SONY- Fairchild Patent War (1991-2000) on Pinned Photo Diode with Vertical OFD
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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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%m#!img‘ Case(l) Hagiwara Diode 1975 ( Sony HAD ) Application

with a Charge Transfer Device ( @ CCD type CTD case )

defined in Hagiwara 1975 Jap Patent 58-1215101
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a thanking signature from Sony Chairman (Mr. Ohga),
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including Sony President Idei , Sony Vice President Morio,
\_Sony Top Executives Takahashi-san and Hori-san and other . ;
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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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See Hagiwara Japanese Patent Application ( 50-134985, 1975)




Old Boys of Sony Semiconductor Group support that
Hagiwara at Sony is the true inventor of Pinned Photodiode.

#{i 201947 H 26 H

R ERICB VT, BEEAENHERS AL A -0 NETFTHD,
Pinned Photodiode ORI, & & SONY OB EBE T, SN REKH
1976 SEICHE L=, BLFO 380 B EXENIFNEORMTY

B8 50 — 127646, B3 50— 127647, B% 50— 134985

DAEOMFOEEMICE, — OSSR TRES  Interline Transfer istdd CCD
Image Sensor i~ GG TE S EBRLTvET, CMOS Image Sensor (= ¥ i JH 7T i
cE<BERHSATVWET,. REEREOERIESMNICBR IS <2 LoTH

J =¥k OB &

mrem LA DAY
w2z )| X &2
migek HO ﬁ‘; ,% 7.

The Pinned Photodiode (Sony Original HAD sensor) Structure

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

HAD (Hole Aecumulation Diode) ®
RN B 72 rr 2 MERN for Japanese Patent 1977-126885 by Hagiwara
HAD Sensor ) A 431F 1975134985 ) ki B —— —
2O 1977-126885 TG Mk 10g
@12 M

S
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i 1977-126885 Fig,12
Electric Shutter Mode
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1975-134985 Sony HAD = VOD +PPD
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Difference of Buried Photodiode and Pinned Photodiode

Figure 5 does not have the P+ channel stop nearby.
Buried Photodiode

mYy B-o—#-o-m 1. o9 (L rper tman1) v

Te = [ e Bectros 410 -
. | of PO (Laperimasi] -
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-
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h I o l'" \ =
z / ib st Fisld e %
Serious Image Lag Problem 2 f 5 &ﬁ,,‘k - g,

L~ s
d Flerd

NEC IEDM1982 Paper \K, 3

Floating _, G

0 5 0
ody TG Chonnel Potential (¥r

: There is still image lag
N at the CTD gate voltage more than 10 volt.

P‘Lnyer-\x
p- Substrate,_/____\ Fig-6. Storageable eclectrons vi. transfer gate channel
| porential, and decay lag vs. transler pgate

{ ull ; channel potential in the P'NP- structure

No P+ Channel Stops photodiode
P*NP- structure photodiode
(a) Unit cell cross sectional vew

NEC IEDM1982 Paper reported Image Lag

Figure 6 shows that there is still image lag at the CTG gate voltage of > 10 volt.

s

Fig.5.

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

[ Indeed, Hagiwara invented PPD with VOD ] The surface P+ layer

is NOT connected to
and the wrtual charge transfer in 1975 !! the LOCOS P+ layer.

»  The surface P+ layer
Sony HAD (PPD+VOD) does not use LOCOS !!! may he floating and

A Review of the Pinned Photodiode for this photodiode may
CCD and CMOS Image Sensors have serious image lag.
Eric R. Fossum, Fellow, IEEE, and Donald B. Hondongwa, Student Member, IEEE ai—-se

Many people now sald thisisa fake paper !

C. Other Contributions to the PP lmvention

IEEE BOURNAL OF THE ELECTRON DEVICY

Serious Image Lag ?

NOT
connected

Falae: pots fomd i o 1 lrkg i, e
The PPD structure, whike imvented for low lag ILT CCD 3p- ¢\, seem to contain the built-in potential siep and charge transfer
plication, shares a stroag resemblance 1o the Hyneoek virtual: device aspects of the virtual-phase CCD. Hagiwan repeats

phm{‘mmwt,-imh:mmnm:\m._n::: chaims in 2 2001 pager 26] 0d shows 2 VOD

inventioas were solving differcnt problems with
same device siracture and operating pranciples.

In 1975, Hagiwara &t Soay filed a patent application on
bipolar structures for CCDs in which 2 pap vertical structure
was disclosed, among several structunes [24]. The top p layer
was conmccted by metal 0 a bias wsed 1o control full-well
capacity and the n-type base Layer was proposed for camer
storage. [ an wnusual paper, Hagivana, in 1996, revisited the
1975 inveation and claimed it was cxseatially the imvention of
both the virtual phase CCD) and the NEC low-lag strctuses,
as well as the basis of the Soay so-called "Hole Accumalation
Diode;” or HAD structure |25]. Howeser, the 1975 spolication.

that is oot found in the 1975 patent application. Soay did
ot seem to parse the HAD structare entil well after the

NEC paper was published. However, the “namow-gate™ CCD
with an open ptype surface region for impeoved QF also
disclosed in the 1975 application was reported in more detail
by Hagiwara et al. at Sony in 1978 [27). A similar structure
was wsed extensively by Philips 28],

The PPD, a it is most commoaly used today, bears the
strongest resemblance to the Teranishi et al. ILT CCD device.
Thes, these days Teranishi is considered as the primary imven-

tor of the moderm PPD (2]

Fig. 4. Example of a pinncd photodiode implemented in a CMOS image
semor showing doping concentrations. (Dimensional usits are microm |

Hagiwara in 1975 invented PPD with VOD and the virtual charge transfer.
Study the Japanese Patents 1975-127646, 1975-127647 and 1975-134985.
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Albert J.P. Theuwissen, Jan T.J. Bosiers, Edwin Roks, “ The Hole Role “,
an invited paper at IEDM2005, Washington DC, Techn. Dig. , 2005.

therr surl'acc potential is mdcﬂned !
Such a structure will suffer from charge transport issues during
operation, because charge can be trapped in local potential

W

A simple self-aligned implant of 2x10” /em’ boron ions is . \\\\\\\\\\
sufficient to extend the channel stop areas to the gate edge and pnﬁ wl

presence of enough holes plays a crucial role in fixing the

potential for the regions “beyond control” of the gates. (Is this  Figare 3 Cros secton of s brechamel (D on 151 e clung

P /
pockets, The effect can be solved by deﬁnlng the potential n p‘-ﬂm ll/l/ll/l/ll/l/ll’
the open arcas through an extension of the p channcl stopper.

consequently fix the potential in the open areas [2]. The result

after this self-aligned mplant is shown in Figure 3. The Dﬂﬁlﬂlﬂ

sinucture the mother of the pinned photodiods o buried Tiode 8o gl o (D s
or Ho|c-mmmum acwcc !) i e '

[2] Y. Daimon-Hagiwara etal., Proc. 10" Conf. on Solid-State Devices, Tokyo, 1978, pp.335-340,

@ ELECTRICALENGINEERING

Difference between Buried Photodiode and Pinned Photodiode

What is the difference between Buried Photodiode and Pinned Photodiode? | understand that the P+/NP

structure where the P+ and P layers have the same potential is the Pinned Photodiode. So what is the

buned Photodiode?
httpsi//electronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode

This is a commonly misundersiood misused set of lerminglogies.

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 cant make an amray with this
design though

Pinning, refers to fermi-level pinning or pinning 10 a cerlain voltage level Or also the forcing or prevention
of the fermi-levelvoltage from moving in energy space

You can Qet surface state pinning from the dangling S¥SI02 bonds providing trapping cenlers. A buned PD
(Photodicde) has a shallow implant that forces the charge camers away from theése surface traps. The
SUSi02 surface coniributes 1o increased leakage (dark current) and notse (particularly 1/ noise from
trapping/de-trapping) So confusingly a buned PD avoids pinning of the fermilevel at the surface

A pinned PO is by necessity a buned PD, but not all buried PD's are pinned_The first Pinned PD was
invented by Hagiwara at Sony and is used in ILT CCD PD's, these same PD's and the principles behind
thes 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 circutt and f designed property will dran all charge out of the
collection region (accomphishing complete charge transier) An interesting side effect is that the
capacitance of the PD drops 1o eflectively Zero and therefore the KTC noise ¢, — 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 edded this Answer to ara-san's contribubion. it has been incomectly atinbuted
Efummﬁrm;n%mm}




Sony's Representative Inventions Supporting Stacked Multi-Functional CMOS

Image Sensors

https://www.sony.net/SonyInfo/ News/notice/20200626/

Pinnéd Photodiode Adopted for Back-Illuminated CMOS Image Sensors

Hoteranons

(1) M. Hamasski, T Surck, ¥. Kegewa, K. lshikawa. K. Miyils and H. Kambs, “An IT-CCD imager
with elactionically varable shuller speed” | Technical Repori of The instiuie of Image informabon
#nd Telrvision Engineers. vol. 12, no. 12, pp. 31-38, {10488)

(3] ¥_Hagiwara Japanese Patent JP1 076134005

I.'u] Y. Haghaatn, M. Abe, and C. Okada, “A 380H x 488V CCD mager with narrow channel translor
gatles”, Proc. Tha 101k Confsrancs on Solid Sista Davicas, Tokyo, (1078} Japanses Journal of
Appliad Phiyeics, vol. 18, Supplaments 10-1, pp. 3135-240, (1079)

(8] i. Hapno, M. Shimada, ¥. Nakada, ¥ Hisals and Y Hagew rm "Bingle Chip Colod Camera Lseng
Marrow channgl CCD Imagsd &ith Dwad Flow Diain”, Technical Hepoi! of Tha Inalils of Image

Informatcn and Television [nginseis., vol 5 Ao 20 b

Image Sensor Story

Sony original 570H x 498 V one-chip FT CCD Image Sensor with Pinned Photodiode, July 1980 | | These figures shows (1) Excellent Blue Light Sensitivity (2) Low Surface Dark Current
and (3) NO Image Lag Features of the P+NP junction type Pinned Photodiode.
i (

I
{

| "B I i

P+NP Junction Pinned Photodiode

200t Taage Signal]

Low Surface Dark Current
g

o e )
Figure 2 Cross Section of the CCD charge
Transfer Region with the PHNP junction
tvoe Pinned Photodiode (PPD)
1o e

CCD Complete Charge Transfer
and No'\mage Lag observed

On July 1980, lwama Kazuo at Sony Tokyo Press Conference and Morita Akio at New York
¥ith tmage Bignai]

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; ju

Japanese Journal of Appllied Physics , vol. 18, supplement 18-1, pp. 335-340, 1979

et rase Tims)

w

-m:.“ lengrh ::
Figure 13 Spectral Response of the
High quality picture of SONY CMOS Imager i also based on SONY HAD  inned Photodiodel.| ey i T A0 Pt ilion S Pl




O EBHREDAHX HomepageDEEHICIEIERREBINHYET ?
http://koueki.jiii.or.jp/innovation100/
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MO S (Metal Oxide Semiconductor) B2 h.LTHEHTE.

19704F|CBoyle&Smith (X84Bellii7FF) H*C CD (Charge-Coupled Device. BEHSAERT) £RRBLES, WaH
BETHD, AP Y—DEIEKRRET L REEIETIOICRLTLS L, TRER(ICCC DI
!ﬂibnr.._d:bu—: -fx—-yt'./tl m&muaccou.:mr.. 1970FEFL S BEROPLEEERICES T,
. ; : MESERESUS TSI EINT SRR

#—;t—:ﬁn—r-uarM’&:ML,m-—. 1979fE(CIZSHTR{E— (88 NE C) . BIRRALT AMICERL. R

YRR R BEH T BUBHA T A M1 A— K (Pinned Photodiode) ZRIALES, TNSOBE, CCDRETA—
E—%, SIZMEI) D 7 SHIAT AR & EGHBE UCMESTIC LS. SR8 7

The N+PNP junction type Dynamic Photo Transistor Structure
Pinned Photodiode and Sony Hole Accumulation Diode (HAD)
with the vertical overflow drain (VOD) function
invented by Hagiwara at Sony in 1975

Light

jSiOZ N+ Sio2
el T PSR

=

27 —
h+ P h+

[]

Hagiwara’s Lab Note at Sony in February 1975

In 1975 at Sony, Yoshiaki Hagiwara filed three Japanese patents JPA1975-127646, JPA1975-127647 and JPA1975-134985

on the Pinned Surface Photodiode with the VOD function which is later called as Sony Hole Accumulation Diode (HAD).
Hagiwara did not file a patent on the SiO2 device isolation but this lab note shows that Hagiwara had an idea of

forming the Shallow Trench Isolation by the Local Oxidation Method, which was hinted by the LOCOS isolation in 1970s.




Semiconductor History Museum of Japan

Q‘I‘o search page
1975-80

Improvement of photodiode for image sensor
(Sony, Hitachi, NEC, Toshiba)

~ Discrete Semiconductor/Others ~

https:// www.shmj.or.jp/english/pdf/dis/exhibi1 005 E.pdf

Photodiodes are used for photodetectors of image sensors. In 1987, Sony introduced a 2 / 3-inch,
380,000-pixel CCD image sensor (ICX022) using a new type of photodetector, now called a Pinned
Photodiode (Sony named it HAD: Hole Accumulation Diode)[1].

The Pinned Photodiode is a photodiode in which the entire N layer is covered with a P layer. The part
of the P layer on the light incident surface is heavily doped P+ (Fig-1). Kodak named this structure
Pinned Photodiode in 1984 because the P + surface of the light incident surface was pinned to the
substrate potential. This device has features such as high light sensitivity, wide dynamic range, image
lag free, much smaller dark current due to reduced influence of GR center on the light receiving surface,
and no white scars.

In 1975, Sony proposed using a PNP transistor as the photodetector[3]. By providing a P + layer
(emitter) for the light incident section, the sensor electrode that covers the entire light receiving surface
of the photodiode can be eliminated, greatly improving the light sensitivity. This P + layer was also a
proposal to reduce the dark current and image lag which became the basis of the pinned photodiode.

in 1978, Sony presented a 93,000-pixel FT (Frame Transfer) -CCD image
sensor compliant with the Analog TV Broadcasting Standard (SDTV) for the first time in the world [5],
using the photodiode with the same structure as above. Sony succeeded in 1981 in trial production of
a VTR-inlegratled color movie camera using a 2 / 3-inch 280,.000-pixel FT-CCD image sensor by further
improvement of this technology [6).

:
i

deesssagnann

i

[Photo Diode
Fig-1 Recent Image Sensor with Pinned Photodiode

References:

[1] M. Hamasaki, T. Suzuki, Y. Kagawa, K. Ishikawa, K. Miyata and H. Kambe, “"An IT-CCD imager
with electronically variable shutter speed”™ | Technical Report of The Institute of Image Informaltion
and Television Engineers. vol. 12, no, 12, pp. 31-36, (1988)

(3] Y_Hagiwara, Japanese Patent JP1076-1340086
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Applied Physics, vol. 18, Supplements 18-1, pp. 335-340, (1979)
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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 1975-134985)
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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@avzna.av.crl.sony.co.jp

Subject:testimony3

Cc: msato@saccd.semicon.sony.co.jp,ochi@av.crl.sony.co.jp
X-Mailer: Eurora-J(1.3.8-J13)

BEEoZTI0ET,

rh R B I E A S De-mail Zforward L £ 9
BILLLDIZE b 57,

SR % FSVE LT
HOREH ZE0F Lz,

2) SONYOFZRERItEE, Mm%, IHHPTRIZH LT
KEFAEDOBE S A S IEIE SNBSS/

sfe s sfe s sfe oo sfe oo oo oo oo ofe oo oo oo sfe oo oo sfe oo sfe oo oo sfe sfe oo sfe sfe sfe sfe sfe sfe sfe oo sfe sfe sfe sfe ofe sfe sfe sfe sfe sfe sfe sfe sfe sfe sfe she she sfe she she sle s s sk sk

>X-POP3-Rept: nanae@avzna
>Date: Tue. 6, Feb 96 06:48:53 JST

>To: m-morio@cv.sony.co.jp, takahasi@rd.sony.co.jp,
>hashi@re.sony.co.jp,tyamada@dpo.crl.sony.co.jp

>Cc: ochi@av.crl.sony.jp,
>msato@saccd.semiocn.sony.co.jp,nanae@av.crl.sony.co.jp

>Subject: testimony3

>From: &% %< <ochi@av.crl.sony.co.jp>

>X-Mailer: Winbiff[version 1.50 betal]
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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
skskskskskskskskskskskskskskskskskskskskskskskskskskskshskshshshskshshshshskshshshhshkkkkkkdk
> Hi, Albert,

>

> how are you ?

> I am very mad at Fossum’s 2014 paper

> which I found just a few weeks ago.

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

> Pain’s work at JPL CalTech

>on theGlobal Shutter CMOS image sensor ...
>

> Yoshi

sie sl sfe sle sfe sfe sle sfe sfe sfe e sfe sl she sle sfe sfe sl e sfe sl she sl sfe she sl e sfe sl she sl sl she sl sfe sl sl she sie sl she sl sfe sl seshe siesle sk sk

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

> Albert,

>

> 1 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

>

> Yoshi
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From: albert theuwissen

Sent:. Tuesday, July 10, 2018 6:55 PM
To: hagiwara-yoshiaki@aiplab.com

Re: How are you ? from Yoshi of Sony(Hagiwaral80710)
ksl sk sk sk sk sl sk sle sk sl sl sl se sl sl sl s she e sl sl se s sl s s she sfe sk sl she e s s she she sl s s she sl s sk s she s sk sheske ok

Dear Yoshi,

Good to hear from you, although it is not all good news
you are sending to me.

Can you tell me the reference of the Pain paper ?
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 I do know that the discussion

about the inventor of the PPD is very sensitive,
and I do agree with you that the structure

you developed is indeed a PPD,

maybe not called that way at that time and

also invented for some other purpose.

But it still remains a PPD !

At Philips, in the late *70s a very similar structure
was implemented in the CCDs, this was before

I joined Philips in 1983.

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

I fully agree to that.

Looking forward to hear from you,
Regards,

Albert.
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" PA 1980- 138026 Japanese Patent on Buried Photodiode by Teranishi.

This is NOT a Pinned Photodiode Patent.

Buried Photodiode (BPD) is not always Pinned Photodiode (PPD).

This patent includes the Fig. 2 case of the completely depleted surface P region
which is not by definition Pinned Photodiode (PPD).

1980410 A28 H
10H 1] Lz $ 39
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Pinned | /: Feye 3 > doped ,.  Figure3
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Lightly : ] can be
Doped ’ easlly
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Surh(c“ ! '/ . NOT Pinned h“':“m b ! ] NOT Pinned
Potential p N : P floating P i N i P

INEE2ZEREZEZILL TEMESE S ERENTHIN, ERICEEEZTE D BT EICEHESLEREE
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BRE(CTG) & DRRLIBEOFARRICL Y | AR N B HRIERE L 22D TEMMBIRONTLE 5, BffEEEE
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FHIZEmETE RV, LNTBRENEL D, £EEBDEL S Photodiode 13FEFHEIZ L Y Pinned Photodiode
Tix7e\, H#HiAFA Photodiode id:44F L & Pinned Photodiode Tid72WY, fie LT Z D NEC ORFFZ
Pinned Photodiode D%#FF Tl 72\,

JPA1975-127646 and JPA1975-134985 IEDM1982 NEC Paper has Image Lag

i Drift Field Transistor Difference of Buried Photodiode and Pinned Photodiode

*F ; VB Figure 5 does not have the P+ channel stop nearby.
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Hj—g'“"“' roin “’\r J’}: t;(tcrounded Floating . e .
SR N ngh O e cE / = T . - \ — n There is mll muge lag
A AD - “'\ No Surface Dark Current /—° ~ i N at the CTD gate voltage more lhan 10 volt.
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i1 i .with NoImage Lag
3) No Image Lag, Complete Charge Transfer; features; Figure 6 shows that there is still image lag at the CTG gate voltage of > 10 volt.
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Figure 2 of this JPA 1978-138026 patent above shows that both of the surface P region and the Buried N
region are completely depleted. The surface P region is evidently not pinned. The buried N region is not
pinned by the surface potential. Figure 2 is not evidently Pinned Photodiode. Figure 3 shows that the surface
P region has enough holes, more than the total impurity atoms in the total buried N region. However, the
surface P region is not by necessity connected to the external voltage and can be floating evidently. There is
no description about a pinned surface P region in this JPA 1978-138026 patent. Figure 3 is not by necessity
Pinned Photodiode. This JPA 1978-138026 patent is not Pinned Photodiode patent. For Pinned Photodiode,

the surface P region must be connected to the external wiring or by the adjacent P+ channel stops region.
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