001

i Matsk: REALIPHT/H1IUREH
REE: EEBREC (#2846, E-mail: kusakabe@nano.sojo-u.ac.jp)
# 4. )\EE= (AR :2886, E-mail: hatta@nano.sojo-u.ac.jp)

S O UNIVERSITY

5 4 N¥EFEEE GBESR)

s FEEIMERDIAITT . ENST. BHIC? ?

S AlE

H BF: 2022412 A 14 H ()K) 14:50~16:20 (4fEH)
& B TF7O7473FX(MBHE)3EM303, 306

F & SREXFEIFHFT/SA4IVRAFEH

mRe. =REXFERHREHR

*/R R




002

PA 55 K %

Matk: REXEIERT/Y1IREH
REE: EEBREC (#2846, E-mail: kusakabe@nano.sojo-u.ac.jp)
# 4. )\EE= (AR :2886, E-mail: hatta@nano.sojo-u.ac.jp)

SOJO UNIVERSITY

5 4 N¥EFEEE GBESR)

s FEEIMERDIAITT . ENST. BHIC? ?

CHIEFEMFREE (15EER) DE|AT
ERlo—&BzFAL T 04 TIHEIirL ﬂi'd'

Part Q1 1 Part Q2.1 Part Q3_
Part Q1 2 Part Q2.2 Part Q3_

Part Q1_3 o I 5 B
Part Q1 4

1 Part Q4.1 Part Q5 1
2 Part Q4.2 Part Q5 2

Part Q4 3 B Sk 5B




003

/&‘;f 7 K. T SMC Ii5s5R
*@Wﬁfﬁ%m%

K

=1

AN

= TN

CEFUARPORPK

[DANEN=FHH
K NHIDANK=H
EOH] IeRAXKER
Wrcom” HHBEHNERH
B VEREK S0
¥EERH (Fn=0)
HEZNEMIND N
ZNH | DN O M
257 03° cvocwrift)
HEH S BHH0OE HBWE
1 XKEZPIREPING
PRI H—N (B8
g) CEFVMER” &
EORBNmE NS

EnQ°
FOSOH TR

......

HHECIET SMCRIEEDIER |
BMESHMEL ., mBtLr:

’
!
;
ﬂ
l
b

#éws H Q iR Bk




004

e I S - &

oO2E (na®E) 12888 (xmB8)

NA 7 2K T SMC Ii5HR

*IEP"] "Gﬁ'e%%%ﬁ%

AN

=1

= TN

H Qi N
SNKE ¢ QERIIEET
MK EEHAIES TS
offi*s (FnReooo
EF) LUpend® XEkl
QAKX FVHEHIRK
RPN’
HHE R RS0
DO 14 1 6 43 H B 4 1
NQ° KRG LHT
J R0 DD (O
R NADAED—A)
B CRGEHRUET
32 048 NER
2P | { IRV
:3‘:? RG4S

A0 T&._f.,.

’

HECIET SMCRINEDIR |
BRMESHMREL, WML




005

R FA BN

oO2E (na®E) 12888 (xmB8)

HE

AN

=1

= TN

N T 2K T SMC Ii5iHR

RIEP "G‘ﬁ'e%%m%

TN TR D\ IR ESE
WEOHEPCnZ=oe
BES I—an-H NN
- — I S | AVEE

° HEEA) [ —=
e NN\ = XD ASE
SAERNEED [ XKEICO&
HESK O O a0l | AP
Eandyd®

HESOEIIIFSTTE
L el te BTl P e Rling. LS -l
117 oz oomERts
K¥ = ORI
edHEWE S — =S
QA FECOEMN
RSP oo o
B SRS TSP
R° KE{Ecom 2
= OIS RER e cac—
B, (o0 e3-%
FES SISO E-22°
O OXNNIEEESEH N
O =08t 2 NS
=0 ae

NEoESETS s W
S5 ERHED NS
21UV YEE SO0 —
NEZ0OFZJKWOEIEE
(= = 3 0) gEi+6

KﬂfﬂMMimﬁgt

HETIET SMCRINEDIR
BRMESHMREL, WML

Sk <& B © iR Bl SR




006

SO022F (g4 12388 (KxmB)

PR T AR

HE

AN

=1

= TN

N T 2K T SMC Ii5iHR

K E YT HEFGHE ¢

B0 O 22° mEmosisns
FORZ-290 | AUPERXOH2°
OFr ORI | SPFEI0S
— B EBOGSISI25Q T 3R
1AL 052 @°
HIQBRE N =OHP
HKE SR B EEIIBIET
ECreEIEE D7 HHEK
85 O BE S O MENT MBI NS
1@ [N ECHEESE | oF
RO N6 2 T I EKHTE| S
PR ERE s
"Q°

NIRRT [0S
I REENECQMIKRS ]
REASIRAISI N M N\ 34
FHEC OV v |0 P”
WOTIRGE ) LS O ST
ESRERST

I ThA\AEFESIL IS
W H-SEIKIISE S
2T T RO
| KEES2 O>H00D
R e =00
=-HoPEUPNNK--5NDK
B T 1S SEE

HECIET SMCRINEDIR
BIRERSHMEL . WBtLr-




























@®Sensor #ffTiC
B R4
LEL,

O—1F, AL
N el SR
EBEFEBRHBDHED?

QI EXKITTARTD
ERHMDEBETT,

OEEH L EEHKES.
BIE. £EQOFRY b,
HENIETELI L

J=_TE—X—H—
. ATMEEX T




007
HBEESADHRDESIE>TWARETAIAIHI I THKRIEE. TOHEATIZAD ?
b £ SONYDRERMA 1 9 7 54122 6 S CRBPUSIHEL -

(W] BARBEETZE(EUZVAR, R—ILABFYVITLIZIVUB | BEoBVEET S ¥ a VIEREZFEEICT S P+NPN Otriple
343 Pinned Photodiode (Sony Hole Accumulation Diode)

“EEEOM:HA sll=
THETEROA BIFREL DEBNREZKRFZHEMAL CMOS Image Sensor (CIS)

) 12:00 B T oA\ EholZERLE LR, Z0OENARKRECISH X T Z2ERERR
12/2(5&) 12:00 E2/E §B1303 @RS °
906 Emz;h / £ L TEGNEZReal TimeTEITTH5ENARERELRY £T,
TR, . ke _ R—ILVAETF v 7 L EE S -5 ERNES R T L (VAR) I
SPIPADTLEDY T (WIR) DF-IAR (03271 | © gmpgr@aon s, $EABTERELDDIATT,
ARA 2> O1LRY—=TJEROLIRO B—=)\ - J\U T 7 EER

FRhais H:%G:}lj:lJﬂ
—_— —

(1= A ] OEBTONS [R=)LA>TL—1 779
AT TL—]

AAN 2R B R—JLICE T=I)LoA VaEl>jz? E>TRRL?
B, BEEETIRMET =S (F
gD (8% - TOMS)
HwH—OWH (D—=)LEAYT) o1 —TJEfRER

B HA = AR MORB T —)LIC O S E=EE (IS5 ) OfinikL, —
RIZEMR—)INSA oamHcESICRAEBEC, E5A - P XAYVR LT YU—
(VAR) TOMEZENA-SIZ,

BREAMR—ILD AV (CNTWBS EHESN. [>T—)L] . AFE (Gavtil
FILD) DR ULIAATZEREERSH SN, BEROEFIC DN o7,




https://www.techgoing.com/qgatar-world-cup-2022-var-semi-automatic-offside-technology/

Evidently, the ball bottom point is touching at the ground point outside of the field line .
However, the ball is still on the line when looked from the top.

Qatar World Cup 2022:
VAR semi-automatic
offside technology

VAR at the 2022 World Cup in Qatar has 12 dedicated cameras.
These camera have the triple junction type Pinned Photodiode,
with the very high light sensitivity and the no image lag problem,
realizing very fast action pictures with Global Shutter Function

and completely mechanical-parts-free Electronic Shutter Function.
Hagiwara at Sony invented Pinned Photodiode in 1975 and
developed originally in 1978. See JPA1975-127646 applied on

Oct 23 in 1975 and the SSDM1978 Conference Paper reported

A . . . ""’"‘5&
by Yoshiaki Hagiwara at Sony in Tokyo Japan in Sept 1978. P

FIFA's use of VAR at the 2022 World Cup in Qatar will be different from the Premier League’s use with the
addition of a semi-automatic offside system. The new element uses 12 dedicated cameras that will track

the ball and all players to calculate their exact position on the pitch.


https://www.techgoing.com/qatar-world-cup-2022-var-semi-automatic-offside-technology/
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Concept of Artificial Intelligent Partner System (AIPS) proposed by Yoshiaki Hagiwara, May 2008
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http://icccas.org/

ICCCAS

May 5-7 2023

% % 2023 the 12th International Conference on
Communications, Circuits and Systems

Singpore

Yoshiaki Hagiwara is invited at ICCA2023 to talk on o IEEE

Advancing Technology

“Artificial Intelligent Partner System (AIPS) for Humanity

with Pinned Photodiode used for Robot Vision and Solar Panel”
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Chronology of Silicon-based Image Sensor Development

Yoshiaki Daimon Hagiwara, IEEE Life Fellow

Sojo University, Kumamoto-city, Japan

Introduction

In 1970, the CCD 1mage sensor was invented that provided complete charge transfer capability without image lag. The CCD
image sensors were intensively studied and refined [1-5]. However, the MOS photo capacitor used in the CCD image sensor

employs metallic electrodes which impede the short-wave blue light transmission.

Historically, the P+P doping variation in the base region of a bipolar transistor was first proposed by Herbert Kroemer in 1953
to realize the drift-field transistor for high frequency operations as shown in Fig. 1. The forward biased emitter-base junction
injects electrons from the electron fog in the emitter into the base. There, the minority carriers swiftly migrate towards the

collector thanks to the electric field induced by the P+P doping variation in the base region.
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Fig. 1: The drift-field transistor for high frequency operations, invented by Herbert Kroemer in 1953.
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Fig. 2: Reproductions from the Japanese Patent Applications of (a) the N+N-P+NP-P triple junction PPD, (b) the N+N-P+N
double junction PPD, and (c¢) the PNP double junction PPD.
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Fig. 3: (a) Top and cross-sectional views with the PPD type SiO.-exposed light-receiving windows; (b) the chip photograph
at both ends of the two-phase narrow-channel CCD analog delay line; (c) the output waveform showing the complete charge

transfer capability without image lag.
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Fig. 4 (a) Pinned-surface and buried-storage PNP photodiode: (b) spectral response of the blue-light sensitive imager; output

signal (c) without (d) with illumination.
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Fig. 5: (a) PNP double junction PPD developed by Hagiwara team at Sony in 1978: (b) PPD defined and shown by

Semiconductor History Museum of Japan, (¢c) NEC buried photodiode [17], (d) Kodak PPD [18]. (e) PPD reported by
Teranishi [25.26].
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Summary:

The article reviews the chronology of development of the double and triple-junction pinned photodiodes. Steps towards

achieving the excellent short-wave blue-light sensitivity are emphasized.

The world’s first double junction type buried photodiode was invented by Philips on June 9, 1975 while on Oct 23, 1975,
Sony invented the triple junction type pinned photodiodes, with the pinned surface P+P barrier field to realize excellent QE
for short-wave blue light. The pinned photodiode with CCD-like complete charge transfer capability and with the no-image-
lag feature is used widely for modern CMOS image sensor applications. Sony invented in 1977 the global and electronic
shutter structures and their clocking schemes. In 1987, Sony developed the completely mechanical-parts-free image sensor of
fast-moving action pictures. Historically, the P+P doping variation in the base region of a bipolar transistor was first proposed
by Herbert Kroemer in 1953 to realize the drifi-field transistor for high-frequency operations. In 1970, the CCD image sensor
was invented that provided complete charge transfer capability without image lag. However, the MOS photo capacitor used
in a CCD image sensor employs metallic electrodes which impede the short-wave blue-light transmission. In 1975, this
problem was solved for image sensor applications by using the pinned surface P+P doping variation to enhance the short-
wave blue-light sensitivity in the PNPN triple-junction photo thyristor pinned photodiode, which preserves the CCD-like
complete charge transfer capability without image lag in the blue-light transmission. Double and multi junction type pinned
photodiodes with the excellent QE for the short-wave blue-light spectrum may have a possible application for future solar

cells by using the low-cost silicon crystals.
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(a) Normal Global Shutter Mode (c) Analogy of Potential-Profile and Rubber-Belt
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Fig. 8: (a), (b) Global shutter clocking schemes for CMOS image sensors: normal global shutter mode, electronic shutter
mode; (c) the electrical potential profile of the P+PN-PN+ triple junction type PPD in the photo thyristor switch-on mode and

in the integration mode.
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Fig. 9 (a) The equivalent circuit of double junction pinned photodiode type solar cell, (b) the cross-sectional view and (c¢) the

two-dimensional potential profile with a completely-depleted buried N- region of strong electric field, guiding photo electrons

swiftly into the heavily doped metallic N+ chare collecting region.
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Fig. 10 (a) The cross-sectional view and (b) the potential profile of a multi-junction pinned photodiode type solar cell; (c) a

color-filter-less color image sensor; (d) a combination of a color-filter-less color image sensor and a solar cell.
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The drift-field transistor for high frequency operations, invented by Herbert Kroemer in 1953.
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The drifi-field transistor for high frequency operations, invented by Herbert Kroemer in 1953.
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Figure 1, Artificial elligent (A1) Image Sensor Stnacture with Three Basic Parts
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(12) NPN3#EA&Transistor & (3 ?

The drift-field transistor for high frequency operations, invented by Herbert Kroemer in 1953.
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T =

Fig. 2: Reproductions from the Japanese Patent Applications of (a) the N+N-P+NP-P triple junction PPD, (b) the N+N-P+N
double junction PPD, and (c¢) the PNP double junction PPD.
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End
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16.7 MSEC g time vOoD >> 0

Fig. 8: (a), (b) Global shutter clocking schemes for CMOS image sensors: normal global shutter mode, electronic shutter
mode; (c) the electrical potential profile of the P+PN-PN+ triple junction type PPD in the photo thyristor switch-on mode and

in the integration mode.
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r— Vesiv)

(a) (b) (c)

Fig. 2: Reproductions from the Japanese Patent Applications of (a) the N+N-P+NP-P triple junction PPD, (b) the N+N-P+N
double junction PPD, and (c) the PNP double junction PPD.
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Figure 1, Artificial elligent (A1) Image Sensor Stnacture with Three Basic Parts
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