& Sony DFKJEBIEA Pinned Photodiode M3EEHE T B iEHLIX T
D 1975 4 10 H 23 B S JPA1975-127647 OFE[EX 7 &, 1975 4F
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Pinned Photodiode & i1, ZNtEAEEEBE TV IED S, 230, #HA
HILD Photodiode & EEINE T, LFLD 25D 1975 FEHFEAFTFOE
FEBIRINZIE, ZREAE 1RO i, 23D, BREEBIIHEAALE TY,
10 Z OERHIKICIL, BECESEMEEBELR D, ZEPR2VWEDL
R TWET, (EREREEREE L AEREEREORELRBET,



Sony ZALE TOBRRFORMELIRY KV | SEREHEOZTHIEMII /-7, FEENZHERE CMOS 4 A —T k¥ —
DOEWOFA L TN a2 X2 HRFHR Y =—DFRFIZHOWT, #iHZ L TWET, o T IEERAR CMOS
A A=Y —IZ8H &7z Pinned Photodiode| 2377 &41, ATFTO L S IZFEL I L TWET,
https!//www.sony.co.jp/SonyInfo/News/notice/20200626/

[V =D A= —ORADELRIT, <X CCD OFETEINDIES, FTH Pinned Photodiode (3, G
CMOS ¥ —DMEnN LICH BT 28 CH ., ZDR L WRHROREL 2t , ¥ =—I1% 1975 4. EmHHo
N+NP+NP #&%I0 Pinned Photodiode (PPD) %Z#:H L7 CCD A A—T koW —% R L7~ (HERZ 1975-127646,1975-
127647 HERIT), FFEZFOEELZ £ M VOD HRA— S—7 0o — R LA ) ¥EREZ >, PNP #4858 PPD 2% L7z (B
5 1215101 5 FEREE), Y =—3Z D%, A A ATHIAREINC LV RV P+OF ¥ RV A by FHEE £ OSOLEE I
ik L7= PNP #2850 PPD i A L7 7 L—A h T v A7 7 —8I CCD A A— % I —OFHRIEIC R TLHRO TREI L,
1978 EDOFETim L &% L1= (Y. Hagiwara, M. Abe, and C. Okada, “A 380H x 488V CCD imager with narrow channel
transfer gates” , Proc. The 10th Conference on Solid State Devices, Tokyo (1978)), 1980 4E|Z1% Y =—|%Z ® PNP 847 PPD
ERALEVCF o TFDOTL—bL T AT 7 —CCD A A=V Y —% o720 AT (KB VTR OFRMEICKT L, B TIEY
FEEREOEBN, =2—3—7 TEREOKHERFEHTEES R EZ L TR ZE 70, 1987 1213 Y =—I%, VOD (A4 — N —
Tu— RLA V) BREEZFD A A U ATIABEANNC LV RV PH+OF v RVA by TR E £ OG5 ER L7z PPD]) %A
VHE—=F A HEER CCD A A=V Y —IEHA L 8 SV ET A L a—F—DRFRICHII L, ©F 48 AT O
L7z, ORI BREVELZRTEHENTE 2 PPD OHEMNRS b HERAE CMOS A A—Y2 o —ICHR A ST DS, |

Flo, PEEEEABROBELIEL Y =—DFERIZOWT, UFO L I IZHMHEZ L TWET,

https://www.shmj.or.jp/museum2010/exhibi1005.html

M975 4, Y =—M»n5 PNP h T U VAKX 2561 LT BN Sz [3], =% PHE(=3 v #)icT
HZECRORERD T+ N FA A — RO X H ICEmBALE HIHT D & o Y — BTG 2 278 5 MBI/
<72V, ZICRE & Kiglcm ESW7, 2% PHEIZT 2 2 L I3 FEMICHERERG 2R T 2 8B
T4 MNEAT— ROERERDIERTH T,

Fo V== 1978 #, R UH#EED 7 4 b F A A — REHW=T7 17 TV &g (SDTV) %t 9.3 HHH
FT(FrameTransfer)-CCD A A —Y v P2 R THIOTRELE [5]l., ThEaRESEZ 213 4 FH 28
B3% FT-CCD A A —Y v ¥ a2 HW=, VIR — K8 h T —L—E 7 A7 OFIEIC 1981 A2 kh L= [6],

23 R

[3] #KJF B, “MEARIRGIEE". Frifatl B 58-46905 (1975 4F 11 J 10 H Hi#)

[5] Y. Hagiwara, M. Abe, and C. Okada, “A 380H x 488V CCD imager withnarrow channel transfer gates”,
Proc. The 10th Conference on SolidState Devices, Tokyo, (1978): Japanese Journal of Applied Physics,vol. 18,
Supplements 18-1, pp. 335-340, (1979)

(6] #&¥F Zh, SH W, HHEERE. FEITE, HREK, “Fr—F vV CCD Bk 77— AF7 7L B
U a VRIS, vol.5, no. 29, pp. 32-36, (1981)

F 72, Delf K% Prof. Albert Theuwissen | IEED EDS F{#&?» IEDM2005 D@3 T Y =—DFHIZOWN
T, LFOXEIICHHAL, 2D 1978 D Y =— DR DZIAEE N KD PPD & N #0#HIAZ PD & YV =—
® HAD OAEAZDHi(the mother) L B L T ET, & SONYDFHEUIP PDORIIHTH 5 F2 PR
L=t oTd, HRH7Z: Image Sensor D FEL I WF2EH 35 L T2 Fiham LTI,

http://[www.harvestimaging.com/pubdocs/089 2005 dec IEDM hole role.pdf

“A simple self-aligned implant of 2x1013 /cm2 boron ions is sufficient to extend the channel stop areas to
the gate edge and consequently fix the potential in the open areas [2]. The result after this self-aligned
implant is shown in Figure 3. The presence of enough holes plays a crucial role in fixing the potential for the
regions “beyond control” of the gates. (Is this structure the mother of the pinned-photodiode or buried diode
or hole-accumulation device ?)

[2] Y. Daimon-Hagiwara et.al., Proc. 10th Conf. on Solid-State Devices, Tokyo, 1978, pp.335-340,
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R DOEAZIT 2014 42D Fossum D Fake Paper NEKETH 5,

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

Indeed, Hagiwara invented PPD with VOD
and the virtual charge transfer in 1975 !!

|

The surface P+ layer
is NOT connected to
the LOCOS P+ layer.

J

TERE JOURNAL OF THE ELECTRON DEVICES SOCIETY, VOL. 2 NO. 1, MAY 2044

Sony HAD (PPD+VOD) does not use LOCOS "

A Review of the Pinned Photodiode for
CCD and CMOS Image Sensors
Eric R. Fossum, Fellow, IEEE, and Donald B. Hondongwa, Student Member, IEEE

Many people now sald thisisa fake paper !
1o the PPD I

False

U

False mfound in the NEC low-lag device, and does not

C. Orher Ce

The PPD structure, while invented for low lag ILT CCD ap-
plication, shares a strong resemblance to the Hynecek virtual

LW ; seem to contain the built-in potential step and charge transfer
device aspects of the virtual-phase CCD. Hagiwara repeats
phase CCD structure, mﬂnlkcmcpumofdx VOD. 'lhcnm = S : :

claims in a 2001 paper [26] and shows a VOD structure

inventions were solving di with
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

that is not found in the 1975 patent application. Sony did
not seem to pursue the HAD structure until well after the
NEC paper was published. However, the “narrow-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

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

Serious Image Lag ?

NOT
connected

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 Thu\ M days Teranishi is considered as the primary inven-
Diode.” or HAD structure [25]. However, the 1975 apoplication. -adwmmm]

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

was used extensively by Philips [28].
The PPD, as it is most commonly used today, bears the

10 the Teranishi et al. ILT CCD device. Fig. 4. Example of a pinned photodiode implemented in a CMOS image

sensor showing doping concentrations. (Dimensional units are microns ).
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fham & LC, NEC @ IEDM1982 D 3L D5 Y54 1 KODAK @ IEDM1984 O XD HF 1 H A4 D PPD

TlEdH Y FH A, SONY OFJFF —A1F 1978 42D SSDM1978 D 3L T, I THID THEML D A D PPD
%Z FT 7720 CCD Image Sensor ([ZEH LZ OJFEEEICAIIL (1) BXEERE (2) BIRRmE SRS
Rk & (3) BIRFRGFEZHME LE Lz, S 5121987 FIZIFFF OB EFME T — L TH S, SONY Dkl
F— LT THIO T4 VOD #iE & 1 Shutter BERE A £7->, P+NPNsub #5780, A% 0 PPD 4 ILT 5
. CCD Image Sensor (2 L, ZOJFERIEICKY) L DENTFEEZHRE L £ L1,

Buried Photodiode

Floating Surface P+ region
- ——

Pinned Photodiode

Pinned Surface P+ region

N

Depletion Roglon

\-——__

Serious Image Lag Problem

NEC IEDM1982 Paper
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b l ?E j _E_
7 P

= E

SONY SSDM 1978 Paper

Pinned

NT

No P+ Channel Stops and Serious Image Lag

Floating P+
=Si
== Cw=
) p-Substrate
SONY 1987 HAD Sensor KODAK IEDM1984 Paper

@SONY DZEHE T HAY D PPD T, ONEC & KODAK O t#E 713 PPD TH ) £HA,



@Image Sensor I3 2 DOFEEH R, ZHFK T (LRD) L EffEELER (CTD) THEINLVET,
ErEsEE ( CTD = Charge Transfer Device ) % (1) MOS# CTD (2) CCD # CTD (8) CMOS
A CTD ¢#{L LE L7z, —FD%XFEF ( LRD=Light Receiving Device ) X (1) N+P #4&%! LRD
(2 MOSEERLRD (3)P+NPNsub #4&4#! LRD L # kL E L7, L TFIZZFDREFEROHHE T,

(1) N+P#EGHZHFETFIZ. REON+ENEMENL R I, EOBMINZEREBICR Y ELR
BRERESRFRRL 20, BBRICEBRAEL, TNRETAIRA T OBMBRRRERY FE LT,

(2) MOS FEEDZNFFII. EREM CEMNESHEBOIALNBDOEZVEMEEET 5 Z LT
BBLRY, TR bEMEE (CCDERE mode ) BNEHL., BROLVIBATFRELRVEL
7o L>L, MOSEEHTIIVY a VREICRWVERSAEL, ARCKERNIZRE L. BEEN
ZLWEWNWS B RERHY E LT,

(B) FZTI19T54EHRERME (LLSONY) 1T, 3-o0EFLHELZDH THEIKR (Nsub) & P+NP
#4& @ Dynamic Phototransistor ROZ R FEZRALE Lz, ZHEFILTZ DO P+NP #E5D
Dynamic Phototransistor @ base fH? N B2 BEMEEMBE LE Lz, BRICZOZARFITED
A%HAY Photodiode &FEIIND L DRV £ Lie, £ OFEDOKFHE 1975-134985 Tiix
HREDPREZNBERETF CEE, EUVIEDTHIZLEZBRLELL, TOREXIEVIEDH I
7% WRFIXRIC  Pinned Photodiode EFEEN D X D22V LT, REAOPRERAEYVIEDH I
T licky, #iAHZ N BDZEZ{LEN (Empty Potential Well) & B2 IEDEE S, £ DOIIA
H NRBOEEEBEL VIEWEM T, BETIEMBEELER (CTG) WMEFEMEMVERTERL
TRTOEFEMEZRCERY | BET 2EMBEEE (CTD) ~EBMBETHZ EAFRELERD
FlLiz, TORR., ZORAEDOPRENSE 1D E 7z Pinned Photodiode i%., BRED RV BB %
BT A LENFRELE RV E L, EHIZZDOFKIED 1975 FEDREFF THRENBR L 72 EHK (Nsub)
IZ P+N P#& @ Dynamic Phototransistor Zk L 722 R I, ZDORER. P+NPNsub #4574
® dynamic BifET A5 AV RF—BETHLHVELE, AU RF—DXUFANV—EMETHEHD
AHBNRBOBMZEY 7 LR T _TEMNK Nsub ~@E HI. #5! Overflow Drain (VOD)BSEE %
BELR > TV AZARBRTFORHATLH Y £ L, HFITZOFER VODMREEZFOPPD%EZ
D 1975134985 THHAL E L7, BIC1 98 THIZSONYIZIZDOVODFEPPD% Hole
Accumulation Diode (HAD) & FEOVE L7z,

@1975 FF DR 1975-134985 DH THIREM (b & SONY) 1%, CCD HERMEEERFITH CMOS #E
FEEEEBEICLEA SN T3, P+NPNsub #4® dynamic photo transistor BIDZHFEFEREHL F
Lz, BIZFETIX VOD #%#EfH & Pinned Photodiode ( PPD ) & FEIEN 55 XKF T, MBICRRE K
2D, REKERSD R L ORGP ZEEITR <, VOD #EE L EF Shutter BREZ FFOXNHE T T,
@1978 FITITFKIR - FIiB - A D 3 41X P+NP 6= R F(PPD)ZHA L7 FT XD CCD DJFEER
YEICERZI L. SSDM1978 THARK L ¥ Lz, SONY iX 1980 £iZiXZ @ P+NP #4532 :% F(PPD) 2
F L7z, One chip FT CCD # 7 —H X ZIZFHERIEICERII L, ER CAMEfE) & New York (BHSE)
CTRIBEESAZABR LRAERA YT A A Z0ORMEE SONY R bENTAZLEZ2ESLELE,
@ Z DFKIRD 1975 FFZHAD P+NP #ARZHFR T4, £D% 1982 Fi2id. NEC HiBfE L, 74T ILT
FHD CCD 28 LHALA! Photodiode & FFOVE L7z, L LEBBRMEDH S data Z8ELE Lz,

@ Z DFKIRD 1975 FFZHAD P+NP #AHZHFR 7%, £D% KODAK HiBHEL., 1984 42X ILT F=
® CCD IZH A LE DRt % %4533 L, Pinned Photodiode (PPD) & FEUNE L7, 7B ENHV X LT,
O SONY [IZIT 1987 FiZiX, ERIZEB DRV, VOD ik & &+ Shutter #8E % &> PPD % ILT 53X
CCD BA LM EE, »oFDERE(IZHKRTI L, Hole Accumulation Diode (HAD) &4 317 % L=,



1990 4275 Image Sensor DFFFFERFREIZE L, HKFRITZDORAZ L L THLGORFFEFo T,
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SONY- Fairchild Patent War (1 991 -2000) on

£, KM

2 g b, % gg
| &= =
11114%
3 EERES:
i J

From Japanese News Paper, July 16, 1996.

1996 £ 7 A HH TR EHR» S

(2000 % 1 AXERME TR&ERYE 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 overflow drain (VOD) ended.
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25 ERREE L. HAAROBESLRAHSHERE KT,

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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Fairhihild #t & ORFFEGFORKFEZ 0> TRE S A EEHHOSHEZTEL,

@Sony AL KB ERE

/" 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,




