Who invented Pinned Photodiode ? Who invented Electric Shutter function with no image lag feature ?

Sony invented in 1975 and developed in 1987 the Anti-Blooming Electric Shutter in Pinned Photodiode.
Hagiwara invented Pinned Photodiode in 1975. Sony developed Pinned Photodiode in 1978 for the first time.
Sony also developed in 1987 the PNPN junction type Pinned Photodiode with Electric Shutter Function.

Pinned | Low Surface | Blue Light } Photo Sensor | Buried PN junction | Pinned Photo Sensor} Anti-blooming

Frionty R/D Efforts by Surface | Dark Current] Sensitivity] Structure | Memory Capacitor] Nolmagelasg | Electric Shutter
(1)1970~1974 | Buried Channel CCD | Bell Lab] YES NO NO mos+NP | YES YES NO
(2) June 9,1975 |JPA 1976-65707 | Philips | NO YES YES PNP NO

(3) Oct 23,1975 | JPA 1975-127646

(4) Oct 23,1975 | JPA 1975-127647
(5) Nov 10, 1975 | JPA 1975-134985

(6) Sept, 1978 SSDM1978

NO NO
YES YES YES N+NP+NP] YES YES YES
YES YES YES N+NP+N YE YES YES
YES YES YES PNP YES YES
YES YES YES PNP NO YES NO
NO
e
YE YES

S

YES

(7) Oct2,1980 | JPA 1980-138026 | NEC | NO YES YES pnp | YES
(8) Dec, 1982 IEDM1982 NEC NO YES YES PNP YES
(9) Dec, 1984 IEDM1984 KODAK| YES YES YES PNP S

Only Pinned Photodiode with the pinned surface can have the Electric Function with no image lag feature.
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e+ttt bbbttt bbbt bttt bbb bR
Who invented Pinned Photodiode ?
Hagwiara at Sony invented Pinned Buried Photodiode in 1975.
Who invented Electrical Shutter for the film-less digital imaging modern world ?
Hagwiara at Sony invented Electrical Shutter in 1975.
Who invented Global Shutter which is needed to surpress the Rotary Shutter Effect of the CMOS image sensors ?
Hagwiara at Sony invented Global Shutter in 1975.
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https://202011282002569657330.onamaeweb.jp/AIPS Library/JP2020 131313 on Doubel Junction Pinned Photodiode Solar Cell.pdf
https://202011282002569657330.onamaeweb.jp/AIPS Library/JPA 2020 131313 Japan Patent 6818208 on Pinned Photodiode type Solar Cell by Hagiwara.pdf
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(4) Fig.7 of JPA1975-127647

M+NP+N junction Pinned Photodiode
with Global Shutter and Electric

(3) Fig.7 of JPA1975-127646
MN+NP+NP-P junction Pinned Photodiode

with Global Shutter and Electric
Shutter Capability with no Image Lag.
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Shutter Capability with No Image Lag.

(5) Fig.6 of JPA1975-134985

PNP junction Pinned Photodiode
with Vertical Overflow Drain (VOD)
and Empty Potential Well of Complete
Charge Transfer and No Image Lag
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(6) Fig.6 of SSDM1978 Sony Paper

PNP junction Pinned Buried Photodiode
with the heavily doped channel stops

L |

Pinned Buried Photodiode with Vertical Overflow Drain (VOD) and Electric Shutter Function
invented by Hagiwara at Sony in 1975 and developed by Hagiwara Team at Sony in 1978.



Toshiba 1978 NPN photodiode with the vertical overflow drain (VOD) with image lag problem
(7) NEC 1980 Buried Photodiode (BPD) with the floating surface P region with image lag problem
(2) Philips 1976 Buried Photodiode (BPD) with the floating surface P region with image lag problem
(5) Sony 1975 PNP on Nsub type Pinned Photodiode (PPD) without the vertical overflow drain (VOD),
realizing the electric shutter function and the no image lag feature (JPA1975-134985)
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Difference of (8) NEC Buried Photodiode (BPD) with image lag problem,
(9) KODAK Pinned Photodiode (PPD) with the LOCOS isolation
and (6) Sony Pinned Photodiode (PPD) without the LOCOS isolation. But,
Sony used the high energy ion implantation and the Lamp Anneal method which
was invented and developed by Kazuo Nishiyama at Sony (JPA1981-30113).
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There is still image lag
at the CTD gate voltage more than 10 volt.
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Pinned Photodiode B2 X[ZFEDIEER  JPA 2020-131313
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(A) Pinned-Surface and Buried-Storage
PNP Photodiode with Adjacent Channel Stops

(B) Spectral Response with Very High
Short-Wave Blue Light Sensitivity

e

relative re.

wave Jlength (nm)

(C) Signal Output with No Light
showing Very Low Dark Current Feature

Without Image Sign

(D) Signal Output with Input Light
showing No Image Lag Feature

Yoshiaki Hagiwara, Motoaki Abe and Chikara Okada, “ A 380H x 488V CCD Imager with
Narrow Channel Transfer Gates”, Proceeding of 10t Conference on Solid State Devices,
Tokyo 1978, Japanese Journal of Applied Physics, Volume 18 Sup 18-1, pp. 367-369.




1996

Thank You Message from
Sony Chairman Ohga
to Yoshiaki Hagiwara
for the contribution
to Sony Victory
on Sony-Fairchild Patent War

Newspaper describing
Sony Victory
on Sony-FairchiId Patent War

n Pinn ed Photo Diode with Vertical OFD

1996 £ 7 B BRI TRFMIBED S
(2000 4F | A KRN & TRAHRAE Y = —BiF)
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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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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History of Semiconductor Devices

MOSFETO) Roj Bipolar Transistor @ ANIF Y - 1)
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I 1063 RCA by Mrl Noble in 1966
TIHIAPAN 2257 ( T1 and SONY
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1966 NEC M4, —& T9—TvR Secr Ic 19674F F.L.J. Sanster
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I | 1975 Sony Hagiwara | -
Moore) i original) JP 1975-134985 $CCo %‘mxﬁﬂ(ﬂo)
ID3TIC DRAM RS 1965 Intel JP 1975-127647 1970 Boyle and Smith
1970 Intel l
SONY HAD FT CCD Imager BCCO M RE X EW (cTo)
| mamos Tranetor | [ 1978 soNY Hagiwara 1974%F Boyle and Smith
) 171C DRAM BAFF e 1970 18M |
1971 GI
| NEC Buried Photodiode ( = SONY HAD) @IEDM 1982
VD MPU O RGHE KODAK Pinned Photodiode ( = SONY HAD) @IEDM1984
e °”:;7”: ‘G'l"“‘""@“ 1971 Intel SONY HAD Interline Transfer CCD Imager with VOD
i D ool THIGVI 1987 SONY
MOS Scaling )
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1975 T with Back Light lllumination and Global Shutter Function

Electric Shutter Patents : JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885

Hagiwara 1975 patents showed Features of No Image Lag ,
Empty Potential Well and Complete Charge Transfer
of the double junction Pinned Buried Photodiodes.

(a) Pinned Photodiode defined
in Fig. 7 of JPA1975-127647

Fig. 7A e

wos 3

(b) Pinned Photodiode defined
in Fig. 5 and 6 of JPA1975-134985
Metal Contf}is gp_t,io,'nal
%5 @ Y

# M Pinned

: Cérhplete :(gharge Transfer
i Wwith no Image Lag

i iEmpty Potential Well

NEC IEDM1982 paper was not Pinned Photodiode by definition.

Difference of Buried Photodiode and Pinned Photodiode

Figure 5 does not have the P+ channel stop nearby.
Buried Photodiode
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NEC IEDM1982 Paper reported Image Lag

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




Hagiwara Yoshiaki Profile

(1) https://www.sangyo-times.jp/article.aspx?ID=5331
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Pinned Photodiode invented in 1975 and developed in 1978 by Hagiwara at Sony
Pinned Photodiode with Pinned Surface

Pinned Photodiode with Pinned Surface

with the in-pixel surface metal contact wiring

and also Pinned Buried N storage Region
with no image lag problem
invented in 1975 by Hagiwara at Sony
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Si02 i |
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J_— See JPA1975-127646, 1975-127647, 1975-134985,

with the adjacent P+ Channel Stops Region

and also Pinned Buried N storage Region
with no image lag problem
developed in 1978 by Hagiwara at Sony

Excellent Blue Pinned by Surface Metal

Light sensitivity Contact at g.‘.hip Edge
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J_— See SSDM1978 Paper by Hagiwara Team at Sony



Difference of PIN Photodiode and P+PNPP+ Pinned Photodiode type Solar Cell

Surface P+P Doping Engineering
gives Surface Band Bending

pd N
—7 Load
_L_-I Flat Floating N+ Surface and
- Poor Blue LI%_‘t Sensitivity
P+ \ N+ LD (e
T - B \

Intrinsic Silicon

Wide Depletion Region
with Electric Field Everywhere

P+

L

s

to create Surface Barrier Electric Field
enhancing the photo electron and hole
pair separation at the silicon P+P surface.

Pinned P+P Surface and
Excellent Blue Light Sensitivity —
[ ]

No Electric Field
and No Leakage
Current at the Edge

.

Wide

Double ’
Depletion

Region

Electric Field
at the Edge

P}

N+i;| {}P+

with Serious
Leakage Current

PIN Junction Photodiode type Solar Cell

Pinned Photodiode type Solar Cell



Difference of Single Junction Photodiode and Pinned Photodiode type Solar Cell

e N

Surface P+P Doping Engineering
gives Surface Band Bending

A Load
— A
Flat Surface and

Poor Blue Light Sensitivity

7
!
/
/
/

/
/
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No Electric Field and All
Photo Electron and hole Pairs
are recombined to Heat

P+

L

___

No Electric Field
and No Leakage
Current at the Edge

Wide
Double
Depletion
Region

Narrow
Depletion
Region

Single Junctic;l Photodiode type Solar Cell

to create Surface Barrier Electric Field
enhancing the photo electron and hole
pair separation at the silicon surface.

Excellent Blue

Light sensitivity z '
[ ]

N+i;| {}P+

Pinned Photodiode_type Solar Cell



KizEtHE L TOIRATIE. #€kD PIN £7-(3P+NN+®Single & KX[EE
ZREDP+HREEZRBEILTHI LICLY

I

ZRED B EN7-PNP Double ##E&Pinned Photodiode I3 &AL WEHFEFELEHTT H,

PIN + SEREWRERRIFTHS.

—

] Blue Light |_

ﬂ P+ \”_
Intrinsic Si
or N-type Si
N+

Chip Edgei=
BRIFLELL
=850

N

1.1 eV L FOXKEHKIT
) aAVEREATIE

KEZBRTELLDT
RiERt XD T £/

Eith & DRRRE & DEITFER?

RAEDOP+PREZ&EILTH I LICLY
P+REQEIC L Y Band Bending®#h 2% #|A L - A BT

N

Blue Light

Si02

P+ < ~

="/

N- BICE2EZt ‘

hy FTRREDDH S,

L

P+

N+'

: I/T J_
P+PNPP+ Double &

P+IN+ ¥ 7=l P+NN+ @
Single IE&E D
TITE;Ea)j(F’JJ_EBl —

Load
_f_

Pmned Photodlode i



Difference of Floating Surface Buried Photodiode and Pinned Photodiode
Pinned Photodiode with Pinned Surface

with the in-pixel surface metal contact wiring

and Pinned Buried N storage Region
with no image lag problem
invented in 1975 by Hagiwara at Sony

Excellent Blue

Pinned Surface

Light sensitivity |
Si02 i |
[e-e- |V P+ I i
i S fmmmmm- A
P :
l\ :
\ €- N- Pinned Buried Storage :
v i
\‘ __________________________ - |
P-type Si
P+

J_— See JPA1975-127646, 1975-127647, 1975-134985,

Buried Photodiode with Floating Surface

with Floating Buried N storage Region
and the serious image lag problem

without Adjacent Channel Stops Region

Floating Surface
with RC delay to

E llent BI
xeeren ue P substrate GND

Light sensitivity
Si02 ‘
e-e- |\ P+ ] i
[P 2T ]
P I
M !
\ €- N- Floating Buried Storage :
\\ :
\‘ __________________________ =J
P-type Si
P+

J_— JPA 1976-65707 by Philips, JPA1980-138026 by NEC



Difference of Buried Photodiode and Pinned Photodiode

(a) Floating P+ Surface Completely Isolated (C) Completely Pinned P+ Surface with RC=0
by the extended depletion region with Surface Direct Metal Contact.
cCTG
CTG

CTO

S#02 ; —

P-type Substrate P-type Substrate
(b) Floating P+ Surface with RC Delay Time (D) Completely Pinned P+ Surface with RC =0
of the finite ohmic substrate resistance (R). with Adjacent Heavily Doped P+ Channel Stops

CTG

CYG

Doplotion Region

..........................................

......................................

P aype Subatrate

P-type Substrate




Who invented Pinned Photodiode ? Who invented Electric Shutter function with no image lag feature ?

Sony invented in 1975 and developed in 1987 the Anti-Blooming Electric Shutter in Pinned Photodiode.
Hagiwara invented Pinned Photodiode in 1975. Sony developed Pinned Photodiode in 1978 for the first time.
Sony also developed in 1987 the PNPN junction type Pinned Photodiode with Electric Shutter Function.

Pinned | Low Surface | Blue Light } Photo Sensor | Buried PN junction | Pinned Photo Sensor} Anti-blooming

Frionty R/D Efforts by Surface | Dark Current] Sensitivity] Structure | Memory Capacitor] Nolmagelasg | Electric Shutter
(1)1970~1974 | Buried Channel CCD | Bell Lab] YES NO NO mos+NP | YES YES NO
(2) June 9,1975 |JPA 1976-65707 | Philips | NO YES YES PNP NO

(3) Oct 23,1975 | JPA 1975-127646

(4) Oct 23,1975 | JPA 1975-127647
(5) Nov 10, 1975 | JPA 1975-134985

(6) Sept, 1978 SSDM1978

NO NO
YES YES YES N+NP+NP] YES YES YES
YES YES YES N+NP+N YE YES YES
YES YES YES PNP YES YES
YES YES YES PNP NO YES NO
NO
e
YE YES

S

YES

(7) Oct2,1980 | JPA 1980-138026 | NEC | NO YES YES pnp | YES
(8) Dec, 1982 IEDM1982 NEC NO YES YES PNP YES
(9) Dec, 1984 IEDM1984 KODAK| YES YES YES PNP S

Only Pinned Photodiode with the pinned surface can have the Electric Function with no image lag feature.




