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Arthur H. Compton (1892~1962), while at Washington University at St. Louis found that x-rays increase
in wave length when scattered, which he explained in 1923 on the basis of the quantum theory of light.
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Case (3) is a different event from Case (1) and (2).
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True History of Photodiode

(1) Single Junction Type Dynamic Photodiode before 1970
Single IER R ITREHD KFEIRETE - 7=,
CTG
1T1C Pixel Thermal CKT' Noise L"_ lV”"’
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Cou t 0—‘_|1 . "
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vog_l% e o (:pmvl
— Circuita — out — Vsig << Vsig

out

ITIC type MOS Image Sensor with a Large Output Data Line Capacitance.

Vv
Vs —

lds(t) =lo ( Vs — Vch )2
L - Qsig(t) =Qoexp(—t/T)

Vd"' ----------- e \Ud

Qslc :

Image Lag

Small and Slow Current Flow

Vs.l. S— lds o
V‘“Im Vd —t
Iimage Lag

> tirmu

. Serious Image Lag of Floating N+FP Single Junction Photodiode.
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True History of Photodiode

(2) CCD/MOSEER I XRE LBERARRMZE P KRBEL > 1=,

o (2) CCD/Mos type dynamic Photodiode invented in 1970

ICX-008

ANA 747 Jumbo jet ILT CCD Chips

ICX- 008 Sony ILT CCD Image Sensor Structure

J.f' T

BCCD CTG CCD/MOS

XC-1 1980 Model

Photo Capacitor
Psub

SONY 1980 Two-chip CCD Color Video Camera XC-1.

(3) Double IEE R, RGEIEEICK AHAFRIEDPELEFI ¥ v X—KBEEDNRAI - 7=,

(3) Double Junction type Dynamic Photodiode invented by Philips in June 9, 1975

iy

X

%}‘! m 215 12 13 7 % 7 8 10 93
*-T—III " 1} )

raar m 713 enonr 78006705 %
mx & N am )

(¥s, ooo) w N am " AV TR TILS I HAS

NI 3 7R
®4$mwa 51- 150288 L\“: "Xt\(_:\; - /I/\
@Z2AamA BE51. (1976) 12 23 a

COFBIR &/ - 4€70€ @é§§§{41oc //<)\

@UBE 1857, (1976) 4.7 Ts %2 @ Figo ® o o N,

JPA1976-150288( Netherland Patent 7506795, prlorlty June 9, 1975)

N

(4) Trnple ERBUZNRFLLEY, HTEEREF v v 2 —HBEEHNERL T,
Ty R—HEEDERRICIE, %E#EFEE(EV ) EIhT
\.‘5575‘7['_1)&7"._ - 7=, EIlZ. Pinned Photodiodeld. ry R—FEHR
DT=-BH(ZTriple EEESNHEFLLTEHEMICL1975 $ 10RBICERINT-,

(4) Triple Junction type Dynamic Photodiode with the pinned surface invented by Sony in Oct 23, 1975.

Japanese Patent 1975-127646
N+NP+NP junction type Buried Pinned Photodiode
with Built-in MOS Capacitor Buffer Memory Global Shutter Function

Japanese Patent 1975-134985
and the surface N+N doping slope Barrier Electric Field Photo Pair Generation p 1 1
Global Shutter MOS Ve TS 2% (1 10 10 Hole Accumulation Diode (HAD)

Capacitor Buffer Memory\ * ’ * |~ F ig. 6 ( 5 Pinnea

sio2 * 7} P~ 71 ~ S 5 e > Seurfsce

— P -~ _D]CTD L, = LA - e ’ Te R e P , Putential
cre oM /2 1 3 ieiwn]| P ‘ﬁ '8
=S B - A VOD © ——
v N-  &p = A Lighn
N " - UP [ Fromt Side ) s Down { Back Side )
Pinned Surface — g ot ) 4 GE - —
Y arrier El —
Field Phot VoD ol = Ugn
: Sanscatio Hole Collectar B
~— Electron
' TGMOSB uffer Memory N r___.,‘ Sanfutes € J Junction
Piiiiea Junction Pinmed Empey
n
v, o i % 7 =3 Potential We
o Fig. 7
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True History of Photodiode
Double IR &, ROGBIEICEDIAEREIVELEF > v v X —REIFRAE -7,

Double Junction type Dynamic Photodiode invented by Philips in June 9, 1975
i’

W g 721 12 13 7 % ? 8 10 93
:mo- A ull w } ) ‘

.,/’ l ". LR R L 80470 Q

(l‘ 000) » = :‘ -:: c’ ry
‘F‘ V —ﬁ
@4$BIRE 51 - 150288 7 muanum<is N /,\

@AMEB BEs1. (1976) 12 23 : . t

COIMIBR ¢/ - 4690 \ I P 2 x10\ /¢ /{

QB B857.(1974)4.7 _hs - - % Fia. 2 o e \2
JPA1976-150288( Netherland Patent 7506795, priority June 9, 1975)

FTILTH RCEENHZ L, L0ARADIVALDBEERLEFOY v v X —HBEIERLRALETH 3,
BEBEIE 1PEIC 60 frame BEFVDERERGTH S, ZDIEHAHKEDBuried Photodiode Tld.
EFRAIFEDITEECBHENTUVEL, ZATR. TICEEHSIY TIhiwn, 1#RIC 60 frame BEDY v v 2 —EETHLREH DT 3,
EF19824F 1, NECOFFEIE IEDM19820:aX (Z DPhilipstt B L AHEE) ICBWTH, BEFHI I LEREL TV S,
1978 DSSDM1978DEEL:ET. Sonyld. High Energy lon Implantation#ifi%fE\\. &iREDP+®DChannel StopsfEisi % ZHKREICEHES B TR L.

ZhTEARAEZEVEHL. COBARTFRELICEFGEEEERLTHY . BROBVESEEZOBEEZREL-.
1984F DIEDM1984D EPE L TKODAKIZ. LOCOSHEFRHINEE%E> T, EAREEZTLICGNDICE B L-ZXAEFEZRHEL.

KODAK#tIZ [BAXAINECVBHINTEEFEEENZ & | OXEMH%EEFAL. Pinned Photodiode & &% L 7=,

SHREHE B8 XN 7- Double Junction Type New Solar Cell DI
See JPA2020-131313 invented by Yoshiaki Hagiwara (AIPS) in 2020

Three important parts of Image Sensor (" History of Charge Transfer Device (CTD) )
(1) Photo Sensor (2) Charge Transfer Device (CTD) (3) CPU and Memory
e (1) 1T1IC DRAM Cell type MOS Image Sensor

e-
A Long Line of Nerve Cells

(2) cCD/MOS Capacitor type Image Sensor

e —— -

A Long Line of Nerve Cells

\ (3) CMOS Digital Circuit type Image Sensor )

The difference of Double and Single junction type Solar Cells
TR T o 1

\ the Empty Potential Well / / ' \
Short-wave \ \ \ Very High Solar Cell Efficiency / / /
R R A
cannot i / ——k by Empty Potential w.ll
penetrate i/
into the deep The Pinned Surtace . i o] i // //
silicon crystal *haws Short wave helps Shoet "’"' \ Low Solar Cell Efficiency
Phete "‘_’ Mf' Ehot Pelx_Somer by Photo Pairs Recombination
Conduction Band B e | oo ettt
onduction Band Bendin -\ —
L g N+ =3 =al: << \\\\\\
d N + Floating Storage Region F7777 777777777777 7777 .
ht 1 N + Floating Storage Region
= Completely = Floating Surface N+ Region
. Depleted with Surface Recombination
Valence Band Bending N- Region Pinned Back Pinned Back
x N Surf
Light _.IP+ P- N- P- P*! Surface Light I Surface
Pinned Front Floating
Sikface '-L N+ Vout = N+ Surface Vet :
The surface P+P Barrier Potential Double Junction type Solar Cell Single Junction type Solar Cell

helps electron-hole pair separations.
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Single Junction type Solar Cell has a very low efficiency of less than 28%.

Why_Silion_Solar_cell_has_Very_Low_Efficiency Short Wave Blue Light is all wasted

Only Light reaching the depletion zone AX can contribute the Q.E. \ Only 28% Q.E. at MAX LPD ()
- < -E for narrow AY range.  100f- Ught Pesetration Oepth
; : : -
Si02 N+ iedpx—s: P P I1 3
— : ;
§
2
sio2) | _
04 0708 1011 13 16 19 .s
s A X=> Photon Wave Length ( um )

AX = X2 —X1 gives
AY =Y2 -Y1 which
gives 28% at MAX.

The N+P junction depletion width is given as ( X2 — X1 ).

Take X1 ~1 um and X2 ~ 6 um. The photon wave length of

Y1 = 0.5 um has the silicon crystal penetration depth of about

X1 =1 um while the photon wave length of Y2 = 0.6 um has the
silicon crystal penetration depth of about X2 = 6 um. Only the
photon wave length between Y1 = 0.5 um and Y2 = 0.6 um can
reach the N+P junction depletion region ( X2 — X1) and contribute
to the solar cell efficiency, which is very small < 28% at most. (30

Light : :
. - s h+ g
h+ 5 Flat Band Region . -
S . does not contribute - .
- . Solar Cell Efficiency - -
X1 X2 X3 X4

YV _—ATY VbR =2EE 2022 09 20.html 009



http://www.aiplab.com/2022_09_20_Sony_Kumamoto_Tech.html

2022598208 (K) V=—mRETvI/HHETHER #FERE (AIPS)

Single Junction type Solar Cell has a very low efficiency of less than 28%.

lllllllIIIIIIIIIIII-IIIIIIIIl-II'IIIIll-#IIIIIllIIIIIIIIIIIIIIII’III‘I.‘I.

1.0 1

IIIIIlllllllllllll.lllllb:ﬁl IIII‘II-lll-;ll---llIlIll--.......-.-""

Only Photon wave length between
0.5 um and 0.6 um can contribute Vout <0 /
to the solar cell efficiency. Load
2.5 b nnnnnnnnnnnnnnnanns T Less than 28% A
2.4 o- / p
2.3 .
Light . - —
2.2 - & - -
2 ——Dfsioz|N-+4 : P- N HE
E 2 0 . L} " L N L
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Relative Photon Power

Since the band gap of silicon crystal is 1.1 eV, any photon with the
energy greater than 1.1 eV can generate the photo electron and
hole pairs. However, without any Barrier Electric field, the photo
pairs would recombine themselves and the photo pairs do not
contribute to the Solar Cell Efficiency.

Herbert KroemerliBaseD R #iERE 1= Q8% 2 F 7= Drift Field Transistor Z B & L 7-.
EOIATRESFEFFEFOENT-ERZUHRTYH THEB/L:

https://en.wikipedia.org/wiki/Drift-field_transistor VBase > 0
VEmitter = 0 . Vcollector > 0
Herbert Kroemer (19285852880 % % 7)
FAvsgomBes, N+IN | P+ P I N | N+

The N+ collector region
has very few holes.
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>
Base Vcollector 0

When Vbase > 0, the emitter-base
junction barrier VB gets lowered
SlL—2—¢TalR-FPILTa—A7IE. and forward biased.

,/7|'*F1_7Z/3‘,L,

When no bias and Vbase =0V, Collector

VB = EG = 1.1 eV and the NPN Tr "\
is off with no collector current. h+
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https://www.sciencedirect.com/science/article/abs/pii/0038110181901854

Light
|:>| Si02| N-+

Back Surface Field Silicon Solar Cell @ %HA

ZRERE (N+ £7213P +) HFZEREICHZ, HHEHE
(N+P £ 7=13P+N) single ##A8 M Solar Cell DEFHHF(T
5 %BE -7, 1963F(C M. Wolf *|3 Z T TREICPP+
F7:1& NN+ OFFMREIE %2217 T, Band Gap D
Bending /2% FJAL T, Drift BREWMRKTBEICL Y.

RAOBRAZWEL., XEBHWREEHIEL REL.

Cell BEBTH4E L 7= Carrier DA SPETERFADHENEBIIT
ZFEICLVEATOBESENEIL L, EFHRIFIEFVKE
TBihEEe L TGEEIN:, ZOBER. ERIFFEFEHKL
DRIDEREE* 0L LEBENEZEDT, ZTOEZLOHAR
Eic& Y. N+PP+Z7-13P+NN+®DSingle A E ® Solar
Cell DERBER L FUBEIEAT, RETIE, Band Gap
D ZVHRICEZF—I7-av27 b LTEREQ
LLEBRRTCOEEREaI V27 e LTIHEIATVLS,

*M. Wolf, Proc. IEEE, 51 (1963) 674

ICECET2021 Paper61 html

Solid-State Electronics

Volume 24, Issue 12, December 1981, Pages
1161-1165

Theory of back surface field silicon solar cells

S.R. Dhariwal, Arun P. Kulshreshtha
Abstract

Back surface field silicon solar cells with n*pp* (or

sometimes l)*nn‘) structures are found to have better
characteristics than the conventional solar cells. The
existing theories have not been able to satisfactorily
predict the experimentally observed parameters on
these cells. A theory, based on the transport of both
minority and majority carriers under the charge
neutrality condition, has been developed in the
present paper which explains the behavior of the back
Slll"zl('l' 1i(‘1(1 SUI;H‘ ("(‘115. (;()()([ ;lgl’('(’]llt‘]ll iS ;I(‘]lit‘\'{'(l
between the results obtained by using this theory and

t]l{‘ L'Xl)('l'illl(‘lll;ll obscrv:ltiuns L)l‘(‘;ll'lik'l' \\’()l'k('l‘s.
EMEICP+EZHZRITIZ AV Y b

MEAIRBETIE BFEFR—IDOEBEEDOMIEI—ETH S,
MEDRV P+ILEHIEATIE F—ILOEEZ P+ & (FF
FLL, BBUBFOFEEIX (P/P+) THRLT D, BES
Y— 2 BiHHD, Solar Cell DBFERMELMET S,
Solar CellcH 53 2 BFIX, PN ES/NY FTEEIL L,
EBRUBTF., TR LF—DNEBERHLLRBRFTH S,

and ICECET2021 Paper75 html

What is PIN Photodiode ?

PIN Photodiode is NOT Pinned Photodiode.

PIN Photodiode is a PN junction diode that operates in reverse bias. Between the top heavily doped
p-type layer and the bottom heavily doped n-type layer, a high resistivity intrinsic (I) layer is placed
which has alarge empty space of depletion region which is used in the reception of light.

Light 1
Cares must be
PIN Photodiode itself does 5102 . taken for the
NOT have a dynamic memory. P Laver Electric Field
The output current and the

output voltage (Vout) isin
the static operation mode.

PIN Photodiode is not a
dynamic photo sensor.

This is a static photodiode,
which needs an external
memory capacitor in order

to be used in dynamic circuits.

.—

——HEART v Dbl s ZEER 2022 09

| Layer

A large empty space of Depletion Region
with Strong Electric Field for the separation
of photo electron and hole pairs

N Layer
Metal Cathode

at Chip Edges
that invite the
undesired Chip
Leakage Current.

For Solar Cells,
the edge leakage
is a critical factor.

Vout

20.html 011
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PIN junction type Solar Cell has a higher efficiency but still less than 28% ??

Only Photon wave length between
0.5 um and 0.6 um can contribute
to the solar cell efficiency.
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T Less than 28%
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P+P-N-P-P+ double junction type So

Photon wave length between 0.5 um and
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lar Cell may have much higher efficiency

1.1 um may contribute to the solar cell Vout <0 e- Liad
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Yoshiaki Daimon Hagiwara, Sony OB, visits
Sony Kiimamoto Technology Center
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Pinned_Photodiode_Adopted_for_Back_Illuminated CMOS_Image_Sensors
announce_in_public_by_Sony_on_2020_06_26
https://www.sony.com/en/Sonylnfo/News/notice/20200626/

Pinned Photodiode Adopted for Back-Illuminated CMOS Image Sensors

The history of Sony's inventions of image sensors goes back to the CCD era. Above all,
Pinned Photodiode is a technology that contributes to improving the performance of back-
illuminated CMOS image sensors, and the history of inventions and product development are

as below.

In 1975, Sony invented a CCD 1mage sensor that adopted a back-illuminated N+NP+N
junction type and an N+NP+NP junction type Pinned Photodiode (PPD) (Japanese patent
application number 1975-127646, 1975-127647 Yoshiaki Hagiwara). In the same year,
inspired by such structure, Sony invented a PNP junction type PPD with VOD (vertical
overflow drain) function (Japanese Patent No. 1215101 Yoshiaki Hagiwara).

Japanese Patent No. 1215101 ( Japanese Patent Application 1975-134985 ) by Yoshiaki Hagiwara

After that, Sony succeeded in making a principle prototype of a frame transfer CCD
image sensor that adopted the PNP junction type PPD technology, having a high-impurity-
concentration P+ channel stop region formed near a light receiving section by ion
implantation technology for the first time in the world, and its technical paper was presented
at the academic conference, SSDM 1978 (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)).

In 1980, Sony succeeded in making a camera integrated VTR which incorporated a one-
chip frame transfer CCD image sensor that adopted the PNP junction type PPD. President
Iwama in Tokyo, Chairperson Morita in New York, at the time held a press conference

respectively on the same day, which surprised the world.

In 1987, Sony succeeded in developing a 8 mm video camcorder that adopted, for the
first time in the world, the interline transfer CCD image sensor, which incorporated "PPD
having a high-impurity-concentration P+ channel stop region formed near the light receiving
section by ion implantation technology" with VOD function, and became the pioneer of the
video camera market. The PPD technology that has been nurtured through such a long history

is still used in back-illuminated CMOS image sensors.

A004
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Semiconductor History Museum of Japan

1975-85
Improvement of photodiode for image sensor
(Sony, Hitachi, NEC, Toshiba)
~ Discrete Semiconductor/Others ~
Semiconductor History Museum of Japan says that Hagiwara invented Pinned Photodiode.

In 1975, Sony proposed using a PNP transistor as the photodetector [¥l. By providing a P* layer
(emitter) for the light incident section, the sensor electrode that covers the entire light receiving
surface of the photodiode can be eliminated to improve the light sensitivity greatly. It was a basic
proposal for a pinned photodiode with a P* layer on the surface of the light receiving part.

[3] Y. Hagiwara, Japanese Patent JP1975—134985

Next, proposals were made separately by Hitachi and Sony to use the P* layer as the substrate
potential. In 1977, Hitachi presented a structure in which the high-concentration surface P* layer is
connected to a P-type substrate (well) and pinned it to the same potential as the substrate to increase
the charge storage capacity and widen the dynamic range of the photodiode ™.

[4] N. Koike, |. Takemoto. Japanese Patent JP1977—837

. In 1978, Sony
announced an FT (Frame Transfer) -CCD image sensor, using the photodiode with the same
structure %1, Sony succeeded for the first time in the world in prototyping a VTR-integrated color movie
camera using a 2 / 3-inch 280,000-pixel FT-CCD image sensor that developed this technology, in
1081 161,

[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): Japanése Journal oi‘
Applied Physics, vol. 18, Supplements 18-1, pp. 335-340, (1979)

[6] 1. Kajino, M. Shimada, Y. Nakada, Y. Hirata and Y. Hagiwara, "Single Chip Color Camera Using

Narrow channel CCD Imager with Over Flow Drain”, Technical Report of The Institute of
Image Information and Television Engineers. vol. 5, no. 29, pp. 32-3S, (1981)

NEC in 1982 and Kodak in 1984 developed Pinned Photodiode but they did not invent it.

In 1980, NEC analyzed in detail the relationship between the electric
potential of the N layer of a photodiode in which the P layer was pinned to the substrate potential
and the potential of the transfer gate to an external circuit. They then demonstrated a principle of
operation that completely transfers the signal charges while keeping the potential of the depleted N
layer higher than the channel potential of the transfer gate by a required value or higher, realizing
image lag free operation [I°l, The design methods based on this operation principle of the pinned
photodiode focusing on this N-layer potential were widely studied and have been standardized as the
Pinned Photodiode for today's CCD and CMOS image sensors.

The Pinned Photodiode is a photodiode in which the entire N layer is covered with a P layer. The part
of the P layer on the light incident surface is heavily doped P*(Fig.1). Kodak named this structure
Pinned Photodiode in 1984 because the P* surface of the light incident surface was pinned to the
substrate potential. This device has features such as high light sensitivity, wide dynamic range, image
lag free, much smaller dark current due to reduced influence of GR center on the light receiving

surface, and no white scars. AOOS
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The First Pinned Photodiode was invented by Hagiwara at Sony in 1975

in order to realize the in-pixel electric shutter function. The evidence is

given in the Japanese patent application JPA1975-127646, which defined

the pinned-surface triple-junction dynamic-thyristor type Pinned Photodiode.

The evidence are given in the Japanese Patent Applications,
JPA1975-127646, JPA1975-127646 and JPA1975-134985.

Fig7 in JPA1975-127646 Fig7 in JPA1975-127647 Fig6 in JPA1975-134985
N &
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PPD with in-pixel VOD function was drawn in Hagiwara Lab Note in Feb 1975.
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Hagiwara wrote the PPD patentform applied to Sony IP Office on March 5, 1975.

The surface needs be pinned and fixed to achieve the complete charge
transfer mode with no image lag feature, which is a necessary condition
to realize the Electric function. Any photodiode with the floating surface
with some RC delay time constant cannot be used for electric shutter.
See JPA1975-127646 and JPA1975-134985 (Japanese patent 1215101).
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Hagiwara also proposed the thyristor type punch-thru clocking scheme,
synchronized with the TV scanning system to achieve the electric shutter.

The Pinned Photodiode (Sony Original HAD sensor) Structure

HADE ¥ Electric Shutter Basic Patent Award
” oy from Sony President Idei to Yoshiaki Hagiwara
AD (Hole Accumulation Diode)
ARNTR. 72 v MRERN for Japanese Patent 1977-126885 by Hagiwara
(SR TK HAD Sensor ) M A4 1975-134985 ) #xf o ———— -
BFVvo2-ORAINS 1977-126885 - Mok s
12 M
Ta
il -
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Punch Thru

i 1977-12688S Fig,12
Electric Shutter Mode
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(from SONY Product Catalog)

Four Japanese Patent Applications on Pinned Photodiode
with Electric Shutter Function and Global Shutter Function.

Japanese Patent Application JPA1975-127646
Japanese Patent Application JPA1975-127647
Japanese Patent Application JPA1975-134985
Japanese Patent Application JPA1977-126885

The first Pinned Photodiode papers by Hagiwara

P1977 Narrow Cahnnel Transfer Gate CCD _SSDM1977 Paper_ by Hagiwara.pdf"
Hagiwara SSDM1978 Paper on_ Pinned Buried Photodiode.pdf

Five Recently Published Papers by Hagiwara(AIPS)

P2019 3DIC2019 Paper on_ 3D Pinned Photodiode 6 pages.pdf
EDTM2020 Conference Paper ID 3C4 by Hagiwara(PDF)

I1JSSM2021 e-Journal Paper on Pinned Photodiode.html
ICECET2021 Paperé6l.pdf

ICECET2021 Paper75.pdf A007



https://202011282002569657330.onamaeweb.jp/AIPS_Library/15_P2019_3DIC2019_Paper_on_3D_Pinned_Photodiode_6_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2020_EDTM2020_PaperID_3C4_by_Hagiwara.pdf
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=245&doi=10.11648/j.ijssam.20210602.13
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021Paper61_PWD_897_992_647_542_870_423_776_till_Dec_10_2021/ICECET2021_Paper61.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021Paper75_PWD_897_992_647_542_870_423_776_till_Dec_10_2021/ICECET2021_Paper75.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/3_JP1975-127646_NPNP_triple_junction_Pinned_Photodiode_Patent_32_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/4_JP1975-127647_NPN_double_junction_Pinned_Photodiode_Patent_22_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/5_JP1975-134985_PNP_double_junction_Pinned_Photodiode_on_Nsub_Patent_7_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/6_JP1977-126885_Elecric_Shutter_Clocking_Scheme_by_OFD_Punch_Thru_Action_13_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/AAA009_P1977_Narrow_Channel_Transfer_Gate_CCD_SSDM1977_Paper.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/9_P1978_Pinned_Photodiode_1978_Paper_by_Hagiwara_7_Pages.pdf
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SONY- Fairchild Patent War (1991-2000) on with Vertical OFD

TR
HEH

From Japanese News Paper, July 16, 1
1996 £ 7 A B LTRFMEFE» S

(2000 £ 1 AKERBMSE TRERE Y ——BF)
In January 2000, the US supreme court made the

final judgement favoring Sony claims. And the
long SONY-Fairchild Patent War on the PDD with
the built-in vertical ovedlow drain (VOD) ended.

EME
“%_&. *g
éé?i

Finally the Sony-Fairchild Patent Wat(1991-2000) ended over the Sony HAD Sensor
which is identical to the P+NPNsub junction type Pinned Photodiode
with Vertical Overflow Drain, originally invented by Hagiwara at Sony in 1975.
And finally Hagiwara received for his
1975-134985 Japanese Patent officially ,
the First Patent Award from Mr. Ando,

20005 %
g%#*! “!l Sony president in April, 2001 after more

26 years of struggles since his invention.
Dynamic Photo Transistor Operation
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Difference of Floating Surface PNP Buried Photodiode and Pinned Photodiode

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

Not Pinned Photodiode cro Vpin

% = Depletion Region
P-type Substrate P-type Subsatrate
(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 cIG

Pinned Photodiode

Not Pinned Photodiode

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

@ ELECTRICALENGINEERING

Difference between Buried Photodiode and Pinned Photodiode

Asked 8 years, 10 months ago  Modified 2 years, 8 months ago  Viewed 6k times

What is the difference between Buried Photodiode and Pinned Photodiode? | understand that the
P+/N/P structure where the P+ and P layers have the same potential is the Pinned Photodiode. So
6 what is the buried Photodiode?

A pinned PD is 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 CMOS imagers built today.

A pinned PD is designed to have the collection region deplete out when reset. AS the PD depletes
it becomes disconnected from the readout circuit and if designed properly will drain all charge out
of the collection region (accomplishing complete charge transfer). An interesting side effect is that
the capacitance of the PD drops to effectively zero and therefore the KTC noise g,, = sqrt(KTC)
also goes to zero. When you design the depletion of the PD to deplete at a certain voltage you are
pinning that PD to that voltage. That is where the term comes from.

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)

Share Cite Follow edited Aug 16, 2018 at 19:17 answered Sep 21, 2013 at 14:34
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