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P+ Pinned-surface Six-Mask
P+PNPP+ Double Junction Solar Cell
with high-energy ion-implantation
for the buried N channel formation

Conventional Low-cost Four-Mask
N+PP+ Single Junction Solar Cell
without high-energy ion-implantation
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Intel 1971 NMOS Transistor
with Self-Aligned S/D formation
by ion implantation method
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Japanese Patent Application JPA 1975-134985
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CHRONOLOGY OF SiLicON-BASED IMAGE

Sensor DeEvELOPMENT

Yoshiaki Daimon Hagiwara, IEEE Life Fellow
Sojo University, Kumamoto-city, Japan
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2: Reproductions from the Japahese Patent Applications of (a) the N+N-P+NP-P triple junction PPD, (b) the N+N-P+
and (c) the PNP double junction PPD.

3FDHERL I, PhotodiodeDFiiwh* L > Y L EBIHEF CEERELC Y BHINTLEIEZHARLTVLET,
22 IEEE Electron Devices Society Newsletter ) Janvary 2023



R RBILKE FFEF (1964~1975)I1C. BBICALTECHDFEZE D Fairchildtt & INTELHE ZBIER L. SV aAVYNL—HPRRTIEEZRTRATL,
Z L TINTELHL D% L WHEBGRIERMT 220U, 197 55 1 AICIRESE. SONYICAtt, SONYDBipolar TransistorE ERffiZ £~ FICL T
BAREOXEARZNFEFZ21975F3A5HICERELI0A23HICEANSFLER2 L, ZDRHF TSONYDEEEXE S R R EFHT-,

" i ?
IEEE Fellow® 4
3 % i 3 ‘} ,;\ 4?,»; ‘:t’
b g
b IK s M
4 { ' J¢ ) ‘“x } £l 4 }xi § |
i 5] ML i i“'lfl-'f} Lo B vyt

FLVETORUMIERI(ESTRR AN

' RIEEE Fellowit 5 X h ¥ L /

A ER L BB
CDNMEM LB Y

SONY- Fairchild Patent War

ik | pPASNKALTIRBR IR T

Y 1 ) A
b @ & 48 by ) \ P I a8 My M g p ;
$ ; 4 f ! H } ¥ : T e A f) | f 'p!‘k ’:‘)" § 4 f, ] '5 },ﬂ[ (:‘% { 1

\
o
0

hd
o

w Mot SOmMORTE |

npP

9

nned Photo Diode with Vertical OFD

S

© I tsaET Ry S

9 AT ACHRNGS

-

i

SARRRG T
BHCHRTIRS-IC ¢

Rt =R

* EANSATRODBANE
" NeU SICRBARR -

B0~ Shsie

3 B-|IFRSE JICNE
OOOMERENRAT + | ARREOUITOMSER | Brsl 4N\ BU-0

S PCTRAVEmIH-I

2 Qeli=y |1 A

Dre
ws Paper,

From Japanese N

~
~
-4
<
a
e
¢

1996 £ 7 8 B PRSI0, S
(2000 % 1 AKERBASE TREEG Y = — B

in lanuary 2000, the US supreme court made the

2, &

SHRRFO00

IO Sony ci And the

HCRATREORISH | - RIS ACENTRE

N - -0 | R399 (000) 1Y
WENSHACEIT | DOOIR- <) AR | ROYADRSNORHG

Ve
I Patent War on t

w i

<
4

tical overflow drain (VOD

]
—

% HHET A0t Mo .

'y
o

NOSHCRRVESSN | & 3

YETRE NG OEROD

WA BERBOCIRRY | 73 UN K STCREER | Joro vy CRNBYER

(RONRLADENESS | FROEES CABEON 1) ~IN FERAN-U
REARHASNIND | [

<R | INRO00

ROOOSEE) &=I1C 2t
SANAEORIG!

o

BRYIBOTEA 4

by W8 S AU o
ACHY 7

R
ERAER N OGRS

SN TS




Certifics thit

Yoshiaki Daimon Hagiwara

has been clected to the grade ot

for pioneering work on, und development of,

solidsstate imagers.




[+
L]
-
&

i

LMY Folectsid Potinst e (15312000

E q

K

[ By e T

1
|

Semiconductor Company President Award 1999

CEH eSS
L. (i EaEEe Ty
" e SRR -

AR L

B-1-ENED e -
B
LY (PHEEE
i R
|- o AT
WD o) ST

]

= G-k .‘h.rm"“x‘.'

T TR R -
!dﬁmnML

w el SR R S

3 ﬂm:r.

T ———

-

&
=
]

1999
SC President Award
TuttZ2ax Ay b

(.0 H i { A j? ;?g}? “F ~ ) —
FRRWEE S5 LR

C R
(PO W I ARNEEETENSRE ) - B8

&
-

Tkl pi=LE

i

ST s O

AR TAEET
EETER A g :
SO | B-iS JT

% B-ART MR b=

AR AR o -1 BESE

Mol LPETAe0T | FRIEEE kel

m#-'-"}l 3oy

Ty SEEREOSE | chh e i SR
=S PSR

Te-ll AR | e

o SRR e

odgdn | |

i T i 0T
AT [ ;

L rRRCCDIZMLToESRSD -2 Ly
Hi¥m¥iibyTREK !»M T
VL 'lﬁ- 3 ;:)_;r.! o }m it AnEL S
LT B AvA ﬁ’ # W B - B Defense -
HwT t ise:& R %L *nTszL ,».*;
"'w“m.ﬂill‘*wt'? Pl S B A&ﬁi\.:;.&
i { R A 4'" £ ‘f
Lol ZCliemahek s 42 L85k L
2000418108
R ¥ o

ITPFB LSO B Ry b T B s
w il ey Sl 'f:' e - M L R 8 TR Y A

Sl " i

& T L

‘\.




ey ey W LI 20y REIXCALIECHO 57’ FairchildfL CINTELfL ZR/IER L, VAV NL—ERT 3R 2B THAT,
% L TINTELH OFT L WHBHEISEINE¥ T, 19 7 5% 1 BICIRER. SONYICA#, SONYDBipolar TransistorE BRI % £ > | 1= L ¢
BAREOFEFZINKEF 4197 55385HICEEL1082 3 HICEINGFHEZ L1z, Z O CSONYDEBIE S 2 R %5 - 7=,




W e
’ij'(@%/f{;r{.gj\l: 7 Ty

R L T4 @wz.fir((x%}srmn £OTT,
;imzr/m 1:107 K&t 4% K o0
At A Rz BT Lt £ 1 TR TS F5e

JJ

4

e \’lw«
f*—*é’"?‘»w‘g%ﬂ

£

:"'L{ 7 /ly——v"; A

%%-_" ;
«-,\:ﬁ’ Ke

P+ PNPP+ double junction solar cell with pinned-surface and pinned empty-potential-well
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Figure 16. Two types of Double Junction Solar Celis in comparison.
(A) (B)

P+ Pinned-surface Six-Mask
P+PNPP+ Double Junction Solar Cell
with high-energy ion-implantation
for the buried N channel formation

Conventional Low-cost Four-Mask
N+PP+ Single Junction Solar Cell
without high-energy ion-implantation

(Mask01) P+ Channel Stop
(Mask01) P+ Channel Stop (Mask02) N+ Charge Outlet
(Mask02) N+ Charge Outlet (Mask03) Buried N Channe
(Mask03) Metal Contact ‘
(Mask04) Metal Wire

{Mask04) Pinned-surface
(Mask05) Metal Contact
(Mask06) Metal Wire
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