




Wide Gap and Tandem Semiconductors were needed for the short-wave  
high-energy sun-light component  to penetrate deep into the semiconductor 
crystal, where we can form the depletion region with the barrier electric field, 
which is needed to separate the photo electron and hole pairs. However, the 
surface P+P doping variation by the clever ion implantation technology can 
also create the surface barrier electric field for the short-wave blue light.
This idea was confirmed in 1978 and reported in SSDM1978 by Hagiwara.



True History of Photodiode 
(1) Single Junction Type Dynamic Photodiode before 1970

(2)  CCD/MOS Capacitor type Dynamic Photodiode invented in 1970

(3) Double Junction Buried Photodiode by Philips in June 6, 1975.

(4)  Triple Junction type Pinned Photodiode with the pinned surface 
invented by Hagiwara at Sony in Oct 23, 1975. 





Five Recently Published Papers by Hagiwara(AIPS)

Japanese Patent Application JPA1975-127646

Japanese Patent Application JPA1975-127647

Japanese Patent Application JPA1975-134985

Japanese Patent Application JPA1977-126885

Caltech_1975_PhD_Thesis_Yoshiaki_Daimon_Hagihara.pdf

Four Japanese Patent Applications on Pinned Photodiode  with Electric Shutter Function and also
With the in-Pixel Global Shutter MOS/CCD Buffer Memory Function for Modern CMOS Image Sensors.

P2019_3DIC2019_Paper_on_3D_Pinned_Photodiode_6_pages.pdf

EDTM2020 Conference Paper_ID_3C4_by_Hagiwara(PDF)

IJSSM2021 e-Journal Paper on Pinned Photodiode.html

ICECET2021_Paper61.pdf
ICECET2021_Paper75.pdf

The first Pinned Photodiode papers in 1977 and 1978 by Hagiwara at Sony

P1977_Narrow_Cahnnel_Transfer_Gate_CCD_SSDM1977_Paper_by_Hagiwara.pdf"

Hagiwara_SSDM1978_Paper_on_Pinned_Buried_Photodiode.pdf

Prof. James McCaldin and Hagiwara

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/Caltech_1975_PhD_Thesis_Yoshiaki_Daimon_Hagihara.pdf
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
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021Paper61_PWD_897_992_647_542_870_423_776_till_Dec_10_2021/ICECET2021_Paper61.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021Paper75_PWD_897_992_647_542_870_423_776_till_Dec_10_2021/ICECET2021_Paper75.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

