soma JPAL975-134985 . .,
B a0 o0t =
d | [ poe H;lk??

s 1PN P

VOD!

PNP Phototransistor with no Image Lag Empty Potential Well

Phototransistor | & % ¢ E DU R FFEF
197543 A5 HHEER#IEN #x IR B AE

o

| E, mxmmEEsT
- SE R I 3~ 3o 2 —
‘ | DFSw, EEprei =|
J DFTRBELTF S =]
Vo
¥ E AT < B S AT e A A
PRREFEES ( =y
AT faa |
D>
<= ‘

]
i BHOBE TS FRABN N ZEFo XEERPUADASBETENTHDIHFIILTER L TF S\,

ZHEHOALER KOFHCOLWTHEHE FTIvo FMCHEELESTT S0,
D 1. % Fr  McBITARUTT (P BEREO 7Y » F, KB T v A2 ORNE, AGCEEEO W,

. agh 1

2. RERDEM WEKSBABRT RS DBHS EHEEBFTT FS 0

3., B AhoRAODLELEREE FSy. TR i
P T R P T e s g o e <
5. % a':?}i?ie;r;';u»:—)»an\fZ.{as}JiZTx{j-i):?&m?ﬁﬁu,@ ;’a]&mumw;ﬁ EFre G
. O ] e e e P
5 \ AR Tes

£ EZ K IF KROTHCOLTEHE TSy
1. RBAOBHKE ClE@dnde v P 2l sBHE T 0,

»";

2. B # B ;@/::r:o;ﬁwtr@m»fa’ TEBICID L OEBT T FE .

3. = B arORORM, AR LrnsEBe L E Licss

4. EHEDFE v onb, EORRMCHiORBNEREIHE T
e A 4 & A O S e O 7771‘5(77
S S T B P HIRT RN -

| |8 % s R T pe ) €29 {. T ® 5 \z i
| X 2 / % > - b B
| ~ 0529 A=

Patent_Issues_on_Pinned_Photodiode



A
-

DA

Za

T

—_—

Sl
—
p—

f
~F

H T 3% 5
(2000 F 1 AXKEZR&SER THRAERE Y ——BH)

RLEND

A

1996 £ 7 A

: T e
COOOEERMMRS § « s
SI=-AERE ¢
= Hig=E =
N EROBARERRN | BIERH [1-Bev0A | IREISHIVL®
EO (OOR) QREM | B0—N - NINKRHYRL | DONBRXIN| $E>E
RSSOV OM S12K1 | 1 — | HOHECREUETONC | | NNIKIEUCENEER
M—-AERREY il (H] VOTEMEY SO | ALeRREL TEN-Qu)
BERENED MERVSIK | MEIEOIS N INR R | ARSOIGHEEE" Nk
DN« NHNRHTRLH | BEKROAANACEMIE | R BIERKITRO0
CHIERETL i —RECT ACAMNOVNKAURN IR -
KO BN R 0l EOBENEHLOMZ0N
SENRHOD S10QHHK MR HRT M=QitR
EXRI ITUAEVIIR mby Y EURHE (-
—REEEEO NN VM QKSR S
TRLHIHREE N 42° D=2 MEcuoR
mEQKIHEX—R~— 4 NN RO
FUNEECHIUERVR- SHOREND YK VR
9 |- QEKIBHQRN SMZRUHEOMIE” W
ORI QHEFREIRORK] DM
N FrHAmEOAION S0° JAMERNRRLR
ADJOLBHRAY 3| 1—T—Q\ BERLY SRR

POTEHIR VIO

=
)
o
o
¥
&
o
o
-

Patent Issues on Pinned Photodiode



FratFin DI

Patent_Issues_on_Pinned_Photodiode




b

BRI S D 1

e e e e

1999
SC President Award
7Ooa R VR A bR
BAE
CCDEYRARBFHFHF~DY FK— b

FHRAERBE HR RGK

HLILIICCDICHLToEFou—F LD
¥ FIcbwTRGEENATO
VE—BAoXEIEREAREINE LA
X7 5 FVARAME K « H¥Defensel:
BWILERLERBLR-3hTx3L A
ZORRIISCECRANDTR#IBWT
SHAFBINTT
LoT S22 A2 AL 7

2000#4A108

| V2 —HA2i ¥H
27 DS —&Fy hT =2 hvinm—
& YTXIIA R FL TP R

+ 2T R %

Patent_Issues_on_Pinned_Photodiode



N B

RAM,
P
r

S
\lap- OPERR

o —
FAD
T D
TON AR

SONY

199648

FEHAE St B 25
1 i B 5

#* J& =3 (R

" 4 ¥ Pl16546175
& i 5 55 B

HRTD LA FEAZRDERIZ LY
BEREPEP I LBEDOLNETOT
TZIARZHMY ZhZzHLZXY

19964 9H30H

YV ——BRA &t
RIS

7 -7 Wz

Patent_Issues_on_Pinned_Photodiode



f
Tl

_H
%
1&
N,
F

2000 &

%Eﬂ%iibﬁ H

#E BRI B

4FaT5R12151015

B RIREE

BERAEEH L ZREES LUERMEICEKY
SHICH LBEELEMRP HVELADT
HREAEEMRTEICE DX
CCIWIABEZBYYChE2ELET

2001F4H26H

£ 3d f>).i53\'|“ b, 4 o —fER S
HE '
T z»SQ

Patent_Issues_on_Pinned_Photodiode

Sony Coiporation




B 46 D1

To whom it may concern, Feb 16, 2021

It is evident in Japanese patent applications, JPA 1975-
127646, JPA 1975-127647 and JPA 1975-134985, that
Yoshiaki Hagiwara invented the buried photodiode (BPD)
with the pinned surface, the Pinned Photodiode (PPD) and
the Hole Accumulation Diode (HAD). It is also evident
that Hagiwara invented the global shutter scheme of the
three level clocking with the MOS buffer memory 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 voltage in JPA 1977-136885.

Sei-ich Watanabe, Ph.D.

Ex-President of Sony Central Research Center

\’OSMMN

Ex-Vice President of Sony Central Research Center
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FHEERIBNT, BEERREE2BE M A -V L YOSREFTHS.
Pinned Photodiode ®# B X, b & SONY O#HFABRTT, FHEEHEER
1975 4EICHE L 7=, LAT O 340 B AERH 132 OIE T3,

i 50 — 127646, B 50 — 127647, 3 50 — 134985

ZO 3HDORHOEBHNCIL, ZDOZHFK WM& Interline Transfer XD CCD
Image Sensor IZHIEHTE 5 LB/R LT3, CMOS Image Sensor i % i fl /T 5
TR BERA S A TV E T HRRBREOEMIH20ICBAS NI ~E LT,

Y=—¥HEEKOB£

LR BALH /E“%d—\\mg
A& JI4ES )q P —E_ 2 @
mistex  POIB. 547

To whom it may concern,
July 27 2021,

It is quite evident that Pinned Photodiode was invented by Yoshiaki Hagiwara.
This is supported by three patents applied in 1975 by him and his team. They also
disclosed this invention of pinned photodiode in International Conference on Solod
State Device and Materials held in 1978.

Tkl Sepets

Toshiharu Suzuki
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http://koueki.jiii.or.jp/innovation100/innovation. detail.php?eid=00059&test=open&age

CH56D~—0 1979 41z FAEE— (4 NEC) 28, BRI A R IR L, BRIR 5% 2 4 X % Y
FBHIAT + b £ 44— F (Pinned Photodiode) # &0 Lico] &) EikicownT,

File 1975-127647 Public 1975-051816

DIEBRCOTREBRCLEELTEY, b 5D3LE% 1975 FOFIH L, 1979 FEDFH X OERLTH I T3 hnf
nEBoTEYET, TbAbRcflvEdoc. CERA[EZ 2 EEWET,
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TN LEEADS TROEERH D L1,
FRORTEERSE B & &
FMFEETOBHEIIIVETTL L 55,
Xﬁﬁhtﬁmtﬁﬁ@%%%@k%ﬁﬁ@@géS?wi?wﬁ\f%hﬁ%i%%@@ﬁi%ﬁwtﬁﬁhﬂ&ﬁ
EE
Dr. Albert Theuwissen KX E N T3 D LicoEk T LT, FIRRIC S CAREC R T 282 H 0
Lo ZERWEEFhIELEL S,
47— av100BFEKE

SRS L THEMEIRZ D S TR o BROBA2H Y £ L7,

A7/ xX=2av100BEHBFOH A4~

ENBQRTATY, CoOBIRCHEHBAZBHTLTEY $4,

THRETR L CTE Y 3 conT, LUTFo@Y BEFRORMERLES,

A.J.P. Theuwissen, “The Hole Role in Solid-State Imagers*®, IEEE Transaction. Electron Devices, Vol. ED-53, no. 12, pp.
2972-2980, 2006. hup:,"/\\'\\‘w.h:lr\'cstimzlging.u>m/puhdocs,' 101_2006_dec_TED_hole_role.pdf
p2w4mﬁﬁéhtmémzmomriimpzwsfﬂ?cﬁu:}ykwai?o:@QZﬁWONYﬁﬁﬁ%%
L7 P+NP HEOLEARAKTFTHE L bHS LTS,

The effect can simply be solved by defining the potential in the open areas through an extension of the p+-channel stopper.
A simple self-aligned p-implant of 2x 10**13/cm2 B-ions after the gate construction is sufficient to extend the channel
stop area to the gate edge and, consequently, the potential in the open areas. The result after this selfaligned implant is
shown in Fig. 4. The presence of enough holes plays a crucial role in fixing the potential for the regions normally “beyond
control” of the gates.

RO 3ODIREMED [HERETIRA VS ? | LISHLT 2+,
[Is this structure the mother of the PPD or buried diode or hole-accumulation device (HAD)?]
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Web ic¥i Electrical Engineering

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

pinned-photodiode

Difference between Buried Photodiode and Pinned Photodiode

What is the difference between Buried Photodiode and Pinned Photodiode? I 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?

& DRICH LT FREMEA T 1975 KB RIS PPD ©H 3 Lili<Tw 3,

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 mdk(_ 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 Si/SiO2 surface
contributes to increased leakage (dark current) and noise (particularly 1/f 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 P was invented by
Hagiwara at Sony and is used in [LT 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 qn=sqri(KTC)gqn=sqrt(KTC) 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).

Web il CEEMAEESE A2 HACE SR L 5018 4k)
https://www.shmj.or.jp/museum2010/exhibi1005.html

TEEHEI EHINTEH Y. 1975 FoKFE RO IHEBN I T W B,

[19754E, Y=—H»bLPNP F 7V P REABZZHFETLTIRENLINE B, ZHEE2 PHE(Z I v RT3
LICXVRERD 7+ P XAA—FD LS CREBMEZHEHT 2 vy —BRECENEREEE ) LELA ALY, &
SERREE % KR B X7, 2HIE PHBICT 2 L I ERNICHERCBRGA T2 VO 74 P XA F—F
DHAL HBRETH o7, |

[3]  #JE REE. “BEARGERE". $ram 08 58-46905 (19754 11 A 10 HHEE) |

IR RIE X Z D¥fiT, B2 AR EHREOKEZ R, EL T3, ¥/, Z0¥
#i< IEEE 2% IEEE Life Fellow D5 %3 J T\ 3,

International Conference CCD79 in Edinburgh, Scotland UK, “ADVANCES in CCD IMAGERS” by Yoshiaki
Daimon-Hagiwara hutp://www.aiplab.com/0-CCD79_1979Hagiwara.pdf

International Conference ESSCIRC2001 in Vilach, Austria. “Micro-Electronics for Home Entertainment” by Yoshiaki
Hagiwara http://www.aiplab.com/ESSCIRC2001.pdf

International Conference ESSCIRC2008 in Edinburgh, Scotland UK“SOI Design in Cell Processor and Beyond” by
Yoshiaki Daimon Hagiwara http://www.aiplab.com/0-ESSCIRC2008Hagiwara.pdf

International Conference of Solid State Circuits [SSCC2013 in San Francisco, USA,” Antiques from the Innovation
Attic” Yoshiaki Hagiwara et al. http://www.aiplab.com/0-HAD _Sensor_Patent_1975Hagiwara.pdf
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Story of Pinned Photodiode and Sony HAD Sensor
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Japanese Patent 1975-134985 Japanese Patent 1975-126747

Hagiwara Yoshiaki thinks that Hagiwara invented the Pinned Photodiode in 1975.
Hagiwara Yoshiaki thinks that Hagiwara is the inventor of the Pinned Photodiode.
Hagiwara is now trying to ask the Japanese Patent Office to acknowledge his 1975
inventions. If you agree with Hagiwara, please support him one way or another.

http://koueki.jiii.or.jp/innovation100/innovation_detai|.php?eid=00059&test=open&age
. A A—=t2> 49— (CCD - CMOS)

‘ Please review two Japanese Patents by Hagiwara at Sony in 1975
1 1AP 1975-134985 (Pinned Photo Diode with Vertical Overflow Drain) and :
B]e | JAP 1975-124976 ( Pinned Photo Diode with Back Light llumination Scheme) |
BB ADFRBRE. 19RRBENTLE T ARSI AY - M TH3. B, REE. SERRET (UT
(A R=So Y~ ERF) ERMU. HBICAIRA/ D MESADD. KECRRUTEL.
BEFEO-BTHIRBER. YAAHAZ. BANTHD. AREINKEF. ERCOIBNSD. BETH
3. REDORENHD. BHREHNRENTLI, 1960FREF [CA A—TH Y- ORIEN A — bUK. ZDEEFR.

@

MO S (Metal Oxide Semiconductor) EHRLTH O,

19705 -BoylesSmith (X8§BellFiFEAT) N'CCD (Charge-Coupled Device. WEHRAET) EREULC, tliib‘1978
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Many people were misled by Fossum paper.
Fossum insulted in his 2014 paper Sony and Hagiwara 1975 PPD invention.

Indeed, Hagiwara invented PPD with VOD
and the \nrtual charge transfer in 1975 !!
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A Review of the Pinned Photodiode for

CCD and CMOS Image Sensors
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False

Many people now said this is a fake paper !
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The surface P+ layer
is NOT connected to
the LOCOS P+ layer. N
The surface P+ layer

" Sony HAD (PPDAVOD) does not use LOCOS 11l may be floating and

this photodiode may
have serious image lag.

Serious Image Lag ?

P ¢ Bramgie of & prmwd phatabosh mphoamd m o O g
ot Moy Bgeng o v maws [Ny s . @ e e

Hagiwara in 1975 mvented PPD with VOD and the virtual charge transfer.
Study the Japanese Patents 1975-127646, 1975-127647 and 1975-134985.

Hagiwara 1975 patents showed Features of No Image Lag ,

Empty Potential Well and Complete Charge Transfer
of the double junction Pinned Buried Photodiodes.

(a) Pinned Photodiode defined
in Fig. 7 of JPA1975-127647

Fig. 7A il
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(b) Pinned Photodiode defined
in Fig. 5 and 6 of JPA1975-134985
Metal Contac&is gptio;lal
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Cdthplete Charge Transfer
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i iEEmpty Potential Well

Empty Potential well
with No Image Lag




