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Difference of Floating Surface PNP Buried Photodiode and Pinned Photodiode

(a) Floating P+ Surface Completely Isolated (C) Completely Pinned P+ Surface with RC=0

by the extended depletion region with Surface Direct Metal Contact.
CcIG
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___E_ ....... —— \{

cTo

(b) Floating P+ Surface with RC Delay Time (D) Completely Pinned P+ Surface with RC=0
of the finite ohmic substrate resistance (R). with Adjacent Heavily Doped P+ Channel Stops
cIG cIG
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A Review of the Pinned Photodiode for In 1975, Hagiwara at Sony filed a patent application on

CCD and CMOS Image Sensors bipf)la.r‘ strlfctures for (;CDs in‘ which a pnp vertical structure
was disclosed, among several structures [24]. The top p layer

Eric R. Fossum, Fellow, IEEE, and Donald B. Hondongwa, Student Member, IEEE “
) g oo was connected by metal to a bias used to control full-well

[19] N. Teranishi, Y. Ishihara, and H. Shiraki, Japanese Patent JP 1,728,783,

1990. capacity and the n-type base layer was proposed for carrier
[20] N. Teranishi, A. Kohono, Y. Ishihara, E. Oda, and K. Arai, “No image storage. In an unusual paper, Hagiwara. in 1996, revisited the
lag photodiode structure in the interline CCD image sensor,” in Proc. 1975 i . d claimed i ially the i . f
IEDM, Dec. 1982, pp. 324-3217. invention and claimed it was essentially the invention o
[21] B. C. Burkey er al., “The pinned photodiode for an interline-transfer both the virtual phase CCD and the NEC low-lag structures,
CCD image sensor,” in Proc. IEDM, Dec. 1984, pp. 28-31. < . « :
23] N, Teranishi, Private conmnication, Dec: 2013, as well as the basis of the Sony so-called “Hole Accumulat!on
[23] T. H. Lee and B. C. Burkey, “A review of photo detector elements Diode,” or HAD structure [25]. However, the 1975 application
for interline CCD,” in Prog. IEEE C} e-Coupled Devices Workshop, : . :
: o M08 MR SR R IATNeR, did not address complete charge transfer, lag or anti-blooming
[24] Y. Hagiwara, Japanese Patent App 50-134985, 1975. properties found in the NEC low-lag device, and does not
[25] Y. Hagiwara, “High-density and high-quality frame transfer CCD . e : T
Gt willy, ey Aot suidhs. Tow ‘Aack o ciieat st 3ors; Tagh seem to contain the built-in potential step and charge transfer
blue sensitivity,” IEEE Trans. Electron Devices, vol. 43, no. 12, device aspects of the Vil’lua]—phase CCD. Hagiwara repeats
pp. 2122-2130, Dec. 1996. - o = s
[26] Y. Hagiwara, “Microelectronics for home entertainment,” in Proc. these claims in a 2001 paper [26] and shows a VOD structure
ESSCIRC, Sep. 2001, pp. 153-161. that 1s not found 1n the 1975 patent application. Sony did

[27] Y. Daimon-Hagiwara, M. Abe, and C. Okada, “A 380Hx488V CCD
imager with narrow channel transfer gates.” Japanese J. Appl. Phys.,
vol. 18, supplement 18-1, pp. 335-340, 1979.

[28] G. Beck et al., “High density frame transfer image sensor,” Japanese

not seem to pursue the HAD structure until well after the

NEC paper was published. However, the “narrow-gate”™ CCD

J. Appl. Phys., vol. 22 supplement 22-1, pp. 109-112, 1983. with an open p-type surface region for improved QE also
No reference on disclosed in the 1975 application was reported in more detail
JPA1975-127646, " [ Completely misleading | by Hagiwara et al. at Sony in 1978 [27]._A similar structure
JPA1975-127647 an X R .
JPA1977-126885 and false comments was used extensively by Philips [28]. yes in 1983 !

On Oct 23, 1975, Hagiwara at Sony filed a patent application on N+NPNP triple junction type dynamic photo
thyristor structures with the CCDMOS capacitor type global shutter buffer memory, which is applicable both for
Interline Transfer (ILT)CCD image sensors and the modern CMOS type image sensors in which a vertical overflow
drain (VOD)structure was disclosed, among several structures. The top p layer was connected by metal to a bias
used to control full-well capacity and the n-type completely buried base layer was proposed for carrier storage with

the complete charge transfer capability and with the no image lag feature.

In a subsequent review paper, Hagiwara, in 1996, revisited the 1975 invention and explained it was essentially the
invention of both the virtual phase CCD with the built-in narrow-channel type directionality and the no image lag
feature, which became the basis of the Sony so-called “Hole Accumulation Diode,” or HAD structure. The 1975
applications JPA1975-127646, JPA1975-127647 and JPA1975-134985 in the figures explained the complete charge
transfer, lag or anti-blooming properties and the actual PNP junction type pinned photodiode device was developed
and reported in his SSDM1977 conference paper and his SSDM 1978 conference paper. Hagiwara explained that
the built-in potential step and the directionality of charge transfer was created by the unique narrow-channel effect
and realized complete charge transfer aspects of the virtual-phase CCD. Hagiwara explained also in a 2001 paper
and shows a VOD structure that is found in the 1975 patent application JPA1975-134985.

Sony focused in developing the mass production and the yield enhancement technology for a long time and finally
Ishikawa’s team at Sony commercialized in 1987 the PNPN triple junction dynamic thyristor type Pinned
Photodiode with the in-pixel vertical overflow drain (VOD) structure with anti-blooming function, the no image
lag feature and the electric shutter function capability. Sony named the perfected structure as Hole Accumulation
Diode (HAD) structure.



The “narrow-gate” CCD with an open p-type pinned surface region was reported in more detail by Hagiwara team
at Sony in 1978, which showed the improved QE as proposed and explained by Hagiwara in the 1975 applications.
A similar structure was used extensively by Philips in 1983. The PPD invented by Hagiwara at Sony in 1975 has

improved QE, as it is most commonly used today, now has the potential application for the future solar cell.

The P+P-N-P-P+ double junction type Solar Cell may have much higher efficiency Multi-junction Pinned Photodiode
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Invention'and Historical-Development Efforts of
Pinned:Rhotodiode and Electric Shutter

Hagiwara at Sony Kumameto Tech Center
in 2017, 2p\19,and 2022.
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This paper draft is based on my talk at Sony Kumamoto Tech Center on Sept 20, 2022.

Hagiwara_at_Sony_Kumamoto_Tech_Slides_2022_09_20.pdf(Japanese)

Hagiwara_at_Sony_Kumamoto_Tech_2022_09_20_MP4_Video_in_English

Hagiwara_at_Sony_Kumamoto_Tech_2022_09_20_MP4_Video_in_English_Part_Two
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Exact Numerical Computer Simulation of Charge Transfer Action
in Buried Channel CCD presented in ISSCC1974 by Yoshiaki Daimon-Hagiwara
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for details see the PhD Thesis by Yoshiaki Daimon-Hagiwara on June 1975 from Caltech.
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Hagiwara now proposing a new kind of the muti-junction type Solar Cell. See JPA2020-131313.
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The 1975 applications JPA1975-127646, JPA1975-127647 and JPA1975-134985 in the figures explained complete
charge transfer, lag or anti-blooming properties and the actual PNP junction type pinned photodiode device was

developed and reported in his SSDM1977 conference paper and his SSDM1978 conference paper.

explained that the built-in potential step and the directionality of charge transfer was created by the unique narrow-

channel effect and realized complete charge transfer aspects of the virtual-phase CCD. Hagiwara explained also in

a 2001 paper and shows a VOD structure that is found in the 1975 patent application JPA1975-134985.
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Sony focused in developing the mass production and the yield enhancement technology for a long time and finally
Ishikawa’s team at Sony commercialized in 1987 the PNPN triple junction dynamic thyristor type Pinned
Photodiode with the in-pixel vertical overflow drain (VOD) structure with anti-blooming function, the no image

lag feature and the electric shutter function capability. Sony named the perfected structure as Hole Accumulation

Diode (HAD) structure.

Hagiwara team at Sony in 1977 introduced the concept of Electronic Shutter.

The difference between Global-Shutter function and Electric-Shutter function

For the NTSC interlace TV scanning system, the frame rate is 60 frames per second, and
the light integration (exposure) time is 1000/60 = 16.7 msec for both odd and even picture fields.

However, the 16.7 msec integration time may be too long for a fast moving action object,
specially for digital still camera applications. In mechanical-shutter camera, the exposure time
can be adjusted mechanically and freely by the user. The desired integration time can be made
as shorter as 1 msec or less. The light in-take window must be opened and closed with a very
short time duration. This can be achieved by shortening the effective integration (exposure)
time electrically by controlling the in-pixel overflow drain (OFD) voltage in the CCD/MOS
capacitor type sensor (JPA1977-126885) and also in the triple junction type Pinned Photodiode.

Normal Shutter function mode Electric-Shutter function mode
A A
Integration
Integration Time
Time " —p) fe— 1 msec or less
- >
. time = ;
[—16.7 msec —» e—16.7 msec —p time

Electric-Shutter function mode is a special case of Normal Global Shutter function mode.



The world’s first double junction type Buried Photodiode:

Philips invented the first double junction type Buried Photodiode on June 9, 1975. The evidence is given in the
Netherland Patent Application (NPA7506795) applied by Philips for use in the interline transfer CCD image
sensor. In Fig. 2 of the NPA7506795, a dashed potential profile (12) is drawn to show an empty potential well of
complete charge transfer. And no image lag feature was expected. However, as shown in Fig. 2, the surface (P)
region is connected to the (P) high resistivity substrate (16) by a resistive region (15). Evidently the surface (P)
region (13) may have a large RC delay time constant, introducing a serious image lag problem. Since the surface

(P) region is not completely pinned and being floating with RC delay, the structure cannot be Pinned Photodiode.

Fig.2 of NPA7506795 by Philips on June 9, 1975 ﬂgi of JPA1975-127646  Fig.7 of JPA1975-12764N

On Oct 23, 1975 by Sony #5 7
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The world’s first double junction type Pinned Photodiode with antiblooming and electronic shutter functions.

On October 23, 1975 Yoshiaki Hagiwara at Sony invented the double junction and triple junction type Pinned
Photodiodes. (See Fig. 7 of JPA1975-127646 and JPA1975-127647). Seen in Fig.7, the surface is pinned by an
external metal contact with zero RC delay time. This is the ideal Pinned Photodiode which has the potential
application of the high frequency electric shutter function capability with zero RC delay time and the no image lag
feature. Moreover, the structure also has the in-pixel CCDMOS capacitor type buffer memory needed as for the
modern CMOS image sensor applications in order to suppress the rotary shutter effect that the conventional
classical MOS image sensors suffered for a long time. The first Pinned Photodiode was invented in order to realize

the high frequency global shutter function capability in this way.

ﬁg‘ 6 of ]PA1975—134985 by Sony on Nov 10, lgh ﬁgs and Fig 12 of JPA1977-126885 applied on Sept 29, 1977 by Soh
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Invention of Electric Shutter Scheme by Hagiwara team at Sony
on the CCDMOS capacitor type Image Sensor Structure in 1977

On November 10, 1975, Hagiwara at Sony also invented, (JPA1975-134985,) the PNP double junction type Pinned
Photodiode with the in-pixel vertical overflow drain (VOD) structure with anti-blooming capability. In JPA1977-
126885, Hagiwara at Sony also proposed the electronic shutter clocking scheme on CCDMOS capacitor type image

sensor structure with the no image lag feature and the complete charge transfer capability.



The world’s first frame transfer type CCD image sensor, using the double junction type Pinned Photodiode:

Hagiwara at Sony developed, and reported at the SSDM1977 conference in Tokyo, the first PNP junction type
Pinned Photodiode in the analog delay line with the complete charge transfer capability, the no image lag feature
and with the built-in potential step and the directionality for the complete signal charge transfer created by the
unique narrow-channel charge-transfer gate structure. Hagiwara team at Sony also developed, and reported at the
SSDM1978 conference in Tokyo, the frame transfer type CCD area image sensor using the PNP junction type
Pinned Photodiode with the very low dark current, the complete charge transfer capability and the no image lag
feature. The surface hole accumulation region is pinned by the adjacent heavily doped channel stops which is
formed by the high energy ion implantation and the lamp anneal technology invented by Kazuo Nishiyama at Sony.
Sony never used the LOCOS isolation nor the shallow trench isolation technology in the area image sensor
productions because the LOCOS isolation and the shallow trench isolation technology invited the extra thermal

stress and the undesired crystal damage, degrading chip yield.

i . . . Proceeding of the 10* Conference on Solid State Devices, Tokyo, 1978;
Fig. 1 and Fig. 4 of the SSDM1977 paper by Hagiwara at Sony in 1977. Japanese Journal of Applied Physics, Volume 18 (1979) Supplement 18-1, pp.335-340
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The world’s first interline transfer type CCD image sensor.
Hagiwara’s team at Sony developed in 1980 and reported in Japanese conference the interline transfer (ILT) type
CCD image sensor, using a thin polysilicon (SIPOS) gate type MOS photo capacitor photo sensor structure with

the lateral overflow drain (OFD) for the anti-blooming and the electronic shutter function capability.

Teranishi’s team at NEC developed and reported at the [IEDM1982 conference the interline transfer (ILT) type
CCD image sensor, using the PNP double junction type Buried Photodiode. The details of the image lag data were

reported. No LOCOS isolation technology nor Shallow Trench isolation technology were reported.

KODAK developed and reported at the IEDM1984 conference the interline transfer (ILT) type CCD image sensor,
using the PNP double junction type Pinned Photodiode. KODAK emphasized the importance of the pinned surface

in order to achieve the complete image lag free feature. LOCOS isolation technology was used.

Ishikawa’s team at Sony developed and reported at the SPIE1989 conference the inter transfer type CCD image
sensor, using the PNPN triple junction type Pinned Photodiode with the anti-blooming and the electric shutter
function capability. The pinned surface is the very important necessary condition to achieve the complete charge
transfer capability, the no image lag feature and also the high frequency electric shutter function in order to achieve

the completely mechanical-part-free solid state image sensors.



The lost invention of the Pinned Photodiode:

Sony applied three basic patents JPA1975-127646, JPA1975-127647 and JPA1975-134985 on Pinned Photodiode
in Japanese Patent Office. However, Sony did not apply to any USP and other oversea patent offices. The invention
was completely forgotten by the rest of the world until June 26, 2020 when Sony finally disclosed officially the
Hagiwara 1975 patent applications and quoted Hagiwara 1978 effort of developing the first PNP junction type
Pinned Photodiode.

https://www.sony.com/en/Sonylnfo/News/notice/20200626/

Pinned Photodiode Adopted for Back-Illuminated CMOS Image Sensors

The history of Sony's inventions of image sensors goes back to the CCD era. Above all, Pinned Photodiode is a technology
that contributes to improving the performance of back-illuminated CMOS image sensors, and the history of inventions and

product development are as below.

In 1975, Sony invented a CCD image sensor that adopted a back-illuminated N+NP+N junction type and an N+NP+NP
junction type Pinned Photodiode (PPD) (Japanese patent application number 1975-127646, 1975-127647 Yoshiaki
Hagiwara). In the same year, inspired by such structure, Sony invented a PNP junction type PPD with VOD (vertical
overflow drain) function (Japanese Patent No. 1215101 Yoshiaki Hagiwara). After 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-concentration P+ channel stop region formed near a light receiving section by ion implantation technology
for the first time in the world, and its technical paper was presented at the academic conference, SSDM 1978 (Y.
Hagiwara, M. Abe, and C. Okada, "A 380H x 488V CCD imager with narrow channel transfer gates", Proc. The 10th
Conference on Solid State Devices, Tokyo, (1978)). In 1980, Sony succeeded in making a camera integrated VTR which
incorporated a one-chip frame transfer CCD image sensor that adopted the PNP junction type PPD. President Iwama in
Tokyo, Chairperson Morita in New York, at the time held a press conference respectively on the same day, which surprised
the world. In 1987, Sony succeeded in developing a 8 mm video camcorder that adopted, for the first time in the world,
the 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 technology" with VOD function, and became the pioneer
of the video camera market. The PPD technology that has been nurtured through such a long history is still used in back-

illuminated CMOS image sensors.

Front-illuminated CMOS image sensor Back-illuminated CMOS image sensor

Incident light Incident light

High speed / Low noise

+ High sensitivity

(Light-receiving surface)
Silicon substrate

w . Wiring layer
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(Light-receiving surface)
Silicon substrate

Wiring layer



https://www.sony.com/en/SonyInfo/News/notice/20200626/

https://www.shmj.or.jp/english/pdf/dis/exhibil005E.pdf

Semiconductor History Museum of Japan

1975-85
Improvement of photodiode for image sensor
(Sony, Hitachi, NEC, Toshiba)

~ Discrete Semiconductor/Others ~
Semiconductor History Museum of Japan says that Hagiwara invented Pinned Photodiode.
In 1975, Sony proposed using a PNP transistor as the photodetector [¥l. By providing a P* layer
(emitter) for the light incident section, the sensor electrode that covers the entire light receiving
surface of the photodiode can be eliminated to improve the light sensitivity greatly. It was a basic
proposal for a pinned photodiode with a P* layer on the surface of the light receiving part.

[3] Y. Hagiwara, Japanese Patent JP1975—134985

Next, proposals were made separately by Hitachi and Sony to use the P* layer as the substrate
potential. In 1977, Hitachi presented a structure in which the high-concentration surface P* layer is
connected to a P-type substrate (well) and pinned it to the same potential as the substrate to increase
the charge storage capacity and widen the dynamic range of the photodiode ™.

[4] N. Koike, . Takemoto. Japanese Patent JP1977—837

. In 1978, Sony

announced an FT (Frame Transfer) -CCD image sensor, using the photodiode with the same
structure [°1. Sony succeeded for the first time in the world in prototyping a VTR-integrated color movie
camera using a 2 / 3-inch 280,000-pixel FT-CCD image sensor that developed this technology, in
1981 61,
[5]Y. Hagiwara, M. Abe, and C. Okada, “A 380H x 488V CCD imager with narrow channel transfer
gates”, Proc. The 10th Conference on Solid State Devices, Tokyo, (1978): Japanc-.;se Journal o.f
Applied Physics, vol. 18, Supplements 18-1, pp. 335-340, (1979)

[6] I. Kajino, M. Shimada, Y. Nakada, Y. Hirata and Y. Hagiwara, "Single Chip Color Camera Using
Narrow channel CCD Imager with Over Flow Drain”, Technical Report of The Institute of

Image Information and Television Engineers, vol. 5, no. 29, pp. 32-3S, (1981)

NEC in 1982 and Kodak in 1984 developed Pinned Photodiode but they did not invent it.

In 1980, NEC analyzed in detail the relationship between the electric
potential of the N layer of a photodiode in which the P layer was pinned to the substrate potential
and the potential of the transfer gate to an external circuit. They then demonstrated a principle of
operation that completely transfers the signal charges while keeping the potential of the depleted N
layer higher than the channel potential of the transfer gate by a required value or higher, realizing
image lag free operation [€lI°l. The design methods based on this operation principle of the pinned
photodiode focusing on this N-layer potential were widely studied and have been standardized as the
Pinned Photodiode for today's CCD and CMOS image sensors.

The Pinned Photodiode is a photodiode in which the entire N layer is covered with a P layer. The part
of the P layer on the light incident surface is heavily doped P*(Fig.1). Kodak named this structure
Pinned Photodiode in 1984 because the P* surface of the light incident surface was pinned to the
substrate potential. This device has features such as high light sensitivity, wide dynamic range, image
lag free, much smaller dark current due to reduced influence of GR center on the light receiving

surface, and no white scars.


https://www.shmj.or.jp/english/pdf/dis/exhibi1005E.pdf

First Pinned Photodiode was invented by Hagiwara in 1975 and reported at SSDM1978 by Sony.

Sony never used LOCOS isolation nor Shallow Trench Isolation. Both suffer the yield problem of dark
Current and White Defects. Instead Sony used high energy ion implantation to form the adjacent heavily
doped P+ channel stops region with the Lamp Anneal Technology invented by Kazuo Nishiyama at Sony.

(1) The first Pinned Photodiode with the adjacent  (2) Pinned Photodiode with the adjacent P+ channel stops

P+ channel stops and no LOCOS isolation and no LOCOS isolation as explained by ssis.or.jp in
invented and reported at SSDM1978 by Hagiwara. the official Semiconductor History Museum WEB site.

| Si0: No LOCOS
- Isolation

No Shallow P""i :
Trench ; Nsub! !
Isolation ! '

ccp

- . m
(3) Buried Photodiode reported (5) Pinned Photodiode reported

(4) Pinned Photodiode reported

at IEDM1982 by NEC at IEDM1984 by KODAK by Teranishi in 2014
° TO
F.L'ﬂylf\ _W [ PolySi ?
| Ly | Ouge )
N 2 l | | " [ n Shall
< LOCQS 4 Trzn?:ulr
N Isolation p- Substrote

No Channel Stops ) Isolation

Hagiwara reported the first PNP junction type Pinned Photodiode in the SSDM1977 and SSDM1978 conferences
in Tokyo which were sponsored by Japan Applied Physics Society. But the journal of Japan Applied Physics Society
circulation was quite limited. Albert Theuwissen quoted finally in his IEDM conference paper on “Hole Role”
Hagiwara 1978 SSDM1978 paper.

Albert J.P. Theuwissen, Jan T.). Bosiers, Edwin Roks, “ The Hole Role “,
an invited paper at IEDM2005, Washington DC, Techn. Dig. , 2005.

Boron lon
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covered b their surface potential 1s undefined ! , ,

Such a structure will suffer from chargcpt?ans;xm issues during - w; /P"’ / \<<\<\<\”\\\\\\\\\\ <<\,<\/<// P4
eration, because charge can be tra n local potential
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the open areas through an extension of the p* channel stopper. n-$i channe! \\\\\\\\\\

A _simple self-aligned implant of 2x10" /em® boron ions is

sufficient to extend the channel stop arcas to the gate edge and p-Sl woll

consequently fix the potential in the open areas [2]. The result

after this self-aligned mmplant 1s shown in Figure 3. The D nSi substrate

presence of enough holes plays a crucial role in fixing the
potential for the regions “beyond control™ of the gates. (Is this
structure the mother of the pinned-photodiode or buried diode
or hole-accumulation ce ?)

[2] Y. Daimon-Hagiwara et.al., Proc. 10™ Conf. on Solid-State Devices, Tokyo,

Figure 3. Cross section of @ buned-channel CCD on n-St substrate including
light windows and pinned interface posential in the non-covered CCD channels
(the cross section is made perpendicular to the CCD channel)

1978, pp.335-340,
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Difference between Buried Photodiode and Pinned Photodiode

Asked 8 years, 10 months ago Modified 2 years, 8 months ago  Viewed 6k times

What is the difference between Buried Photodiode and Pinned Photodiode? | understand that the
P+/N/P structure where the P+ and P layers have the same potential is the Pinned Photodiode, So
©  whatis the buried Photodiode?

A pinned PD is by necessity a buried PD, but not all buried PD's are pinned. The first Pinned PD was
invented bx Hagiwara at Sony and is used in ILT CCD PD's, these same PD's and the principles
behind this complete transfer of charge are used in most CMOS imagers built today.

A pinned PD is designed to have the collection region deplete out when reset. AS the PD depletes
it becomes disconnected from the readout circuit and if designed properly will drain all charge out
of the collection region (accomplishing complete charge transfer). An interesting side effect is that
the capacitance of the PD drops to effectively zero and therefore the KTC noise g,, = sqrt(KTC)
also goes to zero. When you design the depletion of the PD to deplete at a certain voltage you are
pinning that PD to that voltage. That is where the term comes from.

I've edited this Answer to acknowledge Hagiwara-san's contribution. It has long been incorrectly
attributed to Teranishi and to Fossum (in CMOS image sensors)

Fossum insulted in his 2014 paper Sony and Hagiwara 1975 PPD invention.

Indeed, Hagiwara invented PPD with VOD The surface P+ layer

is NOT connected to
and the virtual charge transfer in 1975 !! the LOCOS P+ layer.

The surface P+ layer
Sony HAD (PPD+VOD) does not use LOCOS !!!' may be floating and

A Review of the Pinned Photodiode for this photodiode may
CCD and CMOS Image Sensors - have serious image lag.
Eric R. Fossum, Fellow, IEEE, and Donald B. Hondongwa, Student Member, IEEE aﬂs .

Many people now sald this is a fake paper !

C. Other Contributions to the PPD Invention

Serious Image Lag ?

NOT
connected

False mfwndmh\'ﬁﬂmhgdnm nddocsml
seem 1o contain the built-in potential step and charge transfer

The PPD structure, while invented for low lag LT ccmp prolg e

plication, shares a strong resemblance to the Hynecek virtual-

phase CCD structure, with the exception of the VOD. The two

device asects of the virtua phase CCD. Hagivars repess
claims n 3 201 paer [26] and shows 3 VOD strctare

inventions were solving different problems with essentially the
same device structure and operating principles.

In 1975, Hagiwara at Sony filed a patent application on
bipolar structures for CCDs in which a pp vertical structure
was disclosed, among several structures [24]. The top p layer
was connected by metal to a bias used to control full-well
capacity and the n-type base layer was proposed for camier
storage. In an unusual paper, Hagiwara, in 1996, revisited the
1975 invention and claimed it was essentially the invention of
both the virtual phase CCD and the NEC low-lag structures,
as well as the basis of the Sony so-called “Hole Accumulation
Diode,” or HAD structure (25). However, the 1975 apolication.

that is not found in the 1975 patent application. Sony did
not seem to pursue the HAD structure until well afer the

NEC paper was published. However, the “namow-gate™ CCD
with an open p-type surface region for improved QE also
disclosed in the 1975 application was reported in more detail
by Hagiwara et al. at Sony in 1978 [27). A similar structure
was used extensively by Philips (28],

The PPD, as it is most commonly used today, bears the
strongest resemblance to the Teranishi et al. ILT CCD device.
Thus, these days Teranishi is considered as the primary inven-
tor of the modem PPD (29).

Fig. 4. Example of a pinned photodiode
sensor showing doping concentrations. (Dimensional units are microns).

ey

implemented in a CMOS image

)
Hagiwara in 1975 invented PPD with VOD and the virtual charge transfer.
Study the Japanese Patents 1975-127646, 1975-127647 and 1975-134985.
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Difference of Buried Photodiode and Pinned Photodiode

Figure 5 does not have the P+ channel stop nearby.
Buried Photodiode
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Fig.5. P*NP- structure photodiode
(3) Unit cell cross sectional view

NEC IEDM1982 Paper reported Image Lag

Figure 6 shows that there is still image lag at the CTG gate voltage of > 10 volt.

J PA 1980' 13 8026 Japanese Patent on Buried Photodiode by Teranishi.

This is NOT a Pinned Photodiode Patent.

Buried Photodiode (BPD) is not always Pinned Photodiode (PPD).

This patent includes the Fig. 2 case of the completely depleted surface P region
which is not by definition Pinned Photodiode (PPD).
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SONY- Fairchild Paten War
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From Japanese News Paper, July 16, 1
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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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By Chairman O ;:At-' and Hagiwara""
Office ih Sonylokyo Headquarter, 1996



