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Shockley—Queisser limit

From wWikipedia, the free encyclopedia

In physics, the radiative efficiency limit (zlso known as the detailed
balance limit, Shockley—Queisser limit, Shockley Queisser
Efficiency Limit or SQ Limit) is the maximum theoretical efficiency of a
solar cell using a single p-n junction to collect power from the cell where
the only loss mechanism is radiative recombination in the solar cell. It
was first calculated by William Shockley and Hans-Joachim Queisser at
Shockley Semiconductor in 1961, giving a maximum efficiency of 30%
at 1.1 eV.[1] The limit is cne of the most fundamental to solar energy
production with photovoltaic cells, and is considered to be one of the
most important contributions in the field.[<]

This first calculation used the 000K black-body spectrum as an
approximation to the solar spectrum. Subsequent calculations have used
measured global solar spectra, AM 1.5, and included a back surface
mirror which increases the maximum solar conversion efficiency to
33.16% for a single-junction solar cell with a bandgap of 1.34 ev.[Z]
That is, of all the power contained in sunlight (about 1000 W/m?<) falling
on an ideal solar cell, only 33.7% of that could ever be turned into
electricity (3327 W/m?). The most popular solar cell material, silicon, has
a less favorable band gap of 1.1 eV, resulting in a maximum efficiency of
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Max Efficiency (%)

1 2 3
Bandgap (eV)
The Shockley—-Queisser limit for =7
the efficiency of a sclar call,
without concentration of solar
radiation. The curve is wiggly
because of absorption bands in the
atmosphere. In the original
pap—err-'-- the solar spectrum was
approximated by a smooth curve,
the 6000K blackbody spectrum. As
a result, the efficiency graph was
smooth and the values were
slightly different.

about 32%. Modern commercial mono-crystalline solar cells produce about 24% conversion efficiency, the
losses due largely to practical concermns like reflection off the front of the cell and light blockage from the thin

wires on the cell surface.

The Shockley—Queisser limit only applies to conventional solar cells with a single p-n junction; solar cells
with multiple layers can (and do) outperform this limit, and so can sclar thermal and certain other solar

energy systems. In the extreme limit, for a multi-junction solar cell with an infinite number of layers, the
corresponding limit is 68.7% for normal sunlight,[*! or 86.8% using concentrated sunlight'®] (see solar cell

efficiency’).
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Pinned Photodiode ® %BA & BAHEE H
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Definition of Pinned Photodiode

/Surface Potential must be directly Pinned by the adjacent channel stop P+ region.\
Otherwise the surface P+ region becomes floating by the RC delay time.
Though the surface P+ region can be connected by remote P+ channel stops,
however, it will still have the RC delay time and will be floating and NOT pinned
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http://www.aiplab.com/JPA_1977_126885_on_Electric_Shutter.html
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SONY HAD Sensor 1975 was hinted by SONY PNP Bipolar Transistor Process Technology
Conventional Static Phototransistor Dynamic Phototransistor Operation

( by John Northrup Shive, 1950) with lightly doped base region
Large Current Output ’ Sony original Hole Accumulation Diode (HAD)

Shats Teanslitar Emitter Back The charge transfer
Collector Sombel Light device (CTD) can be
<TG CCD or CMOS type.
l \ No Constant
N
o Collector Current is inth;:Le;tora’Cntzzrre:; - Small Charge
:—:> constantly running o @ O ==u Packet Output
Base in the static mode

.;.:,m The photo electrons stored in

Light the base is extracted completely
Hagiwara, 1975 to the adjacent CTD.
Back Light .. JPA1975-134985, Nov 10, 1975

According to the light intensity, Collector
the collector current is modified
in the conventional phototransistor

Emitter

Siiias Light Cillaiian Vsub — - Complete Charge
Maud or Pauh Extraction from
the N base region
Vwell for low image lag
Base Region P P a7 L and high speed
cc‘gT c?nos high quaity
or . -
Collector Region N Jc— Koo g action pictures
Transfer Devise

" Front Light 035



Dynamic N+P junction
Photodiode 1966

Dynamic Charge Packet
Junction Capacitor Memory

Sty T

»CTD —'ﬁl——p CTD

Static PNP Photo Transistor
John Northrup Shive 1950

Static Current Pinned GND
No Memory ? cavrn

Pinned P+ Surface

~N
\\‘@ =) . -@)l A

Floating N+ Surface = & Pzl
] #4555 il [ 5 ] ¥4 50 55 4 i 2] 5
Static
BERAEQ)ICEFTQ%=2EHE - RETIHICLY Dvnamic . -
AEUBIEERON. BEAKERAELOBI D PNP junction
BEL, 7o v AR - BIERE (RC)A%ELS, N TE junclion Photo Transistor
N+P #& PNP#&

Dynamic PNP Photo Transistor
Yoshiaki Hagiwara 1975

Dynamic Charge Packet Binned GND
Junction Capacitor Memory Q ciaLra
Pinned P+ Surface -
% CTGe ™
P P
- - a:;)thjj R l
sl AC | YVop
Pinnéjd GND
- T - !
] P&l 5 =i o] B4
Dynamic Dynamic
PNP junction PNPN junction
Photo Transistor Photo Thyristor
(Hagiwara 1975) (Hagiwara 1975)

PNPiEA PNPNiZ&

LA (BEEA) | AL (BEEA)

______ XBRE 0 [2rnv@mwn |30 @wm | 2E0 | 2an
ERE FEL RELRESTH | EL KELHESTH) FL (haniEssEEd)| =0 hsnEsEEE
...... e BT B
SEEkIcHTAIHRAZTE| =0 = INE INE L
BF vy X —IE&EE kL (E&HY)| &L E&EHY) Ht) GRELL) HY) (GR&ELL)
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P+PN-PP+iEQ B A E R DIRE

#kIE BB (AIPS)

HERDN+PESEKZEIE, KEXOERRATRNVF T ZEKICL TWLS,

EERFERXE, RAKRAOP+PREDEZFAL
DELFALTRAREFEF—NZHRLLLTEET S,

BAND BENDINGZI & IZ &

1) a3 dBand Energy Gap® EG=1.1 eVLIF D
ETFIILF—Photon (RIERDOFNR) IZ. FREMICERTIRLX—ICEIETBRTERL,

FVELBZNUTER%

zZT¥Yay

chipzE<T5FLT5, EEMetalz&E#EL L THHL TIET R)ILF —Photon (RIERDFENR) %=

BEadLThiE

R LT, YYaWAFEROAIZHERS L. KEEROERILZBIELY —278R2MNET 5,
BREAEF BTN LPD (m )
- XELHAIRELIRRIE - 100 |- Light Penetration Depth

0.3~1.12 um

Relative Photon Power (W/ ums)

1.011 1.3 1.6
Photon Wave Length ( um )

0.7 0.8

For Silicon, Ec = 1.10eV and A= 1.12 um

E=hw=hf=hc/A
E(eV) =1.24/A (um)

The light energy of the wave length more than A= 1.12 ym

can not be converted to electrical energy in the silicon crystal.

K EEIRA LR RIE
0.3~1.12 um

EEREEXIE. YVarERmE

D 0.1 umirELHMEBL G,
AIRNERDOBRKERDOKRENL
THbEAXK1I0 umLH> VY
HREAZEALEVL, 1.1eV
UEDIRIVF -7 DKEEN
L D ERICHKBEIRTELRL,
7€ > TEREICIE, BEERH1.12 um
LI EDZEFNRITEE 4 V) SEX(C
w3, KigEte LT, FRD
20um EEEDY Y aVERIF—F
BENLGKEENEEE LS, 037



P+PN-PP+iES R KIFEHDIRE #IE BB (AIPS)
RRDON+PEASRKBEEHIE. KBEAXOEERXIRLF—KDLZEKICLTWS,

(1) #Ekd Single EAR KR EMTIEIZRED FloatinglREET
BRREICIIFRBEFEEF(hole) DRT7T 2B T B /1Y FE
HEEHLILEL., EERFEBHXDODNAETIMENIEE ICEL,
(2) BNKREIC P+P DEEQARZ2ITT. ERRFEROBRES
mEIE7. P+PNPP+O X 7 ViEE DB XEEMICICAHT 5,

N (1) fekB! Single N+PiES D KIZE;
71\ %%%Eﬁ‘ FIoating 1*?31373% & ﬁ‘ﬂij(a)ﬁ:ﬁh‘gf% 3,

Ml -Hﬂ a

Depletnon Floating N+ Surface

\ Low Solar Cell Efficiency 3 ¢ @~ Reglon :
by Photo Pairs Recombsnation . . . S” of Electrons
. : H H Sea of Electrons

WAL [ \ T,

=
, Rad
— N + Floating Storage Region

I SO-

Blue Light

Mot |

Floating N+ Surface

e+ e+ 038



P+PN-PP+EA R ABE b DIZE #kIR RER (AIPS)

oo P2 | o | LU PLPNPP+ junction type Solar Cell

*--.\ N /-"‘
gy i L N+ P PT1  #t%o Single BARKBE R TRERES FloatingRET
= /. [T.a SREECEHREF L EfL(hole) DRT % HET 21 7B
B eReei i 1 EEsEd. ERREERONRBTHENEISERICEL,
Dynanic Photo Transisor SRR PP OREARES I BBk Y. EREFEKL

\ \ " the Empty Potentsl Well / / / DBEN—BLALTEf, ZORBLHFEABERICSAT 3.

| LI e— ]
N

by Empty Potential Well Load
" Ligh 1
The Pinned Surface - GND V(1) GND g t GND V(1) GND =

\ e-
e- ' e- P+P Barrier Potential
\ / \ helps Short Wave S0z

Photo Pair Separation

Very High Solar Cell Efficiency
with Complete Photo Pair Separation
without Recombination

J

e

The Pinned Surface
P+P Barrier Potential
helps Short Wave
Photo Pair Separation

~__ ! __ Conduction Band (Ec) P+ 1 P+ V() Py

e-e-e-
. S N+ P N-+ P
H L
_,ouse me/_K vQ V(1)
Il ¢ T°g 7 . RewEL )
1 N + Floating Storage Region __I. High Resistivity P-type Silicon Wafer &
P+ -
Ev Ev Metal (GND)

. ‘=== 0One Unit Cell ===p:
Band Diagram Valence Band (Ev) — : :
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P+PN-PPHEAR KB B DIZE #RIF RAE (AIPS)

=E - ATHgEORY FEE3 2, BEREDEVEFOERABRESNICIGATS
V(1)

V(2)
V(0)=GND

Light Light

Sio2

Sio2

P+ V(1)
P

P+ V(0)
P

FewT{L ) TEREZL
High Resistivity P-type Silicon Wafer . = High Resistivity P-type Silicon Wafer E

P
Metal (GND)

-4— One Unit Cell —»- 4— One Unit Cell —b-

P
Metal (GND)

= Set V( U ) = Ground Voltage. —
Then we get V(i) =ixV(1)

EFcCellz 2 DEHFET A LICLYVA)D2EBOHNEREV(2)2B2 I DN TEXT,
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BEREA A -V v —DRHLEARSEN

(1) 1970 F D HK[E

~ Ao CCD @FEHHICHE VT,

i@ EEM AR EHT  Anti-blooming B¥5E % F5D.
Fram Transfer /2@ CCD Image Sensor 23fAF & 1.7-.

Zicabm ot IHBEEN 2R E T Anti-blooming FEHE
2. #% Overflow Drain (OFD) ##—2.
Inter Transfer /7:0® CCD Image Sensor 23ffF¢ & #17-.
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BEREA A -V v — DR LEARKSZN

(2) 1975 % 6 A #* 7 v & ® Philips tEic X

Anti-blooming HRE 37225, HATII LD T,
PNP @ Double #&% @ Buried Photodiode % 1] L 7.
Inter Transfer /7A@ CCD Image Sensor 23¥¢8H X #17=,

KIM D PRISZSEmm i3 ik & o <ld, BERIEPTR CEME L 72
ZNRFTHoTz, HiRe DEICRCEIENLED Y | ZINMH L.
b FTLd, GNDicv vEHIhTELT, FlFREICR Y,
BIRBTEEICY YN W REDLED o 7=,
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AAYCRREEA A —V % v —DFRE LRSS

(3) 1975 % 7 H James Early (Fairchild #f) 2 X Y

AT N E R 2 f7# % 9 Anti-blooming #%/E
>, IEED Overflow Drain (VOD) %50,
Inter Transfer 77:® CCD Image Sensor 23¥HH X #u7=,

B ASTEIC X @ E T & S oo N + pEls Tl W EX S
HEIZ L D Tofft  Overflow Drain (VOD) D3 TH 5,

7272 LN +5HIBIC R D & A 7@ FH B ] | 2 i df 1Y 1 132 0ER I
{Hic W WELB 7212 VOD € f@im 2332 RIS TAE L 72,

HA BRI 2 1 X T REE Tl - e,
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AAYCRREEA A —V % v —DFRE LRSS

(4) 19754 10 H 23 H #JERME (Sony) ic &Y

XM EEmF T vEOBEEE X Nz, Triple &M D
Dynamic Photo Thyristor 23¥HBH X v7z,

Thyristor @ Punch-thru 8{E i X 2 &% Switching #EHE% 50,
JEMR G AN BRI ER 2R % 3 Anti-blooming BEHE A FEH L 7=,

AR D 7\, SR EMILXFES 1D H 5 Pinned Photodiode @
FEEE»P LT, BF vy v ZX—L L THHRET 5,

FEER Overflow Drain (VOD) & #3F>  Pinned Photodiode

HFIE 19754 10A23HICHHL .,
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AAYCRREEA A —V % v —DFRE LRSS

(4) 1975 % 10 A 23 H #JERHIE (Sony) ic XY
ZDOZNFRFIIEMBHETH 5,

032K M & ROFHIC X, A2F(n-pixel ) T &I
CCD/MOS &#&M o —K¢i 7 Buffer Memory 23%&m & LT 7=,

itk > CMOS Image Sensor TR & 72 - T\»72 Rotary
Shutter ZIRIC X Y HGRDOWH Bz T & AA[FEL 72 o 72,

H7E. Global Shutter & MEINAEERETH 5, E-> T,
CMOS Image Sensor ICANA] X7z Global Shutter & 1975 4D
Wi, 2 6%/ o7, DESONYDOKERBOFKHTS 3,
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ARBREA A=V v — DR L EREN

(1) CCD »*%AEhBHiId. SREEA T (Floating)IKEETH B N+PDSingle A%  Photodiode?: - 7=,

(2) 1970 ICCCDAFBAI N, RABICOIDXIEHIAALATF ¥ RILBICCDHRPAINT-,
MOSEERZNEFTHY., TXAHLVEREET [EVEB8] INTHY., E2EFMBED AR TRELNED -1,
F<IZ ZTD CCD/ MOSEEEZHFFDAnti-bloomingiE&EH RV RCAXFairchildit DIEMHEICL YV EREI
RFEINT-, TL2IZEFT%EZ VODTHRUVLEBELAEETH - 7=,

(3) 1975FICIF 4 DDEELRKALER L TH > 7=

1975% 6 A Philipstt® Double i#&E D188 iA#APhotodiode D HHAA

1975 7 B Fairchild#t®CCD/MOSE! % H & F Dt E overflow drain (VOD) A

1975%10A Sony 5, ERFRERIC CCD/MOSE=HR —HF Analog Buffer X €Y —% %Ki L 7=
SHRHRAHLEVBHINT- Triple IE#ESE D Pinned Photodiode® HEA

1975%11A Sony b, BRAREHIFEBHFCEERTEL Y BH I, B overflow drain (VOD) %
LD L #HALE-EHIR%Z S ST Triple #A8d Pinned Photodiode d A

ZDI0BD 2% L11BDSONYDEE3HEDFHBEIZ, ZHAHI L EH S i-. Dynamic Photo Transistor & Dynamic Photo

Thyristor®, R THH THOHFATH 7=, ThyristorlZlE—A%ICEE Punch-thrugifEic & 3. On-iEBRHEL T, H2E=E

(CSwitchingBIMEDRIRETH 3 Z L IIRAHMIER TH S, ZOHEREBIZ, ETFHATOEF Vv v X -2 KRIT 2 RBAFL -7,

(4)1980F 4 A 1 HIZ Sonyld., ZDCCD/ MOSBERZHFF% ILTARDCCDICIEAL -, HEOFDZFEALEF> v v X —HHE
Z¥D. 2-ChipdETAh A7 ZRARBRILICEHFATIEILHTHEIIL, ANAOD v VRT4T¥ .y MDY Iy FICEEL.
BRiGDi . BHALBMEERMGEERL:-, I, HETHHTO ILTARICEAEI W=, CCD/MOSBEERZXRFFTH-T-,
Z D Anti-blooming #gEl3 X 72k B DEE D Overflow Drain B2 TH - 7=-H°. SONY—tt D ARAFEER{L L 7-HHRMOHAT= > 7=,

(5)1980F 7 A 1 HicSony (IR THH T, Full size ® One Chip® PNPiEAZR Pinned Photodiodei®#HH®» FT CCD
ETFDATORFEICKIILT-. ZD%., 1982%F (213 NEC. 19844F(CiE KODAKH CCDETHADAZZ#RHFELT-,
ITRTIE, ARDODIBETH 7=, SONYII1980F ICHRFRZRZBICERZHEIT-D, 1987FICHRTHH TEmibIcHIbL =,
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REERBE A A =V vy —DFRE LRSS

2019 I ). SONY 3> L KERIED Z D 1975 FDFEM D 5
4 4 FORA T 5HFAES N ORFR, £DORWFEHDM, ZHD
& D8 &S KirbEoREICK Y, HEHN B O
CMOS Image Sensor & L T, EMH{L, FFEMMLd 2 Z &R TE 7,

Z OFFM = #kJ5 1L Sony @ ZEE T, BEOMEEME OIE AT T T,
2019 £ 9 Hic{l| & cRIfE 2 7= IEEE D 3 XocERE Mg D
[E 24 TEEE 3DIC Conference 2019 T# Ol x ¥ oRKEFETE -,

2020 #£ 3 Hicix IEEE F{f#® EDTM2020 o E ST 1. ¥ 7- 2021 4F
6 Hiciz BFY vy —FNICEHLEHEL 14, 2021 £ 12 Aic i3 IEEE F{#
@ ICECET2021 C2#D. &EF5 thodfifiia X #RF"T 2B TE /-,
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P+PN-PPHEAR KB EDRE IR R (AIPS)

ERRFEXOV ) AVREREREBTE 2 FE 351100 A LIEFEISRL,
ﬁ&:’:Ab§f; ‘j,n‘:# N+P#§A0)Jhi}§bﬁﬁ‘i/ U - /FHEWG) ‘i%b‘%l’ﬁ( L-T_?_-a-é
= |

KEZ AL R RIE
03~1.12 um

100 Light Penetration Depth

Relative Photon Power (W/um)

0.70.8 31011 1.3 1.6

Photon Wave Length ( pm )
KEBEICIIEEREFEBAIRFALF—EIHIEREICZ W,

"E=hw=hf=hc/A
- E(eV) =1.24/ A (um)

]
|

The light energy of the wave length more than A= 1.12 ym
| can not be converted to electrical energy in the silicon crystal.

048

For Silicon, Ec = 1.10eV and A= 1.12 um




P+PN-PPHEAR KB DIZE #RIF RAE (AIPS)

Digital CMOS image sensor

with highly sensitive and no image lag Hagiwara Diode ( pinned photo diode )
We need also an AD convertor absolutely !!!

: , (3) Brain Memory Cells
(1) Retina Nen eff”s We don’t need CCD any more !

retinag

(2) Charge Transfer Nerve Fibers



P+PN-PP+EARKIEEhOIRE #RIF R (AIPS)

Cs << Cout

Classic MOS image sensor

had Large Clock Noise, Vout = —==— Vout

CkT Noise and Image Lag VG GL I Vvdd
Light VOG kT i HQO o
[ Large C Noise ] ? . g

C\% 1T1CE N+P Photodiod IC vag
S : + otodiode out
with Image Lag T T

lmage] Large CKT Noise

. 50 SN .

Source Follower Type Linear Amplifier was
too large to place in each picture cell area.

T

s
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1T1C%! Dynamic Photodiode DfHRE =
CTG Serious Image Lag

Output Q(t) :
; Reset
Q(0) T Time
Image Lag
: l Q(T)

I C I Cout

1T1CE Photodiode with Image Lag

.............. £ 1s(t) ~ Q) AV(®)

ﬁ"“’) AV(t) ~Q(t) C

1 CKT Noise
Q(t) AV(®) << AV(0)

CkT Noise

Before Invention of CCD in 1970,
1T1CE N+P Photodiode

with Image Lag _f_

RCA, Fairchild, NEC, Philips
Serious Image Lag

Vertical Data Line
Large CKkT Noise

|-e VOG

—> Output

Horizontal | Data Line

-.L-CH

After Invention-of CCD in 1970,

1T1CE N+P Photodiode
with Image Lag

RCA, Fairchild, NEC, Philips

T

[] - Nolmage Lag
- Vertical CCD
-
= Small CKT Noise
-
ijkﬁvoe
» Output
T T T T T TTTTT

Horizontal CCD 051



Hagiwara(Daimon), ISSCC1974 Student PhD Paper tica N+p§>ﬁgﬁ,ﬁﬁ,(}£"e"t'°" of CCD in 1970,

- . RCA, Fairchild, NEC, Philips
on Buried Channel Charge Coupled Device (CCD) with Image Lag 9 Serious Image Lag

Vi V2 vi V4 Vi V2 Vv3 V4 Vi V2 V3 V4 Vi
l’ll?l[’u?l’ll,ll?ﬂ?lI’llrll?ll,ll’l . .
— Vertical Data Line

0 —— Qs — 0 —0mo

: Large CKT Noise
N type Buried Channel

|-e VOG

—> Qutput
i e Horizontal | Data Line P
J_- -.L-CH
~ - \ N After Invention of CCD in 1970,
& i By 1T1CE N+P Photodiode I_ RCA, Fairchild, NEC, Philips
ith | L
. S wihimaee=€e |- No Image Lag
B ey BRI oo e = Vertical CCD
‘ % of =
: N = = Small CkT Noise
“\ s ¢ PHVOG
- i v . 33 » Output
* ARG o £3 T T T T T T T1TTTT

i Horizontal CCD 052

(b) Polysilicon and Metal Overlapping Gate BCCD



Floating Surface N+P Single Junction
Photodiode with RC delay time

CTD

Before Invention of CCD in 1970,
1ITICE N+P Photodiode RCA, Fairchild, NEC, Philips

ith | L I
with Image Lag  § Serious Image Lag

¥

JEEEEERREQ

 J

Si02

dEEEEEEEEERE

Vertical Data Line
Large CKkT Noise

|-e VOG

Qusig .

Image Lag

Small CKT Noise

“'IIIIIII:I:IICISIIJIQIIII. .
LTI . - — Qutput
P Smmmam Horizontal ]| Data Line
T -.I_.-CH
" Vere 5 After Invention of CCD in 1970,
LghES ' 2 lds(t)=lo ( Vs — Vech) 1T1CE N+P Photodiode - RCA, Fairchild, NEC, Philips
r Qsig(t) = Qo exp (—t / T) withimagelaeg 11 No Image Lag
V$ ...... A
. ——— = Vertical cCD
-
-
-

Small and Slow Current Flow

— 'ds

v’rl: :
Vcth'“‘
Image Lag

Vd

* timu

ijkﬁvoe

T T T T TTTTTT
Horizontal CCD

» Output
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Floating Surface P+NP Double Junction C1G

Buried Photodiode with RC delay time CTD
l Cox
CSUQ . S_iOZ \{S X -

P-type Substrate

Figure 10. Capacitor Couplings of the Floating Surface P+ Hole Accumulation Region.

v’ IVCYG 2
Light | Vd |ds(t) =lo ( Vs — Vch )
= = Qsig(t) =Qoexp (-t /1)
VS ...... T
Qsig
' o Vd

Qisig .

Image Lag

lalg
Smellond Slow Curremt Flow X
Vol s e To TTV.
V‘"Im Vd
Image Lag

Before Invention of CCD in 1970,
1ITICE N+P Photodiode RCA, Fairchild, NEC, Philips

ith | L I
with Image Lag  § Serious Image Lag

Vertical Data Line
Large CKkT Noise

|-e VOG

- — Qutput
Horizontal | Data Line

T
After Invention of CCD in 1970,
1T1CE N+P Photodiode RCA, Fairchild, NEC, Philips

ith | L
with Image Log o No Image Lag
Vertical CCD

Small CKT Noise

ijkﬁvoe

T T T T TTTTTT
Horizontal CCD

TTTTTT

» Output
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Floating Surface P+NP Double Junction Before Invention of CCD in 1970
Buried Photodiode with RC delay time 1T1CE N+P Photodiode RCA, Fairchild, NEC, Philips

ith | L i
with Image Lag @ Serious Image Lag

Vertical Data Line
Large CKkT Noise

15 12 13 ? '. E IU 9 3
s T .r |

i J

I_.:—|_r

Small CKT Noise

Cv
e VOG
................................... . _ —> Qutput
Horizontal | Data Line
-.I_.-CH
— After Invention of CCD in 1970,
JPA1976-65705 on PNP junction Buired Photodiode 1T1ICE N-+P Photodiode - RCA, Fairchild, NEC, Philips
iori ith | L
PrlorltyJune9 1975 Net1herland Ptatent 7506795 with Image agl - No |mage Lag
f 11 |/ i = Vertical CCD
|_
|_
|_

V, DA '
TR \&fk\_“ {\V

I e e

15 2 Fig.2 ® 2 Horizontal CCD 055




Completely Pinned P+ Surface with RC=0
with Surface Direct Metal Contact.

CT1G

P-type Substrate

¢

JPA1975-134985 Hagiwara, 1975
s 6 &
t K ieh
s g 5 P F‘F VOD o ¢ J

Ao M hy 240 8 0 Je e c
sorn) | {fetrndbtat P :,?—*1.&,
PPIPIPIPSAS ‘ 2 oy :fj y {

ﬂ-l‘

No Image Lag

PIAS s b ;z
P_’ F - 5 I P N
Jo & / \ M %T
t ‘ 1 Empty Potential Well
%631 7 vop

Before Invention of CCD in 1970,
ITICE N+P Photodiode RCA, Fairchild, NEC, Philips

ith | L i
with Image Lag @ Serious Image Lag

Vertical Data Line
Large CKkT Noise

|-e VOG

- — Qutput
Horizontal | Data Line

-.L-CH
Triple junction type Pinned Photodiode

with Electric Shutter by Hagiwara, 1975
PNPN junction

Pinned Photodiode ¢ - NolImage Lag
Vpin 5= = Vertical cCD
N - .
" = Small CkT Noise
Sub I_
L |-e VOG
Electric Shutter Function » Output
T T T TTTTTTT

Horizontal CCD
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Completely Pinned P+ Surface with RC=0 Before Invention of CCD in 1970,
with Adjacent Heavily Doped P+ Channel Stops 1TICE N+P Photodiode RCA, Fairchild, NEC, Philips

ith | L i
with Image Lag ¢ Serious Image Lag

Vertical Data Line
Large CKT Noise

Cv
e VOG
- — Qutput
Horizontal %ata Line
H
P-type Substrate . ] ] j_- .
Triple junction type Pinned Photodiode
# with Electric Shutter by Hagiwara, 1975
SSDM1978 Paper —_— _PNPN junction I_
- Pinned Photodiode @ - No Image Lag
i /\ SSIS Semiconductor v O I_ _
g::/ ‘ History Museum pin P+ il Vertical CCD
i i - N
et f\ :—E.\ on =  Small ckT Noise
Excellent BluecnghtSTnsmv‘lty - iﬁl_‘ Sub I_
Ll JL*;—, T -l L 1:Il-ovoe
' : T : Electric Shutter Function
BT > Output
Inmnm'mm' ~y T T T T TTTTTT

w o Horizontal CCD 057




Completely Pinned P+ Surface with RC=0 Before Invention of CCD in 1970,
with Adjacent Heavily Doped P+ Channel Stops

CTG

1T1CE N+P Photodiode

RCA, Fairchild, NEC, Philips
with Image Lag _f_

Serious Image Lag

Vertical Data Line
Large CKT Noise

|-e VOG

- — Qutput
Horizontal | Data Line

T
P-type Substrate

Triple junction type Pinned Photodiode
# with Electric Shutter by Hagiwara, 1975
PNPN junction -

- Pinned Photodiode ¢ - No |mage Lag

JPA1975-127646 JPA1975-127647 SSIS Semiconductor _ .——|
Oct 23, 1975 Oct 23, 1975 ( History Museum Vpin Pt = Vertical CCD
CHEOmE | - -
. =\ I'E.\- o = Small CKkT Noise
s [CH: N [T Sub =
L | a T e vOG
L | Lo Electric Shutter Function
e o B > Output
) _\/uﬁ 7 e . 00 | T T T TTTTTTT

JPA1975-127646 X1 7 £/ pa1975-127647 X Oce - Horizontal CCD 058



P+PN-PP+iESBKIEERDIRE #*IE BRI (AIPS)
Sony | [#EH® Pinned Photodiode D FBAE | LBIEL TWLW 3B,

=10 1.'D"4 h—h  BE-®F VI JL-FiOwT  F4/09- AH  HAFFEUTs FHsY  RERER sMuesbt mERE | Q

H#ZE | English

BRERESHEECMOSA A—S1 Y —Z2Z X 3ARNEY ——FAICDOWNT

Y i
Vi e I ERENS ¢ S

EEBHECMOST A—t VY —(CiEB &N /zPinned Photodiode

VDA A= O —-0FEADELRE. S<ECCONBEAETEINDIFS. FTEPinned Photodiode(d. EEBFIECMOST U — MR LICEEHT 25
MTHD., TORBIERHEOESFHEL.
V= —(F1975%, EEEFEON+NP+NESE EN+NP+NPIESEQPinned Photodiode (PPD) Z#HAULZCCDA A—TH—FFRALEL (HEERET1975-
127646,1975-127647 #J5 BERE) . BF. €0O@&E=EC> HI, VOD EEA—/)(—J0O—FL+>) #EEFEFD, PNPESREIPPDERBALE (5%
12151015 #E BE) . V-—@EF0®. A TE5AHFEMCLDBOP+OF v o)L v TiElEE oS HENAEIC R L 7= PNPESE MPPDR i
BAUEIL—AFS2AT 7 —BICCDA A—2 T S —oREGRFICER THHTHRIIL., 19785FMSSDM1978MF = Tm X =R L= (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 (C(EV = —(FTMPNPIESEPPD ZEALED > FYIDIL— A RS VAT 7 —CODA A= H—FE ST HAS—HEVIROFHEICHEIIL, BERT
FLE T ROSRN,. —1 -3 —IUTEEROBAMRHEESRE® L THFEEN Iz, 1987F(C(FV=—(3. VOD (#HEA—/)(—TJ0—-FL1>) #eEEED
[ AATEAHEMIC L DEBVP+DOTF v 2 RILA v TiElEx TS HERRE(CEM UTZPPD] &4 249 — S+ VERRBICCDA X —S U H— [CHER THlsh T
RAUESZUETAOH AT —ORRICARHLET A D ASOmBERELE.
COLEOIBRVEBRZETCEEN TS ZPPDOEMNSEERBEECMOSA A -2 O —[CEATN TV,
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FEFERANBBEFE

{KEESREEIT [#E A Pinned PhotodiodeDEXRIEERE | LBIEL TW3,

AA=DPCVRT+ b XAF—FDRE (Y =—, HiT, nec. i) (shmj.or.ip)
http://www.shmj.or.jp/museum2010/exhibil005.html  (m=ve

FEFAA-—DULHTREEARTFICIA M A—-FHBEVENS., 19874,
— 3R EE > Beh T # -1 A — F(Pinned Photodiode) &M EN TS ZHEZET(Y
——FTmI A A A — FEHAD : Hole Accumulation Diode &EIEAIZ)ERELE
2/34 > F38REZEIT(Interline Transfer)-CCD+ XA— o H&EEH L, 8=

VIR—EEEFAH S TCCD-Voo) =RELE (1

EVEHTIA A A-FERLIRTEDIC. NEEZFZPETEY. TAEODPEZ
SEEPTICLEDA MIAA-FTHSZ. COBETE. SAEOPTEENEREM
[CEEBoEnalizs, 1984F(CKodaklCL > TEVE®H A A A—F &t
TNz, BRESN. LWy oL 2 CiAT. BERORESR. BXF
EDOGRT 5 —0OEEETICLZEER - HEOABERIEOFRENSD D, X
— ST HATA MY A-FELTIED TENTZEHETET 2.

19758, V=—N'5PNP S YU RSRBART LI BIES aaniz Bl 2%
MEPTB(ISVA)ICTBCELCLIDRED T A M A A— ROLS I CRESTES
W3 S CSAELEEEOSKNEER L, SHBEFABCHLEET
EEENE U, SHOREEPTBCIZEVEB A MM A— FoERERBE
EThoIz. Pinned Photodiode

FENTIA A A— FOSHEPTEEEIREUCTIESHHIE V- 5RE
ni=. AIIN'SI219774, EEEEFPJFJ:‘#&PEAEE(?IJL}E%%EL&ﬂidﬁjw@é
ICE Y EBHTECET EFERSERIENL, I MY A—ROY1F=v oL
oaELfaEsntEranr B, Sry-—31978%, AUBEDTA B

A — BEBUEFT(Frame Transfer)-CCDA X —St 2 HEFRELR B | Z2ns%
BEUz2/34 > FRI28REEFT-CCDA A— 2 HEALE,

b

(1) ;EIFIEE, $HAET. EllgER. A)lI&Ak. EHRE. #EEX, "IEEE
T AHIT-CCOBERT". 7L ET s ZF&i1ERE. vol. 12, no. 12, pp. 31-
36, (1988)

(2] MEEC. BEEsA—. &FEE. LWEESE. BFRAES. “1/3/ 2 F300ER
[T-CCOTH—", Tl EZs > F=iEERSE. vol. 15, no, 16, pp. 31-36,

(1991)

(3] FREREE. "EFESEE". iF5TAR #858-46905  (1975F11F108HE
F8) JPA1975-134985

[4] /i, TTA—/\B. "BEREGEE=E"HiTNik [B62-20750 (1977418
10HtEE)

[5] 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): Japanese Journal of Applied Physics, vol. 18,
Supplements 18-1, pp. 335-340, (1979)

(6] REFL). EME. PHEE. FHFE. EER.
S—hAZ"

“FO—F+JLCCDERND
Tl Ezs L FaRiiERE. vol. 5, no. 29, pp. 32-36, (1981)
Complete Charge Transfer

No Image Lag

ve length (nm)

Excellent Blue‘ Light Gensmwty

Ll |

SEE =

Pwel:

1
i H
! N sub |
] 1
1

! Photo Diode Transfer!
Gate

F-1 IT-CCDAA—U > HOZNEEES (:

>
with Adjacent P+ Channel Stops
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FEFERANBBEFE

{KEESREEIT [#E A Pinned PhotodiodeDEXRIEERE | LBIEL TW3,

AA=DPCVRT+ b XAF—FDRE (Y =—, HiT, nec. i) (shmj.or.ip)
http://www.shmj.or.jp/museum2010/exhibil005.html  (m=ve

FEFA AU U TEEAFTFICIA BT A —
—(FIRTEE
——FTmI A A A — FEHAD : Hole Accumulation Diode &EIEAIZ)ERELE
2/34 > F38REZEIT(Interline Transfer)-CCD+ XA— o H&EEH L, 8=

VIR—EEEFAH S TCCD-Voo) =RELE (1

FHEWSNS, 19874,

EVEHTIA A A-FERLIRTEDIC. NEEZFZPETEY. TAEODPEZ
SEEPTICLEDA MIAA-FTHSZ. COBETE. SAEOPTEENEREM
[CEEBoEnalizs, 1984F(CKodaklCL > TEVE®H A A A—F &t
TNz, BRESN. LWy oL 2 CiAT. BERORESR. BXF
EDOGRT 5 —0OEEETICLZEER - HEOABERIEOFRENSD D, X
— ST HATA MY A-FELTIED TENTZEHETET 2.

19758, V=—N'5PNP S YU RSRBART LI BIES aaniz Bl 2%
MEPTB(ISVA)ICTBCELCLIDRED T A M A A— ROLS I CRESTES
W3 S CSAELEEEOSKNEER L, SHBEFABCHLEET
EEENE U, SHOREEPTBCIZEVEB A MM A— FoERERBE
EThoIz. Pinned Photodiode

FENTIA A A— FOSHEPTEEEIREUCTIESHHIE V- 5RE
ni=. AIIN'SI219774, EEEEFPJFJ:‘#&PEAEE(?IJL}E%%EL&ﬂidﬁjw@é
ICE Y EBHTECET EFERSERIENL, I MY A—ROY1F=v oL
oaELfaEsntEranr B, Sry-—31978%, AUBEDTA B

A — BEBUEFT(Frame Transfer)-CCDA X —St 2 HEFRELR B | Z2ns%
BEUz2/34 > FRI28REEFT-CCDA A— 2 HEALE,

V=
Bsh I 4 47— E(Pinned Photodiode) &I FENTWAEHZEF(V

(1) ;EIFIEE, $HAET. EllgER. A)lI&Ak. EHRE. #EEX, "IEEE
T AHIT-CCOBERT". 7L ET s ZF&i1ERE. vol. 12, no. 12, pp. 31-
36, (1988)

(2] MHEECS. BEiRLh—. &7FEE. LHESE, BFAESR. "1/34 F360hBEE
[T-CCOTH—", Tl EZs > F=iEERSE. vol. 15, no, 16, pp. 31-36,
(1991)

(3] AR, "EEEEE". 5T Ak_#E58-46905
&) JPA1975-134985

(4] /e, TE—\B, "BEAESEE"FTAE [B62-20750 (1977518
100 HFE)

[5] 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): Japanese Journal of Applied Physics, vol. 18,
Supplements 18-1, pp. 335-340, (1979)

(6] REFL). EME. PHEE. FHFE. EER.
S—AAT"

(19751181084

“FO—F v #JLCCDER
Tl Ezs L FaRiiERE. vol. 5, no. 29, pp. 32-36, (1981)

Micro-Lens
—|Pf| N 8
E P wel | i i
it B i <FCX016> 570H x 498V One-Chip

i ceD

FT CCD Color Imager, 1978

F-1 IT-CCDAA—U > HOZNEEES (:
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P+PN-PP+HEAR KB EDIZE #RIF REE (AIPS)
Wikipedia |& [#[E#»* Pinned Photodiode ®#EAE ] LMo TWB EEE L TWS,

A Ys & O f 3

0

S ]  httpsy//jawikipedia.org/wiki/#kE BB

& ‘YoshiakiHagiwara19480704 'n E‘E £E TSz BARE ~—FH DavFUAL EEZE 05700

e — e EE EEST WikipediaPVE 15 Q

vixnry  REE

TR HE: DU —ENEE [ $R5 7 (Wikipedia) ]
;*j SO s MR BB (3205 LULes=E. 194857840 -) 3. BEORES, 1237, TFE,. B5UICERR,
=274 -
ad FloV—HASHICHVWTA A=Y (BEFT) 1) ORFRETL. 79I AATORBET /(T ADERERZR>TVSIEAT A -
;fﬂ’f’fﬂ‘_‘g S — F(Z: Pinned Photodiode) (1] 2B L7 ¢ THSNS.
iiﬁgﬁ W [3EET] @1975F3H 5 HIZ Double SIS AR F = HBEL
e 1 At - R SONY (#k) HADE~FKRIZAICHEL 7=,
7w FO— K (1 F % 2 ¥ EREE @19755108238ICIEFKEIIE 2 05T,
F47 - 3EIA) I JPA1975-127646 £ JPA1975-127647% HHEET 3,
o A @ 1975F11 108 IR FTAFRALSE FH SN,
-~ . éFFU“; TN : in-pixel VOD#&EE(T = MPNP ES RO AEF
f_\; ab = PR IIFFEFHEE (JPA1975-134985) L 7=,
P im <FCX016> 570H x 498V One-Chip
EHat FT CCD Color Imager, 1978
;ﬁmiﬁ% ANH) - FRE =
=¥ ]
j;:m;—rugr:aw 1971FC AV TAI)ZFPIRAFTEF L F EMEFOFUEIE, 19725 (CIELS. 1975F(CELS(PL.D.)=Carver MeadDIEED T
SHEBLED

g, Pl 1974 B g ciiE it & 123,
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P+PN-PPHZAR KIS EHORE #RIFRHE (AIPS)

B Microsoft Bing Who invented Pinned Photodiode ? 0 0 Q

Yoshiaki Hagiwara e =y A
2 HFOiRETICE T & == =

0QQO Evidence that Yoshiaki The first pinned photodiode (PPD)
Hagiwara is the inventor of Pinned was originally invented by Yoshiaki
Buried Photodiode with in-pixel Hagiwara at Sony in 1975 to use for
overflow Drain (VOD) function is the interline CCD image sensors.
given by the three basic Japanese Hagiwara at Sony invented PPD also
Patent Applications, JPAT975- with the antiblooming function in
127646, JPA1975-127647 and 1975.The evidence are given by the
JPA1975-134985. three Japanese patent application,

JPA 1975127646, JPA1975-137647

and JPA 1975-134985.
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ccd - Difference between Buried Photodiode and Pinned Photodiode - Electrical Engineering Stack Exchange
https://electronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode

@ ELECTRICALENGINEERING 1#/E# Pinned Photodiode D FBEE 7| LBiE L TW3,

Difference between Buried Photodiode and Pinned Photodiode

A pinned PD i1s by necessity a buried PD, but not all buried PD's are pinned. The first Pinned PD was
invented by Hagiwara at Sony and is used in ILT CCD PD's, these same PD's and the principles
behind this complete transfer of charge are used in most CMO% imagers built today.

You can get surface state pinning from the dangling 5i/5102 bonds providing trapping centers. A
buried PD (Photodiode) has a shallow implant that forces the charge carriers away from these

surface traps. The 5i/5102 surface contributes to increased leakage (dark current) and noise

(particularly 1/f noise from trapping/de-trapping). 5o confusingly a buried PD avoids pinning of the
fermi-level at the surface.

I've edited this Answer to acknowledge Hagiwara-san's contribution. It has long been incorrectly
attributed to Teranishi and to Fossum (in CMOS image sensors)

“The first Pinned Photodiode was invented by Hagiwara at Sony.”
“It has long been incorrectly attributed to Teranish and to Fossum.”
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BEHEADA/ R—=a3 V100 A X—=yHY— (CCD - CMOS) (iii.or.jp)

http://www.koueki.jiii.or.jp/innovation100/innovation detail.php?eid=00059&test=0pen&age
. - A—=t>H— (CCD - CMOS)

BE  xBiE2l: [E85 Pinned Photodiode DFEAET | LHELTWLS,

WE (/A-23L[((EZEE EREAREONE INEEE Z2ZMEE

BET) (( AOFRERZ. 1OEREROTLETISARNAS— FTHE. SRT. B8E. BHEESET UT P——
[AA-DTLY—] EFR) CEEL. #2lRE02) 0 REER 0D AE<EBLTE
1. W. S. Boyle and G. E. Smith [Charge Coupled Semiconductor Devices] , The Bell System Technical
=EQ—ETHIEHE R AR EN. ENNTHES. BEEENIAZL. BROOIANES. BETH Journal, vol49 (1970) pp 587-553
B JZL EDR=HSHD. BIRET2EN TV, 1960EREEICA A-ST 2 Y—0ERH 25— Uiz. TOLERE. > WEEE [SARES) R oo1e, 1070 RIRIaAE

MO S (Metal Oxide Semiconductor) ﬂh{lq:lll_.‘tﬁjj:_o 3. FEE— 4 [EHESEES] S5857-62557. 1980F10F28HE

4, ZBEED 4 [BEEFEE] $5852001-230400. 2000F 1158308+
1970F(ZBoyle&Smith (HiEBellFAFEAT) H'CCD (Charge-Coupled Device. EREEERT) TERLEL #&1 5. 8AER 5 [OYT L AREHESETALUTORER | 5682003-31785. 200167 A 1B L5

EUTHD. AA—ST T DESNFAFELT L EETEETI0CELTVEDE. ElERICCCDICHER 6. WiME St [LBHEECZORESE. RUBTHE] 55201565470, 201051 22

MASHIEZTEMNS. A H—EFEORLIZCCDICEo . 1970E8ENS FEEODLFEERCE 1.

1978, IUEELE (BF EF) . BUdFARLZ S CEESoBESERE TS T IL— 2 718 S8R A

— =0 Lo AREFHBL L, 1979FC(2FFHE— =_ (S NEC) 1. BECEERT AEICERL. BHD

xR 2tE g bAoA — | (Pinned Photodiode) #FZAFL IS, FHSOEERE. CCDRFTA—E
—%. FIEFREFD) U T IAILAFILAASEELEHRE L TEESN TS/, '-:ét— FFEWIC(E? ?

ST RY
1990FRICIER & CMOSOBERIEHEH. MEEED S DAY —FEENICERT 2SN FEICED. &8I

3. BA DA b A A— FECMOSA A—S T H—[0EBETECETCCDEAEM LME ) A ANERTS. #RO
£ < MESETAC CEFENEH SN, 2000FkESMhS (M8 v b BunbAguiEsScRmETE S
I—F« OENHTEEEERALEE, 2001FI04ERS (LB V=) 1. EEEsRCETEREELES, -l
CHNSOEMERICEDCMOSA A—SU U —HE@IRD. EEESEN oV IStk n. ESEEIDEsE ; N . -=n

. £ESETEENCENETE TV -/E, 2000F0EHES (88 V=-—) Y. 7 XA—TTH—IEHIUEnEEE IRD SONYEE&ﬁﬁL“X“-I-LtCCD CHIP

ETIELEEBLE. SRS SHE T RENCELEDT.

2014 (C (FHEFEIAEROICFBERSOEENTONG. /(WO HAS. FZLIAFILAAS. F-L2E
MIAIa—<—FAE ERA. F8A. MERIATREONS I3 0T, 3 CEER. BFRALISSDS
ETATA AT NEDNS LT

C CDiE&EF (I1CX008)

(EfEE : V=)
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1980FE DFFFFICHIEDM1982Di& X I- £ Locos Isolation DREMIIEETH S, LW ODREICH DRI ICIZLocos Isolation HA*BABBICFEA ATV S,

20145£12A18(8H) BB A7 « TEESENHS ITE Technical Report Vol. 38, No. 47

1ST2014-52(Dec. 2014)
(Invited) Effect and Limitation of Pinned Photodiode

Nobukazu Teranishi'?

at IEDM1982

Oy

(1) NEC (Teranishi)
Buried Photodiode

Abstract The pinned photodiode (PPD) is the primary technology for image sensors and used in almost all CCD  p*ger

image sensors and CMOS image sensors. This paper discusses effect and limitation of PPD, especially dark :.
current and electronic shuttering. Even when PPD is used and silicon surface is neutralized, proposed model )

N

Po

explains that GR centers at the silicon surface contribute the dark current. The temperature dependence is an =~ \—

activation type with activation energy, £,, not £,/2. It is important to reduce GR centers for dark current reduction {

at PPD also. It 1s also noted that the vertical overflow drain (VOD) shutter combined with PPD has potential of
high speed shuttering with small skew,

(2) Pinned Photodiode with LOCOS Isolation
described by Teranishi in 2014

] |
o oo
T : 12718
L B ! — TN -
| p* ‘ P wel | "
T T T
' N v
: N sub ! i
1 . =
' Photo Diode Transfer CcCD

Practical and Actual Pinned Photodiode does not use LOCOS isolation, but
with the adjacent P+ channel stops formed by Deep High Energy Implantation
with Lamp Anneal technology developed by Kazuo Nishiyama at Sony in 1978

(3) Pinned Photodiode (4) Pinned Photodiode explained by
Sony(Hagiwara) 1978 Semiconductor History Museum
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Fossum @ 2014DIEEEDSENXICIIEELFZDEH L H B,

[1975F DFKIE D HEEHFEFICHSSDM1978 1 DX b T2 EMIXFE (REDOL W)

DEHFHDLGWV] ERBLTWS,

FOSSUM AND HONDONGWA: REVIEW OF PINNED PHOTODIODE FOR CCD AND CMOS IMAGE SENSORS

Fossum did not quote the in-pixel source-
follower Active Circuit invented by Peter Noble in

1966. Fossum did not invent Active Image Sensor (APS).

In 1993, a CMOS active pixel image sensor (APS) with
intra-pixel charge transfer was proposed by Fossum et al

at JPL [30], [31]. Performance nmpmvei‘nf using backside
Wrong

el Pdse 1 aND oV i Oudismn Pudee 2 (’l-bc-l\nlra
Lighe (';:'p‘ o | 16 Vst =
h. A ™ +Vid »0
Von 'hl\‘o-oﬂu'd
Vi " 'r et
[ ST ln(‘nhmn
(D SNV P s Fuldbrave
™ Live Pudne U —_re-
D oV Lowed PMOS

Active Pixel Sensor invented by Peter Noble in 1968
used widely in Modern CMOS Image sensors

- [6]P.J.W. Noble, “Self-scanned silicon image detector arrays,” IEEE

Trans. Electron Devices, vol. 15, no. 4, pp. 202-209, Apr. 1968.

on the active photo sensor with the built-in source-follower
type ‘1n-p1xél current alpllfler ¢irciit, a very i1mportant

element for modern CMOS image sensors.

Sony does not use the LOCOS Isolation which
has the serious thermal oxidation stress and degrades
the image sensor chip-yield and causing surface dark
and crystal defects. Sony use the defect-free high energy
ion implantation and the Lamp Anneal Process invented
and developed by Kazuo lehlyama at Sony in 1978.

P+ surface may become
Floating High Resistivity

Pinned Photodiode with LOCOS Isolation
described by Teranishi in 2014

"

Pinned Photodiode defined by
Semiconductor History Museum

—_— H '—-‘_ Pinned Photodiode reported
m N at SSDM1978 bv Sonv(Hagiwara)
' === ' a.l 1 ,SiO:
; P well | : + ’. ——
! he ¥ .
N sub




Fossum @ 2014DIEEEDEXICIZEELRDEREH L H B,

Difference of (1) NEC Buried Photodiode (BPD) with image lag proble.m,
(2) KODAK Pinned Photodiode (PPD) with the LOCOS isolation
and (3) 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).

(1) NEC BPD (2) KODAK PPD (3) Sony PPD
NEC IEDM1982 Paper ik E— -
Floating v v=CC is NOT connected to — I 7 N
e, i s,_ the LOCOS P+ layer. 7 I
E T : ~ The surface P+ layer - i ; H
P Subst!th_/“.——\ ’. xb.M":::' M “”i :
e T— s G i JPA1975 -134985
s B e, ae | =
P ———— $SDM1984 KODAK Paper B %[ -
*T . ° . ':':':.":::'1 e Serious Image Lae ? 0" - -\\‘.f""‘"“"ﬂ.‘:‘:"“i
SSDM 1978 Sony Paper

e ""I—L‘—r—rr
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Fossum @ 2014DIEEEDF®XICIXIEEERZEDREH D H 5.,

Hlstory of DRAM Cell ( Source Follower )

vda

s | = -
_._1_ ‘T
°‘" nuwcmamn ouvl

Enomoto (NEC 1965) ®ilt Regits (Moneywell 1969)

before ‘“‘ intel 1101 ISSCC1970, Philadeliphia.
History of Photo Diode Cell ( Source Follower )
pc Ughe VOd PGEVOG p lighe Vad
Wi vOG 39 ) o VW ol
Sl gy S i
' l - HAD |
VGG o] l our ouT l
our
°°""'“"°""Pl A"“"'m | :“’;;'sﬁ"‘“" after Peter Nobel, 1966~1968
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Fossum @ 2014DIEEEDHXIC I EEFRFRDEHEHD B B,

L] . L ]
Hagiwara 1975 patents showed Features of No Image Lag ,
History of Semiconductor Devices 2 - #lag
@ @ Empty Potential Well and Complete Charge Transfer
of the double junction Pinned Buried Photodiodes.
MOSFETO) 8] Bipolar Transistor 0 529/) VT /Y —-ERAE)-R9) -
Al/A1203/Cu2s | 1948%F Schocley et al 1948%F Norbert Wiener (a) Pinned Photodiode defined (b) Pinned Photodiode defined
1926,1928 Lilienfield l 3 1 in Fig. 7 of JPA1975-127647 in Fig. 5 and 6 of JPA1975-134985
Photo Transistor . wmim Metal Cont is opti |
I Wire Bond &Y S [0]280) 8 1958 Kilby at T1 1950*]0::"5“‘\29?:"! Fig. 7A- o oo w m Pinned WHE ju :‘3}» oy
Si MOSFETO) 19 1 - = '
i 1 59470 KHEEE 196171 sipolar BRHLX K (CTD)
| I | 1967%F G.Krause
i
1963 Wanlass MoOs ‘o‘l@“ 1963 Fairchild MOS imager with Pixel 3 Tr Active AMP
| 1,?;’"‘%“ by Peter Noble in 1966
4) TIJAPAN 2237 ( T1and SONY ) (i i ig.
1T1C BIDRAM®D RH8j] T mi::s7:b:|: W%‘n ig. : 8 Cérhplete .charge Transfer
— 5 1 L), ster & d iwith no Image Lag
1966 Ntclﬂ*\ # 1970 SONY 5—TV/l Bipolar IC | “o—+7 1 | Empty Potential Well
RIDRAM Scaling | MOS BBD BYIR#I X 1 (CTD)
Sl 1967 ,,,:) 5:3,:‘ - ®| 1975 Philips PNP Buried Photodiode 1970%F F.L.). Sanster
i ‘ = 1 NEC IEDM1982 paper was not Pinned Photodiode by definition.
I Moored ;%M original) @ 1975 Sony HAD Sensor @ SCco M RWEH X £ (cTo) Difference of Buried Photodiode and Pinned Photodiode
PMD3TIC DRAM MG 1965 Intel _ ':l‘:aNA:It?-nB.I:o’:::::xgl’; 1970% Bayh and Smith Fig::»:ef g:leosd ::;t have the P+ channel stop nearby.
1970 lm.l l I Flaating Surface Pe reguan e .'\ ::: n;z;:-'-“ <‘. o' =
| All MOS Transistor @ 1978 Sony PNP Pinned Photodiode BCCO g!tnmxal(m) 3 N - e
with adi P channel 197‘$MMM = V4 é
Memory Computer fi= Jacent nnel stops . NP Rl p P P §
mu’:g;:azlm m 1970 'm 10 l .;'.f ." | /" ‘?\\‘-. rrete - E
Sarious Frotienm 2 'y "o
NEC Buried Photodiode ( = SONY HAD) @IEDM 1982 e 'ED;;:Z S = i - e e | + g
— m! - @m ”m MPU d)na‘t KODAK Pinned Photodiode ( = SONY HAD) @'EDMlm ﬂ?.tin' ac ve _y-oco T8 Chommas tems ““ 0‘.
lgyer ﬁ
RN 1971 Intel SONY HAD Interline Transfer CCD Imager with VOD TR T TR etthecTo gue voitage more than 10 voi.
| L @D Hooft THISPIN 1987 SONY = —— R e —
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Proc. of the International Conference on Electrical, Computer and Energy Technologies (ICECET)
9-10 December 2021, Cape Town-South Africa
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Pinned Buried Photodiode

Vere Vere
a Yoshiak: Hagiwara
>
v Si02 : .
2 AIPLAB % _le
P_h+ ht h+ h+ ht-;bhy
h4

1cial Intelligent Partnar System (AIPS)

= Vaziv) N @

o g .42 1
ps h+ h Atsugi-city, Japan s

h.
N- h+
B e t .- b ' ! N t
N ——r ) . e etialei s oy ‘) by | e-
sso+2 —® Vjin hagiwara-yoshiaki@aiplab.com | { complete Gharge Tranfer [ N+~ —*—g v/,
| ~ |1 A @iith no Image Lag $i02
Blue Light &—th i -
g Blue Light

Fig. 5 The N+N-P+NP-N triple junction Pinned Photodiode which is a Fig. 6 The N+N-P+N double junction Pinned Photodiode which is a
reproduction of a figure drawn in Japanese patent application JPA1975-127646. reproduction of a figure drawn in Japanese patent application JPA1975-127647.
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Pinned Buried PIN Photodiode Type Solar Cell
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SHEDYURBIZ2FYTIEBRAAATELTY ——A B &ML XC-1 1980
xR OMERDLEIERARD)—ITBRLET Two-Chip Color Video
Camera
SEAR 11D
OO MOEE

Technical Report represented at Japan SSD conference Tokyo, May 1978 all solid state = robustness

T/ one pixel = one picture element cell (B3%) <ICX008>
; oy Y 2/3 Inch 120K Pixcel
# ' OFD —}’gs , g IT CCD Imager designed

BCCD&#: % SCCDiii%. MOSHE &=,

MOS GE‘C""%UC SCCD #z3%¢ BCCD#R X% LHOUSZAEDIVNELCR

BIATEIE(SN02 )FHHE! O MOSEIZENMEE KA. CORSGEREHADREEIRALY —— D1 ABbSEas
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SONY original 570H x 498 V One-chip FT CCD Image sensor with Pinned Photo Diode, 1978

In 1978, at Sony Tokyo Press Conference by Kazuo lwama, and i ¢
at Sony New York Press Conference by Akio Morita,

« P+/N/P(HAD)
Gt o & photo sensor

TERray

" Pinn&d Photo Diode, 1978
Hagiwara 1975 invention

Buried Channel
’ a ’ «<— CCD
Vetical Shift Register

Sony announced the Video Camera and 8 mm VTR in one box.

High quality pictures of current SONY HAD CMOS Image sensor with Pinned Photo Diode

L 1)

-

Sensitivity x2

Front-illuminated CIS Back-illuminated CIS

Sony original HAD sensor and the pinned photo diode are the same thing.
Both are Hagiwara 1975 invention. See JAPANESE PATENT JAP 50-134985, Nov.10, 1975
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https://ieeexplore.ieee.org/document/9058907

Multichip CMOS Image Sensor Structure for Flash Image Acquisition
Published in: 2019 International 3D Systems Integration Conference (3DIC)

Yoshiaki Hagiwara

AIPS, Artificial Intelligent Partner Laboratory, Atsugi-city, Japan

Abstract:

A new 3D Pinned Photodiode (HAD) CMOS image sensor structure applied in the 3-Dimensional
multichip high speed digital flash imaae data acauisition svstem is explained and the important

features are discussed.

Al T
J Ron = O’% \—\
Vc Vc
Ve Ve
’ ﬂﬁg%l
P-
N
N+
“Ve

Fig. 7: Bipolar Transistor Process invented and developed
by Yoshiyuki Kawana (A) and Toshio Kato (B) in 1950s.

e e v . loyout of the DAC circuit Chip
7‘7: ;o DY g % Conventional Circuit
W et TOP DAC Chip
Conventional Circuit

343 vrsmmmne Memory Chips ( 1 ~N)

WLl
MC(iL ). k) '

8(j.x)

- ’:::"m ,":_‘x:g:’ One bit Memory Cell MC (i, ], k ) Layout

: v on the K th Memory Floor Chip
L 5 o s i S Conventional Circuit
LD comw i,y -
/ c',..x..r F ‘/Analog Data Comparator Chip

m/ <161

= el el Bottom Image Sensor Chip
[_T'Ilq: —_ ) | I I C Pinned Photo Diode Image Sensor
o || ==t with Back lllumination

B = -;E by Hagiwara 1975 invention
- ! gu— | i = See Japanese Patent ( 1975-127647)
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1975-1982 Engineerin CCD Imagersand Camera System

1983-1989 Engineering Manager in SRAM/DRAM/ADC

1990-1998 General manager in Sony /NVM/MCU/PS1

1998-2008 Executive Staff Sony Semiconductor
Strategic Planning PS2/PS3

Mitsuo Saito (Toshiba)

Bob Guensey (IBM)
Ken Kutaragi

Yoshiiaki Hagihara
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Y — ~(B.H. AT . EM)
(E Actuators ](: g @ 3
[ % Actuators K- \_@ 7

BREIERLT, BEXIZSINIKELN,
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Artificial Intelligence in Robot Vision

3

Mighty ATOM WALL-E © 2008 The Walt Disney Studios
| ASTRO BOY © Osamu Tezuka
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RAE#MSKIEIN TS, Pinned Photodiode®D A * —¥t 4 —EPNESPhotodiode®D A A —2
U —DENRENDGEBREREDISONMICE T SHANERKFEFRFTH S, FPNEESKBE
MO RILE—THHEFTIZEAL TIX. Shockley-Queisser BR(SQERFR)&E LT, SiDEREESEIL
TIE, ZEDOMEZFLELTL28UEETHEIEEADNT NS, CHITEHMA Single EED
PNESTCOERHEICLSIEDTH S, FRIEIZTAEANEVHOH SN-PNPIEESE LPNPNIES
ROSARFELIIISFEICRHALT-, MeadlZE 512 PNPNPNPEEBSAFRFZRBALE. TH
TN A= oP—L LTEBN-BREZFE DI LIFMONATIVS, CCTIIARBEMOES 5D
EFWROE LAOTEEMNICH L THAT 2, ERNICIE 868 %ETEFNREALTHETH S,
ZORRICEZHAEZEICKELRICEZMLE-INEZHIGFTI0EDLNDH S, PNIESOZEZEEBIT
THL, SHRAOP+PEBONY PTEREZFAL T, ABRICLY, RETBMEINAREFLIEL
DRTF2N)TEFRICKY, DRI CHDELBHEZT INEBICKEFOAZERT I0EDNH S,

Shockley—Queilsser limit

=

WIKIPEDIA From Wikipedia, the free encyclopedia

The Shockley—Queisser limit only applies to conventional solar cells with a single p-n junction; solar cells with multiple layers
can (and do) outperform this limit, and so can solar thermal and certain other solar energy systems. In the extreme limit, for .

multi—junctiﬂﬂ solar cell with an infinite number of Iazers., the c::rresEc:nding limit is 68.7% for normal sunlight,[4] or 86.8%
using concentrated sunlight!*! (see solar cell efficiency).
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DELFIALTHAEFEF—NEHRILLTEET S,

BAND BENDING®hI&R IS
1) a3 dBand Energy Gap® EG=1.1 eVLIF D
ETFIILF—Photon (RIERDOFNR) IZ. FREMICERTIRLX—ICEIETBRTERL,

#IE BB (AIPS)

FVELBZNUTER%

zZT¥Yay

chipzE<T5FLT5, EEMetalz&E#EL L THHL TIET R)ILF —Photon (RIERDFENR) %=

BEadLThiE

RELT, Y IaWAFEROAICHHERS L. KIFEHOSRILZFIELY —78RZIET 5,
BREAEF BTN LPD (m )
. KEZ L IERIE . 100 b= Light Penetration Depth

0.3~1.12 um

Relative Photon Power (W/ pms)

1.01.1 1.3 1.6
Photon Wave Length ( um )

0.7 0.8

For Silicon, Ec = 1.10eV and A= 1.12 um

E=hw=hf=hc/A
E(eV) =1.24/A (um)

The light energy of the wave length more than A= 1.12 pym

can not be converted to electrical energy in the silicon crystal.

B R WIRRIE
0.3~1.12 um

EEREEXIE. YVarERmE

D 0.1 umiEELHI»EBLEL,
AIRNERDOBRKERDOKRENL
TbmXK10 umLH>Vay
HREAZEALEVL, 1.1eV
UEDIRIVF -7 DKEEN
L EmRICKBEIRTEL L,
7€ > TEREICIE, BEERH1.12 um
LI EDZEFNRITEE 4 V) SEX(C
w3, KigEte LT, FRD
20umZEn> Y aviEEHLF—F
BENLGKEENEEE LS, 087



P+PN-PP+iZE€ R KEEHDIRER
#F& D Single N+P IZ5 8 KI5 E;

Blue
Light
]

N+ ‘ Si02

P+ P N
<! |

ing Load —J

Red Light

Problem of Single Junction type Solar Cells

The conventional single N+P junction type solar cell
has a very poor efficiency of the photon to electron energy conversion.

— : - Metal

Depletion 7B
- .Region : e

\ Sea of Electrons
: / Sea of Electrons

Surface Recombination is the problem.

Comparison of Double and Triple Junction tvpe Photo Sensor Structures.

#x [ RIZ(AIPS)
Double P+PNPP+iZ&E KI5 E;

P+ P N- P P+] Sio2 Ei';ﬁi
k’; I
Cé; | |
Red Light N + I
Load | —_—

One Unit Cell of P+PN-PP+ junction type Solar Cell, which can be connected in series.
JPA2020-131313 by Hagiwara,

Light

V(i+1)

V(i) m——

........

‘g O Uniit Celll

Set V(0) = Ground Voltage.
Then we get V(i) =ixV(1)
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EEREFEEXIE. BARAOP+PEEIGRAFAL7 BAND BENDINGHRICEVELBNUTER%Z
DEKFALTHAEFEFR—NLNZMELILL T S, V3> DBand Energy Gap® EG=1.1 eVIAT®
{ETRILF¥—Photon (RIFROFNR) . REMICERIANX—ICEETHBRTELAL, ZTZITYYaY
chipzE< 73FL73, EfmMetalz&£EHE L L THAL TIEZ R /LF¥—Photon (RIERDFNR) %
E&tL T, U3 YWAFEROAICHE RS L, KIEEROSERILZBIELY - ERZNET 3,

One Unit Cell of P+PN-PP+ junction type Solar Cell, which can be connected in series.
JPA2020-131313 by Hagiwara, V(i+1)
i

7 Light

EERE®XIE. YVarvRmE
D01 umiEELMMEELELV,
AIRABRDOERERDOKEN

Si02
> THRX10 umLH¥ )V
....................... rver—— e EsEE AL, 1.1 eV

LEDITRIVF - DKZE
L HOEmAICHKEBEZIRTE AL,
€ > TEEICIE, BEH1.12 um
LI EDRFNGRITEE 4 V) FEX(C
B3, KEaEteE L TEHED
20um iEEDOY Y aVERLF—F
IBAENLKEGEHBEL RS,

. . High Resistivity P-type Substrate .
s et geesesssesssssssssnssassssmssnam P P P e PP PP P PP PFTTTES v
Metal

One Unit Cell

> .

e

Set V(0) = Ground Voltage.
Then we get V(i)=ixV(1)
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The actual 1978 Sony HAD sensor has the P+PN+Psub (0) Original N+P junction type Photo Sensor

Junction type Pinned Photodiode (PPD) sensor structure with very poor short wave blue light sensitivity
for the excellent short wave blue light sensitivity. : ™ ;
2 Light I Si02 ‘ N+ ! Psub
1.0 ‘ [ - : :
s T ]
0.8 : ; 2 -
(1) Bip PNPsub junction type Photo Sensor
e with excellent short wave blue light sensitivity
Light | Si02|P+|P EN-I-E | Psub
0.4 . \\\\ =1 I s i E
. bip p-n-p-sub ~™ HEH H J_
ozl / ST 2 ————mos 5onmpoly _ + -
i Y 3 mos 150nmpoly (2,3) MOS Capacitor type Photo Sensor
vd 1 : ! A with fairly good short wave blue light sensitivity
400 - . 500 22 600 700 : .
FRIMEZ 1L X2 =7 L : . . : '
Fig. 7. Relative spectrum response. The reladve?wponse of the bipolar-type Light PolySi| Si02 i E Psub
S$i02-P2-N1-P1-SUB structure is compared with poly-SiO2-N2-P(SUB) -3 5 ;
structures of the polysilicon thickness of 50 and 150 nm. / | | i

—

Yoshiaki Hagiwara,"High Density and High Quality Frame Transfer CCD Imager with Very Low Smear, Low Dark
Current and Very High Blue Sensitivity", IEEE Transaction on Electron Devices, Vol 43, no. 12, December 1996

http://www.aiplab.com/P1996 Pinned_Photodidoe_used_in_Sony 1980 FT_CCD_Image_Sensor.pdf 091



FEEEREICENPRSNET (600nm HEIHETLLE)

Sony (Hagiwara) SSDM1978 SONY  IMX250 HAMAMATSU
FABMCUT 7 4 L EZ—H LT FRABCUT 74 2—5HBY 2 ? FABCUT 74 2—5HY 2?2
IFIFEFHRDOEREREZTT, ETUROERERLIYIIATVS, ==FHROEBERLYThTWLS,

1 BB’ EFLLENS?? EEHSIEL NS 2 ?

‘3

Relative Respanse %]

. 600
wave length (nm)

Fig.13 Spectral Response of the Pinned Photo —— .
with Pinned Si02 Window and Pinned Surface.

(1) PNPiEES  (2) PNP#ESE (3) N+PiES

EFHROBAREROEE AL Q) EB) TRE->TVLS, )RFBHRIBONBHFEICEZLLTLS,
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P+PN-PP+E& R KB E b DIZE #kIR R A (AIPS)
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(ET R I/)ILF—Photon (RIERDFNR) IZ. RENICERTR X —ICRTRTELEVL, ZZT¥Vay
chip2E< 3F¢LT3, EAMetal2£EHE L L THHAL TIETZ R ILF¥—Photon (RIERDFNR) %
RetL<T, V3O /WAFERO)91~L55IH:.'}§§‘T L. KIEFEBOERILZBILELY —ERENET S,
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P+PN-PPHEAR KB B DIZE #RIF RAE (AIPS)

2 5 Viaut 2 1 Vout 2 ¥ Vout

Load
\—L-_L_ Vout - Tﬁ""’“t L
T
N
F
N

T

=| = |=|=

N- typeor Inirinsic Substrate Wafer

H.
r1r’il|r
2xWout g ; E ¥ 2 Vel 2 x Vout
I : : =T
I T [
- : - = Woul
(h) Veatt 2x Vout | Liosaed {::}
E 3 = a : Load
: - : =
ZxVout : - —_
— 2 x Veut
- F—

Fig. 12 (a)Two Umts of Trnple Junction Pinned Buned P+PNPIP+
Photodiode type Solar Cells 1n senes with (b) a diode cireuit formation and (c) a
two- photo-transistor formation which can be fabricated by Bipolar Tr Process.
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P+PN-PPHEAR KB B DIZE #RIF RAE (AIPS)

=E - ATHgEORY FEE3 2, BEREDEVEFOERABRESNICIGATS
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Light Light
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P

P+ V(0)
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FewT{L ) TEREZL
High Resistivity P-type Silicon Wafer . = High Resistivity P-type Silicon Wafer E

P
Metal (GND)

-4— One Unit Cell —»- 4— One Unit Cell —b-

P
Metal (GND)

= Set V( U ) = Ground Voltage. —
Then we get V(i) =ixV(1)

EFcCellz 2 DEHFET A LICLYVA)D2EBOHNEREV(2)2B2 I DN TEXT,
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P+PN-PPHESE KIEFEHDIRE #k IR R AR (AIPS)
Step 01 XA Intrinsic Silicon Wafer 588 9,

High Resistivity P-type Silicon Wafer
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P+PN-PP+EAR KB EHOIRE #RIR RFE (AIPS)
Step 02 High Energy 41 # 3T H:AH TIROIAHN-E % Z IR T 5,

High Resistivity P-type Silicon Wafer
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P+PN-PP+HZAR KB EDIZE

Step 03 A F I THIAAKTIEDIAHN-BD LEL

#IE BB (AIPS)
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High Resistivity P-type Silicon Wafer
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P+PN-PP+EAR KB EHOIRE #RIR RFE (AIPS)
Step 04 TB|EWOEEIELAN+ HEZREICEIREKT 5,

High Resistivity P-type Silicon Wafer
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P+PN-PPHEAR KB B DIZE #RIF RAE (AIPS)

Step 05 P+ tHig %= RMEIEIRFERT 5.

High Resistivity P-type Silicon Wafer
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P+PN-PPHEAR KB B DIZE #RIF RAE (AIPS)

Step 06 = tmEAICE{LIRZE < 2Rk T 5,

Si02

High Resistivity P-type Silicon Wafer
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#IE BB (AIPS)

AP+,

BT %,
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High Resistivity P-type Silicon Wafer
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P+PN-PP-+HEARIABEhDIRE KRR (AIPS)
Step 08 KEDEILIEZZEIRT Yy F I L TEREEREZIEY 5,

Metal
P+ P+

P N+ N+ P

High Resistivity P-type Silicon Wafer
P+
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]
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#IE BB (AIPS)

High Resistivity P-type Silicon Wafer
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P+PN-PPHEABIKIEEHDIRE #*E R IB(AIPS)
Step 10 RANDEREZZERTIYF I T3

GND Vi+1) il V() 0! V(i+1) GND

N+

High Resistivity P-type Silicon Wafer
P+
Metal (GND)
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P+PN-PP+EA R KB EhDIRE #KIERFE(AIPS)
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P+PN-PPHEAR KB B DIZE #RIF RAE (AIPS)

V(1) —
! ' r

Sio2 Sio2
P+ Pt - P+ P+
P N+ P N+ P N+ P
High Resistivity P-type Silicon Wafer . = High Resistivity P-type Silicon Wafer E
. P+ P+
Metal (GND) Metal (GND)
‘ == 0ne Unit Cel| m=—p: == One Unit Cell mm——p:

= Set V(0) = Ground Voltage. —
Then we get V(i) =ixV(1)

EFcCellz 2 DEHFET A LICLYVA)D2EBOHNEREV(2)2B2 I DN TEXT,

V(2)
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P+PN-PPHEAR KB B DIZE #RIF RAE (AIPS)

One Unit Cell of P+PN-PP+ junction type Solar Cell, which can be connected in series.

JPA2020-131313 by Hagiwara,
V(i) —s v Hag V(i+1)

] Light

-----------------------------------------------------------
---------

High Resistivity P-type Substrate

[
------------------------

One Unit Cell

Set V(0) = Ground Voltage.
Then we get V(i) =ixV(1)
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SECHALTABF TR —LE2MREILLHET S, V) aDBand Energy Gap® EG=1.1 eVAT®
BT X JIL¥—Photon (RIERDOFNR) IX. BENICERTIRILF—ICETBTELWL, ZZTT¥Yay
chipzE<{+5FLT3, EmMetalz€EHEL L THHEL TIEZRNLF¥—Photon (RIERDOFENR) %=
EEtL T, VU3 /WAFER@ﬂLﬁﬁHﬂ&%‘T L. KIFEtRDER{LZIELY) —ERZINET S,

e 47 [ -
lL-
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P+PN-PPHEAR KB B DIZE #RIE REE (AIPS)

Vout <0
Load Load
ﬂ Si02 ﬂ 5i02 -
P+ | P+ |
P N+ P N4
N- N-
- P+ P P+
High Resistivity P-type Silicon Wafer High Resistivity P-type Silicon Wafer
P+ P+
Fig. 3 Pinned PIN Photodiode type Solar Cell (Hagiwara.2021) Fig. 3 Pinned PIN Photodiode type Solar Cell (Hagiwara.2022)
See ICECET 2021 Conference Paper 61, with Pinned Grounded Chip Edge
by Hagiwara (AIPS) on Dec 9, 2021 in order to suppress Edge Leakage
FEHIRD P-I-NEOZRRFIE BRRADELT MEIELWAICLT Chip B3IC P+i#EE%
TEWANARFEZARFTHDIIEDBAONTULET, e L. GNDERICREEEL T Rd 5
ZDE XTI Edge ICERDV DL YEESY—7H DY -7 B ReMMETS5HTY, ChipdSlice

KEETY, N+PESHLRFORFLBREREZHFD FICALZP+HICT5IREFBELREYET,
ZRHRFTY, . LHLZOERFNRRIE 20~30%T

HBELBREINTUVWET, Single iIZE6 %X X 3PEIR BHAHN-EBITEICTEZEZL Lf:ﬂﬁf%?’é
HsAGNDTEMAFLATCER A4 <. CHIPHHEE  BFLET. P+PN-PP+BETREN
IFELAEEDHTHY, ZZTHESP»PELET., 20 Se2ZZ{t ¥ 7-13Band Bendingic & ) /xU 7

R, RETHOBFIRELLEIETVET, BERFHY, BROOMERHDY F€A. 111



P+PN-PPHEAR KB B DIZE #RIF RAE (AIPS)

PNPIZEE TR FE MOS - CCDEERZNXFZFDRI
RESEOLLBDATAZAEL-CAH Y IF->TWLE T,
PNPiZEREISHEF L N+PIESESNHEFOOIEE
HEDELEDATAIZIF> TWEH A, HELGN+PESE S
ZFlE. BEIRDPIFEALEDHEZLHDHTHY), %0)"553‘(3:
BRIPLLC, Bl FLATT BESfEEEELEY, £
TlI. T RANF—IBE LB YERELY, IEELRIERFT
20~3 0%HRARTHD EINTWS,

LAhL. BEEHREBOFELLAVRABELIENS LT X
197 5FICEBREREAAX - —IC, £ L THRER
FFRDFFERGERDPAIRTIELEWLWAERREL TWLET,
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The actual 1978 Sony HAD sensor has the P+PN+Psub (0) Original N+P junction type Photo Sensor

Junction type Pinned Photodiode (PPD) sensor structure with very poor short wave blue light sensitivity
for the excellent short wave blue light sensitivity. : ™ ;
2 Light I Si02 ‘ N+ ! Psub
1.0 ‘ [ - : :
s T ]
0.8 : ; 2 -
(1) Bip PNPsub junction type Photo Sensor
e with excellent short wave blue light sensitivity
Light | Si02|P+|P EN-I-E | Psub
0.4 . \\\\ =1 I s i E
. bip p-n-p-sub ~™ HEH H J_
ozl / ST 2 ————mos 5onmpoly _ + -
i Y 3 mos 150nmpoly (2,3) MOS Capacitor type Photo Sensor
vd 1 : ! A with fairly good short wave blue light sensitivity
400 - . 500 22 600 700 : .
FRIMEZ 1L X2 =7 L : . . : '
Fig. 7. Relative spectrum response. The reladve?wponse of the bipolar-type Light PolySi| Si02 i E Psub
S$i02-P2-N1-P1-SUB structure is compared with poly-SiO2-N2-P(SUB) -3 5 ;
structures of the polysilicon thickness of 50 and 150 nm. / | | i

—

Yoshiaki Hagiwara,"High Density and High Quality Frame Transfer CCD Imager with Very Low Smear, Low Dark
Current and Very High Blue Sensitivity", IEEE Transaction on Electron Devices, Vol 43, no. 12, December 1996

http://www.aiplab.com/P1996 Pinned_Photodidoe_used_in_Sony 1980 FT_CCD_Image_Sensor.pdf 113



FEEEREICENPRSNET (600nm HEIHETLLE)

Sony (Hagiwara) SSDM1978 SONY  IMX250 HAMAMATSU
FABMCUT 7 4 L EZ—H LT FRABCUT 74 2—5HBY 2 ? FABCUT 74 2—5HY 2?2
IFIFEFHRDOEREREZTT, ETUROERERLIYIIATVS, ==FHROEBERLYThTWLS,

1 BB’ EFLLENS?? EEHSIEL NS 2 ?

‘3

Relative Respanse %]

. 600
wave length (nm)

Fig.13 Spectral Response of the Pinned Photo —— .
with Pinned Si02 Window and Pinned Surface.

(1) PNPiEES  (2) PNP#ESE (3) N+PiES

EFHROERERDEZH(DE2)EB) TRE-TVWS, (DIZZAIBONEHEICEZILLTWS,
(2) DIBBHAHLNE FZHRFICETHERT HICONEHRIIIFLATICA S, ) IBEICERERIBIGFLAT. 114



Problem of Single Junction type Solar Cells
R ICIERDKIGEBDEFIERNE 2 0%~3 0% L BEVWERNLAERZHAL TULWET,
The conventional single N+P junction type solar cell
has a very poor efficiency of the photon to electron energy conversion.

< —
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———

"L

Sea of Electrons Sea of Electrons

>
'
M
1)

- - e
\ g : ; : e- e-e-f|e-e-e-
e-e-e- ................;. ...:..E.. ....;. aEae» LR LR R R R R B B 1
- ’ Load
e+e+ e+ ile- ~ R —
\ ~ Recombination Blue
& / - : Light B
. ight
Sea of Holes e+ :I .
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Photo Energy Spectrum of Sun Light and Light Penetration Depth of Silicon Crystal.

LPD (wm)
100 b= Light Penetration Depth

Relative Photon Power | W/p.ms)

0.708 31011 1.3 1.6

Photon Wave Length ( um )

For Silicon, Ec = 1.10eV and A= 1.12 um

"E=hw=hf=hc/A
E(eV_)_=1.24I)\_(prr|_)

The light energy of the wave length more than A = ‘1.12 Hm
| can not be converted to electrical energy in the silicon crystal. 116
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AE P+P doping NAA

Band Bending AE = kT In(m)

Ev(x) — Ec(x)= Ea Barrier f813 3

Ny = 1.04 x 10" cm 117



E';ﬁ;?al X _"' o 1""— N ()8
QH P P N O
L B . ! 0.306853
1 Ec(x) : : 2 .
[ Toens 3747 :l danid Gl S 3 0.450694
= | e i Eg ‘ g | i i) kT,{NN: ("'—‘)f‘) =( Lo, 4 0.537902
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1 d( ¢’(x)) 2 ¢( ) ¢(x) ( ) — 1
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e V(x) = _"E)(o X1§"— Vix)
o . P i P
P (Na) [ F (NW)

o Ec(x) #.‘l é (x) =vf(x)_ ( Ec —AE )
s Ee | g il il e\ EEE
¢ (/KT ool b (E\
Fﬂr Hﬂﬂfﬂﬂ 10000’ ..... .EH{K) ........ T ---I{i---FermlLewl: F) *== -
AE P+PHWE:§ AE = KT In(NA%)
]II{HPLPLIHPL) = 9210340 X Ev(x) — Ec()= Ea Bﬂmfrﬁmmu1.nax10T5cn{3
o (0)/kT = 0.999079. —6—’)(
At x == ldd , d(x)/kT = 0.405642 oo (x)/d(0) = 0.406016
At x = - 2%Ldd , ¢ (x)/kT = 0.155575 @ (x)/(0) = 0.155719
At x = - 3xLdd , ¢ (x)/kT = 0.058170 ¢ (x)/ ¢ (0) = 0.058223
Atx=-+1d., ¢ (x)/kT = 8.108429 & (x)/ ¢ (0) = 0.880362
At x = + 2xLd, & (x)/kT = 8.85207T1 @ (x)/ @ (0) = 0.961101
At x = + 3xI1d , é (x)/kT = 9.083526 d(x)/d(0) = 0.986231
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Band Bending Effect applied to create Barrie Potential Vs
by the P+ P Impurity Doping Variation Engineering
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Band Bending Effect applied to create Barrie Potential Vs
by the P+ P Impurity Doping Variation Engineering

External
Power .

Line V()
Voltage
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Band Bending Effect applied to create Barrie Potential Vs
by the P+ P Impurity Doping Variation Engineering

: P+P doping :
* Band Bending =
: Barrier $H15 &

External

Power PP dobi N

Line +F doping AA

Voltage Band Bending \/B = KT In(_)
=‘u"(x) Barrier Vs NA
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Band Bending Effect applied to create Barrie Potential Vs
by the P+ P Impurity Doping Variation Engineering

Metal-Semiconductor & : P+P doping : Metal-Semiconductor &
Yay b F¥—NYPELF—F = Band Bending ;4= Yay bF—nNUYFPELF—F
Schottky diode : Barrier R | Schottky diode

External

Power PP dobi N

Line +F doping AA

Voltage Band Bending \/B = kT In _)
=‘u"(x) Barrier Vs NA
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EEREENLIZ. BARADOP+PEESDE%2FA L/ BAND BENDINGHRICEVELB N TER%
DEKFALTHAEFEFR—NZMERLILL T S, VU3 DBand Energy Gap® EG=1.1 eVIAT®D
{ETRILF¥—Photon (RIFROFNR) . REMICERIANX—ICEETHBRTELAL, ZTZITYYaY
chipzE<T5FLT5, EEMetalz&E#EL L THHL TIET R)ILF —Photon (RIERDFENR) %=
R LT, YYAYWAFEROAICHERS L. KEBEHOSRILZBBIEL Y —7BRZMET 5,

LPD (ywm)

100 p= Light Penetration Depth

3

Relative Photon Power (W/um )

FEERTFELIZ. ¥V arER@
D01l umiEELIEBLELWL,
A[fRAERDBRKIERDFEN
THbRX10 umLH> Vv
EmAZEBLAEVL, 1.1eV
LD T3 IVF—p53 DKIEH
: . L B ICHEBRIRTE AL,
0708 1011 13 16 : : : iE> TEEICIE, RRH1.12 um
Photon Wave Length ( um ) L/{_ta)l_il_'ﬂﬁ ‘iiﬂ o ) ﬂ%‘:
- K3, XBEEthE L TEED
E:'hw:hf:hc/A For Silicon, Ec = 1.10eV and A= 1.12 ym 20l.lm *Ir-a)yu :/ﬁﬁﬁﬁ‘_ﬁ
E (eV) =124/ A (pm) The light energy of the wave length more than A= 1.12 ym 553@5’]&7(&7 EE.I'H!*%L i 3,
153

can not be converted to electrical energy in the silicon crystal.
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P+PN-PP+iEABIXIZFEHDIRE #[F R (AIPS)
Buried Photodiode with Floating P+ Surface of Serious Image Lag Problem

The parasitic capacitance coupling with the surrounding depletion region and the gate oxide.

Pinned Photodiode must have the adjacent heavily doped
P+ Channel Stops Region or a metal contact as an option CTG
as shown in JPA 1975-127646, JPA1975- 127647 and
JPA 1975-134985 invented by Yoshiaki Hagiwara in 1975.
See also SSDM1978 paper by Hagiwara in 1978.

Si02 /s

P-type Substrate
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P+PN-PP+EA R KB EhDIRE IR R (AIPS)

Difference of Buried Photodiode and Pinned Photodiode

Figure 5 does not have the P+ channel stop nearby.
Buried Photodiode

mV \oo—O-o- Decoy Log Lrperiment v

Floating Surface P+ regioﬁ .4_ | w—x-u= Gorogecdle Bectrors 410~
502 . | of PO (Lsperimant) =

‘\ DB D A

o 8

N g y A :

Depletion Region 2z Ye' e =

----------- 3 : s \ "g'

Psub 5 T /‘I \'9\ a ::

I > f/ \p st Field T Fé

Serious Image Lag Probl 3 Iy »

rious Image Lag Problem 2 c\ \o\§ l 'Pz g

rd Filerd B o

NEC IEDM1982 Paper N L ], &

i 0 S ok B
Floating ., s y.cco
R X ody TG Chonnel Potential ($7
Ftayer 53 _] . There is still image lag
\ N e at the CTD gate voltage more than 10 volt.

3 ) { Fig-6. Storageable clectrons vs. transfer gate channel
¥ Substrate. N- ‘ portential, and Gecay lag vs. transler pgate

; channel potential in the P*NP™ struCture
No P+ Channel Stops photodiode
Fig.5. P*NP- structure photodiode

(3) Unit cell cross sectional view

NEC IEDM1982 Paper reported Image Lag

Figure 6 shows that there is still image lag at the CTG gate voltage of > 10 volt. 159
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Difference of Bunied 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.

c1G
Vpin

.......................................
.
B LT

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
CIG cTG

P type Subatrate
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Hagiwara (Sony) invented the in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.

Floating Floating Pinned Pinned
Surface Su rface Su rface Surface
N+P¢§‘f‘§= " . k PNPNiza L

‘%‘“ﬂ%‘ BellLab | BellLab | Philips Sony
Hagiwara Hagiwara
h- CCD 1970 | CCD 1971 | June 1975 ' 4.'1975 | oct 1975

--m
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Oct 23, 1975 Oct 23, 1975 Nov 10, 1975 : .
IPALOTE-127645 iPAiSTe-is7eis IPATSTH-134988 Who invented Electric Shutter ?

Pinned Surface Pinned Surface Pinned Surface H agiwa ra at SO ny invented

N-+NP-+NP N+NP+N PNP

Tiple &  powple zam  Dowslezax  Electric Shutter in 1975~1977
iy e Sony Team developed in 1987
/:-I§ P N|P+ N h-.-—g ﬁ-k N [P+ N|N+I_9 vo.glsubm) PN P+F':D Ony eam eve Ope In e '

LR el 24— BRI : v

b &, i od e ¥o i, rF : . BMSh-WME

A® L >-l" ‘:." 1 . T

] S ti‘ Y ’ [T_A'H—: 3 EFL M —

S iil:m L, J
U = = R ]

* Y E aH} I EFshutter®

| T nfeEE e
n __\‘ < 4 B =3 i Eﬁﬂﬂ i# B ERs

ol )
http://www.aiplab.com/JPA 1975 127646 on NPNP_type PPD.html
http://www.aiplab.com/JPA 1975 127647 on NPN type PPD.html
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html

a4V

19587 £10 A% NIKKEI MICRODEVICES

pp.60~67 R Brtr X6@RBF+ v DRIRG
http://www.aiplab.com/JPA 1977 126885 on Electric Shutter.html | S vy 7EEL, 1/2000 ¥
http://www.aiplab.com/JPA 2020 131313 on PPD Solar Cell.html . "
N. Teranishi. Y. Ishihara and H. Shiraki, JPA1980-138026 on Flaoting https://www.sony.com/en/Sonylnfo/News/notice/20200626/
Surface Buried Photodiode with Floating Empty Potential Well ) . .

g Emply https://electronics.stackexchange.com/questions/83018/difference-
JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland) bet buried-photodiod d-oi d-photodiod
on Buried Photodiode with Floating Empty Potential Well. etween-buried-photodiode-and-pinned-photodiode
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P+PN-PPHEAR KB B DIZE #RIF RAE (AIPS)

Oct 23, 1975 Oct 23, 1975 Nov 10, 1975 : . .
IPRABTL-127646 BALBTEAZeis JPATOTS-13498 Who invented Pinned Photodiode ?

Pinned Surface Pinned Surface Pinned Surface Hagiwa ra at SO ny invented

N+NP+NP N+NP+N PNP

Triple A%  Double #&%  Double B Pinned Photodiode in 1975

RAFRT BHAERTF 2RRTF

R - R v - and developed in 1978.
—IgPNP+N N S| n P+N|N+I—- ub(N) | P NP+F.
) ® 70 SSDM1978 Conference Paper by Hagiwara in Sept 1978
3 R eor 78 1L TR T
b }é" B L o ™2 ¥l P U v H" e "::,:':"""' ~ Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD
= r HAREN, A1 ir e Y Imager with Narrow Channel Transfer Gates", Proceeding of the 10th
B ot ,_J'\] = J” " :‘ —iuyv Conference on Solid StateDevices, Tokyo 1978.
| [ n” [ “‘._4/[_} 3 SIR o ¢ ’ [ | fe fol .
¢ ot -y . Vo[RBT i i . M & b
Y SR PSS U Mo [ Pinned Photodiode t Y i
s / e is Pinned-Surface =t jel_( ., e st
. ! . e - . '
b ) ) ok o PNP junction Sensor W - .
'

_ ol - with the Adjacent
http://www.aiplab.com/JPA 1975 127646 on NPNP_type PPD.html .
http://www.aiplab.com/JPA 1975 127647 on NPN type PPD.html P+ Heavnly dOped ' ’
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html : ' P~an |
http://www.aiplab.com/JPA 1977 126885 on Electric_Shutter.html Channel StOpS Reglon' v ! | ] I

http://www.aiplab.com/JPA 2020 131313 on PPD Solar Cell.html

N. Teranishi, Y. Ishihara and H. Shiraki, JPA1980-138026 on Flaoting

Surface Buried Photodiode with Floating Empty Potential Well ] ) . .
JPA1976.65707 (Patent No. 7596795, filed on June 9, 1975, Netherland) https://electronics.stackexchange.com/questions/83018/difference-

on Buried Photodiode with Floating Empty Potential Well. between-buried-photodiode-and-pinned-photodiode 163
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P+PN-PPHEAR KB B DIZE #RIF RAE (AIPS)

@1975%F3A 5 HIC Double #RBISNEFZRAL One Unit Cell of P+PN-PP+ junction type Solar Cell, which can be connected in series.
SONY (%) RO AFEITAKICHEEL 7-, V(i) - JPA2020-131313 by Hagiwara, V@i+1)

@1975%F10A823HICIEFKEIE 2 FD4FEr. ] Light
JPA1975-127646 £ JPA1975-127647% HEE9 5,

@ 1975F 118108 ICEZAFRAIS LV BHINT-,
in-pixel VOD##E(T Z DPNP 2B DR NEF

= Sio2
Z#E IT4FFHE (JPA1975-134985) L 7=, ]
P+
L assssssssssssssmsmEEEnE .P. .............................

@1979% UK Scotland TEIfE® CCD'79 ERAHICT : ( -
FREHBEIC19754E ICFRA L, 19784 ICRIK L 7=, PNPiESR : . —
®Pinned Photodiode DB R D% B BESIEE AT 3. 5 e
@1989&F 2 H M ISSCC1989 I TTFTHh AHEOHRAESE e eSS A AR A Parrcrrirrereaneeanaeaneanreeanas P —
@ 25 nsec ® 4 Mbit Cache SRAM%BI% L ¥ 2%%T 3, ; sl
@20014E9A | BIfEd ESSCIRC2001 I=T. SONY®DAIBO®D < One Unit Cell
Robot% R ¥ 2 TEL MR & Z OB EHBT 3. : _
©200849 A I=EfEd ESSCIRC2008 I=T. SONY® Play ' Tt V0) - Sround Yoltage,

Station Ill (Cell Processor ) OFEEFERAEHAT S,

https://electronics.stackexchange.com/questions/83018/difference-

JPA1976-65707 (Patent No. 7596793, filed on June 9, 1975, Netherland) between-buried-photodiode-and-pinned-photodiode

on Buried Photodiode with Floating Empty Potential Well.
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html
Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD http://'www.aiplab.com/JPA 1975 127646 on NPNP type PPD.html

Imager with Narrow Channel Transfer Gates", Proceeding of the 10th http://www.aiplab.com/JPA_1975_127647_on_NPN_type PPD.html

Conference on Solid StateDevices, Tokyo 1978. http://www.aiplab.com/JPA 1977 126885 on_Electric_Shutter.html 1 64

https://ieeexplore.ieee.org/document/6742594



BEXRZE7FOSKERRBHARS

W|E: ATHEDRY FEEZ3, BEREOEVEFOEEARSHCEET S
2. PERREE (VT—0B, (7T) HEAZZESHE .50

Bi§: 2022568070 () 12:40-14:10 - ..
TIETAY c—

1. (FUs(C T .\

2. BILREA A—ST 2 —0RBEFERED

3. EWETOBE%®E D Al ROBOT MFFE

4. KIBEMOHFEE TOFRFEESR

5. BHDIC

[ Light

165



P+PN-PPHEAR KB B DIZE

B Microsoft Bing Who invented Pinned Photodiode ?

Yoshiaki Hagiwara

2 FDIEETICET S

0QQO Evidence that Yoshiaki
Hagiwara is the inventor of Pinned
Buried Photodiode with in-pixel
overflow Drain (VOD) function is
given by the three basic Japanese
Patent Applications, JPAT975-
127646, JPA1975-127647 and
JPA1975-134985.

#X IR R BE (AIPS)
& & Q

The first pinned photodiode (PPD)
was originally invented by Yoshiaki
Hagiwara at Sony in 1975 to use for
the interline CCD image sensors.
Hagiwara at Sony invented PPD also
with the antiblooming function in
1975.The evidence are given by the
three Japanese patent application,
JPA 1975127646, JPA1975-137647

and JPA 1975-134985.
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P+PN-PP+EARIKIEEhOIRE #RIF R (AIPS)

B Microsoft Bing Who invented Pinned Photodiode ? 0 0 Q

Who invented Pinned Photodiode Yoshiaki Hagiwara 007.jpg (1280x 720) (onamaeweb.jp)

Story of Pinned Photodiode

Japanese Patent Application JAP1975-127646
on Triple Junction Dynamic Photo Thyristor type
Pinned Buried Photodiode

invented by Hagiwara at Sony in 1975
with the back light illumination scheme and
the Global Shutter Function MOS Buffer Miemory
and also with the vertical excess charge control and
the excess-charge draining VOD capability and
the complete charge transfer capability
with the no-image-lag feature and
the electric shutter function
for filmless and mechanical-parts free
fast action video cameras

JPA 1975-127646 Claims English Translation

Japanese Patent Claims An array of charge transfer gates
is formed on the oxide layer of Charge Transfer ‘
snazoun a semiconductor wafer (Nsub). Clock VoltagesC Barrier Potential
TPABRBO-JOZNAKL, BRREALT The first charge transfer region (P)
CREANEASRAIRNIN S 1 OSRNOE is formed under the oxide layer at
ARREWEEN, 2ENMLADZIDLEY the semiconductor surface. There is et
SREBORNOIEACLEGANR L OMK a base gating region (N) between \Pmned
BOSEUO<-AAREALTRRARSY R the first region (P) and the second
i, AfU~AURERRREERRTICE photo charge collecting region (P+) Charge Draining Complete Charge Transfer
KIPLERAAMKERLARRE LRGSR Sviiials s Scuvunct e S aahtrute Clock Voltage D \and also Punch-thru Draining

Nsub). B i locks, & =
UL EAL, tERREAMNCUCERZO? o 7 ih:"p:ot:;::':' f:;;fﬂ:::o the 'Action for Vertical OFD and

sRETORLICROGRENIZIKCLRC surface region (N) and transferred Electric Shutter Functions
tERRLTIARARAR, along the semiconductor surface.

Storage Region

hagiwara-yoshiaki@aiplab.com
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P+PN-PP+iESBKIEERDIRE #*IE BRI (AIPS)
Sony | [#EH® Pinned Photodiode D FBAE | LBIEL TWLW 3B,

=10 1.'D"4 h—h  BE-®F VI JL-FiOwT  F4/09- AH  HAFFEUTs FHsY  RERER sMuesbt mERE | Q

H#ZE | English

BRERESHEECMOSA A—S1 Y —Z2Z X 3ARNEY ——FAICDOWNT

Y i
Vi e I ERENS ¢ S

EEBHECMOST A—t VY —(CiEB &N /zPinned Photodiode

VDA A= O —-0FEADELRE. S<ECCONBEAETEINDIFS. FTEPinned Photodiode(d. EEBFIECMOST U — MR LICEEHT 25
MTHD., TORBIERHEOESFHEL.
V= —(F1975%, EEEFEON+NP+NESE EN+NP+NPIESEQPinned Photodiode (PPD) Z#HAULZCCDA A—TH—FFRALEL (HEERET1975-
127646,1975-127647 #J5 BERE) . BF. €0O@&E=EC> HI, VOD EEA—/)(—J0O—FL+>) #EEFEFD, PNPESREIPPDERBALE (5%
12151015 #E BE) . V-—@EF0®. A TE5AHFEMCLDBOP+OF v o)L v TiElEE oS HENAEIC R L 7= PNPESE MPPDR i
BAUEIL—AFS2AT 7 —BICCDA A—2 T S —oREGRFICER THHTHRIIL., 19785FMSSDM1978MF = Tm X =R L= (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 (C(EV = —(FTMPNPIESEPPD ZEALED > FYIDIL— A RS VAT 7 —CODA A= H—FE ST HAS—HEVIROFHEICHEIIL, BERT
FLE T ROSRN,. —1 -3 —IUTEEROBAMRHEESRE® L THFEEN Iz, 1987F(C(FV=—(3. VOD (#HEA—/)(—TJ0—-FL1>) #eEEED
[ AATEAHEMIC L DEBVP+DOTF v 2 RILA v TiElEx TS HERRE(CEM UTZPPD] &4 249 — S+ VERRBICCDA X —S U H— [CHER THlsh T
RAUESZUETAOH AT —ORRICARHLET A D ASOmBERELE.
COLEOIBRVEBRZETCEEN TS ZPPDOEMNSEERBEECMOSA A -2 O —[CEATN TV,

168



FEFERANBBEFE

{KEESREEIT [#E A Pinned PhotodiodeDEXRIEERE | LBIEL TW3,

AA=DPCVRT+ b XAF—FDRE (Y =—, HiT, nec. i) (shmj.or.ip)
http://www.shmj.or.jp/museum2010/exhibil005.html  (m=ve

FEFAA-—DULHTREEARTFICIA M A—-FHBEVENS., 19874,
— 3R EE > Beh T # -1 A — F(Pinned Photodiode) &M EN TS ZHEZET(Y
——FTmI A A A — FEHAD : Hole Accumulation Diode &EIEAIZ)ERELE
2/34 > F38REZEIT(Interline Transfer)-CCD+ XA— o H&EEH L, 8=

VIR—EEEFAH S TCCD-Voo) =RELE (1

EVEHTIA A A-FERLIRTEDIC. NEEZFZPETEY. TAEODPEZ
SEEPTICLEDA MIAA-FTHSZ. COBETE. SAEOPTEENEREM
[CEEBoEnalizs, 1984F(CKodaklCL > TEVE®H A A A—F &t
TNz, BRESN. LWy oL 2 CiAT. BERORESR. BXF
EDOGRT 5 —0OEEETICLZEER - HEOABERIEOFRENSD D, X
— ST HATA MY A-FELTIED TENTZEHETET 2.

19758, V=—N'5PNP S YU RSRBART LI BIES aaniz Bl 2%
MEPTB(ISVA)ICTBCELCLIDRED T A M A A— ROLS I CRESTES
W3 S CSAELEEEOSKNEER L, SHBEFABCHLEET
EEENE U, SHOREEPTBCIZEVEB A MM A— FoERERBE
EThoIz. Pinned Photodiode

FENTIA A A— FOSHEPTEEEIREUCTIESHHIE V- 5RE
ni=. AIIN'SI219774, EEEEFPJFJ:‘#&PEAEE(?IJL}E%%EL&ﬂidﬁjw@é
ICE Y EBHTECET EFERSERIENL, I MY A—ROY1F=v oL
oaELfaEsntEranr B, Sry-—31978%, AUBEDTA B

A — BEBUEFT(Frame Transfer)-CCDA X —St 2 HEFRELR B | Z2ns%
BEUz2/34 > FRI28REEFT-CCDA A— 2 HEALE,

b

(1) ;EIFIEE, $HAET. EllgER. A)lI&Ak. EHRE. #EEX, "IEEE
T AHIT-CCOBERT". 7L ET s ZF&i1ERE. vol. 12, no. 12, pp. 31-
36, (1988)

(2] MEEC. BEEsA—. &FEE. LWEESE. BFRAES. “1/3/ 2 F300ER
[T-CCOTH—", Tl EZs > F=iEERSE. vol. 15, no, 16, pp. 31-36,

(1991)

(3] FREREE. "EFESEE". iF5TAR #858-46905  (1975F11F108HE
F8) JPA1975-134985

[4] /i, TTA—/\B. "BEREGEE=E"HiTNik [B62-20750 (1977418
10HtEE)

[5] 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): Japanese Journal of Applied Physics, vol. 18,
Supplements 18-1, pp. 335-340, (1979)

(6] REFL). EME. PHEE. FHFE. EER.
S—hAZ"

“FO—F+JLCCDERND
Tl Ezs L FaRiiERE. vol. 5, no. 29, pp. 32-36, (1981)
Complete Charge Transfer

No Image Lag

ve length (nm)

Excellent Blue‘ Light Gensmwty

Ll |

SEE =

Pwel:

1
i H
! N sub |
] 1
1

! Photo Diode Transfer!
Gate

F-1 IT-CCDAA—U > HOZNEEES (:

>
with Adjacent P+ Channel Stops
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FEFERANBBEFE

{KEESREEIT [#E A Pinned PhotodiodeDEXRIEERE | LBIEL TW3,

AA=DPCVRT+ b XAF—FDRE (Y =—, HiT, nec. i) (shmj.or.ip)
http://www.shmj.or.jp/museum2010/exhibil005.html  (m=ve

FEFA AU U TEEAFTFICIA BT A —
—(FIRTEE
——FTmI A A A — FEHAD : Hole Accumulation Diode &EIEAIZ)ERELE
2/34 > F38REZEIT(Interline Transfer)-CCD+ XA— o H&EEH L, 8=

VIR—EEEFAH S TCCD-Voo) =RELE (1

FHEWSNS, 19874,

EVEHTIA A A-FERLIRTEDIC. NEEZFZPETEY. TAEODPEZ
SEEPTICLEDA MIAA-FTHSZ. COBETE. SAEOPTEENEREM
[CEEBoEnalizs, 1984F(CKodaklCL > TEVE®H A A A—F &t
TNz, BRESN. LWy oL 2 CiAT. BERORESR. BXF
EDOGRT 5 —0OEEETICLZEER - HEOABERIEOFRENSD D, X
— ST HATA MY A-FELTIED TENTZEHETET 2.

19758, V=—N'5PNP S YU RSRBART LI BIES aaniz Bl 2%
MEPTB(ISVA)ICTBCELCLIDRED T A M A A— ROLS I CRESTES
W3 S CSAELEEEOSKNEER L, SHBEFABCHLEET
EEENE U, SHOREEPTBCIZEVEB A MM A— FoERERBE
EThoIz. Pinned Photodiode

FENTIA A A— FOSHEPTEEEIREUCTIESHHIE V- 5RE
ni=. AIIN'SI219774, EEEEFPJFJ:‘#&PEAEE(?IJL}E%%EL&ﬂidﬁjw@é
ICE Y EBHTECET EFERSERIENL, I MY A—ROY1F=v oL
oaELfaEsntEranr B, Sry-—31978%, AUBEDTA B

A — BEBUEFT(Frame Transfer)-CCDA X —St 2 HEFRELR B | Z2ns%
BEUz2/34 > FRI28REEFT-CCDA A— 2 HEALE,

V=
Bsh I 4 47— E(Pinned Photodiode) &I FENTWAEHZEF(V

(1) ;EIFIEE, $HAET. EllgER. A)lI&Ak. EHRE. #EEX, "IEEE
T AHIT-CCOBERT". 7L ET s ZF&i1ERE. vol. 12, no. 12, pp. 31-
36, (1988)

(2] MHEECS. BEiRLh—. &7FEE. LHESE, BFAESR. "1/34 F360hBEE
[T-CCOTH—", Tl EZs > F=iEERSE. vol. 15, no, 16, pp. 31-36,
(1991)

(3] AR, "EEEEE". 5T Ak_#E58-46905
&) JPA1975-134985

(4] /e, TE—\B, "BEAESEE"FTAE [B62-20750 (1977518
100 HFE)

[5] 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): Japanese Journal of Applied Physics, vol. 18,
Supplements 18-1, pp. 335-340, (1979)

(6] REFL). EME. PHEE. FHFE. EER.
S—AAT"

(19751181084

“FO—F v #JLCCDER
Tl Ezs L FaRiiERE. vol. 5, no. 29, pp. 32-36, (1981)

Micro-Lens
—|Pf| N 8
E P wel | i i
it B i <FCX016> 570H x 498V One-Chip

i ceD

FT CCD Color Imager, 1978

F-1 IT-CCDAA—U > HOZNEEES (:
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P+PN-PP+HEAR KB EDIZE #RIF REE (AIPS)
Wikipedia |& [#[E#»* Pinned Photodiode ®#EAE ] LMo TWB EEE L TWS,

G W ) httpsy/jawikipedia.org/wiki/FiE B 52 A0 Y8 @ &3 g -
& ‘YoshiakiHagiwara19480704 'n E'E £E TSz BARE ~—FH DavFUAL EEZE 05700

e — e EE EEST WikipediaPVE 15 Q

B!

vixnry  REE

T AR HE TV — BN [0 FAF 47 (Wikipedia) ]
;*j SO s BE BB (2205 LUesE. 19485F7H4H - ) 3. HEOWRESE, T>o°F7. I8, B5CERAR,
=2 _7A v
v FCYT-HASHCHBVTA A—ZTIY (BEFT/ICR) OFERITL. TIFILNASOERET /A ADTREB>TVBEBAT A b
;fff* A 7 — F(Z: Pinned Photodiode) [1] &8 L= & THMSNS.,
ifif B (555 @197553H 5 HIc Double HEARZAEFERHAL
Peneer e SONY (#) #HAOME~FKEFEIFAXICHEEL 7=,
9T~ (45 IR ®1975%51 042 3HICIEFREIR 2 H0E:F.
F47 - 3ELX) B JPA1975-127646 £ JPA1975-127647% HEET 3,
o - @ 1975F11F108 ICI3ZARAI B -,
7 - g in-pixel VOD#EE(T % MPNP E2B R AEF
f:\;; ab = PR IIFFEFHEE (JPA1975-134985) L 7=,
EHat
;ﬁmi&% AP - FRE ==
=¥ ]
S ERFATET 1971F(CHY DA ) ZP ITRAFTEF L Z EMBFOFMUZEE. 19725 (215, 1975F(CBLS(PL.D.)ECarver MeadDIBEDT
B Mg, 2] 1074 DistE R BICTRE ¢ 15,
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ccd - Difference between Buried Photodiode and Pinned Photodiode - Electrical Engineering Stack Exchange
https://electronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode

@ ELECTRICALENGINEERING 1#/E# Pinned Photodiode D FBEE 7| LBiE L TW3,

Difference between Buried Photodiode and Pinned Photodiode

A pinned PD i1s by necessity a buried PD, but not all buried PD's are pinned. The first Pinned PD was
invented by Hagiwara at Sony and is used in ILT CCD PD's, these same PD's and the principles
behind this complete transfer of charge are used in most CMO% imagers built today.

You can get surface state pinning from the dangling 5i/5102 bonds providing trapping centers. A
buried PD (Photodiode) has a shallow implant that forces the charge carriers away from these

surface traps. The 5i/5102 surface contributes to increased leakage (dark current) and noise

(particularly 1/f noise from trapping/de-trapping). 5o confusingly a buried PD avoids pinning of the
fermi-level at the surface.

I've edited this Answer to acknowledge Hagiwara-san's contribution. It has long been incorrectly
attributed to Teranishi and to Fossum (in CMOS image sensors)

“The first Pinned Photodiode was invented by Hagiwara at Sony.”
“It has long been incorrectly attributed to Teranish and to Fossum.”
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BEHEADA/ R—=a3 V100 A X—=yHY— (CCD - CMOS) (iii.or.jp)

http://www.koueki.jiii.or.jp/innovation100/innovation detail.php?eid=00059&test=0pen&age
. - A—=t>H— (CCD - CMOS)

BE  xBiE2l: [E85 Pinned Photodiode DFEAET | LHELTWLS,

WE (/A-23L[((EZEE EREAREONE INEEE Z2ZMEE

BET) (( AOFRERZ. 1OEREROTLETISARNAS— FTHE. SRT. B8E. BHEESET UT P——
[AA-DTLY—] EFR) CEEL. #2lRE02) 0 REER 0D AE<EBLTE
1. W. S. Boyle and G. E. Smith [Charge Coupled Semiconductor Devices] , The Bell System Technical
=EQ—ETHIEHE R AR EN. ENNTHES. BEEENIAZL. BROOIANES. BETH Journal, vol49 (1970) pp 587-553
B JZL EDR=HSHD. BIRET2EN TV, 1960EREEICA A-ST 2 Y—0ERH 25— Uiz. TOLERE. > WEEE [SARES) R oo1e, 1070 RIRIaAE

MO S (Metal Oxide Semiconductor) ﬂh{lq:lll_.‘tﬁjj:_o 3. FEE— 4 [EHESEES] S5857-62557. 1980F10F28HE

4, ZBEED 4 [BEEFEE] $5852001-230400. 2000F 1158308+
1970F(ZBoyle&Smith (HiEBellFAFEAT) H'CCD (Charge-Coupled Device. EREEERT) TERLEL #&1 5. 8AER 5 [OYT L AREHESETALUTORER | 5682003-31785. 200167 A 1B L5

EUTHD. AA—ST T DESNFAFELT L EETEETI0CELTVEDE. ElERICCCDICHER 6. WiME St [LBHEECZORESE. RUBTHE] 55201565470, 201051 22

MASHIEZTEMNS. A H—EFEORLIZCCDICEo . 1970E8ENS FEEODLFEERCE 1.

1978, IUEELE (BF EF) . BUdFARLZ S CEESoBESERE TS T IL— 2 718 S8R A

— =0 Lo AREFHBL L, 1979FC(2FFHE— =_ (S NEC) 1. BECEERT AEICERL. BHD

xR 2tE g bAoA — | (Pinned Photodiode) #FZAFL IS, FHSOEERE. CCDRFTA—E
—%. FIEFREFD) U T IAILAFILAASEELEHRE L TEESN TS/, '-:ét— FFEWIC(E? ?

ST RY
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(31 https://ja.wikipedia.org/wiki/Fk/E E 2 A [0 ve % 3 V= S

AV« K e
1O71FE(CHY AN ZTPINAKFTREF LF EMBEFOFUZEE, 1972F(CELE. 1975%F(CIB S (Pf.D.)&ECarver MeadDIESDT
g, 2 1974E0®EF EICTRER 123,

20014E(CIZIEEEM 7 xO—(C. FZ2004F(ICIZV=— » JxO—(CHEMEND. EDEZIDHEEZ1975F0),. V=—T "hole
accumulation device (HAD)" &4l SN =pinned photodiodeZ 8% & T 3EMARIREF DR B TOREIN AR TS > 1=,

1983&E([CH T—BHIE TRSSNECCDE T « AXS CCD-G5 (Z1981E(CH% « SESNREORBICES<ENOTHo /=, (3]

BF - Z88 [as;

1. ~ BEORAHTA MFAA—R] &6, EFEREEFESHEN—X |48 BEANEIAT 1-3 coD (BRE) WBEE Fv=—vd) B

2. ™ The Big T a. California Institute of Technology. (1971). p. 94

3. ~ Hagiwara, Yoshiaki (2001). “Microelectronics for Home Entertainment”®. The Computer Engineering Handbook. CRC Press. p. 41-6. ISBN 978-0-8493-
0885-7

https:/electronics.stackexchange.com/questions/83018/difference-
between-buried-photodiode-and-pinned-photodiode

https://ieeexplore.ieee.org/document/6742594

http://www.aiplab.com/JPA_1975 127646_on_NPNP_type PPD.html
~ hup://www.aiplab.com/JPA_1975_127647_on_NPN_type_PPD.html

http://www.aiplab.com/JPA_1977 126885 on_Electric_Shutter.html

JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland)
on Buried Photodiode with Floating Empty Potential Well.

http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html

Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD
Imager with Narrow Channel Transfer Gates", Proceeding of the 10th
Conference on Solid StateDevices, Tokyo 1978.
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One Unit Cell of P+PN-PP+ junction type Solar Cell, which can be connected in series.

JPA2020-131313 by Hagiwara,
V(i) ——— vy Hag V(i+t1)

@1975F3H 5 HIC Double IZEE 8IS E=F = FHBAL - Light
SONY (%) ttRDOHMEIAFKFIZILRICHEEL 7=,

@1975%410A823HICIIFKEIL 2 HDKEF.
JPA1975-127646 £ JPA1975-127647% HEET 3, ; ; : :

® 19755118108 ICIEZARAL VY BH I i, —— : : e
in-pixel VOD#&EE(T £ DPNP ESEOSHETF : )
ZFE TS E (JPA1975-134985) L 7=,

:¢———————— One Unit Cell

Set V(0) = Ground Voltage.
Then we get V(i) =ixV(1)

@1979F UK Scotland TEf#E®» CCD'79 EE&EICT
FREDBEICI975FEICHKBAL., 1978FEICHFE L 7-. PNPiZSH!
MDPinned Photodiode D& {& D 7 WEB R EE 2 HAT 3,

@1989F 2 AM ISSCC1989 I TTF T H A HOHARRE R
® 25 nsec ® 4 Mbit Cache SRAM%Z R LEa%RKRT 3, N - Blue
@2001F9A I-FAfE D ESSCIRC2001 (2T, SONYDAIBOD P;j P N P P+‘ SI02 | ight
Robot% #m 3 3 TELEFIBM & ZDHBHEHBAT 3, = “1 '
@2008F9A ICHifED ESSCIRC2008 (=T, SONY® Play .
Station Il (Cell Processor) DI EREHIEEHET S, Red Light N + |

Load p=—r" —

https://electronics.stackexchange.com/questions/83018/difference-

JPA1976-65707 (Patent No. 7596793, filed on June 9, 1975, Netherland) between-buried-photodiode-and-pinned-photodiode

on Buried Photodiode with Floating Empty Potential Well.
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html

Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD http:.-':.-':www.a%plab.mm-':.l PA 1975 127646 on NPNP type PPD.html
Imager with Narrow Channel Transfer Gates", Proceeding of the 10th http://www.aiplab.com/JPA_1975_127647_on_NPN_type PPD.html

Conference on Solid StateDevices, Tokyo 1978. http://www.aiplab.com/JPA 1977 126885 on Electric Shutter.html 1 76

https://ieeexplore.ieee.org/document/6742594
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@1975%E3HA 5 HIC Double EABIZEFFEHRHAL
SONY (¥) #HADOEF~FKFREIZAICHFEL 7= Yoshiaki Hagiwara Lab Note on February 17, 1975

@1975%10A23HICIFFKEIE 2 FDHF. at Sony Yokohama Central Research Center, Sony Japan
JPA1975-127646 &£ JPA1975-127647% HEE9 5, = , - _ ==

@ 1975511810 ICIIZXRARAIE FH I NT-,
in-pixel VOD##E(T Z DPNP 2B DR NEF
Z#EIT4FFHE (JPA1975-134985) L 7=,

SONY

@1979%F UK Scotland TRifE® CCD'79 EESEICT
FKEHDBEIC1975F (ICFBAL ., 1978FEICHRE L7-. PNPiESR
D Pinned Photodiode D% G D 4 WiB R EFIE % AT B,
@1989%F 2 A® ISSCC1989 IcTTF o H A HOHRRERE

M 25 nsec ® 4 Mbit Cache SRAMZR%E LEEFKKRT 3,
@20015F9A8 ICFHf#E D ESSCIRC2001 (T, SONYDAIBO®D s‘ . 4 -

RobotZ BT 2 EEFEXFIBMmE T DERE AT 3, The first Sketch of The first Sketch of
©@2008E9A IR ESSCIRC2008 (= T. SONY® Play Lab Note in February 17, 1975 Back-Light lllumination Type In-Pixel Substrate VOD Type

Station Ill (Cell Processor ) O FE}E (kI8 % A o Pinned Buried Photodiode Finned Buried.Photodlode
( ) OEREBHDLLLNTS Basic Idea of JPA1975-127646 Basic Idea of JPA1975-134985

https://electronics.stackexchange.com/questions/83018/difference-

JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland) between-buried-photodiode-and-pinned-photodiode

on Buried Photodiode with Floating Empty Potential Well.
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html
Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD http:/www.aiplab.com/JPA_1975_127646_on_NPNP_type PPD html

Imager with Narrow Channel Transfer Gates", Proceeding of the 10th http://www.aiplab.com/JPA_1975_127647_on_NPN_type PPD.html

Conference on Solid StateDevices, Tokyo 1978. http://www.aiplab.com/JPA 1977 126885 on Electric Shutter.html 1 77

https://ieeexplore.ieee.org/document/6742594
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@1975F3H 5 HIC Double #E&EBZRRFEHAL

SONY (#%) HAIDHA~FKIRITATICHEEL 7e, Yoshiaki Hagiwara Lab Note on February 17, 1975
@1975%F10A23HICIEFKEI 2 FDEFET. at Sony Yokohama Central Research Center, Sony Japan
JPA1975-127646 &£ JPA1975-127647% HiFEd 5, x : =

@ 1975F 118108 ICEZFRAIL LV BHINT-,
in-pixel VOD##E(T Z DPNP 2B DR NEF
R I35 HEE (JPA1975-134985) L 7=,

@1979%F UK Scotland TRifE® CCD'79 EESEICT
FEDBEICI975F(CHFHKAAL., 1978FEICFHF L 7-. PNPiESE
D Pinned Photodiode D% G D 4 WiB R EFIE % AT B,
@1989F 2 A?D ISSCC1989 I TTF ¥ A HDHRRE R

M 25 nsec ® 4 Mbit Cache SRAMZR%E LEEFKKRT 3,
@20015F9A8 ICFHf#E D ESSCIRC2001 (T, SONYDAIBO®D : , 7 . '

Robot%# B ¥ 32 T EHEAFEMmE T DERZ AT 3, The first Sketch of

@2008F9A ICHifED ESSCIRC2008 (=T, SONY® Play The first Sketch of In-Pixel Substrate VOD Type
Station Il (Cell Processor ) M EEEAKIPR%HAT 3, Lab Note in February 17, 1975 Back-Light lllumination Type Pinned Buried Photodiode

Pinned Buried Photodiode Basic Idea of JPA1975-134985
Basic Idea of JPA1975-127646

https://electronics.stackexchange.com/questions/83018/difference-

JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland) between-buried-photodiode-and-pinned-photodiode

on Buried Photodiode with Floating Empty Potential Well.
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html
Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD http:/www.aiplab.com/JPA_1975_127646_on_NPNP_type PPD html

Imager with Narrow Channel Transfer Gates", Proceeding of the 10th http://www.aiplab.com/JPA_1975_127647_on_NPN_type PPD.html

Conference on Solid StateDevices, Tokyo 1978. http://www.aiplab.com/JPA 1977 126885 on Electric Shutter.html 1 7 8
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@1975438 5 Hi- Double EA RS ETF % A L Yoshiaki Hagiwara Lab Note on February 17, 1975

SONY (#%) #ADEEA~TREIZACIZHEL 7=, at Sony Yokohama Central Research Center, Sony Japan

@1975%F10A23BICIEFKFEIT 2 HFD%FEF. ’
JPA1975-127646 £ JPA1975-127647% HEET %,

@ 1975F11A108ICIIZRATRAIF L BHINT:,

in-pixel VOD##Ef & OPNP &R OZHET —si02 502
R ITFEFHEEE (JPA1975-134985) L 7=, , ~
@1979%F UK Scotland TRifE®D CCD'79 EEKEIC —
FRIEHDBEICI975F ICHKBA L, 1978FEICHFEL 7-. PNP?%Ai
D Pinned Photodiode D% G D 4 WiB R ERFIE % AT B,
@1989F 2 A? ISSCC1989 I TF ¥ H A HDHRRE R v e/ A \ ; I
® 25 nsec ® 4 Mbit Cache SRAM% % LEESHEKRT 3, ' - S : The first Sketch of
@2001F9A (CFfEM ESSCIRC2001 12T, SONY®DAIBOD po g B In-Pixel Substrate VOD Type
Robot%# B ¥ 32 T EHEAFEMmE T DERZ AT 3, Lab Note in February 17, 1975 Back-Light lllumination Type Pinned Buried Photodiode
@2008F9A ICFHED ESSCIRC2008 (=T, SONY® Play Pinned Buried Photodiode  Basic Idea of JPA1975-134985

Station lll (Cell Processor ) OEEFEFEM%EHAT 3, Basic Idea of JPA1975-127646

https://electronics.stackexchange.com/questions/83018/difference-

JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland) between-buried-photodiode-and-pinned-photodiode

on Buried Photodiode with Floating Empty Potential Well.
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html
Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD http:/www.aiplab.com/JPA_1975_127646_on_NPNP_type PPD html

Imager with Narrow Channel Transfer Gates", Proceeding of the 10th http://www.aiplab.com/JPA_1975_127647_on_NPN_type PPD.html

Conference on Solid StateDevices, Tokyo 1978. http://www.aiplab.com/JPA 1977 126885 on Electric Shutter.html 1 79
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Hagiwara wrote the PPD patent form applied to Sony IP Office on March 5, 1975.
@1975%F3H 5 HIC Double #&B AR FEHHAL

SONY (HE) *iwa)ﬁﬂﬂ#’\ﬁl?\ti{&ﬂt:tﬂﬁﬁ Lf:o 75 e M, TR l‘ ] Ipkadad aa ,I

@19 7541082 3B ICIFE 2 o, ER Sehmnay ST i) |
JPA1975-127646 £ JPA1975-127647% HEET 3. REBUE AACLR TR e
@ 1975511810 ICIIZREREI LV BHEI NI, (;’ e
in-pixel VOD#&E(T 2 OPNP EAEDOZTREF 7 4
& FRRILIEHHE (JPA1975-134985) L7=, e —————
@1979%F UK Scotland THE®D CCD'79 ERREIC RWORS o e
FREABEIC19755E (CSKBA L. 19784 ICRASRE L 7=, PNP?%Ai e ' e o s K Pinned
?DPinned Photodiode D& D i WB YR EFE %2 AT 3, e B Grounded
@1989F 2 HM ISSCC1989 IcTF T H AADHRRERE [ Collector
?D 25 nsec ® 4 Mbit Cache SRAMZFH LEERKT 3, e
@2001F9A ICHED ESSCIRC2001 I2T, SONY®DAIBO®D

RobotZ#8m ¥ 3 TEFEMFKERm L T DB ZHAT S,
@20084£9 A I=FafE® ESSCIRC2008 i=T. SONY® Play Hagiwara invented in Feb 1975 the PNP double junction type Pinned Photodiode

Station Ill_ (Cell Processor) OXR4BHEHEEBHRAT 2. with the Pinned Collector and the in-pixel vertical overflow drain (VOD) Emitter .

https://electronics.stackexchange.com/questions/83018/difference-

JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland) between-buried-photodiode-and-pinned-photodiode

on Buried Photodiode with Floating Empty Potential Well.
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html
Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD http:/www.aiplab.com/JPA_1975_127646_on_NPNP_type PPD html

Imager with Narrow Channel Transfer Gates", Proceeding of the 10th http://www.aiplab.com/JPA_1975_127647_on_NPN_type PPD.html

Conference on Solid StateDevices, Tokyo 1978. http://www.aiplab.com/JPA 1977 126885 on Electric Shutter.html 1 80

https://ieeexplore.ieee.org/document/6742594
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@®1975%F38 5 HIC Double EARZHEFEFHAL
SONY (#k) #tROMEANFKIRIZAKICHEL 7=,

@1975%F10A823HICIEFKEIE 2 FD4FEr.
JPA1975-127646 £ JPA1975-127647% HEE9 5,

@ 1975F 118108 ICEZAFRAIS LV BHINT-,
in-pixel VOD##E(T Z DPNP 2B DR NEF
R IISEFHE (JPA1975-134985) L 7=,

@1979%F UK Scotland TRifE®D CCD'79 EEKEIC
FRIEHDBEICI975F ICHKBA L, 1978FEICHFEL 7-. PNPEAE;
D Pinned Photodiode D% G D 4 WiB R ERFIE % AT B,
@1989F 2 A? ISSCC1989 I TF ¥ H A HDHRRE R

M 25 nsec ® 4 Mbit Cache SRAMZR%E LEAEFKKRT S,
@2001%F9A8 ICFHf#E D ESSCIRC2001 (=T, SONY®DAIBO®D
Robot%# B ¥ 32 T EHEAFEMmE T DERZ AT 3,
@2008F9A ICHifED ESSCIRC2008 (=T, SONY® Play
Station Ill (Cell Processor ) DFEXEFIPR%EHAT S,

JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland)
on Buried Photodiode with Floating Empty Potential Well.
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html

Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD
Imager with Narrow Channel Transfer Gates", Proceeding of the 10th
Conference on Solid StateDevices, Tokyo 1978.

#k 5 RER (AIPS)

Oct 23, 1975
JPA1975-127646

Oct 23, 1975
JPA1975-127647

Pinned Surface Pinned Surface

Nov 10, 1975
JPA1975-134985

Pinned Surface

N+NP+NP N+NP-+N PNP
Triple E&3 Double 53 Double 3%
ZHT"T =FEF =TT
C VOD : ND
N PN N+I—. .-lswm Pl p+F.
v o :,T: — =3 " P
offiT-H ~ H —— A —

https://electronics.stackexchange.com/questions/83018/difference-
between-buried-photodiode-and-pinned-photodiode

https://ieeexplore.ieee.org/document/6742594
http://'www.aiplab.com/JPA 1975 127646 on NPNP type PPD.html
http://'www.aiplab.com/JPA 1975 127647 on NPN type PPD.html
http://'www.aiplab.com/JPA_ 1977 126885 on Electric Shutter.html
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Oct 23, 1975 Oct 23, 1975 Nov 10, 1975
JPA1975-127646 JPA1975-127647 JPA1975-134985

Pinned Surface Pinned Surface Pinned Surface

N+NP+NP N+NP+N PNP
Triple &% Double ESE! Double &%
RINF"TF BHETF ENRERF
ng pInfpen NS LE NP+ N|~+|—9 vo.gl subv) |P [N p+F'i°
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http://www.aiplab.com/JPA 1975 127646 on NPNP_type PPD.html
http://www.aiplab.com/JPA 1975 127647 on NPN type PPD.html
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html
http://www.aiplab.com/JPA 1977 126885 on Electric_Shutter.html
http://www.aiplab.com/JPA 2020 131313 on PPD Solar Cell.html

N. Teranishi, Y. Ishihara and H. Shiraki, JPA1980-138026 on Flaoting
Surface Buried Photodiode with Floating Empty Potential Well

JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland)
on Buried Photodiode with Floating Empty Potential Well.

#k 5 RER (AIPS)

Who invented Pinned Photodiode ?
Hagiwara at Sony invented
Pinned Photodiode in 1975
and developed in 1978.

SSDM1978 Conference Paper by Hagiwara in Sept 1978

Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD
Imager with Narrow Channel Transfer Gates", Proceeding of the 10th
Conference on Solid StateDevices, Tokyo 1978.

PNP junction Sensor
with the Adjacent
P+ Heavily doped

Channel Stops Region. —

. I He fol g
Pinned Photodiode y 5 it .
is Pinned-Surface p— bt QEL Sl T
A

https://www.sony.com/en/Sonylnfo/News/notice/20200626/

https://electronics.stackexchange.com/questions/83018/difference-
between-buried-photodiode-and-pinned-photodiode 182
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http://www.aiplab.com/JPA_1975_134985_on_PPD_with_VOD.html
http://www.aiplab.com/JPA_1977_126885_on_Electric_Shutter.html
http://www.aiplab.com/JPA_2020_131313_on_PPD_Solar_Cell.html
https://www.sony.com/en/SonyInfo/News/notice/20200626/
https://electronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode
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Oct 23, 1975 Oct 23, 1975 Nov 10, 1975 : . o
JPA1975-127646 JPA1975-127647 JPA1975-134985 Wh? invented Electric .ShUtter !
Pinned Surface Pinned Surface Pinned Surface Haglwa ra at SO ny Inve nted
N+NP+NP N+NP+N PNP

Triple jE& Double &%  Double E&% Electric Shutter in 1975~1977
BHFET BREF SXARTF

" . } Sony Team developed In 1987
-I§ P N|P+ N h+_§ -E N |PH N|N+I—§ vo.gl SubiN) P IN P+F':D |
mTm 224 —88I
ard ol P ¥o o BIMEN-WE
A® o s v.‘:."" —ﬂw
] --;-ti‘ ’ H H~ j EFL M —
B e - Y= o P
J o . ., c 7_‘4/ e
- —1 "u--J : ==
¢ T IN|f B 1 B/ Fshutterd
\L - r
e " EN{EIRED -
n __\‘ L/ B o= ,'—— Eﬁﬂﬂ i B fEes
w3 ~/ AVisi

http://www.aiplab.com/JPA 1975 127646 on NPNP_type PPD.html

http://www.aiplab.com/JPA 1975 127647 on NPN type PPD.html 1987 &£10 B2 NIKKEI MICRODEVICES

http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html pp 60~67 el K6@®BF+vINREF

http://www.aiplab.com/JPA 1977 126885 on Electric Shutter.html [ o vy 9 REL, 1/2000

http://www.aiplab.com/JPA 2020 131313 on PPD Solar Cell.html . =

N. Teranishi. Y. Ishihara and H. Shiraki, JPA1980-138026 on Flaoting https://www.sony.com/en/Sonylnfo/News/notice/20200626/

Surface Buried Photodiode with Floating Empty Potential Well . . .

g Empty https://electronics.stackexchange.com/questions/83018/difference-
JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland) bet buried-photodiod d-oi d-photodiod
on Buried Photodiode with Floating Empty Potential Well. etween-buried-photodiode-and-pinned-photodiode
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Energy Band Bending of Convention PN junction
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Energy Band Bending of Convention PN junction
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Drift-field transistor

From Wikipedis, the free encyclopedia

The drift-field transistor, also called the drift transistor or graded base transistor, is a type of high-speed bipolar junction transistor having a doping-

engineered electric field in the base to reduce the charge carrier base transit time.

) Invented by Herbert Kroemer at the Central Bureau of Telecommunications Technology of the German Postal Service, in 1953, it continues to influence the
\"':" IKIPE DIA design of modern high-speed bipolar junction transistors.
'The Free Encyclopedia

Early drift transistors were made by diffusing the base dopant in a way that causad a higher doping concentration near the emitter reducing towards the
collector.[11-307

[2]:469

This graded base happens automatically with the double diffused planar transistor (so they aren't usually called drift transistors).

Herb's bipolar transistors

Abstract:
The profound influence of Herbert Kroemer's ideas on the development of high-

performance bipolar transistors is described. The historical context and
subsequent development of innovations such as the drift base, achieved through

concentration gradients and later with semiconductor bandgap grading, the use

of wide bandgap emitters, concepts of collector-up transistors, and the
introduction of new heterojunction materials, are reviewed.

Herbert Kroemer receiving the Nobel Prize
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Drift-field transistor

From Wikipedia, the free encyclopedia

The drift-field transistor, also called the drift transistor or graded base transistor, is a type of high-speed bipolar junction transistor having a doping-
engineered electric field in the base to reduce the charge carrier base transit time.

Invented by Herbert Kroemer at the Central Bureau of Telecommunications Technology of the German Postal Service, in 1953, it continues to influence the
':{" IKIPE DIA design of modern high-spead bipolar junction transistors.
'The Free Encyclopedia

Early drift transistors were made by diffusing the base dopant in a way that caused a higher doping concentration near the emitter reducing towards the
collector,[11-307

This graded base happens automatically with the double diffused planar transistor (so they aren't usually called drift transistors).[21-462
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The drift-field transistor, also called the drift transistor or graded base transistor, is a type of high-speed bipolar junction transistor having a doping-
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The drift-field transistor, also called the drift transistor or graded base transistor, is a type of high-speed bipolar junction transistor having a doping-

engineered electric field in the base to reduce the charge carrier base transit time.

Invented by Herbert Kroemer at the Central Bureau of Telecommunications Technology of the German Postal Service, in 1953, it continues to influence the
design of modern high-speed bipolar junction transistors.

Early drift transistors were made by diffusing the base dopant in a way that caused a higher doping concentration near the emitter reducing towards the
collector,[11-307

This graded base happens automatically with the double diffused planar transistor (so they aren't usually called drift transistors).[21-462
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The profound influence of Herbert Kroemer's ideas on the development of high-
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subsequent development of innovations such as the drift base, achieved through

concentration gradients and later with semiconductor bandgap grading, the use

of wide bandgap emitters, concepts of collector-up transistors, and the
introduction of new heterojunction materials, are reviewed.
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Field-effect transistor

WIKIPEDIA
The Free Encyclopedia

From Wikipedia, the free encyclopedia

"FET" redirects here. For other uses, see FET (disambiguation).

The field-effect transistor (FET) is a type of transistor that uses an electric field to control the flow of current in a
semiconductor. FETs are devices with three terminals: source, gate, and drain. FETs control the flow of current by the
application of a voltage to the gate, which in turn alters the conductivity between the drain and source.

FETs are also known as unipolar transistors since they involve single-carrier-type operation. That is, FETs use either
electrons or holes as charge carriers in their operation, but not both. Many different types of field effect transistors exist
Field effect transistors generally display very high input impedance at low frequencies. The most widely used field-effect
transistor is the MOSFET (metal-oxide-semiconductor field-effect transistor).

The concept of a field-effect transistor (FET) was first patented by Austro-Hungarian physicist Julius Edgar Lilienfeld in 192511 and
by Oskar Heil in 1934, but they were unable to build a working practical semiconducting device based on the concept. The
transistor effect was later observed and explained by John Bardeen and Walter Houser Brattain while working under William
Shockley at Bell Labs in 1947, shortly after the 17-year patent expired. Shockley initially attempted to build a working FET, by
trying to modulate the conductivity of a semiconductor, but was unsuccessful, mainly due to problems with the surface states, the
dangling bond, and the germanium and copper compound materials. In the course of trying to understand the mysterious reasons
behind their failure to build a working FET, it led to Bardeen and Brattain instead inventing the point-contact transistor in 1947,
which was followed by Shockley's bipolar junction transistor in 1948.2113]

Source O Drain
= | o
Gate Qe |
" |
P
|
O Body

Julius Edgar &3
Lilienfeld proposed the
concept of a field-
effect transistor in
1925.
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Combination of Double Junction Bipolar Transistor and Filed Effect MOS Transistor, Hagiwara 1975

LPD (um) - ® =
Light Penetration Depth in Silicon Drlft F'eld TranSlStor
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----------------------------------------------- (Kroemer, 1953)
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z Hagiwara invented PNP junction type PPD in 1975 with
Empty Potential Well (1) blue light 100% QE, (2) No Surface Dark Current and
‘with No Image Lag (3) No Image Lag, Complete Charge Transfer features.
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SONY HAD Sensor 1975 was hinted by SONY PNP Bipolar Transistor Process Technology
Conventional Static Phototransistor Dynamic Phototransistor Operation

; with lightly doped base region
(by John Northrup Shive, 1950) Sony original Hole Accumulation Diode (HAD)

ks Teanslitar Emitter Back The charge transfer
Collector Sombel Light device (CTD) can be
<TG CCD or CMOS type.
l \ No Constant
i Collector Current is\ . rsgpmnd Ct{rrent
{ e . in the dynamic mode .
constantly running o e
Base in the static mode

.;.:,m The photo electrons stored in

According to the light intensity, Collector Light the base is extracted completely
the collector current is modified to the adjacent CTD.

in the conventional phototransistor

Emitter

Emitter g Collector e Sub can be Complete Charge

Maud or Pauh Extraction from
the N base region
Vwell for low image lag

Base Region P P a7 L and high speed

C.CTD high quality
Jo—s gt gy action pictures
Collector Region N Type Charge P
Transfer Devise
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Dynamic #Photodiode
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(John Northrup Shive 1950)
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(Hagiwara 1975)
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Hagiwara at Sony invented the pinned photo diode 1975.
See the JAPANESE PATENT, JAP 50-134985, 1975

H1

has poor -
blue light
sensitivity
because s
of the C,
metal gate
on the top.

Pinned Photo Diode (3) and

(1) Buried Channel CCD type invented by Hagiwara 197&4)
MOS capacitor sensor (2) Dynamic N-/P ] um.:tlon (3) Dynamic P+/N-/P (4) Dynamic P+/N-/P/Nsub
. photo sensor conceived . . . .
proposed in 1969 S O junction photo sensor junction photo sensor
y Hagiwara

by Hagiwara in 1975 by Hagiwarain 1975

The key idea is lightly doped N-type storage layer in the pinned photo diode (3) and (4), for complete
charge transfer with no image lag , similar to the lightly doped N- type buried layer of BCCD of type(1).

Reference: IEEE Solid-STATE CIRCUITS MAGAZINE, SUMMER 2013 issue, pp. 6
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The brain nervous cells that store the image information.

NVRAM b)7 P"Of: SJW.Sze A Floating Gate nnd Its Application

to Memory Devices *

C. By D. KAHNG and S. M. SZE

(Masuseript recerived May 16, 1967)

A structure has been proposed and fabricated in which semi-
permanent charge storage is possible. A floating gate is placed a small
distance from an electron source. When an appropriately high field
is applied through an outer gate, the foating gate charges up. The
charges are stored éven after the removal of the charging field duec
to much lower back transport babll red-chafge deffsn.y of
the order of Wcm'-hu%een iev etected by a structure

"""(?:.-"" sumlzr to an meul-msulator- xconductor (MIS) field effect tzansis-
",& u{mcuve
ea emory holdmg time rved was longer than

one bour ‘These Wf!m agguin rwﬂ ®mple

A Floating Gate and Its Application
to Memory Devices *

By D. KAHNG and S. M. SZE
Bell System Tech. J. 46, 1288 (1967).

Important Contribution to the Modern Digitdl CMOS Image Sensor Technology
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Electric Shutter Basic Patent Award (3) JP A1977 126885

from Sony President Idei to Yoshiaki Hagiwara
for Japanese Patent 1977-128885 by Hagiwara
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Sony Kumamoto Technology Center
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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P+PN-PPHEAR KIS EHORE #RIF REE (AIPS)

REMGIEEIN TS, Pinned Photodiode® M A —P+ P —ELPNESPhotodiode®D A A —
o —DFENTNOSAERERFEDLISONMIZE ITHIHAEXIFZFRETH D, T-PNESAKBE
MO RIILE—FHWPFTIZE L TIL. Shockley-Queisser BR(SQEER)E LT, SiDEHREESEIL
TlE, BEOMEZR/ELELTIL28WEETHH I EEFEZAONTLNS, ChITBHZ Single ESD
PNEATOEGBHEICESIDTHS, RREZAENEVHDEN-PNPEESE LPNPNES
BOSNHEFEI975FIZRBALT-, Meadlz= > PNPNPNPESERSNEFRFEZRHAL-, Th
FhaA A=t o—¢LTENBRZEODCLIZMOENTILNS, CCTIIKBEMDESSES
SFNEOREEADTIEEMICH L THEAT 5, BHAIICIZ 86.8 % F TEFERZMETGETH 5,
ZDERICIIZFAEBEZEICKREICEZILE-IREZS T I20EDNH S, PNIESOZEZEREHT
ThE<L., FARADP+PEDONY PEREZFHL T, KBXICKY., XEZTBINI-AEFLIET
DRT2NY) TPERIZEY, hRL KD LEBHET IN+BICKEFOAZEET 20EDLH S,

Shockley—Queilsser limit

R

WIKIPEDIA From Wikipedia, the free encyclopedia

The Shockley—Queisser limit only applies to conventional solar cells with a single p-n junction; solar cells with multiple layers
can (and do) outperform this limit, and so can solar thermal and certain other solar energy systems. In the extreme limit, for .

multi—junctiﬂﬂ solar cell with an infinite number of Iazers., the c::rresEc:nding limit is 68.7% for normal sunlight,[4] or 86.8%
using concentrated sunlight!*! (see solar cell efficiency).
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. KEZ L IERIE . 100 b= Light Penetration Depth

0.3~1.12 um

Relative Photon Power (W/ pms)

1.01.1 1.3 1.6
Photon Wave Length ( um )

0.7 0.8

For Silicon, Ec = 1.10eV and A= 1.12 um

E=hw=hf=hc/A
E(eV) =1.24/A (um)

The light energy of the wave length more than A= 1.12 pym

can not be converted to electrical energy in the silicon crystal.

B R WIRRIE
0.3~1.12 um

EEREEXIE. YVarERmE

D 0.1 umiEELHI»EBLEL,
AIRNERDOBRKERDOKRENL
TbmXK10 umLH>Vay
HREAZEALEVL, 1.1eV
UEDIRIVF -7 DKEEN
L EmRICKBEIRTEL L,
7€ > TEREICIE, BEERH1.12 um
LI EDZEFNRITEE 4 V) SEX(C
w3, KigEte LT, FRD
20umZEn> Y aviEEHLF—F
BENLGKEENEEE LS, 9219



Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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Problem of Single Junction type Solar Cells

The conventional single N+P junction type solar cell
has a very poor efficiency of the photon to electron energy conversion.
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.

(2)

Exact Numerical Computer Simulation of Charge Transfer Action
CC D/MOS in Buried Channel CCD presented in ISSCC1974 by Yoshiaki Daimon-Hagiwara
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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JPA1976-65705 Netherland Patent 7506795 Priority filed on June 9, 1975
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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Fig. 7. Relative spectrum response. The relative response of the bipolar-type
Si02-P2-N1-P1-SUB structure is compared with poly-SiO2-N2-P(SUB) 8 SREEESE
structures of the polysilicon thickness of 50 and 150 nm. Spectral response characteristics.
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The actual 1978 Sony HAD sensor has the P+PN+Psub (0) Original N+P junction type Photo Sensor

Junction type Pinned Photodiode (PPD) sensor structure with very poor short wave blue light sensitivity
for the excellent short wave blue light sensitivity. : ™ ;
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S$i02-P2-N1-P1-SUB structure is compared with poly-SiO2-N2-P(SUB) -3 5 ;
structures of the polysilicon thickness of 50 and 150 nm. / | | i
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Thank you very much.
http://www.aiplab.com hagiwar-yoshiaki@aiplab.com
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