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Past, Presence and Future Applications of Buried-channel Double-junction
Sony Hole Accumulation Diode (HAD) type Image Sensors and Solar Cells
with Pinned Surface and Empty Potential Well

Yoshiaki Daimon Hagiwara
MAY 15 President Office, Sojo University,

004AP

Kumamotaocity, Japan
ANSTRACT

Historically, the original bipolar-transistor-like PNP double junction buried-channel photodiode was invented and
filed by Philips as a Netherland patent application on June 9, 1975. However, the surface region in each pixel was
connected only to the high resistivity substrate in the backside with some undesired RC delay time constant. And
in the original vertical anti-blooming overflow-drain (VOD) structure invented by Fairchild in 1972, the excess
photo charge is drained vertical to the image-sensor surface. Subsequently on October 23, 1975, Hagiwara at Sony
filed a Japanese patent application to improve the performance of the double and triple junction type buried-
photodiodes with the pinned surface and the zero RC delay time constant, simply by connecting the surface region
directly to the external metal wiring in each pixel with zero resistance on the surface while the excess photo charge
is drained into the backside in the Sony VOD structure. This simple improvements made a big difference in the
history of high-frequency dynamic operations and anti-blooming VOD capbility of high-performance image
sensors, and realized the electronic and global shutter capability with completely mechanical-part free and image-
lag free features in our digital TV era. SONY introduced a passport size video camera in the market in 1987 and
named this unique high-performance photodiode, originally invented in 1975 by Hagiwara at SONY, as Hole
Accumulation Diode (HAD). In this paper, it is explained that even in solar cell applications, this zero-resistance-
surface Sony HAD sensor feature is very important even in solar cell applications and also that, by incorporating a
simple circuit of switching-gates, this SONY HAD sensor structure can be used, not only as a high-performance
image sensor but also, as a high-efficiency solar cell for powering Al robot systems and mobile electrical-car
applications. In this paper, it is also explained in details that a high-energy ion-implantation technology is a must
to realize high- performance semiconductor devices, not only analog and digital LSI chips but also image sensors

historically, and now specially for the future high-performance solar cells.
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to a 800 H/spl times/492 V frame transfer-type buried channel CCD imager
with 14.31818 MHz frame shift. which results in a very low smear level of
D.01% which is good enough for low-cost multimedia video camera applications.
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(1) ConventionalN+NPsubP Single Junction Solar Cell
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(2) PinnedSurfaceP+PNPsubP Double Junction Solar Cell
with Buried-Channel CompleteNDepleted Empty Potential Well
JPA202€a131313, Aug 1, 2020




Image Sensor and Solar Cell in One Unit

(1) P+PNPN+ Triple Junction Phototransistor (3) Memory and Processor

retina
cornea

e

Light

P+PNPP+ Double Junction Phototransistor
with Zero-resistance Pinned-Surface
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and (b) Memory , Processor and
Display Units
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P+PNPP+ junction type Solar Cell N+P junction type Solar Cell
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Fig. 11 The PNP double-junction PPD with the completely depleted N region and the floating N+ storage region has an excellent quantum efficiency
(QE) for the bluelight. The floating-surface N+P single-junction-type photodiode has no surface electric field, where the photogenerated electron and
hole pairs do not move and eventually they recombine with each other, resulting in a poor QE for the short-wave blue-light.
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Most of the rain drops -~ ?

Most of the rain drops are wasted on the sea.
are wasted on the sea. Hill Top Barrier
g (KT) In(P+/P)

works very well
for photo electron

and hole separations

Under water Barrier (kT) In (N+/N)
does not works very well for photo
‘ electron and hole separations
¢ L/ because of the flat-floating surface
o with no electric field for separations. *,







Past, Presence and Futurédpplications of Buried-channel Doublejunction
Sony Hole Accumulation Diode (HAD) typemage Sensors and Solar Cells

with Pinned Surface and Empty Potential Well

Yoshiaki Daimon Hagiwara
President Office, Sojo University, Kumamatiy, Japan
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