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Photodiode for
Image Sensors

ondongwa, Student Member, IEEE

This is a fake paper.

These (1) thru (9) statements
{y) 1975, Hagiwara qpfony filed a patent application on are all blas_ed and false.
bipolar structures for OCDs in which a pap vertical structure Many corrections are requested
was disclosed, among several structures [24]. The top p layer

e 4 0 o Lo )Fossum is insulting Hagiwara and SONY
was con y metal to a bias used to control full-well (4, 2
CN_“)‘ and the gyiype base layer was l'ﬂ’ll_h\ 23 o Caurier by making many false statements.
storage. In an, sual 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
I)ioﬁz{" or HAD structure [25]. applicats

id not address complete charge transfer, lag or anti-blooming
propertics found in the NEC low-lag device, and does not(7)
seem Lo contain the built-in potential step and charge transfer
device aspects of the virtual-phase CCD. Hagiwara repeats
these clr'g)nz in a 2001 paper [26] and shows a VOD structure

al is f i 3 " H i sony did

This is the most serious false statement.

Yes, Hagiwara 1975 addressed the
Complete Charge Transfer and
Image Lag and anti-blooming,
by drawings of Fig.5 and Fig.6
in Hagiwara 1975 patent on
the original pinned photo diode.

Evidently, Fossum has never seen
Hagiwara 1975 patent. In Fossum
2014 biased fake paper, Fossum
did not quote the Fig.5 and Fig.6
of 1975 Hagiwara Patent invention

ot seem (o pursue the HAD structure until wel
Nl&g')[nper was published. However, the “narrow-gate” CCD
with an open p-type surface region for improved QFE 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].

[ See Hagiwara Japanese Patent Application ( 50-134985, 1975 ) ]
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SONY HAD ( Pinned Photodiode ) Original Technical Publication in 1979

and the Tokyo and New York 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 PNP 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

P+NPZiil Pinned Photodiode %5238

B H L
o
T

.

[
1
i

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

High quality picture of SONY HAD CMOS Image is also based on the Pinned Photodiode.

igiwara invented P+NPNsub junction Photodiode

with Pinned Windows and Pinning Surface Potential
Ibert Theuwissen @ Workshop on CMOS Imaging, Duisburg May 16, 2006

CCD with Pinned Windows

Pinning surface potential
by:
self-aligned, shallow B
implant,
e.g. 2-10%%/cm?,
1978 : Hagiwara (Sony),
1982 : Beck (Philips).

Hagiwara 1978 reported
a P+NPNsub junction

type photodiode, which
is later called as

the Pinned Photodiode.

I Pinned Photodiode
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Japanese Journal of Applied Physics, Volume 18 (1979) Supplement 18-1, pp.335-340
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Fig.3 Cmss,sect‘ional view of ;.he Narrow Channel
Transfer Electrode with the SiO2 exposed Pinned
Window and the Pinned Photodiode P+ surface.

15

relative re.

400 Fig12 Comparison of the Pinned
. L . Photodiode image sensor with and
Fig.13 Spectral Response of the Pinned Photodiode without image signal gives the very

with Pinned SiO2 Window and Pinned Surface. low dark current level at retrace time.
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SONY- Fairchild Patent ar
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From Japanese News Paper, July 16, 1996.
BHILREMMEHE,S

(2000 ¢ | A XEREHE TRERE Y = —BF)
In January 2000, the US supreme court made the
final judgement favoring Sony claims. And the
long SONY-Fairchild Patent War on the PDD with

the built-in vertical over:ﬂow drain (VOD) ended.
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Potential Well

Structure defined for Upside-Down Wafer
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1T Type Charge
P Transfer Devise
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See Hagiwara Japanese Patent Application ( JAP 1975-134985 )
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E-MAIL communication on Sony-Fairchild Patent War
February 6, 1996
Evidence of Hagiwara contribution in the Patent War

on the PPD VOD patent (hagiwara 1975-1349K85)
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AEFFAEEFEEEFEEEFTAEAETFEEISFTEERSTRETESTEES

(1) MEFOSONYH RPFFETT AT RO
HIHEZ ZANPEDOR v2—T

¥EFFEFETFEETEFTFESTFEEETEFFTEEFTFEAETTFTEEETSTHES

Subject: CCD Patent Report
X-Mailer: Eurora-J{(1.3.8.5-J13)
thgfeothii T3,

TUODFARBNZZD ETH, FELFR— %
BHOTHEDIALES TXWE L.

CODIRHNIARE X AtZ LOBUEED K X725 Iz
LHID 5T (W COMRTIE) A LRI
P70 E Lo (ZOBEEHA E/ZD) 7 A Y
2 ORAHIEOMERE M=K LTOD k5%

ZFIIEZN L LT, COBETHRZADOID
WHARBBEZAICESTLE RIS EIZR
X53T?.

TEhHoMNRESTIVELE.

CCDBHRER D —N—T LS5, AMEL TS
MASKEEETHEE L.

RHOGEELEINMSHEL L (ESBERET) #<
TLXOH, JIEHRETEZBEBBLLET,
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Date: Tue. 6 Feb 960851307 JST

To: hagiwaraif@'mica.semicon.sony.co.jp(NanaeSato)
Fromnanae@avma.av.crl.sony.co.jp

Subjectitestimony3

Cc: msatoi@saced.semicon.sony.co.jp.ochif@av.crl.sony.co.jp
X-Mailer: Eurora-J{1.3.8-J13)
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>hashil@re.sony.co.jp.tvamada@idpo.crl.sony.co.jp

»>Cel ochi@av.erl.sony.jp,
>msatoi@saced.semiocn.sony.co.jpsnanae@av.crl.sony.co.jp



2) SONYO#EFEEthdR, ahEwes, (MHATERIZH LT

REREOBE S AH65E SH Rz S80S

£
>X-POP3-Rept: nanaed@avina
»Date: Tue. 6, Feb 96 0634853 JST

>To! m-morio@cv.sony.co.jp, takahasi@rd.sony.co.jp.
>hashifre.sony.co.jp.tyamada@dpo.crl.sony.co.jp
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*Subject: testimony3d
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"Chronology of Silicon-based Image Sensor development"- Y. D. Hagiwara.pdf

ICCCAS2023_i&iasasD#ERDdraftRifikis &  (CI8FHHTI (pdf)
ICCCAS2023 ieimsaxXD#iEhadraftRiHhiiiz c C(CiB8HPTI (docx)

Water Barrier, Water Gate and Water Dam Analogy

(3)P+PNPP+ Junction type Solar Cell

(1) N+P-P+ Junction type Solar Cell

©- P+PNPP+ junction type -
oo Dynamic Photo Transistor
; with a hill and a valley, creating N

\ \ \\ the Empty Potential Well // // (2) N+PN Transistor _O_

Surface 1N
COanUCdtIOrI - wilhoul Recombination
an V= by Empty Potential Well
Bending — e- A
enhanCIng The Pinned Surface
Short-wave P+P Barrier Potential

Switch Gate

V.vy High Solar Cell Efficiency
witl Photo Pair Sep

Ml

The Pinned Surface
P+P Barrier Potential
helps Short Wave

. helps Short Wave =
Blue-light  photo Pair Separation Damn Photo Peir Separation Consumer \ otin Al Il
sac 2 H Low ar Cel iciency
Sensitivity B — o 0‘4 > Transistor - by Photo Pairs Recombination

Vst Switch Gate Consumer

T = Barrier ol o
T ]\/ PR NI

e-
Water Channel River (N+)

N + foating Storage Region

Completely Depleted Pinned
N-+P-P+ Junction Barrier

Valence Band Bending / Empty Potential Well E "
w—FL 7 T v T 7 Fifl 1 2 0 ey, [P i
'l' N+ P Vout = = J.

(3) P+PNPP+ Junction type Solar Cell (1) N+P-P+ Single Junction Solar Cell

IEEE_EDS_ Newsletter January2023 Issue.pdf
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SONY HAD (Pinned Photodiode) DA% & KFKEE
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From Japanese News Paper, July 16, 1996.
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In January 2000, the US supreme court made the
final judgement favoring Sony claims. And the
long SONY-Fairchild Patent War on the PDD with
the built-in vertical ove:flow drain (VOD) ended.
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Who Invented Pinned Photodiode

The evidence is given below by the patent application sheet
Hagiwara at Sony invented Pinned Photodiode on March 5, 1975.
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2000

Patent Award from Sony President Ando on the invention
of Pinned Buried Photodiode ( Hole Accumulation Diode)
defined in JPA1975-134985 ( Patent 12155101 ) by Hagiwara.
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#RIEAIPSTHZEAT  #XRRAF

Yoshiaki Hagiwara was born
F SON g July 4, 1948 in Kyoto Japan.
am’l e Graduated from Murasaki-no

=2 Elementary School in 1958. Lady
Murasaki Shikibu is very famous

as the writer of the story of Geniji.

Graduated from Rakusei Middle

' High School in 1961. Moved to
Riverside-city in California USA in
1965 and graduated from Riverside

City Polytechnique High School in
1967. Lived in Pasadena California

~ since 1967 and received BS1971,

~ MS1972 and PhD1975 in Electrical

Engineering and Physics from

California Institute of Technology

(Caltech) . Joined Sony on February
- 1975 till July 2008. Taught at Sojo

’ University as a professor till 2017.

. .Sony Family Journal 2003 January Issue, No.142/Vol.27 He is now serving for the ssis.or.jp.
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Fig. 21 (a)NPP+ single junction and (b)P+PNPP+ double junction Solar cells
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Figure 9 (a) The equivalent circuit of double junction pinned photodiode type solar cell, (b) the cross-sectional view and (c) the two-dimensional potential profile
with a completely-depleted buried N- region of strong electric field, guiding photo electrons swittly into the heavily doped metallic N+ chare collecting region.
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Fig. 10 (a) The cross-sectional view and (b) the potential profile of a multi-junction pinned photodiode type solar cell; (c) a color-filter-less color image
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