Historical-Development Efforts of
odiode and Electric Shutter
\ - :

— alwara at Sony Kumameto Tech Center
in,2017;,2019.:and 2022.
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Who invented Pinned Photodiode ?

Hagiwara at Sony invented Pinned Photodiode in 1975. The evidence is give by the three Japanese patent applications,
JPA1975-127646, JPA1975-127647 and JPA1975-134985. The first Pinned Photodiode was defined in October 23, 1975
as the N+NPNP triple junction( in Fig. 7 of JAP1975-127646) type and the N+NPN double junction type (in Fig. 7 of
JAP1975-127647) type photodiodes with the N+ type pinned surface and the P type buried photo charge storage

region with the complete charge transfer capability and the no-image-lag feature. The photo charge is transferred and
drained to the CCD/MOS type charge storage buffer memory quicky by the strong punch-thru action. The second
Pinned Photodiode was defined in November 10, 1975 as the PNP double junction (in Fig. 6 of JAP1975-134985) type
photodiode with the vertical overflow drain action also with the complete charge transfer capability and the no-image-
lag feature as evidence the empty potential well of the buried photo charge storage, completely depleted of the charge.
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Proceedings of the 9th Conference on Solid State Devices, Tokyo, 1977;
Japanese Journal of Applied Physics, Volume 17 (1978) Supplement 17-1, pp. 255-261

Two Phase CCD with Narrow-Channel Transfer Regions
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Fig. 1. Top and crosssectional views of the electrode
structure for two phase CCD with narrow-channel
transfer regions.

Fig. 3. The end sections of 242 element analog delay line.
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Japanese Journal of Applied Physics, Volume 18 (1979) Supplement 18-1, pp. 335-340

A 380H x 488V CCD Imager

with Narrow Channel Transfer Gates Without Image Signal
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SONY- FairchiIdPatent War (1991-2000) on Pinned Photo Diode with Vertical OFD Hagiwara also proposed the thyristor type punch-thru clocking scheme,
SERvug L $ ; . synchronized with the TV scanning system to achieve the electric shutter.
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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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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
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SONY 1975-134985 Japanese Patent officially, Four Japanese Patent Applications on Pinned Photodiode with Electric Shutter Function and the
000N the First Patent Award from Mr. Ando, in-Pixel Global Shutter MOS/CQD B'uffer Memory Function for Modern CMOS Image Sensors.
RPEEEREN Sony president in April, 2001 after more Japanese Patent Application JPA1975-127646
26 years of struggles since his invention. Japanese Patent Application JPA1975-127647
Dynamic Photo Transistor Operation
1 88 PrZ)posed by Hagiwara at Sor:)yin 1975 Japanese Patent Application JPA1975-134985
P e *jf;hf Japanese Patent Application JPA1977-126885
W RI219101 8 K X The first Pinned Photodiode papers in 1977 and 1978 by Hagiwara at Sony
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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
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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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The P+P-N-P-P+ double junction type Solar Cell may have much higher efficiency

Photon wave length between 0.5 ym and
1.11 um may contribute to the solar cell
efficiency if we can control the side edge ?
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Multi-junction Pinned Photodiode Solar Cell
Multi-nction Pinned Photodiods type Solar Call Struturs, with Completely Depleted of Photo Electron and Hole

based on Double Junction Solar Cell, defined in JPA2020-131313, applied Aug. 1, 2020
by Yoshiaki Hagiwara, Sept 12, 2022
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See JPA2020-131313 and IEEE ICECET2021 paper 061






