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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 overflow drain (VOD) ended.
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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.
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
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/" After the US court favored Sony over the SONY-Fairchild )
Patent War on the Pinned Photo Diode , Hagiwara received
a thanking signature from Sony Chairman (Mr. Ohga),
with many other official stamps from Sony executives
including Sony President Idei, Sony Vice President Morio,
\Sony Top Executives Takahashi-san and Hori-san and other y,
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E-MAIL communication on Sony-Fairchild Patent War
February 6, 1996

Evidence of Hagiwara contribution in the Patent War
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Subject: CCD Patent Report
X-Mailer: Eurora-J(1.3.8.5-J13)
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Date: Tue. 6 Feb 9608:51:07 JST

To: hagiwara@mica semicon.sony.co.jp(NanaeSato)
From:nanae@avznaav.crl.sony.co. jp

Subject:testimony3

Cc: msato@sacced.semicon.sony.co.jp,ochi@av.crl.sony.co.jp
X-Mailer: Eurora-J(1.3.8-J13)
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>Subject: testimony3
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SONY-NEC Patent War
200242H2H
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lapanese Patent 1975-134985 by Hagiwara at Sony on Oct 23, 1975.
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CD®E8 & LT. "a totally depleted potential well is formed which can be used to
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SONY MS5NEC ~NDFRERX

FR{EDLLY Pinned Buried Photodiode D E A4 EF
19754 FIRHFE

@.JP1975-127647 DEXE7 @JP1975-1349850) X6

¥ 1975-127647 ORI 7 (EEERHRITY) LERE , ¢ 3 Light
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_ Vo A hNe P C.~ )
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- s 3y o 2R e e- & —t
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BhfE Mode ~y, 7 1 (1)5%#&7%LD pPPD
1 f T S —— (2)REBHE pPD
- i /Y " No Image Lag

(3)voD#EESTE PPD
(4) Global Shutter ¥4k
EHRTHHTERLLEHTY,
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Hagiwara helped Sony for 17 years or more to defend Sony Image Sensor business from 1991 till 2007 and

finally retired in July 2008 with more than 37 years of wonderful engineering experience since June 1971

0) on Pinned Photo Diode with Vertical OFD
yERERTLERE -
:Z:. V. i ) * ;
g' éig".g-gz %§ c
SEIREYLRE i e G
jettatszagsy D
i 53 101 b

From Japanese News Paper, July 16, 1996.

1996 £ 7 A BRI TRMMBEE» S
(2000 % | AXEREE TRERE Y = —BHF)
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 oveiﬂow drain {VOD) ended.
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KODAK Sony Patent Agreement on Image Sensor and Digital Camera 2007.1.4
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Japanese Pattent Apllication JPA1977-126885
on Electrical Shutter Clocking Scheme using the OFD Punch thru mode

The Pinned Photodiode (Sony Original HAD sensor) Structure

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

HAD (Hole Aecumulation Diode)
AN B rmartiva for Japanese Patent 1977-126885 by Hagiwara
HAD Sensor )443 1975-134985 ) #Xfi —- . ' —— =

L—OWALH 1977-126885 M- Mk - 1das

e o —____ -

. Punch Thru
i 1977-126885 Fig,12
i | Electric Shutter Mode

1 RAESR
" 5 A ue
LU LR TRl )

I.COOH

AENO ) RRMARORNC Y

15t P-Well
n-substrate

4
Gale

( from SONY Product Catalog )

SIHBREDEFRPHEARDEMER L TVET, TAPBE~DORIKRLIZRY E7,

Feynman Physics 1967-1969

" Physics and
Technology of
Semiconductor
Devices
by A.5.Grove

1969-1970

with Prof. Tom McGill @Caltech Campus
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AR E AT 1954 F21285 1 B H @ ISSCC IZ HE, #Ri% ISSCC1974 TPhD #aXnREEZRKEZLE LT,

B fk (101942878 - 198248 H248)
BEROEMNE. BEE. RERTHD.

FAaRV——E FSUOUREICEBL.

BRICE T3 BEEEORERBEZRI 1=,

ISSCC1954 DEFLFHICHH TEMSAIZ
i;i)\tuctﬂﬁu,&ﬁ%t‘n FMD204
#®o19745%281Z1F
FRBRIT EEEE
M SSCC1974I=T
PhD AR EHRE.

ComputerB{EFHHZER{EL ., HBHAABCCDDTA N RAARETIIVEBITHEREERELELT-,
HHAHRCCONFEEBLEZHBAL. BREETAIASAOGANSHHEITTFRALEL,
BFOBHELTHENKEN > -EHIBRTL-. FORXITEEL T MU E=A LD RIZ(E,

SONYDEMFIEXEHLVELT=, 19744F UEFSONYA T DEItT R T SONY USADELERTLT=,

Intel HIIFRIRDORRDEET LBAR L et T HIRBERIEL L TS0 5 LIE#EDN D MOS i 2 F AT,

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
Prof. C. A. Mead and Yoshiaki Daimon Hagiwara
working on the silicon chip design at Caltech in 1972

]

TEEL JOURNAL OF SOLIDSTATE CIRCUITS, VOL. 3041, NO. &, CCTOMK (¥

128-Bit Multicomparator

CARVER A. NEAD, RICHARD D. PASHLEY, wtwsea, izee, LEE D. SRITTON, YOSHIAKS T. DAINON,
Ax0 STEWART F. SANDO, JR., wimsen, mex
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mowd e technologcal Satiaction Metween Jogc ot

128-bit Multlcomparamr chip, designed by Haglwara
in 1972 1973 and fabricated by Intel PMOS process.
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[Pinned Photodiode (PPD) M$FF IICDWLVTERBALE T,

H& sony DIXIR B 1975 FITHKBALI-ZFARFNDLTT,
Bn-HaEzF OEAREDORES)ZH OZARFTY ., BE
(Image Lag) DZZLVFHEAC, BEICESETEZAE T HHEE
(voD)®., ZARHEDIFEE RS (NZHNET SHEEN AR FE
nNTWS, Bh-tEEEBRREB OBAREDZARZRFTY,

EAXHEM

(1) ZARFEE?

(2) BREE (S/N)&I% 2 #— O
(3) EFEnEEE(CTD)&IE? iﬁa’ﬁ‘fﬁm’

(4) cCD Image Sensor &[E ? Mzr::ry
(5) CMOS Image Sensor & ?

Z2hFF(B)

Photo Detector

OKEEMEZARFIIRL (ABER) BEREBTHEET,
PPD ANBABRERARFLEL KEEMICHIEAMFRETT,

SONY D58 S ¥ EAEENTTI, Bipolar £ili2s CCD £#i%E TH D CMOS Eifi~ L oK Ih TWET,

Image Sensor Story 023

Why is SONY so strong in Semiconductor Business from the beginning to now ?
(0) Sony could purchase the Bipolar Transistor Patent Right Base Emitter Base Emitter Base
with a very low price of $ 500 (?) from Bell Lab USA in 1954, (1)
(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 N
wall SiO2 formation to reduce the leakage current.

P

Epitaxial N+
(3) Hagiwara, Yoshiaki at Sony invented the P+NPNsub

junction ( thyristor ) type Pinned Photodiode, which is xc°"‘°'°'8cco
identical to SONY Hole Accumulation Diode ( HAD ), (3) : C16
with the built-in vertical overflow drain (VOD) function, fight b'ﬂm*

t'hc imagc‘ l.ag free clchic shutter funqion and good o .
light sensitivity to realize fast action video cameras. —
el
See Japanese Patent 1975-134985 f
Hagiwara invented SONY HAD which is identical to the Pinned Photodiode
which is also the Depletion Photodiode and the Buried Photodiode. Nstb | cMOS or CCD -

SONY Bipolar FFROBZBFARE JIIBBEZ SV LMBRISA DEEDS L, CCD KRR EERHEAT,
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1970 ££~1980 EMEED CCD DEREMEIXIZA DA -1,

C C DiR&EF (ICX008)

SONY V#)16D T 1980 E g 1EL /= EED CCD Image Sensor T
HAZEXZERHBRE LA WEBTEIEEL T/ THYET (FEE).

I BEEA>Z—F4 X T ACCD IR R FEF ]
EHEBX. BHZE, LEXETT.

LHEHE. IPTFIEA. FERER. FIRRE

Japan SSD Conferenc , DDD78-5, May , 1978.

(CT 3 - )
XEH 72— 7 TR PP RE RIBEIED AR cco OBk FIEO M-+ @A ERRS 2 DISSCC19744
(CTHF. 19752 H20HICSONYIC A %L, — OFF(ISONYDP R FRFADIFA DT ER ORE HRELEDPT
A 2T STHRLANS . B8E B O ERTRINLICEO T Y. UeFF/ 2058 E OB LTI E DR RIZ
DL Oz 2182 DR OIF R R - KRR SHEIIE XY OLREER - BRI DI TAE SN, —A TR,
SHBABALIZEDT Y, SIARERAIRAL. B O ER Y 72 378 %4 1R /- @ R EHAR &2 8 T U,

P pE Fr 3 _\ |
1980 F4JEHD SONY EATIHBND CCD R RXBFET A L OBEBERAR, )AL S, MEI A, FEI A,

RS, MASA, MBS A, BRESA, BESAU, BAREB)E L, HFSA, LASAERMMEZ T,
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Sony @ Bipolar Process £#if4% CCD Process HifiC k& & N EIZ CMOS Imager Process EiffIC k& S iz,

Story of Pinned Photodiode and Sony HAD Sensor

Sony Kumamoto Technology Center is the center of Image Sensor World.

Seny:Kumamoto -fTei:'hnbibgy?é’nter
November 19, 2018 s

-

Hagiwara visited his friends in Sony Kumamoto Technology Center on November 19, 2018.

Story of Pinned Photodiode and Sony HAD Sensor

Sony Kumamoto Technology Center is the center of Image Sensor World.

Sony Kumamoto Technology Center
November 19, 2018

Hagiwara explained why Sony is now so strong in the Image Sensor World.
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2003% 3R Sony ® IEEE PFellow & Loy fsd

o ma2 (4 B “w "M KEH2A. WXZA. EN2A

1975-1982 Engineerin CCD Imagersand Camera System

1983-1989 Engineering Managerin SRAM/DRAM/ADC

1990-1998 General manager in Sony /NVM/MCU/PS1

1998-2008 Executive Staff Sony Semiconductor
Strategic Planning PS2/PS3

Mitsuo Saito (Toshiba)

Bob ‘Guensey (IBM)
Ken Kutaragi

Yoshiiaki Hagihara
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HKEEREOEIT ATHEE AD #H#o, ABICRELY, BeRy MREYV AT ADBRIFET,

ERtzy 3 (6) : AKOEFHZ X AAIPSOR 7422 [Artificial Intelligent
Partner System] ~AFKEKDFFELZ X A3ADILF 7 ORA ST~

NRIFER  [FROEFEEZHAPSOAT D2

BEEHE (225 TAFAAVF HAPSOOTREE)

layStation Q\?R* 2

[FlamitE] -
WMFETIY, —RSTORYHCEDY v h—ASHBRESH, /ML 58HEDEEMEALTDEE, O ¢
AT D21, B A= :

ke - s ey ;% E
ety BFMMAGFR2EAR F2
—HF = 2T A PS)EL T & + 4 .
gggﬁggdgg%%%%?é @i ﬁgﬁi SR {jloo

SiICIIREAL TMECOBE 2009 FE3 H EREeH

RAEIFTOEFERRAIZ DY

BL:#%E RB(APSIVU—U7A) :
;;71)Eﬁélzlh'J7sz_7I¥47<ah¥§ 19756 BRASEHRIEFE(E BT, 8: m

1975F28 )= —Att. BIFRIEEFETDONASU AT A, ADC, A FvF, MCUZ(I, & E
Z:EJ.\LSIODIH%§¥1I:§B§ Fepisem, FEFRTTaEREEET. 2009F78, 605&2

EER :
‘goaieﬁ#“lllt.ﬁ R (NPOTEA) APSTL Y~ 7 LERTL. TOESEICRE, HETE |

d

Hagiwara was on TV and was talking about the AIPS robot system and self-driving cars.
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EORFIIHR D IEEE 0%4&
& 10k = AN

&

LHAL, WWEENY TIIRdroTz, (KR
T Fake XA ISR TWAEEEZLHE DL SONY HIERE L TR LT,
FKIFD 1975 FEORAKF OGFENEEROEBZERICEE > TEBEIN W BTE -T2,

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

Indeed, Hagiwara invented PPD with VOD

is NOT cted t
and the wrtual charge transfer in 1975 !! i T

“ The surface P+ layer
the LOCOS P+ layer.

sony HAD (PPD+VOD) does not use LOCOS ]!
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 ﬂ

The surface P+ layer
may be floating and
this photodiode may
have serious image lag.

Many people now said this is a fake paper !

C. Other Contributions to the PPD Invention id not address complete charge transfer, lag or anti-blooming
False propetics found in the NEC low-lag device, and does not

The PPD structure, while invented for low lag ILT CCD ap- seem to contain the built-in potential step and charge transfer
plication, shares a strong resemblance to the Hynccek virtual- Q; device aspects of the virtual-phase CCD. Hagiwara repeats
phase CCD nmﬂurc_. with the exception of the VOD. The two se claims in 3 2001 paper [26] and shows a VOD structure
inventions were solving different problems with essentially the that is oot found in the 1975 patent applcation. Sony did
not seem to pursue the HAD structure until well after the

Serious Image Lag ?

NOT
connected

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 to a bias used to control full-well
capacity and the n-type base layer was proposed for camier
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 apolication.

NEC paper was published. However, the “nammow-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].

" Thisis NOTPPD! ™

1
X

Fig. 4. Exampl of a pinned photodiode implemented in 3 CMOS image
sensor showing doping concentrations. (Dimensional units arc microns).

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

S LFHFEEBED 1975 ED P P D ORFFFHRE & 1978 £ PPD 0 JRERIEICE L T
FOEEMHZBEBINTOWARWERERORET, BErHx,
2L BEHERBAMENTVWARWVWEEITERL,

O EBABED AKX HomepageDEEFMICIZIERRIELAHYET ?
http://koueki.jiii.or.jp/innovation100/

. A A—=7>4H— (CCD - CMOS)

BE (/R 3VCEZEE RESERORE ILTEHE ==2Z0E

BE

WSS/ (A ADMFINRIZ, 1SHEHMOT L ED 3 VRN RS- THS, M. MRS, BEaeZs (LT
[A A=A =] EFE) ERBU, HRICXFRAI OISR DD, KE{RRBRUTERE,

HEBEO—RMTHIMEE . T AHKEF, FINYTHD, HERHHSKFL, BRCDHEHINSBD, BlTH
D, BREDREN B, BIMEFRENTLVE, 1960FREECA A-TC S—DORRHN AT - U, DL,
MO S (Metal Oxide Semiconductor) B2 TH> .

19704F|ZBoyle&Smith (X48§B8ellifiFFT) HCCD (Charge-Coupled Device, REFAZETF) #REBU, Wit

WRETHD, 1 A—SET—DEDEANNET L RS EZET IDCRLU TS L, FRFRICC CDICHEH
MEABNIECEDS, A A=T A —RRODOEGC CDICIESTE, 1970FEEEDSEROPOFERCE-STE,
%) (3. SABIL T & (T EREREXEEZTIL— 2508 3 S

A=) (—D0— RLAAGEERALTES, 1979F(CI3SFTEE— (498 NE C) A, BEIOERASEAMICEREL., R

YRaE /A ZEBRHTABAT A M1 A—E (Pinned Photodiode) ZRIALES, TNSOBR, CCDERETL—
E—%, BIZMED D T SFILAFIIA S gD E b CIEE STLTL DT, — BEEE 2
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EoFEBR 2% )R T X Single #4 N+P . Dynamic Photo Diode 7257z,
#FIEE X 1975 4512 Double #:4 P+NP % Dynamic Photo Transistor (PPD) &
Triple #4& P+NPN #{® Dynamic Photo Thyristor (HAD) % 3HH L 7=,

Pinned Photodiode (PPD) and Sony Hole Accumulation Diode (HAD) Story
single, double and triple junction photo sensors

(1) static Photodiode (2) static Photo Transistor P+NP junction type
Vaa > 0 N+Pjunction type Vaa <0 Vad < O 1948 ~
before 1948
Emitter Follower Light Vou Light Vour
Current Amplifier =
Output Circuit Ver- lc Floating
J_ Base Type

(3) Dynamic Photodiode (1T1C) (4) Dynamic CCD/MOS Photo Capacitor
! cTG 1970 ~ ccD I CTG CCD/MOS type 1970
Ny

Vou
g nght§ e_et:- i - Vou

No Image Lag
N+P junction type I Poor Light Sensitivity
Serious Image Lag Serious Surface Dark Current

(5) Dynamlc Photo Transistor (PPD) (6) Dynamic Photo Thyrisor (HAD)

P+NP junction type
vd 20 Hagiwara 1975 vd > 0 P+NPN+ junction type

CcTG Hagiwara 1975
Light s Vout i 4 -
IS

Light s e- e- Vout
No Image Lag / Electric Shutter Function
— Excellent Light Sensitivity
No Surface Dark Current
Double Junction Dynamic Photo Transistor (PPD)  Triple Junction Dynamic Photo Thyristor (HAD)
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See Japanese Patent Application JPA 1975-127646, 1975-127647 and 1975-134985
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