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Pinned photodiode | =dit |

The First Pinned Photodiode was invented on March 5, 1975 by Yoshiaki Hagiwara. The Evidence was given in his application form to the IP department of Sony
Corporation. Hagiwara filed three Japanese patents JPA1975-127646, JPA1975-127647 and JPA1975-134985 in 1975. Unfortunate the documentations were all
written only in Japanese and never have been disclosed in the English speaking community till recently. See http:/www.aiplab.com/ in details. There is a big
difference between the buried photodiode and the pinned photodiode. There are two kinds of buried photodiode, one is a buried photodiode with a floating P+
surface region and the other is a buried photodiode with the pinned P+ surface region, which is also called as Sony Hole Accumulation Diode (HAD). The floating
surface is due to the RC delay caused by the undesired finite resistance. IEEE IEDM1982 NEC paper by Teranishi which did not show the adjacent P+ channel stops
to make the zero resistance needed to pin the P+ heavily doped P+ surface hole accumulation region. Any small finite resistance value causes the RC delay time
which invites the serious image lag problem. Hagiwara 1975 three Japanese patent figures show the Pinned connection to the surface region and also the empty
potential well profile for the first time in the world which is the evidence of the no-image-lag feature.

The pinned photodiode (PPD) has a shallow P+ implant in N type diffusion layer over a P-type epitaxial substrate layer with no RC delay to the external controlled
pinning voltage. It is not to be confused with the PIN photodiode. The PPD is used in CMOS active-pixel sensors.[?] which explained that Hagiwara at Sony
invented in 1975 and developed First Pinned Photodiode in 1978.
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Early image sensor used the CCD type charge transfer device with the N+P single junction photodiode with the floating N+ surface which has the serious image lag
problem and suffered from shutter lag . This was largely resolved with the invention of the pinned photodiode (PPD) by Hagiwara in 1975 , evidenced by three
Japanese patents by Hagiwara JPA1975-134985, JPA1975-127646 and JPA1975-127646 which can be used in the interline transfer CCD type charge transfer
devices and CMOS type low power digital signal type charge transfer device { CMOS imager ). Hagiwara team at Sony developed the first Pinned Photodiode in
SSDM1978 paper. Fossum in his 2014 paper did not quote properly and ignored the 1975 Hagiwara three basic patents on double and triple junction type
photodiodes with the pinned surface and with the complete charge transfer capability with no image lag feature, and also with the anti-blooming control feature
with the vertical overflow drain (VOD) function, which realize the electrical shutter function replacing completely the film and machanical shutter parts. Hagiwara in
his JPA 1975-127646 and JPA 1975-127647 patents also invented the Global Shutter function with the MOS capacitor type buffer memory to avoid the rotary
shutter effect. These works by Hagiwara and Sony were ignored and not quoted properly in Fossum 2014. 1221 Fossum claimed incorrectly that Nobukazu Teranishi,
Hiromitsu Shiraki and Yasuo Ishihara at NEC in 1980.[221023]1 They developed and reported the results years later after Hagiwara 1975 invention and 1978 first
development efforts. Hagiwara 1975 patents showed that the lag can be eliminated since the signal carriers can be transferred from the double and triple junction
type photodiode to the CC type charge transfer devid. Hagiwara 1975 reports, led to their invention of the pinned photodiode, a photodetector structure with low
lag, low noise, high quantum efficiency and low dark current. Forsum 2014 was misleading and did not explained these facts clearly. [22] It was first invented by
Hagiwara at Sony in the 1975 patents and Hagiwara team at Sony developed in 1978 and reported at SSDM1978, in Tokyo Japan for the first time in the world in
public. The second runner is the NEC Teranish team in 1982. Teranishi and Ishihara with A. Kohono, E. Oda and K. Arai in 1982, with the addition of an anti-
blooming structure.[?2124] The new photodetector structure invented at Sony and later called in 1987 also as Hole Accmulation diode (HAD) was originally given
the name "pinned photodiode” (PPD) by B.C. Burkey at Kodak in 1984. In 1987, the PPD began to be incorporated into most CCD sensors, becoming a fixture in
consumer electronic video cameras Peter Noble invented the in-pixel Active pixel image sensor with the three-transistor type source follower current amplifier
circuits in 1969. But we had to wait the CMOS scaling advancement till 2000. Meanwhile the CCD type charge transfer device was widely used with the double and
triple junction type photodiode originally invented by Hagiwara in 1975.
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In 1994, Eric Fossum, while working at NASA's Jet Propulsion Laboratory (JPL), proposed an improvement to the CMOS sensor: the integration of the pinned
photodiode. A CMOS sensor with PPD technology was first fabricated in 1995 by a joint JPL and Kodak team that included Fossum along with B.RK. Lee, R.C. Gee,
R.M. Guidash and T.H. Lee. Since then, the PPD has been used in nearly all CMOS sensors. The CMOS sensor with PPD technology was further advanced and
refined by R.M. Guidash in 1997, K. Yonemoto and H. Sumi in 2000, and L. Inoue in 2003. This led to CMOS sensors achieve imaging performance on par with CCD
sensors, and later exceeding CCD sensors.[??] Recently Sony developed the backlight CMOS image sensor which usad the Hagiwara 1975 pinned buried photodiode
originally developed by Hagiwara at Sony. Sony now has announced that Hagiwara was the true inventor of Pinned Photodiode. See
https://www.sony.com/en/SonyInfo/News/notice/20200626/&

Photodiode array | edit]

A one-dimensional array of hundreds or thousands of photodiodes can be used as a position sensor, for example as part of an angle
[25]
SEensor.

In recent years, one advantage of modern photodiode arrays (PDAs) is that they may allow for high speed parallel readout since the
driving electronics may not be built in like a charge-coupled device (CCD) or CMOS sensor.

Passive-pixel sensor [ =dit ]

The passive-pixel sensor (PPS) is a type of photodiode array. It was the precursor to the active-pixal sensor (APS).[22] A passive-pixel
sensor consists of passive pixels which are read out without amplification, with each pixel consisting of a photodiode and a MOSFET . 2_':’“ _ =
switch.t?®1 In a photodiode array, pixels contain a p-n junction, integrated capacitor, and MOSFETs as selection transistors. A photodiode E{T:;ﬁ:;iets;?zgglp
array was proposed by G. Weckler in 1968, predating the CCD.?’] This was the basis for the Pps.[27] diodes

Early photodiode arrays were complex and impractical, requiring selection transistors to be fabricated within each pixel, along with on-

chip multiplexer circuits. The noise of photodiode arrays was also a limitation to performance, as the photodiode readout bus capacitance resulted in increased
noise level. Correlated double sampling (CDS) could also not be used with a photodiode array without external memory. It was not possible to fabricate active pixel

sensors with a practical pixel size in the 1970s, due to limited microlithography technology at the time.[Z7]
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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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(1) JPA 1975-127646 on October 13, 1975

Japanese Patent 1975-
N+NP+NP junction type Buried Pinned Photodiode

127646
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(2) JPA 1975-127647 on October 13, 1975 .

Japanese Patent 1975-127647
N+NP+N junction Dynamic Photo Transistor type Buried Pinned Photodiode
with Built-in MOS Capacitor Buffer Memory Global Shutter Function
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(3) Hagiwara applied JPA 1975-134985 on November 10, 1975 . (4) Hagiwara applied JPA 1977-126885 on September 29, 1977.
Hagiwara at Sony invented Pinned Photodiode with VOD function. Hagiwara at Sony invented also the Electric Shutter Function

PNPN junction Transistor type Pinned Photodiode with the complete image lag free feature by the punch-thru mode.

Visit Mtps//www.-platpat.inpit gojp/ and put the patent number 197%-134985

e IS1Mees  Peed  1973/11/10 " Japanese Patent 1975134985 JPA 1977-126885
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