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1975-85
Improvement of photodiode for image sensor
(Sony, Hitachi, NEC, Toshiba)
~ Discrete Semiconductor/Others ~

In 1975, Sony proposed using a PNP transistor as the photodetector #.. 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 Iight reoeiving Eart.

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 . In 1978, Sony
announced an FT (Frame Transfer) -CCD image sensor, using the photodiode with the same
w 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
1981 11,

Photodiodes are used for photodetectors of image sensors. In 1987, Sony developed a 2 / 3-inch,
380,000-pixel CCD image sensor using a new type of photodetector, now called a Pinned Photodiode
(Sony named it HAD: Hole Accumulation Diode) ['], and installed it in the 8mm VTR integrated video
camera "CCD-V90". In the 1990s, the era of passport size video cameras demands compact CCD
image sensors with large numbers of pixels (1/2 inch or smaller with 400,000 pixels or more).
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Fig-1 Cross-sectional structure of the IT-CCD image sensor
(surface irradiation type)
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Sony's Representative Inventions Supporting Stacked Multi-Functional CMOS
Image Sensors

Sony Corporation
Sony Semiconductor Solutions Corporation

Taku Umebayashi, an employee of Sony, was awarded the Purple Ribbon Medal in the 2020 Spring Conferment of Medals of Honor. The Purple Ribbon
Medals honor influential characters with their outstanding achievement in inventions and discoveries in the field of science and technology, and in the
academic, sports, and arts and cultural fields. The medal was awarded to Mr. Umebayashi in appreciation to his achievement in the development of
stacked multi-functional CMOS image sensors. His achievement in research and development had already received the Prime Minister Award of the
National Commendation for Invention in 2016, and also with recommendation from the Japan Institute of Invention and Innovation ("JIIT"), he received
the Awards for Science and Technology (Development Category) of the Commendation for Science and Technology by the Minister of Education,
Culture, Sports, Science and Technology in 2018. JIIT had also recommended Mr. Umebayashi for the Purple Ribbon Medals.

Provided below are explanations of stacked multi-functional CMOS image sensors and Sony's notable inventions which support them.

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 Twama 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.

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
SONY 1975-134985 Japanese Patent officially ,
the First Patent Award from Mr. Ando,

2000% X
ELEEE 3 HmEN Sony president in April, 2001 after more

26 years of struggles since his invention.
Dynamic Photo Transistor Operation
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Albert J.P. Theuwissen, Jan T.J. Bosiers, Edwin Roks, “ The Hole Role “,
an invited paper at IEDM2005, Washington DC, Techn. Dig. , 2005.
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pockets. The effect can be solved by dcﬁnmg the potential in
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A simple sclf-aligned implant of 2x10" /cm® boron ions is
suflicient to extend the channel stop areas to the gate edge and /2 pSiwel

consequently fix the potential in the open areas [2]. The result

after this self-aligned implant is shown in Figure 3. The 3 08l subsrate

presence of enough holes plays a crucial role in fixing the

potcnlial for the rcgions “bcyond control” of the gates. (Is this Figure 3. Cross section of a buned-channel CCD on n-Si substrate mcluding

structure the mother of the pinned-photodiode or buried Tiode i /s nipme el s o el (D chnne
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[2] Y. Daimon-Hagiwara et.al., Proc. 10” Conf. on Solid-State Devices, Tokyo, 1978, pp.335-340,

@®Eric R. Fossum, Donald D. Hondongwa, “A Review of the Pinned Photodiode for CCD and CMOS Image
Sensors,” IEEE Journal of the Electron Devices Society, Vol. 2, No. 3, 2014.
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Fossum insulted in his 2014 paper Sony and Hagiwara 1975 PPD invention.

Indeed, Hagiwara invented PPD with VOD The surface P+ layer
- ] is NOT connected to

and the vurtual charge transfer in 1975 !! the LOCOS P+ layer. N
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m(mvoo)dounocmwcos 11 may be floating and
A Review of the Pinned Photodiode for this photodiode may

CCD and CMOS Image Sensors i have serious image lag.

Erx R Possam, Feflow. HEE eod Donadd B Homboogwa, Snclons Mowdoc IEEE _.

Many people now said this is a fake paper ! Serious Image Lag ?
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Hagiwara in 1975 invented PPD with VOD and the virtual charge transfer.
Study the Japanese Patents 1975-127646, 1975-127647 and 1975-134985.
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Difference between Buried Photodiode and Pinned Photodiode

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 what is the

buried Photodiode?
https://electronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode
CIG This is a commonly misunderstood misused set of terminologies.
f P | First off these are not PIN Photodicdes - which stands for P - Intrinsic- N. These have large depletion
— _l_l_> regions for higher internal QE (Quantum Efficiency) and faster response. You can't make an array with this
N design though.
CTD
VOD P Pinning, refers to fermi-level pinning or pinning to a certain voltage level. Or also the forcing or prevention
of the fermi-level/voltage from moving in energy space.
. You can get surface state pinning from the dangling S¥SiO2 bonds providing trapping centers. A buried PD
In 1975 the ﬁ rst PPD (Photodiode) has a shallow implant that forces the charge carriers away from these surface traps. The
was inve nted by SUSIO2 surface contributes to increased leakage (dark current) and noise (particularly 1/f noise from

. trapping/de-trapping). So confusingly a buried PD avoids pinning of the fermi-level at the surface.
Hagiwara at Sony

: A pinned PD is by necessity a buried PD, but not all buried PD's are pinned. The first Pinned PD was
and used in ILT CCD invented by Hagiwara at Sony and is used in ILT CCD PD's, these same PD's and the principles behind
PDs by Hamazaki this complete transfer of charge are used in most CMOS imagers built today.
at Sony in 1987. 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

PPD must have 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
th e P+ Ch an nel that voltage. That is where the term comes from.

StOpS B8 rby to g I've edited this Answer to acknowledge Hagiwara-san's contribution. It has long been incorrectly attributed
the surface P+ |aye I to Teranishi and to Fossum (in CMOS image sensors)
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In both figure 2 and 3, the surface potential Vs is not exactly at the substrate grounded voltage level.



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.
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Depletion Region

P-type Substrate

The N+PNP junction type Dynamic Photo Transistor Structure

Pinned Photodiode and Sony Hole Accumulation Diode (HAD)

with the vertical overflow drain (VOD) function
invented by Hagiwara at Sony in 1975
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Hagiwara’s Lab Note at Sony in February 1975

In 1975 at Sony, Yoshiaki Hagiwara filed three Japanese patents JPA1975-127646, JPA1975-127647 and JPA1975-134985

on the Pinned Surface Photodiode with the VOD function which is later called as Sony Hole Accumulation Diode (HAD).
Hagiwara did not file a patent on the SiO2 device isolation but this lab note shows that Hagiwara had an idea of

forming the Shallow Trench Isolation by the Local Oxidation Method, which was hinted by the LOCOS isolation in 1970s.



