Pinned Photo Diode

Yoshiaki Hagiwara at Sony invented the Pinned Photo Diode in 1975.

Pinned Photo Diode is identical to SONY HAD ( Hole Accumulation Diode ).
Please Visit http://www.aiplab.com/

For the original document, visit and search the Japanese Official Patent Web:
https://www4.j-platpat.inpit.go.jp/eng/tokujitsu/tkbs_en/TKBS EN_GM101 Top.action
and put documentation numbers 1975-134985, 1975-127647 and 1975-127646.
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PNP/Sub Junction type Pinned Photo Diode

This Japanese Patent
1975-134985 shown
here is the evidence
to claim that the
Pinned Photo Diode
with the vertical
overflow drain (VOD)
function was
Invented by Yoshiaki
Daimon Hagiwara

at Sony in 1975.
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English Translation of the Patent Clams

(1) In the semiconductor substrate (Sub)

(2) the first region (P ) is formed,

(3) and the second region ( N ) is formed upon on the first region (P ),

(4) forming the photo sensing part (NP).

(5) The charge from this (NP) is transferred to the charge transfer device (CTD),
(6) which is formed along the front surface of the semiconductor substrate (Sub).
(7) In the so-defined image sensing device,

(8) on the second region (N) of the photo sensing part (NP),

(9) a rectifying junction (PN) is formed.

(10) Let this junction(PN) be called an emitter junction (Je).

(11) Letthe junction between the first region(N) and the second region (P)

(12) be called as the collector junction (Jc) forming a transistor (PNP).

(13) In the second region (N) , which is the base of the said transistor (PNP),

(14) according to the optical image, the electronic charge (e-) is stored.

(15) The electronic charge (e-) , stored in here (N) , is transferred to the said CTD.
(16) the image sensor structure with such a charge transfer operation

(17) with the features explained above is in the scope of this patent claim.
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Pinned Photo Diode ( NPN/Sub junction type )
See Japanese Patent 1975-127647 by Hagiwara at Sony in 1975

NPN junction type Pinned Photo Dlode
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Pinned Photo Diode ( NPN/Sub junction type )

See Japanese Patent 1975-127647 by Hagiwara at Sony in 1975 Patent Claim in English Translation

(1) Along the main surface of the silicon
substrate die (Sub),
(2) the charge transfer gate (CTG) is formed
upon the oxide layer (Si02).
(3) whereby the first region (N) is formed

. for charge transferring area (CTD).
F | g . 6 (4) On the other side of the silicon
Pinne{' substrate die (Sub),
Photo Diode (5) another region (P) is formed nearby

the charge transferring area (CTD).
(6) The region (P) and the nearby first
region (N) together
The Pinned Photo Diode Structure (7) form a photo sensing area ( NPN junction ).

) . . . (8) By applying a proper pulse (P1) onto the
defined in this Patent Claim charge transfer gate (CTG),

: CTD (9) the charge (e+) stored in the photo sensing
Frome Light - ; i area (PNP junction) is transferred
to the charge transfer area (CTD).
SichE Si0z (10) And upon the said transfer gate (CTG),
Sub e }+ Bvet e (11) a different type of clock pulse (P2 ) is
= : applied, which is different
B et ot _L ™ from the previous pulse (P1).
: (12) Along the main surface
I o of the silicon substrate die (Sub)
—ubs - b (13) the charge (e+) is transferred in this way.
(14) And so defined solid state image sensor
502 502

Is in the scope of this patent claim.
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Pinned Photo Diode ( NPN/Sub junction type )

See Japanese Patent 1975-127647 by Hagiwara at Sony in 1975

Patent Claim in Japanese
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Pinned Photo Diode ( NPN/Sub junction type )

English Translation of Japanese Patent 1975-127646 by Hagiwara at Sony in 1975

Patent Claim in English Translation

(1) Along the front surface of
a semiconductor substrate (Nsub),

(2) the charge transfer gate (CTG) is placed
upon the oxide,

(3) whereby a first region (P) is formed
for charge transfer

(4) On the opposite side of this region (P),

(5) on the back side of the semiconductor
substrate (Nsub),

(6) in between the region (P) for charge transfer,

(7) a base region (N) of another doping is formed.
(8) Nearby, a photo sensing region (P) is formed.

(9) By applying a proper voltage ( Vbase) to the
base region (N),
(10) The electronic charge (e+) ,which is stored
in the photo sensing region (P),

(11) is transferred to the charge transfer region (P).
(12) By applying a proper clock pulse to the charge

transfer gate (CTG),
(13) the charge is further transferred in the CTD.
(14) So defined solid state image sensor with the
features described aboveis in the scope of
the patent claim.
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Pinned Photo Diode ( NPN/Sub junction type )
See Japanese Patent 1975-127646 by Hagiwara at Sony in 1975

Fig.6 o A

Patent Claim in English
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The Japanese Patent 1975-134985 shown above is the evidence to claim that the
Pinned Photo Diode with the vertical overflow drain (VOD) function was invented
by Yoshiaki Hagiwara. Moreover, the Japanese Patent 1975-127647 shown above
Is the evidence to claim also that the Pinned Photo Diode with the back light
lllumination scheme was also invented by Yoshiaki Hagiwara at Sony in 1975.

Yoshiaki Hagiwara, the inventor of Pinned Photo Diode



