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Locos Free Process

Society of Semiconductor Industry Specialists (SSIS) Founded 1998
https://www.ssis.or.jp/en/index.html
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(a) SEM picture of storage area.
Cell size is 11μmH x 9μmV

USP3472712, Oct 17, 1966 and USP3615934, Oct 30, 1967

The self-aligned ion implantation technology using the Polysilicon 
Gate Patterns as Masking  invented by Dr. Robert. W. Bower in 1966.

Self-Aligned MOS Transistor 

N+ N+

P-type Silicon Substrate

The cell size of the imaging area is 11μm x 13μm while the storage area has 
11μm x 13μm cell size to keep the area occupation in the chip to the minimum. 

The chip size of the device is 10.0 mm x 12.5 mm. The device is fabaricated in 
a buried-channel version of a-type (100) oriented 10-15Ω・cm silicon substrate 
with standard triple-layer overlapping-electrode-type polysilicon gate definition 
with the self-aligned boron atom ion implantation technology.

Using the polysiliocn patterning as an ion implantation mask, boron ions with 
a dose level of 7 x 10  cm  were implanted into the silicon substrate throughout 
the exposed portions of the thermall grown oxide The step provides self-aligned 
channel stops which surround the narrow-channel transfer part of each electrode.
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Since the early 1960's, this technique of ion implantation into the silicon substrate,
has been known to produce many practical device structures. 

The polysilicon patterns were used then  for  the masking of the ion implantation 
technology, as originally invented by Dr. Robert Bower in 1966. And it is now widely 
used to form the source and drain of self-aligned polysilicon gate CMOS transistors.

It is a very basic and practical technique. And it is now applied here to form the 
shallow junction layer at the Si-SiO2 interface of the image sensing element, which 
is now called as the hole accumulation diode  (SONY HAD sensor) , which is also
identical to the widely known Pinned Buried Photodiode as invented in 1975 by 
Hagiwara at Sony and developed by Hagiwara Team at Sony  in 1978. (b) SEM picture of imaging area. 

Cell size is 11μmH x 13μmV

Self-Aligned MOS Transistor 

N+ N+

P-type Silicon Substrate

VS VG VD
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USP3472712, Oct 17, 1966 and USP3615934, Oct 30, 1967

The self-aligned ion implantation technology using the Polysilicon 
Gate Patterns as Masking  invented by Dr. Robert. W. Bower in 1966.
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N+

P+

This is a  floating surface 
double junction photodiode
with the vertical overflow
drain (VOD) function with 
serious image lag problem.

Not Pinned Photodiode.
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Nishizawa, 1950
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https://electronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode
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(3)
P+NP Double Junction 

Dynamic Photo Transistor type 
Pinned Buried Photodiode

17



Herbert Kroemer,1953

N+N-P+NP-P Triple Junction
Dynamic Photo Thyristor

type Pinned Surface
Buried Storage Photodiode 

JPA1975-127646

JPA1975-127646 with 
Global Shutter Function
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Herbert Kroemer,1953

N+NP+N Double Junction
Dynamic Photo Transistor

type Pinned Surface
Buried Storage Photodiode 

JPA1975-127647

JPA1975-127647 with 
Global Shutter Function
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PNP Double Junction
Dynamic Photo Transistor

type Pinned Surface
Buried Storage Photodiode 

JPA1975-134985

JPA1975-134985 with In-Pixel 
Vertical Overflow Drain (VOD)
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Upside Down Mirror Image

Je Jc

Je

Jc

VOD

VOD

VOD is at Je side

Light is at Jc side
In Figure 6,
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Upside Down Mirror Image

VOD

Structure defined in JPA1275-134985
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VOD

Original Sensor Structure Upside Down Mirror Image of
Structure defined in JPA1275-134985
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(1)

(1)
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(2)

(2) CCD/MOS Dynamic Photo Capacitor type Photo Sensor (1) Floating Surface N+P Single Junction Solar Cell
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(3)

(3) Pinned Surface P+PNPP+ Double Junction Solar Cell (1) Floating Surface N+P Single Junction Solar Cell
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(3)

See JPA2020-131313 invented by Hagiwara 

(3) Pinned Surface P+PNPP+ Double Junction Solar Cell (1) Floating Surface N+P Single Junction Solar Cell
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Jun-Ichi Nishizawa , 1950

Yoshiaki Hagiwara, 2021

JPA2020-131313 by Hagiwara

Exact Numerical Computation of the P+P Surface Barrier Potential V(x)
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Jun-Ichi Nishizawa , 1950

Yoshiaki Hagiwara, 2021

JPA2020-131313 by Hagiwara

Pinned Buried P+PNIP+ Photodiode Structure type Solar Cell
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JPA2020-131313 by HagiwaraJun-Ichi Nishizawa , 1950

Two Units in Series Configuration of Pinned Buried PIN Photodiode type Solar Cell
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P+NP Double Junction 
Dynamic Photo Transistor type 
Pinned Buried Photodiode

SiO2

VG

VOD

P N+ P

James M. Early USP3896485 filed on Dec 3, 1973

Yoshiaki Hagiwara JPA1975-134985  filed on Nov1975

N

e-

e-

VOD on CCD/MOS Photo Capacitor

e-
Sequin,"Blooming Suppression in CCDAIDs",  
Bell System Technical Journal, Oct.1972, 

Two Early Works on VOD
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P+NP Double Junction 
Dynamic Photo Transistor type 
Pinned Buried Photodiode
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JPA1975-134985



P+NP Double Junction 
Dynamic Photo Transistor type 
Pinned Buried Photodiode

JPA1975-127647 with 
Global Shutter Function

JPA1975-134985 with
Vertical Overflow Drain(VOD)
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P+NP Double Junction 
Dynamic Photo Transistor type 
Pinned Buried Photodiode



P+NP Double Junction 
Dynamic Photo Transistor type 
Pinned Buried Photodiode

JPA1975-127646 with 
Global Shutter Function

JPA1975-127647 with 
Global Shutter Function
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Yoshiaki Hagiwara, “Microelectronics for Home Entertainment”
ESSCIRC2001, Vilach , Austria, September 2001
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Yoshiaki Hagiwara, “SOI Cell Processor and Beyond”
ESSCIRC2008, Edinburgh Scotland, U. K. September 2008
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Sweet Memory ♡ Antiques from
the Innovative AtticISSCC2013

Yoshiaki Hagiwara as a presenter at the ISSCC2013 Plenary Panel.
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Yoshiaki Hagiwara as a presenter at the ISSCC2013 Plenary Panel.
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Yoshiaki Hagiwara as a presenter at the ISSCC2013 Plenary Panel.

Antiques from
the Innovative Attic
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Sweet Memory ♡
Yoshiaki Hagiwara was on TV once talking about the future of self-driving artificial intelligent cars.   

March, 2013

https://www.seizansha.co.jp/ISBN/ISBN978-4-88359-339-2.html

Yoshiaki Hagiwara wrote a book in 2016
titled  “World of intelligent Digital Circuits”
explaining building blocks needed to produce 
Artificial Intelligent Partner System(AIPS).

https://www.seizansha.co.jp/

ISBN978-4-88359-339-2

Sorry it is a 460 pages and hard cover book but written in Japanese. 
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The ISSCC1954  attendee list shows Iwama Kazuo in ISSCC1954.

Iwama Kazuo working at Sony in 1954 attended 
the first  ISSCC1954 conference held in Pennsylvania 
University. Iwama visited Bell Lab with Ibuka, the 
founder of Tokyo Tele-communication Laboratory, 
the origin of Sony Corporation , to purchase the 
Original Bipolar Transistor Patent from Bell Lab.

Iwama visited again in 1972 Bell Lab to discuss the 
future prospect of CCD image sensors in order to 
realize a completely mechanical-parts free consumer 
portable video camera with the electrical shutter
function capability with no image lag feature. 
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Masaru Ibuka with Dr. Dr. John Bardeen 

visiting Sony in Tokyo , 1990

Yoshiyuki Kawan the inventor of Sony Power Bipolar Transistor. 
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http://www.ssis.or.jp

Society of Semiconductor Industry Specialists(SSIS)  founded in 1998
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