What is Pinned Photodiode ?

What is the difference between Buried Photodiode and Pinned Photodiode ?

Buried Photodiode | Pinned Photodiode | Buried Photodiode | Pinned Photodiode
Patent Patent Development Development
Phillips June, 1975
Sony Oct, 1975 Oct, 1975 Sept 1978 Sept 1978
NEC Oct, 1980 — Dec, 1982 -
KODAK — S _ Dec 1984

The first Buried Photodiode Patent was filed on June 1975 by Phillips.
The first Pinned Buried Photodiode Patent was filed on Oct 1975 by Sony.
The first Pinned Buried Photodiode Patent was developed on Sept 1978 by Sony
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Sony's Representative Inventions Supporting Stacked Multi-Functional CMOS
Image Sensors

Sony Corporation

Sony Semiconductor Solutions Corporation

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 image 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). 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.
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The N+PNP junction type Dynamic Photo Transistor Structure
Pinned Photodiode and Sony Hole Accumulation Diode (HAD)
with the vertical overflow drain (VOD) function
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Hagiwara’s Lab Note at Sony in February 1975



What is Pinned Photodiode ?
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Sh Y ERIL TRBL GV ERAEREET.

MR DR L HRDREFE L R OEmIbLDEAID 3 2% L

@®Buried Photodiode D F B (X t# 5] TRA)ICPhillipsh*1975%F 6 B ICHEEL 7=,

Buried Photodiode | Pinned Photodiode | Buried Photodiode | Pinned Photodiode
Patent Patent Development Development
Phillips June, 1975
|— S S
Sony Oct, 1975 Oct, 1975 Sept 1978 Sept 1978
| NEC Oct, 1980 _ Dec, 1982 E—
KODAK — — _ Dec 1984
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What is Pinned Photodiode ?
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SONY- Fairchild Patent War (1991-2000) on Pin

i

From Japanese News Paper, July 16, 1996.
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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 overflow drain (VOD) ended.
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http://koueki.jiii.or.jp/innovation100/innovation_detail.php?eid=00059&test=open&age=stable-growth
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JPA1976-65705 (Priority Patent 7506795 Netherland, filed on June 9, 1975 )
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JPA1976-65705 (Priority Patent 7506795 Netherland, filed on June 9, 1975 )
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Japanese Patent JPA 1977-837
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SONY HAD Sensor 1975 was hinted by SONY PNP Bipolar Transistor Process Technology

Conventional Static Phototransistor Dynamic Phototransistor Operation
by e Nt s SR AR by Yoshiaki Hagiwara at Sony in 1975
[ No memory functic’:n is ir;volved Dynamic Memory function is involved. |
= Collector The charge transfer
Collector mﬂ m'hma ' device (CTD) can be

CCD or CMOS type.
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%‘“’ The photo electrons stored in
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According to the light intensity,
the collector current is modified
in the conventional phototransistor
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Difference of Classical Static Pinned Photodiode
_and New Dynamic Pinned Photodiode
_used _in_Image Sensors

] ] i . Modern Dynamic Pinned Photodiode
Classic Static PNP3Z&Pinned Photodiode invent};d by Hagiwara in 1975
widely known and used in 1950s.c ) anoy
Ve B ve now used widely in Modern CMOS Image Sensors
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Classic Static PNPiZE& Pinned Photodiode widely known and used in 1950s.

¥-REDOP +tEVEBHIN, ERMAI(Psub) & EE L 7-DIODEBEEIZT TIC1 9 5 0 FERA SAMIBEHTH -

Pinned Photodiode TH 3 EZDEEL MNELRHE

CHOBASEMEAREEZZL TREDLWVWVEEZERT 3213, EROHETIE. BARED
P+EBASEIEREENIC. BHER=0TEAEINEVYEHINTLWEIEHIFIVERGETH S,

READP +tEBHEREA—I v 7ES (ERDOR{E) Tli. RCEEHFEL T,

KEADP +BIXFEREL LY, EHAZNEBEOREZEZASFAIGEL LS,
t->T. ELBAEBELFARTERELSEL S,

VE/VC VB VE/VC

VB VE
®
N
P
P+

READP +EHAEyEH I, EREI(Psub) &EE L7-DIODE#EEIXT TIZ1 95 0FEKXH>EAMBERTH 5.
PNESZBECL L THAT3IEE. EMCEASEDEMD=-HIZ. EEIZIZ PNPIESO 70X TREICERL 7-.



Conventional NPN Double Junction Bipolar Transistor
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Classic Static NPN#Z%& Pinned Photodiode widely known and used in 1950s.
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Conventional PNP Double Junction Bipolar Transistor
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Classic Static PNPiZ4& Pinned Photodiode widely known and used in 1950s.
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Difference of Classical Static Pinned Photodiode
_and New Dynamic Pinned Photodiode
_used _in_Image Sensors

] ] i . Modern Dynamic Pinned Photodiode
Classic Static PNP3Z&Pinned Photodiode invent};d by Hagiwara in 1975
widely known and used in 1950s.c ) anoy
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Sony's Representative Inventions Supporting Stacked Multi-Functional CMOS
Image Sensors

Sony Corporation

Sony Semiconductor Solutions Corporation

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 image 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). 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.




What is Pinned Photodiode ?

What is the difference between Buried Photodiode and Pinned Photodiode ?

Buried Photodiode | Pinned Photodiode | Buried Photodiode | Pinned Photodiode
Patent Patent Development Development
Phillips June, 1975
Sony Oct, 1975 Oct, 1975 Sept 1978 Sept 1978
NEC Oct, 1980 — Dec, 1982 -
KODAK — S _ Dec 1984

The first Buried Photodiode Patent was filed on June 1975 by Phillips.
The first Pinned Buried Photodiode Patent was filed on Oct 1975 by Sony.
The first Pinned Buried Photodiode Patent was developed on Sept 1978 by Sony




