diode defined P+NP junction type transistor structure.
in the Patent Claims (13) The second region N, which can be now

called as the base region of the P+NP
junction type photo transistor structure,
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g : . . Transfer
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P . P adjacent charge transfer structure (CTD),
— T ':'@:"CTD (16) the adjacent charge transfer structure (CTD)
Thinned | : / Nsub ' . Nsub further performs the subsequent proper charge
o / N+ 4 N+ transfer operations to the final chip outlet.
pinned 7~ | Si02__ i SiO2

(17) The combined solid state image sensor
structure, with these features, including all its
The Scope of Patent Right is extended over all kinds of usage and nperatlorjs of “Te Photo ch_’de: and
Operations and Usage of the structure. Charge Transfer Device defined above is in the
scope of the patent claims defined above.
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Yoshiaki Hagiwara at Sony invented Pinned Photo Diode in 1975.

In the semiconductor base substrate( Nsub), placing the first type layer(P) and the second n;pe(\’) on the first type(P)
Jorming a photo sensor(NP), the (NP) photo sensor and the CTD part are places along the substrate (Nsub) surface.

Form an Emitter junction(P+N) on the second type layer(N) forming a P+NP junction transistor.
Light beam is exposed into the second layer(N), which corresponds to the base(N) of the P+NP transistor structure.

For the original document, visit and search the Japanese Official Patent Web :
https//wwwd jplatpat. inpit.go jp/eng/tokwitsu/tkbs_en/TKBS EN_GM101_Tbp.action
Document No. ( 1976-134985) on the P+NPNsub junction type PPD and
Document No. (1976127647 ) on the NPNN+ junction type PPD,

(1) 48R (Nsub) /=, (1) In the semiconductor base substrate (N sub),

Nsub



Yoshiaki Hagiwara at Sony invented Pinned Photo Diode in 1975.

In the semiconductor base substrate( Nsub), placing the first type layer(P) and the second t).pe(\’) on the first type(P)
Jorming a photo sensor(NP), the (NP) photo sensor and the CTD part are places along the substrate (Nsub) surface.

Form an Emitter junction(P+N) on the second type layer(N) forming a P+NP junction fransistor.
Light beam is exposed into the second layer(N), which corresponds to the base(N) of the P+NP transistor structure.
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Yoshiaki Hagiwara at Sony invented Pinned Photo Diode in 1975.
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Yoshiaki Hagiwara at Sony invented Pinned Photo Diode in 1975.
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to the outpur CCD type CTD
implies no image lag




Yoshiaki Hagiwara at Sony invented Pinned Photo Diode in 1975.

In the semiconductor base substrate( Nsub), placing the first type layer(P) and the second t).pe(\’) on the first type(P)
Jorming a photo sensor(NP), the (NP) photo sensor and the CTD part are places along the substrate (Nsub) surface.

Form an Emitter junction(P+N) on the second type layer(N) forming a P+NP junction fransistor.
Light beam is exposed into the second layer(N), which corresponds to the base(N) of the P+NP transistor structure.
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ﬂ# & (P+N Ef ) EIIvSEGPN)ET S forming a P+NP junction transistor
FFXZ(PeNP) FBEEL.
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Yoshiaki Hagiwara at Sony invented Pinned Photo Diode in 1975.
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Yoshiaki Hagiwara at Sony invented Pinned Photo Diode in 1975.

In the semiconductor base substrate( Nsub), placing the first type layer(P) and the second t).pe(\’) on the first type(P)
Jorming a photo sensor(NP), the (NP) photo sensor and the CTD part are places along the substrate (Nsub) surface.

Form an Emitter junction(P+N) on the second type layer(N) forming a P+NP junction fransistor.
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Digital CMOS image S'ensor consisting of three basic blocks.

Block (1) Retina Nerve Cells ( Hagiwara 1 975 Retina Photo Diode)
Block (2) Charge Transfer Nerve Fibers ( CMOS type digital CTD)
Block (3) Brain Memory Cells ( Fast Cache SRAM and Slow.NVRAM)

Digital CMOS image sensor

with highly sensitive and no image lag Hagiwara Diode ( pinned photo diode )

Fr7

We need also an AD convertor absolutely !!.

(3) Brain Memory Cells
GOl Dea CYerye Gl _i We don’t need CCD any more !

Notina

retina

(2) Charge Transfer Nerve Fibers

(2) CMOS type digital CTD

(1) Hagiwara 1975 Retina Diode ( pinned photo diode)

[ But we still need Hagiwara Diode to achieve high sensitivity and no image lag. ]

Yoshiaki



Block (1) Retina Nerve Cells ( jlf.fﬁﬁﬂﬁﬂﬂ)
Hagiwara 1975 Retina Diode( pinned photo diode)

Hagiwara diode, defined in Japanese Patent App 50 - 134985, 1975
and pinned photo diode are the same thing with the same structure.

o 6@ Hagiwara 1975 patent defines
4 | Hagiwara Diode(HAD) + CTD

A 2'_4 : Charge Transfer

/
Light light beam

(2) Meta Pinned [ mitter P loyer

shown in type (1) applicotion 10N o* (hole)

r____
n ﬁ & — € (5 ull Storage Lewel
(1) One VOD moge . J & [4) Flot Potentiol Line
a1 an enompie
Fig.68 \ c'
« (1) Empy Potential Well

Hagiwara diode invented by Hagiwara at Sony in his 1975 patent
has the following five important features. They are (1) low CkT
noise (2) low trap noise (3) low image lag and (4) good light
sensitivity which are the same features of pinned photo diode,
and more over (5) built-in VOD . The important features of (3)
and (5) are shown by the empty potential well in his patent Fig.6B.

Hagiwara invented the pinned photo diodein 1975.
Yoshiaki (Daimon) Hagiwara



Block (2) Charge Transfer Nerve: Fibers' ({85 &yhnX/HAAER)

Historically, CTD includes MOS type , BBD, cch and CMOS type charge transfer devices.
CTD ( charge transfer device ) ; BBD( Bucket Brigate Device ) ; CCD ( charge coupled device ) ;

CCD type CTD in 1970~2010 CMOS type CTD in 2010 ~ present

MNM(UM bit line (2)  bitline (3) bit line (4)

| Vertical (CD Analog shift regster

ADC

/
Horlzontal CCD Analog shift register »—4
g e ( horizontal output digital metal line )

We don’t need CCD any more !
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Hagiwara invented the pinned photo diodein 1975.
Yoshiaki (Daimon) Hagiwara



Block (2) Charge Transfer Nerve Fibers ({845 &fatiiX AR

IEDM 1998 paper (pp.2.7.1-2.7.4 )

A Snap-Shot CMOS Active Pixel Imager for Low-Noise, High-Speed Imaging
Cuang Yang, Orly Yadid-Pecht, Chris Wrigley, and Bedabrata Pain

Jet Propulsion Laborstory, Californda Institwte of Technology
45800 Ouk Grrove Drive, Pasadena, CA 91109, USA

Abstract

Design and performance of o 128128 ssapahot imager
implemented n a vandard single-poly CMOS technology 1
presented A new povel design and clock ing scheme allow the
unager 10 provide high-quality images withowt motion
artifacts ot high shutter spoeds (< 75 jsec. exposure), with

low none (< S o) immeossurable mage lag. and excellent ‘1—*-\

blooming protection

Introduction ;
X

Hecent advances in CMOS imager technology have enshled
the development of highly integrated, witradow power,
camers-on-a-chip with impressive imaging performance |1,
2] However, most CMOS imagens do not  suppont
simultancous imtegration of all pinels n the imager, the
unager bowmg read owt in 2 “rolling shatier™ mode Noo
vmultancous exposure leads 0 umage distortion  whene ver P | Schamatic of e map et APS poasl Hatohad sroms represend
there s relative motion between the imager and the scone thocoum

Important Contribution to the Modern Digital CMOS Image Sensor Technology

Yoshiaki (Daimon) Hagiwara



Block (3) the brain nervous cells that store the image information.

NVRAM by Prof. S\ M.Sze and Cache SRAM by Sony Hagiwara
are original important digital media for handy digital cameras.

A Floating Gate and Its Application
to Memory Devices *

By D. KAHNG and §. M. SZE

Bell System Tech. 1. 46, 1288 (1967),
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A 25-ns 4-Mbit CMOS SRAM with
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After the CCD work, Hagiwara and his

team worked on the fast cache 25 nsec
CMOS 4M bit SRAM silicon chip.

Important Contribution to the Modern Digital CMOS Image Sensor Technology
Yoshiaki (Daimon) Hagiwara




AIPS Digital CMOS image sensor consisting ‘af three :basic blocks.

Block (1) Retina Nerve Cells ( Hagiwara 1975 Retina Photo Diode)
Block (2) Charge Transfer Nerve Fibers ( CMOS type digit(.zl CTD)
Block (3) Brain Memory Cells ( Fast Cache SRAM and Slow'NVRAM)
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AIPS (Artifi cial Intelltgent Partner System )

Yoshiaki (Daimon) Hagiwara



In 1978 for the first time in the world Sony pabbléhed
FT CCD image sensor with Hagiwara Photo Diode which
was very highly light sensitive, with low noise and no image lag,
which was the origin of the pinned photo diode as seen below.

570H x 498V One-Chip FT CCD Color Imager with P+/N/P HAD sensor , 1978
@ Tokyo Press Conference 1978by Kazuo iwaing

« P+/N/P(HAD)
F photo sensor

Buried Channel

= CCD
b Vetical Shift Register

But the world misunderstood that CCD imager is highly Iigh.t sensitive.
The truth is that Hagiwara Photo Diode is very highly light sensitive.
Although CCD imagers had disappeared in the market, the Hagiwara

Phodo Diode ( which is also ¢alled now as the pinned photo diode )
is still active and working well in digital CMOS image sensors.

Hagiwara invented the pinned photo diode'in 1975.



Invited Talk at CCD79 at University of Edinburgh, Scotland, UK

Hagiwara Diode, which is now called the pinned photo diode, was first
introduced in CCD?79 at University of Edinburgh, Scotland, UK.

the pinned photo diode
invented by Hagiwara
2 ’ ' { C '
A Lo " A LU S n oy " 'in 1 ) o : k‘ jl—)l /~ : il"‘
oy J i L mmi)e N A VIODD et an, : » .‘ d‘ﬂly{,.f. » ?
[ Ul O toalliee & 00D Inage monmar , e ly ) ot \. ‘
b st Lo v o trannleor organixat ion, . -
v gn and fabwloation of u-:vl: Lypes of the O } \ ! _— \_:! ‘(‘
“ eltort renulted in four diflferent version e
p 2400 x 494V pteriise Lranafer COD Isage -
re (2 siusngtranatar COD with ghocks ) « ' "
i fmager with Si0y axposwd plhoto anm
coantsation and (4) & 3000 x AnaY P71, CUD dmae

I thin paps, Lthe daniygne wesl

il thels Cam ) Ayutaw o depay el

ADVANCES In CCD TMAGERD

atte
)

4

e
-9

relative response

=
N-

S
= i

600
wave length (nm)

Hagiwara invented the pinned photo. diode in 1975.



In'1980 SONY also announced the Two Chip ILT CCD image sensor.
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In 1984 SONY announced the SONY original HAD sens‘or,
which is Hole Accumulation Photo Diode ,
another name for Hagiwara Diode 1975.

Origin of SONY HAD Sensor

Sony HAD ( Hole Accumulation Diode ) sensor
is based on the dynamically operated P+NPNsub junction
photo sensing structure invented by Yoshiaki Hagiwara
and revealed in his patent in November 10, 1975

EXview HAD CCD || SONY HAD Sensor
and pinned photo diode
are the same thing.
«NANNEALRN D
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And later the pinned photo diode appeared widely in the world,
another name for Hagiwara Diode 1975.

Teranish did not invent the pinned photo diode: Hagiwara at Sony did.

The pinned photo diode seen in Fossum 2014 paper, which is
shown below, is the same as the SONY original HAD senso
invented by Yoshiaki Hagiwara at Sony in his 1975 patent.

Hagiwara invented the pinned photo diode in 1975. }

HAD= mned PD

PNP Image Sensor Structure .
proposed by Yoshiaki Hagiwara, 1975
See JP1215101 (JP 58-46905 )




After the CCD work, Hagiwara and his team worked
on the fast cache 25 nsec CMOS 4M bit SRAM silicon chip
with the dynamic bit line load for the first time in the world

‘L OF I0UID-ITATE CIRCUITS, vOL. 34 %0 5, OCTOSER 1999

A 25-ns 4-Mbit CMOS SRAM with
Dynamic Bit-Line [oads

FUMIO MIYAJY, YASUSHI MATSUYAMA
: YOSHIKAZU KAN
KATSUNORI SENOH, TAKASHI EMOR] aupy S HL-
YOSHIAKI HAGIWARA, MEMMR, 15EZ
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MEMORY capacity of SRAM"s has o

ISSCC1989 paper




After the CCD work, Hagiwara and his team worked
on the fast cache 25 nsec CMOS 4M.bit SRAM silicon chip
with the dynamic bit line load for the first time in the world

LOFQ =Migih)
Comrventiaonal DBL cwcwit

Fig 6. Comncept of DBL.




_ Hagiwara was working on the buried. channel type CCD charge

transfer analysis, using IBM360 computers for his device .
simulation, which was published in ISSCC1974 in Philadelphia.

My PhD thesis paper
on buried channel CCD
at ISSCC1974, in Philadelphia, USA

Prof, C, A, Mead




Sensitivity

Cross-sectional photos
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~ Photo Diode Surface
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Multi-functionality of Image Sensors

Pixels

ADC .
Processor Memory

; | | 3D integration technology

ADC / connecting a pixel to an ADC

B

B

Requirements
- Advancement in three-dimensional LSI technology



'NPNN+ Junction type Pinned Photo Diode! | P+N-Psub Junction type Pinned Photo Diode
. See Japanese Patent ( 1975-127647) = | See Japanese Patent ( 1975-134985 )
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N Scope of Patent Right
These two Haglwara 1975 Patents showed

Empty Potential Wells of
Completely-Majority-Carrier-Depleted
Signal Charge Storage Areas implying
Complete Charge Transfer Operations.

is extended over all kind:

of Operations and Usage

of the Structure defined

in the Patent Claims.



Yoshiaki Hagiwara @SONY invented the Pinned Photo Diode in 1975.

For the original document, visit and search the Japanese Official Patent Web -
https//wwwd. jplatpat.inpit.go.jp/eng/tokujitsuw/tkbs_en/TKBS EN_GM101_Top.action
Document No. (1975-134985) on the P+NPNsub junction type PPD and
Document No. (1975-127647) on the NPNN+ junction type PPD,
Both filed by Yoshiaki Hagiwara in 1975 at Sony.
SONY original HAD and Pinned Photo Diode are the same thing.
Both were invented and defined in these two Japanese Patents by Hagiwara at SONY in 1976.



