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N+PP+ Single Junction Solar Cell
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Conventional Low-cost Four-Mask
N+PP+ Single Junction Solar Cell
without high-energy ion-implantation

@

P+ Pinned-surface Six-Mask
P+PNPP+ Double Junction Solar Cell
with high-energy ion-implantation
for the buried N channel formation
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Intel 1971 NMOS Transistor
with SelfAlignedS/Dformation
by ion implantation method
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Sony P+PNPP+ N+P Double Junction Photodiode
with no serious image lag problem
applied in 1971 Interline Transfer CCD Image Sens

Sony JPA197634065 (JP19738414 )
by Yoshiaki Hagiwara, filed on Nov 10, 1975
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English Translation

In a semiconductor substrate
(Nsub) the first region (P1) is
formed. Then the second region
(N) is formed upon it forming
the collector junction (Jc). Then
on the second region (N), the
emitter Junction (Je) is formed.
The photo charge is stored in
the base region (N) and then
transferred to the adjacent
charge transfer device (CTD).

This is the invention of a PNP double junction dynamic photo transistor.
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CHrRONOLOGY OF SiLicON-BASED IMAGE

SeEnsor DEVELOPMENT

Yoshiaki Daimon Hagiwara, IEEE Life Fellow
Sojo University, Kumamoto-city, Japan
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Figure 2: Reproductions from the Japanese Fatent Applications of (a) the N+N-P+NP-P triple junction PFD, (b} the N+N-P+N double junction FFD,
and (c) the PNP double junction PPD.
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Japanese Patent 1975-127646

N+NP+NP junction type Buried Pinned Photodiode
with Built-in MOS Capacitor Buffer Memory Global Shutter Function
and the surface N+N doping slope Barrier Electric Field Photo Pair Generation
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Japanese Patent 1975-127647

N+NP+N junction Dynamic Photo Transistor type Buried Pinned Photodiode
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JPA1975-134985, Nov 11, 1975

Pinned Photodiode with Vertical OFD (VOD) VOFD —+5-finned
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Intrinsic Silicon Substrate
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Band Diagram of Photo Electron Fog (e-) and Hole Fog (Si+)

with
Band Bending Effects of { VBP=(kT) In(P+/P) ; VBN=(kT) In(N+/N) ;}
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(A) ConventionalN+NPP+ Single Junction Solar Cell

(B) Bipolar Transistor P+PNPP+ Double Junction Solar Cell
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A circuit model of (a) the floating-surfacer N+NPP+ single-junction-type solar cell and
(b) the proposed pinned-surface P+PNPP+ double-Junction solar cell in comparison.
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(A) (B)
P+ Pinned-surface Six-Mask
P+PNPP+ Double Junction Solar Cell
with high-energy ion-implantation
for the buried N channel formation
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Conventional Low-cost Four-Mask
N+PP+ Single Junction Solar Cell
without high-energy ion-implantation
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SDGs

“Water and Solar Energy for all people on the earth.”

Yoshiaki Daimon Hagiwara, AIPS
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