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State Award of the Republic of Armenia for Global Contribution
to Humanity Through High-Tech

YEREVAN — The 15th award ceremony for the Republic of Armenia’s State

Award for Global Contribution to High Technologies took place today.

Prime Minister Nikol Pashinyan, President Vahagn Khachaturyan, representatives

of the legislative and executive branches, and other guests attended the event.

PM Pashinyan presented the award to Japanese scientist Yoshiaki Damon

Hagiwara—founder of the AIPLAB consortium and president of the

' . X ‘ LOCOMTEC AIPS Laboratory for Artificial Intelligence Partner Systems.
‘ https: //globalltaward am/en/news/ dr.-hagiwara-s-visit-to-armenia
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CHrRONOLOGY OF SiLicon-BASED IMmAGE
Sensor DeEVELOPMENT

Newsletter Yoshiaki Daimon Hagiwara, IEEE Life Fellow
Sojo University, Kumamoto-city, Japan

https://eds.ieee.org/images/files/newsletters/Newsletter Jan23.pdf See pp.22-31
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Figure 10. (a) The cross-sectional view and (b} the potential profile of a multijunction pinned photodiode type solar cell; {c] a color-filter-less color im-
age sensor; (d) a combination of a colorfilterless color image sensor and a solar cell
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Sony Bipolar Transistor type Double Junction Solar Cell

for Future AI Robot Vision Chip Applications
Yoshiaki Daimon Hagiwara

Sojo University, Kumamoto-city Japana

2nd International Symposium on Integrated Circuit Design
and Integrated Systems
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“Sony Bipolar Transistor type Double Junction Solar Cell

for Future AI Robot Vision Chip Applications”

Yoshiaki Daimon Hagiwara, . .
Sojo University, Kumamoto-city, Japan R aipsHFLFT

|[CDIS2025 Yoshiaki Daimon Hagiwara.pdf
|CDIS2025 Yoshiaki Daimon Hagiwara.mp4

Key steps of development of silicon-based image sensors are reviews and
explained chronologically. And different aspects of the image sensor
chip design are discussed. Historical Sony Bipolar Transistor and

Image Sensor Technology and Chip Design Efforts are explained in details,
that gave a strong hint and motivation for the author's new challenge

on the Sony P+PNPP+ Double Junction type Photodiode for Solar Cells.

ABSTRACT
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IEEE Life Fellow,

AAIA Fellow,

Caltech Distinguished Alumni
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Armenia Global High-Tech Award 2024 Laureate

Yoshiaki Daimon Hagiwara, Ph.D.
https://www.globalitaward.am/en/laureates/yoshiaki-daimon-hagiwara
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A 380H x 488V CCD Imager
with Narrow Channel Transfer Gates

Yoshiaki Daimon-HAGIWARA, Motoaki ABe' and Chikao OxaADA'

Longer Wave Length Light (0.5~0.7um) has almost 100% QM (n=1 ) in Silicon.
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Fig. 2. cross sectional views of the electrode Fig. 13. Spectral Response of the photosensors.

This is the first original PNP Pinned Photodiode developed
in 1978 with the excellent short-wave blue light sensitivity.

Hagiwara at Sony invented and formed the adjacent P+ channel
stops to pin the P+ surface, using high-energy ion-implantation.

This PNP double junction Pinned Photodiode structure can
be used for a solar cell with a very high quantum efficiency.

Sony SSDM1977/1978 Photo Sensor Device

Gate Oxide thickness 0.13 um
13 -2

QM100% (n=1’) Line

The
plantation mask, boron ions with the dose

level of 2x10'3 cm™? are implanted into the
silicon substrate throughout the exposed por-
tions of the thermally grown oxide. This step
provides self-aligned channel stops which sur-
round the narrow-channel transfer part of each

electrode. The gate oxide thickness is 130 nm
throughout the device.

The
transfer efficiency of the vertical and horizontal
shift registers are more than 99.995% per
transfer. And high image resolution of 280 TV
lines/p.h. (Horizontal) and 350 TV lines/p.h.
(Vertical) have been obtained.

The typical dark current level is less than 3%

of the maximum signal level at the room tem-
perature of 20°C. The spectral response of the
imager shows that this inherently SiO, exposed
structure has high enough quantum efficiency at
450 nm wavelength and functions as a color
imager with high sensitivity.
The typical dark current level is less than 5 nA/
cm?. For the particular device reported in this
paper, the ion implantation dose of the buried
channel is taken to be 1.7x 10'* em~2.

Pinned Photodiode type Solar Cell JPA2020-131313

Gate Oxide thickness 0.13 um

Surface P region 2x10 cm

2

2
Surface P region 1x10 cm

12
Buried N region 1.7 x10 cm-

Buried N region 4.26 x 10"%em 2

14
P substrate region 5x10 em®

" 14 3
P substrate region 1x10 cm

20 2
Backside N+ region 1x10 cm

20 ¥
Backside N+ region 1x10 cm =
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1. f A=t ﬂ@ ﬂ ﬂ
2. 4 A=t OES LB — — ——i—

¢
Res:

*****

3. [ A=Y DOEFEE
4. A A= OBERE

5. R\ A—D Y& ?

Light Light 2 Liaht Licht
10 e B0

Si02 Si02 Si02 Si02
N+ N+ P+ P+
N N
P P P P
N
—l— J__ _l_ ‘Vdd Front-illuminated CIS Back-illuminated CIS
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1. A A=t YElE

i1l i &

Image Sensor Size

1/3.2" 1/2.3" 1.0” APS-C Full-size
14.5mm2 29.1mm2 . -
et 372.9mm2 -

864mm2

Camera ".
Phone -

’r'_'_.‘.,'g':',‘-.‘__ /
Digital Still Camera
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OLUANoDAEBRAESICERTHIFBEBBERT) : H AFOEBEORIE
O TDMRE(RELREBE)NTOAINIASOEREZESR

LUXIZEYRIT EHEXLET )R QZ) ELRERMIHBLET,

B HASOWE
A DEREROD S L ERES
Wi Y/ e Y —
\, | I
/X ' TN
3 T / '//7‘ 7’4
=1L
v IS : Iﬂﬁﬁl%ﬂ/l‘r.&

RREROKITOESEER (MR ABHYVET,

7B ERENDNSLERFES R, FERO2RTTIIICEE
"KADBERAL, ThEBRESICER

EHL-BRESOIMYIKRLAEHI2FESE : CCDECMOSA A—Dt Y
CCD : Charge Coupled Device (Bff#Sa%F) =
MOS: Metal Oxide Semiconductor (& & - BR{L & - F W {K) =
BOBANIHT—I1WE3—EFvIDLIZEE, G
ThENDBRBOAEZBRESICERLET, R

RGBZ4/LA—MD 2R T DIFE
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2. A A=Y OERETIHEIR
History & Prospects of Camera Products

10,000

1,000
Camera Phones

100

Y Video Cameras

10

Shipments (Mil units)

Digital Still Cameras

1990 1995 2000 2005 2010 2015

Year :
[Source: TSR et al.)

o MDCMOSA A=t Yl

20174 1. 33kFA HISEH +19% (HH B Insights)
20194F SONY D #HWEFE L EAEA TOP &7325,
A A=Y OFRLELENKE(ER,

@SONY DCMOSA A=t Y Hig 7
HRA T 50%LLE HRDXTIT+DH 60 %,
HREDTOHADE 80 %D 2 FESONYAED,

20184 CIS* 2JkATHIB AR A =7

OENFMAE15D2019FEEFR L EITRIEL3% D51 KA DREIZ,

SSIS ¥ BARTYT 7 VT BE

ENAILEIT 66.4% 12%
avEa—4mit 8.2% 7%
ava—vMmEit 7.8% 3%
X Fq@ET 6.4% 20%
H#km 6.3% 27%
EXMIT 4.4% 17%
ERE T 0.6% 20%
ERFBEA—H—OFTLE B &M
Y=—— 10,400 8,793
X*AOL7 9,700 12,639
ILAHR 7,050
Ix—7 . 4,990
o—A 3,900 3,989
Rz 3,430 3,549
BEEF 3,100 2,914
=EEH 1,850 1,700
MY AFE=a2—2 ’
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2. A A=Y DERETIHER

19694F : CCDIINILHARPATHBE REDLICCOEZNFRF
EREIBFIZ. clock #EZ DAL CCOR BRInE LB EIH
19724 : @A TCCOE N F B AT F DRI
8% 8=G4E R TISIDFERT

OP+NPNsub & ZHADSEERF (JAP 1975-134985) P*|.N 1 Pue
BR9T5) BiENsub) PHPREERR D, — ——

19784E : P+NP3#£4 D Dynamic Photo Transistor (PPD) ! 2% F
DEAFIZKTN, FTAIRCCD IZ#HRALTSSDM1978 THEK.
HBDIE, BERE CCD AAS DB SIEDEE AR,

198044 B : Sony [& CCD/MOS BRER!ZHAFFZEIHRMALT= 2¢chip

ILTACCD hASDE ML, EBZE D v R I

198047 B : 5 #)DO0ne Chip CCD video camera &K =

HBREODERITMBERDPNPESED
Dynamic Photo Transistor ! 5233 % (PPD) DX

Nsub _Y:’b

19824 %18 M & HPNPHEABPD ZILT A= CCDZERA% (NEC)
19844F FR{Z D7 \P+NPIESPPDZILT 5 CCD %% (KODAK
19874 P+NPN & D E Fshutter #BE{TZHADZ
ILT A CCD HhAS5% B F (SONY)
20204 : R1%R-EHE 1 FUTIE&3RT
£REBEOER: BBHERICiGH
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2. A A=Y OERETIBEIM

V1 V2 V3 V1 V2

e e e e wim

I 3 2 O 2 R 2
P

HE3RM Bucket Bridge-gate Device (BBD) RS ¥nXFali ( before 1970)

V1 V2 V3 Vi V2
N+ e-e- N+
P
Surface Channel Charge Coupled Device (SCCD) ¢)5¢8H 1970
Vi V2 V3 Vi V2
N+ e_:e. N N+
P
Buried Channel Charge Coupled Device (BCCD) 0) 5888 1972
Vi1 V2 V3 Vi V2
N+ e O] N OB N
P

Pinned Photodiode (PPD) 0 5284 in 1975 by Hagiwara @ Sony
SSIS # /KRR TYIT 7V T BE

OP+NPNsub & & BIHADR X RF (JAP 1975-134985)
BR(1975) AR (Nsub)|TP+NPEEBERRT D,

P+

NT

Pwoll

Light &

wa VSub

Hagiwara’s Lab Note at Sony in February 1975

—d

Sio2 N+

q

| W

P (sase)

Sio2

it

A

/

=

-
P

v
h+
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2. A A—=T Y DERETIHEIR

XC-1 1980
SHECYURBIZ2FYTEREAAZELTY/Z—A BRI —
Do RBOMERDLEIIZRARD)—UITBRLET
all solid state = robustness
DZ 1))
avIEYMZER

' @ CCD/MOSZE & ! Dynamic Photo Capacitor %
Plohsar RAL TR BHEEERBELTHEEZD
§ T, BRIRFA A REGBRIGERIFL 1=
VI AL

iz tese o i-2nd Poly-Si
F4ms e 18t Poly -Si

F
. 23

Vertical shift register

——————r

7//////[’//////////////7//
= {

i) (e
A | SR A
Cpacreyet § Ty 28

s

BCCD#zi% sccD#zt MOSEEZAH '
P-Si ' <ICX008>

MOS BETRXLT CCD (XT REBOLL\REERBLT -, RPBLSDATWEBIZHISH
SSIS HBART YT 7V TRE 8-08




3. M A=Y DOEFHEE
WAWALZARTFHEIE

(1) N+P junction Photodiode Vv
in 1960s Vs

l Light n,ﬂ Light™>> = Vd
A I ==

N+ e- -f=»e-e- —p>CTD Vs cllml—
Bad Image Lag | Psub Vd--rs-i? ---------- 777> \Vd

EINEDDXR A

BB EORTERA
KE<EY SIDRADBFRA DL
;ﬁ/@ﬁ%iﬁl:&‘)ﬁﬁ#&&

Single ##4 N+P & XBE /4
BFHELB~0%EE | ©

SSIS HBHRFvT 7T B ' | 8-09

> time



3. A=Y OEEREE

(1) N+P junction Photodiode

in 1960s
Light

Bad Image Lag

Psub

(3) P+NPNsub &% Photodiode
Hole Accumulation Diode (HAD)

WAWALEZARFHE

e-e- =—»CTD

ﬂih_tmfm
Si02 CTD

T Light

(2) Transparent Electrode CCD/MOS Photo Capacitor (1980)

Sony ICX-008 CCD chips (1980)

<7 S0
e- €= €= ——p ©- €= =
No Image Lag Psub

(4) P+PNP #2 2 %! Photodiode
Global Shutter Buffer MOS Memory Global Shutter Buffer MOS Memory

Si02
T P+ e--f=>e-g- > P e- e.—-ETD
N N e'e
p P 4>
Nsub P+
o N+ = Back Light -
VOD JAP 1975-134985 JAP 1975-127647

SSIS $BARRTYT 7y TMBE

> CTD m

<ICX0

\\'" " “l“‘

08>

(5) P+PNPN#E & & Photodiode

Buffer Memory

3102

CTB

N -6 —

+ CTD

e— P

N _ e

G-

P+

Psub < »

= Back Light

ol

JAP 1975-127646

8-10



4. A A=Y OEERE — P+ RERECBHINTNS,

@P+NPNsub # & ZIHADRZ R F (JAP 1975-134985) Ug:t:l P NTI Pw.ul Nsub _Yg"’
FEIE(1975) ZAR(Nsub)I=P+NPEEREH LT 5. L

|

CTD*

@ONPNsub S ZIVODSZ &+ (JAP 1978-1971) NTTP T New Vsub
Light J l S e
WIEH(1978) EAR(Nsub)lNPIEAERRET 3. o 'l‘ Yoo
CTD
OPNPsub & EIBAH T 2K FEF (JAP 1980-138026) = Nf o B L
N 1| P emeen
78 (1980) Z 4R (Psub)[CPNIERZH R T 5. Light L TLvEL,

{Comparison of Various Light Detecting Photo Sensor Structures }

Surface | Buried

Classical '

N+Psub Channel | Channel
Photodiode | ©CD | ccD
Blue Light Sensitivity A X X O O @]
Low Image Lag X O O X O O
Surface Dark Current () X X X @] O
Surface Trap Noise O X O X O O
Vertical OFD (VOD) X X X O X O
Electrical Shutter X X X X X O
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3. 1A=t YDEFEE
Image SensorDEFEE X2 DD EELEH (-9 &1L,

(D AMOEORBMMAISHEL TS, K EBRESIERT DL WEBART. |

(A) N+PIEER! (ARENEB FRERESFEL., BENVE,IoT=)
(B) P+NP BiES (ABRERIF. BELL, LOALBRBH IO EERFEEHEELL, )
(C) P+NPNsub#E& & (BIFFHAD, XEE BT, REBLL. M D:BF B L REREEHY. )

(2)ESBHEERETHEET AHEMBORIIENT S, BHIEEEE (CTD)

(A) MOS BRI ERE (ERETEBMT LClockETMAKXEN ST, )
(B) CCOREBHERXEE (ARTEM T HLClockFLL, LALHEBEHMNKEL,)
(C) CMOSE BFin A K E (ERETEH T ELClockEFLL. HEEBHL/ISLY,)

Human Brain
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3. 1 A=Y DEXREE

EBHE (1) H AT
FEEHE (2) S REDWE A A L)
EmEsE KEED BB RELEREBEOEE)

HmEREER

ERERCIIVIOAFGEORABABRSINTVNSIEEZREARLERLET.

. v

"Wiring [dyér

e e S s e @ . 8.

FEBHE () FERHE(2)
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2. A A= YOEREHIFEIR
CMOSA A—422 4 (CIS: CMOS Image Sensor) E¥(E, 2FIZEIELTNS,

BEEBERTIBLENERIBICTAS IS T, CISTIBIZ20145F M5 20205 DRI
FEYREEE (CAGR)10.6% TR EL. 20204 (Z(X 200{EF )L (2Jk M) REALEE,

REBEDRAF Yo ANHBLEICASTHE, BEBELERER, TLTERIASEVDESS

THb. REMZEEDIARIETTEL A AP T 2TBRMEITHRARICEDNS=0T,

] ) 23kM 2018ﬂ50)CI523ISFlTﬁiIﬁﬁﬂll Ik 4

60 206 | 22.0 "E'l\'f)lzl'"](‘f 66.4%

45 | 419 411 425 = 3/51——9[‘]” 8.2%

540 TN
5 97 " 100 15 a3 a—=mEit 7.8%
t¥al)T4m@EIF 6.4%
. 208315
15 - . 259 Eﬁrﬁu.’. 6.3%
0 XM T 4.4%

2009 2010 20M 2012 2013 2014 2015 2016 2019

BRBRIE 27-R72Y EFIILHAS BER EfEm T 0.6%
FIIIN—BHAS BREFAHAS

2017EEDCMOSA A—T 2 Y iR X ATE LL19%IE D 1258 F )L IRIRITZEL 7=, (InsightsTHEHH)

20195 EDSONYD A A=Y DFEY EIF (X1 kAZEA. H#HR 7 50% LLEIZ,
See https://news.mynavi.jp/article/20190717-860632

SSIS $ B ARRTFvT 7T BE

CAGR +8% 66 vx17 | B

-7%

3%
20%
27%
17%
20%
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2. A A=Y OERETIHEIR
CMOSA A=t HDHERE
- ERIITOEILD CMOSA A= DERER L HELEESD .

ZThiIZ&Y CIS OIEAEHIZE BENELTIND, RT—RT42 A
INSAASIZESTRDOY.,. FELT 7o2avhrs it ETFAHHASIC

BMo>TRHo>TLESE=,
20154F 20154 20194F 20194
27 SexY 29 sy
(1) Sony (1) Sony
(2) OmniVision  22% (2)samsung 24%
(3) Samsung 19% (3)OmniVision  14%
(4) Sharp 12% (4)STMicoro 6%
(5) SK Hynix 8% (5)Panasonic 1%
Others 7% Others 5%

weLEBEE  100% wLBSE  100%

62.5(€ $ 20018 $
See https://news.mynavi.jp/article/20190717-860632 A=Y TS5

2017EEDCMOSA A—U S HIB LRI E H19%18 D 125(& K )LIREIZZEL 1=, (InsightsTAERE)
20194EEEDSONYD A A—T o HOFEY LIFIX1kAERZ., #HRE TP 50% LLEIZ,
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QKX RTEHY., F-HF(EF) TEHS (Albert Emstem1900)

O ERELFALHAMEET I TRARTES,
ORFADAELEROBENINMEFOHEENRES !

h
Ah =k~ A= (m—c )( 1-cos(0) ) ADEL AN~
g

C- #L52/-FF
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..................... - il F—
S OAPD .., HEH SN
2K A PLRF ", X8 (EF)
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AOhBE o
e ﬁﬁrﬁ;ﬁ;’;{;;ﬁgaw For Silicon, Ec=1.10eV and A= 1.12 ym
xoxgE C 299792458x10 cm/sec @& BOMIEET L EEDPICASIIKET )
Pank 2% h = 6. 62606957 x 10 Joule sec ST gpey LEETEOSI7E
sronE m,=9.10938291 x 10”'kg & mFJ_g*_’E?
(EekGelToncin ‘75 (sea of electrons) ___I_ _w
E | E(eV) =1.24/A (um) meV? R -~
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hw » ﬁzumv@ﬁaa )
— o o e L EDSIRLF—%E
Photon Energy e T UYL B TRTORUL Y

Work Function (W) Dl S MO MBMAHIBAYT S,
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RF | RFTALF—OHIN BF @) SFONHTF | kT

L SRR ICIZEBET (e )N BREET S,
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KA WS !
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E- : AU 52 (5
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) |
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ERELECHEETIILTRR
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ORFHE(RFELERT) EABR (KBLERE) DR

HBTRA A 750 OWUTIEE (CHI S 5. ~ - ——
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T
Y)IAVREFRE) = VA AFY Sits + BERRF (o)
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Al WARF(HH)s = YAIEY PHe + BHEF (o)

ROVORF(PME)s + BERF () = KOVAF(B)s

o, ] i PRELBEOYEETIL NEEBEOPEETIL
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soR 7 7y 3 WERT i = wne =
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HEICBFEPET I LN TES,
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4. A A= OENMERE

OEEDYEHETIVIXZ. BIZCA-T=KIZT-LZAEMNTTEE,
ONEFBEOYEETIVLIEF I DR/ B2 H—MIZ.

OPELB/EDYEETIVEZDRBEIA—RIZETINS,

BFLAER o HoleA'E &
SROVEETIL NEEREOHEETIL PRYXBAEOYEETIL
(KA A-T-38) (BEDRMEH—) (ZBORMBEIVH—)
' = v L A f For Silicon, Ec =1.10eV and A= 1.12pym |
E=hw=hf=hc/A

o S DIHILE— () LFHE () 1< L
| E (ev) 124 l A (pm) ) c=fA KYU.KXDEENICREHMT S,
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@ 1TICEIDRAME 851X mode TEIET S

Row
Decoder

2 x 2= 4 bit DRAM EI§&
T 1? Word Line

— — 1
E " ¥

S
-\

Word Li
ML\__TL /{}—ﬂ ord Line

T

——e

Cblumn Decoder

L

1

P—

Controller

MOS imager [EIE&&
DRAM[E] & (& [E (X

—f %

RUCHRZEL TS,

Chip Size (cm?)

chip size &HEFEY .,
¥ (EEMESREME) X
"-. EMLERNH S,

1970 1980 1990 2000 2010

SSIS B ERRTYIT 7 VT BE

@ SRAMEI A7 F0O% datatb BB BRI ES

2 x 2= 4 bit SRAM [E]§&

§ f‘a} ' Word Line
é 8 S 0-':—4 H;*—DF i
a I% , ‘/%r Word Line
‘ bl :\4 »f: -—4
| ol LD
Column Decoder | —
V1
SRAM[E] 8 (D 2 & ¥:(Cell)
—] Controlle D—BOHKERRT 5.
o f f & E#Flip-Flop BIRE 0 8
ELEVEEHET hIE
A Static ADZE BB AEAC
RBAMTH5.

Pixel Size ( pm?)
4

200 ;

100
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DRAM
\
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lmaaer‘\

A A2 —Dpixel sizeld
BEZBEICLTET
INEKIETELGLY,
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ey
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4. A A=Y OEERE
@CMOS M AV v — NE/HLG--EHIE, BAIE CCOAMADy—ITBRASIT:
Bt TH-T=. SHH BIEEZ3@EESFE (Correlated Double Sampling Hold [B]#%
by M. White, 1972) IZ&Y ., EFNBBLERICTHZ AL ANILITEST-SEMNKELY,
MOS Transistor Switch (DONIOFFIM’F

S/H pulse Vad -
1 A —\ b off A
Vi == Vho Vst VI 2
< - \V
out A Ol'l A
CSH o Ve= Vs C T C
S/H puise Source follower f nwosswirek Ve = Ve f
f TR = WY
Vg‘_ 8/ |—oVou . A EE Correlated Double Sampling Hold [E]F%
5HW$€1 T SH puise 2
V. ¥ ,v.  Anal
PEED il:gele Samplmg Hold =] B sm’ _{ st/n }_,W Lo
0 C R (45 — 3>
Vo Ve REVEFCRES |

o— B/H |——oV

| b‘ﬁ?’%

i

0 Vm\ "l.

Vb |-

i
sm!

S/H| i f = ‘ -
o Sl [ L 59 2 [ [ > &
Image sensor DERREZTHFOPICEHINTNS ! g,
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4. A A=Y DEERER
Inverter

Inverter Input Output Curves

Vin Vout

Vout =W1

Logical Vth = Vdd / 2
ERARNTNS ! |  DROBHRMFNSD | CMOS Inverter

Vdd Vdd Vdd
Vg Vg
i“vm’to_'i‘] 0_'gfljout 1L Vout Vout
Vin o '
1 V|n V‘ﬁ\_' ™

(a) Resister () Plus Vth  (c) Zero Vith (d) Minus Vth A
PMOS T
Load NMOS Tr NMOS Tr NMOS Tr & ol r
Load Load Load
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4. A A=Y OBERE Source Follower Current Amplifier

Inverter Source Vdd Vdd
Follower Vin Vin
YN-M Vin D Vout .-I Vout . Vout
BT R Va o
Vout = Vin Vout = Vin g
@CMOS inverter[El % U)J\H{iﬁﬁ’{?& @ Source Follower BIRRD A H 55
1 ’yout t
| @
vdd Vdd : 4 Vout
<[ pmos v, ) O _: 3 T | -
Vin Vout | @
AT 8 :
V2 ®--- -- ) :
'l NMOS | i .‘M ® Vin(E) . >Vin
0 Vien § vinee Vdd » Vdd

Vr

B{RBYIZ CMOS Inverter DA EZEFHEHT-,
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4. A A=Y OBERE
History of DRAM Cell ( Source Follower )

"~
IN vdd

lE Jee| L Tz 3.
VGG o ou! our oml

R.H.Dennard (IBM 1966)
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Appendix 01  mos HATH S CCDHATA, FL T, CCOAATHBHCMOSHATA
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Appendix 02 MOs HATHD CCOBATA, FLT, CCODATHBCM S
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Appendix 03 MOS HASHS CCOAATA T, CCOAATHHCM S~
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Appendix 04  Mos hATH D CCDBATA, FLT, CCONATMBCMOSHATA
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Appendix 05 MOs HASHS CCDAATA, FLT, CCONATHMBCMOSHATA
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Appendix 06 mMos HATH D CCOAATA, EL
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Appendix 07 MOS HATHS CCOHATA, EL
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Appendix 08 mMos hASHS CCOAATA CCDAAS
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Japanese Patent Applications 1975-127646, 1975- 127647,

and 1975- 134985 invented by Y.Hagiwara RW(1977)
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Appendix 09  mos HA5H S CCONATA, LT, CCONATHDHCMOSHATA
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Japanese Patent JPA 1977-126885 on Electrical Shutter Clocking Scheme
invented by Y. Hagiwara, S. Ochi and T. Hashimoto in 1977.

sAMES K AR (v B5-51318 Type(A) : Type(8B)
x
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i N P LY N s /
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N+ N+ Fig. 8 ‘:‘ | Nolmapug\ -~
OFD OFD o 12 pa
The electric shutter clocking scheme with the complete signal o /"\ ]
charge draining of no image lag can be achieved by the OFD 8 o
punch-thru voltage control for any photodiodes, including  Fig- 12 o
not only the type (A) of the conventional CCD/MOS photo Punch-thru Mode
capacitor but also (8), (C) and (D) type Pinned Photodiodes. el for Electric Shutter Operation
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Appendix 10

MOS HASH D CCOAATA, EL T, CCOAATMLCMOSHAT A
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1SSCC 2008 SESSION 27/ IMAGE SENSORS /27,5

Modern CMOS Image Sensors have (1) HAD (2) APS and (3) CDS.

(1) HAD ( PPD ) was invented by Y. Hagiwara in 1975.

27.5  High-Speed Digital Double Sampling with Analog
CDS on Column Parallel ADC Architecture for

Low-Noise Active Pixel Sensor

(2) APS was invented by Peter Noble in 1968.
(3) CDS was invented by M. White in 1972.

Yoshikazu Nitta, Yoshinori Muramatsu, Kiyotaka Amano. (4) Sony engineers perfected these technologies in 2006.

Takayukl Toyama. JunYamamoto, Koji Mishina, Atsushi Suzuki,
Tadayuki Taura, Akihiko Kato, Masary Kikuchi, Yukihiro Yasul,
Hideo Nomura, Noriyulo Fukushima Sany Atugl Japan

Traditionally, the advantages of compact image sensors (CISs)
over CCDs have been low power consumption and the capability
for system integration. Additionally, the image quality of CISs
has recently begun to rival and even surpass that of CCDs in the
area of high-speed imaging (1], Compared to high-speed CCDs,
CISs utilize the .dvmgg of a_column-parallel pixel readout

The pixels are conventional 4T active pixel sensor (APS) pi
that use hole ulation diodes (HADs). HADs enable image
sensors as o ideal properties of low
dark current, no kTC noise, and no image lag (2]

Digital double-sampling architecture i1s proposed to remove
device variation and circuit offset that cause vertical FPN [3).

Our column-inline dual-CDS architecture o% . 27.5.2) imple-
ments sampling ( ) CDS in
parallel columns. A high-speed 29TMHz clock is utilized to reduce
the double digital sampling period. Additionally, an analog CDS
is used to reduce the ADC period for the reset signal V., by elim-
inating the analog offsct of the pixel and the comparator output.

SSIS $BKRTF VT 7 TMIE

Figerw 27 5 2 Columa intine thes) COS arnhitectare
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P+PNPP+ Double Junction type Solar Cell
(JPA2020-131313, Aug 1, 2020)




P+PNPP+ Double Junction type Solar Cell
(JPAZOZO 131313, Aug 1, 2020)

—~ WD —— wp —

Surface Barrier Potential : VBS = kT In (P+/P) ;
Depletion Width : WD = sqrt( 2 Esi VM/DNP) ;
DNP= (DN)(DP)/ (DN+DP) ;



(1) Intel, 1968 (2) Sony, 1978 (3) Harl, 2000

Prof. Bob Bower, UC Davis @SSDM1978, Tokyo Japan JPA2020-131313
Prof. James Mayor, Caltech Yoshiaki Hagiwara, Sony Yoshiaki Hagiwara, Harl

Source-and-Drain Self-alignhed Self-aligned Multi-junction High-Energy Low-Concentration
Formations of Digital MOS Photo Sensors using Poly Si lon-implantation used for
Transistors using Poly Si Gate Charge-Transfer MOS Gates = Multi-junction Photodiodes

for Masking lon-implantation. for Masking lon-implantation. for Highly Efficient Solar Cells.
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State Award of the Republic of Armenia for Global Contribution
to Humanity Through High-Tech

YEREVAN — The 15th award ceremony for the Republic of Armenia’s State

Award for Global Contribution to High Technologies took place today.

Prime Minister Nikol Pashinyan, President Vahagn Khachaturyan, representatives

of the legislative and executive branches, and other guests attended the event.

PM Pashinyan presented the award to Japanese scientist Yoshiaki Damon

Hagiwara—founder of the AIPLAB consortium and president of the

' . X ‘ LOCOMTEC AIPS Laboratory for Artificial Intelligence Partner Systems.
‘ https: //globalltaward am/en/news/ dr.-hagiwara-s-visit-to-armenia
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52 Pinned Photodiode type Solar Cell jPA2020-131313
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s 202 202 12 -2
R L e | el Surface P region 1x10 cm
[ : — | : Buried N region 4.26x10 tm >
LARL LIS FY L EE R 5 T
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20 .o
Backside N+ region 1x10 cm

Sony SSDM1977/1978 Photo Sensor Device

* Gate Oxide thickness 0.13 um

$02 2

$:02 13 -
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L .
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