This is a private communication between Albert and Yoshi. Albert is a

distinguished expert on the image sensor society. Yoshi asked an expert

opinion. An expert must have in public the responsibility of what he says
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Albert supports that
Yoshi had the Pinned Photodiode idea
before Teranish 1980 Patent.
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FROM: hagiwara [mailto’hagiwara-yoshiaki@aiplab.com]

SENT. Tuesday, July 10, 2018 3:19 PM
TO: "a.theuwissen’

SUBJECT: RE: NEC-SONY Patent War
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> Hi9 :\lbeny

>

> how are you ?

> I am very mad at Fossum’s 2014 paper

> which I found just a few weeks ago.

>I am now 70 yvears and completely retired..
>Fossum did not quote the very important

> Pain’s work at JPL CalTech

>on theGlobal Shutter CMOS image sensor ..
>

> Yoshi
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On Tue, 10 Jul 2018 18:24:23 +0900, hagiwara wrote:

> Albert’

>

> I am sorry my previous e-mail title was in Japanese,
> copying to many unrelated people.

> But they are also my friends.

> I am re-sending with more information

> on the Pain’s paper.

> You know, I was also a visiting professor
> at CalTech during 1998 to 1999

> and frequently visiting Pain’s Lab at JPL,
> CalTech during the period.

> I remember Pain and his team really hated
> Fossum at that time.

> I recall they called Fossum a thief. "
> Kind regards - y’
> L

> Yoshi &

Harvest Imaging

Albert J.P. Theuwissen

Bio of Harvest Imaging's Founder


https://harvestimaging.com/bio.php

This is a private communication between Albert and Yoshi. Albert is a
distinguished expert on the image sensor society. Yoshi asked an expert
opinion. An expert must have in public the responsibility of what he says
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From: albert theuwissen

Sent: Tuesday, July 10, 2018 655 PM
To: hagiwara-voshiakif@aiplab.com

Rel How are yvou 7 from Yoshi of Sony(Hagiwaral80710)
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Dear Yoshi,

(zood to hear from vou, although it is not all good news
vou are sending to me.

Can vou tell me the reference of the Pain paper 7
When and where was it published ?
Very interesting information !!

At the time Fossum started to write the overview paper
about the PPD, he asked me to become a co—author
and to help him out with the paper.

After some doubt I declined his invitation,
because [ do know that the discussion
about the inventor of the PPD is very sensitive,

and I do agree with vou that the structure
vou developed is indeed a PPD,

mayhe not called that wav at that time and
also invented for some other purpose.

But it still remains a PPD !

At Philips, in the late "T0s a very similar structure
was implemented in the CCDs, this was before
[ joined Philips in 1983.

S0 ves, there were several p+/n-/p- structures
known by the time that Teranishi issued his patent.

Harvest Imaging

I fullv agree to that. :
Albert J.P. Theuwissen

Looking forward to hear from vou. Bio of Harvest Imagings Founder
w W
Regards, y
-

- 4

Albert.


https://harvestimaging.com/bio.php

Evidence that Yoshiaki Hagiwara at Sony in 1975 invented
Pinned Buried Photodiode with the complete charge transfer
capability of the no-image-lag feature and the Anti-blooming Vertical
Overflow Drain (VOD) in order to realize the completely-mechanical-
parts-free electrical Shutter. Hagiwara invented Electrical Shutter.

Japanese Patent Application JPA1975-127646
Japanese Patent Application JPA1975-127647
Japanese Patent Application JPA1975-134985

Japanese Patent Application JPA1977-126885

P1977 Narrow_Cahnnel _Transfer_Gate CCD _SSDM1977 Paper_by Hagiwara.pdf"

Hagiwara SSDM1978 Paper on Pinned Buried Photodiode.pdf

an invited Talk at CCD’79 Conference

"ADVANCES in CCD Imager " Technical Digest of IEEE International Conference

IEEE1996 Review Paper on_Sony 1980 One Chip FT _CCD_ Image_ Sensor

with_Pinned Buried Photodiode

an invited ESSCIRC2001 Plenary Talk,
"Micro-Electronics for Home Entertainment"
IEEE IEDM2004 Conference Short Course

Turorial Short Cource on Image Sesnors by Yoshiaki Hagiwara.pdf

an invited ESSCIRC2008 Plenary Talk,
"SOI Design in Cell Processor and Beyond"

Invited Plenary Panel Talk at ISSCCC2013 on Feb. 2013 on Image Sensors

"Multichip CMOS Image Sensor Structure for Flash Image Acquisition"

"'Simulation and Device Characterization of the P+PN+P Junction
Type Pinned Photodiode and Schottky Barrier Photodiode"
"Electrostatic and Dynamic Analysis of P+PNP Double Junction Type
P2021 ICECET2021 Paper61l on_Pinned Buried PIN Photodiode Type Solar Cell.pdf

P2021 ICECET2021 Paper75 on_Invention_and_Historical
Development_Efforts of Pinned Burie Photodiode.pdf



https://202011282002569657330.onamaeweb.jp/AIPS_Library/3_JP1975-127646_NPNP_triple_junction_Pinned_Photodiode_Patent_32_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/4_JP1975-127647_NPN_double_junction_Pinned_Photodiode_Patent_22_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/5_JP1975-134985_PNP_double_junction_Pinned_Photodiode_on_Nsub_Patent_7_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/6_JP1977-126885_Elecric_Shutter_Clocking_Scheme_by_OFD_Punch_Thru_Action_13_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/AAA009_P1977_Narrow_Channel_Transfer_Gate_CCD_SSDM1977_Paper.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/9_P1978_Pinned_Photodiode_1978_Paper_by_Hagiwara_7_Pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P1979_CCD79_in_Edinburgh_1979.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/10_P1996_Pinned_Photodidoe_used_in_Sony_1980_FT_CCD_Image_Sensor_9_Pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/11_P2001_ESSCIRC2001_Micro-Electronics_for_Home_Entertainment_11_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/IEDM2004_1212_Short_Cource_on_Image_Sesnors_by_Yoshiaki_Hagiwara.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/12_P2008_ESSCIRC_2008_SOI_Design_in_Cell_Processor_and_Beyond_7_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/13_P2013_ISSCC2013_Panel_Talk_25_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/15_P2019_3DIC2019_Paper_on_3D_Pinned_Photodiode_6_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/16_P2020_EDTM2020_PaperID_3C4_by_Hagiwara_4_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_IJSSA2021_Paper_20210616_on_Electrostatic_and_Dynamic_Analysis_of_Pinned_Photodiodes.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021_Paper61_on_Pinned_Buried_PIN_Photodiode_Type_Solar_Cell.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021_Paper75_on_Invention_and_Historical_Development_Efforts_of_Pinned_Burie_Photodiode.pdf

FOSSUM AND HONDONGWA: REVIEW OF PINNED PHOTODIODE FOR CCD AND CMOS IMAGE SENSORS

A Review of the Pinned Photodiode for
CCD and CMOS Image Sensors
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frv), pous The PNP device defined as Pinned Photodiode o
by Fossum has the surface P+ region is floating ex
T ¢ with RC delay, actually causing the serious image lag. ;
i, This is a misleading and a fake paper.
Fossum did not explain the important detailed efforts ,
=== and achievements of Peter Noble reported in the paper, !7:
beretly | oo . wa
- [6] P.J.W. Noble, “Self-scanned silicon image detector arrays,” IEEE L
\ - Trans. Electron Devices, vol. 15, no. 4, pp. 202-209, Apr. 1968. :
An: on the active photo sensor with the built-in source-follower
o type 1n-pixel current ampllfler circult, a very 1mportant Th
saue element for modern CMOS 1mage sensors. e
aedd e . .
we w2 FOssum made many misleading and fake comments on e
| Hagiwara 1975 Japanese patent and SSDM1978 paper. |
# Fal  [24] Y. Hagiwara, Japanese Patent App 50-134985, 1975. ";:
ey [25] Y. Hagiwara, “High-density and high-quality frame transfer CCD
>4a imager with very low smear, low dark current and wvery high e
phoads blue sensitivity,” [IEEE Trans. Electron Devices, vol. 43, no. 12, [
e pie pp. 2122-2130, Dec. 1996. )
of [26] Y. Hagiwara, “Microelectronics for home entertainment,” in Proc. :.'
ESSCIRC, Sep. 2001, pp. 153-161. w
[27] Y. Daimon-Hagiwara, M. Abe, and C. Okada, “A 380Hx488V CCD "=
Laanry imager with narrow channel transfer gates.” Japanese J. Appl. Phys., by
s vol. 18, supplement 18-1, pp. 335-340, 1979, = »
71;:-'« Fossum failed to quote the first Pinned Photodiode P
.. patent application JPA1975-127646 and JPA1975-127647 |3
Pyl by Hagiwara at Sony on Oct 13, 1975 pnchs
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for the first time in the world.
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FOSSUM AND HONDONGWA: REVIEW OF PINNED PHOTODIODE FOR CCD AND CMOS IMAGE SENSORS
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This device is not Pinned Photodiode.
The surface P+ is flaoting with RC delay
without adjacent P+ channel stops
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Fig. 2. Complete charge transfer
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ﬁ'mp'mn:d photodiode. (a) stmuciure
including VOD (b) potential well diagram (from Teranishi et al., 1982)
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FOSSUM AND HONDONGWA: REVIEW OF PINNED PHOTODIODE FOR. CCD AND CMOS IMAGE SENSORS
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NEC paper wa publisbed. Horeever, the “namrs-gae™ CCD

with an open poiype e egos for improved OE abo

hnc bl i the 1075 spplicatos was reporied i more dictall

by Hapmears ot al. o Sooy in 107 [37]. A stk sirecioe

wcan meeed extermreely by Plelips (28]
——

Fossum failed to quote the first Pinned Photodiode
patent application JPA1975-127646 and JPA1975-127647
by Hagiwara at Sony on Oct 13, 1975

for the first time in the world.

In 1975, Hagiwara at Sony filed a patent application
on bipolar structures for CCDs in which a pnp vertical
structure was disclosed, among several structures
[24]. The top p layer was connected by metal to a bias

iy, oo e
[ device.
IENCE-

type Pinned Photodiode.

used to control full-well capacity and®he n-type base
layer was proposed for carrier storage.

Yes, this is the original definition of the PNP junction

The external voltage can also be grounded to get the
full-charge storage capacity and also the completely

qu Empty Potential Well at the reset time at the start of

plicazoe, the photo-charge integration time.
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I 1975 Hagesara sl Sooy hled a ee on o wed i T OIS APS deviees )
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s chacloscd, ammnp sevenl ducteres [24]. The Laver

wox :m.l.:n-nd.h mcial o 3 bos wsed b comimll fall-eecl
capacity asd the pype bee brper won propooed  for camier
sreage. |nsn el paper, Hagivsan, n 1996, revsiied e
1978 mvenimn asd clumed & was cascphallly de ievesien of
bth the virieal phass COCTr andl the MEC lew-lap stnsciures,
an vl m ik basn of the 5oy w-clled ~Hole Acoumelsios
Decsdie,”™ o HA D sinucture [25]. Hoswewer, the 1975 application
ddidl el mldress compleic charge trander. lap e ane-blosmng
properiies foumd motke NEC jos-lag deviee. ond does e
wxrn i comtoen ihe bull-on prieninl siep o charge tresier
divice asprris of the viriul-phos {170 Hyppeors mopeais
i chuires 1n o 36| paper (28] and sherers 2 YO sinsciare
thai n ook Soumd m ke 1975 paicsi applcsian. Sony &d
s srem in porae b HAD sinectere usil sl afier e

FIk in 3 sisgle soaece-inlirwer osiput ond ressl gaie ([3E],
[#]. In thes e conprnesis of the “norml™ 4T AFS prod
are movw gpresd wross 1 oor 4 piacls, making the ovenge
ramisier coent per piac LST 1757, or 15T deperdng on
ke degres of shannp asd siber cimet commomics. Fesdos
cucinl shaneg allews aiker mmprevermeni m 8l Ecor or pod
demaiy.

Croncepizally, ilemnisg for backside Smnation (EX1) ong-
izaied with silicos rpeis e videon mhes [40) Bscloods
illemirmiion of Ok - thal o, illemimlisg the device froen
ihe nide opposie the “front” side wilh metal winng amd tras-
wmiors — v bk reporied by Shorios o ol 4], [42] and osed
prmari by in sckmisic and defemes spplicsians fae cp. HE]L
[#4]. Exicnmn of ths cosoept o CHRES mroge sensors s
wappezicd carty [30] andl the Bk paioni apphcaiion on 2 ESI
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the 1975 invention

Fossum insulted Hagiwara 1996 by many false statements.

In an unusual paper, Hagiwara, in 1996, revisited

NEC paper wa publisbed. Horeever, the “namrs-gae™ CCD
dhwc b 1 thee 1975 IR WIs m more drinil
by Hapmears ot al. o Sooy in 107 [37]. A stk sirecioe
wcan meeed extermreely by Plelips (28]
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REVIEW OF PINNED PHOTODIODE FOR CCD AND CMOS IMAGE SENSORS

L]

NEC paper wa publisbed. Horeever, the “namrs-gae™ CCD
with an open poiype e egos for improved OE abo
hnc bl i the 1075 spplicatos was reporied i more dictall
by Hapmears ot al. o Sooy in 107 [37]. A stk sirecioe
wcan meeed extermreely by Plelips (28]

The PP as 31 = mosi commenly esed oy, beors the
sronges resemblance o the Teeamishi o ol LT OCD devies.
Thux, ikess days Terannhs is cossidiored = ke pramory isves-
ier of the maxdem FIPDF [ 29

ik Applcodion o CEOE Aoaw Poel fmoer Sonere

= 1993, 3 CMHOS sctive poocd emage snae | AFS) wath
igirs-pinel chage imnsfer was propossd by Foosum o al
ai FFL [H), [}] Pedormasce improvesesl uangp beckoods
tlemimien (ESL and 3 prmed phoindode won veppesicd
i B0 [3Z]. A CROE APS poed wih o FFD = showm
schemabicallly in Fig. & Sigeal chare aollecied by the pod
phcicdcicrion m trassiemed do 2 fostang & o (F whoss
poicnind & momireed by 2 sarce-foliower (5F) wiikin the
pael FIDois st by ranasior mscl sigeal (BST) peeor o
iramler and dhe surce-follwer = comecicd o the colemn
b e (O0L BUS) moeg o rorwe-seclect imesmioe I‘il'_LI-.

However, the 1975 application did not address complete

of the virtual-phase CCD.

1975 ipveriam asd claumed o was cxscniialily
bth the virieal phass COCTr and the MEC
an vl m ik basn of the Sooy sw-clled ~Hole

[endic,” o HAL sinsctuee [25). However, the 1975 application

&Mmﬂ:ﬂﬂ"h‘-t‘dﬂm.:ﬂmnﬂ
wxrn i comtoen ihe bull-on prieninl siep o charge tresier
divice asprris of the viriul-phos {170 Hyppeors mopeais
i chuires 1n o 36| paper (28] and sherers 2 YO sinsciare
thai n ook Soumd m ke 1975 paicsi applcsian. Sony &d
s srem in porae b HAD sinectere usil sl afier e

charge transfer, lag or anti-bloomin

the NEC low-lag device, and doed not seem to contain the
built-in potential step and charge\transfer device aspects

This is not true. The 1975 applications did show these features.

Fossum did not see Fig 6 of JPA1975-134985 by Hagiwara.
Fossum did not see the evidence shown in JPA1975-127646,
JPA1975-127647 and JPA1975-134985. Fossum obviously
did not read the three Japanese patent applications in
details to form the correct point of views. This paper has
many misleading incorrect explanations. A fake paper.

roperties found in

s Mn.;ibrﬁnlhﬂ'rq:m’mmiu {zctor or pud
demaiy.

Croncepizally, ilemnisg for backside Smnation (EX1) ong-
izaied with silicos rpeis e videon mhes [40) Bscloods
illemirmiion of Ok - thal o, illemimlisg the device froen
ihe nide opposie the “front” side wilh metal winng amd tras-
wmiors — v bk reporied by Shorios o ol 4], [42] and osed
prmari by in sckmisic and defemes spplicsians fae cp. HE]L
[#4]. Exicnmn of ths cosoept o CHRES mroge sensors s
wappezicd carty [30] andl the Bk paioni apphcaiion on 2 ESI
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NEC paper wa publisbed. Horeever, the “namrs-gae™ CCD
with an open poiype e egos for improved OE abo
RET hnc bl i the 1075 spplicatos was reporied i more dictall
by Hapmears ot al. o Sooy in 107 [37]. A stk sirecioe

wcan meeed extermreely by Plelips (28]
T 5F The PP as 31 = mosi commenly esed oy, beors the
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w arsx? The PNP device defined as Pinned Photodiode

e by Fossum has the surface P+ region is floating

s with RC delay, actually causing the serious image lag.
o This is a misleading and a fake paper.

AT

%8 Fossum did not explain the important detailed efforts

vl and achievements of Peter Noble reported in the paper,

Y

. [6]P.J.W.Noble, “Self-scanned silicon image detector arrays," |EEE

L ) Trans. Electron Devices, vol. 15, no. 4, pp. 202-209, Apr. 1968.

Y on the active photo sensor with the built-in source-follower

oy type 1n-pixel current ampllfler circult, a very 1mportant
element for modern CMOS 1mage sensors.

Fossum made many misleading and fake comments on

Hagiwara 1975 Japanese patent and SSDM1978 paper.

[24] Y. Hagiwara, Japanese Patent App 50-134985, 1975.
[25] Y. Hagiwara, “High-density and high-quality frame transfer CCD
imager with very low smear, low dark current and wvery high
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-
:,. blue sensitivity,” IEEE Trans. Electron Devices, vol. 43, no. 12,
- pp. 2122-2130, Dec. 1996.
K [26] Y. Hagiwara, “Microelectronics for home entertainment,” in Proc.
Sl ESSCIRC, Sep. 2001, pp. 153-161.
:.:'_ [27] Y. Daimon-Hagiwara, M. Abe, and C. Okada, “A 380Hx488V CCD
S imager with narrow channel transfer gates.” Japanese J. Appl. Phys.,
- vol. 18, supplement 18-1, pp. 335-340, 1979,
k . L] . .
- Fossum failed to quote the first Pinned Photodiode
“wl patent application JPA1975-127646 and JPA1975-127647
L °
o by Hagiwara at Sony on Oct 13, 1975

. for the first time in the world.



FOSSUM AND HONDONGWA: REVIEW OF PINNED PHOTODIODE FOR CCD AND CMOS IMAGE SENSORS
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Evidence that Yoshiaki Hagiwara at Sony in 1975 invented
Pinned Buried Photodiode with the complete charge transfer
capability of the no-image-lag feature and the Anti-blooming Vertical
Overflow Drain (VOD) in order to realize the completely-mechanical-
parts-free electrical Shutter. Hagiwara invented Electrical Shutter.

Japanese Patent Application JPA1975-127646
Japanese Patent Application JPA1975-127647
Japanese Patent Application JPA1975-134985

Japanese Patent Application JPA1977-126885

P1977 Narrow_Cahnnel _Transfer_Gate CCD _SSDM1977 Paper_by Hagiwara.pdf"

Hagiwara SSDM1978 Paper on Pinned Buried Photodiode.pdf

an invited Talk at CCD’79 Conference

"ADVANCES in CCD Imager " Technical Digest of IEEE International Conference

IEEE1996 Review Paper on_Sony 1980 One Chip FT _CCD_ Image_ Sensor

with_Pinned Buried Photodiode

an invited ESSCIRC2001 Plenary Talk,
"Micro-Electronics for Home Entertainment"
IEEE IEDM2004 Conference Short Course

Turorial Short Cource on Image Sesnors by Yoshiaki Hagiwara.pdf

an invited ESSCIRC2008 Plenary Talk,
"SOI Design in Cell Processor and Beyond"

Invited Plenary Panel Talk at ISSCCC2013 on Feb. 2013 on Image Sensors

"Multichip CMOS Image Sensor Structure for Flash Image Acquisition"

"'Simulation and Device Characterization of the P+PN+P Junction
Type Pinned Photodiode and Schottky Barrier Photodiode"
"Electrostatic and Dynamic Analysis of P+PNP Double Junction Type
P2021 ICECET2021 Paper61l on_Pinned Buried PIN Photodiode Type Solar Cell.pdf

P2021 ICECET2021 Paper75 on_Invention_and_Historical
Development_Efforts of Pinned Burie Photodiode.pdf



https://202011282002569657330.onamaeweb.jp/AIPS_Library/3_JP1975-127646_NPNP_triple_junction_Pinned_Photodiode_Patent_32_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/4_JP1975-127647_NPN_double_junction_Pinned_Photodiode_Patent_22_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/5_JP1975-134985_PNP_double_junction_Pinned_Photodiode_on_Nsub_Patent_7_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/6_JP1977-126885_Elecric_Shutter_Clocking_Scheme_by_OFD_Punch_Thru_Action_13_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/AAA009_P1977_Narrow_Channel_Transfer_Gate_CCD_SSDM1977_Paper.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/9_P1978_Pinned_Photodiode_1978_Paper_by_Hagiwara_7_Pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P1979_CCD79_in_Edinburgh_1979.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/10_P1996_Pinned_Photodidoe_used_in_Sony_1980_FT_CCD_Image_Sensor_9_Pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/11_P2001_ESSCIRC2001_Micro-Electronics_for_Home_Entertainment_11_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/IEDM2004_1212_Short_Cource_on_Image_Sesnors_by_Yoshiaki_Hagiwara.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/12_P2008_ESSCIRC_2008_SOI_Design_in_Cell_Processor_and_Beyond_7_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/13_P2013_ISSCC2013_Panel_Talk_25_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/15_P2019_3DIC2019_Paper_on_3D_Pinned_Photodiode_6_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/16_P2020_EDTM2020_PaperID_3C4_by_Hagiwara_4_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_IJSSA2021_Paper_20210616_on_Electrostatic_and_Dynamic_Analysis_of_Pinned_Photodiodes.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021_Paper61_on_Pinned_Buried_PIN_Photodiode_Type_Solar_Cell.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021_Paper75_on_Invention_and_Historical_Development_Efforts_of_Pinned_Burie_Photodiode.pdf

