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Fig 7 The patent claims i Japanese and an English translation with a
reproduction of a figure drawn 1n Japanese patent application JPA1975-134985
which defined an PNP double junction dynamic photo transistor type Pinned
Buried Photodiode with in-pixel overflow draining (VOD) capability.
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Abstraci— This paper reviews the invention of Pinned Buried
Photodiode in 1975 by Yoshiaki Hagiwara at Sony which is also
called as Hole Accumulation Device (HAD) which was originallv
defined in the form of the P+NPNsub triple junction tvpe dynamic
photo thyristor structure with the in-pixel vertical overflow drain
(VOD) function to realize the electric shutter function capability.
The evidence of the invention is explained with the three Japanese
Patent Applications applied by Hagiwara at Sony in 1975, The first
double junction tyvpe Pinned Photodiode was also developed by
Hagiwara Team at Sony in 1978 and reported in the Japanese
domestic SSDMI978 conference in Tokvoe. The three original
Japanese Patent Applications, filed by Hagiwara in 1975, were the
evidence of the invention, however, being written only in Japanese
and unfortunately never having been applied in USP and other
oversea patents. The details are now reviewed and disclosed here
with the English translation of the original Japanese Patent
Applications for the first time in the IEEE English speaking
community. The triple junction type Pinned Buried Photodiode
has inherently the image-lag-free feature, the in-pixel VOD
function and the electric shutter function capability, that have
completely replaced film media and mechanical parts from the
modern high-definition solid-state digital cameras.

Keywords—PIN Diode, Buried Photodiode, Pinned Photodiode,
Drift Field Bipolar Transistor, Dynamic Photo Transistor, fn-pixel
Fertical Overflow Drain, Electrical Shutter Function, Global
Shurter Function, Pinned Surface Gaussian Doping Profile, Barrie
Potential, Solar Cell, Ouantum Efficiency, 0 2
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[. INTRODUCTION

CTG  Ligt
( «oul .—’._—‘1 .
o I( o Fig. 1 explains a conventional MOS image sensor in the
l [TIC read-out circuit configuration. A very small N+P single
vog | Correlated Dotble junction photodiode area capacitance with a floating surface N+
® e Sampling (CDS)  |fumep Vout diffusion photo-charge storage region and a large output-data-
Ot Chrals line capacitance are the cause of the serious clock interference

& ¢ Ve 2 noise and the CKT thermal noise. The clock reset time 1s very
g ~ lds(t)=lo ( Vs — Veh) short while the channel resistance R gets very large, causing a
i Qsigt) = Qoexp (-t /) very large RC delay time and the serious image lag problem.

The CCD dynamic photo capacitor type solid state image
sensor was invented in 1970 by Boyle and Smith in Bell Lab.
The 1mage sensors using the CCD type CTD were prevailing in
1980s and 1990s. Specially Buried Channel CCD type image
sensors have an excellent charge transfer efficiency of about
99.999%, which was good enough in the analog TV era. The
CCD 1mmage sensors have no image lag problem and very suited
for the snapshot and fast action pictures in the analog TV era.

Fig. 1 Classical N+ Floating Surface Single Junction N+P Type Photodiode
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[. INTRODUCTION

r ICX-008 However, presently the high definition digital CMOS image
ANA 747 Jumbo jet / LT S0 Cien sensors have replaced the CCD image sensors completely. The
’ reason was very clear. The CCD/MOS type dynamic photo
capacitors are formed with the metal-like polysilicon electrodes
which do not let the short-wave blue light pass thru. Historically,
Sony once used in early 1980s the thin polysilicon electrode for
the CCD/MOS dynamic photo capacitors with the CCD type
charge transfer device (CTD) [1]. See Fig. 2. Sony in 1980
commercialized the all-CCD type video cameras with the
completely free-image-lag feature for fast-action and snapshot
digital stll pictures. However, the surface electric field under the
CCD/MOS electrode induced the serious surface dark current
and generated many white defects, causing serious chip-yield
problems. Hagiwara proposed in 1975 a triple junction type
Photodiode with the vertical overflow drain (VOD). See Fig. 3.

ICX-008 Sony ILT CCD Image Sensor Structure

BCCD CTG CCD/MOS
Photo Capacitor [1] Y. Kanoh, T. Ando, H. Matsumoto, Y. Hagiwara and T. Hashimoto,

"Interline Transfer CCD Image Sensor”, Technical Journal of Television
Society, ED 481, pp. 47-52, Jan 24, 1980.

— —— ——

Fig. 2 SONY Two-chip CCD Color Camera XC-1 used in 747 Jumbo, with
fast-action movie-pictures of landing and lifting-off with no image lag problem.
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[. INTRODUCTION

However, presently the high definition digital CMOS 1mage
sensors have replaced the CCD image sensors completely. The
reason was very clear. The CCD/MOS type dynamic photo
capacitors are formed with the metal-like polysilicon electrodes
which do not let the short-wave blue light pass thru. Historically,
Sony once used in early 1980s the thin polysilicon electrode for
the CCD/MOS dynamic photo capacitors with the CCD type
charge transfer device (CTD) [1]. See Fig. 2. Sony in 1980
commercialized the all-CCD type video cameras with the
completely free-image-lag feature for fast-action and snapshot
digital still pictures. However, the surface electric field under the
CCD/MOS electrode induced the serious surface dark current
and generated many white defects, causing serious chip-yield
problems. Hagiwara proposed in 1975 a triple junction type
Photodiode with the vertical overflow drain (VOD). See Fig. 3.

For the high-definition (HD) picture size of 8000H x 6000H
pixels and more 1n our digital TV era, we would need to have at
least 8000+6000=24000 charge transfers if the CCD type charge
transfer device (CTD) was used. Since 0.001% times 24000
gives 24%, the significant percentage of the signal charge would
be lost. and pictures would be buried in the noise. Therefore
now, the CCD type charge transfer device (CTD) was replaced
completely by the low-power digital-CMOS type CTD for
modern digital high definition cameras in our digital HD TV era.

Fig. 3 Hagiwara March 1975 Lab Note, sketching N+PNP triple junction
type Dynannie Photo Thyistor type Pinned Bunied Photodiode with the vertical
overflow drain (VOD) function with the clectrical Shutter function capability.

[1] Y. Kanoh, T. Ando, H. Matsumoto, Y. Hagiwara and T. Hashimoto,
"Interline Transfer CCD Image Sensor”, Technical Journal of Television
Society, ED 481, pp. 47-52, Jan 24, 1980. 05



Invention and Historical Development Efforts of International Conference on Electrical, Computer and Energy Technologies (ICECET)
Pinned Buried Photodiode 9-10) December 2021, Cape Town-South Africa

[I. DIFFERENCE BETWEEN FLOATING SURFACE AND PINNED
SURFACE BURIED PHOTODIODES

(a) Floating P+ Surface Completely Isolated (C) Completely Pinned P+ Surface withRC=0
by the extended depletion region with Surface Direct Metal Contact.

CTG cI1G

cTo
The non-zero RC time delay was always a serious problem

in 1950s for high frequency device operations, especially for the
collector and the emitter non-zero on-resistance problems for
high performance power bipolar transistors. The collector and
the emitter terminal of a PNP power bipolar transistor had to be
Depletion Region Depletion Region pinned to the external voltage with the zero on-resistance to

iz achieve the zero RC time delay for high frequency operations.
The concept of Pinned Surface Device was already well
understood 1n early 1950s. When Hagiwara at Sony invented
Pinned Buried Photodiode in 1975, the concept of the buried
base storage region was also well understood. See Fig.4. There

Vs >\\( - o

(b) Foating Pt Surfice weth RC Delay :Vime (D) Completely Pinned P+ Surface with RC =0 are two types of Buried Photodiode. NEC type [2] is shown in
of the finite ohmic substrate recs::unce (R). with Adjacent Heavily Doped P+§Ttéannel Stops Fig. 4a while Philips type [3] is shown in Fig. 4b. They are

Buried Photodiodes with a floating surface and a floating empty
potential well with the serious image lag. The other two are
Buried Photodiodes with a pinned surface and a pinned empty
potential well. Hinted by Pinned Surface Devices produced by
Sony bipolar IC technology, Hagiwara invented Pinned Buried
Photodiode [4] as shown in Fig. 4c. Hagiwara Team developed
in 1978 Pinned Buried Photodiode [5] as shown in Fig. 4d.

P-type Subatrate

Fig.4 Difference of Buried Photodiode and Pinned Photodiode 06
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[I. DIFFERENCE BETWEEN FLOATING SURFACE AND PINNED
SURFACE BURIED PHOTODIODES

The non-zero RC time delay was always a serious problem
in 1950s for high frequency device operations, especially for the

(a) Float‘ﬂg P+ Surface Completely Isolated collector and the emitter non-zero on-resistance problems for
high performance power bipolar transistors. The collector and

bv the extended dep'eﬂOﬂ fegiaﬂ the emitter terminal of a PNP power bipolar transistor had to be

CIG pinned to the external voltage with the zero on-resistance to

achieve the zero RC time delay for high frequency operations.
The concept of Pinned Surface Device was already well
understood in early 1950s. When Hagiwara at Sony invented
Pinned Buried Photodiode in 1975, the concept of the buried
base storage region was also well understood. See Fig.4. There
are two types of Buried Photodiode. NEC type [2] 1s shown in
Fig. 4a while Philips type [3] is shown in Fig. 4b. They are
Buried Photodiodes with a floating surface and a flnatine emntv
potential well with the serious image lag. The
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Fig.5.  P*NP- structure photodiode

No Adjacent heavily doped P+ Channel Stops

Fig. 9 NEC P+NP-N- Buricd Photodiode reported in IEDM 1982

1 1 1 1 1 " [2] N. Teranishi, Y. Ishihara and H. Shiraki, JPA1980-138026 on Flaoting
F1g4 leference GfBUHEd Phﬂtﬂdlﬂde H.]']d Pl]']IlEd. Phﬂtﬂd]ﬂde Surface Buried Photodiode with Floating Empty Potential Well 07
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IV. CoMMON MISUNDERSTANDING ON BUIRED PHOTODIODES
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Fig. 10 NEC Buried P+NP-N- Photodiode reported in IEDM1982
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Fig.5.  P*NP- structure photodiode

No Adjacent heavily doped P+ Channel Stops

Fig. 9 NEC P+NP-N- Buried Photodiode reported in IEDM 1982

NEC explained in details that the buried photodiode can be
completely depleted of the photo signal charge resulting the
empty potential well and the no-image-lag feature. NEC
IEDM1982 paper looked very fresh to these people who were
still using the floating surface N+P single junction photodiode
for their image sensors. The problem is that NEC IEDM1982
paper neglected the important necessary condition of Pinning
the P+ Surface Hole Accumulation region. No matter how
heavily the surface P+ region 1s doped, it becomes floating with
the finite RC delay time constant unless the P+ Surface Hole
Accumulation region is electrically pinned by a direct metal
contact or by an adjacent deep and heavily doped P+ channel
stops region. The NEC IEDM1982 paper reported the serious
image lag problems. The reason was very clear.

08
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IV, CoMMON MISUNDERSTANDING ON BUIRED PHOTODIODES

The NEC IEDM1982 paper 1s based on the NEC Japanese
Patent Application JPA1980-138026 [2] filed in 1980 which
shows a floating surface potential profiles of the double junction
type Buried Photodiode. Since the surface is not pinned, the
empty potential becomes floating and the complete charge
transfer is not possible with the image lag problem. See Fig. 11.
This 1s the evidence NEC photodiode was NOT Pinned
Photodiode. NEC IEDMI1982 reports the serious image lag
problem as shown in Fig. 9 while the no-image-lag problem was
already solved by 1975 in Sony, but Sony kept silent and
focused for mass- production and yield-enhancement efforts. In
1984 two years later KODAK reported in IEDM 1984 the pinned
surface P+ photodiode and named 1t Pinned Photodiode [13].
See Fig.12. KODAK became the second company who
el w Pb 4 pl N Pab  [Y recognized the importance of the pinned surface device.

¥s<0

Vs> 0|

' : . . . : ' [2] N. Teramshi, Y. Ishihara and H. Shiraki, JPA1980-133026 on Flaoting
Floating Surface Buried PNP Photodiode Floating Surface Buried PNP Photodiode Surface Buried Photodiode with Floating Empty Potential Well

. . . 13] B. C. Burkey, W. C. Chang, J. Littlchale, T. H. Lee, T. J. Tredwell, I. P.
Fig. 11 NEC Patent (JPA1980-138026) on Floating Surface Photodiode ' Lrine b & Trbk. ~The broned Photedode for an Tntorline temter CCD

Image Sensor”, IEDM 1984, Dig.of Tech. Papers, paper (2.3), (1984).

09



Invention and Historical Development Efforts of International Conference on Electrical, Computer and Energy Technologies (ICECET)
Pinned Buried Photodiode 9-10) December 2021, Cape Town-South Africa

[I. DIFFERENCE BETWEEN FLOATING SURFACE AND PINNED
SURFACE BURIED PHOTODIODES

The non-zero RC time delay was always a serious problem
in 1950s for high frequency device operations, especially for the

(b) Floating P+ Surface with RC Delay Time collector and the emitter non-zero on-resistance problems for
. . P high performance power bipolar transistors. The collector and

of the finite ohmic substrate resistance (R)' the emutter termunal of a PNP power bipolar transistor had to be
CYG pinned to the external voltage with the zero on-resistance to

achieve the zero RC time delay for high frequency operations.
The concept of Pinned Surface Device was already well
understood in early 1950s. When Hagiwara at Sony invented
Pinned Buried Photodiode in 1975, the concept of the buried
base storage region was also well understood. See Fig.4. There
are two types of Buried Photodiode. NEC type [2] 1s shown in
Fig. 4a while Philips type [3] i1s shown in Fig. 4b. They are
Buried Photodiodes with a floating surface and a floating empty
potential well with the serious image lag

- &
v Depletion Ragion Ohmic Connection
B T .‘0’0..‘..,'."""""'"'.."‘OG'GOllnnlO.nno With Hc dEIaF tin‘lE e —

P-type Substrate

r ---I .-1 r P = )
_— r-"'ffo/ 'fll _
¥ 2 B Flg 2 W 2 20

Fig.4 Difference of Buried Photodiode and Pinned Photodiode [3] JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland)
on Buried Photodiode with Floatine Emntv Potential Well. 1 O
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[I. DIFFERENCE BETWEEN FLOATING SURFACE AND PINNED
SURFACE BURIED PHOTODIODES

(C) Completely Pinned P+ Surface withRC=0

with Surface Direct Metal Contact.
CIG

P-typeo Substrate

Fig.4 Difference of Buried Photodiode and Pinned Photodiode

The other two are
Buried Photodiodes with a pinned surface and a pinned empty
potential well. Hinted by Pinned Surface Devices produced by
Sony bipolar IC technology, Hagiwara invented Pinned Buried
Photodiode [4] as shown 1n Fig. 4c. Hagiwara Team developed
in 1978 Pinned Buried Photodiode [5] as shown 1n Fig. 4d.

b Buried Base N Region

e

Jc__. Pinned

B . 0”\ - ofs
oFD |\ / ~ Light

Empty Potential Well

Fig 7 The patent claims in Japancse and an English translation with a
reproduction of a figure drawn in Japanese patent application JPA1975-134985
which defined an PNP double junction dynamic photo transistor type Pinned
Buried Photodiode with in-pixel overflow draining (VOD) capability.

[4] hitp//www.aiplab.com/JPA 1975 134985 on PPD with VOD.html

[5] Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD
Imager with Narrow Channel Transfer Gates", Proceeding of the 10th
Conference on Solid StateDevices, Tokyo 1978.
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[I. DIFFERENCE BETWEEN FLOATING SURFACE AND PINNED
SURFACE BURIED PHOTODIODES

(A) Pinned-Surface and Buried-Storage (C) Signal Output with No Light
PNP Photodiode with Adjacent Channel Stops showing Very Low Dark Current Feature
(D) Completely Pinned P+ Surface withRC=0 _— = W
with Adjacent Heavily Doped P+ Channel Stops
c1G

{B) Spectral Response with Very High ; . ,
Short-Wave Blue Light Sansitity sy

Dopletion Region

e L T L T T T .
.
-
*lemsrsrmssmrtrarrmrtnsrrar ey
R L T T

o0 600
wave leagth (am)

P-type Subatrate

Fig 8 The PNP double junction dynamic photo transistor type Pinned Buried

Photodiode reported at SSDM1978 in Tokyo. Sony was working secretly on the

critical image-lag problem since 1975 and had no image lag problem completely

by 1980 while other companies were suffering image lag problems with the N+P

— floating-surface single-junction type photo sensor with poor blue light
sensitivity.

: - : : - - [5] Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD
F1g4 lefﬁfﬂﬂce GfBUHEd Phﬂlﬂdlﬂde EI.]']d Pl]']IlE:d. Phi}tﬂdlﬂde Imager with Narrow Channel Transfer Gates", Proceeding of the 10th

Conference on Solid StateDevices, Tokyo 1978. 1 2
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[II. TRIPLE JUNCTION PINNED BURIED PHOTODIODE

Yoshiaki Hagiwara at Sony 1in 1975 applied Japanese patent

BT, . . Vere on a triple junction type Pinned Buried Photodiode with the back

T ﬁ light illumination scheme. Fig. 5 shows the N+N-P+NP-N triple

" f."“: Sl < Sl ,:m sz | junction Pinned Photodiode which 1s a reproduction of a figure

“M=TT= P _h+ htd—> ht drawn 1n Japanese patent application JPA1975-127646. The
B ﬂa,_"—-_—: = English translation 1s also given blow [8].

v wer | N |@ “An array of charge transfer gates 1s formed on the oxide

e B B layer of a semiconductor substrate (Nsub). The first charge

- transfer region (P1) 1s formed under the oxide layer. There 1s a

e x base gating region (N) between the first region (P1) and the

NY_ @ Vpin second photo charge collecting region (P2) which 1s formed in

- ; the substrate (Nsub). By proper gating clocks (1), the photo

Blue Light charge 1s drained to the surface region (P1) from the second

region (P2) and subsequently transferred along the

Fig. 5 The N+N-P+NP-N triple junction Pinned Photodiode which is 2 ¢amiconductor surface bv another proper clocks (2).”
reproduction of a figure drawn in Japanese patent application JPA1975-127646. y prop ( )

[8] http://www.aiplab.com/JPA 1975 127646 on NPNP type PPD.html
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[II. TRIPLE JUNCTION PINNED BURIED PHOTODIODE

During the photo signal integration time, the output read-out

wim Vera vertical data lines becomes 1dle. And the excess photo signal

20008 W& & charge (holes) 1s drained out to the output 1dle read-out data line

N R o from the P+ buried charge storage region thru the N base gating

v " % EE : si02__ | region by a strongly attractive voltage on the surface MOS gate,

' K h+ h+=t—s h+ which 1s also serving as the temporary MOS type dynamic

| capacitor buffer storage memory. Inherently this triple junction

N | @ type photo sensor can also be used to drain out the excess photo

signal charge by a proper surface MOS gate voltage clocking.

P+ h+ h+ Fig.6 shows another Pinned Buried Photodiode defined in

. the Japanese patent claim of JPA1975-127647, this time on an

Y ' Ny e_ N+N-P+N double junction type dynamic photo transistor

_chwplete :c:harge Transfer N+ e Vuin structure type with Global Shutter Function capability and the

. { W with no Image Lag Si02 electrical shutter capability using the same MOS/CCD type

& | | dynamic capacitor buffer storage memory. The English
Blue Light translation is given blow [9].

Fig. 6 The N+N-P+N double junction Pinned Photodiode which is a
reproduction of a figure drawn in Japanese patent application JPA1975-127647. [9] http:/www.aiplab.com/JPA 1975 127647 on NPN type PPD.html

14
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[II. TRIPLE JUNCTION PINNED BURIED PHOTODIODE

VoD Buried Base N Region Fig.7 shows a reproduction of a PNP double junction type
: for Photo Charge photodiode with an empty potential well of the buried N type

J **" Collection and Storage storage region which 1s the result of complete charge transfer
e and draining action by the adjacent charge transfer device
Je-- (CTD). Japanese Patent Application JPA1975-134985 defines

a PNP double junction dynamic photo transistor structure type
Pinned Photodiode in a substrate wafer, consequently forming a
P-+NPNsub triple junction dynamic photo thyristor type Pinned
[ight Buried Photodiode with the VOD function and the electrical
function capability. English translation 1s given blow [4].

“In the semiconductor substrate (Nsub), the first region (P1)
of the first impurity type is formed, on which the second region
(N) of the second impurity type is formed. The photo charge is
stored in the second region (IN) and is ransferred to the adjacent
charge transfer device (CTD). Both are placed along the main
surface of the semiconductor substrate. A rectifying (P2/N)
emitter junction (Je) i1s formed on the second region (N) while
the (N/P1) collector junction (Jc) is formed by the first region
(P1) and the second region (N), forming a (P2/N/P1) photo
transistor structure in the substrate (Nsub)..”

Empty Potential Well

Fig 7 The patent claims in Japanese and an English translation with a

reproduction of a figure drawn in Japanesc patent application JPA1975-134985 [4] hup://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html
which defined an PNP double junction dynamic photo transistor type Pinned

Buried Photodiode with in-pixel overflow draining (VOD) capability.

15
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V. SONY DISCLOSED THE INVENTOR OF SONY HAD SENOSR

In 2020, Sony developed a multi-chip back-light CMOS
image sensor based on Hagiwara’'s original 1975 ideas. Sony

u,....,.m.n... aND 0V Columa Pulse  Column Pulee 3 then for the first time in the public explained the facts on the
0 :;m LT_ So ] Vout original 1975 mventions by Hagiwara in details and the
k2 . gl development efforts by Hagiwara Team in 1978 details. Sony

V"' S Boteante ol official public WEB site [15] said, "In 1975, Sony invented a

ui“_-&:_:ﬁ:-:_';- .. ! CCD image sensor that adopted a back-illuminated N+NP+N

GND oV ™ junction type and an N+NP+NP junction type Pinned

Photodiode (PPD) (Japanese patent application number 1975-

P — X ax I T~ 127646, 1975-127647 Yoshiaki Hagiwara). In the same year,

| b : mspired by such structure, Sony invented a PNP junction type
PPD with VOD (vertical overflow drain) function (Japanese
Patent No. 1215101 JPA1975-134985 applied by Yoshiaki
Hagiwara on November 23, 1975).” See Fig. 13.

Fig. 13 Active In-Pixel Current AMP 1C6T Circuit (Hagiwara 2020) and

Two-chip Stacked Back-Light CMOS Imager ( Curtesy of Sony Corporati .
Bl Gemmemns ) i, Gy Sy o) (15] https://www.sony.com/en/SonyInfo/News/notice/20200626/

[16] Taku Umebayashi, Hiroshi Takahashi, Japanese Patent No. 5773379 on
the invention of the Cu-to-Cu direct contact technique. 1 6
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V. SONY DISCLOSED THE INVENTOR OF SONY HAD SENOSR

“Afier that, Sony succeeded in making a principle-prototype
of a frame transfer CCD image sensor that adopted the PNP
junction type PPD technology, having a high-impurity-channel
stop region formed near a light receiving section by ion
implantation technology for the first time in the world, and its

(ulumn Pulwe | GND 0V Cubomn Puled.  OolmaPuined technical paper was presented at the academic conference,
l“m Firut LT_ e | Veut SSDM IQ?EI[Y. Hagitmlra, M. Abe, and C. Okada, "A 380H x
- +Vad=0 488V CCD imager with narrow channel transfer gates", Proc.

' v.,. - OquulJ_f The 10th Conference on Solid State Devices, Tokyo, (1978)). In

T 1980, Sony succeeded in making a camera integrated VTR

u&"‘.ﬁ:'('-‘.:".. n Columa which incorporated a one-chip frame transfer CCD image sensor

—— LinePube o A mptiier that adopted the PNP junction type PPD. President Iwama in

— Leud 13000 Tokyo, Chairperson Morita in New York, at the time held a press

conference respectively on the same day, which surprised the

ey = 2 e BE world. In 1987, Sony succeeded in developing a 8 mm video
: : i camcorder that adopted, for the first time in the world, the
TOP Digital Processing Chip interline transfer CCD image sensor, which incorporated "PPD

having a high-impurity-concentration P+ channel stop region
formed near the light receiving section by ion implantation
- . = | L edl s technology” with VOD function, and became the pioneer of the
Bottom Image Semsor Chip = 5 video camera market. The PPD technology that has been
& nurtured through such a long history is still used in back-
illuminated CMOS image sensors [16]." See Fig. 13.

Fig. 13 Active In-Pixel Current AMP 1C6T Circuit (Hagiwara 2020) and
Two-chip Stacked Back-Light CMOS Imager ( Curtesy of Sony Corporati .
Bl Gemmemns ) i, Gy Sy o) (15] https://www.sony.com/en/SonyInfo/News/notice/20200626/

[16] Taku Umebayashi, Hiroshi Takahashi, Japanese Patent No. 5773379 on
the invention of the Cu-to-Cu direct contact technique. 1 7
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V. SONY DISCLOSED THE INVENTOR OF SONY HAD SENOSR

V1. CONCLUSION

Secret patent disputes and attacks by KODAK, NEC and
Fairchild against Sony, on the 1ssues of Hagiwara 1975
invention of Pinned Buried Photodiode with the VOD function
capability, lasted for more than 20 years since 1990. But SONY
successtully protected Hagiwara 1975 patents. The US supreme
couwrt made a final decision favoring Sony over Fairchild [19].
And on June 26, 2020, Sony proudly disclosed that Hagiwara is
the true inventor ol Pinned Burnied Pholtodiode with the VOD
function [15]. Sony and KODAK chose to enjoy a friendly
technical collaboration while NEC stopped the imager business.
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V. SONY DISCLOSED THE INVENTOR OF SONY HAD SENOSR

V1. CONCLUSION

Besides, this P+PNPP+ double junction type Pinned Buried
Photodiode can also be used for a possible future solar cell
application for a better quantum efficiency [20]. With the image-

lag-tree feature and the built-in Electric Shutter and Global
Shutter function capahilities [21], the Pinned Buried Photodiode

with the in-pixel VOD function and Electric Shutter capability
[22] have now replaced film media and mechanical parts,
realizing modern solid-slale cameras with instant-snapshols and
fast-action pictures in our HD digital TV era [23].
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